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LETTER  OF  TRANSMITTAL. 

Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington,  D.  G,  June  30,  1896. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  Part  II 

of  a  monograph  on  the  Geology  of  the  Yellowstone  National  Park.  It 

embraces  chapters  on  the  descriptive  geology  of  the  mountains  surrounding 

the  Park  Plateau,  by  myself  and  colleagues;  elaborate  investigations  of 

the  petrography  of  the  crystalline  rocks,  by  Prof.  J.  P.  Iddings ;  reports 
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OUTLINE  OF  THIS  VOLUME. 

Chapter  I.  The  Gallatin  Mountains,  extending  18  miles  within  the  boundary  of  the  Yellowstone 

National  Park,  consist  of  sedimentary  strata  ranging  from  the  Cambrian,  through  the  Silurian, 

Devonian,  Carbouiferous,  and  Juratrias,  to  the  Laramie  of  the  Cretaceous.  These  sedimentary  rocks 

have  been  uplifted  by  forces  acting  from  the  southwest.  They  dip  northeast,  and  have  been  folded 

to  a  slight  extent  transverse  to  the  strike.  Subsequently  they  have  been  strongly  faulted.  The  dis- 

location at  the  close  of  the  Laramie  was  accompanied  by  intrusions  of  igneous  magmas  in  several 

large  laccolithic  bodies  and  in  numerous  sheets,  and  in  the  vicinity  of  Electric  Peak  by  dikes.  Erosion 

has  uncovered  crystalline  schists  at  the  southern  and  southwestern  end  of  the  range,  and  has  laid  baie 

exposures  of  all  the  sedimentary  and  igneous  rocks.  Finally,  glaciation  has  modified  the  topography 

in  a  striking  manner.  The  structural  relations  of  the  sedimentary  and  igneous  rocks  are  illustrated 

by  a  number  of  geological  sections. 

Chapter  II.  This  chapter  treats  almost  exclusively  of  the  intrusive  rocks  of  the  Gallatin  Moun- 

tains. They  are  mainly  fine-grained  and  aphanitic  masses,  in  most  occurrences  porphyritic  and 

andesitic  in  character.  The  large  bodies  differ  from  one  another  somewhat  in  composition,  and  vary 

slightly  in  texture,  in  different  parts  of  the  rock  bodies.  In  one  intrusive  sheet  there  has  been  a  pro- 

nounced differentiation  by  the  settling  of  phenocrysts  of  augite. 

Chapter  III.  Electric  Peak  and  Sepulchre  Mountain  are  described  as  parts  of  a  Tertiary  volcano 

which  were  faulted  across  the  conduit,  the  amount  of  vertical  displacement  having  been  more  than 

5  000  feet.  The  deeper  portions  of  the  mountains,  consisting  of  sedimentary  strata  intersected  by 

dikes,  sheets,  and  the  stock  or  conduit  of  the  volcano,  have  been  brought  to  the  surface,  as  shown  in 

the  mass  of  Electric  Peak.  The  ejected  breccias  and  lava  flows,  together  with  the  upper  portion  of 

the  conduit,  constitute  Sepulchre  Mountain.  Lavas  which  are  andesites  in  the  latter  mass  are  diorites 

and  porphyries  in  the  former.  Rocks  with  like  chemical  composition  are  found  to  have  different 

mineral  composition  according  as  they  are  crystallized  into  phanerocrystalliue  diorites  or  into  apha- 
nitic andesites. 

Chapter  IV.  The  northern  end  of  the  Teton  Range  extends  but  a  short  distance  within  the  Yellow- 

stone National  Park.  It  consists  of  a  nucleus  of  crystalline  schists  and  gneisses  overlain  by  Paleozoic 

and  Mesozoic  strata  flexed  in  an  anticline  with  northward-dipping  axis  and  faulted  to  a  slight  extent. 

Birch  Hills,  a  few  miles  to  the  north,  are  an  outlier  of  the  range.  Upon  greatly  eroded  strata  basic 

breccias  were  thrown  out,  and  after  these  had  undergone  fresh  erosion  vast  flows  of  rhyolite  covered 

the  country  and  now  form  a  part  of  the  plateau  of  the  Park,  beneath  which  the  northern  extremity 

of  the  Teton  Range  is  hidden. 

Chapter  V.  The  country  described  in  this  chapter  embraces  a  mountainous  area  irregular  in 

outline  and  of  great  diversity  of  form.  It  is  situated  in  the  southern  part  of  the  Park  and  the  Yel. 

lowstone  Park  Forest  Reservation.  It  consists  of  a  number  of  ridges  trending  northwesterly  and 

southeasterly,  formed  for  the  most  part  of  Mesozoic  rocks.  The  older  sedimentary  rocks  are  exposed, 

but  the  ridges  are  essentially  made  up  of  sandstones  of  Cretaceous  age.  The  irregular  outliue  of  the 

mountains  is  due  to  the  rhyolites  of  the  Park  Plateau  that  abut  against  the  slopes  of  the  upturned 

beds.  The  principal  physical  features  of  the  region  are  Wildcat  Peak  and  Huckleberry  Mountain, 

Bobcat  Ridge,  Big  Game  Ridge,  Chicken  Ridge,  Two  Ocean  Plateau,  and  the  gorge  of  Snake  River. 

West  of  Huckleberry  Mountain  occur  several  exposures  of  dacite  surrounded  by  rhyolite.  They  are 

among  the  few  outcrops  of  dacite  known  in  the  Park,  and  are  apparently  older  than  the  rhyolite.  In 

the  gorge  of  Snake  River  the  Madison  limestones,  Teton  sandstones,  and  the  Ellis  limestones  and 
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shales  are  well  shown.  The  Snake  River  hot  springs  are  situated  near  the  contact  of  the  rhyolite 

with  the  Carhoniferous  limestone,  the  lime  of  the  travertine  being  derived  from  the  Madison  lime- 

stones. The  incrustations  around  the  springs  resemble  the  travertine  deposits  found  at  the  Mammoth 

Hot  Springs.  The  characteristic  and  limited  Wolverine  flora,  of  Laramie  age,  occurs  near  the  base 

of  Pinyon  Peak.  The  conglomerate  of  Pinyon  Peak,  a  striking  physical  feature  of  the  region,  is 

described  as  overlying  unconformably  the  Laramie  sandstones,  and  evidence  is  given  showing  that 

the  conglomerate  probably  belongs  to  Eocene  time,  as  it  underlies  the  basic  breccia  of  the  Absaroka 

Range.  The  impressive  gorge  of  Outlet  Canyon  cuts  a  deep  passage  completely  through  Chicken  Ridge. 

The  interesting  feature  of  the  canyon  is  that  it  at  one  time  served  as  the  discharge  for  the  waters 

of  Yellowstone  Lake.  This  sheet  of  water,  which  now  flows  northward  and  drains  to  the  Atlantic 

through  Yellowstone  Canyon,  formerly  discharged  into  Snake  River  and  thence  to  the  Pacific. 

Two  Ocean  Plateau  shuts  in  the  sedimentary  ridges  on  the  east.  The  plateau,  which  rises  10,000 

feet  above  sea  level,  forms  a  part  of  the  Absaroka  range  and  is  made  up  of  similar  volcanic  breccias 

and  silts. 

Chapter  VI.  The  extreme  southern  end  of  the  Snowy  Range  forms  the  northeast  corner  of  the 

Park.  The  crystalline  core  of  the  range  forms  a  broad,  plateau-like  summit,  bordered  by  sedimentary 

rocks  of  Paleozoic  age,  which  along  the  south  slope  dip  gently  away  from  it  toward  the  Park.  The 

highest  peaks,  together  with  extensive  areas,  are  formed  of  andesitic  breccias,  but  erosion  has  cut 

through  them  and  exposed  the  underlying  limestones,  showing  that  the  volcanic  rocks  rest  upon  a 

very  uneven  and  rugged  surface.  Detailed  sections  of  the  Paleozoic  sedimentary  rocks  from  the  Flat- 

head formation  to  the  Madison  limestone  are  given,  but  the  igneous  rocks  are  described  iu  other 

chapters. 
Chapter  VII.  The  Miocene  volcano  of  Crandall  Basin  built  itself  upon  a  ridge  of  eroded  Pale- 

ozoic rocks  which  dip  toward  the  southwest  from  the  crystalline  schists  of  the  Beartooth  Range. 

Beneath  the  volcano  are  remnants  of  Eocene  breccias  and  lava  flows.  The  volcano  consisted  of  basic 

andesitic  breccias  topped  by  basalt  flows  and  traversed  by  dikes  that  radiated  from  the  stock  or  core 

which  ̂ vas  the  conduit  beneath  the  crater.  While  bedded  breccias  characterize  the  outer  portions  of 

the  volcano,  chaotic  imbedded  breccias  form  the  central  portion.  Comparison  with  modern  active 

volcanoes  indicates  that  the  Crandall  volcano  rose  to  about  13,400  feet  above  its  limestone  floor.  The 

phanerocrystalline  rocks  within  the  core  are  gabbros  and  diorites,  approaching  monzonites  in  part, 

and  are  chemically  like  the  basalts  and  andesites  of  the  breccias,  dikes,  and  flows,  but  differ  from 

them  in  mineral  composition.     They  also  are  parts  of  the  volcano  and  are  properly  volcanic  rocks. 

Chapter  VIII.  The  Absaroka  Range  consists  largely  of  volcanic  breccias,  with  subordinate 

amounts  of  massive  flows  or  intrusive  bodies.  This  chapter  presents  a  petrographic  treatment  of  those 

igneous  rocks  which  lie  within  the  limits  of  the  Yellowstone  Park,  and  their  discussion  is  confined  to  an 

account  of  their  field  occurrence  and  distribution  and  a  systematic  description  of  their  mineralogical 

characteristics  and  composition.  The  earliest  accumulations  occur  at  the  northern  end  of  the  range 

and  are  made  up  of  early  acid  breccias  found  in  disconnected  remuants  beneath  early  basic  brecciaa. 

They  consist  mainly  of  hornblende-audesite  and  hornblende-mica-andesite.  The  early  basic  breccias 

are  pyroxene-andesite,  passing  upward  into  the  massive  basalt  flows.  Upon  the  latter  were  thrown 

the  late  acid  breccias,  similar  in  composition  and  appearance  to  the  early  acid  breccia.  This  passes 

upward  into  late  basic  breccia,  consisting  of  basic  andesites  with  less  basalt  than  is  associated  with 

the  early  basic  breccia.  The  late  basic  breccia  forms  the  southern  portion  of  the  range  within  the 

Yellowstone  Park  and  also  Two  Ocean  Plateau.  At  Sylvan  Pass  and  in  its  vicinity  it  is  traversed  by 

dikes  of  andesite  and  a  few  of  diorite.  Remnants  of  surficial  flows  of  massive  andesite  form  the 

summits  of  Mount  Stevenson,  Mount  Doaue,  Colter  Peak,  and  several  prominent  mountains  south  of 

Sylvan  Pass. 
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Chapter  IX.  Certain  basaltic  and  other  rooks  associated  with  the  andesitic  breccias  and 

basalt  flows  have  a  considerable  content  of  orthoclase  in  microscopic  crystals,  and  a  comparatively 

hio-h  percentage  of  potash.  They  occur  as  lava  flows  and  as  dikes  in  various  localities  within  the 

Park.  According  to  their  chemical  and  mineral  composition  they  have  been  classed  as  absarokites, 

shoshonites,  and  banakites. 

Chapter  X.  The  rhyolites  of  the  Park  are  almost  wholly  extrusive  lavas  of  very  uniform  compo- 

sition, but  having  a  wide  range  of  color,  texture,  and  megascopic  habit.  The  appearance  of  the  rby- 

olite  in  the  field,  and  the  microscopical  characteristics  of  phenocrysts,  spherulites,  lithophysie,  and 

groundmass,  are  described  in  detail.  The  different  modifications  of  crystallization,  besides  the  lami- 

nation and  formation  of  pumice,  are  referable  to  heterogeneity  of  the  molten  magma,  especially  with 

reference  to  the  amount  of  vapor  contained  in  it.  Examples  of  intermingled  basalt  and  rhyolite  are 

described,  in  which  the  basalt  appears  to  have  been  inclosed  and  partly  melted  by  the  rhyolite. 

Chapter  XI.  The  recent  basalts  overlie  the  rhyolite  in  most  instances,  but  are  found  beneath  it, 

and  also  between  older  and  younger  sheets  of  rhyolite  in  several  localities.  These  basalts  are  distin- 

guished from  those  associated  with  the  early  and  late  basic  breccias  by  being  ophitic  and  nonpor- 

phyritic  for  the  most  part. 

Chapter  XII.  This  chapter  describes  the  Paleozoic  fossils  known  to  occur  in  the  Yellowstone 

National  Park  and  the  Absaroka  Range.  It  is  divided  into  two  sections,  the  first  treating  of  the  Cam- 

brian species  and  the  second  of  the  Devonian  and  Cfirboniferous  species.  Both  Flathead  and  Gallatin 

formations  have  yielded  a  small  but  characteristic  fauna.  From  the  Cambrian  21  species  in  all  have 

been  obtained,  several  of  which  are  new  to  science  and  described  here  for  the  first  time.  No  fossils 

of  undoubted  Silurian  age  have  been  obtained,  although  the  beds  carry  imperfect  and  partially  oblit- 

erated organic  forms.  The  Three  Forks  limestone  has  furnished  a  well-recognized  Devonian  fauna. 

From  the  Madison  limestone  a  varied  fauna  has  been  collected,  but  belonging  wholly  to  the  Lower 

Carboniferous  period. 

Chapter  XIII.  The  Mesozoic  fossils  obtained  from  the  Yellowstone  National  Park  were  found  in 

the  Gallatin  Range  near  Electric  Peak,  Teton  Range,  in  the  neighborhood  of  Wildcat  Peak  and 

Huckleberry  Mountain,  and  from  the  Cretaceous  ridges  in  the  southern  end  of  the  Park  and  Yellow- 

stone Forest  Reserve.  The  Meaozoic  strata  have  yielded  78  species  of  invertebrates,  of  which  one  is 

from  beds  supposed  to  be  of  Triassic  age,  46  are  Jurassic,  and  31  are  Cretaceous.  The  fossils  obtained 

were  mainly  from  the  Ellis  formation  of  the  Jura  and  the  Colorado  of  the  Cretaceous.  The  Jurassic 

fossils  form  much  the  largest  and  most  prominent  part  of  this  collection,  and  in  number  of  species  it 

compares  favorably  to  the  Jurassic  of  other  parts  of  the  Rocky  Mountains. 

Chapter  XIV.  The  Mesozoic  fossil  flora  of  the  Yellowstone  National  Park  is  confined  to  the 

Laramie  sandstones  of  the  Cretaceous  and  is  found  on  Mount  Everts,  near  Mammoth  Hot  Springs,  and 

at  the  base  of  Pinyon  Peak  near  the  head  of  Wolverine  Creek.  The  flora  from  this  latter  locality  has 

been  designated  the  Wolverine  Creek  flora.  The  Tertiary  flora  is  very  varied  and  possesses  great 

biological  interest.  It  is  a  rich  flora,  and  on  comparing  it  with  the  living  flora  it  becomes  apparent 

that  great  climatic  changes  must  have  taken  place  since  the  close  of  Miocene  time  to  have  made  these 

changes  in  plant  life  possible.  It  is  found  at  numerous  localities  associated  with  the  breccias  and 

silts  of  the  igneous  rocks  of  the  Absaroka  Range.  It  is  found  in  the  early  acid  breccias,  in  the  early 

basic  breccias,  in  the  late  acid  breccias,  and  in  the  late  basic  breccias,  whore  the  mnds  and  silts 

furnish  a  soil  favorable  for  a  vegetable  growth.  The  most  interesting  locality  as  regards  number  of 

species  and  mode  of  occurrence  is  the  well-known  Fossil  Forest  of  Specimen  Ridge.  The  Tertiary 

fossil  flora  embraces  about  150  forms  that  have  been  distributed  among  Xi  natural  orders.  This  fossil 

flora  is  illustrated  by  forty-five  plates. 
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GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK,  PART  II. 

By  ARNOLD  HAGUE  AND  OTHERS. 

CHAPTER  I. 

DESCRIPTIVE    GEOLOGY    OF   THE    GALLATIN    MOUNTAINS. 

By  Joseph  Paxson  Lddings  and  Walter  Harvey  Weed. 

IaSTTRODITCTIOK. 

The  Gallatin  Mountains  form  a  range  of  peaks  and  ridges  extending 
southward  for  63  miles  from  the  vicinity  of  Bozeman,  on  the  line  of  the 

Northern  Pacific  Railroad,  about  latitude  45°  40'.  The  range  lies  between 
the  Yellowstone  and  Gallatin  rivers  and  terminates  in  the  neighborhood  of 

Mount  Holmes,  at  about  latitude  44°  45'.  The  southernmost  18  miles  of 
the  range  lies  within  the  boundary  of  the  Yellowstone  National  Park  and 

forms  that  portion  of  it  described  in  the  present  chapter.  The  northern 

portion  falls  within  the  region  described  in  folios  1  and  24  of  the  Geologic 
Atlas  of  the  United  States.1 

Within  the  Park  boundary  the  peaks  of  the  main  chain  reach  altitudes 
of  from  10,000  to  10,500  feet,  and  at  Electric  Peak  11,100  feet,  and  stretch 

from  Electric  Peak,  which  is  situated  directly  on  the  northern  boundary 

line,  southward  to  Mount  Holmes.  The  country  has  been  deeply  cut  by 
erosion,  and  is  drained  by  tributaries  of  the  Yellowstone,   Gallatin,  and 

Geologic  Atlas  U.  S.,  folio  1,  Livingston,  Mont.,  1893;  and  folio  24,  Three  Forks,  Mont.,  1896. 

MOK   XXXII,   PT   II   1  1 



2  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

Madison  rivers,  the  watersheds  between  which  meet  one  another  in  Three 

River  Peak.  The  special  description  of  the  physiographic  features  of  the 

region,  however,  including  the  glaciation,  will  be  found  in  Part  I  of  this 

report,  where  it  is  treated  by  Mr.  Hague.  Without  entering  into  a  topo- 

graphic description  of  the  Gallatin  Mountains,  it  will  be  in  place  here 

to  call  attention  to  the  fact  that  4;he  region  in  question,  within  the  Park 

boundary,  is  a  block  of  country  delimited  on  the  east  and  on  the  west  by 

profound  faults  trending  nearly  north  and  south,  the  western  fault  line 

having  a  somewhat  northeasterly  trend.  This  block,  about  7  miles  wide, 

is  bounded  on  the  south  by  a  capping  of  lavas,  which  borders  it  also  to 
some  extent  on  the  east  and  on  the  west.  The  northern  end  of  the  block 

lies  beyond  the  Park  boundary,  in  the  neighborhood  of  Cinuabar  Mountain. 

The  block  is  wider  at  the  south,  and  narrows  northward.  It  is  a  wedge- 

shaped  mass  cut  diagonally  across  a  synclinal  trough,  with  one  long  and 

one  very  short  limb.  The  latter  appears  for  only  a  short  distance  at  the 
northern  end,  in  Cinnabar  Mountain.  Within  the  area  of  the  Park  the 

block  has  the  structure  of  a  monocline,  dipping  northeast  across  the  longer 

diameter  of  the  block.  Minor  faults  and  folds  modify  the  structure  some- 
what and  introduce  local  complications,  which  will  be  described  in  detail. 

As  a  result  of  the  dipping  of  the  block  to  the  northeast,  the  oldest 

formations  are  found  at  the  southern  and  southwestern  ends,  and  the 

youngest  formations  at  the  northern.  The  rocks  are  well  exposed,  the 

succession  of  the  strata  is  clearly  made  out,  and  the  form  and  character  of 

the  igneous  material  that  has  been  forced  through  the  sedimentary  rocks 

are  readily  observed.  The  study  of  the  igneous  bodies  and  their  relations 

to  the  geological  structure  of  the  block  proves  that  the  dynamic  history  of 

this  particular  area  was  complex,  and  extended  over  a  long  period  after  the 

deposition  of  the  coal-bearing  Laramie  sandstones.  In  fact,  a  succession  of 
dislocations  must  have  followed  one  another  through  the  greater  part  of  the 

Tertiary  period.     This  will  appear  from  the  description  which  follows. 

Erosion  has  carved  deeply  the  surface  of  this  upturned,  fractured,  and 

distorted  block,  grooving  it  with  A-alleys  and  gulches,  the  eastern  system 
trending  northeast  and  east  and  draining  with  the  dip  of  the  strata,  the 

western  system  trending  and  draining  northwest  along  the  general  line  of 

the  strike  and  being  in  all  probability  controlled  by  lines  of  fracture  in 

this  direction.     The  intervening  elevations  rise  abruptly  to  sharp  peaks 
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and  ridges,  attaining  altitudes  of  from  10,000  to  11,000  feet  above  sea  level, 

with  occasional  plateaus,  2,000  feet  or  more  above  the  valley  bottom. 

The  bold  escarpment  and  barren  upper  portions  of  these  mountains 

permit  their  general  structure  to  be  made  out  with  ease,  even  from  a 

distance.  Thus  the  general  structure  of  the  eastern  face  of  the  range  may- 

be seen  from  Bunsen  Peak  or  Terrace  Mountain.  The  open,  park-like 

character  of  the  valleys  and  lower  slopes  of  the  mountains,  the  abundance 

of  grass  and  water,  and  the  multitude  of  flowers  that  cover  the  whole, 

country  during  the  summer  season  render  this  one  of  the  most  picturesque 

and  delightful  of  mountain  regions,  both  for  the  geologist  and  for  the  artist, 

THE   CRAGS  AND   VICINITY. 

A  description  of  the  geological  features  of  the  Granatin  Range  naturally 

begins  with  an  account  of  the  region  where  the  basal  and  lowest  rocks  of 

the  series  are  exposed.  These  occur  in  the  southern  and  southwestern  part 

of  the  range,  and  a  description  of  the  range  from  these  peaks  northward  is, 

in  general,  also  a  description  of  successively  later  geological  formations. 

The  oldest  rocks  of  the  region  are  crystalline  schists,  which  are  mainly 

gneisses.  These  rocks  form  two  prominent  topographic  features  of  the 

southern  end  of  the  range.  The  first  of  these  is  the  group  of  rugged  peaks 

called  The  Crags,  together  with  their  less  elevated  spurs  to  the  south,  and 

their  prolongation  in  the  ridge  trending  northwest,  parallel  to  Grayling 

Creek.  Crowfoot  Ridge  constitutes  the  second  prominent  mass  of  crystal- 

line schists,  while  the  low  rounded  hills  at  the  head  of  Grayling  Creek  are 

also  formed  of  these  rocks.  A  few  inconspicuous  outlying  exposures  of 

schist  occur  to  the  southwest,  where  erosion  has  removed  the  overlying 

sheet  of  rhyolitic  lava. 
THE    CRAGS. 

The  rocky  summits  of  The  Crags  and  the  ridges  northwest  are  very 

ruo-o-ed  and  difficult  to  traverse  on  account  of  the  loose  de'bris  and  thick- 

timbered  slopes.  But  while  the  southern  escarpment  of  Crowfoot  Ridge  is 

equally  obstructed,  its  summit  is  comparatively  open  and  level  topped, 

showing  little  erosion  since  the  removal  of  the  sedimentary  cover.  The 

lower  hills  between  Grayling  and  Maple  creeks  are  rounded  and  smoothed, 

with  every  evidence  of  having  been  glaciated  and  considerably  worn. 

Throughout  this  area  of  crystalline  schists,  coarse  and  fine  grained  gneisses 



4  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

alternate  with  one  another,  the  coarser  varieties  being  generally  light- 

colored  mica-gneisses  rich  in  feldspar  and  quartz.  The  finer-grained, 

dark-colored  varieties  are  for  the  most  part  mica-gneisses  richer  in  biotite. 

Mica-schists,  sometimes  highly  garnetiferous,  occur  in  smaller  quantities, 
and  amphibolites  are  also  found.  The  pronounced  lamination  or  schistositv 

of  the  whole  body  of  these  rocks  is  quite  uniform  in  its  position,  the  layers 

standing  at  high  angles  or  nearly  vertical,  with  a  general  north-south 
.trend.  The  microscopical  study  of  these  rocks  shows  them  to  be  normal 

crystalline  schists,  having  the  microstructure  of  highly  metamorphosed 

rocks  and  exhibiting  no  traces  of  their  previous  character.  Their  study  in 

the  field  was  not  thorough  enough  to  throw  any  light  on  the  question  of 

their  possible  origin. 

South  and  west  of  The  Crags  the  crystalline  schists  are  directly 

overlain  by  volcanic  breccia  and  tuffs  of  andesites,  whose  subaerial 

accumulation  is  beyond  question.  These  rocks  are  generally  dark  colored, 

and  occur  in  rugged  outcrops  and  rough,  angular  talus  blocks.  In  general, 

the  easterly  slopes  are  smooth,  covered  with  soil,  and  less  steep  than  the 

western  sides  of  the  hills.  The  andesites  are  variegated  in  color  and  are 

chiefly  hornblende-andesite,  carrying  some  pyroxene  and  a  little  biotite. 
The  occurrence  of  these  subaerial  breccias  shows  that  at  the  time  of  their 

eruption  the  crystalline  schists  were  exposed  surface  rocks  which  had 

undergone  extensive  erosion,  by  which  they  had  acquired  a  pronounced 
mountainous  topography. 

On  the  west  and  south  the  schists  pass  under  massive  rhyolitic  lava, 

which  is  part  of  the  great  plateau  lavas  farther  south,  and  whose  position 

with  respect  to  the  crystalline  schists  and  andesitic  breccias  is  such  as  to 

show  that  the  rhyolitic  lava  flooded  the  lower  levels  of  this  gneissic  region 

after  the  andesitic  material  had  been  accumulated  and  had  been  partly 

removed  by  erosion.  That  the  rhyolite  overlies  the  andesitic  breccia  is 

clearly  shown  in  the  walls  of  Maple  Creek  Canyon.  The  rhyolite  also  fills 

the  valley  bottom  between  two  ridges  of  andesitic  breccia  in  this  vicinity, 

indicating  the  extent  to  which  the  andesite  had  been  previously  eroded. 

There  is  marked  contrast  in  the  scenery  and  topography  of  the 

gneissic  areas  and  of  the  country  formed  by  the  rhyolite,  the  former  being 

essentially  rugged  and  broken,  while  the  latter  is  as  yet  comparatively 

little  affected  by  erosion,  the  streams  flowing  in  trenches  and  canyons  cut 
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in  the   soft  rock.     Often  the  boundary  between    gneiss    and   rhyolite  is 

defined  by  small  drainage  ways  worn  along  the  contact. 

Along  the  western  side  of  the  gneissic  area  the  rhyolitic  lava  rises  to 

altitudes  of  8,000  to  8,200  feet,  while  at  the  head  of  Maple  Creek  it  rises 

to  8,700  feet,  the  level  of  the  divide  between  this  creek  and  Grayling 

Creek.  From  this  it  seems  highly  probable  that  the  lava  flooded  the  valley 

of  Grayling  Creek  at  the  time  of  its  eruption,  and  has  since  been  removed 

by  erosion.  The  absence  of  any  remnant  of  rhyolite  within  this  valley, 

as  the  map  represents,  is  not  based  on  a  careful  examination  of  the  valley, 

but  expresses  our  ignorance  in  respect  to  its  occurrence  there. 

The  marked  contrast  between  the  topographic  character  of  the 

southern  side  of  Crowfoot  Ridge  and  that  of  the  northern  side  is  note- 

worthy. The  southern  slopes  are  almost  free  from  lateral  spurs  of  any  size 

and  the  ridge  is  approximately  straight.  On  the  north,  spurs  branch  off  at 

short  intervals,  increasing  in  size  toward  the  west  until  they  attain  the 

proportions  of  mountain  ridges.  The  three  most  prominent  of  these  spurs 
trend  north. 

This  contrast  in  topographic  configuration  is  to  be  explained  by  the 

position  of  the  former  covering  of  sedimentary  rocks,  which  were  removed 

during  the  downcutting  of  the  Grayling  Creek  Valley.  This  creek, 

following  the  well-known  habit  of  streams,  formerly  cut  its  channel 

westward  along  the  strike  of  the  northward-dipping  sedimentary  rocks, 

gradually  deepening  its  channel  until,  reaching  the  underlying  crystalline 

schists,  it  was  compelled  to  continue  in  the  same  course,  deepening  and 

widening  the  valley,  whose  straight  northerly  walls  are  due  to  the  absence 

of  lateral  drainage  channels  consequent  upon  the  northward  dip  of  the 

strata.  The  same  configuration  is  seen  in  the  upper  valley  of  the  Gallatin 

River  and  the  valley  of  Fawn  Creek,  where  the  mountain  gorges  are  cut 

in  sedimentary  rocks. 

The  topography  of  this  vicinity  is  so  closely  dependent  on  the  charac- 

ter and  position  of  the  strata  immediately  overlying  the  gneiss,  and  these 
strata  have  been  tilted,  curved,  and  faulted  to  such  an  extent,  that  it  is 

advisable  to  postpone  the  description  of  this  area  until  the  less  distributed 

rocks  lying  immediately  east  of  the  main  body  of  crystalline  schists  have 
been  described. 

The  region  just  mentioned  lies  east  of  the  main  gneissic  area,  and  is 
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separated  from  it  by  a  fault  trending-  a  little  west  of  north.  This  fault 
crosses  the  southern  end  of  Crowfoot  Ridge,  about  a  mile  west  of  the 

summit  of  Three  River  Peak,  and  passes  southward  along  the  west  base  of 

the  mountains,  between  Indian  and  Maple  creeks,  disappearing  beneath  the 

more  recent  rhyolitic  lavas.  The  eastern  area  embraces  the  most  promi- 

nent peaks  of  the  southern  portion  of  the  Gallatin  Mountains,  including' 
Mount  Holmes  and  the  bare  porphyry  peaks  around  the  head  of  Indian 

Creek,  besides  Trilobite  Point,  The  Dome,  Antler  Peak,  and  Three  River 

Peak,  peaks  that  are  directly  connected  with  the  mountains  north  of  Panther 
Creek. 

CROWFOOT    SECTION. 

Before  taking  up  the  description  of  these  mountains,  involving  sedi- 
mentary rocks,  it  will  be  best  to  give  an  account  of  the  stratigraphic  series. 

A  very  carefully  measured  section  was  made  of  the  Paleozoic  strata  exposed 

on  a  northern  lateral  spur  of  Crowfoot  Ridge.  This  high  mountain  ridge 

shows  the  entire  sequence  of  the  Paleozoic  sediments  of  the  region,  from  the 

crystalline  schists  to  the  top  of  the  Carboniferous,  exposed  in  an  unbroken 

succession  of  apparently  conformable  beds  dipping  at  an  angle  of  30°  N. 
The  general  form  and  profile  of  the  ridge  is  shown  in  PL  II,  which  gives  a 

view  of  the  ridge  from  the  east.  The  illustration  shows  the  bluffs  formed  by 

the  harder  beds  of  the  series,  rising  above  the  slopes  into  which  the  shales 

and  thinly  bedded  strata  have  weathered  down.  Two  lines  of  cliffs,  formed 

by  the  mottled  limestone,  No.  14  of  the  section,  and  the  Jefferson  limestone, 

No.  19,  are  seen  in  the  view.  These  horizons  form  characteristic  cliffs 

throughout  the  range,  and  are  an  important  aid  in  reading  the  structure  of 

the  mountains.  The  section  of  the  sedimentary  rocks  made  at  this  place 

has  served  as  a  basis  of  comparison  for  all  the  other  sections  of  the  Paleozoic 

rocks  made  in  the  Gallatin  Range.  The  beds  are  well  exposed,  the  crest  of 

the  ridge  being  bare  of  soil  or  vegetation  and  the  trend  of  the  ridge  being 

very  nearly  at  right  angles  to  the  strike  of  the  strata. 
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Crowfoot  Ridge  section. 
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Feet. 
Quadrant  quartzite.  Sandstone  and  quartzite,  saccharoidal  in  texture,  reddish  near 

the  base,  with  dark-gray  and  very  calcareous  layers;  passes  at  top  to  a  white  sand- 
stone   200 

d.  Limestone,  light  gray,  brecciated  and  broken;  in  places  iron  stained    100 

c.  Limestone,  light  gray,  varied  with  brown  bands  or  fine  stripes  and  lines;  contains 

chert,  and  is  in  places  brecciated,  the  fragments  being  cemented  by  calcite   400 

b.  Limestone;   crystalline,   very  light  gray,  weathering  creamy  white;   contains 
white  chert  in  bands  and  nodules   _       30 

a.  Limestone,    crystalline,  dark    brownish   gray,  intersected  with   calcite  seams. 

Chert  bands  and  nodules  are  abundant   .■    125 

Limestone,  light  gray  and  gray,  weathering  gray;  banded  with  brown;  banded  appear- 
ance on  weathered  surface ;  finely  crystalline.     Fossils  abundant   

b.  Limestone,  crystalline,  massive,  light  gray,  with  small  brownish  fossil  fragments  scat- 

tered through  it.  The  upper  10  feet  is  a  conglomerate  of  red,  often  cellular  lime- 
stone.    Fossils       40 

a.  Limestone,  massive,  light  gray,  similar  to  No.  28       15 

Limestone,  light  gray  and  brown,  very  finely  crystalline  or  granular;  well  bedded, 

with  layers  10  to  20  feet  thick  of  brown  or  cream-colored  limestone.  Certain  layers 

are  banded  with  light-colored  chert,  weathering  buff  or  brown;  these  layers  carry 
corals  and  fossil  shells   

Limestone,  crystalline,  light  gray,  generally  massive,  but  in  places  more  thinly  bedded, 

and  striped  with  brown.     The  rock  is  often  magnesian  and  impure.     Fossils   

Limestone,  dark  gray  and  buff,  very  argillaceous,  thick  and  thinly  bedded.  Fossils 

from  the  upper  portion  and  the  lower  portion  of  these  beds  are  Lower  Carboniferous. 

This  limestone  is  very  much  like  the  bed  beneath  it   

b.  Limestone,  more  massively  bedded  than  the  underlying  bed  and  coarser  in  crystal- 

lization ;  a  quite  pure  limestone,  full  of  fossil  fragments       15 

a.  Limestone,  fissile  and  thinly  bedded,  impure  and  argillaceous.     The  fossils  occur 

in  lower  and  upper  beds       60 

Limestone,  coarsely  crystalline,  dark  gray,  somewhat  variable;  a  little  cherty;  fossil- 
iferous   

Limestone,  cherty;  at  base  very  finely  crystalline;  occurs  in  massive  layers  and  is 

pinkish  gray.  Higher  up  the  beds  are  cherty,  and  the  upper  portion  contains  many 

crinoid  stems  and  a  few  indistinct  corals  and  shells.  Weathers  red,  and  is  cracked 
and  brecciated   

Limestone,  buff  and  red,  fissile,  near  base  passing  into  a  more  thickly  bedded  limestone. 

The  rock  is  a  dense,  compact,  light  limestone,  argillaceous  and  siliceous   

Limestone,  crystalline,  dense,  compact;  the  upper  20  feet  is  red  and  cracked;  the  beds 

beneath  are  massive,  with  toothed  junction  surfaces.     Rock  is  decidedly  magnesian.. 

Limestone,  in  alternating  beds  of  thin  and  fissile  bnff  and  massive  gray  limestones, 

the  beds  15  to  20  feet  thick,  and  the  limestone  much  cracked  This  limestone  is 

impure,  argillaceous,  and  in  some  beds  quite  arenaceous   

b.  Limestone,  crystalline,  dark  gray,  thick  and  thinly  bedded,  with  fetid  odor,  and 

containing  gasteropod  shells.     The  limestone  is  quite  pure       15 

a.  Limestone,  crystalline,  brown,  crackled,  with  fetid  odor.     Slightly  arenaceous; 

granular       10 
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Croicfoot  Ridge  section — Continued. 

c.  Limestone,   gray  mottled  with   black,   crystalline,  in  part  magnesian,   -well 
bedded,  in  places  crackled,  and  with  much  iron  oxide  and  calcite.     Strike 

N.70°  W.     Dip  30°  N           70 
b.  Limestone,  mottled,  gray  and  buff,  very  ferruginous  in  places.     Beds  5  feet 

thick           30 

a.  Limestone,  white,  crystalline,   weathers  cream,   with  granular   surface  and 

indistinct  fossil  traces ;  is  magnesian  and  very  finely  crystalline.     Forms  a 

cliff,  and  is  iron  stained  in  places           35 
       135 

Limestone,  conglomerate,  nodular,  and  shaly  layers  near  the  base,  overlain  by  thick  and 

thin  beds  of  densely  crystalline  limestone  alternating  with  thinner,  shaly  and  fissile 

strata.     Toward  the  upper  part  less  shaly,  denser,  with  brown  layers  and  layers  of 

very  fossiliferous,  crystalline  limestone          40 

Shale,  calcareous,  thin ;  purple,  green,  and  brown    5 

Limestone,  very  argillaceous,  buff  brown,  very  fissile  —    5 

Shale,  greenish  gray,  very  soft  and  crumbly    5 

Mottled  limestone.  The  upper  2  feet  is  an  arenaceous  conglomerate,  in  which  the  frag- 
ments are  rounded  pebbles  of  shale  and  sandstone;  the  matrix  a  slightly  argillaceous 

sandstone.  Strike  N.  70°  W.  Dip  27°  N.  The  mottled  limestone  is  a  pure,  thickly 
bedded  (20  feet)  rock,  dark  gray  mottled  with  brown   or  black;  crystalline,  with 

granular  weathered  surface  of  unchanged  color          55 

'  13  Limestone,  variously  modified.  The  lower  layers  thickly  and  thinly  bedded,  much  of  it 
coarsely  crystalline,  with  green  grains  of  glauconite  and  great  numbers  of  trilobite 

spines.  Interbedded  with  this  limestone  are  layers  of  dense,  gray,  fissile  and  thinly 

bedded  limestone,  with  yellow  bands,  aud  limestone  conglomerate.  About  the  middle 

of  the  beds  there  are  several  thick  beds  of  crystalline  limestone  containing  green 

grains.     This  is  overlain  by  a  conglomerate.     The  matrix  is  pure  limestone,  the  pebbles 

slightly  argillaceous  and  resembling  a  mud  deposit         100 

12     Shale,  very  thin,  olive  green  and  dark  purple         150 

11    Limestone,  pure  and  ferruginous.     In  general  this  limestone  is  red-brown,  but  contains 

masses  of  dense,  dark-colorod  limestone,  which  weather  in  balls  with  spherical  shells. 
Balls  3  feet  through           10 

f  Limestone  conglomerate;   brown-gray  and  gray  pebbles  in  buff  matrix.     Fragments'] 

10        ̂ 6llr0UIld6d    50 
Limestone,  very  similar  to  No.  9,  and  taking  section  to  base  of  long  ridge.     Over  these  i 

I     beds  are  layers  of  crystalline  limestone,  with  green  grains   J 

9    Limestone,  buff  mottled  with  brownish  gray;  thinly  bedded   ~] 
8     Limestone,  massively  bedded,  quite  pure;  weathers  with  smooth  surface ;  color,  brown  . 

„  >        1(0 7     Limestone,  pure  gray,  with  dense,  dark-gray  layers  and  streaks  in  a  buff,  granular  i 
matrix.     Runs  up  to  top  of  first  point  shown  in  PL  II   J 

6    Limestones,  thinly  bedded,  light  and  dark  gray  in  color,  showing  remains  of  shells  and 
trilobites           10 

5    Limestones,  thinly  bedded,  with  interbedded  micaceous  shale,  having  fossil  indications. 

Fossils  collected  from  the  upper  part  aud  from  lowest  beds          60 

4     Shale,  micaceous,  green  and  purplish          75 

3    Sandstones,  slightly  indurated,  red  and  green,  with  grains  well  rounded ;  quartzose          30 

2    Quartzite  and  sandstones,  cross  bedded,  and  containing  well-rounded  pebbles  of  gneiss.      100 
1    Gneiss. 
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MOUNTAINS  SOUTH  OF  PANTHER  CREEK. 

The  geological  structure  of  the  mountains  east  of  the  fault  already 

mentioned  as  crossing  Crowfoot  Ridge  is  somewhat  complicated  by  the 

presence  of  large  bodies  of  igneous  rock  that  have  been  forced  between, 

and  also  across,  the  sedimentary  strata.  The  exact  position  of  these 

eruptive  masses  will  appear  from  the  description  and  map  (PL  X).  In 

general,  the  stratified  rocks  form  a  flat  arch,  the  central  portion  of  which  is 

nearly  horizontal,  and  beneath  which  the  crystalline  schists  are  exposed 

along  the  east  base  of  the  mountain  escarpment  for  a  distance  of  4  miles. 

The  strata  immediately  overlying  these  schists  at  the  northern  end  dip  at  a 

low  angle,  5°,  toward  the  northeast,  and  at  the  southern  end  they  dip  about 

3°  toward  the  southwest.  This  is  the  simple  structure  of  the  eastern  portion 
of  the  area  along  a  line  through  Antler  Peak,  The  Dome,  Trilobite  Peak, 

and  the  hills  south  of  Winter  Creek,,  which  is  shown  in  the  geological  cross 

section,  PI.  Ill,  fig.  1. 

The  igneous  magma  which  was  intruded  into  the  shaly  layers  of  the 
Flathead  formation  and  was  afterwards  consolidated  as  the  Indian  Creek 

laccolith,  was  forced  upward  from  some  source  at  the  north,  uplifting  the 

strata  southward  and  wedging  them  apart,  and  being  itself  separated  into 

two  sheets  by  a  thin,  wedge-shaped  layer  of  limestone.  The  sheets,  which 

are  nearly  horizontal  for  a  considerable  distance,  become  thinner  southward 

and  have  only  a  slight  thickness  where  last  exposed  in  this  direction.  In  the 

ridge  north  of  Indian  Creek  the  sedimentary  rocks  overlying  the  intruded 

body  arch  over  it  from  east  to  west  in  a  pronounced  manner,  which  is  shown 

in  cross  section  in  PI.  Ill,  fig.  2,  and  which  will  be  described  later  on. 

Subsequent  to  the  intrusion  of  this  double  sheet  of  igneous  rock,  there 

was  another  outbreak  of  molten  magma  of  a  slightly  different  character, 

which  was  forced  upward  directly  through  the  rocks  just  described.  The 

manner  of  its  intrusion  is  shown  by  the  nature  of  the  contacts  between 

the  second  eruptive  mass  and  the  surrounding  rocks.  This  body  forms 

a  great  mass,  whose  present  exposure  is  3  miles  long  and  2  miles  wide, 

embracing  the  six  white  peaks  surrounding  the  head  of  Indian  Creek,  of 

which  Mount  Holmes  is  the  most  conspicuous.  With  tins  preliminary 

sketch  before  us,  it  is  possible  to  proceed  to  a  more  detailed  description  of 

the  geology  of  this  portion  of  the  country. 
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SOUTH    END    HILLS. 

Commencing  with  the  most  southern  end  of  the  eastern  part  of  the 

ridge,  where  the  sedimentary  rocks  begin  to  rise  above  the  rhyolite  plateau, 

we  find  limestone  exposed  on  the  crest  of  the  low  ridge  3£  miles  south  of 

Mount  Holmes.  The  bedding  is  nearly  horizontal,  the  dip  being  but  3°  to 

5°  SW.  throughout  the  greater  part  of  the  ridge.  The  character  of  the 

limestone  vai'ies  from  shaly  and  fissile  to  massive  beds,  the  highest  strata 
being  mottled  and  banded,  dark  and  light  gray,  and  in  places  conglomeratic. 

The  lithological  characters  are  like  those  of  the  Cambrian  formations  about 
300  to  600  feet  above  the  base  of  the  series  as  it  exists  in  the  section  north 

of  Crowfoot  Ridge. 

At  the  southwestern  extremity  of  the  southern  end  of  this  ridge  there 

is  a  small  exposure  of  coarse-grained  gneiss,  against  which  lies  a  bed  of 

fine-grained  granular  quartzite,  about  50  feet  thick,  over  which  is  light -gray 
limestone  in  apparent  conformity.  The  highly  inclined  position  of  these 

beds,  dipping  70°  NE.,  with  strike  N.  50°  W.,  and  the  nearly  horizontal 
position  of  the  limestone  a  short  distance  east,  indicate  a  fault  between 

these  two  sets  of  beds,  which  probably  trends  northwest  and  southeast, 
with  hade  to  northeast,  and  with  a  downthrow  of  not  more  than  500  feet. 

The  extension  of  the  fault  could  not  be  traced  on  account  of  the  covering- 
of  lava. 

The  igneous  rock  intruded  between  the  limestone  and  shales  already 

mentioned  is  the  thin  edge  of  one  of  the  sheets  of  the  Indian  Creek 

laccolith,  and  may  be  called  andesite-porphyry.  At  the  northern  end  of 
the  ridge  in  question  it  is  exposed  in  a  cliff  100  feet  high,  which  is  about  the 

thickness  of  the  sheet  in  this  place.  Limestone  is  exposed  beneath  and 

also  above  it.  The  intrusive  sheet  can  be  traced  for  several  miles  southward, 

becoming  thinner,  until  it  is  but  10  feet  thick  where  last  seen,  before 

disappearing  beneath  the  rhyolite  of  the  plateau.  Above  it,  on  the  highest 

portion  of  the  ridge,  two  small  dikes  of  andesite-porphyry  traverse  the 
limestone  across  the  axis  of  the  ridge.  A  short  distance  to  the  southwest 

there  is  a  narrow  vertical  dike  of  similar  rock,  about  3  feet  wide,  trending 

southwest  and  northeast.  It  rises  slightly  above  the  shaly  surface  of  the 

ground  and  exhibits  two  systems  of  inclined  joints,  forming  rhombic  hori- 

zontal columns.     Near  the  sides  of  the  dike  a  third,  horizontal  joint  splits 
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the  rock  into  hexagonal  columns,  which  are  well  denned  near  the  outside 

of  the  dike,  but  disappear  toward  the  center.  The  rock  is  dark  colored 

and  dense  near  the  contact  walls,  becoming  lighter  colored  and  less  dense 

toward  the  center,  and  containing  irregular  vesicular  cavities,  flattened 

parallel  to  the  walls  of  the  dike. 

Direct  connection  between  the -formations  of  this  ridge  and  those  of 

the  mountains  north  is  obscured  by  the  rhyolite  lava  which  extends  up 

Winter  Creek  and  across  the  saddle  of  the  divide  to  Maple  Creek.  A  close 

correspondence,  however,  between  the  sections  of  limestones  and  the  intru- 
sive sheets  is  observed  on  both  sides  of  Christmas  Tree  Park,  and  when  the 

dip  of  the  strata  in  each  case  and  the  altitudes  at  which  similar  horizons  are 

exposed  are  taken  into  account,  it  appears  that  the  rocks  on  both  sides  of 

the  valley  were  continuous,  with  low  southerly  dip,  before  the  valley  was 

eroded  and  filled  with  rhyolite,  or  that  a  very  slight  fault  has  dropped  the 

strata  of  the  ridge  just  described  a  few  hundred  feet.  In  the  diagram  of 

cross  sections,  PI.  Ill,  fig.  1,  the  strata  are  drawn  as  though  not  faulted. 

TRILOBITE   POINT. 

At  the  south  and  east  base  of  the  group  of  peaks  directly  connected 

with  Mount  Holmes,  including  Trilobite  Point  and  The  Dome,  crystalline 

schists  are  exposed  at  altitudes  of  from  8,000  to  8,500  feet,  and  in  isolated 

localities  at  8,700  feet.  These  outcrops  form  a  low,  rounded  bench  at  the 

base  of  the  mountains,  the  upper  limit  of  the  gneiss  being  highest  at  the 

south,  and  lowest  in  elevation  north,  in  the  bottom  of  Indian  Creek.  The 

isolated  exposures  near  the  head  of  Winter  Creek  are  close  to  the  margin  of 

the  great  intrusive  mass  of  Mount  Holmes,  and,  though  at  about  the  same 

altitude  as  the  other  outcrops,  show  by  the  dip  of  the  neighboring  stratified 

rocks  that  their  position  has  been  disturbed  by  the  intrusion  of  this  igneous 

mass.  The  limestones  dip  steeply  in  various  directions,  and  the  beds  are 

largely  concealed  by  drift,  the  outcrops  being  small  and  disconnected,  so 

that  the  precise  stratigraphic  structure  was  not  apparent  at  this  locality. 

The  map  represents  the  beds  as  continuous  with  those  to  be  described  in 

Trilobite  Point,  though  they  are  in  fact  locally  disturbed  by  the  intru- 
sion of  the  Holmes  mass. 

The  character  of  the  crystalline  schists  is  like  that  of  the  area  about 

The  Crags — coarse-grained  gneisses,  mostly  micaceous,   with  subordinate 
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amount  of  schists  and  some  ancient  and  metamorphosed  intrusive  bodies; 

the  more  detailed  account  of  which  is  given  in  Part  I  of  this  monograph. 

Along  the  eastern  base  of  the  mountains  the  gneiss  forms  prominent 

exposures,  constituting  the  end  of  the  long  southeast  spur  of  Trilobite  Point 

and  forming  bold  escarpments  on  either  side  of  the  valley  northeast  of 

Mount  Holmes,  below  the  level  of  the  glacially  carved  lake  basins.  The 

gneiss  forms  a  bench  extending  along  the  eastern  base  of  The  Dome,  the 

exposure  having  a  height  of  300  or  400  feet,  and  occurring  across  the  valley 
of  Indian  Creek,  where  it  is  last  seen  to  form  a  low,  wooded  hill  on  the 
northern  side  of  the  creek. 

Immediately  overlying  the  gneiss  around  three  sides  of  Trilobite  Point 

is  the  lower  sheet  of  andesite-porphyry,  a  light-gray  aphanitic  rock  with 
porphyritical  crystals  of  feldspar,  hornblende,  and  biotite.  The  sheet  is 

between  200  and  300  feet  thick  and  occupies  the  horizon  of  the  Flathead 

shales,  being  overlain  by  150  to  200  feet  of  Cambrian,  Flathead  limestone 

in  nearly  horizontal  beds.  Above  the  limestone  is  another  sheet  of  andes- 

ite-porphyry, from  100  to  200  feet  thick,  which  in  turn  is  topped  by  the 
Upper  Cambrian  shale  and  trilobite-bearing  limestone.  The  upper  surface 
of  the  uppermost  sheet  of  andesite-porphyry  is  quite  irregularly  defined, 
and  the  overlying  limestone  is  traversed  by  small  dikes  and  veins  of  igne- 

ous rock,  that  are  in  part  offshoots  from  the  lighter-colored  igneous  mass  of 
Mount  Holmes.  The  basal  (lower)  sheet  of  andesite-porphyry  is  thicker 
at  the  northern  side  and  thinner  at  the  southern  side  of  the  mountain. 

At  the  saddle  on  the  ridge  connecting  Trilobite  Point  with  Mount 

Holmes,  near  the  contact  of  the  rocks  just  described  with  the  igneous  rock 
of  the  latter  mountain,  the  beds  of  limestone  and  andesite-porphyry  are 

turned  up  to  an  angle  of  about  45°,  dipping  eastward,  away  from  the 
Holmes  mass.  The  strata  are  greatly  fractured  and  are  penetrated  by  many 
small  bodies  of  the  Holmes  rock. 

THE    DOME. 

The  Dome  is  a  mountain  summit  northeast  of  Mount  Holmes  and  con- 

nected with  it  by  a  low  ridge.  It  is  separated  from  Antler  Peak  and  the 

northern  portion  of  the  range  by  the  wide  and  deep  valley  of  Indian  Creek. 

The  mountain  is  largely  formed  of  andesite-porphyry,  an  extension  of  the 
Indian  Creek  laccolith,  which  rests  upon  crystalline  schists  and  is  capped 
by  Cambrian  limestones  forming  the  summit  of  the  peak.     A  thin  belt  of 
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INDIAN  CREEK  LACCOLITH.  13 

these  limestones  is  also  included  in  the  laccolithic  mass  separating  the  igne- 
ous rock  into  the  two  sheets,  whose  southward  extension  has  already  been 

noted  at  Trilobite  Point  and  the  South  End  Hills. 

On  the  southern  side  of  the  mountain  the  lower  intruded  sheet  rests 

directly  upon  the  crystalline  schists,  and  as  we  pass  up  the  southern  slope 

of  the  mountain,  which  is  precipitous  in  places,  we  find  a  layer  of  limestone 

about. 300  feet  thick,  which  is  not  wholly  continuous.  Above  it  are  several 

hundred  feet  of  porphyry,  and  then  a  bluff  wall  of  200  feet  of  limestone 

that  forms  the  surface  of  the  table-topped  portion  of  the  mountain,  upon 
which  rises  a  cone  of  limestone  400  feet  in  height.  The  limestone  has  a 

slight  dip  southward,  which  brings  the  porphyry  out  at  a  higher  altitude 

on  the  northern  side  of  the  peak.  The  character  of  the  limestone  overlying 

the  porphyry  is  the  same  as  that  of  the  limestone  on  the  northern  side  of 

Indian  Creek,  which  occurs  in  the  same  position,  and  which  has  been  iden- 
tified as  Middle  Cambrian.  As  these  beds  approach  the  eruptive  mass 

forming  the  peak  southwest  of  The  Dome,  they  turn  up  abruptly  to  a  steep 

angle,  dipping  away  from  it  toward  the  northeast  at  55°. 
The  steep  northern  face  of  The  Dome,  below  the  flat  top,  is  almost 

wholly  andesite-porphyry  to  within  300  feet  of  the  bed  of  the  creek;  the 
lower  part  being  limestone,  forming  steep  walls  that  rise  above  a  bench  of 

gneiss.  A  thin  belt  of  shale  or  limestone  occurs  about  halfway  up  the 

slope,  inclosed  in  the  porphyry.  It  does  not  appear  to  be  continuous 

horizontally,  though  quite  persistent.  The  contact  between  the  rocks  just 

described  and  the  intrusive  mass  to  the  west  is  sharply  marked  and  nearly 

vertical,  and  will  be  described  in  connection  with  the  occurrence  of  that 

rock  body. 

The  limestone  underlying  the  andesite-porphyry  at  the  northern  base 
of  The  Dome  is  in  nearly  horizontal  beds,  but  at  the  eastern  base  of  the 

mountain  the  gneiss  rises  up  and  cuts  it  off.  At  a  higher  altitude  the  lime- 
stone is  exposed  with  a  steep  westerly  dip,  evidently  bent  and  faulted,  with 

a  throw  of  several  hundred  feet.  At  about  this  place  the  lower  sheet  of 

porphyry  cuts  down  to  the  horizon  of  the  gneiss. 

INDIAN  CREEK  LACCOLITH. 

North  of  the  valley  of  Indian  Creek  the  slopes  rise  steeply  upward  to 
the  base  of  a  wall  or  cliff  that  extends  westward  from  the  eastern  face  of 

the  mountains  to  the  head  of  Indian  Creek  Valley.     The  lower  part  of  this 
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great  wall  is  formed  of  nearly  horizontal  beds  of  limestone  (Flathead),  upon 

which  rests  the  great  mass  of  intrusive  andesite-porphyry  whose  southern 
extension  has  already  been  noted,  and  over  which  arches  the  distinctly 

bedded  limestone  that  forms  the  eastern  part  and  the  summit  of  Antler 

Peak.  This  is  the  great  intrusion  termed  by  W.  H.  Holmes  the  "Indian 

Creek  laccolite,"1  whose  mass  'forms  the  greater  part  of  Antler  Peak,  the 
bold  summit  north  of  Indian  Creek,  and  its  extension  westward  to  the 

slopes  of  Three  River  Peak.  The  structure  and  topography  of  this  part  of 

the  ridge  are  clearly  shown  in  the  sketch  by  Mr.  Holmes.2  In  the  middle 
of  the  ridge  the  overlying  strata  are  absent,  but  at  the  western  end  of  the 

ridge  they  recur,  completing  the  westward-dipping  limb  of  the  arch,  as 
shown  in  PI.  Ill,  fig.  2. 

This  dome-shaped  body  of  intrusive  rock  is  a  cross  section  of  the 
double  sheet  met  with  in  the  mountains  south.  In  Antler  Ridge  it  attains 

its  maximum  thickness,  and  appears  as  one  massive  body  with  a  thin  layer 
of  shale  or  limestone  inclosed  near  its  middle,  which  is  indicated  in  Mr. 

Holmes's  sketch.  It  is,  however,  not  absolutely  continuous.  No  doubt  it 
is  the  thin  edge  of  the  limestone  wedge  that  split  the  intrusive  mass  in  two 
as  it  was  forced  southward. 

An  examination  of  the  limestone  underlying  the  laccolith  shows  that 

the  prominent  cliff,  75  to  100  feet  high,  is  formed  of  the  nodular  limestones 

of  the  Flathead  formation  corresponding-  to  the  lower  limestone  belt  of  the 
Crowfoot  section.  These  beds  are  more  fully  noted  in  the  section  of  the 

sedimentary  rocks  of  Antler  Peak.  Within  the  lowest  micaceous  shale 

beneath  the  laccolith  there  occurs  a  layer  of  white,  lithoidal,  igneous  rock, 

50  feet  thick,  and  evidently  a  horizontal  sheet,  which  is  again  exposed  at 

about  the  same  horizon  2  miles  farther  west.  Petrographically  it  resembles 

the  rock  of  Mount  Holmes,  of  which  it  is  probably  an  offshoot. 
The  contact  between  the  lower  massive  limestone  and  the  bottom  of 

the  laccolith  is  plainly  exposed  in  places.  The  limestone  exhibits  little  or 

no  metamorphism,  there  being  only  a  slight  lightening  of  its  color  along 

the  immediate  contact.  The  crude  columnar  jointing  of  the  massive  lime- 
stone may  have  been  the  result  of  baking  by  the  laccolithic  mass,  but  it  is 

not  pronounced ;  however,  it  may  easily  be  mistaken  at  a  distance  for  the 

1  Twelfth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Surv.  Terr,  (for  1878),  Part  II,  Washington,  1883. 
2  Op.  cit..  PI.  XIII,  p.  21. 
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well-known  jointing'  of  igneous  rock.  The  limestone  and  shale  inclosed 

within  the  body  of  the  laccolith,  also  show  almost  no  evidence  of  rneta- 

morphism  other  than  a  lightening  of  their  color  in  immediate  contact  with 

the  porphyry.  The  inclosed  stratum  of  limestone  is  20  to  40  feet  thick, 

and  rather  persistent.  It  is  nearly  horizontal,  or  arches  gradually  with  the 

curve  of  the  laccolith  dome.  Several  masses  of  red  and  green  shale,  tilted 

at  high  angles,  were  seen  in  the  igneous  rock.  These  are  probably  blocks 

of  the  heavier  shale  belt  forming  the  upper  part  of  the  Flathead  formation, 

and  which  is  the  horizon  in  which  the  laccolith  appears  to  have  been 

intruded.  There  are  also  small  fragments  of  limestone  and  gneiss  included 

in  the  porphyry,  caught  up  in  its  passage  through  the  lower  rocks  which 

were  ruptured  at  the  time  of  its  intrusion. 

The  laccolith  sheet  thins  out  eastward  under  Antler  Peak,  disappearing 

near  the  base  of  the  eastern  slope,  where  the  upper  and  lower  limestone 

strata  meet  and  form  the  whole  of  the  northeast  spur  of  the  mountain, 

dipping  at  the  low  angle  of  about  5°  NE.  The  apparently  gradually 

increasing  dip  of  the  overlying  limestones  as  they  arch  over  the  laccolith  is 

found  on  investigation  to  be  irregular,  the  dips  varying  along  the  cliffs 

forming  the  bare  southern  exposure,  increasing  from  5°  to  10°,  and  farther 

west  to  20°,  then  becoming  nearly  horizontal  just  before  reaching  the 

depression  on  the  ridge.  There  is,  however,  a  northerly  element  of  the 

dip  which  is  not  noticeable  on  the  southern  exposure.  Where  the  dip 

changes  noticeably,  the  limestone  is  shattered  by  innumerable  small, 

vertical  faults,  close  together;  it  thus  behaved  as  a  brittle,  not  as  a  plastic, 

mass  at  the  time  of  the  laccolithic  intrusion.  The  overlying  limestone 

embraces  the  upper  part  of  the  Cambrian  formations,  including  the  massive 

mottled  limestone  which  is  the  base  of  the  Gallatin  limestones,  together 

with  the  barren  strata  that  represent  the  Silurian  and  Devonian,  and  about 

400  feet  of  the  Carboniferous,  which  forms  the   summit  of  Antler  Peak. 

The  laccolith  is  about  1,200  feet  thick  at  the  middle,  where  it  forms  a 

high  point  projecting  into  the  valley  of  Indian  Creek.  Here  the  limestone 

capping  has  been  removed  by  erosion,  leaving  the  slope  of  the  ridge  to 

indicate  about  the  slope  of  the  old  plane  of  contact.  The  triangular  peak 

northwest  of  this  point  shows  the  overlying  limestones  dipping  at  2°  to  3° 
NW.  and  extending  down  the  long  divide  to  Bighorn  Pass,  where  they 

dip  over  the  porphyry  for  a  short  distance  at  10°  and  also  at  25°  NW., 
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the  generally  low  dip  recurring  again  farther  north.  At  Bighorn  Pass  the 
laccolith  thins  out  and  reaches  its  western  limit. 

In  Three  River  Peak  the  porphyry  is  also  overlain  by  limestone  in 

nearly  horizontal  Ibeds  with  slight  westerly  dip,  the  uppermost  strata 

belonging  to  the  Madison  limestones  of  the  Carboniferous. 

Along  the  western  boundary  of  the  laccolith,  between  Three  River  Peak 

and  Bighorn  Pass  at  the  head  of  Gallatin  River  Valley,  the  limestone  strata 

dip  W.  45°,  becoming  less  inclined  farther  west,  where  they  encounter  a 
fault  trending  west  of  north,  which  brings  them  against  gneiss  and  steeply 

tilted  Cambrian  beds.  Unfortunately  the  strata  bordering  the  laccolith  on 

the  north,  along  the  bottom  of  Panther  Creek  Valley,  are  covered  with 

loose  material  from  the  mountain  slopes;  hence  the  position  of  the  rocks 

adjacent  to  the  laccolith  on  the  north  was  not  discovered.  In  several 

places  the  porphyry  has  broken  up  through  the  overlying  limestone. 

Without  entering  too  minutely  into  the  petrographical  character  of 

the  laccolith  of  andesite-porphyry,  which  will  be  described  in  detail  in 
Chapter  II,  it  may  be  well  to  mention  some  of  its  general  characteristics. 

The  andesite-porphyry  is  a  light-gray  to  whitish  aphanitic  rock  with  many 
small  phenocrysts  of  feldspar  and  fewer  of  biotite  and  hornblende.  It 

forms  massive  outcrops  intersected  by  joints  in  all  directions,  and  the  rock 

splits,  xipon  Aveathering,  into  sherdy,  angular  fragments.  In  only  one  place 

was  columnar  jointing  noted — on  the  southeast  spur  of  The  Dome.  In  the 
central  part  of  the  laccolith  the  groundmass  of  the  rock  has  a  crystalline 

texture,  though  extremely  fine  grained.  Near  the  margin  the  rock  grows 
denser  and  darker  colored.  The  same  is  true  where  the  sheets  become 

thinner  toward  the  south.  The  extent  of  this  mass  in  exposure  is  shown 

on  the  map,  and  its  relation  to  the  surrounding  rocks  is  given  in  the 
cross  sections. 

MOUNT   HOLMES  BYSMALITH. 

A  great  mass  of  igneous  rock,  3  miles  long  and  2  miles  wide,  forms 

Mount  Holmes  and  the  ridge  north  to  the  summit  of  the  peak  west  of  The 
Dome,  and  extends  across  the  head  of  Indian  Creek  and  constitutes  the 

chain  of  four  peaks  west  of  this  creek  and  south  of  Three  River  Peak.  This 

great  body  of  igneous  rock  breaks  up  through  the  sedimentary  strata  as  a 
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core  or  plug.  It  is  a  type  of  intrusion  for  which  the  name  bysmalith  has 

been  proposed.1 
A  laccolith  as  defined  by  Gilbert2  is  a  body  of  igneous  rock  which  has 

insinuated  itself  between  two  strata  and  opened  for  itself  a  chamber  by 

lifting  all  the  superior  beds.  A  symmetrical  dome-shaped  body  is  the 

exceptional  or  ideal  form,  and,  as  Cross3  has  pointed  out,  Gilbert's  use  of  the 
term  practically  included  all  thick  lenticular  masses  of  intrusive  igneous 

rock  occurring  at  a  certain  geological  horizon  in  a  sedimentary  complex. 

Cross  includes  under  the  term  laccolith  all  masses  in  which  the  expansion  of 

the  body  has  taken  place  from  a  plane  approximately  parallel  to  the  bedding,, 

and  says  that  numerous  causes  may  affect  the  regularity  of  the  forrn. 

Of  these  the  principal  are:  (1)  Oblique  position  of  the  plane  of  expansion 

to  bedding  planes  of  the  sediments;  (2)  lines  of  structural  weakness  in  the 

strata;  (3)  presence  of  earlier  intrusions;  (4)  lack  of  coherence  and  of 

pronounced  bedding  in  strata  invaded.  These  factors,  we  understand,  simply 

modify  the  form  of  the  laccolith,  whose  essential  characters  are  those 

described  by  Gilbert,     They  can  not  in  any  sense  replace  the  latter. 

A  laccolith  is  distinguished  from  an  intrusive  sheet  of  igneous  rock, 

which  is  an  intrusion  between  strata  accompanied  by  a  certain  amount  of 

lifting  of  the  superincumbent  rock.  The  difference  lies  in  the  thickening 

of  the  igneous  body  into  a  more  or  less  lenticular  mass  in  the  case  of  a 

laccolith,  over  which  the  strata  arch;  whereas  the  upper  and  lower  surfaces, 

of  a  sheet  are  almost  parallel  to  each  other.  In  sheets  the  lateral  dimen- 
sions are  very  great  as  compared  with  the  depth  or  thickness;  in  laccoliths 

the  difference  between  the  thickness  and  the  lateral  dimensious  is  much  less. 

Cross  has  shown  that  a  certain  amount  of  vertical  displacement  may 

accompany  the  arching  of  the  overlying  strata,  as  in  the  laccolith  of  Mount 

Marcellina,4  without  changing  the  general  character  of  the  intrusion.  But 
where  vertical  displacement  with  faulting  is  one  of  the  chief  characteristics 

of  the  intrusion,  a  distinction  from  normal  laccolithic  intrusion  should  be 

recognized.     In  the  extreme  this  would  result  in  the  forcing  upward  of  a 

i  Iddiugs,  J.  P.,  Bysmaliths:  Jour.  Geol.,  Vol.  VI,  1898. 
2  Gilbert,  G.  K.,  Report  ou  the  Geology  of  the  Henry  Mountains,  U.  S.  Geog.  and  Geol.  Surv. 

Rocky  Mountain  region  (J.  W.  Powell  in  charge),  1877,  p.  160,  PI.  V. 

'Cross,  Whitman,  The  laccolithic  mountain  groups  of  Colorado,  Utah,  and  Arizona:  Fourteenth 
Ann.  Rept.  U.  S.  Geol.  Survey  (for  1892-93),  1895,  p.  236. 

•'  Loc.  cit.,  p.  236. 
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more  or  less  circular  cone  or  cylinder  of  strata,  having  the  form  of  a  plug-, 
which  might  be  driven  out  at  the  surface  of  the  earth  or  might  terminate  in 

a  dome  of  strata  resembling  the  dome  over  a  laccolith.  By  this  mode  of 

intrusion  the  vertical  dimension  of  the  intruded  mass  becomes  still  greater 

as  compared  with  the  lateral  dimensions,  so  that  the  shape  is  more  that  of  a 

plug  or  core.  Such  an  intruded  plug  of  igneous  rock  may  be  termed  a 

bysmalith  (0v(?/u a —plug,  Az0off=stone).  We  have,  then,  transition  from 
a  flat,  thin,  intrusive  sheet  to  a  laccolith  with  lenticular  form,  and  from 

this  to  a  bysmalith  with  much  greater  depth  and  considerable  vertical 

displacement. 

Examples  of  bysmaliths  are  not  common  as  yet.  Russell1  has  called 
attention  to  what  he  considers  volcanic  plugs  in  the  region  of  the  Black 

Hills  of  Dakota,  and  has  suggested  their  recognition  as  types  of  intrusion 

different  from  normal  laccoliths.  A  sharp  discrimination  of  the  two  types 

may  not  always  be  possible,,  since  they  grade  into  each  other,  as  in  Mount 
Marcellina.  In  the  intrusive  bodies  of  Mount  Holmes  and  the  Indian 

Creek  laccolith  the  contrast  is  sufficiently  marked  and  the  two  types  are 

well  illustrated.  Nearly  two-thirds  of  the  circumference  of  the  Holmes 

mass  is  exposed  as  a  nearly  vertical  plane  of  contact  crossing  almost  hori- 
zontal strata.  The  western  boundary  is  against  gneiss  and  along  a  fault 

plane  of  considerable  magnitude,  which  probably  acted  as  the  conduit 

through  which  the  magma  was  forced.  There  is  no  means  of  knowing 

what  may  be  the  shape  of  the  bottom  of  this  bysmalith.  It  is  possible 

that  it  may  have  risen  through  the  fault  fissure  until  it  encountered  the 

sedimentary  strata  resting  upon  the  gneiss,  with  its  inclosed  laccolith.  It 

may  have  spread  laterally  along  shaly  strata  near  the  gneiss  and  beneath 

the  laccolith;  then  its  movement  laterally  may  have  been  checked,  for 

the  pressure  upward  became  sufficient  to  rupture  the  strata  and  laccolith 

and  to  force  a  mass  of  these  rocks  covering  an  area  of  over  5  square  miles 

up  more  than  '2,000  feet — probably  more  than  twice  that  height. 
The  areal  relation  of  the  Mount  Holmes  bysmalith  to  the  surrounding 

terranes  is  shown  on  the  geological  map,  PI.  X.  The  vertical  relations  are 

shown  in  the  profile  sections  of  the  Gallatin  Mountains,  PI.  Ill,  fig.  3,  and 

PI.  IX,  fig.  4,  and  in  PI.  V,  figs.  1,  2,  3,  which  are  profile  sections  through 

Echo  Peak  and  Three  River  Peak,  and  through  The  Dome  and  the  peak 

'Russell,  I.  C,  Jour.  Geol.,  Vol.  IV,  1896,  p.  23. 
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southwest,  and  through  Mount  Holmes  and  Trilobite  Point.  These  cross 

the  contact  plane  between  the  bysmalith  and  the  strata  with  the  inclosed 
laccolith. 

Owing  to  the  crystalline  character  of  the  rock  constituting  the  bys- 
malith, there  is  little  doubt  that  it  solidified  beneath  a  covering  of  strata. 

The  crystals  are  larger  than  those  forming  the  mass  of  the  Indian  Creek 

laccolith.  A  possible  reconstruction  of  the  position  of  the  strata  after  the 

intrusion  is  given  in  PI.  V,  fig  4,  in  which  all  of  the  formations  up  to 

the  top  of  the  coal-bearing  Laramie  are  represented — a  total  thickness  of 

9,000  feet, 

The  upper  parts  of  the  mountains  into  which  this  intrusion  has  been 

carved  are  barren  and  rocky  above  9,000  feet,  with  comparatively  smooth 

slopes  covered  with  loose  fragments  of  porphyry.  The  peaks  are  pointed 

in  some  cases  and  rounded  in  others,  as  may  be  seen  from  PI.  IV.  The 

rock  is  very  uniform  in  appearance  throughout  the  entire  extent  of  the 

mass.  It  is  light  gray  to  white,  aphanitic  to  fine  crystalline,  with  a  slightly 

porphyritic  structure  in  part.  It  shows  small  flakes  of  biotite  and  indistinct 

phenocrysts  of  feldspar.  It  is  massive,  with  irregular  joint  cracks,  and 

weathers  into  angular  blocks  and  slabs.  Its  megascopical  characters  are 

quite  uniform  throughout  the  greater  part  of  the  mass,  which  varies  slightly 

in  grain.  But  near  the  margin  of  the  body  the  rock  becomes  denser  and 

more  aphanitic,  showing  a  broad  banding  parallel  to  the  walls  of  contact 

with  the  surrounding  rocks.  These  walls  are  nearly  vertical  in  the  moun- 
tain west  of  The  Dome,  on  the  saddle  east  of  Mount  Holmes,  and  also  on 

that  of  Echo  Peak.  In  all  cases  examined,  the  neighboring  limestones  dip 

away  at  angles  of  40°  to  55°,  and  the  adjacent  andesite-porphyry  has  been 
crushed  and  dislocated.  It  is  reddened  and  in  places  is  filled  with  veins 

and  apophyses  from  the  dacite-porphyry,  which  is  clearly  proved  to  be  an 
intrusion  subsequent  to  that  of  the  Indian  Creek  laccolith.  Its  western 

border  in  contact  with  the  crystalline  schists  is  obscured  by  de'bris,  being 
located  at  the' base  of  the  mountains.     These  relations  are  shown  in  PI.  V. 

The  eruption  appears  to  have  taken  place  along  the  fault  line  that  lies 
west  of  Three  River  Peak.  There  seems  to  be  no  break  in  the  continuity  of 

the  bysmalith  mass,  and  this  fact  indicates  that  it  was  intruded  at  one  time. 

The  vertical  displacement  of  a  mass  of  rock  2£  miles  long  and  2  miles  wide,  by 

what  appears  to  have  been  a  single  act,  is  remarkable.  The  petrographical 
character  of  the  rock  is  that  of  an  intrusive,  not  a  surficial,  body,  hence, 
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we  may  assume  that  it  did  not  reach  the  surface  of  the  earth,  but  was 

covered  by  the  sedimentary  rocks  it  displaced.  The  same  kind  of  por- 
phyry occurs  in  two  small  bodies  about  3  miles  farther  north,  along  the 

Crowfoot  fault  line,  west  of  Three  River  Peak.  Here  they  have  broken 

into  Carboniferous  limestone,  which  otherwise  in  this  region  is  quite  free 

from  intrusions  of  igneous  rock. 

Still  another  small  intrusion  occurs  along  the  northern  border  of  the 

Indian  Creek  laccolith,  but  is  confined  to  the  upper  horizon  of  the  Cam- 
brian rocks.  It  is  a  dark  basic  porphyry  of  an  unusual  character,  with 

occasional  phenocrysts  of  hornblende,  mica,  and  feldspar.  It  forms  a  small 

sheet,  50  to  75  feet  thick,  exposed  on  the  divide  south  of  Bighorn  Pass  and 

along'  the  south  base  of  Bannock  Peak.  It  was  not  found  in  contact  with 
the  laccolith,  and  the  relative  times  of  their  intrusion  were  not  made  out. 

There  is  no  rock  similar  to  it  in  the  region  explored,  except  a  small  sheet 

in  Three  River  Peak,  and  nothing  approaching  it  in  composition  occurs 
nearer  than  Electric  Peak. 

ANTLER    PEAK. 

The  sedimentary  rocks  OArerlying  the  Indian  Creek  laccolith,  as  already 
noted,  form  the  summits  of  Antler  and  Three  River  peaks;  stratigraphic 

sections  were  made  at  both  these  localities.  Antler  Peak  is  the  prominent 

summit  lying  between  The  Dome  and  the  flat-topped  mass  of  Quadrant 
Mountain.  (See  PI.  VI.)  The  greater  part  of  the  mountain  is  formed  of 
the  intrusive  mass  of  the  Indian  Creek  laccolith,  as  just  described.  The 

sedimentary  rocks  are  best  exposed  on  the  southern  side  of  the  mountain 

and  at  the  eastern  slopes,  where  the  laccolithic  rock  passes  beneath  the 
limestones. 

The  gneiss  is  exposed  on  the  low  wooded  hill  at  the  southeast  base  of 

the  peak,  indicated  on  the  map  by  the  8,000-foot  contour.  This  hill  and  the 

slopes  back  of  it  are  covered  heavily  with  drift,  which  usually  conceals  the 

gneiss  and  the  overlying  stratified  rocks;  there  being  no  exposures  except 

near  the  base  of  the  great  limestone  ledge  which  forms  such  a  prominent 

feature  of  the  valley.  The  strata  were  examined  where  the  ledge  has  been 

cut  through  by  a  small  stream  channel  from  the  summit,  the  debris  which 

elsewhere  conceals  the  foot  of  the  wall  having  here  been  washed  away. 

The  lowest  strata  exposed  were  thinly  bedded  limestones  and  rather  heavy 
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micaceous  beds  containing  indistinct  traces  of  fossils.     The  following  section 

was  made  at  this  place: 

Indian  Creek  section. 

Crowfoot  Norn- 
section,      ber.  Feet. 

Laccolith,  andesite-porphyry. 

11  6.   Limestone,  rather  thinly  bedded,  dark  blue-gray  with  lighter  weathered  surface.  6 

7-10  5.   Limestones,  forming  the  great  ledge  of  the  mountain  side.     Many  beds  are  of  a 

crystalline,  fine-grained,  dark-gray  and  dense  limestone  seamed  with  calcite. 

Weathers  light  gray,  often  rusty.     At  the  base  is  thinly  bedded,  breaking 

readily  into  small  angular  pieces.     At  top,  beds  are  slightly  cherty  and  fossil- 

iferous.     In  center,  beds  are  massive  and  appear  irregularly  bedded.     Strike 

N.  54°  E.  and  dip  3°  N         225 

Dacite-porphyry,  probably  an  offshoot  of  the  Holmes  bysmalith           25 
6  4.   Limestone,  compact,  brown,  weathering  gray          20 
5  3.    Shaly  beds,  micaceous  and  schistose,  with  thin  bands  of  limestone           50 

2-4  2.    Interval,  no  exposure       300 
1  1.    Gneiss. 

It  will  be  seen  from  the  above  section  that  the  andesite-porphyry  of 
the  laccolith  immediately  overlies  the  limestone  No.  6  of  this  section,  which 

corresponds  to  the  Flathead  limestones  of  the  Crowfoot  Ridge  section. 

The  laccolith  has  therefore  been  intruded  in  the  upper  shale  belt  of  the 

Flathead  formation,  the  shales  being  150  feet  thick  in  the  Crowfoot  section. 
The  occurrence  of  the  laccolithic  intrusion  is  the  same  at  the  base  of  Three 

River  Peak,  where  above  the  porphyry  a  part  of  the  shales  is  found 

beneath  the  limestones  that  form  the  highest  beds  of  the  Flathead  forma- 
tion. 

At  Antler  Peak  the  laccolith  incloses  parts  of  the  Flathead  limestones, 

as  well  as  a  thin  belt  of  limestone  and  fragments  of  the  underlying  shale. 

Along  the  base  of  steeper  slopes  toward  the  northeast,  the  drift  has  covered 

all  exposures;  even  the  beds  of  the  great  limestone  ledge  are  partially 

hidden.  Over  these  beds  we  find  a  platform  where  the  overlying  shale  and 

porphyry  have  been  eroded,  leaving  the  limestones  underneath  intact.  That 

the  bench  is  due  to  the  erosion  of  the  shale  seems  probable;  easily  yield- 

ing to  disintegrating  agencies,  it  has  been  carried  away,  undermining  the 

porphyry,  which  has  also  been  swept  off  by  glacial  action. 

The  lowest  bed  noted  above  the  laccolith  is  a  finely  crystalline,  light- 

drab  limestone,  probably  the  upper  beds  of  the  Flathead  limestone  of  the 

general  section.  The  following  succession  of  strata  is  exposed  on  the 

northeast  spur  of  the  mountain  from  the  summit  of  the  peak  down  to  this 

bed: 
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Crowfoot 
sectiOD. 

31 

30a,  6 29 

27,  28  <  2 

Num- ber. 

31 

125 

23 

22 

26a 

24 

21 

20 

Antler  Peak  section. 

Limestone,  crystalline,  moderately  dense,  brown,  weathering  grayish,  with 

rough  pitted  surface,  and  breaking  readily  into  small  angular  pieces.  Dip, 

X.  50°E.,20°   
Limestone,  less  splintery  than  bed  above,  light  brown,  fissile,  with  fossil  layers. 

Limestone,  finely  crystalline,  light  gray  with  buff  or  pink,  finely  granular, 

weathered  surface.     Very  fissile,  plates  warped   

Limestone,  brown  or  purplish  brown,  very  fissile  and  platy.     Fossils  abundant. 

Limestone,  massively  bedded,  light  drab  and  brown,  breaking  readily  into  frag- 

ments.    Fossils  somewhat  abundant.     Dip,  5°  NE   

Limestone,  finely  crystalline,  light  and  dark  gray  and  gray-brown,  weathering 
buff,  with  smooth,  finely  granular  surface.  Layers  thickly  and  thinly  bedded, 
with  very  fissile  fossiliferous  strata  near  base   

Limestone,  mottled,  massive,  and  seamed  with  calcite.  Lenticular  arrangement 

of  light-brown  in  darker  mass  gives  appearance  of  bedding   

Limestone,  very  fissile  and  containing  fossils   

Limestone,  massive,  purple,  containing  white  fossil  fragments   

Limestone,  alternating  layers  of  very  fissile,  gray,  and  fossiliferous  limestone 
aud  more  massive  rock   

Limestone,  coarsely  crystalline,  without  chert;  is  fossiliferous  and  seamed  with 

ilcite 

Cherty  limestone,  forming  a  prominent  ledge  shown  in  Holmes's  sketch.  Hard, 
dense,  crystalline;  contains  corals  and  crinoid  stems  and  much  blue  chert  in 
bands  and  nodules.     The  rock  is  somewhat  seamed  with  calcite   

Feet. 

100 

40 

15 100 

50 

100 
15 

5 

15 

170 

50 

100 

'- 
23  19  Limestone,  somewhat  massive  and  thickly  bedded  (5  to  10  feet),  light  gray,  with 

light,  very  rough,  and  irregular  weathered  surface.  Few  fossils  and  a  little 

light-colored  chert   -           40 

22  18    Limestone;  alternating  beds  of  dense  light-drab  limestone  and  brown  arena- 
ceous sandstone,  with  rough  aud  pitted  weathered  surface  and  fetid  odor,  parts 

of  it  resembling  No.  lti  of  this  section.     Extends  up  to  base  of  cone  top.     The 

21  rock  is  an  arenaceous  limestone,  dark  brown-gray,  weathering  brown         130 

20 

19c 

3  { 

o 

,3* 

17 

16 

15 

14 

13 

f 111 

Limestone,  compact,  dense,  hard,  dark  gray,  weathering  very  light  brown-gray, 

with  finely  granular  surface   

Limestone,  dark  brown-gray,  weathering  straw-color  and  rich  brown.  Is  an 
arenaceous  limestone   

Limestone,  white,  pitted  and  rotted,  with  harder  mottled  places   

Interval,  no  exposure   

Limestone,  brown,  dense   

Limestone,  light  creamy  yellow  mottled  with  gray,  thinly  bedded,  breaking  into 

small  cnboidal  blocks.     Strike,  N.  5°  W.     Dip,  3°  W   
Limestone,  finely  crystalline,  white   

15-19S  10    Limestones,  grading  at  top  into  cherty  limestone. 
14  9    Mottled  limestone,  but  30  feet  exposed   

ill 
is 8     Interval,  no  exposure. 

7    Limestone,  finely  crystalline,  light  drab. 

20 

5 

6 

10 

5 

35 

30 

160 

50 
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West  of  the  eastern  summit  the  edges  of  the  lower  beds  outcrop,  and 

the  Gallatin  limestone  is  exposed  in  the  saddle.  On  the  northeast  spur  of 

the  peak  the  Flathead  limestones  are  exposed,  the  dip  being  N  30°  E.,  10°. 
THREE    RIVER   PEAK. 

Tln-ee  River  Peak  is  a  sharp  point  whose  position  at  the  head  of  the 
Gallatin  River  and  of  branches  of  the  Gardiner  and  Madison  rivers  makes 

the  name  appropriate.  The  slopes  rise  abruptly  from  the  head  of  Indian 

Creek  Valley  on  the  east,  while  to  the  north  an  almost  vertical  wall  rises 

above  the  deep  blue  waters  of  Gallatin  Lake.  The  peak  occurs  on  the 

western  side  of  the  Indian  Creek  laccolith,  and  the  beds  composing  it,  like 

those  forming  the  summit  of  Antler  Peak,  consist  of  Paleozoic  strata  ranging 

from  the  Cambrian  limestones  to  those  of  the  Carboniferous.  The  sedi- 

mentary rocks  are,  however,  penetrated  by  several  sheets  of  intrusive  rocks 

which  are  much  decomposed,  but  represent  phases  of  the  Mount  Holmes 

bysmalith.  The  following  section  shows  the  sequence  of  rocks  exposed 

on  the  northern  spurs  of  the  peak  from  Indian  Creek  Pass  to  the  summit: 

Three  River  Peak  section. Crowfoot  Num- 
section.      Iter. 

f     26a 

24 

O 

a* 

.5  o 

Is 

23 

12 

11 

10 

1    9 
8 

r  i 
l   6 21-22 

Limestone,  crystalline,  gray,  fossiliferous;  contains  crinoid  stems   

Limestone,  light  gray,  dense,  massive,  clierty   

Porphyry,  fissile,  much  decomposed,  yellow  and  purple   

Limestone,  light  gray   

Porphyry,  fissile,  decomposed  and  yellow  at  base;  upper  half  massive  and 
fresher   

Limestone,  crystalline,  light  gray,  with  granular,  weathered  surface   

Limestone,  brownish   gray,   weathering  a  light  brown;   massively  bedded; 

with  splintery  fracture   

Porphyry,  light  colored,  nearly  white,  weathering  brown,  fissile;  thoroughly 

decomposed   

Limestone,  baked  by  porphyry   

Porphyry,  fissile,  yellow  and  rusty  gray,  thoroughly  decomposed   

Limestone,  black  and  rusty,  much  baked   

Porphyry,  dense,  compact,  looking  like  quartzite   
Limestone,  thinly  bedded,  dark  and  light  gray,  magnesian   

5  1 

II 

V     15-20        4    Limestones,  in  a  series  of  beds,  not  individually  noted  . 

f  = flu 

II 13 r 
II! 

Limestone,  thinly  bedded   

Mottled  limestone,  matrix  light  brown,  mottled  with  black;  duo  to  aggrega- 
tion of  black  grains  of  matrix   

Gray,  blue-gray,  brown,  and  black  limestones,  with  layers  of  "glauconitic" 

limestone,  the  grains  black  instead  of  green.     Is  fossiliferous.     Thickly  and' 
thinly  bedded',  with  some  yellow  argillaceous  layers  and  one  conglomerate 
bed   

Feet. 
75 

30 
15 

25 

30 

5 

35 
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100' 
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The  shores  of  the  Gallatin  Lake,  and  the  small  hills  adjoining,  are 

formed  of  the  laccolith  rock,  andesite-porphyry.  The  western  boundary 

of  this  rock  runs  northward  along'  a  gully,  west  of  the  drainage  from  the 
lake,  and  through  a  small  shallow  pond  to  the  saddle  of  Bighorn  Pass.  To 

the  south  the  porphyry  extends  to  the  base  of  Three  River  Peak  in  the  rear 

of  the  lake,  and  foi'ms  the  saddle  in  the  pass  between  Indian  Creek  and 
the  valley  of  the  Gallatin  River;  from  here  northward  the  exposure  extends 

along  the  western  base  of  the  ridge  to  Bighorn  Pass. 

The  position  of  the  strata  seen  in  the  precipitous  northern  face  of 

this  peak  is  shown  in  PI.  VII.  At  the  western  base  of  this  mountain  they 

dip  sharply  over  the  edge  of  the  laccolith,  changing  from  nearly  horizontal 

to  50°  or  70°  W.,  and  gradually  decreasing  again  westward.  Into  the  axis 
of  this  abrupt  bend  a  vertical  offshoot  from  the  andesite-porphyry  has  been 
intruded,  showing  that  the  limestones  were  ruptured  at  this  place. 

The  limestone  strata  of  Three  River  Peak  are  traversed  by  dikes  of 

lithoidal  igneous  rock  at  various  angles.  One  broad  dike,'  100  feet  thick  in 
places,  cuts  diagonally  across  the  northern  face,  appearing  on  the  eastern 

slope  about  halfway  up  to  the  summit.  Another,  about  10  feet  thick, 

without  phenocrysts,  lies  horizontally  between  the  strata  and  might  easily 

be  mistaken  for  a  compact  sandstone.  A  narrower  dike  cuts  nearly 
vertically  through  the  western  side  of  the  mountain. 

At  the  west  base  of  the  peak  the  gneiss  is  faulted  against  the  lime- 

stones by  the  southern  extension  of  the  Gallatin  fault,  The  position  of  the 

sedimentary  beds  Avhich  abut  against  the  gneiss,  as  well  as  their  fracturing, 

shows  clear  evidence  of  the  presence  of  the  fault.  An  intrusive  body  of 

igneous  rock  related  to  the  Mount  Holmes  rock  occurs  at  this  locality. 
On  the  saddle  between  Three  River  Peak  and  Echo  Peak,  near  the 

contact  of  the  Holmes  bysmalith  with  the  andesite-porphyry  and  lime- 

stone, the  latter  rocks  are  seen  to  have  been  turned  up,  so  as  to  dip  40° 
N.,  away  from  the  bysmalith,  and  to  be  greatly  shattered  and  dislocated, 

producing  slickensides  and  a  pulverizing  of  the  rock  along  the  fracture 

planes. BIGHORN    PASS. 

Bighorn  Pass  is  a  low  divide  between  the  head  waters  of  the  Gallatin 

River  and  the  drainage  of  Panther  Creek,  and  affords  an  easy  passage  from 

the  valleys  west  of  the  mountains  across  the  range  to  the  central  region  of 
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the  Park.  The  pass  is  cut  in  the  Paleozoic  sedimentary  rocks,  which  are 

slightly  tilted  by  an  intruded  sheet  of  andesite-porphyry  that  is  the 
northern  extension  of  the  Indian  Creek  laccolith.  A  dark,  lamprophyric 

rock  occurs  at  the  lowest  point  in  the  pass,  where  it  is  seen  to  form  a  sheet 

50  feet  thick  intrusive  in  the  Cambrian  shales.     The  hio-h  ridge  extending: OCT  CT 

north  from  the  head  of  Indian  Creek  to  Big-horn  Pass  is  formed  of  sedi- 
mentary beds  that  overlie  the  northward  extension  of  the  Indian  Creek 

laccolith.  Above  the  andesite-porphyry  of  the  laccolith  which  forms  the 
Indian  Creek  Pass  the  green  Flathead  shales  are  exposed,  overlain  by 

the  upper  limestone  series  of  the  Flathead,  which  are  here  100  feet  thick 

and  resemble  quite  closely  the  beds  of  this  horizon  as  developed  in  Crow- 

foot Ridge.  The  summit  of  the  ridge  is  formed  of  the  Gallatin  "  mottled 

limestone,"  which  dips  to  the  northwest  and  makes  a  well-defined  ledge, 
with  a  cliff  face  30  feet  high  and  a  rounded  but  hummocky  surface,  the 

result  of  glacial  planing.  Near  Bighorn  Pass  the  beds  are  locally  affected 

by  an  intrusion  of  the  laccolith,  and  dip  more  steeply  than  the  beds  north 

of  the  pass,  there  being  a  difference  of  5°  to  8°.  Two  sections  of  the 
Paleozoic  rocks  were  measured  in  this  vicinity;  the  first  was  made  on  the 

ridge  running  south,  the  second  from  Bighorn  Pass  to  the  summit  of 

Bannock  Peak.  These  sections  show  the  following*  sequence  of  beds, 
arranged  in  descending  order: 

Bighorn  Pass  section. 
Crowfoot       Nura- 
section.         ber.  Feet. 

22    Cherty    sandstones    and   limestones,   brown    and    gray,   chert   nodules,  with 

I  fi  I  whitened  surface           75 
) 

21     Quartzose  conglomerate;  matrix  a  light-gray  limestone           20 
0  f  33      20    White  beds  of  sandstone,  quartzite,  and  limestone,  generally  saecharoidal         325 
©J 

'32  19  Limestone,  crystalline,  light  colored.  The  upper  portion  is  a  brecciated  and 
nearly  pure  limestone.  The  lower  beds  are  dense,  finely  crystalline,  weath- 

ering white,  with   granular  surface.     Maguesian,  and  containing  sparsely 

disseminated  chert.     Strike,  S.  30°  W. ;  dip,  10°  N\V         275 
32      18     Limestone,  very  finely  crystalline,  with  calcite  strings,  brown,  dense,  massive; 

nearly  pure           25 
31      17     Limestone,  breccia;  the  matrix  is  similar  to  the  bed  below;  the  fragments 

resemble  the  beds  above  and  below.     The  lower  beds  are  slightly  siliceous, 

light-gray  limestones  weathering  pale  yellow   ,           50 

31      16    Limestone,  crystalline,  light  brown,  with   granular  weathered  surface;  mass- 
ively bedded,  and  is  vertically  jointed  and  contains  some  chert  in  bands           75 

■a  i 
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Bighorn  Pass  section — Continued. 

Clierty  limestone.  The  lower  30  feet  is  a  brown  fossiliferous  limestone,  over- 
lain by  70  feet  of  a  moderately  coarsely  crystalline  gray  rock,  weathering 

brownish.  One  bed  is  a  compact  brown  limestone,  full  of  criuoid  stems 

and  fossil  fragments,  which  appear  as  crystalline  masses  of  calcite  on  fresh 

fracture,  but  on  weathered  surface  show  their  true  nature.  The  upper 

portion  of  No  15  is  cherty  and  massive   

Limestone;  the  lower  portion  light  brown,  shading  to  gray;  massive,  with 

cherty  band  near  center.  The  upper  part  is  rich  in  coral.  This  limestone 

varies  in  crystallization,  being  both  fine  and  coarse   

Limestone,  gray,  weathering  brown,  finely  crystalline  and  compact   

Limestone,  finely  crystalline,  white,  cherty.  Chert  is  light  gray,  weathering 
rusty  or  black    

Limestone,  blue,  finely  crystalline,  very  splintery   

Cherty  limestone,  white,  finely  granular   

Limestone,  coarsely  crystalline,  light  drab,  with  few  fossils;   runs  down  to 

Feet. 

saddle 

Limestone,  finely  crystalline,  compact,  massively  bedded,  light  drab,  vertically 

jointed.     Dip  18°,  N.  20°  W   

Limestone,  very  light  gray,  coarsely  crystalline,  containing  crinoid  stems  and 
other  fossils   

Limestone,  somewhat  coarsely  crystalline,  compact,  white;  the  base  concealed 

by  talus  of  No.  9  of  this  section   

Limestone,  fine  grained,  fissile,  dark  gray,  weathering  blue;  certain  layers 

are  quite  fossiliferous   

Limestone,  dark  gray,  often  brownish  gray ;  cherty  and  siliceous  near  base. 

The  upper  50  feet  more  friable  and  soft;  contains  numerous  fossils,  shells, 

crinoid  stems,  and  corals   

Limestone;  finely  crystalline,  with  quartzose  band  near  top;  gray,  weather- 

iu"'  creamy.  The  top  is  concealed  by  the  talus  of  No.  6,  and  the  thickness 

should  be  increased  about  40  feet   

Limestone,  dense,  massive,  dark  blue-gray,  impure  (argillaceous)   

Limestone,  alternating  beds  of  massive,  steely  gray,  arenaceous  limestone, 

weathering  brown  and  containing  corals,  and  fissile,  light-gray,  and  dense 
limestone   

2  Limestone,  at  the  base  dark  blue-gray  and  very  compact,  changing  to  a 

bro wu-gray  arenaceous  limestone.     Dip  15°,  N.  10°  W   

1  Limestone,  light  drab,  finely  crystalline  and  dense,  somewhat  cherty.  Chert 

light  and  dark  gray;  thickly  bedded. 
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The  dip  of  the  lower  beds  of  the  section  is  15°.  Five  hundred  feet 

above  the  pass  it  is  18°,  and  near  the  summit  of  Bannock  Peak  it  is  10°. 

The  direction  of  the  dip  also  changes  from  N.  11°  W.  to  NW,  becoming 

N.  41°  W.  on  the  summit.     The  beds  appeared  to  be  perfectly  conformable 

throughout. 
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It  will  be  observed  that  the  thicknesses  given  in  the  foregoing  section  to 

the  beds  numbered  16  to  19  inclusive  differ  considerably  from  those  of  the 

Crowfoot  Ridge  section.  The  correlation  of  the  beds  seems  to  be  correct; 

the  error  can  not  be  large  either  in  this  or  in  the  estimates  of  thicknesses, 

as  the  white  Quadrant  sandstones  above  and  the  arenaceous  Jefferson  lime- 
stones form  a  check  on  the  work.  This  difference  amounts  to  nearly  400 

feet  and  is  believed  to  occur  in  the  upper  beds  of  the  Madison  limestones. 

West  of  Quadrant  Mountain  and  Bannock  Peak  the  range  consists  of 

a  rugged  region  drained  by  the  Grallatin  River.  This  stream,  which  heads 

in  Grallatin  Lake  at  the  base  of  Three  River  Peak,  flows  through  a  valley 

that  is  one  of  the  most  beautiful  parts  of  the  park.  Broad  open  meadows, 

diversified  with  clusters  of  pines  and  spruces,  alternate  with  small  patches 

of  forest  that  cover  the  broad  valley  bottom.  To  the  south  the  slopes  rise 

steeply  to  the  peaks  of  Crowfoot  Ridge,  while  bold  cliffs  of  white  limestone 

wall  in  the  valley  upon  the  north.  The  river  flows  rapidly,  in  a  succession 

of  rapids  and  clear  pebbly  reaches,  cutting  the  heavily  bedded  limestones 

that  form  the  valley  floor. 

CROWFOOT  RIDGE  AND  GALLATIN   VALLEY. 

On  the  west  side  of  the  ridge  along  which  the  chief  stratigraphic  section 

was  studied  a  branch  of  Grayling  Creek  has  cut  a  deep  gulch,  trending 

toward  the  northwest.  This  follows  the  outcrop  of  the  Flathead  shales, 

and  has  the  gneiss  and  steeply  dipping  basal  sandstone  on  the  south  side 

and  the  massive  Paleozoic  limestones  on  the  north.  About  a  mile  down  the 

gulch  a  fault  crosses  the  country  in  a  direction  east  of  north,  letting  down 

the  block  of  sedimentary  rocks  and  crystalline  schists  on  the  west  side  of 

the  fault,  so  that  the  strata  dip  at  a  more  uniform  inclination  of  15°  to  20°, 

and  also  30°,  NE.  This  throws  the  basal  quartzite  at  least  800  feet  lower 
down  than  the  west  end  of  the  crest  of  Crowfoot  Ridge,  and  brings  the 

Quadrant  quartzite  back  to  the  summit  of  the  west  spur  of  Crowfoot  Riclge, 

from  which  it  extends  down  its  northern  slope. 

At  the  western  base  of  the  end  of  this  mountain  ridge  the  sedimentary 

rocks  are  lost  sight  of  beneath  a  deep  accumulation  of  glacial  drift,  which 

obscures  the  contact  between  these  rocks  and  the  rhyolite  lava  that  has 

buried  them  and  the  underlying  crystalline  schists,  as  already  pointed  out. 

The  north  and  south  ends  of  the  fault  just  noticed  are  lost  beneath  the 
same  drift. 
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East  of  the  high  ridge  along  which  the  sedimentary  section  was  made, 

already  referred  to  as  Crowfoot  Ridge,  the  strata  are  folded  and  faulted  in 

a  pronounced,  though  not  an  extreme,  manner.  In  the  short  spur  between 

the  two  branches  of  the  drainage  east  of  the  ridge  there  is  a  marked  bend 

in  the  beds  of  limestone,  which  in  the  higher  part  of  the  spur  dip  steeply 

and  can  be  traced  continuously  into  the  main  body  of  the  ridge,  but  at  the 

lower  end  of  the  spur  are  nearly  horizontal.  There  is  thus  a  short  fault 

line  west  of  the  spur,  which  runs  out  in  the  head  of  the  gulch,  and  probably 

joins  a  longer  fault  which  terminates  somewhere  near  the  junction  of  this 

drainage  with  the  Gallatin  River,  as  shown  on  the  map  There  is  also 

evidence  of  horizontal  thrust  in  the  telescoping  of  the  limestone  layers, 

which  is  seen  on  the  east  escarpment  of  the  ridge. 

The  next  spur  east  of  the  one  called  Section  Ridge  is  a  long  low  ridge, 

formed  of  nearly  horizontal  beds,  with  a  slight  syncline  across  its  middle, 

the  axis  of  the  syncline  being  about  northwest  and  southeast.  At  its  south- 
ern end  the  beds  turn  up  abruptly  against  the  gneiss  ridge,  and  the  shaly 

horizons  are  -eroded  down,  and  do  not  rise  in  a  high  spur  as  erroneously 
drawn  on  the  general  map.  There  is  a  fold  or  bend  in  the  strata  as  they 

come  from  Section  Ridge,  the  beds  curving  down  toward  the  east  so  as  to 

permit  the  strata  in  the  low  spur  to  lie  at  a  low  angle.  This  is  probably 

accompanied  by  slight  faulting,  with  north-south  trend,  situated  near  the 
bottom  of  the  drainage.     It  was  not  observed,  however,  in  the  field. 

Between  this  spur  and  the  next  large  spur,  about  a  mile  east,  there  is  a 

broad  fold  in  the  strata.  The  beds  that  dip  at  a  low  angle  of  about  20°  to 
the  north  and  northeast,  arch  over,  to  an  abrupt  pitch  with  steep  angle  at  the 

east  side,  near  the  south  end  of  the  east  spur.  This  general  arch  is  compli- 
cated by  minor  folds,  not  indicated  on  the  map.  The  changes  in  dip  and 

the  differences  in  hardness  of  the  shales  and  limestones  show  themselves  in 

the  topography,  which  is  modified  by  glaciation.  The  easier  degradation 

of  the  shaly  layers  leads  to  sink  holes  beneath  stronger  limestone  layers. 
One  has  been  made  in  the  lowest  micaceous  shale,  with  the  first  massive 

limestone  layers  to  the  north.  Farther  east  a  small  rock  -bound  glacial  lake 

occurs  on  the  gneiss  at  its  contact  with  basal  quartzite.  North  and  north- 
east of  this  lake  the  lowest  belt  of  Cambrian  limestone  forms  a  bench  and. 

a  long  slope  down  to  the  drainage,  which  flows  west  of  north.  Here  the 

general  dip  of  the  strata  is  30°  NE.  Near  the  lower  end  of  the  slope  just 
mentioned  are  four  small  folds  of  the  strata,  with  axes   trending  about 
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N.  10°  W.  The  upper  part  of  this  drainage  is  located  on  the  upper  shale 
belt  in  the  Cambrian,  but  leaves  it  lower  down  the  slope.  The  upper  shale 

belt  may  be  traced  across  country  by  its  influence  on  the  topography,  form- 
ing saddles  where  it  crosses  spurs  which  trend  north,  and  giving  rise  to 

lateral  drainage  channels,  feeding  larger  ones  running  north,  or  forming 

basin-like  depressions  with  sink  holes,  as  already  noted. 

The  head  of  the  gulch  cut  in  the  shale  belt  just  mentioned  is  not  shown 

on  the  map,  but  it  is  quite  strongly  marked,  being  narrow  and  deep  and  trend- 

ing north,  and  receiving  the  drainage  of  the  small  pond  southeast  of  the  larger 
lake  noted  above.  The  west  wall  of  this  gulch  is  formed  of  the  lowest 

belt  of  Flathead  limestone,  with  the  lower  micaceous  shales  of  the  Flathead 

formation  to  the  west.  At  the  spot  where  the  drainage  from  the  small  pond 

falls  into  the  deep  gulch,  these  strata  are  inverted,  dipping  60°  or  70°  W.; 
strike,  north  and  south.  Hence  the  lower  beds  appear  to  overlie  the  upper 

ones.  The  gneiss  is  only  a  short  distance  west.  The  inverted  beds  can  be 
traced  northward  into  vertical  beds,  and  then  into  others  dipping  toward 

the  northeast.  To  the  south  the  inverted  beds  continue  in  the  same  position 

until  they  abut  against  the  gneiss.  It  is  evident  that  there  has  been  some 

faulting  and  displacement  of  the  basal  formations  for  a  short  distance  in  the 

neighborhood  of  the  unconformity  just  mentioned. 

The  portion  of  the  high  ridge  east  of  the  shale  gulch  and  the  ponds 

previously  mentioned  is  in  general  a  syncline  with  a  flat  anticlinal  fold  at 

its  northern  end,  which  is  south  of  the  saddle  crossed  by  the  fault  to  be 

described.  The  dip  of  the  strata,  which  are  very  steep  near  the  gneiss, 

changes  from  almost  45°  NE.  to  15°  farther  north,  flattening  to  the  syncline 

already  mentioned.  The  axis  of  the  synclinal  fold  is  somewhat  west  of 

north,  and  the  same  fold  may  be  observed  to  the  southeast  of  this  ridge. 

Southeast  of  the  southern  end  of  the  ridge  a  drainage  channel  follows  the 

line  of  the  upper  shale  belt  in  a  southeast  direction.  The  southern  side  of 

this  drainage  is  formed  of  the  lowest  massive  belt  of  limestone,  and  south  of 

this  parallel  gulches  have  been  worn  in  the  lower  shale  belts.  These  drain 

either  through  cuts  across  the  belt  of  massive  limestone  or  in  sink  holes 

beneath  it.  Here  again  the  strata  are  inverted,  with  a  dip  of  50°  to  80° 

SW.,  changing  in  places  to  vertical  and  also  to  steep  dips  to  the  northeast. 

Near  where  the  gneiss  ridge  .is  faulted  by  the  north-south  fault,  the  basal 

beds  of  the  sedimentary  series  are  inverted,  with  dip  of  20°  to  50°  SW., 
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and  form  a  narrow  wedge  between  this  fault  and  the  gneiss.  The  Gallatin 

fault,  which  crosses  the  west  base  of  Three  River  Peak,  trends  in  a  north- 

northwest  direction,  crossing  Crowfoot  Ridge  three-quarters  of  a  mile  west 
of  Three  River  Peak,  and  crossing  the  ridge  north  of  it  at  the  saddle  one 

mile  north  of  the  g-neiss,  thence  following  down  the  drainage,  to  die  out 
where  it  joins  the  short  fault  east  of  Section  Ridge.  The  trend  of  the  fault 

is  nearly  parallel  with  that  of  the  Gallatin  River,  as  will  be  seen  on  the  map. 

The  maximum  displacement  is  about  2,000  feet. 

The  long,  low,  flat-topped  ridge  lying  between  this  fault  and  Gallatin 
River  consists  of  nearly  horizontal  beds  of  Carboniferous  limestone  capped 

by  the  white  Quadrant  quartzite  or  sandstone  occurring  at  the  top  of  the 

Carboniferous  series.  The  dip  of  the  beds  is  about  5°  NE.  From  this  it 
is  evident  that  there  must  be  a  fault  or  a  fold  between  this  ridge  and  the 

higher  one  east  of  Gallatin  River.  A  fold  exists  west  of  Bighorn  Pass,  but 

it  was  not  followed  down  the  valley.  On  both  sides  of  the  low  ridge  west 

of  Gallatin  River  are  bodies  of  intrusive  igneous  rock,  related  to  the  dacite- 

porphyry  of  the  Holmes  bysmalith  in  composition  and  petrographical 

character.  The  rock  is  lithoidal  and  holds  small  mica  phenocry sts ;  it  is 

fissile  near  the  contact  with  sedimentary  rocks,  and  massive  a  few  feet  dis- 
tant. It  crosses  the  fault  line  and  is  found  on  its  western  side  intruded  in 

the  axis  of  an  anticlinal  fold  in  Cambrian  rocks.  Its  intrusion  followed  or 

accompanied  the  faulting.  On  the  eastern  side  of  the  flat  ridge  it  appears 

as  an  intrusive  sheet,  about  50  feet  thick,  forced  between  beds  of  Carbonif- 

erous limestone.  This  exceptional  occurrence  of  igneous  rock  as  an  intru- 
sive sheet  in  massive  Carboniferous  limestone  is  of  limited  extent  and  is  in 

the  immediate  neighborhood  of  a  fault,  with  which  it  is  directly  connected. 

Similar  rock  has  been  intruded  into  the  west  base  of  Three  River  Peak,  and 

it  may  be  assumed  that  the  Holmes  bysmalith  was  connected  with  the  same 

line  of  faulting.  The  intrusion  of  this  mass  has  been  shown  to  have  been 

subsequent  to  the  upheaval  that  permitted  the  intrusion  of  the  Indian  Creek 

laccolith;  hence  it  follows  that  the  more  steeply  upturned  position  of  the 

gneiss  and  Cambrian  strata  west  of  this  fault  was  due  to  a  later  movement 

than  the  general  uplifting  of  the  body  of  the  range.  This  steeper  uplift  was 

limited  on  the  east  by  the  fault  last  mentioned,  and  by  that  cutting  across 

the  northwest  end  of  Crowfoot  Ridge,  which  faults  are  probably  contempo- 
raneous and  were  accompanied  by  a  slight  faulting  east  of  Section  Ridge. 
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QUADRANT  MOUNTAIN,  BANNOCK  PEAK,  AND  THE   VALLEY  OF   THE 
GALLATIN  RIVER. 

In  the  less  disturbed  eastern  portion  of  the  Gallatin  Range  the  Cam- 

brian and  Devonian  strata  pass  northward  with  a  low  northeasterly  dip,  dis- 

appearing beneath  the  more  massive  beds  of  Carboniferous  limestone  along 
the  base  of  the  mountains  north  of  Panther  Creek.  The  bold  southern 

escarpments  of  Quadrant  Mountain  and  Bannock  Peak  exhibit  almost  the 

entire  section  of  Carboniferous  strata,  since  they  are  topped  near  the  summit 

of  the  former  mountain  by  Juratrias  beds.  The  nearly  horizontal  beds  form 

massive  cliffs  that  extend  with  gentle  inclination  along  the  eastern  escarp- 

ment of  this  mountain,  in  lines  parallel  to  the  slope  of  its  plateau-like  top, 
and  that  sink  beneath  the  level  of  the  valley  as  Fawn  Creek  is  approached. 

They  may  be  plainly  made  out  in  Mr.  Holmes's  panoramic  sketch  of  the 
Gallatin  Range,  PI.  IV.  Their  character  in  Bannock  Peak  is  seen  in  PI.  VIII. 

From  here  they  extend  westward  along  both  sides  and  the  bottom  of  the 

valley  of  the  Gallatin  River,  forming  the  cliff  along  its  northern  side  and 

dipping  at  a  low  angle  toward  the  southeast,  while  on  the  south  they  form 

a  high  ridge  and  the  mountainous  spur  of  Crowfoot  Ridge. 
BANNOCK   PEAK. 

Bannock  Peak  is  a  sharp  mountain  summit  north  of  the  head  of  Panther 

Creek.  Resting  upon  the  more  readily  eroded  beds  of  the  Silurian  and 

Devonian  terranes,  the  massive  Madison  limestones  form  the  main  mass  of 

the  mountain  and  are  capped  by  the  resistant  beds  of  the  Quadrant  quartzite, 

whose  white  ledges  form  a  bold  escarpment  that  encircles  the  peak. 
On  the  northern  side  of  the  mountain  a  section  was  made  of  the  strata 

exposed  in  the  wall  of  the  amphitheater  cut  between  this  peak  and  the  broad 

plateau  summit  of  Quadrant  Mountain.  This  amphitheater,  though  appar- 

ently open,  as  shown  on  the  map,  is  divided  by  a  spur  projecting  southward 
from  the  extreme  western  end  of  Quadrant  Mountain.  This  section  was 

made  from  the  bed  of  Panther  Creek  up  the  center  of  the  amphitheater  to 

the  crest  of  the  ridge  dividing'  this  from  the  amphitheater  at  the  head  of 
Fawn  Creek.  The  beds  are  exposed  in  a  series  of  steps  or  benches,  the 

lowest  strata  being  the  arenaceous  Jefferson  limestones,  the  underlying  beds 

being  covered  by  drift. 

The  beds  dip  N.  21°  W.  at  8°,  the  determination  being  made  on  No.  4 
of  the  section 
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Crowfoot  Num. 
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Bannock  Peak  section. 
Feet. 

White  beds,  sandstones  and  quartzites  with  interbedded  limestone         325 

Limestone,  drab,  finely  crystalline,  bard,  forms  knoll  of  saddle         100 

Limestone,  dense,  well  bedded,  very  light  gray-brown,  compact,  weathered 
surface,  very  finely  granular           30 

Limestone,  forming  great  ledge  of  amphitheater  saddle.  At  the  base  this 

limestone  is  brecciated,  being  a  gray  limestone  with  brown  and  blue  frag- 

ments. The  limestone  is  generally  splintered,  the  lower  two-thirds  well 
brecciated  and  splintered  and  weathering  in  pinnacles,  recesses,  etc.  This 

weathering  is  further  facilitated  by  the  occurrence  of  great  seams  of  calcite, 

4  inches  thick,  and  pockets  of  the  same  material.     In  general  the  rock  is 

finely  crystalline,  gray,  weathering  gray-brown         200 
Limestone  breccia          10 

Limestone,  light  gray-brown           15 
Limestone,  very  finely  crystalline,  splintery,  dense,  light  gray           15 

Limestone,  finely  crystalline,  brown,  weathering  same  color          20 

Limestone,  finely  crystalline,  very  light  brown,  well  bedded  and  banded.     No 
fossils  seen           30 

Limestone,  coarsely  crystalline,  massively  bedded,  splintery,  brownish,  weath- 

ering gray-brown ;  is  fossiliferous,  and  forms  a  ledge           50 
Interval          125 

Limestone,  coarsely  crystalline,  brown-gray,  weathering  a  lighter  tint.  Con- 
tains fossils           50 

Limestone,  white  or  very  light  gray,  crystalline,  compact,  massive,  not 

splintered;  with  small  scattered  calcite  crystals,  weathered  surface,  finely 

granular.     The  upper  beds  are  more  coarcely  crystalline  and  sometimes 
indurated         165 

Limestone,  brown,  banded  with  darker  fossiliferous  layers,  the  rest  denser; 

weathers  with  buff  granular  surface,  often  pink  or  light  red.     Breaks  into 

fragments  2  to  8  inches  across           30 
Limestone,  brown,  fissile,  contains  fossils    6 

Limestone,  dense,  blue-gray  mottled  with  buff-brown,   with  occasional  thin 
layers  of  coarsely  crystalline  limestone         100 

Limestone,  fissile,  purple-red,  fossiliferous,  and  resembles  the  limestone  of  the 
saddle  of  Antler  Peak   :    5 

Limestone,  brecciated,  fragments  sparsely  scattered,  fossils  abundant    5 

Limestone,  crystalline,  gray,  crumbly,  containing  fossils,  weathers  gray  and 

exposes  fossils  and  crinoid  stems.  Beds  2  to  6  feet  thick,  and  strike  jointed. 

Becomes  darker  and  moro  finely  crystalline  near  top.     Strike,  S.  70°  W. ; 

dip,  8°  N           80 
Limestone,  cherty,  crystalline,  gray-brown,  weathers  light  with  finely  granular 

surface,  sometimes  pinkish,  the  chert  weathering  a  rust  color          25 

Limestone,  crystalline,  cherty,  gray,  thinly  bedded  (2  to  6  inches) ;  few  crinoid 

stems;  blue  chert;  fossils  more  abundant  in  upper  layers.     Slope  of  beds, 

7°NW         125 

Interval,  probably  a  blue  limestone,  crystalline,  dense          50 

Limestone,  crystalline,  light  gray  and  gray,  very  arenaceous,  somewhat 

granular,  with  rough,  pitted,  and  honeycombed  weathered  surface.  This 
bed  underlies  any  seen  in  the  east  face  of  Bannock  Peak          60 

a  Quadrant  quartzite. 
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QUADRANT   MOUNTAIN. 

The  broad  summit  of  Quadrant  Mountain  is  an  open  and  grass-covered 
area,  above  which  a  bold  pyramid  formed  of  the  red  Teton  sandstones 

rises  quite  abruptly.  Snow  fields  cover  the  summit  in  early  spring  and 

remain  through  the  summer,  nourishing  streams  that  flow  in  cascades  over 

the  walls  of  the  Pocket.  The  upper  slopes,  which  lie  beneath  the  cliffs  of 

white  Quadrant  sandstones,  are  dark  with  the  lichen-covered  de*bris  from 
the  overhanging  walls,  while  the  slopes  beneath  are  thickly  timbered.  The 

summit  of  the  mountain  slopes  northward  with  an  angle  of  3°  to  4°,  con- 
forming very  nearly  to  the  bed  of  the  rocks.  The  flatness  of  the  mountain 

top  is  clearly  due  to  the  resistant  nature  of  the  Teton  limestones,  as  the 

overlying  clays  and  sandstones  are  rapidly  removed  by  erosion.  This 

mountain  block  is  of  very  simple  stratigraphical  structure.  The  beds  are 

slightly  flexed,  without  faulting,  and  are  undisturbed  by  intrusives.  The 

beds  forming  it  are  the  Madison  limestones,  covered  by  the  white  Quadrant 

quartzites  overlain  by  the  cherty  beds  of  the  Teton  formation.  The  strata. 

forming  the  mountain  are  clearly  a  continuation  of  those  of  Antler  Peak  and 

Panther  Creek  Canyon;  on  the  west  the  beds  are  seen  to  be  connected  with 

those  of  Bannock  Peak  through  the  saddle  of  the  amphitheater,  while  on  the 

north  the  Quadrant  quartzites  form  the  floor  of  Fawn  Creek  Valley  and 

pass  under  the  slopes  of  Little  Quadrant  Mountain.  Eastward  the  beds 

end  in  a  cliff  and  steep  slope  along  that  north-south  line  which  separates 
the  sedimentaries  of  the  range  from  the  lavas  of  the  plateau.  The  general 

dip  of  the  beds  is  a  little  west  of  north,  about  8°,  so  that  the  slope  of  the 
summit  corresponds  approximately  to  the  dip  of  the  beds. 

The  summit  of  the  mountain  has  been  carefully  examined.  West  of 

the  Pocket  the  cherty  Teton  limestone  covers  the  surface,  which,  when 

examined  closely,  is  seen  to  be  rough,  gullied,  and  hummocked.  The  red 

hill  on  the  summit  of  the  mountain,  southeast  of  the  Pocket,  is  composed  of 

the  red  Teton  sandstones.  This  point  is  about  200  feet  higher  than  the 

surrounding  summit.  On  the  east,  south,  west,  and  northwest  these  beds 

commence  at  the  very  foot  of  the  hill ;  on  the  northeast  the  area  extends  about 

one-fifth  of  a  mile  farther.  The  general  summit  from  the  red  point  north 

is  formed  of  the  Teton  cherty  limestone  and  its  associated  lingula-bearing 
limestone,  down  to  9,200  feet,  where  the  red  beds  again  cover  a  portion  of 

HON   XXXII,   PT   IX   3 
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the  mountain.  Eastward  the  cherty  beds  have  been  removed  from  the 

bench,  and  the  white  beds  of  Quadrant  quartzite  are  exposed. 

On  the  summit  of  the  9,100-foot  hill  a  small  outcrop  of  the  red  and 

yellow  sandstone  (No.  38  of  section  below)  is  exposed.  West  of  this  hill  is 

a  deep  cut,  into  which  the  small  drainages  of  this  part  of  the  summit  flow. 

The  surface  of  the  area  covered  by  the  red  beds  is  generally  smooth  and 

grassy;  the  shales  are  exposed  in  cuts,  but  appear  only  as  detritus  on  the 
summit. 

On  all  sides  of  the  mountain  the  white  beds  of  Quadrant  sandstone 

form  an  escarpment,  often  capped  by  the  cherty  limestone.  This  Teton 

cherty  limestone  varies  greatly  in  character.  Often  it  is  a  cherty  sandstone 

with  little  if  any  calcareous  material  in  it;  again  it  is  a  true  limestone;  and 

these  two  extremes  grade  into  each  other.  The  chert  seems  to  be  formed 

of  sand,  for  the  transition  between  the  sandstone  and  the  chert  is  often  very 

gradual.     The  color  is  a  grayish  brown. 
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Section  of  beds  exposed  at  the  southeastern  end  of  Quadrant  Mountain. 

Feet. 

Sandstone,  red  and  orange  colored,  coarsely  granular,  weathers  in  blocks    15 

Calcareous  shale,  dark  slate  colored,  fossiliferous   •  5 
Limestone,  bright  yellow,  fissile,  with  platy  debris,  grading  into  yellow  and  red 

spotted  calcareous  sandstones  below    40 

Shales,  light  greenish  drab,  changing  to  red  and  grading  into  overlying  beds    75 

Conglomerate  of  red  and  gray  quartz  pebbles  in  limestone  matrix    10 

Cherty  sandstone,  the  lower  part  without  chert,  is  brown;  slightly  calcareous  at 

base,  becoming  more  so  above    100 

Limestone,  dense,  white,  weathering  same  color    10 

Sandstone  and  limestone  in  alternating  bands    15 

Limestone,  light  gray  and  dense  and  pure    12 

Quartzite,  pure  white,  thin  bedded,  forms  a  persistent  band  along  face  of  mountain..  6 

Quartzite,  more  thickly  bedded,  white    65 

Limestone,  very  light  gray,  somewhat  dense,  containing  very  small  fragments  of 

light-colored  chert    10 

Quartzite,  white,  calcareous,  with  intercalated  bands  of  limestone  carrying  quartzite 

fragments    30 

Limestone,  light  gray,  with  angular  fragments  of  sandstone    5 

Quartzite,  white,  weathering  pink  and  rust  color,  but  appearing  black  when  seen 

from  a  distance,  owing  to  the  growth  of  lichens  upon  it    130 

Limestone,  light  gray,  dense         2 

Sandstone,  well  banded,  white,  saccharoidal    6 

Sandstone,  very  calcareous,  saccharoidal,  white  and  rust  color    10 

Talus  slope  of  sandstone  blocks ;  also  of  cherty  limestone    100 
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Section  of  beds  exposed  at  the  southeastern  end  of  Quadrant  Mountain — Continued. 

Crow- 
foot 

sec-    Nuiu- 
tion.     ber. Feet. 

32 

31 

:;u 

29 

28 

28 

19  Limestone  breccia.  The  lower  30  feet  is  a  white  limestoue,  weathering  cream,  con- 

taining angular  fragments  of  blue,  brown,  and  buff  limestone,  from  one-eighth 

of  an  inch  to  2  inches  in  diameter.  The  matrix  is  coarsely  granular,  and  grades 

above  the  first  30  feet  into  a  crushed  and  splintered  limestone  similar  to  the 

matrix  just  mentioned.    The  outcrop  is  massive,  rough  weathering,  often  pinkish. 

Rock  is  slightly  cherty.     Dip,  12°  N. ;  strike,  S.  78°  W   
18  Limestone,  finely  crystalline,  gray,  weathering  light  gray,  with  granular  surface. 

Generally  massive,  though  bedded  at  base.     No  fossils  seen ;  is  splintery  and 
weathers  rough   

17    Limestone,  very  light  brownish  gray,  splintered  and  cemented  by  calcite  in  strings, 
and  by  blue  limestone   

16  Limestone,  brecciated  at  the  base;  matrix  gray,  fragments  angular,  brown  and 

brownish  gray;  above  this  the  limestone  is  massive  and  gray.  Seamed  with  cal- 

cite and  carries  much  of  that  mineral  in  pockets.      It  is  somewhat  cherty  at  the 
base   

15    Interval;  no  exposure   

'  14    Limestone,  finely  crystalline  and  granular,  brown,  somewhat  cherty   
13  Limestone,  very  fine  grained  with  sparsely  disseminated  chert,  but  varying  to  a 

very   coarse-grained  blue-gray    rock.      Color   in    general    a   light   brown-gray. 
Weathers  into  irregular  warped  plates,  due  to  jointing   

12     Limestone,  coarsely  crystalline,   brownish    gray,   weathering  gray  with   granular 

surface.     Irregularly  bedded;  fossiliferous;  much  broken  by  vertical  jointing. .. 

11     Limestone,  finely  crystalline,  generally  thinly  bedded,  sometimes  dark  gray,  but 

mostly  brown,  with  granular  weathered  surface,  or  a  blue-gray  more  coarsely 

crystalline  limestone.     Dip,  5°  N   
106  Limestone,  similar  to  No.  10a,  but  well  banded.  The  fossiliferous  layers  weather- 

ing blue-gray;  the  nonfossiliferous  bands   denser,  granular,  weathering  light 
brown,  and  1  to  3  inches  thick   

lOo  Limestone,  in  alternating  layers  of  light  gray,  finely  crystalline  and  darker,  coarsely 

crystalline  and  fossiliferous.     Dip,  4°  NW   
9     Interval ;  no  exposure   

8     Limestone,  finely  granular,  light  brown,  weathering  same  color;   fissile,  contains 

remains  of  fossils.     Talus  indicates  a  greater  thickness  than  that  given   

7    Interval;  no  exposure   

6  Limestone,  light  gray,  finely  crystalline,  with  gray  and  granular,  glistening,  weath- 
ered surface   

5    Interval ;  no  exposnre   

4    Limestone,  coarsely  crystalline,  dark  gray,  weathering  tbe-same  color;  fossiliferous 
fragments   

3  Limestone,  forming  a  well-marked  and  prominent  ledge  extending  around  the 
mountain;   massive,  light  drab,  weathering  dark  gray  and  brown  with  glossy 
beaded  crust.     Contains  corals  and  other  fossils   

2    Interval ;  no  exposure   

1  Limestone,  cherty,  crystalline  but  not  granular,  compact,  massively  bedded.  The 

upper  part  fossiliferous,  containing  crinoid  stems,  corals,  and  spirifers.  Dip, 

about  5°  N   
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LITTLE  QUADRANT  MOUNTAIN  AND  FAWN  CREEK  VALLEY. 

LITTLE  QUADRANT  MOUNTAIN. 

North  of  Quadrant  Mountain  is  another  flat-topped  elevation,  known  as 

Little  Quadrant  Mountain,  which  is  clearly  defined  from  the  adjacent  moun- 
tains by  the  deeply  incised  valleys  of  Fawn  Creek  and  the  headwaters  of  the 

Gardiner.  The  mountain  is  carved  out  of  a  block  of  Mesozoic  strata,  into 

which  numerous  sheets  of  andesite-porphyry,  offshoots  from  the  Gray  Peak 
intrusion,  have  been  injected.  The  resistant  nature  of  these  intruded  sheets 

has  produced  the  marked  terracing'  which  now  forms  so  characteristic  a 
feature  of  the  southern  slopes.  The  following  section,  made  by  Mr. 

George  M.  Wright,  represents  the  beds  exposed  on  the  southern  side  of 

the  mountain,  the  lowest  strata  being  the  brecciated  limestone  forming  the 

top  of  the  Madison  limestone  series,  through  which  Fawn  Creek  has  cut  a 

small  canyon  at  the  forks  of  the  stream: 

Section  of  beds  exposed  on  south  side  of  Little  Quadrant  Mountain. 

Num- 
ber. Feet. 

(  4  Sandstone          20 

Interval  with  no  exposure  (broad  bench  about  300  yards  wide)          75 

Mica-hornbleude-andesitc-porphyry          50 

3  Cherty,  arenaceous,  and  calcareous  beds: 
Limestone    2 

Interval  with  no  exposure          35 

Cherty,  arenaceous,  and  calcareous  beds           40 

Teton 
limestone.  1 

77 

Quadrant 
quartzite. 

2  Sandstone  and  limestone : 

(b)  Limestone,  white,  much  of  it  brecciated  and  mixed  up  with 
sandstone    20  or  25 

(a)  Sandstone         175 

200 

Interval  with  no  exposure         100 

Madison   (  1  Brecciated  limestone,  having  some  layers  compact,  not  brecciated;  in  walls  of 
limestone.  (  miniature  canyon  at  junction  of  branches  of  Fawn  Creek           40 

The  total  thickness  of  this  section  is  not  given,  owing  to  the  uncer- 

tainty of  the  exact  thickness  of  two  of  the  intervals  above  mentioned. 

Above  the  beds  of  the  section  just  noted  there  is  a  long  steep  slope, 

rising  300  feet  or  more  to  a  prominent  cliff  formed  of  the  Ellis  sandstones. 
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Another  section,  made  by  Mr.  Wright,  shows  the  sequence  and  thickness  of 
the  beds  from  this  horizon  to  the  summit  of  the  mountain. 

Section  of  beds  exposed  on  south  side  of  Little  Quadrant  Mountain. 

Num- ber. 
Feet. 

Colorado 

■In 

Mica-hornblende-porpnyry     125+ 
Carbonaceous  shales. 

Dakota  .  - 

Ellis 
sandstoDe.  j 

I 

Ellis 

limestone. 

Interval  with  no  exposure     100  or  150 
10  Sandstone. 

Interval  with  no  exposure       50 

Additional  interval  with  no  exposure    175 

Mica-hornbleude-porphyry  several  feet  thick,  with  sandstone  in  small  exposures 
below  it  in  slopeshowing  no  other  exposures.     Number  of  feet  given  is  height 

of  slope    100 

9  Sandstone  and   conglomerate.      These   are   here    overlain   by   the   mica-horn- 

blende-andesite.     The  section  was  again  continued  at  a  place  about  100  yards 

southeast  from  the  last-ment'  ined  exposure       25 
Interval  with  no  exposure    340 

8  Soft  gray  and  drab  beds,  weathering  into  light-green  shales       10 
7  Calcareous  sandstone  and  limestone       50 

Interval  with  uo  exposure       75 
6  Oolitic  limestone         2 

6  Fossiliferous  shales,  occurring  as  follows: 

Shale?,  gray,  soft       15 
Interval  with  no  exposure       60 

Shales,  gray,  clayey,  in  cut  of  stream  flowing  from  pass  at  west  end  of 
Little  Quadrant     Few. 

Limestone       30 

At  the  west  end  of  Little  Quadrant  Mountain  a  branch  of  Fawn  Creek 

has  cut  back  to  a  low  divide  separating  this  mountain  from  Gray  Peak. 

The  lowest  beds  exposed  by  this  stream  are  the  Ellis  limestones,  which  are 

exposed  in  the  gulch  25  feet  deep  near  the  forks  of  the  stream.  The  beds 

dip  N.  25°  W.  at  10°.  The  strata  contain  numerous  fossils  and  are  quite 
like  the  beds  described  later  in  the  Fan  Creek  section.  In  the  stream 

channel  above,  there  is  an  exposure  of  very  fissile  calcareous  sandstone  in 

a  ledge  5  feet  thick,  which  is  overlain  by  very  arenaceous,  granular,  cross- 
bedded,  gray  limestone,  containing  fossils  which  are  mostly  comminuted 

and  broken.  This  exposure  is  20  feet  thick,  and  the  bed  is  overlain  by  a 

sandstone  containing  a  few  scattered  pebbles.  The  strike  is  S.  35°  W.,  and 

the  dip  is  10°  NW.  Above  this  the  stream  flows  over  a  small  exposure 
of  Dakota  conglomerate,  which  is  overlain  by  andesite-porphyry,  forming  a 
cliff  75  feet  high,  over  which  the  stream  flows  in  a  succession  of  cascades 

This  rock,  which  is  an  extension  of  the  Gray  Peak  intrusion,  is  hornblendic, 
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generally  much  decomposed,  and  shows  no  megascopic  mica.  This  por- 

phyry forms  a  bench  north  of  the  stream  which  extends  back  to  the  base  of 

the  cliffs  where  Dakota  conglomerates  occur.  In  the  stream  channel  a 

brownish-gray  sandstone  speckled  with  black,  and  belonging  to  the  Dakota 

series,  is  overlain  to  the  east  by  the  andesite-porphyry,  forming  the  two 

9,000-foot  hills  shown  on  the  map.  These  higher  beds,  forming  the  west 

end  of  Little  Quadrant,  are  tilted  up  by  the  porphyry  intrusion.  The 

following  section,  made  by  Mr.  Wright,  shows  the  sequence  and  thickness 

of  the  beds  exposed  in  ascending  the  creek,  the  beds  being  given  in  descend- 
ing order.  The  thicknesses  are  estimated  and  approximate,  and  are  given 

in  feet: 

Section  on  north  side  of  head  of  Fawn  Greek  Valley. 

Num- ber. Feot. 

Dakota  .. 

Ellis  ■ sandstone. 

Ellis 

limestone. 

Teton 
limestone. 

Quadrant 

quartzite. 

300 

{Mica-hornblende  porphyry  
. . .  ~| Limestone   >   ■ 

Mica-hornblende-porphyry  ...  J 
Sandstone           50 

Conglomerate   *           50+ 
i  Interval  with  no  exposure           50 

(Sandstone     Few. 

Hornblende-porpliyry,  in  sloping  belt  across  an  interval         165 

Sandstone,  very  calcareous   

Limestone,  very  arenaceous   

Interval  with  no  exposure— steep  slope   

15 

25 

365 

Mica-hornblende-porphyry    40+ 

Interval  with  no  exposure    100 

Cherty,  arenaceous,  and  calcareous  beds,    35+ 
Interval  with  no  exposure   

100 

Sandstone  in  bed  of  Fawn  Creek. 

Total  thickness  of  section    1,  295+ 

Total  thickness  (approximate)  of  intruded  porphyry         505 
Total  thickness  of  sedimentary  rocks  and  intervals         790 

The  slopes  on  the  northern  side  of  the  west  end  of  the  mountain  show 

a  succession  of  beds  very  similar  to  that  of  the  section  just  given.  The  meas- 

urement made  of  the  series  from  the  Dakota  conglomerate  to  the  summit 

of  the  ridge  showed  the  100  feet  of  conglomerate  and  sandstone,  which 

was  assigned  to  the  Dakota,  overlain  by  45  feet  of  compact  gray  limestone 

considerably  altered  by  intrusive  sheets  of  porphyry,,  which  occur  both 

above  and  below  the  bed  and  also  split  it  in  half.  The  overlying  sand- 

stone, which  forms  the  summit  of  the  Dakota  series,  is  a  pure  white,  rather 
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soft  and  fine-grained,  massive  bed,  whose  outcrops  often  weather  a  light- 

brown.  The  thickness  is  50  feet,  and  it  is  overlain  by  carbonaceous  shales 

which  are  quite  arenaceous  at  the  base  and  become  more  argillaceous  above. 

These  beds  form  the  cliffs  extending  eastward  around  the  sides  of  the 

crescent-like  amphitheater  cut  in  the  northwestern  wall  of  the  mountain. 

The  black  shales  extend  eastward  along  the  crests  of  the  cliffs  of  the 

crescent  amphitheater  for  nearly  a  mile,  when  they  break  down  and  the 

sandstone  forms  the  summit  of  the  cliff.  In  the  northwestern  slopes  of 

the  mountain,  sandstone  is  exposed  in  nearly  all  the  lateral  gullies  and 

stream  channels,  the  upper  sandstone  bed  of  the  Dakota  being  especially 

prominent  and  forming  a  persistent  ledge  that  extends  around  the  north 

spur  of  the  mountain  and  constitutes  the  wall  of  the  amphitheater  cut  in 

its  eastern  face.  Beneath  the  cliffs  which  form  the  wall  of  the  northwestern 

part  of  the  mountain  an  andesite-porphyry  sheet  has  furnished  the  material 

for  a  great  morainal  accumulation  of  angular  rocks,  concealing  all  expos- 

ures and  rendering  travel  difficult.  The  persistent  nature  of  these  andesite- 

porphyry  sheets  is  shown  by  their  occurrence  in  so  many  localities  at 

the  same  stratigraphic  horizon.  In  the  stream  channel  north  of  Little 

Quadrant  the  sheet  of  andesite-porphyry  occurring  between  the  Dakota 

limestone  and  the  conglomerate  is  well  exposed  at  9,000  feet.  In  the 

vicinity  of  the  lakes  at  the  head  of  the  valley  the  porphyry  forms  low 

rounded  knolls,  whose  surfaces  are  scored  and  polished  by  glacial  action. 

The  lower  slopes  east  of  Little  Quadrant  have  been  carefully  examined, 

but  the  morainal  drift  obscures  all  outcrops. 

FAWN    CREEK    VALLEY. 

The  valley  of  Fawn  Creek  shows  good  exposures  of  the  Carboniferous 

rocks,  overlain  by  the  softer  Mesozoic  series.  In  a  little  gulch  near  the 

forking  of  the  creek,  the  Quadrant  quartzite  series  is  well  exposed.  On 

the  south  fork  of  the  stream,  just  above  this  junction,  a  green  magnesian 

bed,  whose  surface  is  red  from  the  wash  of  the  weathered  outcrop,  is  also 

exposed.  The  overlying  bed  is  a  dark  purplish-red  rock  spotted  with 

o-reen,  highly  ferruginous  and  argillaceous,  being  a  very  impure  dolomite. 

This  rock  is  overlain  by  an  outcrop  of  brecciated  limestone,  which  is 

believed  to  represent  the  highest-  bed  of  the  Madison  limestone  series. 

This  brecciated  character  and  the    granular  weathered  surface  of  these 



40      GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

limestones  are  persistent  features  of  the  upper  beds  of  the  Madison  series 

in  this  vicinity.  These  beds  are  overlain  by  the  white  Quadrant  quartzites, 

which  are  well  exposed  in  the  stream  channel.  In  the  bottom  of  the  amphi- 
theater at  the  head  of  Fawn  Creek,  a  coarsely  crystalline  brown  limestone 

is  well  exposed.  The  rock  is  fossiliferous,  but  the  fauna  presents  no  features 

different  from  those  of  the  underlying  limestones.  The  beds  dip  10°  N. 
The  amphitheater  floor  is  heaped  up  in  places  with  great  piles  of  debris, 

but  presents  many  smooth  exposures  of  a  dark,  slaty  limestone  and  of  the 

coarsely  crystalline  rock  just  mentioned.  In  the  latter  there  are  nuineiwis 

large  sink  holes  or  "swallow"1  holes,  in  which  the  waters  flowing  from  the 
snow  banks  of  the  amphitheater  walls  pass  underground,  to  reappear  two 

miles  down  the  valley  as  a  large  stream  which  forms  the  headwaters  of 

Fawn  Creek.  The  section  of  beds  exposed  in  the  amphitheater  walls  to 

the  east  has  already  been  given  in  the  account  of  Quadrant  Mountain. 

Nowhere  is  the  character  of  the  Quadrant  quartzite  and  of  the  immediately 

underlying  Madison  limestones  better  shown  than  it  is  in  the  walls  south  of 

Fawn  Creek  Valley.  The  sections  which  have  already  been  given  show 

the  relative  thickness  of  these  beds  and  the  development  of  the  impure 

argillaceous  dolomites  whose  red  ledges  form  so  prominent  a  feature  of  the 

rock  outcrops. 

A  comparison  of  the  sections  of  the  Quadrant  quartzites  made  on  the 

walls  of  Quadrant  Mountain  is  given  in  the  following  table.  A  precise 

separation  of  the  sandstones  from  the  interbedded  limestones  is  not  always 

possible.  Many  of  the  sandstones  are  very  calcareous,  and  in  some  cases 

would  perhaps  be  classed  as  arenaceous  limestones. 

1  Handbook  of  Physical  Geology,  A..  J.  Jukes-Brown,  p.  87,  London,  1884. 
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"Pocket." Feet.            "Amphitheater." 

| 

Feet. "Quadrant,"  southeast corner. 
Feet. 

r,  q.  Sandstone   15      Sandstone    with    in- r. Limestone   10 

p.  Limestone   6         terbedded    lime- 
5         stone    265 

P,'[- 

0. 

Sandstones  .  > 
Limestones  .  S 

15 

n.  Limestone   15 

n. 

Limestone   12 

m.  Sandstone   

18 
fc-m. 

Quartzite   

71 

1.  Limestone   2 

./• 

Limestone   10 

k.  Sandstone,  etc . 148 

/.  Limestone   4 

i. 

h. 

Limestone   

Limestone   
30 

5 
209 

3 
e,f,g. Quartzite   

130 

272 

283 

d.  Limestone   2 d. Limestone   2 

c.  Sandstone   6 c. Sandstone   6 

b.  Limestone   10 

b. 

Limestone   10 

a.  Sandstone   36 a. Talus   

100 

326 401 

Madison  limestones  1 >eneath  above  series. 

On  the  summit  of  the  ridge  west  of  Fawn  Creek  amphitheater,  the 

Teton  limestone  is  well  exposed,  the  dip  being  15°  and  the  direction 

N.  26°  W.  These  beds  are  undoubtedly  tilted  by  their  proximity  to  the 
Gray  Peak  bysmalith  mass,  although  the  tilting  is  not  uniform,  as  the  red 

sandstones  forming  the  hill  farther  north  have  a  dip  of  but  10°  in  the 
direction  N.  15°  W. 

REGION  NORTH   OF  GALLATIN  RIYER. 

As  already  pointed  out,  the  escarpment  wall  on  the  north  side  of 

Gallatin  River  consists  of  massive  Madison  limestones  topped  by  the  white 

sandstone  or  quartzite  of  the  Quadrant  formation.  These  beds  dip  at  an 

angle  of  about  10°  NE.  throughout  the  greater  part  of  the  distance,  having 
a  more  northerly  dip  in  the  vicinity  of  Bannock  Peak,  and  at  the  western  end 

of  their  exposure  curving  over  from  a  northeasterly  to  a  northwesterly  dip 

of  5°  to  10°,  bending  down  toward  the  profound  fault  plane  that  bounds 
them  on  the  west  and  brings  them  against  subaerial  breccias  of  andesite. 

Within  the  limits  of  this  low  anticlinal  arch  the  sandstone  is  in  places 

broken  and  polished  with  slickensides  accompanying  slight  displacement 
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of  the  rock.  A  well-marked  bench  occurs  along  the  top  of  the  steep  slope 
or  escarpment,  its  surface  in  places  sloping  with  the  dip  of  the  strata.  It  is 

most  pronounced  when  above  the  harder  beds,  especially  where  these  are 

overlain  by  the  more  friable  sandstone  and  soft  shales  of  the  Juratrias 
formations. 

The  bench  is  well  developed  on  both  sides  of  the  drainage  channel 

running  west  from  Fawn  Pass.  Upon  entering  the  terrane  of  the  Juratrias 

formations,  which  are  mainly  fissile  limestones  and  shales,  passing  down- 
ward into  the  sandstones  of  possible  Triassic  age,  and  passing  upward  into 

the  friable  sandstones  underlying  the  Dakota  conglomerate,'  we  again 
encounter  intruded  sheets  of  igneous  rock.  These  intrusive  sheets  are 

nearly  conformable  with  the  sedimentary  strata,  following  the  shale  belts 

for  long  distances,  and  only  occasionally  breaking  up  across  the  strata 

to  follow  higher  horizons.  The  first  of  these  intrusive  sheets  met  with 
above  the  Carboniferous  limestones  occurs  in  the  base  of  the  Juratrias 

shales  below  the  Ellis  shale  beds,  and  forms  a  cliff  rising  above  the  bench 

west  of  Fawn  Pass.  The  sheet  of  andesite-porphyry  is  possibly  200  feet 

thick  at  this  place.  It  can  be  traced  west  and  east  from  this  exposure,  con- 
tinuing at  nearly  the  same  horizon.  The  shale  in  contact  with  the  porphyry 

is  more  or  less  baked,  and,  like  the  igneous  rock,  resists  erosion  better 

than  the  altered  shales,  thus  leading  to  the  formation  of  bluffs  or  ledges. 

Above  this  porphyry  cliff  the  country  slopes  gradually  and  stretches 

eastward  to  Fawn  Pass,  rising  abruptly  to  the  triangular  peak  1^  miles 

southwest  of  Gray  Peak.  This  comparatively  level  country  occupies  the 

axis  of  a  flat  synclinal  arch  that  dips  to  the  northwest.  The  strata  bend 

around  from  the  gentle  northeast  dip  through  a  northwesterly  one  to  a 

southwest  dip  of  15°  to  20°,  in  which  position  they  form  the  triangular 
peak  just  mentioned.  It  is  evident,  from  a  study  of  the  region,  that  this 

southwesterly  dip  is  due  to  the  intrusion  of  a  large  body  of  igneous  rock 

connected  with  the  bysmalith  of  Gray  Peak.  The  highest  sedimentary 

rock  in  the  triangular  peak  is  Dakota  conglomerate.  It  occurs  again  high 

up  on  the  west  spur  of  Gray  Peak,  where  it  dips  toward  the  northeast. 

The  ridge  between  these  points  traverses  an  anticlinal  arch  of  Jurassic  beds 

that  bend  over  the  igneous  mass  already  mentioned.  The  shales  include  at 

least  two  thin  sheets  of  igneous  rock,  each  from  40  to  100  feet  thick.  One 

of  these,  in  the  mass  of  the  triangular  peak,  thins  out  perceptibly  toward  the 
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southwest.  The  corresponding  intrusive  sheets  beneath  the  Dakota  con- 

glomerate in  the  southern  slope  of  Gray  Peak  thin  out  toward  the  east,  and 

near  the  end  of  the  spur  one  of  them  breaks  upward  as  a  dike-like  body 

across  the  Dakota  conglomerate. 

The  porphyry  forming  the  axis  of  this  small  arch  extends  south, 

constituting  the  ridge  of  Fawn  Pass.  It  extends  east  down  the  valley  of 

Fawn  Creek  as  an  intrusive  sheet  near  the  base  of  the  Juratrias  shales,  and 

extends  south  of  Fawn  Pass  as  an  intrusive  sheet  at  the  same  horizon,  and 

has  been  traced  as  a  ledge  along  the  ridge  south  and  westward  to  the  cliff 

first  described  north  of  Grallatin  River.  It  becomes  thinner  as  it  is  followed 

farther  from  the  bysmalith,  and  it  is  evident  that  the  intrusive  sheets  in 

this  vicinity  proceeded  from  the  Gray  Peak  intrusive  mass. 

The  sedimentary  beds  forming  the  mountain  side  south  of  Gray  Peak 

dip  into  the  mountain  toward  the  north  and  northeast  at  a  low  angle  and 

encounter  the  igneous  rock  of  the  bysmalith  which  forms  the  highest 

portion  of  the  mountain  mass  from  Gray  Peak  to  Joseph  Peak,  and  extends 

down  the  east  slope  to  a  level  of  9,000  feet  and  down  the  west  side  to  below 

this  altitude.  The  igneous  rock  extends  along  the  north  face  of  the  ridge 

west  of  Gray  Peak.  From  it  also  proceed  sheets  of  porphyry  intruded 

between  the  Juratrias  strata  which  are  exposed  along  the  south  face  of 

Little  Quadrant  Mountain  and  may  be  traced  around  the  northern  slopes. 

On  the  northern  side  of  the  mass  the  sedimentary  beds  dip  toward  the 

southeast,  into  the  igneous  core  Again,  as  at  the  southern  side  of  this 

body,  the  highest  horizon  is  that  of  the  Dakota  conglomerate  which  is 

found  at  the  summit  of  Joseph  Peak  in  contact  with  the  intruded  mass. 

As  may  be  seen  from  the  map  and  cross  sections  (Pis.  IX  and  X),  there  is 

a  quaquaversal  arching  of  the  strata,  the  center  of  which  is  located  in  the 

head  of  Fan  Creek,  northwest  of  Joseph  Peak.  From  this  point  the  beds 

dip  south,  southeast,  east,  northeast,  north,  and  northwest.  In  the  three 

valleys  heading  against  the  ridge  surrounding  this  arch  the  beds  dip  to 

the  east,  northeast,  and  north  at  angles  not  far  from  10° — in  some  cases 

reaching  25°. 
At  the  west  end  of  the  ridge  north  of  this  part  of  Fan  Creek,  the  beds 

arch  over  to  the  west  and  southwest  with  a  dip  of  20°,  and  pitch  against 

the  same  fault  plane  noted  north  of  Gallatin  River  which  let  down  the 

volcanic    breccia.     Between    the    sedimentary    strata,  sheets    of    andesite- 



44      GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

porphyry  have  been  intruded  exactly  as  on  the  southern  and  eastern  sides  of 

the  bysmalith.  The  lowest  one  exposed,  however,  is  beneath  the  Juratrias 

beds,  immediately  above  the  Carboniferous  limestone.  It  appears  around 

the  head  of  Fan  Creek,  thinning  out  northward.  Within  the  Ellis  shales, 

beneath  the  Dakota  conglomerate,  there  are  five  thin  sheets  of  intrusive 

rock  on  the  northern  slope  of  Joseph  Peak.  Three  of  these  have  been 

recognized  north  of  the  saddle  between  Fan  Creek  and  Gardiner  River. 

They  grow  thinner  and  less  noticeable  to  the  northwest,  and  may  be  traced 

down  the  east  slope  of  Joseph  Peak,  where,  on  account  of  the  position  of 

the  beds,  they  form  isolated  patches.  These  sheets  vary  in  thickness  from 
15  or  20  to  100  feet. 

Above  the  Dakota  conglomerate  and  sandstone,  the  shales  and  sand- 

stones that  alternate  with  one  another  through  a  thickness  of  nearly  3,000 

feet,  constituting  the  Colorado  and  Montana  formations,  take  part  in  the 

quaquaversal  arching  already  described — that  is,  on  the  northern  side.  On 
the  south  they  have  been  removed  by  erosion.  In  the  ridge  north  of  Fan 

Creek  they  dip  to  the  northwest  and  north,  curving  over  to  a  northeasterly 

dip  in  the  ridge  connecting  this  with  Electric  Peak,  throughout  which 

latter  ridge  they  maintain  a  generally  uniform  dip  to  the  northeast,  con- 

tinuing the  same  attitude  beyond  the  boundary  of  the  Yellowstone  Park  to 

the  synclinal  trough  at  Horr.  In  the  ridge  between  the  head  branches  of 

Gardiner  River,  these  beds  curve  from  an  easterly  dip  near  its  west  end 

to  a  northeasterly  one  farther  down  the  ridge,  and  in  Little  Quadrant 

Mountain  they  also  maintain  a  general  northeasterly  dip,  as  already  noted. 

The  alternation  of  shales  and  sandstone  layers  seems  to  have  been 

particularly  favorable  to  the  intrusion  of  sheets  of  igneous  magmas.  The 

fissile  shale  offered  numerous  planes  of  weakness  and  parting,  while  the 

sandstone  layers  tended  to  stiffen  the  strata  and  cause  the  splitting  to  follow 

more  nearly  constant  horizons,  for  though  there  is  some  cross  fracturing  of 

the  sedimentary  beds,  where  the  igneous  rock  may  be  seen  crossing  the 

strata  to  higher  horizons,  yet  the  persistency  of  the  intrusive  sheets  is  one 

of  their  marked  features.  This  is  observed  both  upon  actual  exposures 
over  long  distances  and  upon  the  comparison  of  geological  sections  made 

across  the  strata  by  several  observers  in  numerous  localities. 

In  the  ridge  north  of  Fan  Creek  the  Colorado  shales  form  the  northern 

slope  and  steep  spurs  and  a  small  portion  of  the  western  end.     Directly 
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above  the  Dakota  conglomerate  the  shales  are  split  by  two  thin  sheets  of 

andesite-porphyry,  and  also  by  a  massive  layer  that  appears  as  a  small  lac- 
colith constituting  the  northwestern  end  of  the  ridge.  The  petrographical 

character  of  the  sheets  is  not  the  same  in  all  cases,  but  the  distinctions  are 

slight  and  will  be  discussed  in  Chapter  II.  In  the  high  ridge  between  the 

head  branches  of  Gardiner  River,  at  least  five  different  sheets  of  andesite- 

porphyry  were  observed,  having  the  general  dip  of  the  shales  and  sandstones, 

with  occasional  ruptures  across  the  beds.  Tlie}^  were  also  found  crossing 
the  valley  to  the  north  and  forming  part  of  the  ridge  leading  to  Electric 

Peak,  as  represented  on  the  map.  Their  thicknesses  are  not  constant,  as  may 

be  seen  in  their  exposures,  but  the  actual  variation  is  greatly  exaggerated 

in  appearance  by  the  positions  of  the  exposures,  whether  directly  across  the 

thickness  or  more  or  less  parallel  to  the  sheet.  This  impression  is  still 

further  increased  by  the  appearance  produced  by  the  more  persistent  talus 

slopes  of  the  harder  porphyry,  which  often  obscure  more  easily  removable 
areas  of  the  softer  shale.  The  same  sheets  occur  in  the  shales  in  the  upper 

part  of  Little  Quadrant  Mountain. 

THE  FAN. 

Fan  Creek  drains  the  mountainous  area  whose  various  spurs  converge 

to  the  west  at  the  ribs  of  the  Fan,  from  which  resemblance  the  region 

derives  its  name.  The  encircling  ridge  which  forms  the  divide  between 

the  waters  of  Fan  Creek  and  those  of  the  Gallatin  and  Gardiner  drainages 

culminates  in  two  prominent  peaks,  one  of  which,  Gray  Peak,  has  already 

been  described.  The  other,  lying  to  the  north,  is  named  Joseph  Peak,  and 

occupies  a  commanding  position  just  west  of  Little  Quadrant  Mountain. 
The  southern  fork  of  Fan  Creek  is  named  Stellaria  Creek.  At  the  head  of 

this  stream  the  high  ridge  which  is  the  southwestern  extension  of  Gray 

Peak  is  formed  of  Mesozoic  beds,  having  a  strike  of  N.  20°  E.  and  a  dip  of 

10°  W.  The  peak  is  formed  of  Dakota  sandstone  resting  upon  the  Jura- 

trias  beds,  and  is  cut  by  intrusive  sheets  of  andesite-porphyry  from  the 
Gray  Peak  bysmalith,  as  already  described  on  page  42. 
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The  following  section  represents  the  beds  exposed  on  the  northern  slopes 

of  this  ridge  at  a  point  just  west  of  the  9,900-foot  peak: 

Section  at  ridge  southwest  of  Gray  Peak. 

Num- ber. Feet. 

3    Dakota  conglomerate  and  sandstone;  pebbly  in  layers,  but  much  of  it  a  fine-grained  sand- 
stone, buff  with  red  and  white  blotches,  and  cross  bedded           60 

2    Shaly  beds,  very  arenaceous  and  light  brown  at  top;  softer  and  more  argillaceous  below, 

where  the  layers  are  generally  a  blue-black  and  contain  some  splintery  limestone.     The 
typical  rock  is  a  soft  argillaceous  sandstone,  light  gray,  weathering  brown           50 

Andesite-porphyry,  dark  gray,  compact;  rock  occurring  irregularly  columnar  in  ledges, 
with  two  or  three  layers  of  brown  altered  porphyry  with  fine  concentric  weathering.. ..        35 

1    Limestone,  gray  with  rusty  speckling,  saccharoidal  texture.     The  upper  8  feet  soft  and 

purple  shale,  weathering  brown    18 

Strike,  N.  20°  E. ;  dip,  8°-10°  W. 

On  the  west  side  of  this  peak,  100  feet  below  the  summit,  the  black 

shales  are  well  exposed  and  form  the  crest  of  the  ridge  down  to  the  saddle. 

West  of  the  saddle  they  give  place  to  the  Dakota  sandstone,  which  extends 

westward  to  the  cliffs  indicated  upon  the  map.  Farther  west  the  ridge 

shows  a  succession  of  light-gray  limestones  overlying  the  red  Teton  sand- 
stones. The  latter  beds  form  red  slopes  that  extend  westward  to  the 

andesite-porphyry  hill  shown  upon  the  map. 
The  central  ridge  of  the  Fan,  lying  north  of  Stellaria  Creek  and  west 

of  Joseph  Peak,  is  a  long  flat-topped  mass  with  grassy  meadows  and  dense 
forests  of  pine.  On  the  western  end  of  this  ridge  exposures  are  scarce  and 

must  be  sought  for  in  the  stream  channel.  A  short  distance  above  the  forks 

of  Fan  Creek,  Stellaria  Creek  has  cut  a  gorge  through  the  intrusive  sheet 

of  andesite-porphyry.  This  rock  is  also  exposed  on  the  south  slopes  of  the 

ridge  to  the  north  for  a  distance  of  2^  miles  above  the  mouth  of  Stellaria 

Creek.  The  rock  is  generally  much  decomposed,  of  a  light-buff  color, 
with  numerous  decomposed  acicular  hornblende  and  white  plagioclase 

phenocrysts.  The  porphyry  forms  great  heaps  of  tabular  debris,  often 

arranged  in  ridges  running  approximately  east  and  west  and  separated  from 

the  solid  rock  by  the  hollows  between  the  cliffs  and  these  morainal  ridges. 

These  hollows  are  often  without  outlet,  and  sometimes  hold  small  ponds. 

From  the  junction  of  the  stream  eastward  the  summit  of  the  ridge  shows 

no  outcrops  of  sedimentary  rocks,  the  covering  of  the  porphyry  sheet  just 

noticed  having  been  removed  by  erosion  and  the  summit  being  now  heavily 

mantled  with  glacial  drift,  which  seems  to  be  at  least  100  feet  thick  in  the 
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transverse  drainage  channel.  This  transverse  drainage  channel,  which  runs 

northward  to  join  Fan  Creek,  forms  the  natural  boundary  line  between 

the  sedimentaries  on  the  east  and  the  andesite-porphyry  on  the  west.  The 

sedimentary  rocks  are  light-gray  limestones,  having  a  strike  of  S.  20°  W., 

and  a  clip  of  10°  W.,  which  would  carry  the  beds  under  the  drift  forming 
the  summit  of  the  ridge  to  the  west.  The  higher  slopes  to  the  east  show 

good  exposures  of  the  sedimentary  rocks.  A  western  spur  of  Joseph  Peak 

shows  the  following  section  of  sedimentary  rocks,  the  lowest  bed  exposed 

being  part  of  the  Quadrant  quartzites. 

Joseph  Peal;,  section. 

5    Red  beds,  calcareous  sandstones,  etc. 
wT  Feet' 

<^4    Sandstone  and  limestones,  fissile,  gray,  weathering  brown-gray           25 sandstone.  I 
L3    Limestone,  gray,  compact           10 

Teton       ) 
,.        .  5  2     Cherty  sandstones  and  limestones         100 

Quadrant  i .,        >1     Sandstones,  quartzites,  and  interbedded  gray  limestones         300 

At  the  base  of  this  spur  the  summit  of  the  ridge  is  nearly  flat  and  is 

largely  strewn  with  chert  weathered  out  of  the  Teton  limestones.  The 

beds  here  apparently  dip  SE.  10°,  which  takes  them  underneath  Joseph 
Peak.  The  cherty  beds  of  the  Teton  series  are  here  quite  well  exposed. 

The  chert  occurs  in  both  banded  and  nodular  forms,  and  is  so  abundant 

that  the  remaining  material,  which  is  generally  sandstone,  forms  but  a 

minor  feature.  In  seams  and  patches,  however,  the  rock  is  free  from  chert, 

and  is  then  much  more  calcareous  and  contains  fragments  of  fossils.  North 

of  the  spur  from  Joseph  Peak  the  Teton  limestone  beds  dip  W.  8°,  and 

strike  S.  8°  E.  Farther  north  the  flat  summit  of  the  ridge  is  formed  of  a 

fine-grained  andesite-porphyry,  whose  rust-colored  exposures  much  resem- 
ble those  of  the  sedimentary  rocks.  This  rock  forms  the  summit  of  a  bold 

cliff  to  the  north.  This  cliff,  which  is  about  500  feet  high,  shows,  excellent 

exposures  of  the  Quadrant  quartzites  resting  upon  Madison  limestones, 

forming  the  channel  of  Fan  Creek,  and  capped  just  beneath  the  andesite- 

porphyry  by  the  cherty  beds  of  the  Teton  series.  This  exposure  shows  a 

total  thickness  of  350  feet  of  Quadrant  quartzite  and  125  feet  of  the  Teton 

limestone.  The  character  of  the  cherty  limestones  varies  from  a  dove- 

colored,  nearly  pure  limestone  to  a  granular  brown  sandstone  which  is  not 
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calcareous.  The  talus  at  the  base  of  the  cliffs,  like  that  of  the  andesitic 

intrusive  of  Stellaria  Creek,  is  arranged  in  morainal  ridges,  with  a  depres- 
sion between  these  heapings  and  the  base  of  the  cliff.  The  valley  of 

Fan  Creek  has  been  cut  in  the  low  anticline,  exposing  the  Madison  lime- 

stones overlain  by  the  Quadrant  quartzites,  with  the  softer  Mesozoic  rocks 

forming  higher  slopes  to  the  north.  In  the  small  drainage  cutting  the 

slopes  north  of  the  creek  the  following  section  was  measured: 

Dakota.. 

Ellis 

sandstone. 

Num- ber. ,15 

(14 

f13
 

12 

lie
 

116
 

11a
 

10 

9 

Fan  Creek  section. 

Dakota  conglomerate  and  sandstone,  the  latter  gray,  with  white  spots. 

Sandstone,  rusty  yellow,  blotched  with  pink,  slightly  calcareous   

Limestone,  dark  gray,  crystalline   
Limestone,  fissile  and  shaly,  gray   

Arenaceous  limestone,  gray,  crumbly,  rusty   

Shales  and  crumbly  limestones   

Limestone,  crystalline,  gray,  dense,  splintery,  argillaceous   

Arenaceous  limestone,  or  calcareous  sandstone,  light  brown-gray   
Limestone,  grading   at  top  into  No.  10.     The  limestone  is  pure  and  full  of 

fossils    

Limestone,  argillaceous,  soft,  crumbly        

Argillaceous  limestones,   crumbly,  containing  fossils,  and  with   interbedded 
layers  of  harder  crystalline  limestone   

Red  shales   

Green  and  blue  shales   

Interval   

Cherty  beds  . 

White  sandstones,  etc   

Limestone,  crystalline,  creamy,  with  patches  of  red  magnesian  limestone. 

Feet. 

125 

5 

15 

1 

2 

1 

15 
15 

10 

110 

20 

30 

(?) 

125 

300 

30 

Ellis        I 
limestone.  | 

Teton      J 
shales. 

Teton  i 

limestone.  S 

Quadrant  i 

quartzite.  <, 
Madison  > 
limestone.  } 

The  summit  of  the  ridge  north  of  Fan  Creek,  already  mentioned  on 

page  43,  forms  what  might  be  termed  the  northern  rib  of  the  Fan  and 

is  capped  by  Dakota  beds,  whose  persistent  nature,  combined  with  that 

of  the  intrusive  sheets  of  andesite-porphyry,  has  left  the  ridge  sharply 

defined.  The  Dakota  conglomerate  is  but  20  feet  thick  and  is  overlain  by 

buff-colored  and  pink  sandstones  similar  to  those  mentioned  in  the  section 

just  given.  At  the  head  of  Fan  Creek  a  depression  in  the  mountain  ridge 

forms  a  pass  to  the  headwaters  of  Gardiner  River.  The  western  slopes  of 

this  pass  are  thickly  covered  with  soil  and  vegetation,  and  no  exposures 

are  seen,  but  to  the  east  the  beds  are  well  exposed  where  the  streams  from 

the  snow  banks  of  the  ridge  have  washed  the  surface  of  the  rocks  bare  of 



Ellis 

sandston 

Ellis 

limestone 
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soil.  The  saddle  itself  is  formed  of  limestones  broken  through  bv  andesite- 

porphyr  y.  The  following  section  shows  the  series  of  beds  exposed  from  the 

pass  to  the  summit  of  the  peak  to  the  north : 

Fan  Pass  section. 

Num- ber. Feet. 

Dakota.         8      Dakota  conglomerate  and  sandstone;  creamy,  pink,  broken  through  by  an- 
desite  porphyry    40 

f  76     Limestone,  hard,  gray,  crystalline,  weathering  brown    10 

la    Limestone,  granular,  arenaceous,  light  drab      15 

6      Limestone,   more  or  less   arenaceous  in  certain  bands,  fossililerous.      Strike, 

N.45°  W.;  dip,  25°  N    75 
56     Limestone,  soft  and  sandy    10 

5a     Limestone,  arenaceous,  gray-brown    5 
r  46    Red  shale,  crumbly  and  soft    8 

4n     Slate;  metamorphosed  by  andesite-porphyry    2 
Andesite-porphyry. 

3       Limestones,   soft,  crumbly,  very  argillaceous,  with  harder  crystalline  layers; 

very  fossil  iferous   _    58 

2      Limestone,  finely  crystalline,  weathers  brown,  somewhat  shaly    5 

1       Limestone,  shaly,  broken  through  by  andesite-porphyry    45 

To  the  east  of  Fan  Pass  an  extension  of  the  anticlinal  uplift  noted 

to  the  west  brings  up  the  red  shales  and  sandstones  from  the  upper  portion 

of  the  Teton  formation.  From  the  summit  of  the  mountain  peak  north  of 

Fan  Pass  the  ledg-e  extends  in  a  northwest  direction  until  it  meets  the  long- 
southwestern  spur  of  Electric  Peak.  The  Dakota  conglomerate  forms  the 

crest  of  the  ridge  as  far  as  the  second  peak  north  of  Fan  Pass,  and,  as 

already  noted,  the  same  rock  extends  westward,  forming  the  crest  of  the 

encircling  ridge  The  summit  of  the  second  peak  north  of  Fan  Pass  is 

formed  of  andesite-porphyry.  This  rests  upon  Dakota  conglomerate  and 
is  overlain  by  cherty  limestone,  which  is  apparently  part  of  the  Dakota 

limestones,  but  is  of  different  habit  and  carries  light  greenish-yellow  chert. 

Between  this  point  and  the  10,100-foot  peak  to  the  northeast  a  succession 
of  beds  is  exposed  in  which  the  shales  are  cut  by  intrusive  sheets  of 

andesite-porphyry.  The  Dakota  limestone,  somewhat  metamorphosed,  but 

showing  the  crystalline  marks  and  the  little  gasteropod  shells  so  character- 

istic of  this  horizon,  is  overlain  by  very  splintery  greenish-yellow  shale, 
weathering  brown.  This  in  turn  is  capped  by  a  baked  sandstone  about  20 

feet  thick,  which  is  overlain  by  the  upper  quartzite  belt  of  the  Dakota 

series,  the  bed  being  here  30  feet  thick.  The  carbonaceous  shales  of  the 

Benton  formation  form  the  ridge  from  this  point  eastward   to  the  slopes  of 

MON   XXXII,   PT   II   4 
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Electric  Peak.  The  shales  are  cut  by  numerous  intrusive  sheets  of 

andesite-porphyry  and  by  a  few  dikes,  one  of  which  cuts  the  10,100- 
foot  peak  already  noted.  In  the  sandstone  bed  intercalated  in  the  lower 

part  of  the  Benton  shales  the  little  oyster,  Odrea  anomioides,  occurs 

abundantly.  The  beds  here  have  a  dip  of  10°  N.,  the  strike  being  N. 

75°  E.  The  andesitic  sheets  noted  on  this  ridge  are  continuous  for  long- 
distances,  their  ledges  being  traceable  along  the  slopes  on  either  side  of 

the  ridge.  In  general,  the  andesitic  sheets,  being  less  easily  eroded  than 

the  soft  black  shales,  form  the  high  points  and  mountainous  summits  of  the 

ridge,  while  the  saddles  are  cut  in  the  softer  rocks. 

ELECTRIC  PEAK. 

Electric  Peak  is  the  highest  and  most  imposing  summit  of  the  Gallatin 

Range.  Its  apex  rises  boldly  above  the  adjacent  mountains,  and  the  long 

ridges  which  form  its  foundations  dominate  the  country  for  many  miles. 

The  mountain  is  composed  of  sedimentary  rocks  of  Cretaceous  age,  broken 

through  and  in  part  largely  altered  by  igneous  rocks.  The  sedimentary 

rocks  only  will  be  treated  here,  as  these  igneous  rocks  and  their  occurrence 

are  of  such  interest  that  a  special  chapter  is  devoted  to  them. 

The  sedimentary  rocks  composing  the  mountain  embrace  the  most 

recent  strata  of  the  sedimentary  series  to  be  found  in  the  Gallatin  Range, 

including  a  thickness  of  4,300  feet  of  Cretaceous  beds,  whose  uppermost 

portion  is  coal-bearing  and  belongs  to  the  Laramie.  Complete  sections 
may  be  studied  at  two  localities.  One  is  the  southeastern  spur  of  the  peak, 

where  the  beds  are  sharply  upturned  against  the  Gallatin  fault;  the  other 

is  the  long  northern  ridge  of  the  peak  which  terminates  in  that  mass  of 

upturned  and  exposed  strata  known  as  Cinnabar  Mountain.  Although  the 

latter  locality  lies  just  outside  the  limits  of  the  Park,  the  section  there 

exposed  is  typical  for  the  region,  and,  combined  with  the  sections  already 

given  of  the  Teton,  Ellis,  and  Dakota  formations,  it  forms  a  complete  sec- 

tion of  the  Mesozoic  strata  of  the  rang-e. 

Section  of  beds  exposed  on  southeast  spur  of  Electric  Peal: 

Num- 
ber. Feet. 

f  22    Carbonaceous  shale       40 

Andesite-porphyry       40 

500 

if  >  Carbonaceous  shale     100 
in 

Andesite-porphyry       20 
Carbonaceous  shale    300 
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Section  of  beds  exposed  on  southeast  spur  of  Electric  Peal- — Continued. 
Num 
ber. 
21 

20 

19 

,18 
17 

16 

O 

A 

ii 

1 10 

9 

q 

r  6 

I    5 

V 
*-5 

Q 

l»  I 

Feet. 

Calcareous  sandstones,  changing  to  pure  sandstones  at  the  bottom    175 

Sandstone,  mottled  and  carbonaceous    60 

.Sandstone,  indurated  and  argillaceous    20 

Sandstones,  speckled    10 

Andesite-porphyry,  much  decomposed    15 
Calcareous  sandstone    30 

Sandstone,  indurated,  argillaceous    50 

Andesite-porphyry    30 
Interval,  no  exposure    100 

Limestone,  very  impure,  argillaceous  and  arenaceous    10 

Interval,  no  exposure    100 
Indurated  sandstone    10 

Shales,  very  dark  slate-colored,  argillaceous  rocks  which  are  poorly  exposed    300 
Sandstone,  indurated  to  granular  quartzite         5 

Interval,  no  exposure       75 
Indurated  sandstone       10 

   90 

Sandstones  and  arenaceous  limestones,  with  two  intruded  sheets  of  andesite-por- 

phyry aggregating  15  feet  in  thickness    160 

Interval,  no  exposure,  but  showing  debris  of  dark-colored  carbonaceous  shales 
belonging  to  bed  below    300 

Andesite-porphyry,  much  decomposed    15 
Carbonaceous,  argillaceous  shale    100 
Sandstone     20 

Interval,  no  exposure    50 
Limestone    5 

Interval,  no  exposure    50 

Conglomerate  and  sandstone,  broken  through  by  andesite-porphyry    5 
Arenaceous  limestone    5 

Arenaceous  limestones,  passing  downward  into  sandstones,  cross  bedded,  and  chang- 
ing to  limestones  near  base    45 

Interval,  no  exposure    50 

Sandstone,  dark  gray,  mottled  with  carbonaceous  matter,  fine  grained  and  not  indu- 
rated    5 

Interval,  no  exposure    100 
Limestone    100 

Interval,  no  exposure    15 

Quartzite  and  highly  indurated  calcareous  sandstones    200 

Limestone,  light  cream  colored;  bands  of  red  limestone  exposed  along  north  bank 

of  Gardiner  River,  200  feet  below  top    250 

Limestone,  brownish  gray,  dense    50 

Total  thickness  of  section    3,  478 

Thickness  of  intrusive  sheets    148 

Total  thickness  of  sedimentary  rocks    3,  330 
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The  andesite-porphyries  of  this  section  occur  as  sheets  intruded  along 

the  planes  of  bedding  of  the  sedimentary  rocks.  With  one  exception 

intrusion  is  regular  and  does  not  break  across  the  bedding  planes  of  the 

shale.  The  dip  and  strike  of  the  beds  vary  in  passing  upward  from  Gardi- 
ner River  to  the  summit  of  the  peak.  In  many  cases  this  change  of  dip 

is  apparent  in  the  exposure,  but  in  most  cases  the  outcrop  is  not  suffi- 

ciently extensive  to  make  the  flexure  apparent. 

The  long  southwestern  spur  of  Electric  Peak,  which  has  already  been 

noted,  shows  sheet  after  sheet  of  andesite-porphyry  cutting  across  the  crest 

of  the  ridge  and  intruded  in  the  dark  shales  of  the  Colorado  formation, 

the  beds  dipping  NE.  about  10°.  Three  different  bodies  of  andesite- 

porphyry  have  broken  through  one  another  in  the  high  point  southwest  of 

the  peak.  One  of  these  intrusions  may  be  traced  eastward  along  the 

southern  slope  of  the  mountain  for  some  distance.  The  western  slope  of 

the  mountain  shows  the  sedimentary  and  igneous  layers  in  strong  relief, 

and  they  may  be  distinguished  at  a  distance.  The  inclination  of  these 

ledges  is  about  10°  N.,  corresponding  to  the  greater  dip,  which  is  to  the 
northeast.  The  sheets  of  igneous  rock  are  seen  to  follow  the  bedding  planes 

of  the  strata  for  considerable  distance.  Only  one  sheet  was  seen  break- 

ing up  across  the  strata  and  proceeding  along  the  higher  horizon.  The 

direction  of  this  uprising  is  from  south  toward  the  north,  and  this  occur- 

rence, together  with  observations  made  on  the  eastern  side  of  the  moun- 

tain, showing  a  similar  rise  from  the  west  to  the  east  and  a  thinning  out 
of  the  sheets  in  the  same  direction,  indicates  that  these  intrusive  masses 

were  injected  from  the  southwest— that  is,  probably  from  the  center  occu- 

pied by  the  Gray  Peak  bysmalith.  The  intrusive  sheets  vary  from  a  few 

feet  to  a  hundred  or  more  feet  in  thickness.  The  rocks  differ  slightly  in 

petrographical  character  and  will  be  described  more  fully  in  Chapter  II. 

The  peak  itself  is  formed  of  the  soft  shales  and  thinly  bedded  sandstones 

belonging-  to  the  Colorado  and  Montana  formations.  These  rocks  are 

penetrated  by  a  number  of  intrusive  dikes,  of  andesite-porphyry,  and  the 
sedimentary  series  is  much  altered  by  the  great  intrusion  of  igneous  rock 

forming  the  volcanic  core  east  of  the  peak.  On  the  summit  of  the  peak  the 
normal  sandstones  and  shales  are  altered  to  slates  and  quartzites,  the  rocks 

being  much  shattered  by  joints  and  breaking  readily  into  short,  angular 

debris.     The  beds  dip  N.  10°  to  20°. 
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The  intrusive  sheets  extend,  in  diminishing  numbers,  northward  in  the 

north  ridge  of  Electric  Peak.  The}'  resemble  the  sheets  intruded  in  the 
Jurassic  shales  of  Cinnabar  Mountain,  though  it  is  possible  that  the  latter 

intrusive  rocks  were  derived  from  other  sources  more  directly  connected 

with  the  synclinal  folding  and  faixlting  of  Cinnabar  Mountain. 

The  north  ridge  of  Electric  Peak  terminates  in  the  low  knob  called 

Cinnabar  Mountain.  This  elevation  is  formed  of  upturned  sedimentary 

beds,  presenting  a  most  excellent  and  complete  section  of  the  stratigraphic 
series  from  the  Paleozoic  to  the  summit  of  the  Laramie,  a  section  which  is 

here  given,  as  it  is  typical  for  the  Gallatin  region.1 

Section  of  the  Mesozoic  sedimentary  rocks  exposed  in  Cinnabar  Mountain  and 
Electric  Peal;. 

S  I  Sandstones   alternating  with  shales   and  carrying   coal    seams,    many  of  -which   are 
workable. 

r  White,  massive,  and  cross-bedded  sandstone,  easily  disintegrated  and  crumbling  readily 
under  pressure   

Impure  sandstone,  gray  in  color,  carrying  argillaceous  material  and  often  calcareous. 

The  outcrops  frequently  weather  into  flagstones  a  few  inches  thick,  forming  broken 
reefs  that  project  above  the  smoother  slopes   

Alternating  fissile  sandstones  and  impure  argillaceous  shales  which  frequently  carry 

lenses  of  purer  sandstone,  and  near  the  base  contain  much  bituminous  shale,  which  is 

soft  and  crumbly  upon  weathering   

Arenaceous  shales  and  shaly  sandstones,  generally  greenish  gray  in  color,  and  weathering 
into  fine  brown  debris   

'  Sandstones,  generally  forming  ledges  projecting  above  the  slopes  of  shale   
Gray  shales  and  shaly  sandstones   

Soft,  bituminous,  black  shale,  weathering  readily  and  forming  a  smooth  slope  covered 

with  the  fine  fragments  of  the  leafy  shale   

Calcareous  beds,  varying  from  impure  arenaceous  limestoues  to  calcareous  shale   

Black  shales,  alternating  with  thin  arenaceous  beds,  and  containing  strata  of  blue 

splintery  limestones  which  are  argillaceous,  dense  in  structure,  and  do  not  form  per- 
sistent horizons   

%  J  Quartzite,  forming  a  reef  that  projects  as  a  wall  above  the  slopes  of  shale   

Black  and  dark-blue  shales,  varying  from  arenaceous,  light-gray,  impure  sandstones  to 

black,  laminated,  bituminous  shales,  and  carrying  the  same  impure  dark-blue  lime- 
stones found  above   

Sandstone,  generally  massive,  gray. in  color,  weathering  with  a  rusty  surface;  fissile, 

granular  in  texture,  and  forming  a  wall  projecting  above  the  slope   

Sandstone,  very  fissile,  and  grading  into  an  arenaceous  shale   

Impure  limestone,  passing  into  argillaceous  black  shales  and  arenaceous  shales   

Dark-colored,  bluish-black,  finely  laminated  shales  with  occasional  interbeddod  saud- 

I     stones  '.   

Feet. 

800 

125 

240 

450 

226 

38 

164 

500 

40 

400 

5 

350 
25 

15 

50 
265 

1  See  Cinnabar  and  Bozeman  coal  fields,  by  W.  H.  Weed:  Bull.  Geol.  Soc.  Am.,  Vol.  II,  1891,  p.  352. 
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Section  of  the  Mesozoic  sedimentary  rocks  exposed  in  Cinnabar  Mountain,  etc. — Cout'cL 

' 
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Quartzite  changing  to  sandstone,  light  gray,  dense  in  texture,  and  forming  a  prominent 
wall  15  to  20  feet  wide        

Limestones,  blue-gray  in  color  but  weathering  to  a  creamy  buff  tint  on  the  surface.  The 
rock  is  dense  in  texture  and  shows  the  remains  of  tho  same  gasteropoda  found  in  the 

beds  of  Little  Quadrant  Mountain.  In  the  Cinnabar  section  this  intermediate  horizon 

includes  a  portion  of  the  thickness  given  to  the  Dakota  conglomerate,  but  it  is  char- 
acterized by  red  magnesian  limestones  which  possess  many  characters  similar  to  those 

of  the  volcanic  ash  beds  found  farther  north  above  the  Dakota  conglomerate,  and 

passing  into  sandy  shales  which  are  capped  by  10  feet  of  quite  pure  limestone   

^Dakota  conglomerate  and  sandstone   

{  Reddish  shales  and  impure  limestones   --   

Limestones  and  calcareous  sandstones,  occasionally  a  conglomerate;  carries  an  abun- 
dance of  fossil  remains,  which  are  generally  fragmentary  near  the  base   

Red  argillaceous  shale   

Gray  calcareous  shales  and  impure  limestones,  characterized  by  an  abundance  of  fossil 

remains,  particularly  in  the  upper  strata.  The  beds  are  separated  near  the  center  by 
oolitic  limestones   

Green  and  red  shales   

Sandstone,  saccharoidal  in  texture,  generally  light  gray  or  buff  in  color,  but  red  or  brown 

on  weathered  surface   

Red  beds,  consisting  of  very  fissile  sandstones  and  impure  arenaceous  clays   

Limestone,  compact  in  texture,  gray  in  color,  and  carrying  remains  of  liugulas   

Limestones,  dark  gray  in  color,  generally  fetid,  often  arenaceous,  and  frequently  char- 

acterized by  rod-like  masses  of  chert,  which  are  seen  to  consist  of  grains  of  sand 

embedded  in  the  siliceous  matrix,  the  concretions  having  a  white  chalky  surface   

[  Quadrant  quartzites. 
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The  western  face  of  Electric  Peak  shows  a  number  of  sheets  of  igneous 

rock,  varying  from  5  to  50  feet  in  thickness;  but  no  dikes,  either  vertical 

or  inclined,  were  observed  on  this  side  of  the  mountain.  The  western 

summit  consists  of  a  sheet  of  andesite-porphyry  several  hundred  feet  thick. 

In  the  eastern  spurs  of  the  mountain  numerous  vertical  and  inclined  dikes 

cut  the  upturned  beds.  Those  on  the  southeastern  spur  trend  to  the  south- 

west and  northeast.  They  also  traverse  the  eastern  summit  of  Electric 

Peak.  The  southeastern  spur  of  the  mountain  shows  steeply  upturned 

sedimentary  beds,  which  at  the  base  are  overthrown  and  reversed.  This 

spur  probably  consists  of  a  synclinal  fold  which  was  accompanied  by 

faulting,  the  eastern  limb,  forming  the  lower  portion  of  the  spur,  having 

a  nearly  vertical  position.  The  axis  of  the  syncline  has  a  trend  to  the 

southwest  and  northeast.  The  overthrown  beds  at  the  southern  extrem- 

ity of  this  spur  show  Madison  limestones,  Quadrant  quartzites,  and  the 

regular  sequence  of  overlying  Mesozoic  strata.  The  beds  strike  north, 

and  they  dip  from  50°  to  70°  E.      The  Gardiner  River  cuts  across  the 
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end  of  this  spur,  the  rocks  being  exposed  in  a  small  hill  on  the  south- 

western side  of  the  stream,  the  channel  having  probably  been  deflected  at 

this  place  by  the  accumulation  of  glacial  drift  filling  the  old  valley 

between  Sepulchre  Mountain  and  Little  Quadrant.  A  detailed  section 

of  the  beds  exposed  on  the  crest  of  this  ridge  has  been  given.  The 

strike  of  the  beds  varies  somewhat  in  ascending  the  spur,  and  the  dip 

also  changes.  The  Dakota  ledge,  which  crosses  the  ridge  about  500  feet 

above  the  river,  has  a  strike  of  N.  32°  E.,  showing  a  considerable  change 
in  direction  between  the  exposures  here  and  those  in  the  river  bed.  The 

axis  of  this  synclinal  fold  and  the  fault  plane  are  found  high  up  on  this 

southeastern  spur,  where  the  Colorado  shales  have  a  vertical  dip.  The 

exact  position  of  the  fault  plane  can  not  be  determined,  and  the  extent  of 

displacement  is  not  known.  That  the  intrusive  sheets  of  igneous  rock 

antedated  the  folding  is  clearly  shown  in  the  crushing  and  slight  dynamic 

metamorphism  observed  here.  Slickensides  are  found  within  the  porphyry, 
and  dragging  planes  are  observable  between  the  hard  eruptive  rock  and 

the  soft  shales.  A  cone-in-cone  structure  of  the  latter  rocks  is  also 

observed.  On  the  other  hand,  the  dikes  of  igneous  rock  which  cut  this 

spur  of  the  mountain  show  no  sign  of  disturbance  attributable  to  the 

synclinal  folding.  They  intersect  sedimentary  beds,  and  also  the  inter- 

calated sheets  of  porphyry,  at  various  angles.  Where  the  shales  and 

intrusive  sheets  are  on  edge,  the  dikes  are  often  parallel  to  them  and  are 

easily  confused  with  the  intrusive  sheets,  which  they  closely  resemble  in 

petrographical  character.  These  dikes  are  connected  with  a  large  body 

of  igneous  rock,  mostly  a  diorite,  which  occupies  a  position  on  the  line  of 

faulting  and  is  situated  in  the  deep  gulch  cut  in  the  eastern  summit  of 

Electric  Peak.  The  sedimentary  beds  in  the  neighborhood  of  this  mass 

of  igneous  rock  are  extensively  metamorphosed. 

At  the  eastern  base  of  Electric  Peak  a  profound  fault  separates  the 

mountain  mass  from  the  complex  body  of  volcanic  tuff-breccias  and  massive 
igneous  rocks  to  the  east.  This  fault  is  the  northern  continuation  of  the 

Gallatin  fault,  which  has  given  rise  to  the  abrupt  escarpment  faces  on  the 

east  side  of  the  Gallatin  Range. 

On  account  of  the  special  importance  of  the  relations  existing  between 

the  igneous  rocks  of  Electric  Peak  and  those  forming  Sepulchre  Mountain 

to  the  east  of  the  fault,  a  detailed  description  of  the  geology  of  this  locality 

is  given  in  Chapter  III,  in  which  the  petrology  also  will  be  fully  discussed. 
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WESTERN  FLANKS  OF  THE  GALLATIN  RANGE. 

In  the  northwestern  portion  of  the  Gallatin  Range,  within  the  Yellow- 
stone Park,  the  western  slopes  of  the  mountains  are  abruptly  terminated 

by  a  fault,  bringing  up  the  sedimentary  beds  against  subaerial  volcanic 

breccias  that  probably  represent  a  remnant  of  the  old  Electric  Peak  and 

Sepulchre  Mountain  volcanic  cone.  The  fault,  where  it  crosses  Fan  Creek 

and  along  its  course  down  Cinnabar  Creek,  shows  a  profound  displacement. 

Its  southern  continuation  has  already  been  noted  west  of  Gray  Peak,  but 

it  becomes  of  slight  importance  in  the  vicinity  of  Grayling  Creek,  west  of 

the  end  of  Crowfoot  Ridge.  The  andesitic  breccias  which  form  the  high 

mountain  ridges  west  of  this  fault  are  continuous  with  the  high  range  of 

the  Gallatin  which  stretches  northward  along  the  western  side  of  the 

Yellowstone  River  to  the  vicinity  of  Bozeman.  Within  the  park  region 

the  underlying  upturned  and  irregularly  eroded  sedimentary  beds  are  not 

exposed.  The  position  and  dip  of  the  strata  forming  the  high  ridge  on  the 

eastern  side  of  the  Gallatin  River,  just  within  the  northwestern  corner  of 

the  park,  show  a  monoclinal  structure  which  would  bring  the  Montana 
shales  and  sandstones  beneath  the  andesite  breccias  and  against  the  Fan 

Creek  fault.  It  is  clear  that  the  horizon  west  of  the  fault  was  consid- 

erably higher  than  that  to  the  east,  for  the  latter  is  near  the  base  of  the 
Colorado  shales  and  contains  laccolithic  sheets,  which  must  have  been 

intruded  at  considerable  depths  beneath  the  surface  of  the  country,  and 

were  contemporaneous  with  those  intruded  in  the  upper  part  of  the  Colo- 
rado formation  of  Electric  Peak,  which  is  but  3  miles  distant.  Another 

fact  that  is  apparent  is  that  the  sedimentary  strata  were  upturned  and 
eroded  down  to  the  Carboniferous  sandstone,  7  miles  to  the  west,  before 

the  volcanic  breccias  were  thrown  out  over  the  country. 

The  only  other  andesitic  tuff-breccia  in  this  vicinity  occurs  in  isolated 

patches  resting  directly  upon  crystalline  schists  in  the  neighborhood  of 

The  Crags,  5  and  10  miles  south  of  the  breccia  west  of  Gray  Peak,  and 

from  13  to  17  miles  distant  from  the  Electric  Peak  center  of  the  eruption. 

From  these  facts  it  would  appear  that  the  surface  of  the  country  at 

the  time  when  the  andesitic  tuff-breccias  were  deposited  consisted  of 

crystalline  schists  in  the  south,  of  Carboniferous  strata  in  the  west,  and 

of  Cretaceous  strata  in  the  northeast.     This  indicates  the  uplifting  of  the 
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sedimentarv    strata    and   their   tilting   northward,    followed   by    extensive 

erosion  at  the  south  prior  to  the  extravasation  of  the  andesitic  breccia. 

We  have  already  pointed  out  the  connection  between  the  intrusion  of 

the  Holmes  bvsmalith  and  the  fault  traversing-  the  eastern  end  of  Crow- 

foot  Ridge,  noting  their  probable  contemporaneity.  The  intrusion  of  the 
Holmes  mass  must  have  been  followed  by  extensive  erosion  before  the 

crystalline  schists  were  exposed  at  the  level  they  now  occupy  relative  to 
the. Holmes  mass,  after  which  erosion  the  andesitic  breccias  were  thrown 

upon  them.  This  separates  the  eruption  of  the  Holmes  bvsmalith  and  that 

of  the  andesitic  breccias  by  a  very  considerable  length  of  time.  No  definite 

time  relation  has  been  made  out,  however,  between  the  two  great  intrusive 

bodies  at  the  southern  end  of  the  Gallatin  Range — Indian  Creek  laccolith 

and  Holmes  bvsmalith — and  the  more  complex  intrusion  of  Gray  Peak 

and  the  associated  sheets  of  andesite-porphyry  in  the  northern  part  of  the 
range.  Though  separated  by  only  a  small  distance,  there  is  no  structural 

feature  which  connects  their  intrusions  in  point  of  time,  except  the  general 

fact  that  the}7-  are  all  much  older  than  the  eruptions  that  centered  at  Electric 
Peak. 

EASTERX  FLAXK  OF  THE  MADISOX  RAXGE. 

In  the  extreme  northwestern  corner  of  the  Yellowstone  Park  there  is  a 

small  area  of  mountainous  country  that  is  part  of  the  eastern  flank  of  the 

Madison  Range.  This  area  lies  wholly  within  the  Montana  portion  of  the 

reservation.  The  Gallatin  River  has  cut  a  narrow  valley  across  this  tract, 

exposing  folded  strata,  in  which  the  same  sedimentary  series  seen  in  the 

Gallatin  Range  is  developed,  the  lowest  rocks  belonging  to  the  Cambrian 

and  the  highest  being  of  Colorado  Cretaceous  ag-e.  These  strata  are  flexed 
about  a  laccolith  of  andesite-porphyry. 

This  mountain  area  is  terminated  on  the  south  by  the  northern  end  of 

the  rhyolite  plateau,  whose  lavas  cover  the  southeastern  flanks  of  the  high 

mountain  east  of  the  Gallatin  River  and  also  occur  in  small  isolated  patches 

upon  the  mountain  slopes  to  the  north  and  west. 

Topographically  this  little  tract  consists  of  parts  of  four  distinct  moun- 
tain masses.  The  largest  lies  east  of  the  Gallatin  and  is  embraced  between 

that  river  and  Fan  Creek.  This  block  and  that  north  of  it,  and  the  fiat- 

topped  mountain  west  of  the  Gallatin  River,  are  all  parts  of  the  lacco- 
lithic  uplift,  which  has  been  cut  through  by  the  river.     The  east  bank 
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of  the  Gallatin  shows  an  excellent  exposure  of  the  contact  between  the 

andesite-porphyiy  and  the  Cambrian  shales,  the  latter  being  altered  by 

contact  metamorphism  for  a  few  feet  from  the  andesite-porphyry.  The 
Cambrian  shales  are  overlain  by  limestones  in  which  there  are  intruded 

several  sheets  of  andesite-porphyry,  and  are  capped  by  cliffs  of  a  heavily 
bedded  white  limestone  of  the  Madison  formation,  with  basic  intrusions, 

near  the  summit  of  the  mountain.  The  following  partial  section  shows  the 

series  found  immediately  above  the  laccolith: 

Section  east  of  Gallatin  River,  below  Fan  Creel;. 
Feet. 

Madison.  Limestones  carrying  corals,  thickly  bedded,  of  a  dense  texture,  drab  or  dark-gray 
colored,  and  holding  black  chert. 

Limestone  shale  of  pink,  red,  buff,  and  purplish  colors,  carrying  a  few  fossils  and 

underlain  by  dark-blue  (almost  black)  limestone         200 

Andesite-porphyry,  poorly  exposed           25 

Granular,   dark-brown  and   black  limestone,  sometimes  banded,  and  of  Silurian 
aspect           15 

Thinly  bedded  and  fissile  light-gray  limestone,  dense  and  not  crystalline,  impure 
aud  carrying  argillaceous  matter    5 

Dark-colored  granular  limestone,  carrying  Obolella           12 
Limestone,  thinly  bedded  and  with  a  knotty  texture,  dark  blue  in  color,  of  typical 

Cambrian  aspect,  and  evidently  of  shallow-water  origin           30 
Limestone  shale,  blue  and  olive  gray  in  color    5 

Limestone,  dense  in  texture  and  dove  colored    5 

Limestone,  becoming  shale;  dip  50°  to  the  east    5 
Shales,  green  or  olive  colored,  seldom  exposed           15 

Limestone,  mottled,  of  typical  Cambrian  aspect           15 
Shale    5 

Andesite-porphyry  laccolith. 

West  of  the  Gallatin  River  the  mountain  slopes  show  andesite-porphyry 

extending  up  nearly  to  the  summit  of  the  flat-topped  mountain,  but  the 
stratified  rocks  are  seen  both  to  the  north  and  to  the  south,  forming  great 

curved  plates,  with  dip  away  from  the  intrusion  in  every  direction.  A 

stream  from  the  west  has  cut  its  valley  in  the  dome,  exposing  the  sedi- 

mentary rocks  on  the  valley  walls. 

The  mountain  opposite  the  mouth  of  Fan  Creek  is  composed  entirely 

of  Paleozoic  strata,  which  are  not  affected  by  the  laccolithic  uplift,  but  dip 

to  the  east  and  northeast,  awa}^  from  the  axis  of  the  Madison  Range.  The 

lower  slopes  show  Cambrian  beds,  which  are  overlain  by  the  Silurian 

rocks,  of  which  the  most  prominent  strata  are  quartzitic  in  nature  and  form 

heavy,  massive  beds  that  cap  the  summit  of  the  mountain  and  extend  east- 

Gallatin. 
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ward  down  to  the  valley  of  the  Gallatin  River,  the  dip  being  about  20°. 
The  summit  of  the  mountain  is  flat,  and  shows  Carboniferous  limestones 

dipping  northeast  at  gentle  angles.  This  mountain  and  the  one  north  of 

it  both  show  the  characteristic  flat-topped  topography  noticed  in  the  lesser 

marginal  peaks  of  the  Madison  Range. 

The  andesite-porphyry  of  the  laccolith  is  quite  like  those  rocks  in  the 

Gallatin  already  described,  and  its  petrographic  description  is  given  in 

another  chapter.  A  characteristic  feature  of  the  exposures  seen  of  this  rock 

is  the  occurrence  of  numerous  included  fragments  of  gneiss,  schist,  and 

hornblende-porphyry  The  two  patches  of  rhyolite  which  occur  upon  the 

slopes  rest  directly  upon  this  andesite-porphyry,  showing  a  thorough  dis- 
section of  the  laccolithic  fold  before  the  outpouring  of  the  rhyolite  flows. 



CHAPTER    II. 

THE    INTRUSIVE    ROCKS   OF    THE    GALLATIN    MOUNTAINS, 

BUNSEN  PEAK,  AND  MOUNT  EVERTS. 

By  Joseph  Paxson  Iddings. 

Having  described  the  occurrence  of  the  igneous  rocks  that  have  been 

intruded  within  the  sedimentary  beds  of  the  Gallatin  Mountains,  or  have 

been  thrown  over  their  surface,  so  far  as  their  occurrence  is  related  to  the 

history  of  the  dynamic  events  that  brought  about  the  present  structure 

and  topography  of  the  range,  we  may  now  describe  their  petrographical 
characters  in  relation  to  the  mode  of  their  occurrence,  with  special  reference 

to  the  size  of  the  various  bodies  of  rock  and  their  geological  position. 

From  what  has  already  been  shown  as  to  the  relative  age  of  the 

different  intrusions,  it  will  be  proper  to  consider  them  in  the  following- 
order:  Indian  Creek  laccolith;  Holmes  bysmalith  and  connected  outliers; 

Bighorn  Pass  sheet;  Gray  Mountain  intrusive  and  connected  sheets; 

Electric  Peak  stock  and  dikes,  together  with  the  extrusive  breccias  and 

intrusive  dikes  of  Sepulchre  Mountain;  and  the  breccias  west  and  south  of 

the  Gallatin  Range.  In  this  connection  may  also  be  described  the  Bunsen 
Peak  intrusive  and  the  intrusive  sheets  in  Mount  Everts. 

INDIAN  CREEK  LACCOLITH. 

HORNBLENDE-MICA-ANDESITE-PORPHYRY. 

The  rock  constituting  this  laccolith  and  its  two  sheet-like  apophyses  to 
the  south  is  an  intrusive  mass,  quite  uniform  in  mineral  composition 

throughout  its  whole  extent.  It  exhibits  a  limited  variability  in  texture 

and  habit,  ranging  from  those  of  a  compact  aphanitic  or  lithoidal  lava  to 

those  of  a  minutely  crystalline  porphyry-like  rock.  Its  predominant  min- 

eral constituents  are  lime-soda  feldspar,  hornblende,  and  biotite,  with  a 

small  amount  of  magnetite  and,  in  the  coarser-grained  forms,  quartz.  For 

this  reason  it  may  be  called  an  andesite-porphyry  with  andesite  facies.     Its 
60 
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chemical  composition  is  given  below.  The  portion  of  the  rock  analyzed 

was  the  unaltered  coarser-grained  form  (55)1  occurring  in  the  middle  of 
the  laccolith  on  the  north  side  of  Indian  Creek. 

Analysis  of  hornblende-mica- andesite-porphyry. 
[Analyst,  J.  E.  Whitfield.] 
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The  main  body  of  the  laccolith,  where  it  is  about  1,000  feet  thick,  is 

a  light-gray  rock  crowded  with  small  crystals  of  feldspar,  mica,  and  horn- 
blende, with  a  subordinate  amount  of  groundmass,  whose  component  grains 

are  not  discernible  with  the  naked  eye.  The  phenocrysts  are  1  or  2  mm.  in 

diameter  and  smaller;  occasional  ones  reach  3  mm.  The  rock  is  distinctly 
massive,  cracking  with  irregular  joints  into  angular  or  somewhat  tabular 

fragments,  and  exhibiting  columnar  jointing  in  only  one  locality,  on  the 

southeast  slope  of  The  Dome.  Under  the  microscope  the  most  crystalline 

portion  of  the  laccolith  (57),  which  proved  to  be  the  eastern- central  part  of 

the  mass  on  the  south  side  of  Indian  Creek,  is  seen  to  consist  of  the  pheno- 

crysts already  named,  cemented  together  by  a  holocrystalline  aggregation 

of  quartz  and  feldspar  with  scattered  grains  of  biotite,  hornblende,  and 

magnetite  (PI.  XI,  fig.  1).  The  areas  of  quartz  inclose  minute  idiomorphic 

feldspar,  in  part,  if  not  wholly,  lime-soda  feldspars,  probably  oligoclase. 

The  quartz  is  allotriomorphic  and  has  a  micropoikilitic  structure,  the  grains 

1  Numerals  in  brackets  used  in  connection  with  the  petrography  in  this  monograph  rol'er  to  the 
specimen  numbers  in  the  Yellowstone  Park  collection. 
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ranging  from  0.08  to  0.2  mm.  in  diameter,  the  inclosed  feldspars  being  about 

0.04  mm.  long'  and  0.008  mm.  wide,  and  upward.  Somewhat  finer-grained 
forms  were  found  in  the  central  portions  of  the  mass  north  of  Indian  Creek. 

In  these  there  is  a  more  marked  difference  between  the  groundmass  and 

phenociysts.  When  seen  under  the  microscope,  the  microstructure  of  the 

groundmass  is  more  evenly  granular,  the  grains  averaging  about  0.04  mm. 

in  diameter  in  one  case  (56),  and  about  0.024  mm.  in  another  (55).  This 

degree  of  crystallization  corresponds  to  grade  20  of  the  table  for  the  rocks 

of  Electric  Peak  (Table  XVII),  for  the  first  case,  and  to  grades  11  and 

9  of  the  same  table  for  the  last  two  respectively.  The  last  is  shown  in 

PL  XI,  fig.  2. 

The  phenocrysts  are  not  sharply  outlined,  and  have  numerous  inclu- 
sions of  irregular  grains  or  streaks  of  quartz  and  feldspar.  The  feldspar 

phenocrysts  are  all  lime-soda  feldspar,  in  part  labradorite,  in  part  andesine. 
They  are  frequently  shattered,  with  irregular  cracks,  and  are  penetrated 

by  irregular  streaks  of  quartz  and  feldspar,  which  are  sometimes  granular. 

In  places  it  looks  as  though  the  groundmass  of  the  rock  had  penetrated 

cracks  in  the  feldspars  before  it  solidified.  The  feldspar  individuals  in  one 

rock  section  are  not  all  equally  fissured,  and  not  always  in  the  same  direc- 
tion, so  that  the  cracking  appears  to  antedate  the  solidification  of  the  rock. 

The  biotites  exhibit  very  slight  dislocation  or  bending  in  some  cases,  which 

may  be  referred  to  the  same  period.  The  biotite  is  dark  brown,  with  mod- 
erate absorption  and  occasional  twinning.  The  outlines,  often  idiomorphic, 

are  sometimes  very  irregular,  there  being  marginal  inclosures  of  quartz  and 

feldspar,  and  sometimes  of  magnetite,  but  not  often.  The  hornblende  is 

green,  with  moderate  pleochroism  from  strong  green  to  light  brown.  The 

outlines  are  quite  irregular,  and  inclusions  of  the  other  minerals  are  fre- 

quent. There  is  sometimes  a  chloritic  mineral  present  in  small  pseudo- 
morphs,  which  may  possibly  be  altered  pyroxene.  In  some  instances  it  is 

decomposed  hornblende.  Magnetite  is  present  in  microscopic  crystals, 

often  idiomorphic;  and  apatite  forms  colorless  microscopic  crystals.  Both 

hornblende  and  biotite  take  part  in  the  composition  of  the  gTOundmass  in 

the  more  crystalline  varieties. 

Somewhat  finer-grained  inicrocrystalline  structures  are  found  in  the 

rock,  where  it  forms  the  thinner  sheets,  100  to  150  feet  thick,  beneath  Trilo- 

bite  Point  (72,  73).  Here  the  structure  is  confused,  being  partly  micro- 

poikilitic,  partly  microgranular.     In  the  still  finer-grained  modifications  the 
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micropoikilitic  quartz  patches  grow  less  and  less  noticeable,  and  the  feldspar 

microlites  become  more  pronounced,  the  microstructure  being  more  like 

the  characteristic  felt-like  or  pilotaxitic  structure  of  andesites.  This  transi- 
tion occurs  as  the  rock  approaches  the  contact  with  inclosing  rocks,  and 

where  the  body  thins  out.  It  accompanies  a  darkening  of  the  rock  and  an 

increasingly  andesitie  habit.  The  rock  20  feet  from  the  bottom  contact 

near  the  east  edge  of  the  laccolith  north  of  Indian  Creek  is  bluish  gray, 

with  prominent  feldspars  that  are  decomposed  (60).  The  hornblendes  are 

altered  to  chlorite  and  calcite.  Biotite  is  still  fresh.  The  groundmass  is 

holocrystalline  and  pilotaxitic.  Near  the  bottom  contact  of  the  middle 

portion  of  the  main  laccolith  body  the  rock  grows  darker  and  denser.  At  6 

feet  from  the  contact  it  is  darker  gray  than  the  main  mass.  The  micro- 

structure  of  the  groundmass  is  micropoikilitic,  with  the  minute  feldspars 

maintaining  a  fluidal  arrangement  (61).  The  rock  1  foot  from  contact  is 

darker  colored;  its  structure  is  still  micropoikilitic,  with  more  minute  feld- 

spars (62),  while  the  rock  directly  in  contact  with  the  limestone  is  still 

darker  and  the  microstructure  still  finer  grained  and  micropoikilitic  (63). 

There  is  considerable  calcite  scattered  in  irregular  microscopic  ao-oTegates 
through  the  groundmass.  The  hornblendes  are  decomposed,  and  there  is 

some  secondary  quartz.  The  micropoikilitic  structure,  however,  is  not 

secondary,  as  seems  to  be  the  case  in  some  porphyries,1  since  it  varies  in 
size  of  grain  according  to  the  distance  from  the  contact  plane,  and  is  quite 

the  same  as  that  observed  in  perfectly  fresh  andesite-porphyries  in  other 

places.  Similar  modifications  occur  near  the  contact  of  the  andesite-porphyry 
with  the  inclosed  belt  of  limestone  in  the  central  part  of  the  laccolith  north 

of  Indian  Creek  {66)-  The  feldspar  and  biotite  phenocrysts  are  fresh, 

while  the  hornblende  is  entirely  decomposed. 

Where  the  andesite-porphyry  is  exposed  in  contact  with  the  overlying 
limestone  at  the  northwest  base  of  Three  River  Peak,  the  same  transition 

from  coarser-grained  to  finer-grained  groundmass  is  observed  (68,  69,  70, 

71).  The  rock  nearest  the  contact  is  very  dark  colored,  dense,  and  dis- 

tinctly porphyritic,  and  under  the  microscope  i's  found  to  have  the  micro- 
structure  of  a  holocrystalline  andesite — that  is,  the  groundmass  consists  of 
microlites  of  feldspar  and  pyroxene,  with  scattered  grains  of  magnetite,  and 

'Williams,  G.  H.,  on  the  use  of  the  terms  poikilitic  and  micropoikilitic  in  petrography:  Jour. 
Geol.,  Vol.  I,  No.  2,  1893.  p.  179.  Baseom,  l<\,  The  structures,  origin,  and  nomenclature  of  the  acid 
volcanic  rocks  of  South  Mountain  :  Jour.  Geol.,  Vol.  I,  No.  8,  1893,  p.  814. 
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has  an  ill-defined  micropoikilitic  structure.  Among-  the  phenocrysts  are  a 
few  irregular  individuals  of  quartz. 

The  closest  approach  to  typical  andesitic  microstructure  occurs  in  the 

dike  cutting  shales  in  the  ridge  south  of  Winter  Creek,  already  described 

(p.  10).  The  transition  from  a  groundmass  of  brown  microcryptocrystalline 

matrix  with  distinct  lath-shaped  feldspar  microlites  and  magnetite  grains  to 

one  that  is  gray  in  thin  section  with  larger  feldspar  laths  and  a  slightly 

micropoikilitic  structure  can  be  observed  in  one  rock  section  1J  inches 

long  (76).  The  finest-grain  is  at  the  contact  with  the  inclosing  rock.  The 
dike  is  8  feet  wide  and  the  central  portion  is  slightly  more  crystalline. 

There  is  a  pronounced  fluidal  arrangement  of  the  feldspar  microlites,  more 

or  less  parallel  to  the  sides  of  the  dike.  The  hornblende  and  biotite  are  both 

altered  to  chlorite,  which  also  fills  the  centers  of  the  feldspar  phenocrysts, 
leaving  a  clear  marginal  zone.  Magnetite  occurs  in  phenocrvsts  and  in 

minute  crystals  in  the  groundmass.  Whatever  ferromagnesian  minerals 

may  have  been  constituents  in  the  groundmass  have  been  chloritized,  and 

there  is  no  evidence  that  they  were  present  in  any  considerable  amount. 

In  the  rock  from  the  horizontal  sheet  in  this  ridge  of  limestone  the  ground- 
mass,  which  is  coarser  grained,  contains  abundant  microlites  of  mica  and 

altered  hornblendes,  with  minute  magnetites.  These  minerals  are  also 

abundant  as  phenocrysts.  Apatites  and  long,  thin,  doubly  terminated 

crystals  of  zircon  occur.  Except  for  this  slightly  more  ferromagnesian 

modification  of  the  rock  (74),  the  mineralogical  composition  of  the  laccolith 

is  very  uniform  throughout  the  whole  of  its  exposure,  which  covers  a  dis- 
tance of  7  miles. 

Segregations  occur  in  places.  They  consist  of  comparatively  coarse- 
grained crystallizations  of  green  hornblende,  with  brownish  tones,  marked 

pleochroism,  and  orthopinacoidal  twinning,  besides  lime-soda  feldspar,  in 
part  labradorite,  with  magnetite,  some  biotite,  and  a  little  quartz  and  grains 

of  calcite;  the  whole  having  a  hypidiomorphic  granular  structure. 

MOUNT  HOLMES  BYSMALITH. 

DACITE-PORPHYRY. 

The  rock  constituting  this  great  body,  which  embraces  the  mass  of  five 

mountain  peaks,  and  is  3  miles  long  and  2  miles  wide,  is  very  uniform  in 

general  appearance  through  the  whole  extent  of  the  body.  It  is  grayish 

white,  with  few  small  phenocrysts  of  feldspar  and  biotite,  and  has  a  fine- 
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grained  to  aphanitic  texture.  It  is  not  markedly  porphyritic.  The  variations 

in  texture  occur  near  the  margin  of  the  body,  where  they  bear  a  definite 

relation  to  the  contact  plane.  They  are  accompanied  by  a  slight  change  in 

the  chemical  composition.  The  uniformity  in  the  character  of  the  mass 

indicates  that  the  whole  body  was  one  magma,  erupted  at  one  time.  Its 

mineral  composition  is  seen  with  the  microscope  to  be  quartz  and  alkali 

feldspar  with  biotite,  corresponding  to  that  of  biotite-granite.  Its  chemical 
composition  is  shown  by  the  following  analyses,  one  of  which  represents 

the  main  mass  of  the  rock;  the  other,  which  is  more  siliceous,  is  of  rock 

from  near  the  margin  of  the  bysmalith,  at  Echo  Peak. 

Analyses  of  dacite-porphyry  and  rhyolite-felsite. 
[Analyst,  J.  E.  Whitfield.] 

Constituent. 

Si02   

Ti02   

A1203   

F,03   

FeO   

MnO   

MgO   
CaO   

Li0.2   
Na»0   

K20   

P=03   

S03   

H20   

Total 

(77) 
Mount Holmes. 

69.54 
None. 

17.95 
2.50 

.22 None. 

.50 

1.80 
Trace. 

4.30 

1.21 

None. 
.37 

1.96 

100. 35 

(87) Echo  Peak. 

74.  51 
None. 
14.83 

1.09 

Trace. 
Trace. .47 

.81 

.02 
4.38 

2.  72 

Trace. 

.24 

.92 

99.99 

The  chemical  composition  corresponds  to  that  of  a  granite  high  in  soda. 

The  main  mass  has  a  chemical  composition  just  on  the  border  line  between 

soda-rhyolite  and  dacite,  while  the  marginal  portion  has  the  composition  of 

soda-rhyolite.  As  already  noted,  its  texture  is  not  markedly  porphyritic,  so 
that  it  stands  between  a  distinct  porphyry  and  a  felsite.  It  is,  consequently, 

difficult  to  give  it  a  name  that  will  not  be  open  to  criticism.  We  have  called 

the  main  mass  dacite-porphyry. 

In  thin  section  the  rock  appears  as  a  gray,  very  fine-grained  mass  with 
abundant  minute  specks  of  biotite.     Under  the  microscope  it  is  seen  that 
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the  microstructure  and  grain  of  the  rock  from  the  summit  and  south  slope 

of  Mount  Holmes  (77,  78),  and  those  of  the  rock  from  the  "White  Peaks  west 
of  the  head  of  Indian  Creek  (80,  81,  82),  are  very  uniform,  and  represent  the 

coarsest-grained  forms  found.  The  highest  part  of  the  mass  as  it  now 
exists,  the  summit  of  Mount  Holmes,  is  nearly  as  coarsely  crystallized  as 

any  part  of  the  body  examined. 
The  coarsest  varieties  consist  of  quartz  in  allotriomorphic  individuals, 

inclosing  nearly  idiomorphic  crystals  of  feldspar,  with  fewer  of  biotite  and 

magnetite.  The  structure  is  thus  micropoikilitic,  or  is  almost  exactly 

analogous  in  the  relative  proportions  and  sizes  of  the  crystals  to  microphitic 

structure  in  ophitic  basalt.  The  quartz  extinguishes  light  between  crossed 

nicols  throughout  small  areas,  in  which  are  scattered  more  or  less  rectangular 

and  lath-shaped  feldspars.  The  quartzes  are  colorless  and  have  few  inclo- 
sures  of  liquid  with  moving  bubbles  and  salt  cubes.  The  feldspars  are 

cloudy  and  partly  altered ;  hence  the  minerals  are  easily  distinguished.  The 

structure  is  shown  in  PI.  XI,  fig.  3.  The  feldspars  are  partly  unstriated.  in 

Carlsbad  twins,  with  low  extinction  angles  and  low  double  refraction;  these 

are  probably  orthoclase;  others  are  partly  striated,  in  polysynthetic  twins, 

with  low  extinction  angles,  and  are  lime-soda  feldspars,  probably  oligoclase. 

It  appears  as  though  the  latter  predominated.  The  few  phenocrysts  are 

striated  lime-soda  feldspars.  Owing  to  the  low  percentage  of  calcium  oxide 

in  the  rock,  the  feldspars  must  correspond  to  plagioclase  rich  in  soda.  In 

one  instance  the  feldspar  contains  inclusions  of  what  appears  to  be  glass, 

but  its  exact  nature  is  doubtful.  Biotite  occurs  in  six-sided  plates  and  as 
irregular  individuals,  with  brown  color  and  strong  absorption.  They  often 

contain  minute  magnetite  grains.  The  biotite  is  sometimes  in  small  aggre- 
gates with  magnetite,  which  also  occurs  in  scattered  crystals.  Apatite  is 

present  in  long  slender  prisms,  but  is  rare.  In  some  cases  it  exhibits  a 

distinct  blue  and  brownish-purple  pleochroism.  Minute  zircon  prisms  are 

present. 
Among  the  secondary  minerals  is  a  little  muscovite  in  radiating  tufts. 

Chlorite,  resulting  from  the  alteration  of  biotite,  is  occasionally  noticed. 

The  decomposition  of  the  feldspar  produces  a  dust-like,  indeterminable 
mineral,  white  by  incident  light  and  yellowish  in  transmitted  light. 

In  the  dacite-porphyry  of  Echo  Peak  there  are  occasional  inclosures 

of  what  seems  to  be  coarse-grained  gneiss.  The  only  specimen  examined, 

however,   shows  a  coarse-grained  rock  with  somewhat  gneissic  structure, 
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but  composed  of  the  same  minerals  as  the  dacite-porphyry:  alkali  feldspar, 

quartz,  and  biotite,  with  magnetite  and  zircon.  The  microscopical  char- 

acters of  these  minerals  are  like  those  of  the  minerals  in  the  porphyry, 

and  it  is  possible  that  these  coarse-grained  inclosures  may  be  nothing  but 
coarsely  crystalline  portions  of  the  dacite  magma.  The  gneissic  structure 

may  be  the  result  of  irregular  differentiation,  as  in  the  case  of  the  banded 

gabbro  of  Skye,1  described  by  Geikie  and  Teall. 
The  transition  from  the  more  coarsely  crystalline  central  portion  to 

the  denser  and  finer-grained  aphanitic  marginal  portion  is  shown  in  the 
changes  in  microstructure  in  specimens  (83,  84,  86,  87,  88)  collected  from 

Echo  Peak  and  in  the  contact  zone  in  the  gulch  between  this  and  Three 
River  Peak. 

As  the  constituent  minerals  become  smaller  the  poikilitic  quartz  in  two 

cases  (84,  86)  assumes  more  of  an  idiomorphic  form,  interrupted  by  small 

feldspar  crystals  lying  at  various  angles.  The  quartz  sections  appear  in 

nearly  rhombic  forms,  the  direction  of  extinction  being  diagonal  to  the 

rhombs.  The  crystals  are  more  or  less  perfect  hexagonal  bipyramids,  formed 

by  ±  P-  They  sometimes  lie  in  a  finer-grained  mixture  of  feldspar  and 

quartz,  which,  however,  does  not  amount  to  a  groundmass,  being  in  rela- 

tively small  quantity.  In  other  cases  the  finer-grained  modifications  of  the 
rock  are  still  micropoikilitic,  and  have  essentially  the  same  structure  as  the 

coarser  kinds.  It  would  seem  as  though  the  idiomorphism  of  the  quartzes 

occurred  in  cases  where  the  feldspar  was  a  little  more  abundant.  The  rock 

from  which  the  second  analysis  (87)  was  made  is  minutely  micropoikilitic. 

This  aphanitic  variety  is  mottled  with  small  dark  spots  that  prove  to  be 

chlorite,  containing  small  scales  and  plates  of  muscovite,  Avhich  also  occurs 

scattered  through  the  rock  in  small  amount.  No  biotite  is  present.  Mag- 
netite occurs  in  small  crystals.  The  chlorite  and  muscovite  are  seen  in 

some  cases  to  be  alteration  products  of  biotite,  so  that  in  all  the  specimens 

examined  it  may  be  assumed  to  have  had  the  same  origin. 

This  more  lithoidal  or  aphanitic  form  of  the  rock  occurs  in  broad 

bands  parallel  to  the  plane  of  contact  around  the  margin  of  the  bysmalith. 

The  banding  is  recognizable  at  a  distance,  and  is  shown  in  the  photograph 

(PI.  XII)  of  the  north  side  of  Echo  Peak.  The  banding-  stands  at  steep 
angles,  which  are  more  nearly  vertical  in  lower  exposures,  suggesting  a 

'Geikie,  A..,  and  Teall,  J.  J.  H.,  On  the  banded  structure  of  some  Tertiary  gabbros  iu  the  Isle  of 
Skye:  Quart.  Jour.  Geol.  Soc.,  London,  Vol.  L,  No.  200,  1894,  pp.  645-G60. 
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dome-like  shape  to  the  bysmalith.  The  rock  of  the  bands  is  massive,  the 
banding  being  due  to  differences  in  the  constituents  or  in  the  colors  and 

texture,  and  not  to  parallel  jointing.  In  the  vicinity  of  Echo  Peak,  on  its 

north  side,  the  banding  pitches  downward  at  30°  to  35°,  passing  under  the 

tilted  limestone.  A7ery  close  to  the  contact  with  limestone  the  porphyry 
or  felsite  is  dense  and  slaty  (94),  being  split  into  thin  plates  parallel  to  the 

contact  plane.  These  are  traversed  by  numerous  irregular  joints,  which 

break  it  into  sherdy  pieces  at  right  angles  to  the  contact  plane.  In  places 

it  carries  quartz  phenocrysts,  and  has  the  appearance  of  a  quartz-porphyry. 
The  dense  aphanitic  variety  is  fine  grained  and  without  phenocrysts. 

It  is  holocrystalline,  with  the  small  quartzes  idiomorphic  and  the  feldspars 

less  so,  though  many  of  the  small  feldspars  are  idiomorphic,  and  the 

structure  approaches  panidiomorphic-granular.  The  average  size  of  the 
quartzes  is  about  0.03  mm. 

A  very  similar  modification  of  this  rock  forms  an  intrusive  sheet  or 

apophysis  from  the  bysmalith  in  the  limestone  and  shale  beneath  the 

Indian  Creek  laccolith  on  the  north  side  of  the  valley  of  Indian  Creek  (95). 

It  resembles  the  last-described  variety  in  megascopical  habit  and  platy 
parting  and  in  microstructure,  but  the  idiomorphism  of  the  quartz  is  less 

pronounced.     The  thickness  of  the  sheet  is  not  known. 

The  marginal  modification  of  the  bysmalith  is  well  shown  in  the 

mountain  ridge  west  of  The  Dome  and  north  of  Mount  Holmes.  The  same 

broad  banding  is  present,  the  position  of  the  bands  being  almost  vertical  in 

the  southern  exposure,  where  the  contact  is  visible  for  hundreds  of  feet. 

The  central,  more  crystalline  form  of  the  rock  passes  into  a  more  plainly 

porphyritic  zone,  and  this  into  an  aphanitic  zone,  which  is  spotted  near  its 

contact  with  the  surrounding  rocks.  The  inclosing  rocks  are  penetrated 

by  narrow  dikes  of  the  aphanitic  dacite-porphyry.  The  aphanitic  modifica- 
tion (93)  has  very  much  the  same  microstructure  as  that  near  the  contact 

north  of  Echo  Peak,  except  for  abundant  small  feldspars,  which  are 

larger  than  the  constituents  of  the  groundmass.  They  are  only  sparingly 

present  in  the  case  of  the  other  locality.  Parts  of  this  contact  zone  are 

aphanitic,  with  irregularly  stellate  or  dendritic  spots  (90).  The  micro- 
structure  is  rather  panidiomorphic,  with  distinct  quartz  crystals,  and  the 

dark-colored  spots  are  biotite  and  muscovite  and  alteration  products,  now 

mostly  iron  oxide,  probably  derived  from  biotite.    The  mica,  when  unal- 
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tered,  extends  through  the  groundmass  for  some  distance  as  single  crystals, 

inclosing  many  quartz  crystals,  in  a  poikilitic  manner. 
The  same  kind  of  contact  zone  exists  east  of  Mount  Holmes  and  west 

of  Trilobite  Point.  The  plane  of  contact  is  nearly  vertical,  and  from  the 

aphanitic  marginal  zone  numerous  offshoots  penetrate  the  adjacent  rocks. 

The  dikes  are  white,  aphanitic,  and  exhibit  banding  and  flow  structure. 

Specimens  from  the  contact  were  studied  and  found  to  be  very  fine  grained, 

with  micropoikilitic  structure,  the  quartz  individuals  being  about  0.15  mm. 

in  diameter,  and  having  a  skeleton-like  form,  the  outline  of  each  quartz 

being  nearly  idiomorphic,  but  not  continuous,  as  shown  in  PL  XI,  fig.  4. 

The  feldspar  forms  minute  clouded  grains  and  crystals.  There  are  micro- 

scopic flakes  of  muscovite  scattered  through  the  rock,  and  some  calcite.  In 

the  bysmalith  rock  immediately  in  contact  with  the  andesite-porphyrv  of 
the  laccolith  the  microscopic  skeleton  quartzes  are  scattered  in  a  micro- 

cryptocrystalline  groundmass.  Calcite  is  abundant  in  irregular  grains. 

The  aphanitic  rock  penetrates  the  limestone  in  sheets  that  sometimes  break 

into  thin  crumpled  layers.  This  modification  is  microgranular,  very  fine 

grained,  and  not  poikilitic,  and  consists  of  quartz  and  feldspar  in  allotrio- 

morphic  grains.  The  size  of  the  grains  varies  slightly  in  alternate  layers, 

producing  the  lamination.  Minute  flakes  of  muscovite  are  scattered  through 

the  rock  and  intersect  one  another  at  all  angles.  They  are  more  abundant 

in  some  layers  than  in  others. 

Similar  offshoots  of  microgranular  rock  occur  on  the  north  side  of 

Panther  Creek  and  near  the  ridge  west  of  the  head  of  Grallatin  River.  In 

these  bodies,  however,  biotite  is  more  abundant,  and  the  micropoikilitic 

structure  passes  into  micrographic  structure  as  the  feldspar  inclosures 

assume  a  more  uniform  orientation  (96,  97,  98). 

BIGHORN  PASS  SHEET. 

KERSANTITE. 

The  small  obscure  body  of  dark-colored  porphyry-like  rock  which  is 

exposed  in  the  vicinity  of  Bighorn  Pass  is  characterized  by  phenocrysts  of 

hornblende  and  mica,  and  rarely  those  of  feldspar.  In  places  the  horn- 

blendes are  quite  large  ;  in  other  parts  of  the  mass  there  are  no  phenocrysts 

(124).  On  the  pass  the  sheet  is  from  50  to  75  feet  thick.  On  the  north 

side  of  Three  River  Peak  there  is  a  nearly  horizontal  intrusive  sheet,  10  feet 
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thick,  of  dense  aphanitic  gray  and  red  rock  (100),  which  might  be  mistaken 

at  first  glance  for  a  fine-grained  sandstone.  It  is  at  about  the  same  horizon 
as  the  sheet  at  Bighorn  Pass,  and  proves  to  be  of  similar  rock.  Its 

resemblance  to  this  rock  was  not  recognized  in  the  field,  and  though  associ- 

ated with  dikes  of  dacite-porphyry  its  relation  to  them  was  not  noted. 
Under  the  microscope  the  rock  from  Bighorn  Pass  is  seen  to  consist  of 

a  noncrystalline  gronndmass  of  feldspar,  mostly  plagioelase,  with  quartz 

and  some  orthoclase,  and  larger  crystals  of  angite,  biotite,  and  occasional 

hornblende,  with  abundant  magnetite,  besides  chlorite  and  calcite.  It  is 

not  fresh,  the  angite  and  hornblende  being  partly  decomposed.  Its  chemical 

composition  is  as  follows: 

Analysis  of  Tcersantite  from  Bighorn  Pass. 
[Analyst,  J.  E.  Whitfield.] 

Constituent. 1. 

2. 

3. 

SiO.,   48.73 
1.34 

11.  92 
4.79 
4.56 

.36 
5.93 

9.24 
None. 

Trace. 

Trace. 
2.62 

2.47 

.32 

.34 

.11 
5.80 
1.52 

47.73 49.82 

TiOa   

AljOs   10.07 

7.39 
4.29 

.23 

7.66 

6.97 

14.  50 

8.06 
FeO;   

FeO   

MnO   

MgO   
5.81 7.69 CaO   

SrO   

BaO   

Li-0   

KO   

3.78 

1.22 

3.03 3.50 

Trace. 
Trace. 

P.,0,   

S03   

CI   

CO     5.88 
4.46 

4.42 2.54 
HO   

Leas  O  for  CI   

100.  05 

.02 
99.68 

99.  37 

100.  03 

1  =  Kersantite,  Bighorn  Pass. 

2  =  Miuette,  Eichelberg,  Heidelberg.1 

3=Kersantite,  between  Falkenstein  and  Steinbach  Miihle,  Fichtelgebirge.2 

1  From  Roth's  Tables  of  chemical  analyses,  Beitriige  zur  Petrographie  der  plutonischen  Oesteine, 
4°,  Berlin,  1873,  xxvi. 

-  Ibid,  1884,  xxiv. 
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The  high  percentage  of  carbon  dioxide,  5.80,  corresponds  to  the 

abundance  of  calcite.  The  comparatively  low  alumina  and  relatively  high 

alkalies  are  noteworthy.  The  potash  is  comparatively  high  for  so  basic  a 

rock,  and  accounts  for  the  presence  of  abundant  biotite.  Magnesia  is  below 

the  normal  percentage  for  a  rock  with  so  little  silica.  It  has  entered  into 

the  composition  of  biotite,  malacolite,  and  hornblende.  No  orthorhombic 

pyroxene  or  olivine  has  been  developed.  A  comparison  of  this  rock  with 
several  others  somewhat  similar  in  chemical  composition  will  be  made 
later  on. 

The  microscopic  feldspars  are  polysynthetic  twins  of  lime-soda  feldspar, 
with  high  extinction  angles,  corresponding  to  labradorite.  They  are  nearly 

idiomorphic,  rectangular  to  lath-shaped  crystals,  of  pure  substance,  and 
when  not  obscured  by  calcite  they  appear  perfectly  fresh  and  not  at  all 

crushed.  It  seems  as  though  the  calcite  had  been  derived  from  other 

sources — that  is,  from  the  pyroxene,  or  by  infiltration  from  the  inclosing 
limestone.  The  absence  of  strain  or  crushing  is  significant  in  connection 

with  the  proximity  of  this  thin  sheet  to  the  massive  laccolith,  and  indicates 

that  this  lamprophyric  rock  is  the  more  recent  intrusion.  In  places  the 

form  of  the  feldspar  is  tabular.  And  sometimes  the  rectangular  crystals 

are  bounded  by  a  margin  of  unstriated  feldspar  with  allotriomorphic  out- 

line, and  in  some  cases  idiomorphic  outline.  This  feldspar  has  a  lower 

index  of  refraction  than  that  of  the  inclosed  feldspar,  and  is  undoubtedly 

orthoclase.  Its  mode  of  occurrence  is  precisely  the  same  as  that  of  the 

orthoclase  in  the  groundmass  of  the  basaltic  rocks,  absarokite  and  shosho- 

nite,  described  in  Chapter  IX.  Grains  of  quartz  constitute  the  last  crystal- 
lization of  the  groundmass.  It  is  probable,  however,  that  some  of  the 

quartz  is  secondary,  since  it  occurs  in  idiomorphic  crystals  surrounded  by 

calcite.  There  are  many  grains  and  crystals  of  magnetite  and  abundant 

minute  hexagonal  prisms  of  colorless  apatite.  Brown  biotite  is  in  part 

idiomorphic,  in  part  allotriomorphic,  with  penetrations  of  plagioclase  and 

inclusions  of  apatite  and  magnetite.  The  monoclinic  pyroxene,  with  large 

angle  of  extinction  and  rather  low  double  refraction,  is  almost  colorless  in 

thin  section,  and  is  a  diopside  or  malacolite.  It  is  partly  altered  along 

cracks  and  around  the  margin,  with  the  formation  of  calcite  and  chlorite.  It 

is  mostly  idiomorphic,  in  comparatively  large  crystals,  and  does  not  occur 

in  microlites  in  the  groundmass.     The  crystals  have  the  ordinary  form  and 
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distinct  prismatic  cleavage.  Inclusions  of  magnetite  occur.  The  pyroxene 

appears  to  have  been  an  earlier  crystallization  than  the  biotite.  Hornblende, 

which  is  the  most  prominent  constituent  in  some  forms  of  the  rock,  is  hardly 

seen  in  the  thin  sections  prepared.  It  occurs  to  only  a  small  extent  in 

microscopic  crystals. 

In  the  finer-grained  modifications  of  the  rock  the  porphyritical  charac- 
ter of  the  pyroxene  becomes  more  pronounced.  The  groundmass  consists  of 

allotriomorphic  feldspars,  with  scattered  lath-shaped  crystals  of  plagioclase, 
apparently  belonging  to  the  more  calcic  varieties,  together  with  magnetite 

or  apatite;  biotite  is  partly  in  microscopic  individuals,  partly  in  megascopic 

ones.  There  are  also  microscopic  grains  and  crystals  of  calcite  and  patches 

of  chlorite.  In  these  varieties  the  pyroxene  is  wholly  altered  to  chlorite  or 

serpentine. 

In  a  marginal  modification  of  the  rock,  without  phenocrysts,  the  crystal- 
lization of  the  groundmass  is  very  fine  grained,  and  the  original  structure 

is  greatly  obscured  by  secondary  biotite  in  microscopic  plates,  which  project 

into  aggregates  of  quartz.  This  quartz  exhibits  peculiar  interference  phe- 

nomena, suggesting  polysynthetic  twinning. 

The  mineral  composition  of  the  rock,  as  well  as  the  chemical,  is  unusual. 

They  both  correspond  somewhat  closely  to  certain  kersantites  and  minettes, 

analyses  of  one  of  each  of  which  are  placed  in  columns  by  the  side  of  the 

analysis  of  this  rock  for  comparison.  It  is  to  be  remarked  that  the  minette, 

according  to  analysis,  contains  less  potash  than  the  kersantite.  There  is,  in 

fact,  nothing  in  the  chemical  composition  to  suggest  the  ciystallization  of 

orthoclase  feldspar.  But  this  is  equally  the  case  in  the  rock,  leucite- 

absarokite,  from  Ishawooa  Canyon,  whose  analysis  is  given  in  Chapter 

IX,  and  in  which  the  feldspathic  constituents  are  orthoclase  and  leucite. 

Several  analogous  magmas  form  dikes  in  the  vicinity  of  the  Crandall 

volcano  (Chapter  VII).  They  are  somewhat  richer  in  magnesia  and  potash, 

and  are  characterized  by  olivine,  biotite,  and  orthoclase  feldspar.  As  in 

their  cases,  this  unusual  magma  is  known  only  in  a  small  mass.  Mineral- 

ogically  it  may  be  classed  with  kersantites,  although  it  bears  a  certain 
resemblance  to  absarokite. 
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GRAY  MOUNTAIN  MASS  AND  CONNECTED  SHEETS. 

The  igneous  mass  of  Gray  Mountain  and  Joseph  Peak,  with  the  intru- 

sive sheets  directly  connected  with  it,  consists  of  andesite-porphyry  and 

holocrystalline  andesites,  having-  a  considerable  range  of  composition.  The 
greater  portion  is  hornblende-mica-andesite-porphyry ;  a  considerable  part  is 

hornblende-andesite-porphyry,  and  a  small  part  is  hornblende-pyroxene,  or 

pyroxene-andesite-porphyry,  while  some  varieties  might  be  classed  as  dacite. 

The  numerous  bodies  examined  exhibit  a  variation  in  the  mineral  composi- 

tion, even  within  some  of  the  bodies  of  small  size,  especially  with  reference 

to  the  relative  proportions  of  phenocrysts  of  hornblende  and  biotite.  So 

that  hornblende-mica-andesite-porphyries  are  in  some  places  richer  in  mica 
than  in  others,  or  richer  in  hornblende.  There  is  also  a  variation  in  the 

amount  of  dark-colored  minerals  present.  Some  are  rich  in  ferromagnesian 

silicates ;  others  poor  in  them.  The  latter  are  richer  in  feldspar  and  in  ground- 
mass,  and  are  usually  lighter  colored.  In  general,  it  is  found  that  in  the 

varieties  with  comparatively  few  ferromagnesian  silicates  biotite  is  in  excess 

of  hornblende,  but  not  always.  In  those  richer  in  these  minerals  hornblende 

preponderates  over  biotite  in  most  cases,  but  not  in  all.  There  is  conse- 
quently a  transition  in  varieties  from  those  rich  in  hornblende  with  little  or 

no  biotite  to  those  containing  biotite  with  little  or  no  hornblende.  The 

last-named  variety,  however,  does  not  constitute  any  considerable  body. 
Only  a  very  few  carry  quartz  phenocrysts,  but  quartz  is  a  microscopic 

constituent  of  the  groundmass  in  all  the  more  crystalline  varieties,  so  that 

the  classification  of  any  of  the  rocks  as  dacite  must  rest  upon  a  chemical 
basis. 

HORNBLENDE-MICA-ANDESITE-PORPHYRY  AND  ANDESITE. 

The  main  mass  of  the  intrusion  is  hornblende-mica-andesite-porphyrv. 

It  is  a  light-gray  rock,  with  abundant  small  phenocrysts  of  feldspar,  horn- 
blende, and  biotite,  the  groundmass  being  aphanitic,  It  is  compact,  with 

an  even  to  hackly  fracture,  cracking  into  slabs  and  angular  fragments.  It 
resembles  the  Indian  Creek  laccolith  very  closely  (146,  147,  170). 

The  forty-five  thin  sections  representing  these  hornblende-mica-andesite- 

porphyries  resemble  one  another  in  so  many  respects  that  their  microscopical 

characteristics  may  be  described  collectively.  The  constituent  minerals 

being  alike  in  nearly  all  cases,  the  difference  between  the  various  rock 

bodies  lies  in  the  crystallization  of  the  groundmass. 
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In  only  a  few  of  the  rocks  are  all  of  the  minerals  unaltered,  or  nearly 

fresh.  In  most  cases  the  hornblende  is  completely  decomposed,  while 

biotite  is  generally  unaltered  in  most  of  them.  The  feldspars  are  unaltered 

in  nearly  all  the  rocks  examined.  The  least  altered  rocks  were  found  in 

the  Gray  Mountain  mass  (146,  147),  in  a  heavy  sheet  in  the  gulch  on  the 

southwest  slope  of  Electric  Peak  (191),  and  in  the  sheet  forming  the  western 

summit  of  Electric  Peak  (197).  In  these  bodies  the  hornblende  is  almost 

entirely  fresh. 

The  hornblende  is  greenish  brown  with  the  usual  pleochroism,  between 

dark  greenish  brown  and  light  brown.  In  some  cases  a  zonal  structure  is 

exhibited,  the  zones  being  different  shades  of  the  same  color.  In  other 

cases,  notably  in  a  segregation  of  hornblende,  the  color  is  chestnut  brown 

to  purplish  brown,  passing  into  greenish  brown,  and  into  green  at  the 

margin,  the  zonal  arrangement  of  the  colors  not  being  parallel  to  crystal- 

lographic  forms,  but  irregular.  In  some  individuals  the  margin  is  reddish 

brown.  These  tones  also  occur  in  phenocrysts  in  the  groundmass  that 

incloses  the  segregations  of  hornblende.  This  particular  rock  is  rich  in 

hornblende  and  poor  in  biotite,  and  appears  to  be  a  less  siliceous  variety. 
In  the  more  siliceous  varieties  of  these  rocks  the  hornblende  has  more  of 

the  greenish  tone.  The  shape  of  its  crystal  is  that  common  to  these  kinds 

of  rocks — short,  stout  prisms,  generally  idiomorphic.  Cleavage  and  twin- 

ning are  also  normal.  The  substance  of  the  unaltered  hornblende  is  quite 

pure,  there  being  but  few  inclusions,  usually  magnetite.  It  occasionally 

surrounds  biotite  and  augite  (164)  as  nearly  synchronous  crystallizations, 

each  being  allotriomorphic  with  respect  to  the  other.  Sometimes  there  is  a 

border  of  minute  biotite  plates  surrounding  the  hornblende  (146).  Decom- 

position begins  as  chloritization  around  the  margin  of  the  hornblende  and 

along  cracks.  When  completely  altered,  there  is  a  pseudomorph  consisting 

of  chlorite  with  grains  of  iron  oxide,  and  areas  or  cores  of  calcite,  and 

sometimes  muscovite  in  confused  aggregations.  The  latter  mineral  appears 

to  have  been  derived  from  the  biotite  in  the  rock,  which  is  also  decomposed 

in  such  cases  (201).  In  an  upturned  sheet  of  andesite-porphyry  in  the 

southeast  spur  of  Electric  Peak  the  hornblende  phenocrysts  have  been 

converted  into  nearly  parallel  aggregates  of  actinolite  (222).  In  the  rock 

on  the  south  slope  of  Gray  Mountain,  where  it  appears  to  be  somewhat 

coarser  grained  and  more  easily  eroded  (148),  the    hornblende,   in  part 
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chloritized,  is  more  or  less  wholly  replaced  by  a  zeolite,  which  from  its 

optical  behavior  seems  to  be  scolecite. 

Biotite  occurs  in  rather  thick  six-sided  crystals,  often  idiomorplrc.  The 
color  is  brown,  with  strong  absorption.  Inclusions  are  not  frequent,  being 

magnetite  and  apatite,  rarely  zircon.  In  some  places  lenticular  layers  of  cal- 
cite  have  been  deposited  along  cleavage  planes  in  the  biotite,  distorting  the 

lamella?.  Decomposition  results  in  the  formation  of  chlorite  and  epidote, 
and  sometimes  of  muscovite. 

Feldspar  phenocrysts  are  abundant  in  most  of  the  rocks,  but  not  in  all. 

In  only  a  few  cases  are  they  unaltered;  in  general  they  are  clouded  with 

more  or  less  secondary  material.  They  are  all  plagioclase;  the  unaltered 

ones  in  the  less  siliceous  rocks  are  in  part  labradorite.  In  other  cases  they 

appear  to  be  andesine-oligoclase.  Zonal  structure  is  pronounced.  In  some 
of  the  less  altered  feldspars  minute  cracks,  which  are  evidently  the  result  of 

crushing,  traverse  the  crystals  in  crudely  parallel  directions,  and  have  led 

to  the  production  of  secondary  minerals  of  several  kinds.  One  is  colorless, 

with  lower  refraction  than  feldspar,  but  nearly  the  same  double  refraction. 

It  occurs  in  patches,  with  sharp-pointed  edges.  Another  is  colorless,  with 
higher  refraction  and  stronger  double  refraction  than  feldspar.  Its  identity 

was  not  made  out.  Other  secondary  minerals  replacing  feldspar  are  calcite, 

epidote,  and  a  microcryptocrystalline  aggregate  which  is  indeterminable. 

In  one  instance  (148)  the  same  zeolite  replaces  feldspar  which  replaces 
hornblende. 

Quartz  occurs  as  phenocrysts  in  only  a  few  cases  (147,  198).  It  forms 

small  rounded  crystals,  with  occasional  inclusions  of  other  minerals.  Mag- 
netite in  small  grains  may  be  reckoned  with  the  phenocrysts.  Apatite,  and 

rarely  zircon,  also  belong  to  the  crystals  first  formed. 

The  groundmass  of  these  hornblende-mica-andesite-porphyries  is  holo- 

crystalline  and  exceedingly  fine  grained.  No  specimen  of  the  central  part 

of  the  Gray  Mountain  mass  was  collected,  hence  its  coarsest  crystallization 

is  not  known.  Nothing  was  seen  that  indicated  a  coarser  grain  than  exists 

in  the  Indian  Creek  laccolith.  The  specimens  collected  are  from  the  marginal 

portion.  Of  these,  the  coarsest  grained  is  micropoikilitic  and  finer  grained 

than  the  coarsest-grained  variety  of  the  Indian  Creek  laccolith.  This  grades 
into  modifications  with  less  pronounced  micropoikilitic  structure  (146,  147, 

148).     The  constituents  of  the  groundmass  are  rectangular  and  lath-shaped 
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feldspars  with  low  extinction  angles.  Some  exhibit  no  twinning.  It  is 

probable  that  oligoelase  and  orthoclase  are  both  present.  Irregularly  shaped 

grains  also  occur.  Quartz  is  present  as  poikilitic  cement,  or  in  minute  grains 

when  this  structure  is  not  developed.  Magnetite  crystals  and  some  irregular 

shreds  of  biotite  and  green  hornblende  also  take  part  in  the  groundmass. 

In  this  mass  lie  small  crystals  of  feldspar  and  the  ferromagnesian  minerals, 

varying  in  size  to  the  largest  phenocrysts.  In  one  specimen  small  quartz 

phenocrysts  occur  (147).  The  groundmass  of  the  rock  forming  the  western 

summit  of  Electric  Peak  is  micropoikilitic,  with  more  hornblende  and  biotite 

as  constituents  (197).  The  same  structure  is  found  in  an  altered  sheet  on 

the  northeast  spur  of  this  mountain  (214).  Slightly  finer-grained  forms  of 
this  same  structure  occur  in  two  other  sheets  in  Electric  Peak  (201,  151). 

A  lower  grade  of  crystallization  has  smaller  and  less  distinctly  poikilitic 

grains,  with  clearly  defined  lath-shaped  feldspars  that  sometimes  exhibit  a 

fluidal  arrangement.  A  still  lower  grade  consists  of  minute  lath-shaped 
feldspars,  with  indistinct  patches  of  poikilitic  quartz,  and  spots  that  are 

microcryptocrystalline.  There  is  sometimes  pronounced  flow  structure. 

In  thin  sections  the  groundmass  is  gray,  with  minute  feldspars,  and  mag- 
netite grains,  and  occasional  apatites.  These  modifications  are  but  slightly 

different  from  andesites,  and  might  be  classed  as  such.  They  occur  in 
varieties  richer  in  biotite  than  in  hornblende.  A  microstructure  very  similar 

to  this,  but  less  uniformly  developed  and  still  finer  grained,  is  found  in  a 

crushed  sheet  in  the  southeast  spur  of  Electric  Peak  (213),  where  the  rock 

is  considerably  altered.  In  this  case  it  is  possible  that  the  micropoikilitic 

structure  is  secondary.  The  lowest  grade  of  crystallization  allied  to  the 

micropoikilitic  is  one  in  which  there  is  a  brownish  base,  which  is  doubtfully 

holocrystalline.  In  this  are  feldspar  microlites  and  irregular  grains,  in 

places  approaching  a  poikilitic  structure.  It  is  probable  that  the  rock  is 

holocrvstalline.     Its  habit  is  thoroughly  andesitic. 
The  microstructure  of  other  modifications  of  these  intrusive  sheets  is  not 

very  different  from  the  micropoikilitic  varieties,  in  that  it  consists  of  lath- 
shaped  feldspars  and  grains  of  feldspar  and  quartz  of  nearly  the  same  size 

as  in  the  other  cases,  but  the  poikilitic  cementing  quartz  is  wanting.  These 

rocks  are  very  fine  grained,  the  average  diameter  of  the  grains  being  about 

0.02mm.,  or  smaller.  In  one  instance  the  granular  groundmass  is  filled  with 

phenocrysts  of  feldspars  and  some  micrographic  intergrowth  surrounding 
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the  smaller  crystals  (216).     A  granular  micro-crystalline  to  microcrypto- 
crystalline  structure  occurs  in  some  of  the  sheets. 

Another  class  of  microstructures  is  that  in  which  the  groundmass  con- 

sists of  grains  and  crudely  idiomorphic  crystals  of  feldspar  and  quartz,  with 

abundant  small  crystals  of  quartz,  nearly  idiomorphic,  in  six-sided  pyramids, 
generally  inclosing  several  grains  of  feldspar.  The  structure  may  grade 

into  micropoikilitic.  In  the  best-developed  groundmass  of  this  kind,  in 

andesite-porphyry  from  the  ridge  north  of  Fawn  Pass  (140),  the  quartz 

crystals  are  0.3mm.  in  length  and  smaller.  The  rock  is  rich  in  biotite  and 

poor  in  hornblende.  In  other  cases  the  grain  is  smaller,  and  innumerable 

idiomorphic  quartzes,  0.01  in  diameter,  fill  the  groundmass.  This  structure 

is  developed  in  the  sheet  of  andesite-porphyry,  rich  in  hornblende  (191), 
which  occurs  in  the  gulch  southwest  of  the  summit  of  Electric  Peak.  In  a 

few  cases  the  lath-shaped  feldspars  preponderate  over  the  granular  minerals, 

giving  the  groundmass  a  holocrystalline  pilotaxitic  structure. 

HORNBLENDE-ANDESITE-PORPHYRY  AND   ANDESITE. 

Of  the  remaining  intrusive  sheets  in  this  part  of  the  Gallatin  Moun- 

tains very  much  the  greater  number  are  hornblende-andesite-porphyries  and 
holocrystalline  andesites  without  pyroxene  and  without  biotite,  except  a 

trace  in  some  instances.  A  very  few  bodies  contain  pyroxene,  either  with 
hornblende  or  without. 

In  contrast  to  the  hornblende-mica-anclesite-porphyries  the  hornblende- 

andesite-porphyries  are  less  decomposed,  the  hornblende  being  only  partly 
altered  in  most  cases,  and  quite  fresh  in  a  number  of  instances.  This  is  the 

more  noteworthy  since  they  appear  to  be  older  than  the  hornblende-mica 

rock  in  several  instances,  though  not  in  all.  The  hornblende-andesite- 

porphyries  and  andesites  are  characterized  by  abundant  small  phenocrysts 

of  hornblende  and  fewer  of  feldspar.  They  vary  in  amount  of  phenocrysts 

and  in  the  general  color  and  habit  of  the  rock.  Some  are  scarcely  dis- 

tinguishable from  the  hornblende-mica  rocks  into  which  they  grade.  The 
hornblende  phenocrysts  have  the  same  habit  and  colors,  brownish  green, 

with  reddish-brown  tones  in  places,  and  upon  alteration  are  replaced  by 
chlorite  or  calcite,  or  both  together,  sometimes  with  grains  of  epidote  or 

titanite.  The  feldspar  phenocrysts  are  plagioclase,  apparently  andesine- 
labradorite,  with  zonal  structure  and  twinning,  as  in  the  rocks  just  described. 
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They  are  much  less  abundant  and  smaller  in  most  of  the  present  group, 

and  are  in  part  cracked  and  altered  in  the  same  manner  as  in  the  hornblende- 

mica  rocks.  In  some  instances  the  feldspar  is  perfectly  fresh  when  the 

hornblende  is  entirely  altered,  and  vice  versa.  The  only  other  constituent 

that  may  be  classed  with  the  phenocrysts  is  magnetite,  in  small  crystals, 

scattered  through  the  rock,  and  inclosed  in  the  hornblende.  It  is  in  some 

cases  decomposed  and  replaced  by  aggregations  of  hydrous  oxide  of  iron, 

leucoxene,  and  brightly  polarized  scales  of  an  undetermined  mineral.  The 

magnetite  is  plainly  titaniferous,  and  chemical  analysis  shows  1.71  per  cent 

of  titanium  oxide  in  the  rock  analyzed      Pyrite  is  occasionally  present. 

The  groundmass,  always  holocrystalline,  consists  in  most  cases  of  a 

microcrystalline  aggregation  of  grains  that  are  indistinctly  poikilitic,  and 

of  feldspar  microlites,  both  lath-shaped  and  rectangular,  together  with 
magnetite  and  irregularly  shaped  hornblende  or  chlorite.  In  one  case  the 

micropoikilitic  structure  is  more  pronounced.  In  others  the  lath-shaped 
and  rectangular  feldspars  preponderate.  In  two  instances  the  groundmass 

is  microcryptocrystalline,  with  scattered  feldspar  microlites  and  some  indis- 
tinct micropoikilitic  structure. 

On  the  ridge  running  southwest  from  Electric  Peak  three  distinct 
bodies  of  intrusive  rock  intersect  one  another.  The  oldest  is  a  somewhat 

altered  hornblende-andesite-porphyry  (185).  This  is  traversed  by  a  large 

sheet  of  hornblende-andesite-porphyry,  which  is  quite  fresh,  light  gray 
colored,  with  abundant  small  phenocrysts  of  hornblende  and  feldspar. 

Through  the  rock  are  segregations,  several  inches  in  diameter,  that  differ 

greatly  in  texture  and  structure.  Some  appear  as  coarser-grained  modifi- 
cations of  the  main  rock,  others  as  varieties  with  larger  hornblende.  Some 

have  a  laminated  or  gneissoid  structure.  Occasionally  small  dark  patches 

surround  red  garnets  (182,  184,  188,  189).  The  main  body  of  the  rock, 

whose  chemical  composition  is  given  in  analysis  1,  p.  81,  consists  of  a 

micropoikilitic  groundmass,  with  abundant  lath-shaped  and  rectangular 

feldspars,  besides  hornblende,  a  little  chlorite,  magnetite,  and  quartz,  carry- 
ing phenocrysts  of  hornblende  and  cracked  plagioclase.  It  is  remarkable 

that  by  the  side  of  greatly  cracked  crystals  of  plagioclase,  with  the  cracks 

filled  with  the  secondary  mineral  already  described,  the  crystals  of  horn- 

blende exhibit  no  cracking,  often  no  cleavage,  and  no  optical  strain 

phenomena.     The  question  arises  whether  or  no  the  cracking  of  the  feld- 
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spar  was  produced  by  dynamic  forces  acting  on  the  whole  rock.  The 

nearly  parallel  position  of  the  cracks  in  all  feldspars  in  one  rock  section 

indicates  that  it  was  due  to  such  action.  The  total  absence  of  cracking  in 

the  hornblende  and  the  very  fresh  condition  of  this  mineral  are  certainly 

•remarkable  (182).  In  one  instance,  where  a  large  hornblende  is  adjacent 
to  a  feldspar,  both  are  cracked  in  the  same  direction,  but  the  hornblende 

exhibits  no  alteration  along  the  cracks.  The  alteration  within  the  feldspar 

appears  to  be  confined  entirely  to  its  crystal,  and  to  depend  upon  the 
feldspar  substance,  and  not  to  be  in  the  nature  of  an  infiltration  which 

might  have  lodged  within  the  cracks  in  the  hornblende.  At  the  margin  of 

the  rock  body  the  color  is  dark  and  the  phenocrysts  are  very  small  and  in 

greater  numbers  (184).  The  groundmass  is  microcryptocrystalline,  with 

indistinct  poikilitic  patches.  In  other  parts  of  the  body  the  groundmass 

has  a  microgranular  structure  with  minute  idiomorphic  quartzes.  This  is 

in  contact  with  one  of  the  segregations  (188),  which  consists  of  an  aggre- 

gate of  rectangular  feldspars,  for  the  most  part  in  polysynthetic  twins  with 

low  extinction  angles,  and  of  larger  hornblendes,  with  a  small  amount  of 

interstitial  cement  of  feldspar  and  quartz  grains.  It  contains  long,  slender 

needles  of  apatite,  partially  altered  magnetite,  and  some  chlorite  in  flakes, 

which  suggest  former  biotite.  The  hornblende  is  precisely  the  same  as 

that  in  the  surrounding  rock,  and  the  segregation  is  plainly  a  local  modifi- 

cation of  the  magma  of  the  rock.  One  segregation  consists  wholly  of 

brownish-green  hornblende.  Another  segregation  consists  of  similar  horn- 

blende crystals  crowded  together,  with  rather  large  feldspars,  and  no  fine- 

grained cement.  There  is  some  quartz,  calcite,  and  chlorite.  The  feldspars 

are  more  or  less  altered,  while  the  hornblende  is  perfectly  fresh.  The 

banded  segregations  with  gneissoid  appearance  consist  of  plagioclase  and 

hornblende,  with  biotite  in  places,  considerable  magnetite  and  green  spinel, 

besides  chlorite  as  an  alteration  of  biotite.  There  is  little  or  no  quartz. 

The  banded  structure  is  due  to  the  arrangement  of  magnetite,  spinel,  and 

biotite  in  streaks  or  layers,  and  to  the  crystallization  of  part  of  the  feld- 

spar in  small  crystals  and  grains  in  layers.  While  the  dark-colored  miner- 

als exhibit  a  pronounced  parallel  arrangement  in  places,  the  crystals  of 

feldspar  lie  in  all  possible  positions,  and  share  in  the  banded  character  only 

by  being  in  small  grains  or  in  large  crystals.  The  hornblendes  and  some 

biotites  are  poikilitic,  inclosing  small  rounded  crystals  of  plagioclase.     The 
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end  of  a  large  hornblende  is  normally  developed  where  it  lies  within  the 

groundmass  of  the  rock,  but  within  the  banded  segregation  it  is  poikilitic, 

and  is  traversed  by  a  broad  band  of  feldspar  grains.  In  places  where  the 

banding  of  the  magnetite  and  biotite  is  most  pronounced  and  is  in  delicate 

lines,  the  feldspars  are  comparatively  large  and  cross  the  lines  of  magnetite 

at  all  angles  without  modifying  them.  The  lamination  was  earlier  than 

the  crystallization  of  the  feldspars.  It  did  not  affect  the  orientation  of  the 

hornblende  material.  It  must  have  preceded  the  crystallization  of  the 

hornblende.  It  affected  the  size  of  the  feldspar  crystals  in  part.  The  size 

of  crystals  depends  primarily  upon  the  rate  of  cooling  or  upon  the  viscosity 

of  the  magma.  Since  the  cooling  must  have  been  the  same  for  all  parts  of 

so  small  a  mass,  the  most  variable  factor  is  likely  to  have  been  the  viscosity, 

which  depends  not  only  on  the  temperature  but  on  the  chemical  composi- 
tion. Hence  we  may  conclude  that  heterogeneity  in  the  mass  must  have 

been  the  cause  of  the  banding  and  abnormal  microstructure  in  these  small 

gneiss-like  segregations. 

HORNBLENDE-PYROXENE-ANDESITE-PORPHYRIES  AND  ANDESITES. 

The  hornblende-pyroxene-andesite-porphyries  and  andesites  are  few  in 
number  and  are  closely  associated  with  the  hornblende  rocks.  One  forms 

a  narrow  sheet  on  the  ridge  north  of  the  head  of  Fan  Creek  (162,  167).  It 

is  dense  and  andesitic  in  appearance,  with  hornblende  phenocrysts.  The 

groundmass  is  holocrystalline  and  pilotaxitic,  with  abundant  magnetite. 

Part  of  the  rock  has  small  phenocrysts  of  augite  in  addition  to  those  of 

hornblende,  besides  numerous  small  augites,  first  recognized  under  the 

microscope.     The  groundmass  is  more  coarsely  crystallized. 

Two  other  modifications  occur,  whose  character  is  in  doubt,  owing  to 

the  complete  decomposition  of  the  ferromagnesian  constituents.  They  were 

probably  pyroxene  rocks  (131, 132,  134,  136).  They  are  both  fine  grained, 

without  phenocrysts.  Their  general  mineral  composition  is  similar  to 

that  of  the  rocks  already  described.  Their  microstructure  is  andesitic, 

approaching  a  microlitic  and  glassy  structure.  Some  of  the  pseudomorphs 

have  the  shape  of  olivine,  and  it  is  possible  that  one  of  these  rocks  is  an 

altered  basalt  or  olivine-andesite. 
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CHEMICAL  COMPOSITION. 

Of  the  rocks  belonging-  to  this  intrusive  mass  and  its  outlying  sheets 
three  have  been  analyzed  chemically,  and  their  analyses  are  given  in  the 

accompanying  table.  No.  1  is  from  a  sheet  on  the  ridge  southwest  of  the 

summit  of  Electric  Peak  (182),  and  is  hornblende-andesite-porphyry.  No. 
2  is  the  rock  forming  the  thick  sheet  between  Fan  Creek  and  Cinnabar 

Creek  (164),  and  is  hornblende-mica-andesite-porphyry.  No.  3  is  from  the 
southern  slope  of  Cray  Mountain,  and  is  part  of  the  great  intrusive  mass 

(146);  this  also  is  hornblende-mica-andesite-porphyry. 

Analyses  of  rocks  from  vicinity  of  Electric  Peal;  Fan  Creelc,  and  Gray  Mountain. 

[Analyst,  J.  E.  WTritfieM.1 

Constituent. l. 

2. 

3. 

SiOo   58.49 
65  63 

65  64 

TiOo   
1  71 

AlaOs   
16.70 17.  00 17.29 

Fe,03   3.85 2.55 

3.07 

FeO   
2.37 1.19 

1.29 

MnO   .24 

MgO   
3.12 

2  03 
1.78 

1.98 
CaO   5.90 3.48 

Li20   .01 .04 .04 

3.47 

•   4.42 5.77 

KjO   
1.59 

1.64 2.44 
Trace. 

.07 .23 

SO;   .63 
Trace. 

Trace. 
1.03 

CO.   27 
H  0   

Total   

2.44 2.00 

100. 52 100.  32 100.  73 

From  these  analyses  it  is  seen  that  the  hornblende-andesite-porphyiy 
has  3  per  cent  less  silica  than  the  hornblende-mica  rock  of  the  Indian  Creek 

laccolith  with  nearly  the  same  alkalies,  and  that  the  former  has  more  mag- 
nesia and  considerable  titanium  oxide.  The  hornblende-mica-andesite- 

porphyries  of  the  Gray  Mountain  system  which  were  analyzed  have  more 
silica  than  the  Indian  Creek  laccolith,  and  somewhat  more  alkalies  and  less 

lime.  Chemically  and  mineralogically  they  are  near  dacites,  and  might  be 
classed  with  them.     Some  of  the  rocks  contain  abundant  idiomorphic  quartz 
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in  microscopic  phenocrysts,  and  are  undoubtedly  dacite.  No  attempt  has 

been  made  to  distinguish  on  the  map  the  different  kinds  of  rocks  forming 

the  large  mass  and  intrusive  sheets  just  described. 

DIFFERENTIATED   SHEET   SOUTHEAST   OF  ELECTRIC   PEAK. 

One  intrusive  sheet  occurs  in  the  upturned  shales  of  the  southeastern 

spur  of  Electric  Peak  which  deserves  special  mention.  It  is  about  30  feet 

thick,  and  at  present  stands  in  a  nearly  vertical  position,  as  do  the  inclosing 

shales.  It  is  notable  on  account  of  its  composition  and  the  strongly  con- 
trasted character  of  the  lower  and  upper  parts  of  the  sheet.  The  rock  is 

massive  and  greenish  near  the  eastern  wall,  which  was  originally  the  bottom 

surface;  it  is  fissile  and  crumbles  upon  weathering,  giving  rise  to  a  narrow 

gulch.  Immediately  in  contact  with  the  shale  it  is  dense,  with  a  purplish 

tinge.  A  layer  of  the  sheet,  4  or  5  feet  thick,  near  what  was  the  bottom,  is 

full  of  large  porphyritical  augites  (225,  228).  The  remainder  of  the  sheet 

does  not  contain  them,  except  sporadically,  and  carries  small  feldspar  phe- 

nocrysts. It  is  more  massive,  and  weathers  quite  differently  from  the 

coarsely  porphyritic  part.  From  the  abundance  of  large  augite  crystals  in 

the  bottom  portion  of  the  sheet  it  appears  that  these  crystals  must  have 

settled  to  the  lower  part  while  the  magma  was  quite  liquid,  a  phenomenon 

not  observed  in  any  other  rocks  of  this  region,  where  the  phenocrysts  are 

uniformly  disseminated  through  the  rock.  Such  separations  by  gravity 

have  been  noted  by  Charles  Darwin1  in  the  basalt  lavas  of  the  Galapagos 

Islands,  and  by  Clarence  King2  in  the  basalt  flows  of  Hawaii.  In  each  of 
these  cases  the  rocks  in  which  this  phenomenon  has  been  observed  are 

basic,  as  is  the  intrusive  sheet  in  question.  A  high  degree  of  liquidity  after 

the  phenocrysts  have  been  formed  seems  to  be  a  necessary  condition,  and 

is  one  most  likely  to  occur  in  basic  rocks. 

The  chemical  composition  of  the  two  parts  of  the  sheet  is  shown  by 

the  following  analyses.  No.  1  is  of  the  lower  portion,  crowded  with  large 

augite  crystals,  the  layer  being  about  one-sixth  of  the  total  depth  of  the 
sheet;  No.  2  is  of  the  more  feldspathic  portion;  No.  3  is  the  average 

composition  of  the  sheet,  reckoning  the  parts  analyzed  in  the  proportion  of 
1  to  5. 

1  Volcanic  Islands,  London,  1851,  p.  117. 

2  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  I,  Systematic  Geology,  p.  715. 



DIFFERENTIATED  INTRUSIVE  SHEET. 83 

Analyses  of  different  parts  of  the  sheet  southeast  of  Electric  Peak. 

Constituent. 1. 2. 3. 

50. 59 

.80 11.53 

1.83 

7.64 
.06 

.17 

11.27 

8.79 .10 

.03 2.27 

2.33 

Trace. 
.48 

Trace. 

None. .21 

1.76 

52.10 
.79 

16.34 

3.84 

6.82 

51. 85 

.79 

15. 54 

3.50 
6.95 

.01 

.03 

5.49 

5.40 .01 

Trace. 
3.73 

3.89 

.10 

.64 

.20 

.18 
1.78 

TiO,  .               

Fe,0  >    

FeO   

NiO  .                                   

MnO   -. 
Trace. 

4.33 

4.73 fMg"0   
CaO   

BaO   

SrO   

K.,0   

4.02 

4-20 

•  13 
•  68 

•  24 

•  22 
Li.,0   

p,0 ,   

CI   

H20  below  110°   
H.O  above  110°    

Total   99.  86 100. 18 .05 100.  09 

.04 

Less  0  for  CI   

100. 13 100.  05 

The  chemical  composition  of  the  sheet  is  not  like  that  of  any  of  the 

igneous  rocks  of  Electric  Peak  and  Sepulchre  Mountain,  being  lower  in 

silica  and  proportionately  higher  in  alkalies.  It  approaches  the  composition 

of  shoshonite  (Chapter  IX),  and  indicates  that  the  magma  is  a  more  highly 

differentiated  form  of  the  general  magma.  The  two  parts  of  the  sheet  cor- 
respond in  chemical  composition  more  closely  to  absarokite  and  shoshonite 

(q.  v.),  and  are  the  results  of  a  differentiation  in  which  the  separation  was 

according  to  mineral  molecules,  as  it  was  actually  the  settling  of  pyroxene 

crystals.  The  ratio  of  the  alkalies  to  one  another  in  the  two  parts  is  nearly 

constant,  indicating  that  they  remained  in  combination. 

The  upper  part  of  the  rock,  10  feet  from  the  tojo,  consists  of  feldspar, 

most  of  which  is  plagioclase,  and  is  striated.  It  is  partly  in  tabular  or 

equidimensional  crystals,  with  allotriomorphic  outlines,  partly  in  lath-shaped 
and  rectangular  crystals,  more  nearly  idiomorphic  and  generally  of  smaller 

size.     The  extinction  angles  are  low,  often  nearly  zero,  indicating  oligoelase. 
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Some  of  the  feldspars  exhibit  no  polysynthetic  twinning'  and  have  low 
extinction  angles,  and  are  probably  orthoclase.  The  substance  of  the  feld- 

spar is  clouded  by  minute  secondary  grains.  There  is  also  considerable 

colorless  malacolite  or  diopside  in  small  irregular  crystals  and  in  short  stout 

prisms,  besides  partly  altered  magnetite  and  abundant  long  needles  of 

apatite;  also  abundant  green  and  brown  secondary  mineral  in  irregular 

aggregations,  which  in  places  resembles  microcryptocrystalline  aggregates 

of  chlorite  or  serpentine,  and  in  other  places  appears  to  be  microscopic 

crystals  of  brown  mica.  Biotite  is  also  sparingly  present  in  long  shreds  or 

crooked  plates  and  in  stout  crystals.  About  10  feet  from  the  bottom  of  the 

sheet  the  lath-shaped  feldspars  are  more  abundant,  long  prismatic  crystals  of 
malacolite  are  numerous,  and  magnetite  or  ilmenite  occurs  in  small  grains 

and  in  greater  numbers.  There  are  some  porphyritieal  malacolites  and 

feldspars,  besides  patches  of  brightly  polarizing  micro-fibrous  material  with 
larger  needles  of  actinolite  scattered  through  it. 

The  portion  of  the  rock  filled  with  large  malacolite  crystals  consists  of 

these  large  crystals,  more  or  less  idiomorphic  in  outline,  in  a  subordinate 

amount  of  feldspar  matrix,  composed  of  lath-shaped  feldspars,  like  those 
already  described,  besides  small  crystals  of  malacolite  and  iron  oxide. 
There  is  much  actinolite  in  thin  needles,  and  in  a  greenish,  microscopic  felt, 

which  is  bright  green  or  pleochroic  in  some  places  and  colorless  in  others. 

Around  the  grains  of  magnetite  the  felt  is  colored  brown.  The  large  mala- 
colites are  to  some  extent  altered  to  fibers  of  actinolite  that  lie  parallel  to 

the  prismatic  axis  of  the  pyroxene.  It  is  a  question  whether  the  patches  of 

actinolite  felt  ma}^  not  be  altered  olivine.  This  seems  probable  from  the 

shape  of  some  of  them,  bat  no  unaltered  olivine  is  observed  in  the  thin 
sections  of  the  rock. 

GALLATIN  RIVER  LACCOLITH. 

DACITE-PORPHYRY. 

In  connection  Avith  the  intrusive  bodies  in  the  Gallatin  Mountains- 

should  be  mentioned  a  laccolith-like  mass  situated  on  the  Gallatin  River  just 
west  of  the  border  of  the  Yellowstone  Park.  It  is  within  and  near  the  base 

of  the  Paleozoic  strata.  The  rock  is  a  dacite-porphyry  with  prominent  pheno- 

crysts  of  feldspar  and  abundant  smaller  ones  of  hornblende,  besides  small 

rounded  crystals  of  quartz.     In  thin  sections  the  large  feldspars  are  seen  to 
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be  andesine-labradorite  with,  marked  zonal  structure,  and  with  cracking-  and 

secondary  inclusions  similar  to  those  in  the  andesite-porphyries  of  this 
region.  The  quartz  crystals  are  sometimes  idiomorphic  pyramids,  or  are 

nearly  spherical,  or  are  irregularly  shaped.  They  contain  bays  and 

inclusions  of  groundmass  and  many  liquid  inclusions  with  cubes  and  gas 

bubbles ;  rhombohedral  cleavage  is  occasionally  developed.  The  hornblende 

is  green  and  more  or  less  chloritized.  A  few  crystals  of  biotite  and  of 

sphene  were  noticed.  Magnetite  occurs  in  small  individuals,  and  colorless 

apatite  in  comparatively  large  ones.  Allanite  is  present  in  brown  pleochroic 

crystals,  with  idiomorphic  form  and  zonal  structure.  Strongly  pleochroic 

epidote  in  irregular  grains  is  sparingly  present  as  a  secondary  mineral. 

The  groundmass  is  fine  grained,  microgranular,  with  minute  idiomorphic 

quartzes  and  abundant  crystals  of  magnetite  (168,  169). 

INTRUSIVE  SHEETS  EST  MOUNT  EVERTS. 

There  are  a  number  of  intruded  sheets  of  igneous  rock  within  the 

Cretaceous  strata  of  Mount  Everts,  the  lowest  being  exposed  near  the  base 

of  the  south  side  of  the  mountain,  and  the  highest  at  the  top  of  the  west 

escarpment.  The  rocks  as  a  group  are  dark  greenish  and  brownish  grays 

to  slate  color.  They  are  dense  and  aphanitic  to  very  fine  grained,  and  for 

the  most  part  are  free  from  prominent  phenocrysts.  The  rocks  are  altered 

holocrystalline  andesites  and  andesite-porphyries. 

The  coarsest-grained  form  occurs  in  a  sheet  20  to  30  feet  thick  at  the 

base  of  the  south  face  of  the  mountain  (365).  The  rock  is  greatly  fractured, 

with  joints  along  which  there  has  been  sliding  about  parallel  to  the  bedding 

of  the  inclosing  sedimentary  strata.  It  consists  of  nearly  idiomorphic  lime- 
soda  feldspars,  with  low  extinction  angles  and  low  double  refraction,  about 

0.4  mm.  long,  the  marginal  part  being  unstriated  and  cloudy.  A  few  are 

phenocrysts  2  mm.  long.  There  is  considerable  serpentine  and  a  little  pale- 

green  augite  not  yet  altered.  Magnetite  occurs  in  small  crystals,  and 

colorless  apatite  is  abundant  in  minute  thin  prisms.  Numerous  shreds  of 

red-brown  biotite  may  be  secondary.  The  rock  is  a  pyroxene- andesite- 
porphyry. 

In  the  west  escarpment  several  thin  sheets  were  observed  by  Mr. 

Wright.  They  are  aphanitic  and  porphyritic  (356,  357),  with  phenocrysts 

of  feldspar  and  decomposed  pyroxene.  The  feldspar  is  partly  altered,  and 

is  probably  labradorite.     The  groundmass  is  extremely  fine  grained  and  is 
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composed  of  prisms  of  plagioclase,  much  serpentine  or  chlorite,  and  altered 

magnetite,  which  is  now  light  yellow  by  incident  light.  There  are  sugges- 
tions of  crystals  of  pyroxene,  now  altered.  The  structure  is  andesitic  and 

the  rocks  are  holociystalline  pyroxene-andesites.  There  is  much  calcite 
scattered  through  the  rocks. 

The  intrusive  sheet  near  the  top  of  the  northern  part  of  the  west 

escarpment,  which  can  be  distinguished  even  at  a  long  distance  from  the 

inclosing  sandstones,  because  of  its  dark  color,  is  about  20  or  30  feet  thick 

in  places,  but  much  thinner  in  others.  It  lies  parallel  to  the  bedding  of  the 

strata,  except  for  short  distances,  where  it  breaks  across  the  beds.  In 

places  it  exhibits  prismatic  parting  at  right  angles  to  the  contact  surfaces, 

and  in  other  places  the  spheroidal  sundering  is  well  developed.  The  rock  is 

dark  and  dense,  with  few  phenocrysts  of  hornblende  (360,  361,  362).  It 

contains  segregations  of  hornblende.  The  same  sheet  of  rock  is  exposed 

lower  down  the  northwest  spur  of  the  mountain,  near  the  line  of 

the  forty-fourth  parallel  of  latitude  (363,  359).  It  is  a  holocrystalline 

pyroxene-andesite,  or  pyroxene-andesite-porphyry,  carrying  a  small  amount 
of  hornblende.  Its  habit  is  like  that  of  similar  andesites  of  Sepulchre 

Mountain,  there  being  innumerable  small  phenocrysts  of  labradorite  and 

pyroxene  in  a  groundmass  of  still  smaller  crystals  of  the  same  minerals, 

with  magnetite  and  some  micropoikilitic  quartz.  The  rock  is  considerably 

decomposed  in  part,  the  pyroxenes  having  suffered  most.  Portions  of  it 

contain  fresh  augite  and  altered  hypersthene.  The  hornblende  is  brown, 

with  a  border  of  magnetite  and  pyroxene.  Near  the  contact  planes  of  the 

sheet  the  groundmass  of  the  rock  is  still  finer  grained. 
These  rocks  are  similar  to  the  intruded  sheets  in  the  Cretaceous  strata 

of  Electric  Peak,  and  it  is  possible  that  they  may  have  been  connected 

with  them  before  the  faulting  of  the  region  by  the  great  north-south  faults 

on  both  sides  of  Sepulchre  Mountain. 

THE  BUNSEN  PEAK  MASS. 

DACITE-PORPHYRY. 

The  Bunsen  Peak  mass  is  an  intrusive  body  that  broke  through  Creta- 

ceous strata,  which  are  exposed  in  contact  with  it  on  the  Gardiner  River 

near  the  mouth  of  Glen  Creek,  and  which  dip  away  from  it  northward  at  an 

angle  of  10°.  Erosion  has  removed  the  sedimentary  covering,  leaving  an 
isolated,  dome-like  mountain,  whose  base  has  been  surrounded  on  all  sides  by 



THE  BUNSEN  PEAK  MASS. 

87 
streams  of  rhyolitic  and  basaltic  lavas.  The  rock  is  light  gray  and  fine 

grained,  with  abundant  small  phenocrysts  of  feldspar  and  biotite.  It  is  a 

mica-dacite-porphyry,  whose  chemical  composition  is  as  follows: 

Analysis  of  Bunsen  Peak  mica-dacite-porphyry. 

Constituent. 

SiO.   
Ti02   
A1.,03   

Fej03   
FeO   

MnO   

MgO   
CaO   

Li=0   

Na20   

KcO   
PoOf,   

SO:,   

H20   

Total 

(102) 

70.52 

Trace. 
15. 85 2.28 

.36 

.09 

.09 
2.59 

Trace. 
3.93 

3.43 .17 .29 

.35 
99.95 

This  analysis  was  made  from  the  rock  at  the  summit  of  Bunsen  Peak. 

It  is  nearly  the  same  as  that  of  the  rock  from  Mount  Holmes  (p.  65),  being 
a  little  lower  in  alumina  and  higher  in  lime  and  potash. 

The  mineral  composition  and  microstructure  of  the  rock  vary  but 

slightly  throughout  the  body.  Under  the  microscope  it  is  seen  to  consist 

of  a  holocrystalline  groundmass  of  feldspar  and  quartz,  with  abundant  flakes 

of  biotite  and  a  little  magnetite  Small  crystals  of  apatite  and  minute 

prisms  of  zircon  are  present.  There  are  numerous  phenocrysts  of  irregularly 

outlined  biotite,  idiomorphic  feldspar,  and  a  few  corroded  crystals  of  quartz. 

The  feldspar  phenocrysts  are  almost  all  polysynthetic  twins  of  lime-soda 

feldspars,  oligoclase-andesine,  also  twinned  according  to  the  Carlsbad  law, 
and  having  marked  zonal  structure.  A  few  appear  to  be  labradorite.  Some 

unstriated  feldspars  may  be  orthoclase.  They  have  few  inclusions,  and 

exhibit  very  little  decomposition  in  some  parts  of  the  rock.  The  cracking 

and  secondary  minerals  characteristic  of  the  feldspar  phenocrysts  in  the 

intrusive  rocks  of  the  Grallatin  Mountains  also  occur  in  parts  of  this  rock. 

The  biotite  is  brown,  with  strong  absorption  and  few  inclusions.  It  is  for 

the  most  part  unaltered.     Quartz  phenocrysts  are  much  corroded  and  carry 
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few  inclusions.  They  are  scarce  in  most  sections  of  the  rock,  and  are  more 

numerous  in  the  finest-grained  portions  at  the  northeastern  extension  of  the 

mass.  The  groundmass  in  the  coarsest-grained  forms,  which  occur  about 
the  middle  of  the  northern  and  western  sides  of  the  mountain,  is  micro- 

crystalline,  and  consists  of  lath-shaped  and  rectangular  feldspars  and  micro- 
poikilitic  quartzes,  about  0.05  mm.  in  diameter  and  smaller,  with  some 
magnetite  crystals  and  a  few  flakes  of  biotite.  The  microstructure  is 

shown  in  PI.  XIX,  fig.  1.  The  poikilitic  quartzes  are  more  pronounced 

in  some  parts  of  the  rock  than  in  others,  and  exhibit  a  tendency  toward 

idiomorphism  (105,  106,  108).  The  same  structure  occurs  in  smaller  grain 
at  the  summit  of  the  mountain,  on  its  southeastern  face,  and  at  its  northern 

base,  where  the  rock  is  exposed  in  knolls  near  Gardiner  River  and  elsewhere. 

Where  the  dacite-porphyry  comes  in  contact  with  a  large  mass  of  sandstone, 

probably  included  within  the  igneous  mass,  the  porphyiy  exhibits  platy  part- 
ing parallel  to  the  plane  of  contact,  which  disappears  a  short  distance  away. 

The  microstructure  of  the  rock  near  the  contact  is  indistinctly  micropoiki- 

litic,  the  quartz  patches  being  very  minute.  In  spots  it  is  microcryptocrys- 

talline.  The  finest-grained  forms  occurring  near  the  contact  with  sedimentary 
rocks  on  Gardiner  River  below  the  mouth  of  Glen  Creek,  and  in  the  spur 

of  the  plateau  west,  are  microgranular,  with  minute  idiomorphic  quartzes, 

averaging  0.01  mm.  in  diameter. 

A  coarse-grained  mass  resembling  granite  occurs  in  the  base  of  the 
cliff  on  the  northern  side  of  the  mountain,  and  consists  of  quartz,  feldspar, 

and  biotite,  with  the  grain  of  fairly  coarse  granite.  It  is  a  crystallization 

from  the  same  magma  as  the  dacite-porphyry,  for  the  crystals  of  feldspar 

along  its  margin  project  into  the  porphyry  groundmass  with  idiomorphic 

outline.  It  is  not  a  broken  fragment  of  some  foreign  rock  inclosed  during 

the  eruption  of  the  porphyry.  The  mineral  constituents  are  the  same  as 

those  of  the  porphyry,  both  in  kind  and  in  general  character.  The  biotite 

has  the  same  color  and  has  similar  inclusions  of  magnetite.  The  feldspars 

are  orthoclase  and  oligoclase,  with  some  crystals  of  andesine-labradorite. 
The  quartz  is  allotriomorphic  with  respect  to  all  the  other  minerals,  and 

contains  gas  inclusions,  with  a  small  amount  of  liquid.  Magnetite,  apatite, 

and  zircon  occur  as  in  granite.  This  is  clearly  a  coarse-grained  crystalliza- 
tion of  the  magma,  due  to  some  cause  not  known,  and  presents  the  true 

granite  equivalent  of  the  dacite-porphyry.  Similar  qoarse-grained  masses 

occur  in  the  dacite-porphyry  of  the  Holmes  bysmalith,  near  Echo  Peak. 



CHAPTER    III. 

THE  IGNEOUS  ROCKS  OF  ELECTRIC  PEAK  AND  SEPULCHRE 

MOUNTAIN. 

By  Joseph  Paxson  Ladings. 

GEOLOGICAL  SKETCH  OF  THE  REGION. 

As  already  stated  in  Chapter  II,  the  series  of  eruptions  that  broke 

through  the  synclinal  fissure  in  what  is  now  the  eastern  part  of  Electric 

Peak  are  so  plainly  related  to  the  lavas  that  form  the  volcanic  pile  of 

Sepulchre  Mountain  and  the  foothills  at  its  southwestern  base,  and  the 

character  of  this  relationship  is  of  such  petrographical  importance,  that 

these  rocks  will  be  treated  conjointly.1  It  has  been  shown  that  the  erup- 
tions that  accompanied  the  synclinal  folding  and  Assuring  in  the  eastern 

part  of  Electric  Peak  were  subsequent  to  the  intrusion  of  the  sheets  of 

andesite-porphyry  between  the  beds  of  shale  and  sandstone. 
The  general  character  and  form  of  Electric  Peak  are  exhibited  in  the 

accompanying  map  and  illustrations.  The  Peak  is  the  highest  point  in 

the  Gallatin  Mountains,  being  11,100  feet  in  altitude,  and  is  situated  upon 

the  northern  boundary  of  the  Yellowstone  Park,  the  forty-fifth  parallel  of 
latitude  passing  just  south  of  the  summit.  For  this  reason  it  is  not  well 

shown  on  either  of  the  atlas  sheets  north  or  south  of  this  parallel.  The 

accompanying  map  (PI.  XVI)  shows  its  relation  to  Sepulchre  Mountain,  as 

well  as  its  geological  structure,  which  has  been  explained  on  pages  50  to  55, 

where  the  character  of  the  sedimentary  formations  and  their  position  and 

the  nature  of  the  intruded  sheets  of  andesite-porphyry  were  described. 

The  sharply  pointed  peak  has  broad,  steep  slopes  on  the  west  and 
south,  where  streams  have  cut  3,000  feet  below  the  summit  of  the  mountain. 

■  Tddings,  J.  P.,  The  eruptive  rocks  of  Electric  Peak  unci  Sepulchre  Mountain,  Yellowstone 
National  Park:  Twelfth  Ann.  Rept.  U.  S.  Geol.  Survey,  1892,  pp.  569-664. 
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A  narrow  spur  or  ridge  connects  the  peak  with  the  mountains  to  the  south- 
west, while  a  broad,  high  ridge  on  the  north  carries  the  gently  dipping 

Cretaceous  strata  to  the  abrupt  synclinal  fold  south  of  Cinnabar  Mountain. 

On  the  east  and  northeast  of  the  summit  deep  gulches  have  been  carved 

into  the  heart  of  the  mass,  reaching  depths  of  4,000  and  5,000  feet  below 

its  highest  point.  The  valley  of  Reese  Creek  marks  the  line  of  faulting- 
between  Electric  Peak  and  Sepulchre  Mountain. 

Only  the  eastern  half  of  Electric  Peak  is  involved  in  the  consideration 

of  the  series  of  volcanic  eruptions  here  discussed,  the  central  stock  or 

conduit  of  eruption  being  located  in  the  middle  of  the  deep  gulch  east  of 

the  peak  and  in  the  rocky  spur  north  of  the  gulch,  and  the  apophyses  and 

dikes  extending  only  short  distances  across  the  southeastern  and  north- 
eastern spurs.  The  accompanying  view  of  the  eastern  face  of  the  mountain 

(PI.  XIII)  shows  the  jagged  northeastern  spur  on  the  right,  with  its  steeply 

sloping  base,  and  the  deep  east  gulch  in  the  middle,  with  light-colored 
morainal  accumulations  of  rock  fragments  covering  the  bottom  like  a  glacier. 

The  long  southeastern  spur  is  on  the  left,  with  its  short,  steep  branch  imme- 

diately south  of  the  gulch.  The  barren  slopes,  partly  covered  with  slide- 
rock,  are  easily  recognized. 

The  southeastern,  spur  is  formed  of  upturned  beds  east  of  the  synclinal 

axis.  The  black  shales  which  constitute  the  greater  part  of  the  spur  have 

been  baked  and  indurated  in  the  vicinity  of  the  stock,  so  that  they 

have  withstood  erosion  sufficiently  to  form  the  pyramidal  mass  bounding 

the  east  gulch  on  the  south.  The  main  mass  of  Electric  Peak  and  the 

greater  portion  of  the  northeast  spur  consist  of  less  disturbed  strata  dipping 
toward  the  northeast.  The  structure  of  the  mountain  is  shown  in  the  walls 

of  the  deep  gulches  draining  east  and  northeast,  as  well  as  in  the  bare 

slopes  on  the  south  and  west  sides.  The  differences  in  the  topography  of 
the  two  halves  of  the  mountain  are  due  to  the  influence  of  the  vertically 

intruded  rocks,  which  have  metamorphosed  the  neighboring  sandstones  and 

shales,  rendering  them  hard  and  resisting,  and  leading  to  the  production  of 

rugged  and  pinnacled  ridges,  with  precipitous  walls  hundreds  of  feet  in 

height. 

The  east  gulch  forms  an  amphitheater  at  the  base  of  the  peak,  which 

surmounts  a  precipice  of  nearly  1,500  feet.  The  walls  of  this  amphitheater 

are  shown  in  the  panorama,  PI.  XIV.  The  gulch  crosses  the  synclinal  axis 

and  the  stock  of  igneous  rock,  part  of  which  is  covered  by  de'bris.     The  cen- 
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tral  portion  of  the  stock  is  located  on  the  northeastern  spur  of  the  mountain, 

where  it  is  surrounded  by  sandstones.  It  is  well  exposed  through  a  vertical 

distance  of  a  thousand  feet.  A  large  apophysis  extends  up  the  crest  of  this 

spur,  forming  dark-colored  pinnacles,  shown  on  the  right-hand  side  of  the 
panorama.  The  southwestern  end  of  the  stock  is  exposed  in  the  southern 

wall  of  the  amphitheater  (left  side  of  the  panorama).  It  is  a  high  wedge 

of  crystalline  rock,  reaching  to  within  a  few  hundred  feet  of  the  top  of  the 

cliff.  The  crest  of  the  southeastern  spur,  from  an  altitude  of  10,000  feet 

to  the  summit  of  the  peak,  is  serrated  by  numerous  narrow  gulches  and 

rocky  points,  caused  by  the  unequal  weathering  of  dikes  and  of  upturned 

intrusive  sheets.  The  nearly  vertical  dikes  are  frequent  between  the 

wedge  of  crystalline  rock  and  the  fault  to  the  west.  They  become  fewer 

toward  the  summit  of  the  peak  and  do  not  occur  farther  northwest.  They 

extend  across  the  southeastern  spur,  appearing  on  its  southern  slope  in  walls 

rising  above  the  black  shales.  They  do  not  occur  at  the  eastern  base  of 

the  spur.  Where  dikes  and  upturned  intrusive  sheets  are  parallel  it  is 

difficult  to  distinguish  them  from  one  another.  The  sheets,  however,  usually 

exhibit  signs  of-  crushing  and  displacement.  The  dikes  are  more  numerous 
and  thicker  nearer  the  area  of  metamorphism.  They  are  not  more  than  a 

mile  and  a  half  long,  and  radiate  from  a  center  on  the  northeastern  spur, 

which  is  about  the  location  of  the  stock.  They  range  through  45°  from 
south  to  southwest. 

Sepulchre  Mountain,  east  of  the  great  fault,  located  near  the  line  of 

Reese  Creek,  consists  of  andesitic  tuff-breccia.  With  this  mass  of  breccia, 
which  also  forms  the  low  ridge  south  of  the  mountain,  is  associated  a  set 

of  dikes  and  broad  intrusive  bodies  that  have  broken  up  through  the  breccia. 

The  breccia  is  3,000  feet  thick,  and  rests  upon  Cretaceous  and  older  strata 

exposed  along  the  northern  and  eastern  bases  of  the  mountain.  It  is  well 

exposed  in  bold  escarpments  on  the  northern  side  of  the  mountain,  the 

southern  and  southwestern  sides  being  smooth,  glaciated  slopes  with  few 

outcrops.  The  contrast  between  the  northern  and  southern  sides  of  the 

mountain  is  shown  in  PL  XV,  the  view  having  been  photographed  from  the 

northwestern  spur,  looking  southeast. 

The  breccias  are  but  crudely  bedded ;  in  places  not  bedded  at  all.  With 

them  are  a  few  massive  lava  streams.  The  whole  mass  is  distinctly  volcanic. 

The  dikes  in  the  western  part  trend  mostly  in  a  north  and  northeasterly 

direction,  radiating  from  the  vicinity  of  Cache  Lake.     A  few  trend  east. 
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It  is  probable  that,  instead  of  the  broad  bodies  of  intrusive  andesite  and 

dacite  represented  on  the  map,  there  are  a  number  of  smaller  bodies  of 

similar  rocks  intersecting  one  another,  but  the  data  at  hand  are  insufficient 

to  enable  their  more  accurate  representation. 

In  the  northwestern  spur  of-  the  mountain  the  dikes  are  well  marked, 

from  5  to  25  feet  wide,  and  not  perfectly  straight.  Some  of  the  intrusive 

bodies  carry  inclosed  masses  and  small  fragments  of  black  shale,  and  where 

the  fault  plane  traverses  the  massive  igneous  rock  the  latter  has  been  crushed 

into  angular  fragments,  which  are  cemented  together  by  particles  of  the 

same  rock,  producing  a  crushed  breccia,  somewhat  resembling  the  tuff- 
breccia. 

The  rhyolite  that  occurs  over  the  breccia  in  Glen  Creek  Valley  is  part 

of  the  great  rhyolite  sheet,  and  is  of  much  more  recent  date,  following  the 

faulting  and  erosion  of  the  Electric  Peak  and  Sepulchre  Mountain  masses. 

The  accompanying  map  (PL  XVI)  shows  in  a  simple  manner  the  chief 

geological  features  of  a  limited  area  embracing  the  rocks  to  be  described. 

The  sedimentary  terranes  are  colored  according  to  the  period  in  which  they 

were  formed,  embracing  the  Carboniferous,  Juratrias,  and  Cretaceous. 

The  sheets  of  igneous  rocks  intruded  between  the  strata  are  not  drawn 

continuous,  as  they  exist,  owing  to  the  fact  that  the  data  are  insufficient. 

They  are  more  numerous  than  represented  on  the  map,  and  are  thinner. 
The  same  is  true  of  the  dikes. 

Although  the  two  mountains  were  at  one  time  geologically  connected 

and  the  eruptive  rocks  were  in  a  sense  a  geological  unit,  it  will  be  conven- 
ient and  profitable  to  describe  them  separately  at  first,  and  afterwards  to 

consider  their  correlation. 

THE  INTRUSIVE  ROCKS  IK"  ELECTRIC  PEAK. 

The  intrusive  rocks  in  Electric  Peak,  west  of  the  fault,  occurring  in 

the  stock  and  its  apophyses  and  in  dikes,  form  a  group  of  diorites  and 

diorite-  and  andesite-porphyries  of  variable  composition  and  structure. 
They  grade  into  one  another  by  transitions  in  composition  and  structure. 

The  coarse-grained  granular  rocks — diorites — occur  almost  wholly  within 

the  stock  and  its  larger  apophyses,  while  the  finer-grained  porphyritic 

rocks — porphyries — occur  in  the  dikes  and  smaller  apophyses,  and  in  places 
along  the  margin  of  the  stock,  in  contact  with  sedimentary  rocks. 

The  greater  part  of  the  stock  is  diorite,  which  varies  in  structure  and 
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composition,  in  some  places  rapidly  and  quite  irregularly.  Moreover,  there 
are  abundant  evidences  of  the  successive  eruption  through  the  fissure  or 

conduit  of  different  molten  magmas.  The  porphyries  also  differ  from  the 

main  body  of  diorite  in  the  character  of  their  phenocrysts — that  is,  in  those 
minerals  which  were  present  in  the  magma  when  it  came  to  rest.  Most  of 

the  porphyries  contain  phenocrysts  of  hornblende  and  biotite,  but  none 

of  pyroxene.  In  some  of  the  diorites  there  was  an  early  crystallization  of 

brown  hornblende  and  of  pyroxene,  but  none  of  biotite.  In  most  of  the 

diorites  there  is  no  evidence  of  any  development  of  phenocrysts.  They 

were  magmas  free  from  crystals  at  the  time  of  their  eruption. 
In  order  to  understand  the  relation  of  the  various  dikes  to  the  stock 

rocks,  let  us  consider  the  possible  course  of  events  that  would  follow  a 

synclinal  Assuring  of  sedimentary  strata  when  the  dynamical  action  was 

repeated  and  when  igneous  magmas  were  forced  up  through  the  cracks. 

Evidently  the  first  magma  would  penetrate  all  the  small  crevices  connected 

with  the  larger  fissures  and  fill  them  with  its  material,  which  would  solidify 

rapidly  as  narrow  dikes.  The  magma  in  the  large  fissure  would  remain 

molten  much  longer,  consolidation  setting  in  along  the  sides  and  in  the 

narrow  portions.  A  subsequent  eruption  would  force  out  the  molten  por- 
tion and  replace  it  by  other  material.  It  would  fill  any  new  crevices  made 

at  the  time  of  its  eruption.  The  number  of  such  crevices  would  probably 

be  smaller  toward  the  end  of  the  series  of  eruptions  than  at  the  beginning-. 
Hence  the  number  of  dikes  of  the  later  magmas  would  be  smaller.  The 

magma  that  closed  the  conduit  would  in  such  a  case  be  represented  by 

few  dikes.  If  the  final  action  was  a  violent  explosion,  the  reverse  would 

be  true.  At  Electric  Peak  the  final  eruption  was  comparatively  weak,  and 

is  represented  by  a  small  body  of  quartz-diorite-porphyry  within  the  stock 
and  in  six  or  eight  narrow  dikes  trending  southwest. 

These  rocks  form  a  very  complex  group,  so  intimately  connected 

geologically  and  exhibiting  such  gradual  transitions  in  composition  and 

structure  from  one  extreme  to  another  that  there  appears  to  be  no  simple 

method  of  describing-  them  or  of  discussing  their  various  relationships.  For 

convenience  of  petrographical  description  they  will  be  treated  in  the  follow- 

ing groups : 
I.  The  greater  number  of  dike  rocks  and  some  of  the  contact  forms  of 

the  stock,  probably  older  than  the  main  body  of  the  stock. 
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II.  The  main  body  of  the  stock,  most  of  its  contact  forms,  and  most 

of  the  rocks  that  have  broken  through  it,  with  some  apophyses,  probably 

contemporaneous  with  the  main  mass. 

III.  The  quartz-mica-diorite-porphyry  that  broke  through  the  stock 

and  also  produced  some  dikes. 

I.  THE  DIKE  ROCKS  AND  CERTAIN  CONTACT  FORMS  OF  THE  STOCK. 

porphyries. — The  porphyries  forming  most  of  the  dikes,  which  are  from 
1  to  25  feet  in  width,  have  a  generally  uniform  habit.  They  are  dense 

and  aphanitic,  filled  with  small  phenocrysts  of  feldspar  and  ferromagnesian 

silicates,  mostly  hornblende  and  biotite.  They  have  a  uniformly  speckled 

appearance,  with  occasional  spots  of  white  feldspar  or  black  ferromagnesian 

silicates.  Variations  in  habit  are  due  to  differences  in  color,  caused  b}'  the 
relative  proportions  of  light  and  dark  colored  phenocrysts,  and  to  the  nature 

and  amount  of  the  groundmass.  The  color  varies  from  dark  greenish  and 

purplish  gray  to  light  gray  of  different  tints.  The  dike  rocks  are  in  some 

cases  fresh  and  compact,  in  others  decomposed  and  disintegrated. 

In  thin  sections  under  the  microscope  the  groundmass  of  all  these  dike 

rocks  is  found  to  be  holocrystalline,  and  the  phenocrysts  are  lime-soda  feld- 
spar and  hornblende,  generally  with  biotite,  occasionally  with  pyroxene. 

The  relative  proportions  of  these  minerals  vary  gradually  among  the  rock 

bodies,  so  that  the  specimens  collected  may  be  arranged  in  the  follow- 
ing subdivisions,  according  to  the  relative  amounts  of  the  ferromagnesian 

silicates  : 

Table  I. — Mineral  variation  of  the  andesite-porphyries  of  Electric  Peak. 

Subdivisions. Biotite. Hornblende. 

Pyroxene. 

Much   

Much   

Some   

Little   

h Much 

a   

/   

Much   

Much   

Much   

Some   

Some   

Much  .  . 

Much   

Much   

h   

Besides   the   phenocrysts  of  biotite  there  are  shreds   of  this  mineral 

that  belong  to  the  period  of  crystallization  of  the  groundmass.     There  is  a 
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gradual  variation  in  the  kinds  of  lime-soda  feldspar  accompanying  that  of 
the  ferromagnesian  minerals.  But  transitions  in  the  possible  isomorphous 

series  of  hornblendes  or  pyroxenes  were  not  detected.  The  variation  in  min- 
eral composition  affects  the  microstructure  of  the  grountlmass,  an  increase 

of  quartz  being  accompanied  by  an  approach  to  a  granular  structure. 

Although  the  coarseness  of  grain  and  at  the  same  time  the  character 

of  the  microstructure  vary  to  some  extent  with  the  size  of  the  dike,  and  to 
a  greater  extent  with  the  rate  at  which  the  mass  cooled,  for  each  of  the 

mineralogical  subdivisions  indicated  in  the  table,  still,  the  conditions  under 

which  these  various  magmas  cooled  having  been  quite  similar,  the  variations 

in  the  composition  and  microstructure  of  the  groundmasses  of  the  subdivi- 

sions named  bear  a  marked  relation  to  the  composition  of  the  rock- as  a 
whole  and  to  the  variations  in  the  phenocrysts.  This  will  appear  from  the 

following  descriptions  of  the  rocks  belonging  to  the  subdivisions  in  Table  I: 
(a)  Groundmass  with  inicropoikilitic  structure,  the  quartz  grains  iu  one  case  being  0.09  mm.  to  0.43 

mm.  in  diameter,  and  containing  lath-shaped  microlites  of  feldspar,  gas  cavities,  and  microscopic 

hornblendes  and  biotites.  Abundant  phenocrysts  of  lime-soda  feldspar,  1  to  2  mm.  long,  and 
smaller  ones  of  hornblende  and  biotite.  The  relative  proportions  of  the  latter  minerals  differ 

in  different  specimens.  As  the  total  amount  of  ferromagnesian  minerals  increases,  the  relative 

amount  of  hornblende  increases.  Small  amounts  of  magnetite,  apatite,  and  zircon  occur  in 
all  these  rocks. 

(ft)  The  rocks  of  the  second  subdivision  are  nearly  the  same  as  those  of  the  first. 

(c)  In  the  third  division  the  micropoikilitic  structure  is  not  well  marked  and  grades  into  one  in 

which  lath-shaped  feldspar  microlites  are  more  prominent. 

(fZ)  and  (e)  Micropoikilitic  structure  is  wanting.  The  groundmass  is  composed  essentially  of  lath- 
shaped  microlites  and  grains  of  feldspar,  approaching  a  fell  like  or  pilotaxitic  structure.  This 

change  accompanies  a  diminution  iu  the  amount  of  quartz.  In  these  five  subdivisions  pyroxene 
is  entirely  absent. 

(/)  and  (</)  These  are  similar  to  the  last  two  subdivisions  in  microstructure  and  composition,  but 

pyroxene  was  originally  present  as  phenocrysts  and  has  been  uralitized.  Biotite  is  only 

present  in  shreds  in  the  groundmass  and  does  not  form  phenocrysts. 

(ft)  is  represented  by  a  coarser-grained  rock,  but  slightly  porphyritic.  It  consists  of  lath-shaped 
feldspars  0.4  mm.  to  0.7  mm.  long,  between  which  is  a  very  small  amount  of  irregular  grains  of 

feldspar  and  quartz  and  ferromagnesian  silicates,  amphibole,  and  mica.  There  is  much 

uralitized  pyroxene,  which  formed  the  largest  idiomorphic  crystals. 

(i)  The  rock  of  this  division  is  like  the  last  in  microstructure,  but  is  more  porphyritic,  with  pheno- 
crysts of  plagioclase  and  pyroxene,  the  latter  in  part  uralitized.  Near  the  contact  of  this  rock 

with  metamorphosed  sandstone  the  pyroxene  is  almost  colorless,  different  from  the  varieties 

common  in  the  pyroxene  rocks  of  this  region.  It  resembles  the  secondary  pyroxene  whicli  has 

resulted  from  the  alteration  of  hornblende  in  other  varieties  of  porphyry  in  this  neighborhood. 

The  more  quartzose  porphyries  and  the  coarse-grained  modifications 
cutting  the  stock  will  be  described  later.  The  microscopical  characters  of 

the  minerals  constituting  the  dike  rocks  are  nearly  the  same  throughout 
this  series  of  rocks. 
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The  feldspar  in  all  eases  is  lime-soda  feldspar,  with  the  usual  poly- 

synthetic  twinning.  In  sections  the  forms  of  the  feldspar  crystals  are  lath- 

shaped,  rectangular,  and  tabular,  the  general  habit  being  tabular  parallel  to 

the  clinopinacoid.  Zonal  structure  is  pronounced.  Their  range  appears 

to  be  from  labradorite  to  oligoclase,  the  former  prevailing  in  the  more  basic 

dike  rocks,  the  latter  in  the  more  siliceous  varieties  rich  in  biotite.  Primary 

inclusions  of  glass  or  of  other  minerals  are  scarce.  Secondary  inclusions 

are  more  numerous,  and  are  gas  cavities  or  needles  of  amphibole.  The 

feldspars  are  more  distinctly  idiomorphic  than  the  hornblendes,  and  are 

sometimes  inclosed  in  hornblendes.  More  rarely  hornblende  is  inclosed  in 

feldspar. 

Primary  hornblende  phenocrysts  are  generally  idiomorphic,  but  not 

always.  In  the  prism  zone  the  unit  prism  (110)  and  clinopinacoid  (010) 

are  well  developed.  Terminal  planes  are  seldom  observed.  Twinning  is 

common,  parallel  to  the  orthopinacoid  (100).  The  color  varies  from  brown 

to  green,  through  reddish  brown,  greenish  brown,  and  light  brown,  brownish 

green,  and  olive  gray,  sometimes  with  a  reddish  tint  approaching  violet  gray. 
The  olive  gray  and  violet  gray  are  common  in  many  hornblendes  of  these 

dike  rocks.  The  pleochroism  is,  then,  olive  gray  ||  c,  olive  brown  ||  ]j,  light 

brown  ||  a.  The  absorption  is  C>tr>a.  The  color  is  sometimes  irregu- 

larly distributed  in  the  crystal,  the  darker  shades  being  usually  in  the 
center,  but  zonal  structure  is  rare.  In  the  less  siliceous  rocks  of  this  series 

the  hornolendes  are  somewhat  darker  colored,  approaching  chestnut  brown. 
There  are  no  characteristic  inclusions.  When  associated  with  biotite  the 

two  minerals  are  so  intergrown  as  to  suggest  synchronous  crystallization. 

In  some  cases  biotite  is  inclosed  as  a  secondary  mineral.  The  hornblende 

is  in  various  stages  of  preservation,  sometimes  fresh,  sometimes  partially  or 

completely  altered.  The  usual  alteration  products  are  chlorite  and  epidote, 

with  calcite  and  quartz.  Sometimes  compact  hornblende  has  been  changed 

to  fibrous,  "reedy"  amphibole. 

Biotite  forms  six-sided  plates,  occasionally  twinned  parallel  to  the 
cleavage  plane.  It  is  dark  reddish  brown  with  normal  absorption.  It  is 

sometimes  partially  bleached,  the  light-colored  spots  containing  bundles  of 
rutile  needles.  It  may  be  completely  altered  to  chlorite  and  epidote,  with 

calcite  and  quartz.  Pyroxene  was  not  found  in  an  unaltered  condition,  and 

was  only  identified  by  its  form.     The  iron  oxide  is  probably  magnetite,  with 
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some  titanium.     Apatite  is  more  abundant  in  the  more  micaceous  rocks. 
The  same  is  true  of  zircon 

Secondary  pyroxene  occm-s  in  porphyries  within  the  metamorphosed 
sandstones,  apparently  derived  from  hornblende.  The  feldspar  and  biotite 

phenocrysts  are  quite  fresh,  and  the  general  microstructure  of  the  ground- 

mass  is  normal  for  a  hornblende-mica-andesite-porphyry.  The  augite 
substance  is  colorless  and  compact,  with  pyroxenic  cleavage.  It  occupies 

sjDaces  with  hornblende  outlines  in  cross  section,  the  plane  of  symmetry  for 

both  minerals  being  the  same  No  pyroxene  outlines  were  observed.  Its 

refraction  and  double  refraction  are  high,  and  the  extinction  angle  is  large. 

It  sometimes  forms  irregular  grains  and  minute  aggregations  not  immediately 

connected  with  a  hornblende  crystal.  In  some  cases  the  hornblende  is  not 

entirely  changed  to  pyroxene.  The  process  by  which  this  alteration  took 

place  has  not  been  made  out. 

II.  THE  STOCK  ROCKS  AND  APOPHYSES. 

The  diorite  forming  the  body  of  the  stock  varies  in  the  size  of  its 

crystals.  Most  of  it  is  medium  grained,  consisting  of  clusters  of  feldspars, 

and  others  of  ferromagnesian  minerals,  from  5  mm.  to  2  mm.  in  diameter, 

and  smaller.  The  coarsest  is  shown  in  fig.  1  of  PI.  XVII,  photographed 

natural  size.  The  size  of  the  component  crystals  is  smaller  than  that  of  the 

clusters,  and  is  from  1  mm.  to  2  mm.  A  medium-grained  form  is  shown  in 

fig  2  of  PL  XVII.  The  grain  sinks  to  fine  grained  and  to  microcrystalline. 

The  variation  in  grain  is  gradual  in  some  parts  of  the  mass  and  rapid  in 

others.  The  finer-grained  portions  are  darker  colored.  While  a  gradual 
transition  from  coarse  to  fine  grained  and  from  light  to  dark-colored  rock 

can  be  traced  in  some  places,  the  two  extremes  are  in  juxtaposition  in 

others,  with  a  sharp  line  of  demarcation  between,  veins  of  the  light-colored 

rock  cutting  the  dark  colored.  In  places  also  there  are  fragments  of  various 
modifications  of  the  diorite  inclosed  in  diorite,  which  appears  to  be  a  later 
intrusion. 

The  diorite  also  varies  in  mineral  composition.  For  the  most  part  the 

ferromagnesian  and  the  nonferromagnesian  minerals  are  in  about  equal 

proportions.  In  places  the  former  preponderate.  In  other  parts  of  the 

rock  the  other  minerals  are  in  excess.  The  minerals  recognized  megascop- 

ically  are  lime-soda  feldspar,  hornblende,  and  biotite.     In  places  biotite  is 
MON  XXXII,  PT  II   7 



98 GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

abundant.  The  lighter- colored  varieties  of  the  rock  exhibit  quartz.  The 

finest-grained  porphyritic  forms  show  only  feldspar  and  pyroxene  pheno- 

crysts,  but  most  of  the  rock  is  evenly  granular,  with  no  porphyritic  structure. 

When  examined  microscopically,  the  constituents  are  found  to  be  hyper- 

sthene,  augite,  hornblende,  biotite,  lime-soda  feldspar,  orthoclase,  quartz. 

These  are  not  all  in  every  modification  of  the  rock.  Their  range  of 

variation  is  indicated  in  Table  II,  in  which  a,  b,  etc.,  represent  different 

mineralogical  modifications  of  the  rocks. 

Table  II. — Mineral  variation  of  the  diorites  at  Electric  Peak. 

Pyroxene. Hornblende. Biotite. Labradorite. 
Oligoclaae. Orthoclase 

Quartz, a  .. 

b... 

C.  - 

d 

Little... 

Some  . . . 

Much  . . . 

Much  . . . 

Much  . .. 

Much  . .. 

Much  . . . 

Some  . .. 

Some  . .. 

Little . . . 

Little. 

Little. 

Some. 

Much. 

Much. 
Much. 

Much. 

Much  . . . 

Little  . . . 

Much  . . . 

Much  .  . . 

Much  . . . 

Some  . . . 
Little... 

Some  . . . 

Some  . . . 

Much  . . . 

Much  . . . 

Much  . . . 

Little  . . . 

Little . . . 

Little . . . 
Little... 

Some  ... 

f 

The  diorite  is  traversed  by  veins  or  dikes  of  equally  coarse-grained, 

lighter-colored  diorite,  sometimes  approaching  granite  in  composition.  In 

one  case  the  rock  is  fine-grained  granite  (fig.  1  of  PI.  XVIII).  In  places 

there  are  narrow  seams  of  feldspar  and  quartz,  which  grade  into  rock 

containing  some  biotite  and  hornblende,  and  finally  into  quartzose  diorite. 

Such  seams  of  feldspar  and  quartz  appear  to  be  the  extremities  of  fissures 

or  cracks  in  the  early  solidified  magma,  into  which  the  fluid  portion  of  sub- 

sequently intruded  magma  has  been  forced.  They  are  of  truly  igneous 

origin,  and  consist  of  the  most  liquid  portion  of  the  magma,  or  that  part 

which  is  the  last  to  crystallize.  Segregations  rich  in  ferromagnesian 

minerals  are  abundant  in  some  parts  of  the  rock. 

The  marginal  portions  of  the  diorite  core  are  different  in  different 

places.  In  some  there  are  porphyry -like  modifications,  indicating  the  more 

rapid  cooling  of  the  margin  of  the  mass.  In  other  places  the  coarse-grained 

rock  is  directly  in  contact  with  the  wall  of  the  conduit,  showing  no  indica- 

tion of  chilling.  In  the  first  case  the  surrounding  rocks  must  have  been 

cooler  than  the  igneous  magma.     In  the  latter  case  they  must  have  been 
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equally  hot,  or  nearly  so,  indicating  the  previous  heating-  by  earlier  magmas. 
For  convenience  of  description  these  rocks  will  be  subdivided  into  the 

following-  groups : 

Ha.  Varieties  in  which  the  dark-colored  and  the  light-colored  minerals 
are  in  nearly  the  same  proportions. 

lift.  Varieties  in  which  the  light-colored  minerals  are  in  excess  and 
the  amount  of  quartz  is  moderate. 

He.  Like  116,  but  with  much  quartz. 

The  dark-colored  minerals  include  ferromagnesian  minerals.  The 
others  are  feldspar  and  quartz. 

II  a.   VARIETIES    IN    WHICH    THE    DARK-COLORED    AND    LIGHT-COLORED     MINERALS 

ARE   NEARLY  EQUAL. 

This  group  includes  most  of  the  stock  rocks,  and  is  the  most  basic.  It 

embraces  a  series  of  varieties  that  grade  into  one  another  chemically, 

mineralogically,  and  structurally. 

As  regards  the  degree  of  crystallization,  or  the  size  of  the  grain  of  the 

rocks,  they  may  be  classed  under  27  different  grades,  from  fine  to  coarse. 

But  no  attempt  has  been  made  to  establish  a  scale  of  uniform  degrees. 

The  arrangement  is  shown  in  Table  VIII,  Column  Ila.  At  the  coarsest- 
grained  end  of  the  series  are  the  diorites  of  the  stock.  Their  structure  is 

hypidiomorphic  granular.  Some  of  the  mineral  constituents  have  their 

proper  crystallographic  outline,  but  most  of  them  are  irregularly  shaped. 

The  constituents  are  lime-soda  feldspars,  hornblende,  augite,  hyper- 

sthene,  biotite,  and  quartz,  with  magnetite.  The  feldspars  are  more  nearly 

idiomorphic  than  the  other  constituents.  They  are  rectangular  to  lath- 
shaped,  with  outlines  modified  by  the  juxtaposition  of  other  minerals. 

Quartz  forms  cementing  grains,  wholly  aUotriomorphic.  Hornblende, 

pyroxene,  and  biotite  seldom  exhibit  crystal  boundaries,  and  penetrate  one 

another  intricately.  Magnetite  is  mostly  found  in  the  ferromagnesian  sili- 
cates.    Apatite  is  colorless  and  in  crudely  formed  crystals.     Zircon  is  rare. 

The  diorites  of  the  seven  highest  grades  of  crystallization,  Table  VIII, 

Column  Ha,  have  a  structure  similar  to  that  just  given,  but  vary  in  the 

relative  abundance  of  the  constituent  minerals,  as  shown  in  Table  V.  In 

the  coarsest  form  the  feldspars  are  from  2J>  mm.  to  1  mm.  long,  and  the 

quartz  grains  0.25  mm.  in  diameter.     The  structure  is  shown  in   PI.  XIX, 
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fig  2.  In  the  seventh  grade  from  the  coarsest  end  the  feldspars  range  from 

1.25  mm.  to  0.5  mm.,  and  the  quartzes  are  about  0.12  mm. 

As  the  grain  becomes  smaller,  idiomorphic  forms  are  more  numerous, 

especially  of  hornblende  and  biotite.  And  these  are  more  idiomorphic 

when  quartz  is  more  abundant,  since  they  are  always  idiomorphic  Avith 

respect  to  this  mineral  (PI.  XIX,  fig.  3).  A  gradual  change  of  this  character 
can  be  followed  to  grade  26  of  the  table,  where  the  average  size  of  grain 

is  0.23  mm.  Here  there  is  a  slight  tendency  to  porphyritic  structure,  which 

does  not  show  megascopically.  Porphyritic  structure  becomes  noticeable 

in  grade  24  (PI.  XIX,  fig.  4),  and  still  more  so  in  grade  14.  This  has  a 

groundmass  composed  of  grains  of  feldspar  and  quartz  with  poorly  defined 

outlines,  besides  microscopic  pyroxenes  and  magnetites.  The  phenocrysts 

are  lime-soda  feldspar,  hypersthene,  augite,  and  some  irregular  patches  of 

biotite.  There  is  no  hornblende.  The  finest-grained  forms  of  these  rocks, 

grades  17  to  13,  have  similar  structures,  and  might  be  called  pyroxene- 
andesite-  porphyry. 

This  group  of  rocks  presents  a  continuous  series  from  fine-grained 

andesite-porphyry,  with  phenocrysts  of  hypersthene  and  plagioclase,  to 

coarse-grained  homblende-rnica-diorite  with  a  variable  percentage  of 

jwroxene.  In  two  instances  the  transition  is  represented  by  specimens 
collected  within  short  distances  of  one  another.  Thus,  Nos.  268  to  271, 

279,  and  287  (PI.  XIX,  fig.  3)  were  1  foot  apart  in  a  continuous  rock 

mass,  and  No.  266  is  from  the  same  mass.  Nos.  277,  278,  281,  284,  and  289 

are  from  one  rock  mass  exhibiting  a  gradual  change  of  grain  through  a 
distance  of  4  feet.     No.  267  is  from  the  same  mass. 

The  microscopical  characters  of  the  constituent  minerals  are  much  the 

same  throughout  the  series,  but  there  are  certain  features  that  vary  with 

the  coarseness  of  grain  of  the  rock. 

The  feldspars  are  mostly  labradorite,  and  to  a  less  extent  andesine. 

The  idiomorphic  crystals  and  the  zonal  portion  of  the  allotriomorphic  ones 

increase  in  size  as  the  grain  of  the  rock  becomes  larger.  Their  twin  lamellae 

become  broader,  the  number  of  inclusions  of  pyroxene  and  other  ferromag- 
nesian  minerals  and  of  magnetite  diminish  with  increasing  grain,  and  the 

abundance  of  minute  dots  and  needle-like  inclusions  increases.  The 

feldspars,  forming  irregular  grains  in  the  groundmass  of  the  andesite- 

porphyries,  crystallize  as  a  border  around  the  idiomorphic  feldspars  in  the 
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coarser-grained  varieties.  The  border  is  allotriomorphic  and  more  alkaline 

than  the  center.     Orthoclase  is  recognizable  in  the  coarsest-grained  rocks. 
Quartz  occurs  in  allotriomorphic  crystals,  nearly  contemporaneous  with 

the  orthoclase,  which  is  also  allotriomorphic.  The  gas  and  fluid  inclusions 

in  the  quartz  increase  in  number  and  in  size  with  the  size  of  the  quartzes 

and  with  the  grain  of  the  rock. 

Hypersthene  and  augite  form  idiomorphic  and  allotriomorphic  indi- 
viduals in  the  porphyries.  They  are  much  more  irregularly  shaped  in  the 

coarsest-grained  rocks,  and  are  in  larger  individuals.  When  grown  together, 
the  hypersthene  is  always  the  older,  being  inclosed  by  the  augite;  rarely 

they  mutually  penetrate  one  another,  as  though  their  crystallization  was 

synchronous. 

Primary  brownish-green  hornblende  occurs  in  a  similar  manner.  It  fre- 
quently surrounds  the  pyroxenes  more  or  less  completely,  and  is  usually  the 

younger  growth.  Occasionally  it  appears  to  be  contemporaneous  with  augite. 

It  is  more  abundant  as  the  grain  of  the  rock  becomes  coarser.  Dark-brown 

hornblende  sometimes  is  present  as  an  indejjendent  crystallization. 

Biotite  is  mostly  in  allotriomorphic  crystals.  The  ferromagnesian  min- 

erals occur  isolated  from  one  another  to  some  extent,  but  are  generally  inter- 
grown  in  the  most  intimate  manner.  Though  there  is  an  apparent  order  in 

the  time  of  their  crystallization,  beginning  with  hypersthene  and  augite  and 

ending  with  biotite,  still  in  most  cases  they  have  grown  synchronously. 

This  is  specially  true  in  the  coarser-grained  rocks. 

Magnetite  has  two  periods  of  crystallization  in  the  porphyritic  rocks,  but 

only  one  in  the  uniformly  granular  ones,  the  size  of  the  crystals  increasing 

and  their  number  diminishing.  Apatite  forms  abundant  minute  idiomorphic 

crystals  in  the  finer-grained  rocks,  and  fewer,  larger,  poorly  shaped  indi- 

viduals in  the  coarser-grained  rocks.  Zircon  is  more  noticeable  in  the 
coarser  rocks  and  is  in  larger  crystals. 

All  of  these  variations  of  character  plainly  indicate  that  the  physical 
conditions  that  brought  about  the  variation  in  the  texture  of  the  rocks 

affected  the  crystallization  of  the  earliest-forming  minerals,  and  since  these 

conditions  were  localized  in  the  stock,  it  follows  that  portions  of  the  igneous 

magma  were  completely  liquid  when  they  arrived  in  this  part  of  the  conduit. 

The  intergrowths  of  green  hornblende  with  pyroxene,  which  are  the 

results  of  primary  crystallization  in  these   diorites,  find  their  analogies  in 
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similar  intergrowths  of  hornblende  and  pyroxene  in  unaltered,  often  pumi- 
ceous,  glassy  lavas.  They  are  to  he  distinguished  from  the  formation  of 

hornblende  from  pyroxene  by  secondary  processes  of  metamorphism, 

which  may  also  lead  to  the  production  of  compact  green  hornblende.  The 

transformation  of  both  pyroxene  and  compact  hornblende  into  fibrous 

amphibole  has  taken  place  in  some  of  these  rocks  to  a  limited  extent.  They 

are  in  general  very  fresh  and  unaltered. 

II  b.  VARIETIES    IN    WHICH    THE    LIGHT-COLORED   MINERALS    ARE    IN   EXCESS,    BUT 
IN   WHICH   QUARTZ   IS   NOT   EXCESSIVE. 

These  include  the  more  feldspathic  facies  of  the  diorite,  whether 

within  the  main  body,  on  its  margin,  or  as  dikes  or  veins  within  the  mass. 

There  is  considerable  quartz  and  a  range  of  ferromagnesian  minerals  that 

connect  them  with  the  preceding  varieties.  The  finer-grained  forms  approach 
the  dike  rocks  in  microscopical  characters,  and  are  possibly  connected  with 

them  geologically. 

Hornblende,  pyroxene,  and  biotite  are  similar  to  the  same  minerals  in 

the  main  body  of  diorite,  and  exhibit  the  same  relations  to  one  another 

when  in  juxtaposition,  but  vary  more  widely  in  their  relative  proportions, 

as  shown  in  Tables  V  and  VI.  The  feldspars  are  somewhat  more  alkaline, 

and  have  a  slightly  different  habit  from  those  in  the  main  diorite.  The 

quartz  plays  a  somewhat  different  role.  Its  crystals  occasionally  possess 

a  crudely  idiomorphic  form,  and  because  of  their  greater  abundance  the 

microstructure  exhibits  more  of  a  granitic  appearance  than  in  the  less 
siliceous  diorites. 

The  coarsest-grained  variety  (313)  consists  of  broad  plagioclase  feld- 
spars from  1  mm.  to  2  mm.  long,  with  numerous  small  quartz  grains  located 

along  the  line  of  junction  of  the  feldspars;  hornblende  and  biotite  occur  in 

irregularly  shaped  anhedrons,  the  hornblende  being  in  part  phenocrystic. 

Magnetite  and  apatite  are  also  present.  When  the  grain  of  the  rock 

becomes  smaller  the  feldspars  stand  out  more  prominently  in  a  fine-grained 

groundmass.  The  porphyritic  texture  is  quite  pronounced  in  specimen 

308  from  near  contact  with  sedimentary  rocks.  Its  grade  of  crystalliza- 

tion is  27.  The  large  feldspars  and  hornblendes  are  idiomorphic.  The 

crystals  composing  the  groundmass  exhibit  an  approach  to  idiomorphism, 

especially  the  feldspars,  and  to  some  extent  the  quartzes.  This  structure  is 
shown  in  fig.  1,  PL  XX. 
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IIC.  VARIETIES  WITH  AN  EXCESS  OF  LIGHT-COLORED  MINERALS,  IN  WHICH  QUARTZ 
IS   ABUNDANT. 

These  include  very  quartzose  and  very  feldspathic  varieties  of  diorite, 

approaching  granite  in  composition  and  structure  (320  to  323,  275a  and 

286a).  They  are  mostly  coarse-grained  dikes  or  veins  cutting  the  diorite 

mass.  They  correspond  to  grades  37  and  40,  Table  VIII.  In  this  group 

are  also  placed  certain  apophyses  (314-319)  from  the  stock  that  penetrate 
the  sedimentary  rocks. 

These  rocks  are  very  similar  to  those  of  Group  116,  but  contain  more 

quartz,  and  the  feldspars  appear  to  be  still  more  alkaline.  Oligoclase- 
andesine  is  the  predominant  feldspar,  but  there  is  some  labradorite  and 

some  orthoclase.  Orthoclase  is  very  abundant  in  one  modification  of  the 

rock,  which  is  in  fact  a  fine-grained  granite.  It  forms  a  large  body  on 
the  northeast  spur  of  Electric  Peak,  in  the  rugged  mass  of  dark-colored 

diorite  needles.  Its  crystallization  is  about  grade  35,  and  its  microstructure 

approaches  panidiomorphic,  as  shown  in  PI.  XX,  fig.  2.  The  other  varieties 

are  more  properly  quartz-mica-diorites.  In  the  coarsest-grained  forms  the 
ferromagnesian  minerals  are  biotite  and  hornblende,  with  no  pyroxene,  and 
with  biotite  in  excess  of  hornblende.  The  microstructure  of  one  of  the 

coarser-grained  varieties  (321),  grade  37,  is  shown  in  PI.  XX,  fig.  3,  and 

that  of  the  finest-grained  one  (314),  grade  19,  in  PI.  XXI,  fig.  1.  The 
latter  is  a  pronounced  porphyry. 

lie'.  Certain  narrow  apophyses  in  the  immediate  vicinity  of  the 
stock  are  rich  in  quartz,  but  contain  more  calcic  feldspar  and  a  variable 

amount  of  pyroxene,  besides  biotite  and  hornblende.  They  appear  to  be 

quartzose  facies  of  the  pyroxene-diorite  of  the  stock,  and  have  not  been 

found  cutting  the  main  body  or  forming  dikes  at  any  considerable  distance 
from  the  stock.  Their  mineralogical  composition  is  indicated  in  Table  VII 

by  the  first  six  numbers  (314  to  319).  With  increase  of  quartz  the  micro- 
structure  becomes  more  evenly  granular. 

III.  QUARTZ  MICA-DIORITE-PORPHYRY. 

The  last  magma  erupted  through  the  Electric  Peak  conduit  formed 

quartz-mica-diorite-porphyry.  It  is  a  broad  wedge-shaped  mass  cutting 
the  main  diorite,  narrower  toward  the  north,  and  sending  out  dikes  into  the 
sedimentary  strata  to  the  southwest.     The  rock  is  light  gray  to  white,  with 
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abundant  small  phenocrysts  of  feldspar,  quartz,  and  biotite.  Its  habit  is 

like  that  of  the  other  porphyries,  and  is  produced  by  the  great  number  of 

small  phenocrysts.  The  groundmass  is  hardly  recognized  megascopically, 

except  in  the  finest-grained  varieties.  The  coarsest  varieties  occur  within 

the  stock;  the  finest-grained  ones  in  the  narrow  dikes  cutting  the  southeast 
spur  of  Electric  Peak.  Their  grades  of  crystallization  are  shown  in  Table 

VIII,  Column  III. 

The  rock  is  intermediate  between  quartz-diorite-porphyry  and  granite- 

porphyry.  It  varies  slightly  in  mineral  composition  and  in  chemical  com- 
position, and  the  extremes  would  be  classed  under  these  two  kinds  of  rocks. 

Besides  biotite  there  is  a  little  hornblende  in  some  cases,  but  it  is  almost 

entirely  absent  from  most  of  the  rock.  The  biotite  is  partly  chloritized, 

and  the  feldspars  are  more  or  less  altered. 

In  the  finest-grained  varieties  the  groundmass  is  mierocrystalline, 
approaching  microcryptocrystalline.  The  phenocrysts  of  feldspar,  quartz, 

and  biotite  are  sharply  defined.  The  feldspar  is  mostly  oligoclase,  with 

possibly  a  little  orthoclase.  The  quartzes  are  smaller  than  the  feldspars. 

Most  of  them  exhibit,  in  thin  sections,  straight-edged  crystallographic  out- 
lines. Others  are  rounded  more  or  less  completely.  Both  forms  occur 

together  in  the  same  rock  section.  In  some  cases  the  outlines  are  irregular 

because  of  bays  or  pockets  of  groundmass  let  into  their  sides.  These  occur 

in  otherwise  straight-edged  and  in  rounded  quartzes.  They  appear  to  be 
original  inclusions  rather  than  the  results  of  corrosive  action  of  the  magma 

on  idiomorphic  crystals.  There  are  bipyramidal  inclusions  of  glass  and 

others  of  gas  and  fluid.  In  coarser-grained  groundmasses  the  outlines  of 
feldspar  and  quartz  phenocrysts  are  not  so  sharply  defined,  but  are  jagged. 

Around  some  quartzes  there  is  a  narrow  border  of  groundmass,  part  of  which 

extinguishes  light  in  unison  with  the  quartz  phenocryst,  showing  that  the 

quartz  in  this  part  of  the  groundmass  has>  one  orientation  parallel  to  that  of 

the  quartz  phenocryst. 

The  corresponding  rock  within  the  stock  is  much  coarser  grained,  with 

larger  and  more  numerous  phenocrysts,  so  crowded  together  as  to  leave  but 

little  groundmass.  The  feldspar  phenocrysts  are  similar  to  those  in  the  finer- 
grained  rocks,  but  those  of  quartz  gradually  lose  their  idiomorphic  shape  as 

the  groundmass  becomes  coarser,  and,  extending  out  among  the  smaller 

crystals  of  feldspar,  take  on  a  very  irregular  outline  (PI.  XX,  fig.  4).     There 
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is  a  gradual  transition  from  the  sharply  idiomorphic  quartz  phenocrysts  of 

the  fine-grained  porphyries  to  allotriomorphic  crystals,  such  as  occur  in 

granites  and  in  the(  coarser-grained  porphyries.  This  shows  that  the  por- 
phyritical  quartzes  were  the  last  phenocrysts  to  crystallize,  and  that  their 

crystallization  in  the  coarser-grained  varieties  continued  into  the  period 
of  crystallization  of  the  groundmass  without  evidence  of  interruption. 

GENERAL    CONSIDERATION    OF   THE    MINERAL   AND    CHEMICAL    COMPOSITION 
OF   THE   INTRUSIVE    ROCKS    IN    ELECTRIC    PEAK. 

MINERAL    COMPOSITION. 

In  order  to  convey  an  idea  of  the  variations  in  mineral  composition  of 

the  rocks  just  described,  recourse  has  been  had  to  tabular  statements  of  the 

relative  abundance  of  the  constituent  minerals  in  the  different  groups  of 

rocks.  The  tables  serve  not  only  to  condense  into  very  compact  space 

many  data,  but  place  them  in  such  form  that  they  may  be  comprehended  at 

a  glance,  while  at  the  same  time  the  formal  arrangement  of  the  data  often 

conveys  ideas  of  transitional  relationships  not  easily  expressed  otherwise. 

The  same  is  true  of  data  relative  to  degree  of  crystallization,  which  will  be 

explained  later  on. 

In  the  dike  rocks  constituting  Group  I,  and  in  the  dikes  of  Group  III, 

the  mineral  variations  most  readily  noted  affect  the  phenocrysts,  and  more 

particularly  those  of  the  ferromagnesian  minerals  and  quartz.  Variations 

in  the  feldspars  may  be  recognized,  but  with  more  difficulty,  and  may  be 

expressed  in  general  terms  by  saying  that  those  in  the  more  basic  rocks  are 

richer  in  calcium,  while  those  in  the  more  siliceous  rocks  are  richer  in 

sodium,  and  that  the  transition  between  the  extremes  appears  to  be  gradual. 

The  variations  in  the  phenocrysts  other  than  the  feldspars  are  indicated  in 

Table  III,  in  which  the  first  column  contains  symbols  of  mineralogical 

subdivisions  to  be  used  for  correlation  in  subsequent  tables.  In  this  table 

no  .account  is  taken  of  the  degree  of  crystallization. 
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Table III. — Mineral  variatio i  in  the  dike rods  of  Electric  Peal: 

Mineral 

groups. 
Specimeu numbers. 

Phenocrysts  other  than  feldspar. 

Pyroxene. 
Hornblende. Biotite. 

Quartz. 

d,   

d3   

d<   

ds   

d6   

a,   

d»   

d9   

dio   

d„   

/            232 
I            233 

234 
235 

r            236 

I            237 

r           238 

I            239 

240 

241 

242 243 

244 
245 

f             246 

|             247 I            248 
249 
250 

251 

252 
253 

254 

I            256 
257 

(         "  255 
258 

,            259 

260 
261 

262 
263 

264 

265 

Much   

Much   
Much   

Some   

Some   

Some    
Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   
Much   

Much   

Much   

Much   

Much   

Much   

Much   
Much   

Much   

Much   

Much   

Some    

Some    

Little 

Little 

Little 
Little 

Little   

Little 

Little   

Little   
Little   

Little .  . 
Little   

Little    . 
Little   

Little   

Little    ... 

Much   

Much      
Much   

Much      

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Little   

Much   
Much   

Much   

Much   

Much   
Much   

Much   

The  transition  indicated  in  the  table  is  from  acidic  rocks  with  much 

porphyritical  quartz  and  biotite  and  very  little  hornblende,  through  inter- 
mediate rocks  with  much  porphyritical  biotite  and  hornblende,  to  basic 

rocks  with  pyroxene  and  little  or  no  porphyritical  hornblende  or  biotite, 

but  which,  being'  more  coarsely  crystalline,  contain  some  biotite  as  a  product 
of  the  final  consolidation  of  the  groundmass,  which  is  related  in  its  occurrence 
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to  the  biotite  in  the  diorite.     The  gradual  nature  of  the  transition  from  oue 

extreme  to  the  other  is  apparent  at  a  glance. 

The  impossibility  of  considering  certain  rocks  as  definite  types  with 

which  to  compare  other  rocks  in  the  region  is  also  evident  when  it  is 

observed  that  the  mineralogical  variation  takes  place  within  certain  limits 

in  one  rock  body  (Nos.  247,  250,  255,  256,  and  257  are  from  the  same 

dike),  and  that  what  appears  to  be  a  mineralogical  modification  of  one 

particular  rock  body  is  the  characteristic  combination  of  another,  and  its 

modification  is  something  different.  Field  observation  shows  that  in  this 

locality  the  greater  number  of  dikes  are  composed  of  rocks  with  variable 

percentages  of  porphyritical  hornblende  and  biotite,  and  that  the  other 
varieties  are  less  numerous.  In  another  region  other  varieties  predominate. 

The  chemical  variations  which  are  indicated  by  the  silica  percentages 

range  from  57.12  in  subdivision  d3  to  61.85  in  cl7,  and  jjrobably  reach  69.00 

in  cln.  They  indicate  a  correspondence  between  the  mineralogical  and 

chemical  variations  for  this  group  of  rocks. 

Table  IV. — Grades  of  crystallization  of  the  dike  rocks  of  Electric  Peak. 

Grades 

of  crystal- lization. 

Mineralogical  grouping  indicated  in  Table  III. 

dt 

d2 

d3 <*4 

di <?6 

d, 

d* 

d, 

d,0 
<*i, 

6   

259 

260,  261 

262,  263 
264,  265 

7   240 

8   
238 

9.. 241,  242 
243 

244, 245 

258 

10   
246 

11   255,  256 

257 12   
239 

249,  250 

251 

252, 253 254 

13   

14   247,  248 
16   

235 

19   

20   
25 

232 

233 

236,  237 

234 

Table  IV  expresses  the  range  in  degree  of  crystallization  of  the  ground- 
mass  of  these  rocks,  which  are  arranged  in  columns  corresponding  to  the 

mineralogical  grouping  of  Table  III.  It  is  to  be  remarked  that  the  speci- 

mens were  collected  from  different-sized  dikes  and  from  different  parts  of 
the  dikes,  so  that  the  variations  in  grain  can  not  be  compared  very  closely 
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with  the  mineral  composition.  But  when  the  size  of  the  dikes  in  each  case 
is  taken  into  consideration  it  becomes  even  more  evident  than  from  the 

table  that  the  coarseness  of  grain  bears  a  very  considerable  relation  to  the 

chemical  composition  of  the  rock.  The  variation  in  grain  between  the  sides 

and  center  of  a  dike  and  between  dikes  of  different  widths,  for  rocks  of 

nearly  the  same  composition,  is  not  so  great  as  the  variation  between  rocks 

of  different  composition  where  the  size  of  the  dikes  in  which  they  occur  is 

somewhat  similar.  Thus,  specimen  No.  233  is  from  the  center  of  a  4-foot 
dike,  and  No.  232  from  the  contact  wall  of  the  same;  and  specimen  No.  247 

is  from  the  center  of  an  8-foot  dike,  and  N6s.  257  and  250  are  from  the 

contact  walls  of  the  same;  Nos.  264  and  265  are  from  4-foot  dikes,  and 

No.  263  is  from  a  2-foot  dike.  They  all  occur  at  nearly  the  same  altitude, 

but  it  is  possible  that  the  pyroxene-bearing  rock,  No.  233,  may  have  been 
intruded  in  rocks  which  were  more  heated  at  the  time  of  its  intrusion  and 

so  have  acquired  its  degree  of  crystallization  through  slower  cooling,  but 

this  is  not  so  likely  to  have  happened  in  the  case  of  rock  No.  234,  which 

is  in  the  same  part  of  the  mountain  as  No.  235,  but  is  in  a  dike  10  feet 

wide  and  is  very  much  coarser  grained  than  No.  233.     (See  Table  VIII.) 

The  groundmass  of  the  rock  with  porphyritical  quartz  and  biotite,  No. 

265,  is  made  up  of  minute  grains  of  quartz  and  feldspar,  about  0.015  mm.  in 

diameter,  while  the  groundmass  of  the  pyroxene-bearing  variety,  No.  233,  is 

made  up  of  lath-shaped  and  irregularly  shaped  feldspar  about  0.10  mm.  to 

0.14  mm.  in  length,  and  the  groundmass  of  No.  234  is  composed  of  lath- 
shaped  feldspars  0.5  mm.  to  0.7  mm.  in  length. 

The  character  of  the  °'roundmass  changes  from  an  even  g*ranular 
structure  in  the  acidic  rocks,  through  one  made  up  of  irregular  grains  and 

lath-shaped  feldspars  in  the  intermediate  rocks,  to  an  aggregation  of  lath- 
shaped  feldspars  with  almost  no  irregular  grains  in  the  basic  varieties. 

The  tendency  of  basic  rocks  to  crystallize  more  completely  and  with 

larger  groundmass  crystals  than  acidic  rocks  is  constantly  observed  among 

the  extrusive  rocks,  such  as  basalts,  andesites,  and  rhyolites.  The  same 

law  appears  to  obtain  among  the  intrusive  rocks.  It  is  of  course  necessary 

to  compare  rocks  that  appear  to  have  crystallized  under  very  nearly  the 

same  physical  conditions. 

The  rocks  of  Group  II  have  been  described  in  greater  detail  on  account 

of  their  number  and  importance,  and  have  been  subdivided  into  three  sub- 
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groups,  Ila,  116,  lie.  The  tables  presenting  the  results  of  this  part  of  the 
work  have  a  different  form  and  are  arranged  separately  for  each  subdivision. 
They  are  Tables  V,  VI,  and  VII. 

Table  V. — Mineralogical  variation  among  the  diorites  of  Group  Ila. 

i 
= 
5 
a 
a 
9 
3 

'o 

o ft 

'Jl 

as 

■o 

u 

Amount  of  quartz. Relative    amount   of  pyroxene  and 
hornblende. 

Relative  amount  of  pyrox- 
ene, hornblende,  and  bio- 

tite. 

Little. 

Mod- 
erate. 

Con- 
sider- 
able. Much 

P- 

p>h. 
p=h. 

P<h. 

ft, 

(ph)J(ph)>b 

(ph)=i 

iph)<b. 
266 
267 

268 

269 
270 

271 

272 
273 

274 
275 

276 

277 
278 

279 

280 

281 

282 
283 

284 
285 

286 

287 

288 
289 

290 

291 

294 
295 

296 
297 

298 

299 

300 
i 

57.38 

266 266 267 

268 

2 
270 

1 
9fifl 

267 
268 

269 

270 

271 

72 
1 

267 

268 

269 

270 69 

271 

273 274 

61.22 

58.05 

56.33 

2 

273 
274 

272 272 

2"79 

274 
275 

275 

276 

277 

278 

275 

276 
58.10 

276 277 

278 

278 

279 

280 

2 

279 

280 

281 

280 

SI 282 58.11 
58.87 

n 

2; 

282 282 

2 

S3 

2£> 

2 a 
55.64 

285 

286 

285 
285 

6 287 

288 

286 
2i 

288 

2! 

21 287 
288 

2; 

290 

291 

7 

S9 .... 21 

*290 

1 

290 

29 

294 

.... 

2£ 

294 

2£ 

56.28 

53.72 

55. 23 

294 

296 
297 

298 

2! 5 

  1 

2i 

5 5 296 296 

*297 

.... 
297 298 

298 

299 

3C 

299 

0 0 

31 

1 1 

*  The  hornblende  in  these  rocks  is  in  part  secondary ;  pyroxene  may  have  been  present  originally. 
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Table  VI. — Mineralogical  variation  among  the  diorites  of  Group  lib. 

u 

<D 

,0 

3 
0 
n 
© 

a 

*o 

zri 

O 

® Amount  of  quartz. 
Relative   amount  of   pyroxene    and 

hornblende. 

Relative  amount  of  pyrox- 

ene, hornblende,  and  bio- tite. 

Little. 

Mod- 

erate. 

Con- 

sider- able. 

Much. 

P- 

P>h. 
p=h. 

p<h. 

h. 

iph). 

1 
(ph)>b.  (ph)=b 1 (J>h)<b. 

301 

302 

303 

301 
305 
306 

307 
308 

309 

310 

311 

312 

313 

301 
302 

303 

301 

3fl9 .... 
301 

3 

-)■> 

65.60 

303 

30S 

304 

304 305 

306 

307 

308 

304 

65.94 305 

306 
307 

308 

39 
310 

311 
12 

313 

.... 305 

306 

63.78 
.... 

307 

3 

58 

309 

310 

311 

12 

64.07 3 

*309 

+  310 

65.11 311 

312 3 3 

64.85 313 .... 313 

*  This  rock  belongs  with  288,  resembles  it  in  structure  and  character,  but  is  higher  in  silica  and  feldspar. 
t  An  exceptional  variety,  from  talus. 

Table  VII. — Mineralogical  variation  among  the  diorites  of  Group  lie. 

u 

a 

© 

P. 

0 

SIS 

<s  ta 
0 

0 
ft 

Amount  of  quartz. 
Relative  amount    of   pyroxene    and 

hornblende'. 

Relative  amount  of  pyrox- 

ene, hornblende,  and  bio- 

tite. 

Little. 

Mod- 
erate. 

Con- 
sider- able. 

Much. 

P- 

P>h. 
P~h. 

P<h. 

h. 

(ph). 

(ph)>b. 

(ph=b.) 

(ph)<b. 

314 

315 

316 
317 

318 

319 

320 

321 
286a 
275a 

322 

323 

314 

315 

316 

317 

318 
319 

320 

321 

286a 

275a 

322 

323 

"3 

315 
316 

14 3 14 

315 

316 

318 

319 

320 

321 

286a 
275a 

322 

!3 

65.48 

65.80 

3 

318 

7 .... 

3J7 

319 

320 

321 

6a 

67.54 
28 

275a 

322 

323 66.05 

3i 
*  The  first  six  rocks  in  this  group  are  closely  related  to  the  main  mass  of  the  diorite  of  Group  11a. 
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Table  V  presents  those  varieties  of  the  stock  rocks  in  which  the  amount 

of  the  ferromagnesian  silicates  about  equals  that  of  the  feldspar  and  quartz 

combined.  There  is  no  distinction  made  as  to  whether  the  crystals  occur 

as  phenocrysts  or  not.  They  are  arranged  in  a  series  according  to  their 

degree  of  crystallization,  the  finest  grained  being  at  the  top,  the  A^alue  of 
the  degrees  of  crystallization  having  been  already  explained  (p.  99).  The 

silica  percentage  is  given  in  all  cases  where  it  has  been  determined.  In  the 

table  an  attempt  is  made  to  express  the  relative  amounts  of  the  quartz,  of 

the  hornblende  and  pyroxene,  and  of  the  biotite  and  hornblende  and 

pyroxene.  The  relative  amount  of  feldspar  is  not  expressed.  In  a  general 

way  it  varies  inversely  as  the  amount  of  quartz  for  this  subgroup.  The 

columns  under  the  different  divisions  of  the  table  express  certain  relations 

of  the  minerals  approximately.  Under  the  divisions  of  quartz,  the  terms 

"little,"  "moderate,"  "considerable,"  "much"  are  used  only  as  comparative 
terms  applicable  to  this  group  of  rocks  throughout  its  three  subdivisions, 

II«,  lib,  lie,  and  have  no  reference  to  the  relative  amount  of  quartz  which 

might  be  found  in  another  suite  of  rocks.  Consequently,  what  would  be 

considered  "much"  quartz  in  these  rocks  might  be  only  a  moderate  amount 
for  another  series. 

Under  the  division  which  shows  the  relative  amounts  of  pyroxene  and 

hornblende  in  each  rock,  the  first  column,  up"  indicates  that  there  is 
pyroxene  and  no  hornblende;  the  next  column,  that  the  pyroxene  is  in 

excess  of  the  hornblende;  the  third,  that  they  are  equal;  and  so  on.  The 

relative  amounts  of  pyroxene  or  of  hornblende  in  any  two  varieties  of  the 

rock  is  not  indicated  directly.  It  can  be  ascertained  roughly  by  consider- 

ing that  in  this  subgroup  the  sum  of  the  pyroxene,  hornblende,  and  biotite 

is  nearly  constant. 

In  the  next  division  of  the  table  the  amount  of  the  biotite  is  compared 

with  that  of  the  pyroxene  and  hornblende  combined,  in  the  manner  already 

explained  for  the  previous  division. 

The  first  fact  brought  out  by  a  study  of  this  table  is  the  variability  of 

the  quartz  percentage,  which  does  not  appear  to  hold  a  very  definite  relation 

to  the  silica  percentage,  as  in  the  case  of  Nos.  281  and  282.  But  it  is 

observed  in  studying  the  thin  sections  that  the  quartz  is  not  so  noticeable  in 

the  fine-grained  varieties  as  in  the  coarse-grained  ones,  and  may  therefore 
be  either  overlooked  or  possibly  not  so  strongly  developed.     Thus  the 
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coarse-grained  varieties  with  little  quartz  are  lower  in  silica  than  the  fine- 
grained varieties  with  little  quartz.  (Compare  Nos.  297  and  298  with  Nos. 

272,  273,  and  274.)  It  is,  of  course,  evident  that  in  rocks  with  variable  per- 
centages of  the  essential  minerals  which  are  all  silicates  there  can  be  no 

rigid  relation  between  the  proportion  of  any  one  of  these  minerals  and  the 

silica  percentage  of  the  rock  within  the  narrow  range  of  chemical  variation 

that  occurs  in  this  group.  In  it  the  silica  does  not  vary  7  per  cent,  and  the 

amounts  of  the  other  chemical  constituents  are  the  modifying  chemical 

factors.  This  will  be  discussed  more  fully  when  the  chemical  composition 
of  the  rocks  is  considered. 

The  most  regular  variation  is  in  the  relative  proportions  of  pyroxene 
and  hornblende.  There  is  a  definite  increase  in  the  amount  of  hornblende 

and  decrease  in  that  of  pyroxene  as  the  rock  becomes  coarser  grained. 

This  is  specially  noticeable  in  those  specimens  forming  series  from  one  spot, 

Nos.  268,  269,  270,  271,  279,  and  287,  and  Nos.  277,  278,  281,  284,  and  289. 

The  variation  in  the  relative  amount  of  biotite  is  not  so  marked,  but  there 

is  a  slight  increase  from  the  fine-grained  to  the  coarse-grained  end  of  the 
series. 

The  irregularities  in  the  variations  of  the  different  minerals  could  be 

better  understood  if  the  chemical  composition  of  all  of  the  different  varieties 

of  the  rocks  were  known,  but  such  an  investigation  is  not  practicable.  The 

rocks  of  this  subgroup  may  be  classed  among  the  pyroxene-diorites  and 

quartz-pyroxene-diorites.  They  carry  considerable  biotite,  and  pass  into 

quartz-mica-diorite  at  one  end  of  the  series  and  into  pyroxene-porphyrite  at 
the  other. 

Tables  VI  and  VII  include  those  varieties  of  rock  in  which  the  amount 

of  feldspar  and  quartz  together  exceeds  that  of  the  ferromagnesian  silicates, 

Table  VII  including  those  varieties  particularly  rich  in  quartz. 

The  silica  percentage  is  considerably  higher  in  these  rocks  than  in  those 

of  the  previous  subgroup.  The  quartz  is  more  uniform,  and  on  the  whole 

is  higher.  It  is  very  considerably  higher  in  Subgroup  lie.  Pyroxene  is 

absent  from  most  of  the  varieties,  but  occurs  in  small  amounts  without 

hornblende  in  a  few  instances  already  noticed.  Biotite  is  more  variable  in 

Subgroup  lib  than  in  lie,  where  it  is  the  predominant  ferromagnesian  silicate. 

The  relation  of  quartz,  biotite,  hornblende,  and  pyroxene  to  the  chemical 

composition  of  the  different  varieties  of  this  series  of  rocks  is  not  so  definite 
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as  in  the  case  of  the  group  of  dike  rocks.  In  general,  quartz  and.  biotite 

are  more  abundant  in  the  more  acid  varieties  of  the  coarse-grained  rocks, 

but  they  both  appear  in  the  basic  varieties  when  they  are  coarsely  crystal- 

line. The  relations  of  hornblende  and  pyroxene  to  the  chemical  composi- 

tion of  rocks  are  not  elucidated  in  any  way  by  the  study  of  this  group  of 

rocks.  It  is  evident,  however,  that  in  the  intrusive  rocks  of  this  region 

hornblende  is  developed  to  a  greater  extent  in  the  basic  rocks,  in  propor- 
tion as  they  are  coarser  grained,  and  that  pyroxene  is  more  abundant  in  the 

finer-grained  forms  than  in  the  coarser. 

The  mineral  composition  of  the  quartz-mica-diorite-porphyry,  Group 
III,  is  very  uniform,  and  needs  no  tabulation.  It  contains  very  much 

quartz,  abundant  biotite,  and  almost  no  hornblende ;  the  greater  part  of  the 

rock  is  more  siliceous  than  the  main  body  of  the  diorite,  and  reaches  69.24 

per  cent  of  silica,  but  a  facies  of  it  which  is  richer  in  hornblende  than  the 

body  of  the  rock  has  only  65.97  per  cent  of  silica. 

Table  VIII. — Grades  of  crystallization  of  the  dike  and  stock  rocks  of  Electric  Peak. 

Grade. 

I. 
II  (a). 11(6). 

II  (»). 
III. 

d,  to  d]0. 

>,. 
s2. 

«3- 

s4  and  rfn. 

6   

259 

260,  261 

262,  263 

264,  265 

7   
240 

238 

r     239 

I  241,  242 

243,  246 

1  244,  245 1  254,  256 

i    239,  249 

l  250,  257 

251 

(■  247,  248 l  252,  253 

8   

9   

10   

11   

1   

f 

13   

14   

15   

266 

267 

268 

269 

270 

16   

17   
235,  254 

301 302,  303 

304 

305,  306 307 

18   

IS   

20   

<            232 

I  236,  237 
233 

!  
 

314,  315 

324,  325 

326,  327 
21   

1 

MON   XXXII,  PT   II- 
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Table  VIII. —  Grades  of  crystallization  of  the  dike  and  stock  rocks  of  Electric 
Peak — Continued. 

Grade. 

I.        II  (a). II  (6>. 

II  («). 

III. 

rfi  to  dn,.        st. 
s2. 

H- 

Si  and  <Ln. 

22   271 

270 

328,  329 

330,  331 

332 333 

23   

24   

25   

26   

    273.  274 316 

234 

317 

275,  276 277 

27  ..       

308 

28    
278 

279 

29    

30   

31   

32   

280.  281 

    282.  283 

284 

33    (•     285 I  286,  287 

34    
288 

289 309 310 

35   

318 

334 

36   311 319 

37   <           320 
I  321,286a 

^9U 

38     291       312 

294        313 39   

40   295 r     275n 
1  322,  323 

41   
296 

297 

298 

42   43 

44.        
299 

300 45   

Table  VIII  expresses  the  relative  degree  of  crystallization  of  all  the 

intrusive  rocks  collected  from  the  stock  and  dikes  of  Electric  Peak.  They 

are  arranged  in  the  groups  already  described.  The  breaks  in  the  different 

columns  do  not  signify  breaks  in  the  gradation  of  crystallization  in  the  rock 

bodies  in  the  field,  but  simply  that  the  specimens  collected  are  not  from  all 

the  different  structural  phases  of  the  different  rocks.  However,  the  clus- 

tering of  the  numbers  in  particular  parts  of  the  scale  indicates  the  prevailing 

grain  of  the  rocks  as  they  are  exposed  at  the  present  time. 
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It  is  not  possible  to  draw  a  line  of  demarcation  anywhere  in  the  scale 

based  on  the  degree  of  crystallization  between  rocks  that  occur  in  narrow 

dikes  and  those  that  form  parts  of  much  larger  bodies.  A  relation  between 

the  degree  of  crystallization  and  the  size  of  the  rock  body  does  not  at  first 

appear  when  all  of  these  occurrences  are  considered  together.  The  very 

important  influence  of  several  other  factors,  however,  becomes  apparent. 

One  is  the  chemical  character  of  the  magma,  the  more  basic  magmas  tend- 

ing to  crystallize  coarser  than  the  more  siliceous  ones  under  similar  physical 

conditions.  Another  factor  is  the  previous  temperature  of  the  rocks  into 

which  the  molten  magmas  were  injected,  and  the  consequent  differences  in 

the  rate  of  cooling  which  the  molten  magmas  experience.  There  may  also 

be  other  factors  which  influence  the  crystallization  in  certain  cases,  but 

they  are  not  evident  in  the  occurrences  at  Electric  Peak.  In  this  locality 

the  chief  factor  influencing  the  crystallization  appears  to  have  been  the 

temperature  of  the  inclosing  rocks  at  the  time  of  the  different  intrusions. 

The  next  most  influential  factor  appears  to  have  been  the  chemical  character 

of  the  magma  itself,  and  the  third  the  size  of  the  intruded  mass.  In  another 

region  the  relative  importance  of  these  factors  may  be  different. 

CHEMICAL    COMPOSITION. 

The  chemical  composition  of  the  intrusive  rocks  at  Electric  Peak  is 

shown  by  the  analyses  in  Table  IX.  Nos.  272  and  309  were  made  by  Mr. 
W.  H.  Melville,  the  remainder  by  Mr.  J.  E.  Whitfield.  All  are  from  rocks 

occurring  in  the  stock  and  its  immediate  apophyses.  They  represent  the 
composition  of  various  forms  of  the  diorite  and  diorite-porphyry.  The 
first  four  analyses,  Nos.  295,  267,  273,  and  272,  are  from  the  main  body  of 
the  stock,  and  belong  to  Subgroup  Ila.  The  next  four  analyses,  Nos.  309, 
313,  311,  and  303,  are  from  modifications  of  the  main  body  of  the  diorite 

and  from  one  of  the  lighter-colored  veins  or  dikes  which  traverse  it.  They 
belong  to  Subgroup  lift.  Two  more  varieties  of  the  main  stock  are  repre- 

sented by  analyses  Nos.  323  and  321.  They  are  quite  siliceous,  and  belong 
to  Subgroup  He.  Analyses  Nos.  329  and  326  are  from  the  large  bodv  of 

quartz-mica-diorite-porphyry,  the  first  being  a  basic  variety  of  it,  and  the 
second  corresponding  more  nearly  to  the  general  character  of  the  body  of 
the  rock. 
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Table  IX. — Chemical  analyses  of  intrusive  rocks  from  Electric  Peak. 

Constituent. 295 267 273 272 309 

313 311 

303 

329 

323 

321 

326 

Si02  .... 56. 28 57.38 58.05 61.22 
61.07 64.85 65.11 65.60 65.  97 66.05 

67.54 
69.24 

TiO.  .... .84 Trace. 1.05 .61 .45 
.91 .71 

.  75 .42 .34 

.80 

.65 

A1;03   . . . 14.23 16.86 18.00 16.14 15.82 
16.57 16.21 17.61 16.53 

16.96 
17.02 

15.30 

Fe20,  ... 
4.69 2.49 2.49 3.01 3.40 

2.10 1.06 
.95 

2.59 2.59 2.97 

1.72 
FeO  .... 

4.05 5.17 4.56 2.58 
1.44 

2.15 3.19 
2.76 

1.72 1.38 .34 .69 

NiO   .09 

Trace. 

.05 

Trace. MuO.... .16 Trace. None. None. 
None. None. 

None. 
None. Trace. Trace. 

CaO  .... 
7.94  !     7.32 

6.17 5.46 4.43 4.01 3.97 3.72 
3.37 

3.37 2.94 
2.98 

MgO.... 
6.  37        5.  51 3.55 4.21 3.39 2.14 

2.57 1.49 2.11 2.08 
1.51 .95 

Li»0  .... .  01          . 39 None. None. 

.04 

.03 

.09 

None. .03 
None. 

Na.O .... 2. 98  !     3.  33 
3.64 

4.48 
4.06 

3.71 
4.00 

4.36 3.41 
4.20 

4.62 
4.46 

IC.,0   1.23  '     1.45 2.18 
1.87 2.27 

3.10 2.51 2.36 

2.67 2.53 
2.28 

2.52 

P:Os  .... .40    Trace. .17 .25 .18 .14 .02 

.16 

Trace. 
Trace. Trace. Trace. 

SO ,   Trace,  i      .21 
.07 

Trace. 
Trace. 

Trace. .13 .03 .26 .27 

CI   .  17         .17 Trace. None. None. None. .09 
Trace. 

.15 

Trace. 

H»0  .... 

Total. 

.93         .42 .86 .44 .52 .35 .94 .59 1.23 

.69 

.  55 
1.30 

100.  28 100. 70 100.  79 100.  36 100.  08 100.  03 100.  33 100. 38 100.  33 100.  22 
101.  01 100.  08 

Less  0 

for  CI . .04 .04 .02 .03 

100.  24 100.  66 100.  31 
100.  98 

Table  X. — Silica  percentages  of  rocks  from  Electric  Peak. 

Sheet rocks. 

Dike  and  stock  rocks. Si02. 

I. Ho.-              116. 

He. III. 

53.72 

55.23 

55.64 
56.28 

56.  33 

53.72 

55.23 
55.64 

56.  28 

56.33 

57.12 

57.  38 

58.05 
58.10 

58.11 

58.49 
58.87 

59.64 

60.54 

57.12 
57.  38 

58.05 

58. 10 

58.11 

58.49 

58.87 

59.64 

60.54 
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Table  X. — Silica  percentages  of  rocks  from  Electric  Peak — Continued. 
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Sheet 
rocks. 

Dike  and  stuck  rocks. 
Si02. 

I. Ila. 
Jib. 

He. III. 

60.56 

60. 56 

60.89 

61.50 

61.  85 

63.01 

63.78 
64.85 

65.11 
65.48 

65.60 
65.80 

65.94 

65.97 

66. 05 

67.54 

69.24 

60.89 

61.50 

61.85 

63.01 63.78 

64.85 

65.11 

65.48 

65.60 

65.80 

65.94 
65.97 

I  
 

66.05 

67.54 69.24 

Fig.  1. — Variation  or  silica  percentages  of  rocks  from  Electric  Peak. 

The  silica  percentages  of  a  number  of  varieties  of  these  rocks  were 

determined  and  are  given  in  Table  X,  together  with  those  from  the  complete 

analyses.  In  a  measure  they  supplement  these  analyses  and  demonstrate 

what  is  evident  from  the  microscopical  study  of  the  thin  sections,  namely, 

that  the  diorites  and  porphyries  pass  through  all  possible  gradations  from 

one  extreme  to  the  other.  The  character  of  this  transition  is  shown  by  the 

diagram,  fig.  1,  in  which  each  determination  is  given  the  same  weight.  The 

series  is  arranged  according  to  the  increase  of  silica,  and  the  silica  percent- 

ages are  plotted  as  ordinates. 
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In  Table  X  the  percentages  are  all  placed  in  the  extreme  right-hand 
column,  and  also  in  separate  columns  corresponding  to  the  groups  described 

in  the  first  part  of  the  paper.  From  this  it  is  seen  that  the  main  body  of 

the  diorite  varies  from  53.72  to  60.56  per  cent  of  silica,  and  in  certain  con- 
tact forms  reaches  67.54  per  cent.  The  dikes  of  later  rocks  related  to  the 

diorite  and  cutting  the  main  body  of  the  stock  range  from  63.78  to  69.24 

per  cent. 
Of  the  various  bodies  of  magma  that  have  followed  one  another 

through  the  conduit  at  Electric  Peak,  there  is  a  variation  in  chemical  com- 
position in  each,  the  different  series  of  changes  overlapping  one  another. 

Thus  the  average  chemical  composition  of  each  subgroup  of  varieties  shifts 

somewhat,  and  is  more  basic  for  one  than  for  another.  But  the  end  varieties 

of  each  subgroup  overlap,  so  that  the  most  basic  modification  of  the  more 

acid  group  is  more  basic  than  the  most  acid  end  of  the  more  basic  group 

which  immediately  preceded  it. 

Since  the  rocks  of  Group  I  belong  to  outlying  dikes  of  the  main  stock 

and  are  contemporaneous  with  it,  their  silica  percentages  may  be  placed  in 

the  proper  subgroup  of  the  stock  rocks,  making-  Subgroups  II  a  and  II  & 
practically  continuous.  It  appears  from  Table  X  that  the  succession  of 

magmas  which  came  up  through  the  vertical  fissures  was  from  a  basic  one 

to  more  and  more  acid  ones,  and  that  the  previous  intrusions  which  formed 

the  sheet  rocks  were  of  a  magma  of  medium  chemical  composition. 
The  variations  of  the  other  chemical  constituents  of  these  rocks  are 

best  comprehended  by  comparing  their  molecular  proportions.  This  has 

been  done  graphically  in  the  accompanying  diagram,  fig.  2,  in  which  the 

molecular  proportions  of  the  principal  oxides  are  plotted  as  ordiiiates,  those 

of  the  silica  being  taken  as  abscissas.  The  origin  of  abscissas  is  located 
some  distance  to  the  left. 

The  first  impression  derived  from  the  diagram  is  that  of  the  irregularity 

of  the  variations  in  all  the  oxides  besides  silica,  especially  in  the  magnesia. 

Moreover,  these  variations  appear  to  be  independent  of  one  another.  But 

this  apparent  independence  disappears  on  closer  study.  The  most  striking 

evidence  of  connection  between  the  molecular  proportions  exists  in  the  case 

of  the  two  oxides  of  iron;  the  ferrous  and  ferric  oxides  are  noticeably 

inversely  proportional  to  each  other,  an  increase  of  ferrous  oxide  being 

accompanied  by  a  decrease   of  ferric  oxide.     The  total  amount  of  iron 
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varies  irregularly,  decreasing  from  the  basic  to  the  acid  end  of  the  series. 

While  each  of  the  iron  oxides  is  quite  independent  of  the  magnesia,  it  is 

found  upon  reducing  all  the  iron  to  the  ferrous  state  that  there  is  the 

greatest  accord  between  the  iron  and  the  magnesia,  both  varying  in  like 

directions  and  to  nearly  the  same  extent.  The  magnesia  drops  rapidly  at 

first,  and  is  very  erratic  in  the  more  siliceous  end  of  the  series,  where  it 

becomes  very  low. 

The  most  regular  variation  is  in  the  lime,  which  decreases  steadily  from 
the  basic  to  the  acid  end  of  the  series.     It  exhibits  little  or  no  connection 

Fig.  2.— Molecular  variation  of  the  rocks  at  Electric  Peak. 

with  the  other  constituents.  The  molecular  proportions  of  the  alumina, 

though  quite  irregular  between  certain  limits,  maintain  a  uniformly  high 
position,  and  are  much  greater  than  those  of  any  one  of  the  other  constitu- 

ents except  silica.  At  the  extreme  basic  end  of  the  scale,  however,  they 
are  equaled  by  those  of  both  the  magnesia  and  the  lime.  The  alkilies  are 

most  like  the  alumina  in  their  variations,  and  remain  very  nearly  uniform, 
increasing  somewhat  toward  the  acid  end  of  the  series.  The  soda  mole- 

cules are  more  than  twice  as  numerous  as  those  of  potash,  which  is  one  of 
the  most  noticeable  characteristics  of  the  rocks  of  this  locality.  In  the 
basic   end  of  the  series  the  alkilies  vary  together  in  the  same  direction, 
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while  in  the  more  siliceous  end  they  vary  in  opposite  directions.  There  is  a 

marked  accordance  between  the  soda  and  the  alumina,  both  varying  in  the 

same  direction,  with  one  exception,  though  not  to  the  same  extent.  There 

is  a  more  strongly  marked  discordance  between  the  alumina  and  the 

magnesia,  which,  with  one  exception,,  vary  in  opposite  directions. 

These  irregular  variations  take  place  not  only  among  allied  varieties  of 

rocks,  but  even  in  different  parts  of  one  and  the  same  rock  body.  They 
find  expression  in  variations  in  the  proportions  of  the  essential  minerals. 

The  origin  of  this  variation  is  undoubtedly  to  be  sought  in  the  chemical 

differentiation  of  the  molten  magma.  The  development  of  the  constituent 

minerals  in  the  solidified  rock  is  the  result  of  physical  forces  that  combine 

the  chemical  constituents  of  the  magma  in  a  variety  of  ways  to  form  closely 

analogous  crystal  compounds.  A  discussion  of  the  possible  molecular 

condition  of  molten  magmas  will  not  be  taken  up  in  this  place.  A  few 

obvious  relations  between  the  mineral  and  chemical  variations,  however, 

may  be  pointed  out.  The  inverse  variation  between  alumina  and  magnesia, 
and  the  accordance  between  alumina  and  the  alkalies,  affect  the  relative 

proportions  of  feldspars  and  ferromagnesian  silicates,  which  vary  in  an 
inverse  ratio.  The  decrease  of  the  alkaline  earths  with  the  increase  of  silica 

and  the  alkalies  shows  itself  in  the  diminution  of  the  ferromagnesian  silicates 

and  the  calcium  feldspars,  which  accompanies  an  increase  in  quartz  and  the 
alkali  feldspars. 

The  reciprocal  variation  of  the  ferrous  and  ferric  oxides  indicates  the 

variable  oxidation  of  preexisting  ferrous  molecules.  This  should  naturally 

be  in  accord  with  the  development  of  minerals  containing  more  or  less  ferric 

oxide,  the  most  prominent  of  which  are  hornblende  and  biotite.  Such  a 

connection  seems  to  be  made  out,  but  data  for  its  complete  demonstration 

are  not  at  hand.  It  is  most  significant  on  account  of  its  bearing  on  the 

question  of  the  development  of  these  two  minerals  in  the  coarser-grained 

forms  of  rocks  whose  magmas  may  crystallize  under  other  conditions  free 

from  either  mineral.  It  may  throw  light  on  the  possible  action  of  water 

vapor  as  a  mineralizing  agent. 

The  order  in  which  the  constituents  crystallized  out  of  the  molten 

magma  to  form  diorite  may  be  learned  by  considering  the  relative  ages  of 

the  component  minerals.  It  has  been  pointed  out  that  some  crystallized 

almost  synchronously,  but  that  they  began  to  separate  from  the  liquid 
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magma  at  different  times.  The  order  in  which  the  different  minerals  began 

to  crystallize  in  that  portion  of  the  magma,  which  formed  diorite  appears 

to  have  been  as  follows:  Magnetite,  hypersthene,  augite,  labradorite,  horn- 
blende, biotite,  oligoclase,  orthoclase,  quartz.  The  feldspathic  minerals 

started  to  crystallize  before  any  of  the  ferromagnesian  minerals  had  com- 
menced; and  the  last  of  the  series  undoubtedly  crystallized  after  all  of  the 

ferromagnesian  minerals  had  been  completed.  So  far  as  the  siliceousness  of 

the  minerals  is  concerned,  the  series  of  ferromagnesian  silicates  and  that 

of  minerals  free  from  iron  vary  in  opposite  directions.  In  the  former  the 

range  is  from  highest  silica  to  lowest;  from  the  metasilicate,  hypersthene,  to 

the  orthosilicate,  biotite.  In  the  second  it  is  from  the  least  siliceous,  labra- 

dorite, to  the  most  siliceous,  orthoclase,  or  to  free  silica,  quartz. 

THE  VOLCANIC  ROCKS   OF  SEPULCHRE   MOUNTAIN. 

The  igneous  rocks  of  Sepulchre  Mountain  are  partly  extrusive,  partly 

intrusive.  By  far  the  greater  mass  consists  of  subaerial  breccias  and  tuffs, 
with  a  small  amount  of  massive  lava  flows  The  intrusive  rocks  form  dikes 

and  larger  bodies  traversing  these  breccias.  The  breccias  and  flows  are 

andesites  of  various  kinds.  The  intrusive  bodies  are  andesites  and  dacite, 

grading  into  porphyry-like  modifications  in  places.  The  tuff-breccia  is 
separable  into  an  older  and  a  newer,  or  into  a  lower  and  an  upper,  breccia. 

THE    LOWER    BRECCIA. 

The  lower  breccia  is  about  500  feet  thick,  and  consists  mostly  of  frag- 

ments of  hornblende-mica-andesite,  and  is  generally  light  colored.  It  carries 
a  large  amount  of  fragments  of  crystalline  schists,  which  do  not  occur  in  the 

overlying  upper  breccia.  It  is  probable  that  the  lower  breccia  was  ejected 

from  some  neighboring  center  of  eruption  located  in  an  area  of  Archean 

rocks.  Such  a  center  occurs  a  few  miles  north,  at  the  west  base  of  Sheep 

Mountain.  The  lower  breccia  passes  into  fine  tuff  in  places,  and  at  the 

extreme  end  of  the  northwestern  spur  of  the  mountain  it  is  distinctly  bedded, 

with  layers  containing  bowlders  of  a  rhyolite-porphyiy,  which  has  not  been 
found  in  place  in  this  region.  In  places  the  upper  part  of  the  breccia  is 

green  and  partly  decomposed,  as  though  weathered  before  the  upper  breccia 

had  been  thrown  upon  it,  In  the  northwestern  spur  of  the  mountain  the 

upper  breccia  is  seen  to  rest  upon  an  uneven  surface  of  the  lighter-colored 
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bottom  breccia,  There  appears  to  have  been  a  distinct  time  break  between 

the  ejection  of  the  lower  breccia  and  that  of  the  upper  breccia.  The  occur- 

rence of  fragments  of  crystalline  schists  in  the  bottom  light-colored  breccia 

and  their  absence  from  the  overlying  dark-colored  breccia  is  a  characteristic 
difference  between  these  two  breccias  wherever  they  have  been  observed 

along  the  northern  boundary  of  the  Yellowstone  Park. 

The  andesites  from  the  lower  breccia  at  Sepulchre  Mountain  vary 

somewhat  in  mineral  composition,  color,  and  microscopical  habit.  They  are 

mostly  light  colored — gray,  white,  and  red;  in  places  dark  colored.  Some 
fragments  have  comparatively  large  phenocrysts;  others  are  crowded  with 

small  ones.  The  greater  number  of  fragments  are  hornblende-mica-andesite ; 

some  have  little  mica,  and  grade  into  hornblende-andesite.  Others  are 

dacite,  having  quartz  phenocrysts.  The  microstructure  of  the  ground- 
masses  of  these  rocks  ranges  from  glassy  and  microlitic  to  microcrystalline. 
The  characters  of  the  minerals  and  the  microstructures  are  the  same  as 

those  of  the  light-colored  acid  breccias  on  the  Yellowstone  River  in  the 
neighborhood  of  Crescent  Hill,  and  also  those  in  the  vicinity  of  Cook 
City. 

It  is  important  to  note  that  there  is  associated  with  the  lower  acid 

breccia  of  Sepulcher  Mountain  an  obscure  body  of  massive,  vesicular  basalt 

with  porphyritical  augites  and  decomposed  olivines.  Its  exposure  is  of 
small  extent,  and  its  exact  relation  to  the  breccia  was  not  seen.  It  is 

amygdaloidal  with  quartz,  agate,  and  calcite.  It  does  not  resemble  the 

recent  basalts  in  the  neighborhood,  but  is  similar  to  basalt  associated  with 

the  bottom  acid  breccia  at  Crescent  Hill  and  in  the  valley  of  Cache  Creek. 

Its  petrographical  character  is  more  fully  discussed  in  Chapter  IX,  where 
it  is  classed  with  shoshonites. 

THE    UPPER    BRECCIA. 

The  upper  breccia,  overlying  that  just  described,  is  dark  colored  at  its 

base  and  lighter  colored  in  the  upper  portion.  It  is  at  present  3,000  feet 

thick  through  the  summit  of  the  mountain.  The  lower  portion  consists 

almost  wholly  of  pyroxene-andesites,  with  little  or  no  hornblende.  Many 

fragments  are  vesicular  and  basaltic  in  habit,  without  megascopic  pheno- 
crysts. At  the  south  base  of  the  mountain  there  are  vesicular  massive 

bodies    of  pyroxene-andesite,    with    large    phenocrysts    of  pyroxene    and 
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feldspar.  The  tipper  portion  of  this  breccia  is  more  honiblendic,  and 

hornblende-pyroxene-andesites  predominate.  The  transition  from  the 

pyroxene-andesite  portion  to  the  hornblende-pyroxene-andesite  portion 
appears  to  be  gradual.  The  later  breccia  is  accompanied  by  vesicular 

flows  of  similar  andesite,  often  quite  porous.  It  is  lighter  colored  in  gen- 

eral, but  parts  are  quite  dark,  with  prominent  hornblendes,  the  habit  being 

andesitic,  not  basaltic.  There  are  no  evidences  of  any  considerable  break 

or  interruption  between  the  higher  and  the  lower  parts  of  this  breccia. 

They  appear  as  a  continuous  geological  body,  composed  of  fragments  and 

flows  of  andesite  which  were  ejected  from  one  center  of  eruption  during  a 

considerable  period  of  time. 

The  andesitic  material  composing  this  breccia  varies  somewhat  in  min- 

eral composition  and  in  megascopical  habit,  as  will  be  seen  frpm  the  following 

descriptions.  The  variation  in  the  phenocrysts  present  other  than  feldspar 

in  the  specimens  examined  is  indicated  in  Table  XL  They  are  andesites 

with  glassy  groundmass  and  phenocrysts  of  plagioclase,  hypersthene,  and 

augite  in  some  cases,  and  with  these  minerals  and  hornblende  in  others. 

Table  XI: — Mineral  variation  in  the  upper  breccias  of  Sepulchre  Mountain. 

Mineral 

groux>s. 

Specimen number. 

Phenocrysts  other  than  feldspar. 

Pyroxene. 
Hornblende. Biotite. 

Quartz. 

B,   .... 

B,  .... 

B3  .... 

385 

386 
387 

388 

390 
391 

392 
393 

394 
396 

397 

398 

400 
401 

402 
403 

404 

Much   

Much   

Much   

Much   1   

Much   
Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Little   

Little   

Little     

Little   
Little   Little.  ..•   
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Table  XL — Mineral  variation  in  the  upper,  breccias  of  Sepulchre  Mountain — Cont'd. 

Mineral 
Group. Specimen number. 

Phenoorysts  other  than  feldspar. 

Pyroxene. 
Hornblende. Biotite. 

Quartz. 

B4  .... 

B6  .... 

405 

406 

407 
409 

410 
411 

412 

413 

414 

415 

„        416 417 

418 

419 
420 

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Some    

Some   

Some    

Some   

Some   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   

Much   Little   

The  varieties  without  hornblende,  Bx — that  is,  pyroxene-andesites — 
have  a  groundmass  of  globulitic  brown  glass,  in  shades  from  dark  to  light, 

filled  with  microlites  of  feldspar,  pyroxene,  and  magnetite.  The  size  and 

abundance  of  the  microlites  vary.  The  feldspar  microlites  are  plagioclase 

with  low  extinction  angles.  Two  of  the  varieties  examined  are  basaltic  in 

appearance,  Avith  a  few  decomposed  olivines  among  the  phenocrysts. 

The  pyroxenes  are  both  hypersthene  and  augite,  having  much  the  same 

general  appearance  in  the  same  rock.  Their  crystal  outline  varies  consid- 
erably in  one  rock  section.  Some  individuals  are  bounded  by  distinct 

crystal  planes,  while  others  are  rounded.  Some  have  irregularly  jagged 

outlines,  with  tongues  of  glassy  groundmass  projecting  into  the  crystal. 

These  forms  appear  to  be  the  result  of  irregularities  of  growth  rather  than 

of  solution  by  the  magma  before  its  solidification.  Inclusions  of  glass  are 

common;  also  those  of  "magnetite,  and  fewer  of  apatite. 
The  hypersthene  is  pleochroic;  green  parallel  to  c,  yellow  parallel  to 

<t,  light  red  parallel  to  ft.  It  is  generally  light  colored  in  thin  section.  But 

one  darker-colored  crystal  with  strong  pleochroism  incloses  thin  brown 
plates,  arranged  in  lines  at  right  angles  to  the  vertical  axis  of  the  crystal. 

These  inclusions  are  like  those  in  hypersthene  in  many  coarsely  crystalline 
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rocks.  In  this  case  the  rock  is  glassy  and  vesicular,  and  shows  no  signs  of 

any  kind  of  metamorphosing  action.  The  inclusions  in  the  hypersthene 

appear  to  be  primary,  inclosed  at  the  time  of  the  crystallization  of  the 

mineral.  The  lighter-colored  hypersthenes  are  free  from  them.  Occasion- 
ally the  color  varies  in  concentric  zones.  In  some  rocks  both  kinds  of 

pyroxene  have  narrow  reddish-brown  borders  that  are  analogous  to  the 
black  borders  around  some  hornblendes,  and  appear  to  be  of  similar  origin. 

The  pyroxene  microlites  of  the  groundmass  are  affected  in  the  same  manner 

as  the  phenocrysts;  hence  the  change  of  condition  must  have  followed  the 

crystallization  of  the  microlites. 

The  color  of  the  augite  is  light  green  in  thin  section,  and  without  ple- 

ochroism.  It  is  like  the  augite  in  the  diorites  of  Electric  Peak,  both  optic- 

ally and  as  regards  cleavage.  Hypersthene  and  augite  are  occasionally 

intergrown  in  such  a  manner  as  to  indicate  their  nearly  synchronous  crys- 
tallization ;  but  when  one  incloses  the  other,  it  is  hypersthene  that  is  within, 

and  hence  the  older.  Hypersthene  is  the  more  easily  decomposed  of  the 

two,  and  changes  into  a  green  fibrous  mineral,  probably  bastite. 

The  feldspar  phenocrysts  are  all  lime-soda  feldspar,  and  are  mostly 
labradorite,  judging  from  optical  characters.  Their  outline  in  sections  is 

rectangular,  sometimes  with  more  than  four  sides.  Zonal  structure  is  pro- 
nounced, but  the  difference  in  the  optical  character  of  the  various  zones  is 

not  marked.  Glass  inclusions  are  frequent.  In  the  larger  crystals  the 

central  portion  is  often  crowded  with  inclusions  of  brown  glass  containing 

the  same  microlites  as  the  surrounding  groundmass.  The  shape  of  these 

inclusions  is  usually  rectangular.  Many  smaller  feldspars  are  almost  free 

from  them.  Inclusions  of  magnetite  and  pyroxene  occur.  When  feldspars 

and  pyroxenes  have  crystallized  in  juxtaposition,  it  is  seen  that  the  feldspar 

is  the  younger,  but  that  its  crystallization  began  before  that  of  the  pyroxene 

ceased.     They  were  in  part  contemporaneous. 

Magnetite  occurs  as  microscopic  phenocrysts.  There  are  five  sections 

of  pyroxene-andesites  carrying  small  amounts  of  hornblende  and  consti- 

tuting transitional  varieties  between  these  rocks  and  hornblende-pyroxene- 
andesites. 

The  hornblende  is  in  small  irregular  crystals,  some  being  rounded  and 

others  in  angular  shapes.  It  is  reddish  brown  and  brownish  green,  with 

strong  pleochroism.     Many  of  the  individuals,  especially  the  rounded  ones, 
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have  a  narrow  border  of  magnetite  or  one  of  small  crystals  of  pyroxene, 

feldspar,  and  magnetite.  There  are  all  gradations,  from  rounded  horn- 

blendes with  opaque  borders  to  small  angular  pieces  of  hornblende  sur- 
rounded by  comparatively  large  crystals  of  pyroxene,  feldspar,  and  some 

magnetite,  which  form  a  group  of  interlocked  crystals  in  the  glassy  ground- 
mass.  The  angular  outline  of  the  hornblende  and  its  penetration  between 

the  crystals  of  feldspar  and  pyroxene  would  militate  against  the  supposi- 
tion that  the  hornblende  is  a  remnant  of  a  previous  crystal  that  had  been 

partially  resorbed  in  the  groundmass,  were  it  not  for  the  occurrence  in  one 

thin  section  of  a  group  of  different  crystals  with  a  hexagonal  outline,  cor- 
responding to  the  cross  section  of  the  hornblende  remnants  contained  in  it 

which  are  properly  oriented  for  such  a  section.  The  greater  part  of  the 

group  consists  of  feldspar  and  pyroxene  with  some  magnetite.  It  is  not  to 

be  supposed  that  these  minerals  crystallized  out  of  the  melted  hornblende 

substance  without  interchange  of  material  from  the  surrounding  magma. 

The  larger  groups  in  the  same  rock  section  exhibit  no  definite  outward 

form,  but  are  bounded  by  the  outlines  of  the  outer  crystals,  so  that  we 

may  conclude  that  the  process  of  resorption  of  the  hornblende  phenocrysts 

was  in  some  cases  accompanied  by  the  immediate  formation  of  grains  of 

magnetite  and  the  absorption  of  the  other  chemical  constituents  by  the 

magma,  while  in  other  cases  the  melted  hornblende  recrystallized  in  situ  as 

pyroxene  and  magnetite.  But  in  the  instances  just  mentioned  the  partial 

resorption  of  the  hornblende  was  followed  by  a  greater  tendency  toward 

crystallization  in  the  magma  immediately  surrounding  the  melted  horn- 
blende, which  led  to  the  development  of  a  group  of  all  the  minerals  then 

capable  of  forming.  These  minerals  are  the  same  in  size  and  character 

as  the  small  crystals  scattered  through  the  glassy  groundmass. 

In  only  two  sections  of  the  andesites  examined  was  biotite  found.  It 

was  in  small  crystals  with  compound  borders  similar  to  those  around  horn- 
blende. 

The  remaining  rock  sections  from  this  breccia  represent  hornblende- 

pyroxene-andesites  with  varying  amounts  of  the  ferromagnesian  minerals, 
forming  a  series  with  increasing  hornblende  and  decreasing  pyroxene.  In 

these  andesites  the  microscopical  characters  of  the  pyroxenes  are  the  same 

as  in  the  rocks  just  described.     The  hornblende  varies  in  different  rocks, 
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both  in  color  and  in  the  extent  to  which  it  has  been  resorbed.  In  some 

cases  there  has  been  no  resorption.  The  crystals  when  idiomorphic  are 

bounded  by  the  prism,  clinopinacoid,  and  the  usual  terminal  planes.  In 

many  cases  the  form  of  the  crystals  is  not  sharply  defined.  The  color 
varies  from  intense  red  in  some  rocks  to  reddish  brown,  chestnut  brown, 

greenish  brown,  and  brownish  green,  with  the  corresponding  pleochroism. 

The  color  bears  no  fixed  relation  to  the  presence  or  absence  of  opaque 

border,  nor  to  the  amount  of  resorption.  It  does  not  appear  to  be  due  to 

secondary  alteration  of  the  hornblendes,  since  the  rocks  are  all  fresh  and 

glassy. 

The  character  of  the  border  is  not  always  constant  for  all  the  horn- 
blendes in  one  rock  section.  Around  it  in  some  cases  is  a  narrow  margin 

of  magnetite  grains;  in  others  the  margin  is  heavy  and  opaque.  Other 

hornblendes  in  the  same  section  are  surrounded  by  crystals  of  pyroxene, 

plagioclase,  and  magnetite.  In  many  sections  all  the  hornblendes  are  alike, 

with  or  without  borders.  There  seems  to  be  no  relation  between  the  char- 

acter or  degree  of  resorption  and  the  degree  or  kind  of  crystallization  of 

the  groundmass ;  and  different  phases  of  resorption  occur  within  very 

short  distances  of  one  another  in  the  same  rock.  Crystals  which  do  not 

exhibit  other  signs  of  resorption  sometimes  have  large  "bays"  or  pockets 
of  groundmass  as  inclusions,  which  may  have  been  originally  inclosed 

at  the  time  of  the  crystallization  of  the  hornblende.  The  position  of 

the  hornblende  with  respect  to  adjacent  crystals  of  pyroxene  and  felds- 
par indicates  that  they  were  contemporaneous  crystallizations  in  part. 

The  latest  feldspars  and  pyroxenes  are  always  younger  than  the  horn- 
blende. 

The  feldspar  phenocrysts  are  all  plagioclase,  in  most  cases  labradorite, 

less  commonly  andesite  or  oligoclase.  Their  microscopical  characters  are 

very  nearly  the  same  as  those  of  the  feldspars  in  the  pyroxene-andesites. 
The  groundmass  of  these  andesites  in  some  cases  is  brown  globulitic  glass 

with  microlites  of  pyroxene,  feldspar,  and  magnetite.  In  most  sections  it 

is  colorless  glass  crowded  with  the  same  kinds  of  microlites.  It  carries 

microscopic  crystals  of  these  minerals  which  are  porphyritical  with  respect 

to  the  groundmass  when  seen  with  a  microscope,  but  which  in  turn  form 

part  of  the  groundmass  that  carries  the  megascopic  phenocrysts. 
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THE   DIKE   ROCKS. 

The  dike  rocks  of  Sepulchre  Mountain  are  andesites  and  dacites, 

the  earliest  of  which  resemble  the  pyroxene-andesites  and  hornblende- 

pyroxene-andesites  of  the  breccias.  Mineralogically  they  range  from  rocks 

with  phenocrysts  of  hypersthene,  augite,  and  lime-soda  feldspar  to  those 

with  phenocrysts  of  quartz,  biotite,  hornblende,  and  lime-soda  feldspar. 
This  variation  is  indicated  in  Table  XII,  in  which  103  sections  of  these  rocks 

are  arranged  according  to  the  proportions  of  the  porphyritical  minerals. 

Table  XII. — Mineralogical  variations  in  the  dike  rocks  of  Sepulchre  Mountain. 

Mineral 

group. 

D, 

D, 

D„ 

Speci- 
men 

num- ber. 

421 

422 
423 

424 

425 

426 
427 

428 

429 

430 

431 

432 
433 

436 

437 

441 
442 

434 
439 

440 

445 
446 

447 
448 

449 

451 

454 
456 

457 

Phenocrysts  other  than  feldspar. 

Pyrox- 
ene. 

Much. 

Much. 

Much. 

Much. 

Much. 
Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Some. 

Some. 

Some. 

Little. 

Little. 

Little. 

Little. 

Little. 

Little. 

Little. 

Little. 

Little. 

Horn- 
blende. 

Biotite. 

Quartz. 

Trace. 

(?) 

Little. 

Little. 

Little. 

Little. 

Some. 

Some. 

Much. 

Much. 

Much. 

Much. 

Much.  Little. 

Much.  Little. 

Much.  Little. 

Much.  Little. 

Much.  . 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Much. 
Much.         (?) 

Mineral 

group. 

D4  .. 

D6 

Speci- 

men 

num- 

ber. 

D6 

D, 

Ii. 

.... 

452 455 

443 

450 453 

458 

459 

460 

461 

462 

463 464 

465 

466 

467 

468 

469 470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

Phenocrysts  other  than  feldspar. 

Pyrox ene. 

Trace. 

Trace. 

Little. 

Little. 

Trace. 

Little. 

Horn- 

blende. 

Much. 

Much. 
Much. 

Much. 

Much. 

Much. 
Much. 

Much. 

Much. 
Much. 

Much. 

Much. 
Much. 

Much. 

Much. 
Much. 

Much. 
Much. 

Much. 

Much. 

Much. 

Much. 

Much. 
Much. 

Much. 

Much. 

Much. 

Much. 

Much. 

Biotite. 

Little. 

Little. 

Little. 

Little. 

Little, 

Little. 

Some. 
Some. 

Some. 
Some. 

Some. Much. 

Quartz. 
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Table  XII. — Mineralogieal  variations  in  the  dike  rocks  of  Sepulchre  Mountain — Cont'd. 

Mineral 

group. Speci- 

Phenocrysts  other  than  feldspar. 

Mineral 

group. 
Speci- 

Phenocrysts  other  than  feldspar. 

nutn- ber. 
Pyrox- 
ene. 

Horn- blende. 
Biotite. 

Quartz. num- 

ber. 

Pyrox- 

ene. 
Horn- 

blende. 
Biotite. 

Quartz. 
482 

;    484 

Little. Much. 

Much. 

Much. 

Much. D,o-..J 
504 505 Much. 

Much. 

Much. 

Much. 

Little. 

Little. 

485 Much. 
Much. 

508 Much. 
Much. Much. 

486 Little. Much. Much. 509 Much. Much. 
Much. 

487 Much. Much. 510 Much. 
Much. Much. 

488 Much. Much. 511 
Much. Much. 

Much. 

r>» .... 489 Much. Much. 513 Much. 
Much. 

Much. 

490 Much. Much. 

514 

Much. Much. Much. 

491 Much. Much. 
515 

Much. Much. 
Much. 

492 
Much. Much. 

D„~~ 

518 

Much. 

Much. 
Much. 

493 Much. Much. 

519 

Much. 
Much. Much. 

494 (?) Much. Much. 

512 

Some. 

Much. Much. 

495 

(?) 
Much. Much. 516 Some. Much. 

Much. 

D9  ...J 

496 
Some. Much. 517 Some. Much. Much. 

497 
Some. Much. 

520 Some. 
Much. Much. 

500 Much. Much. Much. Little. 

521 

Some. 
Much. Much. 

506 Little. Much. Much. Little. 

522 

Some. Much. Much . 

507 Little. Much. Much. Little. 523 
' 

Little. Much. 

Much. 

D,0   
498 Much. Much. Little. 

524 

Little. 
Much. Much. 

499 Much. Much. Little. 

D,»....j 
525 

Little. Much. 

Much. 

501 Much. Much. Little. 526 Little. 
Much. 

Much. 

502 Little. Much. Little. 
527 

Little. 
Much. 

Much. 

503 Much. Much. Little. 

Most  of  the  pyroxeue-andesites  and  hornblende-pyroxene-andesites 
cany  no  biotite.  In  a  few  cases  it  is  present  in  small  amount.  Some 

hornblende-andesites  contain  neither  pyroxene  nor  biotite;  others  have  a 

small  amount  of  both.  The  structure  of  a  glassy  pyroxene-andesite  dike 

rock  (421)  is  shown  in  PL  XXII,  fig.  1.  In  most  of  the  hornblende-mica- 

andesites  there  are  no  porphyritical  pyroxenes ;  they  are  present  in  small 

amounts  in  a  few  cases ;  and  they  are  equally  rare  in  the  dacites.  As  quartz 
phenocrysts  increase  in  number  biotite  is  more  abundant,  and  hornblende 

less  so.  Lime-soda  feldspars  are  present  in  all  the  rocks,  ranging-  from 
labradorite  in  the  more  basic  andesites  to  oligoclase  or  andesine  in  dacite. 

The  microscopical  characters  of  the  minerals  are  the  same  as  in  the 

andesites  of  the  breccias.  The  pyroxenes  are  hypersthene  and  augite,  the 

first   being  more    readily  decomposed  and  sometimes  completely  altered. 

MON  XXXII,   PX   II   'J 
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The  hornblende  is  sometimes  represented  by  paramorphs  of  magnetite  and 

angite  in  the  pyroxene-andesites,  often  exhibits  black  borders  in  the  inter- 
mediate andesites,  and  in  the  more  acid  andesites  and  dacites  is  entirely 

free  from  any  dark  border.  Its  form  and  colors  are  the  same  as  before 
described  for  the  andesites  of  the  breccias.  Biotite  is  also  the  same  as  in 

those  rocks.     In  one  instance  it  incloses  a  small  crystal  of  plagioclase. 

The  feldspars  all  exhibit  polysynthetic  twinning.  Their  cross  sections 

are  mostly  rectangular  in  the  more  basic  andesites,  and  are  labradorite.  In 

some  of  these  andesites  they  appear  to  be  oligoclase.  In  the  more  acid 

andesites  and  dacites  the  lime-soda  feldspars  are  larger  and  have  more 

crystal  faces.  They  appear  to  belong  to  several  species.  Besides  numerous 

glass  inclusions,  there  are  a  few  instances  in  which  feldspar  phenocrysts 

contain  opaque  needles  and  grains,  arranged  in  several  systems  of  parallel 

lines,  which  are  identical  with  the  inclusions  in  many  of  the  labradorites  in 

the  diorite  of  Electric  Peak.  They  are  sometimes  accompanied  by  glass 

inclusions,  which  proves  their  primary  character.  Quartz  phenocrysts  are 

both  idiomorphic  and  rounded  in  the  same  rock  section.  They  usually 

occur  in  isolated  grains,  but  sometimes  several  are  attached  to  one  another 

(PI.  XXI  fig.  2),  just  as  several  feldspars  often  are.  Glass  inclusions  are 

abundant.  In  only  one  case  were  fluid  inclusions  noticed  together  with 

those  of  glass.  Magnetite,  apatite,  and  zircon  occur  in  their  usual  forms 

and  in  ordinary  amounts. 

The  groundmass  of  these  rocks  differs  in  degree  of  crystallization,  in 

mineral  composition,  and  in  structure.  In  the  more  basic  andesites  it  is  in 

many  cases  glassy,  with  multitudes  of  microlites  of  pyroxene,  plagioclase, 

and  magnetite;  in  many  others  it  is  completely  crystallized  and  the  out- 
lines of  the  microlites  are  no  longer  sharply  defined.  In  the  holocrystalline 

varieties  of  these  rocks  the  different  degrees  of  crystallization  may  be 

compared  with  one  another  by  arranging  them  in  a  table  according  to  the 

size  of  grain  of  the  groundmass.  This  has  been  done  in  Table  XIII,  in 

which  they  have  been  combined  with  the  specimens  of  breccia  from  Sepul- 
chre Mountain,  and  have  been  separated  into  mineralogical  groups  whose 

scope  may. be  seen  by  comparison  with  Tables  XI  and  XII.  The  grades 

of  crystallization  correspond  to  those  established  for  the  intrusive  rocks  of 
Electric  Peak,  with  the  addition  of  five  more  grades,  which  embrace  two 

finer-grained  degrees  of  holocrystalline  structure  and  three  degrees  of  glassi- 
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ness.  The  rock  shown  in  PI.  XXII,  fig1.  1,  belongs  to  grade  2,  being 

microlitic  glass.  ■  In  the  dacite  shown  in  PL  XXII,  fig.  2,  the  grade  of 
crystallization  is  9  ;  and  in  the  dacite  shown  in  PI.  XXI,  fig.  2,  it  is  19. 

Table  XIII. — Grades  of  crystallization  of  the  eruptive  rods  of  Sepulchre  Mountain. 

B„  B2,  D„  D2. B3.  B4.  B5,  D3. D4,  Ds,  D6. D„  D„,  D9. D,„,r>,„D,2. 

1... 
394,396   

416. 

2... 385,  386,  387,  388, 

397,  398,  421, 

422,  423,  427, 

428. 

401,  405,  417 

459. 

3... 390,  391,  392,  393, 

400, 429. 

402,  403,  406,  407, 

409,  410,  411, 

412,  413,  418, 

431,  432,  433, 

434. 

4... 404,414,415,  419, 443,460,461,474.. 

476. 

420. 

5 445,  462,  463 

446,464,465   

481,  482,  496. 

477,484,485   498,  508,  509. 6... 424   
436,437,439   

7 425 466.  467,468,  475. . 486,487   499,  510,  511,  512, 
523. 

447, 448,  449,  470, 

471,472,469. 

478,488,489,490.. 
500,  501,  502,  503, 

513,  514,  515, 

516,  517,  524, 

525. 
9 451,452,453.  454. 455. 491,492,497   504,518,519. 

10... 

11 526. 

505,  527. 

12 
440   

479,  480. 

14... 

15... 

426 441   493. 

16 458     494. 

17... 520. 

506,  507,  521,  522. 
495   

20.. 442. 

21... 

22... 

23... 

24... 

25... 
430. 



132     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

The  microstructure  of  the  acid  varieties  is  not  the  same  as  that  of 

the  basic,  so  that  it  is  difficult  to  compare  the  grain  of  one  directly  with 

that  of  the  other;  but  since  the  intermediate  rocks  possess  microstructures 

intermediate  between  these  extremes,  it  is  possible  to  establish  a  kind  of 

relationship  between  them,  and  it  is  admissible  to  place  them  in  the  same 

line  across  the  table,  it  being-  understood  that  the  correspondence  is  an 

approximation. 
A  glance  at  Table  XIII  shows  that  a  large  majority  of  the  varieties 

are  very  fine-grained  forms  that  have  only  readied  the  crystallization  of 

the  few  smallest-grained  forms  of  the  Electric  Peak  rocks.  A  small  num- 
ber of  them  are  more  coarsely  microcrystalline  and  correspond  to  the  grain 

of  the  dike  rocks  at  Electric  Peak.  A  large  number  are  finer  grained  than 

any  of  these  rocks,  or  are  glassy.  The  coarsest-grained  forms  have  been 
attained  by  the  most  basic  varieties,  but  they  do  not  represent  bodies  of 

any  considerable  extent.  Specimen  No.  430,  grade  25,  comes  from  a  small 

exposure  with  no  definite  limits,  surrounded  by  much  finer-grained  rocks. 

It  is  properly  a  diorite-porphyry,  and  carries  much  biotite  of  final  consoli- 

dation, which  has  not  been  reckoned  with  the  phenocrysts.  The  coarsest- 

grained  forms  of  the  acid  varieties,  however,  represent  larger  bodies  and 
are  more  abundant  in  the  field. 

In  explanation  of  the  degrees  of  crystallization  indicated  in  the  table, 

it  may  be  said  that  the  first  three  are  glassy  groundmasses,  the  first  one 

having  fewer  microlites  than  the  second.  In  the  third  the  microlites  are 

closelv  crowded  together.  The  next  two  represent  microlitic  structures  in 

which  no  glass  can  be  detected;  they  appear  to  be  holocrystalline.  In  the 

sixth  grade  the  form  of  the  microlites  is  more  indistinct,  but  the  general 

structure  is  the  same  as  before.  Beyond  this  the  different  degrees  indicate 

increasing  grades  of  a  structure  which  may  be  described  in  general  as 

follows:  Commencing  with  the  lowest  order,  the  groundmass  is  composed 

of  a  multitude  of  indistinct  microlites  of  lath-shaped  feldspars;  between 

crossed  nicols  this  aggregation  extinguishes  light  in  small  patches  which 

bear  no  fixed  relation  to  the  position  of  the  microlites  within  them.  As  the 

dimensions  of  the  lath-shaped  feldspars  become  larger  it  is  observed  that 

the  patches  of  light  and  darkness  arise  from  the  cementing  material  between 

these  feldspars.  This  cement  possesses  the  same  optical  orientation  for 

small  spaces  which  in  cross  section  produce  the  patches  just  alluded  to.     In 
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still  coarser-grained  forms  it  becomes  apparent  that  the  cementing  material 

is  quartz  which  has  crystallized  in  irregularly  shaped  patches  inclosing 

many  smaller  feldspars.  The  size  of  these  feldspars  and  of  the  interstices 

between  them  is  taken  as  the  grain  of  the  rock,  and  not  the  size  of  the 

patches  of  quartz.  For  it  is  observed  that  as  the  rocks  become  more 

coarsely  crystalline  the  feldspars,  which  are  plagioclase,  increase  steadily 

in  size  and  each  quartz  patch  cements  fewer  of  them,  until  in  still  coarser 

grades  the  quartz  forms  allotriomorphic  individuals  between  the  plagio- 
clases  and  does  not  surround  any,  so  that  in  these  varieties  of  rock  the  size 

of  grain  is  judged  by  the  dimensions  of  the  plagioclases  and  the  interstices 

of  quartz.  The  patchy  structure  just  described  is  that  called  micropoikilitic. 

In  the  most  siliceous  varieties  of  the  rocks  the  microstructure  is  differ- 

ent. The  smallest-grained  forms  appear  to  approach  a  granular  structure, 
in  which,  however,  the  feldspars  exhibit  a  more  or  less  rectangular  shape 

and  the  quartz  shows  a  tendency  to  appear  in  minute,  poorly  defined 

dihexahedrons.  As  the  grain  becomes  larger  the  form  of  the  quartz  grains 

becomes  more  pronounced  (PI.  XXII,  fig.  2).  They  are  rudely  idiomorphic, 

with  sections  that  are  in  many  cases  equilateral  rhombs,  extinguishing  the 

light  parallel  to  their  diagonals.  In  the  coarsest-grained  forms  of  the  dacites 
these  imperfectly  idiomorphic  quartzes  are  characteristic  of  the  groundmass, 

and  reach  a  diameter  of  from  0.08  mm.  to  0.10  mm.  (PI.  XXI,  fig.  2). 

Their  surface  is  indented  with  the  ends  and  corners  of  small  plagioclases, 

the  structure  of  the  groundmass  being  hypidiomorphic.  These  quartzes 

often  contain  minute  colorless  inclusions  in  negative  crystal  cavities,  which 

have  every  appearance  of  being  glass  and  correspond  to  the  glass  inclusions 

in  the  quartz  phenocrysts  of  the  same  rocks.  The  partially  diomorphic 

quartzes  in  the  groundmass  are  to  a  slight  degree  porphyritical  with  espect 

to  the  other  constituents,  but  belong  to  the  final  consolidation  of  the  magma. 
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GENERAL    CONSIDERATION    OF   THE    MINERAL    AND    CHEMICAL    COMPOSITION 
OF  THE  ERUPTIVE  ROCKS  OF  SEPULCHRE  MOUNTAIN. 

MINERAL   COMPOSITION. 

The  mineral  variations  in  the  group  of  rocks  forming  Sepulchre 

Mountain  are  much  simpler  and  require  much  less  discussion  than  those  of 

the  intrusive  rocks  of  Electric  Peak.  They  have  already  been  expressed 
in  Tables  XI  and  XII.  From  these  tables  it  is  evident  that  the  so-called 

transitional  forms  of  the  rocks  are  as  numerous  and  as  important  as  those 

forms  which  would  be  considered  type  rocks.  There  is  no  particular 

mineralogical  modification  of  the  rocks  at  this  place  which  from  its  greater 

abundance  or  its  special  mode  of  occurrence  renders  it  a  type  rock.  On  the 

contrary,  the  whole  accumulation  of  eruptive  rocks  which  are  subsequent 

to  the  bottom  breccia,  with  its  admixture  of  Archean  fragments,  must  be 

considered  as  a  series  of  volcanic  rocks  that  vary  in  mineral  composition 

through  gradual  changes  from  pyroxene-andesite  to  dacite. 
Starting  with  those  rocks  which  carry  phenocrysts  of  pyroxene  and 

plagioclase,  it  is  observed  that  as  the  hornblende  makes  its  appearance  and 

increases  in  amount  the  pyroxene  decreases.  Biotite  accompanies  the 
hornblende  in  the  more  acid  varieties,  and  increases  in  amount  with  the 

acidity  of  the  rock.  Quartz  first  appears  in  small  quantities,  and  increases 

with  the  acidity  of  the  rock,  the  hornblende  decreasing  at  the  same  time. 

To  this  rule  there  are  exceptions,  which  are  indicated  in  the  table.  Biotite 

is  found  to  a  slight  extent  in  some  of  the  hornblende-pyroxene-andesites, 
and  jjyroxene  occurs  in  small  amounts  in  some  of  the  hornblende-mica- 

andesites.  It  is,  of  course,  understood  that  this  relation  between  the 

essential  minerals  may  be  different  for  groups  of  andesites  in  other  regions. 
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CHEMICAL   COMPOSITION. 

The  chemical  composition  of  the  eruptive  rocks  of  Sepulchre  Moun- 
tain is  shown  in  the  accompanying  table  of  chemical  analyses : 

Table  XIV. — Chemical  analyses  of  rocks  from  Sepulchre  Mountain. 

Constituent. 
421 

471 407 

386 409 

487 

494 521 523 

55.83 

1.05 
17.11 

4.07 

3.75 

None. 

7.40 

55.92 

.94 
17.70 

3.16 
4.48 

Trace. 

5.90 

56.61 

.79 13.62 
5.89 

2.60 

.35 
6.61 

.14 

5.48 
Trace. 

3.13 

2.71 

.06 

(?) 

None. 

2.27 

57.17 
1.03 

17.25 
2.48 

4.31 

None. 

6.61 

4.83 

Trace. 

3.44 
2.03 

.05 

Trace. 

Trace. 

1.20 

60.30 

.76 

16.31 

4.35 

1.41 

.13 

5.62 

.15 2.39 

Trace. 

3.99 
2.36 

.20 

.10 

None. 
2.50 

64.27 

.32 
17.84 

3.36 

1.29 None. 

3.42 

2.00 

.03 
3.84 
2.48 

.16 
Trace. 

None. 

1.32 

65.50 

.45 14.94 

1.72 2.27 

.20 
2.33 

.13 
2.97 

Trace? 

5.46 
2.76 

.09 

.06 

None. 
1.37 

65.66 1.37 

15.61 
2.10 2.07 

None. 

3.64 

67.49 

.13 16.18 
1.30 

1.22 
.08 

2.68 

AI2O3     

Fe203   
FeO   

MnO   

CaO   

BaO   

MgO   5.05 4.34 
2.46 

1.34 

SrO   

Li20   None. 

2.94 

1.71 
.21 

Trace. 
None. 

.09 

4.08 

2.28 
.18 

Trace. 

None. 

.36 

3.65 2.03 

Trace. 

.13 

.12 

K20   

4.37 

2.40 

.13 p.,o6   

S03   

CI   

CO,   

H20   
1.28 

1.42 
1.07 2.69 

Less  O  for  CI. 

100. 40 100.  45 100.  26 100. 40 100.  57 100.  33 100.  25 100. 27 

.03 

100.  01 

100. 24 

Nos.  421,  471,  386,  487,  and  521  were  analyzed  by  Mr.  J.  E.  Whit- 

field; Nos.  407,  409,  and  494  were  analyzed  by  Dr.  T.  M.  Chatard;  and 

No.  523  was  analyzed  by  Mr.  L.  G.  Eakins. 

The  first,  421,  and  the  fourth,  386,  are  analyses  of  pyroxene-andesites 
which  carry  no  hornblende.  The  first  is  from  a  dike  near  the  summit  of 
the  mountain;  the  other  is  from  a  surface  flow  at  its  southwest  base. 

Nos.  407  and  409  are  of  hornblende-pyroxene-andesites,  occurring  as 
breccia  in  the  upper  part  of  the  mountain.  No.  471  is  of  hornblende- 

andesite,  which  is  an  intruded  body  in  the  small  hill  northeast  of  Cache 

Lake,  at  the  head  of  Reese  Creek.  No.  487  is  a  hornblende-mica-andesite 

from  the  same  locality,  also  an  intrusive  rock.  No.  494  is  the  same  kind  of 

andesite  from  an  intrusive  mass  at  the  north  base  of  Sepulchre  Mountain, 
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and  Nos.  521  and  523  are  dacites  from  the  ridge  south  of  Cache  Lake.  The 

structure  of  521  is  shown  in  PI.  XXI,  fig.  2. 

The  range  of  variation  in  the  percentage  of  silica  is  about  the  same  as 
that  of  the  rocks  at  Electric  Peak.  The  character  of  the  variations  of  the 

other  oxides  in  these  rocks  is  shown  by  the  accompanying  diagram,  fig.  3, 
which  represents  the  variations  in  the  molecular  proportions  of  the  essential 

oxides,  and  has  been  plotted  in  the  manner  already  described. 

A  glance  at  this  diagram  shows  that  it  has  the  same  form  as  that  of 

the  group  of  analyses  of  the  rocks  from  Electric  Peak.     The  variations  in 

Fig.  3. — Molecular  variation  of  the  rocks  of  Sepulchre  Mountain. 

the  oxides  other  than  silica  are  quite  irregular  for  a  gradual  change  in  the 

silica.  The  alumina  varies  rapidly  in  places  and  retains  a  high  position  in 

the  diagram.  The  alkalies  gradually  increase  with  the  silica,  the  soda  mole- 
cules being  twice  as  numerous  as  those  of  potash,  and  their  variations  being 

alike,  with  one  exception.  Magnesia  varies  most  widely,  and  in  striking 

contrast  to  the  alumina;  in  each  instance  they  vary  in  opposite  directions. 

The  lime  is  nearly  as  irregular  as  the  magnesia,  both  decreasing  rapidly 
from  the  less  siliceous  to  the  more  siliceous  end  of  the  series.  The  two 

oxides  of  iron  are  strikingly  reciprocal  in  their  variations,  the  significance 

of  which  has  been  pointed  out  in  discussing  the  diagram  for  Electric  Peak. 
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In  the  group  of  analyses  from  Sepulchre  Mountain  the  oxidation  of  the 

iron  bears  a  noticeable  relation  to  the  presence  of  hornblende,  biotite,  and 

magnetite  in  the  rocks. 

From  a  study  of  these  analyses  it  is  evident  that  the  chemical  varia- 
tions in  this  group  of  rocks  are  the  same  in  character  and  extent  as  those 

in  the  intrusive  rocks  of  Electric  Peak.  Moreover,  it  appears  that  the 

variations  between  similar  varieties  of  andesite — such  as  those  between 

different  pyroxene-andesites — are  as  great  as,  and  in  some  cases  greater  than, 

the  variations  between  varieties  of  andesites  which  are  distinguished  mineral- 

ogically  from  one  another.  Thus,  Nos.  421  and  386  are  pyroxene-andesites 
without  hornblende,  Nos.  407  and  409  are  hornblende-pyroxene-andesites, 

while  No.  471  is  a  hornblende-andesite.  It  is  not  possible  to  point  to  any 
chemical  character  of  these  rocks  that  is  distinctive  of  this  mineral  varia- 

tion, with  the  exception  of  the  oxidation  of  the  iron,  which,  though  slight, 

is  an  important  one ;  for  it  undoubtedly  relates  to  forces  that  did  not  alter 

the  fundamental  relation  between  the  bases  in  the  magma,  but  simply 

modified  it  by  changing  the  oxidation  of  one  of  them.  The  last  four 

analyses  are  of  hornblende-mica-andesites  and  dacites.  The  chemical  varia- 
tions between  them  are  as  pronounced  as  those  between  the  more  basic 

members  of  the  series,  without  there  being  the  corresponding'  differences 
between  the  kinds  of  ferromagnesian  silicates,  so  far  as  it  can  be  detected 

microscopically.  They  all  carry  hornblende  and  biotite,  and  no  pyroxene, 

the  relative  proportions  of  these  minerals  varying.  The  character  and 

amount  of  the  feldspars  differ  in  these  rocks,  and  so  do  the  abundance  and 

mode  of  occurrence  of  the  quartz.  In  Nos.  521  (PI.  XXI,  fig.  2)  and 

523  quartz  appears  as  phenocrysts;  in  the  other  rock  it  is  confined  to  the 

groundmass. 

THE  EXTRUSIVE  IGNEOUS  ROCKS  WEST  AND  SOUTHWEST   OF  THE 
GALLATIN  MOUNTAINS. 

These  are  mainly  tuff-breccias  of  andesite,  with  rarely  a  massive  lava 
flow  of  andesite,  more  numerous  flows  of  basalt,  and  the  great  rhyolite  lava 

sheet.  Andesitic  breccias  form  the  north-south  ridge  west  of  the  headwaters 
of  Fan  Creek,  and  extensive  accumulations  of  these  rocks  underlie  rhyolite 

in  the  northwestern  corner  of  the  Park,  where  they  are  connected  with  the 

range  of  volcanic  mountains  farther  north.  There  are  other  isolated  areas 

of  andesitic  breccia  in  the  gneissic  mountains  west  of  Mount  Holmes.     In 
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all  of  these  localities  the  tuff-breccias  have  the  same  general  character  as 

the  tuff-breccia  of  Sepulchre  Mountain,  just  described.  They  vary  some- 
what in  compactness.  In  all,  the  fragments  are  small.  The  general  color 

is  dark,  but  that  of  the  individual  fragments  is  varied — dark  and  light 
grays,  with  tones  of  red.  There  are  abundant  small  phenocrysts  in  most 

instances;  some  fragments  are  almost  free  from  them,  while  others  carry 

larger  and  more  prominent  ones.  The  mineral  composition  varies  slightly 

among  the  fragments  in  any  considerable  mass.  The  greater  part  are 

hornblende-pyroxene-andesites  and  pyroxene-andesites.  Hornblende-and es- 

ites  without  pyroxene  are  less  abundant.  Still  less  frequent  are  hornblende- 

mica-andesites,  representing  the  most  siliceous  rocks,  while  the  least  siliceous 

are  olivine-bearing  pyroxene-andesites  or  andesitic  basalts,  which  are  much 

rarer.  These  varieties  naturally  grade  into  one  another  and  are  inter- 

mingled in  the  tuff-breccias. 

The  microscopical  characters  of  the  various  andesites  from  these  local- 

ities correspond  to  those  of  the  Sepulchre  Mountain  andesites.  The  ground- 
masses  range  from  glassy  to  microcrystalline  and  microlitic.  Some  of  the 

glasses  are  colorless,  others  brown  and  globulitic.  The  hornblendes  in 

most  cases  are  brown  and  reddish  brown,  seldom  green  (543),  which  con- 

trasts them  with  those  in  the  andesite-porphyries.  They  often  have  black 
borders,  especially  in  the  more  basic  rocks,  where  they  are  sometimes 

paramorphosed  to  magnetite  and  pyroxene.  The  feldspars  are  plagioclases, 

more  calcic  in  the  less  siliceous  rocks.  They  are  characterized  by 

numerous  glass  inclusions  and  marked  zonal  structure.  The  pyroxenes 

are  hypersthene  and  augite.  The  olivine  in  two  rocks  where  it  was 

observed  is  serpentinized. 

COMPARISON  OF  THE  ROCKS  FROM  ELECTRIC  PEAK  AND  SEPULCHRE 
MOUNTAIN. 

The  geological  structure  of  Electric  Peak  and  of  Sepulchre  Mountain 

and  the  occurrence  and  character  of  the  igneous  rocks  in  each  locality 

having  been  desci-ibed,  it  remains  to  point  out  the  relationship  of  the  two 
groups  of  rocks  to  each  other  and  the  penological  deductions  which  may  be 

drawn  from  their  investigation. 

To  arrive  at  the  relationship  of  the  volcanic  rocks  of  Sepulchre  Moun- 

tain to  the  intrusive  rocks  of  Electric  Peak,  it  is  necessary  to  observe,  in 

review  of  the  facts  already  presented,  that  the  latter  cut  through  Cretaceous 
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shales  and  sandstones,  and  have  'imparted  to  them  sufficient  heat  to  meta- 
morphose them  for  a  great  distance,  indicating  the  passage  of  large  quanti- 

ties of  molten  magma  through  the  fissures,  while  the  lavas  of  Sepulchre 

Mountain  rest  on  Cretaceous  strata  and  also  cany  large  blocks  of  black 

shale  inclosed  within  them.  They  plainly  show  by  their  crushed  and 

dragged  portions  that  a.  profound  fault  has  separated  the  block  of  Sepulchre 

Mountain  from  that  of  Electric  Peak,  dropping  the  former  down  consid- 

erably more  than  4,000  feet.  Consequently  the  volcanic  rocks  of  Sepulchre 

Mountain  once  occupied  a  higher  elevation  than  the  present  summit  of 
Electric  Peak  and  its  bodies  of  intrusive  rock. 

In  Electric  Peak  there  is  a  system  of  fissures  that  radiate  outward 
toward  the  south  and  southwest,  as  shown  by  the  dikes  of  porphyry.  At 
the  west  base  of  Sepulchre  Mountain  there  is  a  system  of  dikes  and  intruded 
bodies  that  radiate  outward  toward  the  north  and  northeast.  These  fissures 

antedate  the  great  faulting  just  mentioned  and  represent  the  east  and  west 

halves  of  a  system  of  fissures  trending  from  north  and  south  around  to 

northeast  and  southwest,  which  crossed  one  another  at  the  point  where  the 
broadest  body  of  intruded  rock  is  now  found.  The  axis  of  this  system 
appears  to  have  been  inclined  toward  the  east — that  is,  to  have  dipped 
toward  the  west — and  was  cut  across  by  the  great  fault  which  dropped 
Sepulchre  Mountain. 

The  igneous  rocks  that  broke  through  the  strata  of  Electric  Peak 

consist  of  a  series  of  andesite-porphyries,  occurring  in  sheets  between  the 
strata,  and  another  series  of  diorites  and  andesite-porphyries  that  were 
erupted  through  the  vertical  fissures  just  alluded  to.  The  central  fissure 

or  fissures  became  the  conduit  through  which  the  molten  magmas  followed 
one  another  after  successive  intervals  of  time.  In  the  outlying  narrow 
fissures  the  magmas  solidified  as  dikes  of  porphyry,  while  within  the  heated 
conduit  they  consolidated  into  coarse-grained  diorites  of  various  kinds.  The 
magmas  of  this  series  of  eruptions  became  more  and  more  siliceous.  Then- 

succession  is  indicated  in  the  table  on  the  next  page. 
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Table  XV.—  Order  of  eruption  of  the  rocks  at  Electric  Peak  and  Sepulchre  Mountain. 

Succession  of  eruptions  at  Electric  Peak. Succession  of  eruptious  at  Sepulchre  Mountain. 

A.  Intrusion    of   sheets   of    andesite-por- A.  Extravasation  of  andesitic  breccia  from 

phyry  from  the  southwest. 
some  Arehean  area. 

B.  Intrusion  of  dike  and  stock  rocks  in B.  Eruption    of    andesitic   breccias    and 

the  following  order: dikes  in  the  following  order: 

Pyroxene-porphyries,  grading  into Pyroxeue-andesites,  breccia,  and  flows, 

passing  into 
pyroxene-  and  hornblende-diorites pyroxeue-hornblende-andesites,   brec- 

with biotite  of  linal  crystallization, cia,  and  flows,  with  dikes  of  similar 

with  dikes  of  pyroxene-  and  horn- andesites, grading  into 

blende-porphyries,  grading  into 
hornblende-biotite  diorites  with  bio- hornblende-biotite-andesites, in  dikes, 

tite   of  early   crystallization,    with grading  into 
dikes  of  hornblende-biotite-porphy- nes  j 

quartz  -  biotite-diorite-porphyry  with dacites  with   phenocrysts   of  quartz, 

some    hornblende,    with    dikes    of biotite,  and  some  hornblende. 

quartz-biotite-porphyry. 

The  igneous  rocks  that  formed  the  breccias  and  lava  flows  of  Sepulchre 

Mountain,  with  their  dikes  and  larger  intruded  bodies,  constitute  a  series  of 

andesites,  basalts,  and  dacites,  which  reach  a  degree  of  crystallization  that 

places  part  of  them  among  the  porphyries.  They  commenced  with  an 

andesitic  breccia  that  is  filled  with  Arehean  fragments,  which  must  have 

been  thrown  from  some  neighboring  center  of  eruption  located  in  an 
Arehean  area.  Such  a  center  exists  a  few  miles  to  the  north.  This  was 

followed  by  a  series  of  magmas  that  were  at  first  somewhat  basic  and  became 

more  and  more  siliceous.  The  series  is  represented  in  the  right-hand  column 

of  Table  XV.  From  this  it  is  seen  that  the  succession  of  eruptions  in  each 

locality  was  the  same  after  the  first  period,  A,  in  which  the  magmas  evi- 

dently came  from  different  sources.  Each  series  of  the  second  period  began 
with  basic  magmas  and  ended  with  acid  ones.  Their  division  in  the  table 

into  four  groups  is  not  intended  to  convey  the  idea  that  they  belong  to  four 

distinct  periods  of  eruption;  the  whole  series  in  each  case  is,  rather,  a 

single  irregularly  interrupted  succession  of  outbursts  of  magma  that  grad- 

ually changed  its  composition  and  character.  Upon  comparing  the  rocks 

which  have  resulted  from  the  corresponding  phases  of  these  series  of  erup- 

tions, the  similarity  of  the  porphyrinic  forms  is  immediately  recognized. 
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The  nature  and  distribution  of  tlie  phenociysts  in  the  different  varieties  of 

andesite  and  dacite,  which  determine  their  megascopical  habit,  have  their 

exact  counterpart  in  the  different  varieties  of  porphyries.  The  microscopical 

characters  of  the  phenociysts  in  the  corresponding*  varieties  of  porphyries 
and  of  the  intruded  andesites  and  dacites  are  identical.  The  character  of 

the  various  groundmasses,  however,  is  different  in  the  two  groups,  being 

more  highly  crystalline  in  the  porphyries — many  of  the  andesites  being 

glassy.  Many  of  the  finer-grained  diorites  have  a  habit,  derived  from  the 

distribution  of  the  ferromagnesian  silicates  and  larger  feldspars,  which 

resembles  that  of  some  of  the  andesites  and  dacites  that  correspond  to  them 
chemically. 

Finally,  the  study  of  the  chemical  composition  of  the  intrusive  rocks 

of  Electric  Peak  and  of  the  volcanic  rocks  of  Sepulchre  Mountain  proves 

that  these  two  groups  of  rocks  have  identical  chemical  compositions,  for 

the  varieties  that  have  been  analyzed  are  but  a  few  of  the  many  miner- 

alogical  and  structural  modifications  assumed  by  these  magmas  on  cooling. 

The  analyses  serve  as  indications  of  the  range  of  the  chemical  variability 
of  these  magmas 

From  the  geological  structure  of  the  region,  then;  from  the  corre- 

spondence between  the  order  of  eruption  of  the  two  series  of  rocks;  from 

the  resemblance  of  a  large  part  of  the  rocks  of  both  series,  megascopically 
and  microscopically,  and  from  the  chemical  identity  of  all  the  rocks  of 

both  groups,  it  is  conclusively  demonstrated  that: 

I.  The  volcanic  rocks  of  Sepulchre  Mountain  and  the  intrusive  rocks 

of  Electric  Peak  were  originally  continuous  geological  bodies. 

II.  The  former  were  forced  through  the  conduit  at  Electric  Peak 

during  a  series  of  more  or  less  interrupted  eruptions. 

III.  The  great  amount  of  heat  imparted  to  the  surrounding  rocks  was 

due  to  the  frequent  passage  of  molten  lava  through  this  conduit. 

We  have,  then,  in  this  region  the  remnant  of  a  volcano,  which  has 

been  fractured  across  its  conduit,  faulted,  and  considerably  eroded,  and 

which  presents  for  investigation,  on  the  one  hand,  the  lower  portion  of  its 
accumulated  debris  of  lavas,  with  a  part  of  the  upper  end  of  the  conduit 
filled  with  the  final  intrusions,  and  on  the  other  hand,  a  section  of  the 
conduit  within  the  sedimentary  strata  upon  which  the  volcano  was  built. 



142     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

CORRELATION   OF  THE   ROCKS   ON   A  CHEMICAL  BASIS. 

Correlating  the  two  groups  of  rocks  according  to  their  chemical 

composition  and  arranging  them  as  in  Table  XVI,  we  see  that  the 

hornblende-miea-andesites,  Nos.  487  and  494,  are  the  equivalents  of  the 

quartz-mica-diorites,  Nos.  313,  311,  303,  323,  and  321,  and  of  the  quartz- 

pyroxene-mica-diorite,  No.  309.  The  dacites,  Nos.  521  and  523,  are  the 

equivalents  of  the  quartz-mica-diorite-porphyries,  Nos.  329  and  326.  The 

hornblende-pyroxene-andesites  and  the  pyroxene-andesites,  Nos.  421,  471, 

407,  386,  and  409,  are  the  equivalents  of  the  coarse-grained  pyroxene-mica- 

diorite,  No.  295,  with  variable  percentage  of  quartz,  and  of  the  fine-grained 

diorites,  Nos.  272  and  273,  and  of  a  fine-grained  variety,  No.  267. 
The  dacites  and  hornblende-mica -andesites  included  within  this  cor- 

relation are  intruded  bodies  within  the  breccia  of  Sepulchre  Mountain,  and 

have  the  same  mineral  composition  as  the  corresponding  porphyries  and 
diorites  of  Electric  Peak.  Thev  differ  from  them  in  structure  and  degree 

of  crystallization,  as  already  described. 

The  glassy  andesites,  with  pyroxene  and  hornblende  phenocrysts, 

however,  present  the  utmost  contrast  to  the  chemically  equivalent  coarsely 

crystalline  diorites.  In  the  former  the  hypersthene,  augite,  hornblende,  and 

plagioclase  are  sharply  defined  idiomorphic  crystals  in  a  groundmass  of 

glass,  which  is  crowded  with  microlites  of  plagioclase  and  pyroxene,  besides 

grains  of  magnetite.  The  hornblende  is  brown,  occasionally  red,  and  the 

other  phenocrysts  have  all  the  microscopical  characters  which  distinguish 

their  occurrence  in  glassy  rocks.  In  the  diorite  the  hornblende  is  green;  in 

some  cases  brown  ;  and  the  hypersthene,  augite,  and  hornblende  are  accom- 
panied by  biotite,  and  are  all  intergrovra  in  the  most  intricate  manner,  with 

evidence  that  they  commenced  to  crystallize  in  the  order  just  given.  The 

labradorite  is  often  clouded  with  minute  opaque  particles,  which  are  charac- 
teristic of  its  occurrence  in  many  diorites.  It  is  surrounded  by  a  shell  of 

more  alkaline  plagioclase,  which,  with  occasional  individuals  of  orthoclase 

and  considerable  quartz,  closed  the  crystallization  of  the  magma.  Magne- 

tite, apatite,  and  zircon  are  the  accessory  minerals.  The  quartz  contains 

fluid  inclusions,  which  complete  the  correspondence  of  this  diorite  with 

typical  diorites  of  other  regions. 

From  the  structure  of  this  region,  which  has  been  so  finely  exposed 
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by  faulting  and  erosion,  it  is  evident  that  of  the  different  magmas  erupted 

a  part  found  their  way  into  vertical  fissures  and  took  the  form  of  dikes ; 

part  reached  the  surface  and  became  lava  flows  and  breccias,  while  other 

portions  remained  in  the  conduit.  Therefore  the  various  portions  of  the 

magmas  solidified  under  a  variety  of  physical  conditions  imposed  by  the 

different  geological  environment  of  each,  the  most  strongly  contrasted  of 

which  were  the  rapid  cooling  of  the  surface  flows  under  very  slight  pressure 

and  the  extremely  slow  cooling  of  the  magmas  remaining  within  the  conduits 

under  somewhat  greater  pressure. 

Table  XVI. — Correlation  of  the  two  groups  of  rocks  upon  a  chemical  basis. 

S:.02 

per 

cent. 
No. 

Volcanic  rocks  of  Sepulchre  Mountain. Intrusive  rocks  of  Electric  Peak. 

Name. 

Essential  minerals. 

Name. Essential  minerals. 

Phenocrysts. Ground  mass. 

69.  24 . . 
326 quartz  mica-diorite- 

porphyry. 

quartz,  biotite,  plagioclase 

and  alkali  feldspar,  horn- 

blende. 

67. 54 . . 
321 

quartz-mica-diorite . 
biotite,  hornblende,  plagio- 

clase (orthoclase),  quartz. 

67.49.. 
523 

dacite   
quartz,  biotite,  horn- 

blende, plagioclase. 

noncrystalline, 

quartz,     feld- 

spar. 
66.05.. 323 

quartz-mica-diorite  . biotite,  hornblende,  plagio- 
clase (orthoclase),  quartz. 

65.97 
329 

quartz-mica-diorite- 
porphyry. 

biotite,  hornblende,  plagio- 
clase (orthoclase),  quartz. 

65.66.. 521 dacite   quartz,  biotite,  horn- 
blende, plagioclase. 

holocrystalline, 

quartz,     feld- 

spar. 65.60.. 303 
quartz-mica-diorite . biotite,  hornblende  (pyrox- 

ene),  plagioclase    (ortho- 
clase), quartz. 

65.50.. 
494 

hornblende- 

mica-ande- 

site. 

hornblende,      biotite, 

plagioclase. 

holocrystalline, 

quartz,     feld- 

spar. 65. 11.. 311 quartz-mica-diorite  . 
biotite,  hornblende,  augite, 

hypersthene,   plagioclase 
(orthoclase),  quartz. 

64.85.. 313 
quartz-mica-diorite . 

hornblende,  biotite,  plagio- 
clase (orthoclase),  quartz. 

64.27.. 487 hornblende- 

mica-ande- 
site. 

hornblende,      biotite, 

plagioclase,      mag- 
netite. 

holocrystalline, 

quartz,     feld- 

Bpar. 
64.  07 . . 

309 quartz-pyroxene  - mica-diorite. 

biotite,  hornblende,  augite, 

hypersthene,    magnetite. 
plagioclase     (orthoclase) , 

quartz. 
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Table  XVI. — Correlation  of  the  two  groups  of  rocks  upon  a  chemical  basis — Continued. 

Si02 

per 

No. 

Volcanic  rocks  of  Sepulchre Mountain. Intrusive  rocks  of  Electric  Peak. 

Essential  minerals. 

Name. Name. Essential  minerals. 

Phenocrysts. Groundmass. 

61.22.. 272 

pyroxene-mica  -  dio- 

biotite,  hornblende,  augite, 

rite. hypersthene,    magnetite, 

60. 30 . . 40D hornblende- 

pyroxene- andesite. 

hornblende,      augite, 

hypersthene,  plagio 
clase,  magnetite. 

glassy,      micro- litic. 

plagioclase  (quartz). 

58.05.. 273 
rite. 

hypersthene,    magnetite, 

57.38.. 267 pyroxene-porphyry . 

plagioclase  (quartz), 

augite,     hypersthene,    bio- 
tite,    magnetite,     plagio- 

57.17.. 386 

pyx  oxene- andesite. 
augite,    hypersthene, 

plagioclase. 

brown        glass, 

luicrolitic. 

clase,  quartz. 

56.61.. 
407 

hornblendc- 

pyroxene- 
andesite. 

hornblende,       augite, 

hypersthene,  plagio- 
clase. 

glassy,      micro- litic. 

56.28.. 295 

pyroxeue-mica-dio  - 

biotite,  hornblende,  augite, 

rite. hypersthene,    magnetite, 

55. 92 . . 471 
hornblende- 

andesite. 
hornblende,      plagio- 

clase. 
microcrystal- 

line. 

plagioclase,  quartz. 

55.83.. 
421 

pyr oxene - andesite. 
augite,    hypersthene, 

plagioclase. 
glassy,      micro- litic. 

The  effect  of  this  diversity  of  conditions  upon  the  degree  of  crystal- 

lization of  the  various  portions  of  these  rocks  is  well  shown  in  the  accom- 

panying- Table  XVII,  which  has  been  derived  from  Tables  VIII  and  XIII. 
In  this  table  are  presented  all  of  the  specimens  from  Sepulchre  Moun- 
tain and  Electric  Peak.  They  are  arranged  in  four  principal  divisions: 

First,  the  breccias  and  lava  flows ;  second,  dikes  and  larger  bodies  intruded 

in  these  breccias;  third,  dikes  in  the  Cretaceous  strata  of  Electric  Peak; 

fourth,  the  main  stock  and  its  immediate  apophyses.  These  groups  are 

still  further  subdivided  into  columns  which  correspond  to  mineralogical 

differences  in  the  rocks,  and  bear  the  same  letters  as  the  mineralogical 

subdivisions  in  Tables  III,  VIII,  XI,  and  XII.  Consequently  each  of 

the  four  principal  groups  has  the  most  basic  members  at  the  extreme  left 

and  the  most  acid  ones  at  the  extreme  right.  The  mineralogical  range  is 

therefore  repeated  four  times.  The  table  illustrates  a  number  of  facts.  It 

exhibits  the  relative  degree  of  crystallization  of  the  breccias,  lava  flows, 







Table  XVII.— Correlation  of  grades  of  crystallisation  of  the  rods  from  Sepulchre  Mountain  and  Electric  Peak. 

Grades  of 

crystalliza- 
tion. 

Sepulchre  Mountain. 

Electric  Peak. 

Breccias. 

Dike  rocks. 

Dike  rocks. 

Stock  rocks. 

B, 

B2 

B3 

B4 

B5 

r>, 

D2 

D3 

»< 

D5 

D« 

D7 

l>8     ■ 

D„ 

Dio 

D„ 

D,, 

di 

d2 

d3 

«4 

<16 

d6 

d7 

a8 

d.j 
tlio 

dn 

266 

267 

268 

269 

270 

s2 

Su 

s4 

1   394,  396 

397,398 
400 

416 

417 

418 

419,420 

421,  422, 423 
427, 428 

429 

459 

460, 461 
462,  463 
464, 465 

466, 467, 468 
469, 470, 471, 

472 

474 476 

481, 482 
484, 485 

486,  487 

488, 489, 490 

491,  492 

496 

498 

499 

500,  501, 

502,  503 

504 

508, 509 

510, 511,  512 
513, 514, 515, 

516, 517 
518,  519 

259 

260,  261 
262,  263 

264,  265 

301 

302,  303 

304 

305, 306 

307 
314, 315 

324, 325 
326, 327 

328, 329 

330,  331 
332 

333 

334 

2   

3   

4   

385,  386,  387,  388 

390,  391,  392,  393 

401 

402, 403 

404 

405 

406,  407, 409, 410, 

411,412,413 
414,  415 

431,432,433, 

434 

443 445 446 5 

6 

424 
425 

436, 437, 439 

477 

7. 475 523 

524,  525 

240 

1 

8   
447,  448,  449, 

450 

451, 452, 453, 

454,  455 

478 

238 

9 

497 

241,  242 

243 

244,  245 

258 
246 

255,  256 

257 

H 

456,  457 

473 

526 

12 440 
479, 480 

239 

249, 250 

251 
252, 253 

505 

527 

11 426 441 

493 

247, 248 

1£ 

458 

494 

235 

254 

520 

521,  522 

495 

506, 507 

232 

233 

236,  237 

442 

- 

271 

272 

273,  274 316 

317 

318 

319 
320,  321, 

286" 

275",322, 

323 

430 

234 

275,  276 

277 

278 

279 

280, 281 
282,  283 284 

285,  286, 

287 

288 

289 

290 

291 

294 

295 

296 

297 

298 

299 

1             300 

308 

309 

310 

311 

312 

313 

30   

31   

32   

\Z'.'"\ 

34.   

35   

36   

37   

38   

39   

40   

41   

42   

43   

44   

45   i 

i 

4 

1 

= 

1 
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dikes,  and  stock  rocks,  and  stows  that  a  great  number  of  intermediate  steps 

can  be  recognized  between  tire  most  glassy  andesite  and  the  coarsest  diorite. 

It  shows  that  the  dike  rocks  furnish  the  connecting  link  between  these  two 

extremes,  and  that  the  dike  rocks  of  Electric  Peak  have  the  same  range  of 

grain  as  the  majority  of  those  of  Sepulchre  Mountain.  But  many  of  those 

at  Sepulchre  Mountain  are  still  finer  grained,  and  some  are  glassy,  being 
vesicular  also.  Between  these  rocks  there  is  the  closest  possible  resemblance 

megascopically,  and  the  two  groups  might  have  been  described  conjointly, 

so  far  as  their  petrographical  characters  are  concerned.  The  variation  of 

grain  within  each  of  the  four  principal  divisions  is  very  significant  when 

taken  in  connection  with  the  geological  occurrence  of  the  different  rocks. 

The  limited  range  of  variation  in  the  first  group  is  in  accord  with  the  fact 

that  all  of  these  rocks  are  surface  ejectamenta.  The  range  in  the  third 

group  from  more  crystalline  basic  rocks  to  less  crystalline  acid  rocks,  as 

already  pointed  out,  shows  the  greater  tendency  of  the  basic  rocks  to 

crystallize.  And  since  the  dikes  here  represented  are  of  nearly  the  same 

size,  this  variation  of  grain  corresponds  to  differences  in  the  chemical  com- 

position of  the  rocks.  On  the  contrary,  the  variations  in  the  second  group 

indicate  a  slightly  greater  crystallization  of  the  acid  rocks.  This,  however, 

is  due  to  the  fact  that  the  basic  rocks  in  this  group,  with  a  few  exceptions, 

occur  in  small  dikes,  while  the  acid  rocks  for  the  most  part  form  broad 
intruded  bodies  several  hundred  feet  wide.  In  these  cases  the  size  of 

the  mass  has  had  more  influence  on  the  degree  of  crystallization  than  has 

the  chemical  composition  of  the  magma.  In  the  fourth  group  the  basic 

rocks  exhibit  a  wider  range  of  grain  than  the  acid,  being  much  coarser 

and  also  considerably  finer  grained  than  the  latter.  This  arises  from  the 

fact  that  the  basic  rocks  form  a  much  larger  mass  and  exhibit  great  variation 

of  grain,  having  fine-grained  modifications  that  have  been  fully  discussed 
in  an  earlier  part  of  this  chapter. 

These  diorites  and  others  that  cut  the  volcanic  lavas  in  several  locali- 

ties in  this  region  correspond  to  the  andesdiorites  and  cmdesgranites  of 

Stelzner,  who  described  stocks  of  granular  rocks  penetrating  the  andesitic 

tuffs  in  Argentina.  The  study  of  these  Tertiary  granular  rocks  led  him 

to  the  conclusion  that  the  degree  of  crystallization  of  eruptive  rocks  is 

in  no  way  dependent  on  their  age,  but  depends  on  the  physical  conditions 
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under  which  the  mineralogical  differentiation  and  the  cooling  of  the  magma 

took  place.1 
Study  and  comparison  of  the  chemical  analyses  of  the  two  groups  of 

rocks  under  investigation  demonstrate  that  the  magmas  that  reached  the 

surface  of  the  earth  in  this  place  had  exactly  the  same  chemical  compo- 
sition as  those  which  remained  inclosed  within  the  sedimentary  strata. 

They  prove  with  equal  clearness  that  the  different  conditions  attending  the 
final  consolidation  of  the  ejected  and  of  the  intruded  magmas  affected  not 

only  their  crystalline  structure,  hut  their  essential  mineral  composition.  The 
most  marked  illustration  of  this  is  in  the  occurrence  of  biotite  in  the  two 

series.  In  the  volcanic  rocks  of  this  locality  biotite  is  an  essential  constit- 

uent of  the  more  siliceous  varieties,  and  is  only  rarely  found  as  an  acces- 

sory constituent  of  the  varieties  with  less  than  61  per  cent  of  silica.  In  the 

intrusive  rocks  it  is  an  essential  constituent  of  all  the  coarse-g'rained  varie- 
ties, even  the  most  basic.  In  the  finer-grained,  porphyritic  forms  it  is  a 

constituent  of  the  groundmass  to  a  variable  extent.  The  second  most  notice- 

able difference  is  the  presence  of  considerable  quartz  in  the  coarse-grained 
forms  of  the  basic  magmas  and  its  absence  from  the  volcanic  forms  of  the 

same  magmas. 

From  these  observations,  then,  we  see  that  in  this  region  there  are 

chemically  identical  rocks  which  have  distinctly  different  mineral  compo- 
sitions, but  which  were  once  parts  of  a  continuous  body  of  molten  magma. 

We  are  led,  therefore,  to  the  conclusion  that — 
The  molecules  in  a  chemically  homogeneous  fluid  magma  can  combine  in 

various  ways,  and  form  different  associations  of  silicate  minerals,  producing 

miner alogically  different  rocks? 

1  Stelzner,  Alfred,  Beitrage  znr  Geologie  und  Paleontologie  der  Argentinischen  Republik,  Cassel 
and  Berlin,  1885,  p.  207. 

"Sie  [die  Andengesteine]  wird  mis,  wie  ieh  meinerseits  glaube,  irumer  mehr  uud  mehr  erkenuen 
lassen,  dass  die  grussere  oder  geringere  krystallinitat  eruptiver  Gesteine  keines  wegs,  wie  man  so  lange 
und  so  hartnackig  bebauptet  bat,  von  dein  Alter  der  letzteren  abhangig  ist,  sondern  lediglicb  von  den 

pbysikalischen  Umstanden,  unter  deucu  die  niineralische  Differenzirung  und  Erkaltung  der  glutb- 

flussigen  Magmen  vor  sicb  ging." 
2 This  conclusion  is  tbe  same  as  that  stated  by  Justus  Roth: 

"Es  konnen  mineralogiscb  gauz  verschiedene Gesteine  in  dieselbe  Grnppe  gehiiren,  denn  feurig- 
niissige  Massen  von  gleicher  oder  sebr  nabe  gleicher  cbemischer  Zusammensetzung  konnen  in  ver- 

schiedene Mineralien  auseinanderfallen.  Die  Ursachen,  welche  diese  Erscheinung  bediugen,  lassen 

sicb  hochstens  mutbmassen  und  mdgeu  in  Uuterschiedeu  des  Druckes,  der  Temperatur,  des  ungebenden 

Mediums,  der  Unterlage  u.  s.  w.  gesucht  werden."  Die  Gesteins-Analysen  in  tabellarischer  Ubersicht 
und  mit  kritisehen  Erlauterungen,  Berlin,  1861,  p.  xxi. 
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In  this  region  of  Electric  Peak  and  Sepulchre  Mountain  the  greatest 

mineralogical  differences  accompany  the  greatest  differences  in  structure  or 

degree  of  crystallization;  hence  we  may  assume  that  the  causes  leading  to 
each  are  coexistent.  The  source  of  these  causes  must  be  sought  in  the 

differences  of  geological  environment,  and  these  affect  the  rate  at  which 

the  heat  escapes  from  the  magmas  and  the  pressure  they  experience  during 

crystallization. 
It  is  to  be  remarked  that  the  most  essential  mineralogical  difference 

between  the  intruded  rocks  and  their  chemically  equivalent  extrusive  forms 

is  the  much  greater  development  of  biotite  and  quartz  in  the  intruded  rocks, 

these  minerals  beings  abundant  even  in  the  basic  intrusions  and  absent  from 

their  basic  volcanic  equivalents.  That  their  simultaneous  development  is 

naturally  to  be  expected  in  many  cases  is  evident  from  a  consideration  of 

the  character  of  their  chemical  molecules  and  that  of  other  minerals  com- 

mon to  these  rocks.  For  if  we  assume  that  biotite  is  made  up  of  two 

molecules,  corresponding  respectively  to  K6Al6Si6021  and  R13Si6024,  and 

compare  these  with  the  molecules  of  orthoclase,  K3ALSi6016,  of  olivine, 

R2Si04,  and  of  hypersthene,  RSi03,  we  see  that  molecules  which  under 

some  conditions  might  have  taken  the  form  of  olivine  or  hypersthene  and 

potash  feldspar,  which  latter  may  have  entered  into  combination  with  lime- 

soda-feldspar  molecules  to  form  somewhat  alkaline  feldspars,  may  under 
other  conditions  combine  as  biotite  with  the  separation  of  free  silica  or 

quartz ;  in  which  case  also  the  feldspars  of  the  rock  would  be  less  alkaline. 

Another  mineralogical  difference  between  the  two  groups  of  rocks 

just  mentioned  is  the  greater  development  of  hornblende  in  the  intruded 

rocks  in  place  of  augite,  which  is  chemically  similar,  though  it  has  not 
been  determined  whether  in  this  case  the  hornblende  of  the  diorite  has 

nearly  the  same  composition  as  the  augite  of  the  andesite.  The  proba- 
bility is  that  there  are  considerable  differences  between  them. 

The  crystallization  of  quartz,  biotite,  and  hornblende  in  fused  magmas, 

according  to  our  present  knowledge,  requires  the  assistance  of  a  mineraliz- 

ing agent;  for  it  has  been  demonstrated  by  synthetical  research  that  these 

minerals  will  not  crystallize  in  the  forms  they  assume  in  igneous  rocks  when 

their  chemical  constituents  are  fused  and  simply  allowed  to  cool  under 

ordinary  atmospheric  conditions.  But  they  have  been  produced  artificially 

with  the  aid  of  the  mineralizing  action  of  water  vapor  and  of  other  gases. 
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Now,  there  is  ample  evidence,  both  in  the  ejected  lavas  and  in  the  coarsely 

crystallized  rocks  in  the  conduit,  that  water  vapor  was  uniformly  and  gener- 

ally  distributed  throusrh  the  whole  series  of  molten  mag-mas,  and  there  is 
no  evidence  that  there  existed  in  the  magmas  which  stopped  within  the 

conduit  any  more  vapors  than  those  which  existed  in  the  magmas  that 

reached  the  surface,  or  that  they  were  different  in  the  two  cases.  Hence 
we  conclude  that: 

The  efficacy  of  these  absorbed  vapors  as  mineralizing  agents  teas  increased 

by  the  conditions  attending  the  solidification  of  the  magmas  within  the  conduit. 

Moreover,  if  mineralizing  agents  are  universally  present  in  igneous 

magmas,  and  if  their  action,  so  far  as  we  can  observe  it,  is  controlled  by 

the  physical  conditions  imposed  by  the  geological  history  of  each  eruption, 

we  should  not  regard  the  presence  or  absence  of  certain  minerals,  relegated 

to  the  influence  of  mineralizing  agents,  as  evidence  of  the  presence  or 

absence  of  these  agents  in  the  molten  magma;  but  we  should  see  in  it  the 

evidence  of  special  conditions  controlling  the  solidification  of  the  magma, 

and  should  seek  the  fundamental  causes  of  the  mineralogical  and  structural 

variations  of  a  rock  in  the  geological  history  of  its  particular  eruption. 



CHAPTER    IV. 

DESCRIPTIVE    GEOLOGY  OF  THE    NORTHERN  END  OF  THE 

TETON  RANGE. 

By  Joseph  Paxson  Iddings  and  Walter  Harvey  Weed. 

INTRODUCTION. 

The  Teton  Range  is  the  highest  and  most  imposing  of  the  mountain 

ranges  that  environ  the  Yellowstone  Park.  The  three  highest  peaks,  whose 

spire-like  summits  and  perpetual  snow  fields  are  visible  from  every  outlook 

of  the  Park,  form  a  well-known  feature  of  Wyoming  scenery,  giving  the 
mountains  the  familiar  name  of  the  Three  Tetons.  Only  the  northern  spurs 

and  lesser  peaks  of  this  range  occur  within  the  region  surveyed — that  is, 

north  of  the  forty-fourth  parallel  of  latitude.  This  northern  part  presents 
none  of  the  impressive  features  of  height  and  scenery  that  occur  in  the 

main  portion  of  the  range  farther  south,  yet  geologically  this  limited  area 

is  of  great  interest,  since  it  includes  the  northern  end  of  the  Archean  nucleus 

of  the  range,  with  the  flexed  and  upturned  sedimentary  rocks  encircling  it. 

The  great  epochs  of  geological  time  are  all  represented  in  the  stratigraphic 
section  exposed  in  these  northern  peaks,  while  the  relations  of  the  eroded 

range  to  the  accumulations  of  basic  volcanic  breccias  and  to  the  great 

rhyolite  flows  of  the  Park  Plateau  are  here  revealed. 

The  area  shown  on  the  map  (PI.  XNIII)  includes  an  accidented  region 
that  is  the  divide  between  the  waters  of  Falls  River  Basin  and  those  of  the 

valley  of  the  Snake.  The  two  most  prominent  streams,  Owl  Creek  and 

Berry  Creek,  cut  deeply  into  the  uplifted  rocks,  exposing  Archean  gneisses 

and  the  overlying  Paleozoic  strata.  Two  prominent  summits,  known 

as  Survey  Peak  and  Forellen  Peak,  rise  above  the  general  level  of  the 

rhyolite  plateau.  The  region  is  well  wooded,  but  is  diversified  by  parks 

and  grassy  valleys  that  add  to  its  attractiveness.     The  recently  built  road 149 
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extending  southward  from  the  Upper  Geyser  Basin  and  the  Yellowstone 

Lake  to  the  southern  limit  of  the  Park,  and  the  wagon  trail  from  the  Mormon 

settlements  of  the  Falls  River  Basin  to  the  great  natural  meadows  of  Jack- 
son Lake,  make  the  region  readily  accessible. 

sedimentary  series. — The  sedimentary  rocks  begin  with  the  Middle  Cambrian, 

which  rests  directly  upon  the  crystalline  schists.  The  Sheridan  quartzite 

has  not  been  found  in  this  vicinity,  nor  have  any  beds  resembling  the  Algon- 
kian  been  noticed  in  the  area  mapped  as  Archean.  The  Paleozoic  includes 

beds  of  Silurian  and  Devonian  age,  whose  character  and  relations  appear  to 

be  the  same  as  those  of  like  age  in  the  Gallatin  Mountains.  The  Carboniferous 

series  presents  no  features  different  from  those  noted  in  the  northern  ranges. 

The  Juratrias,  on  the  contrary,  presents  a  far  greater  development  than  in  the 

Gallatin  Range,  and  its  typical  member,  the  Teton  sandstone,  forms  bright 

red  outcrops  that  are  especially  prominent  features  of  the  scenery  wherever 

exposed.  The  Ellis  limestones  appear  in  full  development  and  include  the 

impure,  shaly,  fossiliferous  beds  which  contain  an  abundant  marine  fauna, 

and  the  overlying  littoral  deposit  whose  character  varies  from  a  conglomer- 

ate or  coarse  sandstone  with  comminuted  shells  to  a  pure  crystalline  lime- 
stone. The  Cretaceous,  as  noted  in  Chapter  V,  in  the  description  of  the 

region  lying  east  of  the  one  here  described,  is  essentially  a  series  of  sand- 
stones in  which  the  usual  subdivisions  are  not  readily  recognizable.  The 

Dakota  has  been  mapped  by  the  occurrences  of  the  basal  conglomerate,  and 

the  Colorado  has  been  delimited  by  the  upper  belt  of  dark  shales  that  occurs 

in  the  sandstones.  The  Montana  group  is  represented  by  coarse  yellow 

sandstone,  containing  numerous  fossils.  The  Laramie  has  not  been  found 

in  the  exposures  of  this  locality,  but  is  probably  buried  beneath  the  rhyolite 
flows  of  Pitchstone  Plateau.  The  most  northern  extension  of  the  Teton 

Range  is  a  small  outlying  area  of  sedimentary  rocks  which  have  been 

upturned  by  the  clacite-porphyry  that  forms  the  summit  of  the  Birch  Hills, 
8  miles  north  of  Survey  Peak.  The  structure  of  the  Teton  region  shows 

that  it  is  the  end  of  an  anticlinal  uplift,  modified  by  faults  parallel  to  the 

axis  of  the  fold;  thus,  in  Forellen  Peak  the  crystalline  schists  have  been 

faulted  against  Carboniferous  beds,  a  small  area  of  the  Flathead  quartzite 

remaining  attached  to  the  gneissic  mass.  To  the  west,  in  the  amphitheater 

at  the  head  of  Conant  Creek,  Cretaceous  shales  have  been  faulted  against 
volcanic  rocks. 
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TOPOGRAPHIC   FEATURES. 

The  region  is  about  10  miles  wide  from  east  to  west,  and  7  miles  from 

north  to  south,  along  the  western  side  of  Snake  River  Valley.  The  highest 

point,  Forellen  Peak,  is  9,700  feet  in  altitude,  while  others  of  9,200  and 

8,900  feet  occur  north  of  Berry  Creek.  The  district  is  almost  completely 

transected  by  two  deeply  cut  valleys,  those  of  Owl  and  Berry  creeks, 

flowing  into  Snake  River.  The  extreme  western  side  of  the  mountains  is 

drained  by  Conant  and  Boone  creeks,  tributaries  of  Falls  River.  The  sides 

of  these  valleys  are  steep  and  exhibit  frequent  rock  exposures. 

The  valley  of  Owl  Creek  separates  the  mountain  region  situated  within 

the  limits  of  the  map  (PI.  XXIII)  from  the  main  range  lying  to  the  south. 

The  stream  has  cut  a  deep  gorge  at  right  angles  to  the  uplift,  heading  in  the 

Carboniferous  area  south  of  Forellen  Peak  and  on  the  slopes  of  Crimson 

Peak,  a  prominent  summit  that  reaches  10,300  feet  on  the  flanks  of  the 

range  south  of  the  forty-fourth  parallel  of  latitude.  That  portion  of 
the  gorge  which  is  cut  in  the  gneiss  to  a  depth  of  nearly  3,000  feet  shows 

steep  slopes  much  encumbered  with  the  ddbris  from  the  crest  of  the  ridge. 

Overlying  the  crystalline  schists,  the  sedimentary  series  is  well  exposed  to 

the  east.  This  trench,  following  as  it  does  a  line  that  crosses  the  strike 

of  the  rocks,  appears  to  be  an  old  drainage  way  deflected  by  the  rhyolite 

capping  which  once  covered  this  area,  and  it  probably  marks  a  g-ulch  cut 
along  the  contact  between  the  rhyolite  sheet  and  the  underlying  rocks,  a 

contact  which  undoubtedly  crossed  varying  exposures,  as  the  country  was 

much  eroded  before  the  outflow  of  the  rhyolite. 

Berry  Creek,  which  heads  in  the  mountain  amphitheater  at  the  north 

base  of  Crimson  Peak  and  in  the  grassy  valley  lying  south  of  Survey 

Peak,  flows  with  a  general  easterly  course  4  or  5  miles,  then  turns  abruptly 

to  the  south  to  join  Owl  Creek,  leaving  what  is  clearly  the  old  drainage 

way  across  the  sedimentary  rocks,  but  which  is  now  occupied  by  a 

much  diminished  stream.  It  is  believed  to  have  been  diverted  by  a  small 

lateral  drainage  which  cut  back  until  it  robbed  the  stream  of  its  head- 
waters. Like  Owl  Creek,  this  stream  heads  in  the  Carboniferous  area  of 

the  western  part  of  the  mountains,  crosses  the  upturned  edges  of  the  Survey 

Peak  rocks,  flows  through  an  open  grassy  valley  cut  in  the  crystalline 
schists  and  across  the  basic  breccias   which    conceal  the   Paleozoic  beds  of 
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the  valley  bottom,  and  passes  through  the  rhyolite  which  adjoins  the 
breccias  on  the  east. 

Both  Conant  Creek  and  Boone  Creek  head  in  deep  amphitheater-like 

basins,  which  have  been  cut  in  volcanic  tuff-breccia  and  easily  eroded  sedi- 

mentary formations,  the  rims  of  the  basins  being'  formed  of  rhyolite  lava 
The  lower  portions  of  the  channels  are  canyons  cut  in  rhyolite. 

The  mountainous  portion  of  the  district  terminates  abruptly  on  the 

east,  along  the  banks  of  the  Snake  River,  while  outside  of  the  mountains 

the  country  stretches  northward  as  a  high  plateau,  with  ridges  reaching 

8,700  and  8,900  feet  in  altitude  near  Berry  Creek,  gradually  descending 

to  7,000  feet  in  the  vicinity  of  Grassy  Lake  and  Birch  Hills.  West  of  the 

mountains  long,  narrow  spurs  descend  somewhat  rapidly  to  the  level  of  Falls 
River  Basin  at  6,500  feet. 

With  this  brief  sketch  of  the  topographic  features  in  mind  Ave  may 

proceed  to  consider  the  geologic  structure  of  the  region,  beginning  with 

the  oldest  formations,  which  are  the  crystalline  schists. 

CRYSTALLINE   AXIS  AND  REGION  EAST. 

The  crystalline  schists  consist  of  light-pink  and  flesh-colored  gneisses 

and  smaller  amounts  of  mica-schists  and  amphibolites.  Together  they  form 

a  steeply  pitching  axis,  about  which  the  overlying  sedimentary  formations 

have  been  folded  and  broken.  The  most  northerly  exposure  of  the  gneisses, 

in  Berry  Creek,  is  not  higher  than  7,800  feet,  while  on  Forellen  Peak  they 

reach  9,700  feet,  and  are  still  higher  in  the  mountain  south  of  Owl  Creek. 

In  the  mountains  on  both  sides  of  this  creek  the  crystalline  schists  are  seen 

to  have  an  almost  vertical  boundary  on  the  west,  along  the  fault  line  already 

mentioned.  On  the  slopes  of  both  these  mountains  steep,  narrow  gulches 

mark  the  plane  of  faulting  and  the  contact  between  the  schists  and  the 

nearly  vertical  limestone  beds.  This  plane  passes  through  the  summit  of 

Forellen  Peak  and  also  through  the  summit  of  the  peak  south. 

On  the  eastern  side  of  this  crystalline  axis  the  sedimentary  rocks 

overlie  it,  with  a  gradually  increasing  dip  toward  the  northeast.  On  the 
south  side  of  Owl  Creek  the  structure  is  the  same  as  that  of  Forellen  Peak, 

which  is  shown  on  the  map.  The  southern  side  of  the  valley  is  crystalline 

schists  nearly  to  the  summit  of  the' mountain,  the  eastern  portion  of  which  is 
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covered  by  Flathead  quartzites  and  Paleozoic  limestones,  dipping  at  low 

angles  toward  the  northeast. 

East  of  Forellen  Peak,  on  the  crest  of  the  mountain,  the  gneiss  is 

overlain  by  indurated  sandstones  having  a  strike  N.  55°  W.  and  a  dip  of 
20°  NE.  Lower  down  on  the  northern  side  of  the  ridge  light-gray  mottled 

limestones  are  exposed  in  a  nearly  vertical  position.  They  are  associated 

with  green  micaceous  shales  and  a  thin  layer  of  ferruginous  sandstone. 

Although  no  fossils  were  found,  there  is  little  doubt  that  the  beds  belong 

to  the  basal  portion  of  the  Cambrian.  A  short  distance  farther  east  the 

limestones  strike  N.  45°  W.,  and  clip  30°  E. 
The  crest  of  the  east  ridge  of  Forellen  Peak  and  the  eastern  slope  of 

the  mountain  are  covered  by  a  thin  sheet  of  lithoidal  rhyolite,  like  that 

forming  the  plateau  north  of  Berry  Creek,  of  which  it  is  unquestionably 

an  extension,  being  connected  with'  it  across  the  bottom  of  the  valley. 

The  eastern  end  of  the  mountain  is  cut  off  by  the  canyon  through  which 

Berry. Creek  flows  to  join  the  Owl  Creek  drainage. 

East  of  the  gneiss  the  sequence  of  sedimentary  beds  is  quite  the 

same  as  that  observed  in  the  Survey  Peak  section,  to  be  described  (p.  160). 

The  relations  of  the  beds,  however,  are  partially  obscured  by  the  sheet  of 

rhyolite  just  mentioned. 

Berry  Creek. — In  the  canyon  of  Berry  Creek,  just  above  its  junction  with 

Owl  Creek,  the  sedimentary  rocks  are  well  exposed,  and  a  section  was  made 
which  shows  the  relative  thicknesses  of  the  Cambrian  rocks. 

Section  of  sedimentary  rocks  in  Berry  Creek  Canyon. 
Nurn-  Feet, 
ber. 

'22  Limestone,  crackled,  gray,  crystalline,  dense    25 

21  Limestone,  granular,  saccharoidal,  bufl",  weathering  -white    75 
20  Limestone,  magnesian,  gray  with  red  layers,  also  magnesian,  with  fossils  ..  50 

19  Limestone,  gray,  dense    10 

18  Limestone,  gray,  containing  patches  of  red  magnesian  rock    300 

17  Limestone,  gray,  containing  Carboniferous  fossils    2,  000 

fl6  Limestone,  brown,  weathering  steely  gray,  with  fetid  odor  and  resembling 
„         ,,     ,  Devonian;  beds  arenaceous. 
Three  Forks.  ' 1  15     Limestone,  thinly  bedded;  mottling  produced  by  irregular  bands  of  cream- 

l  colored  material. 

f  14    Limestone,  dark  gray ;  thinly  bedded,  few  feot   ] 

Jefferson    {  13  Limestone,  forming  great  ledge,  rough,  guttered,  and  pitted  surface;  no  )       150 
I  fossils,  except  at  top   -    J 

|  12     Limestone,  gray  with  sandy  patches         100 

Gallatin   {  11     Shales,  gray  and  red          25 

I  10     Limestone,  forming  heavy  ledge;  brown  gray           50 

Madison   • 
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Section  of  sedimentary  rocks  in  Berry  Creek  Canyon — Continued. 

Num- 
ber. Feet. 

'    9  Shales,  with  thin  bands  of  limestone    30 
8  Shale,  green,  micaceous ;  thin  hands  of  limestone    25 

7  Limestone,  light  gray ;  dense    15 

6  Limestone,  massive  ledge ;  lavender,  weathering  yellow    12 

Flathead  .           5  Limestone,  gray,  weathering  yellow ;  splintered  vertically    5 

4  Shales,  micaceous,  calcareous,  green    5 

3  Limestone,  irregularly  and  thinly  bedded;  chocolate  colored.,    60 

2  Shales  ? ;  poor  exposure    50 

1  Limestone,  thinly  bedded.     Strike  N.  50°  W.,  dip  35°  NE    35 

The  slope  of  the  peak  to  the  east  of  this  canyon  is  benched  in  a 

series  of  steps,  whose  upper  surface  corresponds  to  that  of  the  limestone 

beds,  but  exposures  are  few  and  unsatisfactory.  The  summit  of  the  peak  is 

formed  of  the  cherty  Teton  sandstone,  resting  upon  the  white  Quadrant 

quartzites,  which  here  break  into  small  angular  fragments.  The  northern 

slope  of  this  peak  is  open  and  grassy  near  the  summit,  but  the  flanks  of  the 

mountain  are  thickly  covered  with  young-  pines  and  fallen  timber.  At  the 
point  where  Berry  Creek  leaves  its  mountain  valley  to  flow  in  a  succession 

of  cascades  and  rapids  through  the  canyon  just  mentioned,  the  Juratrias 

rocks  are  well  exposed.  The  highest  beds  noticed  were  soft  and  micaceous 

shales,  which  occur  beneath  the  red  Teton  sandstones.  The  beds  strike  N. 

50°  E.,  and  dip  25°  NW.  The  rocks  are  fissile  micaceous  shales,  contain- 
ing much  pyrite,  and  near  the  entrance  of  the  mountain  are  warped  and 

twisted  into  a  number  of  small  folds.  In  the  upper  part  of  the  canyon  the 

granular  white  limestones,  which  are  generally  buff  or  creamy  yellow  on 

fresh  fractures  and  belong  to  the  Quadrant  quartzite,  are  also  well  exposed. 

The  Quadrant  quartzite  series  is  underlain  by  a  streak  of  reddish  magnesian 

clays,  a  part  of  the  limestone  series  that  forms  the  highest  beds  of  the 
Madison  formation.  The  fossils  are  of  Lower  Carboniferous  age,  and  are 

most  abundant  above  the  hard  gray  limestones  which  alternate  with  the 
red  streaks. 

In  descending  the  creek  the  strike  gradually  changes  from  N.  50°  E. 

to  N.  30°  E.,  this  change  occurring  within  a  distance  of  half  a  mile.  Still 
farther  down,  the  strike  veers  rapidly  toward  the  west,  and  near  the  junction 

with  Owl  Creek  it  has  changed  to  N.  50°  W.,  which  is  the  general  strike 
of  the  strata  north  of  Owl  Creek,  both  above  and  below  the  mouth  of  Berry 

Creek.  Below  the  forks  the  arenaceous  fetid  limestones  of  the  Jefferson  for- 
mation extend  down  the  stream  until  lost  in  the  meadows  of  Snake  River. 
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Although  the  rhyolite  lavas  of  the  Park  cover  and  conceal  the  higher 
series  of  strata  which  formed  the  flanks  of  the  Teton  uplift,  subsequent 
erosion  has  laid  bare  a  narrow  area  immediately  west  of  the  Snake  River 
meadows  in  which  the  Mesozoic  beds  are  exposed.  The  attitude  of  the 
strata  shows  that  they  form  an  anticlinal  fold  that  is  one  of  the  lesser 

flexures  of  the  northern  extension  of  the  Teton  uplift.  This  particular  fold 

has  a  north-south  axis,  pitching  about  5°  N.,  the  fold  dying  away  in  the 
region  covered  by  the  rhyolite  sheet. 

The  rocks  forming  the  peak  north  of  Owl  Creek,  whose  summit  has  an 

elevation  of  1,700  feet  above  Snake  River  meadows,  have  already  been 
noted.  East  of  this  peak  a  low  elevation,  whose  summit  is  but  7,200  feet, 
presents  excellent  exposures  of  the  Triassic  and  Jurassic  series.  The  basal 
cherty  arenaceous  limestones  of  the  Teton  formation  form  the  south  end  of 
the  hill  and  are  cut  by  the  small  stream  west  of  it.  The  summit  is  covered 

by  the  red  Teton  sandstones,  whose  detritus  is  abundant,  though  good 
exposures  are  rare.  These  sandstones,  which  are  the  representatives  of  the 
great  Red  Bed  series  of  Wyoming,  consist  of  lavender-colored,  pink,  and 
red  sandstones,  generally  fissile,  fine  grained,  and  weathering  to  sandy 
clays.  On  the  northern  slope  of  this  hill  the  Teton  sandstones  are  overlain 
by  the  gray  argillaceous  limestones  and  calcareous  shale  beds  of  the  Ellis 

formation,  carrying  characteristic  Jurassic  fossils.  The  strike  is  N.  70°  E., 

and  the  dip  40°  N. 
Hiiis  west  of  snake  River. — North  of  Berry  Creek  a  long  and  high  ridge  extends 

to  the  shores  of  the  Grassy  Lakes.  The  eastern  flanks  of  this  ridge,  extend- 
ing down  to  the  meadows  of  Snake  River,  form  benched  slopes  and  a  broken, 

hilly  country,  in  which  exposures  of  the  sedimentary  rocks  are  often  seen, 
though  the  surface  is  largely  covered  by  drift  and  is  overgrown  by  vegetation. 
The  Teton  formation  is  exposed  at  the  south  end  of  the  ridge,  a  deep  cut 

eroded  in  the  soft  sandstone  of  this  horizon  'continuing  the  valley  of  Berry 
Creek  eastward.  Above  these  red  sandstones  the  gray  beds  of  the  Ellis 
formation  are  seen,  forming  the  8,500-foot  knoll  at  the  south  end  of  the  ridge. 
This  formation  presents  the  same  two  divisions  which  are  so  characteristic 

a  feature  of  its  development  in  the  Gallatin  Range.  The  lower  part  of  the 
series,  the  Ellis  limestone,  consists  of  thinly  bedded,  impure,  argillaceous, 
gray  limestones  and  lead-colored  calcareous  shale,  weathering  readily  and 
containing  an  abundance  of  fossils  of  characteristic  Jurassic  types.     These 
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beds,  which  form  the  lower  and  greater  part  of  the  formation,  are  capped 

bv  the  arenaceous  limestone,  whose  variable  nature  is  its  chief  characteristic. 

This  bed  varies  from  a  pure  white  or  gray,  rather  coarse  granular  limestone, 

composed  largely  of  broken  fragments  of  shells,  to  a  pure  sandstone  that  is 

occasionally  conglomeratic.  Near  the  base  the  bed  is  always  a  limestone 
and  contains  carbonaceous  remains  and  fossils  of  characteristic  Jurassic 

type.  The  indurated  nature  of  this  bed  makes  it  a  noticeable  feature.  It 

forms  good  exposures  and  affords  a  marked  horizon  which  aids  in  the 

working  out  of  the  geological  structure.  The  strike  of  N.  60°  E.,  noted  at 

8,150  feet  on  the  slopes,  A-aries  rapidly,  as  the  bed  shows  an  anticlinal  fold 

slightly  modified  by  small  local  flexures.  The  dip  varies  from  40°  to  55°. 
The  following  section  was  made  of  the  beds  exposed  at  this  locality: 

Section  in  hills  west  of  Snake  River. 

Sandstones;  soft,  fissile,  and  crumbly. 
r  Black  shales.  Feet 

I  White  limestone         5 
Colorado,  i  Black  shales     100 

Sandstones,  ripple-marked  and  cross  bedded       50 
.  Black  carbonaceous  shale,  poorly  exposed    300 

f  Sandstone ;  soft  and  fissile       25 
Dakota..  .  Limestone  and  gray  and  purple  clays. 

*-  Sandstones. 

Ellis   Limestone ;  arenaceous,  cross  bedded,  fossilil'erous. 

The  uppermost  beds  of  this  section  are  exposed  about  a  mile  south  of 

the  mouth  of  Glade  Creek,  the  beds  having  a  strike  of  N.  50°  W.  and 

dipping  30°  N. The  Montana  formation  consists  largely  of  yellowish  sandstones, 

differing  in  this  respect  from  the  character  prevailing  in  the  Gallatin  region. 

The  beds  form  a  small  but  steeply  sloped  hill  west  of  Glade  Creek,  near  its 

mouth,  being  exposed  in  a  bluff  150  feet  high  and  500  feet  long.  This 

exposure  shows  a  fault,  bringing  soft,  gray,  argillaceous  shales  against 

yellowish  and  gray  sandstone  carrying  abundant  fossils  of  Fox  Hills  types. 

The  latter  beds  strike  N.  10°  E.  and  dip  30°  W. 
Higher  up  the  creek  flowing  past  this  bluff  the  stream  has  cut  very 

soft,  thinly  bedded,  fissile,  light-colored  sandstones,  overlain  by  sandstones 
alternating  with  occasional  beds  of  shale.  No  fossils  were  seen  at  these 

exposiires.  The  higher  slopes  are  everywhere  covered  by  the  soft  sandy 
debris  derived  from  the  sandstone,  and  no  exposures  are  seen.     In  general 
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the  northern  slopes  are  mantled  by  this  material.  Many  of  the  bare  areas 

seen  on  these  slopes  show  no  rock  in  place,  but  are  due  to  the  washing  out 

of  this  soft  drift  material.  The  hig'hest  strata  seen  consist  of  shale  and 
limestone,  exposed  back  of  the  rhyolite  hill  west  of  the  forks  of  Glade 
Creek. 

No  Laramie  rocks  were  identified,  but  it  is  probable  that  the  friable 

sandstones  carrying  a  4-foot  seam  of  coal,  exposed  on  the  east  bank  of  the 
Snake  below  the  mouth  of  Glade  Creek,  are  of  this  age.  The  strata  at 

this  locality  strike  E.-W.  and  dip  35°  N.,  but  on  the  slope  above,  at  7,400 

feet,  the  beds  strike  N.  40°  E.  and  dip  25°  NW. 
volcanic  rocks. — The  erosion  of  the  sedimentary  rocks  was  unquestionablv 

very  great  before  the  extravasation  of  volcanic  material,  for  basic  andesitic 

tuff-breccia  is  found  in  the  bottom  of  the  valley  of  Berry  Creek,  resting  upon 
a  very  irregular  surface  of  crystalline  schist  and  Paleozoic  strata.  In  places 

it  contains  rounded  pebbles  of  gneiss,  with  some  of  andesite.  It  probably 

occupies  what  Avas  an  ancient  valley  draining  northward,  for  on  the  east  and 

west  of  it  sedimentary  rocks  rise  to  peaks  a  thousand  and  more  feet  higher 

than  the  present  lowest  exposure  of  bi-eccia.  The  breccia  forms  a  group  of 
small  hills  and  knolls,  rising  500  feet  above  the  bottom  of  the  valley.  It  is 

overlain  by  massive  rhyolitic  lava,  which  also  covered  a  very  uneven  sur- 
face, being  at  present  600  to  800  feet  thick  above  the  breccia  and  1,500  feet 

thick  just  east  of  it,  where  it  seems  to  have  filled  a  depression  between  the 

hill  of  breccia  and  the  eastern  sedimentary  ridge.  Toward  the  west  it 

thins  out  over  the  limestones  at  the  base  of  Survey  Peak,  where  it  is 

glassy  and  porphyritic,  probably  the  bottom  part  of  the  sheet  which, 

farther  east,  is  lithoidal  and  thinly  laminated,  somewhat  resembling  schist. 

In  this  part  of  the  rhyolite  the  lamination  which  corresponds  to  the  planes 

of  flow  in  the  lava  dip  to  the  north,  indicating  that  the  lava  had  been 

moving  over  a  northward-sloping  surface. 

REGION  WEST  OF  THE  CRYSTALLINE  AXIS. 

West  of  the  fault  that  bounds  the  western  side  of  the  body  of  crystal- 

line schists  the  sedimentary  rocks  have  been  upturned  at  a  high  angle, 

causing  them  to  dip  steeply  at  about  80°  W.  for  a  short  distance,  beyond 
which  they  become  flatter.  This  structure  is  seen  in  the  mountain  south 

of  Owl  Creek  and  in  Forellen  Peak  and  Survey  Peak.     In  the  western 
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summit  of  the  mountain  south  of  Owl  Creek,  steeply  upturned  limestones 

dip  80°  W.  and  appear  to  be  continuous  with  those,  to  be  described,  west  of 
the  summit  of  Forellen  Peak.  Directly  west  of  them,  on  the  divide  south 

of  the  head  of  Owl  Creek,  massive  limestone  abuts  against  them  with  a  low 

easterly  dip.  These  are  the  eastern  portion  of  a  flat  anticlinal  arch,  whose 
axis  trends  north  along  the  western  side  of  the  amphitheater  at  the  head  of 

Owl  Creek.  The  western  portion,  with  slight  westerly  clip,  forms  the  ridge 

between  the  headwaters  of  Owl  and  Conant  creeks,  the  most  northerly  point 
of  which  is  Crimson  Peak. 

crimson  Peak. — Here  the  strata  strike  S.  50°  W.  and  dip  7°  NW.  The 

dips  farther  down  the  northwest  spurs  vary  from  7°  to  10°  in  the  same 
general  direction.  The  red  color  of  the  summit,  which  is  so  prominent 

when  the  mountain  is  seen  from  a  distance,  is  due  to  the  red  magnesian 

streaks  and  patches  which  occur  in  the  higher  beds  of  the  Carboniferous 

limestones.  The  summit  of  the  peak,  which  is  10,300  feet  above  sea 

level,  shows  good  exposures  of  the  white  Quadrant  quartzites,  the  rocks 

weathering  in  great  cubical  blocks;  being  of  very  compact  texture,  they 

resist  erosive  agencies  and  are  in  striking  contrast  to  the  same  series 

exposed  near  the  junction  of  Owl  and  Berry  creeks.  Fossils  collected  from 

the  northeastern  spur  of  the  mountain  prove  to  be  of  lower  Carboniferous 

age.  Farther  down  the  spur,  on  the  saddle  of  the  divide  southwest  of 

Forellen  Peak,  a  horizon  of  fossiliferous  limestone,  carrying'  peculiar  con- 
cretions of  chert,  occurs  above  a  brown  arenaceous  bed  that  is  correlated 

lithologically  and  by  its  stratigraphic  position  with  the  Devonian  of  the 

Gallatin  section.  This  sandy  limestone,  which  is  believed  to  correspond  to 

the  Three  Forks  limestone,  is  underlain  by  fine-grained  and  dense  gray 
limestone,  whose  peculiar  rough,  pitted,  and  guttered  surface  makes  it  a 

readily  distinguishable  horizon.  This  bed  corresponds  to  the  Jefferson 

limestone  of  the  Gallatin  Range.  These  strata  continue  northward  along 

the  western  slope  of  Forellen  Peak,  having  a  low  dip  to  the  west.  They 

adjoin  the  nearly  vertical  limestones  that  have  been  faulted  against  the 

gneiss  in  the  same  manner  as  in  the  mountain  south  of  Owl  Creek. 

Foreiien  peak. — Nearly  vertical  limestones  form  the  western  summit  of  For- 
ellen Peak  and  the  steep  narrow  spur  down  its  northern  flank.  The  beds 

forming  the  summit  of  the  peak  are  Carboniferous,  and  100  feet  below 

them  stratigraphically  is  the  dark-gray  massive  limestone,  weathering  with 
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guttered  surface,  that  has  just  been  noted.  The  beds  have  a  general  strike 

N.  35°  W.,  and  dip  80°  SW.  Upon  the  gneiss,  directly  east  of  the  fault, 
there  is  Flathead  quartzite,  dipping  at  a  low  angle  toward  the  northwest. 

The  fissile  Cambrian  formations  have  been  completely  displaced  at  this  point. 

The  displacement  noted  on  Forellen  Peak  probably  diminishes  north- 

ward and  may  fade  out  east  of  Survey  Peak,  the  steeply  dipping-  strata 
continuing  through  this  mountain  into  the  hills  north  of  it.  Here  the  lie-lit- 
gray  and  brown  striped  limestones  of  the  Madison  formation,  which  form 

the  main  mass  of  Survey  Peak,  strike  N.  25°  W.  and  dip  70°  SW.  At  the 
eastern  base  of  the  mountain  they  have  the  same  strike,  but  a  lower  dip, 

about  25°  SW. 

survey  Peak. — On  the  slopes  southeast  of  Survey  Peak  the  gneiss  is  well 
exposed,  immediately  overlain  by  the  rusty  Flathead  quartzite  with  strike 

N.  70°  W.  and  dip  15°  N.  Above  this  ledge  no  exposures  are  seen  for  50 
feet,  when  limestones  outcrop,  the  ledges  being  conformable  in  dip  and 

strike  to  the  quartzites  below.  These  limestones  are  dark  gray,  mottled 

with  buff  spots  of  sandy  material,  and  resemble  the  limestones  occurring 

in  the  Flathead  shales.  Above  these  beds  the  slopes  show  poorly  exposed 

limestones,  eroded  by  glacial  action  into  well-marked  benches.  Six  hunched 

feet  above  the  gneiss  the  beds  consist  of  chocolate-colored  cherty  lime- 
stones, alternating  with  gray  crystalline  limestones  containing  traces  of 

fossils  and  much  cut  up  by  veins  and  patches  of  calcite.  On  the  east  slope 

of  the  mountain  the  beds  are  well  exposed,  forming  rough,  bare  ridges 
devoid  of  soil  or  timber. 

The  best  section  of  the  Paleozoic  rocks  is  to  be  found  north  of  the 

creek,  in  the  slopes  which  fall  away  from  the  eastern  flanks  of  Survey  Peak. 
Here  we  have  a  continuous  series  of  beds  from  the  Archean  to  the  red 

shales  and  clays  of  the  Teton  formation.  The  section  given  on  the  next 

page  was  measured  at  this  point. 
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Survey  Peak  section. 
Sum 

ber. 
Teton       18 

Quadrant  ...     17 

(16 
15 

14 

13 

12 

11 

Madison   10 

9 

8 

6 

0 

-  i 

3 

Three  Forks?  J 2 

1 

Feet. 

Clierty  sandstone,  forming  slopes  of  Survey  Peak. 

Quartzite,  white,  etc.,  forming  summit  of  peak. 

Limestone,  with  red  streaks,  etc.,  near  top        1,  000-J^ 

Limestone,  gray,  splintery     25 
Limestone,  brecciated    50 

Limestone,  gray,  similar  to  beds  below    50 
Limestone,  brown,  containing  peculiar  chert  balls    10 

Limestone,  cherty,  fossiliferous,  steely  gray    300 

Limestone,  gray,  weathering  brown,  with  smooth  surface    30 
Limestone ;  not  exposed   ,    25 

Limestone,  gray  brown,  obscure  traces  of  fossils    30 

Limestone;  not  exposed    .30 

Limestone,  deuse,  gray    10 

Limestone,  brown,  with  rough,   guttered  surface.     Strike  N.   5°  W. ;    dip 
30°  W    100 

Limestone,  light  yellowish  green;  laminated    10 

Limestone,  light  gray,  cherty    25 

Limestone,  dark  gray,  cherty.     Strike  N.  10°  E. ;  dip  53  W    10 
Limestone,  great  ledge  of  rough  brecciated  rock  at  base  of  east  slope  of 

the  peak    150 

The  summit  of  Survey  Peak  is  formed  of  the  clierty  sandstones  which 

occur  at  the  base  of  the  Teton  formation,  but  the  western  flank  of  the 

mountain  is  covered  by  a  narrow  strip  of  rhyolite  that  connects  the  rhyolite 

sheet  near  the  head  of  Berry  and  Conant  creeks  with  the  rhyolite  plateaus 

which  sweep  northward  to  the  geyser  basins.  This  rhyolite  west  of  the 

peak  is  about  one-fourth  of  a  mile  wide,  its  upper  limit  being  8,600  feet, 
and  it  forms  a  bench  terminated  westward  by  bold  cliffs,  some  200  feet  in 

height,  that  form  the  Avail  of  the  Boone  Creek  amphitheater.  The  bottom 

of  the  sheet  dips  to  the  west.  The  surface  of  the  rhyolite  is  quite  irregular, 

as  the  sheet  rests  upon  the  steeply  upturned  Teton  shales  which  have 

slipped  beneath  its  weight,  forming  great  fissures  of  varying  width,  from  a 

few  feet  to  many  yards  across  and  often  many  yards  long.  Huge  masses 

have  become  detached  and  have  slid  down  to  the  bottom  of  the  amphi- 

theater valley.  To  the  south  the  rhyolite  thins  out  against  the  cherty 

sandstones,  but  on  a  projecting  point  extends  to  the  flat  summit  at  the  head 

of  Berry  Creek.  Beneath  the  rhyolite  the  walls  of  the  amphitheater  show 

the  red  Teton  shales  and  sandstones  well  exposed  and  dipping  steeply  to  the 

northwest.  These  Teton  sandstones  probably  extend  under  the  gravel- 

capped  ridg-e  to  the  west,  but  no  exposures  were  seen. 
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conant  creek. — The  Carboniferous  limestones  of  Crimson  Peak  south  of  the 

head  of  Berry  Creek  extend  down  the  northern  spur  with  a  dip  of  7°  to  10° 
NW.j  as  already  stated,  and  form  the  divide  to  Conant  Creek  and  the  creek 

south  of  it;  but  the}'  are  covered  with  rhyolite  farther  north,  appearing 

beneath  it  in  several  spurs  projecting  into  the  valley  at  the  head  of  Conant 

Creek.  The  lower  portion  of  the  rhyolite  sheet  is  dark  colored  and  glassy, 

becoming  lighter  colored  and  lithoidal  higher  up.  On  the  small  spurs  the 

lamination  of  the  lava  dips  to  the  northwest,  showing  that  the  slope  was  in 

this  direction.  On  the  divide  between  Conant  Creek  and  the  creek  south 

the  limestones  terminate  abruptly  against  soft  clays  and  sandstones,  pre- 

sumably of  Cretaceous  age,  but  of  which  there  are  no  good  exposures, 

while  to  the  south  the  massive  limestones  can  be  traced  along  a  western 

escarpment  to  where  they  overlie  sandstone  and  gneiss,  which  form  a  group 

of  peaks  northwest  of  the  main  Teton  Range. 

The  soft  clay  shales  and  friable  sandstones  on  the  low  saddle  south  of 

the  head  of  Conant  Creek  dip  toward  the  west  and  extend  northward  across 

the  basin  at  the  head  of  Conant  Creek.  Their  close  proximity  to  the  Car- 

boniferous limestones  indicates  a  fault  and  considerable  displacement  between 

the  two,  which,  however,  may  not  exist  farther  north ;  for  west  of  Survey 

Peak  there  is  sufficient  distance  between  the  Teton  formation  and  the  north- 

ward extension  of  the  shales  to  allow  of  the  intermediate  formations  being 

in  place. 
The  divide  between  Conant  Creek  and  the  head  of  Boone  Creek  is  a 

narrow  ridge  composed  of  well-rounded  gravel,  mostly  quartzite.  This  also 
forms  the  lower  ends  of  the  two  short  spurs  south.  The  exact  relation  of 

this  gravel  to  the  adjacent  rocks  was  not  discovered.  Its  character  and 

general  appearance  are  those  of  a  recent  deposit  connected  with  the  glacia- 
tion  of  the  region. 

volcanic  breccia. — The  sedimentary  area  is  bounded  on  the  west  by  an 

accumulation  of  volcanic  tuff-breccia  that  is  exposed  for  a  distance  of  6 

miles  north  and  south,  and  again  farther  north  in  the  neighborhood  of  Birch 

Hills.  The  actual  extent  of  the  breccia  is  unknown,  since  it  is  partially 

co\  ered  by  rhyolite.  A  portion  of  it  has  been  uncovered  in  Berry  Creek. 

It  is  well  exposed  in  the  valleys  cut  through  it  by  Boone  and  Conant  creeks. 

The  rocks  exhibit  rude  assorting,  but  are  not  bedded,  the  coarse  agglomer- 

ates occurring  with  tuffs  and  fine  breccias  without  order  or  arrangement. 
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The  material  consists  of  basic  andesites  and  basalts,  some  of  which  are  absar- 

okite  and  contain  orthoclase  as  an  essential  constituent.  Petrographically 

they  are  like  the  basaltic  breccias  of  the  Absaroka  Range. 

The  breccias  are  dark  colored  and  often  weather  into  fantastic  towers, 

pinnacles,  and  cliffs,  whose  dark  rich  shades  of  red,  brown,  purple,  and 

gray  render  them  highly  picturesque.  The  fragments  are  angular  and  sub- 
angular  and  often  are  several  feet  in  diameter.  The  best  exposures  occur 

just  below  the  amphitheater  at  the  head  of  Boone  Creek.  On  the  north 

side  of  Conant  Creek,  where  the  exposure  is  nearly  1,000  feet  high,  there 

are  indications  of  rude  bedding,  dipping  westward. 

The  breccias  were  thrown  upon  the  surface  of  deeply  eroded  and  faulted 

sedimentary  rocks,  and  undoubtedly  were  considerably  eroded  themselves 

before  being  buried  beneath  the  rhyolite,  which  forms  the  western  slopes 

and  spurs  and  extends  beneath  the  later  basalt  sheets  of  the  Falls  River 

Basin  a  long  distance  westward.  The  canyons  of  Boone  and  Conant  creeks 

cut  into  it  400  feet  and  more  without  reaching  the  underlying  rocks.  The 

rhyolite  is  porphyritic  and  lithoidal  as  a  whole,  but  at  the  bottom  of  the 

sheet,  in  contact  with  the  underlying  rocks,  it  is  dark-colored  obsidian. 

Birch  Hiiis. — The  Birch  Hills,  whose  summits  rise  prominently  above 

the  western  border  of  the  plateau,  present  the  most  northern  exposures 

of  the  sedimentary  rocks  of  the  Teton  uplift.  Separated  from  the  north- 
ern spurs  of  that  range  by  the  southern  extension  of  the  great  rhyolite 

plateaus  of  the  Park  which  so  effectively  conceal  all  the  earlier  rocks,  this 

small  area,  which  recent  denudation  has  again  exposed  to  view,  presents 

clear  evidence  of  the  same  sequence  of  events  so  clearly  outlined  in  the 

range  itself. 

The  hills  consist  of  a  group  of  pointed  eminences,  with  gentle  eastern 

slope  and  steep  western  declivities.  The  surface,  formerly  heavily  wooded, 

is  now  densely  covered  with  a  shrubby  growth  of  black  birch,  concealing 

the  fallen  timber  that  everywhere  strews  the  ground. 

North  of  Falls  River,  whose  beautiful  Rainbow  and  Terrace  falls  are 

near  by,  the  hills  consist  of  dacite-porphyry,  forming  the  two  main  summits. 
This  rock  is  light  gray  and  compact,  with  phenocrysts  of  feldspar  and  quartz, 

and  small  biotite  plates.  It  is  a  holocrystalline,  intrusive  body,  resembling 

the  rock  of  Bunsen  Peak  in  composition  and  structure,  but  more  distinctly 
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porphyritic,  the  phenociysts  being  larger  and  fewer.  They  are:  Oligoclase 

in  fine  idiomorphic  crystals,  with  marked  zonal  structure  and  little  polysyn- 

thetic  twinning,  sometimes  suggesting  orthoclase;  biotite,  in  thick  idiomor- 

phic crystals,  with  numerous  magnetite  inclusions;  and  corroded  quartz, 

with  glass  inclusions.  The  groundmass  is  microgranular  with  idiomorphic 

quartzes,  the  average  grain  being  about  0.02  mm.  in  diameter.  It  consists 

of  quartz  and  feldspar,  with  small  amounts  of  magnetite  and  biotite.  Apatite 

occurs  in  comparatively  large  colorless  crystals,  much  cracked.  Zircon  is 

present  in  minute  prismatic  crystals.  The  chemical  composition  of  the  rock 

is  shown  in  the  following  analysis,  and  is  nearly  identical  with  that  of  the 
Bunsen  Peak  rock: 

Analysis  of  dacite-porphyry  of  the  Birch  Hills. 
[J.  E.  Whitfield,  Analyst.] 

Constituent. Per  cent. 

SiO,   70.24 
Trace. 

17.36 

1.38 

.79 

None. 
.53 

2.74 
3.69 
2.65 

None. 

Trace. 

Trace. 

.71 

Ti'Oa   
A1203   

Fe203  ...                
FeO   

MnO   

MgO      ..                
CaO    

Na,0               

KO   

Li  0   

P„05   

SO,   

H,0   

Total   100.  09 

Eastward  this  rock  passes  beneath  the  rhyolites,  which  reach  almost 

to  the  summit  of  the  hills.  On  the  westward  slopes  steeply  upturned 

limestones,  somewhat  altered,  dip  toward  the  igneous  rock.  The  foot  slopes 

show  a  remnant  of  the  basic  breccias  covering  the  eroded  limestones  and 

porphyry,  and  covered  in  turn  by  the  ubiquitous  rhyolite. 

The  west  spur  of  the  northern  hill  is  formed  of  altered  limestones, 

whose  beds  strike  S.  40°  E.,  and  dip  70°  NE.,  toward  the  dacite-porphyry. 
The  limestone  is  dense,  gray,  mottled  with  yellow,  and  underlies  thinly 
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bedded  glaueonitic  limestones  whose  lithological  character  and  sequence 

place  them  in  the  Flathead  formation  of  the  Cambrian. 
Similar  rocks  are  exposed  in  the  bed  and  walls  of  Falls  River  below 

the  Rainbow  Falls,  where  they  are  covered  by  a  light-colored  andesitic  tuff 

or  breccia,  generally  fine  grained  and  much  decomposed.  This  breccia 

forms  low  rounded  hummocks  at  the  base  of  the  hills,  and  is  not  yet  cut 
through  by  the  river,  whose  bed  it  forms  for  a  mile  above  the  meadows. 

The  exposure  in  the  river  bank  shows  rude  bedding,  with  northwest  dip. 

South  of  Falls  River  the  hills  are  continued  in  an  irregularly  accidented 

area.  The  rhyolite  plateau  terminates  in  a  wall  several  hundred  feet  high, 

a  deep  but  narrow  depression  separating  the  bluff  from  the  sedimentary 

ridge  to  the  west. 

These  hills  south  of  the  river  present  exposures  of  the  Carboniferous 

and  Triassic  beds,  forming  parallel  ridges  with  benched  slope  and  trending 

N.  70°  E.,  the  rocks  dipping  30°  N.  The  red,  fissile  Teton  sandstones  are 
well  exposed  in  the  lower  slopes,  weathering  into  a  reddish  soil  not  easily 

distinguished  from  that  of  the  red  patches  of  the  Quadrant  formation. 

These  red  sandstones  are  here  underlain  by  the  cherty  horizon  of  the 

Teton,  resting  upon  the  Quadrant  quartzites.  The  chert  occurs  in  charac- 
teristic rolls,  rods,  and  nodular  masses,  having  a  chalky  surface,  and  grading 

at  times  into  the  inclosing  arenaceous  rock.  The  Quadrant  quartzites  cor- 
respond closely  in  character  to  the  formation  as  developed  in  the  Gallatin, 

consisting  of  white  granular  quartzite  and  interbedded  limestones  that  are 

often  good  marbles. 

West  of  the  sedimentary  area  just  noted  there  is  an  exposure  of 

hornblende-andesite-porphyry.  The  rock  is  clearly  intrusive  and  cuts 
through  the  Carboniferous  limestones. 

The  Birch  Hills,  by  reason  of  the  compact  character  of  their  rocks, 

present  excellent  evidences  of  former  glaciation  of  the  region.  The  rocks 

occur  in  rounded  ice-worn  hummocks,  covered  with  glacial  scorings  and 

groovings  with  general  east-west  trend.  In  general  the  eastern  and 
northern  slopes  are  gentle,  while  steep  cliffs  bound  the  hills  to  the  west 
and  south. 



CHAPTER     V. 

DESCRIPTIVE  GEOLOGY  OF  HUCKLEBERRY  MOUNTAIN 

AND  BIG  GAME  RIDGE. 

By  Arnold  Hague. 

GENERAL   FEATURES. 

The  country  described  in  this  chapter  embraces  a  mountainous  area 

irregular  in  outline  and  of  great  diversity  of  form.  It  consists  mainly  of 

a  series  of  ridges,  trending  northwesterly  and  southeasterly,  composed  for 

the  most  part  of  Mesozoic  rocks.  Older  sedimentary  rocks  are  well  exposed 
in  a  number  of  localities,  as  well  as  areas  of  coarse  breccia  and  broad 

fields  of  rhyolite,  but  the  region  is  essentially  one  formed  of  rocks  of 
Cretaceous  age. 

The  southern  line  of  the  area  described  here  is  sharply  defined  by  the 

forty-fourth  parallel  of  latitude,  coinciding  with  the  southern  boundary  of 

the  Yellowstone  Park  forest  reservation.1  The  broad  valley  of  the  Snake 
separates  it  from  the  mountains  and  uplifted  sedimentary  rocks  of  the  Teton 

Range  lying  on  the  west  side  of  the  river.  On  the  northwest  and  north  the 

rhyolites  of  the  Park  Plateau,  reaching  their  southern  limit,  rest  directly 

against  the  upturned  edges  of  the  sedimentary  beds.  In  much  the  same  way 
the  western  border  of  andesitic  breccias  of  Two  Ocean  Plateau  sharply 
delimit  this  area  of  sedimentary  rocks  from  the  unbroken  mass  of  basic 

lavas  which  stretch  far  away  eastward  in  broad  plateaus  and  serrated 

ridges.  In  striking  contrast  to  these  areas  of  breccias  and  rhyolites  that 

surround  it,  this  region  stands  out  strongly  marked  by  its  physical  features. 

In  a  certain  way  this  group  of  sedimentary  ridges  rises  as  an  island,  or 

rather  as  a  projecting  promontory,  into  a  vast  sea  of  lavas.     The  irregular 

1  See  map  of  Yellowstone  National  Park,  accompanying  Part  I,  and  Geologic  Atlas  U.  S.,  folio  30, 1806. 
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outline  is  in  great  part  due  to  the  sinuous  border  of  accumulated  lavas  that 

abut  against  the  steep  slopes  of  uplifted  strata.  Across  its  broadest  expan- 
sion, from  Snake  River  to  Two  Ocean  Plateau,  it  measures  about  20  miles. 

In  length  it  measures  nearly  22  miles,  stretching  northward  with  decreasing 
breadth  across  the  forest  reservation,  gradually  dying  out  in  a  narrow  ridge 

projecting  into  the  rhyolite  body  which  skirts  the  west  shore  of  the  south 
arm  of  Yellowstone  Lake. 

All  of  the  ridges  and  mountain  masses  which  make  up  this  region 

are  clearly  defined  by  salient  topographic  features,  delimited  by  deeply 

eroded  valleys,  and  yet  they  are  all  so  knit  together  by  outlying  spurs  and 

elevated  passes  as  to  present  a  single  mountain  group,  with  a  somewhat 

complex  topographic  structure  and  an  intricate  drainage  system.  The 

principal  physical  features  are  Big  Game  Ridge  and  its  extension  north- 
ward, Chicken  Ridge;  Piny  on  Peak  and  Bobcat  Ridge;  Huckleberry 

Mountain  and  Wildcat  Peak.  Several  of  the  high  mountains  of  the  Park 

country  are  found  here,  a  number  of  them  attaining  elevations  of  over 

9,500  feet,  but  only  one,  Mount  Hancock,  the  culminating  point  of  Big 

Game  Ridge,  reaches  an  altitude  of  over  10,000  feet  above  sea  level. 

With  the  exception  of  a  narrow  strip  of  country  pouring  its  waters  into 

Yellowstone  Lake,  this  entire  region  is  drained  by  Snake  River  or  some  of 

its  many  tributary  streams.  The  main  branch  of  Snake  River  takes  its  rise 

along  the  west  slopes  of  Two  Ocean  Plateau,  flows  northerly  around  the 
east  base  of  Mount  Hancock,  and  thence,  with  a  sharp  curve  around  the  end 

of  Big  Game  Ridge,  runs  southerly  at  the  west  base  of  the  same  mountain. 

With  a  gentle  sweeping  curve  it  encircles  the  northern  end  of  Huckleberry 

Mountain  and  enters  the  broad,  open  plain  lying  west  of  this  mountainous 

region.  Continuing  its  course  southward,  it  crosses  the  forest  reserva- 

tion,  and  soon  after  widens  out  into  Jackson  Lake,  a  short  distance  south 

of  the  limit  of  the  map.  With  this  circuitous  coui-se,  as  thus  defined,  Snake 
River  nearly  surrounds  this  group  of  mountains,  and  on  leaving  the  forest 

reservation  has  become  a  wide,  deep  stream.  Across  the  broadest  expanse 

of  these  mountains  there  runs,  in  an  approximately  east-west  line,  a  well- 
defined  watershed  from  Snake  River  to  Two  Ocean  Plateau.  North  of 

this  divide  such  fine  streams  as  Coulter,  Wolverine,  and  Fox  creeks  pour 

large  volumes  of  water  into  the  main  Snake.  Several  mountain  torrents, 

notably  Lizard,   Gravel,   and    Mink    creeks,  flow  southward    into   Pacific 
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Creek,  which  finally  adds  its  waters  to  those  of  the  Snake  soon  after  the 

latter  stream  crosses  the  southern  boundary  of  the  area  mapped. 

The  physical  features  of  the  country  present  strikingly  varied  outlines 

of  mountain,  ridge,  valley,  and  upland,  with  abrupt  changes  in  configuration. 

Constantly  changing  rock  formations,  with  accompanying  modifications  of 

topographic  forms,  make  the  region  singularly  picturesque,  and  the  alterna- 
tion of  gently  undulating  and  roughly  accidented  areas  causes  the  region 

to  stand  out  in  sharply  defined  contrast  to  the  more  monotonous  Park 
Plateau. 

Much  of  the  country,  especially  the  more  elevated  portions,  are  timber- 

less,  but  large  areas  of  mountain  slope  present  a  diversified  park-like 
appearance,  covered  with  a  vigorous  growth  of  coniferous  forest.  Faulting 

and  folding  of  strata,  with  frequent  changes  in  the  inclination  of  beds,  have 

produced  conditions  favorable  to  the  flow  of  springs,  the  many  mountain 

torrents  making-  the  region  a  highly  favored  one  in  its  water  supplv. 
The  region  is  well  adapted  to  the  haunts  of  wild  animals,  and  the 

dominant  ridge  of  the  country,  characteristically  named  Big  Game  Ridge, 

in  former  years  furnished  abundant  sport  for  the  hunter  in  search  of  bear, 

elk,  deer,  and  mountain  lion. 

Unlike  the  areas  of  sedimentary  beds  which  make  up  the  Gallatin 

Range  and  form  the  slopes  of  the  Teton  or  Snowy  ranges,  the  sedimentary 

rocks  of  this  region  do  not  rest  directly  upon  any  exposed  bod  v  of  Archean 

rocks,  nor  do  they  dip  away  in  any  one  direction  from  a  central  mass. 

Within  this  region  no  Archean  rocks  are  known.  Southward,  in  the  Wind 

River  Range,  the  Archean  presents  a  bold  unbroken  mass  of  pre-Cambrian 

rocks,  but  its  geological  relations  with  the  uplifted  sediments  of  this  region 

can  not  be  determined,  owing  to  the  accumulated  volcanic  material,  which 

conceals  everything  beneath  it  in  the  intervening  country.  In  much  the 
same  manner  the  breccias  of  Two  Ocean  Plateau  and  the  rhvolites  of  the 

Park  Plateau  prevent  any  precise  interpretation  of  the  structural  relations 

of  this  region  with  the  country  to  the  north  and  east. 

It  is  evident  that  the  powerful  forces  which  uplifted  this  mountain  mass 

acted  from  several  different  centers  and  produced  a  somewhat  intricate 

structure.  The  uplifting  of  the  mass  was  accompanied  by  profound  fault- 

ing and  folding,  and  in  places  by  marked  compression  of  strata.  Subse- 

quent orographic  movement  produced  secondary  faulting,  adding  much  in 
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certain  localities  to  the  difficulties  of  determining  structure.  The  later 

intrusion  of  igneous  rocks  tended  in  some  places  to  break  up  and  confuse 

the  position  of  beds,  but  only  in  limited  areas  is  such  action  especially 

noticeable,  and  it  may  be  said  to  have  affected  the  larger  mountain  blocks 

singularly  little  as  regards  the  disturbance  of  beds. 
Sandstones  of  the  Montana  and  Laramie  formations  constitute  the  more 

elevated  portions  of  the  ridges.  Both  formations  are  conformable,  and 

throughout  their  entire  development,  from  base  to  summit,  the  prevailing- 
beds  consist  of  a  coarse  yellowish-brown  sandstone,  of  varying  degrees  of 
purity.  In  the  absence  of  a  characteristic  fauna  discrimination  between 

the  two  formations  is  very  difficult,  and  in  most  instances  impossible  with- 
out much  detailed  work,  with  results  not  commensurate  to  the  labor. 

Fort  Pierre  beds,  which  are  mainly  arenaceous,  pass  down  into  nearly 

similar  sandy  deposits  of  the  Colorado.  The  fauna  which  characterizes 

these  lower  beds  is  one  possessing  a  wide  vertical  range  throughout  the 

Cretaceous  sandstones,  and  the  line  of  demarcation  between  the  Montana 

and  Colorado  is  not  always  easy  to  draw.  It  is  possible  that  beds  provi- 

sionally placed  in  the  Montana  may  upon  farther  investigation  be  found  to 

belong  to  the  Colorado,  the  assignment  being  based  upon  their  fauna! 

relations  rather  than  upon  their  lithological  habit. 

REGION  OF  WILDCAT  PEAK  AND  HUCKLEBERRY  MOUNTAIN. 

Snake  River  sharply  defines  this  group  of  mountains  on  the  west  and 

north.  Above  the  broad  valley  of  the  Snake  the  mountains  rise  abruptly 

over  2,500  feet  in  long  rugged  ridges  whose  outlines  are  more  or  less 

obscured  by  dense  forests.  Northward,  along  the  gorge  of  Snake  River, 

the  mountain  slopes  are  pi-ecipitous  and  in  places  rise  like  canyon  walls 
above  the  stream. 

Coulter  Creek,  named  in  honor  of  the  distinguished  botanist,  Prof. 

John  M.  Coulter,  may  be  taken  as  the  eastern  boundary  of  these  moun- 
tains. It  drains,  by  numerous  tributaries,  nearly  the  entire  eastern  slope,  and 

pours  a  large  volume  of  water  into  the  main  stream,  being  the  first  impor- 
tant affluent  above  the  gorge  of  the  river.  The  summit  of  the  mountains  at 

their  northern  end,  with  an  average  elevation  of  8,700  feet,  presents  a  broken, 

gently  accidented  country,  easy  to  traverse  and  singularly  attractive  from 

its  park-like  character.     All  the  dominant  peaks  attain  nearly  the  same 
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elevation,  are  flat-topped,  and  easily  accessible.  Numerous  groups  of  conif- 
erous trees,  broad  areas  of  grassy  upland,  and  an  abundance  of  water  add 

great  charm  to  the  region.  South  of  Wildcat  Peak  the  country  falls  away 

in  long-  monotonous  ridges,  with  narrow  intervening  valleys,  uniform  in  out- 
line and  dreary  in  aspect.  Structurally  this  uplifted  mass,  in  its  simplest 

form,  presents  a  synclinal  fold,  whose  axis,  with  a  broad  sweeping  curve, 

strikes  obliquely  across  the  mountains  northwest  to  southeast.  This  struc- 
ture is  accompanied  by  local  crumpling  and  folding  of  beds.  Apparently 

the  force  uplifting  the  beds  upon  the  southern  side  of  the  fold  came  from 

the  direction  of  the  Teton  Range.  Wherever  observed  these  beds  dip 

persistently  into  the  mountains  and  away  from  the  Archean  mass  which 

forms  so  broad  and  continuous  a  body  to  the  southwest.  Owing  to  the 

crumbling  nature  of  the  beds  and  the  amount  of  soil,  good  rock  exposures 

are  rarely  seen.  Along  the  banks  of  Lizard  Creek  and  the  adjoining 

valleys  to  the  east  and  west  the  beds  lie  inclined  from  20°  to  30°  NE.  The 
axis  of  the  syncline  trends  across  the  southern  and  western  slopes  of  Wild- 

cat Peak,  and  is  lost  beneath  the  rhyolite  forming  the  steep  slopes  toward 
Snake  River. 

wildcat  Peak. — At  the  base  of  Wildcat  Peak,  near  the  head  of  Lizard 

Creek,  the  beds  dip  slightly  to  the  northeast,  but  those  forming  the  summit 

of  the  peak  belong  to  the  opposite  side  of  the  syncline  and  are  highly 

inclined,  many  of  them  standing  on  edge.  Here  they  trend  diagonally 

across  the  ridge,  with  a  dip  varying  from  65°  to  70°.  The  strata  are  thinly 
bedded  sandstones,  presenting  long  rows  of  slab-like  exposures.  These  are 
underlain  by  black  arenaceous  shales,  in  turn  followed  by  other  thin  layers 

of  sandstone.  The  beds  striking  across  the  ridge  give  rise  to  narrow  lateral 

spurs,  with  deeply  eroded  ravines  between  them.  Along  the  summit  of  the 

ridge  the  same  beds  may  be  traced  eastward  with  apparently  the  same  dip 

and  strike-  In  the  open  park-like  country  northwest  of  Wildcat  Peak  and 
west  of  Huckleberry  Mountain  the  beds  show  a  southerly  dip,  indicating 

the  north  side  of  the  syncline.  The  beds  found  on  both  sides  of  the  axis 

of  this  fold  have  been  referred  to  the  Montana  formation.  It  is  possible 

that  they  include  a  series  of  beds  which  should  be  assigned  to  the  Colo- 

rado, but,  owing  to  the  present  state  of  knowledge  and  the  very  limited 

number  of  organic  forms  as  yet  obtained  from  this  region,  it  has  been 

found  impossible  to  draw  any  line  of  demarcation  between  the  two  periods 
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of  the  Cretaceous.  All  the  sediments  are  more  or  less  impure  sandstones, 

and  even  those  characterized  by  argillaceous  deposits  are  usually  sandy. 

While  the  organic  forms  found  here  may  be  such  as  occur  elsewhere  in  the 

Colorado  shales,  they  are  also  forms  that  extend  upward  into  the  sandstones 

of  the  Montana.  These  arenaceous  shales  are  well  developed  in  the  valley 

of  Lizard  Creek,  and  along-  the  east  side  of  the  stream  are  exposed  in  a 
number  of  localities  above  the  stream  bed.  From  them  have  been  obtained 

Ostrea,  Anomia,  Inoceramus,  and  the  widely  distributed  middle  Cretaceous 

species,  Cardium  pauperculum. 

Beds  similar  in  lithological  habit  are  exposed  in  the  valley  to  the  west- 

ward, which  in  its  topographic  outline  closely  resembles  Lizard  Creek,  and 

still  farther  westward  these  rusty  sandstones  crop  out  from  beneath  thin 

cappings  of  rhyolite  at  a  number  of  localities  on  both  sides  of  the  Snake 

River  trail.  One  such  exposure  is  seen  along  the  trail  not  far  from  where  it 

crosses  the  summit  of  the  spur  which  extends  westward  to  Snake  River. 

On  the  east  side  of  the  river,  opposite  the  mouth  of  Berry  Creek,  a  small 

exposure  of  sandstone  and  shale  occurs,  striking  nearly  due  east  and  west 

and  dipping  north. 

Owing  to  the  limited  area  exposed  and  the  fact  that  the  surrounding 

country  is  mainly  covered  by  drift  the  outcrop  is  not  indicated  on  the 

map.  According  to  Prof.  J.  P.  Iddings,  this  sandstone  carries  a  seam  of  coal 

4  inches  in  thickness.  Northward,  and  on  the  extreme  western  spur  of  the 

ridge,  the  sandstones  and  shales  are  exposed,  extending  up  the  hill  slope  for 

several  hundred  feet.  Here  they  strike  northeast  and  soutliAvest,  with  a 

dip  of  25°  NW.  It  is  possible  these  beds  belong  to  the  Colorado  forma- 
tion, but  in  the  absence  of  all  organic  remains  they  have  been  placed  in  the 

Montana,  together  with  other  beds  of  similar  lithological  character  found 
in  this  region. 

Huckleberry  Mountain. — The  central  mass  of  this  group  of  mountains  has 

been  designated  Huckleberry  Mountain.  Its  summit  is  formed  of  a  broad 

sheet  of  rhyolite,  slightly  inclined  toward  the  south.  On  nearly  all  sides 

this  rhyolite  capping  rises  above  the  underlying  rocks  as  an  abrupt  wall, 

which  along  the  east  side  forms  an  escarpment  over  100  feet  in  height. 

This  east  wall  limits  the  rhyolite  in  this  direction,  and  the  entire  eastern 

slope  of  the  mountain,  down  to  Coulter  Creek,  exposes  only  strata  of  the 

Montana  formation.     The  beds  dip  at  low  angles  to  the  southeast.     Beneath 
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the  rhyolite  of  the  summit  the  Montana  beds  present  a  very  uneven  surface, 

and  at  one  point  the  sandstones  project  through  the  capping  of  lava,  which 

elsewhere  forms  the  top  of  the  mountain.  On  both  the  east  and  west  slopes 

of  Huckleberry  Mountain  the  underlying  strata  present  many  of  the  same 

general  features,  being  fissile,  friable  sandstone,  crumbling-  easily,  and  in 
places  showing  signs  of  cross  bedding  and  other  evidences  of  shallow- water 

deposition.  On  the  west  side,  where  the  sandstones  are  exposed  by  erosion 

of  the  rhyolite,  the  beds  have  yielded  Cardium  pauperculum,  and  on  the  east 

side,  just  below  the  base  of  the  rhyolite,  the  same  species  has  been  obtained 

from  nearly  similar  rock.  Again,  near  the  east  end  of  the  long  spur 

making  out  toward  Coulter  Creek,  in  fissile  sandstone,  inclined  10°  S., 
there  were  found  the  same  Cardium,  associated  with  Ostrea  anomioides. 

North  of  Huckleberry  Mountain  the  country  suddenly  falls  away 

several  hundred  feet  to  a  narrow  saddle,  where  the  Montana  shales  are  a«-ain 

well  shown.  Beyond  this  saddle  the  country  again  rises  in  a  prominent 

point,  which,  for  want  of  any  distinctive  appellation,  may  be  designated  as 
North  Huckleberry  Mountain.  In  elevation  it  falls  but  little  below  the 

more  southern  point,  and  commands  to  the  north  a  still  more  comprehensive 

view.  Geologically  the  two  points  possess  much  in  common.  A  sheet  of 

rhyolite,  resting  upon  the  Montana  sandstone,  forms  the  top  of  the  table,  as 

already  described  for  Huckleberry  Mountain.  Probably  at  one  time  the 

two  points  were  connected  by  a  continuous  sheet  of  rhyolite,  erosion  having 
since  worn  away  the  rock  upon  the  saddle.  In  the  case  of  North  Huckle- 

berry Mountain  the  rhyolite  escarpment  faces  northward,  and  the  prominent 

wall  of  Montana  sandstone  stretches  far  away  to  the  eastward  till  buried 

beneath  the  outlying  masses  of  late  basic  breccia. 

The  fissile  sandstones  of  the  Montana  beds  are  well  shown  all  alono-  the 

northern  slopes  of  the  mountain  and  in  the  valley  of  the  stream  tributary 
to  Coulter  Creek.  Northward,  the  Montana  sandstone  still  forms  the 

summit  of  the  main  ridge  and  eastern  slopes,  till,  near  the  northern  end  of 

the  mountain,  the  beds  become  decidedly  argillaceous,  with  sandstone  occur- 

ring as  intercalated  layers.  Although  no  evidence  of  a  fauna  was  obtained, 
the  beds,  upon  their  lithological  habit  in  distinction  to  the  arenaceous  beds 

above,  have  been  assigned  to  the  Colorado  formation.  Their  continuity 
westward  is  obscured  by  overlying  rhyolite.  Montana  sandstones  occur  as 

the  underlying  rocks  along  the  entire  western  slope  of  .this  mountain  mass, 
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and  extend  from  the  open  plain  of  Snake  River  Valley  to  the  summit  of  the 

ridge.  At  one  locality  just  south  of  the  Park  boundary  Cretaceous  clays 

are  exposed  in  a  precipitous  bluff  at  the  river,  but  the  slopes  of  the  hills 

are  for  the  most  part  obscured  by  alluvial  material,  followed  higher  up 

by  extensive  deposits  of  glacial  drift  and  broad  areas  of  rhyolite,  the  latter 

in  places  extending  from  the  summit  to  the  plain.  An  overlying  sandy 

soil  nearly  everywhere  mantles  the  mountain  side,  and  large  forest  areas 

conceal  the  structure  of  beds,  rendering  it  most  difficult  to  follow  the  con- 

tinuity of  strata.  Observed  dips  and  strikes  indicate  that  in  general  the 

sandstones  lie  inclined  eastward,  toward  the  mountain  mass,  but  with  many 

local  displacements. 

Rhyoiite. — By  reference  to  the  map  it  will  be  seen  that  the  rhyolite  is 
represented  as  forming  a  continuous  body  from  the  extreme  northern  end 

of  the  mountain  south  to  the  forty-fourth  parallel  of  latitude.  This  rhyolite 

is  very  irregular  in  outline  and  represents  a  comparatively  thin  flow  of  lava. 

Over  a  large  part  of  the  area  covered  by  rhyolite  it  is  doubtful  if  the  lava 

sheet  is  more  than  100  feet  in  thickness.  In  places  it  has  been  entirely 

removed  by  erosion,  leaving  isolated  patches  of  sandstone  exposed  upon 

the  surface.  In  two  localities  it  caps  the  westward  spurs  from  the  summit 

to  Snake  River,  and  at  other  points  lies  high  up  on  the  mountain  sides.  It 

caps  the  sandstone  on  the  long  ridges  trending  southward,  and  presents  a 

somewhat  striking  appearance  with  its  long  monotonous  flows,  scarcely  100 
feet  in  thickness,  resting  upon  the  deeply  eroded  arenaceous  strata.  These 

long  flows  stretch  southward  nearly  to  Jackson  Lake. 

This  rhyolite  body  possesses  a  fairly  uniform  appearance  from  one  end 

to  the  other;  that  is  to  say,  it  does  not  vary  throughout  its  mass  more  than 

many  areas  of  equal  extent  on  the  Park  Plateau;  indeed,  it  closely  resembles 

the  rhyolite  of  the  Park.  It  is  in  general  purplish  gray  in  color  and  lithoidal 

in  texture.  In  places  it  is  fissile,  and  upon  Huckleberry  Mountain,  and  in 

several  other  localities  along  the  summit,  it  occurs  in  horizontal  beds  with 

jointing  planes.  On  North  Huckleberry  Mountain  it  is  thinly  bedded  and 

fissile,  the  debris,  slopes  being  made  up  of  irregular  fragments  of  lithoidal 
rock. 

Dacite. — Near  the  junction  of  the  Cretaceous  rocks  with  the  rhyolite,  due 

west  of  Huckleberry  Mountain,  occur  two  or  three  exposures  of  igneous 

rock,  that  rise  in  low  obscure  mounds  above  the  general  level  of  the  sand- 
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stone.  In  outline  the.se  exposures  are  strikingly  different  from  the  sand- 
stone, and  in  their  mode  of  weathering  stand  out  in  strong  contrast  with 

the  surrounding-  rhyolite.  An  examination  shows  that  these  rocks  are  to  be 
classed  as  dacite.  In  composition  they  are  more  basic  than  the  rhyolites, 

and  carry  a  larger  proportion  of  plagioclase,  and,  in  distinction  from  the 

rhyolites  of  the  region,  hold  a  considerable  amount  of  biotite.  Apparently 

they  are  older  than  the  rhyolite  and  are  exposed  by  the  erosion  of  the  latter 

rock.  Petrographically  they  are  closely  related  to  a  dacite  occurring  in  a 

number  of  exposures  on  the  west  side  of  Snake  River  Valley,  and  then 

interest  lies  in  the  fact  that  they  are  among  the  few  instances  known  in  the 

Park  of  rocks  with  a  dacitic  facies  related  to  rhyolites. 

REGION  OF  SNAKE  RIVER  GORGE. 

From  Lewis  River  to  the  mouth  of  Coulter  Creek  the  course  of  Snake 

River  makes  an  irregular  curve  of  nearly  180°,  closely  encircling-  the 
northern  end  of  the  Wildcat  Peak  and  Huckleberry  Mountain  mass,  the 

mouth  of  Coulter  Creek  lying  7J  miles  due  east  of  Lewis  River.  Snake 

River  runs  through  a  deeply  eroded  gorge,  which  for  several  miles  above 

Lewis  River  sharply  defines  the  rhyolite  flows  of  the  Sheridan  volcano  on 

the  north  side  from  the  uplifted  sedimentary .  rocks  on  the  south.  Against 

the  abrupt  wall  of  Paleozoic  rocks  the  rhyolites  were  piled  up  to  a  great 

height,  and  it  is  along  this  contact  that  the  river  has  cut  its  picturesque 

gorge.  On  the  north  side  the  rhyolites  stand  out  in  a  precipitous  wall, 

nearly  400  feet  above  the  river,  and  thence  rise  gradually  toward  the  central 

portion  of  Mount  Sheridan.  On  the  south  side  a  massive  wall  of  limestone 

rises  1,000  feet  to  the  summit  of  the  mountain.  The  beds  are  highly 

crystalline,  light  in  color,  and  belong  to  the  Madison  limestone. 

It  is  possible  that  older  beds,  represented  by  Three  Forks  and  Jefferson 

limestones,  are  exposed  in  the  gorge  along  the  base  of  the  mountain,  but 

the  mantle  of  drift  is  so  heavy  and  the  timber  so  dense  that  they  have 

nowhere  been  recognized. 
Above  the  Madison  limestone  come  the  brilliant  red  sandstones  and 

shales  of  the  Teton  formation,  standing  out  conspicuously  in  contrast  with 

white  and  blue  limestone.  Along  the  summit  of  the  mountain  the  Quad- 

rant quartzite  has  nowhere  been  recognized.      Arenaceous  limestone  lies 
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directly  beneath  the  Teton  beds,  but  nothing-  similar  to  the  compact  siliceous 
deposits  which  characterize  the  Quadrant  quartzites  in  the  Gallatin  Range 
has  been  observed. 

Overlying  the  Teton  beds  come  the  drab  limestone,  marl,  and  fine 

sandstone  which  mark  the  Ellis  formation,  everywhere  defined  by  Jurassic 

fauna.  Fine-grained  sandstones  which  form  the  uppermost  beds  of  the 
Ellis  formation  pass  gradually  into  a  coarser  and  more  compact  series 

of  sandstones,  which  here  represent  the  Dakota  beds.  These  in  turn  are 

followed  by  impure  sandstones  and  black  shales  of  the  Colorado  forma- 
tion, and  these  again  by  the  Montana.  The  latter  have  already  been  referred 

to  in  describing  the  geological  features  north  of  Huckleberry  Mountain. 

This  entire  mass  of  uplifted  sediments  dips  to  the  south,  forming  a  part  of 

the  general  syncline  which  constitutes  the  Wildcat  Peak  and  Huckleberry 

Mountain  orographic  block.  About  5  miles  east  of  Lewis  River  the  phys- 
ical features  of  the  canyon  wall  change.  The  Madison  limestone,  dipping 

eastward,  dies  out,  and  the  Mesozoic  strata,  which  to  the  west  are  seen  only 

high  up  on  the  cliffs,  turn  and  pitch  down  the  mountain  slope  toward  the 

river.  The  Mesozoic  strata  are  much  faulted  and  crumpled,  and  lie  inclined 

at  varying  angles.  Overlying  the  Madison  limestone  the  Teton  red  beds 

incline  to  the  southeast,  but  the  dip  soon  changes,  and  the  beds  which  make 

up  the  long  ridge  stretching  down  to  the  river  dip  for  the  most  part  to  the 
southwest. 

Both  the  Teton  and  Ellis  formations  are  exposed  along  the  south  side 

of  the  river,  but  neither  the  Dakota  nor  Colorado  have  been  recognized 

along  the  river  bank.  Good  exposures  are  few.  The  Dakota  conglomerate 

is  not  characteristically  developed,  and  the  slopes  for  200  feet  above  the 

river  are  largely  covered  by  glacial  drift.  On  the  ridge  south  of  the  river 
and  Avest  of  Coulter  Peak,  where  the  Ellis  beds  are  well  exposed,  dipping 

at  a  low  angle  to  the  southwest,  the  drab  limestone  has  furnished  Ostrea 

strigilecula,  Camptonectes,  and  RhynchoneUa  myrina.  Several  hundred  feet 

higher  up  the  ridge,  in  the  arenaceous  limestone  passing  into  sandstone,  the 

same  species  were  obtained,  together  with  R.  gnathophora,  and  at  still 

another  locality  on  the  ridge  the  beds  yielded  Gryphcea  planoconvexa.  As 

regards  the  relative  position  of  the  horizons  furnishing  these  species  nothing 

definite  can  be  stated.  Still  higher  up  the  ridge  the  coarse  sandstones 

assigned  to  the  Dakota  formation  are  well  exposed,  and  above  the  Dakota 
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numerous  drainage  channels,  tributaries  of  the  western  affluent  of  Coulter 

Creek,  afford  good  exposures  of  the  higher  Cretaceous  formations. 

REGION   BETWEEN  EED   AND   BASIN   CREEKS. 

East  of  Red  Creek  the  gorge  of  the  river  narrows,  and  the  clear 

shallow  water  presents  a  striking  appearance,  flowing  for  more  than  half 

a  mile  over  a  smooth,  polished  floor  of  Teton  red  beds,  with  the  highly 

colored  sandstone  forming  the  brilliant  banks  on  both  sides  of  the  stream. 

On  the  north  and  east  side  of  Snake  River,  between  Red  and  Basin  creeks, 

there  is  a  mountain  area  consisting  mainly  of  Mesozoic  rocks.  It  extends 

back  from  the  river  about  5  miles,  and  across  its  broadest  expansion  meas- 

ures somewhat  less  than  4  miles.  Rhyolite  surrounds  it  on  all  sides,  except 

along  the  river  gorge,  effectually  isolating  it  from  adjoining  areas.  Geo- 
logically this  region  is  closely  related  to  the  Mesozoic  rocks  on  the  south 

side  of  the  river,  every  formation  being  represented,  from  the  Teton  to  the 
Montana,  inclusive. 

Red  Creek,  which  is  appropriately  named  from  the  red  rocks  found  on 

both  sides  of  the  stream,  marks  the  eastern  boundary  of  the  rhyolite  flow, 
stretching  southward  from  the  Sheridan  volcano.  Red  Creek  enters  Snake 

River  through  a  narrow  chasm  cut  in  the  sedimentary  rocks.  At  the 

mouth  of  the  creek  there  is  a  bluff  of  red  arenaceous  limestone,  similar  to 

the  Carboniferous  limestone  found  elsewhere  underlying  the  red  sandstone 

of  the  Teton  formation.  It  has  been  designated  on  the  map  as  the  Madi- 

son limestone,  but  it  may  belong  to  the  Quadrant  formation,  for  the  upper 

beds  are  nearly  pure  sandstone. 

Passing  up  Red  Creek  the  limestone  soon  disappears  and  is  overlain 

by  the  red  sandstone.  The  stream  for  nearly  its  entire  length  has  carved 

its  channel  in  these  beds,  which  are  here  exceptionally  well  exposed,  show- 

ing the  varying  character  of  the  sandstones  and  the  intercalated  red  clays 

and  marls.  The  formation  here  has  an  estimated  thickness  of  400  feet,  the 

beds  dipping  north  and  east.  Between  Red  Creek  and  Basin  Creek  the  beds 

are  pressed  into  a  syncline,  followed  by  a  sharp  anticline.  Overlying  the 

Teton  beds  of  Red  Creek  come  the  Ellis  and  Dakota  formations,  followed 

by  the  black  clays  and  arenaceous  shales  of  the  Colorado,  which  lie  in  the 

syncline,  the  latter  formation  being  characteristically  shown  in  a  depression 

between  two  ridges  of  less  easily  eroded  beds. 
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To  the  east  of  this  depression  the  sandstones  assigned  to  the  Dakota 
formation  are  clearly  defined  along  the  west  side  of  the  prominent  ridge 

separating  Red  and  Basin  creeks.  They  pass  gradually,  without  any  sharp 
line  of  demarcation,  over  into  the  Ellis  beds,  which  form  the  summit  of 

the  ridge.  The  axis  of  the  anticline  lies  in  the  Ellis  limestone,  which  is 

here  nearly  200  feet  in  thickness,  and  is  characterized  by  a  small  but  well- 
defined  Jurassic  fauna.  Among  the  species  found  here  are  Gryplicea  cdceola 

var.  nebrascensis,  Camptonccies  pertenuistriatus,  Gervillia,  Pseudomonotis  curta, 

Modiola  subimbricata,  Ammonites. 

At  the  east  base  of  the  ridge  and  on  the  opposite  side  of  the  anticline 

the  Dakota  sandstones  again  come  in,  dipping  eastward  until  finally  lost 

beneath  the  rhyolite  which  skirts  the  edge  of  the  upturned  sedimentary 
beds. 

East  of  Basin  Creek  the  valley  of  the  Snake  is  broad  and  open,  show- 
ing wide  alluvial  meadow  lands,  diversified  by  occasional  growths  of  pine. 

A  short  distance  below  the  mouth  of  Basin  Creek  the  river  flows  through  a 

narrow  chasm  before  it  enters  the  wider  valley  near  its  junction  with  Coulter 

Creek.  At  the  upper  entrance  of  this  chasm  the  river  cuts  through  a  ridge 

of  coarse  breccia,  showing  a  mural  face  nearly  300  feet  in  height.  This 

breccia  rests  upon  Montana  sandstones,  which  form  the  greater  part  of  the 
hills  on  the  west  side  of  the  river.  On  the  east  side  of  this  chasm,  about 

half  a  mile  above  the  junction  of  the  river  with  Coulter  Creek,  occur  two 

outcrops  of  coal,  exposed  just  above  the  river  bank.  These  seams  of  coal 

along  the  outcrops  measure  about  15  inches  in  thickness.  They  are  over- 

lain by  fine  conglomerate  and  underlain  by  black  arenaceous  clay.  These 
coals  are  more  or  less  impure  by  reason  of  thin  bands  of  carbonaceous 

clay.  The  beds  carrying  the  coal  strike  N.  30°  W.  and  dip  from  15°  to 
20°  E.  The  bedded  sandstones  carrying  the  coal  seams  pass  under  the 
river,  but  are  not  exposed  on  the  opposite  side,  owing  to  the  accumulation 

of  glacial  drift.  Below  the  junction  of  Coulter  Creek  with  the  Snake  the 

sandstones  dip  to  the  northeast,  away  from  the  river,  while,  as  already 

noted,  they  dip  to  the  southwest  on  the  opposite  side  of  the  stream. 

Notwithstanding  the  occurrence  of  coal  these  sandstones  are  regarded 

as  belonging  to  the  Montana  formation,  and  probably  to  the  upper  part,  or 

the  Fox  Hill  terrane.     Owing  to  the  great  uniformity  in  the  sedimentation 
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of  these  beds  and  the  absence  of  organic  remains,  it  is  impossible  to  deter- 

mine, with  precision  the  position  of  these  coals.  Unlike  the  Montana  sand- 

stone north  of  the  Park,  these  rocks  frequently  carry  well-defined  coal  seams, 
although  beds  of  economic  value  are  found  mainly  in  the  Laramie.  This 

coal  is  probably  of  the  same  age  as  that  exposed  in  the  banks  of  the  Snake 
River  west  of  Wildcat  Peak. 

SNAKE   RIVER   HOT   SPRINGS. 

On  the  south  side  of  the  river,  below  the  mouth  of  Red  Creek,  occurs 

an  interesting  group  of  hot  springs,  more  than  half  hidden  by  dense 

timber,  which  at  this  point  comes  down  to  the  water's  edge.  A  low  cliff  of 
blue  cherty  limestone  is  exposed  along  the  bank,  beneath  which,  from  a 

line  of  springs,  there  issues  a  large  volume  of  warm  calcareous  waters. 

Near  by  is  a  long  bench  of  rhyolite,  rising  slightly  above  the  stream,  and 

the  only  one  observed  on  the  south  side  of  the  river.  The  thermal  waters 

are  probably  closely  related  to  this  body  of  rhyolite,  but  their  mineral 

constituents  are  derived  mainly  from  the  limestone.  These  springs  divide 

naturally  into  three  groups,  but  their  mode  of  occurrence  is  much  the 

same  and  they  are  similar  as  regards  the  mineral  composition  of  the 

deposits.  The  travertine  deposits  in  their  mounds,  basins,  and  terraces 

resemble  those  found  at  the  Mammoth  Hot  Springs.  They  were  visited  by 

the  writer  in  1886  and  again  in  1891;  they  presented  but  slight  changes 

after  this  interval  of  five  years.  The  most  picturesque  and  powerful  of  the 

springs  are  situated  farthest  up  the  river  and  are  built  out  over  the  stream 

upon  the  edge  of  an  old  meadow.  It  was  estimated  in  1886  that  the  volume 

of  water  running  from  these  springs  reached  50  gallons  a  minute.  This 

group  of  springs  is  shown  in  PI.  XXIV.  For  beauty  of  color  and  orna- 

mentation of  the  rim  they  are  unsurpassed  bjT  any  of  those  at  the  Mammoth 
Hot  Springs,  although  by  no  means  equal  to  them  in  magnitude  of  the 

deposits  or  in  volume  of  calcareous  water  poured  forth.  The  clear  water 

is  of  the  most  delicate  turquoise-blue  color,  and  the  basin  is  lined  with  a 

soft  white  travertine  of  extremely  fine  texture,  impalpable  to  the  touch. 

The  basins  which  surround  the  |   I  are  tinted   with   orange,  brown,  and 

red  colors,  derived  from  the  hot-water  algje. 
Mr.   W.    II.    Weed   has    furnished    from    his    notebook    the   following: 

MON    XXXII,  l'T.  II   12 
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description  of  the  springs  lying  to  the  westward,  written  at  the  time  of  his 
visit  in  the  autumn  of  1891  i 

One  spring,  issuing  from  sandy  mire,  is  2  feet  in  diameter,  and  lias  built  up  about 
tbe  orifice  a  deposit  of  wbite  calcite.  It  will,  however,  be  buried  beneath  more  sand 
with  the  first  freshets  of  the  river.  The  two  main  springs  of  the  group  lie  to  the  west 

of  this  one.  Beyond  these  a  dark  ledge  of  limestone  projects  over  the  slopes  termi- 
nating the  timber  bench  some  20  feet  above  the  river.  The  first  of  these  two  springs 

is  a  bowl  with  a  wide  terraced  mound  of  great  beauty,  the  deposits  being  dense 

porcelain  like  travertine,  like  that  of  the  first  spring  noted.  The  spring  attracting 
most  attention  throws  up  a  splashing,  steaming  body  of  water  between  2  and  3  feet 

in  height.  The  smooth,  round  surface  of  the  bowl  is  a  snowy  white,  very  dense  and 
compact  travertine.  The  outlet  appears  as  a  break  in  a  marble  bowl  and  is  a  foot 
deep. 

Between  this  bowl  and  the  springs  to  the  east  of  it  there  is  a  hot-water  out- 
flow of  the  type  common  at  the  Mammoth  Hot  Springs.  The  spring  waters  have 

formed  mushroom  nodules  in  the  channel  and  a  fungus-shaped  border  about  the  waters. 

There  are  also  a  number  of  warm-water  springs  along  the  edge  of  the  stream,  but  the 

springs  issue  from  the  gravel  and  have  no  well-defined  basin  and  no  deposits. 
The  old  travertine  deposits  form  a  low  bench  about  5  or  6  feet  above  the  river, 

at  a  place  where  the  higher  bench  and  the  limestones  retreat  to  the  south.  The  area 

covered  does  not  exceed  one-fourth  of  an  acre.  The  actual  area  occupied  by  the 

springs  is,  however,  more  extensive,  for  following  the  grassy,  willow-covered  bench 
there  is  an  extension  of  the  travertine  level  to  the  west,  where  the  rocky  bluff  agaiu 
comes  out  to  the  river. 

At  the  foot  of  a  higher  bench  back  of  these  low  hills  there  is  a  stream  of  hot 
water  which  flows  west  from  a  recess  in  the  meadow  to  the  base  of  the  cliff  and  along 
it  to  the  river.  The  stream  is  from  3  to  8  feet  wide  near  its  source.  The  water  is 

warm,  but  not  hot,  probably  not  over  120°  F.,  judging  from  the  algeous  growths,  but 
the  volume  of  water  is  very  considerable. 

The  photograph  from  which  the  illustration  is  made  is  a  view  down 

the  Snake  River  gorge  and  northwest  across  the  river  to  the  walls  of  rhyo- 

lite  on  the  opposite  side.  Forest  Creek,  which  runs  through  a  deep  trench 

in  the  rhyolite,  is  shown  on  the  north  side  of  the  river,  with  a  gently 

inclined  mass  of  lava  abruptly  terminated  along  the  gorge.  In  the  spring 

the  river  is  a  rushing  torrent,  subsiding  after  the  first  melting  of  the  snows, 

leaving  low,  broad  benches,  made  up  of  coarse  gravels  and  bowlders.  The 

view  was  taken  in  late  autumn,  when  the  water  stands  at  its  lowest  level. 
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REGION  OF   COULTER  CREEK  AND  BOBCAT  RIDGE. 

coulter  creek. — Coulter  Creek,  before  emptying  into  Snake  River,  flows 

through  an  open  basin,  and  is  greatly  augmented  by  the  drainage  of  two 

such  large  streams  as  Harebell  and  Wolverine  creeks.  All  these  streams 

have  brought  down  large  accumulations  of  drift  material,  and  the  underlying 

sedimentary  rocks  are  for  the  most  part  obscured  by  a  thick  mantle  of 

gravel,  sand,  and  fine  breccia.  The  mountain  slopes  surrounding  this  little 

basin  are  well  terraced,  and  five  sharply  defined  benches  rise  one  above  the 

other  to  a  height  of  nearly  200  feet.  Coulter,  Harebell,  and  Wolverine 

creeks  all  enter  this  basin  through  narrow  defiles  cut  in  breccia,  with 

perpendicular  walls  300  feet  in  height  in  places.  Coulter  Creek,  for  nearl}' 
4  miles,  has  cut  its  way  through  this  breccia,  and  it  is  practically  impassable 

from  the  number  and  size  of  the  bowlders  which  lie  piled  up  along  the 

valley.  From  beneath  this  dark,  somber  breccia  Cretaceous  sandstones  and 

shales  crop  out  at  a  number  of  localities  and  on  the  west  side  of  Coulter 

Creek  extend  along  the  base  of  the  mountain,  with  the  breccias  lying  above. 

The  main  tributary  of  Coulter  Creek  from  the  west  has  cut  through 

the  breccia,  and  erosion  has  carried  it  away  from  the  mountain  slopes  so  as 

to  expose  Montana  sandstones  all  the  way  from  Huckleberry  Mountain  to 

Coulter  Creek.  In  the  region  of  Coulter  Creek  the  underlying  sandstones 

possess  a  very  irregular  surface,  and  in  many  places  the  breccia  rests  upon 

them  as  a  thin  flow  or  crust.  The  sandstones  show  a  prevailing  dip  to  the 

southwest.  This  body  of  breccia  stands  by  itself,  completely  isolated  from 

the  vast  pile  of  breccias  of  Two  Ocean  Plateau  and  the  Absaroka  Range. 

It  is  very  irregular  in  outline  and  measures  about  8  miles  in  length, 

stretching'  from  the  source  of  Coulter  Creek  northward  along-  the  west 

slopes  of  Mount  Hancock. 
On  the  east  side  of  Coulter  Creek  the  breccia  attains  an  elevation  of 

8,500  feet,  and  on  the  slopes  of  Mount  Hancock  reaches  nearly  the  same 

elevation.  Throughout  the  entire  body  the  breccia  presents  much  the  same 

general  habit,  a  coarse,  firmly  compacted  agglomerate,  dark  brown  or  black 

in  color,  with  a  lighter-colored  cementing  material.  Some  portions  of  it  are 

exceptionally  coarse.  Fragments  of  well-rounded  gneiss  and  quartz  have 
been  observed  embedded  in  the  mass.  In  general  it  is  free  from  evidence 

of  bedding,  as  is  well  shown  in  the  exposures  along  the  main  stream.     At 
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Mount  Hancock  its  mode  of  weathering  is  well  brought  out  by  the  many 

abrupt  walls  of  rough,  jagged  surface  and  numerous  deep  trenches  along 

the  mountain  side,  which  make  travel  very  difficult  and  well  nigh  impossible. 

The  breccia,  while  closely  resembling  the  imposing  mass  of  Two 

Ocean  Plateau,  and  probably  allied  to  it  in  age,  is  a  distinct  body,  having 

its  source  along  lines  of  displacement  west  of  the  Big  Game  Ridge  uplift 

and  the  continuation  northward  of  the  Bobcat  Ridge  fault,  It  was  the  result 

of  a  powerful  local  eruption  of  coarse  agglomerate,  uniform  in  its  composi- 
tion, violent  in  its  explosive  action,  and  oidy  dimmed  in  interest  by  its  close 

proximity  to  the  larger  masses  of  the  Absaroka  Range.  It  consists  mainly 

of  pyroxene-andesite  and  basaltic  fragmental  material. 
Near  the  source  of  Coulter  Creek  broad  sheets  of  purple  lithoidal 

rhyolite  occur,  resting  directly  upon  these  basic  breccias.  On  the  west  side 

of  the  stream  there  occurs  an  isolated  body  of  rhyolite,  lying  on  the  breccia 

and  completely  surrounded  by  it,  This  exposure  is  interesting,  as  it  is 

evidently  a  remnant  left  by  erosion,  and  probably  at  one  time  was  con- 

nected with  the  larger  fields  to  the  east.  High  up  the  mountains  Coulter 

Creek  bifurcates  and  the  two  branches  encircle  a  broad  table  of  rhyolite 

which  lies  in  the  middle  of  the  mountain  valley.  It  is  not  known  on  what 

this  rhyolite  rests;  the  base  of  it  is  being  deeply  buried  beneath  an  accumu- 

lation of  glacial  drift  and  coarse  quartz  gravel,  derived  from  the  Eocene 

conglomerate  of  Pinyon  Peak. 
Bobcat  Ridge. — Bobcat  Ridge  is  one  of  the  marked  physical  features  of 

this  part  of  the  country,  standing  out  prominently  above  the  surrounding 

rido-es  bv  reason  of  its  great  elevation.  The  ridge  trends  northwest  and 

southeast,  and  measures  about  6  miles  in  length.  It  is  a  singularly  narrow 

ridge,  having  an  average  elevation  of  over  9,000  feet,  with  a  number  of 

peaks  scattered  along  the  summit,  which  attain  altitudes  of  9,500  feet  or 

more.  At  its  northern  end  it  is  connected  with  the  Wildcat  Peak  mass  and 

the  high  country  around  the  head  of  Coulter  Creek.  At  its  southern  end  it 

falls  away  in  long  dreary  spurs  toward  the  valley  below,  lying  just  outside 

the  limits  of  the  area  shown  on  the  map.  Both  the  east  and  west  sides  of 

this  ridge  are  abrupt  and  present  a  rather  dreary,  monotonous  aspect,  with 

little  standing  forest,  as  the  mountain  sides  over  large  areas  are  covered 

with  fallen  and  dead  timber. 

Geologically  Bobcat  Ridge  has  not  been  studied  much  in  detail.     A 
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fault  runs  along  the  west  base  of  the  ridge,  but  the  line  of  displacement 

can  not  be  traced,  and  its  northern  end  is  lost  in  the  breccias  and  rhyolites. 

At  the  extreme  northern  end,  near  the  bend  of  Coulter  Creek,  there  is  a 

capping  of  rhyolite,  but  between  this  rhyolite  and  the  higher  parts  of  the 

ridge  the  top  of  the  mountain  is  covered  with  loose  sand  and  coarse  gravel, 

derived  from  the  wearing  away  of  Pinyon  Peak  conglomerate. 

The  entire  ridge  is  apparently  made  up  of  3-ellowish-brown  sandstones 
of  the  Montana  formation.  In  places  the  sandstone  is  massive,  but  in  others 

it  is  well  bedded.  Wherever  observed  the  beds  dip  to  the  southwest,  and 

the  entire  ridge  is  probably  a  massive  block  of  upper  Cretaceous  sandstones, 

dipping*  away  from  Mount  Hancock  and  Big  Game  Ridge. 

REGION  OF  WOLVERINE  CREEK. 

Wolverine  Creek  finds  its  source  high  up  on  the  west  slopes  of  Big 

Game  Ridge,  and  flows  westerly  for  9  miles,  joining  Coulter  Creek  a  short 

distance  above  the  mouth  of  the  latter  stream.  Compared  with  other  high 

mountain  streams  in  this  region  tributary  to  the  Snake,  it  runs  through  a 

broad  open  valley,  rough  and  rugged  much  of  the  way,  but  interspersed 

with  green  meadows  and  wide  areas  of  alluvial  bottom.  The  mountains 

rise  hig*h  above  the  stream,  the  valley  being  practically  shut  in  by  steep 
slopes  and  high  walls  on  all  sides. 

On  the  north  side  the  long  steep  spurs  of  Mount  Hancock  tower  above 

the  valley  for  1,500  feet  to  the  summit  of  Big  Game  Ridge.  On  the  south 

side  the  mountains  stand  out  with  even  greater  abruptness,  and  are  more 

irregular  in  outline,  with  the  lower  slopes  largely  covered  with  timber  and 

heavy  accumulations  of  glacial  drift,  For  the  greater  part  of  the  distance 

the  valley  is  cut  in  sandstones  assigned  either  to  the  Montana  or  to  the 

Laramie  formation.  Near  the  mouth  of  Wolverine  Creek  stands  a  grand 

escarpment  of  somber  breccia,  presenting  a  fine  section  in  many  ways 

typical  of  large  masses  of  this  rock. 

Beyond  this  wall  the  stream  bottom  is  impassable,  and  the  trail  ascends 

a  steep  hillside,  crossing  a  spur  of  the  mountain  for  2  miles  through  a  densely 

wooded  country  covered  with  soil  and  without  any  good  rock  exposures. 

This  spur  forms  a  part  of  the  main  mass,  lying  between  Coulter  and  Wolver- 
ine creeks,  and  as  exposed  on  both  streams  consists  mainly  of  basic  breccia 

resting  upon  a  base  of  Cretaceous  sandstone.  According  to  Prof.  J.  P. 

Iddings,  this  mass  is  capped  by  a  broad  table  of  rhyolite  3  miles  in  length, 
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which  at  its  western  end  is  superimposed  upon  the  breccia.  The  north 

slope  of  this  ridge,  forming  the  south  wall  along  Wolverine  Creek,  consists 

mainly  of  bedded  sandstones  and  impure  shales  inclined  to  the  southwest, 

but,  owing  to  the  mantle  of  soil,  both  the  dip  and  the  strike  are  most 
difficult  to  determine. 

The  mountain  slopes  along  the  north  side  of  Wolverine  Creek  present 

a  remarkable  exposure  of  massively  bedded  yellow  sandstone,  with  prevail- 

ing dips  to  the  south  and  southwest — that  is,  toward  the  valley.  No  fossils 
have  been  obtained  from  these  beds,  but  they  have  been  assigned  to  the 

Montana  formation.  Higher  up  the  valley  they  pass  by  insensible  grada- 

tions into  beds  less  regular  in  their  sedimentation,  carrying  clays  and 

earthy  material  with  interbedded  ferruginous  sandstones.  The  latter  series 

of  beds,  from  their  lithological  habit,  have  been  placed  in  the  Laramie,  but 

without  any  sharp  lines  of  demarcation  between  the  two  formations.  They 

lie  conformably  on  the  older  beds  to  the  north  and  west,  and  pass  beneath 

the  valley,  dipping  into  the  ridge  on  the  opposite  side.  Due  north  of  Pin- 

yon  Peak,  and  rising  as  an  abrupt  wall  on  the  south  side  of  Wolverine 

Creek,  stands  a  somewhat  prominent  hill,  several  hundred  feet  in  height.  It 

affords  an  excellent  exposure  across  characteristic  Laramie  strata  nearly 

200  feet  in  thickness.  These  consist  of  yellowish-brown  sandstones,  with 

interbedded  blue  and  black  clays,  rusty  sandstones,  and  thin  carbonaceous 

layers. 
Along  the  stream  bed  are  exposed  outcrops  of  five  distinct,  thin  seams 

of  impiire  lignite  with  more  or  less  fragmentary  impressions  of  plant  remains. 

The  beds  strike  northwest  and  southeast,  and  dip  from  25°  to  30°  SW., 
passing  under  the  mass  to  Pinyon  Peak. 

Higher  up  the  valley  at  several  localities  the  banks  along  the  stream 

expose  arenaceous  blue  clays  and  black  shales  with  evidence  of  carbona- 

ceous material,  and  in  places  carrying  well-preserved  leaves.  These  beds 
also  dip  to  the  southwest.  Again,  on  the  divide  between  Wolverine  and 

Gravel  creeks,  and  due  east  of  Pinyon  Peak,  similar  beds  of  arenaceous 

clays  are  exposed  along  the  ravines  and  in  the  banks  cut  by  numerous  small 

streams.  These  beds  along  the  summit  of  the  pass  dip  to  the  southwest  and 

west  and  are  finally  lost  beneath  the  conglomerates  of  Pinyon  Peak.  The 

divide  between  these  two  creeks,  which  lies  at  an  elevation  of  8,500  feet 

above  sea  level,  is  cut  entirely  in  the  Laramie  sandstones. 
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wolverine  creek  flora. — These  clays  and  sandy  beds  of  the  Laramie  have  so 

far  failed  to  yield  any  evidence  of  an  invertebrate  fauna;  at  least  nothing 

has  been  found  sufficiently  well  preserved  to  determine  their  specific  char- 
acters. Plant  remains  have  been  obtained  from  several  of  these  localities 

by  different  members  of  the  Survey,  but  mainly  by  Dr.  A.  C.  Gill,  who  was 

a  member  of  the  field  party  in  the  summer  of  1887.  Although  the  collec- 

tion embraces  few  species,  they  have  proved  to  be  highly  important,  not 

only  as  determining  by  the  evidence  of  organic  remains  the  Laramie  age  of 

these  beds,  but  also  as.  indicating  the  geographical  distribution  of  Cretaceous 

plants  and  the  association  of  species  found  in  the  same  strata. 

Prof.  F.  H.  Knowlton,  who  has  studied  these  plants,  has  determined 

seven  species,  which  he  has  described  in  detail,  with  illustrations,  in  Chapter 

XIV  of  this  volume.  The  following  is  a  list  of  species  from  the  Wolverine 

Creek  beds,  extending  from  the  north  slope  of  Pinyon  Peak  to  the  low  pass 

at  the  head  of  Gravel  Creek:  Asplenium  haguei,  Onoclea  minima,  Paliurus 

minimus,  Sequoia  langsfordii,  Viburnum  rotundifolium,  Trapa  microphylla,  and 

Paliurus  sisyplioides. 

Of  these  species  the  first  three  are  described  for  the  first  time  by  Pro- 
fessor Knowlton.  P.  minimus  is  closely  related  to  P.  sisyphoides,  a  true 

Laramie  species  from  Black  Butte,  with  which  it  is  here  associated.  The 

last  four  species  are  also  found  in  the  Laramie  of  Black  Butte  and  Point  of 

Rocks.  Asplenium  haguei,  a  small  delicate  fern,  in  its  relationships  is  more 

closely  allied  to  certain  Cretaceous  species  from  Greenland  than  to  those  as 

yet  recognized  from  the  Rocky  Mountains  of  the  United  States.  Onoclea 

minima  is  also  closely  related  to  forms  from  Black  Butte  and  Point  of  Rocks. 

The  most  interesting  among  these  species  is  Trapa  microphylla,  which  is  here 

represented  by  several  fine  specimens.  It  was  first  described  from  Point  of 

Rocks,  Wyoming. 

This  identification  and  grouping  of  plants  carries  the  Laramie  flora  of 

central  Wyoming,  as  developed  at  Black  Butte  and  Point  of  Rocks,  north 

of  its  limits  as  heretofore  recognized.  The  Wolverine  Creek  beds  undoubt- 

edly belong  to  the  conformable  series  of  Cretaceous  sandstones  upturned 

by  the  orographic  movement  which  took  place  at  the  close  of  the  Laramie 

epoch.  They  lie  near  the  top  of  an  immense  series  of  sandstones  every- 
where uptilted  at  high  angles. 
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REGION   OF  PINXON  PEAK. 

Pinyon  Peak,  from  whatever  point  of  view  it  is  looked  at,  stands  out 

prominently  above  the  surrounding-  country.  It  rises  boldly  above  Wol- 
verine Creek  for  over  2,000  feet,  and  for  more  than  1,500  feet  above  the 

connecting  saddles  which  relate  the  peak  to  the  mountains  both  east  and 

west.  To  the  south  the  country  falls  away  rapidly,  and  the  peak  presents 

a  still  more  isolated  appearance  when  seen  from  that  direction.  In  outline  it 

resembles  a  truncated  pyramid  rising  from  an  elevated  base.  Dense  timber 

covers  the  peak  on  all  sides  except  where  the  abrupt  cliffs  which  form  so 

conspicuous  a  feature  of  the  mountain  are  too  precipitous  to  permit  growth 

of  vegetation. 

Pinyon  Peak  attains  an  altitude  of  9,600  feet  above  sea  level.  The 

summit  is  flat  topped,  and  the  long  ridges  putting  out  in  all  directions  from 

the  central  mass  resemble  a  very  slightly  inclined  plane,  with  occasional 

points  rising  above  the  general  level.  It  is  this  peculiar  feature  of  the 

peak  which,  from  a  distance,  gives  it  the  form  of  a  truncated  pyramid. 

Resting  upon  the  Laramie  rocks,  which  everywhere  form  the  base  of 

Pinyon  Peak,  comes  a  remarkable  deposit  of  coarse  conglomerate,  measur- 

ing nearly  600  feet  in  thickness.  This  conglomerate  forms  the  greater 

part  of  the  summit  of  the  peak  and  the  many  long  ridges  radiating  from 

the  central  bod}'.  Nine-tenths  of  the  conglomerate  consists  of  smooth, 
highly  polished,  waterworn  material  of  various-colored  quartzites.  The 

prevailing  colors  are  red,  white,  and  yellowish  brown,  but  all  so  mingled 

together  as  to  give  a  general  tone  of  reddish  gray  to  the  abrupt  walls 

and  escarpments  which  form  so  prominent  a  feature  of  the  deposit.  This 

siliceous  material  varies  from  gravel  to  coarse  pebbles  and  quartzite  bowl- 

ders measuring  10  and  12  inches  in  diameter,  although  the  largest  are 

by  no  means  common.  Much  of  the  conglomerate  is  indurated  and  held 

together  by  fine  sands  and  ferruginous  material.  Occasionally  thin  beds  of 

friable  sandstone  are  encountered  throughout  the  conglomerate,  but  they 

are  insignificant  in  amount  and  do  not  appear  to  be  very  persistent  over 

any  great  distance,  occurring  as  lenticular  bodies  in  the  coarse  conglom- 

erate, then  as  well-defined  strata.  Everywhere  on  the  slopes  of  Pinyon 
Peak  the  beds  vary  greatly  in  thickness  and  in  continuity.  In  general 
it  may  be  said  that  the  conglomerate  formation  carries  more  sandstone 
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near  the  base  than  it  does  higher  up  in  the  deposits.  Mingled  with  the 

quartzite  are  found  rounded  and  polished  pebbles  of  granite,  gneiss, 

argillite,  and  indurated  slates,  probably  derived  from  Archean  and  pre- 

Cambrian  land  surfaces.  Occasional  fragments  of  andesite  have  been 

found,  indicating  a  volcanic  origin  for  some  of  the  detrital  material.  Such 

pebbles,  however,  are  hard  to  find  and  play  no  part  in  the  great  mass  of 

the  deposit.  Possibly  they  may  have  been  derived  from  the  capping  of  the 

breccia  found  on  the  top  of  Pinyon  Peak,  as  described  later.  Pebbles  of 

sandstone,  limestone,  and  other  sedimentary  rocks  have  been  picked  up  in 

the  conglomerate,  evidently  derived  from  neighboring  Paleozoic  and  Meso- 

zoic  sources.  Neai  the  base  of  the  conglomerate  waterworn  fragments  of 

coal  have  been  observed  associated  with  gray  sandstone  and  resembling 

that  known  to  occur  in  the  Laramie. 

Throughout  the  entire  mass  of  the  conglomerate  the  bowlders  present 

much  the  same  general  appearance  from  base  to  summit.  The  characteristic 

forms  of  the  long  ridges  radiating  from  the  culminating  mass  of  the  peak 

are  due  solely  to  the  peculiar  erosion  of  the  indurated  coarse  conglomerate. 

Erosion  has  worn  deep  recesses  into  the  very  core  of  the  peak,  with  broad 

amphitheaters  encircled  by  nearly  perpendicular  walls  for  long  distances, 

absolutely  impossible  to  scale.  Along  their  tops  many  of  these  ridges  are 

mere  knife  edges,  barely  permitting  one  to  walk  in  safety.  In  places  the 

vertical  walls  rise  for  over  300  feet  without  any  perceptible  change. 

Enormous  amounts  of  the  conglomerate  have  been  swept  away  by  erosion, 

the  material  when  once  disintegrated  being  easily  transported.  Every- 

where the  lower  slopes  of  Pinyon  Peak  are  covered  by  loose  pebbles  and 

bowlders  brought  down  from  higher  elevations.  Coulter  and  Wolverine 

creeks  are  literally  clogged  up  with  quartzite  bowlders,  and  Gravel  Creek, 

draining  the  southwest  slopes  of  Pinyon  Peak,  derives  its  name  from  the 

huge  piles  of  reassorted  bowlders  which  line  the  valley  for  miles. 

For  many  years  the  gravels  along  Snake  River  and  Pacific  Creek  in 

the  neighborhood  of  Jackson  Lake  have  been  known  to  yield  a  slight 

amount  of  gold  to  mining  prospectors,  but  not  in  remunerative  quantities. 

Evidences  of  gold  may  be  found  by  washing  with  a  pan  almost  anywhere 

in  the  streams  coming  down  from  the  conglomerate.  It  is  quite  likely  that 

this  gold  has  in  great  part  been  derived  from  the  conglomerates  of  the 

Pinyon  Peak  formation.     In  many  places  the  indurated  conglomerate  and 
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associated  sands  are  distinctly  bedded.  They  lie  in  a  nearly  horizontal 

position,  or  at  a  low  angle  of  deposition,  resting  upon  the  upturned  edges 
of  the  Laramie  rocks. 

Local  faulting  and  displacement  in  the  conglomerate  may  be  observed, 

but  this  may  be  attributed  to  fracturing  and  slipping  of  limited  masses,  due 

to  the  wearing  away  of  underlying  beds  or  to  ice  filling  the  numerous  cracks 

and  ravines  found  in  the  rock  mass,  causing  landslides  on  a  grand  scale. 

That  the  conglomerate  has  been  subjected  to  great  pressure  and  movement 

within  the  mass  is  everywhere  apparent  by  the  action  of  the  quartzite 

pebbles  on  one  another.  Field  study  of  these  pebbles  is  most  interesting 
from  the  curious  modifications  they  have  undergone  under  pressure.  In 

some  instances  they  are  flattened  and  rolled;  in  others  they  are  indented 

and  forced  one  into  the  other.  Many  of  these  pebbles  are  cracked  and 

crushed,  in  some  cases  almost  ground  up,  so  great  has  been  the  pressure 

exerted  upon  them.  It  is  curious  to  observe  how  these  flattened,  almond- 

shaped  quartzite  pebbles,  with  the  pointed  end  fractured,  have  been  sharply 

cut  off  by  dislocation  and  movement  of  the  mass.  Many  of  the  smaller 

fractured  pebbles  have  smooth  surfaces,  as  if  cut  off  by  some  sharp  instru- 
ment. A  vast  number  of  the  pebbles  show  a  peculiar  mottled  appearance, 

being  covered  by  white  spots  of  varying  size,  probably  produced  by  pres- 
sure of  the  pebbles  against  one  another. 

The  top  of  Pinyon  Peak  is  capped  by  a  heavy  bed  of  dark  basic  brec- 
cia, made  up  of  angular  fragments  in  every  way  resembling  the  breccia, 

already  described,  at  the  junction  of  Coulter  and  Wolverine  creeks  on  the 
west  and  Two  Ocean  Plateau  on  the  east. 

According  to  Professor  Iddings,  who  studied  the  west  slope  of  the 

peak,  the  breccia  is  300  feet  thick.  It  rests  directly  on  the  conglomerate, 

stretching  for  nearly  half  a  mile  along  the  east  face  of  the  mountain, 

projecting  out  like  a  lava  flow  over  several  of  the  characteristic  long  ridges. 

On  the  west  side  of  the  peak  it  stretches  westward  or  terminates  abruptly, 

with  the  conglomerate  coming  to  the  surface  from  beneath  the  breccias. 

The  conglomerate  was  evidently  deposited  before  the  laying  down  of  the 

breccia.  No  animal  or  vegetable  remains  have  as  yet  been  found  in  these 

conglomerates  and  indurated  sandstones,  consequently  no  definite  state- 

ment can  be  made  as  to  their  precise  age.  That  they  are  young*er  than  the 
Laramie  rocks  is  evident,  as  they  were  deposited  unconformably  upon  the 
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unturned  Cretaceous  sandstones.  In  all  probability  the  breccia  capping 

the  conglomerate  is  of  the  same  age  as  that  forming  the  great  mass  of  Two 
Ocean  Plateau. 

It  is  quite  impossible  that  this  enormous  mass  of  basic  breccia  should 

have  been  poured  out  over  so  large  an  area  of  elevated  country  before  the 

deposition  of  the  conglomerate  and  not  have  furnished  a  considerable 

amount  of  material  to  the  latter  deposit.  A  discussion  of  the  age  of  this 

conglomerate  will  be  found  in  Part  I  of  this  monograph.  Evidence  is 

there  adduced  to  show  that  the  basic  breccia  of  this  region  is  in  all  prob- 

ability of  Miocene  age  and  followed  the  conglomerate.  The  conglomerate 

has  been  referred  provisionally  to  the  Eocene  period,  and  has  been  regarded 

as  a  distinct  geological  formation,  to  which  the  name  "Piny on  Peak  con- 

glomerate" has  been  given,  after  the  locality  where  it  is  so  characteristically 
exposed. 

Southwest  of  Pinyon  Peak  and  connected  with  it  by  a  long  ridge  8,500 

feet  above  sea  level,  stands  an  east-west  ridge  whose  culminating'  point 
attains  an  elevation  at  least  1,000  feet  higher.  This  prominent  ridge,  which 

has  never  received  any  distinctive  appellation,  measures  over  2  miles  in 

length,  standing  out  from  the  surrounding  country  like  a  broad  rampart. 

The  underlying  rocks  of  the  ridge  are  apparently  all  Cretaceous  sandstones 

and  have  been  referred  to  the  Laramie  formation,  although  it  is  quite  pos- 

sible that  Montana  strata  may  be  represented,  passing  by  insensible  grada- 

tions into  higher  horizons.  The  summit  of  this  ridge  is  capped  by  a  thick 

deposit  of  Pinyon  Peak  conglomerate,  which  was  evidently  at  one  time 

connected  with  the  main  body  of  Pinyon  Peak.  The  north  slopes  of  this 

ridge  are  covered  by  dense  vegetation  and  by  soil,  which  completely 

obscure  the  underlying  rocks.  On  the  south  slopes  the  sandstones  are 

exposed  for  a  long  distance,  but  near  their  base  the  glacial  drift  comes 

in  and  buries  everything  beneath  it. 
From  the  divide  at  the  head  of  Gravel  Creek  there  is  a  descent  of  over 

1,000  feet  in  5  miles,  the  country  south  of  Pinyon  Peak  falling  away  steadily 

toward  Pacific  Creek,  which  lies  just  south  of  the  limits  of  the  mapped 

area.  Gravel  Creek,  characteristically  named  from  the  gravels  which  line 

its  banks,  trends  due  south  along  the  west  base  of  Big  Game  Ridge.  A 

north-south  fault  probably  runs  along  the  west  base  of  the  ridge,  although 
its  course  has  never  been  determined.     The  area  of  country  lying  between 
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Big  Game  and  Bobcat  ridges  and  Pinyon  Peak  to  the  north  is  underlain 

by  sandstone.  Over  the  sandstone  occur  large  areas  of  Pinyon  Peak  con- 
glomerate, and  much  of  the  country  is  strewn  with  unassorted  coarse 

gravel,  derived  from  the  disintegration  of  the  more  compact  conglomerate. 
Accumulations  of  glacial  material  cover  large  areas.  It  is  a  broken,  hilly 

country,  with  great  diversity  of  topographic  features,  but  picturesque  and 

dotted  with  groves  of  scattered  pine.  It  is  fairly  well  watered  by  numerous 

small  streams,  but  the  gravel  deposits  are  usually  dry. 

BIG   GAME   RIDGE. 

Big  Game  Ridge  is  a  narrow  mountain  uplift  about  15  miles  in  length, 

and  rises  abruptly  above  the  valley  of  Pacific  Creek  along*  the  southern 
limit  of  the  forest  reservation,  with  a  trend  slightly  west  of  north  as  far  as 

the  slopes  of  Mount  Hancock.  From  the  latter  mountain,  the  culminating 

point,  the  trend  of  the  ridge  changes  to  northwest,  gradually  falling  away 

toward  the  open  valley  near  the  junction  of  Heart  and  Snake  rivers.  The 

eastern  boundary  of  the  ridge  as  far  as  Crooked  Creek  is  defined  by  the 

Snake  River  fault,  which  approximately  coincides  with  the  course  of  Mink 

and  Fox  creeks,  the  fault  crossing  the  narrow  divide  separating-  the  two 
streams.  From  Crooked  Creek  the  deeply  trenched  but  narrow  valley  of 

Snake  River  defines  Big  Game  Ridge  from  Chicken  Ridge. 

Geologically  Big  Game  Ridge  is  formed  mainly  of  Cretaceous  sand- 
stones, singularly  uniform  in  color  and  texture  from  one  end  of  the  ridge 

to  the  other.  They  have  been  referred  to  the  Montana  and  Laramie  forma- 
tions. In  broad  masses  at  certain  localities  the  two  formations  may  readily 

be  distinguished  by  their  lithological  habit,  but  they  resemble  each  other 

so  closely  near  their  junction  that  any  line  of  demarcation  must  of  necessity 

be  drawn  somewhat  arbitrarily.  In  the  great  thickness  of  Montana  sedi- 

ments developed  here,  coarse  yellowish-gray  sandstones  are  everywhere 
the  prevailing  rock,  and  nowhere  has  the  Pierre  shale  been  recognized  as 

such  by  its  lithological  habit.  Evidences  derived  from  organic  remains 

are  entirely  wanting.  Rhyolite  skirts  the  ridge  in  a  number  of  places,  and, 

as  described  farther  on,  caps  the  very  summit  of  Mount  Hancock,  and 

basic  breccias  cover  the  lower  slopes  north  of  Harebell  Creek. 

Gravel  Peak. — This  peak  is  situated  3  miles  north  of  the  southern  limit 

of  the  mapped  area,  midway  between  Gravel  and  Mink  creeks.     It  has  an 
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elevation  of  9,600  feet  above  sea  level,  and  is  the  culminating  point  of  the 

southern  end  of  the  ridge.  Its  interest  lies  mainly  in  the  conglomerates, 

which  form  the  upper  400  feet  and  which  rest  upon  the  mountain  in  much 

the  same  way  as  they  do  upon  Pinyon  Peak.  The  gravels  are  in  every 

way  identical,  and  belong  without  doubt  to  the  same  horizon.  Abrupt 

walls  of  this  conglomerate  face  east  and  north,  offering  good  exposures 

across  coarse  gravels  with  polished  and  crushed  pebbles  held  firmly  together 

by  sands.  They  rest  directly  upon  Laramie  sandstones,  which  dip  to  the 

east  at  low  angles,  and  near  the  base  of  the  ridge  abut  unconformably 

against  Madison  limestone  lying  along  the  east  side  of  the  Snake  River  fault. 

Isolated  patches  of  Pinyon  Peak  beds,  left  by  erosion,  rest  upon  sand- 

stones west  of  Gravel  Peak.  They  lie  at  different  elevations,  but  their 

position  may  be  due  to  a  series  of  small  parallel  faults  found  along  that  side 

of  the  ridge.  The  block  of  sandstone  north  of  Gravel  Peak  Ridge  and  due 

east  of  Pinyon  Peak  presents  a  northward  continuation  of  the  same  Creta- 

ceous strata.  The  ridge  trends  a  few  degrees  east  of  north  and  west  of 

south,  with  beds  dipping  at  low  angles  to  the  east.  Beds  typical  of  the 

upper  portion  of  the  Laramie  make  up  the  entire  ridge.  The  sandstones 

are  rustv  brown  in  color,  with  numerous  thin  layers  of  ferruginous  material 

interbedded  with  friable  white  sands.  Clay  bands  and  thin,  shaly,  impure 

sandstone  with  evidence  of  cross  bedding  characterize  both  slopes. 

Fragmental  and  imperfect  plant  remains  lie  scattered  over  the  surface, 

and  certain  strata  seem  to  carry  a  considerable  amount  of  carbonaceous 

material.  Specimens  of  leaves  and  twigs  were  collected,  indicating  a  vig- 

orous flora,  but  all  too  imperfect  to  permit  of  specific  identification.  Over 

the  top  of  the  ridge  are  strewn  smoothly  polished  quartzite  pebbles  derived 

from  the  Pinyon  Peak  conglomerate,  but  no  beds  of  the  same  were  found 

in  place.  North  of  the  pass  from  Wolverine  Creek  to  Fox  Creek  the  ridge 

still  shows  the  lithological  habit  of  the  Laramie  sandstones.  At  the  north 

end  the  massive  white  beds  dip  from  5°  to  10°  SE.;  in  fact,  all  the  beds  in 

this  region  dip  to  the  southeast. 
The  line  of  demarcation  between  the  Montana  and  Laramie  formations 

is  drawn  along  the  southeastern  slopes  of  Mount  Hancock,  as  will  be  seen 

by  reference  to  the  map. 
The  basal  rocks  of  the  Laramie,  as  thus  defined,  trend  in  a  general 

northeasterly    direction.     Starting  at  the  south  base  of  Mount  Hancock, 
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in  the  valley  of  Wolverine  Creek,  they  cross  the  summit  of  Big-  Game 
Ridge,  and  pass  down  the  steep  east  slopes,  where  they  are  well  exposed  on 

both  sides  of  Snake  River  just  below  the  mouth  of  Crooked  Creek.  It  can 

not  be  said  with  any  degree  of  assurance  that  this  line  is  correctly  laid 

down,  but  no  sandstones  to  the  north  or  west  of  it  have  been  recognized 

as  possessing  the  lithological  characters  of  the  Laramie.  In  the  great 

thickness  of  sedimentary  sandstones  represented  in  the  several  orographic 

blocks  it  is  possible  that  Laramie  beds  may  occur,  without  geological  evi- 
dence as  to  their  age. 

Mount  Hancock. — Mount  Hancock  is  not  only  the  most  prominent  mountain 
of  Big  Gaine  Ridge,  but  it  stands  out  as  one  of  the  most  commanding 

points  along  the  southern  border  of  the  Park.  It  was  named  after  General 

Hancock  by  Maj.  J.  W.  Barlow,  who  ascended  the  peak  in  August,  1871. 

On  a  clear  day  the  view  from  the  summit  is  unsurpassed,  either  for  detail 

of  topographic  features  immediately  beneath  or  for  the  more  distant  pano- 
ramic outline.  It  commands  the  Tetons,  the  dominant  peaks  of  the  Wind 

River  Range  stretching  far  southward,  the  entire  west  face  of  the  Absarokas, 

the  Park  Plateau  with  its  great  lakes,  the  Snowy  Range  to  the  north,  and 

the  Gallatin  and  Madison  ranges  to  the  west. 

Mount  Hancock  rises  above  Snake  River  at  its  east  base  for  over  2,000 

feet,  and  above  the  valley  of  the  Snake  at  its  west  base  for  2,500  feet. 

The  greater  part  of  the  mountain  consists  of  yellowish-gray  and  white 
massively  bedded  sandstone,  which  extends  to  within  400  feet  of  the 

summit.  All  the  beds  forming  the  upper  portion  of  the  mountain  have 

been  assigned  to  the  Montana  formation,  although  no  organic  remains  have 

been  obtained  from  them.  The  southeastern  slopes  offer  the  best  exposures 

of  these  rocks,  which  dip  to  the  southeast.  It  is  estimated  that  there  are 

over  3,500  feet  of  sandstones.  On  the  narrow  ridge  of  sandstone  just  south 

of  the  summit  the  beds  strike  north  and  south  and  dip  30°  W.  The 
western  spurs  of  the  mountain  are  largely  covered  by  forests  and  glacial 

drift,  rendering  it  difficult  to  obtain  good  exposures,  but  the  beds  for  the 

most  part  apparently  dip  west.  North  of  Harebell  Creek  basic  breccias 

similar  to  those  found  on  Coulter  and  Wolverine  creeks,  and  part  of  the 

same  mass,  extend  along  the  west  base  of  Mount  Hancock.  They  present 

a  most  irregular  outline,  the  higher  portions  reaching  an  altitude  of  over 
8,000  feet  above  sea  level. 

On  the  summit  of  Mount  Hancock  a  capping  of  dark  rhyolite  stands 

out  boldly,  in  contrast  with  the  yellowish  underlying  sandstones.     It  rises 
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over  400  feet  in  precipitous  walls,  facing  north  and  east,  but  on  the  south 

falls  away  with  debris  slopes,  permitting  ascent  to  the  summit.  The  mass 

has  a  slight  inclination  to  the  east,  and  the  greater  part  of  it  is  lithoidal, 

very  brittle,  and  jointed  in  thin  fissile  layers.  At  a  distance  on  the  slopes 

it  resembles  a  ddbris  pile  of  cherty  indurated  argillites.  This  rock  is  dark 

gray  in  color,  with  small  phenocrysts  of  feldspar  and  grains  of  quartz. 

Obsidian  and  gray  and  red  pumices  are  well  shown  here,  with  the  varying 
modifications  found  elsewhere  in  the  Park  and  described  in  detail  in 

Chapter  X  of  this  volume.  Mount  Hancock  is  perhaps  remarkable  for  the 
variations  in  color  of  its  obsidian.  Black,  brown,  and  various  shades  of 

red  are  noticeable,  and  some  of  them  when  highly  polished  are  singularly 

brilliant,  It  is  this  dark,  turret-like  mass  of  rhyolite  that  makes  Mount 

Hancock  so  conspicuous  a  landmark  over  the  Park  region.  The  great 

elevation  and  complete  isolation  of  this  small  body  of  rhyolite  are  by  no 

means  easy  to  explain. 

North  of  Mount  Hancock  the  slopes  of  Big  Game  Ridge  fall  away 

rapidly  for  4  miles  in  long  timber  ridges,  mostly  buried  beneath  glacial 

drift  and  soil.  No  rock  exposures  were  observed  other  than  the  Montana 

sandstones  and  the  low  rhyolite  hills  which  border  the  uplifted  sedimentary 
beds. 

CHICKEN  RIDGE. 

Chicken  Ridge  presents  a  narrow  north-south  chain  of  mountains 
about  12  miles  in  length.  It  is  a  prominent  and  persistent  orographic 

block,  with  several  culminating  points  between  9,000  and  9,600  feet  above 

sea  level.  Over  the  greater  part  of  this  area  the  mountain  slopes  are  well 

timbered  and  well  watered.  The  southern  end  of  Chicken  Ridge  rises 

abruptly  ou  the  east  side  of  Snake  River  at  its  junction  with  Crooked 

Creek,  nearly  due  east  of  Mount  Hancock.  Along-  its  east  base  the  ridge 
is  sharply  defined  from  Two  Ocean  Plateau  by  the  valleys  of  Crooked 

and  Grouse  creeks  and  the  narrow  north-south  depression  lying-  between 
the  two  streams. 

The  Snake  River  fault,  which  is  described  later  in  this  chapter,  follows 

the  course  of  these  streams,  and  the  marked  contrast,  both  geologically 

and  topographically,  between  the  opposite  sides  of  the  fault  serves  to 

accentuate  the  eastern  boundary  of  the  ridge.  Northward  Chicken  Ridge 

projects  into  Yellowstone  Lake,  and  its  gentle  slopes  along  the  base,  with 

broken,  accidented  hills  rising  above  them,  form  the  picturesque  shores  of 
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the  south  arm  of  the  lake.  The  deeply  trenched  valley  of  Snake  River 

limits  the  mountains  on  the  south  and  southwest,  and  the  rhyolites  of  the 

Park  Plateau,  stretching  from  Heart  River  to  Yellowstone  Lake,  submerge 
between  an  accumulation  of  lava  the  western  flanks  of  the  mountains  to 

heights  varying  from  8,000  to  8,500  feet. 

Topographically  Chicken  Ridge  is  closely  related  to  Big  Game  Ridge, 

the  latter  trending  off  to  the  northwest,  while  the  former  hag  a  nearly 

north-south  course.  Geologically  the  relationship  is  still  closer,  and  the 

Cretaceous  strata  of  Big  Came  Ridge  can  be  easily  traced  crossing  the  river 

at  several  localities.  This  is  specially  well  shown  at  the  southern  end  of 

Barlow  Peak,  just  north  of  Crooked  Creek 

Banow  Peak. — Barlow  Peak  is  named  by  the  writer  in  honor  of  Maj.  J.  W. 

Barlow,  of  the  Engineer  Corps  of  the  Army.  He  conducted  the  first  official 

exploration  to  the  headwaters  of  Snake  River  in  1871.  The  peak  attains 
an  elevation  of  9,500  above  sea  level,  and  rises  1,500  feet  above  the  river. 

It  forms  a  well-defined  mountain  block  between  Crooked  and  Sickle  creeks, 

the  former  stream  encircling  its  southern  base,  and  the  latter  cutting  a  deep 

trench  directly  across  Chicken  Ridge,  flowing  into  Snake  River  4  miles 
farther  downstream. 

Just  below  the  mouth  of  Crooked  Creek,  beds  assigned  to  the  Laramie 

are  found  on  both  sides  of  Snake  River,  dipping  to  the  southeast  and  east. 

They  cross  the  spur  of  the  mountain,  continuing  eastward  until  lost  in  the 
accumulation  of  drift,  and  are  finally  cut  off  by  the  Snake  River  fault.  The 

Laramie  sandstones  reach  nearly  to  the  summit,  and  along  the  crest  of  the 

ridge  are  underlain  by  yellowish-gray  sandstones  similar  to  those  found  high 

up  on  the  slopes  of  Mount  Hancock.  The  Montana  sandstones  cap  the 

summit  of  Barlow  Peak,  and  along  the  east  slope  dip  10°  to  15°  E.  From 
this  point  they  can  be  traced  northward  across  Sickle  Creek,  still  inclined 
in  the  same  direction. 

Passing  down  Sickle  Creek  the  underlying  beds  gradually  grade  into 

thinly  bedded  sandstones,  limestones,  black  shales,  and  argillaceous  sand- 
stones, and  are  well  exposed  on  both  sides  of  Snake  River.  Lithologically 

these  beds  bear  the  closest  resemblance  to  the  sedimentation  of  the  Colorado 

formation  found  elsewhere.  The  thickness  of  these  black  clay  shales  and 

interbedded  sandstones  has  been  estimated  at  600  feet.  On  the  north  bank 

of  Snake   River,  about  a   quarter  of   a  mile  above  the  mouth   of    Sickle 
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Creek,  there  were  found  in  the  shale  a  cross-bedded  sandstone  3  feet  in 

thickness,  carrying'  a  number  of  characteristic  Colorado  fossils.  From  this 
collection  Mr.  T.  W.  Stanton  has  identified  the  following  species:  Inoceramus 

undabundus,  I.  umbonatus,  I.  flaccidus,  I.  acwteplicatus,  Baculites  asper,  Sca- 

phltes  ventricosus.  Along  Snake  River  the  base  of  the  Colorado  formation 

is  nowhere  exposed;  consequently  no  estimate  can  be  made  of  its  thickness; 

but  there  are  at  least  400  feet  of  fissile  impure  sandstones  and  limestones 

above  the  heavy  shale  belt  assigned  to  the  Montana. 

The  Colorado  formation  extends  along  Snake  River  for  more  than  2 

miles,  the  deep  trench  of  the  river  exposing  a  sharp  anticline  in  the  shales. 

A  mile  below  the  mouth  of  Sickle  Creek,  on  the  northwest  bank,  occurs  an 

exposure  of  blue  clays  inclined  nearly  70°  SW.,  while  half  a  mile  upstream 

the  beds  dip  30°  NE.  Near  the  point  where  the  Colorado  fauna  was 

obtained  the  shales  dip  from  10°  to  15°  NE.  Along  the  south  and  west 
banks  of  the  river  the  Colorado  beds,  on  the  west  side  of  the  anticline, 

rapidly  pass  beneath  the  Montana  sandstones  at  the  base  of  Big  Game 

Ridge.  On  the  bottom  of  Heart  River,  the  stream  having  cut  completely 

through  the  flow  of  rhyolite,  thei'e  is  an  exposure  of  dark  clay  shale 
which  has  been  referred  to  the  Colorado  and  may  prove  to  be  an  extension 

northward  of  the  Cretaceous  shales  exposed  between  Sickle  and  Crooked 
creeks. 

Between  Sickle  and  Outlet  creeks  Chicken  Ridge  is  made  up  mainly 

of  yellowish-gray,  brown,  and  white  sandstones,  which  in  their  lithological 
habit  closely  resemble  those  found  on  Mount  Hancock  and  Barlow  Peak. 

Along  the  southern  slope  the  upper  beds  are  a  very  dense  steel-gray  rock. 
North  of  Coulter  Creek  the  beds  strike  obliquely  across  the  ridge,  but 

northward  trend  with  the  ridge  in  a  nearly  north-south  direction.  The 

general  dip  varies  from  20°  to  30°  E. 
South  of  Overlook  Mountain  the  sandstones  are  well  exposed,  and  are 

inclined  30°  E.,  toward  Grouse  Creek,  with  evidences  of  local  faulting, 
accompanied  by  variations  in  clip.  Underlying  these  beds  on  the  west  side 
of  Chicken  Ridge  fissile  sandstones  with  interbedded  arenaceous  shales 
prevail.  Lithologically  these  latter  beds  resemble  the  Pierre  shales  of  the 
Montana,  and  have  been  correlated  with  them,  although  no  evidences  of 
organic  remains  were  secured.  They  form  the  slopes  until  obscured  by  the 
rhyolite  flows,  which  attain  elevations  of  between  8,200  and  8,300  feet  above 
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sea  level.  A  sharp  contrast  is  seen  between  the  steep  rounded  slopes  of 

the  sandstone  and  the  irregular  outline  of  rhyolite.  The  latter  is  marked 

by  long,  narrow  drainage  channels,  with  steep  bluffs  on  the  west  side, 

parallel  to  the  valley  of  Heart  River.  These  bluffs  stand  out  from  20  to 

50  feet  above  the  depression.  The  intervening  ravines  are  the  result  of 

ice  movements  and  are  occupied  by  small  ponds  and  meadows  carved  out 

of  glacial  drift, 

OUTLET  OA]STYO]Sr. 

This  impressive  gorge  cuts  a  deej:>,  broad  passage  completely  through 

Chicken  Ridge.  In  the  strict  use  of  the  word  it  is  a  true  canyon,  quite 

unlike  any  other  canyon  or  drainage  channel  in  this  part  of  the  country, 

and  is  one  of  the  most  interesting  geological  features  to  be  found  within  the 

Park.  It  affords  an  instructive  section  across  the  range  from  Grouse  Creek 

to  Heart  River,  with  the  Montana  sandstones  constituting  the  center  of  the 

ridge,  flanked  on  both  sides  by  rhyolite  hills.  Overlook  and  Channel 

mountains,  on  opposite  sides  of  the  canyon,  form  a  part  of  the  same  mono- 
clinal  uplift,  the  strata  striking  with  the  ridge. 

The  interesting  feature  about  Outlet  Canyon  is  that  it  at  one  time 

served  as  the  discharge  for  the  waters  of  Yellowstone  Lake.  This  mag- 
niheent  sheet  of  water,  which  now  flows  northward  and  drains  to  the 

Atlantic  through  the  famous  Yellowstone  Canyon,  formerly  discharged 

by  way  of  the  south  arm  through  Outlet  Canyon  to  Snake  River  and 

thence  onward  to  the  Pacific.  The  discovery  of  Outlet  Canyon  as  an 

ancient  drainage  channel  for  Yellowstone  Lake  was  made  by  the  writer  in 

1889.  For  several  years  he  had  been  firmly  convinced,  by  geological 

reasoning  that  seemed  unanswerable,  that  this  grand  lake  at  one  time 

must  have  discharged  southward,  and  consequently  into  the  Pacific.  All 

attempts  to  locate  such  outlet  proved  futile  till  the  autumn  of  that  year. 

It  Avas  hidden  by  dense  forests,  obscured  by  glacial  drift,  and  abandoned 

as  a  waterway.  After  the  discovery  of  this  old  and  neglected  channel  all 

fresh  observations  tended  to  strengthen  and  confirm  the  arguments  that  the 

lake  formerly  found  its  outlet  to  the  south.  In  the  chapters  treating  of 

the  physiographic  features  of  the  Park,  in  Part  I  of  this  monograph,  the 

problems  connected  with  the  ancient  drainage  of  Yellowstone  Lake  are 

discussed  at  some  length  and  Outlet  Canyon  is  described  in  detail  in  its 
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bearing  upon  the  subject.  In  the  present  chapter,  therefore,  it  is  only 

necessary  to  refer  to  a  few  facts  as  given  there,  so  far  as  they  relate  to 

the  geological  features  of  Chicken  Ridge. 

PI.  XXV  is  a  reproduction  from  a  photograph  of  the  meadow  of 

Outlet  Canyon.  The  view  is  taken  from  the  top  of  a  low  glacial  mound, 

looking  eastward  toward  the  crest  of  the  ridge.  The  Cretaceous  rocks 

forming  the  walls  of  the  canyon  are  shown  on  the  right-hand  side  of  the 

picture,  the  bare  white  outcrop  marking  the  contact  between  the  sand- 
stone and  rhyolite.  Along  the  north  wall,  shown  in  the  picture,  the  abrupt 

precipice  consists  of  rhyolite,  rising  more  than  150  feet  above  the  valley. 

The  densely  wooded  slopes,  as  depicted  in  the  illustration,  represent  fairly 

well  large  areas  of  the  Park,  covered  by  a  vigorous  growth  of  lodge-pole 
pine  (Pinus  murrayand),  which,  although  of  poor  quality  as  timber,  meets 

every  requirement  in  preserving  the  soil  from  being  washed  away  by 

freshets  and  in  protecting  the  snows  from  the  hot  suns  and  dry  winds. 

Outlet  Canyon  is  a  broad,  deep  gorge,  and  throughout  a  long  period 

of  time  evidently  served  as  the  channel  for  a  rapid,  powerful  stream  carry- 

ing a  large  volume  of  water.  To-day  its  bottom  is  a  flat,  grassy  meadow 

with  dark,  rich  soil,  through  which  meanders  with  sinuous  course  a  slug- 
gish brook  of  dark,  unattractive  water.  Tall,  coarse  grasses  and  low 

growths  of  willows  line  the  brook. 

During  the  ice  period  Outlet  Canyon  was  undoubtedly  occupied  by  an 

extensive  glacier.  Stretching  across  the  bottom  of  the  canyon,  between 
Overlook  and  Channel  mountains,  lies  an  old  terminal  moraine,  whose 

material  consists  mainly  of  sandstone  and  rhyolite,  with  occasional  frag- 

ments of  andesite  and  basalt.  This  obscure  morainal  heap  to-day  marks 
the  course  of  the  continental  watershed,  serving  as  a  barrier  between  the 

waters  of  the  Atlantic  and  those  of  the  Pacific.  From  this  insignificant 

and  unassorted  heap  of  detrital  material  a  small  stream  having  scarcely  any 

eroding  force  has  cut  itself  a  channel  in  the  glacial  drift,  but  nowhere  has 

it  penetrated  to  the  underlying  rock.  Never  since  the  retreat  of  the  ice 

has  it  been  anything  more  than  a  mere  rivulet.  The  glacial  material,  over- 
lain by  alluvial  deposits,  completely  occupies  the  bottom  of  the  valley,  and 

only  along  the  abrupt  walls  of  the  canyon  are  Cretaceous  rocks  exposed. 

This  sluggish  stream,  which  one  can  easily  jump  across,  emerges  from  the 

canyon  through  a  growth  of  pines,  and  comes  out  into  the  open  valley  of 



196  GEOLOGY  OP  THE  YELLOWSTONE  NATIONAL  PARK. 

Grouse  Creek  on  the  broad  90-foot  lacustrine  bench  of  the  older  and  larger 
Yellowstone  Lake. 

On  the  west  side  of  the  moraine  across  which  runs  the  continental 

divide  there  is  an  abrupt  descent  to  a  characteristic  glacial  lake.  From 

this  lake  flows  Outlet  Creek,  the  sluggish  stream  before  mentioned.  Across 

the  west  end  of  Outlet  Canyon  there  stretches  a  somewhat  formidable 

barrier  in  the  shape  of  a  moraine.  Upon  reaching  this  barrier  the  stream 

deviates  to  the  northwest  and  cuts  its  narrow  channel  through  the  gravel 

under  the  north  wall  of  the  canyon.  Descending  rapidly  through  the 

accumulated  drift,  it  comes  out  once  more  upon  the  old  river  channel,  and 

soon  pours  its  waters  into  Heart  River  and  out  through  the  Snake  to  the 
Columbia, 

CHANNEL  MOUNTAIN. 

Outlet  Canyon  north  of  Chicken  Ridge  presents  many  of  the  same 

physical  features  as  those  noted  to  the  southward,  and  offers  no  special 

points  of  geological  interest.  A  conical  hill  which  forms  the  southern  spur 

of  Channel  Mountain  affords  an  excellent  bird's-eye  view  of  Outlet  Canyon, 
its  mural  face  rising  high  above  the  river  channel. 

From  this  hill  the  Montana  formation  can  be  traced  northward  along 

the  summit  of  Channel  Mountain,  a  conspicuous  and  timbered  point  9,000 
feet  above  sea  level.  The  sandstones  of  Channel  Mountain  do  not  differ 

essentially  from  those  of  Mount  Hancock  and  Barlow  Peak.  From  this 

culminating  peak  Chicken  Ridge  gradually  falls  away  toward  the  lake  on 
the  north  and  east. 

Lacustrine  deposits  skirt  the  lake  shore,  attaining  an  elevation  of  nearly 

8,000  feet  above  sea  level.  Still  above  this  in  certain  localities  come  the 

remnants  of  glacial  drift,  resting  indiscriminately  upon  rhyolite  and  Creta- 

ceous sandstones.  Rhyolite  encircles  the  ridge  on  all  sides,  while  the  cen- 

tral body  consists  of  the.  ever-persistent  Montana  sandstone. 

FLAT   MOUNTAIN. 

It  may  be  well  to  call  attention  to  the  fact  that  near  the  lake  shore, 
at  the  northwest  base  of  Flat  Mountain,  there  comes  to  the  surface  from 

beneath  the  rhyolite  an  outcrop  of  sedimentary  rocks,  exposed  by  the  erosion 

of  the  lava  along  the  southern  prolongation  of  Flat  Mountain  arm.     A  short 
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distance  above  the  lake  level  occurs  an  outcrop  of  compact  blue  quartzite, 

for  the  most  part  obscured  by  soil  and  vegetation.  It  has  been  referred  to 

the  Sheridan  quartzite  of  the  Algonkian  period.  Resting  unconformably 

upon  the  Sheridan  quartzite  is  a  series  of  limestones,  marls,  and  sand- 

stones of  the  Ellis  formation.  They  extend  up  the  slope  of  Flat  Mountain 

for  about  300  feet,  where  they  are  finally  lost  beneath  the  rhyolite.  In  the 

limestone  were  found  Rhynchonella  and  Camptonectes.  The  characteristic 

Ellis  sandstone  has  furnished  the  following  species:  Rhynchonella  gnath- 

ophora,  Camptonectes  pertenuistriatus,  Avicula  ivyomingensis. 

WEST  BASE  OF  TWO  OCEAN  PLATEAU. 

Between  Big  Game  and  Chicken  ridges  and  the  top  of  the  broad 

elevated  mass  of  Two  Ocean  Plateau  lies  a  comparatively  narrow  strip  of 

country  characterized  by  distinctive  and  peculiar  features.  It  presents 

an  aspect  entirely  different  from  that  of  the  country  westward,  and  stands 

out  in  strong  contrast  to  it,  both  in  its  geology  and  in  its  topography. 

The  Cretaceous  sandstones  which  have  been  so  persistent  a  feature  of  the 

country  are  wanting  and  other  and  older  rocks  come  to  the  surface. 

snake  River  fault.— This  remarkable  fault,  to  which  allusion  has  already  been 

made,  sharply  defines  geologically  the  east  base  of  Big  Game  Ridge  and 

Chicken  Ridge  from  the  country  to  the  east.  The  line  of  the  fault  can  be 

traced  for  18  miles  from  the  head  of  Grouse  Creek  southward,  beyond 

the  limits  of  the  mapped  area,  until  obliterated  by  overlying  masses  of 

Tertiary  breccias.  For  this  entire  distance  the  west  side  of  the  fault 

exposes  only  Montana  and  Laramie  sandstones.  In  places  the  sandstones 

are  obscured  by  glacial  accumulations.  Occasional  outbursts  of  basalt  are 

met  with  along  the  line  of  displacement,  which  coincides  with  the  line  of 
least  resistance.  On  the  east  side  of  the  fault  either  Madison  limestone 

of  the  Carboniferous  or  the  Teton  beds  of  the  Juratrias  are  brought  to  the 

surface,  but  they  are  by  no  means  so  persistently  exposed,  their  continuity 

being  broken  by  outlying  masses  of  basic  breccia  from  Two  Ocean  Plateau. 

Contacts  between  the  Paleozoic  and  Mesozoic  rocks  are  admirably  shown 

all  the  way  from  Grouse  Creek  to  Crooked  Creek.  At  the  latter  locality 

there  is  a  dense  black  basalt  whose  outlines  are  partially  obliterated  by 

loose  alluvial  deposits,  but  the  large  detached  bowlders  and  black  basaltic 

soil  help  to  define  its  area  along  the  line  of  the  fault.     Still  farther  south, 
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in  the  valley  of  Snake  River,  similar  basalts  have  broken  out.  Along  Fox 

Creek  the  fault  is  not  so  readily  traced,  owing-  to  the  bi'oad  benches  of 
morainal  drift  and  the  occurrence  of  basic  breccia  which  lie  on  both  sides 

of  the  displacement. 

These  breccias  are  well  exposed  in  the  more  recent  cuts  along  Fox 

Creek,  and  in  every  way  resemble  those  found  on  Two  Ocean  Plateau. 

They  are  andesitic  breccias,  firmly  held  together  by  finer  material,  generally 

colored  red  from  the  oxidation  of  the  ferruginous  material.  West  of  Fox 

Creek,  on  the  slope  of  Big  Game  Ridge,  is  an  outcrop  of  rhyolite,  interesting 

from  the  fact  of  its  being  the  most  easterly  exposure  of  that  rock  west  of 

Two  Ocean  Plateau.  This  rhyolite  is  evidently  a  remnant  of  a  much  larger 

body  of  purplish-gray,  normal  rock,  like  most  of  that  seen  on  Flat  Mountain. 
It  disintegrates  readily  into  rhyolitic  gravel,  in  rather  strong  contrast  to  the 

weathered  and  crumbling  sandstone. 

Along  Mink  Creek  the  fault  contact  between  the  Cretaceous  and  Car- 

boniferous is  strikingly  shown,  a  great  thickness  of  both  rocks  being  well 

developed,  Mink  Creek  having  cut  deeply  into  the  Madison  limestone. 

Pacific  Creek  below  Mink  Creek  also  marks  the  fault  line  until  it  passes 

beyond  the  limits  of  the  mapped  area. 

pacific  creek. — This  stream,  which  has  its  source  along  the  continental 
divide,  has  cut  for  itself  a  broad  channel  on  both  sides  of  the  older  valley. 

The  breccias  have  been  worn  away,  exposing  a  bodjr  several  hundred  feet 

in  thickness  of  light-colored  crystalline  limestone,  characteristic  of  the  upper 
members  of  the  Madison  limestone.  The  upper  beds  are  highly  siliceous 

and  may  possibly  belong  to  the  Quadrant  quartzites,  although  no  such  heavy 

masses  of  siliceous  beds  were  recognized  as  to  warrant  a  reference  to  the 

overlying  formation.  An  anticline  in  the  limestone  crosses  Pacific  Creek 

in  a  northwest-southeast  direction,  the  beds  dipping  steeply  on  both  sides 
of  the  fold.     In  the  valley  the  limestone  lies  nearly  horizontal. 

According  to  Prof.  J.  P.  Iddings,  both  the  Teton  and  the  Ellis  formations 

are  well  exposed,  overlying  the  Madison  limestone,  just  south  of  the  limits 

of  the  area  mapped.  The  red  beds  have  a  development  fully  600  feet  in 

thickness,  and  are  followed  by  a  gray  limestone  carrying-  a  bed  of  white 

gypsum  5  feet  in  thickness.  Overlying  the  latter  comes  a  gray  fissile  lime- 

stone, followed  by  massive  beds  of  limestone  characterized  by  an  abundance 

of  fossils.     From  these  beds  were  collected  the  following  species,  which 
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definitely  determine  their  age  as  belonging  to  the  Ellis  formation:  Campto- 

nectes  platessiformis,  C.  pertenuistriatus,  C.  bellistriatus,  Cyprina  iclclingsi, 

Neritina  i vyomingensis. 

Both  the  red  beds  of  the  Teton  and  the  limestones  and  sandstones  of 

the  Ellis  dip  steeply  down  the  mountain  sides,  and  are  exposed  along  Pacific 

Creek  below  the  mouth  of  Mink  Creek.  Here  they  are  abruptly  cut  off  by 

the  Snake  River  fault.  On  both  sides  of  Pacific  Creek  the  limestone  bluffs 

are  covered  by  the  basic  breccias. 

Mink  creek. — Undoubtedly  the  light-colored  limestones  exposed  by  the 

deep  trench  cut  by  Mink  Creek  are  connected  with  those  of  Pacific  Creek, 

the  continuity  at  the  surface  being  broken  by  andesitic  breccias.  All  along 

Mink  Creek  the  abrupt  walls  of  light-colored  Madison  limestone  are  over- 
lain by  the  somber  breccias;  the  latter,  extending  to  the  top  of  the  plateau, 

afford  a  most  impressive  view.  On  the  divide  between  Fox  and  Mink 

creeks  the  limestone  is  well  shown  along  the  fault  just  southeast  of  the 

small  lake  indicated  on  the  map.  Lithologically  the  beds  resemble  the 

upper  members  of  the  Madison  limestone,  passing  into  coarse  crystalline 
beds  of  reddish  limestone,  characteristic  of  the  summit  of  the  formation. 

Near  the  top  of  the  ridge  the  limestones  yielded  well-preserved  specimens 
of  Spirifer  centronatus,  which  has,  however,  a  wide  geographical  distribution 

and  an  extended  vertical  range  throughout  the  Madison  limestone. 

Immediately  north  of  the  small  lake  just  mentioned  rises  a  bold  and 

isolated  hill  100  feet  in  height  and  one-half  mile  in  length,  in  striking 

contrast  to  the  surrounding  country.  It  is  formed  of  light-colored  pyroxene- 
andesite,  which  in  its  general  aspect  possesses  a  remarkable  resemblance  to 

rhyolite.  The  top  of  the  hill  is  smooth  and  polished  and  beautifully 

glaciated,  and  the  flat-topped  summit  is  marked  by  long  parallel  furrows 
frequently  20  inches  in  width  and  a  foot  deep,  the  result  of  ice  movement. 

In  the  cavities  of  the  porous  rock  Professor  Iddings  has  determined  the 

presence  of  .tridymite 

As  already  mentioned,  the  Madison  limestone  and  Teton  formation  are 

exposed  along  the  west  base  of  Two  Ocean  Plateau.  The  sedimentary 

rocks  come  to  the  surface  from  beneath  the  breccias  along  the  edge  of 

the  plateau  in  the  deeply  eroded  valley  of  Plateau  Falls.  Thence  they 

stretch  northward  in  an  unbroken  line  for  nearly  10  miles,  finally  dis- 
appearing beneath  the  plateau  breccias  north  of  Grouse  Creek.     In  the 
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lateral  valley  of  Plateau  Falls  the  upper  members  of  the  Madison  limestone 

are  well  developed,  exposing  a  thickness  of  nearly  400  feet  of  beds.  They 

have  yielded  Orthothetes  inflata,  found  throughout  the  Madison  limestone, 

and  JEudothyra  baileyi  var.  wav'erlyensis,  as  yet  known  only  in  the  upper 
beds.  On  a  low  conical  hill  in  the  middle  of  the  valley  similar  limestones, 

carrying  the  same  fossils,  occur  nearly  horizontal,  but  northward  they  dip 

to  the  east  and  north.  They  pass  beneath  the  cherty  limestones  and  red 

beds  of  the  Teton  formation,  which  northward  are  also  exposed  along  the 

west  base  of  Two  Ocean  Plateau,  the  summit  being  capped  by  breccias. 

Near  Crooked  Creek  the  Madison  limestone  again  comes  in,  inclined  south- 
ward, with  the  Teton  beds  apparently  lying  within  a  syncline  of  the 

Carboniferous  beds. 

Between  Crooked  and  Sickle  creeks  a  prominent  bold  bluff  of  lime- 

stone, facing  westward,  shows  several  hundred  feet  of  Madison,  which  still 

farther  north  passes  by  gradual  transition  into  siliceous  limestones  and 

quartzites.  According  to  Mr.  W.  H.  Weed,  the  latter  beds  belong  to  the 

overlying  Quadrant  quartzite.  This  long  strip  of  partially  exposed  sedi- 
mentary strata  indicates  much  folding  and  faulting,  and  in  places  excessive 

compression  of  strata.  Geologically  it  is  of  much  interest,  as  it  is  probably 

a  remnant  of  an  old  mountain  range,  now  for  the  most  part  submerged 

beneath  a  vast  pile  of  volcanic  ejectamenta,  which,  resting  upon  the  nneA^en 
surfaces  of  the  sedimentaiy  beds,  caps  their  highest  summits  and  stretches 

eastward  for  50  miles  across  Two  Ocean  Plateau  and  the  Absaroka  Range. 

Bluish-gray  limestones  again  appear  from  beneath  the  breccias  upon  the 

east  side  of  the  Absaroka  Range,  in  a  high  bluff  near  the  mouth  of  Stink- 
ingwater  Canyon,  carrying  Seminula  hiimilis,  Spirifer  subattenuatus,  Spirifer 

striatus  var.  madisonensis.  They  mark  the  limestone  as  being  a  part  of 

the  Madison  formation,  which  comes  out  from  beneath  the  breccias  on  both 

sides  of  the  volcanic  plateau. 

TWO   OCEAN  PLATEAU. 

Two  Ocean  Plateau  forms  the  most  western  oiitlier  of  the  massive  beds 

of  agglomerates  that  go  to  make  up  the  Absaroka  Range.  It  presents  an 

imposing  pile  of  volcanic  ejectamenta,  rising  10,000  feet  above  sea  level 

in  its  most  elevated  portions.  The  highest  portions  lie  to  the  eastward, 

with  a  gentle  dip  toward  the  submerged  range  which  rises  here  and  there 

above  the  plateau  along  the  east  side  of  the  Snake  fault.     The  plateau 
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stands  out  as  a  prominent  and  somewhat  isolated  physical  feature,  sepa- 

rated from  the  Absarokas  by  the  wide,  flat  valley  of  the  upper  Yellowstone, 

and  sharply  denned  on  the  north  by  the  broad  sheet  of  water  known  as 

Yellowstone  Lake.  The  continental  divide  crosses  the  summit  of  the 

plateau  with  a  northeast-southwest  course,  sending  its  waters  either  to  the 

Yellowstone  and  the  Atlantic  or  the  Snake  and  the  Pacific.  Owing  to  its 

broad  mass  and  great  elevation  the  snows  of  winter  accumulate  upon  it  to 

great  depths,  and  the  rains  of  summer  furnish  an  abundant  water  supply. 

Numerous  streams  leaving  the  plateau  have  trenched  deep,  narrow  lateral 

canyons  into  the  pile  of  breccias,  which,  with  steep  mural  faces,  drop 

abruptly  for  2,000  feet  to  Yellowstone  River. 

The  plateau  presents  a  comparatively  uniform  mass  of  basic  breccia 

throughout  its  entire  length,  from  Two  Ocean  Pass,  which  defines  its 

southern  limit,  northward  to  Yellowstone  Lake.  Andesitic  and  basaltic 

fragments,  more  or  less  firmly  compacted  together  by  fine  cementing  mate- 

rial, make  up  the  greater  part  of  the  mass.  In  most  respects  it  is  quite  like 

the  basic  breccias  described  elsewhere  as  occurring  all  along  the  west  slopes 

of  the  Absarokas.  Exceptionally  fine  exposures  of  the  mass  are  shown  in  the 

abrupt  escarpments  along  the  upper  Yellowstone  all  the  way  from  Atlantic 

Creek  northward  to  Badger  Creek.  Seen  westward  across  Yellowstone 

Valley  these  walls  are  specially  impressive,  and  are  easily  studied  along 

the  cliffs  of  Falcon  and  Lynx  creeks.  Interbedded  in  the  breccias  are 

occasional  flows  of  compact  basalt,  lying  in  beds  one  above  another.  They 

usually  rest  upon  an  irregular,  uneven  surface  of  the  breccia,  and,  from 

evidences  of  weathering  observed  in  the  disintegrating  breccias,  indicate 

clearly  that  these  basalts  were  poured  out  over  a  surface  exposed  to  atmos- 

pheric agencies  for  a  long  period  of  time.  The  varying  thickness  of  the 

basalts,  their  thickening  and  thinning,  and  their  entire  absence  over  extended 

areas  prove  how  irregular  and  intermittent  were  the  overflows.  They  are 

by  no  means  so  thick  or  so  persistent  as  the  basalt  sheets  observed  in  the 

earlier  basic  breccias  in  the  main  portion  of  the  range.  The  heaviest 

developments  of  these  interbedded  flows  are  seen  in  the  southern  end 

of  the  plateau,  but  they  seldom  attain  a  thickness  of  100  feet,  and  in 

such  instances  are  made  up  of  a  series  of  individual  flows  not  always 
continuous. 

While  the  great  body  of  basic  breccia  consists  of  coarse  angular 

fragments,   with   here   and   there    basaltic   bowlders  measuring  2  feet  in 
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diameter,  beds  composed  of  well-worn  and  rounded  material  are  frequently 

observed.  It  is  evident  that  this  latter  material  is  water-laid,  and  in  great 

part  assorted  by  the  action  of  running  streams.  Much  of  this  material  is 

sandy,  consisting  of  volcanic  gravel  deposited  under  water.  It  is  also 
evident  that  all  this  material  is  volcanic  in  nature  and  derived  from  still 

higher  sources.  These  water-laid  beds  are  covered  by  flows  of  agglomerate 
and  coarse  unaltered  breccias  derived  from  explosive  action.  No  dikes 

were  observed  cutting  the  Two  Ocean  Plateau  breccias. 

The  mass  of  Two  Ocean  Plateau,  while  apparently  horizontal  as  seen 

almost  anywhere  from  a  distance,  has  a  gentle  inclination  to  the  north,  aver- 

aging, however,  not  more  than  3°.  It  seems  probable  that  the  entire 
plateau  has  suffered  from  a  slight  tilting  of  the  mass.  Evidence  of  such 

movement  may  be  seen  throughout  the  Absarokas.  It  would  seem  that 

the  flow  of  the  coarse  brecciated  mass  at  the  time  of  its  ejection  was  from 

the  eastward,  but  that  a  subsequent  orographic  movement  was  at  right 

angles  to  it,  the  mass  being  tilted  northward,  due  to  the  intrusion  of  masses 

of  granite-porphyry  to  the  southwest. 
The  east  and  west  sides  of  Two  Ocean  Plateau  are  sharply  contrasted 

in  the  lateral  trenches  which  cut  the  plateau  body.  Along  the  Yellow- 

stone Valley  they  expose  masses  of  breccia  2,000  feet  in  thickness  without 

cutting  through  the  upper  basic  breccias,  while  on  the  west  side,  only  a  few 

miles  across,  the  walls  of  the  plateau  show  but  a  thin  covering  of  breccia, 

with  the  Paleozoic  and  Mesozoic  strata  lying  beneath  them.  The  border 

line  between  the  sedimentary  beds  and  the  breccias  follows  a  sinuous  course, 

with  tongues  of  breccia  penetrating  into  the  underlying  bodies.  One  of 

these  tongues  is  well  shown  near  the  junction  of  Mink  and  Pacific  creeks, 

where  a  fine  exposure  of  breccia  occurs  on  the  north  side  of  Pacific  Creek, 

while  higher  up  Mink  Creek  the  blue  limestones  of  the  Madison  formation 

stand  out,  capped  by  the  more  somber  breccias. 

Between  the  brecciated  mass  of  Two  Ocean  Plateau  and  that  lying  to 

the  westward  at  the  base  of  Mount  Hancock  and  along  Coulter  Creek,  there 

is  one  marked  difference  in  mode  of  occurrence.  The  former  shows  evi- 

dences of  material  having  been  transported  for  a  considerable  distance, 

while  at  the  latter  locality  there  is  every  indication  that  the  source  of 

material  thrown  out  was  near  its  present  position,  with  every  evidence  of 

explosive  action  along  a  line  of  profound  faulting  having  an  approximately 

north-south  trend. 



CHAPTER  VI. 

GEOLOGY  OF  THE  SOUTHERN  END  OF  THE  SNOWY  RANGE. 

By  Walter  Harvey  Weed. 

GENERAL  DESCRIPTION. 

The  northeastern'  part  of  the  Yellowstone  Park  embraces  a  small  por- 
tion of  the  great  range  of  mountains  which  extend  northward  to  the  low- 

lands of  the  Yellowstone  River,  a  chain  known  as  the  Snowy  Range. 

Within  the  limits  of  the  Park  only  the  extreme  southern  end  of  the  range 

occurs,  the  much  accidented  and  rugged  country  to  the  southeast  con- 
necting these  mountains  with  the  northern  part  of  the  eastern  mountain 

range  of  the  Park.  The  eroded  sedimentary  rocks  of  this  area  are  con- 

tinned  beneath  the  great  accumulations  of  volcanic  materials  which  have 

been  heaped  up  to  form  the  Absaroka  Range. 

The  Snowy  Mountains  constitute  the  western  portion  of  a  high  moun- 
tainous tract  which  includes  the  great  peaks  of  the  Beartooth  Range,  the 

highest  mountains  of  Montana.  This  mountainous  area  is  terminated  on 

the  west  by  the  broad  mountain  valley  of  the  Yellowstone  River,  the 

region  being  divided  by  the  deep  valley  of  the  Bowlder  River  into  two 

parts,  of  which  the  westernmost,  between  the  Bowlder  and  Yellowstone 

valleys,  forms  the  Snowy  Range  proper.  The  general  structure  of  this 

entire  mountain  tract  is  that  of  a  broad  anticlinal  uplift,  the  central  portion 

of  which  has  been  denuded  of  its  former  covering  of  sedimentary  rocks 

and  variously  modified  by  faulting,  especially  at  the  southwestern  end,  near 

the  Yellowstone  Park.  The  greater  part  of  the  region  shows  the  core  of 

crystalline  schists,  gneisses,  and  granite  which  form  the  central  plateaus. 

The  central  portion  of  the  mountains  is  a  broad,  flat-topped  mass,  whose 

surface  constitutes  a  plateau  10,000  feet  above  sea  level,  deeply  cut  by 

canyons  3,000  to  4,000  feet  deep.     Above  this  plateau  the  peaks  rise  a 
203 
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thousand  or  two  thousand  feet  higher.  The  plateau  is  glaciated,  and  ponds 

and  lakes  diversify  the  surface,  which  is  almost  completely  destitute  of  soil 

or  vegetation.  Along  the  southern  flanks  of  this  crystalline  axis  the  over- 

lying  Paleozoic  strata  dip  away  from  the  central  mass  of  Archean  rocks. 

The  area  embraced  within  the  limits  of  the  Yellowstone  Park,  although 

but  a  small  part  of  the  range  itself,  includes  a  part  of  the  Archean  massif. 

The  schists  and  gneisses  are  deeply  trenched  by  streams  flowing  southward 

from  the  mountains  and  joining  the  Yellowstone  drainage  within  the  Park. 

Only  scattered  remnants  of  the  Paleozoic  rocks  which  formerly  covered 

the  crystalline  schists  are  now  found.  To  the  south  very  greatly  eroded 

sedimentary  masses  are  now  covered  by  the  volcanic  breccias. 

TOPOGRAFIIX. 

The  topography  of  that  portion  of  the  Snowy  Mountains  included 

within  the  mapped  area  presents  a  variety  of  configuration,  due  primarily 

to  the  nature  of  the  rock  masses.  For  the  purposes  of  the  present  dis- 
cussion the  southern  limit  of  the  range  may  be  regarded  as  defined  by  the 

Yellowstone  River,  its  eastern  fork,  Lamar  River,  and  the  eastern  branch 

of  the  latter  stream,  known  as  Soda  Butte  Creek.  Within  the  triangular  area 

thus  inclosed  we  have,  to  the  south,  the  sharp  volcanic  summits  of  Druid  and 

Bison  peaks  and  the  long,  narrow  crest  of  Baronet  Peak.  To  the  north  and 

west  broad,  gently  sloping  summits  extend  southward  and  break  abruptly 

in  steep  slopes  and  limestone  cliffs  to  the  valleys  of  the  streams  that  drain 

the  region.  The  principal  drainage  of  this  area  is  that  of  Slough  Creek 

and  its  tributary,  Buffalo  Creek.  The  former  stream,  heading  in  the  glacial 

amphitheaters  of  the  rugged  peak  known  as  Haystack  Mountain,  flows  in  a 

southwesterly  direction  through  a  wide  and  generally  open  valley  whose  sides 

expose  excellent  sections  of  the  mountain-forming  rocks.  The  topographic 
peculiarities  of  the  stream  indicate  that  it  is  of  considerable  antiquity.  The 

present  valley  bottom  is  deeply  filled  with  alluvium,  apparently  the  result 

of  the  damming  of  the  stream  in  glacial  times  and  the  formation  of  a  lake 

above  the  narrow  canyon  which  it  has  cut  through  Archean  gneisses  to  join 

Buffalo  Creek.  The  latter  stream  has,  within  the  limits  of  the  area  mapped, 

cut  a  valley  in  Archean  gneisses,  the  gently  dipping  sedimentary  beds 

which  occur  upon  the  flat  plateau  summits  on  either  side  being  far  above 

its  present  channel. 
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The  valley  of  Lamar  River,  which  terminates  the  range  on  this  side, 

is  of  even  greater  antiquity,  and,  as  will  be  shown  in  Part  I,  it  was 

once  the  principal  drainage  of  this  entire  region.  Isolated  patches  of 

the  sedimentary  rocks  occur  in  the  lower  part  of  the  valley,  where  denuda- 

tion has  removed  their  covering  of  volcanic  breccias.  Soda  Butte  Creek, 

which  has  been  assumed  to  represent  the  southeastern  boundary  of  the 

Snowy  Range,  presents  one  of  the  most  impressive  mountain  valleys  to  be 
found  within  the  limits  of  the  Park.  The  illustration  (PI.  XXVI)  of 

Baronet  Peak  shows  the  general  character  of  this  valley  and  the  ruco-ed 

aspect  of  the  high  peaks  which  tower  above  it  on  either  side.  Farther  up 
the  stream,  at  the  confluence  of  Pebble  Creek,  the  sedimentary  rocks  occur 

in  the  valley  bottom.  Above  this,  in  the  upper  valley  near  the  mining 
settlement  of  Cook  City,  the  valley  walls  present  bold  limestone  cliffs,  over 
which  numerous  streams,  draining  the  higher  volcanic  slopes,  fall  in  a 
succession  of  cascades  that  are  of  great  beauty.  The  white  cliffs  of  sedi- 

mentary rocks  stand  out  in  bold  relief  from  the  somber  volcanic  slopes,  and 

their  steep  walls,  presenting  an  unbroken  cliff  often  extending  for  miles 
along  the  sides  of  the  valley,  offer  few  opportunities  of  ascent. 

SEDIMENTARY  ROCKS. 

Any  attempt  to  describe  the  sedimentary  rocks  of  that  small  portion  of 
the  Snowy  Range  found  within  the  limits  of  the  Park  must  be  at  best  a 

fragmentary  sketch  of  the  Snowy  Range  itself.  Of  the  sedimentary  series, 
only  the  Paleozoic  rocks  occur  within  the  limits  of  this  area,  nor  do  these 

rocks  present  any  very  marked  differences  from  those  of  the  same  ao-e 

occurring  in  the  other  ranges  of  the  region.  The  lowest  beds  exposed  are 
those  of  the  Flathead  formation.  Above  these  the  Gallatin  limestones, 
which  are,  within  this  region,  so  frequently  seen  in  long  lines  of  cliffs,  are 
well  exposed  and  cover  considerable  areas.  The  Silurian,  known  within 

this  region  as  the  Jefferson  formation,  presents  the  best  differentiation  of 
this  horizon  found  within  the  limits  of  the  Park.  Above  these  shallow- 

water  deposits  are  the  massive  limestones  and  thinly  bedded  shales  of  the 
Three  Forks  formation,  in  which  Devonian  fossils  have  been  found.  The 

highest  sedimentary  rocks  which  occur  within  this  region  are  those  of 
the  Madison  limestone. 
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The  sedimentary  series  everywhere  presents  undoubted  evidence  of 

great  erosion  following  the  uplift  of  the  range,  antedating  the  extravasation 

of  the  volcanic  rocks  which  now  so  generally  mantle  it.  That  this  period 

of  denudation  was  long  is  indicated  by  the  profound  gorges  which  were 

cut  in  the  rocks  and  carved  deeply  into  the  underlying  schists.  The 

Mesozoic  beds,  if  present,  were  entirely  removed,  and  no  trace  of  them 

has  been  found  within  this  area  or  in  its  immediate  proximity.  It  is 

further  evidence  of  the  long  period  of  uplift  and  erosion  which  followed 

the  deposition  of  the  Laramie.1 
The  following  table  presents  a  generalized  section  of  the  sedimentary 

formations  of  the  region. 

Snoicy  Mountain  section. 
Feet, 

i  Limestones,  carrying  fossils     150 

}  Massive  beds  of  indurated  gray  limestones;  no  fossils     175 

Three  Forks    J  Thinly  bedded  limestones;  characteristic  Devonian  fossils  from  lowest  beds    200 

'  Purplish-colored,  thinly  bedded,  fissile  limestones,  carrying  gasteropod  remains..     20 
C  Brown,  earthy-colored,  clayey  limestone  conglomerate       25 
]  Light  and  dark  gray,  thinly  bedded  limestones     150 

tjenerson  ....  -^ Crackled  white  limestones   ,       20 

I  Persistent  cliff- forming  bed  of  massive  light-gray  limestone    200 
Thinly  bedded  limestones,  carrying  fossils  at  base     100 

,  rinnly  bedded  limestoues  and  limestone  conglomerate.     1'ossils  from  summit  are 
Gallatin   ' Middle  Cambrian   ,     250 

I  Dark-gray  mottled  limestones,  forming  persistent  cliff     100 

rBlack  limestones;  thinly  bedded,  carrying  fossils  (Middle  Cambrian)   ^ 
I  Limestones  and  shales    S 

Flathead   \  Thinly  bedded  limestones    200 

|  Shales    200 

'  Sandstone  and  quartzite   ,.     100 
Archean   Gneiss  and  schist. 

BUFFALO  PLATEAU. 

This  flat-topped  mountain  tract,  lying  between  Hellroaring  and  Buffalo 
creeks,  together  with  adjacent  areas  across  these  streams,  constitutes  the 

true  southern  termination  of  the  Snowy  Range.  The  plateau  is  of  gneiss, 

on  which  remnants  of  sedimentary  rocks  now  form  the  highest  points.  The 

gneiss  presents  considerable  variety,  but  consists  usually  of  feldspathic 

forms,  and  shows  a  well-defined  lamination  toward  the  east.  The  surface 

is  glaciated,  smooth  ice-worn  bosses  and  striated  surfaces  being  common, 

'The  Laramie  and  the  overlying  Livingston  formation  in  Montana,  by  W.  H.  Weed:  Bull.  U.  S. 

Geol.  Survey  No.  105,  Washington,  1893. 
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while  the  southwestern  slopes  are  largely  covered  by  morainal  drift. 

Within  the  limits  of  the  Park  the  gneiss  forms  the  west  side  of  the  plateau 

to  within  100  feet  of  the  top,  where  it  is  overlain  by  a  horizontal  bed  of 

indurated  sandstone,  which  is  undoubtedly  the  basal  bed  of  the  Flathead 

formation.  The  rock  is  mottled  with  red  and  white  streaks  and  layers,  and 

resembles  the  beds  exposed  on  the  southwestern  flank  of  Bison  Peak. 

The  exposure  is  100  feet  thick,  50  feet  of  which  is  vertical  cliff.  The  top 

of  the  plateau  is  generally  covered  with  a  growth  of  pine,  but  where  the 

sandstone  prevails  the  surface  is  open  and  grassy  and  in  strong  contrast 

to  the  gneissic  areas.  The  summit  of  the  plateau  rises  gradually  to  the 

east  to  a  high  ridg-e,  trending  north.  About  100  feet  above  the  quartzite  a 
thinly  bedded  mottled  limestone  occurs,  the  rocks  being  horizontal.  This 

rock  closely  resembles  the  limestones  found  in  the  valley  of  Soda  Butte 

and  Slough  creeks.  The  high  point  (9,100  feet)  on  this  plateau,  which 

lies  just  within  the  Park  line,  is  formed  of  massive  limestone  that  weathers 

with  a  very  rough  surface  and  shows  a  few  fossils  which  prove  that  the 

beds  belong  to  the  Three  Forks  formation.  Two  hundred  feet  below 

this  summit  a  massive-bedded,  coarsely  mottled,  dark-gray  limestone 

occurs,  the  strata  forming  the  base  of  the  Gallatin  limestone  and  having-  a 

dip  of  3°  E.  These  two  prominent  beds  of  massive  limestone  are  readily 
recognizable  horizons,  which  are  as  prominent  in  the  Snowy  Range  as 

they  are  in  the  Gallatin  Mountains.  The  extreme  erosion  of  the  old  land 

surface  before  the  deposition  of  the  volcanic  breccias  and  the  Cambrian 

rocks  is  well  illustrated  in  this  area.  Basic  breccias  rest  upon  the  various 

beds  just  noted  and  also  upon  the  gneiss,  and  in  the  valleys  and  lower 

slopes  at  the  south  end  of  Buffalo  Plateau  the  volcanic  rocks  fill  hollows  in 

the  greatly  eroded  surface. 

LAMAR  VALLEY. 

The  valley  of  Lamar  River,  which  appears  to  be  one  of  the  most  ancient 

drainage  ways  of  the  Park,  is  cut  through  a  variety  of  rocks,  most  of  which 

are  volcanic.  The  gneissic  rocks  are  exposed  on  the  south  flanks  of  Speci- 

men Ridge  and  are  cut  through  by  the  river  and  by  its  tributary,  Slough 

Creek.  On  the  west  the  gneiss  forms  rough  and  rugged  slopes,  but  near 

Crystal  Creek  the  rounded  bosses  of  the  summit  slope  gently  to  the 

southeast  and  pass  beneath  the  adjacent  rocks.     On  the  south  side  of  Lamar 
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River  the  gneiss  is  overlain  by  a  remnant  of  the  limestones  that  once  cov- 
ered it.  The  rock  sequence  of  Cambrian  and  higher  rocks  has  not  been 

recognized,  and  it  is  probable  that  a  fault  exists  between  the  exposures  of 

the  gneiss  and  of  the  limestone,  for  the  latter  carries  poorly  preserved  fossils 

of  Carboniferous  types,  the  beds  dipping  gently  to  the  southeast  at  5°  and 
forming  low  rounded  knolls  near  the  wagon  road.  These  limestones  are 

somewhat  crystalline,  have  but  indistinct  bedding,  and  differ  quite  materi- 
ally from  the  Paleozoic  strata  seen  elsewhere  in  the  vicinity.  A  thickness 

of  between  200  and  300  feet  is  exposed  in  an  area  whose  boundaries  can 

not  be  closely  defined  owing  to  the  overlapping-  rhyolite  sheet  and  the  pre- 
vailing mantle  of  drift,  but  the  sedimentary  rocks  certainly  cover  the  high 

ground  east  of  the  wagon  road. 

North  of  Lamar  River  the  western  slopes  of  Bison  Peak  show  well- 

bedded,  dark-colored  basic  volcanic  breccias,  separated  from  the  gneissic 

hill  lying  between  Slough  Creek  and  Lamar  River  by  a  well-marked  depres- 
sion which  defines  the  boundary  line  between  the  two  rocks.  The  gneiss 

is  overlain  at  the  highest  point  on  this  boundary  line  by  a  bed  of  quartzite, 

which  is  of  the  usual  pink  and  white  variety,  dipping  5°  S.,  the  strike 

being  N.  12°  W.  This  quartzite  makes  a  cliff  25  to  40  feet  high,  that 
rises  abruptly  above  the  lakelet  found  upon  the  divide.  The  rock  is  gen- 

erally somewhat  fissile,  well  bedded,  and  of  the  normal  character  of  the 

Flathead  quartzite. 

SLOUGH   CREEK. 

The  valley  of  Slough  Creek  above  the  confluence  of  Buffalo  Creek 

presents  the  picturesque  scenery  characteristic  of  this  part  of  the  Snowy 

Range.  The  broad  meadow  lands  which  cover  the  valley  bottom  are  flanked 

by  gentle  slopes,  with  scattered  groves  of  aspen  and  pine,  above  which  are 
the  bold  cliffs  of  white  limestone  that  separate  the  lower  slopes  from  the 

crags  of  somber-colored  breccias  which  form  the  upper  part  and  summit  of 

the  mountains.  This  valley  presents  the  best  exposures  of  the  lower  Paleo- 
zoic series  to  be  found  in  this  part  of  the  Park,  and  the  general  section  of 

the  sedimentary  rocks  of  the  range  which  has  just  been  given  is  compiled 

from  observations  made  in  this  valley  and  in  the  cliffs  of  the  neighboring 

valley  of  Soda  Butte  Creek. 
In  the  lower  end  of  Slough  Creek  Valley  the  slopes  on  either  side 
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present  sharply  contrasting  geological  conditions.  On  the  north  Archean 

gneisses  prevail,  and  the  sedimentary  rocks  which  are  present  farther  up 

the  valley  are  here  entirely  absent.  The  gneisses  form  bold  but  smooth 

and  glaciated  exposures,  extending  down  to  the  valley  floor  and  showing 

in  abrupt  hillocks  and  knolls,  rising  like  islands  above  the  meadows.  The 

Archean  rocks  present  evidence  of  glaciation  whose  movement  was  from 

the  northeast,  and  the  present  topography  is  eminently  glaciated.  On  the 

opposite  side  of  the  valley  the  sedimentary  rocks  outcrop  along  the  foot 

slopes  of  Bison  Peak  and  extend  continuously  along  the  valley  wall  to  the 

Park  boundary.  The  thinly  bedded  shales  and  limestones  of  the  Flathead 

series  form  gentle  slopes,  whose  covering  of  soil  and  vegetation  generally 

obscures  the  rocks.  The  Flathead  quartzite  is  not  seen  here,  the  bed  being 

completely  concealed  beneath  the  alluvial  bottom  land. 

The  lower  slopes  of  Bison  Peak  below  Plateau  Creek  show  ledges  of 

a  mottled,  heavy-bedded,  massive  limestone  exposed  in  cliffs  75  to  100 

feet  high,  the  summits  of  the  beds  forming  flat-topped  benches  sloping 
gently  to  the  south.  North  of  Plateau  Creek  the  limestones  extend  down 

to  the  valley  bottom,  and  are  well  exposed  on  the  slopes  to  the  east,  bench 

upon  bench  of  limestone  showing  on  the  slopes,  with  continuous  bluffs 

which  are  extremely  difficult  to  cross  in  ascending  the  mountain.  The  beds 

have  a  strike  of  N.  60°  E.  and  dip  5°  S.,  the  highest  ledges  exposed  being 
found  at  an  elevation  of  6,400  feet,  where  the  breccias  rest  upon  them. 
These  limestones  were  traced  along  the  mountain  flanks  as  far  north  as 

Elk  Tongue  Creek.  This  stream  has  cut  along  the  contact  between  the 

breccias  and  the  limestones,  and  the  exposure  gives  additional  evidence 

of  the  rugged  nature  of  the  country  at  the  time  the  volcanic  breccias  were 

laid  down.  The  lower  rocks  exposed  are  thinly  bedded  limestones  carrying 
Middle  Cambrian  fossils,  and  the  rocks  are  covered  by  groves  of  aspen  and 

grassy  slopes  whose  character  is  readily  recognized  as  differing  from  that 
of  the  breccia  slopes  above  them. 

The  most  conspicuous  exposures  of  the  sedimentary  rocks  are  those  on 
the  northern  side  of  this  valley,  near  its  upper  end,  where  the  limestones 
form  cliffs  which  extend  along  the  valley  slopes  for  many  miles  to  the 
northward.  The  lowest  exposures  are  thinly  bedded  limestones,  light  gray 
in  color,  with  yellowish  mottlings,  and  lithologically  similar  to  the  Flat- 

head limestones  seen  elsewhere.     These  strata  make  steep  slopes  which  are 

-14 
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terraced,  the  floor  of  each  bench  being  the  bedding  plane  of  the  stratum 

below.  These  limestones  are  capped  by  a  thick  bed  that  is  the  mottled 

limestone  forming  the  base  of  the  Gallatin  formation.  This  bed  is  about 

200  feet  thick,  and  from  the  meadow  lands  of  the  valley  it  can  be  seen 

as  a  persistent  cliff  that  is  a  readily  recognizable  horizon,  and  forms  an 

almost  impassable  barrier  in  the  ascent  of  the  slopes.  It  is  overlain  by  less 

massive  limestones,  capped  by  basic  volcanic  breccias.  The  irregularity 

of  the  surface  upon  which  these  breccias  were  deposited  is  beautifully 

illustrated  by  the  exposures  seen  in  this  escarpment.  The  face  of  the  cliff 

shows  the  massive  bed  of  mottled  limestone,  with  a  deep  indentation  that  is 

clearly  a  cross  section  of  an  old  drainage  way  filled  by  volcanic  breccias 

which  are  now  firmly  indurated.  The  top  of  the  mottled  limestone  bed 

forms  a  broad  and  distinctive  bench  which  extends  along  the  slopes.  Above 

this  bench  the  thinly  bedded  limestones  are  seldom  seen,  and  though  the 

slopes  are  terraced  and  are  open  and  grass  covered,  no  good  exposures  are 

found,  owing  to  the  abundance  of  rounded  andesitic  drift  from  reasserted 

breccia  beds  which  cover  the  summit  of  the  plateau. 

At  the  upper  end  of  the  Slough  Creek  Valley  the  mountains  close  in 

and  the  stream  flows  through  a  gorge  cut  in  Archean  gneiss  and  massive 

igneous  rocks.  At  one  point  the  stream  forms  a  picturesque  waterfall  in 

which  the  water,  cutting  along  joint  planes  of  the  rock,  is  separated  into 

two  cascades,  given  the  name  of  Twin  Falls.  Above  this  canyon  is  the 

upper  mountain  valley  of  Slough  Creek,  whose  bottom  is  a  labyrinth  of 

beaver  ponds,  sluggish  channels,  and  willow  groves,  making  the  name  of 

the  stream  most  appropriate.  West  of  the  valley  the  same  sedimentary 

formations  noted  are  seen  in  terraced  slopes,  above  which  the  persistent  cliff 

of  mottled  limestone  is  again  present,  extending  northward  to  the  forking 

of  the  creek,  where  gneisses  and  volcanic  breccia  replace  the  sedimentary 

rocks.  The  eastern  side  of  this  upper  valley  of  Slough  Creek  shows  no 

sedimentary  rocks,  the  dark,  heavily  timbered  slopes  rising  to  sharp  craggy 
summits  of  volcanic  breccias. 

SODA  BUTTE   CREEK. 

Carboniferous  limestones  are  found  at  the  southeastern  base  of  Druid 

Peak,  and  form  the  valley  floor  about  the  hot-spring  cone  which  has  given 
Soda  Butte  Creek  its  name.     The  rocks  are  horizontal  or  but  gently  tilted 



PEBBLE  CREEK.  211 

and  belong  to  the  Madison  formation.  On  the  north  bank  of  Lamar  River, 

near  the  mouth  of  Soda  Butte  Creek,  there  is  an  exposure  of  50  feet  of 

limestone.  The  beds  are  horizontal,  from  2  to  4  feet  thick,  and  possess  a 

peculiarly  rough,  weathered  surface,  but  so  far  as  observed  do  not  cany 

fossils  and  are  not  cherty.  Another  exposure  nearer  Soda  Butte  Creek  is 

found  200  feet  above  the  river,  the  most  prominent  ledge  being  a  fissile 

limestone  20  feet  thick,  carrying  variegated  chert  and  Carboniferous  fossils. 

These  beds  dip  west  of  south  at  10°.  These  limestones  form  the  low  flat- 
topped  knolls  which  are  so  distinct  a  topographic  feature  of  the  southeast 

base  of  Druid  Peak,  as  they  are  quite  unlike  the  topography  prevailing  in 
the  breccia  areas.  On  the  shores  of  the  small  lakelet  which  a  landslide  of 

breccia  has  formed  on  the  lower  slopes  of  the  peak  the  beds  are  tilted, 

dipping  west  at  55°  and  striking  north  and  south,  but  it  is  probable  that 
they  have  been  dislocated  by  a  landslide. 

PEBBLE   CREEK. 

Light-gray,  massively  bedded  limestones  are  exposed  at  the  mouth  of 
Pebble  Creek,  forming  a  rounded  knoll  on  the  south  side  of  the  stream. 

The  rocks  contain  rather  scanty  fossil  remains,  which  prove  that  the  beds 

belong  to  the  Madison  formation.  These  beds  also  outcrop  along  the  north 
base  of  Abiathar  Peak,  1,300  feet  above  the  creek  bottom.  Pebble  Creek 

has  cut  a  narrow  gorge  through  the  limestone,  whose  beds  form  vertical 

walls  100  feet  high.  The  strata  are  nearly  horizontal  and  are  exposed  for 
300  feet  above  the  channel  of  Soda  Butte  Creek.  Above  the  mouth  of  the 

stream  the  valley  of  Pebble  Creek  shows  heavily  wooded  slopes,  with  no 

exposures  until,  near  its  head,  limestone  again  appears,  being  exposed  on 

both  sides  of  the  valley  beneath  a  capping  of  andesitic  breccias,  as  shown 

in  the  accompanying  plate  (PI.  XXVI).  Above  the  creek  on  the  spur  just 

outside  of  the  Park  boundary  occurs  a  thickness  of  800  feet  of  limestones,  the 

beds  dipping  at  a  low  angle  to  the  southwest.  The  west  base  of  Baronet 

Peak  and  the  ridge  of  which  it  is  the  highest  point  show  limestones  dipping 

from  1°  to  5°  S.  On  the  south  side  of  Pebble  Creek,  just  north  of  the 
limits  of  the  area  mapped,  but  within  the  Park,  about  100  feet  lower  than  the 

low  saddle  that  indents  the  ridge,  occurs  a  mottled  Cambrian  limestone 

carrying  fragments  of  trilobites,  the  rocks  being  nearly  horizontal. 
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SODA  BUTTE  VALLEY. 

For  some  distance  above  the  mouth  of  Amphitheatre  Creek  the  valley 
of  Soda  Butte  is  narrow,  the  stream  flowing  through  a  gorge  cut  in  volcanic 

rocks.  Its  upper  course  is,  however,  through  a  broad  valley,  with  flat 

gravelly  bottom  and  with  striking  cliffs  of  limestone  appearing  on  either  side. 

The  limestones  exposed  at  the  mouth  of  Pebble  Creek  extend  up  the  western 

side  of  the  Soda  Butte  Valley  to  near  the  mouth  of  Amphitheatre  Creek. 

As  no  exposures  appear  on  the  east  side  of  Soda  Butte  Creek,  it  is  evident 

that  the  sedimentary  rocks  were  cat  away  before  the  deposition  of  the 
volcanic  breccias. 

An  examination  was  also  made  of  the  rocks  exposed  on  the  south 

slopes  of  the  high  limestone  mountain  that  is  capped  by  breccia  and  lies 

north  of  Soda  Butte  Creek.  The  lower  slopes  of  this  peak  are  covered 

with  large  blocks  of  limestone,  the  talus  from  the  cliffs  above.  The  lowest 

exposures  are  of  strongly  mottled  dark-colored  limestones,  overlain  by 

limestone  conglomerates,  with  light-gray,  chert-bearing,  massive-bedded 

limestones  above.  These  rocks  show  an  old  surface  that  is  quite  irregular. 

The  andesite  rests  upon  a  cemented  mass  of  large  blocks  and  fragments  of 

limestone.  The  heavy  limestone  belt  of  Soda  Butte  Creek  above  this  point 

is  exposed  some  500  feet  above  the  stream,  the  rocks  being  nearly  horizontal. 

The  following  sections,  made  by  Professor  Iddings,  show  the  sequence 

and  character  of  the  sedimentary  rocks  exposed  in  this  vicinity: 

Section  of  beds  on  north  side  of  Soda  Butte  Greek. 
Feet. 

(■  Gray  limestones,  carrying  fossils  and  chert        10 
Jefterson    )  White  limestones,  much  crackled  and  brecciated       20 

I  Massively  bedded,  light-gray  limestones,  forming  cliff    200 

f  No  exposure       50 
Thinly  bedded  limestones,  carrying  trilobites       50 
Thinly  bedded  limestones  and  limestone  conglomerates,  carrying  abundant  fossils 

near  top.     The  limestones  are  glauconitic,  thinly  bedded,  and  weather  with  a 
yellowish  surface,  often  studded  with  fossils  in  relief      190 

Qa  Thinly  bedded   limestones   and  much   limestone   conglomerate.      The  rock  is  a 
dense  light-gray  limestone,  and  the  conglomerate  is  formed  of  flat  and  very  thin 
beach  pebbles,  and  the  rocks  carry  trilobites  and  a  few  shell  remains  at  summit 
of  exposure.     The  conglomerate  is  intraformational;  that  is,  the  pebbles  are  of 
the  same  limestones       60 

Mottled  dark-colored  limestone,  forming  a  massive  bed  that  is  generally  a  cliff 
100  feet  i  n  height    100 

(Trilobite  remaius  occur  in  a  black  limestone  that  is  oolitic,  full  of  dark  glauconitic 
grains,  and  is  quite  characteristic  for  this  horizon.  The  thickness  of  limestone 
probably  does  not  exceed  100  feet.     It  is  underlain  by  soft  laminated  shales     400 
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The  foregoing'  section  was  observed  on  the  north  side  of  Soda  Butte 

Creek,  near  the  forty-fifth  meridian,  the  locality  being  a  mile  west  of  that 
just  noted.  Mottled  limestones  form  the  lowest  strata  exposed,  occurring 

100  feet  above  an  exposure  of  quartz-porphyry.  The  lowest  bed  is  a  fissile, 

dark-colored  limestone,  carrying  numerous  fragments  of  trilobites  and  over- 

lain by  a  massive,  dark-colored,  mottled  limestone,  which  is  the  base  of  the 
Gallatin  formation,  and  which  here  forms  a  cliff  fully  100  feet  high.  This 
is  the  lowest  horizon  seen  on  the  north  side  of  the  creek,  but  on  the  south 

there  are  patches  of  shale  which  belong  to  the  Flathead  formation.  Above 

the  dark,  coarsely  mottled  limestone  cliffs  are  more  thinly  bedded,  gray 

limestones  and  limestone  conglomerates.  Fossils  collected  from  this  hori- 
zon are  of  Cambrian  age  and  were  obtained  60  feet  above  the  top  of  the 

cliff.  At  1,050  feet  above  the  stream  similar  limestones  form  projecting 

ledges,  and  the  rock  carries  many  trilobite  spines  and  a  few  fossils.  The 

rocks  50  feet  higher  up  are  similar  and  carry  similar  fossils  and  a  few  cri- 

noid  stems,  which  in  this  region  are  not  commonly  found  at  this  horizon. 

A  heavy  belt  of  light-gray  limestone,  weathering  with  a  rough  surface  and 
showing  no  fossils  except  crinoid  stems,  and  representing,  it  is  believed,  the 
Jefferson  formation,  occurs  at  1,150  feet  above  the  stream.  This  belt  is 

about  200  feet  thick  and  is  overlain  by  a  white,  much  brecciated  limestone 

about  20  feet  thick,  overlain  in  turn  by  gray  limestones  5  to  10  feet  thick, 

carrying  traces  of  fossils  and  some  chert.  These  limestone  beds  are  nearly 

horizontal,  although  at  the  west  end  of  the  low  saddle  between  Pebble 

Creek  and  the  Soda  Butte  Valley  they  dip  30°  SW.  This  sudden  change 
in  dip  is  probably  due  to  intrusive  quartz-porphyry  that  may  form  a 
laccolithic  mass  under  the  horizontal  beds  that  occur  at  the  highest  point. 

Section  of  beds  at  north  base  of  Abiathar  Pealc. Feet. 

{' Andesitic  breccia,  forming  summit  of  mountain. 
Limestones,  carrying  Carboniferous  fossils    150 

Massive  belt  of  indurated,  gray  limestone  in  which  no  fossils  were  found    175 

Beds  generally  covered  by  talus  from  the  cliff  above.     At  the  base  the  ledges  are 

fossiliferous  and  carry  an  abuudance  of  shell  remains,  which  are  of  Devonian 

types.     The  rock  is  a  fine-grained  bnff  or  yellow  limestone,  varying  to  abrown- 

1      gray  limestone,  very  finely  crystalline  and  carrying  an  abundance  of  finely  stri- 
ated shells    200 

[  Purplish  and  red  limestones,  thinly  bedded  and  carry  iug  gastropod  remains       20 

'  Brown,  earthy,  and  argillaceous  limestone  conglomerates   
Light  and  dark  colored,  thinly  bedded  limestones   J.   200 

Three  Forks. 

Jefferson  . 
|  Crackled  whito  limestones 
I  Mas assive  bed  of  light-colored  limestone,  forming  peisistent  cliff    200 



214  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

{Limestone conglomerates  and  thinly  bedded  limestones,  with  trilobite  remains..  •, 

Massive  belt  of  dark-green  mottled  limestone,  resembling  the  same  formation  >    850 

in  the  Gallatin  Range   ' 

Flathead   Shales. 

This  section  was  made  on  the  high  limestone  bluff  at  the  north 

base  of  the  north  spur  of  Abiathar  Peak.  At  the  northwest  base  of  the 

spur  the  strata  dip  to  the  southwest.  The  dark-colored,  coarsely  mottled 
limestone  belt  which  is  the  base  of  the  Gallatin  formation  is  again  exposed, 

overlain  by  finely  bedded  limestones  bearing  trilobites  and  by  limestone 

conglomerates.  Higher  up  the  slope  the  massive  belt  of  light-colored 
limestone  belonging  to  the  Jefferson  formation  weathers  in  an  almost 

insurmountable  cliff  extending  along'  the  valley  wall  for  a  long  distance. 
The  top  of  this  bed  is  about  1,000  feet  above  the  creek.  It  is  overlain  by 
a  stratum  of  broken  limestones,  followed  by  light  and  dark  limestone  beds 

without  noticeable  fossils  up  to  200  feet  above  the  gray  belt.  At  this  point 

a  purplish  layer  carrying  gastropods  overlies  a  brown  earthy  and  clayey 

layer  of  limestone  conglomerate  with  a  fossiliferous  ledge  20  feet  above. 
Fossils  collected  from  these  beds  show  that  it  belongs  to  the  Three  Forks 

formation.  The  talus  slope  for  200  feet  above  these  Devonian  strata  shows 

no  exposures  until  we  reach  the  base  of  a  massive  limestone  about  1,500 

feet  above  the  cliff  of  Jefferson  limestone.  The  limestones  composing  this 

upper  belt  are  indurated  and  not  fossiliferous,  but  the  strata  exposed  above 

it,  at  1,675  feet  above  the  stream,  contain  numerous  fossils.  The  limestones 

extend  150  feet  higher,  where  the  eroded  surface  is  overlain  by  dark-colored 
basic  breccias. 

The  limestone  bluffs  extend  along  both  sides  of  the  Soda  Butte  Valley 

to  Cook  City  and  continue  up  Republic  Creek  for  2  miles.  Crystalline 

schists  are  exposed  on  the  road  100  feet  above  the  Republic  Creek  road, 

and  also  on  the  lower  slopes  of  Mount  Henderson,  the  gneiss  forming 

obscure  outcrops.  The  Flathead  shales  are  exposed  higher  up  the  slopes, 

at  700  feet  above  the  stream  bottom.  Above  them  the  dark-colored  and 

mottled  Gallatin  limestone  is  exposed,  but  the  rock  is  much  altered  and 

mineralized.  Still  higher  on  the  south  slope  of  Mount  Henderson,  east  of 

the  road,  are  altered  shales  and  limestones  with  hornblende-mica-andesite- 

porphyry  well  exposed.  The  summit  of  Mount  Henderson  consists  of 

heavily  bedded  mottled  limestone,  broken  through  by  intrusive  rock,  which 

cuts  across  the  bedding  and  also  forms  intrusive  sheets. 



CHAPTER     V  I  T  . 

THE  DISSECTED  VOLCANO  OF  CRANDALL  BASIN,  WYOMING. 

By  Joseph  Paxsojst  Iddings. 

INTRODUCTION. 

The  exploration  of  the  country  in  the  northeastern  corner  of  the  Yel- 
lowstone Park  and  immediately  east  of  it  led  to  the  discovery  of  a  volcano 

so  eroded  as  to  expose  its  internal  structure  and  to  permit  the  connection  or 

relationship  between  coarsely  crystalline  and  glassy  forms  of  the  same 

magmas  to  be  distinctly  made  out.1  More  or  less  satisfactory  demonstra- 
tions of  this  relationship  have  been  made  at  different  times  within  the  last 

twenty-five  years,  but  few  of  them  have  been  based  on  occurrences  where 
the  evidences  of  the  former  existence  of  a  typical  volcanic  cone  have  been 

unquestionable. 

The  classic  studies  on  "The  secondary  rocks  of  Scotland,"2  by  Prof. 
John  W.  Judd,  and  his  memoir  "On  the  ancient  volcano  of  Schemnitz, 

Hungary,"3  describing  the  "basal  wrecks"  of  Tertiary  volcanoes  in  these 
regions,  while  accepted,  by  many  as  conclusively  demonstrating  the  con- 

temporaneity of  the  granular  rocks  and  volcanic  lavas  at  these  localities, 
failed  to  convince  a  large  number,  who  imagined  that  the  observations 

might  be  susceptible  of  other  interpretations. 

The  dissected  volcano  of  Tahiti,  visited  in  1839  by  James  D.Dana,4  was 
considered  by  him  to  have  been  sufficiently  eroded  to  disclose  a  granular 

core,  but  there  was  no  opportunity  offered  at  the  time  of  his  visit  to  explore 

1  Jour.  Geol.,  Vol.  1, 1893,  p.  606. 

2  Quart.  Jour.  Geol.  Sou.  London,  Vol.  XXX,  1874,  pp.  220-302. 
3  Idem,  Vol.  XXXII,  1876,  p.  292. 

••United  States  Exploring  Expedition  during  the  years  1838,  1839,  1840,  1841,  1842,  under  the 
command  of  Charles  Wilkes,  U.  S.  N.,  Vol.  X,  Geology,  by  James  D.  Dana,  Philadelphia,  1849. 
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the  mountain  thoroughly1.  The  coarsely  crystalline  bodies  of  rock  noticed 
by  Charles  Darwin  in  the  Andes,  and  found  by  Prof.  A.  Stelzner  in  the 

andesite  lavas  of  Argentina,  lack  satisfactory  description. 

The  volcanic  center  at  Electric  Peak  and  Sepulchre  Mountain,  in  the 

Yellowstone  National  Park,  described  in  a  previous  chapter,2  furnishes 
indisputable  evidence  of  the  relationship  in  question  aud  of  its  former 

existence  as  the  center  of  a  volcano.  However,  the  geological  structure  of 

this  locality  does  not  meet  our  expectations  of  what  a  great  volcano  should 

look  like  when  deeply  eroded.  In  fact,  profound  faulting  and  extensive 

erosion  have  left  very  little  of  the  original  volcanic  pile. 

But  no  simpler  or  more  obvious  model  of  the  internal  arrangement  of 

a  great  volcano  could  be  wished  for  than  that  which  is  exhibited  by  the 

deeply  cut  valleys  and  steep,  high  ridges  that  constitute  the  drainage  basin 

of  Cranclall  Creek  and  its  immediate  vicinity.  The  coarsely  crystalline 

gabbros  and  diorites,  with  smaller  bodies  of  granite,  exposed  for  a  height  of 

3,000  feet,  are  plainly  seen  to  have  been  intruded  within  a  vast  accumulation 

of  basaltic  tuff  and  scoriaceous  breccia,  which  they  have  metamorphosed. 

From  this  coarsely  crystalline  mass  as  center,  dikes  of  fine-grained  rock 
penetrate  the  surrounding  lavas  in  all  directions,  the  dike  rocks  becoming 

finer  grained  rapidly  as  they  leave  the  once  heated  core.  They  form  a  net- 
work of  branches  which  connect  the  outlying  aphanitic  and  characteristically 

volcanic  rocks  with  the  more  crystalline  dikes  near  the  core,  which  finally 

merge  into  the  granular  body  of  the  gabbro  and  diorite.  The  whole  com- 
plex is  so  intimately  interwoven  that  there  is  not  only  no  possible  doubt  as 

to  the  relative  time  of  eruption  of  the  glassy  basaltic  scoria  and  lavas  and 

of  the  gabbro  and  diorite,  but  there  appears  to  be  no  ground  for  designating 

a  part  only  of  the  rocks  involved  in  the  complex  as  volcanic. 

GEOLOGICAL  DESCRIPTION. 

GENERAL   FEATURES. 

The  tract  of  country  embraced  in  the  description  of  the  volcano  of 

Crandall  Basin  lies  immediately  east  of  the  northeastern  corner  of  the 

Yellowstone  Park,  and  includes  an  area  somewhat  larger  than  that  drained 

1  Also,  A  dissected  volcanic  mountain;  some  of  its  revelations:  Am.  Jour.  Sci.,  3d  series,  Vol. 
XXXII,  No.  190,  Oct.,  1886. 

2  Page  89.  See  also  The  mineral  composition  and  geological  occurrence  of  certain  igneous  rocks 
in  the  Yellowstone  National  Park :  Bull.  Philos.  Soc.  Washington,  Vol.  XI,  pp.  191-220 ;  and  The  eruptive 
rocks  of  Electric  Peak  and  Sepulchre  Mountain,  Yellowstone  National  Park :  Twelfth  Ann.  Rept.  U.  S. 

Geol.  Survey,  Part  1, 1891,  pp.  569-664. 
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by  Crandall  Creek,  extending  a  short  distance  into  the  Park.  It  is  denned 

by  the  accompanying  map  (PL  XXVII).  The  area  of  volcanic  rocks  here 

represented  is  but  a  small  portion  of  the  great  belt  of  igneous  material 

that  forms  the  mountains  of  the  Absaroka  Range,  which  stretches  along  the 

eastern  margin  of  the  Yellowstone  Park  from  the  Bowlder  Plateau  on  the 
uorth  to  the  Wind  River  Mountains  on  the  south.  The  volcano  of  Crandall 

Basin  is  one  of  a  chain  of  volcanic  centers  situated  along  the  northern  and 

eastern  border  of  the  Yellowstone  Park,  which  are  all  distinguished  by  a 

greater  or  less  development  of  radiating  dikes,  and  by  a  crystalline  core, 

eroded  and  exposed  to  a  variable  extent.  Electric  Peak  and  Sepulchre 
Mountain  constitute  one  of  these  centers. 

Since  the  volcanic  ejectamenta  forming  the  Absaroka  Range  have 

been  thrown  from  numerous  centers  situated  at  no  great  distance  from  one 

another,  it  would  be  impossible  to  separate  the  materials  which  have  origi- 

nated from  the  different  vents,  since  they  must  have  intermingled;  and  it 

would  be  incorrect  to  assume  that  any  particular  area  of  volcanic  rocks 

had  been  derived  exclusively  from  one  center  of  eruption.  But  since  the 

material  ejected  from  closely  associated  vents  may  be  considered  to  have 

come  from  the  same  general  source,  or  to  belong  to  a  connected  series  of 

eruptions,  we  may  regard  the  volcanic  rocks  occurring  in  the  immediate 

vicinity  of  a  well-marked  center  of  eruption  as  representing  the  various 
results  of  volcanic  activity  which  have  existed  at  that  place.  The  area 

embraced  within  the  limits  of  the  map  may  not  be  sufficiently  large  to 
include  all  of  the  material  thrown  out  from  the  minor  centers  of  eruption, 
which,  during  the  period  of  volcanic  activity,  must  have  shifted  about  within 

the  region  of  Crandall  Basin,  but  it  is  large  enough  to  furnish  data  from 

which  the  geological  history  of  this  particular  volcano  may  be  derived. 

To  understand  the  geology  of  so  limited  an  area  as  that  represented 

on  the  map  it  will  be  necessary  to  explain  the  general  features  of  the  sur- 

rounding region.  A  high  and  massive  range  of  Archean  granite  and  gneiss 
forms  the  country  north  of  Clark  Fork  and  stretches  in  a  northwest-southeast 

direction.  The  river  channel  is  situated  within  this  granitic  district,  near 
its  southern  margin.  The  Paleozoic  strata  which  overlie  the  Archean  rocks 

have  been  greatly  eroded,  leaving  an  irregular  layer  of  limestone,  which 

dips  gradually  to  the  southwest.  This  limestone  forms  a  cliff  along  the 

south  side  of  Clark  Fork  and  extends  for  considerable  distances  up  the 
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valleys  of  the  streams  emptying  into  it  from  the  south.  It  also  extends 

down  the  valley  of  Soda  Butte  Creek  near  to  the  mouth  of  Amphitheatre 

Creek,  and  disconnected  areas  of  it  occur  at  the  mouth  of  Pebble  Creek 

and  near  Soda  Butte,  as  described  in  the  previous  chapter.  It  also  forms 

the  head  of  Pebble  Creek  and  the  valley  of  Slough  Creek,  a  small  portion 

of  which  is  shown  in  the  northwestern  corner  of  the  map.  The  limestone 

embraces  the  Cambrian,  Silurian,  and  Devonian,  which  attain  a  thickness 

of  only  1,800  feet,  the  strata  of  the  last  two  periods  being  very  poorly 

developed  and  not  exceeding  in  thickness  400  feet.  In  most  places  the 

limestone  extends  up  into  the  Carboniferous.  The  whole  series  is  very 

poor  in  fossils  within  the  area  of  the  map,  and  the  identification  of  the 

horizons  rests  on  evidences  obtained  from  neighboring  sources. 

The  very  irregular  form  of  the  eroded  surface  of  the  limestone  is  shown 

by  the  variable  heights  of  the  limestone  cliffs,  which  range  from  400  to 

2,400  feet.  The  highest  within  the  area  are  in  the  peak  southwest  of  Cook 

City,  in  Hunter  Peak,  and  in  the  escarpment  south  of  the  mouth  of  Cran- 
dall  Creek.  The  extensive  erosion  which  preceded  the  ejection  of  the  lavas 

was  subsequent  to  the  orographic  movement  that  involved  the  coal-bearing 
Laramie  strata  in  this  region.  Upon  this  greatly  eroded  surface  were 

thrown  volcanic  tuffs  and  scoria,  with  occasional  streams  of  lava,  until  the 

accumulation  exceeded  in  thickness  4,000  feet.  The  breccias  were  traversed 

in  various  directions  by  dikes  of  lava  which  filled  the  crevices  made  during 

the  later  eruptions. 

The  close  of  volcanic  activity  in  the  vicinity  of  Crandall  Basin  was 

followed  by  another  period  of  erosion  which  removed  the  upper  portion  of 

the  volcanic  accumulation,  leaving  over  4,000  feet  of  it  in  the  form  of  high 

ridges  and  peaks,  with  deeply  cut  valleys  between.  The  occurrence  of 

nearly  horizontal  layers  of  massive  lava  alternating  with  crudely  bedded 

tuffs  and  breccia,  which  in  places  are  piled  one  on  another  to  the  number 

of  twenty  or  more,  gives  rise  to  precipitous  mountains,  which  are  quite 

inaccessible  from  most  points  of  approach.  The  highest  of  these  is  Index 

Peak,  whose  steepledike  summit,  11,700  feet  in  altitude,  has  not  yet  been 

scaled.  A  view  of  this  peak  from  Clark  Fork  gives  an  idea  of  its  sharpness. 

(PI.  XXVIII.)  The  readiness  with  which  the  scoriaceous  breccia  and  tuffs 

are  eroded  causes  the  drainage  channels  to  be  narrow  and  rocky,  so  that  the 

valleys  traversing  this  region  are  in  general  very  difficult  to  travel  through. 
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After  erosion  had  reduced  the  breccia  country  to  very  near  its  present 

configuration,  the  region  to  the  southwest  was  flooded  by  an  immense  body 

of  rhyolitic  lava.  One  edge  of  this  rhyolite  covered  a  portion  of  the 
breccias  in  a  thin  sheet,  remnants  of  which  are  found  in  the  southwestern 

part  of  the  district.  The}*  occur  in  the  most  unlooked-for  places,  as,  for 
instance,  at  an  elevation  of  10,000  feet  on  a  narrow  spur  near  the  summit 

of  Saddle  Mountain  and  at  various  altitudes  over  its  slopes;  also  near  the 

bottom  of  Cache  Creek  Valley,  where  they  form  a  bench  between  the 

levels  of  7,500  and  8,000  feet.  The  rhyolite  was  erupted  from  a  distinctly 

different  center  and  after  the  volcano  of  Crandall  Basin  had  long  become 

extinct,  so  that  it  need  not  be  considered  in  connection  with  the  history  of 
this  volcano. 

After  the  rhyolite  had  been  in  turn  eroded  and  the  valley  of  Lamar 

River  had  been  cut  500  feet  below  the  surface  on  which  the  rhyolite  had 

flowed,  basalt  was  again  erupted  and  filled  the  bottom  of  the  valley.  The 

source  of  this  eruption  has  not.  been  discovered.  The  period  of  volcanic 

activity  may  be  considered  as  not  yet  ended,  though  it  is  at  present  con- 

fined to  such  manifestations  as  are  found  in  geysers,  hot  springs,  and  fuma- 
roles,  some  of  which  occur  within  the  district  under  discussion. 

The  general  features  of  the  region  having  been  sketched,  the  geology  of 
the  volcanic  rocks  within  the  area  of  the  map  may  be  taken  up  and  described 
in  greater  detail. 

EARLY  ACID  BRECCIA. 

The  breccias  and  lavas  covering  the  country  are  essentially  basaltic, 
but  there  are  remnants  of  an  older  breccia  which  is  acid.  The  term  brec- 

cia is  used  for  subaerial  accumulations  of  tuff  and  scoria  and  fragments 

of  rock  derived  from  explosive  action,  and  it  will  be  seen  how  great  a  pro- 
portion of  all  of  the  material  lias  been  subjected  to  this  kind  of  action. 

The  acid  breccia  is  found  underlying  the  basaltic  lavas  in  several  locali- 
ties in  the  district.  It  is  exposed  about  Republic  Creek,  where  it  is  rudely 

bedded,  the  bedding  being  produced  by  layers  of  different  mixtures  of  tuff 

and  angular  fragments.  They  pitch  steeply  to  the  south  and  pass  under 
basaltic  breccia,  which  also  is  rudely  bedded  at  the  bottom,  but  becomes 
well  bedded  higher  up.  The  lower  layers  dip  steeply  to  the  south  and 
southwest,  but  the  upper  layers  are  nearly  horizontal.  The  acid  breccia 
is  light  colored  and  variegated,  and  consists  of  hornblende-mica-andesite 
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mixed  with  some  pyroxene-andesite.  It  is  also  exposed  in  the  valley  of 
Cache  Creek  in  two  places,  the  larger  exposure  extending  for  about  8  miles. 

Here  it  is  light  colored  and  consists  of  the  same  kinds  of  andesite.  It  is 

indurated  and  somewhat  decomposed,  and  its  surface  indicates  that  it  was 

eroded  before  the  basaltic  breccia  was  thrown  on  it.  A  much  smaller  body 

of  hornblende-mica-andesite-breccia  occurs  in  the  heart  of  the  district  within 

a  mile  of  the  center  of  the  volcano.  It  is  at  the  junction  of  Closed  Creek 

and  Timber  Creek,  and  rests  directly  on  limestone,  as  it  also  does  in  the 

vicinity  of  Republic  Creek.  It  appears  to  have  been  at  one  time  on  the 

outskirts  of  the  earlier  volcanic  district,  for  its  lowest  portion  is  composed 

of  layers  of  andesitic  gravel  which  were  deposited  by  water.  It  passes  up 

into  light-colored  breccia  of  hornblende-mica-andesite,  which  carries  frag- 
ments of  Archean  rocks.  Fragments  of  gneiss  and  schist  characterize  the 

early  acid  breccia  wherever  it  has  been  found  along  the  northern  boundary 

of  the  Yellowstone  Park.  They  have  already  been  mentioned  as  occurring' 

in  that  which  forms  the  base  of  Sepulchre  Mountain,  and  they  occur  in  that 

at  the  base  of  the  Washburne  volcano.  This  early  acid  breccia  has  been 

shown  by  Mr.  Hague1  to  belong  to  the  Eocene  period,  and  to  correspond  to 
the  Fort  Union  horizon.  Throughout  the  remainder  of  the  district  the 

basaltic  breccia  rests  directly  on  the  sedimentary  strata,  or  forms  the  bottom 

of  the  valleys  where  erosion  has  not  yet  cut  through  them  to  the  underlying 

rocks.  It  is  to  be  remarked  that  the  basaltic  lavas  pass  under  a  second 

series  of  acid  breccias  of  hornblende-mica-andesite,  which  are  like  the  older 

ones  in  mineralogical  character.  The  younger  or  late  acid  breccias  form  a 

considerable  part  of  the  Absaroka  Range  south  of  Lamar  River.  Neither 

the  older  nor  the  younger  of  these  accumulations  of  hornblende-mica- 
andesite  appears  to  have  been  erupted  from  what  we  have  called  the  volcano 

of  Crandall  Basin.  This  was  essentially  a  basaltic  center,  the  last  eruptions 

of  which  became  acid,  and  in  part  more  basic,  but  were  of  small  extent. 

BASIC  BRECCIA  AND   FLOWS. 

A  conception  of  the  magnitude  and  proportions  of  this  volcano  must 

be  derived  from  a  study  of  the  geological  structure  of  the  basaltic  breccia 

and  flows — early  basic  breccia — for  nothing  remains  to  indicate  a  single 
line  of  the  original  form  of  the  mountain.     In  place  of  a  volcanic  cone 

1  Hague,  Arnold,  The  age  of  the  igneous  rocks  of  the  Yellowstone  National  Park:  Am.  Jour.  Sci., 
4th  series,  Vol.  I,  1896,  p.  450. 
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there  is  a  system  of  narrow  ridges  and  valleys,  three  of  the  deepest  valleys 

passing  through  what  was  the  center  of  the  volcano.  The  arrangement  of 

the  rocks,  however,  is  so  marked  that  there  can  be  no  doubt  about  the  loca- 
tion of  the  center  of  volcanic  activity  or  of  the  general  nature  of  the 

mountain. 
DISTINCTLY   BEDDED    BRECCIA. 

The  geologist  who  approaches  the  region  by  way  of  the  Lamar  River 

is  impressed  with  the  great  masses  of  almost  horizontally  bedded  breccia 
which  form  the  chocolate-brown  mountains  on  either  side  of  Soda  Butte 

Creek.  They  are  finely  shown  in  the  panoramic  sketch  by  Prof.  W.  H. 

Holmes  in  his  report  on  the  geology  of  the  Yellowstone  Park,1  notices  of 
this  portion  of  the  country  being  found  on  pages  44  to  49.  The  sketch  is 

as  faithful  to  nature  as  it  is  artistic,  and  it  is  possible  to  calculate  the  point 

from  which  it  was  made  by  reference  to  the  map. 

The  breccias  rise  from  2,000  to  3,000  feet  above  the  river,  and  appear 

so  uniformly  bedded  as  to  give  the  impression  that  they  have  been  water- 
laid;  but  a  nearer  view  shows  their  irregularity  and  proves  their  subaerial 

deposition.  Upon  examination  the  bedding  is  found  to  be  crude  and  ill 

defined,  the  layers  consisting  of  tuff  with  various-sized  fragments  of  scoria 
and  compact  rock.  Between  the  layers  are  occasional  sheets  of  massive 

lava.  In  some  places  the  tuffs  are  quite  light  colored  and  are  very  notice- 

able among  the  dark-brown  beds.  The  deposits  contain  the  stumps  and 
roots  of  trees,  whose  erect  position  shows  that  they  have  not  been  disturbed 

since  they  were  buried  beneath  showers  of  dust  and  stones.  Their  situa- 

tion at  different  horizons  in  the  breccia  and  their  larg-e  size  indicate  how 
great  a  time  must  have  elapsed  between  the  explosions  which  covered  the 

country  with  debris  in  beds  from  1  to  3  or  more  feet  in  thickness. 

A  more  or  less  distinct  and  nearly  horizontal  bedding  is  characteristic 

of  the  breccias  forming  the  mountains  west  of  Cache  Creek,  including  the 

ridge  from  Mount  Norris  through  The  Thunderer  to  the  great  wall  sur- 
rounding Amphitheatre  Creek.  The  east  face  of  this  ridge  is  shown  in 

PI.  XXIX,  from  a  photograph  which  was  taken  from  the  divide  at  the  head 

of  Republic  Creek.  The  same  breccias  form  the  precipitous  ridges  on  both 

sides  of  Pebble  Creek,  and  are  well  exposed  in  the  face  of  Baronett  Peak, 

10,300  feet  in  altitude. 

'Twelfth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Surv.  Terr.,  Part  II,  1883,  pp.  1-62. 
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The  horizontally  bedded  breccias  and  lava  flows  extend  eastward  across 

the  head  of  Cache  Creek  to  Index  Peak  and  the  range  of  peaks  immedi- 

ately south,  but  the  lower  portions  of  these  mountains  are  irregularly 

bedded.  The  upper  parts,  above  10,000  feet,  consist  chiefly  of  basalt  flows 

resting  one  upon  another,  with  occasional  intercalated  layers  of  breccia. 

This  is  also  the  case  at  the  summit  of  the  mountains  northeast  of  Amphi- 
theatre Creek,  and  southward  to  the  summit  of  Mount  Norris. 

The  ridge  between  Cache  Creek  and  Crandall  Basin,  with  its  western 

spurs,  is  composed  of  nearly  horizontally  bedded  breccias  with  few  lava 

flows.  They  carry  numerous  silicified  trunks  of  trees,  which  are  exposed 

in  a  standing  position  on  the  western  slopes  of  the  Needles.  Similarly 
bedded  breccias  extend  south  of  Cache  Creek  across  Calfee  and  Miller 

creeks,  and  form  the  plateau  west  of  Lamar  River  and  the  high  mountains 

south  of  its  head.  Here,  again,  in  the  upper  thousand  feet  massive  basalt 

flows  prevail,  forming  the  top  of  the  plateau  and  the  upper  portion  of  the 

peaks  just  mentioned.  In  this  vicinity  the  basalt  sheets  are  plainly  seen 

to  slope  gradually  to  the  west  and  southwest,  their  highest  present  altitude 

of  about  11,000  feet  being  found  on  the  summits  of  Castor  and  Pollux 

peaks.  Basalt  sheets  to  the  thickness  of  400  feet  cap  the  summit  of  Saddle 

Mountain,  at  10,400  feet  altitude,  where  irregularly  shaped  flows  of  vesicular 

and  scoriaceous  basalt  indicate  by  their  position  and  by  the  arrangement 

of  the  columnar  cracking  that  they  flowed  down  an  uneven  surface,  appar- 

ently a  drainage  channel,  sloping  toward  the  southwest. 

Occasional  flows  of  massive  basalt  occur  in  the  lower  portions  of  the 
series  of  basic  breccias  and  tuffs.  A  notable  one  is  found  near  its  base 

over  the  limestone  on  Soda  Butte  Creek  and  Lamar  River,  but  the  great 

bulk  of  the  lava  sheets  is  at  the  top  of  the  series.  Columnar  structure  is 

common  to  all  of  these  flows  except  when  very  thin  and  scoriaceous,  and 

they  possess  all  of  the  superficial  characteristics  and  variations  of  surface 

flows  of  basalt.  None  of  those  observed  in  the  localities  just  described 

appear  to  have  been  intruded  sheets. 

CHAOTIC   BRECCIA. 

In  striking  contrast  to  the  almost  horizontally  bedded  breccias  and 

flows  are  the  chaotic  and  absolutely  orderless  accumulations  of  scoriaceous 

breccia  which  form  the  mountains  and  ridges  about  the  head  of  Lamar 
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River  and  Miller  Creek  and  the  central  portion  of  Crandall  Basin.  To  one 

who  has  spent  much  time  among-  the  well-bedded  breccias  of  Two  Ocean 
Plateau  and  of  the  greater  portion  of  the  Absaroka  Range,  nothing  could 

be  more  noticeable  than  the  difference  of  structure  exhibited  by  the  breccias 

in  the  locality  just  mentioned.  It  is  to  be  remarked,  however,  that  while 

this  difference  is  so  noticeable  in  extreme  cases,  there  is  no  sharp  line  to  be 
drawn  between  the  different  areas  in  the  field,  and  from  the  nature  of  their 

origin  they  often  merge  into  one  another. 

The  most  typical  exposure  of  chaotic  breccia  has  become  well  known 

for  the  grotesqueness  of  the  shapes  assumed  by  the  rock  when  cut  by 

erosion  into  pinnacles  and  buttresses.  The  heterogeneous  agglomeration  of 

scoria  and  tuffs  with  angular  masses  of  various  sizes  has  been  carved  into 

turrets  of  the  most  irregular  and  remarkable  shapes,  whose  dark  color  and 

forbidding  aspect  suggest  to  a  fanciful  imagination  goblins  and  demons, 

popularly  termed  "  koodoos." 
The  Hoodoo  Basin,  at  the  southern  base  of  the  mountain  of  the  same 

name,  is  the  best  example  of  this  form  of  erosion.  Other  occurrences  of 
this  character  are  found  in  various  localities  in  the  district.  Some  of  the 

grotesque  pinnacles  are  shown  in  PI.  XXX,  from  a  photograph  taken  by 

Mr.  Weed.  The  rocks,  though  dark  chocolate-brown  as  a  whole,  often 

appear  on  closer  examination  to  be  brilliantly  colored  and  varieg-ated, 
ranging  from  brick  red  to  purple  and  pink,  and  being  in  places  bluish  and 

greenish,  and  also  yellow  and  brown.  These  colors  are  characteristic  ol 

the  chaotic  breccias  in  a  number  of  localities;  as,  for  example,  on  the 

eastern  slope  of  Parker  Peak,  on  the  divide  between  Miller  and  Papoose 
creeks,  and  on  that  east  of  the  head  of  Lamar  River.  There  is  a  noticeable 

increase  in  the  number  of  large  masses  of  rock  occurring  as  fragments  in 

the  breccia,  which  often  exceed  a  diameter  of  8  feet,  some  being  20  or 

more  feet  thick.  The  petrographical  character  of  the  rocks  forming  large 

areas  of  this  breccia  is  more  uniform  than  in  the  outlying  region  of  well- 

bedded  deposits,  where  fragments  with  quite  different  habits  may  be  found 

intermingled.  The  whole  accumulation  is,  besides,  more  scoriaceous  and 

slag-like. 
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DIKES. 

A  still  more  noticeable  feature  of  the  central  portion  of  the  district  is 

the  occurrence  of  dikes  which  form  prominent  walls  of  rock  traversing  the 

country  in  all  directions.  They  are  specially  numerous  in  the  region  of 

chaotic  breccia,  but  are  not  confined  to  it.  Owing  to  the  importance 

attached  to  the  position  and  trend  of  the  dikes,  it  has  been  thought  advisable 
to  describe  them  in  considerable  detail,  in  order  to  assure  the  reader  that 

their  location  on  the  map  is  the  result  of  careful  observation. 

In  the  southwestern  part  of  the  district  they  are  most  noticeable  cross- 

ing the  spurs  at  the  head  of  Miller  Creek,  where  they  were  observed  by 

Superintendent  N orris.  They  are  nearly  all  parallel,  and  trend  northeast 

and  southwest,  a  few  having  a  more  westerly  direction.  Eight  of  them  cut 

the  slope  of  the  amphitheater  at  the  northern  base  of  Parker  Peak.  They 

are  from  3  to  8  feet  wide,  and  often  rise  from  3  to  15  or  20  feet'  above  the 
ground.  They  are  nearly  vertical  and  parallel,  almost  straight,  with  slight 

curves  and  sometimes  sharp  bends,  and  may  be  traced  by  the  eye  across 

the  spurs  in  a  north-northeasterly  direction.  The  long  spur  south  of  the 
branch  of  Miller  Creek  is  crossed  by  several  dikes  having  a  northeast  trend. 

They  consist  of  the  same  kinds  of  rock  as  two  dikes  cutting  the  summit  of 

Saddle  Mountain,  which  also  have  the  same  trend  and  appear  to  be  continua- 
tions of  these  dikes. 

Hoodoo  Mountain  and  the  ridge  between  Lamar  River  and  Timber 

Creek  are  traversed  by  numerous  dikes,  some  of  which  trend  about  N.  10° 

W.  and  N.,  and  others  S.  30°  E.  and  SE.  Most  of  these  dikes  are  from  3 
to  8  feet  wide. 

Proceeding  from  Hoodoo  Mountain  northwest  and  north,  one  finds 

that  the  divide  between  Miller  and  Timber  creeks  is  cut  by  dikes  trending 

northeast;  and  the  high  ridge  through  Indian  Peak,  and  the  Peak  itself, 

are  traversed  by  dikes  trending  N.  30°  E.  and  N.  20°  E.  In  this  peak,  as 
at  Saddle  Mountain,  the  dikes  cut  the  massive  flows  of  basalt,  which  were 
therefore  some  distance  beneath  the  surface  of  the  volcano  when  the  dikes 

were  injected. 

The  valley  of  Timber  Creek  is  covered  with  a  heavy  growth  of  pines 

and  firs,  which  obscures  the  geology  and  prevents  the  location  of  dikes 

except  by  closer  study  than  there  was  opportunity  to  bestow  on  it.  But 

the  long  narrow  ridge  north  of  this  branch  is  bare  of  timber  on  its  crest, 
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and  is  deeply  furrowed  by  lateral  gulches  with  rocky  spurs,  whose  upper 

slopes  are  thinly  clad.  The  geological  structure  of  this  ridge  is  specially 

significant  and  was  carefully  studied.  The  breccia  composing  it  at  its 

southern  base  is  basaltic  and  scoriaceous,  with  massive  flows  of  vesicular 

basalt  of  the  same  petrographical  habit.  On  one  of  its  southern  spurs, 

about  5h  miles  from  its  eastern  end,  a  number  of  dikes  trend  N.  70°  E. 

Near  the  top  of  the  ridge  two  trend  N.  80°  E.,  and  one  trends  east.  They 
vary  in  width  from  18  inches  to  8  feet.  A  narrow  dike  near  the  top  trends 

S.  10°  E. 
On  the  crest  of  the  ridge,  about  a  mile  and  a  half  from  its  western 

end,  there  is  a  light-gray  indurated  tuff,  in  places  containing  small  frag- 
ments of  rock  and  carrying  some  plant  remains.  The  northern  face  of  the 

ridge  at  this  point  is  an  almost  vertical  precipice,  exposing  breccia  without 

a  trace  of  bedding,  utterly  chaotic,  slaggy,  and  scoriaceous,  containing  large 

fragments  of  massive  basalt.  In  some  places  it  is  composed  of  small  angular 

fragments;  in  others  it  is  brightly  colored,  and  is  cut  by  dikes  which  trend 

a  little  north  of  east,  very  nearly  parallel  to  the  crest  of  the  ridge. 

About  a  mile  east  of  this  point  the  breccia  consists  of  vesicular  basalt, 

with  very  large  feldspar  phenocrysts.  Some  masses  of  this  rock  are  20 

feet  in  diameter.  Near  this  an  amphitheater  on  the  north  side  of  the  ridge 

exposes  alternating  layers  of  breccia  and  lava  flows,  having  a  rather  steep 

dip  to  the  southeast.  They  appear  to  have  been  part  of  a  small  cone  at 

one  time.  This  part  of  the  ridge  is  cut  by  dikes  trending  a  little  north  of 

east,  and  also  by  a  broad  dike,  10  feet  wide,  trending  north  and  south,  with 

a  steep  hade  to  the  west.  Farther  east  on  the  crest  of  the  ridge  the  breccia 

becomes  indurated  and  weathers  into  small  fragments.  It  continues  to  be 

indurated  eastward  as  far  as  explored.  It  is  traversed  by  dikes  trending 

N.  50°  E.,  and  by  one  dike,  18  feet  wide,  running  S.  85°  E.  Farther  east 
there  are  other  dikes  cutting  the  ridge  in  a  northeasterly  direction  and 
trending  toward  the  two  deep  gulches  on  Hurricane  Mesa,  on  the  northern 
side  of  Closed  Creek  branch  of  Crandall  Creek.  Some  of  the  dikes  are 

narrow,  but  several  are  quite  large,  one  being  10  feet  and  another  18  feet 

wide.  Along  the  portion  of  the  ridge  explored  by  the  writer,  a  distance 
of  about  4  miles,  there  are  31  dikes;  of  these  26  are  basalt  and  5  are 

hornblende-mica-andesite.  They  are  not  uniformly  distributed  along  the 
crest  of  the  ridge,  but  occur  in  groups  of  from  3  to  8,  the  largest  groups 
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being1  situated  at  the  east  Besides  these  dikes  others  were  observed  at  the 

eastern  end  of  the  ridge,  and  6  or  7  were  found  by  Mr.  Weed  at  the  western 

end,  making  over  40  in  all. 

From  the  distribution  and  trend  of  these  dikes  it  is  evident  that  they 

radiate  from  that  portion  of  Hurricane  Mesa  which  is  situated  between  the 

deep  gulches  just  alluded  to.  The  dikes  are  not  absolutely  straight,  but 

trend  in  general  toward  this  spot.  They  are  more  numerous  directly  south 

of  it,  where  the  ridge  is  nearest  to  this  center,  and  are  less  frequent  toward 

the  west,  where  the  ridge  is  more  remote. 

The  southern  slope  of  the  ridge  north  of  Timber  Creek  is  traversed 

by  dikes  of  the  same  kinds  of  rocks  as  those  occurring  on  the  crest,  and 

having  similar  trends,  leaving  no  doubt  that  they  are  continuations  of  the 

same  dikes.  The  breccia  cut  by  these  dikes  is  indurated  where  they  are 

close  together.  It  is  to  be  remarked  that  all  parts  of  the  country  in  this 

vicinity  which  were  explored  were  found  to  be  traversed  by  dikes,  but, 

owing  to  the  limited  amount  of  time  and  the  difficulty  of  traveling,  a  thor- 
ough exploration  of  the  country  was  not  made,  and  only  those  dikes  which 

were  observed,  sometimes  from  a  distance,  have  been  mapped,  their  probable 

continuations  being  indicated  by  dotted  lines. 

On  the  end  of  the  northeastern  spur  of  Indian  Peak  there  are  dikes, 
some  of  which  trend  west  of  north  toward  the  center  on  Hurricane  Mesa, 

while  others  trend  northeast.  Dikes  trending  northeast  occur  on  the  ridge 

between  Papoose  and  Hoodoo  branches  of  Crandall  Creek. 

The  structure  of  Hurricane  Mesa  and  the  ridge  west  is  clearly  seen 

from  the  ridge  south  of  it.  A  sketch  of  it  was  made  from  a  point  on  the 

northeast  spur  of  Indian  Peak  (PL  XXXI).  It  shows  the  ridge  with  its 

eastern  table-land,  from  10,000  to  10,600  feel  in  altitude,  and  the  western 

chain  of  peaks,  reaching  heights  of  from  10,400  to  10,800  feet;  the  valley  of 
Closed  Creek,  whose  bottom  has  been  eroded  down  to  8,000  and  6,800  feet; 

the  steep  narrow  ridge  south  of  the  latter,  whose  high  point  in  the  middle 

ground  is  9,600  feet,  and  the  valley  of  Timber  Creek,  with  the  divide  to 

Cache  Creek,  at  about  9,500  feet.  To  the  right  is  the  outline  of  Hunter 

Peak,  at  the  mouth  of  Crandall  Creek. 

The  western  head  of  the  valley  of  Closed  Creek,  which  is  the  divide 

to  Cache  Creek,  consists  of  horizontally  bedded  breccia  with  a  slight  dip 
to  the  southwest.     It  contains  a  few  intercalated  flows  of  basalt  and  is  cut 
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by  dikes  trending  east  and  west.  The  bedded  breccias  continue  eastward 

across  the  saddle  to  the  first  peak  of  the  ridge  west  of  Hurricane  Mesa. 

Near  the  summit  of  this  peak  they  are  cut  off  and  overlain  by  beds  of 

breccia  dipping  slightly  toward  the  east.  These  beds  pass  under  the  massive 

rocks  which  form  the  upper  600  or  700  feet  of  the  western  half  of  this  ridge. 

The  massive  rocks  form  nearly  horizontal  sheets  capping  the  peaks  of  this 

part  of  the  ridge  and  constituting  the  top  of  the  flat  eastern  half  or  mesa. 

They  exhibit  prismatic  cracking,  and  appear  to  be  sheets  of  basalt  intruded 

in  the  breccia.  Beneath  them  the  breccia  shows  no  bedding,  and  in  the 

eastern  part  of  the  ridge — that  is,  in  the  mesa — it  is  highly  indurated  and 
weathers  like  massive  crystalline  rock  with  long  talus  slopes  of  small 

fragments. 
On  the  southern  side  of  the  head  of  Closed  Creek  the  bedded  breccias 

of  the  Cache  Creek  divide  are  cut  off  near  the  top  of  the  ridge  between 

Closed  and  Timber  creeks,  and  are  overlain  by  chaotic  slaggy  breccia, 

which  exhibits  a  rude  bedding,  with  steep  dip  to  the  eastward.  Halfway 

up  the  northern  slope  of  the  ridge,  beneath  this  point,  there  is  a  large 

irregularly  shaped  body  of  massive  columnar  rock  intruded  in  the  breccia, 

Exposures  of  massive  hornblende-mica-andesite  were  observed  by  Mr.  Weed 
on  the  southern  side  of  the  ridge  opposite  to  this  body. 

The  southern  slope  of  the  ridge  west  of  Hurricane  Mesa  is  traversed 

by  dikes  running-  east  and  west  and  more  or  less  parallel.  As  already 
remarked,  the  eastern  half  of  the  ridge  is  a  high  table-land,  whose  top,  at 
10,200  feet,  consists  of  a  horizontal  sheet  of  basalt,  200  to  300  feet  thick. 

On  the  south  there  are  steep  slopes  and  spurs,  with  much  slide  rock  and 

little  vegetation.  On  the  north  are  four  deep  amphitheaters,  with  precipitous 

walls,  and  high  rocky  spurs  between  them.  In  the  middle  of  the  table-land 

on  the  southern  side  are  two  narrow  gulches  encircling  a  round-topped  spur. 
At  the  western  end  of  this  table-land  dikes  are  numerous.  Across  its 

southwestern  spur  there  are  11,  from  2  to  10  feet  wide,  trending  N.  70°  E. 

and  S.  70°  E.  At  the  northwestern  end  of  the  plateau  there  are  dikes 
trending  northwest,  which  are  well  exposed  in  the  wall  of  the  amphitheater. 

A  10-foot  dike  follows  the  ridge  along  the  saddle  and  cuts  the  turreted  peak 

to  the  northwest,  The  dikes  also  cut  the  basalt  sheets.  The  long  spur 

north  of  this  end  of  the  plateau  is  traversed  by  18  narrow  dikes  trending 

toward  the  northwest  and  converging  southeastward  toward  the  round- 



228  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PAEK. 

topped  spur  in  the  middle  of  the  plateau.  Small  dikes  cut  the  northern 

edge  of  the  plateau  and  a  small  spur  from  it,  and  trend  toward  the  north- 
west at  various  angles.  They  can  be  seen  at  a  distance  of  4  or  5  miles 

traversing  the  country  to  the  north  in  the  same  direction,  but  of  course  it 

is  only  the  largest  and  most  prominent  that  can  be  recognized  in  this  way. 

The  basalt  sheet  on  top  of  the  plateau  is  massive  and  is  jointed  in 

large  rectangular  blocks.  The  walls  of  the  amphitheater  appear  to  consist 

of  similar  massive  rock  for  a  depth  of  a  thousand  feet,  but  they  are  highly 
indurated  breccia. 

The  western  half  of  the  mesa  is  cut  off  by  the  gulch  west  of  the 

round-topped  spur,  and  presents  a  cliff  facing  eastward.  This  is  intersected 
by  numerous  dikes,  one  of  which  is  12  feet  wide.  The  cliff  passes  south 

into  the  pinnacled  spur  west  of  the  gulch. 

A  high  and  narrow  ridge  extends  around  the  northern  side  of  the  head 

of  the  twin  gulches,  and  consists  of  massive  rock  cut  by  a  few  dikes  trend- 
ing north.  From  it  a  high  spur  runs  toward  the  northeast.  It  is  composed 

of  chaotic  breccia,  which  is  somewhat  indurated  and  is  traversed  by  a 

number  of  dikes  trending  northeast. 

The  portion  of  Hurricane  Mesa  east  of  the  twin  gulches  is  less 

indurated  than  that  immediately  west,  and  contains  fewer  dikes.  Its 

northern  side  was  not  explored,  but  undoubtedly  exhibits  some  dikes. 

Across  the  upper  part  of  the  southern  slope  there  is  a  long  straight  dike 

trending  south  of  east;  and  several  others  occur  lower  down  the  slope,  and 

trend  toward  the  round-topped  spur.  The  southeastern  spurs  are  traversed 
by  10  dikes,  which  trend  toward  the  northeast  and  converge  toward  a  point 

in  the  gulch  which  drains  the  eastern  end  of  the  mesa.  Near  this  point  on 

the  long  eastern  spur  the  breccia  is  indurated  and  a  large  body  of  fine- 
grained crystalline  rock  is  exposed,  which  is  probably  connected  with  the 

center  toward  which  this  group  of  dikes  converge.  Near  the  junction  of 
Closed  and  Timber  creeks  a  number  of  dikes  were  observed,  most  of  which 

trend  toward  the  northeast.  There  is  a  large  one  trending  toward  the 

round-topped  spur.  Where  the  two  systems  of  dikes  intersect,  the  dikes 

from  the  round-topped  spur  are  found  to  be  the  younger,  since  they  cut 
those  trending  toward  the  eastern  center. 

These  observations  have  been  plotted  on  the  map  in  such  a  manner  as 

to  show  where  the  dikes  have  been  actually  found,  the  dotted  lines  being 
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introduced  to  emphasize  the  structure  and  indicate  where  the  dikes  would 
have  been  found  if  there  had  been  sufficient  time  to  hunt  them  out,  Slide 

rock  and  forest  obscure  parts  of  the  country,  and  parts  of  it  have  not  been 

visited,  as  the  general  character  of  the  geology  was  recognizable  from  a 
distance.  From  the  data  obtained  there  can  be  no  reasonable  question  as 

to  the  arrangement  of  the  dikes.  The  great  majority  of  those  in  Crandall 
Basin  radiate  from  the  middle  of  Hurricane  Mesa.  A  smaller  number 

radiate  from  a  second  center,  3  or  4  miles  east  of  the  first. 

It  was  during  the  study  of  the  district,  which  was  traversed  along  much 

the  same  lines  as  those  along  which  it  has  just  been  described,  that  the 

conviction  forced  itself  upon  the  writer  that  the  locality  toward  which  the 

majority  of  dikes  converged  must  have  been  the  center  of  great  volcanic 

activity,  and  would  prove  to  be  the  location  of  what  was  once  the  conduit 

or  throat  of  an  ancient  volcano,  and  might  possibly  exhibit  rocks  represent- 

ing a  coarsely  crystalline  development  of  the  magmas  which  had  filled  the 

dikes.  It  was,  consequently,  with  great  expectations  that  he  led  his  pack 

train  over  the  uninviting  and  even  forbidding  country  drained  by  Crandall 

Creek,  from  Miller  Creek  across  the  densely  timbered  valley  of  Timber 

Creek,  and  over  the  precipitous  ridge  into  the  bottom  of  Closed  Creek ;  and 

having  reached  the  gulches  draining  the  suspected  core,  it  was  with  great 

satisfaction  that  he  found  himself  surrounded  by  blocks  of  gabbros  and 

diorite  of  decidedly  coarse  grain.  Here  was  in  reality  the  core  of  an  ancient 

volcano,  the  conduit  through  which  lava  had  risen  to  the  surface,  from 

which  it  had  escaped  in  lateral  fisures  through  the  surrounding  rocks,  and 

in  which  it  had  eventually  solidified. 

A  description  of  this  core  necessarily  involves  a  consideration  of  the 

petrographical  character  of  the  rocks  composing  it,  which  in  the  case  of  the 

other  rocks  of  the  district  has  been  deferred  to  a  subsequent  part  of  this 

chapter;  and  in  order  to  maintain  a  logical  sequence  in  the  study  of  all  of 

the  rocks  of  this  volcano  the  detailed  description  of  the  granular  core  will 

be  given  in  connection  with  the  petrography  of  the  rocks.  A  general 

statement  of  its  character,  however,  will  be  in  place  here. 

The  round-topped  spur  between  the  twin  gulches,  frequently  referred 
to,  consists  of  granular  gabbro  which  grades  into  diorite.  Grabbro  also 

forms  the  bottom  of  the  gulches  and  extends  up  the  flanks  of  the  precipitous 

spurs  encircling  the  gulches.     The  greater  part  of  the  spur  on  the  west 
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above  the  timber  is  gabbro,  which  here  attains  its  highest  degree  of  crystal- 
lization. The  outline  of  the  gabbro  mass  is  not  well  defined  against  the 

surrounding  breccias,  for  several  reasons.  The  breccias  become  highly 

indurated  as  they  approach  the  core,  and  finally  appear  as  dense  aphanitic 

rock,  with  jointing-  planes  like  those  of  the  finer-grained  parts  of  the  massive 
intruded  rocks,  and  evidences  of  their  originally  brecciated  character  are 

almost  obliterated.  Moreover,  the  gabbro  becomes  finer  grained  and  darker 

colored  near  the  encircling  rocks,  and  in  some  places  is  so  fine  grained  as 

to  be  distinguished  with  difficulty  from  the  metamorphosed  breccia.  The 

shape  of  the  granular  core  is  very  irregular  and  indefinite,  for  it  is  found 

upon  investigation  that  it  does  not  consist  of  one  continuous  body  of 

solidified  magma,  but  is  made  up  of  smaller  bodies  differing  in  grain  and 

mode  of  crystallization  and  in  mineral  composition.  Many  of  these  bodies 

appear  as  dikes  or  -veins  cutting  one  another  and  the  larger  masses  of 
gabbro.  They  penetrate  the  breccia  as  dikes  of  crystalline  porphyries, 

whose  identity  Avith  the  more  distant,  finer-grained  dikes  is  shown  by  their 
megascopical  habit  and  mineralogical  character.  It  is  evident  that  in  the 

immediate  neighborhood  of  the  heated  conduit  they  cooled  at  a  rate  which 

permitted  them  to  assume  a  higher  degree  of  crystallization  than  that 

assumed  by  the  dikes  in  the  cooler  breccias.  The  transition  in  grain  from 

the  core  outward  is  rapid,  and,  owing  to  the  variability  in  the  size  of  the 

dikes  and  the  differences  of  crystallization  due  to  this  cause,  no  definite 

ratio  of  change  was  noted. 

Returning  to  the  consideration  of  the  distribution  of  dikes,  it  is  to  be 

remarked  that  they  abound  in  the  breccias  lying  north  and  also  east  of  Cran- 

dall  Creek.  In  the  most  easterly  mountain  of  breccia  on  the  map,  and  on 

the  northwestern  spur  of  Windy  Mountain,  the  breccia  of  which  consists  of 

basaltic  scoria  and  flows,  there  are  numerous  dikes,  some  of  which  trend  a 

little  east  of  south  and  others  a  little  west  of  south.  The  high  limestone 

escarpment  north  of  Windy  Mountain  is  cut  by  many  small  vertical  dikes, 

whose  black  color  contrasts  strongly  with  that  of  the  whitened  limestone 

containing  them.  In  different  localities  in  Crandall  Creek  where  the  lime- 

stone is  cut  by  dikes  it  is  whitened  in  the  same  manner  in  the  vicinity  of  the 
intruded  rock.  These  dikes  also  trend  east  of  south,  and  it  is  to  be  observed 

that  there  were  no  signs  of  a  radiation  of  dikes  within  the  limestone,  but 

the  dikes  appeared  to  be  located  along  a  system  of  parallel  joints. 
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No  dikes  of  volcanic  rocks  were  found  in  the  gneiss  and  granite  along 

Clark  Fork,  although  the  bare  and  smoothly  glaciated  surfaces  offered 

ample  opportunity  for  detecting-  them  if  present. 
The  structure  of  the  high  ridge  north  of  the  upper  portion  of  Crandall 

Creek  is  shown  in  the  escarpment  on  its  northern  side — that  is,  along  the 
southern  side  of  Clark  Fork  and  of  the  creek  south  of  Index  Peak.  The 

basaltic  breccias  appear  to  be  rudely  bedded  at  various  angles  and  are  cut 

by  numerous  dikes.  The  top  of  the  western  end  of  the  ridge,  as  already 

stated,  consists  of  twenty  or  more  basalt  sheets,  which  are  nearly  horizontal. 

When  viewed  from  Hurricane  Mesa  it  appears  that  the  low,  rugged  peak 

about  4  miles  north  of  the  gabbro  core  consists  of  rough  beds  of  breccia 

dipping  steeply  eastward.  In  the  middle  of  the  ridge  which  is  being 

described  there  is  a  low  arch  of  breccia  beds  that  are  rough  and  irregular. 

Higher  up  on  the  peaks  to  the  west  the  bedding  is  more  regular  and  dips  at 

a  low  angle  to  the  southwest. 

At  the  eastern  end  of  the  ridge  the  breccias  resting  on  the  limestone 

are  traversed  by  dikes  trending  S.  10°  E.  One  of  special  importance  is  3 
feet  wide  and  trends  S.  25°  E.  It  rises  8  or  10  feet  above  the  surface  of 
the  ground  and  exhibits  horizontal  prisms.  It  will  be  referred  to  again  on 

account  of  its  composition  and  of  the  presence  of  large  crystals  of  primary 

quartz. 
The  southeastern  spur  of  Index  Peak  is  cut  by  dikes  trending  north- 
west and  southeast,  and  some  more  northerly.  Numerous  dikes  cut  the 

northern  and  northwestern  spurs  of  the  same  mountain,  and  a  few  were 

observed  on  the  ridges  surrounding  Republic  Creek. 

In  the  neighborhood  of  Cook  City  we  approach  another  center  of 

eruptive  action,  which  manifests  itself  in  the  form  of  intrusive  sheets 

of  porphyry  that  occur  within  the  Cambrian  strata  along  the  valley  of 

Soda  Butte  Creek,  and  more  especially  in  the  mountains  north  of  Cook 

City,  just  beyond  the  limits  of  the  mapped  area.  Dikes  of  similar  rocks 

cut  the  breccia  of  Mount  Miller,  one  of  the  peaks  of  this  group  of  moun- 

tains. Several  intrusive  sheets  occur  in  the  limestone  south  of  Cook  City, 

and  are  located  on  the  map.  They  include  a  dense  porphyry,  a  fine- 

grained gabbro-porphyry,  and  hornblende-andesite.  A  few  miles  west  of 

Cook  City  there  are  two  small  intrusions  of  dacite-porphyry. 
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EXTENT   OF   EROSION. 

As  already  stated,  the  volcanic  ejectamenta  were  thrown  over  the  sur- 
face of  greatly  eroded  sedimentary  rocks.  It  appears  from  a  study  of  the 

adjacent  region  that  an  apparently  conformable  series  of  deposits  from 

Cambrian  to  the  Laramie  of  the  Cretaceous  had  been  greatly  dislocated  and 

faulted,  and  in  places  entirely  eroded  down  to  the  crystalline  schists,  before 

the  volcanic  lavas  of  Crandall  Basin  were  erupted,  thus  representing  a  period 

of  great  orographic  movement  and  denudation.  It  becomes  equally  evident 

from  a  study  of  some  of  the  areas  of  volcanic  rocks  that,  after  the  earlier  of 

these  rocks  were  extravasated,  both  orographic  movement  and  denudation 

took  place  on  a  grand  scale.  The  region  of  Electric  Peak  and  Sepulchre 

Mountain  exhibits  the  extent  of  the  faulting-  which  cut  in  two  that  andesitic 
volcano.  But  in  the  region  of  Crandall  Basin,  which  seems  to  have 

escaped  serious  disturbance  since  the  accumulation  of  the  basaltic  lava,  we 

may  discover  a  measure  of  the  erosion  which  has  affected  this  portion  of 

the  country  subsequent  to  the  completion  of  this  volcano,  which  must  have 

been  active  in  upper  Miocene  time.1  However,  it  should  be  confessed  at 
the  outset  that  all  such  calculations  must  be  of  the  crudest  and  most  general 
character. 

A  consideration  of  the  geological  structure  which  has  been  briefly 

sketched,  and  which  has  been  indicated  on  the  map  and  in  three  vertical 

sections  across  the  district  through  the  gabbro  core,  leads  to  interesting  con- 
clusions. The  profile  sections  (PI.  XXXII)  are  drawn  to  natural  scale  and 

exhibit  the  steepness  of  some  of  the  mountains.  The  first  passes  through 

the  core  in  a  direction  N.  24°  E.,  and  cuts  Pollux,  Parker,  and  Indian 
peaks,  the  narrow  ridge  south  of  Hurricane  Mesa,  and  the  low  hills  north, 

ending  in  the  gneiss  on  Clark  Fork.  The  second  lies  N.  20°  30'  W.,  pass- 
ing from  the  divide  between  Crandall  and  Sunlight  basins,  through  the  gab- 
bro core  and  Index  Peak,  to  the  gneiss  at  the  head  of  Soda  Butte  Creek. 

The  third  passes  S.  77°  30'  E.,  from  Druid  Peak  across  the  valleys  of  Soda 
Butte  and  Cache  creeks,  cutting  the  ridge  of  The  Thunderer  where  it  is 

narrowest,  and,  traversing  nearly  the  whole  length  of  Hurricane  Mesa, 

passes  through  the  summit  of  Windy  Mountain. 
The  chaotic  accumulations  of  scoriaceous  breccia  and  the  occurrences  of 

steeply  dipping  beds  and  lava  flows  throughout  the  area  of  Crandall  Basin 

1  Hague,  Arnold,  loc.  cit.,  p.  452, 
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and  the  country  south  of  it  show  this  to  have  been  the  scene  of  great 

volcanic  activity,  which  shifted  about  from  place  to  place,  building  up  and 

blowing  to  pieces  cone  after  cone  of  moderate  proportions. 

The  uniformly  bedded  tnffs,  breccias,  and  lava  flows,  which  dip  at 

angles  not  exceeding  5°  and  form  the  mountains  west  and  southwest  of 
Crandall  Basin,  show  with  equal  clearness  that  they  cover  an  area  of  inac- 

tion, where  the  ejectamenta  and  lava  streams  remained  undisturbed  during 

their  accumulation.  The  same  is  true  of  the  nearly  horizontal  beds  of  lava 

and  breccia  which  cap  chaotic  breccias,  as  at  Index  Peak.  Since  they 

began  to  accumulate  the  region  beneath  them  must  have  remained  quiet, 

however  active  it  had  been  previously,  for  they  exhibit  no  evidences  of 

upheaval.  These  subaerial  deposits  and  flows  must  have  been  derived  from 

some  neighboring  center  or  centers  of  eruption.  The  slope  of  the  lava 

flows  toward  the  west  and  southwest  and  their  petrographical  character 

prove  conclusively  that  they  have  been  erupted  and  ejected  from  centers 
situated  in  Crandall  Basin.  While  it  is  evident  that  the  breccia  within  this 

basin  and  the  lower  portion  of  the  bedded  breccia  surrounding  it  came 

from  shifting  vents,  it  seems  necessary  to  assume  that  the  lava  streams 

which  occupy  high  positions  near  the  summits  of  the  present  mountains 

must  have  flowed  from  still  higher  vents  on  the  slopes  or  summit  of  some 

great  volcano.  The  exploration  of  the  region  has  led  to  the  discovery 

of  one  large  central  conduit  and  a  multitude  of  radiating  channels  which 

extend  to  distances  of  from  7  to  ]  2  miles  from  the  center,  besides  another 
smaller  center. 

The  great  conduit  and  its  radiating  channels  belong  to  a  period  suc- 
ceeding that  in  which  the  chaotic  breccia  of  Crandall  Basin  was  thrown 

out,  and  to  one  in  which  the  volcanic  energy  had  concentrated  into  one 

place,  for  the  dikes  from  this  gabbro  core  traverse  the  country  .in  nearly 

straio-ht  lines,  and  have  not  been  thrown  into  confusion  bv  the  breaking- 

out  of  new  centers  of  eruption.  They  belong,  in  fact,  to  the  latest  phase  of 

volcanic  activity  in  the  district. 

The  coarsely  crystalline  character  of  the  rock  at  the  top  of  the  core, 

as  it  is  exposed  at  10,200  feet,  as  well  as  the  topography  of  the  country, 

makes  it  clear  that  very  considerable  erosion  has  taken  place  since  the 

volcano  was  active.  How  great  the  erosion  may  have  been  will  appear 

when  the  attempt  is  made  to  combine  the  facts  just  mentioned  and  to  com- 
pare them  with  what  is  known  of  great  volcanoes  which  are  still  active. 
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One  of  the  largest  and  most'  thoroughly  investigated  active  volcanoes 
is  Etna,  whose  majestic  cone  rises  from  the  sea  to  a  height  of  10,835  feet. 

According  to  the  elaborate  study  of  Etna  by  Sartorius  von  Waltershausen, 

as  completed  by  von  Lasaulx,1  the  central  mass  and  basal  portion  of  this 
mountain  consist  of  thick  beds  of  tuff  (or  breccia)  traversed  by  dikes  of 

massive  rock,  filling  clefts  which  are  for  the  most  part  nearly  vertical. 

Between  the  layers  of  tuff  or  breccia  are  sheets  of  crystalline  rock.  These 

are  partly  connected  with  the  dikes,  and  have  been  injected  horizontally  in 

the  tuff,  or  they  are  in  part  surface  flows  of  lava.  The  beds  in  the  central 

part  of  the  mountain  dip  as  steeply  as  29°,  and  show  by  their  positions  and 
by  the  different  groups  of  radiating  dikes  that  the  centers  of  eruption 
have  been  shifted  from  southeast  to  nortliAvest.  The  lower  flanks  of  the 

volcano  are  composed  of  more  numerous  lava  flows,  and  slope  at  angles 

of  from  2°  to  5°.  These  lavas  have  been  mostly  erupted  from  lateral  or 
parasitic  cones,  the  arrangement  of  which  on  the  surface  proves  that  they 

all  belong  to  groups  in  more  or  less  straight  lines  which  exhibit  an  exactly 

radial  direction  from  the  center  of  eruption — that  is,  the  present  crater  of 
the  volcano.  In  the  earlier  period  of  the  building  of  the  mountain,  as  at 

present,  fissures  were  formed  from  the  center  outward,  radially.  These 

fissures  often  lay  close  together,  and  were  then  almost  parallel;  through 

them  the  molten  lavas  rose  and  formed  dikes;  and  where  they  reached  the 

surface  they  gave  rise  to  parasitic  cones.  Modern  fissures  that  are  radial 

to  the  present  crater  are  those  of  1669,  1792,  1811,  1852,  1865,  1874,  and 

1879.  There  are  many  others  which  are  approximately  radial,  and  others 

exhibiting  no  such  arrangement.  The  lava  flows  on  the  flanks  of  the 

volcano  have  reached  the  surface  through  the  radial  fissures  connected  with 
the  central  conduit, 

The  profile  of  Mount  Etna  along  a  vertical  section  through  the  summit, 

from  Catania  to  Randazzo,  drawn  to  natural  scale,  is  shown  in  PI.  XXXII. 

The  scale  is  the  same  as  in  the  profiles  across  Crandall  Basin — i^m. 
The  diameter  of  the  volcano  in  the  direction  taken  is  about  2  7  miles. 

Etna  is  of  very  recent  age,  geologically  considered,  for  its  lowest  rocks 

rest  on  Diluvial,  or  Pleistocene,  deposits,  since  which  period  it  has  piled 

up  scoria  and  lava  to  a  height  of  nearly  11,000  feet. 

From  the  foregoing  there  appears  to  be  a  close  analog}"  between  the 

1  Der  ̂ Etna,  Leipzig,  1880. 
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conditions  at  present  existing  in  the  active  basaltic  volcano  of  Etna  and 

those  which  probably  obtained  in  the  basaltic  volcano  of  Crandall  Basin. 

In  the  last-named  region,  as  it  is  now  exposed,  four-fifths  of  the  volcanic 
material  is  fragmentary  ejectamenta,  forming  subaerial  breccias  of  angular 

pieces  of  massive  and  scoriaceous  lava  with  tuff  or  dust.  But  in  the  upper 

parts  of  the  outlying  mountains  massive  flows  of  lava  predominate.  In  the 

case  of  Mount  Etna  it  is  known  that  the  central  mass,  as  exposed  in  the 

Val  del  Bove,  is  mostly  fragmentary  ejectamenta,  but  the  surface  of  the  vol- 
cano consists  of  lava  flows  to  a  very  great  extent. 

In  Vesuvius  there  is  a  cone  of  much  steeper  slope,  consisting  largely 

of  tuff-breccias,  which  dip  at  high  angles  in  the  slopes  of  Monte  Somma. 
The  latest  eruptions,  which  form  the  cone  of  Vesuvius,  have  been  quiet 

outflows  of  lava.  A  meridional  profile  of  Vesuvius  on  the  same  scale  as 

that  of  Etna  is  placed  under  the  latter  for  comparison  (PI.  XXXII). 
It  is  to  be  remarked  that  the  siibaerial  breccias  and  tuffs  of  Monte 

Sonnna,  while  differing  in  mineral  and  chemical  composition  from  those  of 

the  Crandall  district,  resemble  them  most  closely  in  outward  appearance 

and  in  the  manner  of  their  agglomeration.  The  subaerial  breccias  of  the 

Yellowstone  Park  and  its  vicinity  are  for  the  most  part  more  compact  than 

those  of  Monte  Somma,  but  exhibit  the  same  structure.  Many  of  them, 

however,  present  the  same  degree  of  cohesion  and  all  the  characteristics  of 

recent  ejectamenta, 
The  volcanoes  of  the  Hawaiian  Islands  are  said  to  be  the  results  of 

non-explosive  eruptive  action,  very  little  fragmentary  material  entering-  into 
the  construction  of  the  mountains.  But  it  must  be  borne  in  mind  that  the 

central  portions  of  the  great  volcanoes  there  are  not  exposed  and  their  true 

character  is  not  definitely  known. 

Assuming  that  the  volcano  which  must  have  existed  in  the  region  of 

Crandall  Basin  resembled  closely  the  type  represented  by  Etna,  and  neglect- 

ing the  erosion  which  undoubtedly  removed  material  from  above  the  outlying 

peaks  of  horizontally  bedded  lavas,  we  may  gain  some  idea  of  the  original 

form  and  proportions  of  this  volcano  by  constructing  above  the  profile 

sections  through  its  center  the  outline  of  Etna,  as  represented  in  the  plate 

of  sections.  Placing  the  crater  of  Etna  over  the  center  of  the  dikes  of 

Crandall  Basin  (PI.  XXXII),  and  allowing  its  outer  slopes  to  rest  on  the  sum- 
mits of  the  surrounding  mountains,  we  obtain  theoretical  elevations  of  the 



236  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

Crandall  volcano,  which,  if  reckoned  from  the  level  of  the  ancient  surface 

of  the  limestone  in  the  neighborhood  of  the  gabbro  core,  are  13,000,  13,400, 

and  13,800  feet.  These  results  are  sufficiently  close  to  one  another  when 

it  is  noticed  that  the  peaks  used  as  datum  points  lie  in  an  arc  of  133°  and 
at  distances  of  from  9  to  14  miles  from  the  center — from  Index  Peak  in  the 

north  to  Pollux  Peak  in  the  south.  Moreover,  the  highest  altitude  is 

obtained  by  using  Pollux  Peak  as  a  base  of  reckoning,  and  this  mountain 

lies  within  the  radius  of  other  volcanic  centers  near  the  head  of  Stinking- 

water  River,  and  has  probably  been  built  up  by  lavas  from  two  great 

centers. 

A  volcano  13,400  feet  in  elevation  with  a  radius  of  20  miles  is  not  so 

large  as  many  in  existence  at  the  present  day.  The  volcanoes  of  Hawaii 

are  familiar  examples.  Of  these,  Mauna  Loa,  with  an  altitude  of  13,675 

feet,  has  a  maximum  radius  of  about  40  miles  and  a  minimum  radius  of  20. 

Mauna  Kea,  13,805  feet  in  height,  has  an  average  radius  of  20  miles.  These 

estimates,  it  should  be  remembered,  are  taken  from  the  sea  line.  The 

heights  of  these  volcanic  piles  above  their  actual  base,  and  the  real  diameters 

of  their  cones,  are  not  known.  The  profile  of  Kea  is  shown  on  the  same 

scale  as  that  of  Etna  and  has  nearly  the  same  outline  (PI.  XXXII).  A 

volcano  with  the  profile  of  Vesuvius,  if  as  large  in  diameter  as  Etna,  would 

be  5,800  feet  higher,  or  about  16,600  feet  in  height. 

The  conclusion,  therefore,  that  the  ancient  volcano  of  Crandall  Basin 

rose  to  an  elevation  of  13,400  feet  above  the  preexisting  surface  of  the 

limestone  is  Avithin  reasonable  limits,  and  is  probably  too  low.  Upon  this 

basis  we  find  that  the  gabbro  core  in  Hurricane  Mesa  must  have  solidified 

at  a  distance  of  10,000  to  12,000  feet  below  the  level  of  the  ancient  crater. 

Erosion  must  have  removed  10,000  feet  from  the  highest  portion  of  the 

volcano  to  the  level  of  the  mountain  tops,  and  4,000  feet  more  into  the  val- 

leys between  them,  thus  cutting  14,000  feet  vertically  below  what  was 
once  the  summit  of  the  volcano.  At  Index  Peak  the  present  topography 

shows  an  erosion  of  nearly  5,000  feet  from  the  summit  of  the  peak  to  the 

valley  of  Clark  Fork. 
The  foregoing  estimates  were  based  on  the  assumption  that  the  tops 

of  the  highest  mountains  of  horizontal  lava  flows  had  not  been  materially 

affected  by  erosion;  hence  we  must  regard  the  calculated  amount  of  erosion 

as  a  minimum.     There  seems  to  be  no  way  of  avoiding  this  conclusion, 
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unless  we  conceive  the  last  act  of  vnlcanism  to  have  been  the  greatest  and 

imagine  a  gigantic  explosion  to  have  blown  the  upper  part  of  the  volcano 
into  the  air  and  to  have  left  no  evidence  of  such  a  culmination  of  events. 

On  the  contrary,  the  evidence  furnished  by  the  structure  of  the  granular 

core  indicates  that  the  last  eruptions  were  feeble,  injecting  narrow  veins  of 

rock  into  the  body  of  the  core. 
It  is  to  be  remembered  that  the  erosion  which  has  thus  laid  bare  a  basal 

section  of  so  great  a  volcano  was  accomplished  after  the  accumulation  of 

this  vast  pile  of  Miocene  ejections  and  before  the  extrusion  of  the  immense 

flood  of  rhyolitic  lava  forming  the  plateau  of  the  Yellowstone  Park.  In 

the  region  of  Electric  Peak  and  Sepulchre  Mountain  there  are  evidences  of 

orographic  movement  accompanying  this  period  of  denudation,  shown  in  the 

profound  faulting  which  cut  in  two  that  andesitic  volcano ;  but  the  region 

of  Crandall  Basin  seems  to  have  escaped  serious  orographic  disturbance. 

PETROGRAPHY  OF  THE  ROCKS  OF  THE  DISTRICT. 

The  extrusive  rocks  of  the  volcano  of  Crandall  Basin  are  in  the  main 

the  same  as  those  found  in  various  parts  of  the  Yellowstone  Park,  those 

of  Sepulchre  Mountain  having  been  described  in  Chapter  III.  It  will  not 

be  necessary  to  repeat  in  detail  the  characteristics  of  most  of  the  rocks,  but 

the  petrographical  features  that  are  distinctive  of  this  volcano  will  be  fully 
described. 

EARLY  ACID   BRECCIA. 

The  early  acid  breccia  consists  of  small  fragments  and  dust  of 

hornblende-mica-andesite,  hornblende-andesite,  and  hornblende-pyroxene- 
andesite.  The  microscopical  characters  are  quite  normal.  The  andesites  are 

partly  holocrystalline  and  partly  glassy.  The  structures  of  the  groundmass 

are  typical  of  andesites,  and  the  phenocrysts  of  plagioclase,  hornblende, 

biotite,  hypersthene,  and  augite  exhibit  the  usual  characteristics.  The  color 

of  the  hornblende  varies  from  reddish  brown  and  brown  to  brownish  green, 

green,  and  bluish  green,  and  is  often  strongly  pleochroic.  In  one  occur- 

rence there  is  a  little  quartz  in  microscopic  phenocrysts.  There  is  a  consid- 
erable range  of  composition,  and  the  rocks  grade  into  varieties  which  are 

like  the  more  siliceous  andesites  of  the  overlying  breccias,  a  small  portion  of 

which  is  hornblende-pyroxene-andesite.  They  also  appear  to  pass  upward 

into  the  basic  breccias  in  certain  localities,  though  in  others  there  are  evi- 
dences of  an  intermission  accompanied  by  erosion. 
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BASIC  BRECCIA  AND   LAVA   FLOWS. 

The  basic  breccia  is,  with  some  exceptions,  dark  colored,  gray,  and 

reddish  brown,  and  is  as  a  whole  basaltic.  Variations  in  mineral  composi- 
tion occur  within  narrow  limits,  and  are  most  noticeable  in  the  amounts 

of  olivine  and  hypersthene.  All  proportions  ot  olivine,  exists.  According 

to  the  preponderance  of  one  or  the  other  the  rocks  may  be  classed  as 

basalts  or  pyroxene-andesites,  though  their  other  characters  remain  much 
the  same.  Various  modifications  of  the  rock  are  mingled  in  the  breccias, 
but  to  a  different  extent  in  different  localities.  In  some  cases  the  material  is 

very  uniform  in  its  habit.  Of  the  specimens  collected  two-thirds  are  basalt. 

Hornblende-bearing  varieties  are  extremely  rare,  and  occur  in  the  neighbor- 
hood of  the  early  acid  breccia. 

In  most  instances  the  rocks  exhibit  no  large  phenocrysts,  but  carry  a 

multitude  of  minute  tabular  feldspars  and  somewhat  larger  pyroxenes,  with 

more  or  less  olivine.  There  are  modifications  of  the  rock — which  are  more 

numerous  within  the  region  of  chaotic  breccia — that  carry  tabular  feldspars 
5  to  8  mm.  long,  and  still  others  with  the  same  form  of  feldspar  30  mm. 

long,  the  large  feldspars  being  crowded  with  inclusions.  The  rocks  are 

very  generally  vesicular  and  scoriaceous,  but  a  part  are  dense  and  compact. 

In  thin  sections  the  groundmass  possesses  an  andesitic  habit,  and  consists 

of  brown  and  red  globulitic  glass,  which  is  occasionally  colorless,  with 

microlites  of  feldspar  and  grains  of  pyroxene  and  magnetite.  In  some 

instances  it  is  opacpie  through  an  excess  of  iron  oxide,  and  in  other  cases  it 

is  holocrystalline.  The  phenocrysts  are  plagioclase,  augite,  magnetite,  and 

more  or  less  hypersthene  and  olivine.  The  microscopical  characters  of 

these  minerals  are  the  same  as  in  other  occurrences  in  this  region.  A  basalt 

with  andesitic  habit  from  Saddle  Mountain  is  shown  in  PL  XXXIV,  fig.  3. 

Hypersthene  is  more  abundant  as  olivine  is  less  so,  and  is  absent  from 

the  rocks  with  much  olivine.  Occasionally  hypersthene  is  surrounded  by 

augite  with  parallel  orientation.  In  some  cases  augite  is  brown  at  the 

center,  with  a  zonal  structure.  In  most  cases  it  is  pale  green.  The  olivine 

is  unaltered  in  many  occurrences  and  completely  serpentinized  in  others. 

In  general  the  rocks  are  very  fresh,  with  slight  indications  of  weathering, 

and  only  an  occasional  development  of  zeolites  An  unusual  and  interesting 

variety  of  the  latter  mineral  was  collected  and  investigated  by  Prof.  L.  V 
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Pirsson,  who  determined  it  to  be  mordenite.1  Very  glassy  forms  of  rock 
are  found  in  the  breecia  on  the  ridge  south  of  Indian  Peak.  Some  are 

fragments  of  black  glass  with  a  few  small  phenocrysts  of  tabular  feldspar. 

Others  are  gray  and  exhibit  spheroidal  cracking,  and  constitute  masses  of 

considerable  size.  The  black  fragments  are  basalt-andesite  glass,  which  is 
dark  brown  and  almost  opaque  in  thin  section,  with  few  scattered  microlites. 

In  some  sections  the  glass  is  mottled  and  streaked  with  light  brown.  The 

microlites  consist  of  feldspar  needles  and  grains  of  magnetite  surrounded 

by  halos  of  colorless  glass,  besides  a  few  small  augite  crystals  and  serpen- 
tinized  olivines.  There  are  somewhat  larger  plagioclases  with  inclusions  of 

brown  glass.  The  chemical  analysis  of  this  rock  (analysis  6  on  page  260) 

proves  it  to  be  intermediate  between  basalt  and  andesite.  The  gray  glassy 

varieties  belong  to  pyroxene-andesite.  In  thin  section  this  glass  is  colorless 
to  light  brown,  with  small  crystals  of  plagioclase  and  fewer  of  magnetite, 

augite,  and  hypersthene,  and  in  rare  instances  hornblende. 

The  variety  of  basalt  with  feldspar  phenocrysts  30  mm.  long  is  char- 
acterized by  a  slightly  different  microstructure.  The  groundmass  consists 

of  tabular  feldspars,  composed  of  kernels  of  labradorite  with  margin  of 

orthoclase,  besides  smaller  augites  and  magnetite,  through  which  are  scat- 

tered larger  microscopic  crystals  of  the  same  minerals,  with  patches  of 

serpentine.  The  phenocrysts  are  small  megascopic  labradorite,  augite, 

decomposed  serpentine  and  magnetite,  besides  extremely  large  tabular 

labradorite,  with  abundant  inclusions  of  glass  or  groundmass.  These  basalts 
are  intermediate  between  normal  basalts  and  the  shoshonite  described  in 

Chapter  IX. 
BASALT    FLOWS. 

The  lava  flows  intercalated  in  the  breccias  are  all  basalt,  with  variable 

amounts  of  olivine,  judging  from  the  thirty  specimens  of  them  which  were 

collected.  None  proved  to  be  andesite.  In  general  they  come  from  higher 

parts  of  the  volcano,  and  represent  later  phases  of  its  eruption.  But  some 

of  them  occur  among  the  earlier  products,  and  while  it  may  be  said  that 

the  basalts  formed  almost  the  whole  of  the  later  outflows  of  the  volcano, 

and  that  the  magma  became  more  basic  up  to  this  period,  it  must  not  be 

forgotten  that  the  eruptions  varied  constantly  within  narrow  limits,  and  that 

'On  mordenite:  Am.  Jonr.  Sci.,  3d  series,  Vol.  XL,  Sept.  1890,  pp.  232-237. 



240  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

in  the  earlier  history  of  the  volcano  this  variation  was  within  such  a  part  of 

the  chemical  scale  of  variation  that  the  resulting  rocks  might  be  called 

andesites  or  basalts,  but  that  this  difference  of  name  corresponds  to  no 

greater  difference  in  composition  than  that  between  the  varieties  of  basalt 

of  the  later  period.  It  is  also  probable  that  flows  of  pyroxene-andesite 

occur  among  the  lava  streams,  btit  that  they  were  not  distinguished  in  the 
field. 

The  greater  part  of  the  basalt  flows  are  andesitic  in  habit — that  is,  in 

microstructure — and  are  like  the  basalts  forming  the  breccias.  None  of  them 

are  ophitic.  The  groundmass  is  in  most  cases  glassy;  in  others,  holocrystal- 
line.  Some  of  them  carry  large  phenocrysts  of  feldspar  and  resemble  the 

same  variety  of  breccia  in  microstructure.  Some  contain  a  little  orthoclase  in 

the  groundmass,  and  are  intermediate  between  normal  basalt  and  shoshonite. 

INTRUSIVE    ROCKS. 

OUTLYING   DIKES. 

As  already  pointed  out,  the  dikes  belong  to  several  converging  groups, 

the  largest  of  which  centers  in  the  gabbro  core  and  a  smaller  one  in  a  focus  a 

few  miles  east,  while  a  great  number  of  dikes  in  the  southern  part  of  the 

district  belong  to  an  outlying  volcanic  center  situated  near  the  headwaters 

of  Stinkingwater  River. 

The  rocks  constituting  these  dikes  exhibit  more  variation  than  the  brec- 

cias, though  the  majority  of  them  are  like  the  breccias  in  composition  and 

habit,  being  basalt,  But  toward  the  end  of  the  period  of  volcanic  activity, 

as  we  learn  from  the  structure  of  the  granular  core,  the  composition  of  the 

magma  became  more  and  more  siliceous,  and  the  volume  of  the  lava 

erupted,  or  the  size  of  the  fissures  from  which  we  estimate  this  volume, 

became  smaller.  At  the  same  time  we  learn  from  certain  dikes  that  peculiar 

phases  of  the  magma  made  their  appearance,  the  rocks  of  which  deserve 

special  consideration.  It  is  to  be  remarked  that  while  the  most  siliceous 

modifications  of  the  magma  occur  within  the  core,  the  most  basic  phases  of 

it  are  found  at  considerable  distances  from  the  center,  with  one  exception. 

This  accords  with  the  idea  that  the  more  siliceous  products  of  differentiation 

will  occur  near  the  center  of  the  reservoir  in  which  differentiation  takes  place, 

presumably  beneath  the  crater  of  a  volcano,  while  the  less  siliceous  products 
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will  occur  near  the  margin  of  the  reservoir,  away  from  the  crater.1  More- 
over, it  is  to  be  noted  that  while  rnany  of  the  exceptional  modifications  of 

the  magma  appear  to  be  connected  with  the  center  of  eruption  in  Crandall 

Basin,  they  are  more  numerous  in  the  southern  district,  about  the  head  of 

Stinkingwater  River.  In  describing  the  intrusive  rocks  we  shall  com- 

mence with  those  which  resemble  most  closely  the  breccias  and  surface 
flows. 

Basalts. — The  basalts  of  the  dikes  exhibit  the  same  megascopical  habit 
and  variability  as  those  of  the  breccias.  Part  of  them  have  a  multitude  of 

small  phenocrysts  of  tabular  labradorite  and  augite,  and. part  carry  very 

large  labradorites.  They  appear  to  be  the  same  varieties  of  magma  which 

have  cooled  in  dikes,  and  consequently  possess  a  slightly  different  ground- 

mass.  In  a  large  number  of  cases  the  groundmass  consists  of  lath-shaped 
labradorite  and  crystals  of  augite  and  magnetite  in  a  small  amount  of 

microlitic  base.  The  augite  is  occasionally  slightly  pleochroic.  The  pheno- 
crysts are  tabular  labradorite,  augite,  and  olivine,  with  magnetite  and  stout 

colorless  apatite.  In  a  number  of  dikes  the  groundmass  contains  orthoclase 

as  margins  around  the  microlites  of  labradorite.  One  of  the  most  pro- 

nounced of  these  varieties  (1325)  forms  a  dike  on  the  ridge  south  of  Closed 

Creek.  Its  chemical  composition  is  given  by  the  third  analysis  on  page  260. 
It  is  closely  related  to  shoshonite,  as  pointed  out  in  Chapter  IX.  Others 
contain  less  orthoclase  and  are  intermediate  between  shoshonite  and  normal 

basalt.  To  this  variety  belong  most  of  the  dikes  at  the  head  of  Miller 
Creek  and  those  cutting  the  summit  of  Saddle  Mountain. 

In  some  cases  the  groundmass  contains  microlitic  and  globulitic  glass 
base;  in  others  it  is  holocrystalline.  A  glassy  basalt  from  Hunter  Peak 
contains  microlitic  needles  of  feldspar,  slightly  curved,  and  magnetite  grains 
pointed  at  the  corners,  besides  augite  microlites  with  magnetites  attached. 
In  some  occurrences  these  needles  are  coated  with  magnetite  and  resemble 
thin  black  lines. 

It  is  often  observed  that  the  face  of  a  dike  along  the  plane  of  contact 
is  glassy,  while  the  center  is  holocrystalline.  In  one  instance  this  contact 

facies  consists  of  almost  opaque  brown  globulitic  glass  with  much  iron 
oxide  in  minute  rods,  and  thin  feldspar  needles  with  long  forked  longitudinal 
sections  shaped  like  an  H,  the  groundmass  extending  to  near  the  middle  of 

1  L.  V.  Pirsson,  Complementary  rocks  and  radiating  dikes:  Am.  Jour.  Sei.,  3d  series,  Vol.  L,  1895,  p.  120. 
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the  crystal.  Cross  sections  are  square,  with  large  square  inclusions  of 

groundmass.  Ilmenite  occurs  in  many  of  the  rocks  in  rod-like  crystals,  and 
a  small  amount  of  serpentine  is  present  in  most  of  the  groundmasses. 

Olivine  is  decomposed  to  serpentine  in  most  instances,  and  originally 

formed  small  as  well  as  large  crystals.  In  one  of  the  fresher  rocks  the 

groundmass  contains  many  small  olivines,  which  are  probably  the  mineral 
from  which  the  serpentine  in  the  groundmass  of  the  more  altered  rocks  was 

derived.  As  a  whole,  the  basaltic  dikes  are  not  so  fresh  as  the  breccias 

surrounding  them,  although  they  are  the  younger  rocks.  Those  with  large 

tabular  feldspars  acquire  a  very  characteristic  appearance  through  the 

whitening  of  these  crystals,  which  are  strongly  contrasted  with  the  dark 

dense  groundmass.  The  large  dark-colored  augites  are  also  distinctly 
noticeable. 

Gabbro-    and    diorite-porphyries    and    andesites.   Tlie     l"Ocks     which     WOldd      be      placed 

under  this  division  in  consequence  of  a  microscopical  examination  probably 
belong  quite  as  closely  to  the  basalts.  With  one  exception  they  all  occur 

in  close  proximity  to  the  granular  core,  and  some  of  them  are  included  in 

it.  The  one  exception  is  a  narrow  dike  of  pyroxene-andesite,  the  ground- 

mass  of  which  is  filled  with  serpentine,  indicating-  the  former  presence  of  a 
magnesian  mineral,  possibly  olivine. 

The  rocks  of  this  division  exhibit  all  of  the  modifications  of  mesra- 

scopical  habit  shown  by  those  just  described,  and  resemble  them  closely  in 

hand  specimens.  They  are,  however,  more  crystalline  and  present  micro- 
structures  both  distinctive  and  characteristic,  which  are  related  to  differences 

in  mineral  composition.  A  few  of  the  andesitic  dikes  which  cut  the  summit 

of  the  plateau  west  of  the  core  are  very  fine  grained  and  are  considerably 
altered,  and  contain  chlorite  and  epidote. 

The  absence  of  olivine  from  most  of  the  more  crystalline  forms  of 

these  rocks  appears  to  be  due  to  the  causes  which  influenced  the  crystalli- 
zation of  the  rocks  and  not  to  their  chemical  composition,  for  the  hand 

specimens  in  some  cases  show  what  seem  to  be  decomposed  crystals  of 

olivine,  which  in  thin  section  are  found  to  be  paramorphs  after  tins  mineral. 

This  group  of  rocks  includes  the  intrusive  sheets  on  top  of  Hurricane 

Mesa  and  certain  dikes.  In  the  immediate  neighborhood  of  the  core  and 
within  the  zone  of  indurated  breccia  the  massive  sheet  of  intrusive  rock 

appears  dense  and  aphanitic  (1359,  1361,  1369),  and  carries  abundant  tabu- 
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lar  feldspars  5  mm.  long  and  large  augites.  In  thin  section  it  is  holocrystal- 
line,  the  groundmass  consisting  of  short  tabular  and  indistinctly  outlined 

plagioclase,  with  low  double  refraction  and  moderately  low  extinction  angles, 

besides  considerable  magnetite  and  minute  grains  of  epidote  and  chlorite, 

which  appear  to  replace  pyroxene.  The  degree  of  crystallization,  compared 

with  the  rocks  of  Electric  Peak,  varies  from  grade  8  to  16.  Throughout 

the  description  of  the  more  crystalline  rocks  of  this  district  it  has  been 

found  convenient  to  refer  to  the  grades  of  crystallization  established  for  the 

series  of  rocks  at  Electric  Peak  and  Sepulchre  Mountain  (Table  XVII, 

Chapter  III).  This  serves  to  correlate  the  various  phases  of  crystalliza- 
tion of  the  rocks  of  Crandall  Basin,  not  only  with  one  another,  but  also 

with  those  of  the  district  just  named. 

In  the  more  crystalline  forms  of  this  rock  the  feldspars  are  more  lath- 

shaped,  magnetite  is  abundant,  and  the  ferromagnesian  minerals  are  pale- 

green  augite,  some  hypersthene,  a  little  biotite,  pale-green  amphibole,  and 
a  little  quartz.  Apatite  occurs  in  stout  crystals.  The  phenocrysts  are 

large,  and  are  mostly  labradorite  in  idiomorphic  crystals  and  augite  in  less 

regularly  defined  ones.  The  labradorite  is  especially  noticeable  on  account 

of  clouds  of  dust-like  and  rod-shaped  inclusions,  which  give  it  a  brown- 
ish tint,  besides  clusters  and  rows  of  rounded  grains  of  magnetite,  augite, 

and  biotite.  Immediately  surrounding  these  larger  inclusions  is  a  zone  of 

feldspar  substance,  free  from  the  cloud  of  minute  inclusions,  indicating-  that 
the  material  composing  the  minute  inclusions  is  the  same  as  that  forming 

the  larger  ones,  which  has  been  concentrated  in  certain  spots  into  the 

minerals  mentioned.  THis  phenomenon  appears  in  perfectly  fresh  feldspars 

which  exhibit  no  cracks  or  signs  of  alteration,  and  in  those  which  are 

greatly  cracked  there  is  no  relation  between  the  position  of  the  cracks  and 

the  distribution  of  the  inclusions,  which  frequently  lie  in  crystallographic 

zones.  They  are  unquestionably  primary  microlitic  bodies,  inclosed  at  the 

time  of  the  crystallization  of  the  feldspar,  and  are  not  of  secondary  origin, 

like  those  described  by  Judd  in  the  minerals  of  certain  peridotites.1  In  the 
unaltered  rock  the  augite  is  fresh,  and  biotite  appears  as  a  primary  crystal- 

lization, but  not  in  phenocrysts.  The  amphibole  is  secondary  and 

accompanies  the  uralitization  of  the  augite.     There  are  patches  of  irregularly 

'J.  W.  Judd,  On  the  Tertiary  and  older  peridotites  of  Scotland:  Quart.  Jour.  Geol.  Soc.,  Aug. 
1885,  pp.  374-389 ;  also,  On  the  relations  between  the  solution  planes  of  crystals  and  those  of  secondary 
twinning,  etc. :  Min.  Mag.,  Vol.  VII,  pp.  81-92. 
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oriented  augite,  magnetite,  and  biotite,  which  correspond  to  more  definite 

paramorphs  after  olivine  in  some  of  the  other  rocks. 

Similar  rocks  occur  in  dikes  within  .he  margin  of  the  core.  They  are 

slightly  coarser  grained.  One  (1378)  forms  a  4-foot  dike  near  the  base  of 

the  pinnacled  spur  on  the  west,  and  a  still  coarser-grained  form  (1418) 

occurs  in  a  12-foot  dike  on  the  same  spur,  somewhat  nearer  the  center  of 
the  core;  its  grade  of  crystallization  is  about  20.  The  microstructure 

becomes  more  pronounced  as  the  constituent  crystals  are  larger  and  more 

distinct.  The  labradorite  has  the  same  kinds  of  inclusions,  but  the  outlines 

are  in  part  serrated  by  the  interference  of  adjacent  grains  in  the  groundmass. 

The  rusted  paramorphs  have  outlines  more  characteristic  of  olivine.  The 

massive  intrusive  sheet  on  the  eastern  side  of  the  core  (1372)  is  like  the  last 

in  composition  and  microstructure,  but  there  is  a  little  more  biotite.  There 

is  some  orthoclase  as  margins  around  prisms  of  labradorite,  precisely  like 
the  occurrence  of  orthoclase  in  shoshonite,  but  its  amount  is  small.  The 

chemical  analysis,  No.  II  on  page  261,  shows  a  relatively  high  percent- 

age of  potash,  and  the  rock  is  closely  related  to  shoshonite,  but  is  a  little 

higher  in  lime  and  magnesia  and  a  little  lower  in  alkalies.  It  is  almost  a 

shoshonite-porphyry  or  monzonite-porphyry.  The  two  rocks  are  quite  fresh, 
and  exhibit  no  signs  of  crushing  or  other  indications  of  alteration,  the  large 

feldspars  being  glassy  and  not  cracked.  The  microstructure  of  1372  is 

shown  in  PI.  XXXVII,  fig.  2.  This  rock  is  pyroxene-diorite-porphyry 

approaching  monzonite-porphyry. 
Another  variety  of  massive  intrusive  rock  is  exposed  at  the  bottom  of 

the  southwest  spur  of  the  core  (1377,  1379,  1383).  '  It  appears  to  be  a  dense 
aphanitic  form  of  the  gabbro,  and  is  probably  an  apophysis  or  the  margin 

of  the  core.  It  is  a  basalt- porphyry.  The  porphyrin  cal  crystals  of  augite 
rise  above  the  groundmass  of  the  rock  on  weathered  and  fractured  surfaces. 

It  is  to  be  borne  in  mind  that  the  chemical  composition  of  this  rock  (analysis 

4  on  page  260)  is  the  same  as  that  of  some  of  the  basalts  of  the  district, 

so  that  the  rock  is  a  special  phase  of  crystallization  of  this  magma. 

In  thin  section  the  finest-grained  forms  have  an  andesitic  structure  in 

the  groundmass.  A  slightly  more  crystalline  variety  is  still  andesitic,  but 

consists  of  lath-shaped  and  rectangular  plagioclase  in  a  matrix  of  grains  of 

feldspar,  augite,  hypersthene,  and  magnetite,  besides  minute  crystals  of 

light-brown  biotite.     In  places  the  ferromagnesian  minerals  preponderate. 
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In  some  cases  the  small  plagioclases  are  clouded  brown  in  the  same  manner 

as  the  larger  ones  already  described.  The  phenocrysts  are  light-green 
augite  and  paramorphs  after  (?)  olivine.  The  augite  phenocrysts  contain 

much  magnetite  in  minute  grains,  which  are  sometimes  arranged  zonally. 

One  of  the  thin  sections  contains  several  clusters  of  grains  of  grass-green 
augite,  slightly  pleochroic,  which  form  borders  around  other  minerals.  In 

one  instance  they  inclose  grains  of  quartz,  calcite,  and  pale-yellow  garnet, 
the  grains  of  garnet  being  mingled  with  those  of  augite. 

A  question  now  presents  itself  which  is  interesting  because  of  its 

importance  in  discussions  regarding  systems  of  classification  of  igneous 

rocks,  all  of  which  systems  are  designed  to  be  as  natural  as  possible.  The 

question  is,  Which  of  two  lines  of  relationship  is  to  be  followed  in  a 

particular  instance?  We  have  described  the  subaerial  breccias  and  lava 

flows  together  in  a  group,  and  then  given  with  a  description  of  the 
dikes  and  sheets  of  intrusive  rocks  of  similar  character.  Shall  we  continue 

the  description  of  the  remainder  of  the  rocks  occurring  in  dikes,  which 

exhibit  a  wider  range  of  variation  than  those  just  described,  or  shall  we 

follow  the  dikes  continuously  a  few  feet  farther  into  the  granular  core  and 

take  lip  the  consideration  of  their  more  crystalline  forms?  In  the  first 

instance  we  have  a  natural  grouping  based  on  similarity  of  occurrence  and 

of  outward  petrographical  habit — that  is,  of  general  aspect  derived  from 
their  phase  of  crystallization,  which  is  combined  with  variations  in  mineral 

and  chemical  composition.  In  the  second  case  we  have  a  natural  connec- 

tion based  on  actual  continuity  of  mass,  and  when  this  is  not  directly 

traceable  in  the  field  the  connection  is  one  of  identity  of  chemical  composi- 

tion. With  these  constant  factors  are  combined  the  variable  ones  expressed 

by  differences  in  mineral  composition  and  in  degree  of  crystallization.  In 

nature  these  relationships  either  exist  as  accomplished  facts  in  regions  of 

extinct  volcanoes  or  they  are  in  process  of  development  in  regions  of  active 

ones.  In  the  former  they  exist,  not  in  two  groupings  such  as  we  have 

depicted,  but  as  one  great  complex  system  of  relationships,  involving  varia- 
tions in  chemical  composition  and  crystalline  structure  and  still  more 

intricate  variations  in  mineral  composition.  While  in  regions  of  active 

vulcanism  we  may  readily  conceive  of  a  number  of  processes  of  rock- 

making  being  in  action  in  different  places  at  one  time,  in  the  vast  com- 

plexity of  rocks  resulting  from  the  working  out  of  these  processes  it  is  the 
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variable  characters  which  express  the  active  principles  of  vulcanism  whose 

laws  are  the  ultimate  object  of  our  investigations.  Hence  it  is  that  in  the 

treatment  of  intricate  groups  of  rocks  belonging  to  any  one  region  we  are 

constantly  confronted  by  questions  as  to  the  best  methods  of  studying  and 

of  describing  the  variability  of  the  rocks.  In  the  present  instance  it  will 

be  most  advantageous  to  proceed  with  a  consideration  of  the  development 

of  crystallization  in  the  core  of  the  volcano,  postponing  the  description  of 

the  remaining  dikes  in  order  to  connect  them  more  closely  with  other 

bodies  of  similar  rocks  from  different  parts  of  the  Yellowstone  Park,  which 

will  be  described  collectively  in  another  chapter  (Chapter  IX). 

GRANULAR    CORE    AND    INTERSECTING   DIKES. 

Gabbro  and  gabbro-porphyry. — The  western  and  central  portions  of  the  granular 

core  have  been  explored  with  as  much  care  as  the  time  allowed,  but  the 

eastern  part  below  the  summit  of  the  plateau  was  not  visited.  The  main 

mass  consists  of  coarsely  granular  rock  intersected  by  dikes  or  veins  from 

20  feet  to  10  inches  in  width,  which  are  more  noticeable  in  the  margin  of 

the  core,  where  they  exhibit  a  radial  arrangement.  The  character  and 

composition  of  the  granular  rock  vary  to  some  extent.  It  is  a  gabbro — 

that  is,  it  consists  primarily  of  labradorite-bytownite  and  pyroxene,  with 
biotite  and  very  little,  if  any,  hornblende,  with  some  orthoclase  and  a  little 

quartz,  and  grades  into  facies  which  are  quartz-diorite.  In  places  the 

alkalies  are  higher  than  in  normal  gabbro  or  diorite  and  lead  to  the  produc- 

tion of  considerable  orthoclase,  yielding  varieties  of  rock  approaching- 

monzonite,  and  in  some  cases  being  monzonite.1  It  becomes  finer  grained 
toward  the  margin  of  the  core,  and  an  idea  of  its  microscopical  character- 

istics is  best  obtained  by  following  the  changes  from  fine  to  coarse  grain 

through  two  series  of  specimens  collected  for  the  purpose. 

One  series  of  nine  specimens  represents  the  modifications  which  have 

taken  place  within  a  distance  of  100  feet.  The  finest-grained  form  (1388) 
is  near  the  southwest  margin  of  the  core  on  the  southwest  spur,  at  a  spot 

225  feet  higher  up  the  slope  than  the  specimen  (1383)  already  described, 

which  was  collected  from  the  massive  exposures  and  which  has  been  called 

a  basalt-porphyry.  The  two  rocks  resemble  each  other  in  the  character  of 

their  phenocrysts,  but  the  latter  has  a  finer-grained  groundmass. 

1  Brogger,  W.  C,  Die  Eruptivgesteine  des  Kristianiagebiet.es :  II.  Die  Ernptionsfolge  der  tria- 
dischen  Eruptivgesteiue  bei  Predazzo  in  Siidtyrol,  Christiauia,  1895. 



GEANULAE  GOEE  AND  DIKES.  247 

The  first  two  rocks  of  the  series  (1388,  1389)  are  yellowish  gray  and 

crystalline,  plainly  composed  of  feldspar  and  ferromagnesian  silicates,  partly 

biotite,  with  small  phenocrysts  of  augite.  In  thin  section  they  are  medium 

grained,  grade  23  of  Table  XVII,  Chapter  III,  and  consist  of  lath-shaped, 

and  also  short,  rounded  plagioclase  crystals  and  some  of  orthoclase.  The 

feldspars  are  very  fresh,  but  contain  a  crowd  of  minute  crystals  of  magnetite, 

biotite,  pyroxene,  and  apatite.  There  is  a  large  amount  of  ferromagnesian 

minerals  in  the  rock.  They  are  augite  and  hypersthene  in  rounded  and 

irregular  oTains  of  variable  size,  besides  biotite  in  very  irregularly  shaped 

individuals,  and  much  magnetite.  There  are  a  few  phenocrysts  of  augite 

crowded  with  magnetite  grains  in  clouds  and  zones,  and  in  some  cases  there 

are  characteristic  rod-like  inclusions.  Magnetite,  pyroxene,  and  biotite 

frequently  occur  in  irregular  aggregations.  Olivine  is  present  in  partly 

serpentinized  individuals.  The  resemblance  of  many  of  these  character- 

istics to  those  already  described  for  some  of  the  intrusive  masses  imme- 

diately connected  with  the  core  will  be  recognized.  The  chemical 

composition  of  this  modification  of  the  rock  (analysis  1  on  page  260)  is  like 

that  of  basalt.  •  The  next  two  varieties  (1390,  1391)  are  coarser  grained, 

grade  27,  with  a  slight  modification  of  the  previous  structure,  caused  by 

the  presence  of  abundant  phenocrysts  of  tabular  labradorite  in  a  ground- 

mass  with  the  structure  just  described.  In  places  there  is  a  poikilitic 

structure,  occasioned  by  small  rounded  plagioclases  and  pyroxenes  being- 
inclosed  in  a  broad  individual  of  unstriated  feldspar,  which  is  undoubtedly 

orthoclase.  These  poikilitic  feldspars  act  as  the  cement  for  the  idiomorphic 

plagioclases  and  often  equal  the  feldspar  phenocrysts  in  size.  There  are 

traces  of  a  graphic  intergrowth  of  quartz  in  orthoclase.  The  rock  is  very 

fresh  and  unaltered.  There  is  much  hypersthene,  augite,  and  magnetite, 

some  biotite,  and  a  little  green  hornblende.  The  labradorite  is  very  clear 

and  fresh,  with  some  transparent  rectangular  inclusions  resembling  glass, 

and  in  some  cases  with  many  inclusions  of  microcrystals  of  pyroxene, 

biotite,  and  magnetite.  The  augite  has  a  purplish  tone,  is  light  colored, 

with  many  rod-  or  needle-like  inclusions  in  the  larger  individuals.  Besides 

the  prismatic  cleavage  there  is  distinct  pinacoidal  cleavage.  The  hyper- 

sthene is  light  colored,  with  the  usual  pleochroism.  It  is  occasionally  in 

long  prisms,  with  the  color  stronger  along  the  margin.  Some  of  the  crystals 

have  needle-like  inclusions.     In  both  pyroxenes  these  inclusions  exhibit  no 
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connection  with  the  cracks  in  the  crystals,  and  are  undoubtedly  primary. 

The  biotite  frequently  surrounds  magnetite  and  is  attached  to  it  and  the 

pyroxene.  In  one  of  the  rocks  there  is  a  moderate  amount  of  compact 

green  hornblende,  which  forms  borders  and  intergrowths  with  pyroxene  in 

exactly  the  same  manner  as  in  the  diorite  of  Electric  Peak.  In  one  of  these 

forms  of  the  rock  one  augite  has,  besides  the  rod-like  inclusions  character- 
istic of  this  occurrence,  others  which  are  immediately  connected  with  distinct 

cracks  and  are  undoubtedly  secondary.  This  was  the  only  instance  of  the 

kind  noticed  in  these  remarkably  fresh  rocks. 

The  next  two  modifications  of  the  rock  (1392,  1393)  are  still  coarser 

grained,  but  have  the  same  microstructure.  The  outline  of  the  porphyritical 

feldspars  is  lost  in  an  irregular  interlocking  of  adjacent  crystals.  The 

poikilitic  orthoclase  is  more  distinct.  In  the  next  two  phases  of  the  rock 

(1394,  1395)  the  grain  is  still  coarser,  resembling  that  of  a  fine-grained 
granite.  They  have  a  saccharoidal  texture  in  hand  specimens,  which  is 
characteristic  of  the  greater  number  of  all  of  the  rocks  of  the  core.  When 

broken  they  appear  loosely  coherent,  the  crystals  parting  along  faces  and 

cleavage  planes  rather  than  in  smooth  planes  across  the  rock.  The  micro- 
structure  of  these  forms  of  the  rock  resembles  that  of  the  preceding,  without 

the  porphyritic  development.  The  feldspathic  minerals  are  in  excess  of  the 

ferromagnesian.  The  largest-sized  individuals  of  feldspar  are  the  poikilitic 

orthoclases,  but  the  lath-shaped  plagioclase  is  far  more  abundant.  Some 

individuals  of  orthoclase  have  a  marked  micrographic  and  plumose  arrange- 

ment of  quartz  inclusions,  associated  with  which  are  long  hair-like  needles, 
which  in  places  pass  into  lines  of  black  dots.  They  also  contain  some 

microcrystals  of  mica.  The  ferromagnesian  minerals  are  partly  idiomorphic 

and  consist  of  augite,  hypersthene,  green  hornblende,  and  biotite  in  about 

equal  proportions.  It  is  to  be  remarked  that  in  these  gabbros  the  color 

of  the  hornblende  is  generally  stronger  and  purer  green  than  in  the 

diorite  of  Electric  Peak.  The  crystals  of  apatite  and  zircon  are  noticeably 

larger  in  these  modifications  of  the  rock  than  in  the  finer-grained  ones.  In 

specimen  1395  biotite  occurs  in  large  interrupted  patches.  This  is  charac- 

teristic of  the  coarsest-grained  member  of  the  series  (1396),  which  is  a  gray 

granular  rock  that  is  exposed  in  large  rounded  masses,  weathering  into  sand 

and  resembling  a  crumbling  granite  superficially.  In  thin  section  it  exhibits 

the  same  microstructure  as  the  previous  variety,  but  is  still  coarser,  being 
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grade  43,  nearly  that  of  the  coarsest  rock  found  at  Electric  Peak.  The 

minerals  are  the  same  as  in  the  last  variety,  but  the  ferromagnesian  silicates 

are  more  abundant,  especially  biotite.  The  pyroxenes  do  not  carry  many 

microlitic  inclusions.  The  micrographic  structure  in  scattered  patches  is 

pronounced.  Olivine  is  absent  from  the  more  crystalline  members  of  this 

series  of  specimens,  and  the  chemical  analysis  (No.  8  on  page  2(30)  shows  that 

the  most  crystalline  portion  of  the  rock  is  more  siliceous  and  feldspathic 

than  that  nearer  the  margin  of  the  core.  These  rocks  are  orthoclase-gabbro 

and  orthoclase-gabbro-diorite,  approaching  monzonite. 
Along  the  crest  of  the  spur  toward  the  northwest  the  gabbro  becomes 

less  coarse  and  more  porphyritic,  with  abundant  tabular  feldspars  (1397), 
and  assumes  the  phase  of  crystallization  represented  by  1392,  already 
described. 

Another  series  of  specimens  represents  the  gabbro  just  south  of  the 

lake  at  the  head  of  the  west  gulch.  The  coarsest- grained  variety  (1430, 
1431),  near  the  outlet  of  the  lake,  is  dark  colored  and  granular,  but  not 

saccharoidal.  It  is  like  1395,  the  coarsest-grained  form  in  the  series  first 
described,  in  degree  of  crystallization  and  microstructure,  but  contains  more 

ferromagnesian  silicates,  and  its  chemical  analysis  (No.  5  on  page  260) 

places  it  between  the  extremes  of  the  other  series.  There  is  much  augite 

with  pinacoidal  cleavage  and  characteristic  needle-like  inclusions,  and  less 
hypersthene,  but  numerous  serpentinized  olivines.  There  is  considerable 

biotite  and  magnetite,  a  little  orthoclase,  and  very  little  quartz.  Its  micro- 
structure  is  shown  in  PI.  XXXIII,  fig.  1. 

The  finest-grained  member  of  this  series  is  porphyritic  and  medium 
grained.  The  plagioclases  are  dusted  with  black  dots  and  rods,  the  margin 

of  the  crystals  and  the  smaller  grains  being  free  from  them.  The  dots 

appear  to  be  magnetite  in  large  part,  for  when  recognizable  grains  of  mag- 

netite occur  in  the  feldspar  they  are  surrounded  by  halos  of  clear  feldspar 
substance. 

Slightly  different  modifications  of  the  gabbro  occur  in  various  parts  of 
the  core,  some  of  which  have  been  analyzed  chemically,  and  should  there- 

fore be  described  in  more  detail  than  would  otherwise  be  necessary,  in 
order  that  the  analyses  may  gain  greater  significance.  The  gabbro  becomes 

still  coarser  grained  down  the  west  gulch,  and  a  short  distance  below  the 

lake  is  quite  micaceous  (1412).     This  rock  and  a  large  body  of  gabbro- 
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diorite  (1399)  on  the  southwestern  spur  have  the  same  degree  of  crystalli- 
zation and  the  same  characteristics.  The  microstructure  is  like  that  of  the 

coarsest  variety  already  described.  The  essential  feldspar  is  labradorite  with 

a  small  amount  of  orthoclase  and  little  micrographic  quartz.  There  are  also 

allotriomorphic  grains  of  quartz,  against  which  the  orthoclase  is  idiomorphic. 

There  is  much  hypersthene,  augite,  biotite,  and  magnetite,  with  some  pri- 

mary green  hornblende.  The  hypersthene  in  certain  sections  exhibits  a 

very  fine  microscopic  lamination,  produced  by  the  parallel  intergrowth  of 
monoclinic  and  orthorhombic  pyroxene,  as  the  optical  behavior  proves. 

This  lamination  is  found  throughout  the  hypersthene  of  this  gabbro,  but  is 

recognizable  only  in  certain  sections  and  may  be  easily  overlooked.  The 

pyroxenes  have  the  characteristic  inclusions  and  pinacoidal  cleavage. 

Apatite  and  zircon  occur  in  comparatively  large  crystals.  The  chemical 

composition  of  this  rock,  shown  in  analysis  7  on  page  260,  is  like  that  of 

1396,  No.  8  of  the  same  table. 

The  lowest  exposure  of  gabbro  in  the  west  gulch  is  about  1,000  feet  lower 

than  the  lake.  It  is  compact  (1437)  and  dark  colored,  and  is  like  that  near 

the  outlet  of  the  lake,  but  is  coarser  grained,  being  higher  than  the  highest 

grade  of  crystallization  found  at  Electric  Peak.  One  of  the  coarsest-grained 
varieties  (1411)  occurs  near  the  lake  (PI.  XXXIII,  fig.  2).  It  is  once  and 

a  half  as  coarse  as  the  most  crystalline  diorite  at  Electric  Peak;  and  on 

the  crest  of  the  west  spur,  at  about  10,000  feet  altitude,  a  variety  (1436) 

is  found  which  is  twice  as  coarse  grained  as  that  at  Electric  Peak.  The 

feldspars  are  from  2  to  3  mm.  long.  The  structure  is  like  that  last  described, 

but  there  is  more  feldspar,  and  biotite  and  hornblende  predominate  over 

the  pyroxene  and  magnetite.  By  its  mineral  composition  as  well  as  its 

chemical  (analysis  9  on  page  261)  it  is  shown  to  be  a  diorite  facies  of  the 

gabbro.  In  some  parts  of  the  core  the  dark-colored  gabbro  .carries  small 

light-colored  masses,  which  are  highly  feldspathic. 
In  this  connection  may  be  described  a  remarkable  variety  of  crystalline 

rock  which  does  not  occur  within  the  gabbro  core,  but  is  found  on  the 

northeastern  spur  of  Hurricane  Mesa,  near  the  center  toward  which  the 

second  group  of  dikes  converge.  It  is  a  special  phase  of  crystallization  of 

the  magma,  whose  chemical  composition  (analysis  10  on  page  261)  corre- 
sponds to  certain  dioritic  facies  of  the  gabbro  in  the  core.  The  rock  (1442) 

is  compact  and  fine  grained,  with  a  crystalline  luster  and  brilliant  reflections 
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from  mottled  feldspars  3  mm.  long,  which  are  poikilitic.  There  are  no 

phenociysts.  In  thin  section  it  consists  of  small,  stout  idiomorphic  prisms 

of  plagioclase  which  have  the  optical  characters  of  labradorite,  besides  stout 

prisms  of  augite  and  hypersthene,  partly  idiomorphic,  together  with  magnetite 

and  a  very  small  amount  of  biotite.  These  minerals  are  scattered  irregu- 
larly in  broad  allotriomorphic  individuals  of  orthoclase,  which  act  as  a 

cementing  matrix,  but  do  not  equal  the  plagioclase  in  amount.  It  is  nearly 

a  monzonite.  There  is  a  very  little  quartz.  Its  structure  is  shown  in  PI. 

XXXIV,  fig.  1.  Apatite  occurs  in  stout  and  in  slender  prisms.  The 

hypersthene  is  very  slightly  altered  in  places ;  otherwise  the  rock  is 

extremely  fresh.  The  small  amount  of  biotite  is  specially  noteworthy 

when  the  chemical  composition  of  the  rock  is  compared  with  that  of  1396 

and  1399  (analyses  8  and  7  on  page  260),  both  of  which  are  rich  in  biotite. 

Returning  to  the  gabbro  core,  Ave  have  to  consider  a  number  of  intru- 

sions within  the  main  body  of  granular  gabbro  and  in  the  aphanitic 

marginal  zone  which  form  dikes  representing  finer-grained  and  porphyritic 
modifications  of  the  gabbro  magma.  The  size  and  distribution  of  the 

phenociysts  of  feldspar  and  pyroxene  show  their  relation  to  the  rocks  of 

the  outlying  dikes  with  porphyritical  feldspars  and  pyroxene,  as  well  as  to 
those  of  the  breccias  and  flows,  while  their  microstructure  connects  them 

with  the  gabbro.  They  present  intermediate  phases  of  crystallization 

between  the  two,  and  if  followed  continuously  into  the  surrounding  country 

would  connect  the  granular  gabbro  with  the  basalt. 

Of  these  intrusions  or  dikes  one  (1398)  occurs  on  the  west  spur,  at 

8,650  feet  altitude,  cutting  the  granular  gabbro.  In  thin  section  it  consists 

of  labradorite  with  irregular  outlines  in  a  groundmas's  of  rounded  crystals 
of  feldspar,  augite,  hypersthene,  and  magnetite,  with  some  biotite  and 

orthoclase  and  a  little  quartz.  The  structure  is  similar  to  that  of  1383,  but 

is  coarser  grained.  The  phenociysts  of  labradorite,  augite,  and  hyper- 

sthene have  the  inclusions  characteristic  of  the  gabbro-porphyries. 
Another  dike  of  this  rock  (1413)  cuts  the  gabbro  near  the  outlet  of 

the  lake.  The  dike  is  6  inches  wide,  and  the  rock  is  dark  gray  and  crys- 
talline, with  the  same  microscopical  habit  as  the  one  just  described.  The 

microstructure  is  intermediate  between  the  latter  and  1388.  The  feldspars 

are  dusted  at  the  center,  the  outer  portion  carrying  many  small  crystals  of 

biotite,  which  is  specially  abundant  in  this  rock.     The  third  occurrence  is 
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a  2-foot  dike  (1387)  in  the  aphanitic  zone.  It  resembles  the  preceding- 
rock  in  outward  appearance  and  has  the  same  microstructure,  but  is  coarser 

grained. 
Diorite,  quartz-mica-diorite,  and    diorite-porphyry.   The        granillai-       l'OCk       of      the       COl'e 

changes  to  a  more  siliceous  facies  on  the  southern  slope  of  the  central 

round-topped  spur.  The  structure  of  this  part  of  the  core  will  be  better 
understood  if  its  description  is  commenced  at  the  base  of  the  middle  spur, 

where  the  lowest  exposures  of  massive  rock  are  dense  and  aphanitic  and 

dark  colored,  like  the  rock  at  the  base  of  the  southwest  spur.  This  is  cut  by 

dikes  with  parallel  walls,  but  higher  up  the  slope  their  form  is  not  so  regu- 

lar and  they  widen  out  toward  the  center  of  the  core,  the  rocks  composing 

them  becoming  coarse  grained  (1419,  1420).  The  structure  of  this  part  of 

the  middle  spur  is  obscured  by  slide  rock,  so  that  any  one  body  can  not 

be  traced  far.  Higher  up  the  core  is  well  exposed  and  the  rock  is  found  to 

be  lighter  colored,  with  a  strong  resemblance  to  medium-grained  diorite. 
The  rocks  from  above  9,000  feet  (1425,  1427),  when  studied  in  thin 

section,  prove  to  be  quartzose  and  feldspathic  facies  of  the  gabbro,  with 

less  ferromagnesian  minerals,  which  have  the  same  characteristics  as  those 

in  the  gabbro  proper.  Their  degree  of  crystallization  is  about  40,  and  the 

structure  is  more  nearly  granular,  since  the  orthoclase  and  quartz  nearly 

equal  the  lime-soda  feldspar  in  amount.  They  correspond  to  Brogger's 

banatite.1  The  last-named  mineral  is  almost  idiomorphic  and  appears  to 
be  andesine.  There  is  no  micrographic  structure.  The  rock  at  9,300  feet 

altitude  (1425)  contains  biotite,  augite,  hypersthene,  magnetite,  and  a  little 

hornblende.  There  is  much  magnetite  in  the  pyroxenes  and  biotite,  but 
the  rod-like  inclusions  are  less  common. 

The  rock  (1427)  100  feet  higher  up  has  the  same  grain  and  structure 

as  the  last,  but  has  less  ferromagnesian  minerals.  The  andesine,  orthoclase, 

and  quartz  are  the  same,  except  that  there  is  a  little  micrographic  inter- 

growth  of  quartz  and  orthoclase.  The  orthoclase  frequently  surrounds 

plagioclase  in  parallel  orientation.  The  ferromagnesian  minerals  are  horn- 

blende, biotite,  magnetite,  and  a  little  pyroxene,  which  is  inclosed  and 

intergrown  in  the  hornblende.  The  latter  is  idiomorphic  and  has  an  olive- 
green  color,  which  is  like  that  of  the  hornblende  in  the  diorite  of  Electric 

Peak.     There  are  numerous  stout  crystals  of  apatite   and   zircon.     One 

1  Briigger,  W.  C.;  Die  Eruptivgesteine  des  Kxistianiagebietes :  II.  Die  Eruptionsfolge  der  tria- 
dischen  Eruptivgesteine  bei  Prodazzo  in  Sudtyrol,  Christiania,  1895,  p.  65. 
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zircon  inclosed  in  hornblende  is  surrounded  by  a  pleochroic  halo.  The 

chemical  composition  of  this  rock  (analysis  14  on  page  261)  is  that  of  a 

quartz-mica-diorite  rich  in  orthoclase — that  is,  banatite. 

Higher  up  the  spur,  at  10,000  feet,  the  main  body  of  rock  (1429) 

becomes  finer  grained,  the  feldspars  are  more  nearly  idiomorphic,  and  the 

quartz  forms  large,  irregular  individuals  with  micropoikilitic  structure, 

inclosing  small  feldspars  (PL  XXXIII,  fig.  4).  The  plagioclase  is  andes- 
ine,  and  contains  rectangular  inclusions  resembling  glass.  Orthoclase  is 

not  so  abundant.  There  is  considerable  biotite,  with  augite,  hypersthene, 

and  magnetite,  but  no  hornblende. 

A  still  finer-grained  form  of  this  quartzose  facies  of  the  core  occurs 

north  of  the  top  of  the  middle  spur.  It  is  a  very  fine-grained  gray  rock 
(1414),  without  phenocrysts.  In  thin  section  it  exhibits  a  structure  similar 

to  that  last  mentioned,  the  idiomorphic  labradorite-andesine  having  a  border 
of  allotriomorphic  feldspar.  There  is  a  moderate  amount  of  augite  and 

hypersthene,  which  occur  in  groups  of  small  grains  rather  than  in  compact 

individuals,  besides  magnetite  and  very  little  biotite.  The  chemical  analysis 

(No.  13  on  page  261)  shows  its  resemblance  to  1427,  as  well  as  the 

chemical  differences  between  them,  which  correspond  to  difference  in  min1 

eral  composition,  the  latter  rock  being-  richer  in  biotite,  orthoclase,  and 
quartz,  with  more  hornblende  than  pyroxene. 

In  some  of  the  thin  sections  from  the  body  of  the  core  there  are  traces 

of  decomposition,  producing  a  little  chlorite  and  serpentine,  and  in  some 

cases  uralite  accompanying  evidences  of  slight  crushing  in  the  feldspars. 

But  the  rocks  are  to  a  veiy  great  extent  perfectly  fresh  and  unaltered.  The 

quartzose  facies  of  the  gabbro  is  younger  than  the  main  mass  of  more 

basic  rock,  for  it  is  found  cutting  it  as  dikes.  Thus,  a  fine-grained  variety 

(1419),  with  the  same  microstructure  and  composition  as  the  fine-grained 
form  (1414)  on  top  of  the  core,  cuts  the  aphanitic  zone  of  more  pyroxenic 

rock  at  the  base  of  the  middle  spur.  It  grades  directly  into  more  granular 

rock  (1420),  which  has  the  structure  and  composition  of  the  lower  part  of 

the  main  mass  of  the  spur  represented  by  1 425. 

There  is  also  a  20-foot  dike  of  this  quartzose  variety  which  cuts  the 
gabbro  on  the  southwest  spur  at  9,100  feet  and  trends  toward  the  southwest, 

while  a  body  of  similar  rock,  whose  form  was  not  observed,  occurs  on  the 

crest  of  the  same  spur,  more  within  the  core.  The  rock  from  this  body 

(1400)  has  the  same  composition  as  that  at  the  base  of  the  middle  spur 
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(1425),  with  more  hornblende  intergrowths.  The  pyroxenes  have  the  char- 
acteristics of  those  in  the  gabbro.  The  microstructure  is  coarser  than  that 

of  the  20-foot  dike,  which  is  represented  by  specimens  1407,  1405,  the 

finer-grained  form  (1405)  being  about  grade  28.  Rock  1400  has  less  ferro- 

magnesian  minerals  and  resembles  in  outward  appearance  the  fine-grained 
rock  from  the  top  of  the  core  (1414).  Its  structure  is  shown  in  PI.  XXXIV, 

fig.  2. 

Two  small  dikes  of  similar  quartzose  diorite-porphyry  cut  the  aphamtic 
zone  at  the  base  of  the  west  spur.  They  are  dense  and  crystalline,  without 

noticeable  phenocrysts  (1385,  1386).  The  coarser  of  the  two  resembles 

the  rock  last  mentioned  in  microstructure,  and  is  about  grade  27.  It  has 

the  same  mineral  composition  as  the  finer-grained  rock  which  occurs  in  a 

dike  1  foot  wide.  The  latter  (1385)  differs  from  it  slightly  in  microstruc- 

ture, and  is  about  grade  18.  Its  phase  of  crystallization  is  specially  inter- 

esting. In  thin  section  it  consists  of  lath-shaped  feldspars  of  various  sizes, 

and  small  grains  of  feldspar,  with  considerable  quartz,  which  has  a  micro- 
poikilitic  structure.  The  groundmass  also  contains  magnetite,  biotite, 

augite,  and  altered  hypersthene.  Its  most  notable  characteristic  is  the 

development  of  small  phenocrysts  of  orthoclase  in  Carlsbad  twins  with 

irregular  outlines.  The  outer  portion  of  these  crystals  incloses  the  ferro- 

magnesian  minerals,  and  occasionally  plagioclase.  There  are  few  pheno- 

crysts of  plagioclase.  The  orthoclase  appears  to  belong-  to  the  period  of 
crystallization  when  the  quartz  formed  in  poikilitic  individuals  of  nearly  the 

same  size  as  the  orthoclase,  but  inclosing  more  plagioclase.  The  outline 

between  the  quartz  and  the  orthoclase  is  irregular.  Thus  the  porphyritical 

orthoclase  crystals  are  younger  than  the  lath-shaped  plagioclase  and  ferro- 

magnesian  minerals  of  the  groundmass  of  the  rock.  The  rocks  are  banatite- 

porphyry. 
There  are  still  more  quartzose  facies  of  the  magma,  which  cut  the 

dioritic  facies  of  the  middle  spur  in  dikes  or  veins.  A  coarsely  crystalline 

variet}T  (1428)  forms  a  4-foot  dike  cutting  the  main  body  of  rock  (1429), 
which  is  somewhat  finer  grained  and  has  been  described.  The  dike  rock 

is  about  grade  40,  and  is  like  the  main  part  of  the  spur  lower  down  (1425), 

being  of  the  same  degree  of  ciystallization.  The  microstructure  is  like 

that  of  the  latter  rock,  but  there  is  more  quartz  and  feldspar  and  less 
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feri'omagnesian  minerals,  which  are  biotite  and  a  little  chlorite,  but  no 
pyroxene.  Some  of  the  chlorite  carries  zircon  Avith  pleochroic  halos,  and 

bunches  of  rutile  needles.  Magnetite,  zircon,  sphene,  and  stout  apatite 

crystals  are  the  accessory  minerals.  The  rock  is  a  quartz-mica-diorite, 
approaching  granite  in  composition.  It  has  the  same  microstructure,  degree 

of  crystallization,  and  mineral  composition  as  the  quartz-mica-diorite  or 

hornblende-granite  (323)  which  occurs  at  Electric  Peak.  The  latter, 
however,  contains  hornblende  besides  biotite,  and  has  no  chlorite,  which  in 

the  rock  in  Hurricane  Mesa  may  in  part  replace  hornblende.  The  chemical 

composition  of  the  rock  at  Electric  Peak  has  been  determined.  Its  silica 

percentage  is  66.05. 

A  still  more  quartzose  and  feldspathic  variety  (1424)  forms  a  vein  10 

inches  wide  on  the  middle  spur.  It  has  the  general  habit  of  the  rocks  of 

this  facies,  but  is  lighter  colored  and  carries  less  ferromagnesian  minerals. 

Its  texture  is  saccharoidal.  In  thin  section  it  has  a  granular  structure  about 

grade  40,  and  is  composed  of  quartz,  orthoclase,  and  oligoclase,  with  biotite 

and  magnetite,  very  little  hornblende,  and  some  chlorite.  ■  The  accessory 
minerals  are  the  same  as  in  the  previous  variety.  It  is  a  fine-grained 

granite,  whose  chemical  composition  is  shown  in  analysis  16  on  page 

261.  Its  microstructure  is  shown  in  PI.  XXXIII,  fig.  3.  There  are  also 

narrow  veins  of  white  rock,  composed  of  quartz  and  feldspar,  with  little  ferro- 

magnesian minerals,  and  numerous  small  cavities  lined  with  crystals  of 

quartz  and  feldspar.  These  veins  present  the  most  highly  siliceous  facies  of 
the  rock. 

A  porphyritic  form  of  the  very  quartzose  facies  also  occurs  on  the  mid- 

dle spur.  It  is  not  noticeably  porphyritic  in  the  hand  specimen  (1423),  but 
in  thin  section  is  distinctly  so,  with  a  granular  quartzose  groundmass,  grade 

23.  It  exactly  corresponds  in  microstructure  and  degree  of  crystallization, 

as  well  as  in  mineral  composition,  to  the  quartz-mica-diorite-porphyry 

(331)  of  Electric  Peak.  The  phenocrysts  are  biotite,  andesine,  and  quartz, 
and  occasionally  orthoclase.  Their  outlines  are  nearly  idiomorphic,  but  the 

quartz  in  some  individuals  loses  its  proper  form  by  merging  into  the  smaller 

quartzes  of  the  groundmass  in  the  manner  described  for  the  rocks  at  Elec- 

tric Peak.  There  is  considerable  sphene  and  zircon.  Its  chemical  compo- 

sition (analysis  15  on  page  261)  is  like  that  of  the  rock  (329)  of  Electric 
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Peak,  and  is  quite  the  same  as  that  of  the  quartz-mica-diorite  (1427)  in 
which  it  occurs.  From  its  chemical  composition  it  should  be  classed  with 
banatite. 

Less  quartzose  diorite-porphyries  were  collected  from  talus  at  the  south- 
western base  of  the  southwest  spur,  and  from  that  under  the  cliff  west  of  the 

lake  at  the  head  of  the  west  gulch. 

Having  been  led  from  the  petrographical  study  of  the  breccias  and 

flows  of  glassy  basalt  and  pyroxene-andesite  along  the  converging  lines 
of  microcrystalline  dikes  of  like  composition  to  the  coarsely  granular  core 

of  gabbro  of  the  same  chemical  composition  which  represents  the  highest 

phases  of  crystallization  of  these  basaltic  mag-mas,  and  having  found  the 
gabbro  passing  into  more  siliceous  facies  which  have  been  erupted  after  the 

main  mass  of  gabbro,  and  from  which  have  proceeded  dikes  of  finer-grained 
rocks  of  similar  composition,  we  may  follow  these  more  siliceous  dikes  out 

into  the  surrounding  country,  and  consider  in  connection  with  them  the  less 

numerous  dikes  whose  variations  of  mineral  composition  express  a  still  fur- 

ther development  of  facies  of  the  basaltic  magma. 

These  dike  rocks  exhibit  a  wide  range  of  composition,  and,  together 

with  the  dikes  already  described,  form  a  natural  group.  The  latter  repre- 
sent the  main  body  of  magma  in  this  region,  of  which  the  rocks  to  be 

described  may  be  considered  facies  by  differentiation,  the  variations  being, 

on  the  one  hand,  toward  more  siliceous  and  more  feldspathic  rocks,  and,  on 

the  other  hand,  toward  less  siliceous  rocks,  some  of  which  are  highly  feld- 

spathic, while  others  are  high  in  ferromagnesian  minerals.  These  dikes 

appear  to  have  been  erupted  after  the  greater  number  of  basalt  dikes  were 

formed,  but  the  exact  relationship  between  them  was  not  observed  in  every 
case. 

Hornbiende-mica-andesite-porphynes. — Commencing  with  the  more  siliceous  varie- 

ties, we  have  a  group  of  light-colored  rocks  in  various  tones  of  gray,  which 
are  compact,  and  are  filled  with  small  phenocrysts  of  feldspar,  hornblende, 

and  biotite.  There  is  a  striking  similarity  of  habit  throughout  the  rocks  of 

the  group,  which  corresponds  to  the  habit  of  the  fine-grained  quartz-mica- 

diorite-porphyries  already  described. 
Within  the  granular  core  they  form  a  few  dikes,  one  of  which  cuts  the 

gabbro  on  the  crest  of  the  southwest  spur,  and  another,  10  feet  wide,  cuts  it 

a  little  higher  and  trends  west.    These  hornblende-mica-andesite-porphyries 
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(1401,  1408)  are  not  quite  so  rich  in  quartz  as  the  diorite-porphyries  of  the 
core,  but  they  cany  considerable  quartz  in  the  groundmass,  and  a  few 

crystals  of  it  occur  as  phenocrysts.  Their  crystallization  is  grade  23  in  the 

first  case,  and  grade  18  in  the  second. 

Near  the  base  of  the  west  spur  there  is  an  8-foot  dike  of  this  rock 
(1 384),  trending  west  of  south,  and  still  lower  down  the  slope  there  is  another 

(1381).  -  A  small  dike  of  this  rock  cuts  the  southwestern  edge  of  the  top 

of  the  middle  spur,  and  in  the  cliff  west  of  the  lake  there  is  a  15-foot  dike  of 

it  (1367),  trending  N.  45°  W.  Besides  these  there  are  indications  of  other 
bodies  of  the  same  kind,  fragments  of  which  are  found  in  the  talus  in 

various  places.  These  rocks  are  fine  grained,  and  resemble  the  remainder 

of  the  dikes  of  hornblende-mica-andesite-porphyry  so  closely  that  a  general 
description  will  serve  for  all  of  them. 

The  outlying  dikes  of  this  character  are  found  in  the  immediate  neigh- 

borhood of  the  core,  the  longest  noted  extending  about  5  miles  to  the  south- 

west. A  10 -foot  dike  of  it  forms  the  saddle  northwest  of  the  plateau  of 

Hurricane  Mesa  and  trends  northwest,  being  in  line  with  the  15-foot  dike 
west  of  the  lake. 

On  the  narrow  ridge  south  of  Closed  Creek  there  are  a  number  of 

these  dikes,  which  cut  the  ridge  at  a  place  southwest  of  the  core.  Five 

were  noted,  three  of  which  are  10,  18,  and  20  feet  wide  and  trend  toward 

the  south  and  southwest.  They  fork  and  branch  out  in  these  directions, 

and  dikes  of  identical  rock  are  exposed  on  the  southern  slope  of  the  ridge, 

having  the  same  general  trends.  They  may  be  traced  almost  continuously, 

in  some  instances  diagonally,  across  the  steep  spurs. 

In  thin  section  the  rocks  are  holocrystalline  and  fine  grained,  ranging 

from  grade  18  in  the  dike  (1381)  at  the  base  of  the  southwest  spur  of  the  core 

to  grade  10  in  the  most  remote  dike  (1319),  which  is  4  or  5  feet  wide.  The 

habit  of  the  rocks  is  andesitic,  passing  into  that  of  andesite-porphyry  at  the 
more  crystalline  end  of  the  series.  The  groundmass  consists  of  tabular 

plagioclase  in  a  matrix  of  irregular  grains  of  feldspar  with  a  little  quartz, 

besides  idiomorphic  crystals  of  magnetite,  biotite,  hornblende,  and  pyroxene. 

Through  this  are  scattered  larger  crystals  of  the  same  minerals.  The  mega- 

scopic crystals  are  abundant,  and  are  andesine-labradorite  with  zonal  struc- 

ture and  variable  amounts  of  inclusions;  and  idiomorphic  hornblende,  brown- 

ish green  with  a  brown  border,  in  places  intergrown  with  augite  in  the 
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same  manner  as  in  the  rocks  of  Electric  Peak.  Augite  is  pale  green,  and 

occurs  in  small  amounts.  Hypersthene  is  often  decomposed.  Biotite  is 

abundant  in  the  groundmass  of  some  of  the  rocks  when  it  does  not  form 

large  crystals.  In  other  cases  it  is  abundant  as  phenocrysts.  Some  of 

the  more  altered  rocks  carry  chlorite  and  epidote.  Apatite  and  zircon 

appear  as  accessory  minerals.  When  the  biotite  has  been  altered  to  chlorite 

the  zircon  inclusions  are  sometimes  surrounded  by  pleochroic  halos. 

There  are  more  siliceous  and  feldspathic  varieties  of  the  rock,  in  which 

biotite  preponderates  over  hornblende.  The  groundmass  carries  less  ferro- 
magnesian  minerals,  and  a  distinctly  micropoikilitic  structure  is  recognized 

in  the  quartz. 

From  the  foregoing  it  is  evident  that  we  have  followed  this  facies  of 

the  magma  from  the  core  out  into  microcrystalline  forms,  which  may  be 

classed  as  andesitic  forms  of  hornblende-mica-andesite-porphyry,  or  as 
holocrystalline  andesites.  The  chemical  analysis  of  the  most  distant  dike 

of  this  rock  (1319)  (analysis  12  on  page  261)  shows  that  it  belongs  to  a 

less  siliceous  phase  of  the  general  magma  than  the  quartz-mica-diorite  of  the 
core.  No  highly  siliceous  dikes  were  found  outside  of  the  core  in  connection 

with  this  system  of  intrusions.  Similar  rocks  occur  in  the  neighborhood 

of  Cook  City  in  such  a  manner  as  to  indicate  the  presence  of  another  center 

of  eruption  near  that  place. 
The  more  basic  dikes  which  remain  to  be  described,  though  they  are 

scattered  over  the  district  and  are  somewhat  sporadic,  may  properly  be 

considered  to  belong  to  the  Crandall  center,  since  varieties  of  them  occur 

within  the  core,  although  the  extreme  forms  do  not.  They  are  less  numerous 

than  those  just  described,  and  vary  considerably  in  mineral  composition. 

Hombiende-pyroxene-andesite. — There  are  only  two  of  these  dikes  which  may 

be  classed  as  hornblende-pyroxene-andesite,  but  dikes  of  this  rock  are  more 
numerous  in  the  neighborhood  of  Cook  City.  One  of  these  rocks  (1317) 

forms  a  dike  on  the  ridge  northeast  of  Indian  Peak  and  trends  toward  the 

o-abbro  core.  The  other  (1368)  was  found  on  the  top  of  Hurricane  Mesa 

east  of  the  core,  but  not  in  place.  It  carries  large  black  crystals  of  horn- 
blende from  10  to  20  mm.  long.  Both  of  the  rocks  mentioned  are  compact, 

with  hornblende  as  the  only  prominent  phenocrysts.  In  thin  section  the 

groundmass  is  andesitic  and  holocrystalline,  and  consists  of  lath-shaped 
plagioclase  microlites  with  fluidal  arrangement,  besides    small  patches  of 



MINERAL  AND  CHEMICAL  VARIATIONS  OF  ROCKS.  259 

quartz  with  magnetite  and  altered  pyroxene.  The  phenocrysts  vary  in 

amount  and  size,  and  are  plagioclase,  augite,  and  hypersthene,  with  larger 

crystals  of  hornblende,  which  is  brown  and  brownish  green  and  in  one  of 

the  rocks  has  a  narrow  border  of  magnetite. 

Lamprophyric  rocks. — The  remaining  dikes  do  not  constitute  a  distinct  group 

which  may  be  sharply  separated  from  the  majority  of  the  rocks  of  the  dis- 
trict, though  certain  of  them  possess  marked  characteristics.  Their  chief 

distinction  is  an  unusual  mineral  combination,  but  they  are  connected  with 

the  ordinary  rocks  of  the  district  by  mineralogically  intermediate  varie- 
ties. In  general  appearance  they  resemble  the  rocks  Avith  which  they  are 

associated. 

They  are  fme-gTained  rocks,  characterized  by  an  abundance  of  biotite 

and  other  ferromagnesian  minerals,  including  augite  and  olivine,  with  feld- 
spar subordinate  in  some  cases,  and  partly  alkaline,  while  analcite  appears 

as  a  secondary  mineral  in  some  modifications  of  the  rock.  In  other  cases 

the  rocks  are  distinctly  feldspathic.  Because  of  their  unusual  composition, 

and  of  the  occurrence  of  similar  rocks  in  dikes  and  lava  flows  in  other  parts 

'  of  the  Yellowstone  Park,  their  petrographical  description  is  deferred  to  Chap- 
ter IX,  where  they  are  classed  as  absarokites,  shoshonites,  and  banakites,  and 

are  considered  as  exceptional  facies  of  the  normal  magma  of  the  region. 

They  seem  to  represent  less  common  differentiations  of  this  magma  than 

the  more  numerous  varieties  of  igneous  rocks  do,  and  for  this  reason  may 
be  discussed  separately. 

MINERAL  AND   CHEMICAL  VARIATIONS  OF  THE   ROCKS. 

The  variations  in  mineral  composition  of  the  igneous  rocks  of  this  dis- 

trict are  evidently  dependent  on  more  than  the  chemical  composition  of  the 

magmas  from  which  they  have  crystallized,  rocks  of  the  same  or  of  similar 

chemical  composition  having  different  mineral  components,  which  has  also 

been  shown  to  be  the  case  at  Electric  Peak  and  Sepulchre  Mountain. 

The  range  of  mineral  variation  among  the  extrusive  rocks,  when  con- 

sidered in  the  order  of  their  eruption,  is  from  siliceous  andesites  with  biotite 

and  hornblende,  through  those  with  hornblende  and  pyroxene,  to  pyroxene- 

andesites,  which  grade  into  basalt  by  decreasing  percentages  of  hypersthene 
and  increasing  amounts  of  olivine. 

This  is  succeeded  in  a  neighboring  part  of  the  country  by  a  recurrence 

of  the  same  series  from  hornblende-mica-andesite  to  basalt,  and  finally  by 
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rhyolite  and  basalt.  There  are  three  distinct  periods  of  basaltic  eruptions 
and  an  indefinite  number  of  minor  outbursts  of  the  same  rock.  The  study 

of  the  whole  region  shows  the  frequent  recurrence  of  certain  lavas. 

Among  the  intrusive  rocks  the  mineralogical  variations  differ  according 

to  the  phase  of  crystallization  of  the  rock.  In  the  finer-grained  dike  rocks 

they  range  from  olivine-augite-labradorite-basalts,  through  those  with  little 

or  no  olivine,  to  hornblende-pyroxene-andesites  and  to  still  more  siliceous 

mica-hornblende-pyroxene-andesite-porphyries,  and  in  another  direction  to 

more  basic  rocks,  which  range  from  olivine-augite-mica  rocks,  through 

auii'ite-mica  rocks,  to  auoite-hornblende-mica  rocks  with  orthoclase  and 

plagioclase. 
There  is  also  a  mineral  variation  which  accompanies  the  degree  or 

phase  of  crystallization  of  the  rock.  It  is  illustrated  by  the  transition  from 

basalt  to  gabbro.  The  character  of  the  variation  will  be  shown  by  a  com- 
parison of  the  mineral  composition  of  rocks  whose  chemical  composition  has 

been  determined  to  be  similar. 

Analyses  of  rocks  from  the  Crandall  volcano. 
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1.  Gabbro-porphyry ;  core  on  Hurricane  Mesa,  Craudall  Basin  (1388). 
2.  Basalt;  flow,  north  side  of  Timber  Creek,  Crandall  Basin  (1252). 

3.  Basalt;  dike,  ridge  south  of  Hurricane  Mesa,  Crandall  Basin  (1325). 

4.  Basalt-porphyry;  core,  Hurricane  Mesa,  Craudall  Basin  (1383). 
5.  Gabbro  (with  mica);  core,  Hurricane  Mesa,  Crandall  Basin  (1430). 

6.  Basalt-andesite  glass,  breccia;  ridge  south  of  Indian  Peak,  Crandall  Basin  vl241). 

7.  Orthoclase-gabbro-diorite  (rich  in  mica);  core,  Hurricane  Mesa,  Crandall  Basin  (1399). 

8.  Orthoclase-gabbro-diorite  (rich  in  mica) ;  core.  Hurricane  Mesa,  Crandall  Basin  (1396). 
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Analyses  of  rooks  from  the  Crandall  volcano — Continued. 
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9.  Dioritic  facies  of  gabbro;  core,  Hurricane  Mesa,  Crandall  Basin  (1436). 

10.  Monzonite;  east  core,  Hurricane  Mesa,  Crandall  Basin  (1442). 

11.  Pyroxene-diorite-porphyry,  approaching  mouzonite-porphyry ;  intrusive  sheet,  Hurricane  Mesa, 
Crandall  Basin  (1372). 

12.  Hornblende-miea-andesite-porpbyry;    dike,    ridge  south  of   Hurricane   Mesa,    Crandall   Basin 

(1319). 

13.  Quartz-diorite  (tine  grained) ;  core,  Hurricane  Mesa,  Crandall  Basin  (1414). 

14.  Quartz-mica-diorite;  core,  Hurricane  Mesa,  Crandall  Basin  (1427). 

15.  Quartz-mica-diorite-porphyry  ;  core,  Hurricane  Mesa,  Crandall  Basin  (1423). 

16.  Aplite;  dike  in  core,  Hurricane  Mesa,  Crandall  Basin  (1424). 

The  chemical  analyses  show  what  is  known  of  the  composition  of 

the  surface  flows,  dikes,  and  stock  rocks  of  this  district,  exclusive  of  those 

classed  as  absarokites,  etc.  Of  these  analyses,  Nos.  1,  2,  3,  4,  5,  6,  7,  8, 

9,  11,  12,  and  16  were  made  by  Mr.  L.  G.  Eakins,  and  Nos.  10,  13,  14, 

and  15  by  the  late  Dr.  W.  H.  Melville,  in  the  chemical  laboratory  of  the 

United  States  Geological  Survey.  They  are  arranged  according  to  the 

increasing  percentage  of  silica,  which  varies  from  51.81  to  71.62.  The 

range  of  silica  is  greater  than  in  the  rocks  of  Electric  Peak  and  Sepulchre 

Mountain,  most  of  the  analyses  showing  less  than  58  per  cent  silica.  The 

more  siliceous  rocks  in  both  localities  are  similar.  The  variability  of 

the  chemical  composition  of  the  rocks  of  this  district  has  been  discussed 

in  another  place.1  The  analyses  show  that  the  basalts  of  the  district  vary 
in  composition  within  certain  limits. 

'Iddings,  J.  P.,  The  origin  of  igneous  rocks:  Bull.  Philos.  Soc.  Washington,  Vol.  XII,  1892,  p.  151. 
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Comparing  the  first  three  analyses  (1,  2,  3),  it  is  seen  how  closely  they 

agree  with  one  another.  The  first  has  slightly  less  alumina  and  somewhat 

more  magnesia  and  lime.  The  second  and  third  are  of  basalts,  the  second 

being  a  surface  flow,  and  the  third  a  dike.  They  are  rich  in  olivine,  augite, 

and  magnetite,  without  hypersthene.  The  third  contains  large  pheno- 
crysts  of  labradorite,  and  carries  a  little  orthoclase  in  the  groundmass. 

The  first  of  the  three  analyses  is  of  the  finest-grained  form  of  one  of  the 

series  of  specimens  from  the  core,  and  is  a  gabbro-porphyry.  Its  compo- 
nent minerals  are  plagioclase  with  much  augite,  hypersthene,  biotite,  and 

magnetite,  and  a  little  olivine.  Although  it  is  richer  in  magnesia  and  has 

only  two-thirds  as  much  potash  as  the  third  rock,  it  has  developed  a  great 
amount  of  biotite,  much  hypersthene,  and  only  a  little  olivine,  while  the 

third  rock  has  abundant  olivine  and  no  biotite  or  hypersthene. 

Comparing  the  next  three  analyses  (4,  5,  6),  we  find  a  close  corre- 
spondence in  chemical  composition,  with  a  smaller  amount  of  alumina  and 

alkalies  in  the  first  and  a  greater  amount  of  iron,  lime,  and  magnesia.  The 

fifth  analysis  holds  an  intermediate  place  between  the  fourth  and  sixth. 

The  greatest  variation  is  in  the  magnesia,  which  is  twice  as  great  in  the 

fourth  as  in  the  sixth.  The  rocks  represent  three  very  different  phases  of 

consolidation.  The  sixth  (1241)  is  a  glass  with  few  crystals  of  olivine, 

augite,  and  plagioclase,  and  microlites  of  magnetite,  augite,  and  feldspar. 

The  fourth  is  a  fine-grained  basalt-porphyry,  composed  of  plagioclase, 
augite,  hypersthene,  biotite,  and  magnetite,  with  no  olivine.  The  fifth  is 

coarsely  granular  gabbro,  composed  of  plagioclase  with  some  orthoclase,  a 

little  quartz,  much  augite  (diallage),  some  hypersthene,  considerable  biotite 
and  magnetite,  and  a  few  crystals  of  olivine. 

The  next  two  analyses  (7,  8)  are  only  a  little  higher  in  silica  than  the 

previous  three,  and  are  very  similar  to  that  of  the  basalt-andesite  glass 
(1241)  in  all  other  respects.  Thev  are  analyses  of  coarsely  crystalline 

gabbro-diorite,  which  grades  into  less  siliceous  rock  (1388)  within  a  short 
distance.  There  are  no  analyses  of  extrusive  rocks  from  this  district 

with  the  same  percentage  of  silica  with  which  to  compare  them,  but  at 

Sepulchre  Mountain  there  are  andesites  whose  chemical  composition  has 

been  determined,  and  with  which  these  may  be  compared. 
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Analyses  of  andesites  from  Sepulchre  Mountain. 
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These  analyses  are  higher  in  magnesia  and  lime  and  a  little  lower  in 

alumina  and  alkalies.  The  rocks  from  which  they  were  made  are  pyroxene- 

andesite  and  hornblende-pyroxene-andesite,  without  mica  or  olivine.  Their 

coarsely  crystalline  equivalents  at  Electric  Peak  are  pyroxene-andesite- 

porphyry  and  *  pyroxene-mica-diorite.  The  rocks  from  which  analyses 

7  and  8  were  made  are  orthoclase-gabbro-diorite.  They  consist  of  plagio- 

clase  with  some  orthoclase  and  a  little  quartz,  much  biotite,  augite,  hyper- 
sthene, and  magnetite,  and  a  little  hornblende,  but  no  olivine.  When 

compared  with  the  corresponding  g-ranular  rocks  at  Electric  Peak,  they  are 
found  to  differ  from  them  in  having  less  hornblende  and  more  augite  and 

hypersthene,  with  less  quartz  and  considerable  orthoclase. 

The  next  three  analyses  in  the  table  (9,  10,  11)  are  slightly  more 

siliceous,  and  are  all  from  intrusive  bodies.  They  are  similar  to  the  pre- 
vious analyses,  but  the  ninth  shows  more  alumina  and  less  magnesia.  This 

rock  is  very  coarse  grained  and  feldspathic,  and  is  a  diorite  facies  of  the 

gabbro.  The  tenth  is  the  fine-grained  monzonite  with  the  poikilitic  ortho- 
clase and  little  biotite,  besides  much  augite,  hypersthene,  and  magnetite,  and 
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very  little,  if  any,  quartz.  The  eleventh  is  a  pyroxene-diorite-porphyry 

approaching-  monzonite-porphyry,  which  is  very  fine  grained  and  is  com- 
posed of  plagioclase,  augite,  hypersthene,  magnetite,  and  some  biotite  and 

a  little  quartz,  with  no  olivine,  but  paramorphs  after  olivine,  now  consisting 

of  augite,  biotite,  and  magnetite.  It  also  contains  microscopic  feldspars, 

which  are  in  part  orthoclase. 
The  twelfth  analysis  is  still  higher  in  silica,  with  somewhat  lower 

alumina,  lower  lime,  and  about  the  same  alkalies.  The  rock  is  a  dike  of 

hornblende-mica-andesite-porphyry  with  phenocrysts  of  andesine-labra- 
dorite,  hornblende,  and  biotite,  besides  a  small  amount  of  augite  and 

hypersthene.  The  groundmass  is  microcrystalline,  and  consists  of  feldspar 

and  the  ferromagnesian  minerals  just  named,  with  considerable  magnetite. 

There  is  a  little  chlorite  or  serpentine.  It  is  interesting  to  compare  this 
rock  with  that  of  the  Indian  Creek  laccolith. 

The  next  three  analyses  (13,  14,  15)  are  of  diorites  that  form  part 

of  the  core  of  the  volcano.  They  have  nearly  the  same  percentage  of 

silica,  but  that  with  lowest  silica  has  highest  alumina  and  lime  and  low- 

est magnesia  and  potash.  This  rock  also  differs  from  the  others  miner- 

alogically.  It  is  a  very  fine-grained  rock  without  phenocrysts.  It  consists 

of  labradorite-andesine  and  a  small  amount  of  orthoclase  and  quartz, 
besides  a  moderate  amount  of  augite,  hypersthene,  and  magnetite,  and 

very  little  biotite.  The  second  of  the  three,  with  63.97  per  cent  of  silica, 

is  of  a  coarser-grained  quartz-mica-diorite,  composed  of  andesine  with  a 

nearly  equal  amount  of  orthoclase  and  quartz,  besides  considerable  biotite 

and  hornblende,  some  magnetite,  and  a  little  pyroxene.  The  third  of  these 

three  analyses  is  of  a  quartz-mica-diorite-porphyry,  with  abundant  quartz. 

The  phenocrysts  are  biotite,  andesine,  and  quartz,  and  occasionally  ortho- 
clase. 

It  corresponds  chemically  to  the  diorite  last  described,  and  is  almost 

exactly  the  same  mineralogically  and  structurally  as  one  of  the  quartz- 

mica-diorite-porphyries  (331)  of  Electric  Peak,  and  chemically  it  resembles 
another  of  those  rocks  (329). 

The  sixteenth  analysis  is  of  a  fine-grained  granite  which  forms  a 

10-inch  vein  in  the  diorite.  It  consists  of  quartz,  orthoclase,  and  oligo- 
clase,  with  biotite  and  magnetite,  besides  a  very  little  hornblende  and  some 
chlorite. 
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From  the  foregoing  it  is  evident  that  magmas  which  may  crystallize 

into  extrusive  rocks  whose  essential  minerals  are  plagioclase,  augite,  and 

olivine  may  crystallize  into  coarsely  granular  rocks  with  plagioclase, 

augite,  hypersthene,  and  biotite,  with  a  small  amount  of  orthoclase  and 

quartz,  with  or  without  hornblende;  and  that  olivine  may  be  present  in 

some  cases,  when  the  other  magnesian  minerals  will  be  less  abundant. 

Hornblende,  which  is  so  important  a  constituent  of  the  diorite  of 

Electric  Peak,  plays  a  very  subordinate  role  in  the  granular  rocks  of  Hurri- 
cane Mesa.  Biotite  becomes  more  pronounced  as  the  rocks  become  more 

granular.  Hypersthene  also  develops  under  the  same  conditions.  And 

orthoclase  and  quartz  make  their  appearance  in  the  granular  equivalents  of 

many  basalts.  Thus  we  find  minerals  that  are  characteristic  of  more  and 

more  siliceous  members  of  the  series  of  extrusive  rocks  developed  in  basic 

magmas  under  conditions  which  render  the  magmas  more  highly  crystalline 

and  more  or  less  granular. 

These  minerals,  then,  are  in  part  functions  of  the  chemical  composition 

of  igneous  magmas,  while  in  part  they  are  functions  of  the  phase  of  crystal- 

lization of  chemically  identical  or  similar  magmas.  This  is  another  demon- 

stration of  the  law  that  "the  molecules  in  a  chemically  homogeneous  fluid 
magma  combine  in  various  ways  and  form  quite  different  associations  of 

silicate  minerals,  producing  mineralogically  different  rocks." 

CRYSTALLIZATION. 

It  may  be  well  to  call  attention  to  some  of  the  conditions  under  which 

the  molten  magmas  within  the  dikes  and  the  core  of  the  Crandall  volcano 

must  have  solidified.  Referring  to  the  profile  sections  of  the  district  and 

the  probable  outline  of  the  ancient  volcano  (PI.  XXXII),  it  is  evident  that 

the  magmas  which  cooled  within  that  portion  of  the  core  which  is  now 

exposed,  and  those  in  the  dikes  within  a  radius  of  2  miles,  must  have  occu- 

pied positions  at  nearly  the  same  distance  beneath  the  surface  of  the  volcano. 

And  if  the  former  may  be  considered  to  have  solidified  10,000  feet  below 

this  surface,  then  the  latter  must  have  solidified  10,000  feet  below  the  surface. 

The  one  is  as  deep  seated  as  the  other,  and  yet  then  degrees  of  crystallization 

range  from  glassy  to  coarsely  granular.  The  influence  of  pressure  alone  on 

the  crystallization  of  these  rocks  is  not  recognizable  in  the  size  of  the  grain 

or  in  the  phase  of  crystallization. 
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The  changes  of  crystallization  may  be  traced  horizontally  in  the  imme- 
diate vicinity  of  the  core,  increasing  from  the  outlying  bodies  toward  the 

core,  the  change  being  rapid  near  the  core  and  accompanied  by  induration 

and  metamorphism  of  the  surrounding  rocks.  It  is  in  great  measure  inde- 

pendent of  the  size  of  the  body,  since  narrow  dikes  within  the  core  are 

coarsely  crystalline,  while  much  broader  ones  in  the  surrounding  country 

are  very  fine  grained. 
It  was  unquestionably  the  differences  in  the  temperature  of  the  core 

rocks  and  of  the  outlying  breccias  which  determined  the  degree  of  crystal- 
lization. The  core  was  undoubtedly  much  more  highly  heated  than  the 

surrounding  rocks,  and  the  bodies  of  magma  that  solidified  within  it  cooled 

much  more  slowl}T  than  those  injected  into  the  outlying  parts  of  the  vol- 
cano, or  even  within  a  mile  of  the  central  conduit. 

From  this  it  follows  that  the  application  of  the  terms  "deep-seated" 

and  "abyssal"  to  coarsely  crystalline  rocks  is  misleading,  since  it  is  not 
distinctive  and  applies  equally  well  to  rocks  of  totally  different  crystalline 

characters.  The  depth  at  which  a  magma  has  solidified  appears  to  be  of 

little  moment  in  comparison  with  the  temperature  of  the  rocks  surrounding  it. 

DEVELOPMENT  OF  PHENOCRYSTS. 

A  consideration  of  the  various  mineralogical  phases  of  rocks  which 

have  the  same  chemical  composition,  as  they  occur  in  this  district,  leads  to 

important  conclusions  regarding  the  crystallization  of  phenocrysts.  The 

great  majority  of  the  basaltic  dikes  carry  porphyritical  crystals  of  olivine, 

augite,  and  plagioclase  in  a  microcrystalline  groundmass  of  plagioclase, 

augite,  and  magnetite.  In  other  varieties  the  phenocrysts  are  almost 

wholly  olivine  and  augite.  Within  the  core  there  are  rocks  with  pheno- 
crysts of  augite  and  plagioclase,  sometimes  with  olivine,  sometimes  with 

paramorphs  after  olivine.  The  outlines  of  these  crystals  show  that  their 

crystallization  continued  uninterruptedly  into  the .  period  of  crystallization 

of  the  groundmass.  These  rocks  are  more  generally  the  fine-grained 
forms.  The  greater  part  of  the  gabbro  does  not  carry  olivine,  or  at  least 

only  in  occasional  crystals,  while  the  augites  possess  characters  different 

from  those  in  the  basalt;  besides  which,  hypersthene  and  biotite  have 

developed  in  crystals  as  large  as  those  of  augite.  It  is  also  observed  that 

the  apatite  and  magnetite  are  differently  developed,  being  in  larger  and 

fewer  individuals  in  the  coarse-»rained  rocks. 
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From  this  it  is  evident  that  magmas  of  similar  chemical  composition, 

which  were  erupted  at  different  times,  reached  positions  of  like  elevation 

within  the  volcano  in  different  stages  of  crystallization.  Some  carried 

large  crystals  of  plagioclase,  augite,  and  olivine,  some  only  augite  and 

olivine,  and  others  had  no  crystals  developed  in  them.  For,  as  shown  in 

the  chapter  on  Electric  Peak  (Chapter  III),  the  molten  magmas  must  have 

been  completely  fluid  when  they  reached  those  places  in  the  conduit  where 

the  character  of  crystallization  referable  to  the  surrounding  conditions 

affected  all  of  the  constituent  minerals,  including  the  apatite  and  zircon. 

From  the  fact  that  the  magma  which  was  forced  into  the  outlying 

dikes  must  have  been  the  advanced  portion  of  that  which  stopped  in  the 

conduit  in  any  particular  eruption,  and  since  the  dike  rocks  are  more 

usually  porphyritic,  and  the  core  or  stock  rocks  show  by  their  micro- 
structure  and  mineral  development  that  they  were  generally  completely 

fluid  when  they  came  to  rest  in  the  conduit,  it  may  be  inferred  that  the 

phenocrysts  of  the  dike  rocks  were  formed  in  the  advanced  portion  of  the 

magma  of  a  particular  eruption,  and  that  the  rear  part  of  the  magma  was 
in  most  cases  free  from  them. 

The  magma  having  been  assumed  to  be  chemically  homogeneous,  and 

the  influence  of  pressure  not  being  recognized  in  the  crystallization  of 

these  rocks,  the  most  variable  condition  which  remains  is  the  temperature  of 

the  rocks  through  which  the  magma  flowed,  and  the  consequent  difference 

in  the  rate  of  cooling  of  the  advanced  portion  of  the  magma  and  of  the  rear 

portion.  The  former  would  cool  more  rapidly.  While  the  magma  advances 

through  hot  rocks  it  may  cool  gradually,  but  when  it  enters  less  highly 

heated  rocks  the  cooling  will  be  more  rapid. 

There  are  many  reasons  for  concluding  that  the  phenocrysts  of  porphy- 
ritic rocks  are  the  result  of  crystallization  which  has  taken  place  very  shortly 

before  the  final  solidification  or  crystallization  of  the  whole  rock  mass,  and 

that  they  are  comparatively  rapid  growths,  and  are  not  minerals  that  have 

existed  within  the  molten  magma  for  any  considerable  length  of  time  prior 
to  its  solidification. 

As  indicating  their  rapid  growth,  we  may  cite  the  abundant  inclusions 

of  mother  liquor  with  gas  cavities,  which  are  of  common  occurrence  in 

phenocrysts  in  extrusive  rocks;  and  that  they  could  not  have  existed  for 

any  great   length  of  time   within    the   molten   magma    is    proved  by  the 
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uniform  distribution  instead  of  the  segregation  of  the  heavier  minerals 

in  feldspathie  magmas,  such  as  phenocrysts  of  augite  and  magnetite  in 

rhyolite.  The  specific  gravity  of  the  former,  about  3.3  and  5,  is  so  much 

greater  than  that  of  even  the  solidified  magma  in  the  form  of  obsidian,  2.3, 

that  it  is  difficult  to  imagine  how  fairly  large  crystals  of  these  minerals  could 

have  remained  suspended  for  any  length  of  time  in  this  matrix  when  it  was 
in  a  fluid  state. 

Cross '  has  called  attention  to  certain  large  crystals  of  orthoclase  in 

dacite-porphyries  ("quartz-porphy rites")  and  in  granular  diorites  in  Colo- 
rado, which  appear  to  have  crystallized  after  the  magmas  of  these  rocks  had 

been  erupted  and  had  come  to  rest.  And  Pirsson  has  joresented,  in  a  paper 

read  before  the  eleventh  annual  meeting  of  the  Geological  Society  of 

America,  further  evidence  of  the  relatively  late  growth  of  phenocrysts  in 

many  porphyritic  rocks. 

1  Cross,  W.,  The  laceolitic  mountain  groups  of  Colorado,  Utah,  and  Arizona  :  Fourteenth  Ann. 
Eept.  U.  S.  Geo!.  Survey,  1895,  p.  229. 



CHAPTER    VIII. 

THE  IGNEOUS  ROCKS  OF  THE  ABSAROKA  RANGE  AND 

TWO  OCEAN  PLATEAU  AND  OF  OUTLYING  PORTIONS 

OF   THE   YELLOWSTONE   NATIONAL   PARK. 

By  Joseph  Paxson  Iddings. 

INTRODUCTION. 

The  volcanic  lavas  that  were  erupted  from  the  chain  of  ancient  vol- 
canoes situated  along  the  eastern  border  of  the  Yellowstone  Park,  and  from 

minor  vents  lying*  outside  of  this  range,  were  to  a  very  great  extent  tuffs 
and  fragmental  material.  They  were  thrown  over  large  areas  of  country, 

and  often  traveled  long  distances,  so  that  after  erosion  had  reduced  the 

size  of  these  vast  accumulations  of  tuff-breccia,  not  only  were  the  original 
forms  of  the  bodies  destroyed,  but  deposits  that  may  have  been  at  one  time 

connected  have  become  separate.  Thus,  it  is  not  always  possible  to  decide 

whether  isolated  areas  of  volcanic  breccia  belong  to  neighboring  larger 

bodies  or  are  the  result  of  local  eruptions. 

In  the  present  chapter  no  attempt  will  be  made  to  describe  the  mode 

of  formation  or  the  history  of  the  lavas  of  these  portions  of  the  Park,  or 

the  topographic  features  of  the  Absaroka  Mountains.  Descriptions  of 

these  will  be  found  in  chapters  by  Mr.  Arnold  Hague  in  Part  I.  The 

petrographic  treatment  of  the  rocks  in  this  chapter  will  be  confined  to  an 

account  of  their  field  occurrence  and  distribution  and  to  a  systematic 

description  of  their  mineralogical  characteristics  and  composition.  The 

account  of  their  occurrence  and  distribution  must  of  necessity  proceed 

along  geographical  lines,  which  may  be  followed  either  upon  the  map  of 

the  Yellowstone  Park  accompanying  this  monograph  or  on  the  atlas  sheets 

of  folio  30  of  the  Geologic  Atlas  of  the  United  States,  issued  by  the  Geo- 
logical Survey.     For  convenience,  we  shall  start  at  the  northern  boundary 269 
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of  the  Park,  and  mention  the  lavas  forming-  the  mountains  east  of  the 
Yellowstone  River,  from  the  northern  boundary  southward.  Those  in  the 

vicinity  of  Soda  Butte  Creek  and  east  of  Lamar  River  have  been  described 

in  connection  with  the  dissected  volcano  of  Crandall  Basin,  but  their  men- 

tion again  here  will  serve  to  make  clear  the  connection  of  that  volcano 

with  others  that  combined  to  form  the  Absaroka  Range.  In  proceeding 

from  the  north  southward,  the  rocks  encountered  will  follow  one  another 

more  nearly  according  to  the  order  of  their  eruption,  the  youngest  being 
found  farthest  south. 

EARLY  ACID  BRECCIA. 

The  volcanic  ejectamenta  of  the  Absaroka  Range  rest  upon  crystalline 

schists  and  sedimentary  rocks  in  the  vicinity  of  the  northern  border  of  the 

Yellowstone  Park.  The  contact  is  exposed  along  the  valley  of  Clark  Fork, 

Soda  Butte  Creek,  Slough  Creek,  and  lower  Lamar  and  Yellowstone  rivers. 

In  all  of  these  localities  there  are  exposures  of  light-colored  andesitic 
breccia,  often  variegated  in  color.  These  represent  masses  of  various 

dimensions,  sometimes  very  large.  They  rest  immediately  upon  the  schists 

and  sedimentary  rocks,  and  are  overlain  by  dark-colored  breccia.  In  some 

places  the  two  grade  into  each  other  gradually;  in  others  there  is  a  well- 

defined  plane  of  contact,  and  evidences  of  a  period  of  ei'osion,  between  the 
deposition  of  the  two  breccias.  The  gradation  between  the  two  indicates 

continuous  deposition,  or  that  both  belong  to  a  prolonged  series  of  erup- 
tions, during  which  the  composition  of  the  lavas  changed.  A  precisely 

similar  relation  between  lower  acid  and  upper  basic  breccias  obtains  at 

Sepulchre  Mountain,  where  the  volcanic  activity  was  synchronous  with 

that  of  the  volcanoes  of  the  Absaroka  Range. 

Exposures  of  the  early  acid  breccia  are  few,  and  their  areas  are  com- 

paratively small,  in  the  region  about  to  be  described  In  the  vicinity  of  Junc- 

tion Butte,  immediately  over  the  gneiss  there  is  tuff-breccia  of  light-colored 

acid  audesite  and  trachytic  rhyolite,  quite  the  same  as  those  west  of  Yellow- 

stone River  in  the  neighborhood  of  Crescent  Hill,  and  undoubtedly  part  of 

the  same  formation.  These  breccia  deposits  have  been  more  or  less  worked 

over  by  water  and  rearranged,  and  include  many  fragments  of  gneiss  and 

schist.  Similar  lavas  and  breccia  with  buff-colored  tuff  (1025,  1026,  1032) 

and  some  massive  hornblende-andesite  (1024)  form  the  top  of  the  north- 
western end  of  Specimen  Ridge.     The  trachyte  is  brecciated  with  lumps  of 
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tuff  and  altered  perlite  having  distinct  perlitic  structure  (1027,  1028,  1031, 

1032).  Trachyte  also  forms  the  base  of  Junction  Butte,  and  rests  upon 

the  gneiss  directly  north.  It  also  forms  the  banks  of  the  river  at  the 

mouth  of  Slough  Creek.  The  acid  andesitic  breccia  extends  several  miles 

farther  up  the  Lamar  River  and  is  overlain  by  a  lava  sheet  of  porphyritic 

basalt  (1129).  The  breccia  is  dense  and  dark  colored  and  might  be 

mistaken  for  basic  breccia,  but  contains  much  biotite  and  even  minute 

phenocrysts  of  quartz.  The  acid  breccia  is  cut  by  a  3-foot  dike  of  pyroxene- 

andesite,  which  is  dark  colored  and  has  small  phenocrysts  of  pyroxene  and 

feldspar  (1038).  The  relative  age  of  these  rocks  is  thus  plainly  shown  in 

this  locality. 

Mica-bearing  andesitic  breccia  occurs  at  the  northern  base  of  Speci- 

men Ridge,  about  a  mile  west  of  Crystal  Creek.  It  is  green,  compact,  and 

carries  dark-colored  fragments.  It  may  be  a  mixture  with  more  basic 

andesites.  The  only  other  exposures  of  the  earliest  acid  breccia  in  this 

vicinity  are  in  Cache  Creek  and  near  Cook  City.  These  have  been 

described  in  connection  with  the  Crandall  volcano.  The  acid  breccias  in 

all  of  these  localities  are  the  same.  But  in  some  cases  there  is  more  or  less 

of  an  admixture  of  basic  material.  Of  course  there  are  localities  where 

the  basic  breccia  rests  directly  upon  the  nonvolcanic  rocks.  Either  the 

first  acid  breccia  was  not  so  extensive  as  the  basic  breccia  or  it  was  com- 

pletely removed  by  erosion  in  some  places. 

The  microscropical  study  of  specimens  collected  from  bodies  of  the 

earliest  acid  breccia  shows  it  to  vary  in  mineral  composition,  the  varieties 

falling  under  three  classes:  Hornblende-mica-andesite,  hornblende-andesite, 

and  hornblende-pyroxene-andesite.  The  fragments  constituting  any  large 

mass  often  differ  considerably  among  themselves  in  habit,  color,  and  min- 

eral composition.  Sometimes  their  characters  are  nearly  constant  f<  >r  large 

bodies  of  breccia,  Massive  bodies  occur  either  as  lava  streams  or  as  intru- 

sive masses.  In  most  places  mica-bearing  varieties  abound.  They  are 

seldom  absent.  But  the  relative  proportions  of  the  different  varieties  is  not 

constant  enough  to  permit  a  close  estimate  to  be  made  of  the  average  com- 

position of  the  whole.  The  following  analyses  represent  the  chemical 

composition  of  the  three  varieties,  one  of  which  has  been  already  given  in 

connection  with  the  description  of  the  Electric  volcano. 
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Analyses  of  rocks  occurring  in  early  acid  breccia,  AbsaroJca  Range. 
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The  first  is  a  massive  rock  in  the  early  acid  breccia  near  the  head  of 

Tower  Creek.  The  second  is  from  the  breccia  of  Crescent  Hill,  and  is 

above  the  average  in  percentage  of  silica,  judging  from  the  mineral  com- 

position of  the  breccia  as  a  whole.  The  third  is  from  early  acid  breccia  of 

Sepulchre  Mountain,  and  is  considerably  above  the  average  for  silica,  It 

is  probable  that  the  average  percentage  of  silica  for  the  whole  of  these 

early  acid  breccias. is  62  or  63. 

These  rocks  are  usually  light  gray,  with  greenish,  reddish,  and  purplish 

tones,  sometimes  having  darker  colors.  The  appearance  of  the  breccia  is 

generally  variegated.  It  ma}'  be  loosely  aggregated,  but  is  oftener  compact 
and  indurated.  The  habit  of  the  andesite  fragments  varies  from  those  with 

abundant  small  phenocrysts  of  feldspar,  biotite,  hornblende,  and  pyroxene 

to  those  with  fewer  and  larger  phenocrysts  of  the  same  minerals,  which 

seldom  exceed  5  mm. 

The  groundmass  is  glassy  in  some  cases,  usually  colorless  glass  filled 

with  rectangular  and  prismatic  crystals  of  feldspar  and  fewer  microscopic 

crystals  of  the  other  constituent  minerals,  including  pyroxene  in  many  cases. 

Or  the  groundmass  may  be  microlitic  with  little  or  no  glass,  or  holocrystal- 
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line  grading  into  micropoikilitic  structures,  which  indicate  that  the  rock  frag- 

ments are  broken  portions  of  volcanic  cones  where  the  lavas  had  crystal- 
lized as  dikes  and  other  intrusive  bodies.  The  shape  of  the  fragments, 

usually  angular,  is  such  as  to  show  that  most  of  the  breccia  was  formed  by 

the  explosion  of  already  solidified  lavas,  which  had  consolidated  near  the 

centers  of  volcanic  action.     Few,  if  any,  exhibit  the  slaggy  surface  of  bombs. 

The  phenocrysts  are  sharply  idiomorphic,  and  zonal  structure  is  well 

developed  in  the  feldspars,  which  often  contain  numerous  glass  inclusions. 

The  feldspars  are  almost  wholly  polysynthetic  twins,  in  the  lime-soda 

feldspar  series,  their  optical  properties  indicating  oligoclase  and  oligoclase- 

andesine.  Sanidine  is  seldom  present;  in  fact,  is  almost  entirely  absent. 

It  is  found  in  some  associated  tuffs,  but  may  have  been  derived  from  the 

trachytic  lava  occurring  in  the  vicinity  of  Junction  Valley.  The  feldspars 

are  sometimes  quite  free  from  inclusions ;  in  other  cases  they  contain  minute 

crystals  of  the  other  constituent  minerals,  as  well  as  portions  of  the 

groundmass. 

Biotite  forms  six-sided  plates,  often  rather  thick.  Its  color  is  brown  to 

red,  with  marked  absorption  parallel  to  the  plane  of  cleavage,  and  some- 

times with  strong  pleochroism  between  orange,  red,  and  light  yellow. 

Greenish  yellows  also  occur.  Frequently  the  hornblende  exhibits  the  same 

colors  as  the  biotite  in  the  same  rock,  both  being  red,  or  both  brown  or 

greenish  brown.  Apparently  the  same  cause  affected  the  color  of  both 
minerals  at  the  same  time.  Often  the  biotite  is  brown  when  the  hornblende 

is  greenish  brown,  or  even  green.  Biotite  resists  decomposition  longer 

than  hornblende  in  many  cases.  It  is  often  free  from  inclusions,  but  fre- 

quently contains  magnetite,  apatite,  or  zircon,  and  less  often  the  other 

mineral  coiistituents.  In  some  cases  it  has  a  border  of  magnetite  grains, 

or  may  be  more  or  less  completely  changed  to  a  pseudomorph  of  magnetite 
with  or  without  pyroxene.  This  is  usually  accompanied  by  like  changes  in 
the  hornblende. 

Hornblende  has  its  customary  stout  prismatic  forms,  visually  with  colors 
like  those  of  biotite,  but  green  tones  occur  more  frequently  than  in  biotite. 
The  pleochroism  is  that  ordinarily  observed.  Often  free  from  inclusions,  it 
sometimes  abounds  in  them,  glass  and  magnetite  being  the  common  kinds. 
Paramorphism  to  magnetite  and  augite  occurs,  as  with  biotite.  Intergrowths 
with  pyroxene  are  occasionally  seen.     Pyroxenes  are  more  numerous  in 

-18 
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those  rocks  in  which  biotite  is  scarce,  but  both  also  occur  together,  accom- 
panying hornblende.  The  pyroxenes  are  monoclinic  and  orthorhombic 

species.  Malacolite  or  augite  is  pale  green  in  thin  section,  with  no  ple- 
ochroism.  Hypersthene  is  more  or  less  pleochroic  with  pale  colors  in  thin 

section;  green  parallel  to  the  prismatic  axis,  and  reddish  perpendicular  to 

it.  The  optical  characters  are  the  same  as  those  of  these  minerals  in  the 

pyroxene-andesites,  and  they  will  be  more  particularly  described  under 
that  heading. 

Quartz  phenocrysts  are  occasionally  seen  in  the  more  siliceous  rocks 

approaching  dacite  in  composition.  Microscopic  cpiartz  is  abundant  in  the 

groundmass  of  the  more  crystalline  varieties. 

Magnetite  is  always  present  in  microscopic  crystals,  and  appears  to  be 

the  form  of  iron  oxide  common  to  this  group  of  andesites.  Titanium  oxide 

is  present  in  only  small  amounts.  It  is  to  be  remarked  in  this  connection 

that  titaniferous  iron  oxide  occurs  in  the  rhyolites  of  this  region,  where  it 

shows  itself  in  the  character  of  the  alteration  product,  which  appears  to  be 

leucoxene.  Apatite,  in  short  stout  crystals,  is  usually  colorless,  but  is 

sometimes  gray,  yellowish,  or  red.  The  latter  colors  occur  when  the  bio- 
tites  and  hornblendes  are  more  or  less  reddened.  Zircon  is  always  present 

in  small  amounts  and  in  minute  crystals. 

The  subdivision  of  rocks  into  hornblende-mica-andesites,  hornblende- 

andesites,  and  hornblende-pyroxene-andesites  is  based  on  the  relative  pro- 

portions of  the  ferromagnesian  minerals.  All  three — biotite,  hornblende, 

pyroxene — may  be  present  together,  those  in  very  small  amounts  being 
left  out  of  the  name  of  the  rock.  In  general,  the  first  group  is  the  most 

siliceous,  the  second  next,  and  the  third  least  of  the  three.  But  the  tran- 

sition through  the  mineralogical  series  is  not  strictly  coordinate  with  the 

transition  in  the  chemical  series,  so  far  as  the  silica  is  concerned.  More- 

over, Ave  know  that  the  mineral  composition  of  a  rock  is  not  rigidly  con- 
cordant with  the  chemical  composition.  So  that  rocks  that  might  be  classed 

as  hornblende-andesite  and  others  that  are  hornblende- pyroxene-andesite 

may  be  alike  chemically. 

As  already  said,  some  fragments  of  the  overlying  breccia  are  mingled 

in  places  with  the  acid  breccia;  hence  the  collections  from  these  masses  in 

some  cases  contain  basic  andesites,  such  as  pyroxene-andesite. 
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EARLY  BASIC  BRECCIA  AND  ASSOCIATED  BASALTIC  FLOWS. 

This  breccia  includes  all  of  the  darker-colored  breccia,  with  some  light- 
colored  breccia,  which  directly  overlies  the  early  acid  breccia  and  which 

consists  mainly  of  pyroxene-andesites,  with  some  hornblende-pyroxene- 
andesites  and  basaltic  andesites  and  basalts. 

By  correlation  it  corresponds  to  the  basic  breccia  of  Sepulchre  Moun- 
tain and  that  west  and  south  of  the  Gallatin  Mountains.  It  constitutes  the 

great  accumulation  of  basic  breccia  that  formed  the  bulk  of  the  volcano  of 

Crandall  Basin,  including  the  mountain  masses  from  Index  Peak,  through 

those  on  both  sides  of  Soda  Butte  Creek  to  Sloug'h  Creek,  south  through 
Fossil  Forest  and  Mirror  Plateau,  to  the  mountains  surrounding  the  drain- 

age of  Lamar  River  and  the  drainage  of  Crandall  Creek.  Basic  breccia 

connected  with  this  extends  along  the  mountain  range  east  of  the  head  of 

the  Stinkingwater  River  and  west  up  to  the  tributary  canyons,  and  under- 
lies the  summits  of  the  northern  half  of  the  Absaroka  Range  within  the 

boundary  of  the  Yellowstone  Park. 

Basic  breccia  forms  the  mountains  north  of  Lamar  River,  including 

Bison  and  Druid  peaks  and  the  high  ridges  on  both  sides  of  Pebble  Creek 

and  Soda  Butte  Creek,  the  bedding  in  all  of  these  masses  being'  nearly 
horizontal,  with  a  slight  dip  toward  the  south.  They  appear  to  be  continu- 

ous with  the  breccia  south  of  Lamar  River,  and,  as  already  pointed  out  in 

Chapter  VII,  they  may  be  considered  as  the  outlying  base  of  the  Crandall 

volcano.  In  these  breccias  pyroxene-andesite  is  the  prevalent  rock,  horn- 
blendic  varieties  being  less  common,  and  basaltic  varieties  subordinate. 

Associated  with  these  breccias — that  is,  intercalated  in  them  at  the  base — 

are  several  sheets  of  basaltic  rock,  which  are  exposed  in  disconnected 

bodies  along  the  bottom  of  the  valley  of  Lamar  River  and  Soda  Butte 

Creek.  They  distinctly  underlie  the  great  mass  of  the  basic  breccia  where 

they  are  exposed  on  Soda  Butte  Creek  and  near  its  junction  with  Lamar 

River.  They  also  overlie  some  of  the  same  kind  of  breccia.  The  charac- 

teristics of  these  basaltic  rocks  are  sufficiently  pronounced  to  distinguish 

them  from  a  much  more  recent,  basalt,  whose  eruption  was  posterior  to  the 

excavation  of  the  present  valley  of  Lamar  River,  and  which  will  be 
described  later  on.  The  older  basaltic  rock  is  found  over  the  acid  breccia 

and  trachytic  breccia  in  the  vicinity  of  Junction  Butte  and  about  the  mouth 
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of  Slough  Creek.  A  remnant  caps  the  breccia  on  the  east  side  of  Yellow- 

stone Canyon,  opposite  the  hot  springs  above  Baronett  Bridge  (1126).  It 

is  dark,  dense,  and  crystalline,  with  a  slightly  resinous  luster.  It  has  large 

tabular  phenocrysts  of  plagioclase,  some  8  or  10  mm.  long,  but  none  of  augite 

or  olivine.  Another  sheet  of  basalt  at  the  north  base  of  Specimen  Ridge 

is  dark  and  dense,  with  many  medium-sized  phenocrysts  of  tabular  plagio- 
clase, and  fewer  of  augite  (1127).  A  somewhat  similar  basalt  overlies  the 

acid  breccia  just  east  of  the  mouth  of  Crystal  Creek.  It  is  dense  and  full 

of  medium  and  large  phenocrysts  of  feldspar  and  augite.  It  is  partly 

amygdaloidal  with  agate  and  quartz  (1128).  Over  it  is  another  sheet  of 

dense  basalt,  dark  and  crystalline,  with  many  large  phenocrysts  cf  rec- 
tangular and  tabular  feldspars,  and  fewer  and  less  noticeable  augites  (1130). 

A  similar  basaltic  rock  occurs  farther  east,  at  the  south  base  of  Bison 

Peak.  It  is  dense,  has  a  slightly  resinous  luster,  and  is  filled  with  large 

brilliant  feldspars  and  numerous  smaller  augites,  and  contains  some  amyg- 
dules  of  zeolite  (1131).  Similar  basalt  occurs  at  the  southwestern  base  of 

Druid  Peak  (1132).  It  is  underlain  by  a  massive  sheet,  which  is  dense  and 

crystalline,  with  abundant  large  phenocrysts  of  tabular  plagioclase  10  mm. 

long,  and  fewer  and  smaller  augites  (1133).  Farther  east,  at  the  first  gulch 
below  the  mouth  of  Soda  Butte  Creek,  basalt  similar  to  the  last  is  exposed 

200  feet  above  the  river  (1135).  Three  miles  up  Soda  Butte  Valley  a  basalt 

cliff  exposes  a  sheet  of  dense  black  rock,  with  abundant  small  phenocrysts 

of  feldspar  and  augite  (1137). 

These  rocks  have  a  peculiar  mineral  composition  that  distinguishes 

them  from  ordinary  basalts.  They  are  like  some  of  the  basaltic  lavas 

occurring  in  the  upper  parts  of  this  breccia,  or  overlying  it,  which  are  char- 
acterized by  a  varying  content  of  orthoclase,  and  since  they  have  never 

been  described  in  detail  their  specific  characters  will  be  given  in  Chapter 

IX,  which  is  devoted  to  a  general  description  of  all  similar  rocks  occurring 
within  the  Yellowstone  Park. 

The  basic  breccias  belonging  to  the  main  mass  of  the  Crandall  volcano, 

and  forming  the  mountains  on  Cache  and  Calfee  creeks  and  the  body  of 

Saddle  Mountain,  extend  across  Lamar  River  toward  the  west  and  south 

and  constitute  the  basal  portion  of  Mirror  Plateau  and  of  the  mountains 

between  Lamar  River  and  the  head  of  Stinkingwater  River. 

Overlying  this  breccia  in  Mirror  Plateau  are  numerous  sheets  of  basalt, 
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with  some  intercalated  layers  of  scoria  and  breccia,  forming-  a  compound 
sheet  700  to  1,000  feet  thick.  This  massive  sheet  caps  the  northeastern 

spurs  of  Mirror  Plateau  and  forms  the  eastern  half  of  its  top,  passing  west- 
ward under  rhyolite.  The  basalts  of  this  sheet  differ  somewhat  in  outward 

appearance.  Some  are  dark  and  dense,  with  small  phenocrysts.  Others 

have  a  semiwaxy  luster  and  belong  to  the  orthoclase-bearing  varieties 

already  mentioned. 
West  of  the  mouth  of  Cold  Creek  irregularly  bedded  basic  breccia 

forms  the  lower  thousand  feet  of  the  ridge  between  this  creek  and  Willow 

Creek.  Immediately  over  it  is  a  sheet  of  porphyritic  basalt,  with  pheno- 

crysts of  feldspar  and  pyroxene.  This  sheet  is  200  feet  thick,  and  consti- 
tutes the  base  of  the  broad  shoulder  which  sets  back  from  the  steep  face  of 

the  ridge. 

East  of  the  mouth  of  Cold  Creek  basic  breccia  forms  the  lower  1,500 

feet  of  the  northern  end  of  the  flat-topped  mountain  east  of  Pyramid  Peak, 
and  rises  still  higher  in  the  next  peak  east,  which  is  just  beyond  the  one 

hundred  and  tenth  meridian.  Here,  at  9,850  feet  elevation,  it  forms  the 

northern  summit  of  the  peak,  the  breccia  being  rough  and  imbedded  and 

dark  gray  in  color  (1472).  The  northern  face  of  the  peak  is  precipitous, 

and  consists  of  rudely  bedded  breccia  carrying  masses  3  feet  in  diameter. 

The  rock  bears  abundant  phenocrysts  of  pyroxene  and  feldspar,  and  is 

mostly  dark  colored,  in  places  red.  On  the  southern  slope  of  this  peak  it 

is  composed  of  very  small  fragments  (1473)  in  a  purplish-red  matrix. 
Horizontal  basalt  flows  cap  the  next  peak  south,  whose  summit  is 

about  10,025  feet  in  altitude,  and  also  form  the  top  of  the  ridge  to  the  east 

and  the  smooth  table-topped  mountain  lying  southeast,  The  basalt  on  the 

peak  is  dense,  with  few  phenocrysts  of  olivine  (1475,  1476).  It  proves  to 

be  a  leucite-bearing  shoshonite,  described  in  Chapter  IX.  Other  flows  of 

basalt  in  this  neighborhood  are  more  porphyritic. 

The  precipitous  exposures  on  the  ridge  east,  and  on  the  south  face  of 

the  twin  peaks  Castor  and  Pollux,  show  the  lower  parts  of  these  mountain 

masses  to  be  made  of  similar  dark,  rough,  and  rudely  bedded  or  imbedded 

breccia.  But  the  upper  thousand  feet,  above  the  10,000-foot  line,  consists 
of  nearly  horizontal  sheets  of  basalt  of  various  thicknesses.  The  slope  of 

the  top  of  the  table  mountain  south  is  at  a  slight  inclination  westward. 
The  basalt  sheets  extend  westward  across  the  saddle  at  the  southeastern 
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end  of  the  flat-topped  mountain  east  of  Pyramid  Peak,  and  form  the  Upper 
600  feet  of  this  mountain,  the  bottom  of  the  sheets  lying  at  about  9,000 

feet  altitude,  and  resting  on  basaltic  breccia.  The  character  of  the  different 

sheets  varies  somewhat,  a  highly  vesicular  and  strongly  porphyritic  basalt 

(1477)  being  found  at  the  northern  end. 

Grlaciation  has  left  its  marks  upon  the  surface  of  these  table-lands, 
having  planed  out  lake  basins  and  deposited  rounded  drift.  The  extension 

of  the  basalt  sheets  westward  is  clearly  indicated  by  the  topography  of 

Pyramid  Peak.  From  the  saddle  northward  there  is  a  flat  bench  or  series 

of  benches  along  the  eastern  base  of  the  pyramidal  peak,  which  broaden  out 

into  a  flat-topped  spur  between  the  branches  of  Cold  Creek.  The  basalt 
passes  beneath  the  upper  thousand  feet  of  this  mountain  and  descends  steeply 

into  the  valley  of  Cold  Creek,  thence  across  a  broad  spur  into  Mist  Creek, 

north  of  which  it  forms  the  basalt  ledges  already  noticed,  which  are  con- 
tinuous with  those  of  Mirror  Plateau. 

The  same  or  similar  basic  breccia,  topped  by  sheets  of  massive  basalt, 

continues  southward  along  the  base  of  the  mountain  forming  the  west  wall 

of  Stinkingwater  Canyon,-  and  extends  far  up  the  valleys  draining  the 
region  lying  east  of  the  watershed  of  the  Yellowstone  Lake.  As  in  the 

vicinity  of  Lamar  River,  these  breccias  and  lava  flows  represent  the  ancient 

slopes  of  basaltic  volcanoes  lying  east  of  the  one  hundred  and  tenth 

meridian.  Along  Jones  Creek,  Crow  Creek,  and  Middle  Creek  basaltic 

breccia  forms  the  lower  portion  of  the  eastern  end  of  the  mountain  ridges. 

It  is  overlain  by  successive  sheets  of  porphyritic  basalt,  which,  on  the 
northern  side  of  Middle  Creek,  attain  a  total  thickness  of  between  900  and 

1,000  feet.  In  each  of  these  three  valleys  the  basalt  ledges  have  given 

rise  to  high-shouldered  spurs  and  benches  on  either  side  of  the  valleys,  in 
the  same  manner  as  on  Cold  Creek.  The  surface  of  the  basalt  flows 

descends  gradually  to  the  westward,  and  disappears  beneath  more  recent 

breccia  in  the  heads  of  the  valleys.  The  character  of  the  basalt  is  similar  to 

that  near  Lamar  River.  Some  of  the  flows  are  full  of  large  phenocrysts  of 

feldspar  and  pyroxene  (1530);  others  exhibit  only  large  olivines  (1527). 

This  early  basic  breccia,  with  its  associated  basaltic  lavas  of  peculiar 

composition,  continues  beyond  the  divide  at  the  head  of  Middle  Creek, 

through  Sylvan  Pass,  and  forms  the  mountains  and  ridge  as  far  as  the  shore 
of  Yellowstone  Lake  at  Signal  Point.     It  also  occurs  in  isolated  patches  at 
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the  head  of  the  southwestern  branch  of  Middle  Creek,  and  on  the  other 

side  of  the  divide  at  the  head  of  Rocky  Creek,  beneath  more  recent  light- 
colored  acid  breccia. 

On  the  southern  side  of  Sylvan  Pass  breccia  of  pyroxene-andesite  is 

highly  indurated  by  the  many  dikes  that  traverse  it,  and  the  pyroxenes  are 
more  or  less  uralitized.  At  the  forks  of  Middle  Creek,  east  of  this,  it  is 

full  of  large  phenocrysts  of  pyroxene  and  resembles  much  of  the  basalt  of 

the  Crandall  Basin,  and  at  Signal  Point  and  near  Park  Point,  on  Yellow- 

stone Lake,  there  are  basalts  and  breccia  of  this  type  (1616-1619).  Signal 

Ridge  and  the  mass  of  Grizzly  Peak  are  composed  of  pyroxenic  breccia 

without  prominent  phenocrysts,  with  some  olivine  and  little  or  no  horn- 

blende, while  hornblende  appears  in  the  breccia  at  the  summit  of  Grizzly 

Peak  (1521-1525). 
An  isolated  exposure  of  basaltic  rocks  belonging  to  this  series  occurs  at 

the  head  of  the  southeastern  branch  of  Beaverdam  Creek  and  just  north  of 

Coulter  Creek.  At  this  place  there  are  two  horizontal  sheets  of  porphyritic 

basalt,  one  upon  the  other,  and  over  them  is  a  light-colored  tuff  of  trachytic 
rock,  with  many  inclosed  fragments  of  basalt  and  andesite.  This  tuff  cor- 

responds to  the  trachytic  tuff  in  the  neighborhood  of  Junction  Butte. 

Almost  precisely  similar  basaltic  lavas  and  trachytic  tuff  occur  at  Two 
Ocean  Pass,  beneath  the  basic  andesitic  breccia  which  forms  Two  Ocean 

Plateau,  and  though  the  exact  period  of  eruption  of  these  basaltic  lavas,  as 

compared  with  the  basalts  of  the  Crandall  volcano,  is  a  matter  of  uncertainty, 

still  on  purely  petrographical  grounds  they  may  be  described  in  this  con- 
nection. 

On  the  northern  side  of  Two  Ocean  Pass  there  is  a  ledge  of  basaltic 
rocks  composed  of  five  sheets  resting  directly  one  on  another.  The  basalt 

of  the  different  sheets  varies  somewhat  and  belongs  to  the  group  of  sho- 
shonites.  That  of  the  top  one  is  a  dark,  dense  rock,  with  rather  small 

phenocrysts  of  feldspar,  augite,  and  decomposed  olivine  (1715).  The  top 
surface  is  red,  the  middle  of  the  flow  dense,  and  the  bottom  somewhat 

vesicular.  The  top  has  probably  been  eroded.  The  sheet  below  is  similar, 
with  numerous  large  feldspars  and  altered  olivines  (1716).  It  is  vesicular 

in  the  upper  portion,  dense  in  the  middle,  and  slightly  vesicular  at  the  bot- 

tom, and  is  25  feet  thick.  Beneath  this  is  a  layer  of  scoria  2  or  3  feet  thick, 
having  the  character  of  the  underlying  flow,  which  is  full  of  large  feldspars, 
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is  dense  in  the  middle,  hut  vesicular  for  2  or  3  feet  at  the  bottom  (1717). 

It  is  about  20  feet  thick  and  is  filled  with  zeolites  (1722)  and  calcite,  which 
line  cavities  and  cracks. 

This  sheet  rests  directly  on  the  slaggy,  scoriaceous  top  of  the  next 

lower  one,  which  is  a  basalt  with  only  a  few  phenocrysts  of  pyroxene 

(1718).  It  is  distinctly  vesicular  for  some  depth  (1719).  The  lowest  sheet 

is  a  dark,  dense  basalt  with  numerous  phenocrysts  of  augite  and  olivine 

(1720).  The  top  and  bottom  of  the  sheet  are  vesicular  (1721).  This 

basalt  extends  across  the  valley  south.  It  rests  on  assorted  basic  breccia, 

and  may  be  traced  west  along  the  northern  side  of  the  valley  for  2  miles 

(1724),  where  it  is  similar  to  the  upper  two  sheets  at  Two  Ocean  Pass. 

The  more  crystalline  forms  of  these  basalts  have  a  slightly  resinous  luster. 

The  petrographical  character  of  the  rocks  constituting  the  early  basic 

breccia  is  variable  within  limits,  and  is  slightly  different  in  the  two  princi- 

pal localities  mentioned,  Sepulchre  Mountain  and  Crandall  volcano.  In  all 

cases  it  is  pyroxene-andesite  in  large  part,  grading  into  hornblende- 

pvroxene-andesite  on  the  one  hand  and  into  olivine-bearing  andesite  and 
basalt  on  the  other.  At  Sepulchre  Mountain  the  hornblendic  end  of  the 

series  is  more  pronounced  and  the  basaltic  end  is  subordinate.  But  it  is 

to  be  remembered  that  the  size  of  the  mass  of  this  mountain  is  insig-nincant 
when  compared  with  that  of  the  groups  of  mountains  embraced  in  the 

Crandall  volcano.  The  breccias  more  directly  connected  with  the  Crandall 

volcano  are  largely  pyroxene-andesites,  onl}^  a  very  small  proportion  of 
which  carry  hornblende.  Basaltic  forms  are  very  abundant,  and  true 

basalts  preponderate  in  the  upper  parts  of  the  volcano.  The  bulk  of  this 

breccia  lies  within  the  district  alread}-  described  as  the  dissected  volcano  of 
Crandall  Basin,  and  its  petrographical  characters  have  been  given  in 

Chapter  VII. 
The  basaltic  lava  flows  or  streams  connected  with  this  breccia,  as 

already  pointed  out,  occur  partly  near  its  base,  as  do  the  flows  exposed  in 

the  lower  Lamar  River  Valley  and  in  the  valley  of  Soda  Butte  Creek.  The 

greater  part  constitutes  the  thick  accumulation  of  lava  sheets  forming  Mirror 

Plateau  and  the  summits  of  the  mountains  immediately  south  of  Lamar 

River.  The  petrographical  character  of  these  rocks  is  somewhat  variable. 

A  large  number  of  sheets  consist  of  normal  andesitic  basalt — that  is,  basalts 

with  abundant  phenocrysts  of  lime-soda  feldspar  (labradorite-bytownite), 
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augite,  and  olivine,  and  occasionally  hypersthene,  in  different  proportions 

in  different  cases.  In  some  rocks  the  phenociysts  are  large;  in  others,  small. 

Angite  is  usually  the  most  prominent  mineral.  The  groundmass  is  glassy 

and  microlitic,  or  noncrystalline,  with  lime-soda  feldspar,  augite,  and  mag- 
netite, and  having  the  various  modifications  of  microstructure  characteristic 

of  basic  andesitic  lavas.  Olivine,  which  is  abundant,  is  in  some  cases  partly 

decomposed  to  green  serpentine,  in  others  to  orange  or  red  serpentine,  which 

appears  to  pass  into  the  mica-like  mineral  having  similar  colors  and  indices 
of  refraction,  but  marked  pleochroism,  with  strong  absorption  for  rays 

vibrating  parallel  to  the  plane  of  perfect  cleavage.  The  perfect  cleavage 

appears  to  be  parallel  to  some  plane  in  the  prismatic  zone  of  olivine. 

Other  bodies  of  these  rocks  have  an  exceptional  composition,  and  for 

this  reason  will  be  described  in  detail  in  Chapter  IX,  together  with  other 

similar  rocks  in  the  region. 

XATE  ACID  BRECCIA. 

Overlying  the  massive  basalts  that  top  the  early  basic  breccia,  and  in 

marked  contrast  to  their  dark-gray  or  black  color,  are  breccias  and  tuffs  of 

light-colored  and  brightly  variegated  andesites.  This  superposition  is 

clearly  shown  in  Pyramid  Peak  and  on  the  fiat-topped  mountain  east  of  it. 
West  of  the  ponds  on  the  latter  mountain  there  are  scattered  exposures  of 

compact  and  also  of  friable  beds  of  light-gray  tuff,  composed  of  small  frag- 
ments  of  hornblende-mica-andesite  and  hornblende-andesite,  with  lars-er 

rounded  and  subangular  pieces  of  the  same  kinds  of  rock  (1481,  1482). 

Just  west  of  the  saddle  east  of  Pyramid  Peak  the  basalt  is  exposed 

with  overlying  beds  composed  of  fine  grains  of  hornblende-mica-andesite, 
acting  as  a  cement  for  fragments  and  rounded  masses  of  vesicular  basalt, 

similar  to  the  basalt  of  the  neighborhood.  Above  this  the  pyramidal 

mountain  is  formed  of  light-colored  andesitic  breccia  and  tuff  to  its  summit. 

The  whole  mass  is  exposed  in  bold  escarpment,  and  consists  of  nearly  hori- 

zontal beds  of  tuff  and  breccia,  with  layers  of  large  fragments  that  are 

subangular,  rounded,  and  also  angular.  There  is  great  variety  of  color 

and  habit  in  the  andesite.  The  greater  part  is  hornblende-andesite,  some  is 

hornblende-mica-andesite,  and  some  pyroxene-andesite;  portions  of  it  are 

dense  and  compact,  other  portions  porous.  The  beds  are  brown  and  gray, 
some  being  very  thick  without  distinct  bedding.     At  the  southern  end  of 
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the  escarpment  there  is  much  gray  ash  with  leaf  impressions  (1478,  1479, 
1480). 

Similar  light-colored  breccia  extends  south  and  west  and  forms  the 

upper  part  of  the  mountain  ridge  through  Cathedral  Peak,  lying  between 
Cold  Creek  and  Jones  Creek.  It  constitutes  the  main  mass  of  Mount 

Chittenden  and  the  low  mountains  north  to  Raven  Creek,  and  beyond  to 
Pelican  Cone  and  the  ridge  west  (1160,  1161). 

In  these  low  mountains  the  character  of  the  andesites  constituting  the 

breccia  varies  considerably,  and  acid  and  basic  andesites  are  often 

intimately  mingled,  many  fragments  being  hornblendic,  while  others  are 

wholly  pyroxenic,  However,  it  is  evident  in  numerous  places  that  the 

more  siliceous  and  hornblendic  andesites  predominate  in  the  lower  parts  of 

the  mass,  and  are  overlain  by  distinctly  later  accumulations  of  basic  andesite. 

Thus,  at  the  falls  on  Raven  Creek,  at  about  the  8,200-foot  contour  of  the 

map,  and  within  a  short  distance  of  the  limits  of  the  older  basalt,  hornblende- 

andesitic  breccia  is  exposed  in  indurated  beds  which  carry  rounded  bowlders 

of  the  same  rock.  It  is  also  found  immediately  south  of  this  point  on  the 

summit  of  the  ridge,  where  it  is  capped  by  dark-colored  basic  breccia, 
which  is  well  bedded  in  places. 

On  the  southern  side  of  the  meadow  at  the  head  of  Mist  Creek  and 

near  the  limits  of  the  older  basalt,  compact  breccia  of  hornblende-andesite 

is  exposed  in  such  a  manner  as  evidently  to  be  over  the  basalt,  although  an 

immediate  contact  was  not  discovered.  Similar  breccia,  not  so  indurated, 

however,  forms  the  ridge  south  of  this  locality.  Many  of  the  fragments 

are  light  colored,  with  phenocrysts  of  feldspar  and  hornblende ;  others  are 

darker,  have  less  noticeable  phenocrysts,  and  are  more  pyroxenic  (1483). 

At  the  knob  about  the  middle  of  this  ridge  the  hornblendic  breccia  is 

capped  by  a  remnant  of  dark-red  basic  breccia,  the  line  of  contact  between 

the  two  being  plainly  visible  (1484).  Similar  relations  exist  between  horn- 

blendic breccia  and  basic  breccia  on  the  ridge  across  the  head  of  Mist  and 

Cold  creeks  (1485,  1486).  The  various  altitudes  at  which  the  overlying 

basic  breccia  is  found  indicate  a  very  irregular  surface  for  the  previously 
accumulated  hornblendic  breccia. 

The  breccia  west  of  Raven  Creek  forms  the  mass  of  Porcupine  Cone, 

which  is  hornblende-pyroxene-andesite  at  its  summit  (1159),  mostlv  light 
colored.     West  of  the  mud  springs  on  Pelican  Creek  similar  andesite  occurs, 
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that  on  the  top  of  the  ridge  being  hornblende-mica-andesite  (1160,  1161). 
Resting  upon  the  great  sheet  of  basalt  on  top  of  Mirror  Plateau  are  areas  of 

andesitic  breccia  with  light-gray  tuff.  In  the  vicinity  of  Mirror  Lake  the 

light-gray  tuff  is  composed  of  bits  of  hornblende-mica-andesite  (1158),  bio- 
tite not  being  very  plentiful.  Near  the  falls  on  Raven  Creek  the  tuff  is  gray 

and  fine  grained  (1157),  and  consists  of  particles  of  hornblende-pyroxene- 

andesite  with  much  hornblende.  The  light-colored  breccia  of  Mount  Chit- 
tenden is  bedded  in  its  northern  spur,  and  carries  hornblende  and  some 

biotite.  The  andesitic  fragments  are  subangular;  many  are  glassy  and 

light  colored;  some  are  pyroxenic  and  vesicular  (1487).  Similar  breccia 

forms  the  western  spur  (1492).  At  the  northern  part  of  the  summit  of  the 

peak  the  breccia  contains  many  large  masses  of  hornblende-andesite  with 
abundant  hornblendes  (1488  to  1497).  The  acid  breccia  in  the  eastern 
base  of  the  mountain  summit  and  around  the  head  of  Jones  Creek  is  without 

bedding  and  occurs  in  irregularly  accumulated  bodies.  It  is  overlain  by 

dark-colored,  well-bedded  basic  breccia,  consisting  of  small  angular  frag- 
ments. This  is  distinct  along  the  crest  of  the  ridge  east  toward  Cathedral 

Peak  and  on  the  southern  slope  of  the  summit  of  Mount  Chittenden  and 

along  the  crest  of  the  ridge  to  the  south  and  southeast.  A  broad  dike  of 

hornblende-andesite-porphyry  cuts  the  southern  summit  of  Mount  Chitten- 
den, and  will  be  described  with  other  dike  rocks. 

The  character  of  the  upper  basic  breccia  is  basaltic  on  the  summit  of 

Mount  Chittenden  (1504  to  1507),  without  prominent  phenocrysts.  Farther 

south,  beyond  the  pass,  it  is  dark  pyroxene-andesite  (1514).  The  under- 
lying imbedded  breccia  at  the  top  of  the  ridge  south  of  Mount  Chittenden 

is  mostly  pyroxene-andesite  (1513,  1515)  with  little  or  no  hornblende.  It 

extends  down  the  long  spur  westward  to  Lake  Butte,  where  it  overlies  mas- 

sive hornblende-mica-dacite  (1509,  1510).  This  rock  is  light  colored,  gray 
and  red,  with  abundant  small  phenocrysts  of  quartz,  feldspar,  hornblende, 

and  biotite.  It  is  extremely  porous  and  appears  to  have  been  a  surficial 
lava. 

Hornblende-andesitic  breccia  forms  the  ridge  around  the  head  of  Crow 
Creek  to  Avalanche  Peak  and  its  western  spur,  which  lies  north  of  Clear 
Creek.  Just  north  of  Avalanche  Peak  the  breccia  is  dark  colored  and 

hornblendic,  without  bedding,  and  carries  large  blocks  of  hornblende- 

andesite  from  3  to  8  feet  long  (1511).     Northward  it  passes  into  lighter- 
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colored  breccia.  The  northern  face  of  Avalanche  Peak  is  composed  of 

imbedded  breccia,  while  the  breccia  of  the  northwestern  spur  is  bedded. 

At  the  northern  end  of  the  summit  of  the  peak  it  is  variegated  and  full  of 

hornblende  phenocrysts  (1516).  Hornblende-andesitic  breccia  forms  the 
main  mass  of  the  peak  southeast  of  Avalanche  Peak,  and  extends  along  the 

crest  of  the  mountain  ridge  eastward  between  Crow  and  Middle  creeks. 

Here  it  rests  upon  the  basalt  sheets  already  mentioned.  South  of  the  peak 

on  this  ridge,  If  miles  west  of  the  one  hundred  and  tenth  meridian,  it  is 

well  exposed  in  bare  bluffs  and  spurs.  It  is  light-colored,  variegated,  and 

well-bedcled  breccia,  mostly  hornblendic,  some  fragments  having  abundant 
pyroxene  phenocrysts  (1528,  1529). 

It  is  overlain  by  massive  laminated  andesite,  which  is  rudely  columnar, 

and  forms  the  high  peak  just  mentioned.  This  mass  was  undoubtedly  a 

surficial  flow  over  an  uneven  surface  of  breccia  which  sloped  to  the  north 

and  also  to  the  south  at  this  point.  The  mass  is  at  present  about  400  feet 

thick,  and  at  its  base  is  dense,  gray,  and  crystalline,  with  no  prominent 

phenocrysts  (1614).  Farther  east  on  the  crest  of  the  ridge,  and  400  feet 

lower,  the  same  massive  andesite  forms  a  capping  to  the  breccia.  It  is 

laminated  and  finely  columnar,  having  large  vertical  columns  in  the  middle, 

and  smaller  ones  beneath,  with  irregular  parting  at  the  top  (1615).  Near 

it  the  breccia  consists  of  similar  pyroxene-andesite.  It  can  be  seen  from 

this  ridge  that  light-colored  breccia  forms  the  crest  of  the  ridge  north  of 

Crow  Creek  and  overlies  the  basic  breccia  and  basalt  sheets  constituting-  the 

base  of  the  ridge.  The  light-colored  breccia  is  in  turn  capped  by  massive 
columnar  lava  on  Silver  Tip  Peak  and  on  the  next  peak  east,  Another 
remnant  of  massive  andesite  rests  on  the  breccia  at  the  head  of  Crow  Creek. 

It  is  about  200  feet  thick,  is  jointed  horizontally,  and  consists  of  hornblende- 

andesite  with  inconspicuous  phenocrysts  (1512). 

From  the  summit  of  the  ridge  north  of  Middle  Creek  it  also  apjjears 

that  the  mountain  mass  south  of  this  creek  is  similarly  constructed,  its 

lower  portion  of  basic  breccia,  with  basalt  sheets,  forming  high,  flat-topped 
spurs  about  1,000  feet  above  the  valley.  The  upper  portion  consists  of  a 

high  ridge  of  light-colored,  well-bedded  breccia,  with  a  number  of  pinnacles 

on  its  northern  slopes,  the  pinnacles  being  beautifully  columnar,  dark-colored 
rock.  The  southwestern  end  of  the  upper  part  of  this  ridge  has  been  visited, 

and  consists  of  light-colored  breccia  of  hornblende-andesite.     The  high  peak 
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on  this  ridge  4  miles  northeast  of  Mount  Langford,  when  seen  from  the 

southwest,  appears  to  consist  of  indurated  light-colored  breccia,  traversed 
by  numerous  dikes.  The  same  ridge  a  mile  southwest  of  this  point  is  cut  by 

ten  dikes  within  a  distance  of  a  mile,  and  the  breccia  composing  the  ridge 

at  this  place  is  hornblende-andesite,  with  abundant  hornblende  in  most  cases, 

and  often  with  very  light-colored  tuff.  The  dikes  of  this  vicinity  will  be 
described  in  connection  with  the  great  system  of  dikes  at  Sylvan  Pass.  The 

light-colored  hornblendic  breccia,  which  has  been  traced  from  its  northern 
limit  in  the  neighborhood  of  Lamar  River,  continues  southward  as  far  as 

Mountain  Creek.  It  forms  the  mountain  ridges  around  the  southern  head 

of  Middle  Creek,  being  well  exposed  in  precipitous  amphitheaters  on  either 

side  of  Mount  Langford.  The  rude  bedding  of  the  mass  east  of  the  latter 

peak  is  about  horizontal.  The  character  of  the  breccia  in  places  is  very 

variable,  but  is  distinctly  hornblendic  (1634,  1635).  Mount  Langford  con- 

sists of  nearly  horizontal  beds  of  light-colored  breccia,  and  the  same  is 
true  of  its  northeastern  spur  and  the  ridge  west  to  Mount  Doane  and  north 

around  the  head  of  Middle  Creek.  On  the  summit  of  Mount  Langford  the 
breccia  consists  of  andesites  of  various  colors  and  habits,  with  small  or  larsre 

phenocrysts,  mostly  hornblendic.  Some  fragments  are  pyroxene-andesite 
(1632,  1633).  On  the  west  slope  of  Mount  Doane,  above  the  saddle,  the 

light-colored  hornblende-andesitic  breccia  contains  masses  of  hornblende- 

mica-andesite,  very  light  gray  and  pink,  with  abundant  phenocrysts  (1636, 
1637).  This  breccia  also  forms  the  southern  base  of  Mount  Stevenson,  the 

bedding  being  about  horizontal. 

The  mountain  ridge  from  Mount  Stevenson  as  far  as  the  Yellowstone 

Lake  is  composed  of  dark-colored  breccia,  in  part  hornblendic,  but  mostly 

of  basic  andesite  (1623,  1624).  The  audesitic  breccia  in  the  ridge  between 

Rocky  and  Beaverdam  creeks  is  similar  to  that  of  Mount  Langford ;  light 

colored,  in  places  dark;  largely  composed  of  hornblende-andesites  of 

various  habits,  together  with  some  basic  pyroxene-andesites  (1625  to  1631 

and  1447  to  1449).  The  same  light-colored  breccia  forms  the  ridge  east  of 
Beaverdam  Creek,  from  the  stream  bed  to  its  summit,  except  in  the  peak  of 

Mount  Humphreys  and  that  northwest  of  it,  where  the  light-colored  breccia 
is  capped  by  dark  breccia.  Bold  escarpments  on  the  northwest  side  of  the 

last-mentioned  mountain  exhibit  nearly  horizontal  beds  of  light  breccia 
overlain  by  similarly  bedded  dark  breccia,  the  bedding  of  the  two  being 
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continuous  and  not  interrupted.  Occasionally  one  passes  into  the  other 

horizontally  near  the  line  of  contact.  The  dark  upper  breccia  consists  of 

basic  andesites  with  more  or  less  hornblende  in  phenocrysts.  The  greater 

number  are  very  dark,  with  minute  phenocrysts  of  feldspar  and  pyroxene 

(1638,  1639). 

Light-colored  breccia  forms  the  ridge  southwest  of  this  mountain, 

through  Coulter  Peak,  being  overlain  along  the  crest  b}^  a  horizontal  layer 

of  basic  breccia.  The  light-colored  breccia  passes  beneath  basic  breccia  at 
the  eastern  base  of  the  peak  south  of  Beaverdam  Creek,  the  lower  breccia 

being  pink  and  hornblendic,  the  upper  breccia  dark  colored  and  pyroxenic, 

with  a  little  hornblende  and  some  olivine  (1642,  1643).  It  is  distinctly 

bedded,  and  dips  about  20°  W.  At  the  head  of  the  south  fork  of  Beaver- 
dam Creek  the  light-colored  breccia  overlies  two  superimposed  sheets  of 

basalt,  over  which  is  a  deposit  of  trachytic  breccia,  already  referred  to.  The 

petrographical  character  of  these  basalts  and  the  trachyte,  as  well  as  their 

geological  position  with  respect  to  the  hornblende-andesite,  relates  them 
to  the  older  basaltic  period  of  the  Crandall  volcano,  though  they  probably 

were  emptied  from  some  other  center. 

The  light-colored  breccia  continues  around  the  eastern  head  of  Trappers 
Creek,  from  Mount  Humphreys  to  Table  Mountain  and  the  Turret.  At 

the  head  of  Mountain  Creek,  northwest  of  Eagle  Peak,  the  light-colored 

breccia  consists  of  light-gray  tuff  and  various-sized  fragments  of  horn- 

blende-andesite (1655  to  1660).  These  andesites  differ  in  color  and  habit, 

a  few  having  large  phenocrysts  of  hornblende.  There  is  occasionally  some 

mica.  In  places  the  rock  over  considerable  areas  is  all  of  the  same  mate- 

rial, though  apparently  brecciated,  solid  angular  masses  being-  cemented 
by  crumbling  material  of  the  same  character.  There  are  also  large  masses 

of  somewhat  fissile  andesite,  but  nothing  resembling  intrusive  rock  in  place. 

Similar  andesite  forms  the  northern  spur  of  the  peak  at  the  head  of  Mountain 

Creek,  and  is  well  exposed  in  the  ridge  west  of  the  creek  to  Table  Mountain. 

It  is  but  rudely  bedded,  and  is  capped  by  well-bedded,  dark,  basic  breccia, 
which  forms  the  plateau  of  Table  Mountain.  It  is  also  overlain  by  patches 

of  basic  breccia  on  the  peak  at  the  head  of  Mountain  Creek,  and  passes 

beneath  the  mass  of  Eagle  Peak. 

At  the  southern  end  of  the  ridge  of  Table  Mountain  the  light-colored 

breccia  is  well  exposed.     It  is  like  that  farther  north  and  is  highly  varie- 
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gated  (1652  to  1654).  It  carries  large  masses  of  andesite,  from  1  to  8  feet 

in  diameter.  The  bedding  is  irregular — in  some  places  horizontal,  in  others 

dipping  20°  W.  It  is  topped  by  well-bedded  basic  breccia,  which  forms 

the  summit,  of  the  Turret  and  covers  what  was  once  a  very  uneven  surface 

of  older  breccia.  The  light-colored  breccia  extends  down  to  the  valley  of 

Trappers  Creek  on  the  west  and  down  to  the  bottom  of  Mountain  Creek  on 

the  east,  but  the  southern  end  of  the  ridge  for  1,000  feet  above  the  creek 

is  pyroxene-andesitic  breccia,  whose  relation  to  the  hornblendic  breccia  was 
not  discovered. 

The  most  southern  exposure  of  what  has  been  definitely  recognized  as 

the  light-colored  hornblende-andesitic  breccia  is  in  the  vicinity  of  the  forks 

of  Mountain  Creek.  On  the  eastern  bank  of  the  north  fork  it  appears  to 

be  somewhat  indurated  in  places.  It  has  abundant  hornblendes,  and  some 

fragments  are  hornblende-biotite-andesite  (1661  to  1666).  At  one  place  it 

consists  of  horizontal  layers  of  tuff  with  intercalated  layers  of  large  water- 

worn  and  rounded  fragments.  It  is  cut  by  small  bodies  of  intrusive  andes- 

ite. It  forms  the  lower  end  of  the  spur  between  the  main  forks  of  the 

creek,  extending  up  it  to  a  point  500  feet  above  the  stream,  where  there  is 

an  exposure  of  massive  hornblende-andesite,  porous  and  light  red,  with 

some  large,  stout  hornblende  phenocrysts  and  segregations  of  red  horn- 

blende and  biotite  (1664,  1667).  In  this  vicinity  the  hornblendic  breccia  is 

overlain  by  dark-colored  basic  breccia,  the  superposition  being  shown  in  a 

number  of  places. 

South  of  this  point  no  distinct  accumulation  of  light-colored  hornblende- 

andesitic  breccia  has  been  observed.  It  is  possible,  however,  that  the  light- 

colored  layer  of  breccia  at  the  western  base  of  the  most  northern  prong  of 

The  Trident  may  represent  this  series  of  breccias.  It  is  not  separated  into 

thin  layers  or  beds,  but  weathers  into  a  massive  cliff  with  vertical  prisms. 

The  exposed  layer  is  over  100  feet  thick,  and  consists  of  light-colored  tuffs 

and  breccia,  with  andesitic  fragments  of  various  kinds.  They  are  mostly 

pyroxene-andesite,  but  many  carry  a  little  hornblende  and  others  a  little 

mica,  while  some  are  decidedly  hornblendic,  as  is  also  the  light-gray  tuff 

(1683,  1684).  This  layer  is  overlain  by  distinctly  bedded,  dark-colored 

breccia,  which  continues  up  to  the  summit  of  The  Trident. 

The  tuff-breccia  and  occasional  lava  flows  that  have  just  been  described 

consist  of  andesites,  for  the  most  part  light  colored  and  hornblendic.     By  far 



288     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

the  larger  number  of  rocks  are  hornblende-pyroxene-andesites.  With  these 

are  intimately  mingled  hornl dende-andesites  and  hornblende-mica-andesites, 

and  in  a  few  instances  dacites.  In  some  places  pyroxene-andesites  are 
abundant,  so  that  there  is  a  transition  into  the  overlying  basic  breccia.  In 

fact,  a  distinction  between  the  two  is  hardly  possible  except  in  a  broad  way, 

the  upper  breccia  being  prevailingly  dark  colored,  and  the  predominant 

kinds  of  rock  being  pyroxene-andesite  and  basaltic  varieties,  with  basalt, 

and  much  less  hornblende-pyroxene-andesite. 

In  the  acid  breccia  there  are  places  where  fragments  of  basaltic  andes- 

ite  occur  sparingly.  Such  a  mingling  of  varieties  is  natural  because  of  the 

occurrence  of  this  breccia  upon  the  flanks  of  volcanoes  which  are  composed 

of  basic  andesites  and  basalts.  Curiously  enough,  there  is  less  mingling 

than  might  be  expected,  and  the  contrast  between  the  underlying  basalts 

and  the  overlying  acid  breccia  is  well  marked  in  many  places.  The 

uncertainty  of  limits  and  the  transitional  character  of  the  breccia  are  most 

marked  between  this  upper  acid  breccia  and  the  overlying  upper  basic  breccia. 

In  describing  the  microscopical  characters  of  these  rocks,  it  seems  best 

to  follow  a  mineralogical  sequence,  rather  than  to  treat  the  rocks  in  the 
order  of  their  relative  abundance.  In  the  first  case  the  order  would  be: 

Dacite,  hornblende-mica-andesite,  hornblende-andesite,  hornblende-pyrox- 

ene-andesite, pyroxene-andesite  (basaltic  andesite). 

Dacite. — The  only  rocks  belono-ino-  to  this  terrane  that  are  clearly  dacite 
occur  in  two  localities  some  distance  apart:  Lake  Butte,  on  the  northeast 

shore  of  Yellowstone  Lake,  and  the  north  base  of  Mount  Doane.  At  the 

first  locality  the  rock  is  massive,  and  is  exposed  for  only  a  short  distance, 
so  that  the  geological  character  of  the  mass  is  not  evident.  It  was 

probably  a  lava  flow  of  considerable  thickness,  for  the  sections  examined 

microscopically  are  noncrystalline.  The  rock  is  light  colored,  gray  and 

red,  and  extremely  porous,  but  not  pumiceous,  and  has  abundant  small 

phenocrysts  of  quartz,  feldspar,  hornblende,  and  biotite.  The  quartzes  are 

first  recognized  under  the  microscope,  when  they  are  found  to  be  very 

abundant.  They  are  partly  idiomorphic,  in  double  six-sided  pyramids, 
more  or  less  rounded.  They  contain,  as  inclusions,  lumps  of  glassy 

groundmass,  colorless  glass  in  pyramidal  cavities,  crystals  of  biotite,  and 
the  other  mineral  constituents  of  the  rock.  In  some  cases  rhombohedral 

cleavage  is  noticeable. 
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The  feldspar  pbenociysts  are  all  polysynthetic  twins,  and  are  lime- 

soda  feldspars,  some  of  which  exhibit  symmetrical  extinction  angles  indi- 

cating labradorite,  but  others  appear  to  belong  to  more  alkaline  species. 

Zonal  structure  is  highly  developed.  Inclusions  are  not  abundant,  and 

consist  of  occasional  crystals  of  biotite,  hornblende,  apatite,  zircon,  and 

magnetite.  The  biotite,  which  is  abundant,  is  in  six-sided  plates,  and  also 
in  relatively  thick  crystals,  occasionally  the  thickness  being  greater  than 
the  width.  Its  color  is  dark  brown  in  thin  cleavage  plates,  and  strongly 

pleochroic  in  sections  perpendicular  to  the  cleavage,  being  pale  yellow  for 

light  vibrating  parallel  to  H,  and  almost  opaque  for  that  at  right  angles  to 

this  direction.  In  places  the  lamellae  of  a  crystal  are  bent  at  one  end 

where  they  approach  another  phenocryst,  indicating  the  forcible  crowding 

of  these  crystals  during  the  movement  of  the  magma  before  solidification. 

Inclusions  of  minute  apatite  crystals  are  common;  those  of  magnetite  and 

zircon  less  so.  The  hornblende  is  less  abundant  than  biotite,  and  is  green, 

with  a  tinge  of  brown,  with  marked  pleochroism,  pale  brown  ||  a,  brownish 

green  ||  I),  strong  green  ||  c.  Crystal  forms  are  seldom  observed,  except  in 

the  prism  zone,  where  the  unit  prism  predominates,  and  both  pinacoids 

may  be  present.  Often  the  outline  is  very  irregular.  Inclusions  of  biotite 

occur,  and  sometimes  apatite  and  magnetite.  It  is  a  later  crystallization 

than  biotite.  Apatite,  magnetite,  and  zircon  are  present  in  their  usual 
forms. 

The  groundmass  is  holocrystalline,  very  fine  grained,  apparently 

microgranular,  but  the  indistinct  grains  when  highly  magnified  are  found 

to  have  a  micropoikilitic  structure — that  is,  they  consist  of  quartz  cement 
and  feldspar  microlites.  .  There  is  also  a  much  smaller  amount  of  magnetite 

in  minute  crystals,  and  some  shreds  of  biotite. 

The  dacite  found  in  fragments  in  the  breccia  at  the  base  of  Mount 

Doane  (1637)  is  glassy  and  pumiceous,  with  abundant  minute  phenocrysts 

of  feldspar,  quartz,  and  hornblende,  and  less  biotite.  These  crystals  are 

nearly  all  idiomorphic,  except  when  in  fragments ;  or  in  the  case  of  quartz, 

when  rounded.  The  quartzes  contain  numerous  inclusions  of  colorless  glass 

with  gas  bubble  and  surrounding  strain  phenomena.  Other  inclusions  are 

rare.  The  feldspars  are  plagioclase,  probably  labradorite.  They  have  beau- 

tiful zonal  structure  and  frequent  glass  inclusions.  Minute  prisms  of  apatite 
and  crystals  of  the  other  constituents  are  sometimes  included.  Hornblende  is 

mon  xxxi  r,  PT  II   19 
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abundant  and  dark  brown,  with  strong  absorption.  It  incloses  some  mag- 

netite, and  in  one  case  lias  grown  around  augite.  Idiomorphic  and  broken 
crystals  occur  beside  one  another.  Biotite,  with  the  same  color  as  hornblende, 

is  less  abundant.  Some  crystals  are  idiomorphic;  others  are  bent  and 

crumpled  by  the  pressure  from  other  phenocrysts  prior  to  the  solidification 

of  the  mass.  Small  crystals  of  these  minerals,  almost  microscopic,  occur  in 

the  glassy  gronndmass.  Magnetite,  apatite,  and  zircon  are  present  in  idio- 
morphic crystals.  The  groundmass  is  colorless  glass  with  a  relatively  small 

amount  of  very  minute  crystals.  It  is  pumiceous,  with  vesicles  more  or  less 

spherical,  or  drawn  out  into  spindle-shaped  tubes. 
Hombiende-mica-andesites. — The  varieties  of  these  rocks  are  microcrystalline 

andesites  with  multitudes  of  minute  phenocrysts  of  plagioclase,  feldspar,  and 

hornblende,  and  fewer  of  biotite,  so  that  in  some  cases  they  might  be 

called  mica-bearing  hornblende-andesites.  In  thin  sections  the  hornblendes 

are  seen  to  be  differently  colored  in  different  rocks.  In  some  they  are  green 

and  brownish  green,  with  very  slight  border  of  magnetite  grains,  or  none  at 

all.  In  others  they  are  deep  chestnut  brown,  without  borders ;  in  still  others, 

strong  reddish  brown  with  pleochroism  from  orange  to  red  without  border, 

or  with  narrow  magnetite  margin.  Otherwise  they  are  alike,  having  similar 

forms  and  inclusions.  They  are  partly  idiomorphic.  Inclusions  are  not 

common.      Some  contain  numerous  glass  inclusions. 

Biotite  varies  also  in  color  and  is  easily  confused  with  hornblende  in 

some  of  the  rocks,  usually  having  the  same  colors  where  the  hornblende 

is  brown  and  red-brown;  but  where  hornblende  is  green,  biotite  is  brown. 

Its  chief  inclusions  are  magnetite  and  apatite. 

Hypersthene  and  augite  occur  in  only  a  few  rocks,  and  then  in  very 

small  crystals.  In  one  case  hypersthene  with  pronounced  pleochroism  has 

a  dark  border,  as  though  from  magmatic  action.  It  accompanies  red  horn- 
blendes. In  another  instance,  where  the  hornblendes  are  red,  the  few  small 

augites  are  nearly  colorless. 

The  plagioclase  is  toward  the  labradorite  part  of  the  series,  exhibiting 

rather  high  extinction  angles  and  having  forms  and  inclusions  similar  to 

those  of  the  plagioclases  of  the  dacites  just  described,  except  that  zonal 

structure  is  not  so  frequent,  being  most  pronounced  in  the  larger,  nearly 

equidimensional    crystals,    and    nearly    wanting    in    the    smaller,    narrow 

rectangular  ones. 
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The  groundmass  in  tlie  different  varieties  of  this  rock  varies  from 

microcryptocrystalline  and  microlitic  to  microcrystalline  with  micropoikilitic 

structure,  which  is  very  fine  grained,  the  structures  and  mineral  composi- 

tions being  typically  andesitic. 
Hornbiende-andesites. — The  habit  of  these  rocks  is  generally  similar  to  that  of 

the  andesites  just  described — a  holocrystalline  groundmass  with  abundant 

minute  phenocrysts  of  feldspar  and  hornblende.  In  one  case  feldspar  pheno- 

crysts  are  wanting.  The  hornblendes  have  the  same  varieties  of  color  and 

other  characteristics  as  those  in  the  andesites  last  described.  In  most  of  the 

cases  studied  they  are  red.  Black  borders  occur  in  some  varieties,  but  with 

no  special  connection  with  any  particular  microstructure  of  the  ground- 

mass.  Biotite  is  present  in  several  rocks  in  small  amounts.  Small  crystals 

of  pyroxene  are  rare.  The  feldspar  phenocrysts  are  similar  to  those 

described  in  the  hornblende-mica-andesites.  The  groundmass  structures 

are  also  similar — holocrystalline  and  microlitic,  with  andesitic  habit. 
Hornblende-pyroxene-andesite.   The     101     thill    Sections  of    this    kind    of    aildesite 

which  were  studied  exhibit  a  range  of  mineral  composition  from  rocks  with 

much  ferromagnesian  phenocrysts  to  others  with  few,  and  from  varieties 

with  much  hornblende  and  little  pyroxene,  which  are  closely  connected  with 

hornblende-andesite,  to  those  with  more  pyroxene  than  hornblende,  which 

might  be  classed  as  hornblende-bearing  pyroxene-andesites.  The  ground- 
mass  also  differs  greatly  in  various  rocks,  and  the  amount,  size,  and  shape  of 

the  feldspar  phenocrysts  are  equally  variable.  In  general,  however,  the 

habit  is  like  that  of  the  rocks  just  described — a  groundmass  crowded  with 

small  phenocrysts.  The  actual  character  of  the  groundmass  can  be  dis- 
covered only  with  the  microscope.  It  is  glassy  and  microlitic  in  many  cases 

and  holocrystalline  in  others. 

The  feldspar  phenocrysts,  which  are  present  in  great  abundance,  are 

mostly  rectangular  and  elongated  in  thin  sections.  They  are  all  plagio- 
clase,  and,  like  those  before  described,  probably  labradorite.  But  there 

appears  to  be  some  variability  in  the  kinds,  and  some  small  crystals  exhibit 

extinction  angles  suggesting  anorthite  (33°).  Polysynthetic  twinning  is 

always  present  to  a  "greater  or  less  extent,  and  zonal  structure  is  highly 
developed  in  some  crystals,  over  100  alternating  zones  of  light  and  shade 

having  been  counted  in  one  feldspar,  which  was  0.46  mm.  from  center  to 

margin,  the  average  width  of  a  zone  being  0.0002  of  an  inch.     In  some  cases 
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the  zones  alternate  in  the  values  of  their  extinction  angles,  so  that  it  would 

seem  as  though  the  composition  of  the  feldspar  oscillated  between  narrow 

limits  from  the  center  outward.  In  other  cases  the  center  exhibits  a  higher 

angle  of  extinction  than  the  marginal  zones,  from  which  it  may  be  inferred 

that  the  composition  changed  interruptedly  from  the  center  outward.  The 

feldspars  are  sometimes  free  from  inclusions,  sometimes  crowded  with  glass 

inclusions,  or  these  may  be  arranged  in  zones.  Microscopic  crystals  of 

pyroxene,  apatite,  and  magnetite  are  also  included  in  some  feldspars. 
The  hornblende  is  like  that  in  the  varieties  of  andesite  just  described; 

not  often  idiomorphic,  except  in  the  prism  zone ;  frequently  with  dark  border, 

which  is  sometimes  broad  and  compact.  Often  the  border  consists  of  minute 

pyroxenes.  Sometimes  the  hornblende  is  surrounded  by  comparatively 

large  crystals  of  pyroxene,  magnetite,  and  feldspar,  the  aggregate  having 

an  irregular  outline  in  some  instances,  and  in  others  having  the  outward 

form  of  hornblende.  The  colors  are  red-brown,  brown,  and,  less  often, 

green.  Occasionally  the  color  varies  in  strength  zonally.  Hornblende 

incloses  both  augite  and  hj^persthene  in  comparatively  large  crystals,  and 

also  in  smaller  grains,  and  exhibits  the  same  relations  of  intercrystallization 

with  the  pyroxenes  which  exist  between  these_  three  minerals  in  the  diorites 

of  Electric  Peak.  In  one  rock  (1652)  the  brown  hornblende  is  intimately 

intergrown  with  plagioclase,  as  in  the  case  of  hypersthene  in  the  andesite 

lava  from  Mount  Hood,  Oregon.1  The  pyroxenes  are  augite  and  hyper- 
sthene, generally  in  almost  identical  small  crystals,  with  like  forms  in  the 

prismatic  zone — unit  prism  and  both  pinacoids,  together  with  flat  terminal 

faces.  The  cleavage  and  twinning  are  normal.  They  have  nearly  the  same 

color  in  thin  section — pale  green.  But  the  hypersthene  has  reddish  tones 

for  rays  vibrating  transversely  to  the  prismatic  axis  of  the  crystal.  They 

are  distinguished  only  by  the  differences  in  their  double  refraction  and 

their  extinction  angles,  measured  from  the  prism  axis.  Their  most  frequent 

inclusions  are  crystals  of  magnetite.     Rarely  they  inclose  red  hornblende. 

The  groundmass  of  most  of  the  hornblende-pyroxene-andesites  studied 

is  glassy  and  crowded  with  minute  microlites.  Often  these  are  so  close 

together  that  it  is  not  possible  to  say  whether  there  is  any  amorphous 

glassy  substance  between  them.     In  some  cases  it  is  evident  that  the  whole 

■Iddings,  J.  P.,  The  eruptive  rocks  of  Electric  Peak  and  Sepulchre  Mountain,  etc.:  Twelfth 

Ann.  Rept.  U.  S.  Geol.  Survey,  1892,  p.  612. 



ANDESITES  OF  ABSAEOKA  EANGE.  293 

mass  is  crystallized.  The  more  glassy  varieties  afford  the  best  opportunity 

for  observing  the  character  of  the  microlites.  For  this  reason  it  may  be  best 

to  begin  with  the  description  of  the  most  glassy  varieties.  Of  these,  some 

have  glass,  which  is  colorless  in  thin  section,  with  many  distinctly  crystal- 

lized microlites,  which,  however,  are  not  crowded  together.  The  microlites 

are  feldspar,  pyroxene,  and  magnetite.  The  feldspars  have  not  always  the 

same  habit.  In  some  varieties  of  the  rock  the  microscopic  feldspars  are 

rectangular,  square,  and  elongated,  with  lamellar  twinning,  both  albitic 

and  periclinic,  the  symmetrical  extinction  angles  of  33°  to  35°  indicating 

anorthite.  They  range  in  size  from  the  most  minute  crystals  to  those  0.6  mm. 

long.  They  are  at  times  indented  at  the  ends.  In  other  varieties  of  the 

rock  the  microlites  of  feldspar  are  partly  thin  tabular  crystals,  sometimes 

crossing  one  another  in  Carlsbad  twinning  position.  They  are  lime-soda 

feldspars  yielding  lath-shaped  cross  section.  In  the  glassiest  rocks  the  feld- 

spars have  the  most  abundant  glass  inclusions,  which  occur  even  in  micro- 

scopic crystals,  although  the  smallest  feldspars  are  quite  free  from  inclusions. 

The  pyroxene  microlites,  like  those  of  feldspar,  range  in  size  from  the 

minutest  to  those  that  might  be  called  small  phenocrysts.  Augite  and 

hypersthene  are  both  present,  but  in  some  cases  hypersthene  is  the  prevail- 

ing species.  Both  pyroxenes  occur  in  prisms,  sometimes  stout,  sometimes 

slender,  occasionally  very  thin.  They  are  often  cracked  across'  as  with 

basal  parting,  the  pieces  of  crystal  slightly  separated  in  some  cases.  These 

grade  into  cases  in  which  the  pyroxene  prisms  are  represented  by  a  line  of 

grains  whose  distance  apart  equals  or  exceeds  the  thickness  of  the  grain. 

From  the  resemblance  of  these  grains  to  the  globulites  in  some  of  the 

glassy  groundmasses  it  is  probable  that  these  globulites  are  augite  to  a  con- 
siderable extent. 

Magnetite  crystals  are  frequently  inclosed  in  the  pyroxene  in  great 

numbers,  but  in  some  cases  they  are  nearly  free  from  them.  The  mag- 

netite crystals  are  idiomoi'phic  in  many  cases,  but  in  others  their  forms  are 

indistinct.  One  perfectly  developed  crystal  which  was  inclosed  in  a  feldspar 

had  the  form  of  a  dodecahedron  combined  with  an  octahedron.  Apatite 

occurs  in  minute  hexagonal  prisms. 
In  sToundmasses  where  the  glass  is  crowded  with  microlites  their 

forms  appear  to  be  the  same,  but  on  account  of  their  frequent  superposition 

the  forms  are  not  so  easily  observed. 
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In  some  glassy  varieties  the  glass  is  brown  in  very  thin  sections,  and 

the  microlites  of  colorless  feldspar  and  pale-green  augite  are  distinctly 
contrasted  with  the  glass.  In  other  parts  of  the  same  rock  the  pyroxene 

crystals,  small  and  large,  are  reddened  on  the  surface  and  have  a  red 

opaque  margin  or  incrustation,  the  smallest  crystals  being  reddened 

throughout,  the  large  ones  only  marginally.  In  these  parts  of  the  rock  the 

glass  is  more  often  colorless,  as  though  the  brown  pigment  had  been  segre- 

gated about  the  pyroxenes.  But  there  are  cases  where  reddened  pyroxenes 

occur  in  brown  glass.  In  one  rock  the  glass  is  yellow  and  orang-e  in  thin 
section,  and  the  pyroxenes  are  reddened  and  there  is  a  reddish  opaque 

border  to  many  crystals.  This  is  more  pronounced  about  the  hypersthenes 

than  about  the  augites.  Brown  and  yellow  glasses  grade  into  one  another 

in  one  rock.  One  variety  has  a  beautiful  brown  globulitic  glass  base,  with 

the  usual  microlites.  Another  groundmass  consists  of  colorless  glass, 

crowded  with  very  minute  thin  prisms  of  pyroxene,  feldspar,  and  magnet- 
ite. The  form  of  these  crystals  may  be  observed  when  a  thin  layer  of 

groundmass  wedges  out  over  a  large  crystal  of  feldspar.  In  thicker  layers 

the  groundmass  appears  as  a  gray  felt  of  these  crystals.  In  the  few  holo- 
crystalline  modifications  the  microstructure  seems  to  be  that  which  would 

be  caused  by  the  crystallization  of  the  feldspar  microlites  against  one 

another.  Their  outline  is  lost,  and  all  of  the  coloring  matter  of  the  glass 

base  is  concentrated  in  the  ferromagnesian  constituents.  Sometimes  these 

are  distinctly  formed  pyroxenes,  together  with  magnetite.  In  other  cases 

there  is  considerable  chloritic  or  serpentinous  material  scattered  among  the 

feldspars.  In  several  instances  the  groundmass  contains  amygdules  of 

what  appears  to  be  chalcedony,  sometimes  coating  and  inclosing  crystals 

of  tridymite.  The  chalcedony  accompanies  the  opalization  of  hypersthene, 

a  form  of  alteration  noticed  by  Ktich1  in  the  anclesites  of  Colombia.  In 
general  the  rocks  collected  are  almost  free  from  decomposition  of  any  kind. 

pyroxene-andesite. — These  andesites  have  essentially  the  same  habit  as  the 

hornblende-pyroxene-andesites,  but  are  darker  colored  as  a  whole.  The 

abundant  small  phenocrysts  are  lime-soda  feldspar,  hypersthene,  and  augite. 
In  a  few  cases  there  is  a  small  amount  of  hornblende  with  black  border,  or 

1  W.  Reiss  and  A.  Stiibel.  Reisen  in  Siid-Amerika.  Geologische  Studien  in  der  Republik  Colom- 
bia. I.  Petrographie.  I.  Die  vulkanischen  Gesteine.  Bearbeitet  von  Richard  Kiich.  Berlin,  1892. 

Reviewed  in  Jour.  Geol.,  Vol.  I,  No.  2, 1893,  pp.  164-175. 
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of  hornblende  paramorphs.     The  groundmass  is   aphanitic  and  dark  gray 

or  black,  or  light  gray,  occasionally  red. 

In  thin  section  the  feldspar  phenocrysts  are  mostly  rectangular,  with 

polysynthetic  twinning  after  both  laws ;  relatively  strong  double  refraction 

and  high  extinction  angles,  indicating  labradorite-anorthite.  Zonal  struc- 

ture is  pronounced,  and  glass  inclusions  are  abundant,  the  larger  feldspars 

being  sometimes  filled  with  them.  The  pyroxenes  are  hypersthene  and 

augite  in  variable  proportions.  In  some  varieties  of  the  rock  hypersthene  is 

greatly  in  excess  of  augite,  and  is  distinctly  pleochroic.  It  occasionally 

forms  small  aggregations  with  labradorite,  the  crystals  of  feldspar  project-- 
ing  radially  from  the  margin  of  the  aggregate.  Similar  aggregates  some- 

times surround  hornblende  phenocrysts.  Inclusions  of  magnetite  are 

common,  and  those  of  glass  less  frequent.  There  are  occasional  evidences 

of  the  nearly  synchronous  growth  of  the  pyroxene  and  feldspar,  crystals  of 

the  former  being  interrupted  in  their  growth  by  those  of  feldspar.  Rare 

cases  of  actual  synchronous  crystallization  resulting  in  mutual  intergrowth 

have  already  been  mentioned.  Augite  is  almost  identical  with  hypersthene 

in  its  modes  of  crystallization  and  association.  They  are  sometimes  inti- 

mately intergrown,  and  are  distinguishable  only  between  crossed  nicols. 

Zonal  structure  is  occasionally  noticeable  in  the  distribution  of  color,  and 

in  the  optical  properties,  the  color  varying  from  pale  green  to  brown  and 

reddish  brown.  In  most  cases  they  are  fresh  and  not  decomposed.  Rarely 
they  are  partly  altered  into  opal.  The  small  individuals  of  hornblende, 

usually  irregularly  outlined  and  with  magnetite  or  pyroxene  border,  are 

generally  reddish  brown.  Magnetite  and  apatite  are  the  same  as  in  the 
other  andesites,  but  are  somewhat  more  abundant. 

The  groundmass  structures  of  the  pyroxene-andesites  are  almost  identi- 

cal with  those  of  the  liornblende-pyroxene-andesites.  They  are  mostly 
microlitic,  with  prisms  of  plagioclase  and  pyroxene  and  crystals  of  magnet- 

ite. The  more  glassy  modifications  have  colorless  glass,  and  often  brown 

globulitic  glass  as  the  matrix.  Not  infrequently  the  glass  inclosed  in  the 

feldspar  phenocrysts  is  la-own  while  that  in  the  surrounding  groundmass  is 
colorless.  Brown  glass  is  rather  more  frequent  than  in  the  more  siliceous 

varieties  of  andesite.  Only  a  few  of  the  specimens  examined  were  holocrys- 
tallhie. 
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Basaltic  andesite. — One  of  the  fragments  collected  has  a  peculiar  character. 

It  has  a  red  glassy  and  microlitic  groundmass  with  abundant  small  pheno- 

crysts,  in  habit  being  similar  to  the  rocks  just  described.  But  the  porphy- 
ritical  minerals  are  augite,  red  mica  with  variable  optic  angle,  numerous 

serpentinized  olivines,  some  red  hornblende,  and  very  few  plagioclase  feld- 
spars. There  are  numerous  microlites  of  plagioclase  in  the  groundmass. 

The  rock  is  a  more  magnesian  phase  of  the  andesitic  magma,  related  to 

hornblende-pyroxene-andesite.  It  is  not  known  in  any  large  mass  in  the 
region,  although  it  must  have  existed  as  a  lava  flow  at  some  period  in  the 

history  of  the  volcanoes  of  this  range. 

Segregations  are  not  often  noticed,  partly  because  they  are  easily  over- 
looked in  the  breccia,  where  the  small  fragments  generally  appear  with 

slightly  different  characters.  In  the  massive  bodies  associated  with  the 

breccia  segregations  sometimes  occur.  They  are  composed  of  crystals 

about  the  size  of  the  phenocrysts,  either  crystallized  together  in  a  hypidio- 
morphic  mass  of  plagioclase,  hornblende,  biotite,  and  pyroxene,  with 

magnetite,  or  combined  as  large  crystals,  with  smaller  ones  forming  a 

relatively  coarse-grained  groundmass  between  (1652,  1667). 

LATE  BASIC  BRECCIA. 

The  character  and  mode  of  occurrence  of  the  basic  breccia,  which 

overlies  the  light-colored  and  more  siliceous  breccia,  have  been  indicated 

in  the  paragraphs  describing  the  late  acid  breccia;  but  they  should  be 

restated  in  greater  detail.  In  the  vicinity  of  Mist  Creek  the  basic  breccia 

overlies  the  light-colored  breccia  in  several  places,  and  is  found  to  consist 

of  dark-colored  pyroxene-andesites,  sometimes  with  hornblende,  sometimes 
with  olivine,  or  both  (1484,  1486).  On  the  south  side  of  the  summit  of 

Mount  Chittenden,  and  on  the  ridges  east  and  south,  the  dark-colored  breccia 

forms  well-bedded  accumulations  whose  layers  are  nearly  horizontal  and 

overlie  irregularly  bedded  or  wholly  imbedded  light-colored  breccia.  The 

upper  breccia  is  composed  of  pyroxene-andesites,  with  more  or  less  olivine, 
and  occasionally  hornblende.  This  breccia  probably  extends  down  the 

ridge  to  Lake  Butte  (1504  to  1507  and  1514,  1515). 

In  the  vicinity  of  Mount  Humphreys  the  upper  basic  breccia  overlies 

the  light-colored  breccia  in  distinctly  bedded  accumulations  which  are 

nearly  horizontal.     The  breccia  consists  of  dark-colored  pyroxene-andesite, 
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sometimes  with  hornblende,  sometimes  with  olivine  (1638,  1639).  It  caps 

the  ridge  to  the  southeast  and  forms  its  western  spur  (1641,  1642),  and  also 

a  small  point  on  the  southern  spur  of  Coulter  Peak.  The  upper  basic 
breccia  becomes  thicker  and  more  extensive  about  the  southern  end  of  the 

area  of  earlier  breccia.  At  Mount  Humphreys  and  the  peak  northwest  it 

is  about  600  feet  thick,  while  on  Table  Mountain  and  the  Turret  it  is  about 

800  feet  thick.     It  constitutes  the  mass  of  Eagle  Peak. 
The  breccia  on  the  summit  of  Table  Mountain  is  dark  colored  and  is 

composed  of  comparatively  small  fragments  of  basaltic  andesite,  with  small 

phenocrysts  (1668).  The  layers  of  this  mass  dip  gently  toward  the  west. 

The  mass  of  Eagle  Peak,  however,  presents  a  wholly  different  aspect  (PI. 

XXXV).  The  breccia  forming  this  mountain  is  distinctly  bedded,  but  the 

layers  are  not  horizontal,  dipping  at  various  angles  and  forming  a  slight 

syncline,  the  dip  being  to  the  southeast,  away  from  the  light-colored 
breccia  at  the  head  of  Mountain  Creek  and  toward  the  northwest  from  the 

southern  end  of  the  mountain.  The  breccia  is  more  slaggy  and  scoriaceous, 

with  less  tuff  than  the  beds  on  Table  Mountain,  and  the  mineralogical 

character  of  the  rock  is  more  uniform.  It  is  dark  colored,  mostly  pyroxenic 

with  much  olivine,  and  in  places  carries  some  hornblende.  There  are  dense, 

porous,  and  vesicular  modifications  of  the  rock  (1669  to  1676).  In  places 

it  has  been  partially  altered,  producing  layers  and  patches  which  are  bright 

red,  brown,  and  yellow,  with  purple,  lavender,  and  green.  The  alteration 

seems  to  have  followed  certain  layers,  but  was  not  confined  to  them.  That 

there  is  considerable  divergence  in  the  bedding  of  the  breccia  may  be  seen 

from  the  eastern  side  of  the  mountain.  The  lower  beds  dip  at  steeper  angles 

than  the  upper  ones,  the  general  dip  being  to  the  northwest,  One  massive 

bed  was  observed  to  thin  out  upward  toward  the  southeast,  and  to  thicken 

and  separate  into  several  beds  toward  the  northwest. 

The  mountain  range  east  of  the  northeastern  branch  of  Mountain 

Creek  is  composed  of  steeply  dipping  layers  of  similar  dark  breccia,  in 

places  brightly  colored  by  decomposition.  The  dip  in  general  is  toward 

the  northwest,  The  high  northern  portion  of  this  range  is  composed  of 

nearly  horizontal  beds  of  dark  breccia.  North  of  this  range  the  mountains 

are  made  up  of  similar  breccia  in  nearly  horizontal  layers,  which  occa- 

sionally dip  steeply  toward  the  north,  and  thicken  in  the  steep  parts  of  the 

layers. 
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Basic  breccia  overlies  the  earlier  breccia  on  the  spur  northeast  of  the 

forks  of  Mountain  Creek,  and  forms  the  mountains  to  the  northeast.  It  is 

distinctly  bedded  in  places  in  horizontal  layers,  with  more  tuff  than  in  the 

breccia  of  Eagle  Peak.  It  is  composed  of  pyroxene-andesites,  some  with 

abundant  small  phenocrysts  of  feldspar  and  pyroxene,  others  with  almost 

no  noticeable  phenocrysts.  Much  of  it  contains  olivine.  Only  a  very 

little  carries  hornblende  (1679  to  1683).  Similar  dark-colored  breccia 
forms  the  main  mass  of  The  Trident,  where  it  occurs  in  nearly  horizontal 

layers  or  beds.  These  horizontally  bedded  breccias  extend  south  to 

Thorofare  Creek,  and  west  across  the  canyon  of  the  upper  Yellowstone 

River,  and  form  Two  Ocean  Plateau. 

two  ocean  plateau. — The  mass  of  Two  Ocean  Plateau  above  the  valley  of 

the  upper  Yellowstone  River  consists  of  dark-colored  andesitic  breccia  in 

nearly  horizontal  layers.  The  bedding  appears  much  more  regular  at  a 

distance  than  upon  close  inspection,  when  it  is  often  found  to  be  very 

irregular.  In  the  vicinity  of  Two  Ocean  Pass  the  layers  of  bedding  dip 

about  5°  NE.  This  dipping  proves  that  there  has  been  a  change  of  position 
since  the  breccias  were  accumulated,  and  indicates  a  depression  or  faulting 

toward  the  east,  or  in  the  Absaroka  Range. 

Near  the  mouth  of  Mink  Creek,  and  south  of  it,  the  breccias  are  dark 

colored  and  basic  and  are  associated  with  flows  of  massive  basalt  with 

porphyritical  feldspar  and  augite,  resembling  those  at  Two  Ocean  Pass. 

Over  the  limestone  near  the  head  of  Pacific  Creek  there  is  basic  breccia  in 

the  stream  channel,  while  on  both  sides  of  the  valley  at  higher  altitudes  are 

flows  of  basalt,  which  crOss  the  valley  just  west  of  the  divide.  These  sheets 

of  basalt  form  a  distinct  ledge  on  both  sides  of  the  valley,  which  varies  in 

thickness  from  200  to  400  feet,  and  is  rudely  columnar.  Owing  to  the 

peculiar  composition  of  these  basalts  they  have  been  classed  with  the  sho- 

shonites  from  other  parts  of  the  Park,  and  are  described  in  connection 

with  them.  Above  the  western  end  of  the  basalt  ledge,  in  the  assorted 

andesitic  breccia,  there  is  a  layer  of  unassorted  light-colored  tuff  with 

large  phenocrysts  of  sanidine  and  small  biotites  (1723-1725).  There  are 

clay -like  lumps  through  it,  and  many  fragments  of  basic  andesite  or  basalt. 

It  is  overlain  by  basic  andesitic  breccia.  The  same  kind  of  tuff  is  exposed 

on  the  southern  side  of  Two  Ocean  Pass,  in  a  layer  about  30  feet  thick. 

Here  it  passes  upward  into  fine-grained  tuff,  which  is  gray  and  bedded. 
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This  passes  up  into  assorted  basic  andesitic  breccia,  in  the  lower  portions  of 

which  are  rounded  fragments  of  the  sanidine-bearing  tuff  or  breccia. 

In  the  escarpment  of  the  plateau  west  of  Two  Ocean  Pass  the  lower 

part  of  the  breccia  contains  many  layers  that  are  distinctly  waterlaid  and 

assorted,  the  masses  of  andesite  being  more  or  less  rounded.  But  the 

upper  portion  is  true  breccia,  angular  and  unassorted.  On  the  southern 

side  of  Two  Ocean  Pass  the  lower  part  of  the  plateau  mass  consists  of 

assorted  breccia  which  in  places  shows  evidence  of  having  been  rearranged 

by  water  action.  Laj^ers  of  fine  sand  and  gravel  and  large  masses  alternate 

with  one  another,  but  the  bedding  is  decidedly  irregular.  The  layers  are 

not  of  uniform  thickness,  and  are  in  places  cross  bedded.  This  condi- 
tion continues  for  about  1,000  feet  above  the  valley,  the  upper  1,000  feet 

consisting  of  true  breccia  without  waterlaid  layers.  Here,  as  elsewhere  in 

the  breccia,  there  are  evidences  of  the  former  existence  of  localized  bodies 

of  water.  The  matrix  is  light  colored,  with  angular  fragments  of  all  sizes 

up  to  those  6  feet  in  diameter.  The  andesites  vary  in  character;  some 

are  dark,  others  light;  some  dense,  others  vesicular.  The}^  carry  pheno- 
crysts  of  feldspar  and  pyroxene,  with  occasional  hornblende  or  olivine. 

The  whole  mass  has  a  distinct  but  irregular  bedding,  clearly  seen  at  a 

distance.  The  surfaces  of  the  layers  are  rough  and  irregular.  They  are 

generally  denser  at  the  bottom  of  each,  so  that  the  top  of  each  weathers 

more  easily  and  causes  the  line  of  bedding  to  become  pronounced  in 

exposures.  Where  layers  differ  in  color  and  can  be  traced  for  any  distance, 

they  are  observed  to  thin  out  laterally,  and  are  not  persistent  for  long 
distances. 

Horizontally  bedded  breccias  form  the  plateau  ridges  about  Jay  Creek 
and  those  west  of  the  Yellowstone  River,  and  also  the  mountains  at  the 

head  of  Buffalo  Fork  of  the  Snake  River,  which  are  the  southern  extension 

of  this  region.  Here  they  have  a  slight  dip  to  the  northeast,  They  also 

form  the  body  of  Two  Ocean  Plateau,  and  are  exposed  in  the  latera] 

canyons  cut  into  it  by  the  tributaries  of  the  Yellowstone.  From  Atlantic 

Creek  to  north  of  Lynx  Creek  the  petrographical  character  of  the  rocks  is 

the  same,  and  there  are  places  where  the  material  has  been  assorted  and 

rearranged  by  water  action.  But  the  great  bulk  of  the  material  is  purely 

subaerial  ejectamenta.  At  the  head  of  Lynx  Creek,  on  the  continental 
divide,  are  remnants  of  a  surficial  flow  of  basalt  which  extends  down  the 
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present  valley  for  a  short  distance,  and  is  therefore  later  than  the  period 

in  which  the  valley  was  eroded.  The  basalt  is  lig'ht  gray  and  somewhat 
vesicular,  with  small  phenocrysts  of  olivine  (1734,  1735).  A  similar  basalt 

occurs  on  Chipmunk  Creek  (1736). 
A  small  hill  on  the  divide  between  Fox  Creek  and  Mink  Creek  is 

formed  of  a  massive  flow  of  pyroxene-andesite,  which  is  jointed  into  great 
slabs  and  is  thinly  fissile  in  places.  It  resembles  many  occurrences  of 

rhyolite.  It  is  partly  massive  and  vesicular,  and  is  light  gi'Sij,  with  small 
phenocrysts  of  feldspar  and  pyroxene  (1727).  It  carries  segregations  of 

feldspar  and  pyroxene,  and  has  cavities  containing  tridymite  (1726).  Other 

portions  of  the  same  lava  sheet  are  darker  and  denser  (1728,  1729,  1730). 

The  breccia  along  the  western  margin  of  the  plateau  is  basic,  and  in  places 

there  are  remnants  of  porph}Tritic  basalt.  At  the  southern  end  of  the  valley 

of  Fox  Creek  it  is  composed  of  fragments  of  basic  andesite  in  a  light-red 
matrix,  and  on  the  limestone  hills  east  of  the  mouth  of  Crooked  Creek  it  is 
also  basic. 

Isolated  areas  of  basic  andesitic  and  basaltic  breccia  occur  overlying 

very  irregular  surfaces  of  sedimentary  rocks  on  the  peak  south  of  Pinyon 

Peak,  in  the  valley  of  Coulter  Creek,  in  the  vicinity  of  the  northern  end 

of  the  Teton  Range,  on  Berry,  Boone,  and  Conant  creeks,  and  at  Birch 
Hills.  The  last  of  these  occurrences  are  described  in  connection  with  the 

general  geology  of  the  northern  end  of  the  Teton  Range  (Chapter  IV). 

Those  in  the  region  of  Coulter  and  Wolverine  creeks  and  Pinyon  Peak 

are  described  by  Mr.  Arnold  Hague  in  Chapter  V,  devoted  to  the  descrip- 
tive geology  of  Big  Game  Ridge  and  Huckleberry  Mountain. 

Of  116  specimens  from  the  upper  basic  breccia,  one-half  contain  olivine 
in  variable  amounts,  and  may  be  classed  as  basalt  and  basaltic  andesite ; 

the  other  half  are  free  from  it,  and  are  pyroxene-andesites  and  hornblende- 

pyroxene-andesites,  the  last-named  rocks  being  much  fewer  than  the  pyrox- 
ene-andesites. 

Hombiende-pyroxene-andesite. — The  few  specimens  of  this  kind  of  andesite 

which  were  studied  prove  to  be  glassy  microlitic  modifications,  some  with 

dark-brown  glass,  one  with  red  glass.  Reddish-brown  hornblende  with 
magnetite  border,  or  an  outer  zone  of  pyroxene,  magnetite,  and  plagioclase, 

is  the  usual  variety.  In  one  rock  brown  hornblendes  without  any  border 

of  foreign  material  occur  so  closely  associated  with  pyroxene  as  to  inclose 
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it  in  a  variety  of  ways.  They  form  a  narrow  zone  of  small  prisms  around 

a  large  augite  in  one  instance,  and  in  another  case  hornblende  contains 

small  grains  of  augite  as  inclusions.  It  is  also  mtergrown  with  pyroxene 

in  the  manner  already  described  in  other  occurrences. 

pyroxene-andesites. — The  pyroxeiie-andesites  of  the  late  basic  breccia  are 

quite  the  same  as  those  of  the  late  acid  breccia  just  described.  Most  of 

them  have  glassy  microlitic  groundmasses,  the  glass  being  brown  in  the 

majority  of  cases.  Some  have  holocrystalline  groundmasses.  The  habit 

of  most  of  the  modifications  is  that  produced  by  abundant  small  pheno- 

crysts  and  a  microlitic  groundmass.  In  some  cases  distinct  phenocrysts 

are  wanting,  but  there  are  many  microscopic  prismatic  feldspars  in  the 

groundmass,  usually  arranged  in  curving  parallel  lines,  nroducing  fluidal 
structure. 

In  a  few  rocks  these  rectangular  microscopic  feldspars  are  in  excess  of 

the  microlitic  groundmass.  In  the  holocrystalline  varieties  the  dark  color 

of  the  groundmass  gives  way  to  gray  shades.  The  degree  of  crystallization 

does  not  exceed  that  of  holocrystalline-microlitic  or  finely  microgranular. 

The  phenocrysts  are  lime-soda  feldspar,  hypersthene,  and  augite,  with  small 

crystals  of  magnetite.  Rarely  hornblende  or  olivine  is  present  in  small 
amounts. 

The  feldspars  are  labradorite-bytownite,  with  marked  twinning  and 

zonal  structure,  and  generally  rectangular  outline  in  cross  section.  Glass 

inclusions  are  frequent.  In  some  varieties  of  this  rock  the  feldspar  phe- 

nocrysts are  anorthite.  Hypersthene  and  augite  have  the  same  colors, 

forms,  and  microscopical  characters  as  in  the  pyroxene-andesites  already 

described.  In  some  cases  pale-yellowish  augites  are  twinned  on  the  ortho- 

pinacoid,  and,  being  cut  so  as  to  exhibit  symmetrical  extinction  angles  on 

both  sides  of  the  twinning  plane,  furnish  an  inclination  of  the  bisectrix  a 

equal  to  42°  to  the  trace  of  the  twinning  plane,  indicating  hedenbergite  or 

auo-ite.  Zonal  structure  is  occasionally  exhibited  between  crossed  nicols,  and 

sometimes  by  variations  in  color.  Glass  inclusions  are  often  present.  The 

pyroxenes  are  mostly  fresh  and  unaltered.  An  alteration  of  hypersthene  to 

pale-green  pleochroic  amphibole  is  sometimes  observed,  the  fibers  of  amphi- 

bole  lying  parallel  to  the  vertical  axis  of  the  hypersthene.  A  narrow  opaque 

border  and  a  darker-colored  margin  are  sometimes  present.  Occasionally  a 

serpentinous  mass  is  included  and  suggests  the  former  presence  of  olivine. 
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The  pyroxene-andesite  occurring  as  a  massive  lava  flow  west  of  the 
head  of  Mink  Creek  has  a  habit  somewhat  different  from  that  of  the 

pyroxene-andesites  already  described.  It  has  a  smaller  number  of  pheno- 
crysts,  which  are  labradorite,  distinctly  pleochroic  hypersthene,  and  augite, 

the  pyroxenes  being  more  prismatic  than  usual.  The  groundmass  when 

very  dense  is  globulitic  and  microlitic  glass,  which  is  dark  colored  where 

the  microlites  are  very  minute.  Through  it  are  scattered  long  prismatic 

microlites  of  hypersthene,  augite,  and  feldspar.  In  varieties  with  larger 

microlites  the  color  is  lighter,  and  it  is  seen  that  pyroxene  is  more  abundant 

than  feldspar ;  magnetite  also  is  abundant.  Apatite  occurs  in  comparatively 

few  large  crystals,  with  brownish  color  and  distinct  pleochroism.  Tridy- 
mite  is  present  in  small  aggregates. 

Basaltic  andesite  and  basalt. — These  rocks  are  like  the  pyroxene-andesites  in 

habit,  both  megascopically  and  microscopically.  They  consist  of  an 

aplianitic  groundmass  with  multitudes  of  small  phenocrysts  of  feldspar 

and  pyroxene  and  more  or  less  altered  olivine.  In  some  varieties  the 

phenocrysts  are  almost  absent,  or  are  of  microscopic  proportions.  The 
colors  of  the  rocks  are  darker  as  a  whole  than  those  of  most  of  the  andesites. 

Dark  grays  to  black  and  red  are  most  common.  Light  grays  occur.  Many 
of  the  rocks  are  porous  or  finely  vesicular. 

In  thin  sections  the  groundmasses  are  seen  to  be  glassy,  with  abundant 

microlites  of  feldspar,  pyroxene,  and  magnetite,  the  latter  minerals  being 

rather  more  abundant  than  in  the  pyroxene-andesites,  and  being  equal  to, 
or  sometimes  more  numerous  than,  the  feldspars.  The  microlitic  pyroxenes 

appear  to  be  augite.  The  feldspars  are  lime-soda  feldspars,  apparently 

about  andesine-labradorite,  but  not  always  of  the  same  kind.  The  glass  is 
usually  brown  globulitic,  when  in  noticeable  amount.  Holocrystalline 

modifications  occur;  they  are  very  fine  grained  and  are  formed  by  the 

growing'  together  of  microlites.  Groundmasses  so  crowded  with  iron  oxide 
as  to  be  opaque,  even  in  very  thin  sections,  are  common. 

The  feldspar  phenocrysts  are  labradorite-bytownite,  in  some  rocks 
being  more  calcic  than  the  proportion  An3  Ab2,  in  other  cases  having  the 

optical  properties  of  this  variety  of  labradorite.  The  forms  are  mostly 

rectangular  and  prismatic,  tabular  forms  being  common  in  some  rocks.  The 

twinning  is  according  to  albite,  pericline,  and  Carlsbad  laws,  usually  all  three 

combined;   occasionally  only  two.     Zonal  structure  is  pronounced,  especially 
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in  those  sections  exhibiting  little  polysynthetic  twinning.  In  a  few  instances 

there  is  a  central  core  of  feldspar,  first  recognized  between  crossed  nicols, 

and  this  is  invariably  more  calcic  than  the  marginal  feldspar.  Grlass  inclu- 

sions are  the  same  as  in  the  feldspars  of  the  pyroxene-andesites.  Con- 
temporaneous crystallization  with  pyroxene  is  occasionally  observed. 

The  pyroxene  phenocrysts  are  augite  in  nearly  all  the  rocks  in  which 

olivine  is  abundant.  In  a  few  cases  hypersthene  is  also  present,  but  in  smaller 

amount  than  augite.  Transitional  varieties  with  hypersthene  and  olivine  in 

reciprocally  varying  proportions  have  been  mentioned  in  connection  with 

the  rocks  in  other  parts  of  this  region.  The  augites  have  the  same  appear- 

ance and  characters  as  in  the  andesites.  The  same  is  true  of  the  hyper- 
sthene when  present.  Olivine  occurs  in  very  small  idiomorphic  crystals, 

yielding  rhombic  and  characteristic  six-sided  sections.  It  is  in  most  cases 

wholly  altered  either  to  green  serpentine  or  to  the  red  and  orange  pseudo- 
morphs  which  often  result  from  weathering.  In  the  few  cases  where  olivine 

is  still  preserved  it  is  colorless  in  thin  section.  The  serpentinization  is  quite 

normal.  Both  modes  of  alteration  are  frequent,  but  the  green  serpentiniza- 

tion is  probably  more  common.  They  do  not  occur  by  the  side  of  one' 
another  in  one  rock  section.  In  only  one  instance  was  anything  like  a 

combination  of  the  two  observed.  The  processes  appear  to  be  due  to  local 

causes,  for  it  is  found  that  all  the  varieties,  with  olivine,  that  were  collected 

at  any  one  locality  bear  the  same  kind  of  pseudomorphs. 

Occasionally  colorless  olivine  is  coated  with  opaque  iron  oxide,  which  is 

red  by  incident  light.  It  occurs  in  minute  grains  penetrating  the  crystal  in 

rows  normal  to  the  side  planes.  The  shape  of  the  grain  suggests  that  the 

original  oxide  was  magnetite.  In  cross  sections  the  coating  appears  as  an 

opaque  border  of  variable  Avidth.     In  one  rock  olivine  is  replaced  by  calcite. 

The  irregular  and  amygdaloidal  cavities  in  these  rocks  are  sometimes 

filled  with  secondary  minerals,  of  which  chalcedony  and  hyalite  or  opal 
and  several  zeolites  are  the  commonest  kinds.  The  first  two  are  often 

associated  together,  chalcedony  coating  the  walls  of  the  cavity  in  a  spheru- 

litic  layer,  opal  filling  the  central  portion.  In  one  of  the  pyroxene- 
andesites  the  chalcedony  of  the  margin  passes  into  fibrous  or  platy  quartz, 

which  fills  the  center  of  the  amygdule,  the  two  being  continuous  optically 

as  well  as  in  substance.  In  some  sections  through  such  amygdules  the 

central  quartz  exhibits  undulatory  extinction,  not  very  unlike  that  produced 
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in  quartz  by  dynamic  forces.  It  is,  however,  in  this  case  the  result  of 

aggregate  crystallization.  Such  sections  exhibit  uniaxial  interference 

crosses  which  are  optically  positive.  The  aggregation  appears  to  be  made 

up  of  thin  hexagonal  plates,  parallel  to  the  basal  pinacoid.  The  aggrega- 
tion of  plates  into  spherical  masses  takes  place  in  tridymite,  as  is  well 

known.  Spherulitic  aggregations  being  only  modifications  of  spherical 

ones,  such  structures  may  be  produced  by  the  attempts  of  thin  plates  to 

form  spherical  clusters.  The  rods  would  then  be  at  right  angles  to  the 

vertical  axis  of  the  mineral — that  is,  the  apparent  fibers  would  be  parallel 

to  IX,  the  direction  of  vibration  of  the  swiftest-traveling  ray.  The  lighter 
specific  gravity  of  chalcedony,  as  compared  with  quartz,  would  seem  to  be 

due  to  inclusions,  probably  of  hyaline  silica,  since  minute  inclusions  are 

observed  in  thin  section,  and  a,  variable  percentage  of  water  is  found  upon 

chemical  analysis.  Opal  replaces  the  feldspars  in  a  few  of  the  rocks 
studied. 

Sometimes  the  amygdules  consist  of  minute  zeolites  with  very  low 

double  refraction  and  a  marked  pinacoidal  cleavage  with  parallel  extinc- 

tion. It  is  probably  heulandite.  The  spaces  between  these  crystals  are 

tilled  with  a  colorless,  low-refracting  substance,  apparently  composed  of 
minute  spherules  or  plates,  resembling  .tridymite.  But  the  whole  mass  is 

spherulitic,  with  delicately  fibrous  rods  that  are  optically  positive.  The 
double  refraction  is  low.  There  seems  to  be  no  structural  relation  between 

the  minute  spherules  and  the  spherulitic  structure.  One  appears  to  be 

subsequent  to  the  other.  The  chemical  character  of  this  substance  was  not 

discovered.  Similar  mineral  with  stronger  double  refraction  occurs  in 

other  varieties  of  the  rock.  Other  secondary  minerals,  probably  zeolites, 

are  present  in  a  few  cases  (1682,  1675). 

BIKES   AND   SURFICIAE  FLOWS. 

VICINITY  OF  SYLVAN  PASS. 

Subsequent  to  the  accumulation  of  the  late  acid  and  basic  breccia  of 

the  Absaroka  Mountains  there  broke  out  a  series  of  eruptions,  whose  center 

of  activity  was  in  the  vicinity  of  Sylvan  Lake.  In  this  neighborhood  the 

breccias  are  traversed  in  all  directions  by  dikes  of  rocks  which  have  a  wide 

range  of  composition  and  which  also  attained  great  variety  of  crystalline 
structure. 
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In  the  valley  of  Sylvan  Pass  and  on  the  slopes  of  the  mountains  on 

both  sides  the  breccias  have  been  highly  indurated  by  the  intrusion  of  dikes 

close  to  one  another,  and  of  larger  bodies  of  magma.  This  is  particularly 
the  case  on  the  southern  side  of  the  valley.  This  metamorphism  is  limited 
in  extent  north  and  south,  but  continues  a  greater  distance  east  and  west. 
The  induration  of  the  breccia  and  the  presence  of  massive  rocks  produce 
mountain  slopes  very  different  in  character  from  those  of  the  breccias  of  the 

region.  The  indurated  and  massive  rocks  weather  in  small  angular  frag- 

ments that  form  long,  bare  talus  slopes,  giving  to  the  southern  flanks  of 

Avalanche  Peak  and  of  the  mountain  southeast  a  smooth,  light-colored 
appearance,  which  is  quite  distinctive. 

The  southern  slope  of  Avalanche  Peak  has  the  character  just  noted. 

It  consists  of  indurated  breccia  of  hornblende-andesite,  traversed  by  intru- 
sive bodies  of  hornblende-mica-andesite  and  of  hornblende-andesite.  Some 

of  these  bodies  have  been  crushed  and  fractured  so  as  to  resemble  breccia 

in  places.  They  furnish  evidence  of  dynamic  movements.  One  body  of 

hornblende-mica-andesite  (1532),  whose  outline  is  obscured  by  talus,  is 
altered  considerably.  The  phenocrysts  of  mica  are  large,  as  are  also  some 

of  hornblende  and  feldspar  It  is  liner  grained  and  fissile  near  the  south- 

ern contact  wall,  and  is  distinctly  mottled  in  planes  parallel  to  this  contact, 

and  carries  inclosed  fragments  of  other  rocks.  The  southern  end  of  the 

summit  of  the  mountain  is  formed  of  a  broad  dike  of  hornblende- 

andesite  (1533),  compact  and  gray,  with  abundant  small  phenocrysts  of 

hornblende  and  feldspar.  The  trend  of  this  dike  is  east  and  west,  and  that 

of  three  or  four  others  cutting  the  summit  of  the  peak  is  northwesterly. 
These  are  hornblende-andesite.  Another  dike  on  this  summit,  trending 

south  and  north,  is  hornblende-mica-andesite  (1534).  It  is  greenish  gray 
and  dense,  with  a  multitude  of  small  phenocrysts — white  and  prominent 
feldspars,  altered  hornblendes,  and  fresh  biotite. 

The  northern  end  of  the  summit  consists  of  massive  rock  with  horn- 

blende  and  pyroxene  phenocrysts.  The  northern  mass  of  the  peak  is  com- 

posed of  chaotic  breccia  of  hornblende-andesite  not  specially  indurated. 
Six  dikes  cut  the  northwestern  spur,  five  having  a  general  east-west  trend, 

and  one,  lower  down,  a  north-south  trend.  Three  dikes  cut  the  north- 

eastern spur.      They  have  a  northeast  trend.      On  the  eastern  spin-  (here  are 
MON  xxxir,  PT  IF   20 
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three  dikes  with  a  southerly  trend.  One  of  these  dikes  consists  of  horn- 

blende-andesite  with  many  phenocrysts  of  hornblende  and  feldspar.  The 

rock  is  columnar,  with  horizontal  prisms. 

In  the  gulch  west  of  Avalanche  Peak  the  breccia  of  hornblende- 

andesite  is  indurated,  and  is  cut  by  bodies  of  hornblende-andesite  that  have 

been  much  fractured  and  cracked.  Similar  indurated  breccia  forms  the 

ridge  west,  and  is  traversed  by  ten  or  more  dikes  of  hornblende-andesite 

with  variable  trends,  mostly  north  and  south  or  northeasterly.  On  the 

west  end  of  this  ridge  are  other  dikes,  whose  trends  were  not  observed. 

Other  dikes  of  hornblende-andesite  cut  the  ridge  from  Avalanche  Peak 

to  Mount  Chittenden.  They  have  a  general  north-south  trend,  as  indicated 

on  the  map,  several  trending  northeast  and  one  east.  Dikes  may  be  seen 

cutting  the  southern  face  of  Silver  Tip  Peak.  At  the  head  of  Crow  Creek 

several  of  the  dikes  traverse  the  sheet  of  massive  hornblende-pyroxene- 

andesite,  cutting  it  in  different  directions. 

These  dikes  extend  into  the  head  of  Jones  Creek,  the  most  northerly 

intersecting  the  eastern  edge  of  the  summit  of  Mount  Chittenden.  Here 

this  dike  is  50  or  60  feet  wide,  is  horizontally  columnar,  and  trends  a  little 

east  of  north.  The  rock  is  hornblende-andesite  (1498  to  1500),  dense,  fine 

grained,  with  abundant  small  phenocrysts  of  hornblende,  sometimes  in 

stellate  groups,  and  less  prominent  feldspar.  No  dikes  were  observed  in 

the  mountains  northeast  of  Mount  Chittenden,  or  in  those  in  the  vicinity 

of  Pyramid  Peak,  or  in  Castor  and  Pollux  peaks. 

In  the  region  of  Sylvan  Pass,  the  mountain  mass  of  Hoyt  Peak 

consists  of  indurated  breccia  of  hornblende-andesite  with  some  pyroxene- 

andesite.  It  is  traversed  in  various  directions  by  dikes,  some  trending 

northeast  and  east:  and  others  southeast.  Those  cutting  the  northern 

crest  of  the  mountain  are  mostly  hornblende-andesite.  They  are  from 

4  to  10  feet  wide,  and  in  one  instance  20  feet.  The  rock  of  the  20-foot 

dike  (1535)  is  dense,  light  gray,  with  a  hackly  fracture,  and  is  crowded 

with  small  phenocrysts  of  minute  feldspars  and  larger  hornblendes,  with  a 

very  little  mica.  One  of  the  andesite  dikes  is  very  fine  grained,  with  few 

phenocrysts.  The  dikes  on  the  south  slope  are  largely  covered  by  talus. 

Their  general  trend  is  toward  the  southeast.  Among  them,  near  the  bottom 

of  the  slope,  are  several  dikes  of  quartz-mica-dacite,  with  phenocrysts  of 

these  minerals       Farther  down  the  slope,  just  east  of  the  divide,  there  is 
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an  intrusion  of  homblende-mica-andesite  (1545),  which  is  dense  and  dark 
gray,  with  abundant  hexagonal  plates  of  biotite,  numerous  feldspars,  and 
inconspicuous  altered  hornblendes. 

Immediately  north  of  the  pass  is  an  exposure  of  granite  (153G,  1538). 
It  is  massive  and  breaks  into  large  blocks.  The  exposure  is  about  75  feet 
high  and  150  feet  long.  The  rock  is  fine  grained,  with  porphyritical 
biotites,  resembling  those  in  the  andesite  just  noticed,  but  less  numerous. 

Dikes  of  light-colored  andesite  cut  the  high  peak  east  of  Sylvan  Pass, 
which  is  composed  of  dark-colored  basic  breccia.  They  have  a  general 
trend  a  little  south  of  east,  and  are  found  traversing  the  valley  of  Middle 
Creek  in  the  same  direction.  Here  they  cut  the  older  basalts.  At  the 
upper  forks  of  this  creek,  a  short  distance  east  of  Sylvan  Pass,  there  is  a 
great  dike  of  hornblende-mica-dacite  (1546),  with  some  quartz  phenocrysts 
and  abundant  large  feldspars.  The  biotite  forms  comparatively  long  prisms, 
one  being  5  mm.  in  length.  They  taper  slightly  toward  the  ends.  The  horn- 

blende is  more  or  less  decomposed.  The  dike  is  80  feet  wide,  and  forms  a 
high  wall  on  the  southern  side  of  the  valley,  and  passes  across  the  south  fork 
of  the  stream.  It  is  almost  vertical,  with  slight  hade  to  the  north,  and  is 
distinctly  jointed  in  horizontal  prisms.  Parallel  to  tins  is  a  smaller  dike  of 

compact  hornblende-mica-andesite  with  multitudes  of  minute  phenocrysts 
(1547).  The  breccia  in  the  immediate  vicinity  is  indurated.  Halfway 
down  Middle  Creek  on  the  north  side  are  two  dikes  of  dense  gray  rock 
with  very  few  phenocrysts  of  hornblende  (1548,  1549).  They  have  an 
east-west  trend. 

At  Sylvan  Pass,  east  of  the  divide,  the  valley  is  filled  with  masses  of 
rock  from  the  dikes  and  breccia  on  either  side.  Some  of  the  dike  rocks  are 

dense  crystalline  andesite-porphyry,  with  abundant  thin  crystals  of  horn- 
blende (1538,  1539);  others  are  less  crystallized,  with  various  habits.  On 

the  south  side  of  the  ])ass  indurated  breccia,  cut  by  many  parallel  dikes  of 
andesite,  forms  almost  vertical  cliffs  500  feet  high.  Some  of  these  dikes  are 

dark  colored,  dense,  and  lithoidal,  with  comparatively  large  hornblende 

phenocrysts  (1540);  others  are  darker,  with  abundant,  though  not  so  promi- 

nent, phenocrysts  of  hornblende  (1541).  Some  are  light  gray  and  compact, 
with  extremely  few  phenocrysts,  while  some  are  altered  and  green,  with 
spots  of  epidote  (1542,  1543).  There  is,  however,  not  much  alteration 

noticeable  in  the  vicinity,  most  of    the  rocks  being  fresh.      The  slopes 
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west  of  this  cliff  on  the  south  side  of  the  valley  are  greatly  obscured  by  soil 

and  drift.  The  scattered  exposures  show  the  breccia  highly  indurated,  and 

a  more  crystalline  form  of  intrusive  rock.  The  coarsest-grained  variety 

is  a  medium-grained  diorite  (1554),  which  was  not  found  in  place.  Several 
other  forms  of  diorite  are  found  in  the  morainal  accumulations  (1552, 1553); 

also  a  porphyritic  variety  (1555)  with  hornblende  phenocrysts.  At  the  north 

base  of  Grizzly  Peak  fine-grained  diorite-porphyry,  with  small  phenocrysts 
of  hornblende  and  some  biotite,  forms  a  large  body  extending  for  about  a 

mile  in  an  east-west  direction  (1550,  1551).     It  is  blue-gray  and  compact. 
A  broad  dike  of  hornblende-andesite,  75  feet  wide,  can  be  traced  for  a 

long  distance  up  the  northeast  spur  of  Grizzly  Peak.  It  trends  north  of 

east.  Along  the  crest  of  the  ridge  from  Grizzly  Peak  to  Top  Notch  at 

least  16  dikes  have  been  observed,  trending'  at  various  angles  toward  the 
southwest,  south,  and  southeast.  One  is  a  40-foot  dike  of  hornblende-mica- 

andesite  (1556)  trending  northeast.  It  is  dark  gray,  with  abundant  pheno- 
crysts of  feldspar,  altered  hornblende,  and  fresh  biotite.  Five  others  are 

of  hornblende-andesite.  Dikes  also  cut  the  upper  end  of  Signal  Ridge. 
On  the  saddle  west  of  Top  Notch  Peak  a  dike  of  hornblende-andesite, 

trending  northwest  and  southeast,  is  intersected  by  a  30-foot  dike  of  horn- 

blende-mica-andesite  (1557),  which  trends  N.  10°  E.  The  rock  is  dense 
and  dark  colored,  with  numerous  small  phenocrysts  of  feldspar,  decomposed 

hornblende,  and  fresh  biotite.  On  the  ridge  southeast  of  the  summit  of  Top 

Notch  Peak  there  are  two  dikes  of  hornblende-andesite  trending-  S.  20°  E., 

which  appear  to  extend  across  the  head  of  Middle  Creek  in  a  southeasterly 

direction;  east  of  them,  on  the  spur,  between  the  forks  of  this  creek,  are 

several  other  dikes  with  the  same  general  trend  toward  the  southeast.  The 

summit  of  Top  Notch  Peak  is  traversed  by  dikes  in  several  directions.  A 

25-foot  dike  of  hornblende-mica-andesite  (1558)  trends  S.  20°  E.  The  rock 
is  light  gray,  and  is  filled  with  phenocrysts  of  feldspar,  biotite,  and  horn- 

blende, and  a  few  of  quartz.  Another  of  this  kind  of  andesite  trends  with 

the  ridge  of  the  summit.  A  dike  of  hornblende-andesite  east  of  the  summit 

trends  N.  15°  E.,  and  two  others  occur  northeast  of  the  summit. 
All  of  these  dike  rocks  are  holocrystalline  with  the  exception  of  two, 

which  may  be  glassy  and  crowded  with  microlites  or  may  be  holocrystalline. 

When  studied  microscopically  they  are  found  to  be,  one,  pyroxene-andesite 

with    paramorphs    after    hornblende    (1499);    five,    hornblende-pyroxene- 
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andesites  (1498,  1500,  1533,  1540,  1541);  another,  the  same  with  a  little 

mica  (1535);  two,  hornblende-pyroxene-andesite-porphyry  (1538,  1539); 

two,  hornblende-andesite  with  possibly  a  little  pyroxene  (1548,  1549); 

eight,  hornblende-mica-andesites  (1532,  1534,  1556,  1543,  1545,  1557, 

1558,  1547);  and  one,  daeite  (1546).  The  majority  of  them  are  thus  seen 

to  be  hornblende-pyroxene-andesites  and  hornblende-mica-andesites,  while 
more  basic  and  more  acid  varieties  are  comparatively  scarce. 

The  pyroxene-andesite  (1499)  which  is  a  dike  in  Mount  Chittenden 

is  holocrystalline  with  typical  pilotaxitic  microstrncture,  produced  by 

microlites  of  plagioclase,  augite,  altered  hypersthene,  and  magnetite.  The 

very  small  phenocrysts  are  labradorite,  augite,  and  hypersthene,  with 

opaque  paramorphs  after  hornblende,  which  sometimes  have  a  central 

portion  composed  of  pyroxene  and  magnetite.  The  hornblende-pyroxene- 

andesites  are  holocrystalline,  with  microstructures  ranging  from  pilotaxitic 

(1498,  1500)  in  the  dike  rock  at  the  summit  of  Mount  Chittenden,  and  in 

a  dike  on  the  south  side  of  Sylvan  Pass  (1540),  which  rocks  have  rather 

large  phenocrysts  of  hornblende,  through  those  that  are  slightly  micropoi- 

kilitic  (1533,  1535, 1541),  to  those  that  are  so  plainly  microcrystalline  as  to 

be  classed  as  andesite-porphyry  (1538,  1539).  In  these  latter  varieties 

quartz  is  recognizable  as  a  component  of  the  groundmass.  It  is  probably 

present  also  in  the  rocks  with  incipient  micropoikilitic  structure. 

The  phenocrysts  are  very  small  and  abundant,  and  vary  somewhat 

in  their  relative  proportions,  pyroxene  being  scarce  in  some  cases,  and 

biotite  being  present  in  small  amount  in  one  instance  (1535).  The 

feldspar,  which  is  abundant,  is  labradorite,  but  probably  of  different  com- 

positions, which  is  indicated  by  the  optical  properties.  Hornblende  is 

greenish  brown,  with  no  black  border,  but  in  a  few  cases  with  a  narrow 

border  of  magnetite  grains.  Intergrowth  with  augite  was  observed  in  one 

instance.  Augite  and  hypersthene  have  the  characteristics  common  to 

these  minerals  in  all  the  andesitic  rocks  of  this  region.  They  are  subordi- 

nate to  hornblende,  and  generally  in  smaller  crystals.  Magnetite  and  color- 

less apatite  in  small  crystals  may  be  classed  with  the  phenocrysts.  The 

rock  forming  a  narrow  dike  on  the  north  side  of  Middle  Creek,  halfway 

down  its  course,  has  a  quite  different  character  (1548,  1549).  It  consists 

almost  wholly  of  groundmass,  with  only  a  few  scattered  phenocrysts  of 

greenish-brown  hornblende  and  lime-soda  feldspar.      The  groundmass  con- 
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sists  of  twinned  prism  of  plagioclase  with  low  extinction  angles.  In  most 

cases  the  rectangular  cross  sections  exhibit  high  extinction  angles ;  there  is 

some  rectangular,  unstriated  feldspar  with  nearly  parallel  extinction,  which 

may  be  oligoclase  or  orthoclase,  besides  chloritized  pyroxene  and  magnet- 

ite. The  hornblende-mica-andesites  are  holocrystalline,  with  groundmasses 

that  are  microlitic  and  macrocrystalline  in  some  cases  and  slightly  micro- 

poikilitic  in  others  (1532,  1534,  1543,  1545,  1547,  1556,  1557,  1558).  The 

phenocrysts,  though  abundant,  are  inconspicuous  in  most  cases,  but 

are  prominent  in  a  few  rocks.  They  are  labradorite,  green  and  greenish- 
brown  hornblende,  and  brown  biotite.  Magnetite,  apatite,  and  zircon  are 

also  present.  Hornblende  is  completely  altered  to  chlorite,  calcite,  epidote, 

and  quartz  in  some  rocks,  the  biotite  being  unaltered.  The  latter  is  oftener 

unaltered.  The  dike  on  the  summit  of  Top  Notch  (1558)  is  very  fresh,  with 

abundant  biotite  and  hornblende,  and  also  some  phenocrysts  of  quartz, 

which  indicate  that  the  rock  is  possibly  a  dacite.  Allanite  is  present  in 

chestnut-brown  crystals.  The  80-foot  dike  near  the  upper  forks  of  Middle 
Creek  (1546)  is  like  the  last,  and  contains  some  quartz  phenocrysts.  The 

groundmass  is  slightly  more  crystalline,  and  is  hypidiomorphic  granular, 

with  minute  idiomorphic  quartzes  and  feldspars  in  prisms  and  grains.  The 

feldspar  phenocrysts  are  andesine.     It  is  holocrystalline  dacite. 

The  diorite-porphyries  found  at  the  base  of  the  north  side  of  Grizzly 

Peak  (1550,  1551,  1555)  have  about  the  same  habit  as  the  hornblende- 

mica-andesite  with  abundant  small  phenocrysts,  except  that  they  are  dis- 
tinctly more  crystalline.  The  largest  crystals  are  about  the  size  of  the 

phenocrysts  in  the  andesite — 1  or  2  mm.  long.  The  remainder  of  the  rock, 
however,  is  crystallized  into  relatively  large  grains  of  quartz  and  feldspar. 

In  thin  section  the  rocks  consist  of  idiomorphic  rectangular  crystals  of 

labradorite,  which  form  the  greater  part  of  the  rock.  With  variation  in 

the  amount  of  small  grains  of  quartz  and  feldspar  the  structure  grades  from 

that  of  diorite-porphyry  to  that  of  a  fine-grained  diorite.  The  large  body 

of  this  rock  found  in  places  may  properly  be  called  fine-grained  diorite, 

slightly  porphyritie.  The  labradorite  has  probably  the  composition  indi- 
cated by  Anx  Abp  There  is  little  orthoclase  and  a  small  amount  of  quartz. 

Ferromagnesian  minerals  are  abundant,  and  are  more  or  less  completely 

altered  to  uralite  and  chlorite.  They  are  brown  biotite,  brownish-green 
hornblende,  and  pyroxene.     Allanite,  epidote,  and  magnetite  are  present  in 
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small  amounts.  Coarser-grained  modifications  occur  (1552  to  1554)  that  are 

fine-grained  diorite,  the  average-sized  crystals  being  about  2  mm.  in  length. 
They  consist  of  nearly  idiomorphic  labraclorite,  very  little  quartz,  consider- 

able brown  biotite  intergrown  with  brown  hornblende,  and  uralitized 

pyroxene.  In  one  rock  (1554)  there  is  a  little  augite  still  unaltered. 

Apatite  is  abundant  in  long,  stout  prisms,  with  cross  fractures,  and  some- 

times bent  or  broken.  The  rocks  belong  to  the  group  of  mica-pyroxene- 
diorites,  and  are  similar  to  some  of  the  diorites  of  Electric  Peak. 

The  very  fine-grained  granite  or  granite-porphyry  (1536,  1537)  consists 
of  nearly  idiomorphic  crystals  of  labradorite  and  andesine,  about  1  mm. 

long,  with  smaller  grains  of  brthoclase  and  quartz,  besides  considerable 

biotite  and  magnetite ;  also  small  apatites  and  zircon.  There  is  a  little  chlo- 

rite and  calcite.  It  is  a  question  whether  the  rock  might  not  be  more 

properly  classed  as  quartz-mica-diorite.  It  is  very  similar  to  the  quartz- 

mica-diorite  (321)  from  Electric  Peak,  which  has  67.54  per  cent  of  Si02, 
and  which  may  well  be  classed  as  granite. 

DIKES  SOUTH    AND    SOUTHEAST    OF    SYLVAN    PASS. 

South  and  southeast  of  the  neighborhood  of  Sylvan  Pass  there  are 

dikes  and  intrusions  and  surface  flows  of  massive  rocks  which  by  their 

composition  and  petrographical  habit,  as  well  as  by  their  mode  of  occur- 

rence, appear  to  belong  to  the  eruptions  we  have  just  been  describing.  It 

is  noticeable,  however,  that  they  differ  from  the  intrusive  rocks  in  the  imme- 

diate vicinity  of  Sylvan  Pass  in  the  degree  of  crystallization  attained  by 

the  groundmasses  of  the  rocks.  They  are  still  finer  grained.  A  number 

of  dikes  have  been  observed  along  the  ridge  southwest  of  the  headwaters  of 

Middle  Creek.  A  large  dike  cuts  the  southern  slope  of  the  ridge  between 

Mount  Doane  and  Mount  Langford,  and  trends  north-northwest  with  a  hade 

of  60°  NE.  It  is  about  300  feet  wide  in  its  lowest  exposure,  growing 
narrower  near  the  crest  of  the  ridge.  It  consists  of  hornblende-andesite 

(1559, 1560),  with  abundant  small  phenocrysts  of  hornblende  and  smaller 

feldspars  in  great  abundance.  The  groundmass  of  the  rock  is  light  gray 

and  lithoidal,  with  many  small  cavities  or  pores.  At  the  contact  it  is 

darker  colored.  In  the  center  of  the  dike  it  is  holocrystalline,  with  slight 

micropoikilitic  structure,  while  near  the  margin  it  is  almost  glassy,  with 

crowded  microlites,  though  in  places  even  here  it  is  holocrystalline.     The 
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hornblende  is  greenish  brown.     The  feldspars  are  labradorite.     There  is  a 

little  augite  in  phenocrysts,  and  some  altered  hyperstherie  and  magnetite. 

On  the  peak  south  of  Mount  Langford  a  small  dike  trending  east  and 

west  consists  of  very  dark-colored  and  dense  hornblende-andesite,  with 
many  small  hornblende  phenocrysts  and  none  of  feldspar  (1561).  The 

groundmass  is  globulitic  glass  crowded  with  microlites  of  feldspar  and 

pyroxene.  There  are  many  small  phenocrysts  of  augite,  besides  those  of 

greenish-brown  hornblende. 
The  dikes  cutting  the  ridge  east  of  the  south  fork  of  Middle  Creek 

have  a  general  trend  to  the  northwest,  but  vary  somewhat  and  intersect  one 

another.  They  may  be  seen  traversing  the  ridges  to  the  northwest  and  also 

to  the  southeast.  Other  dikes  were  observed  traversing  the  ridge  northeast 

of  the  farthest  point  visited,  and  it  is  probable  that  the  country  south  of 

Middle  Creek  is  filled  with  dikes,  but  none  have  been  mapped  in  that 
locality. 

The  most  northerly  dike  reached  on  the  ridge  in  question  is  about  20 

feet  wide,  and  trends  a  little  south  of  west,  with  steep  hade  to  the  north- 

west. It  is  hornblende-andesite  (1562),  compact  and  dark  purplish  gray, 
with  prominent  phenocrysts  of  hornblende  and  white  feldspar.  It  splits 

in  plates  parallel  to  the  walls  of  the  dike.  The  groundmass  is  a  crowded 

mixture  of  feldspar  prisms,  brown  globulitic  particles,  and  magnetite  grains, 

and  is  possibly  glassy.  The  hornblende  is  green,  and  there  is  a  little  brown 

biotite.  The  feldspars  are  probably  labradorite.  Immediately  south  of 

this  dike  a  steeply  dipping  sheet  or  dike  of  hornblende-andesite  (1563, 

1564)  caps  the  ridge  for-  a  distance  of  three-eighths  of  a  mile.  It  is  at 
present  from  20  to  50  feet  thick,  but  the  upper  wall  has  probably  been 

eroded.  The  dip  is  to  the  southeast.  At  the  northern  end  of  the  exposure 

it  is  relatively  dense  and  prismatic  and  light  gray;  at  the  southern  end  it 

is  more  porous,  or  almost  vesicular  and  fissile,  and  is  dark  gray  (1563).  At 

the  bottom  plane  of  contact  it  is  dense,  bluish  black,  and  glassy  (1564), 

is  rich  in  phenocrysts  of  hornblende,  with  smaller  feldspars,  and  carries 

scattered  segregations  of  coarsely  crystalline  hornblende  and  feldspar.  The 

lighter-colored  part  of  the  rock  mass  is  holocrystalline,  but  microlitic,  and 

slightly  granular  in  places.  In  the  darker  parts  it  is  pilotaxitic,  and  at  the 

margin  is  glassv,  consisting-  of  beautiful  brown  globulitic  and  microlitic 

glass.     The  phenocrysts  are  alike  throughout — brown  hornblende,  labra- 



DIKES  AT  HEAD  OF  MIDDLE  CREEK.  313 

dorite,  probably  with  the  composition  Abj  Am,,  and  a  little  augite  and 

magnetite.  One  of  the  coarse-grained  segregations,  or  simple  crystalli- 
zations, consists  of  labradorite  and  hornblende,  in  allotriomorphic  crystals 

1  mm.  in  diameter,  with  magnetite  and  apatite  in  irregularly  shaped  grains. 

The  feldspar  and  hornblende  have  the  same  characters  as  the  phenocrysts 

in  the  surrounding  andesite,  and  there  can  be  no  doubt  as  to  their  being 

crystallizations  from  the  same  magma.  The  structure  is  granitic.  This 

sheet  is  cut  by  two  dikes  of  hornblende-andesite  (1565,  1566),  15  and  20 

feet  wide,  that  trend  northwest.  They  are  rather  dense  and  slig'htly  A^esic- 
ular,  with  flattened  cavities,  are  light  gray,  and  carry  scattered  pheno- 

crysts of  hornblende  and  few  feldspars.  The  groundmass  is  pilotaxitic 

to  hyalopilitic  in  one  case,  and  holocrystalline  with  prismatic  and  tabular 

feldspar  microlites  in  the  other.  The  phenocrysts  are  like  those  in  the 

andesites  just  described.  South  of  the  inclined  sheet  are  two  small  dikes 

trending  northwest.  They  are  hornblende-andesite,  similar  to  the  last. 

Another  parallel  dike,  1 5  feet  wide,  consists  of  gray  hornblende-andesite 

(1568)  crowded  with  minute  phenocrysts,  some  of  the  hornblendes  being 

prominent.  The  rock  is  dense,  and  is  black  and  glassy  near  the  contact  wall 

(1567).  It  cracks  into  small  prisms.  The  groundmass  of  the  center  of  the 

dike  is  hyalopilitic,  and  at  the  margin  is  a  beautiful  brown  glass  with  abun- 
dant microlites  of  feldspar,  pyroxene,  and  magnetite.  The  phenocrysts  are 

labradorite,  greenish-brown  hornblende,  hypersthene,  and  less  augite,  with 

magnetite. 
Another  dike,  with  the  same  northwest  trend,  consists  of  several  vertical 

sheets,  from  2  or  3  to  4  or  5  feet  thick,  inclosing  wedges  of  breccia.  It  is 

dark  bluish  gray,  compact,  without  phenocrysts  (1569),  and  proves  to  be  a 

basalt  rich  in  olivine.  It  exhibits  fine  prismatic  cracking  in  curved  columns 

perpendicular  to  the  walls  of  the  dike,  and  is  in  part  thinly  fissile  parallel 

to  the  walls,  and  in  places  is  fissile  across  the  columns.  The  rock  is  dense  and 

glassy  near  the  contact,  and  consists  of  an  aggregate  of  prismatic  feldspar 

microlites  and  more  abundant  grains  of  augite  and  magnetite,  with  almost 

microscopic  phenocrysts  of  serpentinized  olivine. 
Some  distance  south  of  the  dikes  just  noted  is  a  dike  of  dense  gray 

rock  without  megascopic  phenocrysts  (1570,  1571).  It  is  a  homblende- 

pyroxene-andesite,  and  is  glassy  and  black  near  the  contact  face.  The  dike 

is  from  10  inches  to  3  feet  wide  and  trends  northwest.     The  groundmass  of 
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the  central  part  is  pilotaxitic,  with  some  tabular  microlites  of  feldspar.  At 

the  margin  it  is  brown  glass,  with  prismatic  microlites  of  feldspar.  The 

minute  phenocrysts  are  hypersthene  and  augite,  and  there  are'  very  few 
of  hornblende. 

Another  parallel  dike,  about  25  feet  wide,  consists  of  hornblende- 

andesite  (1572)  with  small  hornblendes  and  still  smaller  feldspars.  The 

rock  is  porous  and  fissile.  The  groundmass  is  pilotaxitic,  with  tabular  feld- 

spars and  microcryptocrystalline  portions. 

The  next  dike  south  is  parallel  to  the  last  and  has  a  hade  of  75°  SW 

It  consists  of  compact  dark-gray  hornblende-andesite,  with  many  large, 
phenocrysts  of  hornblende.  There  are  some  small  vesicular  cavities  (1573). 

The  groundmass  consists  of  prisms  of  labradorite  with  interstitial  material 

that  is  nearly  isotropic, -is  somewhat  globulitic,  and  contains  magnetite, 
minute  augite,  and  considerable  serpentine,  which  colors  the  whole  rock. 

The  phenocrysts  are  brown  hornblende,  labradorite,  and  a  little  augite. 

It  is  probable  that  the  serpentine  has  been  derived  from  hypersthene. 

The  most  southerly  dike  has  a  general  northwest  trend,  is  about  5  feet 

wide,  and  consists  of  compact  hornblende-andesite  with  small  scattered 

phenocrysts  of  feldspar  and  hornblende.  The  rock  is  dark  purplish  to  red- 

dish, and  has  weathered  to  green,  crumbling,  rounded  masses,  leaving  a 

"slide"  between  indurated  breccia  walls  (1574).  The  groundmass  is  pilo- 
taxitic, with  much  reddish-brown  iron  oxide.  The  rocks  of  these  dikes  are 

all  andesitic  in  habit,  and  are  for  the  most  part  glassy  in  thin  section;  some 

are  holocrystalline.  They  are  probably  not  as  deeply  seated  intrusions  as 

those  at  Sylvan  Pass. 

MASSIVE  FLOWS  AND  INTRUSIONS    OF   LIGHT-COLORED   ANDESITE. 

There  are  several  bodies  of  massive  andesite  whose  mode  of  occurrence 

has  not  been  fully  discovered.  They  occur  at  the  present  for  the  most  part 

at  the  summits  of  peaks,  and  give  evidence  of  having  been  surficial  flows 

that  occupied  drainage  channels  on  the  ancient  surface  of  the  country.  But 

in  several  instances  they  appear  to  have  been  intrusive  bodies,  since  they 

are  accompanied  by  branching  offshoots  or  apophyses  The  porous  or 

vesicular  nature  of  the  andesite  composing  these  bodies  makes  it  evident 

that  they  must  have  consolidated  under  little  pressure,  and  that  if  they 
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were  intrusive  bodies  they  had  reached  very  close  to  the  surface  of  the 
breccias. 

Two  of  the  most  conspicuous  bodies  of  massive  andesite  form  the 

conical  summits  of  Mount  Doane  and  Mount  Stevenson,  and  constitute  the 

upper  500  to  900  feet  of  these  mountains.  The  mass  at  Mount  Doane  con- 

sists of  light-gray  compact  hornblende-mica-andesite,  filled  with  minute 

crystals  of  feldspar,  hornblende,  and  biotite,  with  a  few  larger  phenocrysts 

(1575,  1576).  Near  the  bottom  contact  it  is  dark  colored  and  weathers 

into  small  rounded  masses.  Higher  up  in  the  body  it  is  columnar,  passing 

into  platy  parting,  in  more  or  less  vertical  slabs. 

The  groundmass  of  the  rock  from  near  the  bottom  contact  is  micro- 

crystalline  and  microlitic,  and  is  gray  in  thin  section.  The  phenocrysts 

are  greenish-brown  hornblende  and  brown  biotite,  both  without  black 
borders  or  any  noticeable  inclusions  of  magnetite.  Magnetite  also  forms 

small  phenocrysts,  the  size  of  the  small  ones  of  hornblende  and  biotite.  It 

is  abundant  as  minute  crystals  in  the  groundmass.  The  labradorite  is  cen- 

trally and  also  zonally  altered  to  a  brown  substance,  probably  kaolin.  In 

the  rock  from  the  summit  of  the  mountain  the  groundmass  is  slightly  more 

coarsely  crystallized,  and  the  structure  is  almost  microgranular,  the  grains 

being  about  0.015  mm.  in  diameter.  The  phenocrysts  are  the  same  as  in 

the  finer-grained  varieties,  but  the  hornblendes  and  biotites  are  filled  with 

minute  grains  of  magnetite,  some  of  the  smaller  hornblendes  being  almost 

completely  replaced  by  it,  and  also  by  some  pyroxene.  Magnetite  forms 

small  phenocrysts,  and  there  are  a  few  of  augite.  The  labradorite  is  almost 

fresh.  A  cross  section  of  the  whole  body  is  shown  in  the  almost  vertical 
cliff  at  the  northern  face  of  the  mountain.  The  massive  andesite  is  seen  to 

be  resting  on  almost  horizontal  layers  of  light-colored  breccia,  the  plane  of 
the  bottom  contact  being  curved,  and  rising  several  hundred  feet  at  the  east 

and  west  ends  of  the  section.  The  andesite  body  appears  to  have  been  a 

surficial  flow  which  filled  an  ancient  drainage  channel. 

The  same  appears  to  be  true  of  the  massive  hornblende-mica-andesite 

forming  the  top  of  Mount  Stevenson  (1577  to  1581).  This  rock  is  light 

gray,  with  more  prominent  hornblende  than  in  the  mass  of  Mount  Doane, 

and  contains  segregations  of  hornblende  and  feldspar,  with  a  little  biotite. 

The  groundmass  of  the  light-gray  rock  is  holocrystalline,  with  a  mixture  of 
feldspar  prisms  and  grains,  besides  magnetite  and  pyroxene  grains.     The 
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hornblendes  are  surrounded,  and  in  part  replaced,  by  pyroxene  and  magnet- 
ite. Biotite  is  scarce.  The  labradorite  phenocrysts  contain  some  calcite, 

and  there  is  a  considerable  amount  of  zeolite  scattered  through  the  rock, 

which  is  probably  heulandite  or  mordenite,  which  are  very  much  alike 

optically.  Another  mineral  associated  with  them  is  in  fan-like  aggregates 

of  less  refractive  crystals,  and  is  probably  tridymite.  There  is  also  consid- 
erable calcite.  Where  the  rock  is  darker,  probably  near  a  contact  plane 

(1577),  the  groundmass  is  pilotaxitic  and  the  hornblendes  are  free  from 

magnetite  borders.  The  coarsely  crystallized  segregations  consist  of  large 

idiomorphic  labradorite  and  hornblende  crystals,  with  some  smaller  ones, 

and  skeleton  forms  of  labradorite  and  some  globulitic  glass  base  in  places. 

There  are  comparatively  large  crystals  of  magnetite  and  apatite  and  consid- 
erable zeolite.  Occasional  large  crystals  of  biotite  occur.  It  appears  to 

reach  a  lower  altitude  on  the  west  side  of  the  mountain.  Beneath  it  there  is 

a  layer  of  rounded  and  waterworn  pebbles  of  andesite.  This  would  also 

appear  to  have  occupied  the  valley  of  an  ancient  channel,  and  may  have 
been  continuous  with  the  mass  of  Mount  Doane. 

Another  large  body  of  hornblende-mica-andesite  forms  the  upper  por- 
tion of  the  high  northwest  spur  of  Mount  Schurz.  This  body  is  well  exposed 

and  was  studied  on  its  northwestern  and  northeastern  sides.  It  rests  on 

nearly  horizontal  layers  of  light-colored  breccia,  but  its  relations  to  the  dark- 
colored  breccia  were  not  determined.  A  fine  section  across  the  body  is 

exposed  on  its  northeastern  side.  It  is  beautifully  columnar,  the  columns 

standing  in  various  directions.  The  arrangement  of  the  columns,  as  well  as 

the  slope  of  the  bottom  contact  with  the  underlying  breccia,  which  is 

from  both  sides  inwards,  indicates  that  the  andesite  occupied  a  broad  channel 

sloping  toward  the  southwest,  since  the  western  end  of  the  andesitic  mass  is 

lower  than  the  eastern.  The  altitude  of  the  body  ranges  from  10,000  to 

10,600  feet.  The  columnar  structure  is  very  well  developed  in  curved 

groups,  some  of  the  columns  being  40  feet  long-  and  1  foot  in  diameter.  In 
general  the  columns  start  perpendicular  to  the  surface  of  contact  with  the 

breccia.  Those  in  the  lower  part  of  the  mass  are  larger  than  those  in  the 

upper  portion. 
The  rock  is  darker  colored  near  its  contact  with  underlying  breccia, 

and  is  dense  (1582  to  1584),-  but  becomes  lighter  colored  and  more  crys- 
talline farther  from  the  contact.     It  is  more  or  less  vesicular  or  porous, 
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and  is  parted  into  plates  parallel  to  the  plane  of  contact  and  also  into 

columns  perpendicular  to  the  same.  The  megascopical  habit  varies  consid- 

erably in  different  parts  of  the  bod3^.  Fifty  feet  from  the  northwestern  lower 

contact  the  rock  is  full  of  prominent  phenocrysts  of  feldspar,  with  smaller 

biotites  and  hornblendes  (1585).  At  75  feet  it  has  less  prominent  feldspars 

and  more  noticeable  hornblende  and  mica  (1586).  In  the  central  part  of 

the  body  it  is  still  lighter  colored,  and  compact,  with  the  same  variability  of 

phenocrysts  (1587, 1588).  In  the  cavities  of  some  of  the  porous  forms  there 

are  good  crystals  of  tridymite  (1585,  1589). 

At  the  higher  parts  of  the  body  the  rock  is  darker  colored  again 

(1590,  1591).  Among  the  fragments  lying  at  its  northwestern  base  are 

large  masses  and  columns  of  various  modifications  of  the  rock.  One 

column,  8  feet  long,  is  a  dark-colored,  finely  vesicular  variety  (1592), 
without  prominent  phenocrysts.  Another  variety  is  still  more  vesicular, 

with  light -blue  coating  to  the  vesicles.  It  is  basaltic  in  appearance,  with 
noticeable  feldspars  (1596).  Others  are  dark  and  basaltic  looking,  but  more 

compact,  with  prominent  feldspars  (1594,  1595).  They  all  belong  to  the 

large  andesitic  body. 

The  light-colored  rock  which  constitutes  the  main  mass  of  this  body 

has  a  groundmass  that  is  microcrystalline  and  microlitic.  It  is  verjr  much 
like  that  of  the  rock  forming  the  summit  of  Mount  Stevenson.  It  contains 

much  tridymite  in  clusters  of  minute  crystals  and  in  groups  of  twinned 

plates.  The  abundant  small  phenocrysts  are  labradorite,  brown  hornblende 

with  magnetite  and  pyroxene  border,  brown  biotite  with  magnetite  border, 

and  some  augite.  There  is  a  small  amount  of  serpentinized  mineral,  which 

was  probably  hypersthene.  In  the  rock  from  within  75  to  50  feet  of  the 

margin  of  the  body  the  groundmass  is  microlitic  and  possibly  glassy.  The 

phenocrysts  of  hornblende  and  biotite  have  only  a  very  narrow  magnetite 

border  in  the  rock  at  75  feet  from  the  contact  plane,  and  none  at  all  in  that 

at  50  feet  from  the  plane. 

At  the  bottom  contact  the  character  of  the  rock  is  somewhat  changed.' 
The  groundmass  is  hyalopilitic,  consisting  of  brown  glass  filled  with  micro- 

lites.  Phenocrysts  are  fewer,  and  are' labradorite  with  beautiful  glass  inclu- 
sions, hornblende  almost  completely  paramorphosed  to  pyroxene  and 

magnetite,  brown  biotite  with  narrow  border  of  magnetite  and  pyroxene, 

many  small  phenocrysts   of  augite,  and  many  others  that  are  serpentine 
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pseudomorphs  and  have  the  outline  of  olivine  in  some  cases  and  of  hyper- 
sthene  in  others.  In  one  rock  section  the  serpentine  is  replaced  by  calcite. 

This  appears  to  be  a  more  basic  facies  of  the  main  rock. 

The  dark-colored,  vesicular,  and  basaltic-looking  modifications  of  the 

rock,  already  mentioned  as  lying  at  the  base  of  the  north  slope  of  the 

spur,  resemble  the  rock  from  near  the  bottom  contact  in  the  nature  of  the 

phenocrysts,  which  are  more  abundant  in  these  rocks.  But  the  groundmass 

is  highly  glassy,  and  is  fine  brown  glass  with  many  microlites  of  feldspar, 

pyroxene,  and  magnetite.  This  is  specially  true  of  the  most  vesicular 

modification.  In  it  are  some  small  phenocrysts  of  colorless  olivine  with 

narrow  border  of  pyroxene,  like  that  surrounding  the  serpentine  pseudo- 

morphs just  described. 

The  occurrences  of  massive  andesite  at  Coulter  Peak  and  in  its  vicinity 

are  most  probably  intrusive  in  two  instances  and  surficial  in  the  others. 

There  are  four  distinct  occurrences,  three  of  which  have  been  investigated. 

The  rock  in  all  three  is  the  same  in  composition  and  habit. 

At  Coulter  Peak  it  forms  the  upper  800  to  1,000  feet  of  the  mountain. 

The  rock  is  light  gray,  without  noticeable  phenocrysts,  and  is  quite  uniform 

throughout.  There  are  a  few  thin  crystals  of  hornblende,  fewer  of  feld- 

spar, and  sporadically  biotite.  It  is  slightly  vesicular,  .especialty  at  the 

summit  of  the  peak  (1605),  but  in  the  lower  portions  is  dense  and  lithoidal 

(1604);  and  near  the  planes  of  contact  with  the  underlying  breccia  it  is 

dark  colored  and  glassy  (1603,  1606).  The  rock  at  the  summit  consists 

of  square  prisms  of  twinned  labradorite,  averaging  0.15  mm.  in  length, 

besides  shorter  rectangular  crystals  and  less  well-defined  grains  with  a 
brownish  tinge.  These  have  a  slightly  lower  refraction  and  are  probably 

more  alkaline  feldspar,  with  some  minute  pyroxene.  There  is  a  little  mag- 

netite. The  small  scattered  phenocrysts  are  labradorite,  paramorphs  after 

hornblende,  with  some  hornblende  in  the  center  of  the  larger  ones;  occa- 

sionally biotite  with  magnetite  border,  and  more  or  less  completely  serpen- 

tinized  hypersthene.-  In  the  lower  part  of  the  rock  mass  the  granular 
feldspars  are  larger,  the  whole  being  slightly  coarser  grained  and  lighter 

colored.  Quartz  is  recognizable  among  the  constituent  minerals.  Pheno- 

crysts are  fewer  and  the  hornblende  is  less  changed. 

At  the  bottom  contact  the  rock  is  beautiful  brown  glass,  with  micro- 

lites of  prismatic  and  tabular  feldspar,  in  part  at  least  labradorite ;  delicate 
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prisms  of  pyroxene,  for  the  most  part  hypersthene,  and  little  magnetite. 

The  few  small  phenocrysts  are  labradorite,  brownish-green  hornblende  with 

little  or  no  border,  hypersthene,  and  angite.  The  mass  is  distinctly  col- 

umnar, in  groups  standing  at  various  angles  and  sometimes  curved.  Near 

planes  of  contact  the  columns  are  normal  to  the  contact  plane.  On  the 

southeastern  spur  the  massive  andesite  overlies  dark-colored  breccia,  and 

the  surface  of  bottom  contact,  though  quite  irregular,  slopes  toward  the 

north.  At  the  northern  end  of  the  mass  the  plane  of  bottom  contact  dips 

steeply  south,  its  trend  being  east  and  west.  On  the  west  spur  of  the 

mountain  a  body  of  similar  massive  rock  caps  breccia,  the  contact  dipping 

north.  The  breccias  beneath  the  body  at  Coulter  Peak  lie  horizontal,  and 

the  indications  point  to  the  massive  andesite  being  a  surficial  flow  in  a 

drainage  channel  trending  west. 

A  large  body  of  similar  rock  forms  the  upper  portion  of  the  mountain 

U  miles  northwest  of  Coulter  Peak.  It  has  the  same  petrographical  char- 

acters, but  is  denser  and  more  crystalline  in  its  main  mass,  approaching  a 

porphyry  or  felsite  (1596,  1597,  1601,  1602).  Near  its  contact  with  t
he 

breccia  it  is  dark  colored  and  glassy  (1598),  becoming  lighter  colored  and 

lithoidal  at  a  distance  of  6  inches  (1599),  and  still  more  so  at  a  distance 

of  10  feet  (1600),  where  it  is  vesicular,  with  tridymite  in  good  crystals. 

The  rock  representing  the  body  of  this  mass  is  similar  to  that  of 

Coulter  Peak  in  general  characters,  but  is  more  highly  crystallized.  It 

consists  of  prisms  of  labradorite  about  as  large  as  in  the  other  rocks,  0.15 

mm.  long,  but  few  in  number.  The  tabular  or  granular  feldspar  is  more 

abundant,  and  much  of  it  is  intergrown  with  quartz  in  micrographic 

and  micropoikilitic  structure,  which  is  shown  in  PI.  XXXVIII,  fig.  4. 

Magnetite  occurs  in  minute  grains,  and  there  is  some  serpentine  or  chlorite. 

The  few  small  phenocrysts  of  hornblende  and  biotite  have  narrow  borders 

of  magnetite  in  some  cases  and  none  in  others.  At  the  contact  with  breccia 

it  is  a  brown  glass,  as  at  Coulter  Peak,  in  this  case  faintly  polarizing,  as 

though  devitrified.  The  beautiful  microlites  are  like  those  in  the  other 

brown  glass  just  described,  except  that  there  is  more  green  hornblende, 

without  dark  border.  At  a  distance  of  6  inches  from  the  contact  the  general 

character  of  the  rock  is  the  same,  but  the  brown  glass  base  is  replaced  by 

a  gray  microcryptocrystalline  aggregate,  which  at  10  feet  distance  is  
micro- 

crystalline,  many  of  the  parts  being  idiomorphic  crystals  of  feldspar.     The 
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hornblende  has  a  narrow  border  of  magnetite  grains.  This  bodj^  of  andesite 

is  columnar  and  has  probably  cut  up  through  the  breccias,  its  plane  of 

contact  on  one  side  trending  southwest  and  dipping  steeply  to  the  southeast. 

It  is  exposed  in  an  easterly  escarpment,  where  the  massive  andesite  can  be 

seen  cutting  irregularly  across  the  layers  of  breccia.  It  is  also  well  exposed 

in  a  southerly  escarpment.  In  the  eastern  escarpment  there  is  an  inclined 

sheet  or  dike  of  similar  rock,  which  cuts  up  through  the  breccia  at  an  angle 

of  about  20°  and  thins  out.  It  appears  to  be  an  offshoot  from  the  large 
body.  Directly  east  of  this  peak,  on  the  ridge  north  of  Coulter  Peak,  there 

is  another  body  of  massive  andesite  of  the  same  kind  Its  plane  of  contact 

with  the  underlying  upper  basic  breccia  is  steep  and  trends  toward  the 

northeast.  It  is  also  columnar  along  its  western  exposure.  Near  it  at  the 

south  end  is  a  small  intruded  seam  or  dike  of  similar  rock,  which  is  wholly 

glassy  (1607,  1608).  It  is  yellowish  brown  near  the  margin  and  dark 

colored  at  the  middle.  It  cracks  into  rounded  lumps  and  has  a  perlitic 

structure  on  a  large  scale.  It  is  a  beautiful  yellow  glass  in  thin  section, 

with  well-defined  microlites  of  prismatic  and  of  less  numerous  tabular  feld- 

spars, delicate  prisms  of  pyroxene,  and  grains  of  magnetite.  The  very 

small  phenocrysts  are  brownish-green  hornblende  without  dark  border, 
hypersthene,  augite,  and  labradorite  ;  in  all  respects  like  the  glassy  portions 

of  the  rocks  just  described. 
Massive  andesite  of  the  same  character  occurs  as  intrusive  bodies  in 

the  valley  of  Mountain  Creek.  The  largest  is  at  the  mouth  of  the  valley 

in  the  base  of  the  mountain  on  the  north  side.  Its  boundary  is  obscured 

by  soil  and  debris.  It  cracks  into  plates  and  is  compact  and  light  gray, 

with  a  few  thin  crystals  of  hornblende  (1609).  The  rock  is  a  fine-grained 
aggregation  of  feldspar  crystals,  quite  like  the  more  highly  crystallized 

portion  of  the  rock  of  Coulter  Peak,  except  that  there  are  fewer  prisms  and 

more  irregularly  shaped  grains.  ■  The  component  minerals  are  the  same, 
and  the  few  small  phenocrysts  of  green  hornblende  and  brown  biotite 

inclose  much  magnetite. 
Several  small  intrusive  bodies  cut  the  breccia  east  of  the  mouth  of  the 

north  fork  of  the  creek.  One  is  a  narrow  vertical  dike.  It  is  light  gray, 

with  a  few  thin  crystals  of  hornblende,  and  is  slightly  vesicular.  It 

becomes  dark  colored  and  glassy  near  the  contact,  and- is  brecciated  in 
places  (1612).     Parts  of  it  are  compact,  reddish  brown  and  mottled,  but 



TEACHYTIO  EHYOL1TE.  321 

not  distinctly  brecciated  (1613).  Microscopically  it  is  the  same  as  the 

rock  of  Coulter  Peak,  the  lithoidal  portion  being  holocrystalline,  with 

abundant  prismatic  microlites  of  feldspar  that  exhibit  a  pronounced  fiuidal 

arrangement.  The  glassy  portion  consists  of  clear  yellowish-brown  glass, 
with  microlites,  as  in  the  glass  of  the  Coulter  Peak  rock.  The  few  small 

phenocrysts  of  brownish-green  hornblende  have  margins  of  loosely  aggre- 
gated pyroxene  and  magnetite.  The  other  mass  has  the  same  characters. 

It  is  dense,  gray,  and  lithoidal,  and  is  partly  vesicular  with  good  crystals 

of  tridymite  (1611,  1610).  It  also  has  the  same  microscopical  characters. 

A  surficial  flow  of  pyroxene-andesite  occurs  on  the  summit  of  the  ridge 
north  of  Middle  Creek,  already  mentioned  in  another  place. 

TRACHTTIC   RHYOLITE. 

Closely  connected  with  the  early  acid  breccia  on  Yellowstone  River 

in  the  neighborhood  of  Crescent  Hill  and  Junction  Butte  are  remnants  of 

a  lava  stream  of  light-colored  lithoidal  rock  whose  most  pronounced  miner- 
alogical  feature  is  the  presence  of  abundant  phenocrysts  of  sanidine 

without  any  of  quartz.  It  passes  into  breccia  in  places,  and  appears  to 

have  been  contemporaneous  with  the  earlier  acid  andesitic  breccia  of  the 
region.  Whether  the  scattered  occurrences  of  this  rock  in. the  bottom  of 

one  large  valley  were  originally  connected  and  were  parts  of  one  large 

sheet,  or  whether  they  belong  to  several  eruptions,  is  not  definitely  known. 

Areas  of  this  rock  occur  along  the  south  side  of  Yellowstone  River, 

forming  a  cliff  at  about  6,400  feet  altitude  from  Greode  Creek  around  the 

north  base  of  Crescent  Hill  to  Yanceys.  It  occurs  somewhat  higher  on 

the  north  side  of  the  Yellowstone  River  west  of  Hellroaring  Creek,  lying 

between  6,600  and  7,200  feet  altitude.  It  extends  east  around  the  north 

end  of  Junction  Valley  and  forms  the  base  of  Junction  Butte  east  of  the 

river.  It  occurs  on  the  north  of  Lamar  River  opposite  the  butte,  and  500 

feet  above  the  river,  and  also  near  the  mouth  of  Slough  Creek.  Patches 

of  it  are  found  on  the  end  of  Specimen  Ridge  1,500  feet  above  the  river. 

Lavas  similar  to  this  occur  as  intimately  associated  with  the  basic  andesitic 

breccias  north  of  the  Yellowstone  Park,  on  Buffalo  Plateau  and  on  the 

flanks  of  Sunset  Peak. 

The  rock  is  generally  light  colored,  and  varies  from  white  and  gray  to 

yellow,  buff,  brown,  red  or  pink,  purplish,  and  green.     In  most  places  it  is 
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litlioidal  to  earthy;  also  compact  and  dense.  In  one  locality  it  is  glassy 

and  greenish  gray,  in  part  perlitic,  passing  into  dark-gray  and  black  glass, 
and  constituting  a  pitchstone  (683,  684).  In  nearly  every  instance  it  is 

mottled  with  what  appear  to  be  inclosed  fragments  having  a  different 

character,  and  which  are  mostly  tuff  of  the  same  rock.  They  are  often 

flattened,  giving-  the  rock  a  distinct  flow  structure.  The  phenocrysts  vary 
in  abundance  and  size  in  different  modifications  of  the  rock.  They  are 

sanidine,  plagioclase,  and  biotite.  Sanidine  is  generally  perfectly  fresh  and 

exhibits  a  brilliant  cleavage  surface,  while  the  plagioclase  is  often  decom- 
posed and  is  fresh  in  only  a  few  cases.     Biotite  is  subordinate  in  amount. 

In  places  the  rock  carries  many  fragments  of  andesite  and  of  crystalline 

schist,  and  passes  upward  into  breccia  filled  with  the  latter,  and  merges  into 

andesitic  breccia  similar  to  that  already  described  as  underlying-  it  This 
relation  may  be  observed  at  the  northern  base  of  Crescent  Hill  and  on  the 

ridge  opposite  the  mouth  of  Hellroaring  Creek.  It  was  the  product  of 

eruption  of  an  exceptional  modification  of  magma,  rich  in  sanidine,  which 

occurred  early  in  the  period  of  the  extravasation  of  the  hornblende-mica- 
andesite,  when  crystalline  schists  formed  the  surface  of  the  country  through 

which  the  eruptions  took  place. 

This  light-colored  porphyritic  lava  consists  of  an  abundant  groundmass, 

which  is  in  nearly  all  cases  megascopically  litlioidal  and  under  the  micro- 

scope is  highly  varied  in  structure.  In  this  groundmass  are  numerous 

phenocrysts  of  sanidine  and  lime-soda  feldspar,  which  in  numerous  cases  is 

decomposed.  Ferromagnesian  minerals  are  scarce.  The  only  ones  recog- 
nized megascopical^  are  small  biotites.  In  thin  sections  of  the  rock 

pyroxene  is  seen,  in  some  cases  in  almost  microscopic  crystals.  A  very 

little  green  hornblende  occurs  in  a  few  cases.  The  sanidine  crystals  are 

2  mm.  long  and  smaller,  and  are  usually  twinned  according  to  the  Carlsbad 

law.  Their  cross  sections  are  generally  rectangular,  but  they  often  have 

irregular  outlines,  as  though  fragments  of  former  well-shaped  crystals.  The 
same  is  also  true  of  plagioclase.  The  sanidines  are  very  free  from  inclusions 

of  foreign  material ;  occasional  inclusions  of  glass,  apatite,  and  zircon  occur. 

The  pinacoidal  cleavages  are  often  well  developed,  but  some  crystals  are 

almost  free  from  cleavage  cracks  and  are  easily  mistaken  for  quartz.  The 

lime-soda  feldspar  is  similar  to  sanidine  in  size  and  general  form,  but  exhibits 

polysynthetie  twinning  according  to  albite,  pericline,  and  Carlsbad  laws.     In 
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a  number  of  cases  the  symmetrical  extinction  angles  tested  by  Michel  Levy's 
method  indicate  that  the  feldspar  is  labradorite  as  high  in  lime  as  Ab2  An3. 
In  other  rock  sections  the  only  symmetrical  extinction  angles  are  low,  but 

they  are  few,  and  may  possibly  belong  to  labradorite.  These  feldspars  also 
are  quite  free  from  inclusions.  They  are  more  easily  decomposed  than  sani- 
dine,  and  in  a  number  of  rock  sections  are  completely  altered,  while  the 
sanidine  is  fresh.  The  usual  alteration  is  to  a  microcrystalline  aggregate 
with  low  double  refraction,  probably  kaolin.  Occasionally  the  feldspar  is 
replaced  by  calcite.  Biotite  occurs  in  irregularly  outlined  crystals  of  very 
small  size.  It  is  brown  and  has  a  very  small  optic  angle.  Augite,  when 
present,  forms  idiomorphic  and  also  irregularly  shaped  crystals,  apparently 
fragments  of  larger  crystals.  Its  colors  and  general  character  are  the  same 
as  those  of  the  augite  in  the  associated  andesites.  The  same  is  true  of  the 

few  small  fragments  of  green  and  brownish -green  hornblende.  Ilmenite, 
or  titaniferous  magnetite,  is  present  in  comparatively  large  microscopic 
crystals  and  grains.  Its  character  is  indicated  by  its  alteration  product 
and  its  form,  since  it  alters  to  a  white  opaque  mineral  crossed  by  lines  in 
three  directions.  It  is  similar  to  the  occurrence  of  titaniferous  iron  oxide 

in  the  rhyolite  of  the  region.  With  it  are  associated  colorless  apatite  and 
zircon.  There  are  a  few  yellow,  almost  isotropic,  pseudomorphs,  possibly 
after  hypersthene. 

The  groundmass  is  in  many  cases  brecciated,  and  is  made  up  of  patches 
with  different  kinds  of  microstructure.  It  also  contains  fragments  of  other 
rocks,  such  as  andesite  and  the  crystalline  schists.  Large  fragments  of  the 

latter  are  found  in  places,  and  the  massive  lava  grades  into  tuff-breccia  in 

some  localities.  Only  a  small  part  of  the  rock  is  glassy  and  unaltered  (683). 
Numerous  thin  sections  show  that  the  rock  was  once  glassy  in  many  places 

but  has  become  more  or  less  completely  devitrified.  The  glassy  form  con- 

sists of  glass  that  is  globulitic  and  brown  in  places,  with  streaks  and  lumps 
that  are  colorless,  and  microlitic  and  trichitic,  with  pyroxene  and  magnetite, 
quite  like  some  rhyolitic  glasses.  It  has  eutaxitic  and  flow  structures  and 

is  spherulitic  in  places.  Perlitic  cracking  is  developed  to  some  extent. 

Small  lumps  with  beautiful  brown  glass  full  of  microlites,  and  others  con- 

taining augite  and  hypersthene,  and  holocrystalline  pieces  of  pyroxene- 

andesite  in  this  glassy  lava,  suggest  that  its  eruption  was  subsequent  to  that 

of  pyroxene-andesite,  which  is  the  case  for  similar  trachytic  lava  farther 
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north  on  Buffalo  Plateau  and  southeast  of  Sunset  Peak.  These  rocks  are 

also  identical  microscopically  with  this  glassy  modification  of  the  trachytic 
lavas  north  of  Crescent  Hill. 

Other  parts  of  the  rock  are  brecciated  flows,  with  lumps  that  are 

devitrified  perlitic  glass,  with  microgranular  and  microcryptocrystalline  por- 
tions. These  retain  the  small  phenocrysts  and  microlites  intact.  Some  are 

composed  of  minute  fragments  of  glass  with  very  irregular  shapes,  welded 

together  as  in  many  rhvolites.  They  are  devitrified  and  microcryptocrys- 
talline.  Some  of  the  groundmasses  are  colored  yellow,  orange,  or  red  by 

clouded  particles  of  hydrous  oxide  of  iron.  Less  often  the  color  is  green, 
from  chloritic  infiltration. 

The  groundmass  is  wholly  devitrified  in  many  cases  where  the  feldspar 

phenocrysts  are  still  fresh.  In  a  number  of  instances  the  rock  is  wholly 

altered,  both  kinds  of  feldspar  having  been  reduced  to  kaolin,  and  the  other 

phenocrysts  being  decomposed  and  the  groundmass  reduced  to  a  micro- 
crvstalline  to  microcryptocrystalline  aggregation.  One  modification  of  the 

rock  is  somewhat  andesitic,  all  of  the  feldspar  phenocrysts  being-  lime-soda 
feldspar  (709). 

The  chemical  composition  of  the  rock  is  shown  by  analysis  1.  It 

is  of  a  variety  (679)  which  has  fresh  phenocrysts  of  sanidine  in  abundance 

and  fresh  labradorite  and  a  little  biotite.  The  groundmass  is  devitrified,  and 

there  is  some  chlorite.  The  loss  upon  ignition  is  high  and  indicates  partial 

alteration.  If  anhydrous  the  silica  would  be  66  per  cent,  and  the  rock 

would  be  about  on  the  dividing  line  between  quartz-soda-trachyte  or  highly 

siliceous  soda-trachyte  and  rhyolite.  The  presence  of  labradorite  in  a  rock 
with  so  little  lime  and  so  much  soda  is  surprising,  and  it  is  evident  that  the 

orthoclases  must  be  rich  in  soda,  The  chemical  composition  of  the  very  similar 

rock  near  Sunset  Peak  on  Bear  Gulch,  mapped  in  the  Livingston  folio 

(No.  1)  of  the  Geologic  Atlas,  is  shown  in  the  accompanying  analysis  2. 

It  is  higher  in  silica  and  in  alkalies,  the  potash  being  exceptionally  high  for 

rocks  of  this  region.  This  rock  is  chemically  trachytic  rhyolite.  Mineral- 

ogically  all  of  these  rocks  are  characterized  by  the  absence  of  quartz  as 

phenocrysts.  The  groundmass  is  highly  siliceous,  and  quartz  is  present  in 

the  microcrystalline  modifications. 
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Analyses  of  trachytic  rlvyolite. 

[Analysts:  1,  J.  E.  Whitfield;  2,  L.  G.  Eakins/ 
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Constituent. l. 2. 

SiO-   64.65 

Trace. 

17.80 

2.33 
2.10 

Trace. 

69.45 

.19 

14.92 
3.16 

.23 .07 

.03 

1.19 
.05 

Al  0,   

Fe-.0;   

FeO   

MuO   

BaO        

CaO   1.73 

.81 

.17 
4.18 

2.83 

Trace. 

.43 
3.06 

MgO   
Li,0   

Na,0   

3.19 
5.95 
.06 

1    K-,0... 

P,0.   

SO,   

H20   
1.69 

100.  09 100. 18 

Trachytic  tuffs  similar  in  composition  occur  in  two  other  localities  in  the 

Park.  One  is  on  the  south  fork  of  Beaverdam  Creek,  where  it  overlies 

shoshonite,  and  the  other  is  at  Two  Ocean  Pass,  where  it  occurs  in  the 

bottom  of  the  andesitic  breccia  near  the  basaltic  lavas  (shoshonite).  They 
are  all  alike  in  being  composed  of  a  glassy  groundmass,  with  phenocrvsts 

of  sanidine  and  lime-soda  feldspar,  besides  biotite,  magnetite,  or  ilmenite, 

and  many  inclusions  of  other  rocks,  pyroxene-andesites  for  the  most  part 
(1650,  1722,  and  1725).  In  the  rock  from  Two  Ocean  Pass  there  are 

labradorite  crystals  and  fragments  and  numerous  broken  augites,  as  well  as 

pieces  of  andesite.  In  this  rock  it  is  possible  that  the  labradorite  crystals 

may  have  been  derived  from  the  andesite  dust.  The  presence  of  labradorite 

in  association  with  orthoclase  in  parts  of  this  rock  corresponds  to  the  simi- 

lar association  of  these  two  feldspars  in  shoshonite  and  banakite,  and  indi- 

cates a  genetic  relationship,  which  is  also  indicated  by  the  close  association 
of  these  rocks  in  the  held. 



CHAPTER    IX. 

ABSAROKTTE-SHOSHONITE-BANAKITE  SERIES. 

By  Joseph  Paxson  Iddings. 

INTRODUCTION. 

There  are  certain  basaltic-looking  rocks  associated  with  the  older 
andesitic  breccias  in  various  localities  within  the  Park,  which  form  lava 

flows  in  most  cases  and  dikes  in  others,  and  which  more  rarely  constitute 

part  of  the  basic  breccia  itself.  They  are  usually  quite  subordinate  in 

amount,  judging  from  the  extent  of  their  exposures,  but,  considering  the 

probable  size  of  their  original  masses,  before  being  exposed  by  erosion 

they  must  have  had  very  considerable  volumes.  As  flows  they  are  basaltic 

in  character,  being  dark  colored  and  heavy,  with  olivine  among  the  pheno- 
crysts  in  most  cases.  They  are  massive  and  compact  or  vesicular.  They 

are  porphyritic  in  some  cases,  but  not  noticeably  so  in  others,  and  generally 

exhibit  a  semiwaxy  luster  that  suggests  the  presence  of  nepheline,  which, 

however,  is  not  present.  The  waxy  luster  is  due  to  the  alkali  feldspar  in 

the  groundmass.  They  are  often  dull  greenish  black  owing  to  the  serpen- 
tinization  of  olivine.  As  dikes  they  are  basaltic  in  some  cases  and  trachytic 

in  others,  being  gray  in  various  shades,  and  having  a  somewhat  waxy  luster 
in  the  rocks  of  darker  shades.  The  luster,  as  in  the  case  of  the  flows,  is 

due  to  the  alkali  feldspars,  as  there  is  no  nepheline.  They  are  porphyritic 

or  not  in  different  cases,  and  range  from  aphanitic  to  phanerocrystalline. 

As  will  be  seen  later,  they  represent  a  rather  wide  range  of  composition, 

both  chemical  and  mineralogical,  and  though  ■  genetically  related  and  con- 
nected by  gradual  transitions,  so  that  they  constitute  a  natural  group,  they 

could  not  be  embraced  by  any  one  definition  and  must  be  divided  into 
several  classes. 

326 
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The  chief  characteristics  of  the  most  basic  class  are  the  presence  of 

abundant  phenocrysts  of  olivine  and  augite  and  the  absence  of  any  of  feld- 

spar. The  groundmass  may  be  anything  from  a  dark  glass  to  an  almost 

phanerocrystalline  light-gray  mass.  It  is  oftener  aphanitic  and  dark 

greenish  gray.  The  phenocrysts  are  large  and  pronounced  in  many  cases,- 
but  are  very  small  in  others.  The  microscopical  characteristics  will  be 

given  at  length.  Chemically  they  are  low  in  silica,  from  46  to  52  per  cent; 

low  in  alumina,  from  9  to  12  per  cent;  high  in  magnesia,  from  8  to  13  per 

cent;  comparatively  high  in  alkalies,  with  potash  considerably  higher  than 

soda,  except  in  one  case.  The  molecular  ratio  of  the  alkalies  to  silica  is 

0.08  and  0.09.  After  the  crystallization  of  abundant  phenocrysts  of  olivine 

and  augite  the  remainder  of  the  magma,  owing  to  the  low  alumina  and  to 

relatively  high  alkalies,  was  so  constituted  that  alkali-feldspathic  minerals, 
in  the  form  of  orthoclase  or  leucite,  might  crystallize  out,  which  they  did 

or  not  according  to  the  conditions  under  which  solidification  took  place. 

The  principal  characteristic  of  the  second  class  is  the  presence  of 

phenocrysts  of  labradorite,  together  with  those  of  augite  and  olivine,  in  a 

groundmass  that  is  usually  dark  greenish  gray,  with  a  semiwaxy  luster, 

but  which  may  be  glassy  or  phanerocrystalline,  and  which  when  distinctly 

crystallized  contains  a  notable  percentage  of  orthoclase.  They  range  from 

varieties  rich  in  olivine  and  augite,  which,  with  decreasing  labradorite, 

grade  into  rocks  of  the  first  class,  to  varieties  with  few  olivines  or  augites. 

Chemically  they  contain  from  50  to  56  per  cent  of  silica.  Alumina  is 

moderate  to  high,  from  17  to  19.7  per  cent.  Lime  and  magnesia  are  moderate 

to  low,  the  former  from  8  to  4.3  per  cent,  the  latter  from  4.4  to  2.5.  The 

alkilies  are  moderately  high,  with  potash  comparatively  high  for  rocks  of 

this  region,  with  like  amounts  of  silica,  from  3.4  to  4.4  per  cent,  the  soda 

ranging  from  3  to  3.9  per  cent.  The  molecular  ratios  of  the  alkalies  to 

silica  is  0.10  and  0.11.  After  the  crystallization  of  phenocrysts  of  labradorite, 

olivine,  and  augite,  the  remainder  of  the  magma  was  rich  in  alkali-feld- 

spathic material,  usually  that  of  orthoclase,  which  shows  itself  in  the  ground- 

mass  according  to  conditions  of  crystallization. 

Rocks  corresponding  chemically  to  both  of  these  classes  occur  with  no 

megascopic  phenocrysts,  and  in  various  phases  of  crystallization,  from 

glassy  to  noncrystalline,  and  almost  phanerocrystalline;  consequently  they 

differ  from  them  not  only  in  microstructure  but  in  the  minerals  that  have 
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been  developed.  They  occur  both  as  lava  flows  and  as  dikes,  but  no  special 
characteristics  can  be  connected  with  either  mode  of  occurrence,  except 

that  the  more  highly  crystallized  forms  are  found  as  dikes.  Not  all  the 

dikes,  however,  are  more  crystalline  than  all  the  lava  flows. 

Rocks  of  the  third  class  are  known  mostly  in  the  form  of  dikes,  and 

in  only  a  few  localities.  The  rocks  are  highly  feldspathic,  with  small 

amount  of  ferromagnesian  minerals,  and  these  chiefly  biotite  with  sub- 

ordinate augite.  The  phenocrysts  are  labradorite  in  a  groundmass  rich  in 

orthoclase.  Chemically  they  have  51  to  61  per  cent  of  silica,  16.7  to  19.6 

per  cent  of  alumina,  3.5  to  6  per  cent  of  lime,  1  to  4  per  cent  of  magnesia", 
3.8  to  4.5  per  cent  of  soda,  and  4.4  to  5.7  per  cent  of  potash.  The  ratio  of 
alkalies  to  silica  is  0.13  and  0.14.  Since  much  of  the  calcium  and  sodium 

goes  into  the  phenocrysts  of  labradorite,  the  feldspathic  groundmass  is  rich 

in  potash  and  is  largely  orthoclase.  The  rocks  stand  at  the  end  of  the 

series,  representing  the  variation  reached  when  all  the  phenocrysts  are 
labadorite  and  when  biotite  occurs  instead  of  olivine  and  augite. 

The  division  of  the  series  into  three  parts  is  wholly  artificial  and  for 

convenience.  There  is  gradation  from  one  end  to  the  other,  and  from  the 

middle  of  the  series  into  the  normal  basaltic  rocks  of  the  region,  which  will 

be  pointed  out  later.  The  three  classes  will  be  described  under  the  names 

absarokite,  shoshonite,  and  banakite. 

ABSAROKITE. 

All  of  the  rocks  here  classed  as  absarokites  carry  abundant  phenocrysts 

of  olivine  and  augite,  except  two  (1282  and  1624).  These  are  classed  with 

them  on  the  ground  of  chemical  identity.  The  rocks  occur  in  the  Absaroka 

Range,  and  also  in  other  parts  of  the  Yellowstone  Park,  being  found  upon 

Mirror  Plateau  (1151,  1152),  within  the  region  of  the  Crandall  volcano  (1282, 

1277,  1306,  1307),  at  Signal  Point,  Yellowstone  Lake  (1617,  1618\  at 

Two  Ocean  Pass  (1719,  1720),  on  Coulter  Creek  (1743),  about  the  head- 
waters of  Conant  Creek  (1745, 1751),  and  in  the  Ishawooa  Canyon  (1698). 

The  absarokite  is  found  as  bowlders  on  the  west  shore  of  Yellowstone  Lake, 

south  of  Bridge  Bay,  probably  coming  from  Signal  Point,  on  the  east 
shore. 
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The  chemical  composition  of  six  of  these  rocks  is  shown  by  the  follow- 
ing   analyses,    the    characteristic   features    of    which  have    already   been 

indicated : 
Analyses  of  dbsarokites. 

Constituent. 1 2 3 i 5 6 
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11.56 
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CI .18 
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Less  0  for  CI   
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100.  08 
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100. 35 99.  93 100.  32 100.  01 
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1.  Leucite-absarokite,  Ishawooa  Canyon,  Wyoming.     Analyst,  J.  E.  Whitfield.     (1698.) 

2.  Absarokite,  dike  at  head  of  Lamar  River.     Analyst,  L.  G.  Eakins.     (1306.) 

3.  Absarokite,  dike  south  of  Clark  Fork  River.     Analyst,  L.  G.  Eakins.     (1277.) 

4.  Absarokite,  lava  flow,  head  of  Raven  Creek.     Analyst,  L.  G.  Eakins.     (1151.) 

5.  Absarokite,  dike,  divide  east  of  Cache  Creek.     Analyst,  L.  G.  Eakins.     (1282.) 

6.  Absarokite,  lava  flow,  Two  Ocean  Pass.     Analyst,  J.  E.  Whitfield.     (1720.) 

The  six  analyses  are  arranged  according  to  decreasing  percentage  of 

magnesia.  The  first  two  have  the  highest;  the  second  two,  over  9  per  cent; 
the  fifth  and  sixth  have  7.96  and  7.72,  which  are  not  very  high  for  a  rock 

so  -low  in  silica.  There  is  an  increasing  range  in  alumina  and  in  potash. 

The  second,  third,  and  fourth  analyses  are  closely  alike.  The  first  and  last 

two  are  not  so  much  alike  that  they  might  not  be  considered  separately. 

The  chief  differences  are  in  the  magnesia  and  alkalies,  but  they  are  related 

in  other  respects.  They  all  exhibit  considerable  loss  upon  ignition,  corre- 

sponding to  the  amount  of  hydration  due  to  alteration  or  to  the  presence  of 
zeolitic  minerals. 

As  alreadv  said,  the  rocks  here  grouped  together  differ  somewhat  in 
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the  mineral  composition  of  the  groundmass  as  well  as  in  its  microstruicture. 

The  rock  with  the  largest  grain  and  most  highly  developed  crystallization 

is  that  whose  chemical  composition  is  given  in  the  first  analysis  (1698).  It 

was  not  found  in  place,  but  was  collected  from  a  bowlder  3  or  4  miles  from 

the  junction  of  the  streams  in  Ishawooa  Canyon.  It  is  nearly  holocrystal- 
line,  and  was  probably  an  intrusive  rock  in  the  form  of  a  dike.  It  consists 

of  abundant  phenocrysts  of  olivine  and  augite,  about  3  mm.  in  diameter  and 

smaller,  and  of  a  subordinate  amount  of  gray  crystalline  groundmass.  In 

thin  section  the  olivine  is  colorless  and  very  free  from  inclusions,  with 

almost  no  serpentinization.  The  augite  is  pale  green,  with  high  extinction 

angle,  reaching1  42°.  It  incloses  some  olivine  and  magnetite.  The  form 

of  these  phenocrysts  is  only  partially  idiomorphic,  the  outline  being  quite 

jagged  in  some  cases,  and  the  reentrant  angles  being  occupied  by  orthoclase, 

as  though  the  crystallization  of  the  olivine  and  augite  had  continued  into 

the  period  in  which  the  feldspars  of  the  groundmass  were  forming.  There 

was  no  hiatus  between  the  crystallization  of  the  phenocrysts  and  that  of  the 

groundmass.  The  two  were  connected  and  continuous.  The  groundmass 

consists  of  crystals  of  orthoclase  and  leucite,  which  are  nearly  idiomorphic, 

although  the  mass  is  holocrystalline,  except  for  occasional  possible  remnants 

of  glass  base,  which  form  angular  patches  between  the  crystals.  There  are 

also  small  irregularly  shaped  crystals  of  augite  and  olivine,  with  magnetite 

and  much  apatite  in  long  slender  needles.  The  orthoclase  and  leucite  are 

not  uniformly  mingled,  but  are  clustered  in  groups.  The  orthoclase  is  in 

rectangular  prisms,  twinned  according  to  the  Carlsbad  law,  and  about  0.4 

mm.  long  and  smaller.  Very  rarely  they  contain  minute  cores  of  lime- 

soda  feldspar,  with  symmetrical  extinction  angles  of  30°,  corresponding  to 
labradorite.  The  substance  of  the  feldspar  is  very  fresh  and  unaltered. 

The  leucite  is  partly  idiomorphic,  partly  allotriomorphic,  and  in  some  cases 

exhibits  the  characteristic  double  refraction,  though  most  crystals  are 

isotropic.  Central  aggregations  of  minute  augite  grains  occur.  In  places 

a  cloudy  alteration  has  set  in,  resulting  in  a  zeolitic  mineral  whose  exact 

nature  has  not  been  determined.  Owing  to  the  small  amount  of  material 

collected,  no  separations  or  partial  analyses  were  attempted.  The  determi- 
nation of  the  alkalies  was  repeated  and  found  to  accord  closely  with  the 

first  determination. 

The  needles  of  apatite  are  very  delicate  and  traverse  the  feldspathic 
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crystals  of  the  groundmass  in  all  directions,  but  clo  not  penetrate  the  pheno- 
crysts  of  olivine  and  angite,  indicating  that  the  formation  of  the  apatite  was 

not  among  the  earliest  of  the  crystallizations,  but  took  place  when  the 

groundmass  crystallized.1 
The  development  of  orthoclase  and  leucite  from  a  magma  so  low  in 

alkalies  and  with  so  little  potash  is  notable.  The  almost  total  absence  of 

lime-soda  feldspar  is  plainly  due  to  the  low  percentage  of  alumina,  which 

was  nearly  all  combined  with  the  alkalies  to  form  alkali-feldspathic  min- 
erals. It  is  evident  that  both  the  orthoclase  and  leucite  must  be  rich  in 

soda.  The  formation  of  leucite  was  undoubtedly  controlled  by  the  low 

percentage  of  silica,  which  if  higher  would  have  formed  a  polysilicate  of 

all  the  aluminum  and  alkalies,  instead  of  a  metasilicate  and  polysilicate. 

The  earliest  compounds  to  crystallize — olivine  and  angite — consumed  the 
magnesia  and  lime,  with  iron  oxide  and  some  alumina,  and  possibly  some 

soda,  It  is  evident  that  the  remaining  magma  contained  lime  in  sufficient 

amount  to  satisfy  the  phosphoric  oxide,  besides  a  little  that  combined  with 

alumina  and  silica  to  form  labradorite.  Moreover,  the  alkalies  and  alumina 

were  left  in  the  proper  proportions  to  form  alkali-feldspathic  minerals.  In 

a  molten  condition  they  did  not  exist  as  molecules  of  these  minerals,  yet 

we  see  the  indication  of  an  influence  that  controlled  the  proportions  of  the 

partially  dissociated  elements.  At  the  time  of  the  crystallization  of  the 

alkali-feldspathic  constituents  there  were  small  amounts  of  ferromagnesian 
silicates  still  liquid,  which  crystallized  at  this  time. 

The  rock  most  closely  related  to  the  one  just  described  in  chemical 

composition  occurs  as  a  dike,  4  feet  wide,  on  the  divide  between  Lamar 
River  and  Crandall  Creek,  south  of  Hoodoo  Mountain.  It  is  dark  colored 

(1306,  1307)  and  aphauitic,  with  abundant  large  crystals  of  augite  5  to  10 

mm.  in  diameter  and  smaller  phenocrysts  of  olivine.  On  the  sides  of  the 

dike  a  thin  layer  of  the  rock  is  glassy  and  black. 

In  thin  section  the  body  of  the  dike  is  holocrystalline  and  very  fine 

grained.  The  groundmass  consists  of  indistinctly  outlined  lath-shaped  feld- 

spars with  low  angles  of  extinction,  besides  an  indistinct  feldspathic  mineral 

as  cement,  which  is  cloudy.  The  lath-shaped  feldspars  appear  to  be,  in  part 

at  least,  orthoclase  with  minute  lath-shaped  cores  of  lime-soda  feldspars. 

1  Arnold  Hague,  Notes  on  the  occurrence  of  ii  leucite  rock  in  the  Absaroka  Range,  Wyoming 

Territory:  Am.  Jour.  Sci.,  3d  series,  Vol.  XXX VIII,  July,  1889,  pp.  43-47. 
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Nothing  resembling  leucite  or  suggesting  it  is  present.  This  feldspar  matrix 

is  crowded  with  microscopic  crystals  of  augite,  magnetite,  and  brown  biotite 

in  thin  tablets  and  long  narrow  crystals  which  often  resemble  hornblende. 

In  one  part  of  the  rock  ilmenite  accompanies  magnetite.  The  groundmass 

of  the  edge  of  the  dike  is  brown  glass  with  microlites  of  augite  and  some 

of  plagioclase.  These  microlites  have  dark-brown  clouds  attached  to  their 

ends,  or  in  the  case  of  augite  are  colored  brown. 

The  augite  phenocrysts  are  light  green  in  thin  section  and  are  filled  with 

irregularly  shaped  inclusions  of  crystalline  groundmass  containing  ilmenite 

rods,  which  are  not  generally  found  in  the  groundmass  of  the  rock  outside 

of  the  augites.  These  ilmenite  rods  within  the  inclusions  of  one  augite  lie 

in  several  orientations,  apparently  with  rhombohedral  symmetry.  Although 

they  are  confined  to  the  inclusions  of  groundmass  and  do  not  penetrate 

the  augite  substance,  their  shape  and  arrangement  suggest  the  microscopic 

rod-like  inclusions  in  the  diallage  and  hypersthene  of  gabbro,  which  may 

possibly  be  ilmenite.     The  augites  also  inclose  small  crystals  of  olivine  and 

magnetite. 

The  olivine  phenocrysts  are  sharply  idiomorphic  and  of  very  pure  sub- 

stance, with  small  inclusions  of  magnetite  and  glass  and  occasionally  bays 

of  groundmass.  It  is  sometimes  twinned  in  pairs  of  attached  crystals,  the 

twinning  plane  being  (Oil).  There  is  a  slight  serpentinization  along 

the  surface  and  cracks  in  some  cases.  The  olivine  crystals  are  much 

smaller  than  those  of  augite,  but  are  more  numerous.  The  appearance  of 

this  rock  in  thin  section  is  shown  in  PI.  XXXVI,  fig.  1. 

It  is  to  be  observed  that  the  glassy  groundmass  of  the  marginal  surface 

of  the  dike  is  unlike  the  groundmass  of  the  main  body  of  the  dike  in 

mineral  composition.  Biotite  is  not  developed,  and  the  only  feldspars  are 

the  microlites  of  plagioclase,  which  may  correspond  to  the  cores  in  the 

lath-shaped  orthoclases  of  the  main  body  of  rock.  As  compared  with  the 

leucite-bearing  rock  from  Ishawooa  Canyon  (1698),  it  is  to  be  noted  that 

the  phenocrysts  of  augite  and  olivine  in  the  dike  rock  just  described  are  not 

quite  so  numerous  as  in  the  Ishawooa  rock,  while  there  is  much  more 

augite  in  the  groundmass,  besides  abundant  biotite.  The  microscopic 

crystals  of  feldspar  are  not  .so  large  and  distinct,  and  nothing  corre- 

sponding to  leucite  can  be  seen.  Chemically  the  rock  is  richer  in  potash, 

with  about  the  same  per  cent  of  soda.     Alumina  is  slightly  higher,  and 
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magnesia  and  lime  are  slightly  lower.  There  is  a  little  more  silica.  The 

high  loss  on  ignition  indicates  that  there  is  a  hydrous  silicate  in  the  ground- 

mass,  possibhy  a  zeolite.  As  has  been  pointed  out  in  another  place,1  the 
leucite  in  one  rock  with  abundant  olivine  may  be  represented  by  biotite 

and  less  olivine  in  the  other,  with  an  increased  amount  of  orthoclase.  The 

less  distinct  crystallization  of  the  second  rock  prevents  a  perfectly  satis- 

factory comparison.  They  illustrate,  however,  what  mineralogical  differences 

may  exist  among  rocks  with  almost  the  same  chemical  compositions. 

The  next  two  rocks  whose  analyses  are  given  still  further  illustrate  the 

same  thing.  One  (1277)  is  a  dike  3  feet  wide  on  the  high  ridge  south  of 

Index  Peak  and  of  Clark  Fork  River,  in  places  weathering  out  from  the 

andesitic  breccia  in  a  wall  8  or  10  feet  high,  with  horizontal  columns.  The 

second  (1151)  is  a  surficial  lava  flow  east  of  the  head  of  Raven  Creek  on 

Mirror  Plateau.  Chemically  they  are  almost  identical,  and  nearly  the  same 

as  the  dike  south  of  Hoodoo  Mountain,  just  described.  They  have  slightly 

less  magnesia,  and  the  lava  flow  has  3.4  per  cent  more  silica  than  the  dike 

rock.     The  latter  experiences  considerable  loss  upon  ignition. 

The  dike  rock  (1277)  is  dark  greenish  gray,  aphanitic,  with  small 

megascopic  phenocrysts  of  augite  and  occasional  large  grains  of  quartz  with 

augite  shells.  The  quartzes  are  cracked  and  filled  with  calcite.  In  thin 

section  the  few  megascopic  crystals  of  augite  are  crowded  with  inclusions 

of  groundmass,  and  resemble  the  augite  phenocrysts  in  the  rock  last 

described.  The  other  constituents  may  be  considered  as  parts  of  the 

groundmass,  which  is  holocrystalline  and  consists  of  much  pale-green  augite, 

brown  biotite,  and  magnetite,  with  a  subordinate  amount  of  feldspathic 

matrix.  There  are  larger  augites  which  are  colorless  at  the  center  and 

green  on  the  margin,  with  a  zonal  structure,  besides  many  small  serpentin- 

ized  olivines.  The  feldspathic  matrix  is  largely  decomposed.  It  is  partly 

lath-shaped  feldspar,  which  is  orthoclase  with  prismatic  cores  of  plagioclase, 

and  often  in  radiating  groups  suggesting  orthoclase  or  albite-oligoclase. 

Besides  the  recognizable  feldspar  there  is  much  cloudy  microcrypto- 

crystalline  material  with  no  definite  form,  except  a  very  frequent  occurrence 

of  spots  with  an  approach  to  the  outline  of  an  isometric  mineral.  These 

are  often  darker  colored  at  the  center,  and  suggest  the  former  presence  of 

Oddings,  J.  P.,  The  origin  of  igneous  rocks:  Bull.  Philos.  Soc.  Washington,  Vol.  XII,
  1892, 

p.  176. 
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leucite.  The  occurrence  of  leucite  in  similar  rocks  in  this  region  makes 

this  highly  probable.  In  one  thin  section  of  the  rock  there  is  much  trans- 

parent allotriomorphic  mineral,  which  is  in  part  isotropic,  but  is  also  doubly 

refracting-.  This  is  undoubtedly  analcite.  It  is  probably  secondary,  as  it 
is  found  in  vesicular  cavities,  sometimes  accompanied  by  other  zeolites. 

The  large  rounded  grains  of  quartz  which  occur  sporadically  through  the 

rock  are  single  individual  crystals  and  not  aggregations.  The  originally 

dihexahedral  form- of  the  crystal,  slightly  rounded,  can  be  seen  on  some  of 
the  individuals,  and  in  the  shape  of  the  cavities  in  the  rock  from  which 

they  may  have  fallen  when  the  rock  was  broken.  They  are  surrounded  by 

a  shell  of  augite  crystals  with  some  brown  altered  glass,  as  in  other  instances 

in  basaltic  rocks.  The  substance  of  the  quartz  is  extremely  pure  and  free 

from  inclusions  of  foreign  matter,  or  of  gas  and  liquid.  In  some  cases 

there  are  a  few  dihexahedral  inclusions  of  altered  groundmass  or  g'lass. 

This  rock  resembles  that  forming-  the  dike  south  of  Hoodoo  Mountain 

in  the  general  character  of  the  groundmass,  except  that  the  phenocrysts  of 

olivine  and  augite  are  almost  microscopic,  and  may  be  considered  part  of 

the  groundmass.  The  ferromagnesian  minerals  are  about  the  same  in  each, 

and  the  feldspathic  components  are  obscure,  with  indications  of  alkaline 
character. 

The  rock  of  the  lava  flow  east  of  the  head  of  Raveu  Creek  (1151,  1152) 

is  dark  gray,  with  abundant  small  megascopic  phenocrysts  of  olivine  and 

augite.  In  thin  section  these  crystals  are  quite  fresh  and  like  those  in  the 

rocks  of  this  class  already  described.  There  is  a  slight  serpentinization  of 

the  olivine.  The  groundmass  consists  of  small  rectangular  prisms  of  ortho- 
clase, sometimes  with  minute  cores  of  prismatic  labradorite,  besides  abundant 

microscopic  crystals  of  augite  and  magnetite.  There  is  some  serpentine, 

which  occupies  angular  spaces  between  the  feldspar  crystals,  and  may  replace 

glass  base.  The  feldspars  are  distinctly  crystallized,  and  their  orthoclastic 

character  is  unquestionable.  They  resemble  the  orthoclase  crystals  in  the 

leucite-bearing  rock  from  Ishawooa  Canyon.  No  leucite,  however,  was 

observed  in  this  rock.  Only  a  very  small  part  of  the  groundmass  is  lime- 
soda  feldspar.  There  is  no  biotite  and  no  analcite.  Apatite  occurs  in 

delicate  needles.  The  absence  of  biotite  may  be  correlated  with  more  pro- 
nounced orthoclase  and  abundant  olivine,  and  the  absence  of  leucite  accords 

with  the  higher  percentage  of  silica  in  the  rock  as  compared  with  the  rock 

from  Ishawooa  Canyon. 
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The  fifth  rock  of  this  class,  of  which  the  chemical  analysis  has  been 

given,  occurs  as  a  massive  body  in  the  andesitic  breccia  on  the  southeast 
fork  of  Cache  Creek.  Another  rock  of  like  character  forms  a  narrow  dike 

on  the  divide  between  Cache  and  Crandall  creeks  (1282,  1283).  They  are 

aphanitic,  brownish-gray  rocks,  without  phenocrysts,  but  having  minute 
brown  pseudomorphs,  presumably  after  olivine.  The  rocks  are  identical  in 

every  respect  and  carry  occasional  rounded  grains  of  dark-colored,  crackled 
quartz,  inclosed  in  a  thin  green  shell. 

In  thin  section  these  rocks  are  noncrystalline  and  fine  grained,  con- 

sisting of  thin  lath-shaped  feldspars,  frequently  grouped  in  fan-like  clusters. 
They  are  not  distinctly  striated,  and  are  probably  orthoclase.  Others  are 

plagioclase  with  low  angles,  and  some,  are  irregularly  bounded  and  obscure. 

This  matrix  is  crowded  with  idiomorphic  crystals  of  pale-green  augite, 

dark-brown  biotite,1  and  magnetite,  the  ferromagnesian  minerals  eqxialing 
the  feldspar  in  amount.  There  are  a  few  porphyritical  augite  groups, 

which  are  almost  colorless  at  the  center,  with  pale-green  margins.  The 

pseudomorphs  have  the  outline  of  olivine.  The  feldspars  exhibit  slight 

alteration,  but  the  augites  and  biotites  are  perfectly  fresh.  In  places  there 
are  ilmenite  rods. 

There  is  considerable  serpentine  scattered  through  the  rock  in  small 

aggregations  of  pale-green  spherulites.  Mineralogically  the  rock  is  very 

similar  to  the  quartz-bearing  dike  rock  (1277)  from  the  ridge  southeast  of 
Index  Peak,  which  it  resembles  megascopically.  Chemically  it  is  slightly 

higher  in  alumina  and  potash,  and  slightly  lower  in  magnesia  and  lime. 

The  high  loss  on  ignition  is  most  likely  due  to  the  serpentine,  which  was 

probably  derived  from  olivine. 
Fortunately,  this  phase  of  the  magma  is  found  in  immediate  connection 

with  the  gabbro  core  on  Hurricane  Mesa,  Crandall  Basin.  It  forms  the 

dense  bluish-black  margin  (1422)  of  a  4-foot  dike,  the  middle  of  which  is 

grav  and  crystalline  (1421).  The  dike  cuts  granular  rock  near  the  base  of 

the  middle  spur  of  the  core.  The  aphanitic  marginal  rock  (1422)  carries  a 

few  small  micas,  but  no  prominent  phenocrysts.     In  thin  section  it  has  the 

1  When  first  studied,  some  of  the  brown  minerals  were  considered  to  be  brown  hornblende,  but 
a  careful  review  fails  to  establish  the  presence  of  hornblende.  Some  of  the  biotite  plates  are  long 

and  narrow,  and  when  they  overlie  a  crystal  of  feldspar  they  appear  to  possess  a  double  refraction  not 

found  in  other  biotite  plates,  which  led  to  their  being  mistaken  for  hornblende.  The  rock  was  doubt- 
fully named  hornblende-miuette  iu  the  list  of  rocks  whose  analyses  were  given  in  Table  III  in  the 

paper  on  The  origin  of  igneous  rock,  in  Bull.  Philos.  Soc.  Washington,  Vol.  XII,  p.  199. 
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same  habit  as  the  rock  last  described,  consisting'  of  colorless  feldspar 

crowded  with  idiomorphic  crystals  of  pale-green  augite,  brown  biotite,  and 

magnetite,  which  predominate  over  the  feldspar.  There  is  a  little  brownish- 
green  hornblende,  and  many  paramorphs  of  olivine,  the  centers  of  which  in 

some  cases  are  surrounded  by  a  border  of  magnetite,  and  outside  of  this, 

biotite.  Along  a  seam  in  the  rock  there  is  much  secondary  green  horn- 
blende, which  replaces  the  pyroxene  for  some  distance  on  both  sides  of  the 

seam.  The  feldspar  matrix  has  a  variable  structure  and  is  perfectly  fresh. 

In  places  it  consists  of  comparatively  long  and  broad  individuals  of  unstriated 

feldspar  with  low  double  refraction  and  almost  parallel  extinction,  which  is 

presumably  orthoclase.  These  prisms  are  clustered  in  radiating  groups 

inclosing  the  ferromagnesian  minerals,  the  cementing  feldspar  prisms  being 

much  larger  than  the  other  minerals.  In  other  parts  of  the  section  the 

feldspars  are  small,  lath-shaped  in  some  cases,  and  granular  in  others. 
None  of  the  feldspar  is  distinctly  striated. 

The  rock  from  the  middle  of  the  dike  (1421)  differs  considerably  from 

that  of  the  margin.  In  thin  section  it  is  seen  to  be  more  feldspathic  and  is 

coarser  grained.  The  feldspar  is  mostly  striated  plagioclase  with  borders 

of  orthoclase.  The  plagioclase  kernels  are  sometimes  altered  and  cloudy. 

There  is  a  very  little  quartz.  The  microstructure  of  the  rock  is  produced 

by  ill-defined  lath-shaped  crystals  and  some  grains.  There  is  considerable 

augite,  changed  to  uralite,  much  biotite,  little  magnetite,  and  numerous 

paramorphs  of  olivine.  It  is  probable  that  there  was  some  primary  horn- 
blende in  the  rock  before  uralitization  set  in.  The  margin  of  the  dike  is 

richer  in  ferromagnesian  minerals  and  magnetite,  and  the  feldspars  are 

more  alkaline  and  represent  a  phase  of  differentiation  of  the  gabbro 

magma  brought  about  within  the  dike. 

Rocks  from  other  parts  of  this  region  which  are  like  those  just  described 

in  mineral  composition  and  structure  are  the  following:  Massive  lavas 

associated  with  basic  andesitic  breccia  at  Signal  Point  on  Yellowstone  Lake 

(1617,  1618,  1619),  corresponding  to  the  lava  flow  (1151)  east  of  the  head 

of  Raven  Creek.  One  modification  (1618)  has  much  orthoclase  in  the 

groundmass  and  little  lime-soda  feldspar,  and  contains  crystals  of  isotropic 

or  faintly  doubly  refracting  mineral  clouded  yellowish  in  transmitted  light, 

which,  from  analogy  with  similar  olivine-augite-orthoclase  rocks  from  this 

region,  is  or  was  most  probably  leucite.    Brown  biotite,  probably  secondary, 
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and  needles  of  apatite  complete  the  resemblance  between  this  rock  and  that 

jnst  referred  to.  It  appears  to  be  an  intermediate  variety  between  the 

latter  and  certain  orthoclase-bearing  basaltic  rocks  from  the  head  of  Conant 

Creek,  to  be  described  presently  (p.  338).  Its  appearance  in  this  section  is 

shown  in  PL  XXXVI,  fig.  2. 

Another  modification  of  the  lava  at  Signal  Point  (1617)  contains  much 

orthoclase  in  the  groundmass,  no  isotropic  mineral,  but  considerable  reddish 

brown  mica,  which  appears  to  be  secondary  and  accompanies  chlorite  or 

serpentine.  It  is  sometimes  sharply  idiomorphic,  and  has  a  small  axial 

angle.  There  is  also  some  red  oxide  of  iron.  Another  variety  has  a  nearly 

opaque  groundmass,  with  reddish-brown  color,  carrying  phenocrysts  of 

augite  and  olivine  like  those  in  the  rocks  associated  with  it.  In  A'ery  thin 
section  the  groundmass  is  seen  to  contain  much  iron  oxide  and  feldspathic 

mineral,  partly  in  lath-shaped  microlites,  altered  to  faintly  doubly  refract- 
ing substance.  The  rock  is  undoubtedly  a  somewhat  altered,  opaque, 

scoriaceous  modification  of  this  kind  of  rock. 

The  massive  lava  flows  at  Two  Ocean  Pass  belong  in  part  to  this  same 

class  of  rocks,  but  vary  somewhat  in  composition  in  the  different  sheets, 

which  directly  overlie  one  another.  The  rock  most  closely  resembling  those 

just  described  forms  the  second  sheet  from  the  bottom  (1720,  1721).  Its 

chemical  composition  is  shown  in  analysis  6,  p.  329.  It  contains  similar 

phenocrysts  of  augite  and  olivine,  with  none  of  feldspar.  The  feldspar  of 

the  groundmass  is  almost  wholly  orthoclase,  sometimes  in  simple  prismatic 

crystal,  sometimes  in  Carlsbad  twins.  It  is  nearly  idiomorphic.  There  is 

a  small  amount  of  isotropic  mineral  as  interstitial  filling  between  orthoclase 

prisms.  It  has  a  slightly  lower  index  of  refraction.  It  may  possibly  be 

glass.  The  groundmass  also  contains  augite,  magnetite,  serpentine,  red- 

brown  biotite,  and  needles  of  apatite.  No  lime-soda  feldspar  was  observed. 

The  groundmass  is  holocrystalline,  the  average  size  of  the  component  ortho- 

clase being  about  0.07  mm.  wide  by  0.14  mm.  long.  Chemically  it  differs 

from  the  most  typical  absarokite  by  being  higher  in  alumina  and  lower  in 

magnesia,  approaching  shoshonite  in  chemical  composition,  with  which  rock 
it  is  associated  in  the  field. 

The  scoriaceous  portion  of  this  rock  (1721)  is  almost  opaque  in  thin 

section,  and  in  very  thin  edges  is  seen  to  consist  of  minute  crystals  of  mag- 

netite, pyroxene,  and  a  feldspathic  mineral  whose  character  is  not  recogniz- 
MON  XXXII,  1»T  II   22 
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able.  The  rock  of  the  sheet  immediately  overlying  this  one  is  very  vesicular 

(1718,  1719)  and  carries  few  phenocrysts.  In  thin  section  it  is  extremely 

fine  grained,  and  consists  of  microlites  of  feldspar,  augite,  and  magnetite. 

The  feldspars  are  prisms  of  lime-soda  feldspar  with  outer  zones  of  orthoclase. 

Modifications  of  these  rocks  in  which  the  lime-soda  feldspar  cores 
within  the  orthoclase  are  more  frequent  and  larger,  and  which  constitute 
transitional  varieties  between  absarokite  and  basalts  rich  in  olivine  and 

auffite,  occur  in  the  breccia  south  of  the  head  of  Conant  Creek.  Thev 

have  abundant  small  phenocrysts  of  augite  and  serpentinized  olivine  (1745), 

the  same  minerals  occurring  in  the  groundmass  with  magnetite  and  consid- 
erable feldspar.  There  is  much  red  oxide  of  iron  through  the  mass  in  thin 

fibers  and  as  coatings  of  the  smallest  augites,  magnetites,  and  olivine  pseu- 

domorphs.  The  microscopic  feldspars  are  nearly  idiomorphic,  though  the 

rock  is  holocrystalline.  They  are  rectangular,  partly  tabular,  partly  pris- 

matic, and  consist  of  a  central  idiomorphic  crystal  of  lime-soda  feldspar 
with  polysynthetic  twinning  and  higher  refraction  than  the  marginal  zone, 
which  is  not  striated,  but  is  in  Carlsbad  twins.  The  relative  sizes  of  these 

two  parts  of  each  complex  crystal  are  variable.  In  some  cases  the  kernel 

exceeds  the  shell;  in  others,  the  reverse.  The  outer  portion  is  orthoclase; 

the  inner  feldspar  is  labradorite.  The  latter  is  clouded  with  minute  specks 

or  inclusions;  the  orthoclase  is  quite  pure.  There  is  a  little  light-brown 
mica.  Other  breccias  north  of  this  consist  largely  of  basalts  somewhat 

related  (1747  to  1750).  They  are  characterized  by  phenocrysts  of  augite 

and  olivine,  without  any  of  feldspar.  Augite  and  olivine  both  contain  glass 

inclusions,  often  in  abundance,  and  the  augite  incloses  olivine.  The  augite 

is  pale  brownish  green,  sometimes  with  zonal  structure;  the  olivine  is  color- 
less. The  groundmass  is  the  same  as  in  the  rock  from  near  the  head  of 

Conant  Creek  (1745),  but  is  finer  grained. 

A  similar  rock  occurs  west  of  Glade  Creek  on  Coulter  Creek  (1743). 

The  augite  and  olivine  phenocrysts  are  freer  from  inclusions.  The  ground- 
mass  is  holocrystalline  and  consists  of  labradorite  and  orthoclase,  augite, 

some  serpentinized  olivine,  serpentinized  prisms  that  probably  were  ortho- 
rhombic  pyroxene,  magnetite,  and  thin  needles  of  apatite.  There  is  a  very 
little  brown  mica. 

Intermediate  between  absarokite  and  shoshonite  are  rocks  (1623)  that 

are  dark  gray  with  a  waxy  luster,  which  have  abundant  phenocrysts  of 
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olivine  and  augite,  with  fewer  of  labradorite.  They  are  holo crystalline  and 

consist  of  plagioclase  with  orthoclase  and  some  analcite,  besides  augite, 

magnetite,  and  delicate  needles  of  apatite. 

SHOSIIOjSTITE. 

The  rocks  classed  as  shoshonites  are  more  numerous  than  the  absarokites, 

and  embrace  a  somewhat  wider  range  of  composition.  They  occupy  the 

middle  ground,  as  it  were,  in  this  series,  and  pass  by  gradual  transitions  into 

absarokite,  banakite,  and  the  normal  basalts  of  the  region.  They  occur 

associated  with  absarokite,  and  consequently  at  the  same  localities.  Their 

principal  occurrences  are  on  the  Lamar  River,  Mirror  Plateau,  in  Crandall 

Basin,  in  the  Stinkingwater  and  Ishawooa  canyons,  on  the  southeast  fork 

of  Beaverdam  Creek,  and  at  Two  Ocean  Pass,  one  of  the  heads  of  the 

Shoshone  or  Snake  River.  This  is  the  locality  from  which  the  rock  was 

first  collected  and  identified  as  an  orthoclase-basalt.  The  rock  also  occurs 

on  Grayling  Creek  and  west  of  The  Crags,  southwest  of  Gallatin  Mountains. 

Most  of  the  rocks  are  characterized  by  prominent  phenocrysts  of  labrador- 
ite, together  with  those  of  augite  and  olivine.  A  few  are  without  feldspar 

phenocrysts,  but  quite  a  number  are  without  megascopic  phenocrysts  and 

are  correlated  with  the  porphyritic  forms  on  chemical  as  well  as  mineral- 

ogical  grounds.  A  small  number  are  leucite  bearing.  The  chemical  com- 
positions of  eight  of  these  rocks  are  given  in  the  following  table.  To 

these  are  added  three  analyses  of  transitional  varieties.  The  analyses  are 

arranged  so  as  to  bring  those  most  alike  by  the  side  of  one  another.  As 

already  said,  the  mineralogical  variations  range  from  an  abundance  of 

olivine  and  augite  to  a  paucity  of  them,  which  corresponds  to  the  chemical 

variation  from  higher  magnesia  and  lime  to  lower  magnesia  and  lime, 

and  the  corresponding  changes  in  the  alumina  and  alkalies  in  the  opposite 

direction.  In  describing  these  rocks  those  that  are  chemically  and  mineral- 

ogically  alike  will  be  considered  first,  and  afterwards  those  that  are  chemically 

alike  but  mineralogically  different. 
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Analyses  of  shoshonites  and  transitional  rocks. 

Constituent. 1 2 3 4 5 6 7 8 9 

10  - 

11 
SiO-2   50.06 51.75 53.49 52.86 52.49 

54.86 56.05 54.97 
50.99 

52.11 53.71 

TiO-.   .51 .86 
.71 1.04 

.81 
.69 

.98 .97 
.67 .53 

.74 
A1,03  .... 17.00 17.48 17.19 17.51 17.89 17.28 19.70 18.38 15.62 

16.58 
18.00 

Fe203  .... 2.96 
6.42 

4.73 5.18 5.76 4.08 
3.74 

3.06 
8.47 

3.66 3.99 

FeO    5.42 
1.46 3.25 3.31 

2.08 2.28 
2.32 4.22 

1.43 4.99 
4.05 

MnO   .14 
Trace. .14 Trace. .09 .19 Trace. 

Trace. 
Trace. .23 

.24 .07 

BaO .06 

4.42 
4.18 

.30 

3.49 

.37 

4.19 
MgO   

3.61 4.05 2.51 
2.38 

5.23 
6.87 

5.19 CaO   8.14 
8.20 6.34 6.51 
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Shoshonite,  lava  sheet,  Lamar  River,  south  of  Bison  Peak.     Analyst,  L.  G.  Eakius.     (1131.) 

Shoshonite,  lava  flow,  northeast  base  of  Sepulchre  Mountain.    Analyst,  J.  E.  Whitfield.     (379.) 

Shoshonite,  lava  sheet,  southeast  fork  of  Beaverclam  Creek.     Analyst,  L.  G.  Eakins.     (1647.) 

Shoshouite,  lava  sheet,  southeast  fork  of  Beaverclam  Creek.    Analyst,  J.  E.  Whitfield.    (1651.) 

Leucite-shoshonite,  lava  sheet,  mountain  east  of  Pyramid  Peak.   Analyst,  L.  G.  Eakius.  (1476.) 

Olivine-free  shoshouite,  dike  northeast  of  Indian  Peak.     Aualyst,  L.  G.  Eakins.     (1316.) 

Shoshouite,  lava  sheet,  Two  Ocean  Pass.    Analyst,  J.  E.  Whitfield.     (1715.) 

Shoshonite,  summit  of  Baldy  Mountain,  Bear  Gulch,  Montana.     Analyst,  J.  E.  Whitfield. 

(?)  Hornblende-basalt,  dike  near  head  of  Stinkingwater  Canyon.     (1462.) 

Orthoclase-bearing  basalt,  dike,  ridge  south  of  Hurricane  Mesa.     ( 1325. ) 

Ortboclase-beariug  gabbro,  core,  Hurricane  Mesa,  Crandall  Basiu.     (1430.) 

The  rock  whose  chemical  composition  is  shown  by  the  first  analysis  is 

exposed  as  a  snrficial  lava  flow  at  the  base  of  Bison  Peak  on  Lamar  River 

(1131).  It  is  dark  gray,  with  a  waxy  luster,  and  carries  abundant  pheno- 

crysts  of  labradorite,  augite,  and  olivine,  and  some  small  amygdules  of 
zeolite  and  calcite.  In  thin  section  it  is  holocrystalline,  the  groundmass 

consisting  of  lath-shaped  lime-soda  feldspar  and  considerable  orthoclase  in 
zones  surrounding  the  plagioclase  microlites  and  also  in  twinned  prisms, 

besides  augite,  magnetite,  and  a  little  serpentine.  The  phenocrysts  of 

labradorite  are  twinned,  with  very  narrow  lamella?.     Those  of  augite  and 
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olivine  are  like  the  phenocrysts  of  these  minerals  in  absarokite ;  the  olivine 

is  partly  serpentinized. 
Similar  lava  occurs  at  the  north  base  of  Specimen  Ridge  (1127).  In 

this  the  phenocrysts  of  feldspar  are  labradorite  with  about  the  composition 

An3  Ab2.  The  groundmass  is  partly  globulitic  and  microlitic  glass,  contain- 

ing many  rectangular  orthoclase  crystals  with  lath-shaped  lime-soda  feld- 
spars at  their  center,  some  of  which  prove  to  be  labradorite  (An3  Ab2) ;  most 

of  them  exhibit  low  angles,  and  may  be  andesine-oligoclase.  Some  small 
rectangular  plagioclases  without  orthoclase  margins  are  labradorite  (An3  Ab2). 

There  is  nearly  as  much  orthoclase  as  plagioclase  in  the  groundmass. 

There  is,  of  course,  augite,  apatite,  and  magnetite,  as  in  the  other  rocks. 

Other  modifications  of  this  rock  have  a  less  highly  crystallized  groundmass, 

in  which  orthoclase  has  not  been  developed.  Such  forms  could  not  be 

distinguished  microscopically  from  some  ordinary  basalts.  Other  rocks 

of  this  type  with  glassy  and  microlitic  groundmasses  occur  at  the  creek 

south  of  Opal  Creek  (1143 ),  and  in  a  cliff  3  miles  up  Soda  Butte  Creek  (1137). 

A  holocrystalline  rock  of  this  character  forms  a  dike  on  Timber  Creek, 

Crandall  Basin  (1328).  Another  forms  a  lava  flow  on  the  mountain  east 

of  Pyramid  Peak  (1474,  also  1457).  A  modification  with  small  pheno- 
crysts occurs  as  a  surface  flow  at  the  falls  of  Timothy  Creek  on  Mirror 

Plateau  (1153),  and  elsewhere  on  this  plateau  (1155),  and  is  exposed  in 

association  with  andesitic  breccia  beneath  rhyolite  west  of  The  Crags, 

southwest  of  Gallatin  Mountains  (580).  It  has  also  been  found  in  bowlders 

east  of  the  lower  Geyser  Basin. 

Another  basaltic  rock  belonging  to  this  class  because  of  its  chemical 

composition  occurs  in  an  obscure  exposure  at  the  north  base  of  Sepulchre 

Mountain.  It  appears  to  have  been  a  surficial  flow  of  lava  contemporaneous 

with  the  acid  andesitic  breccias  at  that  place.  It  is  dark  greenish  gray 

(379,  381),  with  few  megascopic  phenocrysts  of  augite  and  serpentinized 

olivine,  and  without  any  of  feldspar,  and  is  vesicular,  with  amygdules  of 

agate  and  quartz.  In  thin  section  it  is  holocrvstalline,  with  lath-shaped 

plagioclase  microlites  surrounded  by  a  zone  of  orthoclase,  which  is  in  con- 
siderable amount.  There  are  also  prisms  of  augite  and  crystals  of  magnetite. 

Apatite  needles  are  abundant.  Its  chemical  composition  is  shown  in  the 

second  analysis  of  the  table  just  given.  It  resembles  the  first  one  closely 

except  in  the  oxidation  of  the  iron.  The  lime-soda  feldspars  are  confined 
to  the  groundmass,  in  the  form  of  microlites. 
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The  rock  whose  chemical  composition  is  given  in  the  third  and  fourth 

analyses  occurs  as  a  massive  sheet  beneath  another  of  very  similar  character 

on  the  southeast  fork  of  Beaverdam  Creek.  It  is  dark  purplish  gray,  with 

numerous  phenocrysts  of  labradorite,  augite,  and  serpentinized  olivine 

(1647,  1648,  and  1651).  A  lighter-colored  modification  (1649)  carries  por- 
phyritical  biotite  and  white  amygdules  of  zeolite.  In  thin  section  it  is 

holocrystalline,  and  resembles  closely  the  rock  from  the  south  base  of  Bison 

Peak  (1131),  except  that  the  olivine  is  serpentinized.  The  groundmass  is 

similar  and  there  is  considerable  orthoclase.  In  the  variety  with  biotite 

there  are  cloudy  isotropic  patches,  which  may  be  analcite.  The  massive 

lava  immediately  overlying  it  is  similar  in  general  appearance,  but  contains 
leucite,  and  will  be  described  later  in  connection  with  the  banakites. 

The  rock  whose  chemical  composition  is  given  by  analysis  5  is  a 

massive  surficial  flow  on  the  top  of  the  mountain  east  of  Pyramid  Peak, 

resembling  in  general  appearance  the  lava  flow  from  the  same  place  already 

cited  as  similar  to  that  from  the  base  of  Bison  Peak,  but  the  phenocrysts 

are  fewer  and  smaller  (1475,  1476).  The  two  specimens  collected  differ 

slightly  in  grain.  They  are  holocrystalline  and  very  fine  grained,  with  an 

abundance  of  augite  and  magnetite  microlites  in  the  groundmass.  The 

feldspars  are  minute  lath-shaped  crystals  and  allotriomorphic  grains,  with 
low  double  refraction.  There  are  spots  where  minute  grains  of  augite  and 

magnetite  are  clustered  together  and  are  inclosed  in  a  yellowish  substance 

which  is  almost  isotropic  and  has  the  outline  of  leucite.  These  impure 

leucites  are  scattered  through  the  rock  and  are  not  very  numerous.  They 

are  very  small  and  can  not  be  more  definitely  identified.  Their  outline 

and  inclusions  are  characteristic.  The  groundmass  carries  irregular  patches 

of  light-brown  mica,  small  phenocrysts  of  augite  and  serpentinized  olivine, 

and  still  fewer  larger  crystals  of  augite  and  olivine.  It  is  a  leucite-bearing 
modification  of  this  magma  without  any  chemical  differences  in  composition. 

The  rock  of  analysis  6  (1316)  is  from  an  18-inch  dike  on  the  ridge 
northeast  of  Indian  Peak.  It  is  gray  and  aphanitic,  with  abundant  small 

phenocrysts  of  augite  and  lime-soda  feldspar,  with  rather  low  extinction 
angles.  In  thin  section  it  is  seen  to  be  holocrystalline  and  very  fine  grained, 

consisting  of  indistinctly  outlined  feldspar  microlites,  in  part  alkaline,  with 

low  double  refraction  and  no  polysynthetic  twinning.  There  is  a  subordinate 

amount  of  idiomorphic  microlites  of  biotite,  prisms  of  augite,  and  grains  of 
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magnetite.     There  is  no  olivine,  and  it  is  this  fact  which  chiefly  distinguishes 
it  from  the  other  varieties  of  these  rocks. 

Another  dike  (1318)  in  the  same  place  resembles  the  one  just  described 

in  mineral  composition,  except  that  the  only  phenocrysts  are  small  augites. 

Two  other  dike  rocks  in  this  vicinity  (1344,  1354)  are  like  these  in  mineral 

composition,  with  phenocrysts  of  labradorite  and  augite,  but  none  of 

olivine.  In  one  case  (1344)  the  microlites  of  plagioclase  are  surrounded 

by  orthoclase  margins. 

The  rock  of  the  seventh  analysis  (1715)  is  the  uppermost  of  the  five 
surficial  lava  sheets  that  overlie  one  another  at  Two  Ocean  Pass.  It  is 

dark  gray,  with  a  waxy  luster,  and  carries  scattered  phenocrysts  of  feldspar 

and  serpentinized  olivine.  In  thin  section  the  groundmass  is  seen  to  be 

holocrystalline,  and  is  composed  of  orthoclase  crystals,  both  idiomorphic 

and  allotriomorphic,  with  much  magnetite  and  augite  and  some  chlorite  or 

serpentine,  with  red-brown  biotite  and  hair-like  needles  of  apatite.  There 

are  comparatively  large  but  microscopic  dusted  apatites  among  the  pheno- 
crysts, showing  this  mineral  in  two  generations.  The  large  apatites  are 

comparatively  abundant,  and  were  in  part  inclosed  in  the  olivine,  which  is 

wholly  serpentinized.  The  feldspar  phenocrysts  are  labradorite,  with  highly 

developed  polvsynthetic  twinning.  Several  crystals  are  clustered  together 

into  groups.  In  the  rock  of  the  second  sheet  (1716)  the  feldspar  pheno- 

crysts are  labradorite-bytownite,  being  decidedly  basic,  with  high  extinc- 
tion angles  and  relatively  strong  double  refraction.  Rectangular  inclusions, 

probably  feldspar,  are  numerous;  also  considerable  magnetite  and  augite, 

and  some  serpentine.  The  groundmass  is  like  that  of  the  top  sheet,  except 

that  the  orthoclase  crystals  sometimes  have  a  small  nucleus  of  lime-soda, 

feldspar.  These  nuclei  are  sometimes  colored  green  from  serpentine,  when 

they  are  easily  confounded  with  partly  altered  pyroxene.  In  other  respects 

the  rock  is  like  the  uppermost  sheet.  The  rock  of  one  of  these  sheets 

(1724)  on  the  north  side  of  Pacific  Creek,  2  miles  west  of  Two  Ocean  Pass, 

is  like  the  one  last  described,  with  somewhat  larger  phenocrysts  of  labra- 

dorite, 5  mm.  long.  They  have  the  same  character  and  inclusions  as  the 

labradorite  phenocrysts  of  the  last-mentioned  rock.  The  olivines  are 

entirely  altered  to  serpentine.  The  groundmass  has  the  same  composition 
and  structure.  Some  serpentine  in  the  groundmass  occupying  spaces 

between  idiomorphic  orthoclases  may  replace  small  interstitial  bits  of  glass; 
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otherwise  the  rock  appears  to  be  holocrystalline.  In  one  specimen  (1714) 

there  is  less  serpentine,  and  considerable  colorless  mineral  with  lower 

refraction  than  orthoclase,  which  is  not  isotropic,  but  has  weak  double 

refraction.  The  microstrncture  of  this  rock  and  the  character  of  the  large 

feldspar  phenociysts  are  shown  in  PI.  XXXVII,  fig.  1. 

The  rocks  of  the  other  two  sheets  (1717  to  1719)  are  scoriaceous  and 

vesicular,  and  are  microlitic  with  much  opaque  mineral.  They  are  some- 

what altered,  and  their  exact  mineral  composition  can  not  be  made  out, 

They  are  related  in  general  character  to  the  rocks  associated  with  them.  A 

rock  of  the  same  kind  as  the  more  crystalline  forms  from  Two  Ocean  Pass 

is  found  on  Fox  Creek  (1731).  Shoshonite,  quite  like  that  at  Two  Ocean 

Pass,  with  pronounced  orthoclase  in  the  groundmass,  but  carrying  pheno- 

crysts  of  hypersthene  and  augite  and  less  olivine,  with  large  labradorites, 

occurs  west  of  the  summit  of  Baldy  Mountain,  east  of  Bear  Gulch,  just 

north  of  the  Yellowstone  Park.  Its  chemical  composition  is  shown  in 

analysis  8.  It  is  low  in  magnesia  and  is  chemically  more  like  the  sho- 
shonite of  Two  Ocean  Pass  than  the  others.  There  are  no  carbonates 

discoverable  in  the  thin  section  of  the  rock  corresponding  to  the  consider- 

able percentage  of  carbon  dioxide  in  the  analysis.  The  rock  is  very  fresh, 

and  it  is  possible  that  the  material  analyzed  contained  fragments  of  limestone 
or  of  calcite. 

Very  similar  rocks  occur  on  Lamar  River  2  miles  above  the  mouth  of 

Slough  Creek  (1129),  and  also  a  short  distance  below  the  mouth  of  Soda 

Butte  Creek  (1136,  1135).  They  are  surficial  lava  sheets  and  have  pheno- 

crysts  of  feldspar  and  very  small  ones  of  augite  and  olivine  The 

groundmass  is  nearly  the  same  as  that  just  described.  Other  rocks  like 

the  last  named  are  from  the  spur  of  Mirror  Plateau  south  of  Flint  Creek 

(1147),  and  from  the  north  side  of  Grayling  Creek  west  of  the  end  of 

Crowfoot  Ridge  (578),  and  from  a  point  west  of  The  Crags  (579).  All 

of  these  were  lava  flows  that  poured  out  upon  the  surface  of  the  earth. 

A  comparison  of  the  chemical  analyses  and  of  the  rocks  of  this  group, 

besides  making  evident  the  relationships  already  noted,  also  shows  what 

mineralogical  differences  may  obtain  for  rocks  of  nearly  the  same  chemical 

composition.  Some  of  these  differences  have  already  been  described  in -the 
case  of  the  leucite-bearing  varieties.  Other  differences  may  be  mentioned. 

The  lava  flow  from  the  southeast  fork  of  Beaverdam  Creek  (1647)  and  the 

dike  rock  from  the  ridge  northeast  of  Indian  Peak,  though  nearly  alike 
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chemically  (analyses  3,  4,  and  6),  are  quite  unlike  mineralogically.  The 

first  has  abundant  phenocrysts  of  labradorite,  olivine,  and  augite,  Avhile 

the  second  contains  no  olivine.  The  groundmass  of  the  first  contains 

some  brown  mica  which  may  be  secondary,  while  that  of  the  second  con- 

tains much  mica  that  is  primary.  Other  differences  will  appear  when  sev- 
eral rocks  which  are  closely  related  to  shoshonites  have  been  described. 

The  chemical  analyses  of  three  of  these  are  appended  to  the  table  on 

p.  340 — Nos.  9,  10,  and  11.  These  rocks  are  not  so  different  chemically 
from  normal  basalts,  except  that  alkalies  are  rather  higher,  and  potash  is 

specially  so.  The  alkalies  are  like  those  in  analyses  1  to  5;  magnesia  is 

higher  than  in  shoshonites,  and  more  nearly  that  of  normal  basalts. 

Analysis  9  is  of  a  dike  rock  from  near  the  head  of  Stinkingwater 

River  (1462).  The  rock  is  very  dark  gray,  with  long  megascopic  crystals 

of  hornblende,  and  some  of  augite,  but  none  of  feldspar.  In  thin  section 

it  is  holocrystalline.  The  groundmass  is  composed  of  lath-shaped  plagio- 
clase  with  low  extinction  angles  and  of  cryptocrystalline  material,  probably 

an  alteration  product,  besides  augite  and  magnetite,  and  considerable  serpen- 

tine, which  is  evidently  the  alteration  product  of  small  olivines  whose  origi- 
nal form  is  still  preserved.  The  phenocrysts  are  large  hornblendes  with 

irregular  outlines  and  a  border  of  magnetite  grains,  and  smaller  augites. 

There  are  none  of  feldspar.  The  rock  might  be  called  a  hornblende-basalt, 
with  feldspar  averaging  about  the  composition  of  oligoclase.  It  is  possible 

that  some  orthoclase  may  exist  in  the  groundmass,  but  it  was  not  recog- 
nized in  the  rock  section.  The  shoshonite  nearest  to  this  rock  in  chemi- 

cal composition  is  the  lower  sheet  from  the  southeast  fork  of  Beaverdam 

Creek  (1647),  analyses  3.  It  differs  from  it  mineralogically  in  not  having 

hornblende,  in  having  large  phenocrysts  of  labradorite,  and  in  the  presence 

of  orthoclase  in  the  groundmass. 

The  rock  whose  composition  is  given  in  analysis  10  is  a  basalt-like 
lava,  forming  large  blocks  in  the  basic  breccia  on  the  ridge  south  of  the 

core  of  Crandall  volcano  (1325).  It  carries  large  phenocrysts  of  labradorite- 
bytownite,  and  abundant  ones  of  olivine  and  augite.  The  groundmass  is 

holocrystalline,  and  consists  of  irregularly  lath-shaped  feldspars  that  are 
labradorite  at  the  center  and  orthoclase  in  the  margin.  Orthoclase  is  in 

subordinate  amount.  Augite,  magnetite,  and  some  serpentine,  with  delicate 

needles  of  apatite,  are  the  other  constituents.  .  It  is  like  the  shoshonites 

already  described,  but  is  richer  in  labradorite. 
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Analysis  11  is  that  of  a  hypidiomorphic  granular  pyroxene-diorite  or 
gabbro  (1430)  from  the  volcanic  core  on  Hurricane  Mesa,  Crandall  Basin. 

It  consists  of  crystals  1  or  2  mm.  in  diameter,  which  are  labradorite- 

bytownite,  nearly  idiomorphic,  a  moderate  amount  of  orthoclase,  always 

allotriomorphic,  and  a  very  little  quartz,  besides  much  augite  with  diallagic 

character,  some  hypersthene,  considerable  biotite  and  magnetite,  with 

apatite  and  a  few  serpentinized  crystals  of  olivine.  The  structure  and 

microscopical  characters  are  the  same  as  those  of  the  gabbro  of  this  volcanic 

core,  which  are  fully  described  in  Chapter  VII.  The  orthoclase  does  not 

form  a  margin  around  the  crystals  of  labradorite,  but  occurs  as  independent 

crystals. 
Transitional  varieties  between  shoshonite  and  the  normal  basalt  of  the 

region  are  numerous.  Chemically  they  are  recognized-by  lower  percent- 
ages of  alkalies  and  higher  magnesia.  Mineralogically  they  are  recognized 

in  the  more  crystalline  forms  by  the  smaller  amount  of  orthoclase  margins 

to  the  labradorite  crystals;  but  in  the  less  crystalline  forms,  where  the 

groundmass  is  partly  glassy,  or  where  the  feldspar  microlites  are  very 

minute,  or  where  the  groundmass  is  nearly  opaque  with  iron  oxide,  as  in 

many  scoriaceous  forms  of  basalt,  it  is  not  possible  to  recognize  orthoclase, 

and  the  exact  .character  of  the  rock  is  uncertain  unless  its  geological  con- 

tinuity with  coarser-grained  forms  or  its  chemical  composition  be  known. 
A  number  of  basaltic  rocks  collected  from  the  Yellowstone  Park  belong 

in  this  category.  Some  are  seen  to  contain  very  little  orthoclase  (1137, 

1143,  1150,  1304,  1353).  In  others  the  presence  of  orthoclase  is  questiona- 
ble (1145,  1303,  1459,  1460,  1470,  1471,  1526,  1697,  1703).  Others  have 

groundmasses  that  are  but  slightly  crystallized.  Coarse-grained  equivalents 
of  these  transitional  varieties  occur  in  the  granular  core  as  orthoclase- 

gabbros. 
Transitional  varieties  between  shoshonite  and  highly  feldspathic  forms 

closely  related  to  banakite  occur  as  dikes  in  the  breccia  near  the  head  of 

the  canyon  of  the  Stinkhigwater  River  (1468,  1455).  One  is  &  gray,  fine- 
grained rock,  resembling  diorite  in  outward  appearance.  It  consists  of 

cloudy  feldspars,  which  are  mostly  allotriomorphic  orthoclase  with  partly 

altered  kernels  of  plagioclase  whose  exact  character  is  not  determinable, 

besides  small  crystals  of  labradorite  and  a  small  amount  of  an  allotrio- 

morphic, isotropic  mineral  which  is  also  clouded.  With  these  is  a  considera- 
ble amount  of  augite,  biotite,  and  magnetite,  and  fewer  serpentinized 

olivines.     The  augite  is  idiomorphic  in  part.     The  other  rock,  which  might 
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very  well  be  a  coarser-grained  portion  of  the  one  just  described,  is  whiter 

in  color  and  coarser  grained,  and  is  full  of  irregularly  shaped  tablets  of 

biotite,  from  1  to  3  mm.  broad.  It  has  the  same  mineral  composition  as  the 

first  one,  except  that  biotite  is  more  abundant,  and  some  of  the  feldspars 

are  2  mm.  long. 
BAXAKITE. 

The  most  feldspathic  rocks  of  this  series,  which  occur  as  dikes  asso- 
ciated with  dikes  of  shoshonite  and  absarokite,  are  not  so  numerous.  A 

larger  proportion  of  them,  however,  have  been  analyzed.  They  occur  in 

Crandall  Basin,  in  Ishawooa  Canyon,  and  near  the  head  of  Stinkingwater 

River.  A  leucite-bearing  variety  forms  a  lava  sheet  near  Beaverdam  Creek. 

Their  chemical  composition  is  shown  by  the  analyses  in  the  accompanying 
table: 

Analyses  of  banakite  and  quartz-banakite. 

Constituent. 1 2 3 4 5a 5b 6 7 

51.82 

.71 
16.75 

4.56 

3.36 
.23 

52.63 

.81 16.87 

4.52 

3.11 

.10 

51.46 

.83 
18.32 
4.61 

2.71 

.17 

52.33 

.71 18.70 

4.95 
1.83 

.03 

.14 

52.93 

.72 19.  67 

3.07 

3.50 

.15 

51.56 
.65 

21.00 

5.17 

2.76 

Trace. 

57.29 

.72 18.45 4.38 

1.20 
Trace. 

.12 

60.89 
.49 

17.14 3.32 
.95 

.09 .19 

AL.O3   

Fe,03   

FeO       

MnO      

.26 
4.03 

4.94 

3.91 

5.02 

.29 
3.69 
4.77 

3.86 
5.17 

.21 

2.88 

4.69 

4.20 
4.75 

MeO      --- 2.91 

6.03 

4.11 
4.48 

2.69 

4.71 

4.51 

5.  45 

2.52 4.83 

4.37 

4.13 

.13 

.69 

.21 

2.27 

2.08 

3.57 

4.43 

5.43 

1.16 

3.58 

4.54 

5.71 

CaO   

Pj05   

.52 

.63 .86 
.81 .59 

.46 

.27 

H»0    3.97 3.65 3.89 3.45 
2.73 2.18 

1.61 

Total   100.  08 100. 10 
Klii.38 

100.  31 100.  09 
100.  29 

100.  31 
99.94 

1.  BanaMte,  dike,  head  of  Lamar  River.     Analyst,  L.  G.  Eakins.     (1309.) 

2.  Bauakite,  dike,  Hoodoo  Mountain.     Analyst,  L.  G.  Eakins.     (1296.) 

3.  Banakite,  dike,  Ishawooa  Canyon.     Analyst,  L.  G.  Eakins.     (1699.) 

4.  Banakite,  dike,  near  head  of  Stinkingwater  River.     Analyst,  W.  H.  Melville.     (1466.) 

5a.  Leucite-hanakite,  lava  sheet,  southeast  fork  of  Beaverdam  Creek.     Analyst,  L.  G.  Eakins. 

(1643.) 

56.  Leucite-hanakite,  lava  sheet,  southeast  fork  of  Beaverdam  Creek.     Analyst,  J.  E.  Whitfield. 

(1643.) 
6. 

Quartz-banakite,  dike,  near  head  of  Stinkingwater  River.     Analyst,  W.  H.  Melville.     (1463.) 

Quartz-banakite,  dike,  near  head  of  Stinkingwater  River.     Analyst,  W.  H.  Melville.     (1469.) 
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The  rocks  of  analyses  1  and  2  form  dikes,  the  second  one  occurring 
on  the  south  face  of  Hoodoo  Mountain  and  the  first  one  on  the  divide  south, 

the  two  dikes  trending  in  the  same  direction,  a  little  east  of  south.  The 

rock  is  the  same  in  both  (1296,  1309).  It  is  light  gray  and  aphanitic,  with 

a  glistening  luster.  There  are  prominent  phenocrysts  of  black  augite  and 

rusted  spots  of  serpentinized  olivine,  but  no  porphyritical  feldspar.  In  the 

rock  from  Hoodoo  Mountain  (1296)  there  are  numerous  amyg-dules  of  white 
stellate  zeolite. 

In  thin  section  the  rocks  are  holocrystalline,  with  more  feldspar  than 

ferromagnesian  minerals.  The  feldspar  is  lath-shaped  and  tabular,  with 
irregular  outlines.  The  crystals  are  simple  twins  with  low  extinction 

angles,  and  are  orthoclase  with  kernels  of  plagioclase,  which  is  mostly 

altered,  the  centers  of  the  crystals  being  decomposed  in  many  cases. 

There  is  considerable  serpentine  scattered  through  the  rock.  The 

ferromagnesian  minerals  of  the  groundmass  have  the  same  characters  as  in 

the  allied  rocks;  they  are  augite  and  biotite,  with  magnetite,  and  some 

ilmenite  in  rod-like  shapes;  apatite  occurs  in  needles.  The  rocks  contain 
much  analcite,  forming  clusters  of  crystals,  which  are  partly  cloudy  but 

mostly  transparent.  They  frequently  fill  cavities,  and  sometimes  occupy 

spaces  whose  outlines  appear  to  have  belonged  primarily  to  isometric 

minerals,  while  in  places  the  irregular  outline  and  inclosure  of  other  minerals 

make  it  appear  to  be  a  part  of  the  original  groundmass  of  the  rock.  It  is  to 

be  remarked  in  this  connection  that  basalts  with  abundant  crystals  of  analcite 

which  appear  to  be  primary  minerals  have  been  found  and  described  by 

Lindgren1  in  the  Highwood  Mountains,  about  200  miles  north  of  this  district. 
The  dike  on  the  divide  south  of  Hoodoo  Mountain  is  parallel  to  that  of  the 

absarokite  (1306)  whose  chemical  composition  is  shown  in  analysis  2  of  the 

table  on  p.  329. 

A  rock  from  the  ridge  west  of  Rocky  Creek  (1 624)  is  almost  identical 

with  that  just  described.  The  groundmass  is  nearly  panidiomorphic.  The 

orthoclase  is  pronounced,  and  there  is  much  biotite  and  augite,  besides 

grains  of  an  isotropic  mineral,  probably  analcite.  Its  microstructure  is 

shown  in  PL  XXXVIII,  fig.  1. 

Others  of  the  same  kind  are  from  Hoodoo  Basin  (1302),  from  the  south 

1  Tenth  Census,  Vol.  XV,  1886,  p.  727 ;  also  Proc.  California  Acad.  Sci.,  2d  ser.,  Vol.  Ill,  p.  51. 
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side  of  the  amphitheater  at  the  head  of  Stinkingwater  River  (1460),  and 

from  a  dike  on  the  Ishawooa  (1702) 

The  rock  of  the  third  analysis  (1699)  is  similar  to  the  last,  but  is 

more  feldspathic.  It  forms  a  dike  in  the  Ishawooa  Canyon.  It  is  dark 

gray  and  waxy  looking,  with  tabular  phenocrysts  of  feldspar,  and  many 

smaller  ones.  In  thin  section  it  is  holocrystalline,  with  abundant  lath-shaped 
twins  of  orthoclase,  having  a  rectangular  central  inclusion  of  labradorite 

(An3  Ab2).  There  is  an  isotropic  cement  between  the  feldspars,  which  in 

places  is  cloudy,  and  may  be  analcite  or  sodalite.  Biotite  and  augite  are 

abundant  in  small  crystals,  besides  magnetite  and  a  little  serpentine,  which 

appears  to  have  been  derived  from  small  olivines.  The  phenocrysts  are 

labradorite  (An2  Ab3),  some  of  which  have  borders  of  orthoclase.  There  is 

also  a  large  individual  of  isotropic  mineral  without  crystallographic  bound- 

ary.    This  rock  is  shown  in  PI.  XXXVIII,  fig.  2. 

A  closely  related  rock  (1466)  from  a  dike  near  the  head  of  Stinking- 

water  River  has  almost  the  same  chemical  composition  (analysis  4).  It 

carries  more  phenocrysts  of  serpentinized  olivine.  In  thin  section  it  is 

coarser  grained  than  the  last  variety,  and  the  feldspars  are  more  altered 

and  less  distinct.  The  mineral  composition  is  like  that  of  the  rock  just 

described,  but  a  few  of  the  augites  are  bright  green,  indicating  an  approach 

to  segirite-augite. 

Analyses  ba  and  5b  of  the  table  on  page  347  are  of  a  leucite-bearing 
variety  (1643),  previously  alluded  to  as  forming  a  massive  surficial  sheet 

of  lava  immediately  overlying  the  shoshonite  which  occurs  on  the  south- 
east fork  of  Beaverdam  Creek,  and  whose  chemical  composition  is  given  in 

analysis  2  of  the  table  on  page  340.  Its  chemical  composition  is  but 

slightly  different  from  that  of  the  rock  last  described  (1466),  analysis  4. 

The  rock  is  dark  gray,  with  a  somewhat  waxy  luster,  and  carries  small 

phenocrysts  of  feldspar,  serpentinized  olivine,  and  a  few  augites.  In  thin 

section  it  is  holocrystalline,  and  has  a  groundmass  of  microscopic  leucites 

and  unstriated  feldspars,  which  appear  to  be  orthoclase,  but  may  be  plagio- 
clase  with  low  angles  of  extinction,  besides  augite  and  magnetite  and  some 

serpentine.  There  are  a  few  patches  of  light-brown  mica.  The  pheno- 
crysts are  labradorite,  serpentinized  olivine,  and  fewer  augites,  magnetites, 

and  stout  apatites.  The  crystals  of  leucite  have  the  characteristic  form  and 

inclusions,  and  in  places  are  somewhat  altered. 
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This  rock  grades  into  denser,  finer-grained  forms  (1601),  and  also  into 
vesicular  forms  (1645,  1646),  which  are  purplish  gray  and  somewhat 

decomposed.  In  these  varieties  the  groundmass  is  finer  grained  and  the 

leucites  are  more  obscure,  being  filled  with  a  cloud  of  minute  dots  with 

onlv  a  narroAv  margin  of  pure  substance  around  them.  The  remainder  of 

the  groundmass  consists  of  microlites  of  feldspar,  augite,  and  magnetite, 

with  some  serpentine.  Phenocrysts  are  few  and  are  labradorite,  serpen- 
tinized  olivine,  and  magnetite.  Leucite  is  abundant,  and  the  greater  part 

of  the  groundmass  appears  isotropic  between  crossed  nicols. 

The  rocks  of  analyses  6  and  7  belong  to  this  series  both  mineralogic- 

ally  and  chemically,  but  are  somewhat  more  siliceous,  having  5  to  9  per 

cent  more  silica.  They  might  properly  be  given  specific  names,  but  at 

present  we  prefer  to  class  them  with  banakite,  under  the  name  quartz- 
banakite,  although  the  amount  of  quartz  is  very  small.  The  two  rocks 

analyzed  are  closely  alike  in  alkalies  and  lime,  but  the  first  is  lower  in  silica 

and  slightly  higher  in  alumina,  iron  oxide,  and  magnesia.  They  differ 

somewhat  in  mineral  composition,  though  both  are  characterized  by  abun- 
dant feldspar  and  biotite.  The  first  one  (1463)  is  a  gray  rock,  distinctly 

crystalline,  with  a  few  megascopic  crystals  of  feldspar  and  mica.  In  thin 

section  it  is  seen  to  be  holocrystalline,  and  is  composed  of  lath-shaped, 

rectangular,  and  allotriomorphic  feldspars,  with  considerable  brown  biotite, 

in  part  idiomorphic,  besides  magnetite  and  a  little  augite,  partly  decom- 

posed. There  is  very  little  quartz  and  calcite.  The  central  part  of  the 

feldspar  crystals  is  lime-soda  feldspar,  in  some  cases  labradorite,  judging 

from  the  optical  properties.  The  marginal  part  is  orthoclase,  which 

forms  a  considerable  portion  of  the  feldspar,  but  is  subordinate  to  the 

plagioclase. 
The  second  one  (1469)  is  a  light-gray  rock  with  numerous  small  tabu- 

lar feldspars  and  some  large  ones,  and  few  phenocrysts  of  biotite.  Most  of 

the  megascopic  feldspars  exhibit  polysynthetic  twinning,  but  a  few  appear 

to  have  the  brilliant  unbroken  cleavage  of  sanidine.  None  of  these,  how- 
ever, are  found  in  the  thin  sections  prepared,  in  which  all  the  feldspar 

phenocrysts  are  polysynthetic  twins.  In  thin  section  the  rock  is  seen  to  be 

holocrystalline  and  nearly  panidiomorphic,  the  feldspar  of  the  groundmass 

being  in  small  rectangular  to  lath-shaped  crystals  with  fluidal  arrangement 

(PI.  XXXVIII,  fig.    3).     The  rock  also  contains  a  comparatively  small 
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amount  of  biotite,  very  little  magnetite  and  augite,  and  some  colorless  apatite. 

The  feldspar  phenocrysts  are  labradorite,  while  the  feldspar  of  the  ground- 

mass  is  mainly  orthoclase,  with  kernels  of  fresh  feldspar  that  has  the  optical 

characters  of  oligoclase.  There  is  very  little  quartz,  and  some  little  chlorite 

or  serpentine.  The  feldspars  of  this  rock  are  quite  fresh,  as  are  also  the 

biotites.  A  coarser-grained  and  more  altered  modification  of  this  rock 

occurs  in  another  dike  near  the  head  of  the  main  stream  (1467).  The 

feldspars  of  the  groundmass  are  not  idiomorphic,  but  acicular,  with  the 

microstructure  characteristic  of  syenite-porphyries.  The  mineralogical 

analogy  between  banakite  and  shoshonite  is  chiefly  in  the  association  of 

labradorite  phenocrysts  with  orthoclase  microlites.  Biotite  and  augite  are 

common  to  some  varieties  of  both,  while  olivine  is  present  in  one  variety 

of  banakite  and  is  common  to  most  shoshonites.  These  rocks  are  the 

highly  feldspathic  modification  of  shoshonite  magma,  and  are  complemen- 

tary to  absarokite,  which  represents  the  least  feldspathic  modification  of  the 

same  magma. 
SIMILAR  ROCKS  IK  MONTANA. 

Rocks  almost  identical  with  absarokite  occur  in  the  region  about  Boze- 

man,  Montana,  and  have  been  thoroughly  described  by  Merrill1  in  a 
bulletin  of  the  United  States  National  Museum.  They  are  intrusive 

bodies  in  part,  and  have  been  described  under  the  head  of  questionable 

basalt  and  lamprophyre.  They  are  more  or  less  decomposed  in  some 

cases  and  quite  fresh  in  others.  Their  mineral  composition  and  habit  are 

like  those  of  the  rocks  here  called  absarokite.  The  phenocrysts  are  olivine 

and  monoclinic  pyroxene,  whose  chemical  composition  in  the  case  of  the 

rock  from  near  Fort  Ellis  is  that  of  chrome-diopside.  The  rock  itself  is 

unusually  rich  in  magnesia  and  comparatively  low  in  iron  oxide,  so  that  it 

is  probable  that  the  monoclinic  pyroxenes  in  the  other  absarokites  are  not 

such  pure  cliopsides,  but  are  most  likely  malacolites  or  augites.  The  pyrox- 

ene in  the  coarse-grained  shonkinite  of  Square  Butte,  Montana,  which  is 

related  to  absarokite  chemically,  has  been  shown  by  Weed  and  Pirsson  to 

be  augite.  There  are  no  phenocrysts  of  feldspar,  and  the  groundmass  con- 

tains orthoclase,  or  when  not  distinctly  crystallized  is  found  to  be  compara- 

tively rich  in  potash  and  soda.     The  chemical  compositions  of  the  rocks 

1  Merrill,  Geo.  P.,  Notes  on  some  eruptive  rocks  from  Gallatin,  Jefferson,  and  Madison  counties, 

Montana:  Proc.  U.  S.  Nat.  Mus.,  Vol.  XVII  (No.  1031),  1895,  pp.  637-673. 
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described  by  Merrill  are  shown  in  the  first  four  analyses  in  the  table, 

which  is  introduced  here  for  comparison  with  those  of  absarokite  in  the 

Yellowstone  Park. 

Analyses  of  absarokite  and  similar  rocks. 

Constituent. 1 2 3 4 5 6 7 

Si02   46.90 

.41 

10.17 
.33 

1.22 

5.17 

.10 
20.98 

6.20 

1.16 
2.04 

.44 

49.13 

.42 
9.05 

.39 
3.57 
5.05 

.15 

17.21 

5.68 

'  2.01 

2.24 

.38 

.05 

50.82 
.59 

11.44 

.03 

.25 

8.94 

.19 
14.01 

8.14 
1.79 

3.45 

.20 .06 

51.  65 
.55 

13.89 

.80 
2.70 
4.80 

.15 
11.56 

4.07 

2.99 

4.15 

.21 

.19 .19 

1.30 
1.89 

50.03 

.61 
14.08 

Trace. 

2.92 

6.11 

.08 
10.73 

7.46 
1.46 
2.64 

.42 

.04 

52.33 

.14 15.09 

54.15 

Not  det. 

18.92 AL03        
O2O3 

Fe  Ot   
4.31 

4.03 

.09 

6.73 
7.06 

3.14 
3.76 

1.02 
.07 

|      6.79 

Not  det. 1.90 

3.72 
5.47 

8.44 Not  (let. 

CI.  42 

FeO   

MnO   

MgO   
CaO   

K20   

BaO   so. 

H;Oat  100°   
1.04 

4.38 
.84 

3.50 .58 3.70 

2.68 

Not  det. 

Total   100.  54 99.67 100. 49 101.09 100.  28 100.  45 99.81 

1.  Fort  Ellis,  2A-  miles  southeast  of  Bozenian,  Montana.     Analyzed  by  T.  M.  Chatard. 

2.  Bear  Creek,  Madison  Valley,  Montana,     Analyzed  by  T.  M.  Chatard. 

3.  South  Bowlder  and  Antelope  Creek,  Montana.     Analyzed  by  L.  G.  .Eakins. 

4.  Cottonwood  Creek,  Montana.     Analyzed  by  T.  M.  Chatard. 

5.  Cottonwood  Creek,  Montana.     Analyzed  by  L.  G.  Eakins. 

6.  Cottonwood  Creek,  Montana.     Analyzed  by  L.  G.  Eakins. 

7.  Cottonwood  Creek,  Montana.     Analyzed  by  G.  P.  Merrill. 

The  variability  of  these  rocks  within  certain  limits  is  evident,  the 

greatest  range  being  in  magnesia.  While  not  exactly  alike  chemically, 

they  agree  in  being  low  in  silica  and  alumina,  high  in  magnesia,  compara- 

tively high  in  alkalies,  with  high  potash.  The  rock  from  which  the  fifth 

analysis  was  made  is  a  transitional  variety  between  absarokite  and  the 

normal  basalt  of  the  region. 

The  sixth  analysis  is  from  an  intrusive  rock  called  augite-porphyrite 

by  Merrill.  It  corresponds  to  shoshonite  in  alkalies,  but  is  lower  in  alumina 

and  higher  in  magnesia  and  lime.  It  is  intermediate  between  shoshonite 

and  absarokite.  It  is  associated  with  the  rocks  whose  chemical  composition 

is  given  by  analyses  4  and  5,  and  plainly  belongs  to  this  series. 
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Near  the  absarokite  of  Cottonwood  Creek  is  a  syenitic  rock  which 

corresponds  in  some  respects  to  the  banakite  of  the  Stinking-water  region, 
in  that  it  is  highly  feldspathic  with  abundant  biotite  and  some  pyroxene. 

Its  microstructnre  is  that  of  trachyte-porphyry.  Chemically  (analysis  7) 
it  is  much  richer  in  alkalies,  having  8.44  per  cent  of  potash  and  5.47 

per  cent  of  soda,  and,  as  Merrill  points  out,  is  quite  like  the  socialite- 

syenite  of  Square  Butte,  Montana,  described  by  Lindgren.1  They  are 
more  alkaline  feldspathic  modifications  of  magmas  which  have  yielded 

absarokite  and  the  somewhat  similar  magma  which  at  Square  Butte  has 

crystallized  into  the  coarse-grained  rock  called  shonkinite.2 
This  new  type  of  granular  crystalline  rock  consists  essentially  of  augite 

and  orthoclase,  with  biotite,  olivine,  magnetite,  albite,  and  anorthoclase, 

with  accessory  nepheline  and  sodalite,  and  other  minerals.  Its  chemical 

composition,  as  shown  in  the  accompanying  analysis,  is  similar  to  that  of 

the  absarokites  of  the  Yellowstone  Park,  except  in  the  higher  percentage 

of  lime,  but  the  low  silica  and  alumina  and  the  relatively  high  alkalies, 

with  high  potash  and  high  magnesia  and  lime,  show  its  chemical  relation 
to  this  group. 

In  the  Little  Belt  Mountains  of  Montana3  there  are  rocks  almost  the 

same  as  absarokite  chemically,  but  coarsely  crystalline,  as  at  Square  Butte. 

And  Weed  and  Pirsson  have  described  the  petrographical  characters  of  the 

rocks  from  Yogo  Peak,  whose  chemical  composition,  together  with  that  of 

the  rocks  from  Square  Butte,  Highwood  Mountains,  is  shown  by  the  analyses 
in  the  table  on  the  following  page. 

'Lindgren,  W.,  Eruptive  rocks  from  Moutaua:  Proc.  California  Acad.  Nat.  Sci.,  2d  series,  Vol. 
Ill  (Part  I,  1891),  1893,  pp.  45-47. 

-  Weed,  W.  H.,  and  Pirsson,  L.  V.,  Highwood  Mountains  of  Montana:  Bull.  Geol.  Soc.  America, 
Vol.  VI,  pp.  389-422,  pis.  24-26. 

3  Weed,  W.  H.,  and  Pirsson,  L.  V.,  Igneous  rocks  of  the  Yogo  Peak,  Montana:  Am.  Jour.  Sci., 
3d  series,  Vol.  L  (No.  300,  Dec,  1895),  pp.  467-479. 
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Analyses  of  igneous  rocks  from  Yogo  Peak  and  Square  Butte,  Montana. 

Constituent. l 2 3 4 5 

SiO,                     61.  65. 
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.10 
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BaO 
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Cr203   
SrO 

Li20 

CI      .18 

]■         1. 24 
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1.77 

HO  at  110°   .26 

.41 .22 .38 
HO  above  110°   

Total   100. 15 100. 19 99. 99 

0=F1  .08 

100.  97 
0=C1  .04 

100.  45 

.10 

99.  91 
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1.  Syenite,  Yogo  Peak.     Analyzed  by  W.  F.  Hillebrand. 

2.  Mouzouite,  Yogo  Peak.     Analyzed  by  \V.  F.  Hillebrand. 

3.  Shonkinite,  Yogo  Peak.     Analyzed  by  W.  F.  Hillebrand. 

4.  Sbonkinite,  Square  Butte.     Analyzed  by  L.  V.  Pirsson. 

5.  Sodalite-syenite,  Square  Butte.     Analyzed  by  W.  H.  Melville. 

These  authors  state  that  the  three  rocks  from  Yogo  Peak  grade  into 

one  another,  and  are  facies  of  one  mass,  whose  variations  are  the  result  of 

differentiation.  They  are  granular  crystalline,  and  .consist  essentially  of 

orthoclase  and  augite  in  different  proportions,  with  subordinate  amounts 

of  plagioclase,  biotite,  magnetite,  and  in  the  syenite,  hornblende,  and  in 

shonkinite,  olivine,  besides  accessory  minerals.  In  the  syenite  orthoclase 

exceeds  augite,  in  monzonite1  orthoclase  equals  augite,  and  in  shonkinite 

augite  exceeds  orthoclase.  Chemically  the  series  from  Yogo  Peak  is 

characterized  by  comparatively  low  alumina,  with  relatively  high  potash, 

1  The  rook  called  yogoite  in  the  paper  cited  has  been  shown  by  these  authors  in  a  subsequent 

paper  to  be  the  same  as  Brogger's  monzonite,  and  the  name  yogoite  has  been  withdrawn.  See  The 

Bear  Paw  Mountains  of  Montana:  Am.  Jour.  Sci.,  4th  series,  Vol.  1, 1896,  pp.  351-362. 



COMPLEMENTARY  ROCKS.  355 

which  is  nearly  constant.  The  snni  of  the  alkalies  decreases  with  decrease 

of  silica  and  alumina.  Magnesia  and  lime  are  fairly  high.  In  the  two 

rocks  of  Square  Butte  the  shonkinite  is  like  that  of  Yogo  Peak,  but  alumina 

and  alkalies  are  somewhat  lower,  and  magnesia  and  lime  higher.  The 

syenite  of  Square  Butte,  the  complementary  rock  of  shonkinite,  is  high  in 

alumina  and  alkalies  and  very  low  in  magnesia  and  lime,  with  very  high 

potash.  In  these  two  cases  we  find  shonkmites  as  extreme  forms  of  differ- 
entiations in  connection  with  syenitic  rocks  quite  different  from  one  another 

in  chemical  composition,  one  being  comparatively  low  in  alumina  and  the 

other  high,  the  sum  of  the  alkalies  in  one  case  being  8.85  per  cent  and  in 

the  other  12.74  per  cent.  In  each  instance  the  associated  rocks  are  facies 

of  one  igneous  mass.  A  comparison  of  the  series  of  differentiation  products 

just  described  shows  to  what  extent  they  may  differ  from  one  another  in 

neighboring  regions. 



OHAPTEE  X. 

THE    RHYOLITES. 

By  Joseph  Paxson  Iddings. 

INTRODUCTION. 

The  rhyolite  of  the  Yellowstone  National  Park  occurs  almost  wholly 

as  extrusive  surficial  lava  flows  in  the  form  of  nearly  horizontal  sheets, 

some  having  enormous  proportions.  In  only  one  locality  does  it  assume 

the  character  of  a  volcanic  mountain,  in  which  place  it  occurs  as  breccia  and 

also  as  intrusions  and  surface  flows.  It  constitutes  the  great  plateau  of  the 

Park,  and  sends  out  arms  into  valleys  in  the  surrounding  ranges  of  moun- 

tains, and  is  found  in  isolated  remnants  upon  their  slopes.  Owing  to  its 

great  areal  extent,  and  also  to  the  fact  that  it  is  in  places  more  than  2,000 

feet  thick,  its  volume  is  very  large.  It  is  exposed  to  view  in  many  cliffs 

and  bare  slopes  throughout  the  region,  and  has  been  studied  in  detail  in 

many  places. 
Its  two  most  striking  penological  characteristics  are  the  uniformity  of 

its  composition  chemically  and  mineralogically  and  the  multiformity  of  its 

physical  aspect.  With  a  range  of  only  5  per  cent  in  the  silica,  and  of  much 

less  in  the  other  constituents  throughout  miles  of  material,  there  is  the 

Greatest  diversity  in  the  appearance  and  texture  of  the  rock,  even  within 

the  limits  of  a  few  feet.  Its  color  may  be  white,  black,  yellow,  red,  brown, 

or  grays  of  various  tones,  which  may  be  uniform  for  broad  areas,  or  mingled 

in  blotches,  streaks,  and  layers,  or  finely  speckled  in  small  spots.  Its 

luster  may  be  dull  and  stony  or  vitreous  and  brilliant,  and  its  texture  may 

be  rough  or  smooth  as  the  rock  is  porous,  vesicular,  and  pumiceous,  or 

dense  and  compact.  In  some  localities  the  characters  are  quite  uniform  for 

a  large  extent  of  rock;  in  others  they  are  highly  diversified.  In  order  to 

convey  a  proper  idea  of  the  relations  of  these  various  modifications  to  one 356 



RHYOLITE  NEAR  MAMMOTH  HOT  SPRINGS.  357 

another  and  to  show  their  origin,  it  will  be  necessary  to  describe  the  field 

occurrence  and  megascopical  characteristics  in  a  number  of  localities  within 

the  Park,  and  afterwards  to  treat  systematically  the  microscopical  characters. 

MEGASCOPICAL  CHARACTERS. 

VICINITY  OF    MAMMOTH    HOT  SPRINGS. 

The  rhyolite  at  the  Golden  Grate,  where  the  road  to  the  Geyser  Basins 

passes  along  the  face  of  a  rocky  cliff  at  the  south  end  of  Terrace  Mountain, 

is  a  dense,  light  purplish-gray  rock,  separated  into  distinct  horizontal 

layers,  and  jointed  by  irregular  vertical  cracks,  which  cause  it  to  weather 

in  pinnacles  of  angular  blocks.  In  the  lower  part  of  the  cliff  the  rhyolite 

is  dense  and  dark  purple,  passing  up  into  lighter-colored  and  more  porous 

foiTQS,  with  occasional  flattened  cavities  and  yellow  spots.  The  rock  has  a 

stony  lithoidal  groundmass,  in  which  glisten  small  crystals  of  quartz  and 

sanidine  (1775,  1776). 

It  also  forms  a  prominent  cliff,  100  to  150  feet  high,  along  the  top  of 

the  southern  portion  of  the  west  escarpment  of  Mount  Everts,  which  is 

well  shown  in  the  panoramic  view  of  this  mountain,  by  W.  H.  Holmes, 

which  accompanies  his  report  on  the  geology  of  the  Yellowstone  National 

Park.1 Here  the  rhyolite  is  massive,  with  a  rude  columnar  structure.  It  is 

reddish  purple  and  lithoidal,  with  many  small  phenocrysts  of  quartz  and 

feldspar.  Near  the  northern  end  of  the  sheet,  on  the  summit  of  Mount 

Everts,  it  passes  into  a  grayish-white  rock,  finely  porous  in  spots  (1762). 

Beneath  the  rhyolite  sheet  there  is  a  deposit  of  rhyolitic  dust  or  ash 

about  4  feet  thick,  in  places  more,  which,  as  Holmes  has  pointed  out,  is 

beautifully  and  delicately  laminated  in  light  and  dark  grays,  brown,  and 

buffs.  The  top  of  the  sandstone  strata  on  which  this  ash  rests  is  covered 

with  a  thin  layer  of  small  fragments  of  the  same  kind  of  sandstone  and 

sandy  soil,  only  a  few  inches  thick.  Upon  this  is  a  layer  of  rhyolitic  ash 

or  sand,  passing  up  into  very  fine  white  dust  (1763),  formed  of  microscopic 

angular  particles  of  glass  and  a  small  amount  of  crystalline  grains.  This  is 

thinly  laminated.  Over  it  are  alternating  layers  of  coarser  rhyolitic  sand 

and  finer  dust,  all  laminated,  witli  the  thinnest  possible  lines,  which  are 

■Twelfth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Suit.  Terr.  (Hayden),  for  1878;  Part  II,  PI.  XXXII. 
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persistent  and  perfectly  parallel  to  one  another  and  to  the  plane  of  contact 

of  the  overlying  massive  rhyolite.  This  friable  portion  passes  upward  by 

insensible  gradations  into  dark-purple  dense  rock  with  abundant  pheno- 

crysts,  almost  indistinguishable  from  the  overlying  nick,  from  which, 

however,  it  is  separated  by  a  thin  layer  of  black  perlitic  glass  (1769)  less 

than  one-fourth  of  an  inch  thick.  A  similar  deposit  of  dust  underlies  the 

rhyolitic  sheet  in  the  mountain  north  of  Terrace  Mountain,  where  it  has 
been  indurated  in  the  same  manner. 

The  rhyolite  sheet  of  Mount  Everts  extends  over  the  whole  southern 

half  of  the  top  of  the  mountain  and  down  the  slopes  of  the  southeastern 

spurs  to  the  valley,  and  overlies  a  thin  sheet  of  vesicular  basalt  which  is 

exposed  in  a  number  of  places.  It  is  found  near  the  top  of  the  plateau  wall 
south  of  Lava  Creek,  where  it  is  about  150  feet  thick,  and  extends  south 

into  the  great  plateau.  In  the  neighborhood  of  Osprey  Falls,  east  of 

Bunsen  Peak,  the  same  rhyolite  sheet  is  exposed  in  the  cliff  near  the  falls. 

Beneath,  it  is  a  deposit  of  light-gray  rhyolitic  dust,  which  grades  upward 

into  more  compact  rock  and  then  into  dark  glassy  rock  immediately  beneath 

the  massive  rhyolite.  The  rhyolite  sheet  is  from  100  to  150  feet  thick  and 

overlies  8  sheets  of  basalt,  which  are  superimposed  nearly  horizontally, 

and  it  is  in  turn  overlain  by  a  50-foot  sheet  of  basalt,  the  whole  series, 

including  the  rhyolite,  being  finely  columnar.  The  surfaces  of  the  columns 

of  the  rhyolite  and  of  -those  of  basalt  are  very  similar  in  color,  owing  to 

weathering  and  to  the  lichens,  so  that  the  two  rocks  are  scarcely  distin- 

guished from  one  another  at  a  distance,  the  rhyolite  appearing  as  dark  as 

the  basalt.  Near  the  falls,  however,  the  rhyolite  columns  are  longer  and 

straighter,  and  become  granular  at  the  upper  ends,  where  they  weather  into 

pinnacles. 
The  rhyolite  forming  the  cliff  at  the  Golden  Gate  continues  as  a 

nearly  horizontal  sheet  northward  beneath  the  travertine  deposit  on  Ter- 
race Mountain,  and  forms  the  top  of  the  hill  north  of  this,  where  it  is  from  150 

to  200  feet  thick.  It  is  exposed  in  a  bold  cliff  heading  an  amphitheater  on 
the  northeast  side  of  this  mountain,  and  has  the  same  characters  as  in  the 

cliff  on  Mount  Everts.  It  is  dark  purple,  lithoidal,  and  full  of  rather  large 

phenocrysts.  In  the  top  of  the  cliff  it  is  in  places  glassy  and  perlitic,  and 

contains  large  vesicles.  Beneath  the  sheet,  as  already  mentioned,  there  is  a 

deposit  of  rhyolitic   dust,  whose  upper  portion  is  indurated  like  that  on 
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Mount  Everts,  the  material  from  both  localities  being  identical.  The 

rhyolite  sheet  continues  north  until  it  reaches  the  andesitic  breccia  forming 

the  southeast  spur  of  Sepulchre  Mountain,  upon  which  it  rests,  its  lower 

portion  inclosing  fragments  of  andesite.  It  extends  along  the  base  of 

the  south  slope  of  Sepulchre  Mountain  west  to  the  divide  between  Glen 

and  Reese  creeks,  and  forms  the  bench  of  dark-purple  rock  with  small 

phenocrysts  south  of  Cache  Pond,  and  also  an  isolated  remnant  of  light- 
reddish  earthy  rhyolite  overlying  the  andesite  on  the  west  base  of  Sepulchre 
Mountain. 

From  this  we  see  that  in  the  neighborhood  of  the  Mammoth  Hot 

Springs  the  rhyolite  has  a  very  uniform  character,  being  mostly  lithoidal, 

except  in  one  place  on  the  old  Norris  road  northwest  of  Terrace  Mountain, 

where  a  small  mass  of  dark-colored  rhyolitic  perlite  is  exposed,  which,  as 

Holmes  has  remarked,  "is  similar  to  that  forming  the  under  surface  of 

most  of  the  rhyolitic  flows  in  this  region."  In  this  vicinity,  however,  the 
under  surface  of  most  of  the  rhyolite  sheet  has  only  a  thin  film  of  perlitic 

glass  along  its  contact  with  the  underlying  rhyolitic  tuff.  The  tuff  deposit 

has  not  been  observed  on  Glen  Creek,  nor  at  the  head  of  Reese  Creek, 

nor  does  it  underlie  the  most  northern  remnant  of  rhyolite  which  occurs  on 

the  west  side  of  Bear  Gulch,  north  of  the  Park  boundary. 

OBSIDIAN   CLIFF. 

The  rhyolite  which  forms  the  plateau  country  and  the  flat-topped 
bluffs,  300  or  400  feet  high,  on  both  sides  of  Willow  Park  along  Obsidian 

Creek  is  a  lithoidal  to  earthy  rock,  reddish  purple  in  darker  and  lighter 

shades,  and  filled  with  brilliant  phenocrysts  of  quartz  and  sanidine,  the 

latter  exhibiting  a  blue  iridescence  in  many  localities.  Rhyolite  of  the  same 

character  continues  to  form  the  plateau  as  far  south  as  the  Norris  Geyser 

Basin,  being  well  exposed  all  along  the  road.  It  also  extends  east  to  Lava 

Creek  and  forms  the  west  base  of  the  mountains  west  of  Tower  Creek, 

overlying  andesitic  breccia  and  reaching  an  altitude  of  8,800  feet. 

At  the  northern  end  of  Beaver  Lake  the  lithoidal  rhyolite  is  overlain 

by  a  great  flow  of  rhyolitic  obsidian,  which  covers  the  high  country  to  the 

east  in  a  sheet  75  to  100  feet  thick  and  has  accumulated  in  an  ancient  valley 

to  the  depth  of  200  feet.     The  stream   erosion  of  this  thicker  mass  has 
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formed  Obsidian  Cliff,1  whose  shining  black  columns  of  glass  rise  100  feet 
above  the  road. 

The  cliff  stretches  for  half  a  mile  from  the  outlet  of  Beaver  Lake 

along  the  east  side  of  Obsidian  Creek,  being  150  to  200  feet  high  near  the 

lake  and  becoming  lower  northward.  The  upper  half  is  a  vertical  face  of 

rock,  the  base  of  which  is  obscured  by  de'bris  of  large  blocks  of  the  same 
material.  The  obsidian  sheet  extends  eastward  up  the  rude  benches  to  the 

top  of  the  plateau  400  feet  above  Beaver  Lake.  Along  the  west  edge  of 

this  table-land  it  forms  a  cliff  about  50  feet  high,  which  extends  south  to 
the  Lake  of  the  Woods. 

Following  the  obsidian  back  from  the  face  of  this  upper  cliff,  over  the 

hummocky  surface  of  the  plateau,  the  black  glass  becomes  filled  with  gas 

cavities  and  passes  into  banded  pumiceous  rock,  and  finally  into  light-gray 
pumice.  This  covers  the  surface  of  the  plateau  for  2J  miles  eastward,  to 

the  valley  of  Solfatara  Creek.  Here  again  ■  the  lava  flow  is  exposed  in  a 
cliff,  the  lower  portion  of  which  is  black  and  red  obsidian.  Toward  the 

south  the  obsidian  flow  extends  a  mile  beyond  the  Lake  of  the  Woods,  and 

northward  it  crosses  the  east-west  drainage  that  cuts  off  the  higher  portion 
of  the  plateau  a  distance  of  some  5  miles.  The  original  thickness  of  this 

lava  flow  is  not  known,  since  the  upper  pumiceous  portion  has  been  eroded 

to  a  variable  extent.  The  denser  obsidian  portion  is  from  75  to  100  feet 
thick. 

The  point  at  which  the  obsidian  broke  through  the  older  rocks  has  not 

been  discovered,  but  it  is  evident  that  the  lava  forming  Obsidian  Cliff 

flowed  down  from  the  high  plateau  in  a  northwest  direction  into  a  preexist- 

ing valley.  The  planes  of  flow  in  the  lava  clearly  indicate  that  it  crept 

down  the  slope  back  of  Obsidian  Cliff  and  accumulated  in  the  bottom  of  a 

channel  between  rhyolite  hills. 

The  most  noticeable  feature  of  this  body  of  obsidian  is  its  columnar 
structure,  which  is  confined  to  the  southern  end  of  the  cliff.  It  is  shown 

in  PI.  XXXIX.  The  glassy  columns  rise  from  a  talus  slope  that  extends 

50  feet  up  the  cliff.  They  are  vertical  prisms  50  or  60  feet  high,  and  vary 
in  width  from  2  to  4  feet  near  the  south  end  of  the  cliff,  the  width  of  each 

column  being  quite  constant  throughout  its  length.     On  the  south  face  of 

;  hidings,  J.  P.,  Obsidian  Cliff,  Yellowstone  National  Park:  Seventh  Ann.  Eept.  U.  S.  Geol. 
Survey,  1888,  pp.  249-295. 
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this  end  of  the  cliff  the  columns  are  the  same,  but  grow  less  clearly  defined 

toward  the  east,  where  a  sharp  bend  in  the  lava  sheet  has  formed  gaps  in 

the  rock  and  has  destroyed  the  continuity  of  the  mass.  Beyond  this  the 

columns  incline  considerably  toward  the  west,  as  though  the  underlying 

surface  of  contact  sloped  toward  the  west  also.  The  columns  in  the  main 

face  of  the  cliff  are  tilted  15°  to  the  eastward,  and  the  planes  of  flow  which 

cross  them  have  an  average  dip  of  10°  E.,  indicating  that  the  underlying 
surface  at  this  place  sloped  toward  the  east.  The  columns  become  broader 

to  the  north,  the  largest  being  20  feet  in  width,  and  with  the  change  in  the 

character  of  the  rock  from  glassy  to  lithoidal  they  grade  into  massive  blocks 

formed  by  vertical  cracks  farther  apart.  The  columns  have  four,  five,  and 

six  sides,  which  are  unequally  developed,  but  at  a  distance  the  general  effect 

is  quite  regular. 

The  obsidian  forming  the  lower  part  of  the  columns  is  dense  and  black, 

and  transparent  only  on  very  thin  edges.  It  is  traversed  by  bands  or 

layers  of  small  gray  spherulites.  In  this  part  of  the  columns  there  are 

almost  no  cavities  or  lithophysae,  and  but  little  contortion  of  the  layers. 

Higher  up,  the  obsidian  is  less  massive  and  contains  large  lithophysse 

flattened  parallel  to  the  plane  of  flow.  The  tops  of  the  columns  pass  into 

obsidian,  which  for  10  feet  is  quite  dense,  but  above  this  is  full  of  large 

cavities  which  honeycomb  the  mass.  This  may  be  seen  in  the  photograph 

of  the  columns  (PI.  XL).  This  upper  portion,  about  50  feet  thick,  is 

divided  by  vertical  cracks  into  broad  quadrangular  blocks.  The  sides  of 

the  columns  are  comparatively  straight,  and  are  independent  of  the  flow 

structure  within  the  mass,  which  is  indicated  by  the  spherulitic  layers  that- 
traverse  the  rock  in  parallel  planes  more  or  less  contorted  These  layers 

pass  through  the  columns  at  all  angles,  exhibiting  abrupt  folds  and  curves, 

which  have  been  cut  across  sharply  by  the  columnar  cracks.  The  crystal- 
line spherulitic  layers  formed  planes  of  weakness,  along  which  transverse 

cracks  were  produced.  There  is  another  kind  of  parting,  which  took  place 

while  the  lava  was  still  molten,  but  when  it  was  so  viscous  that  in  places 

where  vertical  layers  pulled  apart  in  flowing  down  the  slope  the  gaps  did 

not  close  up.     These  are  of  only  exceptional  occurrence. 

The  columnar  portion  of  the  west  face  of  the  cliff  extends  for  only  a 

few  hundred  feet  northward,  the  character  of  the  rock  also  changing  in  this 

direction.     The  spherulitic  and  lithoidal  layers  also  become  more  frequent, 
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until  the  black  glass  appears  as  thin  bands  in  a  light-gray  rock,  and  finally 
the  whole  mass  is  a  laminated  lithoidal  rock.  The  lithoidal  form  of  the 

rock  is  not  found  in  the  thinner  portions  of  the  lava  flow,  but'  only  where  it 
has  accumulated  in  the  ancient  channel.  It  is  split  into  thin  plates  along 

the  planes  of  flow,  owing  to  the  differences  in  texture  of  the  alternating 

layers,  which  vary  in  degree  of  crystallization.  This  delicate  lamination 

and  variability  of  crystallization  will  be  referred  to  again,  after  the  micro- 
scopical characters  have  been  described. 

Owing  to  the  fact  that  the  spherulitic  structure,  which  is  highly  devel- 

oped in  the  obsidian  at  this  place,  is  typical  of  that  which  occurs  in  a  great 
number  of  other  localities  in  the  Yellowstone  Park,  it  seems  advisable  to 

describe  it  in  considerable  detail,  in  order  to  give  a  clear  impression  of  this 

very  characteristic  mode  of  crystallization.  The  spherulites  form  isolated 

spherical  bodies  or  groups  of  spheres,  often  so  intimately  intergrown  as  to 

form  layers  in  the  rock.  Their  substance  is  lusterless  and  stony,  dull 

bluish  gray  and  pink.  They  are  of  various  sizes,  the  larger  ones  frequently 

being  hollow  or  porous. 

The  simplest  form  of  the  megascopic  spherulites  is  that  of  small  dark- 
blue  spherules,  about  the  size  of  a  mustard  seed,  embedded  in  the  black 

obsidian.  When  broken,  they  appear  lighter  gray  within,  have  a  dense 

porcelain-like  texture,  and  exhibit  slight  indications  of  a  radially  fibrous 
structure.  They  are  usually  located  along  fine  lines  of  minute  dots  on  the 

surface  of  the  obsidian.  The  small  blue  spherules  are  generally ,  crowded 

together  along  these  lines,  or  more  properly  along  the  planes  of  which  these 

lines  are  the  traces,  and  which  are  planes  of  flow.  Sometimes  a  number  of 

layers  will  lie  close  together  with  the  thinnest  possible  sheet  of  black  glass 

between  them,  or  they  will  unite  to  form  a  band  a  fourth  of  an  inch  thick, 

whose  surface  is  covered  with  protruding  hemispheres.  Occasionally  groups 

of  spherules  are  prolonged  in  one  direction,  forming  parallel  ropes  through 

the  black  glass. 

The  surface  of  the  spherules  is  brown  or  red,  and  constitutes  a  plane 

of  weakness  between  the  spherulite  and  the  glass,  along  which  the  two 

separate  with  ease,  leaving  a  dull  pitted  surface  on  the  obsidian.  The 

arrangement  of  the  spherulites  in  the  plane  of  flow  is  quite  irregular,  though 

occasionally  in  arborescent  figures. 

Spherulites  about  the  size  of  peas  have  an  agate-like  banding  in  con- 
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centric  shells,  combined  with  a  radially  fibrous  structure.  Their  form  is 

more  or  less  spherical,  sometimes  being  depressed  on  one  side,  or  they  are 

elongated  into  gourd  shapes.  They  are  frequently  aggregated  in  botryoidal 

and  kidney-shaped  groups.  Their  surface,  where  separated  from  the  obsid- 

ian, has  a  delicate  velvety  bloom,  like  that  of  a  peach,  which  in  rich  shades 

of  brown  and  terra  cotta  contrasts  strongly  with  the  black  glassy  matrix. 

The  larger  spherulites,  an  inch  or  more  in  diameter,  are  usually  lighter 

colored,  in  shades  of  reddish  gray,  often  having  a  blue  center.  They  have 

a  more  earthy  texture  than  the  small  ones,  and  a  distinct,  radially  fibrous 

structure,  with  satiny  luster.  In  some  cases  there  is  a  granular  spotted 

appearance  in  the  outer  portion,  and  frequently  a  distinctly  concentric  struc- 

ture is  present,  the  shells  being  either  broad  and  dense  or  of  the  most  deli- 
cate thinness.  The  surface  of  these  spherulites  is  often  ridged  with  rings 

running  parallel  to  the  flow  planes  of  the  rock,  closely  resembling  the  surface 

of  concretions  in  sedimentary  rocks.  Their  shapes  vary  from  spheroidal 

to  flattened  disks  and  hemispheres  and  irregular  forms  resulting  from  the 

interference  of  spherules  that  have  grown  close  together. 

The  delicate  banding  of  the  rock  which  marks  its  flow  structure  passes 

uninterruptedly  through  all  these  spherulites,  although  it  is  not  always 

recognizable  without  the  aid  of  a  lens.  This  indicates  that  the  spherulites 

were  formed  after  the  lava  came  to  rest  and  when  the  parallel  layers  of 

flow  had  become  motionless.  There  is  no  definite  order  in  which  the 

different  kinds  of  spherulites  crystallized.  Sometimes  the  larger  ones  have 

developed  first;  in  other  cases,  the  smaller  ones. 

The  spherulites  are  not  all  solid;  the  larger  ones  especially  are  more  or 

less  porous,  often  cavernous.  The  large  earthy  ones,  which  appear  densest, 

have  microscopic  cavities  between  the  crystals  composing  them.  Others 

have  a  saccharoidal  texture  and  are  made  up  of  slightly  adhering  crystals. 

Many  of  them  have  porous  or  open  cavities  within  their  mass,  the  periphery 

often  forming  a  solid  crust  or  shell,  like  the  rind  of  a  cantaloupe.  In  some 

cases  these  cavities  ramify  through  the  heart  of  a  spherulite  and  are  coated 

with  brilliant  crystals.  The  porous  spherulites  often  resemble  pithy  berries, 

while  the  more  open  ones  appear  to  have  shrunk  and  cracked  apart,  like 

the  heart  of  an  overripe  watermelon.  This  character  is  illustrated  in 

figs.  1  and  5  of  PI.  XLI.  The  cavity  is  confined  to  the  limits  of  a  single 

spherulite  when  this  occurs  isolated  in  the  rock;  detached  ones  with  per- 
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fectly  continuous  shells  are  often  very  hollow  within.  Isolated  spherulites 

in  dense  black  obsidian,  without  the  trace  of  cracking,  are  sometimes  half 

hollow,  presenting  a  white  skeleton  of  crystalline  fibers  and  nodules,  or 

concentric  shells  which  are  dotted  with  minute  pellets  of  tridymite.  This 

form,  which  is  a  typical  lithophysa,  is  represented  by  fig.  3  of  PI.  XLI. 

The  shells  are  usually  so  delicate  that  parts  of  them  fall  out  when  the  rock 

is  broken.  On  the  white  frosted  substance  of  these  lithophysa?  rest  the 

honey-yellow  crystals  of  fayalite,1  which  have  not  yet  been  attacked  by 
atmospheric  agencies.  In  most  other  cases  the  porous  nature  of  the  inclos- 

ing rock,  when  lithoidal,  has  allowed  these  agencies  to  attack  the  fayalite, 

when  it  is  usually  more  or  less  altered  to  an  opaque  metallic  substance, 

through  the  formation  of  ferric  oxide.  Cavities  are  less  frequent  in  the 

small  blue  spherulites,  but  occasionally  the  smallest  spherules  are  white 

and  porous;  and  in  places  along  the  spherulitic  layers,  or  through  the  black 

glass,  there  are  granulated  bands  of  small  cavities  with  a  white,  gray,  or 

pink  coating. 
Besides  the  thin  blue  layers  with  spherulitic  structure,  the  obsidian  is 

also  banded  by  light-gray  ones  of  a  more  crystalline  or  porcelain-like 
nature.  As  these  become  more  numerous  the  rock  assumes  a  lithoidal  or 

stony  appearance  and  grades  into  purplish-gray  rock,  delicately  banded 

with  blue — a  lithoidal  rhyolite,  or  lithoidite  in  this  case,  since  there  are  no 

phenocrysts  in  it.  This  rock  is  thinly  fissile  in  plates  parallel  to  the  band- 

ing, which  are  sometimes  not  more  than  one-sixth  of  an  inch  thick  (PI. 
XLII).  Occasionally  the  rock  breaks  into  blocks  which  bear  the  strongest 
resemblance  to  silicified  wood. 

The  lithoidite  is  completely  spherulitic,  but  the  spherulites  are  micro- 
scopic and  have  a  character  somewhat  different  from  that  of  those  just 

described,  the  megascopic  ones  being  almost  all  porous  or  hollow.  The  rock 

abounds  in  lithophysa?  of  great  delicacy, and  beauty,  and  often  of  great  size, 

the  largest  being'  a  foot  or  more  in  diameter.  An  idea  of  their  abundance 

is  given  by  fig.  2  of  PL  XLIII,  which  represents  a  slab  of  lithoidite,  in 

natural  size.  The  lithophysa?  in  this  rock  are  mostly  hemispherical,  and 
consist  of  concentric  shells  which  arch  over  one  another  like  the  petals  of  a 

rose  (fig.  4  of  PI.  XLI  and  fig.  1  of  PI.  XLIII).  The  shallower  ones  pre- 
sent small  rose-like  centers  surrounded  by  thin  circular  shells  (fig.  2  of  PI. 

1  For  a  description  of  these  fayalite  crystals  see  the  paper  on  Obsidian  Cliff,  already  cited,  p.  270. 
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XLIII).  The  disks  are  sometimes  oval,  and  are  sometimes  composed  of 

several  sets  of  shells,  which  have  been  started  from  centers  near  together 

and  have  developed  in  sections,  giving  a  scalloped  form  to  the  curves. 

Others  are  eccentric  or  send  out  long  curving  arms,  as  fig.  2  of  PI.  XLI. 

The  concentric  shells  are  generally  very  thin,  and  often  so  close 

together  that  in  one  instance  fifty  occur  within  a  radius  of  2  inches.  They 

are  very  fragile  and  crumble  under  the  touch,  being  made  up  of  small  and 

slightly  adhering  crystals  of  brilliant  quartz  and  orthoclase.  In  the  litho- 

physa  represented  on  natural  scale  by  fig.  1  of  PL  XLIII  the  rose-like 

center  is  surrounded  by  delicate  shells.  The  outer  portions  to  the  right 

and  left  are  somewhat  massive,  though  finely  porous  and  crystalline,  and 

are  traversed  by  well-marked  shrinkage  cracks,  which  gape  open  from  the 
base  of  the  rock  to  which  the  lithophysa  adhered,  and  clearly  indicate  the 

contraction  of  the  massive  portion.  In  the  cavities  between  some  layers 

of  the  laminated  lithoidite  there  are  small  tabular  crystals  of  sanidine,  with 

blue  iridescence.  They  are  Manebach  twins,  the  basal  pinacoid  being 

the  tabular  plane.  They  contain  soda  and  potash  in  equal  molecular 

proportions.1 In  recapitulation,  then,  this  rhyolitic  lava  is  a  flow  about  100  feet 

thick,  except  where  it  has  piled  up  in  a  small  valley.  It  is  glassy,  except 

the  lithoidal  portion  in  the  valley,  and  is  free  from  phenocrysts  The 

obsidian  is  dense  in  the  lower  part  of  the  sheet  and  carries  numerous 

spherulites.  Large  vesicles  occur  in  the  upper  portion,  and  toward  the 

surface  of  the  flow  the  spherulites  disappear  and  the  glass  becomes  filled 

with  gas  cavities  and  passes  up  into  pumice.  The  lithoidal  portion  is  filled 

with  lithophysee  and  has  numerous  porous  layers.  These  characteristics 

repeat  themselves  in  the  rhyolite  in  various  parts  of  the  Park. 

The  columnar  structure  which  is  so  well  developed  in  this  obsidian  is 

also  observed  in  the  rhyolite  in  many  other  places  in  this  region.  It  occurs 

in  the  porphyritic  lithoidal  rhyolite  on  the  west  side  of  Obsidian  Creek, 

directly  opposite  the  cliff,  and  is  shown  in  the  accompanying  illustration 

(PI.  XLIV).  These  columns  are  short  and  stout,  about  15  feet  high  and  2 

or  3  feet  broad.  They  are  traversed  by  pronounced  jointing,  which  splits 

the  rock  into  plates  parallel  to  the  planes  of  flow.  From  the  inclination  of 

these  it  would  appear  that  the  original  surface  of  the  lava  sloped  northward 

1  Obsidian  Cliff,  loc.  cit.,  p.  267. 
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somewhat  more  steeply  than  does  the  present  ridge.  Similar  columnar 

structure  occurs  in  the  purple  lithoidal  rhyolite  (1815)  on  Winter  Creek,  2 

miles  west  of  this  locality. 

CANYONS  OF  GIBBON  RIVER  AND  MADISON  RIVER. 

The  lava  forming  the  high  bluff  back  of  the  Paint  Pots  and  just  east  of 

the  Gibbon  River  as  it  leaves  the  Geyser  Meadow  is  a  variety  of  rhyolite 

somewhat  different  from  that  forming  the  plateau  country  roundabout.  It 

is  lithoidal  and  porphyritic,  like  the  occurrences  already  described,  but  is 

dull  steel-gray  in  color,  and  full  of  minute,  irregularly  shaped  cavities, 

producing  a  very  rough  fracture.  The  phenocrysts  are  mostly  small  white 

feldspars,  which  are  plagioclase,  and  much  fewer  transparent  sanidines,  and 

very  rarely  quartz;  small  augites  may  be  seen  with  a  lens.  The  rock 

appears  more  like  a  basalt  than  a  rhyolite.  It  passes  southward  along  the 

east  side  of  the  river  into  light-purple  lithoidal  rhyolite  with  similar  plagio- 

clases,  but  much  more  quartz  and  sanidine. 

The  Gibbon  River  after  leaving  Geyser  Meadow  cuts  a  narrow  canyon, 

500  to  600  feet  deep,  through  rhyolite,  which  is  almost  entirely  lithoidal, 

but  of  variable  character.  On  the  west  side  it  is  exposed  in  high  vertical 

cliffs  of  dark  lithoidal  rock  with  pronounced  banding  or  flow  structure, 

which  is  greatly  contorted.  Back  of  the  hot  springs  on  the  east  side  there 

are  a  number  of  angular  fragments  of  reddish-brown  glassy  rhyolite  full 

of  small  phenocrysts  of  quartz  and  feldspar  (1852).  These  are  probably 

not  in  place.  The  west  wall  near  the  bridge  consists  of  reddish-purple 

lithoidal  rhyolite,  full  of  irregular  pores,  and  crumbling.  It  is  rich  in 

phenocrysts  of  quartz  and  feldspar  (1851,  1853),  and  is  a  nevadite,  strictly 

speaking.  The  great  massive  cliff  weathers  into  columnar  pinnacles,  which 

are  very  characteristic  of  crumbling  rhyolite.  The  denser  variety  of  the 

rock  weathers  into  fragments  with  smooth  surfaces  and  sharp  edges. 

At  the  falls  of  the  Gibbon  the  rhyolite  is  reddish  and  lithoidal,  passing 

into  glassy  rock,  that  at  the  base  of  the  falls  being  black  obsidian  full  of 

porphyritical  crystals,  which  is  so  thoroughly  cracked  that  it  is  difficult  to 

obtain  a  compact  hand  specimen  of  it  (1855,  1856). 

The  canyon  made  by  the  Madison  River  below  the  junction  of  the 

Gibbon  and  Firehole  rivers  has  been  cut  1,700  feet  through  the  rhyolite 

mass  without  reaching  the  underlying  rocks.     The  canyon  presents  fine 
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exposures  of  rhyolite.  A  rude  columnar  structure  is  plainly  seen  in  the 
rhyolite,  which  is  evidently  one  thick  sheet  and  not  a  succession  of  thin 

sheets  superimposed  on  one  another. 

The  face  of  the  cliff  on  the  north  side  of  the  canyon  exhibits  long, 
slender,  vertical  columns  of  rhyolite,  200  feet  high,  with  shorter  ones  some- 

what inclined.  The  upper  part  of  the  cliff  is  traversed  by  approximately 
horizontal  joints,  which  arch  over  the  tops  of  the  vertical  columns,  a  structure 

similar  to  that  in  the  upper  part  of  the  glassy  end  of  Obsidian  Cliff.  The 

rhyolite  at  this  point  is  lithoidal,  with  numerous  small  phenocrysts,  and  is 
banded  dark  and  light  purple.  The  lighter-colored  parts  are  finely  porous 
(1857).  West  of  this  prominent  point  the  rhyolite  is  massive,  in  nearly 
horizontal  layers,  and  weathers  into  rounded  pinnacles,  which  are  shown 
in  PL  XLV.  The  rock  from  this  mass  breaks  into  great  rounded  blocks, 
like  granite,  and  weathers  into  angular  sand.  It  is  literalh^  crowded  with 

phenocrysts  of  quartz  and  sauidine,  with  abundant  small  rusted  augites, 
and  is  a  nevadite.  In  places  it  has  a  dark-purple  banded  groundmass  and 
is  somewhat  vesicular  (1858).  Parts  of  it  are  filled  with  hollow  spherulites, 
which  are  highly  crystalline  and  porous,  with  gaping  cracked  hollows  at 
their  centers,  which  are  encrusted  with  tridymite  and  minute  feldspars,  with 
larger  crystals  of  quartz  exhibiting  the  characteristic  steep  rhombohedral 
faces,  §  R.  There  are  also  a  few  rusted  fayalites.  In  some  instances  there 
are  indications  of  concentric  shells  (1859,  1860).  The  same  nevadite  forms 

the  summit  of  the  highest  point  of  the  north  wall  of  the  canyon  (1862). 
From  a  distance  it  appears  as  though  there  were  a  thinner  sheet  of  rhyolite 
overlying  a  very  thick  one,  the  top  of  the  lower  flow  weathering  away  and 
leaving  the  bottom  of  the  upper  one  dense  and  well  defined,  but  this 

appearance  may  be  deceptive,  since  the  rock  occurring  in  the  talus  at  the 

base  of  the  slope'is  all  one  variety,  very  rich  in  phenocrysts.  The  apparent 
difference  may  arise  from  slight  variation  in  the  physical  character  of  the 
rock  at  that  place. 

MADISON    PLATEAU,   NORTH    OF    THE    LOWER    GEYSER    BASIN. 

The  northwestern  arm  of  the  rhyolite  plateau,  west  of  Obsidian 
Creek  and  Gibbon  River  and  north  of  the  Madison  River,  covers  all  the 
lower  portion  of  the  northwestern  corner  of  the  Yellowstone  Park,  reaching1 

up  the  slopes  of  the  Gallatin  Mountains  to  altitudes  of  8,000  and  8,600  feet. 
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It  forms  the  long  flat-topped  spurs  extending  out  from  the  base  of  these 
mountains,  and  passes  under  the  Pleistocene  valley  of  the  Madison  River. 

It  carries  on  its  surface  a  few  remnants  of  a  once  extensive  basalt  sheet, 

and  in  places  has  been  eroded  down  to  the  underlying  rocks,  which  are 

mostly  gneiss.  Throughout  most  .of  this  area  the  rhyolite  is  lithoidal, 

reddish  purple,  and  slightly  porphyritic.  Phenocrysts  are  not  very 

abundant  in  the  rock  southwest  of  Mount  Holmes  (1816)  and  in  that  found 

in  the  vicinity  of  Gneiss  Creek  and  its  northeast  branch  (1818  to  1820). 

At  its  extreme  northwestern  end,  north  of  Fan  Creek,  the  rl^olite  overlies 

a  conglomerate  of  andesitic  fragments,  and  is  exposed  in  a  cliff  200  feet  high, 

the  lower  portion  being  dense  and  lithoidal,  the  upper  part  containing  litho- 

physpe.  Small  lithophysa?  are  also  found  filling'  the  dark-purple  rhyolite  on 
the  summit  of  the  ridge  to  the  west. 

At  the  base  of  the  west  slope  of  the  plateau  south  of  Cougar  Creek 

the  lava  is  glassy  black  obsidian,  closely  resembling  that  of  Obsidian  Cliff, 

except  that  it  carries  a  few  small  phenocrysts.  It  is  spherulitic,  with  small 

blue  spherulites  (1864)  and  small  lithophysae  containing-  quartz,  tridymite, 
and  fayalite.  Part  of  the  obsidian  is  filled  with  small  lithophysas,  which 

are  mostly  hollow,  gaping  spherulites,  with  very  distinct  delicate  prisms, 

which  radiate  from  what  was  once  the  center  of  the  pasty  spherule,  and 

consequently  appear  to  have  been  formed  prior  to  the  cracking  and  gaping 

of  the  spherule.  The  sides  of  the  hollows  are  dotted  with  brilliant  pellets 

of  tridymite.  These  very  hollow  lithophysse,  some  of  which  exhibit  a 

tendency  toward  concentric  shells,  existed  as  hollow  bodies  with  very  slight 

but  rigid  shells  before  the  surrounding  magma  solidified,  for  a  number  of 

them  have  been  crushed  in  such  a  manner  as  to  prove  that  the  thin  shells 

were  rigid  and  that  the  matrix  was  very  viscous  and  the  pressure  not  very 

great;  for  the  glass  has  not  forced  its  way  into  the  cavities,  and  in  one  case 

did  not  fill  up  the  space  made  by  the  cracked  shell. 

At  the  west  end  of  Madison  Canyon  the  river  cuts  through  lithoidal 

rhyolite,  which  forms  the  western  foothills  of  the  plateau  south  of  the 

river.  It  is  light  colored,  with  lithophysse  and  spherulites,  and  in  one  place 

is  full  of  irregular  cavities  which  are  coated  with  crystals  of  quartz  and 

hematite.  The  quartz  is  prismatic,  with  the  unit  rhombohedrons  and  a 

steeper  one  less  strongly  developed,  but  j)erfect  when  present.  The  hema- 
tite is  in  thin  tablets  with  crystal  faces,  and  is  usually  twinned  (1867). 
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The  top  of  the  plateau  south  of  Madison  Canyon  is  almost  entirely 

glassy  rhyolite,  perlite,  and  obsidian.  At  the  western  edge  of  the  top,  near 

the  road,  is  black  porphyritic  obsidian,  which  is  vesicular  in  layers,  the 

vesicles  in  places  having  been  elongated  in  one  direction  and  flattened  in  a 

plane  perpendicular  to  the  layers.  With  it  is  associated  a  grayish-white 
pumice  of  the  same  magma,  into  which  it  undoubtedly  passes  (1865,  1866). 

The  edge  of  the  plateau  north  of  Sentinel  Creek  is  partly  lithoidal  rhyolite, 

reddish  purple,  with  abundant  prominent  sanidines  and  smaller  quartzes 

(1877,  1878),  some  of  it  containing  beautiful  white  lithophysse  with  con- 

centric shells  (1873).  But  the  greater  part  of  the  rock  is  obsidian  or  per- 
lite, with  the  same  phenocrysts  as  the  lithoidal  portion  of  the  rock.  Much  of 

it  is  spherulitic,  having  abundant  small  blue  or  red  spherulites,  both  com- 
pact and  porous,  with  radial  fibration  and  concentric  zones.  Through  these 

spherulites  the  phenocrysts  are  scattered  indiscriminately,  not  appearing  to 

act  as  a  nucleus.  Larger  spherulites  occur,  and  more  typical  lithophysse 

(1874  to  1876),  and  the  obsidian  in  places  is  red  and  black,  especially 

in  the  small  alcoves  and  arroyos  along  the  southern  edge  of  the  plateau. 

The  eastern  side  of  this  block  of  table-land  is  a  cliff  from  300  to  500  feet 

high,  at  the  base  of  which  runs  the  Firehole  River.  The  rock  is  lithoidal 

and  banded,  while  along  the  east  bank  of  the  river  above  the  falls  the 

rhyolite  is  glassy  for  the  most  part. 

VICINITY    OF    LOWER    GEYSER    BASIN. 

On  the  east  bank  of  Firehole  River  east  of  Madison  Plateau  the  rhyo- 
lite occurs  with  marked  layer  structure.  The  layers,  which  are  bent  and 

folded,  trend  almost  parallel  to  the  direction  of  the  stream.  The  rock 

exhibits  great  variability.  Some  of  it  is  lithoidal,  dense,  purple,  and 

banded.  Much  of  it  is  black  perlite,  with  small  blue  spherulites  in  layers, 

so  crowded  together  as  to  leave  but  small  patches  of  perlite  glass;  other 

layers  are  microspherulitic  (1869).  Large  spherulites  are  scattered  through 

the  rock,  together  with  numerous  phenocrysts  of  sanidine  and  quartz,  which 

exhibit  no  connection  with  the  layer  structure  so  far  as  their  distribution  is 

concerned,  but  show  a  tendency  for  the  longer  crystals  of  feldspar  to  lie 

more  nearly  parallel  to  the  layers  than  transverse  to  them. 

The  perlite  outcrops  in  long  ridges  parallel  to  the  river,  and  stands  in 

nearly  vertical  layers  of  alternating  characters,  including  spherulitic  perlite, 
MON  XXXII,  ft  n   24 
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purer  glass,  and  red  pumice,  with  layers  of  lithophysse.  This  is  shown  in 

PI.  XLVI,  which  represents  several  masses  of  this  rock  that  have  been  eroded 

into  rude  monuments  situated  about  a  mile  above  the  lower  falls.  The  ver- 

tical layers  are  well  shown  in  the  illustration.  The  small  monument  is  filled 

with  lithophysse.  A  few  hundred  yards  above  the  falls,  on  the  east  bank, 

there  is  an  exposure  of  black  perlite  bearing  very  large  lithophysse,  from 

1  to  2  feet  in  diameter  (1870).  This  is  shown  in  PI.  XL VII  Some  are 

compact  spherulites,  with  little  if  any  cavity,  purplish  red  in  color,  and 

breaking  with  radiating  cracks.  Others  have  distinct  concentric  shells,  one- 

fourth  of  an  inch  thick,  with  a  spherical  nucleus,  which  is  shrunken  and 

cracked,  and  have  large  cavities.  The  radiate  crystallization  is  very  pro- 
nounced in  the  more  porous  parts  of  the  lithophysse,  and  the  feldspar  rays 

can  be  seen  with  a  pocket  lens.  They  are  studded  with  minute  brilliant 

and  transparent  crystals  of  tridymite,  and  the  sides  of  the  cavities  are  spotted 

with  pseuclomorphs  of  fayalite,  like  those  at  Obsidian  Cliff. 

The  rock  in  which  these  remarkable  bodies  occur  is  a  black  and  gray 

perlite,  full  of  small  spherulites  and  phenocrysts,  some  layers  of  the  rock 

being  very  dense.  They  stand  vertical  and  in  places  are  much  bent.  Most  of 

the  perlite  .is  very  crumbling,  and  consists  of  gray  glassy  shells,  surround- 

ing rounded  and  subangular  grains  of  black  glass,  which  weather  out  into 

black  sand.  The  small  spherulites  are  beautifully  banded  in  concentric 

shells,  being  blue  at  the  center  and  red  outside  (1868). 

Where  the  river  near  this  place  cuts  a  narrow  gorge  through  the  rhyo- 
lite,  the  rock  is  lithoidal  and  banded.  Farther  south,  at  the  end  of  the  ridge 

east  of  the  river,  about  2  miles  below  the  mouth  of  Nez  Perce"  Creek,  there 
is  a  breccia  of  perlite  and  lithoidal  rhyolite  carrying  fragments  of  an  almost 

fibrous  variety  (1871),  pieces  of  which  were  found  west  of  the  road  4  miles 

north  of  the  Lower  Geyser  Basin  (1872).  It  is  lithoidal  and  porphyritic, 

and  is  traversed  by  long,  slender  pores  so  close  together  as  to  produce  a 

fibrous  structure,  the  fibers  curving  around  the  phenocrysts.  The  sides  of 

the  elongated  vesicles  are  coated  with  white  pellets  of  tridymite,  the  rock 

itself  being*  dark  slate  color. 
Brecciated  rhyolite  occurs  a  short  distance  to  the  southeast,  in  the  first 

low  ridge  north  of  the  Nez  Perce"  Creek.  North  of  this  the  low  ridges  are 
covered  with  light-red  pumiceous  glass,  delicately  banded  with  black,  pro- 

ducing the  most  perfect  and  beautiful  lamination.     It  is  rich  in  phenocrysts 
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of  sanidine  and  smaller  quartzes,  the  larger  feldspars  lying  parallel  to  the 

lamination  (1879).  This  pumice  passes  into  dark-gray  porphyritic  perlite, 
full  of  red  and  blue  spherulites  (1882).  In  places  it  contains  lithophysse 

several  inches  in  diameter,  with  wide-g-aping  centers,  which  have  been 
crushed  and  dislocated  to  some  extent,  and  into  the  cavities  of  which  the 
viscous  matrix  was  in  some  instances  forced. 

Rhyolite  exhibiting  variations  similar  to  those  just  described — lithoidal, 

glassy,  perlitic,  pumiceous,  spnerulitic  or  with  lithophysse — forms  the  pla- 
teau northeast  of  the  Lower  Geyser  Basin  and  north  of  Nez  Perce  Creek 

(1890,  1891).  "  On  its  southern  edge,  about  3  miles  east  of  the  Lower  Geyser 
Basin,  the  bluff  exposure  is  rhyolite,  which  is  lithoidal  and  beautifully  lam- 

inated, or,  perhaps  more  properly  speaking,  streaked  in  layers,  the  dark 

purplish-gray  rock  being  marked  with  lighter-colored  lines  or  streaks,  which 
appear  to  be  more  highly  crystallized,  and  are  spotted  with  minute  round 

holes  about  the  size  of  a  pin  point  (1884).  In  a  neighboring  exposure,  where 

the  bluff  on  the  south  side  approaches  the  river,  the  banded  rhyolite  is  light 

reddish  purple  streaked  with  yellow  (1883).  It  is  filled  with  phenocrysts  of 

sanidine  and  smaller  quartzes,  which,  however,  are  scarcely  noticeable 

except  on  close  examination,  because  of  their  transparency  and  the  general 

mottling  of  the  rock.  The  rock  is  parted  in  parallel  plates,  which  appear 
to  be  independent  of  the  direction  of  the  flow  structure  and  stand  at  all 

angles  in  the  cliff.     In  one  place  the  jointing  is  semicircular. 

The  plateau  south  of  Nez  Perce-  Creek  and  east  of  the  Lower  Geyser- 
Basin  is  of  the  same  character  as  that  north.  Lithoidal  rhyolite  alternates 

with  much  glassy  rhyolite,  which  is  in  many  places  a  very  fine  gray  perlite. 

Southwest  of  the  broad  valley  at  the  forks  of  Nez  Perce"  Creek  there  is  a 
breccia  of  gray  perlite,  some  fragments  of  which  are  of  large  size.  It  is 

both  compact  and  vesicular  to  pumiceous,  the  vesicles  being  flattened  and 

elongated  (1885  to  1887).  The  southeast  branch  of  this  stream  cuts  a 

narrow  gulch  through  black,  porphyritic  obsidian,  which  is  so  thoroughly 
cracked  that  it  weathers  into  a  black  sand.  Glassy  breccia  occurs  in 
other  places  over  this  plateau  (1889).  A  very  remarkable  form  of  com- 

pactly spherulitic  rhyolite  is  also  found  sparingly.  It  is  megascopically 
axiolitic,  the  spherulitic  crystallization  having  taken  place  from  short,  curved 
planes  that  cross  one  another  at  all  angles,  and  also  from  most  of  the 

phenocrysts  which  act  as  nuclei  of  small  spherulites.     The  result  is  a  brown 
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and  blue  mottled  rock  which  on  a  smooth  jointing  surface  exhibits  a  curious 

pattern  of  curved  blue  lines  and  spots  (1892).  The  numerous  gulches  and 

small  canyons  around  the  east  and  southeast  corner  of  the  Lower  Geyser 

Basin  afford  excellent  opportunities  for  studying  the  character  of  the  rhyo- 
litic  lava  in  this  neighborhood.  Fine  exposures  of  perlite  and  obsidian, 

more  or  less  spherulitic  and  usually  associated  with  lithoidal  rhyolite,  are 

found  in  many  places. 

On  the  north  side  of  the  mouth  of  the  canyon  south  of  that  draining 

into  Hot  Lakes  spherulitic  rhyolite  is  exposed  in  which  spherulites  from 

the  size  of  large  shot  to  an  inch  in  diameter  constitute  almost  the  entire 

rock  mass.  In  places  where  they  are  very  closely  packed  together  the 

exposures  when  seen  from  a  short  distance  have  the  appearance  of  even- 
grained  conglomerate  or  bits  of  pebbles  or  coarse  gravel.  Exposures  of 

such  character  occur  many  feet  in  vertical  thickness  and  many  yards  in 

horizontal  extent.  Farther  up  this  canyon  vesicular  rhyolite  and  fine  gray 

perlite  are  exposed  (1916,  1920). 

Similar  gray  perlite  with  very  perfect  perlitic  structure  forms  the  bluff 

on  the  east  side  of  the  Firehole  River  opposite  Excelsior  Geyser.  It  is  full 

of  small  phenocrysts  and  is  slightly  vesicular  (1904,  1905).  In  places  it  is 

lithoidal.  It  is  separated  into  nearly  horizontal  layers  by  joints  which  curve 

down  to  the  northward  at  a  somewhat  steeper  pitch  than  the  slope  of  the 

hill,  indicating  the  descent  of  the  lava  into  a  basin-like  depression  to  the 
north  and  the  subsequent  erosion  of  the  top  of  the  hill.  There  is  a  tendency 

to  prismatic  jointing.  The  slope  of  the  bluff  farther  south  is  covered  with 

a  fine  sand  of  perlitic  grains.  Porphyritic  rhyolite  of  the  same  variable 

character  forms  the  spurs  around  the  drainage  of  Rabbit  Creek. 

The  spur  of  the  plateau  southwest  of  the  Lower  Geyser  Basin  has  a 

precipitous  wall  on  the  north  and  east  sides,  which  exposes  lithoidal  por- 
phyritic rhyolite,  the  top  of  the  plateau  being  almost  wholly  glassy  perlite 

and  cracked  obsidian,  which  form  the  canyon  of  the  Little  Firehole  River 

near  its  falls  (1922,  1923). 

UPPER  GEYSER  BASIN. 

Though  the  plateaus  on  all  sides  of  the  Upper  Geyser  Basin  are 

normal  rhyolites  like  the  various  forms  just  described,  the  rock  in  the  imme- 
diate vicinity  of  the  great  geysers  of  this  basin  is  abnormal.     It  is  a  dull 
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lithoidal  rock,  slate  color  speckled  with  light  gray,  carrying  abundant  phe- 

nocrysts  of  feldspar,  most  of  which  arc  white  or  yellow  and  exhibit  brilliant 

striated  cleavage  planes.  There  are  none  of  quartz.  This  rock  resembles 

that  forming  the  bluff  at  the  southeast  corner  of  Geyser  Meadow.  It  is 

exposed  in  the  rounded  hills  back  of  the  Splendid  Geyser  (1924),  and  in 

tabular  masses  back  of  the  Grand  (1926),  and  forms  the  west  bank  of  the 

Firehole  River  east  of  Old  Faithful  Geyser.  The  microscopical  features  will 

be  described  in  another  place.  Its  extent  and  its  relation  to  the  normal 

rhyolite  of  the  neighborhood  were  not  made  out.  Perlite  with  large 

spherulites  occurs  on  the  bank  of  the  Firehole  River  a  short  distance  above 

Old  Faithful  Geyser  (2166,  2167). 

Above  the  Upper  Geyser  Basin  the  road  along  the  Firehole  River 

traverses  rhyolite  like  that  of  the  plateau,  for  the  most  part  lithoidal,  and 

weathering  into  crumbling  sand.  Through  it  the  river  has  cut  a  narrow 

rocky  channel  which  is  filled  with  great  masses  of  rhyolite  that  have  fallen 

from  the  steep  sides.  Just  below  Keplers  Cascade  the  river  passes  through 

a  narrow  gate  in  a  channel  not  more  than  2  feet  wide.  The  cut  exposes 

vertical  layers  of  spherulitic  rhyolite,  mostly  lithoidal  (1933),  the  layers 

crossing  the  stream  at  right  angles. 

Following  the  southeast  branch  of  the  Firehole  River  to  the  pass  of  the 

old  trail  near  the  north  end  of  Shoshone  Lake,  one  traverses  country  covered 

with  lithoidal  and  glassy  rhyolite.  For  long  distances  the  road  lies  in  a  fine 

glassy  sand  derived  from  the  disintegration  of  perlite.  The  cliff  that  stretches 

for  3  miles  along  the  south  side  of  the  road  presents  a  variety  of  phases  of 

rhyolite.  At  its  western  end  it  is  lithoidal  and  very  porous  and  vesicular, 

with  here  and  there  patches  and  streaks  of  glassy  rock.  Farther  east  the 

glassy  rock  predominates,  with  smaller  masses  of  lithoidal  rhyolite.  Near 

the  pass  south  of  the  road  well-banded  lithoidal  rock  abounds,  and  at  the 

pass  glassy  and  spherulitic  modifications  occur,  as  varied  as  those  of  Obsidian 

Cliff.  The  vesicular  lithoidal  rock  at  the  west  end  of  the  cliff  is  light 

bluish  gray,  discolored  by  brown  and  yellow  stains.  It  carries  numerous 

phenocrysts,  which  are  so  transparent  as  to  be  easily  overlooked.  The  small 

irregular  vesicles  are  not  distributed  uniformly  through  the  rock,  as  is  usually 

the  case  in  basalt,  but  are  very  unequally  scattered,  being  abundant  in 

some  spots  and  almost  absent  from  others.  This  is  a  very  common  mode 

of  occurrence  in  the  lithoidal  rhyolite  of  this  region  (1934,  1935).     The 
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well-banded  lithoidal  portion  near  the  pass  is  dark  slate  colored,  striped  with 
layers  of  light  purplish  gray,  often  of  the  utmost  delicacy,  in  this  respect 

resembling  the  laminated  lithoidal  part  of  Obsidian  Cliff.  There  are  occa- 

sionally small  cavities  with  transparent  tabular  crystals  of  sanidine  and 

some  of  quartz.  The  phenocrysts  are  abundant,  and  consist  of  sanidine, 

plagioclase,  and  quartz,  with  numerous  rusted  crystals  of  a  ferromagnesian 

mineral,  which  has  been  found  to  be  augite.  The  longer  phenocrysts  lie 

more  or  less  parallel  to  the  lamination  (1937).  Some  of  the  obsidian 

contains  small  black  spherulites,  the  size  of  small  shot.  Other  parts  of  it 

are  streaked  with  red  and  brown  glass  (1936).  The  most  perfect  perlitic 

structure  is  developed  in  places,  together  with  curiously  crenulated  cavities 

that  traverse  the  rock  in  streaks  and  are  coated  with  crystalline  grains, 

which  in  some  instances  appear  to  be  fragments  of  broken  phenocrysts  of 

felds]3ar  (1939-1940)  that  have  been  dragged  apart  along  the  line  of  the 
cavity. 

MADISON   PLATEAU   SOUTH   OF  THE  GEYSER  BASINS. 

The  whole  of  this  plateau  is  rhyolite,  mostly  black  glassy  obsidian, 

with  porphyritical  crystals,  in  places  spherulitic.  This  alternates  with 

pumiceous  glass,  which  occurs  in  bands  or  layers.  The  alternation  of  dense 

and  pumiceous  glass  is  very  persistent  over  the  whole  top  of  the  plateau,  but 

the  majority  of  outcrops  consist  of  the  denser  obsidian,  since  the  pumiceous 

portions  of  the  rock  have  been  more  easily  eroded.  The  character  of  the 

country  and  of  the  rocks  is  very  monotonous  and  uniform,  varied  only  in 

the  neighborhood  of  Summit  Lake  by  small  areas  of  hot  springs  and  fuma- 

roles.  The  top  of  the  plateau  southwest  of  the  Upper  Geyser  Basin  is 

glassy,  but  the  lower  part  of  the  bluff  along  Iron  Spring  Creek  is  lithoidal 

gray  rhyolite,  more  or  less  porous  and  vesicular.  The  shallow  drainage 
channels,  as  they  approach  the  edge  of  the  plateau,  drop  into  deep  ravines, 

where  are  large  streams  of  water  which  are  not  met  with  on  the  top  of  the 

plateau.  The  water  comes  from  the  edge  of  the  plateau,  out  of  the  mass  of 

the  rhyolite,  the  upper  portion  of  which  is  porous  and  vesicular,  while  the 

lower  part  is  dense  and  compact.  The  smaller  of  the  streams  draining  south- 

westerly into  Boundary  Creek,  east  of  Buffalo  Lake,  cuts  a  gulch  150  feet 

in  the  edge  of  the  bluff  which  forms  the  east  wall  of  the  basin  of  Buffalo 

Lake.  The  gulch  has  vertical,  rocky  walls,  exposing-  a  fine  section  of  the 
rhyolite  lava,  the  flow  of  which  has  been  greatly  contorted.     The  lowest 
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portions  of  the  cliff  are  bluish-gray  lithoidal  rhyolite,  passing  up  into  black 

and  red  obsidian  (1951)  with  small  phenocrysts.  The  rock  is  richly  spher- 
ulitic,  with  large  lithophysse  in  thick  layers.  The  lava  sheet  is  slaggy  on 

top,  with  layers  that  have  been  stretched  and  cracked  transversely.  From 

the  structure  of  the  lava  it  is  evident  that  the  flow  poured  down  a  steep 

slope  westward  into  the  valley  basin  of  Buffalo  Creek.  The  present 

eastern  wall  is  a  bluff  150  to  200  feet  high.  Farther  down  Boundary 

Creek,  as  far  as  the  bluff  north  of  Falls  River  Basin,  the  rhyolite  is  lithoi- 
dal, but  the  bluff  west  of  the  falls  of  Boundary  Creek,  forming  the  edge  of 

the  plateau,  is  black  and  red  spherulitic  and  porphyritic  obsidian  (1950). 

The  same  observation  was  made  by  Professor  Penfield  in  traveling  from 

Madison  Lake  across  the  southern  end  of  the  plateau  to  Falls  River  Basin. 

The  whole  surface  of  the  country  is  black  obsidian  and  grayish-white 

pumice  (1941,  1942),  which  is  porphyritic  with  large  sanidines  and  smaller 

quartzes,  but  as  the  level  of  the  basin  is  approached  the  rock  grows 
lithoidal. 

On  the  continental  divide  south  of  Madison  Lake  the  black  obsidian 

is  in  some  places  finely  vesicular  and  in  others  spherulitic,  with  small  litho- 

physse coated  with  tridymite  pellets  and  containing  a  small  amount  of 

fayalite.  It  incloses  many  angular  fragments  of  very  fine-grained  basalt, 
which  is  often  highly  vesicular  and  which  has  the  petrographical  characters 

of  the  so-called  "recent  basalts."  Similar  inclosed  fragments  of  basalt  were 
found  in  various  places  northwest  of  this  locality.  They  indicate  the 

existence  of  basalt  flows  in  this  vicinity  prior  to  the  outbreak  of  the  top 

sheet  of  rhyolite,  but  no  large  body  of  basalt  was  observed. 

BECHLER    CANYON. 

Bechler  River  cuts  a  fine  canyon  through  the  great  rhyolite  mass,  thus 

separating  Madison  Plateau  from  Pitchstone  Plateau.  The  canyon  trends 

in  a  northeast-southwest  direction  and  exhibits  a  very  marked  difference 
between  its  western  and  eastern  walls.  The  former  is  a  rather  persistent 

bluff  800  feet  high,  while  the  latter  is  from  1,000  to  2,000  feet  in  height, 

presenting  the  greatest  thickness  of  rhyolite  exposed  within  the  Park. 

The  rock  of  the  country  forming  the  northern  head  of  Bechler  River 

has  the  character  of  that  on  the  surface  of  the  plateaus,  the  rhyolite  being 

mostly  glassy  and  pumiceous,  in  some  places  crowded  with  spherulites,  in 
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others  perlitic.  Parts  of  it  are  lithoidal.  Before  the  valley  commences  to 

canyon,  at  an  altitude  of  about  7,900  feet,  the  stream  cuts  its  way  through 

lithoidal  rhyolite,  well  laminated  and  much  contorted,  with  most  of  the 

layers  standing  in  a  vertical  position.  Below  this  the  stream  continues  to 

cut  through  dark-gray  porphyritic  rhyolite,  which  is  lithoidal  and  finely 
banded,  while  on  the  top  of  the  western  wall  at  the  upper  end  of  the 

canyon  proper  the  rock  is  glassy  and  beautifully  spherulitic  in  irregularly 

shaped  forms,  inclosing  grains  of  obsidian,  and  producing  the  appearance 

of  large  axiolites  on  the  surface  of  the  rock  in  a  maimer  already  described. 

It  also  contains  small  hollow  spherulites,  distinctly  fibrous  (1946),  and 

passes  into  highly  vesicular  to  pumiceous  lithoidal  rock,  light  bluish  gray 

in  color  (1945). 

Half  a  mile  above  the  mouth  of  Bechler  Canyon  the  rock  exposed  in 

the  stream  bed  is  dense  lithoidal  rhyolite  (1949).  It  forms  the  bed  of  the 

stream  up  to  near  Colonnade  Falls,  which  is  about  a  mile  above  the  mouth 

of  the  canyon.  Here  the  rhyolite  is  overlain  by  a  horizontal  sheet  of  basalt 

which  is  at  the  same  altitude  as  that  of  the  great  basalt  sheet  in  Falls  River 

Basin,  a  tongue  of  which  must  have  flowed  up  into  the  canyon.  It  gives  rise 

to  Colonnade  Falls,  where  the  stream  drops  60  feet  from  a  ledge  of  rock  into 

a  basin  partly  inclosed  by  a  semicircular  wall  of  columnar  basalt.  At  the 

base  of  this  wall  the  large  vertical  columns  are  30  feet  high;  they  pass  up 

into  irregularly  cracked  basalt,  which  at  the  top  is  massive  and  vesicular, 

forming  a  layer  which  projects  over  the  face  of  the  wall.  The  wet  columnar 

rock  forms  a  dark  background  for  the  free-falling  water  with  its  rainbowed 
mist,  while  the  banks,  kept  moist  by  the  shifting  spray,  are  covered  with  a 

luxuriant  growth  of  ferns  on  the  one  side  and  of  flowers  on  the  other. 

A  hundred  yards  upstream  is  Iris  Falls,  about  40  feet  high,  of 

different  character.  It  is  broad  and  is  broken  by  large  masses  of  rock  at 

its  base.  The  rock  is  porphyritic  rhyolite,  which  is  a  later  flow  than  the 

basalt,  and  must  have  been  a  small  one  in  the  bottom  of  the  canyon.  The 

lower  portion  of  this  later  flow  of  rhyolite  is  glassy,  being  a  spherulitic 

obsidian  (1961),  and  is  brecciated  with  inclosed  masses  of  older  rhyolite. 

It  grades  upward  into  lithoidal  rock  which  is  light  gray  colored  (1948). 

This  passes  up,  at  the  top  of  the  falls,  into  black,  glassy,  and  spherulitic 

forms  again.  Half  a  mile  farther  upstream  is  another  waterfall,  of  50  feet, 

having  the  same  general  character  as  the  last.     It  cuts  through  the  later 
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sheet  of  rhyolite,  which  is  finely  exposed  on  the  east  wall.  In  the  bottom 

portion  of  the  flow  are  large  masses  of  inclosed  rock.  The  central  layer  is 

massive,  with  well-marked  planes  of  flow.  A  short  distance  upstream  are 
fine  double  cataracts,  and  above  these  are  others  in  continuous  succession, 

the  river  descending  in  all  about  150  feet.  The  rocks  on  both  sides  of  the 

canyon  appear  to  be  soaked  with  water,  which  runs  into  the  river  from  a 

multitude  of  small  streams  and  springs  along  the  base  of  the  walls. 

FALLS   RIVER   BASIN. 

Falls  River  Basin,  which  in  reality  is  a  terrace  of  the  great  plateau,  at 

an  altitude  of  from  6,300  to  6,500  feet,  is  about  15  miles  long  and  8  miles 

wide.  It  is  a  portion  of  the  vast  rhyolitic  lava  flow,  which  is  partially 

covered  by  a  thin  sheet  of  basalt.  The  river  has  cut  its  way  down  to  the 

rhyolite,  which  forms  the  bed  of  the  stream  from  a  point  1  mile  below  the 

mouth  of  Boundary  Creek  down  as  far  as  explored,  below  Boone  Creek. 

The  rl^olite  is  lithoidal  and  fissile,  and  at  the  falls  below  the  mouth  of 

Falls  River  there  is  evidence  of  more  than  one  flow  of  rhyolite.  The  upper 

of  these  falls  is  a  cataract.  The  middle  one  is  a  beautiful  fall,  15  or  20  feet 

high  and  about  200  feet  wide,  with  a  cascade  in  low  steps  above  it.  At  the 
west  end  of  this  fall  there  is  a  low  arched  cave,  formed  by  a  sheet  of  dense, 

gray,  glassy  rhyolite,  with  small  phenocrysts  (1952),  overlying  a  mass  of 

brecciated  glassy  rhyolite,  which  is  more  easily  eroded.  Above  the  gray 

layer  the  rhyolite  is  glassy  and  spherulitic  (1956),  passing  up  into  banded 

lithoidal  rock.  The  exposure  appears  to  be  that  of  the  bottom  of  a  lava 

flow.  The  third  waterfall  is  broad  and  low,  not  more  than  5  feet  high. 

About  2  miles  above  the  mouth  of  Boone  Creek  there  is  another  fall,  where 

the  river  cuts  50  feet  into  the  rhyolite,  leaving  isolated  blocks  of  the  rock 

standing  like  monuments  in  the  stream.  The  rhyolite  forms  a  bench  on 
both  sides  of  the  river,  with  bluffs  of  basalt  100  feet  high  standing  back  a 

short  distance.  This  branch  canyon  of  the  Snake  River  begins  to  assume 

the  same  geological  character  which  the  deeper  canyon  of  the  main  stream 

possesses  in  the  neighborhood  of  Shoshone  Falls,  Idaho,  where  numerous 
sheets  of  columnar  basalt  overlie  a  glassy  and  lithoidal  dacite  of  peculiar 

characters,  which  closely  relate  it  to  the  rhyolite  of  the  Yellowstone  National 
Park. 

The  valley  of  Conant  Creek,  just  north  of  the  forty-fourth  parallel  of 



378     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

latitude,  is  cut  into  lithoidal  rhyolite,  which  is  somewhat  spherulitic  and  is 

filled  with  small  phenocrysts  (1955).  This  rhyolite  continues  south  beyond 

the  limits  of  the  area  explored  and  forms  the  northwestern  base  of  the 

foothills  of  the  Teton  Range  up  to  an  elevation  of  over  8,000  feet.  Where 

it  has  been  cut  across  by  the  valley  of  Conant  Creek  its  contact  with  the 

underlying  rocks  is  seen  to  be  very  steeply  pitched  to  the  west,  indicating 

how  steep  the  preexisting  surface  must  have  been  at  this  place.  The  rhyo- 

lite near  the  contact  is  rudely  columnar.  It  is  part  of  the  great  lava  flood 

which  buried  the  slopes  of  the  northern  foothills  of  the  same  range,  and  is 

found  overlying  sedimentary  and  Archean  rocks  and  volcanic  breccias  of 

andesite  which  had  accumulated  on  them.  About  the  head  of  Conant  and 

Boone  creeks  and  along  Berry  Creek  thin  tongues  of  the  rhyolite  sheet, 

continuous  with  the  heavy  mass  of  Pitchstone  Plateau,  have  been  left  in 

favored  places,  and  have  escaped  the  erosion  which  must  have  considerably 

modified  the  contour  of  the  surface  in  the  vicinity  of  this  high  range  of 

mountains.  These  portions  of  the  lava  lie  at  higher  altitudes  than  the  top 

of  the  plateau  north,  and  even  exceed  in  some  places  the  highest  elevation 

of  the  main  body  of  Pitchstone  Plateau.  In  two  points  north  of  Berry 

Creek  the  altitude  of  the  present  surface  of  the  rhyolite  is  8,900  feet,  and 

just  east  of  Forellen  Peak  it  reaches  9,300  feet,  resting  in  a  thin  sheet  on 

sedimentary  rocks. 

The  petrographical  character  of  the  rhyolite  varies  somewhat  in  this 

neighborhood,  but  the  variations  are  mainly  due  to  the  fact  that  the 

exposures  are  in  many  cases  at  or  near  the  bottom  of  the  lava  flow,  where 

it  has  been  affected  by  coming  in  contact  with  underlying  rocks.  Thus,  on 

the  west  slope  of  the  mountain  north  of  the  head  of  Conant  Creek  the 

mass  of  the  rhyolite  is  lithoidal  and  but  slightly  porphyritic,  but  near 

the  bottom  of  the  flow  it  is  in  places  black  obsidian  (1958)  with  a  fine 

mottling  that  is  almost  imperceptible  and  is  more  pronounced  in  a  gray, 

glassy  form  of  the  rock  (1954)  from  the  same  locality,  which  is  similar 

to  that  at  the  middle  falls  on  Falls  River  (1952).  In  places  the  lithoidite 

is  light  bluish  or  purplish  gray  and  has  large  flattened  vesicular  cavities 

intimately  related  to  hollow  spherulites  and  lithophysse  (1953,  1957).  These 

exhibit  characteristic  V-shaped  cracks,  and  have  evidently  resulted  from  the 

gaping  open  in  spots  of  a  viscous  substance.  They  are  coated  with  yellow- 

stained  crystals  of  the  same  minerals  as  those  which  occur  in  lithophysse, 
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and  around  the  cavity  the  rock  is  lighter  colored.  Another  modification 

of  the  rock,  which  has  numerous  small  phenocrysts  of  quartz,  occurs  2  miles 

northeast  of  Survey  Peak.  It  is  laminated  and  fissile  in  thin  plates,  resem- 

bling a  schist  (1960).  A  similar  form  of  rhyolite  is  found  on  the  long  spur 

east  of  Snake  River,  opposite  the  mouth  of  Owl  Creek.  The  rhyolite  cap- 

ping the  limestone  on  the  divide  between  Berry  and  Conant  creeks  belongs 

to  the  nevadite  type,  being  filled  with  phenocrysts.  Near  its  contact  with 

the  limestone  it  is  dark  slate  colored,  glassy,  and  spherulitic  (1959).  It 

grades  upward  into  lighter-colored,  purplish,  and  yellow  lithoidal  nevadite, 

full  of  irregularly  shaped  cavities.  It  weathers  in  great  rounded  and 

roughened  masses  like  granite.  The  same  is  true  of  the  rhyolite  in  the 

neighborhood  of  Birch  Hills,  in  the  valley  to  the  northeast,  and  at  Terrace 

Falls.  Here  the  coarsely  porphyritic,  reddish-purple  rhyolite,  or  nevadite, 
has  been  weathered  and  eroded  into  great  rounded  towers  100  feet  high, 

which  resemble  exposures  of  coarsely  crystalline  granite. 

It  is  to  be  remarked  that  while  the  rhyolite  in  the  vicinity  of  Birch 

Hills  is  lithoidal  along  the  valleys  cut  by  both  forks  of  Falls  River  at 

altitudes  of  from  6,700  to  7,000  feet,  yet  within  the  amphitheater  at  the 

head  of  Mountain  Ash  Creek  the  stream  at  7,000  feet  cuts  a  narrow  canyon 

through  porous  and  glassy  rhyolite,  which  also  forms  the  spur  on  the  north 

side  of  the  amphitheater  at  7,350  feet,  where  it  is  black  porphyritic  obsidian 

and  perlite.  This  is  1,200  to  1,500  feet  below  the  edge  of  the  Pitchstone 

Plateau,  where  the  rhyolite  is  black  and  red  spherulitic  obsidian  with  many 

phenocrysts  (1972).  Farther  down  Mountain  Ash  Creek,  at  an  altitude  of 

6,800  feet,  Avhere  two  branches  unite  at  the  crest  of  Union  Falls,  80  feet 

high,  the  rhyolite  is  lithoidal.  The  occurrence  of  glassy  forms  of  rhyolite 

in  the  bottom  of  this  amphitheater  overlying  lithoidal  ones  indicates  that 

this  was  the  surface  of  a  flow,  and  not  the  interior  portion  of  one  which 

has  been  exposed  by  the  erosion  of  a  vast  amphitheater. 

PITCHSTONE  PLATEAU. 

One  of  the  most  interesting  exposures  of  rhyolite  is  that  furnished  by 

the  high  spur  between  the  branches  of  Glade  Creek,  a  tributary  of  the 

Snake  River,  which  enters  the  latter  about  5  miles  north  of  the  forty-fourth 

parallel  of  latitude.  The  spur  is  from  600  to  1,000  feet  high,  and  at  its 

southern  end   presents  a  high  bluff  of  lithoidal  rock,  exhibiting  greatly 
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contorted  bands  of  flow.  Its  base  consists  of  a  talus  of  large  blocks.  The 

rhyolite  is  dark  gray,  speckled  with  white  and  brown.  It  bears  many 

phenocrysts  of  white  plagioclase  and  fewer  of  quartz  and  sanidine,  besides 

many  small  rusted  crystal's  of  augite  (1964,  1966,  1967).  Through  the 
rock  are  scattered  cavities  of  various  sizes  and  shapes  with  gray  or  white 

walls,  which  are  coated  with  brilliant  crystals  of  quartz,  tridymite,  or  sani- 

dine, with  opaque  crystals  of  fayalite.  The  quartzes  have  been  studied  by 

Professor  Penfield,  who  has  found  them  to  have  a  simple  but  very  unusual 

development.  In  addition  to  the  common  quartz  forms — prism  and  unit 

rhombohedrons — there  are  steep  rhombohedrons  (3032),  3/2  and  (0332), 

3/2,  and  narrow  trapezohedral  faces  ±  3/2-3/2. 1 
The  same  rare  forms  occur  on  the  quartzes  in  the  lithophysas  at 

Obsidian  Cliff  and  in  other  localities  within  the  Yellowstone  Park.  The 

white  walls  of  these  cavities  vary  in  thickness  from  mere  lines  to  an  inch, 

and  some  of  them  have  a  distinctly  spherulitic  structure  with  widely  gaping 

centers.  They  are  in  part  hollow  spherulites  of  a  peculiar  character,  very 

closely  related  to  the  irregular  cavities  in  the  rock,  which  could  not  be 

termed  spherulites.  The  outer  margin  of  the  hollow  spherulites  is  not 

sharply  defined  against  the  groundmass  of  the  rock,  as  in  most  instances. 

The  radial  fibration  is  not  recognizable  by  the  unaided  eye,  and  a  concen- 
tric zonal  structure  is  observed  in  only  a  portion  of  them.  The  most 

characteristic  feature  of  these  hollow  spherulites  is  the  occurrence  of  com- 

paratively large  quartz  crystals  in  two  habits,  usually  in  different  parts  of , 

the  cavity.  One  form  of  the  quartz  consists  of  stout  crystals,  seldom  over 

2  mm.  in  diameter,  in  one  instance  5  mm.,  very  transparent,  with  a  pale 

smoky  to  amethystine  color.  The  others  are  slender  white  prisms,  10  mm. 

long.  The  transparent  crystals  are  often  located  on  a  nearly  flat  side  of 

the  cavity,  while  the  white  prisms,  intersecting  in  all  directions,  form  a  kind 

of  network  which  occupies  the  thicker  part  of  the  center  of  the  spherulite. 

The  light-colored  streaks  and  more  crystalline  parts  of  the  rock  are  punc- 
tured with  minute  round  holes.  Along  the  cliff  to  the  westward  the  rock 

passes  into  laminated  lithoidal  rhyolite  with  open  layers  incrusted  with  the 

same  minerals  as  those  in  the  cavities  just  described. 

The  rhyolite  on  the  second  ridge  east  of  Glade  Creek  is  black  and 

]  Iddings  and  Pentield,  The  minerals  in  hollow  spherulites  of  rhyolite  from  Glade  Creek,  Wyo- 
ming: Am.  Jour.  Sci.,  3d  series,  Vol.  XLII,  1891,  p.  39. 
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brown  obsidian,  with  many  phenocrysts  and  small  spherulites.  The  spheru- 
lites  have  crystallized  around  phenocrysts  as  nuclei  in  many  cases.  There 

are  also  small  crenulated  cavities,  which  lie  indiscriminately  in,  the  glass 

and  spherulites  and  are  coated  with  minute  crystals  (1968,  1969).  These 
curious  cavities  occur  in  the  rock  of  Obsidian  Cliff  and  elsewhere  in 

the  Park. 
RED    MOUNTAINS. 

On  the  edge  of  the  plateau  of  rhyolite  which  lies  between  the  Yellow- 
stone Lake  and  Snake  River  rises  a  small  group  of  mountains,  whose  highest 

peak  at  the  eastern  end  is  Mount  Sheridan  (10,200  feet).  It  is  an  east-west 
ridge  with  four  prominent  spurs  trending  north  and  south,  separated  by 

deep  amphitheaters.  Its  summits  are  from  1,500  to  2,000  feet  above  the 

plateau,  but  the  eastern  peak  is  2,700  feet  above  Heart  Lake,  which  lies  at 

its  base.  The  slopes  and  spurs  on  the  east  and  north  are  short  and  steep, 

and  only  the  southern  ones  fall  away  gradually  to  the  level  of  the  plateau. 

These  mountains  are  of  rhyolite,  whose  character  in  the  body  of  Mount 

Sheridan  differs  somewhat  from  that  of  the  plateau.  On  the  steep  north- 
eastern spur  south  of  the  Heart  Lake  Geyser  Basin  much  of  the  rhyolite 

is  white  and  gray  lithoidal  rock,  with  a  moderate  number  of  small 

phenocrysts,  in  some  places  very  few,  and  belonging  to  the  variety  liparite. 

The  main  mass  of  Mount  Sheridan  and  the  ridg-e  immediately  west  is 
composed  of  this  dense  liparite,  which  is  light  purplish  gray  in  color  and 

fissile  in  thin  plates  (1980).  Similar  rhyolite  occurs  near  the  top  of 

the  ridg-e  and  on  the  summit  of  Mount  Sheridan,  where  it  is  coated  with 

hyalite  in  places  and  contains  many  transparent  crystals  of  tridymite  in 

thin  fissures  (1984).  The  rhyolite  on  the  top  of  the  ridge  and  on  the  upper 

northern  slope  and  summit  of  Mount  Sheridan  is  brecciated,  but  it  is  com- 
pact, and  is  evidently  brecciated  flow  rock  and  not  an  aggregation  of  loose 

fragments  and  dust,  which  is  the  case  with  almost  all  of  the  andesitic  breccia 

of  this  region.  In  places  on  the  summit  the  rhyolite  is  brown  and  glassy, 

and  the  brecciated  portion  is  intersected  by  dikes  of  massive  banded  lithoidal 

rhyolite  of  no  considerable  extent.  This  appears  to  be  the  only  instance 

in  which  anything  resembling  a  dike  of  rhyolite  has  been  observed  in  the 

Yellowstone  Park.  All  of  the  rhyolite  exposures  observed  by  the  writer 

appeared  to  be  surface  flows  of  lava  resting  upon  older  rocks.  In  the  cases 

where  later  bodies  of  rhyolite  have  been  recognized  they  have  always  been 
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in  the  form  of  surficial  flows,  the  orifices  or  fissure  through  which  they 

reached  the  surface  not  being'  exposed  to  view.  This  is  most  noticeably 
the  case  in  the  outlying  remnants  of  thin  sheets  whose  plane  of  contact 

with  the  underlying  rocks  is  frequently  observed. 
The  eastern  face  of  Mount  Sheridan  is  composed  of  massive  white 

and  gray  liparite,  like  the  northeastern  spur.  The  upper  portion  of  the 

long  northern  spur  consists  of  a  heavy  flow  of  rhyolite,  about  700  feet 

thick,  which  appears  to  have  the  same  character  as  the  plateau  rock. 

In  the  neighborhood  of  Lewis  and  Shoshone  lakes  the  rhyolite  exhibits 

variations  from  lithoidal  to  glassy  forms.  The  bluff  west  of  Lewis  River 

at  the  crossing  of  the  old  trail,  2J  miles  below  Lewis  Lake,  exposes 

very  fine  lithoidal  rhyolite,  mottled  dark  and  light  gray,  which  is  porphy- 
ritic  and  banded  (1971).  The  top  of  the  plateau  west  and  north  of  Lewis 

Lake  is  mostly  glassy  or  hyaline  rhyolite — black  and  red  obsidian  and 

perlite,  which  is  spherulitic  and  porphyritic  (1973).  This  may  be  observed 

along  the  trail  between  the  two  lakes.  The  character  of  the  rhyolite  on 
the  east  side  of  Shoshone  Lake  near  its  outlet  is  particularly  varied.  It  is 

porphyritic  and  is  streaked  with  black  and  red  glass  and  blue  spherulitic 

layers,  besides  blue  lithoidal  portions,  weathering,  pink  on  the  exposed 
surface.  The  lake  beach  is  made  up  of  very  irregularly  shaped  pebbles 

of  this  rhyolite,  which  are  but  partially  rounded  and  form  a  beautiful 

variegated  sand. 

VICINITY  OF  YELLOWSTONE   LAKE. 

The  most  striking  variability  in  the  rhyolitic  lava,  however,  is  found 

along  the  shores  of  the  Yellowstone  Lake.  The  many  miles  of  coast  offer 
numerous  bluffs  which  have  been  cut  into  the  surface  of  the  great  rhyolite 

sheet,  and  the  slightly  glaciated  hills  of  the  plateau  country  immediately 

west  of  the  lake  shore  present  all  possible  modifications  of  this  variable 
lava. 

A  good  example  of  this  is  found  in  the  cliff  on  the  second  point  south 
of  the  mouth  of  the  West  Arm  of  the  lake  and  the  first  one  north  of  Flat 

Mountain  Arm.  Here  red  and  black  glassy  forms  occur,  separately  and 

also  intimately  mixed.  The  rock  is  porphyritic  and  more  or  less  spheru- 
litic. There  are  masses  of  black  obsidian  completely  shattered  by  irregular 

cracks,  which  cause  it  to  crumble  readily  into  small  angular  fragments,  and 
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others  of  dark  and  light  brownish-red  obsidian  carrying  dark-blue  spheru- 

lites  with  gray,  brown,  or  purple  outer  shells,  also  completely  crackled. 

Black  and  red  streaked  obsidians  alternate  in  layers  with  bands  of  densely 

spherulitic  material,  and  occasionally  of  porous  spherulites.  In  places  the 

lamination  is  very  pronounced,  and  thin  spherulitic  layers,  when  broken 

from  the  obsidian,  are  covered  with  wart-like  excrescences,  which  are 

protruding  spherulites,  ribbed  with  parallel  lines  corresponding  to  the  planes 

of  lamination  of  the  rock.  Parts  of  the  rock  are  fissile  and  consist  of  light- 

brown  glass  streaked  with  black  and  red  in  small  blotches,  and  even  rather 

large  lumps,  which  have  been  drawn  out  into  lenticular  shapes  during  the 

flow  of  the  rock  (1994  to  1998). 

Pumiceous  glassy  rhyolite  forms  the  top  of  the  plateau  in  many  places 

about  the  West  Arm  of  the  lake.  Southwest  of  Riddle  Lake  the  drainage 

exposes  light-gray  pumice  overlying  black,  glassy,  porphyritic  rhyolite  or 

obsidian.  Lower  downstream,  near  the  forks,  the  rhyolite  is  lithoidal, 

purplish  gray,  and  banded,  and  is  accompanied  by  black  glassy  varieties 

carrying  spherulites,  which  are  the  commoner  kinds  over  this  part  of  the 

plateau. 
In  the  immediate  vicinity  of  Duck  Lake  light  and  dark  gray  pumice 

and  perlite  form  a  brecciated  flow  (1986  to  1989),  while  farther  west  the 

rhyolite  is  in  places  lithoidal.  At  Rock  Point  porphyritic  obsidian  with 

small  spherulites  occurs  in  a  brecciated  mass.  The  surface  of  the  spheru- 

lites and  of  the  glass  immediately  in  contact  with  them,  as  Avell  as  that  of 

the  obsidian  blocks,  is  dark  red,  like  other  portions  of  the  body  of  obsidian 

in  many  places.  There  is  also  black  perlite  with  small  lithophysse;  and 

light-brown  and  black,  streaked  and  blotched  perlite,  and  silvery-gray 

fibrous  pumice  (2003,  2004). 

An  idea  of  the  great  diversity  of  the  rhyolite  along  the  west  shore  of 

the  lake  may  be  gotten  from  several  typical  exposures  in  the  neighborhood 

of  Bridge  Bay,  from  which  extensive  collections  have  been  made  On  the 

south  side  of  Bridge  Creek,  about  a  mile  west  of  the  lake,  a  branch  stream 

has  cut  into  brecciated  pumiceous  and  hyaline  rhyolite.  It  is  porphyritic 

and  partly  spherulitic  crackled  obsidian  and  perlite,  with  many  small 

roughened  cavities.  The  brecciated  portion  contains  some  fragments  which 

are  2  feet  in  diameter.  A  highly  vesicular  modification  of  it  is  almost 

fibrous,  owing  to  the  elongation  of  the  vesicles,  which  have  been  drawn  out 
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in  thin  tubes.  This  form  of  the  rock  is  microspherulitic  or  lithoidal,  with 

some  glassy  portions,  and  the  breccia,  which  is  largely  composed  of  this 
material,  is  the  same  as  that  which  occurs  on  the  Firehole  River  a  short 

distance  below  the  Lower  Geyser  Basin  (2020  to  2023).  A  more  varied 

occurrence  is  crossed  by  the  trail  in  a  coulde  about  a  mile  south  of  Bridge 

Creek.  It  is  mostly  glassy  and  is  full  of  phenocrysts  of  quartz  and  feldspar. 

One  black  projecting  mass  of  rock  consists  of  finely  vesicular  to  pumiceous 

perlitic  obsidian.  This  grades  into  a  light  reddish-brown  pumiceous  breccia 

inclosing  fragments  of  white  pumice  with  light-brown  borders  and  small 

fragments  of  light-brown  pumice  and  pieces  of  black  obsidian.  This  passes 
into  a  dense  red  perlite  mottled  with  black  and  gray,  and  the  latter  grades 

into  reddish-brown  and  also  dark  drab-colored  perlite,  which  in  turn 
passes  into  spherulitic  obsidian  banded  with  minutely  spherulitic  or  lithoi- 

dal layers  full  of  small  roughened  cavities.  It  is  scoriaceous  in  places  and 

exhibits  a  great  variety  of  colors  on  weathered  surfaces  (2013  to  2019). 

All  this  variation  of  texture  and  color  takes  place  within  a  distance  of  100 

feet.  Farther  south  the  rhyolite  becomes  more  lithoidal  in  places,  purplish 

lithoidal  and  spherulitic  bands  being  intermingled  with  obsidian  and  perlite. 

It  is  often  roughly  vesicular  and  slag-like  (201-1).  The  modifications  of 

rhyolite  just  described  constantly  recur  over  the  plateau  in  this  vicinity. 

A  still  more  varied  assortment  of  rhyolite  is  found  in  a  low  bluff  on  the 

lake  shore  half  a  mile  south  of  Bridge  Bay.  It  consists  of  brecciated  pumice 

and  scoria,  with  some  massive  lava,  and  appears  to  be  the  surface  or  the 

forward  end  of  a  How  of  porphyritic  rhyolite.  The  colors  of  the  rock,  all 

of  whose  varieties  appear  to  be  textural  modifications  of  one  magma,  range 

from  jet  black  through  different  shades  of  gra}^  to  almost  white,  besides 

reds  which  are  dark  liver  colored  to  pink,  and  browns  that  are  reddish  and 

others  that  approach  yellow.  These  colors  occur  separately  in  large  masses 

or  are  combined  in  brecciated  bodies  in  blotches  and  streaks,  or  as  mottlino-s 

and  bandings  in  massive  rock.  The  greater  part  of  the  rock  is  glassy,  but 
some  of  it  is  lithoidal.  There  is  black  crackled  obsidian  grading  into  per- 

lite banded  by  delicate  layers  of  spherulites.  Some  of  it  is  more  spherulitic 

and  carries  hollow  spherulites,  which  are  distinctly  fibrous  on  the  inside 

and  are  coated  with  tridymite  pellets.  There  is  dense  black  obsidian  so 

filled  with  hollow  spherulites  as  to  appear  like  a  porous  or  vesicular 

rock.  Black,  red,  and  brown  obsidians  occur  together,  with  and  without 

spherulites,  some  of  which  are  blue  and  red,  while  others  are  porous  and 
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hollow.     A  pitchy  black  obsidian  with  bluish  metallic  luster  is  fill
ed  with 

minute  pores   that  give  it  a  rough  fracture  surface,  besides  some  l
arger 

pores  which  are  pumiceous  and  generally  occur  about  the  phenocrysts,
  some 

of  the  larger  feldspars  appearing  to  have  been  fractured  and  dragged  
apart. 

Another  form  of  obsidian  is  so  finely  vesicular  as  to  be  almost  a  pum- 

ice; it  is  dark  gray  colored,  with  grains  of  black  glass  scattered  through 
 it. 

Others  are  lighter  gray,  and  the  most  pumiceous  rock  is  silvery  whit
e  and 

fibrous.     In  the  larger  cavities  the  glass  has  been  drawn  out  to  the  fin
est 

threads,  like  spun  glass.    Among  the  phenocrysts  the  few  light-green  au
gites 

are  plainly  recognizable.     There  is  black  glass  with  bright  yellow 
 pumi- 

ceous spots,  and  sanidine  crystals  which  have  split  open  down  the  middle 

lengthwise,  and  others  irregularly  cracked  and  pulled  apart,  the  crack
s  not 

having  become  filled  with  the  glass,  which  must  have  been  expanding  int
o 

pumice  at  the  time.     This  grades  into  rock  in  which  the  yellow  pum
ice 

preponderates  over  the  black  glass.      There  is  perlite  of  black,  red
,  and 

brown  glass  intimately  mingled  and  banded,  with  feldspars  arranged  nea
rly 

parallel  to  the  planes  of  flow;  also  a  light-red  dense  perlite  w
ith  small 

black    spots.      There    is    a   light-red,    lithoidal,   fibrous,   vesicular   vari
ety 

with  irregular  patches  and    remnants    of   black    glass,   besides  light-g
ray 

lithoidal  rock,  with  streaks  of  dark-gray  and  black  glass  and  porous  an
d 

scoriaceous  portions.     Some  of  these  forms  of  the  rhyolite  are  mas
ses  in 

the  breccia,  but  the  more  finely  brecciated  material  presents  a  sti
ll  more 

variegated   appearance.      The    most    striking  breccia   is  a   light-
red,  also 

reddish-brown,  finely  porous  glass  filled  with  lumps  of  light-gray  glass 
 of 

all  sizes  which  is  finely  porous  and  minutely  crackled,  besides  ot
hers  of 

dark-gray  pumice  and  'rounded  lumps  of  highly  inflated  vesicu
lar  black 

glass.     Some  of  the  black  glass  is  compact  and  occasionally  
spherulitic. 

Another  form  of  breccia  consists  of  fragments  of  black  and  red  obs
idian  in 

a  matrix  of  smaller  fragments  of  the  same,  most  of  which  are  red,  app
ar- 

ently cemented  together  by  a  porcelain-like  material,  which  is    pink  
or 

white.     There  is  distinct  evidence  of  plasticity  and  flow  in  the  form
  and 

arrangement  of  the  small  pieces  of  glass,  and  the  porcelain-like 
 portion  is 

a  crystalline  modification  of  the  magma,  which  can  be  traced  into
  spheru- 

litic patches.     The  reddening  of  the  glass  seems  to  have  occurred 
 subse- 

quent to  its  breaking  up,  for  the  fragments  of  black  obsidian  have  a 
 red 

margin  or  surface  of  variable  thickness. 

MON  XXXII.  PT  II   25 



386  GEOLOGY  OF  "THE  YELLOWSTONE  NATIONAL  PAEK. 

NATURAL    BRIDGE. 

Bridge  Creek  has  received  its  name  from  a  small  natural  bridge  of 

rhyolite  which  spans  a  narrow  gulch  through  which  runs  a  tributary  to  the 

main  creek.  This  bridge,  which  is  shown  in  the  illustration  (PI.  XLVIII), 

consists  of  two  vertical  slabs  of  lithoidal  rhyolite,  parts  of  the  contorted 

layers  of  lava  flow,  which  stand  about  vertical  in  this  place.  The  vertical 

layers  just  east  of  the  north  end  of  the  bridge  are  shown  in  PI.  XLIX. 

They  are  slightly  curved  and  are  separated  by  open  crevices  with  rough- 

ened scoriaceous  walls.  Of  the  two  slabs  forming-  the  bridge  the  eastern, 
or  that  seen  in  the  illustration,  is  2  feet  thick  at  its  ends  and  thinner  in  the 

middle.  There  is  a  space  of  2  feet  between  it  and  the  western  slab,  which 

is  4  feet  thick.  The  span  of  the  arch  is  about  30  feet  and  its  rise  about  10 

feet,  the  top  of  the  bridge  being  some  40  feet  above  the  creek.  The  eastern 

slab  is  traversed  by  two  vertical  cracks,  and  by  horizontal  ones  just  below 

the  base  of  the  arch.  The  rhyolite  is  porphyritic  and  lithoidal,  dark  blue- 

gray,  mottled  with  light  gray,  and  distinctly  banded  in  places.  It  bears 

numerous  hollow  spherulites  of  considerable  size  and  many  small  lith- 

ophysas  with  delicate  concentric  shells,  but  no  small  megascopic  dense 

spherulites.  The  lithoidal  rock  alternates  with  glassy  layers  of  black 

perlite  having  dense  spherulitic  bands  and  some  large  dense  spherulites 

(2048  to  2052). 
The  large  hollow  spherulites  have  been  crushed  while  the  matrix  was 

plastic,  though  not  liquid,  for  the  broken  shells  have  been  dislocated  and 

the  sides  of  the  spherulite "  forced  in  and  the  cavity  partly  filled  by  the 
matrix.  But  this  was  not  liquid  enough  to  enter  very  far  into  the  hollow 

cavity,  nor  has  it  filled  up  the  cracks  on  the  outside  of  the  shells.  It  is 

evident  that  there  was  motion  in  the  lava  after  the  large  hollow  spherulites 

had  formed,  and  that  they  were  rigid  crystalline  bodies.  It  is  quite  as 

evident  that  the  delicate  lithophysse  of  various  sizes  were  not  formed  before 

the  lava  came  to  rest,  because  they  have  not  been  crushed  in  any  case, 

although  their  shells  are  often  much  thinner  than  those  of  the  hollow 

spherulites.  Moreover,  their  eccentric  and  irregular  shapes  are  more  or 
less  in  accord  with  the  crooked  and  distorted  banding  which  marks  the 

planes  of  flow  in  the  rock.  They  have  the  same  character  as  those  at 

Obsidian  Cliff  and  are  highly  crystalline ;  but  the  fayalites  have  been 

changed   to    light-yellow  opaque  pseudomorphs,  and  the  iron    has   been 
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concentrated  to  stout  tablets  of  hematite,  with  brilliant  crystal  faces,  some 

of  them  set  upon  the  fayalite  pseudomorphs,  and  of  later  origin.  In  some 

of  the  lithophysa1  hematite  occurs  without  pseudomorphs  of  fayalite.  The 
Natural  Bridge  is  one  of  the  best  localities  for  the  study  of  these  hollow 

forms  of  crystallization. 

NORTH  AND    EAST   OF  YELLOWSTONE  LAKE. 

The  spur  of  the  plateau  lying  west  of  the  outlet  of  Yellowstone  Lake, 

and  known  as  the  Elephant  Back,  is  ribbed  and  grooved  by  numerous 

drainage  channels  that  cut  deep  gulches  down  its  slopes  and  permit  the 

nature  of  the  mass  of  lava  forming  it  to  be  observed.  The  surface  of  the 

slopes  and  the  top  of  the  plateau  consist  for  the  most  part  of  glassy  forms 

of  rhyolite,  strongly  porphyritic.  Black  obsidian,  passing  into  red  pumiceous 

breccia  like  that  south  of  Bridge  Creek,  is  the  prevailing  rock,  with  occa- 
sional areas  of  lithoidal  rhyolite.  The  obsidian  is  markedly  banded  with 

parallelly  oriented  feldspars  and  layers  of  spherulites,  some  of  them  red, 

porous,  and  distinctly  fibrous,  with  white  pellets  of  tridymite,  the  feldspar 

fibers  radiating  from  the  center  of  the  spherulite,  though  often  separated 

from  it  by  an  open  space  (2066,  2068).  But  as  the  drainage  channels  are- 

followed  from  the  top  of  the  plateau  downward  the  glassy  forms  become 

less  abundant,  and  in  the  deeper  gulches  the  whole  mass  of  the  rock  is 

lithoidal  and  well  banded  (2067).  ■  This  relationship  between  the  lithoidal 
and  the  glassy  forms  of  rhyolite  is  the  usual  one  for  the  large  flows;  the 

upper  surface  is  glassy  and  more  or  less  pumiceous,  the  lower  part  of  the 

mass  is  lithoidal,  and  the  bottom  of  the  flow,  when  exposed,  is  glassy  for  a 

variable  thickness  in  many  cases,  but  not  in  all. 

Along  the  Yellowstone  River  3  miles  below  the  outlet  of  the  lake, 

about  opposite  the  mouth  of  Thistle  Creek,  the  rhyolite  is  lithoidal  and 

purplish  gray,  not  noticeably  banded,  and  full  of  phenocrysts,  of  which  the 

quartzes  are  more  perfectly  crystallized  than  in  the  greater  number  of  cases 

noticed.  This  characteristic  becomes  more  pronounced  in  the  vesicular 

brecciated  rhyolite  which  forms  a  massive  exposure  about  2  miles  below 

the  head  of  Thistle  Creek.  In  this  rock  well-developed  double  pyramids 
of  quartz,  with  smooth  crystal  faces,  project  into  the  cavities  of  the  rock 

and  from  broken  surfaces.  The  sanidine  is  iridescent  in  blue  and  some- 

times in  more  brilliant  prismatic  colors.     Farther  up  the  creek  the  rhyolite 
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is  dense  and  dark  colored.  But  on  the  summit  of  the  peak,  9,000  feet  high, 

at  the  head  of  the  creek,  it  is  light  pink  and  gray,  earthy  in  texture,  and 

brecciated  like  a  tuff,  with  fragments  of  andesites,  and  with  phenocrysts 
like  the  vesicular  brecciated  rock  lower  down  the  creek.  There  is  no 

evidence,  however,  that  it  is  a  tuff,  but  it  appears  to  be  a  finely  brecciated 

massive  rock,  of  the  same  kind  as  the  rhyolite  opposite  the  mouth  of  Thistle 

Creek,  except  that  the  latter  is  denser  and  not  brecciated  (2059  to  2064). 

Along  the  east  shore  of  Yellowstone  Lake  the  rhyolite  extends  from 

the  vicinity  of  Pelican  Creek  on  the  north  as  far  south  as  Brimstone  Basin, 

a  small  area  of  hot  springs  2  miles  south  of  Columbine  Creek.  It  forms  a 

sheet  of  lava  which  constitutes  the  tabledand  and  flat-topped  spurs  between 
the  lake  and  the  Absaroka  Mountains,  reaching  an  elevation  of  about  8,500 

feet.  Tongues  of  it  extend  up  the  long  valleys  and  are,  found  at  still  higher 

altitudes.  In  the  valley  of  Sylvan  Lake  it  forms  a  massive  bluff  on  the 

north  side,  which  reaches  8,700  to  8,800  feet  elevation.  This  is  several 

hundred  feet  higher  than  the  divide  in  Sylvan  Pass;  still  it  has  not  been 

found  east  of  the  watershed  in  the  valleys  draining  into  the  Stinkingwater 

River.  In  the  next  valley  north  of  that  of  Clear  Creek  the  rhyolite  sheet 

is  found  at  9,000  feet.  The  rock  throughout  the  greater  part  of  this  area  is 

massive,  lithoidal,  purplish,  and  porphyritic.  The  glassy  and  pumiceous 

parts  which  probably  formed  its  surface  have  been  eroded  away. 

VICINITY  OF  YELLOWSTONE   RIVER. 

The  surface  of  Central  Plateau,  which  extends  from  the  Elephant  Back 

west  to  the  head  of  Nez  Perce"  Creek,  and  around  the  west  end  of  Hayden 
Valley  northward,  is  covered,  like  the  country  south,  with  glassy  rhyolite. 

It  is  mostly  porphyritic  black  obsidian,  more  or  less  spherulitic,  and  is  in 

places  vesicular.  On  the  south  branch  of  Alum  Creek,  a  short  distance  from 

the  road,  the  obsidian  is  spherulitic  and  carries  lithophysae  and  hollow 

spherulites  from  1  to  6  inches  in  diameter  (2072,  2073).  The  obsidian  in 

places  is  traversed  by  jointing  planes,  along  which  the  surface  of  the  rock 

is  smooth  and  polished,  but  slightly  uneven  and  warped.  The  crystals  of 

cpiartz  and  feldspar  have  been  cut  across  smoothly  in  most  instances,  though 

in  many  cases  the  plane  of  jointing  has  curved  around  the  end  of  a  crystal, 

or  followed  the  cleavage  of  the  feldspar  when  this  was  nearly  coincident 

with  the  plane  of  jointing.     A  small  elevation  and  depression  extends  for 
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a  short  distance  from  each  of  the  larger  crystals,  all  being  parallel  and 

pointed  in  one  direction.  They  appear  as  though  they  had  resulted  from 

the  resistance  offered  by  the  phenocrysts  to  a  shearing  stress.  The  hill  south 

of  the  hot  springs  east  of  Marys  Lake  is  formed  of  porphyritic  perlite, 

full  of  small  hollow  spherulites  and  lithophysse,  which  have  been  partly 

altered  by  the  action  of  heated  vapors,  which  come  up  through  it  and 

deposit  crystals  of  sulphur.  The  phenocrysts  of  feldspar  and  the  spheru- 

lites are  much  decomposed,  the  quartzes  and  groundmass  remaining  unal- 
tered. The  hollow  spherulites  are  partly  filled  with  opal,  and  less  often 

with  sulphur  (2070). 

The  top  of  the  plateau  from  the  north  side  of  Hay  den  Valley  to  Gib- 
bon River  and  Grebe  Lake  is  covered  with  porphyritic  glassy  rhyolite  or 

obsidian,  in  places  spherulitic.  This  is  the  character  of  the  rock  along  the 

road  from  the  Yellowstone  Falls  to  the  valley  of  the  Gibbon,  and  along  the 
west  bank  of  Yellowstone  River  from  Alum  Creek  to  Cascade  Creek.  At 

the  north  side  of  the  mouth  of  Otter  Creek  there  is  much  silver-gray 

pumice,  which  is  beautifully  fibrous,  exhibiting  a  satin-like  sheen  when  the 
light  is  reflected  from  the  sides  of  the  fibers,  but  appearing  dark  gray  and 

vitreous  on  transverse  surfaces.  It  is  filled  with  phenocrysts  (2084  to  2089). 

A  somewhat  similar  pumice,  or  more  correctly,  a  highly  vesicular  porphy- 

ritic perlite,  occurs  in  a  small  gulch  west  of  the  Upper  Falls  of  the  Yellow- 
stone. It  forms  a  loosely  adhering  breccia  of  pumice  and  perlite.  Some 

masses  of  perlite  are  quite  dense,  with  only  small  vesicles,  but  most  of  it  is 

greatly  inflated,  with  flattened  cavities.  In  places  the  perlitic  structure  is 

not  complete,  leaving  kernels  of  irregularly  shaped  obsidian,  which  weather 

out  and  cover  the  ground  with  black  sand  (2080  to  20<S3).  In  the  meadow 

of  Cascade  Creek  south  of  Dunraven  Peak  the  rhyolite  exposed  in  the 

creek  bed  is  finely  vesicular  lithoidal  rhyolite,  purplish  gray,  with  many 

phenocrysts  of  plagioclase  and  fewer  of  sanidine  and  quartz  (2092,  2093). 

The  rock  closely  resembles  that  which  forms  the  bluff  at  the  southeast 

corner  of  Geyser  Meadow  and  also  the  rock  of  the  Upper  Geyser  Basin. 

VICINITY    OF   THE    GRAND    CANYON    OF    THE   YELLOWSTONE. 

Since  the  topographic  and  scenic  features  of  the  Grand  Canyon,  and 

the  character  and  condition  of  the  rocks  forming  it,  are  described  in  detail 

by  Mr.  Arnold  Hague  in  Part  I  of  this  monograph,  it  is  not   necessary 
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to  repeat  any  of  the  petrographical  description  of  the  rhyolite  in  this,  its 

most  notable,  exposure.  There  is,  however,  an  occurrence  of  columnar 

cracking-  in  an  inconspicuous  locality  which  is  of  considerable  petrological 
interest  on  account  of  its  bearing  on  the  general  question  of  the  production 

of  prismatic  parting,  and  which  may  properly  find  a  place  in  this  chapter. 

The  fine  columnar  parting  on  the  east  side  of  the  canyon  north  of 

Agate  Creek  are  described  in  Part  I.  Here  the  columns  are  80  feet 

long  and  several  feet  in  diameter.  But  the  prismatic  cracking  to  be 

described  occurs  in  a  small  gulch  on  the  west  wall  of  the  canyon  a  mile 

south  of  Deep  Creek.  The  rhyolite  forming  the  upper  part  of  the  plateau 

at  this  place  is  lithoidal  and  porphyritic,  light  purplish  gray,  with  a  rough 

fracture.  It  is  jointed  in  broad  blocks  which  weather  into  rough  granite- 

like masses.  This  passes  downward  into  more  distinctly  columnar,  denser 

rhyolite,  which  is  exposed  on  the  south  side  of  the  gulch  in  a  beautifully 

columnar  cliff  300  feet  high.  The  vertical  columns  are  so  regular  in  shape 

that  they  may  be  easily  mistaken  at  a  little  distance  for  basaltic  ones. 

On  the  north  side  of  the  gulch  there  is  a  ledge  of  columnar  basalt  100 

feet  thick  resting  upon  gravel  and  andesitic  breccia,  .  Immediately  overly- 

ing the  basalt  is  the  bottom  contact  of  a  younger  flow  of  rhyolite.  The 

lowest  portion  is  tuffaceous  and  yellow,  passing-  upward  into  denser  material, 

and  this  into  dark-gray,  brownish,  porphyritic  glass,  which  has  cracked  in 
thin,  straight  prisms,  some  quadrangular,  others  irregularly  shaped.  The 

prisms  vary  in  size  from  4  to  8  inches  long  and  from  one-third  to  three- 
fourths  of  an  inch  thick,  and  thicker.  This  glass  grades  into  lithoidal 

purplish  rock,  which  js  also  cracked  into  small  prisms  and  columns.  Some 

of  these  are  3  or  4  feet  long  and  4  inches  thick;  others  are  very  small, 

about  6  inches  long,  and  irregularly  shaped,  like  prisms  of  starch.  They 

are  more  or  less  curved,  and  occur  grouped  together  in  the  form  of  large 
blocks,  whose  relation  to  the  original  form  of  the  whole  mass  was  not  made 

out,  They  appear  to  have  resulted  from  a  shrinkage  within  these  blocks. 

The  jointing  planes  which  constitute  the  faces  of  these  prisms  or  columns 

intersect  the  many  porphyritical  crystals  of  quartz  and  feldspar,  producing 

smooth  faces,  which  show  that  the  groundmass  of  the  rock  was  rigid  when 

the  cracking  took  place.  The  small  columns,  in  their  shape  and  arrange- 
ment, are  precisely  like  those  formed  in  dried  starch. 
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NORTHEASTERN    CORNER    OF    YELLOWSTONE    PARK. 

Toward  the  northeast  the  rhyolite  sheet  thins  out  and  overlies  the 

andesitic  and  older  rocks,  which  had  previously  been  greatly  eroded.  East 

of  the  Yellowstone  Canyon  the  plateau  top  consists  of  rhyolite,  into  which 

have  been  cut  the  canyons  of  Broad,  Deep,  and  Agate  creeks.  The  rhyolite 
reaches  an  altitude  of  9,000  feet  where  it  is  found  in  contact  with  the 

basalt  of  Mirror  Plateau,  and  also  on  the  peak  northwest  of  the  headwaters 

of  Broad  Creek.  At  the  latter  place  the  rock  is  red,  glassy,  and  somewhat 

pumiceous  (2058),  with  abundant  phenocrysts  and  included  fragments  of 

obsidian  Down  the  drainage  channels  from  the  summit  of  this  point  the 

rhyolite  is  denser  and  vesicular  and  contains  large  lithophysse,  while  still 
lower  down  it  is  dense,  banded,  and  lithoidal.  In  the  cliff  east  of  Mirror 

Lake  the  rock  is  dense,  has  small  phenocrysts,  and  exhibits  characters 

that  are  found  in  the  parts  of  the  sheet  near  its  bottom  contact.  There  is 

rhyolite  along  the  west  base  of  Amethyst  Mountain  and  Specimen  Ridge, 

where  it  constitutes  the  margin  of  the  great  plateau.  Beyond  this  to  the 

north  and  east  it  occurs  only  as  disconnected  remnants,  which  lie  at  all 

altitudes  on  the  slopes  and  summits  of  mountains  and  in  the  bottoms  of 

valleys,  in  almost  every  instance  forming  a  bench  or  table  of  greater  or  less 

prominence. 

Southeast  of  Mirror  Plateau  rhyolite  forms  a  flat-topped  spur  between 
Mist  and  Cold  creeks,  lying  between  the  altitudes  of  8,750  and  8,300  feet. 

East  of  the  mouth  of  Cold  Creek  it  forms  a  flat  spur,  and  stretches  from 

8,000  to  8,600  feet,  reaching  to  within  200  feet  of  the  bottom  of  Lamar 

River,  while  on  the  spur  east  of  this  it  lies  between  8,200  and  8,650  feet 

elevation  In  each  of  these  occurrences  the  rhyolite  is  lithoidal,  purple, 
and  porphyritic. 

The  flat  spurs  and  ridges  on  the  east  side  of  Lamar  River  from  the 

base  of  Saddle  Mountain  to  Cache  Creek  are  rhyolite,  which  also  occurs 

in  isolated  patches  within  200  feet  of  the  river  at  Opal  Creek  and  at  the 

south  base  of  Bison  Peak,  and  also  within  a  short  distance  of  Amethyst 

Creek.  The  character  of  the  rhyolite  in  these  places  is  quite  the  same, 

being  purple  and  lithoidal,  with  small  phenocrysts  (2135,  2155,  2161).  This 

is  also  the  character  of  remnants  of  the  rhyolite  sheet  that  occur  on  the 

north  side  of  the  northwest  end  of  Specimen  Ridge  (2158),  and- in  a  bench 
north  of  the  mouth  of  Lamar  River,  600  feet  above  the  stream  (2157),  and 
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also  on  the  east  slope  of  Garnet  Hill  (2160).  All  of  these  patches  are 

undoubtedly  portions  of  one  continuous  sheet,  which  has  been  almost  com- 

pletely eroded. 
Remnants  of  the  rhyolite  sheet  lie  high  up  the  slopes  of  Saddle 

Mountain,  even  near  its  summit.  One  area  is  on  the  west  spur  of  the  peak 
southwest  of  Saddle  Mountain,  at  an  altitude  of  from  9,200  to  9,500  feet. 

Near  the  bottom  contact  the  rhyolite  is  dense  and  dark  colored ;  higher  up 

in  the  mass  it  is  somewhat  fissile,  forming  thick  slabs.  It  is  lithoidal,  with 

traces  of  black  glass,  and  is  dark  colored  and  carries  small  phenocrysts 

and  lithophysa?  (2141).     It  rests  directly  upon  basaltic  breccia. 

On  the  northwest  spur  of  the  peak  of  Saddle  Mountain,  about  700  feet 

below  the  summit,  there  is  a  small  patch  of  rhyolite  forming  a  nearly 

horizontal  sheet  not  more  than  150  feet  in  length.  It  rests  upon  basaltic 

breccia,  which  is  plainly  exposed  in  the  steep  faces  of  the  narrow  ridge. 

At  the  bottom  of  the  rhyolite  is  white  rhyolitic  tuff;  over  this  is  fissile, 

light-gray,  lithoidal  rhyolite  with  small  phenocrysts  (2137).  This  passes 

up  into  dark-colored  spherulitic  and  glassy  rhyolite  with  lithophysee  and 
small  phenocrysts  (2138),  similar  to  the  rhyolite  on  the  spur  to  the  west. 

There  are  patches  of  rhyolite  at  various  altitudes  on  the  northwest  spur, 

down  to  8,000  feet.  At  about  this  altitude  in  the  gulch  south  of  this  spur 

and  of  Miller  Creek  there  is  a  small  group  of  fumaroles  in  rhyolite  that  is 

partly  dense  and  light  gray,  and  is  jointed  in  rectangular  plates  and  small 

straight  prisms,  and  is  partly  perlitic  and  glassy  (2145  to  2149). 

Rhyolite  covers  the  southern  portion  of  the  flat-topped  spur  north  of 
Miller  Creek,  and  patches  of  it  occur  on  the  ridge  near  Parker  Peak,  at 

9,500  feet,  and  on  the  south  slope  of  the  divide  at  the  head  of  Lamar  River, 

at  9,800  feet.  In  the  last  two  places  the  rock  is  partly  lithoidal,  with  small 

phenocrysts,  and  partly  glassy.  Some  of  it  is  fissile  and  some  of  it  massive, 

carrying  lithophysse.  None  of  it  has  been  found  on  the  north  side  of  the 
divide,  in  the  drainage  basin  of  Crandall  Creek.  Scattered  patches  of  it 

occur  on  both  sides  of  Cache  Creek,  and  a  long'  narrow  tongue  extends 
along  the  west  side  for  4  miles,  being  situated  between  altitudes  of  7,000 

to  8,000  feet,  In  all  these  cases  the  structure  of  the  rhyolite  masses  is  that 

of  surface  flows,  resting  on  an  uneven  surface  of  older  rock,  and  nowhere 

in  this  vicinity  was  any  of  it  exposed  in  the  form  of  a  dike  or  other  intrusive 
body. 
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MICROSCOPICAL   CHARACTERS   OF  THE  EHYOLITE. 

From  the  description  of  the  megascopical  characters  and  the  mode  of 

occurrence  of  the  rhyolite  just  given,  it  is  evident  that  the  rock  varies 

greatly  in  the  manner  of  its  solidification  and  crystallization  in  restricted 

areas,  as  well  as  throughout  the  whole  region.  Its  microscopical  characters, 

therefore,  may  be  expected  to  be  equally  varied.  An  examination  of  315 
thin  sections  of  this  rock  shows  that  this  is  true  within  certain  limits.  There 

is  great  variability  among  the  sections,  but  it  is  confined  to  a  definite  range 

of  crystalline  structures  and  to  a  limited  number  of  minerals,  and  is  so  often 

repeated  in  the  rocks  from  different  localities  that  a  clear  idea  of  the  micro- 
scopical characteristics  of  the  rhyolite  can  be  given  only  by  treating  them 

systematically  for  the  whole  region.  It  then  becomes  a  comparatively 

simple  undertaking. 

The  phenomena  investigated  by  a  microscopical  study  are  expressions 

of  the  mode  of  solidification  of  the  lava  and  the  extent  or  degree  and  the 

manner  of  its  crystallization.  The  mode  of  solidification  of  the  rhyolitic 

lava  in  this  region  is  that  of  a  surface  flow  of  variable  thickness.  The  lava 

has  been  in  part  inflated  and  chilled  into  pumice,  or  has  exploded  and 

formed  tuff.  Parts  of  it  have  solidified  to  dense  glass,  sometimes  rendered 

vesicular  by  large  gas  bubbles.  But  the  greater  mass  of  it  has  solidified  in 

the  central  parts  of  deep  flows  or  streams,  forming  lithoidal  rock,  whose 

crystalline  character  can  not  be  recognized  by  the  unaided  eye.  The 

pumiceous  portion  occurs  at  the  top  of  the  flows,  and  passes  downward  into 

dense  glass,  which  in  deep  flows  passes  into  lithoidal  rock.  The  latter  con- 
stitutes the  center  of  the  flow,  and  generally  passes  again  into  glass  at  the 

bottom,  which  may  or  may  not  pass  into  pumice,  or  more  usually  into  tuff, 

the  pumice  having  been  ground  to  pieces  beneath  the  weight  of  the  lava 
stream. 

The  extent  or  degree  of  crystallization  in  most  cases  manifests  itself  in 

two  ways:  One  is  in  the  amount  and  kind  of  porphyritical  minerals  pres- 
ent; the  other  is  in  the  amount  of  microscopical  crystallization  that  has 

taken  place  in  the  rock,  which  has  led  to  the  production  of  microlites  and 

ao-greo-ations  of  two  or  more  minerals  in  various  kinds  of  arrangement.  It 

is  evident  in  many  instances  that  the  first-mentioned  group  of  products 
resulted  from  a  process  of  crystallization  that  antedated  the  arrival  of  the 

lava  at  the  surface  of  the  earth,  for  the  porphyritical  crystals  are  scattered 
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uniformly  and  generally  through  large  masses  of  rock,  without  reference  to 

the  boundaries  of  the  rock  body — that  is,  they  are  uniformly  scattered 
through  the  pumiceous,  compact,  glassy,  and  lithoidal  portions  of  the  lava 

flow  in  a  given  locality,  or  are  entirely  absent  from  all  of  them.  It  is  quite 

as  evident  that  the  second  group  of  crystallization  products  came  into  exist- 

ence after  the  lava  reached  the  surface,  and  to  a  great  extent  after  it  had 

ceased  to  flow..  The  reasons  for  this  will  appear  upon  studying  the  micro- 

structure  of  the  various  forms  of  rhyolite,  for  they  will  be  found  to  exhibit 

a  definite  relation  to  the  form  of  the  body  of  the  rock. 

It  does  not  follow  from  this  that  the  porphyritical  crystals  or  pheno- 

crysts  were  developed  prior  to  the  act  of  eruption  of  the  lava;  on  the  con- 

trary, it  has  been  shown  elsewhere1  that  the  phenocrysts  of  rocks  were 
probably  crystallized  during  the  act  of  eruption,  and  that  in  some  cases 

their  growth  continued  uninterruptedly  into  the  period  of  final  crystalliza- 

tion of  the  whole  magma.  But  in  the  case  of  the  rhyolite  of  this  region 

there  is  nothing  to  indicate  what  were  the  conditions  of  crystallization  in 

different  parts  of  the  rhyolite  lava  previous  to  its  arrival  at  the  surface  of 

the  earth.  There  is  simply  the  fact  that  in-  places,  or  in  particular  flows, 

phenocrysts  are  entirely  wanting,  and  that  in  others  they  are  few  or  are 

very  abundant,  and  that  they  may  be  small  in  some  cases  and  large  in 

others.  The  rhyolitic  lava  of  Obsidian  Cliff  is  an  example  of  a  compara- 
tively small  flow  in  which  no  phenocrysts  have  been  developed.  The  main 

body  of  rhyolite,  however,  is  variable  in  this  respect;  but  the  variations 

obtain  for  larger  areas  of  lava.  Let  us  first  consider  the  microscopical 

characteristics  of  the  phenocrysts. 

PHENOCRYSTS. 

The  minerals  that  have  crystallized  porphyritically  are  quartz,  sanidine, 

plagioclase,  augite,  and  magnetite.  In  this  category  may  be  included  zir- 

con, though  its  crystals  are  always  microscopic  in  size.  Its  period  of  crys- 
tallization is  the  same  as  that  of  the  phenocrysts.  The  same  may  be  said 

of  pseudobrookite,  which  is  closely  associated  with  the  iron  Ores  and  zircon, 

and  also  of  apatite  and  allanite,  which  occur  sporadically. 

1  Chapter  III,  p.  105,  and  Chapter  VII,  p.  267. 
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QUARTZ. 

The  phenocrysts  of  quartz  vary  in  amount  and  in  size  in  different  parts 

or  bodies  of  the  rhyolite.  They  may  be  wholly  absent  or  quite  abundant. 

In  some  cases  they  are  4  or  5  mm.  in  diameter;  in  others,  any  size  less  than 
this,  generally  from  2  to  4  mm.  They  are  noticeably  smaller  than  the 

sandines  in  most  instances.  Their  crystal  form  is  that  of  hexagonal 

bypyramids,  formed  by  the  equal  development  of  the  plus  and  minus  unit 

rhombohedrons,  together  with  small  prism  faces,  but  the  crystals  are  often 
rounded  to  a  greater  or  less  extent  (PI.  LIV,  fig.  4).  They  are  generally 
much  cracked,  the  cracks  being  largely  spheroidal,  so  that  the  quartzes  on 
rock  surfaces  usually  appear  as  rounded  grains.  In  some  instances  their 

crystal  form  is  preserved  and  they  fall  from  the  rock  in  perfect  double  pyra- 
mids. Owing  to  the  highly  fractured  condition  of  the  quartz,  much  of  it 

falls  out  when  thin  sections  of  the  rock  are  prepared,  and  a  false  impres- 
sion may  thus  be  gotten  of  its  relative  abundance  unless  the  thin  section  is 

compared  with  the  rock.  In  some  varieties  of  the  rhyolite  it  is  in  excess  of 
the  other  constituents,  and  from  this  proportion  its  relative  amount  decreases 

until  it  is  entirely  absent  in  some  varieties,  which  may  be  rich  in  feldspars. 
Its  microscopical  characteristics  are  much  the  same  in  all  varieties  of 

rhyolite  from  the  Yellowstone  Park.  Its  substance  is  colorless  and  very 

pure,  except  for  well-defined  inclusions  of  glass,  and  very  rarely  crystals 
of  other  minerals.  Individuals  of  quartz  differ  in  one  rock  section  both  as 

to  outline  and  as  to  inclusions.  Distinctly  idiomorphic  crystals  occur  by 
the  side  of  rounded  ones.  Some  quartz  sections  are  free  from  inclusions, 
while  others  in  the  same  rock  section  contain  a  few  or  many  inclusions  of 

glass  and  bays  of  groundmass  (PI.  LI,  fig.  1).  The  glass  inclusions  usually 

occupy  pyramidal  cavities,  or  they  may  be  rounded;  they  are  seldom 

irregularly  shaped.  They  generally  contain  one  gas  bubble,  whose  size 

appears  to  vary  in  proportion  to  the  volume  of  the  glass  in  any  one  section. 

In  some  instances  there  are  no  gas  bubbles  present. 

The  inclosed  glass  is  in  some  cases  colorless,  in  others  brown,  as  in  the 

illustration  just  referred  to,  usually  one  character  or  the  other  prevailing 
throughout  the  quartzes  of  a  rock  section.  But  often  colorless  and  brown 

inclusions  occur  by  the  side  of  one  another  in  the  same  quartz  crystal.  It 
frequently  happens  that  the  glass  inclosed  in  the  quartz  is  different  in  char- 

acter from  that  forming  the  groundmass  of  the  rock,  when  this  is  glassy. 
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The  inclosed  glass  may  be  colorless  and  that  of  the  groundmass  strongly 

colored,  yellow,  brown,  or  red;  or  vice  versa.  It  often  happens  that  the 

inclosed  glass  remains  such,  though  the  groundmass  of  the  rock  becomes 

holocrystalline.  In  a  few  instances  the  colorless  glass  inclusions  contain 

minute  idiomorphic  crystals,  which  are  probably  augite,  for  in  one  case  a 

comparatively  large  crystal  exhibits  the  optical  characters  and  green  color 

of  augite.  One  glass  inclusion  contains  twenty  of  these  crystallites.  In 

another  section  two  colorless  glass  inclusions  contain  curved  trichites.  No 
fluid  inclusions  have  been  observed. 

In  the  great  majority  of  cases  each  quartz  phenocryst  is  a  single 

individual,  with  perfectly  uniform  optical  orientation,  and  no  indication  of 

internal  strain  or  displacement,  except  around  the  glass  inclusions  in  a  few 

instances.  In  several  rock  sections  some  of  the  phenociysts  of  quartz  con- 

sist of  two  or  three  quartzes  grown  together,  with  more  or  less  divergent 

orientations.     They  are  partly  idiomorphic  and  partly  rounded. 

In  most  of  the  rhyolite  sections  the  quartzes  occur  entirely  isolated 

from  phenocrysts  of  other  minerals  With  the  exception  of  sanidine,  it 

is  almost  never  observed  in  juxtaposition  with  other  minerals,  a  common 

occurrence  among  the  phenocrysts  in  andesites,  where  several  kinds  of  min- 

erals are  often  crystallized  in  clusters.  The  phenocrysts  of  quartz  in  this 

rhyolite  almost  never  inclose  fragments  or  crystals  of  magnetite,  zircon, 

augite,  plagioclase,  or  sanidine,  so  that  the  relative  period  of  crystallization 

of  these  minerals  with  respect  to  quartz  would  be  a  matter  of  conjecture 

were  it  not  for  the  fact  that  intergrowths  of  quartz  and  sanidine  in  direct 

connection  with  the  phenocrysts  of  these  minerals  occur  in  more  than  one 

modification  of  this  rhyolite.  The  intergrowth  possesses  the  well-known 

micrographic  structure,  which  is  often  strongly  and  beautifully  developed. 

This  micrographic  intergrowth  is  of  two  kinds,  or  rather  it  is  the 

result  of  two  different  phases  of  crystallization.  In  some  cases  it  belongs 

to  the  period  of  crystallization  in  which  the  phenocrysts  of  quartz  and 

sanidine  were  produced;  in  others  it  was  formed  when  the  groundmass 

of  the  rock  crystallized.  The  latter  corresponds  to  its  more  common 

occurrence  in  certain  quartz-porphyries  and  granite-porphyries,  and  will  be 
referred  to  again  in  connection  with  the  description  of  the  groundmass  of 

the  rhyolite.  The  micrographic  intergrowth  which  belongs  to  the  first 

period  of  crystallization  in  the  rhyolite  is  specially  well  developed  in  the 
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highly  inflated  pumice  from  near  the  mouth  of  Otter  Creek,  on  the  west  side 

of  Yellowstone  River,  above  the  Upper  Falls  (2084,  2088,  2080).  In  this 

pumice  of  colorless  glass,  almost  free  from  microlitie  crystallization  and 

filled  with  gas  cavities,  there  are  comparatively  large  phenocrysts  of  quartz 

and  sanidine.  In  places  where  two  of  these  minerals  lie  near  each  other 

they  are  connected  by  a  micrographic  patch,  the  quartz  substance  extend- 
ing irregularly  beyond  the  boundary  of  the  feldspar.  In  one  case  a 

Carlsbad  twin  of  sanidine  is  filled  with  quartz  shreds,  having  one  orienta- 
tion, and  a  simple  crystal  of  sanidine  is  intergrown  with  quartz  at  one  end 

(PI.  LIV,  fig.  1).  Isolated  micrographic  patches  occur  in  the  pumice  sec- 

tions. The  structure  is  comparatively  coarse,  and  the  form  of  the  inter- 

grown minerals  is  clearly  shown. 

The  micrographic  growth  is  not  only  attached  to  distinctly  idiomorphic 

phenocrysts,  but  to  a  great  extent  has  crystallographic  boundaries.  Its 

character  as  a  primary  ciystallization  in  the  molten  rhyolitic  magma  is 

beyond  question,  for,  besides  the  crystallographic  evidence  just  given,  is 

the  fact  that  the  phenocrysts  with  which  it  is  connected  contain  glass 

inclusions  which  occasionally  occur  within  the  intergrowth  itself,  being 

easily  recognized  by  their  brown  color,  the  surrounding  glass  being  color- 
less. The  intergTOwth  of  quartz  and  sanidine  proves  that  the  crystallization 

of  the  phenocrysts  of  these  minerals  was  contemporaneous.  Its  occurrence 

in  highly  inflated  glass  proves  that  its  formation  antedated  the  inflation  of 

the  pumice,  which  took  place  on  its  arrival  at  the  surface  of  the  earth. 

A  slightly  different  micrographic  ciystallization  is  found  in  the  rhyo- 
litic pumice  on  the  west  shore  of  Yellowstone  Lake,  about  a  mile  south  of 

Bridge  Bay  (2024,  2029).  In  one  section  a  phenocryst  of  quartz  has  a 

partial  micrographic  fringe,  which  consists  of  minute  intergTowths  of  quartz 

and  feldspar,  with  the  general  form  of  feldspar  crystals,  that  project  from 

the  quartz  jdienocryst  at  various  angles,  as  though  it  were  "  sprouting" 
with  feldspar.  The  quartz  of  the  fringe  has  the  same  orientation  as  that  of 

the  phenocryst.  In  the  same  rock  section  are  several  isolated  micrographic 

intergrowths  of  great  delicacy  and  beauty,  like  the  microscopic  ones  in  the 
obsidian  of  Obsidian  Cliff.  In  this  instance  also  it  is  evident  that  the 

micrographic  crystallization  antedated  the  inflation  of  the  pumice. 

In  the  holocrystalline  varieties  of  the  rhyolite  there  are  instances  in 

which  quartz  phenocrysts  extend  indefinitely  into  the  surrounding  ground- 
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mass,  quartz  belonging  to  the  final  crystallization  of  the  rock  having 

attached  itself  to  the  quartz  phenocryst  with  the  same  orientation  (PI.  LIV, 

fig.  4).  The  original  form  of  the  phenocryst  can  generally  be  detected  bv 

a  faint  line  of  impurities.  This  structure  will  be  described  in  connection 

with  that  of  the  groundmass. 
SANIDINE. 

The  phenocrysts  of  feldspar  are  partly  idiomorphic,  partly  rounded, 

and  often  fragmental.  They  consist  of  orthoclase  and  plagioclase,  which 

are  present  in  different  varieties  of  the  rhyolite  in  various  proportions.  In 

some  cases  orthoclase  is  the  only  feldspar  present;  less  frequently  plagio- 

clase is  the  predominant,  if  not  the  only,  feldspar  in  porphyritical  crystals. 

The  orthoclase  usually  possesses  the  habit  of  sanicline,  and  may  be  described 
under  that  name. 

Sanicline  usually  occurs  in  simple  crystals,  5  to  7  mm.  long,  and  also 

in  Carlsbad  and  Baveno  twins,  the  latter  being  uncommon.  When  in 

unbroken  crystals,  its  usual  form  is  a  rectangular  prism  with  truncated 

edges,  furnishing  square  cross  sections  and  rectangular  longitudinal  ones, 

often  with  the  customary  terminal  planes.  It  is  less  frequently  in  tabular 

Carlsbad  twins.  Occasionally  it  has  irregular  outlines,  caused  by  rounded 

intrusions  of  the  groundmass,  indicating  a  partial  resorption  of  the  magma. 

In  many  cases  it  occurs  in  angular  fragments,  and  sometimes  the  ciystals 

are  split  in  two  and  the  parts  are  separated  by  a  stream  of  groundmass. 

In  some  crystals  the  cleavage  planes  are  well  developed  and  close  together; 

in  most  instances  they  are  poorly  developed  and  the  crystals  are  traversed 

by  irregular  cracks.  (PI.  L,  fig.  1;  PI.  LI,  fig.  4.)  The  substance  of  the 

sanidine  is  generally  very  pure  and  free  from  decomposition,  but  inclu- 
sions of  glass  and  groundmass  are  common.  They  are  numerous  in  some 

forms  of  the  rock,  and  are  partly  confined  to  crystallographic  cavities 

and  partly  occur  in  irregularly  shaped  ones.  The  glass  inclusions  are 

often  colorless,  often  brown,  the  two  kinds  occurring  in  the  same  crystal. 

Frequently  they  contain  more  than  one  gas  bubble,  sometimes  as  many  as 

thirteen,  which  is  in  striking  contrast  to  the  single  bubble  in  those  in  the 

quartz  phenocrysts.  Inclusions  with  several  bubbles  are  generally  found 

in  the  feldspars  in  pumice.  Crystallites  are  less  common  in  the  glass  inclu- 

sions than  they  are  in  those  in  the  quartzes.  Sanidine  occasional^  incloses 

crystals  of  augite  and  magnetite.     It  frequently  surrounds  crystals  of  plagio- 
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clase  with  nearly  parallel  orientation,  and  sometimes  extends  outward  in 

micrographic  intergrowth  with  quartz  in  the  maimer  already  described,  the 

feldspar  substance  of  the  intergrowth  having  the  same  orientation  as  that 
of  the  inclosed  sanidine. 

Some  crystals  of  feldspar  with  rectangular  outline  or  cleavage,  which 

appear  to  be  orthoclastic,  exhibit  a  very  faint  striation  between  crossed 

nicols,  which  is  not  sufficiently  distinct  to  be  positively  determined  as  mul- 

tiple twinning,  but  which  suggests  the  microcline  twinning  which  Miigge1 
observed  in  the  sanidine  of  certain  trachytes  of  the  Azores.  An  irregular 

optical  behavior  between  crossed  nicols  is  sometimes  observed,  by  which  the 

extinction  of  light  is  unevenly  distributed  over  the  section  of  the  feldspar. 

PLAGIOCLASE. 

The  phenocrysts  of  striated  feldspar  have  much  the  same  general 

characters  as  those  of  sanidine,  but  they  are  usually  smaller  and  exhibit  a 

great  number  of  thin  stria?,  or  lamella?,  twinned  after  the  albite  law,  rarely 

after  that  of  pericline.  They  are  sometimes  in  Carlsbad  twins.  The  optical 

behavior  indicates  that  they  are  oligoclase  or  albite.  In  a  few  instances 

the  symmetrical  extinction  angles  indicate  labradorite.  Such  crystals  yield 

square  sections.  They  carry  the  same  kinds  of  inclusions  as  sanidine,  but 

often  a  greater  amount  of  them.  Small  rectangular  glass  inclusions  occur 

in  abundance  in  some  plagioclases,  while  others  are  honeycombed  with 

inclusions  of  groundmass  which  equal  the  feldspar  in  amount.  Inclusions 

of  augite  are  more  common  than  in  sanidine,  and  less  frequently  those  of 

magnetite,  zircon,  and  apatite.  Plagioclase  is  often  inclosed  by  sanidine, 

as  already  remarked,  which  sometimes  only  forms  a  thin  shell  around  a 

portion  of  the  plagioclase  crystal,  and  ■  may  take  part  in  the  micrographic 
structure  of  the  groundmass.  But  the  plagioclase  in  these  rhyolites  has  not 

been  observed  to  enter  into  micrographic  intergrowth  with  or  to  inclose 

quartz. PYROXENE. 

The  ferromagnesian  phenocrysts  in  all  of  the  rhyo'lite  of  this  region 
belong  to  the  pyroxene  group,  with  the  exception  of  a  small  amount  of 

microscopic  biotite  in  the  rhyolite  of  Glade  Creek.     Fayalite  is  a  product 

'  Miigge,  0.,  Petrographische  Untersuchungen  an  Gesteinen  von  den  Azoren:  Neues  Jahrbuch 

fur  Mineral.,  1883,  vol.  2,  pp.  189-244  (p.  201 ). 

' 
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of  the  final  consolidation  of  the  magma,  and  is  not  included  among  the 

phenocrysts.  In  most  instances  the  pyroxene  is  augite,  which  occurs  in 

almost  all  of  the  thin  sections  examined,  but  is  present  in  variable  amounts. 

Like  the  other  phenocrysts,  it  is  sometimes  idiomorphic,  with  the  crystal 

form  usual  to  its  occurrence  in  similar  rocks,  or  it  may  be  partially  rounded, 

or  in  fragments.  The  crystals  range  from  3  mm.  long  to  microscopic  ones. 

The  color  is  green,  which  is  strong  grass  green  in  moderately  thick  sections, 

and  pale  green  in  thin  ones.  Its  substance  is  very  pure,  with  compara- 
tively few  inclusions,  which  are  for  the  most  part  magnetite  or  ilmenite, 

zircon,  and  pseudobrookite,  and  rarely  apatite.  In  one  instance  augite 

incloses  a  nearly  idiomorphic  crystal  of  quartz  which  is  almost  the  same 

size.  In  this  particular  case  the  augite  is  the  younger  of  the  two  min- 
erals; it  is  the  only  case  in  the  315  thin  sections  in  which  j^henocrysts  of 

these  two  minerals  may  be  observed  in  conjunction.  The  augite  is  usually 

associated  with  crystals  of  iron  oxides,  zircon,  and  pseudobrookite. 

In  many  cases  the  augite  has  a  narrow  opaque  border,  or  a  transparent 

red  one,  undoubtedly  composed  of  iron  oxide.  Rarely  there  is  a  narrow 

border  of  brown  glass  surrounding  the  augite,  when  the  glass  of  the  ground- 
mass  is  colorless.  Occasionally  fragments  of  augite  show  that  the  crystal 

was  inclosed  in  the  black  shell  before  it  was  broken — that  is,  the  corrosion 

took  place  before  fracturing.  The  iron  oxide  sometimes  penetrates  cracks 

in  the  augite.  In  one  crystal  there  is  a  set  of  secondary  inclusions  like 

delicate  needles,  which  are  arranged  along  cracks  and  lie  parallel  to  one 

another  and  to  the  orthoaxis  of  the  crystal.  In  rhyolite  that  has  been 

subjected  to  the  action  of  thermal  waters  the  augite  has  been  completely 

decomposed  and  replaced  by  secondary  minerals. 

In  a  few  cases  an  orthorhombic  pyroxene  is  also  present  in  small 

amount.  It  is  faintly  pleochroic,  and  appears  to  be  hypersthene,  though 

]30ssibly  enstatite.  It  seldom  occurs  independently  of  augite,  and  is  gener- 
ally inclosed  within  the  latter  with  parallel  orientation. 

MAGNETITE   AND   TITANIFEROUS   IRON   OXIDE. 

Magnetite  and  titaniferous  iron  oxide  are  prominent  porphyritical 

constituents  of  these  rhyolites,  although  they  are  usually  of  microscopic 

proportions — that  is,  they  stand  out  plainly  as  relatively  large  crystals  in 
distinction  to  those  forming  the  groundmass,  and  show  by  their  mode  of 
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occurrence  and  grouping  that  they  belong  to  the  phase  of  crystallization 

in  which  the  larger  phenocrysts  were  formed.  The  same  may  be  said  of 

zircon,  pseudobrookite,  apatite,  and  allanite. 

In  most  cases  it  is  not  possible  to  determine  whether  the  iron  mineral 

present  is  magnetite  or  ilmenite.  Cleavage  lines  intersecting  at  60°  are 
recognized  in  partially  decomposed  crystals,  which  occur  in  more  or  less 

altered  rhyolite  from  the  west  wall  of  the  Grand  Canyon  of  the  Yellow- 

stone (2090,  2102).  In  other  cases  of  altered  rhyolite  the  iron  oxide  has 

been  converted  into  a  white  opaque  substance,  indicating'  the  presence  of 
titanic  oxide,  whose  general  presence  in  the  rhyolite  of  this  region  is  shown 

by  the  widespread  occurrence  of  pseudobrookite,  as  well  as  by  its  chemical 

determination.  In  most  cases  the  iron  mineral  is  perfectly  fresh.  Its  form 

is  often  crystallographic,  but  quite  as  often  irregular.  Some  crystals  are 

definitely  magnetite;  others  are  not  determinable  b}r  their  outline,  but 
differences  of  luster  are  sometimes  recognized.  It  occurs  in  isolated  grains 

from  0.15  mm.  in  diameter  to  smaller,  and  also  in  groups  of  several  grains.  It 

is  generally  attached  to  augite  crystals,  which  sometimes  inclose  ..is  many 

as  nine  grains  in  one  section. 
ZIRCON. 

Zircon  is  almost  universally  present  in  well-developed  microscopic 
crystals,  which  are  stout  prisms  with  very  simple  forms,  often  consisting  of 

the  unit  prism  and  pyramid,  with  corners  truncated  by  the  ditetragonal 

pyramid  (311).  The  zircons  are  colorless,  with  few  inclusions;  occasionally 
irregularly  shaped  inclusions  and  prismatic  ones  are  numerous.  The  amount 

of  zircon  present  in  different  varieties  of  the  rock  varies  from  none  to 

relative  abundance,  one  large  grain  of  magnetite  having  as  many  as  ten 

crystals  of  zircon  attached  to  or  included  in  it. 

PSEUDOBROOKITE. 

Pseudobrookite  is  almost  as  constant  an  accessory  ingredient  of  these 

rhyolites  as  zircon.  It  is  not  quite  so  abundant,  but  attains  larger  dimen- 

sions, in  one  case  reaching  a  length  of  0.09  mm.,  but  usually  being  much 

smaller.  Its  determination  rests  wholly  on  its  optical  characters.  It 

generally  occurs  in  idiomorphic  crystals,  whose  habit  differs  somewhat. 

The  more  common  forms  are  short  stout  prisms  with  pyramidal  termina- 
te 
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tions,  or  minute  crystal  grains;  also  long  slender  prisms,  which  are  flat  and 

lathlike.  In  a  few  cases  it  occurs  in  thin  prismatic  plates,  not  wholly 

regular  in  outline.  It  is  evidently  a  biaxial,  orthorhombic  mineral  with 

high  index  of  refraction  and  brilliant  luster.  Its  color  varies  from  fox  red 

to  reddish  brown  and  opaque,  and  there  is  usually  complete  absorption 

parallel  to  the  longer  axis  of  the  prism.  Cleavage  or  inclusions  were  not 

observed.  It  is  closely  associated  with  iron  oxide  and  zircon,  being 

attached  in  many  cases  to  the  former.     But  it  often  occurs  isolated. 

ALLANITE    AND    APATITE. 

Allanite  occurs  in  only  one  of  the  specimens  of  rhyolite  examined — that 
(2059)  from  the  head  of  Sour  Creek.  Three  or  four  crystals  of  it  are  formed 

in  two  thin  sections  of  this  rock.  They  are  considerably  larger  than  the 

crystals  of  pseudobrookite,  but  resemble  them  in  exhibiting  an  almost  total 

absorption.     The  color  is  chestnut  to  olive  brown. 

Apatite  is  present  in  very  small  amount  and  is  only  occasionally 

observed.     It  forms  minute  hexagonal  prisms. 

GROUNDMASS. 

In  studying  the  different  phases  of  groundmass  in  the  various  modifi- 
cations of  this  rhyolite,  we  should  commence  with  those  exhibiting  the  least 

degree  of  crystallization  and  proceed  to  those  exhibiting  the  greatest.  No 

other  rocks  possess  the  variability  of  microstructure  in  their  groundmasses 

that  is  found  to  exist  in  those  of  the  acid  lavas,  especially  the  most  siliceous. 

The  microstructure  of  the  groundmass  of  rhyolites  not  only  varies  in  differ- 

ent parts  of  the  same  rock  body  to  a  very  considerable  extent,  but  in  an  area 

of  a  few  square  millimeters  the  variations  are  strongly  marked,  glassy  and 

holocrystalline  structures  occurring  together  in  some  instances  within  the 

field  of  vision  of  a  microscope.  This  variability  arises  from  a  lack  of  homo- 

geneity in  the  constitution  of  the  most  highly  siliceous  magmas  at  the 

moment  of  their  eruption  upon  the  surface  of  the  earth.  The  demonstration 

of  this  connection  was  furnished  by  the  earlier  studies1  on  the  rocks  now 
being  described,  and  will  be  reviewed  in  the  general  discussion  of  these 
rocks. 

In  a  systematic  description  of  all  the  modifications  of  structure  exhibited 

'Obsidian  Cliff,  Yellowstone  National  Park:  Seventh  Ann.  Rept.  U.  S.  Geol.  Survey,  1888,  p.  286. 
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by  the  rhyolites  of  the  Yellowstone  National  Park,  we  shall  consider,  first, 

those  most  nearly  amorphous — that  is,  almost  completely  glassy;  and  sub- 
sequently, those  with  more  and  more  crystallized  mineral  constituents,  or 

those  in  which  the  mineral  crystals  have  attained  their  most  advanced 

development.  This  method  of  procedure  will  separate  for  the  time  neigh- 

boring portions  of  one  rock  whose  connection  can  be  pointed  out  subse- 
quently, but  it  has  the  advantage  of  allowing  a  comparison  of  all  similar 

structures  and  the  selection  of  those  which  offer  the  best  illustration  of  the 

probable  explanation  of  the  cause  or  origin  of  the  structure  under  discussion. 

GLASSES   FREE    OE   ALMOST    FEEE    FEOM   MICEOLITES. 

Glasses  absolutely  free  from  microlitic  crystallization  are  seldom  met 

with,  but  many  of  them  have  so  few  microlites  that  they  may  be  classed 

with  the  former  as  glasses  free  or  almost  free  from  microlites.  Such  glasses 

may  be  colorless  in  thin  section,  or  colored  to  a  greater  or  less  degree. 

The  colorless  glasses  free  from  microlites  are  in  almost  every  instance  highly 

pumiceous,  so  that  the  glass  solidified  in  thin  rods  or  films,  and  it  is  found 

that  those  portions  of  the  mass  not  so  highly  inflated  carry  abundant  micro- 
lites. It  must  therefore  have  been  the  sudden  expansion  of  the  inclosed 

vapors,  and  the  consequent  chilling  of  the  magma,  that  prevented  the 

microlitic  minerals  from  crystallizing  before  the  magma  solidified.  In  such 

cases  it  is  evident  that  the  magma  reached  the  surface  of  the  earth  in  a 

wholly  amorphous  condition,  except  for  the  phenocrysts,  which  may  or 

may  not  have  been  developed.  In  one  instance  a  pumiceous  glass  is  full  of 

microlites,  which  must  have  crystallized  before  the  rock  became  pumiceous. 

Colorless  pumice  free  from  phenocrysts  forms  the  upper  portion  of  the 

obsidian  flow  on  the  plateau  southeast  of  Obsidian  Cliff.  It  is  slightly 

microlitic.  Pumices  free  from  microlites,  but  with  more  or  less  phenocrysts, 

occur  on  Madison  Plateau  south  of  Madison  Canyon,  on  the  edge  of  the 

plateau  west  of  Yellowstone  River  near  the  mouth  of  Otter  Creek,  on  the 

west  shore  of  Yellowstone  Lake  south  of  Bridge  Creek  Bay,  and  in  other 

localities.  The  gas  cavities  in  these  pumices  are  sometimes  microscopic, 

and  are  generally  elongated,  spindle-shaped  or  drawn  out  to  long  thin  tubes. 
Occasionally  they  appear  to  contain  a  small  amount  of  liquid.  In  many 

cases  the  cavities  are  comparatively  large,  as  in  ordinary  pumice.  In  some 

instances  it  is  evident,  from  the  confusedly  twisted  and  curved  arrangement 
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of  the  glass  fibers  and  films,  that  the  inflated  glass  mass  settled  back  upon 

itself,  or  collapsed,  after  the  escape  of  much  of  the  gas.  This  is  possible 

from  the  fact  that  after  a  magma  has  been  rendered  pumiceous  it  may 

still  remain  viscous  before  its  temperature  is  reduced  to  the  point  of  solidi- 
fication. It  has  been  observed  during  the  artificial  fusion  of  obsidian  that 

rhyolitic  pumice  will  retain  its  expanded  form  at  a  temperature  at  which  it 

is  viscous  enough  to  be  easily  compressed  or  penetrated  by  a  rigid  body. 

Hence,  in  a  moving  stream  of  rhyolitic  lava,  portions  which  have  been 

inflated  to  pumice  may  be  forced  while  yet  plastic  into  more  compact 

masses  by  the  movement  of  the  lava,  and  they  may  be  expected  to  exhibit 

some  indications  of  their  former  pumiceous  condition.  When  we  remember 

the  enormous  extent  of  many  of  the  streams  of  rhyolite  in  this  region,  we 

may  easily  imagine  the  formation  of  pumice  over  the  surface  of  an  intensely 

heated  area  of  lava,  thus  permitting  of  its  subsequent  welding. 

An  example  of  collapsed  pumice  is  found  in  that  which  occurs  on  the 

plateau  forming  the  continental  divide  southwest  of  Madison  Lake  (1942). 

It  is  a  colorless  glass  free  from  microlites  and  with  phenocrysts.  It  is 

partly  pumiceous,  but  the  bubbles  are  small,  elongated,  and  greatly  twisted, 

as  are  also  the  glass  fibers  and  films,  which  curve  about  one  another  in 

endless  complication.  Their  form  is  indicated  by  faint  lines,  which  may 

mark  films  of  gas,  or  may  be  the  boundary  between  glasses  with  slightly 

different  refraction  and  color.  Parts  of  the  glass  are  faintly  yellowish,  and 

most  of  it  exhibits  the  double  refraction  common  to  perlitic  glass.  A  perlitic 

structure  is  present  in  portions  of  the  glass.  The  direction  of  vibration 

of  the  slowest-traveling  ray  is  normal  to  the  perlitic  cracks  and  to  the 
surface  of  the  fibers,  which  should  also  be  the  direction  of  the  least  stress, 

the  fracture  having  relieved  it.  It  is  observed  in  some  cases  that  there  is 

a  distinct  margin  to  the  cross  sections  of  some  of  the  glass  rods,  and  this 

margin  has  a  faint  color  and  different  refraction  from  that  of  the  center. 

It  is  more  strongly  refracting  parallel  to  the  direction  of  vibration  of  the 

slowest  ray,  normal  to  the  surface  or  boundary  of  the  rod.  The  central  part 

of  the  rods  and  perlitic  masses  exhibits  an  opposite  state  of  strain.  Thus, 

within  the  glass  rod  the  direction  of  vibration  of  the  slowest  ray  coincides 

with  that  of  the  axis  of  the  rod — that  is,  the  direction  in  which  it  was 

stretched.  But  in  the  marginal  portion  the  direction  of  vibration  of  the 

slowest  ray  is  normal  to  the  first;  it  must  therefore  be  due  to  some  other 
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cause,  as  already  intimated.  This  double  condition  of  refraction  does  not 

appear  on  thin  rods  taken  from  a  parallelly  fibrous  pumice.  There  is  only 

the  adjustment  of  refraction  produced  by  the  stretching. 

Colored  glasses  free  from  microlites  are  rather  more  frequent  among 

the  rhyolites  of  the  Yellowstone  Park  than  colorless  ones.  They  are  largely 

pumiceous,  or  are  collapsed  pumice.  The  colors  in  thin  section  are  dark 

seal  brown  to  yellow,  less  frequently  orange  and  red.  In  most  cases  the 

coloring  matter  can  not  be  resolved  into  discrete  particles,  but  appears  to 

have  been  in  solution.  It  seldom  happens  that  the  glass  is  of  uniform  color 

throughout  the  extent  of  a  rock  section.  It  is  usually  variegated,  brown 

and  yellow,  and  either  or  both  of  these  occur  with  colorless  glass.  Brown 

glass  pumice  occurs  on  the  west  shore  of  Yellowstone  Lake  and  elsewhere. 

In  it  the  brown  color  grades  into  yellow  along  the  margin  of  gas  cavities 

and  along  the  surface  of  rods;  in  some  places  the  contrast  is  sharply 

marked.  It  is  not  due  to  a  thinning  of  the  glass.  The  color  is  different  in 

kind,  and  its  distribution  is  very  similar  to  that  of  the  interference  phe- 

nomena in  the  colorless  pumice.  In  the  brown  glass,  however,  no  double 

refraction  is  noticeable.  A  change  from  brown  to  colorless  takes  place  in 

the  same  manner,  and  in  some  cases  the  transition  is  from  brown  to  yellow, 

and  then  to  colorless.  It  is  evident  that  in  these  instances  the  change  of 

color  is  connected  with  the  inflation  of  the  glass  into  pumice.  In  other 

cases  a  cause  is  not  so  apparent.  But  the  fact  is  obvious  that  the  change 

has  been  from  darker  to  lighter  color,  from  brown  to  colorless.  It  is  often 

observed  that  the  inclusions  in  phenocrysts  are  brown,  while  the  ground- 

mass  surrounding  them  is  lighter  colored  or  colorless.  In  one  case  (1909)  the 

glass  inclusions  are  brown,  and  the  bays  of  groundmass  in  the  phenocrysts 

are  brown  and  yellow,  the  groundmass  as  a  whole  being  yellow,  with  some 

patches  of  brown  scattered  through  it.  These  appear  to  be  remnants  of  a 

once  brown  glass  almost  wholly  changed  to  yellow.  A  collapsed  brown 

and  yellow  glass  pumice  is  shown  in  PI.  LI,  fig.  1.  It  carries  phenocrysts 

of  quartz  and  sanidine,  with  glass  inclusions  and  "bays."  In  a  few  cases 
colorless  glass  rods  are  seen  to  have  yellow  margins,  as  though  the  change 

had  been  from  colorless  to  yellow. 

In  numerous  cases  a  pumiceous  character  is  entirely  wanting.  The 

mass  is  compact  glass,  but  it  consists  of  irregularly  shaped  streaks  and 

patches  of  different  color.     These  twist  and  curve  about  one  another  and 
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appear  like  a  perfectly  welded  mass  of  strips  or  ribbons  and  irregular  frag- 
ments of  variously  colored  glass.  In  some  cases  their  shape  closely 

resembles  that  of  fragments  of  jmmice  pressed  together  and  welded  (PI.  L, 

figs.  1,2,  and  3).  In  others  it  appears  as  though  such  fragments  had  been 

drawn  out  and  twisted  by  a  movement  of  the  mass  (PI.  LI,  fig.  2). 

Undoubtedly  this  has  been  the  case,  but  it  is  doubtful  whether  all  the 

streaked  and  variegated  glasses  have  passed  through  the  process  of  inflation, 

collapse,  and  welding  with  subsequent  flow.  However,  the  distinctly  out- 
lined and  strongly  contrasted  streaks  and  ribbons  of  variously  colored 

glass,  are  with  difficult}'  explained  in  any  other  manner.  Another  possible 
explanation  will  be  given  in  connection  with  the  development  of  microlites. 

This  streaked  arrangement  of  colored  glasses  has  been  called  "  eutaxitic" 
structure. 

GLOBULITIC    GLASS. 

The  colored  glasses  are  in  many  cases  crowded  with  minute  dots  or 

particles,  which,  are  the  pigment,  the  glass  itself  being  colorless.  Such 

glasses  are  said  to  be  globulitic.  The  connection  between  the  globulitic 

and  colored  glasses  is  well  shown  in  certain  banded  and  streaked  colorless 

and  orange  glasses,  as  well  as  in  brown,  yellow,  and  colorless  ones.  In  the 

former  it  is  observed  that  the  orange-colored  bands  in  places  become 

globulitic  with  minute  orange  or  yellow  particles.  As  these  particles 

become  more  distinct  and  larger  they  are  farther  apart  and  are  usually 

darker  colored,  in  extreme  cases  becoming  opaque  black  grains,  dissemi- 
nated through  colorless  glass.  Brown  glass  in  like  manner  passes  into 

colorless  glass  with  brown  globulites,  which  may  be  opaque  in  the  extreme 

forms.  Such  globulitic  glass  may  appear  bluish  by  transmitted  light  when 

not  in  focus,  owing  to  dispersion  of  the  light.  It  is  evident  that  the  glob- 
ulitic pigment  is  a  segregation,  and  eventually  a  crystallization,  of  the 

coloring  matter,  which  sometimes  permeates  the  glass  as  though  in  solution. 
There  is  a  distinct  contraction  or  condensation  of  the  coloring  material,  for 

bands  which  grade  from  colored  glass  to  globulitic,  and  into  those  with 

crystalline  grains,  become  thinner  and  narrower,  often  resulting  in  a  film  of 

particles,  or  in  a  contracted  belt  noticeably  smaller  than  the  undifferentiated 

belt.  In  some  cases  of  welded  pumice  of  variously  colored  glass  the 

general  color  is  yellow  or  orange  (2058).  Some  fragments  are  colorless  at 

the  center,   with  yellow  margins,  while   the    larger  fragments   are    either 



U.  S.  GEOLOGICAL   SURVEY 
MONOGRAPH    XXXII     PART    II     PL.   L 

(A)  x  32 (B)  x  3  2 

PS 
iiWM       ;mm 

(C)  x   47 

PHOTOMICROGRAPHS    OF  RHYOLITIC    GLASSES 





U.  S.  GEOLOGICAL   SURVEY 
MONOGRAPH    XXXII     PART    II     PL.   LI 

w 

(A)  %  I  5 

(D)  x   18 

PHOTOMICROGRAPHS    OF   RHYOLITIC    GLASSES 

THE  HEUOTYPE  PRINTING  CO.     BOSTON 





GLOBULITIC  EHYOLITIO  GLASSES.  407 

yellow,  grading  in  places  into  globulitic  brown  surrounded  by  a  colorless 

zone  with  a  yellow  margin,  or  the  central  portion  is  colorless  with  swarms 

of  minute  grains,  the  margin  being  as  in  other  cases.  The  minute  grains 

are  bright  yellow  in  incident  light,  and  almost  opaque  by  transmitted  light. 

With  high  magnifying  lens  they  appear  to  be  partly  transparent,  but  no 
double  refraction  is  noticeable. 

In  other  cases  these  globulites  are  represented  by  microlites,  many  of 

which  are  opaque  g*rains,  apparently  magnetite,  together  with  others  which 
will  be  described.  The  transition  of  yellow  and  brown  colored  glass  streaks 

into  globulites  and  microlites  is  well  shown  in  the  colored  obsidian  from 

Obsidian  Cliff,  represented  by  fig.  1  of  PI.  XVI  in  the  Seventh  Annual 

Report  of  the  United  States  Geological  Survey,  in  which  the  curved  and 

contorted  bands  of  color  and  streams  of  trichites  produce  grotesque  shapes 

in  thin  section,  like  imitations  of  various  forms  of  organic  nature.  From 

this  it  appears  that  the  tones  of  yellow,  orange,  red,  brown,  and  black  are 

due  to  different  states  of  oxidation  of  the  iron  in  the  magma,  which  may  be 

crystallized  out  as  magnetite  and  sometimes  subsequently  oxidized  to  the 

ferric  state,  as  shown  by  the  red  color  of  many  trichites  in  incident  light, 

or  the  iron  oxide  may  be  disseminated  in  minute  particles  whose  precise 

character  is  not  determinable,  or  the  coloring  matter  may  be  in  solution. 

In  some  parts  of  Obsidian  Cliff  the  red  and  black  streaked  glass  is  brecci- 
ated,  the  angular  fragments  being  welded  into  a  compact  mass,  as  shown 

in  PI.  LI,  fig.  3.  An  extremely  delicate  banding-  is  shown  in  PI.  L,  fig.  4, 
caused  by  alternating  streaks  of  colorless  and  red  and  yellow  globulitic 

and  trichitic  glass.  The  folding  of  the  streaks  is  well  shown.  They  pass 

through  faint  spherulitic  growths. 

A  frequent  microstructure  is  one  produced  by  thin  films  of  globulites 

and  particles  like  dust,  which  appear  to  be  scattered  in  planes  through 

colorless  glass.  The  films  curve  and  fold  about  one  another  in  the  most 

intricate  manner,  producing  the  effect  of  thin  veils.  This  structure  appears 

to  have  resulted  from  the  welding  together  of  fragments  of  glass,  as  in  the 

case  of  certain  colored  glasses  already  described.  This  veil  structure  is 

often  retained  after  the  whole  mass  has  become  crystalline,  and  serves  to 

indicate  one  of  the  phases  through  which  the  magma  has  passed. 
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MIOROLITIO   GLASS. 

Most  of  the  rhyolitic  glasses  in  the  Yellowstone  Park  are  microlitic. 

The  microlites  may  be  uniformly  scattered  through  the  glass,  or  they  may 

be  abundant  in  alternating  layers  or  bands,  or  they  may  occur  irregularly 

in  patches  and  streaks  with  colored  and  globulitic  glass,  as  already  mentioned 

They  are  usually  distributed  uniformly  in  massive  obsidian,  but  often 

exhibit  a  somewhat  parallel  arrangement,  or,  more  properly,  a  slight  varia- 
bility in  abundance  in  parallel  planes,  which  mark  the  planes  of  flow  or 

movement  within  the  magma.  This  may  be  seen  in  PI.  LV,  fig.  1.  This 

variability  is  more  pronounced  in  portions  of  the  glass  which  are  partly 

vesicular  or  pumiceous — that  is,  where  dense  microlitic  obsidian  passes  into 
pumiceous  nonmicrolitic  glass,  as  in  the  upper  portion  of  the  lava  near 
Obsidian  Cliff  and  elsewhere. 

The  character  of  the  microlites  may  be  surmised  from  their  shape  and 

color  in  some  cases,  and  from  their  optical  behavior  in  others,  or  by  tracing 

similar  forms  from  the  minutest  to  those  laro-e  enough  to  be  recognized. 

In  this  way  it  is  found  that  they  are  undoubtedly  magnetite,  augite,  feld- 

spar, and  quartz,  and  rarely  hornblende  and  hematite,  and  probably  pseu- 
dobrookite.  Magnetite  occurs  in  minute  crystals  and  grains,  isolated  or 

attached  to  prisms  and  needles  of  augite.  The  opaque  hair-like  trichites, 
straight  and  curved,  in  some  cases  are  separated  into  rows  of  opaque  grains 

resembling  magnetite.  In  other  cases  they  form  threads  on  which  are 

strung  transparent  rhombic  plate-like  microlites,  as  in  the  illustration,  PI. 

LII,  fig.  6.     Such  microlites  have  a  pale-greenish  tinge. 

Feldspar  microlites  are  sometimes  thin  plates  parallel  to  the  clinopina- 
coid,  with  the  outline  formed  by  basal  plane  and  prism  or  orthopinacoid. 

They  are  often  in  Carlsbad  twins,  in  juxtaposition  and  cruciform.  These 

are  probably  orthoclase.  In  some  less  siliceous  glasses  the  feldspar  crystals 

are  tabular  and  rectangular  with  projecting  corners.  With  these  are  asso- 

ciated lath-shaped  crystals,  forked  or  fibrous  at  the  ends,  which  are  probably 

oligoclase. 

Quartz  occurs  in  minute  hexagonal  pyramids,  whose  form  and  double 

refraction  can  be  distinctly  recognized.  They  range  in  size  from  0.002  to 

0.015  mm.  in  diameter.  They  may  easily  escape  detection,  and  were  over- 
looked in  the  obsidian  of  Obsidian  Cliff  when  the  first  study  of  it  was 

made.     They  are  not  found  in  all  the  rhyolitic  glasses  in  the  Yellowstone 
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Park  which  cany  microlites.  In  parts  of  the  obsidian  of  Obsidian  Cliff 

they  occur  with  feldspar  microlites  and  slightly  larger  micrographic 

intergrowths  of  quartz  and  feldspar  in  banded  swarms,  alternating'  layers 
being  nearly  free  from  microlites.  It  was  the  presence  of  the  microscopic 

micrographic  intergrowths  in  association  with  feldspar  microlites  which 

led  the  present  writer  to  infer  the  presence  of  quartz  microlites,  although 

quartz  had  not  been  observed  in  such  form  before  that  time.1  If  quartz 
crystallized  synchronously  in  conjunction  with  feldspar  to  form  such 

micropraphic  microlites,  and  if  the  feldspar  also  crystallized  alone,  why 

had  not  quartz  also  crystallized  by  itself  at  the  same  time!  After  a  very 

short  search  the  quartz  microlites  were  found  in  recognizable  individuals. 

In  the  colored  glasses,  in  some  instances,  a  few  dark-colored  microlitic 

prisms  and  grains  occur  surrounded  by  a  light-colored  zone  or  "halo," 
which  indicates  the  concentration  of  the  coloring1  matter  in  the  microlite. 

In  parts  of  the  pumice  at  Obsidian  Cliff  there  are  microlitic  grains,  prob- 

ably augite,  each  of  which  is  surrounded  by  a  minute  sphere  of  colorless 

substance,  about  0.023  mm.  in  diameter,  with  a  higher  index  of  refraction 

than  the  surrounding  glass.  In  another  pumice  (1909)  the  outline  of  the 

colorless  bodies  is  seen  to  be  jagged,  as  though  made  up  of  crystal  indi- 

viduals, and  in  some  cases  they  project  beyond  the  glass  Avails  of  vesicular 

cavities.  They  are  noticeably  doubly  refracting,  and  may  be  incipient 

spherulitic  growths. 

The  various  kinds  of  microlites  are  not  always  present  in  like  amounts. 

In  many  cases  the  glass  appears  to  swarm  with  trichites  and  microlites  of 

augite,  in  short  prisms  and  grains.  In  some  cases  the  trichites  seem  to  be 

magnetite;  in  others  they  are  augitic  needles.  In  a  compact  glass  (1941) 

from  the  plateau  south  of  Madison  Lake,  which  is  colorless  in  thin  section, 

there  are  long,  curved,  opaque  trichites  which  are  grouped  about  thin  layers 

of  opaque  grains,  the  trichites  themselves  in  many  cases  consisting  of 

opaque  grains,  as  though  the  trichite  had  been  disjointed  by  shrinking. 

With  these  are  very  few  other  microlites. 

In  some  of  the  obsidian  at  Obsidian  Cliff  (2210,  2241,  2242)  the  micro- 

lites are  mostly  feldspar  and  quartz  with  needles  of  augite  and  a  few  mag- 

1  The  observation  by  Dr.  Kiich  of  quartz  microlites  in  the  dacitic  glasses  of  Colombia  was  not 

known  to  the  writer  at  the  time  this  investigation  was  made.  W.  Reiss  und  A.  Stiibel,  Reisen  in  Siid- 

Amerika.  Geologische  Stndien  in  der  Republik  Colombia.  I.  Petrologie.  I.  Die  vulkanischeu  Ges- 
teine,  bearbeitet  von  Richard  KUch.     Berlin,  1892. 
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netite  grains,  and  a  few  needles  which  are  possibly  pseudobrookite.  In  an 

obsidian  from  the  plateau  northeast  of  Obsidian  Cliff,  which  carries  many 

shrunken  hollow  spherulites  (2215),  there  are  scattered  microlites  of  great 

beauty.  The  largest  are  micrographic  intergrowths  of  quartz  and  feld- 
spar which  sink  to  the  minutest  dimensions;  also  tabular  feldspar,  simple 

and  in  Carlsbad  twins,  as  well  as  some  rectangular  forms  with  horned 

corners;  pyramidal  quartz,  one  of  the  larger  individuals  containing  a  glass 

inclusion;  hexagonal  plates  of  hematite  or  ilmenite,  opaque,  with  metallic 

luster;  prisms  of  augite,  some  knobbed  at  the  ends,  like  bones;  and  occa- 

sional dark-green  prisms  of  hornblende. 

In  the  same  neighborhood  is  obsidian  with  duller  luster  and  a  greenish 

tinge,  which  is  less  siliceous  and  approaches  dacite  in  chemical  composition. 

It  consists  of  compact  colorless  glass  (2164)  with  a  multitude  of  microlites. 

Many  are  augite  in  prisms,  many  are  feldspar,  while  some  are  magnetite. 

The  feldspar  microlites  are  mostly  tufted  or  horned  and  some  have  multiple 

twinning.  A  very  few  are  in  Carlsbad  twins.  There  are  some  larger 

microscopic  crystals  of  feldspar  and  augite,  but  no  microscopic  phenocrysts. 

There  are  no  microlites  of  quartz  and  no  trichites.  Another  part  of  this 

obsidian  is  still  richer  in  augite,  with  smaller  feldspar  needles  and  magnetite 

grains.     The  microstructure  is  almost  andesitic. 

In  some  of  the  compact,  microlitic  glasses  perlitic  structure  is  highly 

developed,  as  shown  in  PI.  LI,  fig.  4.  Its  character  is  too  well  known  to 

need  description  in  this  place. 

FORMS  OF  GROWTH  OF  MICROSCOPIC  CRYSTALS. 

There  is  a  marked  tendency  exhibited  by  the  microscopic  crystals  in 

rhyolitic  magmas  to  form  intergrowths  and  also  compound  groups  of  crys- 
tals. The  well-known  graphic  intergrowth  of  orthoclase  and  quartz  is  one 

of  the  most  characteristic.  Microscopic  examples  are  of  frequent  occur- 

rence and  have  been  described  in  the  paper  on  Obsidian  Cliff.'  They 
can  be  traced  from  megascopic  groups  in  which  the  nature  of  the  compo- 

nent minerals  can  be  determined  to  microscopic  ones  of  the  minutest 

dimensions  in  which  only  the  general  form,  crystalline  structure,  and 

general  optical  behavior  can  be  recognized.  Such  groups  are  seen  in  thin 

section  to  consist  of  several  individuals  of  feldspar  intersecting  one  another, 

1  Seventh  Ann.  Rept.  U.  S.  Geol.  Survey,  1888,  pp.  274-276. 
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each  individual  having  a  fibrous  structure  in  several  directions,  and  in  places 

a  granular  structure.  This  is  shown  in  PI.  LII,  fig.  3,  which  represents  a 

section  through  two  individuals  of  feldspar  with  nearly  rectangular  outline. 

The  fibration  lies  almost  perpendicular  to  the  sides  of  the  rectangles.  The 

outline  of  the  rectangles  is  serrated  by  the  projection  of  minute  crystals. 

The  identity  of  such  forms  with  intergrowths  of  quartz  and  feldspar  is 

apparent.  An  illustration  of  a  large  group  is  introduced  for  comparison 

(PI.  LII,  fig.  5).  It  is  similar  to  the  graphic  structure  associated  with 

phenocrysts  in  rhyolitic  pumice,  already  described.  Such  intergrowths 

are  primary  crystallizations  from  the  molten  magma,  and  exhibit  the  idio- 
morphic  outline  of  quartz  or  feldspar  when  large  enough  to  be  recognizable. 

As  the  number  of  feldspars  which  combine  in  a  group  increases,  the 
outline  of  the  cluster  becomes  more  and  more  oval  or  circular  and  the  form 

of  the  feldspar  individuals  is  lost.  An  illustration  is  given  in  PI.  LII,  fig. 

4,  in  which  the  feldspars  wedge  out  toward  the  center,  their  outer  ends 

making  an  almost  continuous  outline.  The  fibration  is  in  wedge-shaped 

sets  and  does  not  radiate  uniformly  from  the  center.  In  this  case  the  extinc- 
tion of  light  between  crossed  nicols  is  quite  irregular,  as  shown  in  the 

illustration.  This  is  due  to  the  variable  orientation  of  the  feldspar  crystals, 

which  have  a  generally  radiate  arrangement,  and  also  to  that  of  the  quartz, 

which  is  more  irregular.  Other  compound  growths  which  are  analogous  in 

structure  and  optical  behavior  to  the  micrographic  are  certain  kinds  of 

spherulites  that  occur  in  great  profusion  in  most  of  these  rhyolites.  The 

simplest  and  smallest  of  this  class  of  spherulites  are  minute  colorless 

spheres,  0.2  to  0.05  mm.  in  diameter.  They  have  a  fibrous  structure  notice- 
able in  strongly  convergent  light,  and  exhibit  a  more  or  less  well  defined 

dark  cross  between  crossed  nicols.  The  arms  of  these  crosses  change  their 

shape  and  split  into  branches  near  their  outer  ends  during  the  rotation  of  the 

section  (PL  LII,  fig.  2;  also  PI.  LIII,  fig.  1). 

In  some  cases  a  colorless  fibrous  margin  surrounds  the  micrographic 

groups;  its  character  and  length  of  fiber  correspond  to  those  of  the 

microspherulites  just  described.  From  its  optical  behavior  it  appears  to  be  a 

crystallographic  continuation  of  the  materials  of  the  micrographic  kernel. 

These  spherulites  are  often  in  rows  and  layers  (PI.  LIII,  fig.  1),  and  some- 
times their  centers  are  so  close  together  along  straight  lines  that  in  thin 

section  they  produce  the  effect  of  transparent  fibrous  bands  (PL  LIII, 

fig.  1).     Such  a  band  of  colorless  spherulites  is  shown  in  PL  LV,  fig.  1.     It 
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traverses  larger  brown  spherulites.  They  are  also  shown  in  bands  of  more 

or  less  isolated  spherulites  within  the  brown  spherulites.  These  spherulites 

are  represented  megascopically  by  minute  dots  arranged  in  lines  on  the 
surface  of  some  obsidian. 

Spherulites  similar  to  these,  but  slightly  larger,  occur  crowded  together 

in  bands  or  in  irregular  areas,  in  which  case  the  rock  is  lusterless  and 

lithoidal,  and  is  usually  colored  gray  in  various  shades.  In  thin  section 

the  finely  spherulitic  portions  may  be  crowded  with  trichites  in  the  same 

maimer  as  the  surrounding'  glass  is.  These  are  more  perfect  as  the  spheru- 
litic structure  is  more  minute,  and  their  form  and  arrangement  in  fluidal 

lines  are  lost  when  the  spherulites  are  coarser.  In  these  cases  they  are 

sometimes  crowded  out  toward  the  margin  of  the  spherulites,  or  they  may 
be  accumulated  in  radial  lines. 

The  small  spherulites  exhibit  an  extremely  minute  granulation  by 

transmitted  light,  and  appear  brown ;  but  by  incident  light  this  is  white, 

evidently  in  consequence  of  the  reflection  of  light  from  innumerable  small 

surfaces  or  cracks.  In  small  spherulites  lying  isolated  in,  and  also  bor- 
dering, areas  of  greater  crystallization  the  centers  of  the  spherulites  are 

granulated  and  brown,  while  the  margins  are  often  colorless  and  trans- 
parent. In  some  cases  the  centers  of  the  spherulites  are  colorless  and  the 

outer  zone  is  brown.  In  such  spherulites  the  fibers  of  the  outer  zone  are 

more  delicate  than  those  at  the  center.  In  these  spherulites  the  direction 

of  vibration  of  the  fastest  ray  (axis  of  greatest  elasticity)  lies  approximately 

parallel  to  the  direction  of  the  radial  fibers.  The  spherulites  bordering 

more  crystalline  areas  in  lithoidal  rhyolite  have  sometimes  continued  their 

crystallization  a  short  distance  into  these  areas,  when  they  exhibit  distinct 

prismatic  rays  that  project  beyond  the  apparent  periphery  of  the  spherule 

and  resemble  the  teeth  of  a  cogwheel.  Sometimes  the  projecting  prisms 

assume  a  comparatively  large  size.  Such  forms  are  represented  by  a  and  b, 

fig.  4.  The  projecting  prisms  have  crystallographic  boundaries  and  extend 

with  uniform  optical  orientation  toward  the  center  of  the  spherulite.  Their 

form  and  optical  behavior  show  them  to  be  crystals  of  orthoclase  elongated 
in  the  direction  of  the  clinoaxis,  with  the  direction  of  vibration  of  the  fastest 

ray  nearly  parallel  to  the  sides  of  the  prism.  The  extinction  angle  varies 

from  0°  to  12°,  being  usually  low.  The  high  limit  of  the  extinction  angle 
in  the  clinodiagonal  zone,  as  well  as  the  chemical  composition  of  the  rock, 
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and  of  the  spherulite,  since  there  appears  to  be  but  one  variety  of  feldspar 

present,  indicates  that  the  orthoclase  is  rich  in  soda,  the  molecular  ratio  of 

the  potash  to  the  soda  in  the  rock  being  1  to  1. 

The  projecting  prisms  are  free  from  the  granulation  which  is  at  the 

center  of  the  spherulites.  In  some  instances  this  assumes  a  radiating, 

feather-like  structure  which  suggests  the  micrographic  intergrowth  of 

feldspar  and  quartz.  This  is  undoubtedly  its  true  character,  as  shown  else- 

where; so  the  small  spherulites  are  unquestionably  composed  of  orthoclase 

prisms  elongated  in  the  direction  of  the  clinoaxis,  which  radiate  from  a 

center,  and  are  intergrown  with  quartz  in  a  micrographic  maimer.  When 

the  margin  of  pure  feldspar  was  being  crystallized,  the  free  silica  remained 

a  Mii& 

3# Fig.  4.— Sections  of  spherulites  with  projecting  prisms  of  orlhoclase  and  a  crescent-shaped  belt  free  from  granulation. 

uncrystallized  until  subsequently,  when  it  filled  the  interspherulitic  spaces 

with  tridymite  or  quartz,  according  to  circumstances. 

There  are  instances  in  which  the  clear  zone  of  feldspar  does  not  occur 

on  the  margin  of  the  spherulite,  but  forms  a  crescent-shaped  transparent 

belt  within  it  (c  of  fig.  4  above,  and  fig.  2  of  PI.  LIV).  The  optical  behavior 

of  such  spherulites  shows  that  the  feldspar  fibers  or  prisms  are  continuous 

from  center  to  circumference,  and  that  it  is  simply  the  granulated  or  feather- 

like intergrowth  that  was  interrupted.  This  is  in  accord  with  other  signs  of 

a  lack  of  uniformity  of  microstructure  in  these  highly  siliceous  rocks. 

Still  larger  forms  of  this  kind  of  spherulites  are  the  small  megascopic, 

blue-gray  spherulites,  which  are  from  less  than  1  mm.  to  5  mm.  and  rarely 

10  mm.  in  diameter.  In  thin  section  they  have  much  the  same  characters  as 

the  microscopic  ones.  They  are  distinctly  fibrous  in  sections,  the  fibers 

not  all  radiating  from  a  single  point.     They  often  have  a  micrographic 
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group  or  minute  spherulite  at  the  center.  Between  crossed  nicols  the 

dark  arms  seldom  form  a  distinct  cross,  but  split  into  many  arms,  some 

making  an  angle  of  45°  with  the  principal  sections  of  the  nicols  (PI.  LIL, 
fig.  1). 

These  larger  spherulites  are  generally  traversed  by  streams  of  trichites 

and  minute  spherulites  which  continue  the  flow  lines  of  the  rock  through 

the  spherulite  without  change  of  direction  (PL  LV,  fig.  2).  But  in  some 

cases  these  interpositions  have  been  crowded  into  radial  and  circular  lines 

(PI.  LV,  figs.  3  and  4,  and  PI.  LVI,  fig.  1).  These  produce  the  bands  or 

zones  of  color  in  the  small  spherulites.  Often  the  trichites  and  grains  are 

red  by  incident  light,  as  though  the  magnetic  oxide  had  been  changed  to 

ferric  oxide,  and  it  is  noticeable  that  the  black  trichites  and  nearly  colorless 

microlites  in  the  glass  as  they  pass  into  spherulites  become  red,  as  though 

they  had  encountered  an  oxidizing'  agent  not  active  in  the  surrounding  glass. 
The  shapes  of  spherulitic  growths  are  not  limited  to  spheres,  but  may 

be  hemispheres,  disks,  and  sectors,  or  plume-like  (PI.  LVI,  fig.  1),  or  in  a 

brush  like  a  fox's  tail.  They  may  also  appear  in  thin  section  in  the  form 
of  fibrous  bands  or  fringes  with  all  possible  curvatures.  All  the  spherulitic 

growths  just  described  may  be  referred  to  stellate  groups  of  prisms  of 

orthoclase  elongated  parallel  to  the  clinoaxis,  and  intergrown  with  quartz 

whose  orientation  is  not  known  to  be  fixed  with  respect  to  the  feldspar 

prisms. 
There  are  other  kinds  of  spherulitic  structures  in  these  lavas  which 

have  crystallized  in  a  different  manner.  Their  nature  may  be  understood 

from  a  consideration  of  certain  forms  of  microlitic  growth  assumed  by 

orthoclase  in  these  magmas. 

Prisms  or  needles  of  feldspars  sometimes  occur  associated  together  in 

nearly  parallel  groups,  or  in  more  or  less  divergent  ones.  In  some  cases 

they  are  separated  from  one  another  by  glassy  groundmass;  in  other 

cases  by  a  colorless,  almost  isotropic  mineral,  probably  tridymite,  as  will 

be  shown  subsequently.  These  needles  are  straight  or  curved,  and  some- 

times have  a  rough,  jagged  outline,  sometimes  a  smooth  one.  Long*  delicate 
feldspar  needles,  the  spaces  between  which  are  filled  with  tridymite,  are 

shown  in  PI.  LVI,  fig.  2.  The  rock  also  carries  dark-brown  spherulites, 
which  are  nearly  opaque  in  the  figure.  The  cross  sections  are  generally 

six-sided  or  rhombic,  with  the  acute  angle  truncated  by  a  plane  more  largely 
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developed  than  the  others.  In  some  cases  the  sections  are  twinned  parallel 

to  the  broad  plane.  In  the  rhombic  sections  the  extinction  is  diagonal  and 

no  twinning  is  noticeable.  The  long  prisms  or  needles  are  twinned  in 

nearly  all  instances,  the  composition  plane  being  parallel  to  the  length  of 

the  prism.  The  direction  of  vibration  of  the  fastest  ray  is  nearly  parallel 

to  the  direction  of  the  length  of  the  prisms,  proving  them  to  be  elongated 

parallel  to  the  clinoaxis.  The  twinning  is  after  the  Manebach  law;  and 

the  cross  sections  show  that  the  crystals  have  a  clinodome  with  basal  plane 

and  possibly  with  clinopinacoids. 

These  crystals,  branch  out  in  two  different  ways.     In  some  cases  they 

appear  to  split,  the  parts  being  slightly  inclined  to  one  another  at  first,  and 

becoming  more  divergent  farther  on.     This  is  shown  in  the  right-hand  half 

of  PL  LIU,  fig.  2.     Both  parts  are  twinned  in  the  same  manner  and  have 

the  same  optical  orientation — that  is,  each  is  a  prism  parallel  to  the  clino- 

axis.    By  this  method  a  succession  of  branchings  takes  place,  the  prisms 

becoming  more  and  more  numerous  and  thinner,  often  terminating  in  a 

spherical  surface,  the  aggregation  in   thin  section  resembling  a  rounded 

bush  of  branching  stems,  especially  when  the  prisms  terminate  in  broad 

leaf-like  fronds,  which  often  happens  (PI.  LIV,  fig.  3).     In  other  cases  the 

branching  of  the  long,  twinned  prisms  is  seen  to  obey  a  crystallographic 

law.     Short  prisms  project  from  opposite  sides  of  the  Manebach  twin  at  an 

angle  corresponding  to  that  between  the  vertical  axis  and  clinoaxis,  about 

64°  (left-hand  half  of  PI.  LIU,  fig.  2).     These  branches  are  prisms  parallel 

to  the  vertical  crystallographic  axis.     They  are  sometimes  long  and  slender, 

and  are  curved  to  a  position  parallel  to  that  of  the  prism  or  stem  from  which 

they  branch;  in  such  cases  the  bundle  of  feldspar  needles  will  consist  of 

numerous  prisms  elongated  parallel  to  the  vertical  axis,  and  a  central  one 

elongated   parallel   to   the    clinoaxis.     The    optical    orientation    of  prisms 

parallel  to  the  vertical  axis  will  differ  according  as  the  plane  of  the  optic 

axes  lies  in  the  plane  of  symmetry  or  is  at  right  angles  to  it,     In  the  first 

case  the  direction  of  vibration  of  the  slowest  ray  will  always  make  a  small 

angle,  with  the  axis  of  the  prism,  or  be  parallel  to  it.     In  the  second  case^ 

the  speed  of  transmission  of  the  ray  vibrating  in  the  direction  of  the  prism 

axis  will  sometimes  be  less  and  at  other  times  greater  than  that  of  the  ray 

vibrating  at  right  angles  to  it,  according  to  which  side  it  is  viewed  from. 

Closely  allied  to  these  growths  and  associated  with  them  are  delicate  rays 
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or  needles  of  feldspar  which  are  composed  of  minute  stout  prisms  attached 

to  one  another  end  to  end,  in  parallel  position,  producing  a  rude  microscopic 

rod  with  uneven  sides.  These  prisms  are  elongated  parallel  to  the  vertical 

axis,  and  for  the  reason  just  given  are  optically  sometimes  negative  and 

sometimes  positive,  or  they  may  all  be  positive.  They  form  branching 

arborescent  growths,  and  constitute  rays  of  spherulites,  usually  of  consid- 
erable size.  A  phase  of  this  kind  of  spherulitic  growth  is  shown  in  PI. 

LVI,  fig.  3.  Between  the  feldspar  rays  there  are  minute  grains  of  tridy- 
mite,  which  are  often  clustered  in  small  spherical  pellets  with  cavities 

between  them.  Such  spherulites  are  porous.  In  the  more  coarsely  crys- 
talline spherulites,  with  large  cavities,  the  same  kind  of  feldspar  crystals 

may  be  seen  with  a  low  magnifying  power.  Both  kinds  of  feldspar  prisms 

often  occur  in  the  same  spherulite. 

Some  spherulites  are  composed  of  a  dense  micrographic  spherulite 

at  the  center,  which  passes  outward  into  the  branching  variety,  which  may 

be  porous  to  a  greater  or  less  degree,  the  free  silica  being  in  the  form  of 

tridymite.  In  some  areas  of  the  tridymite  grains  between  comparatively 

coarse  prisms  of  feldspar  (PI.  LVI,  fig.  2)  there  are  crude  spherulitic  aggre- 
gations of  tridymite,  probably  composed  of  interpenetrating  tablets. 

LITHOPHYS^E. 

The  microstructure  of  the  lithophysa?.  can  not  be  studied  so  easily  as 

that  of  the  more  compact  spherulites,  because  of  the  slight  coherence  of 

the  crystals  composing  them  and  the  difficulty  of  preparing  thin  sections. 

But  in  many  cases  the  component  crystals  are  large  enough  to  be  seen  with 

a  pocket  lens,  and  their  character  and  arrangement  can  be  made  out.  It  is 

evident  in  the  case  of  hollow  or  gaping  porous  spherulites,  which  are  one 

phase  of  lithophysa?,  that  the  mass  consists  of  short  prisms  of  orthoclase  or 
sanidine  attached  to  one  another  end  to  end,  in  a  manner  already  described 

for  some  spherulites.  These  jointed  rods  of  feldspar  radiate  from  what  was 

the  center  of  the  spherulite,  the  gaping  appearing  to  have  taken  place  after 

their  crystallization.  With  them  are  associated  tridymite,  cpiartz,  and 

fayalite.  When  there  is  no  marked  banding  in  the  surrounding  rock  mass, 

the  hollow  spherulite  may  have  the  form  represented  in  cross  section  in 

PL  LVII,  fig.  1 .     When  pronounced  banding  is  present  in  the  groundmass, 
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it  often  traverses  the  hollow  spherulite  and  the  gaping-  or  spaces  are  between 
the  layers,  as  in  fig.  2. 

In  lithophysse  proper  there  are  concentric  shells  of  crystals  and  con- 
centric spaces  between  them,  as  in  fig.  3  of  the  same  plate.  The  minute 

feldspar  prisms  in  the  shell  stand  radially  with  respect  to  the  center  of  the 

lithophvsa? ;  the  other  minerals  have  no  definite  arrangement.  Often  the 

tridymite  occurs  in  minute  pellets,  dotting  the  shells.  The  concentric  shells 

correspond  to  the  concentric  bands  of  color  and  of  varying  composition 

which  characterize  certain  solid  spherulites.  They  probably  result  from  a 

pulsation  in  the  act  of  crystallization,  such  as  has  been  observed  in  the 

growth  of  crystals  and  spherulites  of  artificial  salts  when  the  latter  grow 

very  rapidly.  It  is  due  to  the  lowering  of  the  saturation  of  the  surrounding 

mother  liquor,  caused  by  the  sudden  liberation  of  heat  in  the  act  of  crystalli- 
zation, and  to  the  rapid  extraction  of  crystallizing  molecules.  The  spasmodic 

advance  of  the  crystallization  appears  to  have  produced  layers  that  were 

more  coherent  than  others,  and  the  latter  became  the  open  spaces  upon  the 

shrinkage  of  the  partly  crystallized  magma  before  its  final  crystallization. 

The  position  of  the  quartz,  tridymite,  and  fayalite  upon  the  surface  of  these 

shells  in  some  cases  indicates  that  they  formed  after  the  spaces  did.  When 

the  groundmass  is  markedly  banded  the  lithophysse  are  often  modified,  as 

in  fig.  4  of  PI.  LVII.  Similar  structures  occur  in  hemispherical  lithophysee, 

as  shown  in  figs.  5  and  6.  The  presence  of  these  cross  walls  proves  that 

the  shells  are  not  the  result  of  expanding  gas  bubbles,  but  must  have  been 

formed  by  the  contraction  of  the  magma  within  the  boundary  of  the  litho- 
physa at  the  time  of  its  formation.  In  a  very  few  cases  there  appear  to  be 

evidences  of  a  slight  expansion,  which  is  shown  in  the  arching  of  the  layers 

of  the  groundmass  over  the  lithophysa,  as  in  fig.  7.  But  it  is  quite  possible 

that  the  curving  of  the  layers  may  have  antedated  the  formation  of  the 

lithophysa,  and  have  led  to  its  formation.  When  we  consider  that  the 

known  condensation  of  mass  in  the  passage  of  anhydrous  glasses  of  ortho- 
clase  and  quartz  into  the  crystal  form  is  about  10  per  cent  in  the  first  case 

and  16  per  cent  in  the  second,  and  when  we  remember  that  hydrous  glasses 

possess  still  greater  volume  than  the  anhydrous  ones,  we  are  prepared  to 

understand  the  comparatively  large  cavities  which  often  occur  in  these 

forms  of  rapid  crystallization.  In  the  case  of  the  dense  spherulites,  we 

must  assume  that  the  condensation  was  more  gradual,  though  rapid,  and 
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was  uniformly  toward  a  center,  the  surrounding  magma  closing  in  about  the 

growing  crystals,  which  must  always  happen  in  the  case  of  phenocrysts, 

though  generally  by  inappreciable  stages,  owing  to  the  comparative  slowness 

of  their  growth. 

The  origin  of  lithophysa3  must  be  due  to  the  more  abundant  presence 

of  water  vapor  in  spots  in  the  magma,  the  greater  viscosity  of  the  sur- 
rounding magma  and  its  generally  viscous  condition,  the  Aery  rapid 

crystallization  of  jointed  rods  of  feldspar  and  attendant  condensation,  fol- 
lowed by  the  further  condensation  of  the  remainder  of  the  mass  upon  the 

crystallization  of  the  silica,  which  must  have  taken  place  in  the  presence 

of  highly  heated  water  vapor.  The  minerals  produced  are  like  those 

crystallized  artificially  in  closed  tubes  in  the  presence  of  highly  heated 

water  vapor.1 
In  certain  cases  the  spherulitic  growths  appear  to  be  little  more 

than  incipient  crystallizations,  although  the  spherulites  may  be  megascopic. 

They  are  only  faintly  doubly  refracting,  and  probably  consist  of  extremely 

minute  fibers.  Where  such  spherulites  occur  in  colored  banded  glass  the 

irregularly  twisted  bands  pass  through  the  brownish-  gray  spherulites  with- 
out interruption,  but  their  bright  colors  are  changed  to  brown,  with  the 

formation  of  opaque  grains  (PI.  L,  fig.  4).  Within  such  spherulites  in 

some  cases  there  are  delicate  branching. trichitic  needles,  radiating  from  the 

center,  which  are  probably  augitic,  besides  other  delicate  curved  needles 

with  high  index  of  refraction  and  strong  double  refraction,  whose  character 
was  not  made  out. 

In  some  forms  of  rhyolite  the  appearance  of  welded  glass  fragments 

or  veil  structure  is  retained,  although  the  mass  is  faintly  doubly  refracting 

and  may  be  spherulitic  in  part,  incipient  spherulitic  needles  traversing  the 

rock  in  various  directions  without  regard  to  the  former  lines  of  flow,  which 

are  marked  by  opaque  dustlike  particles.  In  these  cases  it  is  evident  that 

the  spherulitic  crystallization  took  place  after  the  molten  mass  had  come 
to  rest. 

>Friedel  and  Sarasin,  Bull.  Soc.  ruineralogie,  1879,  vol.  2,  p.  158;  ibid.,  1880,  vol.  3,  p.  171; 

Comptes  rendus  Acad,  soi.,  Paris,  1881,  vol.  92,  p.  1374;  ibid.,  1883,  vol.  97,  pp.  290-294.  K.  von 
Chrustschoff,  Am.  Chemist,  1883;  Tschermaks  mineral.  Mittheil.,  vol.  4,  p.  536.  Stanislas  Meunier, 

Comptes  rendus  Aead.  soi.,  Paris,  vol.  93,  1881,  p.  737.  De  Haldat,  Aunales  chiruie,  vol.  46,  p.  70; 
Neues  .Takrbuch  fur  Mineral.,  1833,  p.  680.  A.  Daubree,  Etudes  synthetiques,  etc.,  Paris,  1879,  pp. 

154-179.  For  a  historical  review  of  the  theories  regarding  the  formation  of  litliophysse,  see  page  287 

of  the  author's  paper  on  Obsidian  Cliff,  in  the  Seventh  Annual  Report  of  the  U.  S.  Geological  Survey. 
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In  certain  kinds  of  rhyolite,  apparently  composed  of  welded  glass 

fragments,  there  is  a  microspherulitic  growth  which  bears  a  definite  relation 

to  the  form  of  the  supposed  glass  fragments.  The  feldspar  fibers  are  in 

groups,  which  are  approximately  normal  to  the  outline  of  the  fragments, 

and  radiate  inward.  Where  the  fragment  had  a  rudely  triangular  shape 

the  central  part  often  attained  a  greater  degree  of  crystallization  than  the 

margin,  and  sometimes  consists  of  distinct  crystals  of  feldspar  with  tridymite 

or  quartz  and  a  small  amount  of  ferromagnesian  mineral.  Where  the 

fragments  were  long  and  narrow  the  spherulitic  growth  from  the  sides 

inward  produced  the  effect  of  parallel  fringes — "axiolites"  of  Zirkel.  This 
tendency  to  develop  spherulitic  growths  from  old  surfaces  or  cracks  is 
shown  in  another  modification  of  the  rock  in  which  the  axiolitic  structure 

can  be  seen  megascopically.  In  hand  specimens  these  varieties  appear  t<  > 

be  dark  lithoidal  or  glassy  rocks,  traversed  in  all  directions  by  narrow 

spherulitic  bands.  In  the  glassy  forms  of  the  rock  the  black  glass  inclosed 

by  the  lithoidal  bands  occasionally  falls  out,  like  a  kernel  from  a  shell, 

proving  the  spherulitic  portion  to  be  a  growth  along  intersecting  planes. 

In  thin  section  it  is  observed  that  the  spherulitic  bands  have  a  dark 

line  along  their  centers,  as  though  they  were  ancient  cracks.  They  inter- 

sect one  another  in  some  cases,  but  are  not  persistent  in  others.  Their 

behavior  toward  phenocrysts  when  present  is  the  same  as  that  of  perlitic 

cracks.  They  encircle  them,  but  never  traverse  them  (PI.  L V,  fig.  4). 

They  do  not  often  occur  in  as  many  concentric  circles  as  ordinary  perlitic 

cracking,  but  they  are  unquestionably  of  the  same  general  character, 

namely,  the  cracking  of  an  amorphous  glassy  substance.  The  spherulitic 

crystallization  is  subsequent  to  the  cracking  and  is  located  along  the  cracks. 

It  is  like  other  forms  of  spherulitic  growths  in  these  glasses,  and  is  evidently 

only  a  special  case.  In  one  instance  similar  spherulitic  g'rowth  had  formed 
about  the  edge  of  an  open  crack  in  such  a  manner  as  to  show  that  the 

magma  had  been  so  viscous  previous  to  its  last  movement  that  a  small  gap 

in  it  was  not  closed.  Upon  its  walls  pellets  of  tridymite  formed.  It  must- 

have  been  after  it  had  reached  this  highly  viscous  state  that  this  particular 

spherulitic  crystallization  took  place.  In  cases  where  perlitic  glasses 

contain  spherulites  it  is  observed  that  the  perlitic  cracks  encircle  spherulites 

in  the  same  manner  as  they  encircle  phenocrysts,  and  do  not  traverse  them. 

The  perlitic  cracking  is'subsequent  to  the  spherulitic  crystallization  and  is 
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confined  to  the  glassy  groundmass.  In  the  rather  uncommon  occurrences 

just  noted,  where  a  cracking  has  been  followed  by  crystallization,  it  is 

probable  that  the  shrinkage  and  cracking  took  place  in  a  highly  heated, 

stiff  mass,  which  was  subsequently  welded  together,  as  the  collapsed  pumice 

may  have  been — that  is,  it  may  have  been  surrounded  by  a  hotter  portion  of 
the  same  lava  flow  and  its  temperature  may  have  been  raised  to  some  extent. 
Instances  of  this  kind  of  structure  are  found  on  the  continental  divide 

south  of  Madison  Lake  and  on  the  summit  of  the  west  wall  of  Beehler 

Canyon,  5  miles  from  its  mouth  (1945,  1946),  and  also  in  the  vicinity  of 

the  Lower  Geyser  Basin. 

From  the  foregoing  it  appears  that  certain  forms  of  crystallization 

which  unquestionably  take  place  in  molten  magmas  at  or  near  their  jjoint 

of  solidification,  and  which  may  be  classed  as  pyrogenous  and  primary, 

may  take  place  in  a  mass  at  a  time  subsequent  to  the  development  of  fea- 

tures which  seem  to  be  dependent  upon  a  certain  amount  of  rigidity  of 

the  magma,  such  as  the  formation  of  cracks.  Such  rigidity  is  generally 

supposed  to  indicate  perfect  solidification  and  completed  pyrogenous 

crystallization;  and  undoubtedly  it  does  in  most  cases.  But  rigidity  has 

a  relative  significance,  and  what  is  rigid  with  respect  to  a  force  acting 

through  an  extremely  short  period  of  time  may  be  plastic  toward  the  same 

force  acting  through  longer  time.  Hence  a  highly  viscous  magma  may 

be  torn  to  fragments  by  an  explosion,  or  be  highly  inflated  by  the  sudden 

expansion  of  vapor,  and  in  some  cases  be  still  viscous.  Generally,  however, 

the  sudden  expansion  and  escape  of  inclosed  vapors  tend  to  lower  the  tem- 

perature of  the  magma  and  increase  its  viscosity.  But  it  may  not  necessa- 
rily be  solid  or  rigid.  Similarly,  shrinkage  cracks  may  be  produced  in  a 

viscous  mass  by  sudden  contraction  before  the  mass  has  solidified  and  while 

it  is  still  highly  heated,  the  fracturing  being  due  to  the  rapidity  of  change 

of  volume,  and  not  necessarily  to  the  absolute  amount  of  contraction.  Such 

sudden  contraction  of  unsolidified  lavas  is  not  of  common  occurrence,  it 

would  seem,  but  the  instances  of  postperlitic  spherulitic  crystallization  just 
described  indicate  its  occasional  occurrence. 

In  the  massive  glasses  which  are  striped  and  marked  with  bands  of 
various  color  it  is  sometimes  noticed  that  lines  of  color  traverse  the  mass 

like  ancient  fractures  which  closed  up  before  the  solidification  of  the  mass. 

They  pass  across  the  lines  of  flow,  which  sometimes  end  abruptly  against 
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these  lines,  appearing  as  though  faulted  and  displaced  to  a  slight  extent. 

In  many  instances  the  arrangement  of  the  streaks  of  color  is  such  as  to 

indicate  that  the  compact  mass  was  once  an  aggregate  of  fragments  of 

similar  magma,  the  lines  of  flow  having  various  orientations  in  the  different 

fragments.  They  have  been  welded  into  one  continuous  homogeneous 

mass.  In  those  varieties  of  rhyolite  in  which  the  first  kind  of  spherulites 

are  developed — namely,  the  compact  ones  which  are  closely  related  to 

microgTaphic  intergrowths — there  are  irregularly  shaped  areas  between 
bands  and  clusters  of  microscopic  spherulites  which  exhibit  a  different  sort 

of  crystallization.  They  are  more  highly  crystalline — that  is,  the  size  of 
the  individual  crystals  is  larger.  The  spherulites  bordering  these  areas 

generally  terminate  in  distinct  prisms  of  orthoclase,  which  have  already 

been  described,  while  isolated  crystals  of  orthoclase  of  similar  habit  and 

size  lie  in  various  positions  within  the  more  crystalline  area.  The  cement 

to  these  crystals  in  some  instances  is  tridymite,  in  minute  grains  or  in  well- 

developed  twinned  crystals  with  characteristic  wedg*e-shaped  cross  section. 
In  other  cases  the  quartz  forms  the  cement,  and  is  whollv  allotriomorphic, 

producing  a  micropoikilitic  structure  (PI.  LIV,  fig.  4).  In  places  some  of 

the  feldspar  prisms  are  nearly  parallel  to  one  another,  so  that  the  interstitial 

quartz  appears  in  the  shape  of  thin  strips  or  needles,  which  is  misleading, 

producing  the  effect  of  idiomorphic  crystals.  This  quartz  is  unquestion- 

ably of  igneous  or  of  aqueo-igneous  origin,  occupying  the  same  relation 
to  the  orthoclase  as  does  the  tridymite  in  the  other  cases,  the  development 

of  one  or  the  other  depending  on  very  slight  differences  of  physical  condi- 
tion, as  demonstrated  by  experiment.  In  some  experiments  both  forms 

have  been  produced  together.  Often  the  tridymite  is  accompanied  by  gas 

cavities  of  variable  dimensions.  With  the  orthoclase  and  quartz  or  tridy- 
mite are  some  magnetite  and  small  amounts  of  ferromagnesian  minerals. 

The  latter  differ  in  character  in  different  occurrences,  and  may  be  fayalite, 

mica,  or  tourmaline,  and  in  rare  instances  possibly  garnet.  The  fayalite 

forms  comparatively  large  individuals,  allotriomorphic  with  respect  to  the 

feldspar,  sometimes  with  an  opaque  border,  which  may  entirely  replace  the 

original  individual. 
Tourmaline  and  mica  are  found  in  minute  crystals  about  0.025  mm. 

long  and  0.01  mm.  thick.  They  are  abundant  in  places,  or  lie  scattered 

through  the  tridymite  and  quartz,  and  also  in  the  margin  of  the  bordering 
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spherulites.  Sometimes  they  occur  together,  but  usually  independently. 

The  tourmaline  is  recognized  by  its  strong  absorption  and  by  its  other 

optical  properties.  Its  color  is  brownish  green  to  colorless.  The  mica 

is  green,  and  also  yellowish  brown  to  reddish.  The  green  mica  is  easily 

confounded  with  the  tourmaline,  but  may  be  distinguished  by  the  direction 

of  the  absorption.  The  tourmaline  and  mica  are  idiomorphic,  and  must 

have  crystallized  just  before  the  outer  portion  of  the  small  spherulites  did, 

and  also  before  the  tridymite  and  quartz  in  which  they  lie.  They  are  con- 
fined to  the  region  of  these  interspherulitic  spaces  and  are  not  found 

scattered  indiscriminately  through  the  spherulites.  A  mineral  which  is 

probably  garnet  occurs  in  the  same  manner  as  tourmaline  and  mica,  and 

forms  irregular  grains,  which  are  colorless  and  isotropic  and  have  a  high 

index  of  refraction.  Occasionally  the  more  coarsely  crystallized  quartz  and 

feldspar  in  the  interspherulitic  spaces  are  traversed  by  opaque  material 

segregated  in  curved  layers,  suggesting  the  structure  of  Eozoon.  In  PI. 

LV,  fig.  2,  these  streaks  appear  to-be  continuations  of  the  lines  of  trichites 
that  traverse  the  spherulites  and  originally  marked  the  flow  planes  in  the 

lava,  They  have  been  displaced  by  the  crystallization  of  the  larger  crystals 

of  feldspar  and  quartz. 

In  the  banded  lithoidal  rhyolite  the  layers,  often  microscopic  in  size, 

consist  of  minute  spherulites  alternating  with  various  modifications  of  the 

crystallizations  just  described.  These  are  really  noncrystalline,  with  gas 

cavities,  a  phase  of  miarolitic  structure.  The  size  of  the  cavities  is  some- 
times considerable;  and  may  be  observed  megascopically,  giving  rise  to 

planes  of  weakness  in  the  rock  along  which  it  splits.  The  microspherulitic 

layers  may  also  grade  into  glassy  layers,  so  that  holocrystalline  and  glassy 

layers  alternate  with  one  another  in  some  modifications  of  rhyolite,  notably 

in  certain  parts  of  Obsidian  Cliff.  This  is  illustrated  in  PI.  LVI,  fig.  4, 

representing  a  section  across  laminated  lithoidite.  Microspherulitic  layers 

alternate  with  layers  containing  comparatively  large  feldspar  crystals  with 

quartz  and  tridymite.  In  one  layer  the  coloring  matter  is  segregated  in 
streaks,  like  ribs. 

MICROGKANULAE  STRUCTURE. 

While  the  glassy  and  spherulitic  structures  are  those  most  commonly 

found  in  the  rhyolites  of  the  Yellowstone  Park,  several  modifications  of 
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the  rock  exhibit  a  more  or  less  evenly  granular  microstructure,  which  may 

be  microcrystalline  or  microcryptocrystalline.  In  places  it  is  hypidiomor- 
phic  ;  in  others  the  grains  are  so  minute  as  not  to  be  distinctly  discernible. 

In  some  cases  this  structure  accompanies  a  distinct  flow  structure  which  is 

marked  by  opaque  grains.  In  others  no  flow  structure  is  noticeable.  It 

appears  to  be  a  primary  crystallization  in  many  cases,  even  where  a  flow 

structure  is  observed,  when  it  must  have  been  a  crystallization  accompany- 
ing the  final  solidification  of  the  rock.  But  it  is  undoubtedly  secondary  in 

some  instances,  which  are  not  of  frequent  occurrence  among  the  extremely 

little  altered  rhyolites  of  the  Yellowstone  Park. 

RELATIONS  OF   THE  VARIOUS  MICROSTRUCTTJRES   TO  ONE    ANOTHER 

IN  THE  ROCK  MASS. 

The  various  microstructures  which  have  been  described  in  detail  in  a 

systematic  manner  occur  together  in  quite  different  combinations.  Pumice 

is  found  associated  with  dense  glass,  and  grading  into  it.  Usually  the 

surface  of  a  flow  is  pumiceous,  as  at  Obsidian  Cliff,  but  the  easily  abraded 

pumice  has  undoubtedly  been  carried  away  by  glaciatioh  in  most  places. 

It  is  not,  however,  a  necessary  accompaniment  of  obsidian  flows,  as  is  shown 

by  such  lava  streams  in  the  island  of  Lipari.  It  was  probably  more 

frequent  in  the  Yellowstone  region.  Pumiceous  and  compact  glass  is  often 

intermingled  over  the  surface  of  the  plateaus.  The  dense  glass  is  usually 

microlitic  and  often  spherulitic,  but  in  no  case  has  pumice  been  found  to 

contain  spherulites.     They  occur  in  vesicular  obsidian. 

The  various  kinds  of  microlitic  glass  may  be  found  in  close  association 

with  one  another,  and  all  the  different  forms  of  incipient  crystallization  and 

spherulitic  aggregation  may  be  found  in  a  single  specimen  of  rock,  even  in 

one  thin  section.  It  oftener  happens  that  a  particular  form  of  spherulitic 

growth  prevails  throughout  a  considerable  mass  of  rock.  But  in  such 

occurrences  as  the  rhyolitic  flow  at  Obsidian  Cliff  there  are  parts  of  the 

mass  in  which  there  is  great  variability  in  the  microstructure  within  short 

distances.  In  a  great  many  localities  it  is  clearly  seen  that  the  thick  flows 

of  rhyolitic  lava  were  pumiceous  and  glassy  at  the  top  and  glassy  for 

some  distance  downward,  usually  with  megascopic  spherulites.  They  then 

became  lithoidal  by  the  development  of  microsplierulitic  structure,  as  in  the 

lithoidite  at  Obsidian  Cliff.     The  microcrystalline  to  microcryptocrystalline 
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modifications  exist  in  some  cases  near  the  bottom  of  the  lava  sheet,  but  no 

definite  mode  of  occurrence  has  been  made  out,  In  places  the  bottom  part 

of  the  flow  is  glassy  and  dense;  in  places  it  rests  on  a  bed  of  pumiceous 

tuff  and  is  lithoidal;  that  overlying  the  rhyolitic  tuff  on  Mount  Everts  is 

microcrystalline  (1762).  The  indurated  tuff,  indistinguishable  from  the 

overlying  massive  lava,  exhibits  a  fragmentary  glass  structure,  with  some 

axiolites,  and  occasional  spherulitic  structure  independent  of  the  outline  of 

the  fragments,  while  parts  of  the  mass  are  isotropic. 

LAMINATION  AXD  BANDING. 

Lamination  and  banding  are  highly  developed  in  the  lithoidal  portion 

of  the  rhyolitic  flow  at  Obsidian  Cliff.  They  are  very  generally  present 

in  a  higher  or  lower  degree  in  all  the  rhyolites  of  the  Park.  In  fact  they 

form  one  of  the  commonest  characteristics  of  acid  lavas,  and  are  equally 

uncommon  among  the  basic  ones.  They  are  clearly  due  to  the  spreading 

out  through  flowage  of  a  more  or  less  heterogeneous  viscous  fluid.  Homo- 

geneous portions  of  the  mass,  of  whatever  shape,  will  spread  out  and  flatten 

during  the  flow  of  the  whole  body  of  lava,  becoming  thin  lenticular  layers 

if  the  spreading  or  flow  is  sufficiently  extended.  A  mass  consisting  of  por- 
tions which  differed  from  one  another  in  color  or  composition  would 

become,  after  spreading  out  upon  the  surface  of  the  earth,  a  body  made  up 

of  layers  of  different  color  or  composition,  which  would  wedge  out  in  thin 

edo-es  between  one  another.  A  cross  section  of  such  a  body  would  exhibit 

a  more  or  less  streaked,  banded,  or  laminated  structure  according  to  the 

original  size  of  the  different  portions  and  to  the  extent  of  the  spreading. 

In  the  case  of  the  lithoidite  at  Obsidian  Cliff,  it  can  be  shown  that 

the  cause  of  the  differences  in  the  layers  was  unquestionably  the  different 

amounts  of  water  vapor  present  in  them.  For  in  the  lithoidite  the 

layers  differ  in  their  degree  of  crystallization,  some  being  glassy,  others 

microspherulitic,  others  more  coarsely  so  and  porous,  while  others  are 

microgranular  with  larger  cavities.  Some  layers  have  locally  developed 

crystallization  in  the  form  of  large  spherulites  and  lithophysse.  In  the 

obsidian  the  differences  consist  in  layers  of  spherulites,  large  and  small,  in 

bands  of  lithophysse,  and  in  layers  abounding  in  micrographic  feldspars, 

microscopic  spherulites,  microlites,  and  trichites — that  is,  in  the  different 

phases  of  crystallization.     Near  the  surface  of  the  lava  flow  the  laminated 
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condition  of  the  rock  shows  itself  in  layers  of  compact  glass  full  of  ruicro- 
lites  which  alternate  with  layers  full  of  gas  cavities  and  with  little  or  no 

microlites.  And  in  the  highly  pumiceous  part  of  the  flow  it  is  seen  that 

the  inflation  of  the  glass  is  more  marked  in  some  layers,  while  there  are 

spots  in  which  the  inflation  is  specially  pronounced.  These  differences 

in  the  pumiceous  parts  of  the  rock  are  due  to  variable  amounts  of  water 

vapor  in  the  layers  of  the  lava;  and  similar  differences  must  have  existed 

in  lower  parts  of  the  same  lava  sheet.  Moreover,  the  kinds  of  minerals 

crystallized  are  those  whose  formation  is  known  to  be  aided  by  the  pres- 
ence of  water  vapor  and  other  vapors.  Further,  the  localization  of  more 

abundant  water  vapor,  which  gave  rise  to  specially  inflated  spots  in  the 

pumice,  is  undoubtedly  the  cause  of  the  crystallization  of  isolated  spheru- 
lites  in  the  compact  glass. 

The  greater  frequency  of  lamination  and  localized  crystallization  in 

acid  lavas  as  compared  with  basic  ones  is  a  consequence  of  the  generally 

greater  viscosity  of  acid  lavas  at  the  time  of  then-  eruption.  The  basic 
rocks  have  a  considerably  lower  melting  point  and  are  much  more  liquid 

up  to  very  near  the  temperature  of  solidification.  Hence  diffusion  would 

take  place  more  rapidly  and  the  magma  would  be  more  homogeneous, 

other  things  being  equal.  The  heterogeneity  of  the  acid  lavas,  so  far  as 

known,  is  confined  to  the  distribution  of  vapors,  presumably  of  water, 

and  suggests  that  the  water  thus  irregularly  disseminated  has  not  existed 

within  the  magma  long  enough  to  become  uniformly  diffused.  It  must 

therefore  be  looked  upon  as  water  absorbed  near  the  earth's  surface. 
Whether  there  may  also  have  existed  water  vapor  in  the  magma  having 

a  much  longer  connection  with  it,  is  more  difficult  to  demonstrate,  though 

it  is  highly  probable. 
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VARIATIONS   IX   COMPOSITION  AMONG  THE   RHYOLITES. 

The  lavas  which  would  be  classed  tog-ether  as  rhvolites  on  account  of 
their  field  relationships  and  similarity  of  habit  are  found  to  differ  somewhat 

in  composition,  both  chemical  and  mineralogical.  The  chemical,  composi- 
tion of  the  commonest  and  also  of  the  extreme  varieties  is  shown  by  the 

analyses  in  the  accompanying-  table.  With  them  have  been  placed  for 

comparison  analyses  of  the  most  siliceous  intrusive  i-ocks  from  several  locali- 
ties in  the  Park. 

The  range  of  silica  in  the  rhyolite  is  from  70.92  to  75.89  per  cent. 

Four  varieties  contain  between  74.70  and  75.89  per  cent.  They  are  the 

flow  forming  Obsidian  Cliff,  in  part  obsidian,  in  part  lithoidite;  lithoidal 

rock  at  Mount  Sheridan;  obsidian  from  the  Elephant  Back,  and  lithoidal 

rhyolite  from  Madison  Plateau  north  of  the  canyon.  These  represent 

the  normal  rhyolite  of  the  region.  Another  variety  of  rhyolite,  which 

appears  to  be  a  common  form  and  carries  abundant  quartz  phenocrysts, 

has  71.85  per  cent  of  silica.  It  is  lithoidal  and  is  part  of  the  great  mass 

forming  the  table-topped  spurs  at  the  head  of  Tower  Creek.  A  variety 
of  obsidian  occurring  north  of  Obsidian  Cliff  and  apparently  a  portion  of 

the  obsidian  flow  of  that  locality,  though  not  certainly  so,  contains  72.59 

per  cent  of  silica.  This  rock  is  more  of  a  pitchstone  than  obsidian,  and 

has  a  dull  resinous  luster.  The  variety  lowest  in  silica,  with  70.92  per 

cent,  constitutes  the  lava  in  the  immediate  vicinity  of  the  Upper  Oeyser 

Basin.  It  is  lithoidal  and  dark  colored,  without  noticeable  phenocrysts  of 

quartz. Alumina  varies  but  slightly  in  these  rhyolites,  from  12.27  to  14.11  per 

cent.  The  alkalies  are  moderately  high,  being  6.65  to  8.50  per  cent,  with 

soda  in  excess  of  the  potash  in  most  cases.  The  alkaline  earths  are  the  most 

variable,  lime  ranging  from  2.25  to  0.68  per  cent,  magnesia  from  1.05  to 

0.07  per  cent,  and  ferric  oxide  from  3.54  to  0.42  per  cent.  Ferrous  oxide 

forms  1.55  to  0.08  per  cent,  the  sum  of  the  iron  oxides  ranging  from  4.20  to 

1.63  per  cent.  There  is  about  0.30  per  cent  of  titanium  oxide  in  three  cases, 

and  none  was  found  in  three  other  cases.  Phosphorous  pentoxide  was  found 

only  in  the  less  siliceous  varieties. 

The  chemical  composition  of  the  rhyolite  from  the  head  of  Tower 

Creek  is  not  wholly  in  accord  with  the  mineral  composition  and  habit  of 

the  rock,  which  has  abundant  glassy  feldspars  and  quartzes,  plagioclase  being 
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prominent.  There  are  some  small  crystals  of  augite  and  magnetite.  The 

mineral  composition  is  not  very  different  from  that  of  many  other  rhyolites, 

but  there  are  minute  inclusions  of  dark-colored  rock  not  clearly  recogniz- 
able, probably  basalt.  This  would  explain  the  rather  abnormal  amount  of 

lime  and  the  low  silica. 

The  chemical  composition  of  the  lava  from  the  Upper  Geyser  Basin 

is  in  accord  with  the  mineral  composition  and  habit  of  the  rock,  which 

represents  the  least  siliceous  varieties  occurring  in  the  Yellowstone  Park. 

The  rock  is  dull  brownish  gray,  with  numerous  small  phenocrysts,  which 

are  mostly  white  feldspars.  These  are  plagioclase,  apparently  oligoclase- 
andesine,  the  presence  of  orthoclase  being  doubtful.  There  is  no  quartz. 

Magnetite  is  in  comparatively  large  grains ;  augite  is  partly  altered,  and  has 

dropped  out  in  preparing  the  sections.  Apatite  and  zircon  occur.  The 

groundmass  is  microspherulitic,  with  brownish  spherulites  and  numerous 

strongly  doubly  refracting  needles,  dotted  with  minute  opaque  grains. 

These  are  altered  microlites  of  augite  with  attached  grains  of  magnetite. 

These  brownish  mi crospherulites  with  dark  needles  are  characteristic  of  this 

variety  of  rhyolite,  which  might  properly  be  classed  as  dacite.  Occurring-, 
as  they  do,  as  rather  infrequent  modifications  of  the  great  bodies  of  rhyo- 

lite, they  are  here  treated  as  dacitic  facies  of  rhyolite.  Exposures  of  this 

rock  occur  back  of  the  Grand  Geyser  and  in  a  small  hill  near  the  Splendid 

Geyser,  in  the  Upper  Geyser  Basin.  It  forms  the  bluff  west  of  the  Paint 

Pots,  near  the  road  in  Geyser  Meadow,  where  the  finely  vesicular  rocks 

resemble  a  basic  andesite  or  basalt  in  outward  ajipearance,  but  contain 

phenocrysts  of  quartz,  sanidine,  and  plagioclase.  There  are  other  localities, 

less  accessible,  in  which  dacitic  facies  of  the  rhyolite  occur. 

The  chemical  composition  of  pitchstone  north  of  Obsidian  Cliff  is  that 

of  a  dacitic  rather  than  of  a  rhyolitic  glass,  and  yet  the  microscopical 

characters  indicate  a  closer  relation  to  basalt,  or  augite-andesite.  There 
are,  in  fact,  small  inclusions  of  basalt  scattered  through  the  glass.  The 

character  of  the  microscopic  crystals  and  their  similarity  to  those  of  the 

inclosed  basalt  have  been  pointed  out.  The  comparatively  high  percentage 

of  lime  and  magnesia,  and  the  much  greater  amount  of  soda  than  of  potash, 

correspond  to  these  mineralogical  characteristics,  and  are  not  wholly  due 
to  the  inclusions  of  basalt.     The  different  specimens  of  this  dull  obsidian 
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or  pitchstone  exhibit  a  gradual  transition  in  the  character  and  proportions 

of  the  microscopic  crystals  or  microlites  from  those  of  normal  obsidian  to 

the  abnormal  basaltic  facies  (2164).  It  is  to  be  noted  that  this  facies  is  not 

dacitic  in  its  habit,  although  the  silica  percentage  is  72.59.  Such  facies 
are  uncommon.  The  occurrence,  as  well  as  its  transition  into  obsidian 

with  lithophysse,  suggests  that  its  magma  is  a  transition  form  between 

rhyolite  and  basalt. 

The  slight  variations  in  composition  which  are  expressed  by  the  min- 

eralogical  character  of  the  rhyolite  in  different  places  do  not  appear  to  be 

connected  with  any  particular  locality,  although  they  are  sometimes  char- 

acteristic of  large  areas  of  rhyolite.  They  recur  in  all  parts  of  the  region, 

and  appear  to  be  oft-repeated  modifications  of  the  magma,  dependent  as 
much  on  physical  conditions  as  on  chemical  variability. 

From  the  table  of  chemical  analyses  (p.  426)  it  is  seen  that  the  most 

siliceous  facies  of  the  Holmes  bysmalith,  which  occurs  along  its  margin  at 

Echo  Peak,  is  almost  identical  chemically  with  portions  of  the  lava  flow  at 

Obsidian  Cliff,  while  the  main  mass  of  the  bysmalith  has  nearly  the  compo- 

sition of  the  dacitic  facies  of  the  rhyolite  at  the  Upper  Geyser  Basin,  but  is 

lower  in  potash  and  higher  in  alumina.  The  fine-grained  granite  from  the 

volcanic  core  of  the  Crandall  volcano  has  almost  exactly  the  same  composi- 

tion as  the  rhyolite  from  the  Upper  Geyser  Basin.  The  dacite-porphyries 

of  Bunsen  Peak  and  Birch  Hills  have  nearly  the  composition  of  the  rhyolite 

from  Tower  Creek  and  of  the  abnormal  obsidian  from  the  plateau  east  of 

Willow  Park,  but  they  are  higher  in  alumina  and  a  trifle  higher  in  lime, 

with  a  little  less  silica.  The  quartz-mica-diorite-porphyry  from  the  volcanic 

core  of  Electric  Peak,  though  nearly  as  high  in  silica  as  the  rhyolite  of  the 

Upper  Geyser  Basin,  is  distinctly  higher  in  lime  and  lower  in  potash.  On 

the  other  hand,  the  trachytic  rhyolite  from  the  flanks  of  Sunset  Peak,  north 

of  the  Park  boundary,  while  agreeing  with  the  rhyolite  of  the  Upper 

Geyser  Basin  in  most  of  its  chemical  composition,  is  lower  in  soda  and 

higher  in  potash. 

The  rocks  here  compared  with  the  rhyolite  are  the  more  acid  phases 

of  magmas  that  belong  to  much  earlier  periods  of  eruption.  They  show 

the  tendency  of  these  magmas  to  differentiate  into  facies  whose  composition 

approaches  that  of  the  rhyolite  more  or  less  closely. 
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INTERMINGLED  EHYOLITE  AND  BASALT. 

Iii  several  localities,  chiefly  on  the  plateau  west  of  Beaver  Lake  and 

on  the  south  bank  of  Gardiner  River  south  of  Bunsen  Peak,  there  are  lavas 

whose  abnormal  appearance  is  striking.  At  the  first-mentioned  locality  the 
rock  is  partly  lithoidal  and  dark  gray,  with  phenocrysts  of  feldspar  and 

quartz,  partly  purplish  gray  to  reddish,  and  finally  porous  or  vesicular. 

The  latter  contains  small  phenocrysts  of  feldspar,  generally  lath-shaped  or 
tabular,  besides  quartz  grains,  and  occasionally  olivine.  The  vesicular 

cavities  have  minute  white  pellets  of  tridymite.  Other  parts  of  the  same 

rock  are  dark  gray  and  lithoidal  or  glassy,  with  dull  gray  sphernlites,  8  or 

10  mm.  in  diameter  and  smaller.  These  are  distinctly  radially  fibrous  and 

slightly  porous,  in  some  parts  of  the  rock  passing  into  hollow  sphernlites 

(1804,  1806).  These  various  modifications  of  the  rock  grade  into  one 

another  and  intermingle  in  streaks  without  any  distinct  line  of  demarca- 

tion between  them.  The  appearance  is  that  of  a  completely  fused  mass  of 

somewhat  differently  constituted  materials.  In  places  in  this  vicinity  the 

spherulitic  glassy  rhyolite  incloses  distinct  fragments  of  basalt  (1802). 

The  microscopical  characteristics  are  somewhat  different  from  those  of 

normal  rhyolite.  The  glassy  portion  in  thin  section  is  in  places  colorless 

and  sometimes  perlitic.  The  number  of  microlites  varies;  in  some  places 

they  are  scarce,  in  others  abundant.  They  consist  of  rectangular  feldspars, 

and  some  with  pointed  corners.  There  are  microlites  of  quartz  and  micro- 
prisms  of  augite,  with  a  few  of  hornblende,  and  in  some  instances  minute 

hexagonal  plates  of  hematite  or  biotite.  In  places  the  colorless  glass  grades 

into  brown  along  the  contact  with  basalt.  The  brown  glass  contains  crvstals 

from  the  basalt,  and  appears  to  have  been  produced  by  a  fusion  of  the 

latter,  larger  crystals  of  feldspar  occasionally  projecting  into  the  brown 

glass.  The  colorless  glass  has  penetrated  vesicular  cavities  in  the  basalt 

and  has  partly  fused  the  latter.  The  brown  glass  grades  into  globulitic 

and  trichitic  colorless  glass  by  the  concentration  of  the  coloring  material. 

By  a  more  distinct  crystallization  there  arise  augite  prisms  and  needles 

with  minute  grains  of  magnetite  attached  to  their  surface;  also  thin  curved 

needles  or  "hairs"  of  augite,  to  which  are  attached  clusters  and  clouds  of 
minute  specks  of  magnetite.  The  extremely  delicate  hair-like  needles 
of  augite  are  straight  or  curved  and  sometimes  curled  up  at  the  end. 

Occasionally  the  stouter  needles  are  broken  into  lines  of  "margarites"  whose 
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augitic  character  is  unquestionable.  These  augite  needles  often  project 

from  the  basalt  into  the  glass.  In  one  case  the  colorless  glass  contact  zone 

contains  moss-like  aggregates  of  red  and  opaque  iron  oxide  attached  to 

augite  needles. 

Spherulitic  crystallization  has  taken  on  a  variety  of  forms.  In  several 

instances  it  produces  a  border  against  the  basalt,  radiating  into  the  glass, 

in  which  there  are  also  isolated  spherulites  of  the  same  character — that  is, 

distinctly  fibrous  and  faintly  doubly  refracting,  with  no  well-marked  dark 
arms.  Where  megascopic  spherulites  occur  they  are  distinctly  fibrous  and 

porous,  with  spherules  of  tridymite.  The  fibers  or  microprisms  are  mostly 

optically  positive;  occasionally  negative.  These  spherulites  surround  pheno- 
crysts and  also  fragments  of  basalt.  Some  smaller  spherulites  are  brown 

in  transmitted  light  and  have  brown  curved  rays  or  fibers,  distinct  from 

those  of  feldspar.  In  the  rhyolite-basalt  fusion  on  Gardiner  River  the  augite 
needles  associated  with  the  spherulites  have  been  beautifully  developed, 
and  will  be  described  in  that  connection. 

The  phenocrysts  of  quartz  are  sometimes  rounded;  those  of  sanidine 

in  certain  cases  possess  a  marginal  zone  which  is  clouded,  and  appears 

to  contain  another  transparent  mineral.  This  exhibits  uniform  orienta- 

tion throughout.  Porphyritical  plagioclase  is  less  common.  Fragments  of 

basalt  and  detached  crystals  from  it  are  scattered  through  the  rhyolitic  rock. 

In  one  instance  the  rock  mass  ha;d  more  of  the  appearance  of  basalt  than  of 

rhyolite,  and  yet  contained  rounded  phenocrysts  of  quartz  with  numerous 

olivines,  occasionally  in  skeleton  forms,  and  plagioclase  and  augite,  with 

one  individual  of  sanidine.  The  augites  in  the  basalt  are  pale  green  in 

thin  section;  those  from  the  rhyolite  are  stronger  green. 

With  the  pellets  of  tridymite  which  are  attached  to  the  sides  of  cavities 

in  the  basalt  are  occasional  projecting*  crystals  of  brownish-green  horn- 
blende. Parts  of  the  rhyolite  are  holocrystalline,  with  an  almost  micro- 

cryptocrystalline  texture  and  hypidiomorphic  structure,  in  which  the  shapes 

of  feldspar  crystals  are  recognizable. 

In  the  intermingling  of  rhyolite  and  basalt  on  the  south  side  of  Gardiner 

River,  south  of  Bunsen  Peak,  the  resulting  product  is  quite  the  same  as 

that  just  described.  Most  of  the  rhyolitic  portion,  however,  is  holocrys- 
talline, in  part  microspherulitic,  A  smaller  part  is  glassy.  The  brown 

fibrous  spherulites  exhibit  numerous  dark  arms,  and  are  optically  negative. 



432     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PAEK. 

They  also  contain  delicate  needle-like  prisms  of  augite,  speckled  with 

magnetite  grains.  These  radiate  from  the  center  of  the  spherulite  and  are 

curved  and  forked,  or  branch  into  fern-shaped  groups,  with  the  branches 

making  an  angle  of  about  36°  with  the  main  stem.  Some  spread  in  fan-like 

forms;  others  branch  at  nearly  90°,  the  branching  prisms  being  different 
leno-ths.  The  cross  sections  are  those  of  augite  prisms  bounded  by  prism 

faces  and  a  pinacoid.  The  outlines  are  often  indistinct,  as  though  the 

prisms  consisted  of  a  number  of  parallel  crystals.  The  extinction  angle 

reaches  42°. 
It  is  evident,  both  from  the  occurrence  of  large  fragments  of  basalt 

completely  surrounded  by  rhyolite  and  from  the  microscopical  character 

of  the  rocks,  that  the  rhyolite  fused  the  basalt  and  was  the  more  recent 

eruption.  The  rhyolite  must  have  been  in  a  completely  fused  condition 
when  it  came  in  contact  with  the  basalt,  so  that  its  temperature  was  higher 

than  that  of  the  melting  point  of  basalt.  The  latter  was  not  melted  at  any 

considerable  distance  from  the  contact  with  rhyolite,  but  behaved  as  though 

dissolved  in  the  rhyolitic  magma  along  the  contact. 



CHAPTER     XI. 

RECENT    BASALTS. 

By  Joseph  Paxson  Iddings. 

The  recent  basalts  are  those  that  were  erupted  after  the  extravasation 

of  the  rhyolite  or  during  the  period  of  rhyolitic  eruptions.  They  are  in 
most  cases  distinguishable  from  those  basalts  that  were  associated  with  the 

early  andesitic  breccias,  and  which  have  been  described  in  connection  with 

those  breccias.  They  occur  immediately  overlying  the  rhyolite,  or  inter- 

calated between  rhyolite  sheets,  or  directly  beneath  them,  in  such  a  manner 

as  plainly  to  be  closely  connected  with  them  in  respect  of  the  time  of 

eruption.  In  many  cases  the  basalt  has  been  partially  removed  by  erosion, 

leaving  isolated  patches  and  sheets  scattered  over  the  rhyolitic  plateau. 
Remnants  of  once  extensive  sheets  of  recent  basalt  occur  west  of  the  Gal- 

latin Mountains  and  The  Crags,  overlying  rhyolite.  They  are  scattered 

over  the  plateau  south  and  occur  in  the  broad  valley  of  the  Madison  River. 

These  basalts  are  characterized  by  the  scarcity  or  total  absence  of  noticeable 

phenocrysts.  They  are  mostly  dark  gray  and  porous  or  minutely  vesicular. 

They  are  extremely  fresh  and  unaltered,  and  the  feldspars,  when  large 

enough  to  be  seen  megascopically,  are  brilliant  microtine.  Phenocrysts  of 

microtine  are  sometimes  scattered  sparsely  through  the  rocks.  In  a  very 
few  instances  rounded  grains  of  quartz  were  observed. 

In  a  gray  porous  basalt  with  multitudes  of  minute  feldspars  and 

numerous  brilliant  phenocrysts  of  microtine,  which  is  found  on  the  ridge 

on  the  northern  side  of  Madison  Plateau  (589),  there  is  a  narrow  streak 

through  the  basalt  of  vesicular  and  perlitic  glass,  which  is  mottled  white 

and  dark  gray.  It  is  apparently  rhyolitic,  and  is  probably  the  result  of  a 

fusion  of  the  two  rocks,  resembling  the  occurreuce  of  intermingled  basalt 
-28  433 
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and  rhyolite  found  on  the  plateau  ridge  1  mile  west  of  Beaver  Lake  (1804 

et  seq.)  and  just  described  in  connection  with  the  rhyolite. 

The  basalt  sheets  along  Gardiner  River,  around  the  base  of  Bunsen 

Peak,  and  at  Osprey  Falls,  and  those  in  the  valley  of  Lava  Creek  and  at 

Undine  Falls  and  in  this  vicinity,  occur  partly  overlying  rhyolite,  partly 

beneath  it.  At  Osprey  Falls  there  are  eight  horizontal  sheets  of  columnar 

basalt  directly  overlain  by  a  similar  sheet  of  columnar  rhyolite,  which  m 

turn  is  overlain  by  a  horizontal  sheet  of  columnar  basalt.  Owing  to  the 

dark  color  of  the  surface  of  the  columns  of  rhyolite,  all  of  the  lava  sheets 

appear  alike  when  seen  from  a  short  distance.  The  rhyolite  sheet  is  a  thin 

edge  of  the  great  sheet  of  the  plateau  south.  The  petrographical  character 

of  the  basalts  at  this  place  is  like  that  of  those  just  described — dark  gray, 

with  abundant  minute  feldspars  and  occasionally  larger  ones  of  microtine. 

The  same  is  true  of  the  basalts  in  the  valley  of  Lava  Creek  and  of  those 

at  Undine  Falls.  Here  the  position  of  the  sheets  is  like  that  of  those  at 

Osprey  Falls,  but  their  relation  to  the  rhyolite  is  not  so  plain.  Just  north 

of  this  valley,  along  the  crest  of  the  south  face  of  Mount  Everts,  there  are 

several  exposures  of  basalt  directly  underneath  the  rhyolite  sheet  which 

tops  the  mountain.  The  basalt  is  dark  colored,  vesicular,  and  scoriaceous, 

with  few  small  phenocrysts  of  feldspar  and  pyroxene  (618  to  621).  In 

another  exposure  it  is  more  crystalline  and  vesicular,  with  numerous 

phenocrysts  of  medium-sized  microtine,  and  a  few  of  olivine  (622). 
Remnants  of  basalt  sheets  occur  on  both  sides  of  Yellowstone  Valley 

from  near  Gardiner  to  Broad  Creek,  and  also  up  the  Lamar  Valley.  In 

some  cases  the  time  of  their  eruption,  relative  to  that  of  the  rhyolite,  can 

not  be  learned.  But  in  most  cases  their  position  with  respect  to  other 

formations  is  such  as  to  correlate  them  with  the  recent  basalts.  Petro- 

graphically  also  they  resemble  them. 

In  the  neighborhood  of  Tower  Falls  basalt  forms  a  massive  sheet  rest- 

ing directly  upon  andesitic  breccia,  and  has  the  kind  of  columnar  structure 

characteristic  of  surficial  lava  streams.  On  the  west  side  of  the  canyon, 

north  of  the  falls,  it  forms  a  vertical  cliff  150  feet  high,  with  beautifully 

developed  columnar  structure,  shown  in  PL  LVIII.  The  lowest  part  con- 
sists of  dense  basalt,  cracked  into  vertical  columns,  2  to  2  J  feet  wide  and  5 

to  12  or  15  feet  high.  These  merge  upward  through  continuous  rock  into 

small,  slender  columns,  which  curve  slightly  toward  centers  near  the  top  of 
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the  cliff,  where  the  basalt  is  vesicular.  The  small  columns  are  3  to  4  inches 

in  diameter.  All  the  columns,  large  and  small,  have  a  wavy  outline,  with 

cross  markings,  like  crude  chiseling.  In  places  the  top  of  the  cliff  projects 

beyond  the  base,  and  sheets  of  small  columns  hang  down  like  curtains. 

The  petrographical  characters  of  these  basalts  is  described  in  a  later 

part  of  this  chapter.  The  younger  basalts  in  the  valley  of  Lamar  River, 

near  Amethyst,  Soda  Butte,  and  Opal  creeks,  are  dense  and  dark  gray  and 

sometimes  vesicular.  They  are  aphanitic,  rarely  with  small  phenocrysts. 

Similar  basalt  occurs  at  the  mouth  of  Miller  Creek.  In  nearly  all  these 
occurrences  the  basalt  sheets  are  columnar. 

Basalt  covers  the  rhyolite  over  the  bottom  of  Falls  River  Basin.  It 

must  have  formed  a  thin  sheet  of  lava,  for  it  has  been  cut  through  by  the 

drainage  channels,  which  are  for  the  most  part  in  rhyolite.  The  basalt 

forms  ledges  or  low  cliffs  a  short  distance  back  from  the  streams,  in  some 

cases  crossing  them  and  giving  rise  to  waterfalls.  It  seems  to  have  stood 

at  about  the  altitude  of  6,500  feet  around  the  margin  of  the  basin  and  up 

the  canyon  of  Beckler  River.'  On  Boone  Creek,  4  miles  above  its  mouth, 
it  is  very  porous  and  also  vesicular,  very  fresh,  purplish  and  steel  gray, 

and  is  filled  with  minute  feldspars  and  some  larger  ones,  also  clusters  of 

feldspars  and  olivine,  which  has  a  submetallic  luster  (1760,  1761).  North 
of  the  mouth  of  Mountain  Ash  Creek  it  is  denser  and  also  vesicular,  is 

gray  and  also  mottled,  and  has  few  phenocrysts  (1757,  1758).  At  Iris 

Falls,  on  Beckler  River,  it  is  dark  gray  and  highly  vesicular,  without  pheno- 

crysts (1759),  the  lower  portion  of  the  flow  being  columnar  in  vertical 

prisms,  30  feet  high.  These  basalts  extend  south  and  southwest  and  consti- 
tute the  great  lava  plains  of  the  Snake  River  Valley  in  Idaho. 

The  recent  basalts  differ  among  themselves  in  habit  and  microstruc- 
ture,  and  some  of  them  resemble  closely  some  of  the  older  basalts;  but 

the  greater  number  of  them  are  distinctly  different  from  the  older  basalts. 

In  general  they  are  dense,  dark  rocks,  almost  free  from  megascopic  pheno- 

crysts. Some  are  partially  ophitic,  and  a  great  number  are  closely  related 

to  these,  but  are  so  fine  grained  that  an  ophitic  structure  has  not  been 

developed.  For  convenience  of  description  they  may  be  classified  under 

the  following  heads: 

(a)  Ophitic. 
(b)  Related  to  ophitic,  but  finer  grained. 
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(c)  Very  fine  grained,  with  small  feldspar  phenocrysts. 
It  must  not  be  forgotten,  however,  that  these  are  often  merely  phases 

of  crystallization  that  may  sometimes  occur  in  one  and  the  same  rock  body. 

OPHITIC   BASALT. 

The  basalts  with  ophitic  structure  are  very  fine-grained,  holocrystalline 

rocks,  with  very  few  small  phenocrysts  of  lime-soda  feldspar,  in  some  cases 

none.  They  occur  in  all  parts  of  the  Park,  having  been  found  at  a  number 

of  places  on  Yellowstone  River,  in  the  sheet  opposite  Tower  Falls  (661), 

near  Garnet  Hill  (652),  in  the  sheets  at  the  mouth  of  Blacktail  Deer  Creek 

(625),  and  in  those  near  Bear  Gulch  and  elsewhere.  It  is  a  structural  facies 

of  the  basalt  underlying  rhyolite  on  Mount  Everts  (622)  and  occurs  in  the 

basalt  on  the  rhyolite  plateau  (588,  596).  It  also  forms  a  facies  of  the  basalt 

of  Falls  River  Basin  (1758).  The  proportions  of  the  mineral  constituents — 

augite,  labradorite,  olivine,  and  magnetite — vary  in  different  rocks.  In 

some,  augite  is  in  excess  of  feldspar;  in  others,  they  are  nearly  equal  to  each 

other.  The  ophitic  augites  range  from  0.5  to  1  mm.  in  diameter,  while  the 

inclosed  feldspars  average  0.1  mm.  in  length.  The  basalt  overlying  gneiss 

on  the  summit  of  Hellroaring  Peak,  just  north  of  the  Park  boundary  (658), 

has  the  greatest  amount  of  augite  and  magnetite  and  rod-shaped  iron  oxide 

(ihnenite  ?),  with  subordinate  labradorite  and  olivine.  The  olivine  is  in 

small,  nearly  idiomorphic  crystals,  and  also  in  a  few  small  phenocrysts, 

besides  a  few  of  labradorite.  A  basalt  from  the  plateau  southwest  of  the 

Gallatin  Mountains  (588)  is  similar,  but  the  labradorite  is  more  abundant, 

and  olivine  in  minute  crystals,  slightly  reddened  on  the  surface,  is  very 

abundant.  Augite  and  magnetite  are  plentiful.  There  are  no  megascopic 

phenocrysts.  Others  are  similar,  but  are  finer  grained.  In  one  case  (1041) 

augite  and  labradorite  (about  An3  Ab2)  are  in  nearly  equal  proportions,  and 

magnetite  and  olivine  are  less  than  in  the  two  previous  cases.  There  are 

no  megascopic  phenocrysts.  This  structure  is  shown  in  PL  LIX,  fig.  1. 

The  basalt  from  north  of  the  mouth  of  Mountain  Ash  Creek,  Falls  River 

Basin  (1758),  is  like  the  last  in  composition,  but  has  small  phenocrysts  of 

long  prismatic  labradorite  and  olivine.  These  four  rocks  are  almost  per- 

fectly fresh,  and  are  holocrystalline,  with  numerous  small  pores.  The  basalts 

occurring  near  Junction  Butte  and  opposite  Tower  Fall  (652,  654,  661)  are 

also  holocrystalline,  but  have  relatively  more  labradorite  in  tabular  crys- 
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tals,  with  not  so  high  double  refraction  as  in  the  previous  rocks.  There  is 

serpentine,  resulting  from  the  partial  alteration  of  olivine.  The  iron  oxide 

is  mostly  in  rod-like  crystals.  The  ophitic  form  of  the  basalt  beneath 

rhyolite  on  Mount  Everts  (622)  is  like  the  first  ophitic  basalts  in  composi- 
tion. The  augite  is  about  the  same  size,  but  the  labradorite  prisms  are 

larger,  and  there  is  considerable  globulitic  and  microlitic  glass  base  scattered 

through  the  mass.  Olivine  is  abundant  in  microscopic  crystals.  A  few 

labradorites  form  phenocrysts.  The  rock  is  full  of  irregular  cavities.  The 

top  sheet  of  basalt  near  the  mouth  of  Bear  Gulch,  east  of  Gardiner,  and 

another  basalt  flow  in  this  vicinity,  are  like  the  last  one,  but  in  these  there 

is  an  approach  to  a  parallel  arrangement  of  the  feldspar  prisms  inclosed  in 

the  augite  crystals  (PI.  LIX,  fig.  2). 

BASALTS  RELATED  TO  THOSE  WITH  OPHITIC  STRUCTURE. 

These  basalts  resemble  those  just  described  in  mineral  composition  and 

in  the  character  of  the  minerals,  except  that  augite  occurs  in  smaller  crystals 

and  grains,  and  not  in  relatively  large  micropoikilitic  ones.  Augite  occupies 

about  the  same  spaces  as  when  it  takes  part  in  ophitic  structure,  but  is  in 

aggregates  of  small  crystals.  Olivine  and  magnetite  are  the  same  as  in  the 

ophitic  rocks.     There  is  a  small  amount  of  microlitic  glass  base. 

Another  modification  of  the  basalt  beneath  the  rhyolite  on  Mount 

Everts  (623),  and  a  vesicular  basalt  from  the  northern  base  of  Prospect 

Peak  (634),  are  finer-grained  rocks,  like  the  ophitic  form  of  the  first- 

mentioned  basalt  in  composition,  but  with  only  a  part  of  the  augite  inclosing 

labradorite,  and  thus  being  partly  ophitic,  the  remainder  of  the  augite  being 

in  small  allotriomorphic  grains  between  idiomorphic  feldspars.  The  ferro- 

magnesian  minerals  are  in  excess  of  feldspar,  and  magnetite  is  abundant. 

The  chemical  composition  of  the  basalt  from  the  north  base  of  Prospect 

Peak  (634)  is  shown  by  the  following  analysis.  In  this  rock  lime  is  con- 

siderably higher  than  magnesia,  and  soda  is  greatly  in  excess  of  potash. 
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Analysis  of  basalt  from  the  north  base  of  Prospect  Peak. 

Constituent. 

SiO„   

TiO*   

A1203   

Fe2Oi   

FeO   

MnO   

MgO   
CaO   

Na20   

K20   

P205   

S03   
Li20   

H20   

Total 

Per  cent. 

48.49 
2.19 

18.35 

7.63 

1.21 

None. 

6.72 
10.40 

3.02 
.57 

.20 

.52 

.02 .67 

99.99 

The  basalt  from  another  exposure  on  Mount  Everts  (618)  and  one  from 

Falls  River  Basin  (1757)  have  a  little  ophitic  augite  and  much  that  is  in 

grains.  It  is  in  excess  of  feldspar.  A  basalt  from  the  south  side  of  Lava 

Creek  below  Undine  Falls  (613)  is  richer  in  feldspar  and  the  olivine  is 

altered;  otherwise  it  is  similar  to  the  basalts  just  described.  The  basalt 

from  4  miles  above  the  mouth  of  Boone  Creek  (1739)  and  one  from  the 

Snake  River  Valley  (1760,  1761)  have  no  ophitic  augite,  but  the  prismatic 

labradorite  is  idiomorphic  and  the  general  character  of  the  rock  is  the  same 

as  that  of  those  just  described;  there  is,  however,  considerable  microlitic 

base,  and  ilmenite  rods  are  numerous.  Olivines  are  small,  and  the  dark- 
colored  minerals  are  in  excess  of  the  feldspar.  The  basalt  from  Iris  Falls, 

Bechler  River  (1759),  is  very  fine  grained  and  partly  ophitic,  with  minute 

feldspar  phenocrysts. 

The  basalt  overlying  dacite-porphyry  east  of  Bunsen  Peak  (606)  is 

very  much  like  the  ophitic  basalts.  The  lath-shaped  labradorite  is  similar 

to  that  in  the  foregoing,  but  in  places  shows  a  slightly  parallel  arrange- 
ment. Basalts  from  numerous  localities  in  the  Park  (582,  584,  589,  591, 

598,  603,  614,  615,  624,  627,  632,  655,  663,  671)  are  quite  the  same  as  the 

one  last  mentioned,  but  vary  slightly  in  the  relative  proportions  of  augite 

and  feldspar  and  in  the  size  of  the  component  crystals.  All  are  holocrystal- 
line,  or  nearly  so.     In  some  modifications  of  these  rocks  (605,  614)  the 
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labradorite  prisms  are  more  nearly  parallel,  with  fluidal  arrangement  (PL 

XXXIV,  fig.  4).  Some  of  the  phenocrysts  of  labradorite-bytownite  are 
almost  free  from  polysynthetic  twinning,  having  but  two  or  three  parts. 

Others  (597,  612,  1139)  are  nearly  the  same,  with  small  grains  or  crystals. 

And  still  others  (593,  610,  611,  636,  1138,  1141)  are  like  the  last,  but  con- 
tain more  augite  than  feldspar. 

VERY  FHSTE-GRAINED  BASALTS  WITH  MINUTE  PHENOCRYSTS. 

In  the  still  finer-grained  modifications  of  these  basalts,  which  are  very 

numerous,  the  lath-shaped  or  prismatic  labradorite  crystals  range  in  size 
from  about  1  mm.  long  to  extremely  minute  microlites.  They  are  in  a  mass 

of  magnetite  grains  and  minute  augite  grains  or  crystals,  sometimes  with 

brown  glass  base,  as  in  the  coarser-grained  forms,  some  resembling  the 

foregoing  rocks  in  microstructure  (581,  616,  626,  662,  1140).  The  average 

length  of  the  labradorite  prisms  is  0.06  mm.  Even  in  thin  section  they  are 

very  dark  gray.  When  still  less  crystalline  they  are  darker,  being  nearly 

black  in  thin  section.  There  is  more  microlitic  glass  base,  which  is  crowded 

with  grains  of  magnetite,  some  forming  skeleton  aggregates  of  the  usual 

stellate  or  cruciform  shapes  (619,  637,  653,  660).  One  variety  from  beneath 

the  rhyolite  sheet  on  Mount  Everts  (621)  has  an  almost  panidiomorphic 

structure,  the  augites  being  in  minute  prisms.     Olivine  is  scarce. 

A  modification  of  the  fine-grained  structure  with  feldspar  prisms  of 
nearly  uniform  size  is  one  in  which  many  small  prisms  of  labradorite  are 

in  a  groundmass  of  minute  grains  of  magnetite  and  augite,  about  0.01mm. 

in  diameter,  and  olivine  also  forms  small  phenocrysts  (594,  607,  609,  638,  639, 

666).  The  finest-grained  form  consists  of  a  groundmass  of  grains  of  mag- 
netite and  augite  0.004  mm.  in  diameter,  and  very  minute  feldspars,  with 

many  small  phenocrysts  of  labradorite  and  olivine,  about  0.5  mm.  in  length 
and  smaller  (586,  587,  599,  1796). 

In  all  of  these  69  recent  basalts,  with  the  single  exception  of  the  few 

almost  microscopic  augites  in  a  basalt  on  Gardiner  River,  south  of  Bunsen 

Peak  (1796),  no  augite  phenocrysts  occur.  The  most  usual  ones  are  labra- 

dorite, and  less  often  olivine.  In  most  cases  there  are  no  distinct,  mega- 

scopic phenocrysts.  Moreover,  none  of  these  basalts  possess  andesitic 

structure.  If  more  coarsely  crystallized,  they  would  probably  have  all  be- 
come ophitic. 



CHAPTER     XII. 

PALEOZOIC    FOSSILS. 

Section  I.— CAMBRIAN  FOSSILS. 

By  Charles  Doolittle  Walcott. 

The  Cambrian  fauna  of  the  Park  includes  10  species  that  are  referred 

to  the  upper  division,  and  21  that  are  referred  to  the  middle  and  lower 

divisions,  of  the  Middle  Cambrian  fauna.  Of  these,  Acrotreta  gemma  is 

common  to  the  upper  and  middle  divisions.  The  Middle  Cambrian  fauna 

includes  the  following  species: 

Haguia  spbrerica. 
Obolus  (Lingulepis)  acurninatus  var.  rueeki. 
Ipliidea  sculptilis. 

Iphidea  (sp.  undet.). 
Acrotreta  gemma. 

Platyceras  primordialis. 

Hyolithes  primordialis. 
Agnostus  bidens. 
Agnostus  iuterstrictus. 

Agnostus  tumidosus. 

Ptycboparia  peufieldi. 
Ptycboparia  antiquata. 
Ptycboparia  (sp.  undet.). 

Crepicepbalus  texanus. 

Ptycboparia  (Loncbocepbalus)  bamulus  1 

Ptycboparia  (Loncbocepbalus)  wiscousensis. 
Ptycboparia  (?)  diademata. 
Arionellus  (sp.  undet.). 
Liostracus  parvus. 

Solenopleura  weedi. 
Zacantboides  (sp.  uudet.). 

Batbyuriscus  ?  (sp.  undet.). 

This  fauna  is  more  intimately  related  to  that  of  the  Black  Hills  and 

the  Upper  Mississippi  Valley  in  Wisconsin  and  Minnesota  than  to  the  Middle 
440 
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Cambrian,  fauna  of  Nevada  or  British  Columbia.  There  are  no  indications 

of  the  Lower  Cambrian  or  Olenellus  fauna.  The  upper-division  fauna  is 

also  strongly  related  in  its  Brachiopoda  to  the  Mississippi  Basin  fauna.  It 

includes  the  following  species: 

Obolus  (LiDgiu'ella)  desideratus. 
Dicellornus  nanus. 

Billingsella  coloradoensis. 
Orthis  rernnicha. 
Orthis  sandbergi. 

Ptychoparia  (E.)  affinis. 
Ptychoparia  llanoensis? 
Ptychoparia  (sp.  undet.). 
Arionellus  levis. 

The  species  common  to  the  Cambrian  fauna  of  the  Park  and  the  Upper 

Mississippi  Valley  are  as  follows: 

Billingsella  coloradoensis. 
Orthis  remnicha. 

Orthis  sandbergi. 

Platyceras  primordialis. 
Hyolithes  primordialis. 
Ptychoparia  (Lonchocephalus)  hamulus  ? 
Ptychoparia  (Lonchocephalus)  wisconsensis. 
Ptychoparia  (?)  diademata. 

Of  other  species,  Agnosias  Helens  and  Agnostus  interstrictus  are  closely 

related  to  A.  josepha,  and  it  is  quite  probable  that  Dicellornus  nanus  and 

Ptychoparia  antiquata  will  be  found  in  the  Upper  Mississippi  Valley  fauna. 

Billingsella  coloradoensis,  Orthis  remnicha,  and  Crepicephalus  texamts  are 

found  in  the  Cambrian  rocks  of  central  Texas,  and  Ptychoparia  antiquata  and 

Crepicephalus  texanus  occur  in  the  Middle  Cambrian  of  northern  Alabama. 

It  is  anticipated  that  a  large  addition  will  be  made  to  this  fauna  when 

the  Cambrian  collections  from  the  Gallatin  Valley  north  of  the  Yellowstone 

National  Park  are  studied.  The  purpose  of  this  paper  is  to  describe  and 

illustrate  only  the  species  found  within  the  limits  of  the  Park  and  the 

immediately  adjoining  Absaroka  Range  on  the  east. 

Preliminary  examinations  of  the  collections  were  made  from  year  to 

year  as  the  specimens  were  brought  from  the  field  and  reports  were  made 

to  Mr.  Arnold  Hague.  When  it  was  found  possible  to  make  a  detailed  study, 

I  requested  Mr.  G  H.  Girty  to  prepare  the  brachiopods  contained  in  the  col- 
lection, and  I  am  indebted  to  him  for  assistance  rendered  in  this  direction. 
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DESCRIPTIONS  OF  GENERA  AND  SPECIES. 

CAMBRIAN. 

HAGUIA  n.  gen. 

Spherical  bodies  without  any  central  axis  or  opening;  with  irregular 

lacuna?  or  canals  separated  by  irregular  walls  of  varying  thickness  that 

are  built  up  of  minutely  granular  carbonate  of  lime.  The  outer  wall  is 

perforated  by  the  apertures  of  the  numerous  canals. 

The  genus  is  based  on  small  spheroidal  bodies  that  occur  on  slabs  of 

limestone  scattered  among  the  fragmentary  remains  of  trilobites  (Ptycho- 
paria  (X.)  tvisconsensis,  P.  (?)  diademata)  and  the  two  valves  of  Billingsella 

pepina.  The  transverse  sections  recall  at  once  sections  of  Protopharetra 

densa  Bornemann,1  but  there  is  no  central  axis  or  cavity.  Dr.  Bornemann 
regards  Protopharetra  as  a  lower  stage  of  development  of  Archseocyathus 

forms,  but  Dr.  Hinde  is  inclined  to  consider  it  as  a  distinct  generic  type.2 
The  form  now  under  consideration  is  clearly  distinct  from  the  cup-shaped 
and  branching  forms  of  the  Archseocyathina;  and  evidently  the  simplest 

type  of  the  family.  In  fact,  were  it  not  for  the  absence  of  spicules  and  the 

presence  of  a  canal  system,  somewhat  like  that  of  Protopharetra  densa, 

I  should  refer  it  at  once  to  the  spong-es  It  is  on  the  border  land  between 
the  corals,  as  represented  by  the  Archpeocyathinse,  and  the  sponges,  with  a 

tendency  to  the  latter,  which  would  have  placed  it  among  them  previous 

to  Dr.  Hinde's  studies. 
Haguia  sph^erica  n.  sp. 

PL  LXIII,  figs.  6,  6a. 

Small  spherical  bodies,  varying  from  2  to  8  mm.  in  diameter,  formed 

of  minutely  granular  carbonate  of  lime.  The  irregular  laminae  or  canals 

are  filled  with  crystalline  calcite.  The  canals  penetrate  the  outer  wall 

and  give  the  outer  surface  a  roughened  appearance,  owing  to  the  irregular 

disposition  of  the  openings.  In  one  section  there  is  a  rough  radial  arrange- 
ment of  the  canals,  but  in  several  others  there  is  no  trace  of  any  regularity. 

1  Nova  Acta,  Leop.-Carol.  Deutscher  Akad.  Naturforscher,  Vol.  LI,  Pt.  I,  1886,  PI.  yiH,  fig.  8. 
2  Quart.  Jour.  Geol.  Soc.  London,  1889,  Vol.  XLV,  p.  136. 
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Formation  and  locality :  Middle  Cambrian,  Flathead  formation  ;  north 

side  of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  and  Soda 

Butte  creeks,  Yellowstone  National  Park. 

OBOLUS  Eichwald. 

Subgenus  LINGULEPIS  Hall. 

Lingulepis  Hall,  1863 :  Sixteenth  Aun.  Eept.  New  York  State  Cab.  Nat.  Hist.,  p.  129. 
Lingulepis  Meek  and  Hayden,  1864:  Pal.  Upper  Missouri,  Pt.  I,  p.  1. 
Lingulepis  Hall,  1867:  Trans.  Albany  Institute,  Vol.  V,  p.  106. 
Lingulepis  Hall  and  Clarke,  1892:  Eleventh  Ann.  Eept.  State  Geologist  New  York 

(author's  ed.),  p.  231,  PI.  I,  figs.  16,  17. 
Lingulepis  Hall  and  Clarke,  1892 :  Pal.  New  York,  Vol.  VIII,  Pt.  I,  pp.  59,  163. 
Lingulepis  Walcott,  1897 :  Am.  Jour.  Sci.,  4th  series,  Vol.  Ill,  p.  404. 
Type,  Lingula  acuminata  Conrad  sp.  =  Lingula  pinniformis  Owen. 

A  comparison  of  a  series  of  specimens  of  Obolus  (Lingulepis)  acumi- 
natus  from  the  Potsdam  terrane  and  the  base  of  the  Calciferous  formation 

of  Saratoga,  Washington,  Franklin,  and  Jefferson  counties,  New  York,  and 

from  the  same  horizons  in  Ontario,  Canada,  with  a  large  series  of  speci- 
mens from  the  St.  Croix  sandstone  of  Wisconsin,  leads  to  the  conclusion  that 

Obolus  {Lingulepis)  pinniformis  is  a  synonym  of  Obolus  {Lingulepis')  acumi- 
natus. This  makes  Obolus  {Lingulepis)  acuminatus  the  tjqoe  of  the  subgenus 

Lingulepis,  the  original  description  of  the  genus  being  based  upon  speci- 
mens from  the  St.  Croix  sandstone  of  Wisconsin. 

The  further  study  of  the  types  of  the  species  that  have  been  referred 

to  Lingulepis  results  in  the  elimination  of  all  of  them  from  the  subgenus 

with  the  exception  of  Obolus  {Lingulepis)  acuminatus  and  its  variety  meeki. 

The  species  that  have  been  referred  to  Lingulepis  heretofore  are  now 
referred  as  follows : 

Lingulepis  dakotaensis  M.  aud  H.  =  Obolus  (Lingulepis)  acuminatus. 
Lingulepis  pinniformis  Owen  =  Obolus  (Lingulepis)  acuminatus. 
Lingulepis  minima  Whitfield  =  Obolus  (Lingulepis)  acuminatus. 
Lingulepis  perattenuata  Whitfield  =  Obolus  (Liugulella)  perattenuatus. 
Liugulepis  cuneolus  Whitfield  =  Obolus  (Lingulella)  cuneolus. 
Lingulepis  ella  H.  and  W.=  Obolus  (Lingulella)  ella. 
Lingulepis  matiualis  Hall=  Obolus  (Lingulella)  matiualis. 
Lingulepis  msera  H.  and  W.  =  Obolus  (Lingulella)  maera. 
.Lingulepis  ?  minuta  H.  and  W.  =  Obolella  miuuta. 
Lingulepis  morsensis  Wiuchell  (Miller)  =  Lingula  morsii. 
Lingulepis  prima  M.  and  H.  =Uicellomus  politus. 
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In  a  review  of  the  Cambrian  Brachiopoda,  now  being  prepared,  the 

Cambrian  species  referred  to  the  subgenus  Lingulepis  will  be  fully  illus- 
trated. 

Obolus  (Lingulepis)  acuminatus  var.  meeki  Walcott. 

Pi.  LX,  figs.  1,  in. 

Lingulepis  meeM  Walcott,  1897:  Am.  Jour.  Sci.,  4tb  series,  Vol.  Ill,  p.  405. 

Shell  small,  attenuate,  marked  by  rather  strong  concentric  lines  and 

strise  of  growth,  and  by  interrupted  irregular  radiating  stria?. 

Ventral  valve  narrow,  elongate;  beak  acuminate,  rostral  slopes  long, 

nearly  straight,  passing  gradually  into  the  curvature  of  the  anterolateral 

margins,  and  posteriorly  meeting  at  a  very  acute  angle;  front  strongly 
rounded.  Lenth  of  valve,  8  mm.;  width,  3.5  mm.,  the  widest  portion  being 

near  the  anterior  extremity.  Beak  slightly  upcurved,  the  longitudinal 

median  line  straight,  or  even  slightly  concave  from  the  apex  of  the  beak  to 

the  middle,  where  it  begins  to  slope  gently  to  the  frontal  margin;  trans- 

verse curvature  very  slight  anteriorly,  more  convex  near  the  beak. 
Dorsal  valve  more  convex  than  the  ventral,  linguliform;  beak  depressed, 

bluntly  rounded,  curving  evenly  and  gradually  to  the  semitruncate  anterior 

margin. 

The  interior  markings  of  this  shell  have  not  been  ascertained,  but  the 

external  characters  are  such  as  to  make  a  reference  to  the  genus  Lingulepis 

more  than  probably  correct.  The  flat  acute-acuminate  ventral  valve,  with 
its  elevated  or  retrorse  beak,  which  is  not  covered  by  the  smaller  dorsal 

shell,  is  peculiarly  characteristic  of  Lingulepis. 

There  is  a  form  from  Texas,  probably  identical  with  Obolus  (Lingnlella) 

perattenuatus,  that  might  be  mistaken  for  this  species,  but  it  is  an  undoubted 

Lingulella,  and  does  not  show  the  external  characteristics  of  Lingulepis.  A 

comparison  with  the  young  and  narrow  specimens  of  0.  (L.)  acuminatus 

shows  it  to  be  clearly  distinct  from  that  species;  the  posterior  rostral  slopes 

of  0.  (L.)  acuminatus  possess  a  peculiar  incurving  which  is  not  shown  in 

the  variety  meeM. 

Formation  and  locality:  Middle  Cambrian,  upper  beds  of  Flathead 

terrane,  Crowfoot  section,  Gallatin  Range,  Yellowstone  National  Park. 
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OBOLUS  Eichwald. 

Subgenus  LINGULELLA  Salter. 

Obolus  (Lingulella)  desideratus  Walcott. 

PI.  LX,  figs.  2,  2a. 

Obolus  (Lingulella)  desideratus  Walcott,  1898:  Proc.  U.  S.  Nat,  Mus.,  Vol.  XXI,  p.  399. 

Shell  small,  subovate,  with  the  ventral  valve  obtusely  acuminate,  and 

the  dorsal  valve  broadly  ovate.  Valves  are  strongly  convexed,  with  the 

ventral  valve  fully  as  much  so  as  the  dorsal.  There  is  a  little  variation  in 

the  outline  of  the  valves,  some  being  slightly  more  rounded  posteriorly 
than  others. 

The  surface  of  the  shell  is  marked  by  fine,  concentric  lines  of  growth 

and,  between  them,  very  fine,  slightly  irregular  striae.  A  few  rather  narrow 
indistinct  undulations  radiate  from  the  umbo  toward  the  front  and  lateral 

margins.  When  the  outer  shell  is  partially  exfoliated  the  outer  surface  of 

the  inner  layer  is  marked  by  very  fine  indistinct  radiating  striae.  There 

are  a  few  traces  of  small,  scattered  pits  or  punctae  on  the  inner  surface  of 

the  shell.  The  shell  is  thin  and  is  formed  of  an  outer  la3^er  and  one  or 

more  inner  layers  or  lamellae. 

The  average  length  of  the  ventral  valve  is  about  4  mm. ;  width,  3  mm. 

A  dorsal  valve  3.5  mm.  long  has  a  width  of  3  mm. 
A  cast  of  the  interior  of  a  dorsal  valve  shows  an  area  of  medium 

length,  divided  midway  by  a  narrow,  clearly  defined  pedicle  groove.  The 

area  of  the  dorsal  valve  is  short.  Nothing  is  known  of  the  interior  of  the 

ventral  valve,  but  in  a  cast  of  a  dorsal  valve  may  be  seen  traces  of 

the  main  vascular  sinuses  and  central  median  ridge,  and  of  the  central 
muscle  scars. 

observations. — This  species  from  the  Upper  Cambrian  may  be  compared 
with  the  Middle  Cambrian  0.  (L.)  ferruginens  of  the  Atlantic  Basin  fauna. 

Compared  with  the  Rocky  Mountain  species  it  is  intermediate  between  0. 

(i.)  manticulus  and  0.  (L.)  rotundatus.  It  may  also  be  compared  with  0. 

(X.)  granvillensis  of  eastern  New  York,  upper  Olenellus  fauna. 

What  appears  to  be  an  identical  species  also  occurs  in  the  upper  beds 

of  the  Secret  Canyon  shale  just  beneath  the  Hamburg  limestone,  1,200 
feet  lower  in  the  Eureka  district  Cambrian  section. 
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Formation  and  locality:  Upper  Cambrian,  Gallatin  limestone,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park;  Hamburg  shale 

near  Hamburg  mine,  Eureka  district,  Nevada.  A  variety  also  occurs  in 

the  Secret  Canyon  shale  1,200  feet  below  the  Hamburg  shale. 

DICELLOMUS  Hall. 

Dicellomus  Hall,  1873 :  Twenty- third  Ann.  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  246. 
Obolella  Hall,  1892:  Pal.  New  York,  Vol.  VIII,  Pt.  I,  p.  72. 

When  proposing  that  the  genus  Dicellomus  include  Obolella  polita,  Pro- 

fessor Hall  stated  that  the  grooving  or  emargination  ot  the  apices  of  both 
valves  and  the  thickening  of  the  edges  of  the  shell  on  each  side  below  the 

apex,  together  with  the  form  and  character  of  the  muscular  impressions, 

would  separate  the  species  from  Obolella.  Again,  in  1892,  Messrs.  Hall  and 

Clarke  gave  a  fuller  description  of  Dicellomus  politus,  but  owing  to  the  poor 

character  of  the  material,  he  did  not  feel  confident  that  it  should  be  recog- 

nized as  generically  distinct  from  Obolella  chromatica.  Material  now  in  the 

collections  of  the  Geological  Survey  clearly  shows  that  Professor  Hall's 
provisional  conclusion  was  correct,  and  that  Dicellomus  politus  is  generically 
distinct  from  Obolella  chromatica.  The  generic  characters  are  also  finely 

shown  by  specimens  of  Dicellomus  nana  (M.  and  H.)  from  the  Little  Rocky 

Mountains  of  Montana,  and  also  by  the  interior  of  the  ventral  valve,  figured 

by  Meek  and  Hayden.  The  cast  of  the  interior  of  the  ventral  valve 

is  shown  by  fig.  3c,  PI.  LX,  and  the  interior  of  the  ventral  valve  from 

the  Black  Hills  by  fig.  M,  PI.  LX.  These  will  be  found  to  differ  from  the 

illustrations  of  Obolella  polita  given  by  Professor  Hall,1  but  the  material 
from  which  the  figures  were  drawn  was  poor,  and,  to  a  certain  extent,  the 

drawings  are  somewhat  constructive,  as  stated  by  Professor  Hall.2  From 
the  specimens  before  me,  as  shown  by  figs.  4,  4a,  PI.  LX,  it  is  clear  that 

Dicellomus  politus  and  D.  nanus  are  congeneric.  Further  illustrations  of 

the  characters  of  D.  politus  will  be  given  in  a  review  of  the  Cambrian 

Brachiopoda. 

'  Sixteenth  Ami.  Rept.  New  York  State  Cab.  Nat.  Hist.,  1863,  PI.  VI,  tigs.  20,  21. 
»Pal.  New  York,  Vol.  VIII,  PI.  1,  p.  72. 
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Dicellomus  nanus  M.  and  H.  sp. 

PI.  LX,  figs.  3,  3a-d. 

Obolella  nana  Meek  and  Hayden,  1861 :  Proc.  Acad.  Nat.  Sci.  Philadelphia,  2d  series, 

Vol.  V,  p.  435.  Billings,  1S62:  Paleozoic  Fossils,  Vol.  I,  p.  07.  Hayden,  1863: 
Am.  Jour.  Sci.,  2d  series,  Vol.  XXXIII,  p.  73.  Meek  and  Hayden,  1864:  Pal. 

Upper  Missouri,  Pt.  I,  p.  4,  PI.  I,  figs.  3a-d.  Whitfield,  1880 :  U.  S.  Geog.  and 
Geol.  Surv.  Eocky  Mountain  Region,  p.  340,  PI.  II,  figs.  14-17.  Hall  and  Clarke, 
1892:  Pal.  New  York,  Vol.  VIII,  Pt.  I,  p.  69. 

Only  a  single  specimen  of  the  outer  surface  of  a  ventral  valve  of  this 

species  occurs  in  the  collection.  It  has  the  characteristic  appearance  of 

the  species.  The  species  also  occurs  in  abundance  in  the  Little  Rocky 

Mountains  to  the  north,  in  Montana,  and  also  to  the  eastward  in  the  Black 

Hills. 

The  specimen  from  the  Park  is  illustrated,  and,  in  addition,  the  types 

from  the  Black  Hills  and  two  specimens  from  the  Little  Rocky  Mountains. 

Formation  and  locality:  Upper  Cambrian,  Gallatin  limestone  (upper 

portion);  Crowfoot  section,  Gallatin  Range,  Yellowstone  National  Park. 

IPHIDEA  Billings. 

Iphidea  sctjlptilis  Meek. 

PI.  LX,  figs.  5,  5a-c. 

Iphidea  (?!)  sculptilis  Meek,  1873:  Sixth  Ann.  Kept.  U.  S.  Geol.  and  Geog.  Surv.  Terr., 
for  the  year  1872,  p.  479. 

Kntorgina  minutissima  Hall  and  Whitfield,  1877:  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV, 

p.  207,  PL  I,  figs.  11,  12. 
Eutorgina  sculptilis  Walcott,  1884:  Mon.  U.  S.  Geol.  Surv.,  Vol.  VIII,  p.  20,  PI.  I,  figs. 

7,  la-b;  PL  IX,  fig.  7. 

In  the  description  of  Iphidea  (??)  sculptilis,  Mr.  Meek  decided  that,  as 

the  shell  had  a  very  narrow,  slightly  flattened  margin  on  each  side,  repre- 

senting a  false  area,  and  as  there  seemed  to  be  a  wide,  open,  triangular 

foramen,  it  could  not  be  referred  to  the  genus  Acrotreta  or  the  genus 

Iphidea.  He  was  not  positive  that  there  was  not  a  permanent  pseudo- 

deltidium  present,  but,  assuming  the  absence  of  that  structure,  and  with  the 

probability  that  when  all  the  characters  of  the  shell  were  known  it  would 

be  found  to  belong  to  a  different  genus,  either  of  the  Brachiopoda  or  of 

some  other  group,  he  would  propose  for  the  genus  the  name  "  Micromitra." 
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A  study  of  the  material  collected  from  the  same  horizon  at  a  point  not 

far  distant  from  the  original  locality  shows  the  presence  of  a  false  area  and 

a  pseudo-deltidium  of  the  same  character  as  that  of  Iphidea  bella,  the  type 
of  the  genus  Iphidea.  There  is,  however,  a  difference  in  the  two  forms  that 

might  possibly  be  considered  of  subgeneric  value.  The  surface  of  Iphidea 
bella  is  covered  with  fine  concentric  stria?,  while  the  surface  of  Iphidea 

scidptilis  is  marked  by  very  fine,  sharp,  elevated,  concentric  lines  that 

coalesce  or  bifurcate  irregularly,  imparting  a  peculiarly  interrupted  wavy 

appearance  that  is  highly  characteristic.  The  variation  in  the  surface 
character  is  continued  still  further  in  Iphidea  pannula  White,  in  which  the 

surface  is  marked  by  a  very  fine  network  of  oblique  raised  lines  that  divide 

it  into  minute  porelike  pits,  which  cause  it  to  resemble  under  the  lens 

the  texture  of  finely  woven  cloth.  The  difference  in  character  of  surface 

between  Iphidea  pannula  and  /.  scidptilis  is  the  same  difference  as  between 

the  surface  characters  of  Trematis  and  Lingulella;  and  the  difference  in 

surface  characters  between  the  two  species  mentioned,  on  the  one  hand, 

and  Iphidea  bella  and  I.  labradorica,  on  the  other  hand,  is  equally  important, 

as  the  latter  have  the  plain  concentric  striae  and  lines  of  growth  that  are 

characteristic  of  the  species,  while  the  former  have  highly  ornamented  sur- 
faces. If  we  should  find  the  genus  on  the  surface  characters  of  the  shell,  it 

would  be  necessary  to  place  I.  bella,  I.  labradorica,  and  I.  prospectensis  under 

one  genus,  I.  ornatella  (Linnarsson)  and  /.  scidptilis  under  another,  and 

I.  pannula  and  I.  ccelata  under  still  another.  There  are,  however,  specimens 

of  /.  pannula  on  which  the  outer  portions  of  the  shell  show  the  surface 

characters  of  I.  bella;  and  more  or  less  complete  transitions  may  be  found 

between  the  varying  types  of  surface  ornamentation. 

There  are  too  many  similarities  in  form  to  warrant  us  in  removing 

I.  sculptilis  from  Lphidea  without  the  evidence  of  interior  markings  to  prove 

that  it  is  generically  distinct. 

Formation  and  locality:  Middle  Cambrian,  Flathead  terrane  (lowest 

fossiliferous  bed);  Crowfoot  section,  Gallatin  Range,  Yellowstone  National 

Park.  It  also  occurs  in  the  Middle  Cambrian  shales  of  Antelope  Springs, 

Utah. 
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Iphldea  sp.  undet. 

PL  LX,  fig.  6.     * 

Dorsal  valve  semicircular,  slightly  convex.  Hinge  line  somewhat 

shorter  than  the  width  of  the  shell  below ;  nearly  straight,  the  rostral  angle 

about  180°.  Beak  small,  not  elevated.  Surface  ornamentation  consists  of 

extremely  fine  radiating  and  undulating-  concentric  striae  that  can  be  seen 
in  detail  only  with  a  strong  magnifying  glass.     Shell  substance  horny. 

This  form  is  associated  with  I.  sculptilis,  and,  judging  from  external 

characters,  is  closely  related  to  it.  The  surface  ornamentation  is  of  the 

same  character,  and,  in  the  absence  of  the  ventral  A'alve,  it  is  difficult  to 

distinguish  any  specific  characters  on  which  to  base  a  new  species,  although 

the  shell  is  much  larger  than  that  of  typical  I.  sculptilis. 

Formation  and  locality:  Same  as  last,  for  Ipliidea  sculptilis. 

ACROTRETA  Kutorga. 

ACROTRETA    GEMMA    BillillgS. 

PI.  LXII,  figs.  2,  2a-e. 

Acrotreta  gemma  Billings,  1S65:  Pal.  Foss.,  Vol.  I,  p.  216,  figs.  201ft-/. 
Acrotreta  sitbconica  Meek,  1873:  Sixth  Ann.  Kept.  U.  S.  Geol.  Surv.  Terr.,  p.  463. 
Acrotreta  attenuata  Meek,  1873 :  Ibid.,  p.  463. 

Acrotreta  pyxidicula  White,  1874:  Geog.  and  Geol.  Expl.  Surv.  W.  lOOtb  Merid.: 

Prelim.  Eept.,  Invert.  Foss.,  p.  9.    White,  1875:  Ibid.,  Final  Rept.,  Vol.  IV, 

p.  53,  PI.  Ill,  figs.  3a-d. 
Acrotreta  gemma  Walcott,  1884:  Mon.  U.  S.  Geol.  Surv.,  Vol.  VIII,  p.  17,  PI.  I,  figs. 

1«,  b,  d,f;  PI.  IX,  figs.  9,  9«.    Walcott,  1886:  Ball.  U  .S.  Geol.  Surv.  Xo.  30, 
p.  98,  PI.  VIII,  figs.  1,  1«,  b.    Walcott,  1891 :  Tenth  Ann.  Rept,  TJ.  S.  Geol. 

Surv.,  p.  608,  PI.  LXVII,  figs.  5,  5ft-e.    Hall  and  Clarke,  1892 :  Pal.  Xew  York, 

Vol.  VIII,  Pt.  I,  p.  102,  figs.  55-57.     ( "?)  Matthew,  1895 :  Trans.  Xew  York  Acad. 
Sci.,  Vol.  XIV,  p.  126. 

This  species  was  described  and  illustrated  by  me  in  Bulletin  No.  30, 

Monograph  VII,  and  the  Tenth  Annual  Report,  of  the  United  States  Geo- 

logical Survey.  It  occurs  with  both  the  Middle  and  the  Upper  Cambrian 
faunas  in  the  Park. 

Formation  and  locality:  Middle  Cambrian,  Flathead  terrane,  ranging 

from  the  lowest  terrane;  Gallatin  terrane,  upper  beds;  Crowfoot  section, 

Gallatin  Range;  spur  at  southeast  head  of  first  branch  from  head  of  Gallatin 

Valley,  south  side;  Yellowstone  National  Park. 
MON  XXXII,  PT  II   29 
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BILLINGSELLA  Hall. 

Billingsella  Hall  and  Clarke,  1892:  Pal.  New  York,  Vol.  VIII,  Pt.  I,  p.  230,  PI.  VII 

A,  figs.  1-9. 
Billingsella  coloradoensis  Shumard. 

PL  LXI,  figs  1,  la-d. 
Orthis  coloradoensis  Shumard,  1860:  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  627. 
Orthis  pepina  Hall,  1863 :  Sixteenth  Ann.  Eept.  New  York  State  Cab.  Nat.  Hist., 

p.  131,  PI.  VI,  figs.  23-27.  Hall,  1867:  Trans.  Albany  Institute,  Vol.  V,  p.  113. 
Whitfield,  1882:  Geol.  Wisconsin,  Vol.  IV,  p.  170,  PI.  I,  figs.  4,  5. 

Orthis  ?  (Orthisina  f)  pepina  Hall,  1883:  Second  Ann.  Eept.  New  York  State  Geol- 
ogist, PI.  XXXVII,  figs.  16-19. 

Billingsella  pepina  Hall  and  Clarke,  1892:  Pal.  New  York,  Vol.  VIII,  Pt.  I,  p.  230,  PI. 

VII,  figs.  16-19;  PI.  VIlA,  figs.  7-9. 

This  species  was  described  by  Shumard,  in  1860,  as  from  the  Potsdam 

sandstone  of  the  New  York  series,  near  the  head  of  Morgans  Creek,  Burnett 

County,  Texas.  He  states  that  "the  general  form  of  the  shell  is  very 
similar  to  a  species  in  my  cabinet  from  the  Potsdam  sandstone  of 

Minnesota." 
In  1863  Professor  Hall  described  a  similar  shell,  from  the  sandstone 

above  Lake  Pepin,  Minnesota,  under  the  name  of  Orthis  pepina,  stating  that 

when  compared  with  Orthis  coloradoensis  from  Texas  the  species  is  much 

smaller,  the  length  of  the  ventral  valve  is  greater,  and  the  striae,  are  finer. 

However,  a  comparison  of  an  extended  series  of  specimens  collected  in  the 

Upper  Cambrian  of  Burnett  County,  Texas,  leads  me  to  believe  that  the 

specimens  from  widely  separated  localities  all  belong  to  the  one  species 

Billingsella  coloradoensis. 

The  size  and  form  of  these  species  appear  to  be  remarkabl}"  constant 
wherever  found,  as  is  also  the  surface  ornamentation,  which  consists  of  fine 

concentric  stria?  and  slender  radiating  costse,  which  are  often  unequal  in 

size.  The  concentric  striae  are  unusually  well  shown  in  the  material  from 

Texas,  while  the  radiating  costae  are  very  faint.  On  specimens  from  the 

St.  Croix  sandstone  of  Lake  Pepin,  Minnesota,  the  costa?  and  the  concentric 

striae  and  lines  of  growth  are  strong  and  well  shown  in  the  casts  of  the 

outer  surface  of  the  shell.  The  generic  characters  are  finely  shown  by 

specimens  from  the  Gallatin  Range  in  the  Park,  in  which  the  characteristic 
muscular  scars  of  the  ventral  valve  of  Billingsella  are  well  preserved;  also 
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the  high,  nearly  vertical  area,  and  the  large  delthyrium,  partially  closed 

by  a  convex  deltidinm. 

Formation  and  locality :  Upper  Cambrian,  Gallatin  terrane,  Crowfoot 

section,  Gallatin  Range ;  also  on  the  north  slope  of  the  Crowfoot  Ridge, 

on  the  south  side  of  the  Gallatin  Valley,  and  on  the  divide  between  Panther 
Creek  and  the  Gallatin  River. 

ORTHIS  Dalman. 

Orthis  (!)  remnicha  Winchell. 

PI.  LXI,  tigs.  3,  3«;  PI.  LXII,  figs.  1,  la-d. 

Orthis  remnicha  Wiuchell,  18SG:  Fourteenth  Ann.  Eept.  Geol.  and  Nat.  Hist.  Surv. 
Minnesota,  p.  317,  PL  II,  fig.  7 . 

Shell  of  medium  size,  usually  slightly  transverse,  with  an  oblong,  oval 

outline  for  the  ventral  valve,  and  a  subquadrate  to  semicircular  outline  for  the 

dorsal  valve.  Valves  moderately  convex,  with  an  almost  straight  hinge  line 

that  varies  in  length  from  nearly  the  greatest  width  of  the  shell  to  two- 

thirds  the  greatest  width;  cardinal  angles  varying-  from  90°  or  less  in  the 
extreme  forms,  with  ears  somewhat  angular,  to  the  other  extreme,  where 

they  are  very  obtuse  and  have  the  appearance  of  being  almost  rounded, 

their  angle  being  not  less  than  120°.  Cardinal  area  narrow  but  well  devel- 
oped on  each  valve,  and  divided  by  a  rather  large  delthyrium. 

The  ventral  (pedicle)  valve  has  in  some  specimens  a  shallow  mesial 

depression,  and  in  some  examples  it  is  slightly  flattened  toward  the  cardinal 

angles;  beak  small  and  curving  down  toward  the  hinge  line,  beyond  which 

it  projects  slightly.  Dorsal  (brachial)  valve  slightly  less  convex  than  the 

ventral.     Beak  small,  scarcely  projecting  beyond  the  hinge  line. 

Surface  marked  by  bifurcating,  radiating'  costse,  that  vary  on  shells  of 
similar  size  from  16  in  the  space  of  5  mm.  to  3  in  the  same  space.  This 

variation  is  shown  in  the  specimens  from  the  Park,  as  well  as  in  those  from 

Texas  and  Wisconsin.  In  well-preserved  specimens  very  fine,  radiating, 
raised  striae  occur  both  on  the  costae  and  on  the  intervening  depressions. 
These  are  shown  on  the  casts  of  the  shells  from  the  St.  Croix  sandstone  of 

Winfield,  Wisconsin,  and  on  the  larger  shells  from  the  limestones  of  the 

upper  Middle  Cambrian  horizon  of  Texas  and  the  Park. 

The   interior   of   the   ventral  (pedicle)  valve   shows   a    slightly    raised, 
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rather  small  muscular  area,  and  the  interior  of  the  dorsal  (brachial)  valve 

a  slightly  elevated  area  upon  which  occurs  a  narrow,  short  median  septum. 

The  crural  plates  are  also  well  shown.  In  casts  of  the  interior  from  the 
St.  Croix  sandstone  of  Wisconsin  the  dental  lamellse  of  the  ventral  valve 

are  finely  shown,  and  in  the  dorsal  valve  the  median  septum  and  crural 

plates. This  is  one  of  the  most  variable  shells  that  occur  in  the  Cambrian 

fauna.  Its  range  of  variation  is  such  in  all  of  the  widely  separated  locali- 
ties in  which  it  occurs  that  one  would  scarcely  hesitate,  if  in  possession 

only  of  the  extremes,  to  identify  two  well-marked  species.  The  variation 
is  not  only  in  the  radiating  costee,  but  also  in  the  general  form  of  the  shell. 

It  is  proposed  to  illustrate  this  variation  somewhat  fully  in  a  memoir  on 

the  Brachiopoda  of  the  Cambrian  fauna. 

Formation  and  locality :  Near  base  of  Upper  Cambrian,  Gallatin  ter- 
rane,  Crowfoot  section,  Gallatin  Range,  Yellowstone  National  Park.  It 

also  occurs  at  a  slightly  lower  horizon  on  the  south  side  of  the  Gallatin 

Valley,  and  specimens  were  collected  farther  to  the  north  by  Dr.  A.  C. 

Peale,  opposite  the  mouth  of  Pass  Creek,  in  the  Gallatin  Valley,  Montana. 

Orthis  (?)  sandbergi  Winchell. 

PI.  LXI,  figs.  2,  2a^d. 

Orthis  sandbergi  Wincliell,  1S86 :  Fourteenth  Ami.  Kept.  Geol.  and  Nat.  Hist.  Surv. 
Minnesota,  p.  318,  PI.  II,  figs.  S,  9. 

Shell  small,  transverse,  subquadrate  in  outline,  exclusive  of  the  acute 

angular  ears.  Valves  slightly  convex,  with  a  straight  hinge  line  longer 

than  the  greatest  width  of  the  shell ;  cardinal  area  narrow  but  well  devel- 
oped on  each  valve  and  divided  by  a  rather  large  open  delthyrium. 

The  ventral  (pedicle)  valve  slightly  flattened  at  the  ears,  rising  toward 

the  center  with  a  convex  triangular  swelling*,  broadening  from  the  narrow 
beak  to  the  front ;  beak  small,  rounded,  and  extending  slightly  beyond  the 

hinge  line.  Dorsal  valve  flattened  at  the  ears,  with  well-marked  rounded 

ridges  rising  between  the  ears,  and  a  rather  broad,  well-defined  median 
sinus ;  beak  very  small,  slightly  encroaching  upon  the  hinge  line. 

Surface  marked  by  fine,  regular,  radiating'  striae,  between  which  one  or 
more  faint  intermediate  stria?  are  sometimes  visible;  under  favorable  con- 
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ditions  very  fine  concentric  striae  can  be  seen,  and  there  are  also  usually 

present  more  or  less  distinctly  marked  lines  of  growth. 

The  generic  character  of  this  species  has  not  been  fully  ascertained, 

but  the  material  from  the  Park  and  specimens  from  the  typical  locality 
at  Red  Wing,  Minnesota,  lead  me  to  think  that  this  can  not  be  referred  to 

the  genus  Billingsella.  It  appears  to  be  an  Orthis  of  the  Plectorthis  group 
of  Hall  and  Clarke. 

A  comparison  with  specimens  of  Orthis  sandbergi  from  the  typical 

locality  at  Red  Wing,  Minnesota,  shows  the  two  shells  to  be  specifically 

identical,  as  far  as  the  comparison  of  casts  in  sandstone  can  be  made  with 

well-preserved  shells  on  the  surface  of  a  limestone  slab.  This  is  the  only 
species  of  the  type  known  to  me  in  the  Cambrian  fauna.  It  is  a  type  that 

is  developed  in  the  Ordovician  fauna,  and  I  think  it  will  be  found  to  occur 

in  the  Calciferous-Chazy  fauna  of  New  York  and  the  St.  Lawrence  Valley. 
Formation  and  locality:  Upper  Cambrian,  north  side  of  Elk  Pass, 

between  Buffalo  and  Slough  creeks,  Yellowstone  National  Park. 

PLATYCERAS  Conrad. 

Platyceras  primordialis  Hall? 

Pi.  LXIII,  fig.  1. 

Platyceras  primordialis  Hall,  1S63,  Sixteenth  Ann.  Eept.  New  York  State  Cab.  Nat. 
Hist.,  p.  136,  PL  VI,  fig.  28. 

A  single  species  of  Platyceras  occurs  on  a  slab  of  limestone  in  asso- 

ciation with  Billingsella  pepina,  Ptychoparia  (L.)  tvisconsensis,  and  Ptyclto- 

paria  (?)  diadematus. 

So  far  as  can  be  determined  from  a  comparison  of  the  single  specimen, 
it  is  probable  that  the  forms  are  identical. 

Formation  and  locality:  Middle  Cambrian,  Granatin  terrane,  north  side 

of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  Creek  and 
Soda  Butte  Creek,  Yellowstone  National  Park. 
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HYOLITHES  Eichwald. 

Hyolithes  primordialis  Hall. 

PL  LXIII,  tigs.  2,  2a. 

Theca  primordialis  Hall,  1861:   Ann.  Kept.  Progress  Geol.  Surv.  Wisconsin,  p.  48. 

Hall,  1862:  (ieol.  Eept.  Wisconsin,  Vol.  I,  p.  21,  fig.  5.     Hall,  1863:  Sixteenth 

Ann.  Eept.  New  York  State  Cab.  Nat.  Hist.,  p.  135*,  PI.  VI,  figs.  30,31. 

Pugiunculus  primordialis  Hall,  1863:  Ibid.,  p.  135*. 
Theca  (Pugiunculus)  gregaria  M.  and  H.,  1861:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  2d 

series,  Vol.  V,  p.  436.    M.  and  H.,  1864:  Pal.  Upper  Missouri,  Pt.  I,  p.  5. 

Hyolithes  {Theca)  primordialis  Hall  and  Whitfield,  1873:   Twenty-third  Ann.  Eept. 
New  York  State  Cab.  Nat.  Hist.,  p.  242,  PI.  II,  fig.  3. 

Hyolithes  primordialis  ?  White,  1874:    Expl.  Surv.  West  100th  Merid.,  Prelim.  Eept., 
Invert.  Foss.,  p.  6. 

Hyolithes  primordialis  White,   1S75 :  Ibid.,  Final  Eept.,  Vol.  IV,  Pt,  I,  p.  37,  PI.  I,  figs. 
5«-e.     Whitfield,  1883 :  Geol.  Wisconsin,  Vol.  IV,  p.  175,  PI.  I,  fig.  12.     Walcott, 
1884 :  Mou.  U.  S.  Geol.  Surv.,  Vol.  VIII,  Pal.  Eureka  District,  pp.  23, 24. 

Forms  of  this  species  occur  at  several  localities,  and  are  identical  with 

those  found  in  the  Middle  Cambrian  St.  Croix  sandstone  of  Wisconsin. 

They  vary  in  length  from  1  to  5  cm.  The  young  individuals  when  grouped 

together  in  the  limestone  are  very  closely  related  to,  if  not  identical  with, 

Theca  gregaria.1  The  type  specimens  of  the  latter  were  found  near  the 

head  of  Powder  River  in  the  Bighorn  Mountains  of  Idaho  Territory,  now 

in  Wyoming. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 

foot section,  Gallatin  Range;  Clark  Fork  Valley,  south  side,  between 

Loda-e  Pole  and  Reef  creeks;  and  bluff  on  south  side  of  Pebble  Creek, 

north  of  saddle  to  Soda  Butte  Creek,  Yellowstone  National  Park. 

AGNOSTUS  Brongniart. 

Agnostus  raTERSTRicTus  White. 

PI.  LXIII,  figs.  3,  3a. 

Agnostus  interstrictus  White,  1874:  Geol.  and  Geog.  Expl.  West  100th  Merid.,  Prelim. 

Eept.,  Invert.  Foss.,  p.  7.    White,  1875:  Ibid.,  Final  Eept.,  Vol.  IV,  Pt.  I, 

p.  38,  PI.  II,  5«,  h.    Walcott,  1S86 :  Bull.  TJ.  S.  Geol.  Surv.  No.  30,  p.  149.  PI. 

XVI,  figs.  6,  6a. 

A  comparison  of  the  specimens  from  the  Gallatin  Range  with  the  type 

specimens  from  the  Springhouse  Range  of  Utah  leads  to  the  conclusion 

1  Pal.  Upper  Missouri,  Pt.  I,  1864,  p.  5. 
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that  they  represent  the  same  species.  There  are  no  good  specimens  of  the 

head,  But  there  is  one  very  well  preserved  pygidium.  This  and  the  type 

specimen  are  illustrated. 

Formation  and  locality :  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

Agnostus  bidens,  Meek. 

PI.  LXIII,  figs.  4,  4a. 

Agnostus  bidens  Meek,  1873:  Sixth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Surv.  Terr.,  for 
1872,  p.  463.  Walcott,  1884:  Mon.  IT.  S.  Geol.  Surv.,  Vol.  VIII,  p.  26,  PI.  IX, 
figs.  13, 13a. 

The  specimens  representing  this  species  include  the  head  and  pygidium 

only.  There  is  considerable  similarity  between  this  species  and  A.  inter- 
str  ictus  and  A.  joseplius,  the  latter  from  the  St.  Croix  sandstone  of  Wisconsin. 

They  all  belong  to  the  Middle  Cambrian  fauna,  and  it  will  be  only  after  a 

careful  examination  with  an  extended  series  of  specimens  that  the  specific 
characters  are  well  determined. 

The  originals  of  the  type  specimens  were  found  on  the  east  side  of 

the  Gallatin  River,  above  the  town  of  Gallatin,  they  being  associated  with 

essentially  the  same  fauna  as  that  with  which  they  occur  in  the  Gallatin 
Range. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

Agnostus  tumidosus  Hall  and  Whitfield. 

PI.  LXIII,  figs.  5,  5a. 

Agnostus  tumidosus  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Pt.  II, 
p.  231,  PI.  I,  fig.  32. 

This  species  is  represented  by  a  small  cephalic  shield,  and  there  is  an 

associated  pygidium  that  is  referred  to  it.  The  species  was  founded  upon  a 

small  head  discovered  in  the  Eureka  district  of  Nevada.  It  is  a  strongly 

marked  species  and  not  liable  to  be  confused  with  any  other  species  of  the 

genus  from  the  Cambrian  rocks  of  the  Rocky  Mountain  region. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 
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PTYCHOPARIA  Corda. 

Ptychoparia  penfieldi  11.  sp. 

PI.  LXY,  figs.  4,  4a,  6, 

Of  this  species  there  are  in  the  collection  the  central  parts  of  the  head, 

the  interior  of  one  free  cheek,  and  one  pygidium.  The  general  form  of  the 

head  is  transverse,  semicircular;  the  frontal  rim  strong,  rounded,  and 

separated  from  the  frontal  limb  and  free  cheeks  by  a  well-defined  rounded 
furrow;  posterior  lateral  angles  prolonged  into  slender  spines.  Glabella 

truncato-conical ;  nearly  as  broad  at  the  base  as  long;  marked  by  three 

pairs  of  glabella  furrows,  which  penetrate  about  one-fourth  the  distance 
across ;  the  posterior  pair  bend  slightly  backward  and  penetrate  toward  the 

center.  Fixed  cheeks  narrow  and  separated  from  the  glabella  by  a  well- 
defined  dorsal  furrow,  from  the  narrow  posterior  rim  by  a  rather  broad, 

clearly  defined  furrow ;  anteriorly  they  merge  into  the  rather  narrow 

frontal  limb.  Palpebral  lobes  narrow  and  clearlj'-  defined  by  a  groove  from 
the  fixed  cheek;  they  are  nearly  one-third  the  length  of  the  cheek;  ocular 
ridges  barely  discernible  above  the  general  surface  of  the  cheek.  The 

posterior  lateral  lobe  of  the  fixed  cheek  extends  outward,  so  as  to  give  a 

total  length  from  the  glabella  outward  somewhat  greater  than  the  width  of 

the  glabella  at  the  base.  The  associated  free  cheek  has  a  strong  marginal 

rim  and  well-marked  furrow  between  it  and  the  main  body  of  the  cheek, 

which  reaches  up  to  the  palpebral  lobe. 

Pygidium  small,  semicircular;  axial  lobe  strongly  defined  and  marked 

by  three  segments  and  a  short  terminal  portion;  lateral  lobes  marked  by 

three  rather  broad  segments  that  merge  into  the  smooth  outer  rim.  Surface 

apparently  smooth. 

Formation  and  locality:  Middle  Cambrian,  Flathead  terrane,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

Ptychoparia  antiquata  Salter  sp. 

PI.  LXY,  figs.  7,  7«r, 

Conoceplialus  antiquatus :  Quart.  Jour.  Geol.  Soc.  London,  Vol.  XV,  p.  554,  fig.  2. 

This  species  was  founded  on  an  entire  trilobite  sent  to  the  great  exposi- 
tion in  London  in  1851.     It  was  said  to  have  been  discovered  somewhere 
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in  the  State  of  Georgia.  From  the  occurrence  of  large  numbers  of  entire 

specimens  on  nodules  in  the  Coosa  Valley,  in  Alabama,  a  few  miles  west  of 

the  Georgia  State  line,  it  is  thought  probable  that  the  specimen  referred  to 

came  from  that  locality.  A  comparison  of  a  series  of  specimens  from  the 

Coosa  Valley  locality  with  the  Gallatin  Rang'e  specimens  shows  a  very 
close  resemblance  between  them.  The  Alabama  specimens  have  two 

marked  variations  in  the  frontal  limb  and  border;  in  one  the  limb  is  gently 

rounded  to  a  marked  groove  that  separates  it  from  a  strong  rounded  frontal 

rim;  in  the  other,  the  groove  in  the  frontal  rim  curves  backward  from  each 

side  toward  the  glabella  so  as  to  indent  the  frontal  limb.  As  a  result  of  the 

comparison,  it  is  found  that  the  range  of  variation  among  the  individuals  ol 

P.  antiquata  includes  not  only  the  Gallatin  species  but  also  the  varieties  of  it. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range;  bluff  on  south  side  of  Pebble  Creek,  north  of 

saddle  to  Soda  Butte  Creek;  on  ridge  near  Crowfoot  section,  Gallatin 

Range,  Yellowstone  National  Park.  East  of  Dead  Indian  Creek,  Absaroka 

Range,  Wyoming'.    . 
Ptychoparia  (E.)  affinis  Walcott. 

PI.  LXV,  fig.  S. 

Ptychoparia  (K)  affinis   Walcott,    1884:    Mon.  U.  S.  Geol.  Surv.,  Vol.  VIII,  p.  54,  PI. 

X,  fig.  12. 

With  the  material  at  hand  it  is  impossible  to  make  a  positive  identifi- 
cation with  the  type  species  from  the  Upper  Cambrian  of  the  Eureka 

district,  Nevada.  There  is,  however,  a  striking  similarity  in  the  only  por- 
tions we  have  for  comparison,  the  center  of  the  head. 

A  similar  species  occurs  in  the  Cambrian  beds  of  Honey  Creek,  Bur- 
nett County,  Texas,  and  it  is  probable  that  the  specimens  from  the  three 

widely  separated  localities  are  identical. 

Formation  and  locality:  Middle  Cambrian,  Gallatin  limestone,  Liv- 
ingston section,  at  head  of  Davis  Creek,  Snowy  Range,  Montana. 
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Ptychoparia  llanoensis  Walcott  (?) 

PL  LXIY,  fig.  4. 

Ptychoparia  llanoensis  Walcott,  1890:    Proc.  U.  S.  Nat.  Mus.,  Vol.  XIII,  p.  272,  PI. 

XXI,  figs.  3-5. 

The  fragments  that  have  been  compared  and  provisionally  identified 

with  this  species  show  only  the  central  portions  of  the  head.  The  frontal 

rim  and  border,  separated  by  a  narrow,  raised,  crenulated  line  on  the  cast 

of  the  under  surface  of  the  test,  and  the  glabella,  appear  to  be  identical  with 

those  of  some  of  the  specimens  of  P.  llanoensis. 

Formation  and  locality:  Middle  Cambrian,  Livingston  section,  at  head 

of  Davis  Creek,  Snowy  Range,  Montana. 

Ptychoparia  sp.  undet. 

PL  LXIY,  fig.  5. 

This  is  a  rather  strongly  marked  form,  of  which  only  the  central  por- 

tion of  the  head  is  preserved.  It  differs  from  other  described  species  in 

having  the  frontal  rim  project  inwardly  almost  to  the  front  margin  of  the 

glabella.  A  figure  is  presented  of  the  only  specimen  in  the  collection. 

The  head  may  be  compared  with  the  head  of  Ptychoparia  teucer,  from  the 

red  sand  rock  of  Highgate  Springs,  Vermont.1  It  is  possible  that  this  is  a 
strongly  marked  variety  of  P.  antiquata. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  near 

Crowfoot  section,  Grallatm  Range,  Yellowstone  National  Park. 

Ptychoparia  (?)  sp.  undet. 

PL  LXIY,  fig.  3. 

This  is  a  clearly  marked  form,  represented  by  the  central  portion  of 

the  head.  The  small  eye  lobes  and  strong  postero-lateral  limbs  suggest 

Ptychoparia  eryon  Hall,2  but  the  glabella  is  less  elongate  and  the  frontal  limb 
is  marked  by  a  rounded  rim. 

Formation  and  locality:  Middle  Cambrian,  Crowfoot  section,  Gallatin 

Range,  Yellowstone  National  Park. 

1  Tenth  Ann.  Kept.  U.  S.  Geo].  Surv.,  1891,  PL  XCVI,  fig.  3. 
2  Sixteenth  Ann.  Rept.  New  York  State  Cab.  Nat.  Hist.,  1863,  PI.  VIII,  figs.  16,  31. 



CAMBRIAN  FOSSILS.  459 

CREPICEPHALUS  Owen. 

Crepicephalus  Owen,  1S52:  Rept.  Geol.  Surv.  Wisconsin,  Iowa,  and  Minnesota,  p.  576, 
PI.  I,  fig.  8;  PL  Ia,  tigs.  10,  16,  18.  Hall,  1863:  Sixteenth  Ann.  Rept.  New  York 
State  Mus.  Nat.  Hist,,  p.  147.  Hall  and  Whitfield,  1877 :  Rept.  Geol.  Expl.  40tli 
Par.,  Vol.  IV,  Pt.  II,  p.  209.  Whitfield,  1876 :  Rept.  Reconnaissance  from  Oar- 
roll,  Montana,  to  Yellowstone  National  Park  (Ludlow),  p.  141.  Whitfield,  1880: 
Rept.  Geology  and  Resources  of  the  Black  Hills  (Jenney),  p.  341.  Whitfield, 
1882:  Geol.  Wisconsin,  Vol.  IV,  p.  182.  Walcott,  1884:  Bull.  U.  S.  Geol.  Surv. 
No.  10,  p.  36.     Walcott,  1886 :  Bull.  IT.  S.  Geol.  Surv.  No.  30,  pp.  206,  207. 

Attention  was  called  to  this  genus  in  1886,1  but  in  giving  an  entire 
figure  of  C.  tex anus  I  will  repeat  the  description  given  by  Dr.  Owen,  and 
also  add  a  few  remarks. 

Dr.  Owen  proposed  the  generic  name  Crepicephalus  for  some  fragmen- 
tary remains  of  trilobites,  the  characteristic  features  of  the  central  portion  of 

the  head  of  which  he  described,  and  he  also  gave  figures  of  the  associated 

pygidia.     The  description  of  the  central  portion  of  the  head  is  as  follows: 

The  rather  flat  slipper-shaped  glabella  is  tapering  and  slightly  acuminated 
anteriorly,  with  a  faint  ridge  in  the  median  line;  two  small  and  very  superficial 
depressions,  and  a  posterior  faint  furrow,  very  partially  divide  the  glabella.  The 
facial  sutures  run  nearly  parallel  to  the  margin  of  the  glabella,  and  join  a  thickened, 
cordlike,  anterior  narrow  border,  inclosing  a  convex  area,  narrower  in  front  than  at 
the  sides.  Oblique  plications  can  sometimes  be  traced  on  the  cheek  plate,  in  advance 
of  the  eye,  converging  toward  the  apex  of  the  glabella. 

In  his  remarks  on  the  genus,  he  refers  to  figs.  10,  16,  and  18  of  PI. 

Ia,  as  illustrating  the  central  portions  of  the  cephalic  shield  of  the  genus. 

The  comparison  of  these  figures  with  typical  specimens  of  Crepicephalus 

(Owen's  Dikellocephalus)  iowensis  shows  clearly  that  the  types  of  the  genus 
Crepicephalus  should  have  been  referred  to  this  species.  He  also  refers  to 

the  associated  pygidia  which  are  illustrated  by  his  fig.  8  of  PI.  I  and  fig.  16 

of  PI.  Ia,  a  comparison  of  the  pygidium  of  Crepicephalus  iowensis  with  these 

figures  showing  it  to  be  identical. 

In  the  description  of  fig.  13  (PI.  I)  the  species  wisconsinensis  is  referred 

with  a  (?)  to  the  genus  Crepicephalus.  No  reference,  however,  is  made  to  it 

in  the  text.  Professor  Hall,  in  referring  to  the  genus,2  speaks  of  this  as  the 
only  species  designated  by  Dr.  Owen,  and  states  that  it  offers  no  distinction,  in 

regard  to  the  head,  from  a  species  placed  under  the  genus  Lonchocephalus. 

1  Bull.  (J.  S.  Geol.  Surv.  No.  30,  pp.  206,  207.  :  Loc.  cit.,  p.  147. 
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He  considered  it  difficult  to  sustain  tins  genus,  or  either  of  them,  upon  the 

characters  given,  and  referred  all  to  the  genus  Conocephalites. 

Messrs.  Hall  and  Whitfield,  in  describing  Cambrian  trilobites  from 

Utah  and  Nevada,  discussed  the  genus  Conocephalites  and  revived  Crepi- 

cephalus  as  a  subgenus  equivalent  to  Loganellus  of  Devine.  They  did  not, 

however,  describe  the  genus  Crepicephalus,  but  referred  a  number  of  species 

to  it  which  possess  more  or  less  distinctly  marked  "slipper- shaped"  glabelke. 
Professor  Whitfield  subsequently  used  the  genus  in  his  description  of 

Crepicephalus  (Loganellus)  montanensis  ,-1  also  in  the  Paleontology  of  the 

Black  Hills  of  Dakota.2  But  later  (1882)  he  omitted  reference  to  Loganellus 
in  describing  Crepicephalus  onustus? 

In  1884  I  stated  that  Crepicephalus  might  be  used  as  a  subgenus  of 

Ptychoparia  on  account  of  its  peculiar  pygidium,  but,  from  a  recent  study  of 

an  entire  specimen  of  the  type  species  and  of  C.  texanus,  I  think  that  we  can 

with  propriety  use  it  as  a  full  generic  term.  The  essential  elements  of  the 

head  are  generically  identical  with  those  of  the  head  of  Ptychoparia  striata, 

but  the  pleura  of  the  thoracic  segments  and  the  pygidium  vary  in  a  marked 

manner.  The  pleura  terminates  in  the  graceful  backward-curving  acu- 
minate points  so  characteristic  of  many  species  of  Paradoxides.  This  may 

not  be  considered  a  character  of  generic  value,  but  it  gives  a  marked  aspect 

to  the  body  of  the  trilobite  in  both  C.  iowensis  and  G.  texanus.  The  pygidium 

of  C.  iowensis  is  short,  broad,  and  provided  with  two  long-  postero-lateral 
spines  which  appear  to  be  an  extension  of  the  border,  but  in  reality  are  the 

lateral  extension  of  one  of  the  segments  of  the  pygidium.  This  feature  is 

more  clearly  shown  in  the  pygidium  of  C  texanus.  The  combination  of 

characters  in  the  head,  thorax,  and  pygidium  clearly  distinguishes  the 

genus  from  Ptychoparia  and  other  genera  of  the  Conocephalidse. 

Crepicephalus  texanus  Shumard  sp. 

PI.  LXV,  fig.  5. 

Arionellus  (Bathyurus)  texanvs  Shumard,  1861:  Am.  Jour.  Sci.  and  Arts,  2d  series, 
Vol.  XXXII,  p.  218. 

Arionellus  tripunctatus  Whitfield,  1876:  Kept.  Reconnaissance  from  Carroll,  Montana 

Terr.,  on  the  Upper  Missouri,  to  the  l'ellowstone  National  Park  (Ludlow),  p.  Ill 
PI.  I,  figs.  3-5. 

Numerous  heads  of  this  species  occur  in  a  dark-greenish-colored  oolitic 

1  Bull.  U.  S.  Geol.  Surv.  No.  30,  p.  141.  -Loc.  cit.,  pp.  311-343.  3Loc.  cit.,  p.  182. 
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limestone,  with  a  few  fragments  of  the  pygidium.  The  material  is  too  poor 

to  properly  illustrate  the  species,  and  a  figure  is  introduced  that  was  drawn 

from  specimens  collected  in  the  Middle  Cambrian  shaly  beds  of  the  Coosa 

Valley,  Alabama.  A  detailed  description  of  the  species  and  full  illustrations 

will  be  given  in  a  memoir  on  the  Middle  and  Upper  Cambrian  faunas,  now 

being  prepared. 
The  type  specimens  of  the  species  were  described  by  Dr.  Shumard 

from  Llano  County,  Texas.  I  collected  a  series  of  specimens  from  the  type 

locality,  and  a  comparison  of  these  with  those  from  Moss  Agate  Springs, 

near  Camp  Baker,  Montana  (described  as  Arionellus  tripunctatus  by  Whit- 
field), and  the  Coosa  Valley,  Alabama,  shows  them  to  belong  to  one  species. 

Formation  and  locality :  Middle  Cambrian,  Flathead  terrane,  north 

side  of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  Creek 

and  Soda  Butte  Creek ;  Flathead  terrane,  Crowfoot  section,  Gallatin  Range, 
Yellowstone  National  Park. 

Ptychoparia  (Lonchocephalus)  hamulus  Owen! 

Lonchocephalus  hamulus  Owen,  1852:  Geol.  Kept.  Wisconsin,  Iowa,  and  Minnesota, 
p.  576,  PI.  IA,  figs.  8,  12. 

Conocephalites  hamulus  Hall,  1863:  Sixteenth  Ann.  Eept.  New  York  State  Mus.  Nat. 
Hist,  p.  166,  PI.  VII,  figs.  43,  41;  PI.  VIII,  figs.  25,  26. 

One  imperfect  head  is  all  there  is  in  the  collection  on  which  to  base 

the  presence  of  this  species.  Little  more  can  be  said  than  that  there  is  a 

form  which  represents  it. 

Formation  and  locality :  Middle  Cambrian,  Flathead  formation,  north 

side  of  Soda  Butte  Creek,  on  ridge  between  Pebble  Creek  and  Soda 

Butte  Creek,  Yellowstone  National  Park. 

Ptychoparia  (Lonchocephalus)  wisconsensis  Owen  sp. 

PI.  LXIV,  figs.  1,  la-c. 

Grepicephalus  (?)  wisconsensis  Owen,  1852:  Eept.  Geol.  Snrv.  Wisconsin,  Iowa,  and 
Minnesota,  description,  PI.  I,  fig.  13. 

Dieellocephalus  latifrons  Shumard,  1863:  Trans.  St.  Louis  Acad.,  Vol.  II,  p.  101. 
Conocephalites  wisconsensis  Hall,  1863:  Sixteenth  Ann.  Kept.  New  York  State  Cab. 

Nat.  Hist.,  p.  164,  PI.  VII,  figs.  39-41;  PI.  VIII,  figs.  22-24,  27,  28. 

This  species  occurs  in  abundance  in  thin-bedded  limestone  in  the 

northeastern  portion  of  the  Park.      It  is  associated  with  Ptychoparia  (?)  clia- 



462     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

demata,  an  association  which  also  occurs  in  the  Middle  Cambrian  St.  Croix 

sandstone  of  Wisconsin.  Numerous  heads  occur,  but  only  one  fragmentary 

pygidium  has  been  seen.  An  illustration  of  the  pygidium  is  taken  from  a 

specimen  found  in  the  St.  Croix  sandstone  4  miles  southeast  of  Lake  City, 
Minnesota. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  north 

side  of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  and  Soda 
Butte  creeks,  Yellowstone  National  Park. 

PTYCHOPARIA  (?)  DIADEMATA  Hall  Sp. 

PI.  LXIV,  figs.  2,  2a-c. 

Conocephalites  diadematus  Hall,  1SG3:  Sixteenth  Add.  Eept.  New  York  State  Cab. 
Nat.  Hist.,  p.  107,  PI.  VII,  figs.  36-38;  PI.  VIII,  figs  IS,  21. 

This  species  is  associated  with  Ptychoparia  (L.)  wisconsensis.  The  cen- 

tral portions  of  the  head  are  quite  abundant  and  associated  with  the  sepa- 

rated free  cheeks.  Two  finely  preserved  hypostomas  and  one  imperfect 

pygidium  also  occur  on  the  slabs  of  limestone.  The  pygidium  is  illustrated 

by  a  specimen  from  the  St.  Croix  sandstone,  found  in  the  bluff  near  Hudson, 
Wisconsin. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  north 

side  of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  and  Soda 
Butte  creeks,  Yellowstone  National  Park. 

ARIONELLUS  Barrand. 

Arionellus  LEVIS  n.  sp. 

PI.  LXV,  fig.  1. 

It  is  with  little  doubt  that  the  specimen  illustrated  is  referred  to  this 

genus.  It  has  a  strongly  convex,  minute  head,  4  mm.  in  length;  glabella 

nearly  as  broad  as  long,  narrowing  slightly  toward  the  broadly  rounded 

front;  glabella  furrows  barely  visible  as  four  short,  slightly  depressed  lines. 

It  is  separated  from  the  fixed  cheeks  and  frontal  limb  by  a  narrow  groove, 

which  is  all  that  breaks  the  general  convexity  from  the  frontal  margin  back 

to  the  occipital  furrow.  The  occipital  furrow  is  deeply  impressed  between 

the  glabella  and  the  very  narrow  depressed  occipital  ring.  Fixed  cheeks 

slightly  convex,  sloping  abruptly  toward  the  facial  sutures;  anteriorly  they 
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pass  into  the  rather  broad  frontal  limb,  which  slopes  directly  downward  to 

the  frontal  margin,  without  any  frontal  groove  or  rim.  The  palpebral  lobes 

are  situated  opposite  a  point  about  two-thirds  the  distance  from  the  pos- 
terior to  the  anterior  margin  of  the  glabella. 

Formation  and  locality:  Middle  Cambrian,  Gallatin  limestone,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

Arioxellus  sp.  undet. 

PI.  LXV,  fig.  2. 

Only  the  central  portion  of  the  head  of  this  species  is  known.  It  is  so 

distinct  a  type  that  I  do 'not  hesitate  to  refer  it  to  the  genus  Arionellus.  The 
glabella  is  elongate,  subcorneal;  the  glabella  furrows  are  indicated  by  very 

slight  depressions,  and  the  occipital  furrow  is  almost  obliterated.  Fixed 

cheeks  as  broad  as  the  glabella  and  merging  into  the  broad,  rounded, 

anterior  frontal  limb.  The  palpebral  lobes  are  broken  away  and  there 

does  not  appear  to  be  any  frontal  rim,  the  gently  rounded  slope  from  the 

glabella  to  the  margin  being  unbroken.  The  specimen  strongly  recalls 

specimens  of  Arionellus  from  the  Paradoxides  zone  of  Newfoundland. 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  north 

side  of  Soda  Butte  Creek,  below  saddle  on  ridge  between  Pebble  and  Soda 

Butte  creeks,  Yellowstone  National  Park. 

LIOSTRACUS  Angelin. 

LlOSTRACUS    PARVUS  11.  Sp. 

PL  LXV,  fig.  G. 

This  form  is  represented  by  the  central  portions  of  three  small  heads. 

The  glabella  is  a  little  longer  than  broad;  sides  subparallel,  broadly 

truncated  in  front;  three  pairs  of  small  glabella  furrows  are  slightly  indi- 
cated; occipital  furrow  narrow  and  slightly  impressed;  occipital  ring  narrow 

at  the  sides,  broader  at  the  center,  and  provided  with  a  short  occipital  spine. 

Free  cheeks  broad,  convex,  and  separated  from  the  glabella  by  a  well- 
defined  dorsal  furrow;  anteriorly  they  merge  into  the  narrow  frontal  rim; 

ocular  ridges  narrow,  passing  almost  directly  outward  from  a  point  opposite 

the  anterior  pair  of  glabella  furrows  to  the  anterior  end  of  the  small, 

narrow  palpebral  lobe;  anterior  rim  nearly  flat  and  distinguished  from  the 



464  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

frontal  lobe  by  its  smoothness  and  by  being-  nearly  flat;  posterior  lateral 
limb  of  fixed  cheeks  strong  and  extending  obliquely  outward  and  backward 

from  the  base  of  the  palpebral  lobe;  posterior  rim  narrow. 

Surface  slightly  granular  under  strong  magnifying  power. 

Formation  and  locality:  Middle  Cambrian,  in  bluff  south  side  of 

Pebble  Creek,  north  of  saddle  to  Soda  Butte  Creek,  Yellowstone  National 
Park. 

SOLENOPLEURA  Angelin. 

Solenopleura!  weedi. 

PI.  LXV,  figs.  9,  9«. 

Of  this  species,  only  the  central  portions  of  the  head  occur  in  the  col- 
lection. The  entire  individual  attained  considerable  size,  as  the  largest 

head  has  a  length  of  20  mm.  The  characteristic  features  of  the  head  are 

also  shown  in  heads  9  mm.  in  length. 

The  glabella  is  obtusely  conical,  having  a  width  at  the  base  in  the 

largest  specimen  of  10  mm.,  and  a  length  from  the  center  of  the  occipital 

furrow  to  the  frontal  limb  of  13  mm.  It  is  separated  from  the  strong 

rounded  occipital  ring  by  a  relatively  broad,  well-defined  furrow.  The 
posterior  pair  of  glabella  furrows  is  indistinctly  shown  by  very  shallow 

grooves  in  the  case  of  the  largest  individuals;  on  the  smaller  individuals  it 

is  not  shown,  except  by  a  smooth  spot.  The  glabella  is  separated  from  the 

fixed  cheeks  and  frontal  limb  by  a  well-marked  dorsal  furrow,  and  as  it  is 
quite  convex  it  stands  out  in  clear  relief  from  the  general  surface  of  the 

head.  Frontal  limb  short,  1.5  mm.  in  length  in  the  large  specimen.  It  is 

separated  from  the  strong  rounded  frontal  rim  by  a  well-defined  groove; 

laterally  it  passes  into  the  free  cheek,  which  is  of  medium  width.  The  pal- 
pebral lobe  is  of  medium  size  and  situated  at  a  point  opposite  the  transverse 

central  line  of  the  glabella.  A  faintly  defined  occular  ridge  extends  abruptly 

backward  across  the  fixed  cheek  from  a  point  a  little  back  of  the  front  of 

the  glabella  to  the  front  angle  of  the  palpebral  lobe.  It  is  defined  more 

by  the  presence  of  a  slight  groove  in  front  of  it  than  by  the  elevation  of  the 

ridge  itself.  The  posterior  lateral  limb  of  the  fixed  cheek  extends  outward 

two-thirds  of  the  width  of  the  glabella  at  the  base ;  it  is  separated  from  the 

posterior  rim  by  a  well-defined  furrow. 



CAMBRIAN  FOSSILS.  465 

Fragments  of  the  free  cheeks  associated  with  the  glabella  show  that 

they  are  convex  and  that  the  strong  rounded  rim  is  separated  from  the 

cheek  proper  by  a  well-marked  groove. 
The  entire  surface  of  the  head,  with  the  exception  of  the  occipital 

groove  and  the  groove  within  the  outer  rim,  is  strongly  pustulose,  the 

pustules  being  scattered  irregularly  over  the  surface.  Where  the  true  test 

is  broken  away  the  pustules  are  shown  on  the  surface  of  the  cast. 

This  species  resembles  Batliyurus  conicus  Billings,  from  the  Calciferous 
formation  of  northeastern.  New  York  and  St.  Timothy,  Canada.  It  differs, 

however,  in  the  strongly  marked  frontal  rim  and  the  form  of  the  glabella,1 

It  may  be  also  compared  with  Hall  and  Whitfield's  Crepicephalus  (L.) 

maculosus.2 
Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

ZACONTHOIDES  Walcott. 

Zaconthoides  sp.  undet, 

PI.  LXV,  fig.  3. 

Head  moderately  convex ;  glabella  convex,  subclavate,  narrowing 

very  slightly  from  the  anterior  toward  the  posterior  end;  marked  by  three 

pairs  of  slightly  impressed  glabella  furrows,  the  posterior  pair  cutting  in 

obliquely  backward  toward  the  occipital  furrow.  Occipital  furrow  narrow, 

but  distinctly  impressed;  occipital  ring  strong  and  provided  with  a  short 

strong  spine,  which  projects  from  the  upper  posterior  margin;  fixed  cheeks 

narrow  anteriorly  and  a  little  less  than  half  the  width  of  the  glabella 

opposite  the  posterior  margin  of  the  palpebral  lobe;  anteriorly  they  pass 

down  to  the  frontal  rim,  there  being  practically  no  frontal  limb,  the  glabella 

extending  directly  down  to  the  margin  The  palpebral  lobe  is  nearly 

half  the  length  of  the  glabella;  anteriorly  it  extends  to  a  point  opposite  the 

anterior  glabella  furrow  and  posteriorly  to  a  point  opposite  the  occipital 
furrow. 

The  largest  specimen  of  this  species  is  3  mm.  in  length;  a  second,  a 

smaller  one,  occurs  on  the  same  piece  of  limestone.     It  is  possible  that  they 

'  Geol.  Surv.  Canada,  Pal.  Fossils,  Vol.  I,  1865,  p.  353,  fig.  341ft. 
2  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  IV,  1877,  p.  215,  PL  II,  lig.  24. 

MON  XXXII,  PT  II   30 



466  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

represent  the  young  of  Z.  spinosus.1     The  head  differs  in  details,  but  not 
more  so  than  between  the  young  and  adults  of  Z.  typicalis? 

Formation  and  locality:  Middle  Cambrian,  Flathead  formation,  Crow- 
foot section,  Gallatin  Range,  Yellowstone  National  Park. 

BATHYURISCUS  Meek? 

PI.  LXIV,  fig.  6. 

A  single  specimen  of  the  pygidiiun  is  placed  provisionally  under  this 

genus.  Its  principal  characters  are  well  shown  in  the  figure.  It  is 

associated  with  Hyolithes  primordialis,  and  is  probably  from  the  Middle 

Cambrian  horizon.  The  genus  Dolichometopus  Angelin  might  include  this 

form,  but  with  the  material  at  hand  it  is  difficult  to  make  any  detailed 

comparison  of  generic  characters. 

Formation  and  locality :  Middle  Cambrian,  Flathead  formation,  east  of 

Dead  Indian  Creek,  Absaroka  Range,  Wyoming. 

1  Bull.  U.  S.  Geol.  Survey  No.  30,  p.  184,  PI.  XXV,  fig.  6.  =  Loc.  cit.,  PI.  XXV,  fig.  2,  2a. 
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Fig.  1.   Obolus  (Lingitlepis)  acmninatns  var.  meeki         444 
1.  Ventral  valve,     x  3. 

la.  Dorsal  valve,    x  3. 

Fig.  2.  Obolus  (Liiigiilella)  desideratus         445 
2.  Ventral  valve,     x  6. 

2a.  Dorsal  valve,     x  6. 

Fig.  3.  Dicellomus  nana         447 

3.  Ventral  valve,  from  Gallatin  Range,     x  6. 

3a.  Dorsal  valve,  from  Little  Rocky  Mountains,  Montana,     x  6. 

36.  Ventral  valve  (type  specimen  of   Meek  and    Hayden)  from   Black   Hills,  South 
Dakota,     x  6. 

3c.  Cast  of  interior  of  ventral  valve,  from  Little  Rock  Mountains,  Montana,     x  6. 

3d.  Cast  of  interior  of  ventral  valve  (type  specimen  of   Meek  and  Hayden),   from 

Black  Hills,  South  Dakota, 

Fig.  4.  Dicellomus  politus         446 
4.  Interior  of  dorsal  valve,     x  6. 

4a.  Interior  of  ventral  valve,     x  6. 

Fig.  5.  Iphidta  soulptilis         447 
5.  Summit  view  of  ventral  valve,     x  4. 

5a.  Side  view  of  fig.  5.     x  4. 

5b.  View  of  the  broken  false  area  and  pseudo-deltidinm  of  fig.  5.     x  4. 
5c.  Surface  of  fig.  5,  greatly  enlarged. 

Fig.  6.  Jphidea  sp.  undet         449 
6.  Dorsal  valve  described  in  the  text,     x  4. 
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Fig.  1.  BilUngseUa  coloradoensis         450 
1.  Ventral  valve,  from  Gallatin  Range,     x  2. 

la.  Dorsal  valve,  from  same  locality  as  fig.  1.     x  2. 

16.  Interior  of  dorsal  valve,  from  same  locality  as  fig.  la.     x  3. 

lc.  Interior  of  ventral  valve,  from  same  locality  as  fig.  1.     x  3. 

Id.  Cast  of  interior  of  ventral  valve,  Gallatin  Range,     x  3. 

Fig. 2.   Orthis  (?)  sandbergi         452 
2.  Ventral  valve,     x  3. 

2a.  Dorsal  valve,     x  3. 

26.  Interior  of  dorsal  valve,     x  6. 

2c.  Interior  of  ventral  valve,     x  3. 

2d.  Enlargement  of  fig.  2c.     x  12. 

Fig.  3.   Orthis  rcmnicha   »         451 
3.  Interior  of  dorsal  valve,     x  3. 

3a.  Interior  of  veDtral  valve,     x  3. 
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Fig.  1.  Orthis  remnicha         151 

1.  Rather  strongly  costate  dorsal  valve,     x  2. 

la.  Finely  costate  ventral  valve,     x  3. 

16.  Finely  costate  dorsal  valve  on  same  bit  of  rock  as  Sg.  la.     x  3. 

lc.  Strongly  costate  ventral  and  dorsal  valves,     x  3. 

Id.  Dorsal  and  ventral  valves,  showing  fine  radiating  stride  on  cost.-e.     x  3. 
Fig.  2.  Acrotreta  gemma         119 

2.  Summit  view  of  ventral  valve,     x  6. 

2a.  Posterior  view  of  ventral  valve,     x  6. 

26.  Side  view  of  ventral  valve. 

2c.  Summit  view  of  cast  of  interior  of  ventral  valve,     x  6. 

2d.  Dorsal  valve,     x  4. 

2e.  Interior  of  dorsal  valve,     x  6. 

472 



U.  S.  GEOLOGICAL   SURVEY MONOGRAPH    XXXII     PART    II     PL.    LXII 

(mm 
tP—  IJPVU 

lb 

2a 

2d 

2e 

CAMBRIAN 

THE  HELIOTYPE  PRINTING  CO.,  608TON 





PLATE  LXIII. 

473 



PLATE    LXIII. 
Tage. 

Fig.  1.  Plalyceras primordialis         453 
1.  Cast  of  interior  of  shell. 

Fig.  2.  Hyolithes  primordialis         454 
2.  View  of  flat  side  and  two  sections  of  a  large  specimen. 

la.  Reproduction  of  photograph  of  a  slab  of  sandstone,  with  numerous  specimens  of 

H.  primordialis,  from  the  St.  Croix  sandstone  of  Wisconsin.     Tho  small  shells  are 
identical  with  R.  gregaria  of  M.  and  H. 

Fig.  3.  Agnostus  interstrictus   ■-         454 
3.  Entire  specimen,  from  Antelope  Springs,  Utah. 

3a.  Pygidium,  from  Gallatin  Range,     x  6. 

Fig.  4.  Agnostus  bidens         455 
4.  Cephalic  shield,     x  6. 

4a.  Pygidium.     x  6. 

Fig.  5.  Agnostus  tumidosus   -  -       455 
5.  Cephalic  shield,     x  6. 

5a.  Pygidium,  associated  with  fig.  5.     x  6. 

Fig.  6.  Haguia  sphcerioa           442 
6.  Reproduction  of  photograph  of  thin  section,     x  8. 

6a.  Drawing  of  thin  section,  x  9.    The  light-colored  spaces  are  the  fillings  of  the  canals. 
They  correspond  to  the  darker  spaces  of  the  photograph. 
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Fig.  1.  Ptyckoparia  (i.)  ivisconsensis   ,         461 

1.  Central  portions  of  head  and  side  outline  of  median  section  of  head  and  occipital 

spine, 
la.  Free  cheek  associated  with  fig.  1. 

16.  Central  portions  of  head  of  specimen  from  the  St.  Croix  sandstone  of  Wisconsin. 
After  Hall. 

lc.  Pygidium  from  the  St.  Croix  sandstone  of  Wisconsin. 

Fig.  2.  Ptyckoparia  (?)  diademata         462 

2.  Central  portions  of  head. 

2a.  Free  cheek  associated  with  fig.  2. 

2b.  Hypostoma,  associated  with  fig.  2. 

2c.  Pygidium  from  the  St.  Croix  sandstone  of  Wisconsin. 

Fig.  3.  Ptyckoparia  sp.  nndet         458 

3.  Central  portion  of  head,     x  3. 

Fig.  4.  Ptyckoparia  llanoensis         458 

4.  Reproduction  of  illustration  of  the  type  specimen. 

Fig.  5.  Ptyckoparia  sp.  undet         458 

5.  Central  portion  of  head  of  the  only  specimen  in  the  collection. 

Fig.  6.  Batkyiiriscus  sp.  undet         466 

6.  Figure  of  the  specimen  referred  to  in  the  text. 
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Page. 

Fig.  1.  Arionellus  /en's         462 
1.  Central  portions  of  head  of  type  specimen,  and  side  outline,     x  4. 

Fig.  2.  Arionellus  sp.  undet         463 

2.  Figure  of  specimen  referred  to  in  text. 

Fig.  3.  Zacanlltoid.es  sp.  undet         465 

3.  Central  portions  of  head,     x  5. 

Fig.  4.  Ptychoparia  penfieldi         456 

4.  Central  portions  of  head. 

4a.  Free  cheeks,  associated  in  same  layer  with  fig.  4. 

±b.  Associated  pygidium. 

Fig.  5.  Crepicephalus  texanus         460 

5.  Partially  restored  drawing  from  specimens  in  the  Middle  Cambrian  shales  of  Ala- 
bama. 

Fig.  6.  Liostracus  parvus         463 

6.  Central  portions  of  head  of  type  specimen.   x6. 

Fig.  7.   Ptychoparia  antiquata         456 
7.  Entire  individual,  slightly  restored,     x  2. 

la.  Side  outline  of  head  of  a  variety  of  this  species,     x  2. 

Fig.  8.  Ptychoparia  (E.)  affinis         457 

8.  Reproduction  of  figure  of  type  specimen. 

Fig.  9.  Solenopleura  (?)  weedi        464 

9.  Central  portions  of  head  of  type  specimen. 

9a.  A  small  head,  showing  same  general  characters  as  fig.  9. 
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Section  II.— DEVOMAN  AND  CARBONIFEROUS  FOSSILS. 

By  George  H.  Girty. 

INTRODUCTION. 

In  the  following  pages  are  described  the  Paleozoic  faunas,  with  the 

exception  of  the  Cambrian,  which  have  been  found  in  the  Yellowstone 

National  Park.  The  point  of  interest  in  this  connection  is  the  presence  of 

the  Devonian  and  the  apparent  absence  of  the  Coal  Measures  in  this  region. 

The  Ordovician  and  Silurian  are  also  absent,  and  the  only  Paleozoic  forma- 
tions indicated  by  the  collections  are  the  Cambrian,  the  Devonian,  and  the 

Lower  Carboniferous. 

The  great  bulk  of  the  material  was  furnished  by  the  Madison  limestone, 

whose  fauna,  though  showing  close  relations  only  with  that  of  the  Kinder- 

hook  period,  may  have  survived  nearly  through  the  Mississippian.  The 

fauna  is  essentially  that  described  by  White  and  by  Hall  and  Whitfield,1 
but  it  is  more  extensive  than  that  recorded  by  them. 

Devonian  types^  are  rare  and  constitute  a  fauna  more  scanty,  though 

nearly  akin  to  that  described  by  Meek  and  by  Walcott  from  the  Rocky 

Mountain  region  of  Nevada. 

The  collections  which  I  have  had  the  privilege  of  examining  were 

made  by  the  geologists  of  the  Yellowstone  National  Park  survey,  whose 

careful  stratigraphic  observations    rendered  easier  the    solution    of  many 

■As  is  well  known,  the  principal  literature  dealing  with  the  paleontology  of  the  Devonian  and 
Lower  Carboniferous  in  the  Rocky  Mountain  region  consists  of  a  report  by  Meek  and  another  by  Hall 

and  Whitfield  in  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV,  1877;  a  report  by  White  in  Wheeler's 
Expl.  and  Surv.  W.  100th  Merid.,  Vol.  IV,  1875;  and  a  monograph  by  Walcott,  Mon.  U.  S.  Geol. 
Survey,  Vol.  VIII,  Pal.  Eureka  District,  1881. 

Meek  has  also  identified  certain  Mississippian  horizons  in  this  region:  Prelim.  Rept.  U.  S.  Geol. 
Surv.  Wyoming,  etc.,  Hayden,  Fourth  Ann.  Rept.,  1871,  p.  288;  ibid.,  Fifth  Ann.  Rept.,  p.  76;  ibid., 

Sixth  Ann.  Kept.,  pp.  432-433. 
479 
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problems  that  would  otherwise  have  been  left  in  doubt.  To  them  I  desire 

in  this  place  to  make  ample  acknowledgments,  and  especially  do  I  wish  to 

express  my  obligation  to  Mr.  Charles  Schuchert,  of  the  United  States 

National  Museum.  A  preliminary  study  of  this  collection  was  made  by 

him  before  the  work  was  assigned  to  me,  and  he  also  supplied  me  with  facil- 

ities in  the  National  Museum,  gave  me  free  access  to  the  Museum  collec- 

tions for  comparison,  permitted  the  use  of  his  Bibliography  of  North  Amer- 

ican Brachiopoda,  then  unpublished,  and  placed  at  my  disposal  his  fine  col- 
lection of  brachiopods  and  his  no  less  extensive  knowledge  of  the  same.  It 

gives  me  pleasure  also  to  acknowledge  my  obligations  to  Mr.  John  L. 

Ridgway,  by  whom  the  greater  number  of  the  drawings  accompanying 

this  report  were  made. 
DEVONIAN. 

The  material  believed  to  be  of  Devonian  age  is  unsatisfactory  in  that 

it  is  scanty  and  often  poorly  preserved,  while  the  species  represented  are 

almost  the  worst  that  could  have  been  selected  for  stratigraphic  correla- 

tion. Consisting  mostly  of  corals,  with  a  few  gastropods  and  brachiopods, 

it  would  be  difficult,  unassisted  by  the  richer  though  related  fauna  of 

Nevada,  to  affirm  of  some  of  the  local  representations  anything  more  than 

that  they  are  older  than  the  Carboniferous  and  younger  than  the  Ordovician. 

The  strata  represented  fall  into  three  groups,  distinguished  somewhat  by 

their  lithologic  character  as  well  as  by  the  fossils  which  they  carry.  More 

extensive  collections  would  probably  show  a  closer  connection  than  now 

appears. 
The  age  of  the  exposure  on  the  north  side  of  Soda  Butte  Creek  has 

not  been  definitely  ascertained.  It  is  represented  only  by  an  undetermined 

species  of  Favosites,  in  a  fragmentary  condition.  The  most  likely  reference 

would  be  to  the  Silurian  or  Devonian,  for  if  Carboniferous  the  coral  belongs 

to  none  of  the  few  related  species  known  in  Carboniferous  rocks.  The 

locality  is  therefore  provisionally  referred  to  the  Devonian,  since  no  fossils 
of  Silurian  age  have  been  recognized  in  the  Yellowstone  Park. 

The  locality  at  Wall  Canyon,  Clark  Fork  Valley,  stands  by  itself. 

It  is  represented  only  by  Pleurotomaria  isaacsi  (?)  (a  solitary  specimen),  both 

fossil  and  matrix  being  highly  siliceous.  P.  isaacsi  was  described  from 

Lower  Devonian  strata,  probably  of  the  age  of  the  Schoharie  grit,  but  its 

range  is  not  known,  and  my  identification  is  questionable. 
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From  the  base  of  the  bluff  on  Little  Sunlight  Creek  only  Atrypa  reticu- 
laris is  known,  a  small  coarsely  plicate  variety.     It  is  similar  to,  perhaps 

identical  with,  the  type  figured  by  Walcott  (Mon.  U.  S.  Geol.  Survey,  Vol. 
VIII,  1884,  PL  XIV,  figs.  6,  Qa,   Gb),  and  mentioned  as  occurring  in  the 
upper  part  of  the  formation  (p.  150).     Meek  cites  the  same  form   (King's 
Rept.  U.  S.  Geol.  ExpL  40th  Par.,  Vol.  IV,  1877,  p.  39)  from  Pinon  Station, 

Treasure  Hill,  White  Pine  district,  etc.,  and  figures  it  on  PL  III,  figs.'  6,  6a. The  horizons  of  Bighorn  Pass,  Gallatin  Range,  near  the  divide  between 
Gallatin  Valley  and  Panther  Creek;  the  east  slope  of  Antler  Peak,  Galla- 

tin Range;  and  the  south  slope  of  the  same,  can  be  correlated  with  one 

another  and  constitute  a  separate  group.     The  matrix  is"  a  calcareous  sand- 
stone; and  the  included  fossils,  almost  exclusively  corals,  are  crudely  silici- 

fied.     The  common  fossils  are  Cladopora  sp.,  Pachyphyllum  sp.,  Cyathophyllum 
ccespitosum  (?),  and  Actinostroma  sp.     Every  indication  points  to  the  Devonian, 
age  of  this  bed.     The  genus  Actinostroma  is  characteristic  of,  though  not 
restricted  to,  Devonian  rocks.      Cyathophyllum  ccespitosum,  as  identified  in 
this  country,  occurs  in  Upper  Helderberg  strata.    The  genus  Pachyphyllum 
is  characteristically  Devonian,  and  Cladopora  sp.  is  more  closely  related  to 
certain  Upper  Helderberg  forms  than  to  any  I  have  found  described. 

The  material  from  the  south  side  of  Soda  Butte  Creek,  northeast  of 
Abiathar  Peak,  Absaroka  Range,  from  northwest  of  Abiathar  Peak,  Soda 
Butte  Canyon,  and  from  the  north  side  of  saddle  west  of  Mount  Miller, 
Absaroka  Range,  represents,  perhaps,  the  same  horizon  as  that  from  The 
Gate,  Fossil  Hill,  and  Eureka  district,  whose  fauna,  as  described  by  Meek 
and  by  Walcott  (loc.  cit),  is  quite  similar,  as  far  as  it  goes.  In  the  Yellow- 

stone Park  this  consists  of  Atrypa  missouriensis,  Spirifer  engelmanni,  Athyris 
vittata  var.  triplicata  n.  var.,  Pleurotomaria  (?)  sp.,  Pachyphyllum  sp.,  Cyatho- 
phyllum  c&spitosum  (?),  etc.  Atrypa  missouriensis  is,  I  believe,  the  same  form 
figured  by  Walcott  as  A.  desquamata  Sow.  (loc.  cit.  PL  XIV,  figs.  4,  4a),  and 
by  Meek  as  A.  reticularis  var.  As  in  their  collections  A.  missouriensis  was 
associated  with  the  small,  coarsely  plicate  Atrypa,  which  I  have  found  alone 
at  Little  Sunlight  Creek,  it  might  perhaps  be  better  to  regard  the  latter  as 
forming  one  of  the  group  of  localities  under  consideration.  This  group,  on 
the  other  hand,  is  connected  with  the  other  previously  mentioned  (Bighorn 
Pass  and  Antler  Peak)  by  having  in  common  Cyathophyllum  ccespitosum 
(doubtful  identification)  and  Atrypa  missouriensis.     A  bed  at  the  south  side 
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of  Soda  Butte  Creek,  northeast  of  Abiathar  Peak,  Absaroka  Range,  is  unique 

in  the  collection,  and  may  fitly  be  called  a  gastropod  limestone.  The  rock 

consists  of  comminuted  organic  remains  cemented  by  a  shaly  limestone,  and 

carrying  certain  small  gastropods  in  great  abundance.  Two  of  the  types 

represented  are  described  below,  under  the  names  of  Platystoma  niinutiim 

and  Loxonema  delicatum,  but  the  others,  of  which  there  are  perhaps  three  or 

four  genera  and  some  half  dozen  species,  are  too  poor  for  either  identification 

or  description.  They  are  small,  and  nearly  all  badly  eroded,  and  often 

concealed  by  a  matrix  from  which  they  are  not  easily  separated.  It  has 

therefore  proved  difficult  or  impossible  to  acquire  data  even  for  certain 

generic  references ;  but  Loxonema,  Pleurotomaria,  Murchisonia,  Platystoma, 

and  perhaps  other  genera  are  probably  present.  The  associated  brachiopods 

show  this  fauna  to  be  of  Middle  Devonian  age. 

It  can  be  affirmed  beyond  question  that  all  the  localities  here  discussed 
occur  below  the  Carboniferous.  Indeed,  there  is  a  decided  faunal  break 

between  them  and  the  great  series  of  beds  regarded  as  representing  the 

base  of  that  formation,  so  much  so  that  the  two  groups  have  not  a  single 

species,  and  scarcely  even  a  single  genus,  in  common.  At  the  same  time, 
I  believe  that  the  lower  series  is  neither  wholly  nor  in  part  Silurian,  but 

that  it  was  in  fact  laid  down  in  Lower  or  Middle  Devonian  time,  repre- 

senting the  Hamilton,  or  perhaps  the  Upper  Helderberg,  of  the  New  York 

system.  Many  of  the  generic  identifications  strongly  suggest  a  Devonian 

facies,  or,  at  worst,  are  ambiguous,  while  the  specific  references,  though 

often  doubtful,  all  point  to  the  Devonian  rather  than  the  Silurian  age  of 

these  strata,  Finally,  the  fauna  seems  to  be  rather  closely  related  to  that 

of  the  White  Pine  district,  etc.,  above  referred  to,  of  which  Meek  says 

(loc.  cit,,  p.  6):  "Hence  we  can  not  doubt  that  these  beds  belong  to  the 
Devonian,  and  probably  to  about  the  horizon  of  the  Hamilton  group  of 

the  New  York  series." 
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Table  of  Devonian  species. 
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LOWER    CARBONIFEROUS. 

The  Madison  limestone  has  been  divided  by  the  geologists  of  the 

Survey,  upon  lithologic  characters,  into  nine  beds,  ranging  from  24  to  32, 

both  inclusive,  of  then  section  scheme.  The  following  table,  representing 

in  condensed  form  the  stratigraphic  succession  ascertained  in  the  Yellow- 

stone National  Park,  was  kindly  supplied  by  Mr.  Arnold  Hague,  geologist 

in  charge  of  the  Yellowstone  National  Park  survey: 

Quadrant  quartzite. 
Madison  limestone. 
Bed.  Feet. 

32.  Four  strata  of  light-gray,  more  or  less  cherty  limestone    655 
31.  Gray  banded  limestone,  with  abundant  fossils    400 

30.  Massive  light-gray  limestone    65 
29.  Light-gray  and  brown,  very  finely  crystalline  or  granular  limestone    85 
28.  Limestone,  crystalline,  light  gray  and  generally  massive    200 
27.  Limestone,  dark  gray  and  buff,  very  argillaceous,  thick  aud  thin  bedded. . .  50 

26.  15  feet  of  quite  pure  and  60  feet  of  thin-bedded  argillaceous  limestone, 
both  containing  fossils    75 

25.  Coarsely  crystalline,  dark-gray  limestone    80 
24.  Limestone,  finely  crystalline  and  massive  below,  cherry  in  its  upper  portion . .  60 

Total    1,670 
Three  Forks  limestone. 
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All  the  evidence  available  seems  to  indicate  that  the  [Madison  limestone 

is  faunally  a  unit  and  can  not  be  subdivided  on  the  basis  of  its  contained 
fossils. 

Although  the  fauna  comprises  many  Kinderhook  species,  I  doubt 

whether  it  can  justly  be  regarded  as  representing  the  Kinderhook  alone; 

possibly  it  is  equivalent  to  the  major  portion  of  the  Mississippian.  The 
exact  correlation  of  this  fauna  has  proved  impossible,  but  its  affinities 

seem  to  be  rather  with  the  Kinderhook  than  with  any  other  division  of  the 
Lower  Carboniferous. 

The  following  table  represents  the  various  species  of  invertebrates 

recognized  in  the  Madison  limestone  and  their  range  through  the  nine  beds 

whose  character  and  succession  have  just  been  described.  The  table  is 
defective  in  that  a  number  of  localities  from  which  collections  were  made 

have  not  been  located  in  the  section  scheme  previously  given,  and  conse- 

quently the  data  so  furnished  could  not  be  tabulated.  And  again,  the 

collections  from  many  localities  are  so  meager  as  not  to  contain,  probably, 

many  of  even  the  commoner  species.  Other  sources  of  error  exist  in  the 

possibility  of  incorrect  reference  of  the  localities  to  their  true  horizon  in  the 
section,  and  of  mistaken  identifications  in  the  course  of  paleontologic  work. 
Much  care  has  been  taken  to  minimize  both  these  sources  of  error,  and  it  is 

believed  that  the  accompanying  table  is  a  fair  statement  of  the  character 

and  rano-e  of  the  fauna  of  the  Madison  limestone. 

Table  showing  the  range  of  Lower  Carboniferous  species. 

Number  of  bed. 
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Table  showing  the  range  of  Lower  Carboniferous  species — Continued. 

Number  of  bed. 

24 
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32 
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X X 
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Table  showing  the  range  of  Lower  Carboniferous  species — Continued. 

Species. 

Number  of  bed. 

24 25 26 27 28 

29 30 

31 

32 

X X X X X 

X 

? X 

Seminula  madisonensis  var.  pnsilla  n.  var. X 

X X 

X 

X X 

X 

X 

X 

X 

x 

X X 

C'liothyris  crassicardiualis  var.  nana  n.  var. 

X 

X 

X X X X X X 

X 

Conocardinm  pulchellum  (?)   

X 

X X 

X X 

X X X 

X 

X 
Proetns  peroccidens   X 

The  following  data  are  derived  from  the  table  just  given,  and  go  to 

show  that  the  Madison  limestone  fauna  is  practically  a  unit,  evincing  very 

little  progressive  differentiation,  and  not  affording  sufficient  evidence  to 

warrant  its  subdivision  upon  paleontologic  considerations. 

Seventy-nine  species  have  been  recognized  in  the  nine  beds  which  go  to 
make  up  the  formation.  Of  these,  4  species  have  not  been  assigned  to  any 

particular  bed,  because  it  has  not  been  ascertained  what  position  the  locali- 
ties from  which  they  came  would  occupy  in  the  type  section.  These,  with 

5  species  of  Platyceras  and  5  of  Fenestella,  have  not  been  taken  into  con- 
sideration in  collecting  the  following  data.  Therefore  only  65  species  have 

been  considered  in  making  up  the  tables  from  which  these  data  are  sup- 
plied. Of  these  65  species,  29  are  found  to  be  rare  and  scattered  among 

single  beds,  but  some  17  or  18  are  common,  and  may  be  said  to  range 

from  the  bottom  to  the  top  of  the  formation. 

If  the  nine  beds  constitutino-  the  Madison  limestone  be  artificially  divided 
into  three  groups  of  three  beds  each,  the  central  group  is  represented  by  38 

species,  only  6  of  which  are  not  found  in  the  upper  or  the  lower  group, 
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while  the  upper  Madison,1  represented  by  33  species,  and  the  lower  Madi- 
son by  47  species,  have  21  species  in  common.  In  other  words,  64  per 

cent  of  the  forms  found  in  the  lowest  beds  occur  also  in  the  middle  beds, 

while  45  per  cent  survive  into  the  upper  beds;  60  per  cent  of  those  in  the 

middle  beds  are  found  also  in  the  upper,  and  64  per  cent  of  those  in  the 

upper  are  introduced  in  the  lower  Madison.  These  percentages  include 

species  which  were  found  in  only  a  single  locality,  and  which,  though  per- 
haps alien  to  the  beds  in  which  they  are  not  recorded,  at  the  same  time 

can  not  be  said  to  be  characteristic  of  that  which  alone  provided  them. 

Although  the  table  (see  p.  484)  shows  a  number  of  species  in  the  upper 

jjortion  of  the  Madison  which  have  not  yet  been  found  in  the  beds  below, 

it  would  scarcely  be  true  to  say  that  they  materially  changed  its  character. 

The  fauna  of  the  Madison  limestone  is  closely  related  to  that  which 

was  described  in  reports  by  White,2  by  Hall  and  Whitfield,3  and  probably 

also  by  Meek.4  The  close  relationship  of  this  fauna  with  that  of  the 
Kinderhook  formation  of  the  Mississippi  Basin  was  recognized  by  the 

authors  mentioned.  Writing  in  regard  to  this  correlation  in  1877,  White 

says  (loc.  cit.):  "The  collections  of  the  expedition  contain  fossils  from 
only  three  localities  that  I  have  definitely  referred  to  the  sub-Carboniferous 
period.  These  localities  are  Mountain  Spring,  Old  Mormon  road,  Nevada ; 

Ewells  Spring,  Arizona  (upper  horizon),  and  a  place  below  Ophir  City, 

Utah.  The  collection  made  at  the  first-named  locality  is  the  most  charac- 
teristic and  important  one  of  all,  and  is  referred  to  the  horizon  of  the 

Kinderhook  formation,  to  which  horizon  it  is  not  improbable  the  others  also 

belong."  And  again:  "The  case  is  far  different,  however,  with  the  collec- 
tion from  the  Mountain  Spring  locality,  which  I  refer  without  hesitation  to 

1  In  making  out  these  percentages  certain  species,  as  far  as  my  data  go,  are  found  to  have  skipped 
one  or  more  beds  in  vertical  distribution.  In  such  case  the  species  have  been  counted  as  occurring 

uninterruptedly  between  the  points  of  highest  and  lowest  occurrence. 

2  Wheeler's  Rept.  U.  S.  Geog.  Surv.  W.  100th  Merid.,  Vol.  IV,  1877,  pp.  12-17,  p.  79  et  seq. 
'King's  Rept.  Geol.  Expl.  40th  Par.,  Vol.  IV,  1877,  p.  251  et  seq. 
1  Hayden,  1873,  Prelim.  Rept.  U.  S.  Geol.  Surv.  Wyoming,  etc.,  Sixth  Ann.  Rept.  (for  1872),  pp. 

432-433.  Meek  here  cites  a  fauna  from  Mystic  Lake;  canyon,  east  sideof  Madison  River;  BridgerPeak, 
near  Fort  Ellis ;  Blacktail  Deer  Creek,  north  side  of  Gros  Ventres  Butte :  Flathead  Pass,  north  side 
Henrys  Lake;  canyon  west  of  Gallatin  River  (all  in  Montana),  and  Camp  19,  Idaho,  of  which  he 

says  (p.  433) :  "  In  looking  over  the  collections  from  these  localities  I  have  been  quite  impressed  with 
the  similarity  of  their  general  facies  ( without  being  quite  sure  that  any  of  the  species  are  identical)  to 

the  fauna  of  the  Waverly  group  of  Ohio,  now  known  to  belong  to  the  Carboniferous."  Most  of  these 
localities  are  in  the  vicinity  of  Yellowstone  National  Park,  and  probably  are  in  the  Madison  lime- 
stone. 
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the  Kinderhook  group"  (p.  14).  The  fauna  of  this  locality  seems  to 
include  the  following  species :  Platycrinus  sp.,  Actinocrinus  viaticm,  Pro- 
ductus  parvus,  Strophomena  rhomboidalis,  Spirifer  centronatus,  S.  striatus, 

S.  extenuatus,  S.  (Martinia)  peculiaris,  Spirigera  monticola,  S.  obmaxima,  Tere- 
bratula  (Dielasma)  burlingtonensis.  The  Madison  limestone  contains  the 

following  equivalent  or  identical  species :  Platycrinus  symmetricus  of  the 

same  type  as  the  form  figured  by  White  ;  Productus  parviformis  n.  sp.,  con- 
sidered to  be  different  from  P.  parvus  M.  and  W.,  but  the  same  as  P.  parvus 

White;  Leptcena  rhomboidalis;  Spirifer  centronatus ;  S.  striatus  var.  madison- 
ensis  n.  var.,  which  I  believe  to  be  varietally  different  from  S.  striatus  of 

White,  though  corresponding  to  it  in  the  fauna ;  Syringothyris  carteri,  repre- 

senting the  closely  related  S.  extenuatus1  of  White's  fauna;  Beticularia  (?) 

peculiaris;  Athyris  incrassata.2 
Dielasma  utah,  which  I  have  recognized  in  the  Yellowstone  National 

Park  collections,  is  probably  the  same  as  D.  burlingtonense ;  at  least,  with 

the  limited  material  at  my  command,  I  am  unable  to  find  any  characteristic 

difference.  Some  of  the  species  from  the  other  localities  also  have  their 

analogues  in  the  Madison  limestone  fauna.  S.  harveyi  White  may  be  one 

of  the  two  species  of  Syringopora  described  below,  although  the  original 

description  is  insufficient  for  identification.  Conocardiwm pulchellum  (?)  of  this 

report  is  certainly  of  the  same  type  as,  and  may  be  identical  with,  C. 

trigonale  White,  which  is  unfortunately  unidentifiable,  while  Euomphalus 

luxus  is  represented  by  Straparollus  utahensis,  both  closely  allied  forms. 
Hall  and  Whitfield  also  describe  a  similar  fauna  from  the  limestone  of 

Dry  Canyon,  Oquirrh  Mountains;  and  from  Ogden,  Little  Cottonwood,  and 

Logan  canyons,  in  the  Wasatch  Range,  Utah.  This  fauna  is  described 

and  figured  under  the  name  of  the  Waverly  group,  and  is  said  (loc.  supra 

eit,  p.  201)  to  contain  an  assemblag-e  of  fossils  considered  to  be  "of  about 

the  age  of  the  Waverly  group  of  Ohio3  and  the  yellow  sandstones  of  Bur- 

1  Some  of  the  specimens  which  I  have  identified  as  S.  carteri  can  not  he  said  to  differ  in  any 
essential  particular  from  that  figured  hy  White  as  S.  extenuatus. 

'-This  form  is  very  close  indeed  to  White's  Spirigera  obmaxima  in  form  and  general  characteristics. 
Strictly  speaking,  A.  incrassata  is  a  true  Athyris,  while  Spirigera  obmaxima  belongs  to  the  subgenus 

Cliotliyris.  In  point  of  fact  I  have  not  been  able  to  discover  spines  on  White's  specimens,  and  they 
may  prove  to  be  the  same  as  the  form  which  I  have  called  A.  incrassata. 

3  The  Waverly  group  of  Ohio  is  now  known  to  be  composite  in  its  nature  and  to  contain  several 
different  faunas.  The  lower  portion,  Herrick  has  been  led  to  believe,  is  Devonian,  and  the  upper 

portion  corresponds  to  the  Kinderhook  and  the  Burlington-Keokuk  phases  of  the  Mississippian.  A 
close  acquaintance  with  the  Waverly  faunas,  involving  several  years  of  collecting  and  study,  has 
convinced  me  that  Herrick  is  altogether  mistaken  in  this  view.     The  whole  of  the  Waverly,  including 
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lington,  Iowa,  which  have  been  referred  to  the  same  age."  The  following- 

species  are  described  as  "Fossils  of  the  Waverly  group:"  Michelina  sp., 
Streptorhynclius  equivalvis,  S.  inflatus,  Strophomena  rhomboidalis,  Chonetes 

loganensis,  Spirifera  centronata,  S.  alba-pinensis,  Atliyris  clayioni,  A.  planosul- 
cata  (?),  Bhynchonellapustulosa  (?),  Terebrahda  utah,  Euomphalus  (Straparollus) 

utahensis,  E.  laxus,  E.  (Straparollus)  ophirensis,  Proetus  peroccidens,  P. 

loganensis.  The  following  may  be  mentioned  as  identical  or  cognate  forms 

occurring  in  the  Madison  limestone:  Michelinia placenta  (probably  the  same 

as  Michelinia  sp.  of  Hall  and  Whitfield's  report),  Orthotbetes  incequalis  (the 
same  as  Streptorhynclius  equivalvis),  Leptcena  rhomboidalis,  Chonetes  loganensis, 

Spirifer  centronatus  (S.  alba-pinensis  seems  to  be  only  an  insignificant  varia- 

tion from  this  form),  Martinia  rostrata  n.  sp.  (the  same  as  Atliyris  planosul- 
cata  (?)  of  Hall  and  Whitfield),  Camarotcechia  metallica  (the  same  form  which 

Hall  and  Whitfield  identify  as  Bhynchonella  pustulosa  (?)  ),  Dielasma  utah, 

Straparollus  utahensis,  Proetus  peroccidens,  and  P.  loganensis.  Of  the  forms 

grouped  under  the  heading  "Fossils  of  the  Lower  Carboniferous"  (p.  265), 
Productus  semireticulatus,  P.  Icevicosta,  and  Spirifera  setigera  (probably  the 

form  recognized  below  as  Beticularia  cooperensis  var.)  are  found  in  the 
Madison  limestone. 

Meek'  cites  a  fauna  from  various  localities  in  Montana  and  one  in  Idaho 
which  is  probably  identical  with  that  of  the  Madison  limestone.  The  lists 

which  accompany  this  notice  are  of  a  preliminary  character,  and  but  few 

species  are  identified  specifically.  Still,  the  genera  involved,  together  with 

such  brief  descriptions  as  are  appended,  as  well  as  the  close  relation  geo- 
graphically of  his  localities  to  the  Yellowstone  National  Park,  render  it 

probable  that  he  was  dealing  with  the  Madison  limestone  fauna.  Meek 

expresses  himself  as  being  impressed  with  the  similarity  of  its  general  facies 

to  that  of  the  Waverly  group  of  01ii<>. 

The  fauna!  lists  given  by  Peale2  constitute  essentially  the  same  fauna 
the  Bedford  shale  and  ascending  to  its  latest  stratum,  is  undoubtedly  Carboniferous.  Tho  fauna  of 
the  Cuyahoga  shale,  using  the  term  to  include  the  outcrops  at  Lodi,  Medina,  Bagdad,  Weymouth,  and 
the  lower  (  ?)  beds  at  Richfield,  which  Merrick  wishes  to  refer  to  the  Devonian,  is  certainly  the  same 
as  that  of  the  Chouteau  limestone,  which  Meek  includes  as  typical  in  his  description  of  the  Kiuilerhook 
period  (Am.  .Jour.  Sei.  (2),  Vol.  XXXII,  1861.  pp.  169  et  seq.,  288).  Above  the  Cuyahoga  shale  follow 
representatives  of  the  Burlington  and  Keokuk  horizons. 

It  is  probably  that  portion  of  the  Waverly  faunas  which  is  found  in  the  Cuyahoga  shale  that 
Hall  and  Whitfield  have  in  mind  in  this  reference,  as  they  mention  the  yellow  sandstones  of  Burling- 

ton, which,  with  the  Chouteau  limestone,  are  supposed  to  be  typical  Kinderhook, 
'Sixth  Ann.  Kept.  IT.  S.  Geol.  Surv.  Wyoming,  etc.  floe,  cit.,  pp.  432-433,  465  et  seq.) 
3The  Paleozoic  section  in  the  vicinity  of  Three   Kinks,  Montana:   Bull.  U.  S.  Geol.  Surv.  No.  110 

1893,  pp.  33-39. 
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as  that  of  the  Madison  limestone,  and  had  the  material  been  worked  by  the 

same  hand  the  specific  determinations  would  doubtless  have  been  more 

uniform.     The  two  areas  are  geographically  closely  related. 

Considering  the  fauna  of  the  Madison  limestone  as  a  whole,  it  can  be 

pointed  out  that,  of  the  79  species  known  from  this  formation,  29  were 

described  from  or  have  been  identified  in  Kinderhook  beds  of  Ohio,  Michi- 

gan, and  the  Mississippi  Valley — that  is,  about  37  per  cent  of  the  Madison 
limestone  fauna  consists  of  Kinderhook  species  These  are:  Michelinia 

placenta,  Platycrinus  symmetricus,  Crania  Icevis,  MMpidomeUa  michelini,  Ortho- 

thetes  incequalis,  Derbya  heokuk  (7),  Leptmia  rhomboidalis,  Chonetes  loganensis,1 
Chonetes  ornatus,  Productella  cooperensis,  Productus  Icevicosta,  P.  semireticii- 

latus,  Camarophorla  ringens,  Camarotoschia  herrickaua  n.  sp.,  C.  metallica, 

C.  camarifera  (7),  C.  sapplio  (?),  Dielasma  utah,2  Spiriferina  solidirostris, 
Spirifer  centronatus,  S.  subattenuatus,  S.  marionensis  (?),  Beticularia  cooper- 

ensis, B.  (?)  peculiaris,  R.  (?)  subrotundata,  Syringothyris  carteri,  Athyris 

lamellosa,  Cliothyris  crassicardinalis,  and  Conocardium  pulclielhim  (?). 

After  making  the  necessaiy  deductions  from  this  list,  some  of  whose 

identifications  are  rather  in  the  nature  of  approximations,  it  still  must  be 

apparent  that  the  fauna  of  the  Madison  limestone  has  many  peculiarities  of 

the  earlier  Mississippian,  and  in  particular  shows  a  marked  affinity  through- 
out with  the  Kinderhook  fauna. 

Taking  a  more  general  view  of  the  fauna,  the  presence  of  Syringothyris 

speaks  for  lower  Mississippian,  since  it  is  not  known  there  above  the  Keokuk, 
and  the  same  is  true  of  Leptcena  rhomboidalis,  since  it  does  not  occur  above 

the  lower  Burlington.  It  must  be  noted,  however,  that  these  forms 

appear  to  be  restricted  to  the  lower  portion  of  the  Madison  also.  The 

absence  of  Productus  punctahis  from  this  formation  is  evidence  in  the  same 

direction,  as  it  is  introduced  in  America  in  the  Keokuk,  and  in  general 
there  is  to  be  noticed  in  the  Madison  limestone  fauna  an  absence  of  those 

highly  differentiated  and  often  peculiar  species  which  characterize  the 

beds  of  the  middle  and  upper  Mississippian.  This  is  perhaps  most  noticeable 

in  the  Spiriferoids  and  Productoids,  for  they  are  the  commonest  forms.  In 

the  Madison  these  comprise  a  few  comparatively  simple,  stable,  and  persistent 

1 A  form,  probably  the  same,  is  common  in  the  Cuyahoga  shale  of  northern  Ohio,  passing  usually 
as  C.  illinoisensis. 

:  Probably  a  synonym  for  1).  hurlingtonense. 
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forms,  often  real  Kinderhook  types,  which,  however,  do  not  pass  over  into 

the  highly  developed  and  differentiated  species  belonging  to  the  same  genera 

in  the  Mississippi  Valley  in  Burlington  time  and  later. 

On  the  other  hand,  several  genera  in  the  Madison  limestone  show  by 

their  presence  that  we  are  not  dealing  with  a  pure  Kinderhook  fauna. 

Here  must  be  mentioned  the  genera  Archimedes,  Martinia,  Seminula,  and 

Endothyra.  Archimedes  is  not  known  below  the  Keokuk,  nor  Endothyra 

below  the  Warsaw.  Species  of  Seminula  have  been  described  from  the 

Kinderhook,  and  Martinia  is  well  represented  in  the  Devonian,  occurring 

also  in  the  Mississippian  and  Coal  Measures ;  but  an  experience  of  several 

years  in  the  Waverly  group  of  Ohio  and  adjacent  States  seems  to  confirm 

the  statement  that  these  genera  are  rare  indeed  in  the  Kinderhook  fauna. 

It  is  significant  that  in  the  Madison  limestone  Archimedes  and  Endothyra 

are  found  only  in  the  upper  portion,  while  Seminula  and  Martinia  range 

throughout. 

Such  species  as  Derbya  keokuk  (?),  Camarophorid  ringens,  Camarotoschia 
metaUica,  and  Eumetria  verneuiliana  demand  individual  consideration  in 

discussing  the  age  of  the  Madison  limestone. 

If  Bhynchonella  metaUica  was  really  originally  found  in  Upper  Carbon- 

iferous rocks,  either  it  must  have  an  extraordinarily  long'  range  or  else 
this  is  an  instance  of  the  danger  in  making  identifications  on  external 

characters  from  a  single  specimen;  for  between  the  type  and  the  material 

from  the  Madison  limestone  I  can  find  no  specific  distinction. 

Derbya  keokuk  (?),  whose  identification  is  based  upon  a  single  poorly 

preserved  specimen,  is  known  in  Indiana  associated  with  Syringothyris 
and  a  Waverly  fauna.  While  Eumetria  verneuiliana  is  characteristic  of 

the  upper  Mississippian,  we  find  in  the  Kinderhook  Acambona  osagensis 

Swallow,  Hustedia  triangularis  Miller,  Eumetria  (?)  altirostris  White,  Betzia 

circularis  Miller,  B.  plicata  Miller,  and  B.  popeana  Swallow,  all  Retzioids 

and  of  a  more  or  less  similar  type.  It  is  noteworthy  that  the  form  which 
I  have  referred  to  Eumetria  verneuiliana  is  confined  to  the  lower  beds  of 

the  Madison.  It  may  really  be  one  of  the  species  just  mentioned,  but  in 

its  present  condition  can  not  be  distinguished  from  the  better-known  form 
with  which  I  have  identified  it.  Camarophoria  ringens  was  described  from 

the  Burlington  chert  of  Missouri,  but  the  form  which  I  have  called  by  that 

name  is  present  in  the  Kinderhook  fauna  as  well. 
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No  one  familiar  with  the  passage  beds  between  the  Devonian  and 

and  the  Carboniferous  would  hesitate  to  refer  even  the  basal  portion  of  the 

Madison  limestone  to  the  latter.  Yet  the  fauna  of  the  Madison,  and  espe- 

cially, perhaps,  that  of  the  lower  portion,  is  not  without  Devonian  affinities. 

These  are  vested  chiefly  in  the  genera  Productella,  Aulopora,  and  Mich- 
elinia,  and  in  the  species  Camarotcechia  sappho  (?)  and  Spirifer  subattenuatns. 

Productella  alifera  n.  sp.,  it  will  be  noticed,  is  confined  to  the  lower  portion 

of  the  formation,  but  P.  cooper ensis,  a  highly  characteristic  Kinderhook  species, 

beginning  in  the  lowest  bed  of  the  Madison  limestone,  survives  almost  to  its 

upper  limit.  Aulopora  geometrica  n.  sp.  is  found  at  only  one  locality  in  our 

collections,  which  occurs  a  little  below  the  middle  of  the  formation  (bed  26). 
Michelinia  seems  to  be  restricted  in  its  occurrence  to  the  lowest  bed. 

Camarotcechia  sappho  (?)  also  is  found  toward  the  base,  in  bed  25,  while  S. 

subattenuatus  has  not  been  located  in  any  bed  of  the  section  scheme. 

As  is  well  known,  C.  sappho  and  Sp.  subattenuatns  occur  in  both 

Devonian  and  Carboniferous  deposits. 

The  following  conclusions  have  been  drawn  from  the  evidence  afforded 

by  the  table  of  distribution  of  species  given  on  page  484,  some  of  which 

has  already  been  dwelt  upon:  (1)  The  fauna  of  the  Madison  limestone 

can  be  referred  wholly  and  without  question  to  Carboniferous  time;  (2)  it 

has  a  marked  Kinderhook  facies;  (3)  it  is  essentially  the  same  fauna  as 

that  described  by  White,  by  Hall  and  Whitfield,  and  by  Meek,  and  by 

them  referred  to  the  Kinderhook  or  Waverly;  (4)  the  fauna  is  not  sep- 
arable into  independent  units,  but  must  be  regarded  as  a  whole. 

The  last  statement  should  perhaps  be  qualified  to  some  extent,  for  while 

a  large  percentage  of  types,  often  primitive  and  indicating  a  Kinderhook 

fauna,  are  persistent  almost  to  the  very  top,  at  the  same  time  there  are 

unquestionable  indications  of  advancing  development,  while  certain  admix- 
tures, sometimes  specific,  sometimes  generic,  indicate  an  age  much  later  than 

the  Kinderhook.  For  instance,  the  only  repi'esentatives  of  the  Devonian 
genera  Aulopora  and  Michelinia  are  confined  to  the  lower  portion  of  the 

Madison,  as  are  also  the  species  Leptcena  rhomboidalis,  Productella  alifera  n. 

sp.,  Camarotcechia  sappho  (?),  and  Syringothyris  carteri,  while  Endothyra  baileyi 

var.  parva  n.  var.,  Derbya  keokuk  (?),  Archimedes  sp.,  and  Semimda  madison- 
ensis  n.  sp.  (of  the  type  of  S.  subquadrata  and  S.  subtilita)  are  peculiar  to  the 

upper  portion.     At  the  same  time  it  will  not  be  amiss  to  recall  again  that  45 
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per  cent  of  the  fauna  of  tlie  lowest  third  of  the  Madison  persists  into  the 

upper  third,  many  of  the  species  being  of  Kinderhook  age,  or  primitive  and 

allied  to  Kinderhook  species;  that  such  genera  as  Martinia  and  Seminula 

range  from  the  very  bottom  to  the  top  of  the  Madison;  and,  in  general,  the 

incompleteness  of  much  of  the  data  tabulated,  by  reason  of  which  the  many 

species  known  at  present  from  a  single  horizon,  and  giving  an  individual 

facies  to  different  portions  of  the  series,  might  on  fuller  information  be 

found  to  have  a  more  extended  range..  A  complete  record  would  doubtless 

show  even  less  progressive  differentiation  in  the  series  than  now  appears. 

The  fact  that  Eumetria  vemeuiliana  is  apparently  restricted  to  the 

lower  beds  remains  an  interesting  anomaly. 
I  do  not  believe  that  the  facts  warrant  an  exact  correlation  of  the 

Madison  limestone  with  the  Kinderhook  horizon  of  the  Mississippi  Basin, 

although  the  Kinderhook  affinities  of  its  fauna  are  obvious.  The  evidence 

of  such  genera  as  Endothyra,  Eumetria,  Archimedes,  and  other  forms 

already  mentioned,  can  not  be  set  aside,  and  the  probabilities  involved  in 

placing  the  Madison  limestone,  1,700  feet  thick,  to  offset  the  300  feet1  of 
shales,  sandstones,  and  limestones  of  the  Kinderhook  in  the  Mississippi 

Valley,  are  significant. 
A  more  probable  interpretation  of  the  facts  observed  seems  to  be  that 

the  Madison  limestone  represents  a  large  portion,  possibly  even  the  whole, 

of  the  Lower  Carboniferous  period,  being  a  Kinderhook  fauna  which 

through  uniformity  of  conditions  of  environment  had  maintained  its 

essential  characters  long  after  its  contemporary  fauna  to  the  east  had  been 

superseded. 

This  would  presuppose  a  nearly  continental  distribution  of  the  Kinder- 
hook fauna  during  early  Mississippian  time,  which,  indeed,  we  have  some 

1  In  Missouri  the  Louisiana  limestone  (Keyes,  1894,  Geo).  Suvv.  Missouri,  Vol.  IV,  p.  51  et  seq.)  is 
said  to  have  a  thickness  of  over  60  feet,  the  Hannibal  shales  or  Vermicular  sandstone  of  over  70  feet,  and 
the  Chouteau  limestone  of  nearly  100  feet,  making  a  maximum  thickness  of  230  feet.  The  same  author 

(loc.  cit.,  p.  46)  gives  a  section  at  Burlington,  Iowa,  in  which  the  Kinderhook  is  given  a  maximum  of  110 

feet  of  limestones,  sandstones,  and  shales.  Dana  (Manual  of  Geology,  4th  ed.,  1895,  pp.  637-639)  gives 

the  "Knobstono"  below  the  Keokuk  in  Indiana  a  maximum  thickness  of  500  feet.  In  Michigan  the 
Marshall  group,  the  equivalent  in  part  of  the  Kinderhook,  is  said  to  have  173  feet  of  grit  and  sandstones, 

the  overlying  Napoleon  group  having  123  feet  of  shale  and  sandstones.  In  Ohio  the  Waverly  group 

has  a  maximum  thickness  of  1,150  feet,  chiefly  shales  and  sandstones  (Orton,  Gcol.  Surv.  Ohio,  Vol.  VII, 

1893,  p.  4),  or,  as  is  averaged  in  the  same  table,  500  to  800  feet.  However,  Herrick  considers  a  portion 

of  this  to  be  of  Devonian  age,  while  the  rest  represents  the  Kinderhook,  Burlington,  and  Keokuk 

periods. 
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evidence  for  believing  to  have  been  the  case,  but  no  cataclasmic  interposi- 

tion of  barriers  is  necessary  to  account  for  the  individual  course  of  develop- 
ment which  the  fauna  seems  to  have  pursued  in  the  Rocky  Mountain  region 

and  in  what  is  now  the  Mississippi  Valley. 

The  approximate  uniformity  of  the  Madison  limestone  is  evidence  of  a 

protracted  period  of  quiet  and  uniform  physical  conditions,  while  the  rapid 

alternation  of  sediments  in  the  typical  Mississippian  would  seem  to  indicate 

frequent  and  important  changes  in  environment  which  find  equal  expression 

in  the  varied  faunas  that  have  resulted.  The  wide  separation  of  the  two 

regions  geographically  would  readily  permit  of  their  independent  develop- 
ment, both  faunally  and  physiographically. 

Still,  the  conclusion  is  not  warranted  that  the  Madison  limestone  repre- 

sents the  entire  period  of  Mississippian  deposition.  In  Montana,  at  "Old 

Baldy,"  near  Virginia  City,  Meek  has  reported  fossils  of  the  Chester  group, 
with  a  probability  of  the  lower  formations  being  present;  and  from  near 

Fort  Hall,  between  Ross  Fork  and  Lincoln  Valley,  in  Idaho,  the  same 

authority  has  identified  many  species  characteristic  of  the  oolitic  beds  of 

the  St.  Louis  group  at  Spergen  Hill,  Indiana,1 
These  localities  are  both  comparatively  near  the  Yellowstone  National 

Park  region,  and  it  is  hard  to  believe  that  if  the  Madison  limestone  was 

contemporaneous  in  part  with  either  of  these  periods  the  fauna  should  not 

clearly  indicate  it.  Indeed,  Meek,  commenting  upon  certain  collections 
made  at  various  localities  in  Montana  not  far  from  the  Yellowstone  Park, 

and  from  a  horizon  which  I  believe  to  be  equivalent  to  the  Madison  lime- 

stone (see  ante,  p.  487),  makes  the  following  statement:  "At  the  same  time 
that  I  would  refer  the  beds  from  which  these  fossils  were  obtained  to  the 

Carboniferous,  it  should  be  remarked  that  we  have  every  reason  to  believe 

that  they  belong  to  a  lower  horizon  in  the  series  than  those  from  which 

nearly  all  the  collections  from  'Old  Baldy'  Mountain  were  obtained;  also, 
than  the  fossiliferous  beds  on  the  divide  between  Ross  Fork  and  Lincoln 

Valley,  Montana."     (Loc.  cit.,  p.  433.) 
We  may  therefore  conclude  that  the  Madison  limestone  does  not  proba- 

bly represent  the  period  of  the  Genevieve  group,  but,  while  showing  distinct 

affinities  with  the  Kinderhook,  may  have  persisted  through  the  period  of 

the  Osage  group  as  well. 

'Hayden,  Sixth  Arm.  Kept.  0.  S.  Geol.  Surv.  Territories,  etc.,  for  1872,  1873,  pp.  433,  434. 
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The  fact  that  the  entire  Coal  Measure  series  is  lacking  in  this  region, 

or,  if  represented  at  all,  finds  expression  in  the  unfossiliferous  Quadrant 

quartzite,  makes  it  probable  that  the  same  forces  which  resulted  in  the  non- 
deposition  or  removal  of  the  overlying  formation  affected  the  later  portion 

of  the  Lower  Carboniferous  time  in  the  same  way. 

Table  .showing  the  representation  of  zoological  groups  in  the  Madison  limestone  fauna. 

Protozoa    

Sponges   
Ccelenterata   

Crinoidea   

Bryozoa   ■... 
Brachiopoda    
Lamellibranchiata 

Gastropoda   
Trilobita   

Total Identified 

species. species. 

1 1 

1 1 

7 6 

2 1 

10 
47 43 

2 1 

8 1 

2 2 

New 

species. 

"Waverly 

species'. 

1 

1 

5 i 

i 

14 29 

1 

It  will  be  seen  from  the  foregoing  table  that  an  unusually  large  per- 
centage of  the  fauna  of  the  Madison  limestone,  not  only  in  the  number  of 

specific  types,  but  in  the  abundance  in  which  they  are  found,  consists  of 

brachiopods.  Most  conspicuous  for  their  rarity  are  the  lamellibranchs, 

of  which  only  two  specimens,  representing  two  different  species,1  have 
been  collected.  This  is,  perhaps,  explained  by  the  consideration  that  the 

Madison  limestone  is  usually  rather  pure  in  composition,  no  true  shales 

occurring  interbedded  with  it.  On  the  other  hand,  crinoids,  which  we 

might  expect  to  find  abundantly  in  such  extensive  calcareous  deposits,  are 

also  comparatively  rare.  Other  organic  types  appear,  perhaps,  in  not  far 

from  the  average  proportion. 

Two  localities  are  interesting  as  presenting  a  local  or  perhaps  more 

than  local  development  of  the  Madison  limestone  fauna.  One,  the  cherry 

limestone  of  Crowfoot  Ridge,  Gallatin  Rang-e,  forms  the  upper  portion  of 
bed  24  of  the  section.  The  fauna  consists  of  Productus  semireticidatus,  Meno- 

phyllum  (?)  excavatum,  Naticopsis  (?)  sp.,  Platyceras  form  «,  Cliothyris  roissyi, 

C.  crassicardinalis,  Spirifer  striatus  var.  madisonensis  n.  var.,  Spirifer  centronatus, 

■One  of  these,  very  fragmentary  (but  perhaps  referable  to  Cypricardinia  eonsimilis  Hall  or  C. 
unitula  Herrick),  is  not  mentioned  in  the  report  following. 
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Spiriferina  solidirostris,  Liorhynchus  haguei  n.  sp.,  Camarotoechia  metallica, 

Productella  cooperensis,  Chonetes  omatus,  Orthothetes  inflatus,  Crania  Icevis, 

Ptilopora  sp.,  Fenestella  sp.  Of  these  L.  haguei,  Naticopsis  (?)  sp.,  Platyceras 

sp.,  Crania  Icevis,  Ptilopora  sp.,  and  Fenestella  sp.  have  not  been  identified 
elsewhere  in  the  Madison  limestone,  with  whose  fauna,  however,  that  of 

these  localities  is  very  closely  related. 

The  red  beds  exposed  at  the  head  of  Conant  Creek,  Teton  Range,  may 

also  be  separated  from  the  Madison  limestone,  with  which  lithologically  as 

well  as  faunally  they  are  slightly  connected.  The  matrix  is  a  red  cal- 

careous shale,  more  shah"  than  is  common  in  the  Madison  limestone,  in 
which  the  fossils  are,  as  a  rule,  very  badly  crushed.  The  fauna,  which 

is  scantily  known  and,  on  account  of  the  condition  of  the  material, 

inadequately  identified,  consists  of  Semimda  madisonensis  n.  sp.,  Spirifer 

marionensis  (?),  Orthothetes  sp.,  and  Eridopora  (?)  sp.  None  of  these  is 

unquestionably  identical  with  species  found  in  beds  below,  though  they  are 

perhaps  questionably  distinct.  This  locality  is  provisionally  referred  to 

bed  32,  the  highest  in  the  formation.  More  evidence  may  show  it  to  be 

later  than  the  Waverly. 

DESCRIPTIONS  OF  SPECIES. 

DEVONIAN. 

CCELENTERATA. 

ACTINOSTEOMA  Nicholson,   1886. 

xlCTINOSTROMA  Sp. 

At  least  one  species  of  Stromatoporoid  is  represented  in  this  collection; 

but  the  material,  badly  weathered  and  poorly  silicified,  scarcely  affords  the 

promise  of  more  than  a  generic  identification.  Therefore  it  has  not  been 

studied  by  means  of  microscopic  sections.  A  careful  examination  shows  a 

laro-e  concentrically  laminate  ccenosteum.  The  lamina?  are  more  or  less 

contorted,  and  the  division  into  latilaminse  is  not  apparent.  The  very  fine 

laminae  are  connected  by  minute  radial  pillars,  which  on  favorably  exposed 
surfaces  are  seen  to  be  continuous.  This  is  the  well-known  characteristic 

structure  of  the  genus  Actinostroma,  very  abundant  in  Devonian  strata  in 

both  hemispheres. 
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Formation  and  locality:  Three  Forks  limestone,  near  the  divide 

between  Gallatin  Valley  and  Panther  Creek,  Bighorn  Pass,  Gallatin 

Kange,  bed  21 ;  S.  L.  Penfield.  East  slope  of  Antler  Peak,  Gallatin  Range; 

A.  C.  Gill.     South  slope  of  Antler  Peak,  Gallatin  Range;  J.  P.  Iddings. 

PACHYPHYLLUM  Edwards  and  Haime,  1850. 

Pachyphyllum  sp. 

Corallnm  attaining  large  size  (the  present  specimen  measures  150  mm. 

in  longest  diameter  and  is  fragmentary).  Corallites  small  (9  to  10  mm. 

in  diameter),  separated  by  mural  zones  of  about  2.5  mm.  Septa,  32  to  34 

in  number,  and  alternating  in  size. 

The  specimen  studied  is  a  massive  weather-worn  fragment,  which  does 
not  show  the  external  surface  of  the  corallum,  nor  the  nature  of  the  calyces. 

The  rock  has  also  suffered  considerably  from  compression,  for,  though  the 

limestone  is  scarcely  altered,  the  corallites  are  flattened  and  the  lines  of 

the  septa  and  spongy  exothecal  and  dissepimental  tissue  often  broken  and 

discontinuous.  The  corallites  vary  much  in  size,  owing  probably  to 

difference  in  age,  but  are  more  uniform  where  the  corallum  is  crowded. 

The  average  of  mature  cells  is,  perhaps,  as  above  stated.  That  measure- 
ment, however,  relates  to  the  septate  portion  only.  The  mural  tissue  is 

very  finely  vesicular  and  is  not  penetrated  by  the  septa,  which  are  about  34 

in  number.  They  are  strong,  but  have  not  the  Acervularia-like  expansion 

so  strongly  developed  as  in  P.  devoniense.  Longitudinal  sections  show  alter- 

nating stripes  of  finely  vesicular  mural  tissue  and  the  longitudinally  banded 

septate  portion.  This  is  occupied  by  dissepimental  plates,  but  the  presence 

of  complete  tabulae  has  not  been  ascertained. 
While  I  am  convinced  that  this  species  is  as  yet  undescribed,  and 

although  the  characters  established  are  sufficient  to  enable  one  to  distinguish 

it  from  any  forms  known  and  to  recognize  it  again  at  the  type  or  adjacent 

localities,  yet  I  have  not  felt  justified  in  proposing  for  it  a  new  name,  since  the 

material  is  scarcely  suitable  for  illustration;  and  it  is  not  improbable  that 

from  other  stations,  more  or  less  remote,  new  types  will  subsequently  be 

described,  which  it  will  not  be  possible  to  separate  from  this,  owing  to  the 

imperfections  of  the  latter. 

The  only  species  which,  so  far  as  I  am  aware,  have  been  referred  to 

-32 
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this  genus  in  this  country  are  the  three  mentioned  by  Miller  in  his  North 

American  Geology  and  Paleontology,  viz:  P.  devoniense,  P.  woodmani,  and 

P.  solitarhim.  The  last  mentioned  of  these  can  scarcely  be  referred  to  the 

genus  Pachyphyllum,  since  it  is  described  as  a  simple  coral  with  an  epitheca 

(or  theca)  and  without  exothecal  tissue.  Pachyphyllum  woodmani  was 

originally  mentioned  by  White  as  Smithia  woodmani.1  Hall  and  Whitfield 

describe  and  figure  it 2  under  the  name  of  Pachyphyllum  woodmani,  saying 
"the  exsert  form  of  the  cells,  and  their  limitation  by  an  outer  wall,  are 

features  which  do  not  exist  in  Smithia,  but  pertain  to  the  genus  Pachyphyl- 

lum." In  point  of  fact,  Pachyphyllum  seems  to  be  a  synonym  of  Smithia. 

The  genus  is  characterized  by  Edwards  and  Haime  as  follows:  "Corallum 

compound,  increasing  by  lateral  gemmation.  Corallites  not  separated  by 

an  individual  epitheca,  but  united  in  their  lower  portion  by  a  large  develop- 
ment of  cost*  and  exothecal  tissue;  septa  and  tabula  well  developed. 

Pachyphyllum  is  distinguished  from  all  other  Cyathophylloids  by  the 

development  of  the  costse  and  exothecal  tissue."3  The  description  of 
P.  bouchardi,  the  type  (ibid.),  accords  with  the  generic  description,  but, 

unfortunately,  by  some  oversight,  it  was  not  figured  by  the  authors. 

Although  there  is  the  usual  reference  heading  the  specific  description,  there 

is  no  corresponding  plate  or  description  of  plate  in  the  accompanying  atlas. 

I  am  not  aware  that  it  has  subsequently  been  figured.  Smithia  is  described 

by  the  same  authors  in  the  following  terms:  "Corallum  compound,  astrei- 

form,  multiplying  by  submarginal  gemmation.  Corallites  intimately 

connected,  having  the  same  structure  as  Acervularia  (i.  e.,  with  two  walls; 

septocostal  structure  well  developed  between  the  walls;  much  less  in  the 

central  area.  No  columella.  Tabulae  little  developed),  except  that  they 

lack  external  walls  and  that  the  septocostal  rays  are  more  or  less  confluent. 

No  columella,"     (Loc  cit.,  p.  142.) 
A  comparison  of  the  two  genera  shows  that  they  are  at  least  very 

closely  related.  One  great  distinction,  implied  rather  than  expressed,  is 

that  in  Smithia  the  one  wall  is  regarded  as  homologous  with  the  inner 

wall  of  Acervularia,  the  intercellular  tissue  being  then  simply  confluent 

intermural  tissue  of  adjacent  cells.     In  Pachyphyllum,  on  the  other  hand, 

1  Geol.  Rept.  Iowa,  1870,  Vol.  I,  p.  188. 
2  Twenty-third  Aun.  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  231,  PI.  IX,  fig.  9. 
3  Hist.  Nat.  des  Coralliaires,  Vol.  Ill,  Paris,  1857,  p.  391. 
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the  imperfect  wall  is  regarded  as  equivalent  to  the  theca  of  most  rugose 

corals,  the  outer  wall  of  Acervularia,  while  the  surrounding  tissue  is 

exothecal  in  nature,  a  sort  of  ccenenchyma.  If  this  distinction  can  be 

established,  the  two  genera  would  be  widely  different  in  fact,  however  diffi- 

cult it  would  be  to  distinguish  them  in  practice.  However,  there  seems  to 

be  little  if  any  reason  why  the  single,  imperfect  central  walls  in  both  genera 

should  not  be  homologous  with  each  other  and  with  the  imperfect  inner 

wall  of  Acervularia,  Thus  the  two  differentiating  characters  mentioned  by 

Hall  and  Whitfield  fall  to  the  ground,  for  in  neither  genus  are  the  corallites 

limited  by  an  outer  wall.  As  to  the  exsert  form  of  the  cells,  this  character 

is  not  mentioned  in  the  generic  description  of  Pachyphyllum,  but  P. 

bouchardi  is  described  with  "Walls  strong  and  distinct;  calyces  circular, 

deep,  with  edges  rather  elevated."  This  character,  then,  is  not  regarded  as 

of  generic  value,  and  in  the  type  species  is  not  especially  striking.  The 

chief  points  of  distinction  which  can  be  drawn  from  Edwards  and  Haime's 
description  (leaving  out  their  view  of  the  homologies  of  the  inner  wall, 

which  I  hold  to  be  questionable)  come  to  this,  that  Pachyphyllum  has 

very  extended  tabulse,  while  Smithia  has  them  only  slightly  developed,  a 

character  which,  taken  alone,  is  of  doubtful  generic  importance. 

Smithia  is  generally  regarded  as  a  synonym  for  Phillipsastrsea,  but 

Edwards  and  Haime  claim  that  it  is  distinguished  from  the  latter  by  the 

presence  of  a  columella.  If  constant,  this  would  seem  to  be  a  good 

character.  After  studying  the  type  species,  Nicholson  states  that  Phillips- 

astrrea  (—  Smithia)  has  essentially  the  structure  of  Heliophyllum — i.  e.,  with 

carinate  septa,  fossula,  and  without  an  inner  wall.  If  Smithia  is  indeed 

synonymous  with  Phillipsastrgea,  then  Pachyphyllum  is  a  quite  different 

thing.  But  if  Smithia  and  Pachyphyllum  are  as  Edwards  and  Haime  have 

described  them,  it  seems  probable  that  the  latter  is  a  synonym  of  the 
former. 

It  is  possible  that  three  types  are  included  among  the  five  species 

referred  to  Pachyphyllum.  One  of  these,  P.  solitarium,  I  think,  beyond 

a  doubt,  must  be  placed  elsewhere.  Or,  is  it  perhaps  the  initial  cell 

of  a  Pachyphyllum  colony?  Another  type  which  is  structurally  near 

Smithia  is  that  represented  by  P.  bouchardi  and  P.  woodmani.  A  third 

type   is   found   in   P.  devoniense   and   the   form   above   described.     It   is 
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characterized  by  a  mural  zone  of  vesicular  tissue,  which  is  not  penetrated 

by  the  septa.  Edwards  and  Haime  say  that  in  P.  clevoniense  this  zone  is 

traversed  by  the  costse,  which  are  not  very  pronounced,  but  distinct.  This 

is  scarcely  apparent  in  the  figure,  but,  if  so,  the  form  represents  an  inter- 
mediate stage  between  P.  bouchardi  and  Pachyphyllum  sp.,  where  the  thick 

costae  terminate  in  the  mural  zone  without  penetrating  it. 

Formation  and  locality:  Three  Forks  limestone,  north  side  of  saddle 

west  of  Mount  Miller,  Absaroka  Range ;  Louis  V.  Pirsson. 

CYATHOPHYLLUM  Goldfuss,  1826. 

Cyathophyllum  C/Espitosum  Goldfuss  (?) 

Cyathophyllum  ccespitosum  Goldfuss,  1826.    Petrefacta  Germanise,  p.  60. 

In  the  calcareous  sandstone,  associated  with  specimens  of  Actinostroma, 

Pachyphyllum,  Atrypa,  etc.,  is  a  species  of  Cyathophyllum,  which  may  be 
identical  with  C.  ccespitosum  Goldf.  It  consists  of  isolated  fragments  of 

cylindrical  corallites,  which  have  about  forty  alternately  long  and  short 

septa,  a  tabulate  central  portion,  and  a  vesicular  outer  zone.  In  size,  general 

character,  and  in  specific  detail,  as  far  as  determinable,  these  strongly 

resemble  Goldfuss's  species,  and  may,  like  it,  when  entire,  have  grown  in 
tuftlike  masses.  Indeed,  the  small  diameter  and  the  cylindrical  form 

of  the  corallites  are  favorable  to  such  an  interpretation.  C.  ccespitosum  is 

already  known  to  occur  in  American  strata,  being  found  in  Upper  Helder- 

berg  rocks. 
Formation  and  locality:  Three  Forks  limestone,  near  the  divide  between 

Gallatin  Valley  and  Panther  Creek;  Bighorn  Pass,  Gallatin  Range,  bed  21; 

S.  L.  Penfield.  East  slope  of  Antler  Peak,  Gallatin  Range;  H.  C.  Gill. 

North  side  of  saddle  west  of  Mount  Miller,  Absaroka  Range;  Louis  V. 
Pirsson. 

CLADOPORA  Hall,   1852. 

Cladopora  sp. 

Like  the  other  corals  from  the  same  bed,  specimens  ol  Cladopora  are 

coarsely  silicified  and  considerably  weathered.  The  branches  are  circular, 

and  about  5  mm.  in  diameter.  The  pores  are  nearly  circular,  small  (about 

0.25  mm.  in  diameter),  and  separated  from  each  other  by  a  distance  about 
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equal  to  their  own  diameter.  What  the  shape  of  the  orifice  may  have  been 

originally  it  is  impossible  now  to  determine.  In  its  present  condition  the 

corrallum  resembles  C.  labiosa  and  C.  pinguis,  both  of  Rominger,1  but  more 

especially  the  form  figured  as  a  variety  of  C.  labiosa.2 
The  form  under  discussion  resembles  G.  labiosa  in  the  slenderness  of 

the  stem,  but  the  pores  are  more  distant,  and  at  present  not  labiate.  It 

resembles  C.  pinguis  in  the  thick  interstitial  tissue  between  the  cells  and 

in  the  less  labiate  condition  of  the  latter ;  but  the  branches  are  less  robust 

and  the  cell  apertures  apparently  smaller. 

Formation  and  locality:  Three  Forks  limestone,  near  the  divide 

between  Gallatin  Valley  and  Panther  Creek,  Bighorn  Pass,  Gallatin  Range, 
bed  21;  S.  L.  Penfield. 

FAVOSITES  Lamarck,  1812. 

Favosites  sp. 

PI.  LXVI,  fig.  8«. 

Corallum  rather  small,  about  50  mm.  (?)  in  diameter;  cells  small,  very 

closely  tabulate,  tabulae  being  about  0.5  mm.  apart.  Number  of  rows  of 

mural  pores,  character  of  the  same,  and  nature  of  the  epitheca,  not  known. 

The  material  submitted  was  not  found  in  place.  It  consists  of  a  frag- 

mentary silicified  example,  which,  while  showing  some  characters  very 

plainly  (e.  g.,  the  tabulation),  has  others  obliterated  so  that  specific  identi- 
fication of  the  form  is  impossible.  It  can,  however,  be  affirmed  that  it  does 

not  belong  to  any  Carboniferous  representative  of  the  genus,  at  least  such 

as  are  yet  described,  and  it  can  therefore  with  great  probability  be  regarded 

as  belonging  to  Devonian  or  Upper  Silurian  time. 

Formation  and  locality :  Three  Forks  limestone,  north  side  of  Soda 

Butte  Creek,  Absaroka  Range;  J.  P.  Iddings. 

1  Geol.  Surv.  Michigan,  Vol.  Ill,  Pt.  II,  1876,  pp.  52-53,  PI.  XXI,  figs.  2,  3. 

2Loc.  cit.,  fig.  3,  lowest  specimen. 
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BRACHIOPODA. 

ATRYPA  Dalman,  1827. 

Atkypa  reticularis  Linne1. 

PL  LXVI,  figs,  la,  lb,  lv. 

Atrypa  reticularis  Linne.  1767 :  Systerna  Natime,  ed.  xii,  Vol.  I,  p.  1132.  Hall,  1852 :  Pal. 

New  York,  Vol.  II,  p.  72,  PI.  XXIII,  figs.  8,  8a-8n;  p.  270,  PI.  LV,  figs.  5a-5u. 

Billings,  1863:  Logan,  Geol.  Surv.  Canada,  Rept.  Progress  1843-1863,  p.  318, 

figs.  335o-335c;  p.  384,  figs.  416a-416c.  Hall,  1867 :  Pal.  New  lrork,  Vol.  IV,  p. 
316,  PI.  LII,  figs.  1-3,  7-12;  PI.  LIII,  figs.  3^19;  PI.  LIIlA,  figs.  22,  23.  Meek 

and  Worthen,  1868:  Geol.  Surv.  Illinois,  Vol.  Ill,  p.  432,  PI.  XIII,  fig.  11. 

Meek,  1877 :  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV,  p.  38,  PL  I,  figs.  7,  7ft; 
PL  III,  fig.  6.  White,  1880:  Second  Ann.  Eept.  Indiana  Bureau  Statistics  and 

Geology,  p.  502,  PL  V,  figs.  7,  8,  9.  Walcott,  18S4 :  Mon.  IT.  S.  Geol.  Surv.,  Vol. 

VIII,  p.  150,  PL  XIV,  figs.  6,  6a,  6b.  Beecher  and  Clarke,  1S89:  Mem.  New 

York  State  Mus.  Nat.  Hist.,  p.  51,  PL  IV,  figs.  12-20.  Hall  and  Clarke,  1893: 

Pal.  New  York,  Vol.  VIII,  Pt.  II,  p.  165,  fig.  153;  PL  LV,  figs.  1-17.  Herrick, 
1895:  Geol.  Ohio,  Vol.  VII,  PL  XX,  fig.  7. 

This  well-known  and  universally  distributed  form  needs  no  further 

description.  It  has  as  yet  been  identified  from  but  one  locality  in  the 

Yellowstone  National  Park,  is  represented  entirely  by  casts,  and  is  a  small, 

coarsely  plicate  form,  similar  to  that  from  the  Lockport  (often  called  Niag- 

ara) limestone,  and  identified  by  Walcott  from  Upper  Devonian  strata. 

Formation  and  locality:  Three  Forks  limestone,  base  of  bluff,  Little 

Sunlight  Creek;  Arnold  Hague.     Silurian  and   Devonian  throughout  the 

world. 

Atrypa  missouriensis  Miller. 

PL  LXVI,  figs.  2a,  2b,  2c. 

Atrypa  reticularis  (var.)  Meek,  1877:  King's  IT.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV, 
p.  38,  PL  III,  fig.  6«, 

Atrypa  desquamata  Walcott  (uon  Sowerby),  1S84 :  Mou.  IT.  S.  Geol.  Surv.,  Vol.  VIII, 

p.  150,  PL  XIV,  figs.  4,  4rt. 

Atrypa  missouriensis  Miller,  1894:  Eigbteeuth  Ann.  Eept.  State  Geologist  of  Indiana, 

1893,  p.  315,  PL  IX,  figs.  19-21. 

Shell  rather  small,  subcircular,  variable  in  shape.  Dorsal  and  ventral 

valves  moderately  and  equally  convex,  finely  striate,  not  at  all  or  only 

obscurely  marked  by  distant   concentric   stria?,  which,  moreover,  are  not 
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squamose.  Beak  of  the  ventral  valve  small,  not  much  incurved;  area  small. 

Anterior  margin  distinctly  but  not  strongly  sinuate. 
There  can  be  little  doubt  that  this  is  the  same  form  for  which  Miller 

proposed  the  name  Atrypa  missouriensis,  and  which  had  been  previously 

referred  to  by  Meek  as  Atrypa  reticularis  and  by  Walcott  as  Atrypa  desqua- 
mata (loc.  cit). 

A.  missouriensis  is  described  from  Middle  Devonian  rocks  (probably 
Hamilton  age),  and  the  type  locality  is  3  miles  from  Otterville  and  17 

miles  west  of  Sedalia,  Missouri.  A  form,  probably  referable  to  Miller's 
species,  is  found  at  Fulton,  Missouri,  in  rocks  of  Hamilton  age,  and  with 

this  the  material  from  the  Yellowstone  National  Park  is  very  closely 

allied,  perhaps  specifically  identical.  It  is  possible  that  the  finely  striated 

variety  of  A.  reticularis,  mentioned  by  Walcott1  and  said  to  resemble  a 
variety  from  the  Hamilton  and  Chemung  groups  in  Iowa,  may  also  be 
placed  in  the  list  of  synonyms. 

A.  missouriensis  occurs  in  considerable  abundance  at  several  localities 

in  the  Yellowstone  Park,  but  it  is  rarely  found  associated  with  Atrypa 

reticularis,  which  is  known  from  the  same  region.  The  two  forms  are  thus 

distinct  in  distribution  as  well  as  intrinsic  character,  when  this  region 

alone  is  contemplated,  and  the  natural  tendency  is  to  refer  them  to 

different  species,  but  in  view  of  the  almost  universal  distribution  of  A. 

reticularis,  and  its  equally  extensive  range  of  variation,  perhaps  a  varietal 

distinction  is  all  that  is  warranted.  Only  a  monographer  will  be  com- 

petent to  determine  specific  limitations  in  this  protean  type. 

A.  desquamata  in  this  country  is  nothing  more  than  A.  reticularis 

with  an  erect  beak,  area,  and  unconcealed  foramen;  and  the  same  appears 

to  be  equally  true  of  the  European  forms.  This  character  or  group  of 

characters  seems  scarcely  of  specific  value,  but  in  any  case  the  same 

peculiarities  of  surface,  etc.,  which  distinguish  A.  missouriensis  from  A. 

reticularis  serve  to  differentiate  it  from  A.  desquamata  also.  Although  it 

is  a  mature  form,  A.  missouriensis  is  characterized  by  neologic  traits,  and 

agrees  very  closely  with  young  examples  of  A.  desquamata  as  figured  by 

Davidson.2  Still,  full-grown  shells  are  the  only  ones  with  which  we  are 
justified  in  comparing  it. 

»Mon.  U.  S.  Gcol.  Surv.,  Vol.  VIII,  1884,  p.  150. 

2  British  Fossil  Brachiopoda,  Vol.  Ill,  Part  VI,  PI.  XI,  figs.  6,6a. 
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Formation  and  locality :  Three  Forks  limestone,  south  slope  of  Antler 

Peak,  Gallatin  Range ;  south  side  Soda  Butte  Creek,  northwest  of  Abiathar 

Peak,  Absaroka  Range ;  J.  P.  Iddings.  North  side  of  saddle  west  of  Mount 

Miller,  Absaroka  Range;  Louis  V.  Pirsson.  Near  Otterville  and  Sedalia, 
Missouri. 

SPIRIFER  Sowerby,  1815. 

Spirifer  engelmanni  Meek. 

PI.  LXVI,  figs.  3a,  3Z>,  3c,  3d. 

Spirifera  engelmanni  Meek,  1800:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  308.  Meek,  1877: 

King's  U.  S.  Geol.  Espl.  40th  Par.,  Vol.  IV,  p.  41,  PI.  Ill,  figs.  3-3a. 
Spirifer  engelmanni  Meek,  1876:  Simpson's  Kept.  Espl.  Gt.  Basin.  Terr.  Utah,  p.  340, 

PL  I,  figs.  l«-lc. 

There  is  only  one  example  of  this  species.  Though  otherwise  appar- 

ently identical  with  the  smaller  forms  of  S.  engelmanni,  it  is  abnormal  in  this, 

that  the  strong  plication  bounding  the  sinus  bifurcates,  the  two  inner  ribs 

lying  upon  the  sides  of  the  sinus.  1  have  not  observed  this  in  S.  engelmanni 

from  Nevada,  but  have  seen  dorsal  valves  with  a  shallow  median  sulcus  on 

the  fold,  so  that  there  is  little  reason  for  believing  that  such  irregularities 

do  not  occur  on  the  other  valve  as  well.  The  specimen  could  scarcely  be 

a  young  individual  of  S.  disjunctus,  for  that  species  has  finer  plications, 

which  are  distributed  in  large  numbers  on  both  fold  and  sinus. 

Formation  and  locality:  Three  Forks  limestone,  south  side  Soda  Butte 

Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings.  Middle 

Devonian,  Neils  Valley,  Utah;  White  Pine  District,  Nevada. 

ATHYRIS  McCoy,  1844. 

Athyris  vittata  var.  triplicata  n.  var. 

PI.  LXVI,  figs.  4a,  4b,  4c. 

Shell  small,  subcircular.  The  two  valves  moderately  and  equally 

convex.  Ventral  valve  marked  by  a  broad,  shallow  median  sinus.  On 

either  side  is  a  faint  sinuation  separated  from  the  median  one  by  a  sharp 

ridge.  Dorsal  with  well-defined,  square  fold,  bounded  on  either  side  by  an 
angular  depression,  after  which  follow,  one  on  each  side,  two  other  slight 

folds.  All  the  plications  of  this  shell  are  discernible  for  only  a  short 

distance  back  from  the  margin.     Width,  9  mm. ;  length,  nearly  the  same. 
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The  shell  is  so  badly  exfoliated  that  its  surface  characters  are  unknown, 

and  the  generic  reference,  as  a  whole,  is  doubtful.  It  resembles  Athyris 

vittata  of  the  Corniferous  and  Hamilton  groups,  and  A.  angelica  of  the 

Hamilton,  some  examples  of  which  approach  this  shell,  though  not  very 

closely.  It  finds  a  close  ally  in  A.  angelica  var.  occidentalis  Whiteaves 

(Cont.  Canadian  Pal.,  Vol.  I,  Pt.  Ill,  1891,  p  227,  PI.  XXXII,  figs.  3-3a), 
from  which  it  differs  chiefly  in  having  an  additional  low  fold  on  either  side. 

The  two  forms  resemble  each  other  more  than  either  A.  angelica  or  A. 

vittata.  Whiteaves's  shell  is  probably  worthy  of  specific  distinction,  and  the 
relation  between  it  and  the  form  from  the  Madison  limestone  would  be  best 

expressed  by  making  the  latter  a  variety  of  the  former.  The  name  of  my 
shell  would  then  be  Athyris  occidentalis  var.  triplicata. 

Formation  and  locality :  Three  Forks  limestone,  south  side  of  Soda 

Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings. 

GASTROPODA. 

PLEUROTOMARIA  Defrance,  1824. 

Pleurotomaria  isaacsi  Hall  and  Whitfield.  (!) 

PI.  LXVI,  figs.  5a,  5b. 

Pleurotomaria  isaacsii  Hall  and  Whitfield,  1873:  Tweuty-third  Kept.  New  York  State 
Cab.  Nat.  Hist.,  p.  238,  PI.  XII,  figs.  6,  7. 

The  form  which  I  have  referred  to  Hall  and  Whitfield's  species  occurs 
as  an  isolated  specimen  of  a  large  gastropod  shell.  As  far  as  the  somewhat 

imperfect  condition  of  the  material  permits  a  comparison,  the  specimen  from 

Yellowstone  National  Park  is  very  close  to  P.  isaacsi.  It  is  a  large  flattened 

shell,  about  59  mm.  in  diameter,  agreeing  in  size,  general  proportion,  and 

peritreme  section  with  the  species  to  which  I  have  referred  it.  On  the 

other  hand,  the  spire  is  a  little  more  elevated  than  the  specimen  figured  by 

Hall  and  Whitfield,  the  whorls  a  little  more  angular  in  section,  with  the 

upper  surface  obliquely  plane  or  slightly  concave.  The  shell  appears  to  be 
without  ornamentation. 

Pleurotomaria  isaacsi  is  from  the  Lower  Devonian,  probably  the  Scho- 
harie grit. 

Formation  and  locality:  Three  Forks  limestone,  Wall  Canyon,  Clark 

Fork  Valley;  Arnold  Hague.  Lower  Devonian,  near  Raymond  Station, 
Iowa. 
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Pleurotomaria  (?)  sp. 

A  rather  large  gastropod  shell,  broken  and  embedded  in  limestone. 

Height,  about  22.5  mm.;  diameter  at  base,  25  mm.;  whorls,  five  or  six. 

Umbilicus  extending  through  three  or  four  whorls.  Apparently  without 

ornamentation.  Cross  section  of  whorl  subquadrate,  the  upper  and  lower 

faces  converging  centripetally,  the  distal  and  proximal  faces  converging 

toward  the  apex.     Shell  thick,  interior  section  of  whorl  nearly  circular. 

The  matrix  inclosing  the  specimen  is  weatherworn  so  as  to  form  a 

transverse  section  somewhat  more  than  half  through  the  shell.  From  this 

the  above  notes  were  taken.  The  surface  as  represented  by  section  is 

unornamented,  for  the  line  representing  the  outer  face  is  simple  and  entire. 

Although  a  certain  identification  is  impossible,  this  fact  operates  against 

referring  the  form  to  Pleurotomaria.  It  may  go  with  the  genus  Palseo- 
trochus,  but  is  distinct  from  anything  yet  referred  thereto. 

Formation  and  locality:  Three  Forks  limestone,  north  side  of  saddle 

west  of  Mount  Miller,  Absaroka  Range;  Louis  V.  Pirsson. 

LOXONEMA  Phillips,  1841. 

LOXONEMA   DELICATUM    n.  Sp. 

PL  LXVI,  fig-.  6a. 

Shell  very  small,  elongate.  Spire  consisting  of  about  five  volutions; 

whorls  well  rounded  and  suture  line  depressed.     Aperture  nearly  circular. 

The  specimen  described  is  a  cast,  not  showing  any  surface  characters. 
It  is  found  associated  with  Platystoma  minutum  and  other  gastropods  (see 

ante,  p.  482). 

Formation  and  locality:  Three  Forks  limestone,  south  side  of  Soda 

Butte  Creek,  northeast  of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings. 

PLATYSTOMA  Conrad,  1842. 

Platystoma  minutum  n.  sp. 

PL  LXVI,  figs.  7a,  76. 

Shell  extremely  small,  conical,  flattened.  Spire  low  and  consisting  of 

about  three  volutions.  Aperture  somewhat  oblique,  elongate,  elliptical. 

Surface  nearly  smooth,  ornamented,  if  at  all,  only  with  lines  of  growth. 
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This  species  occurs  at  the  south  side  of  Soda  Butte  Creek,  northeast 

of  Abiathar  Peak,  Absaroka  Range,  associated  with  Loxonema  delicatum  and 

a  number  of  other  gastropod  forms  too  imperfect  for  description  (see 

aute,  p.  482). 

Formation  and  locality :  Three  Forks  limestone,  south  side  of  Soda 

Butte  Creek,  northeast  of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings. 

LOWER   CARBONIFEROUS. 

PROTOZOA. 

ENDOTHYRA  Phillips,  1845. 

Endothyra  baileyi  var.  parva  n.  var. 

PI.  LXXI,  figs.  13a,  136,  13c. 

This  form  is  known  only  by  microscopic  sections  and  therefore  very 

inadequately ;  but  the  correctness  of  the  reference  to  Endothyra  seems 

unquestionable,  and  I  am  even  in  doubt  whether  it  is  varietally  distinct 

from  Hall's  species.  So  far  as  my  observations  go,  it  is  never  much  over 

half  the  size  of  Endothyra  baileyi,1  and  is  more  simple — i.  e.,  less  numerously 
chambered.  Although  these  characters  are  ordinarily  of  questionable  diag- 

nostic value,  appearing  as  it  does  in  quite  different  associations,  the  Western 

form  seems  worthy  to  be  classed  as  a  distinct  variety.  And  it  is  not  improb- 
able that  a  study  of  the  shell  under  auspices  more  favorable  than  by 

microscopic  sections  will  more  fully  justify  the  distinction.  This  form 

should  be  compared  with  E.  bowmani  Phillips  and  E.  lobata  Brady,  which 

Brady2  considers  to  be  the  same  as  E.  baileiji.  They  are  less  robust  and 
more  simple  forms. 

Formation  and  locality:  Madison  limestone,  White  Mountain,  Absaroka 

Range;  Arnold  Hague.  Amphitheater  east  of  Bannock  Peak,  Gallatin 

Range,  bed  30;  Snake  River  Valley,  west  of  Two  Ocean  Plateau;  W.  H. 
Weed. 

'  See  PI.  LXXI,  figs.  12a,  126. 
2  Pakeontographical  Soc,  Vol.  XXX,  p.  92,  PI.  V,  figs.  1-4. 
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PORIFERA. 

HOLASTERELLA  Carter,  1852. 

HOLASTERELLA    WRIGHTI    vai\   AMERICANA    11.  Vai\ 

PI.  LXXI,  fig.  11«. 

The  only  trace  of  sponge  remains  which  has  been  observed  in  Yellow- 
stone National  Park  consists  of  two  or  three  delicate  silicified  spicules, 

which,  for  lack  of  a  better  designation,  I  have  called  by  the  above  name. 

While  closely  related  to  Garter's  species,1  I  think  it  is  undoubtedly  distinct. 
At  the  same  time,  in  view  of  the  limited  amount  of  material  at  my  disposal, 

I  do  not  feel  justified  in  proposing  a  new  specific  name,  while  the  occurrence 

of  the  form  seemed  worthy  of  notice  and  a  name  of  some  sort  desirable. 

The  spicules  in  question  are  of  the  regular  hexactinellid  type.  The 

six  arms  are  stout  and  short,  each  quickly  subdividing  into  four  long 

tapering  branches.  These  are  set  at  an  acute  angle  with  one  another,  and 

ornamented  with  fine  nodes,  which  tend  to  an  arrangement  in  transverse 

rows,  giving  the  branches  a  finely  annulated  appearance. 

The  genus  Holasterella,  so  far  as  I  am  aware,  is  restricted  in  its  range 

to  Lower  Carboniferous  strata;  and  this  is  the  first  notice  of  its  occurrence 

in  this  country. 

Formation  and  locality:  Madison  limestone,  divide  between  Gallatin 

Valley  and  Panther  Creek,  near  Bighorn  Pass,  Gallatin  Range,  bed  24; 

Arnold  Hague. 

C(ELENTERATA. 

AULOPORA  Goldfuss,  1826. 

AULOPORA    GEOMETRICA   11.    Sp. 

PI.  LXVII,  fig.  Crt, 

Corallumfree  (?),  spreading.  Corallites  small,  each  regularly  budding 

off  two  other  individuals,  which  diverge  at  an  angle  of  about  120°,  so  that 

the  colony  as  a  whole  presents  a  regular  network  with  hexagonal  openings. 

Length  of  corallites  about  5  mm.;  diameter,  from  1.25  to  1.5  mm 

■  See  Carter,  1880:  Ami.  Mag.  Nat.  Hist.,  Vol.  VI,  p.  209,  t.  14b,  figs.  1-17;  and  Hiude,  1883:  Cat. 

Foss.  Sponges,  Brit.  Mus.,  p.  153,  PI.  XXXII,  figs.  i-lg. 
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This  species  is  interesting  as  being  the  first  representative  of  the  genus 

Aulopora  described  from  the  Carboniferous  rocks  of  this  country.  The 

form  in  question  presents  some  apparent  divergences  from  typical  Aulopora 

habit  and  structure,  such  as,  if  they  could  be  established,  would  be  suffi- 
cient for  generic  differentiation.  However,  I  have  but  one  specimen  of  the 

species,  and  it  does  not  afford  conclusive  evidence  on  the  points  in  question. 

The  corallum  appears  to  have  been  free,  or  at  all  events  to  have  outrun  the 

surface  on  which  it  was  creeping,  and  the  unannexed  portion  to  have  been 

broken  away;  for  there  is  no  evidence  of  attachment  in  its  present  condition. 

The  corallites  are  small  and  cut  up  internally  by  irifundibuliform  dissepimental 

tissue,  somewhat  as  in  Syringopora.  At  least,  there  are  usually  to  be  seen 

one  or  more  cylindrical  walls  internally  concentric  with  the  theca.  It  may 

be  thought,  and  perhaps  correctly,  that  this  is  the  initium  of  a  Syringoporoid 

colony.  As  against  this  view,  it  may  be  stated  that  no  such  colonies  are 

known  from  the  locality  in  question,  nor  would  the  hypothetical  colony 

restored  from  this  initium  probably  agree  specifically  with  any  yet 
discovered  in  the  Yellowstone  Park. 

Formation  and  locality:  Madison  limestone,  Bighorn  Pass,  Gallatin 

Range,  cherty  belt;  Arnold  Hague. 

SYRINGOPORA  Goldfuss,  1826. 

Syringopora  aculeata  n.  sp. 

PL  LXVII,  figs.  5a,  56. 

Corallum  large,  never  favositiform ;  corallites  small,  radiating,  sepa- 

rated by  distances  varying  from  one-half  to  five  or  six  times  the  diameter 

of  the  average  corallite.     Usually  about  1  diameter  apart. 
Corallites  about  1.5  mm.  in  diameter.  Septa  represented  by  spines 

set  in  about  twenty-five  vertical  rows.  The  number  appears  to  be  varia- 
ble, and  can  not  be  stated  with  exactness.  The  spines  are  long  and  very 

numerous,  so  that  they  form  a  striking  feature  in  any  transverse  or  longitudi- 
nal section.  Dissepimental  structures  well  developed,  spinose,  vesiculose 

infundibuliform,  the  dissepimental  plates  converging  very  gradually. 

Formation  and  locality:  Madison  limestone,  White  Mountain,  Absaroka 

Range;  Arnold  Hague.  Crowfoot  Ridge,  Gallatin  Range,  bed  29;  J.  P. 

Iddings  and  W.  H.  Weed. 
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Syeingopoea  sueculaeia  n.  sp. 

PL  LXVII,  figs.  4«,  ib. 

Similar  to  the  above,  but  larger.  Average  diameter  of  individual 

corallites,  2.5  mm.  Walls  thickened  by  stereoplasma.  Infundibuliform 

dissepimental  tissue  well  developed,  spinulose;  the  spines  appear  as  nodes 

of  greater  or  less  prolongation,  often  radially  directed  between  parallel 

dissepiments.  They  are  irregular,  however,  have  no  constant  connection 

with  the  spiniform  septa,  and  never  give  the  corallite  the  septate  appearance 

of  rugose  corals. 

This  species  is,  in  a  general  way,  very  close  to  the  preceding,  but  the 

eye  differentiates  them  at  a  glance  on  the  basis  of  size.  The  walls  of  8.  sur- 
cularia  are  more  thickened  by  stereoplasma  than  are  those  of  S.  aculeata, 

and  the  septal  spines,  which  are  embedded  in  it,  appear  to  be  relatively  not 

so  long,  so  numerous,  nor  in  so  many  rows. 

Both  species  are  easily  distinguished  from  8.  multattenuata  McChes.,  by 

the  fact  that  the  corallites  in  the  latter  often  grow  in  contact  and  are 

scantily  supplied  with  septal  spines. 

Formation  and  locality:  Madison  limestone,  White  Mountain,  Absaroka 

Range;  Upper  Gallatin  Valley,  west  of  Bighorn  Pass;  Arnold  Hague. 

Crowfoot  Ridge,  Gallatin  Range,  bed  28;  J.  P.  Iddings  and  W.  H.  Weed. 
Head  of  Gallatin  River,  west  of  Three  River  Peak;  Arnold  Hague. 

MICHELINIA  DeKoninck,  1842. 

MlCHELINIA    PLACENTA   White. 

PL  LXVII,  tigs.  3«,  3b. 

Miclielinia  (?)  placenta  White,  1SS3:  Twelfth  Aim.  Rept.  U.  S.  Geol.  G-eogr.  Surv. 
Terr.,  Pt.  I,  p.  157,  PL  XXXIX,  tigs.  la-Id. 

This  species  is  known  at  two  localities  in  the  Yellowstone  National  Park. 

It  appears  to  be  the  same  form  described  by  White,  from  Sedalia,  Missouri, 

where  it  occurs  at  the  top  of  the  Chouteau  limestone.  I  have  not  seen 

specimens  from  White's  locality,  but  his  description  and  figures  show  the 
two  forms  to  be  very  similar. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin 

River  west  of  Electric  Peak;  divide  between  Gallatin  Valley  and  Panther 

Creek,  near  Bighorn  Pass,  Gallatin  Range,  bed  24;  Arnold  Hague.  Top  of 

the  Chouteau  limestone,  Sedalia,  Missouri. 
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MENOPHYLLUM  Milne  Edwards  and  Haime,  1850. 

MENOPHYLLUM  (?)  EXCAVATUM  11.  Sp. 

PI.  LXVII,  flgs.  la,  lb,  lc,  Id,  le,  If. 

Corallum  simple,  regularly  and  rather  rapidly  expanding,  very  slightly 

curved.  Length  of  an  average  specimen,  41  mm.;  diameter  at  the  top, 

23  mm.  Septa  of  two  series.  Calyce  very  deep,  half  or  more  than  half 

the  entire  length  of  the  corallum.  In  the  calyce  the  primary  septa  are  short 

and  the  secondary  septa  shorter  still.  .  Below,  only  the  primaiy  septa  are 

well  developed.  They  are  there  sometimes  so  thickened  by  stereoplasma 
as  to  make  the  bottom  of  the  corallum  almost  solid.  There  is  no  columella 

nor  dissepimental  development,  but  a  well-marked  fossula  is  always  present. 
The  deep  calyce  uninterrupted  by  transverse  partitions,  the  smaller 

number  of  septa,  and  large  fossula,  strongly  characterize  this  form 

There  is  only  one  species  of  Menophyllum  known  heretofore,  M.  tenui- 
marginatum; and  M.  excavatum  is,  so  far  as  I  am  aware,  the  first  reference  made 

to  the  genus  in  this  country.  This  reference  may,  however,  perhaps  justly 

be  called  in  question,  since  M.  tenuimarginatum  is  said  to  possess  crescent- 

shaped  tabulae,  and  to  be  allied  to  Amplexus,  while  M  excavatum  is  without 

tabula?  and  dissepimental  tissue.  On  the  other  hand,  as  seen  in  transverse 

sections,  the  structure  of  the  two  forms  seems  to  be  so  closely  analogous 

that  I  can  not  but  believe  that,  if  not  congeneric,  M.  excavatum  is  at  least 

nearly  allied  to  M.  tenuimarginatum.  It  resembles  the  genus  Cyathaxonia 

in  being  without  tabulse  or  dissepiments,  but  differs  from  it  in  lacking  a 

columella  as  well.  I  have  avoided  the  genus  Petraia,  which  is  perhaps 

founded  on  a  similar  type,  for  it  is  little  known  and  can  scarcely  be  regarded 

as  well  established.  Nor  do  I  believe  a  reference  to  Zaphrentis  to  be  war- 

ranted, for,  as  before  stated,  M.  excavatum  is  without  endothecal  structure 

except  the  septa,  and  the  manner  in  which  the  ends  of  all  the  septa  are  bent  to 

form  an  inclosing  wall  for  the  fossula  is  very  characteristic, 

Compared  with  M.  tenuimarginatum,  M.  excavatum  has  fewer  primary 

septa,  and  those  of  the  second  order  are  not  so  well  developed. 
The  structures  of  the  earlier  corallum  of  this  coral  have  not  been 

observed.  The  secondary  septa  attain  only  an  inconsiderable  development. 

There  are  about  twenty-six  primary  septa,  which  are  bent  at  the  ends  and  so 
united  as  to  leave  a  large  fossula,  reaching  to  the  center  of  the  theca.     The 
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fossula  is  bisected  by  a  cardinal  septum,  which  also  reaches  to  the  middle 

and  is  there  connected  with  the  other  septa.  The  theca  and  all  the  septa, 

except  the  cardinal  septa,  are  sometimes  so  thickened  by  stereoplasmic 

deposits  as  to  form  a  nearly  solid  mass,  obscuring  details  of  arrangement. 

This  description  is  taken  from  a  section  below  the  calyce,  well  down  in  the 

septate  portion. 

A  section  through  another  coral,  apparently  at  a  somewhat  later  stage 

than  the  above,  shows  a  very  interesting  condition.  The  septa  on  one  side 

of  the  theca,  about  fifteen  in  number,  are  inclined  toward  a  point,  eccentric, 

and  lying  within  the  diametral  segment  under  discussion.  Their  ends  are 

bent  and  connected  by  a  thick  stereoplasmic  deposit  into  a  counterseptal 

wall.  There  are  twelve  other  septa.  Of  these,  six  on  one  side  and  five  on 

the  other  are  inclined  toward  the  visceral  wall  aforesaid,  and  their  bent 

ends  are  united  into  a  partition  which,  in  one  case,  appears  to  connect  with 

the  counterseptal  wall,  and  in  the  other  is  still  free.  This  leaves  a  wide 

terminally  inflated  fossula,  but  the  septum  occupying  it,  or  cardinal  septum, 

is  very  short.     There  is  no  stereoplasmic  thickening. 

Another  section  through  the  same  specimen,  at  a  point  farther  from 

the  apex,  shows  the  primary  septa  (twenty-nine  in  number)  inclined 
and  with  bent  terminations  as  before  described,  but  not  extended  so  as  to 

form  by  their  ends  three  visceral  partitions — a  counterseptal  and  two  alar. 

The  secondary  septa  are  represented  by  low  ridges.  The  fossula  is  strongly 

marked.  It  is  partly  distinguished  by  the  nondevelopment  of  the  fossular 

septum,  which  is  scarcely  more  strong  than  the  two  secondary  septa 

between  which  it  stands;  and  all  the  septa  diminish  in  size  as  they  approach 
the  cardinal  septum. 

Another  section,  farther  toward,  yet  still  some  distance  from,  the  mouth 

of  the  calyce,  shows  thirty  short  primary  septa  with  as  many  still  shorter 

secondary  septa.  The  general  position  alone  of  the  fossula  is  indicated  by 

the  obsolescence  of  the  septa  in  that  region. 

Formation  and  locality:  Madison  limestone,  near  summit  of  ridge, 

west  end  of  Hunter  Peak,  Absaroka  Range;  Upper  Gallatin  Valley  west 

of  Bighorn  Pass;  Arnold  Hague.  Crowfoot  Ridge,  Gallatin  Range,  bed 

25,  lower  part  of  bed  27,  bed  31 ;  J.  P.  Iddings  and  W.  H.  Weed.  South 

of  Forellen  Peak,  Teton  Range ;  S.  L.  Penfield.  South  base  of  Quadrant 

Mountain,  Gallatin  Range ;  J.  P.  Iddings.  Crowfoot  Ridge,  Gallatin 

Range,  cherty  limestone,  top  of  bed  24 ;  A.  C.  Gill. 
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LITHOSTROTION  Lhwyd,  1869. 

LlTHOSTROTION    Sp. 

Corallum  compound,  massive.  Corallites  small,  about  7  mm.  in 

diameter,  polygonal.  There  are  usually  in  the  neighborhood  of  thirty 

radiating  septa,  alternately  long  and  short.  The  longer  ones  extend  almost 

to  the  center.  Transverse  sections  show  that  the  whole  interseptal  space  is 

more  or  less  vesicular.  Toward  the  periphery  the  vesicular  tissue  is  coarse, 

stretching  in  extended  loops,  among  which,  in  some  individuals,  the  periph- 
eral ends  of  the  septa  lose  themselves.  In  others  the  septa  can  be  traced 

quite  to  the  inclosing  wall.  Toward  the  center  the  vesicular  appears  to 

o-ive  place  to  dissepimental  tissue,  and  regularly  a  series  of  these  dissepi- 
ments equally  distant  from  the  center  are  thickened  and  joined  together  to 

form  a  sort  of  inner  wall.  This  inner  wall  is  circular  in  section,  having  a 

diameter  of  about  4  mm.  The  septa,  too,  appear  thicker  and  denser  at  this 

point,  so  that  the  demarcation  between  the  inner  and  outer  zones  is  well 

marked.  In  the  inner  zone  is  found  localized  dissepimental  tissue,  which 

usually  unites  to  form  one  or  two  concentric  sheaths  about  the  columella. 

The  latter  is  linear,  often  united  at  either  end  with  two  opposite  septa  which 

bisect  the  corallite  and  give  it  a  conspicuous  bilateral  symmetry.  The 

other  primary  septa  terminate  in  one  of  the  columella  sheaths,  as  do  often 

all  the  primary  septa. 

The  calyces  are  deep,  flaring  toward  their  mouth.  The  columella 

projects  from  the  center  of  each,  high,  thin,  and  knifelike  above,  but  below 

thicker  and  complicated  with  ridges.  About  thirty  alternating  septa  are 

present,  of  which  the  primary  ones  descend  into  the  calyce  and  unite  with 

the  columella  at  its  thicker  complicated  base. 

Longitudinal  sections  where  not  central  show  an  outer  vesicular  zone, 

the  strong  vesicle  walls  curving  downward  and  overlapping,  thus  forming 

by  their  inner  surface  the  so-called  inner  wall  of  the  theca.  Within  this 
are  the  vertical,  parallel,  cut  edges  of  the  septa  intersected  by  dissepiments, 

or  what  appear  sometimes  to  be  upward-arching  tabulae.  In  a  section 
through  the  columella  the  septa  are  not  seen,  only  the  upcurving  tabulae, 

cut  by  the  linear  columella. 
Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

MON  XXXII,  PT  II   33 
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Range,  bed  28 ;  J.  P.  Iddings  and  W.  H.  Weed.     Head  of  Gallatin  River, 

west  of  Three  River  Peak ;  Arnold  Hague. 

CLISIOPHYLLUM  Dana,  1846. 

Clisiophyllum  teres  n.  sp. 

PI.  LXVII,  figs.  2a,  2b,  2c,  2d. 

Corallum  of  medium  size,  tapering,  slightly  curved,  and  often  laterally 

compressed;  but  little  marked  by  constrictions  and  irregularities  of  growth. 

Length  from  75  to  100  mm.;  diameter  of  about  25  mm.  There  are  fifty- 
three  septa  of  the  first  order;  secondary  septa  short  and  coalescing  with 

the  primary  ones.  Columella  small,  complex,  composed  of  radiating  and 

concentric  plates.  The  primary  septa  extend  to  the  center  and  are  there 

connected  with  the  columella,  about  which  they  twist.  Dissepimental  tissue 

present  in  moderate  abundance.  Fossula  well  marked,  situated  on  the 

convex  side,  bisected  by  the  fossular  septum. 

This  description  is  not  taken  from  any  one  specimen,  but  is  the  result  of 

observations  made  on  somewhat  fragmentary  material  from  several  localities. 

The  specimen  figured  is  a  somewhat  undersized  individual,  from  the 

summit  of  Three  River  Peak,  referred  to  this  species.  A  section  taken 

where  the  diameter  is  only  7.5  mm.  shows  thirty-two  (primary)  septa, 
which  are  thick  and  straight,  joining  tlie  columella,  like  radii  drawn  from 

the  center  of  a  circle,  and  not  twisting  around  it,  as  they  do  later.  The 

columella  is  large,  apparently  solid,  showing  a  diametric  line  of  greater 

density  in  the  direction  of  the  fossular  septum.  Fossula  large.  Dissepi- 
ments numerous  and  rather  regularly  disposed,  but  not  enough  to  suggest 

tabula?,  which  appear  to  be  absent.  No  secondary  septa  have  yet  made 

their  appearance. 
A  section  taken  near  the  distal  extremity,  where  the  diameter  is  about 

14  mm.,  shows  a  different  condition.  It  appears  to  intersect  a  basin- 

shaped  tabula,  or  perhaps  the  floor  of  the  calyce,  for  we  see  the  appearance 

of  a  strong  inner  wall,  which  is  evidently  traversed  oblicpely  by  the  plane 

of  the  section.  It  is  decidedly  eccentric,  being  only  about  2.5  mm.  from 

the  periphery  at  the  fossula  and  twice  as  far  at  the  opposite  diameter. 

This  tabula  is  apparently  dissepimental  in  its  nature,  and  not  an  inner  wall, 

because  it  does  not  begin  at  the  bottom  of  the  theca,  because  it  is  seen  in 

section  to  be  strongly  divergent,  and  because  it  depends  for  its  expression 
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upon  the  primary  septa,  between  which  it  is  renewed  at  each  interval.  The 

primary  septa  are  more  numerous  here,  and  the  peripheral  portion,  like  the 

floor  of  the  calyce,  is  dense  with  stereoplasma;  but  within  the  second  wall 

they  become  suddenly  extremely  thin,  sweeping  in  a  strong-  curve  about 
the  rather  large,  solid  columella,  Dissepiments  nearly  absent.  The  sec- 

ondary septa  also  have  appeared,  but  bend  abruptly  to  the  left  (looking 

into  the  theca)  and  unite  with  the  primary  septa,  The  columella  at  this 

point  has  become  distinctly  compound. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream;  White 

Mountain,  Absaroka  Range;  Arnold  Hague.  East  side  of  Gallatin  River, 
west  of  Electric  Peak;  divide  between  Gallatin  River  and  Panther  Creek, 

Gallatin  Range;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  bed  28; 

J.  P.  Iddings  and  W.  H.  Weed.  East  slope  of  Survey  Peak,  Teton  Range; 
S.  L.  Penfield.     Summit  of  Three  River  Peak. 

ECHIXODERMATA. 

PLATYCRINUS  Miller,  1821. 

Platycrinus  symmetricus  Wachsmuth  and  Springer. 

Platycrinus  symmetricus  Wachsmuth  and  Springer,  1890:    Geol.  Surv.  Illinois,  Vol. 

VIII,  p.  186,  PI.  XV,  fig.  8. 

The  material  examined  is  unsatisfactory  in  that  it  has  not  permitted 

the  determination  of  the  structure  of  the  arms  with  absolute  certainty,  while 

the  character  of  the  vault  is  completely  hidden.  The  suture  lines  of  the 

five  basals  are  quite  invisible,  forming  an  apparently  solid  and  rather  large 

basal  disk.  The  first  radials,  as  in  P:  symmetricus,  are  slightly  higher  than 

wide ;  indeed,  the  whole  calyx  structure  appears  to  be  as  Wachsmuth  and 

Springer  have  described  it,  except  that  the  suture  lines  are  not  indented  as 

in  the  Iowa  form,  the  whole  surface  being  in  the  plane  of  curvature.  The 

absence  of  this  character  (the  impressed  suture  lines)  may  be  the  result  of 
weathering. 

There  are,  apparently,  thirty  arms  with  the  same  structure  as  those  of 

P.  symmetricus,  but  I  can  not  assert  this  absolutely. 

P.  haydeni  Meek,  described  from  Montana,1  differs  from  the  form  in 

'Meek,  1873:  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1*72,  p.  469;  White,  18*3:  Ibid,  for  1878,  Pt.  I, 

p.  122,  P1.XXXII1,  fig.  7a. 
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question  in  being-  much  smaller  and  in  having  twenty  instead  of  thirty 
arms.  The  constituent  plates  appear  to  be  sculptured,  and  to  have  elevated 

margins,  while  this  is  not  the  case  with  the  form  referred  to  P.  symmetrieus, 

although  preservation  may  have  obscured  this  character. 

I  believe  this  species  to  be  identical  with  that  which  White  described 

and  figured  as  Platycrinus  sp.,2  although  it  is  impossible  to  be  certain  upon 
this  point,  as  neither  material  is  very  good. 

Formation  and  locality :  Madison  limestone,  divide  between  Gallatin 

River  and  Panther  Creek,  Gallatin  Range ;  head  of  Conant  Creek,  Teton 

Range ;   W.  H.  Weed.     Kinderhook  beds,  Legrand,  Iowa. 

SCAPHIOCRINUS  Hall,  1858. 

SCAPHIOCRINUS   sp. 

This  form  has  a  rather  small  cup-shaped  calyx,  about  19  mm.  high 
and  19  mm.  in  greatest  diameter.  There  are  five  large  basals,  above 

which  are  a  number  of  smaller  plates;  but  the  summit  of  the  calyx  is 

incomplete  and  the  outline  of  the  plates  is  obscured  by  exfoliation,  so  that 

even  the  generic  position  is  only  approximately  correct, 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  28;  J.  P.  ladings  and  W.  H.  Weed. 

BRYOZOA. 

ANISOTRYPA  Ulrich,  1883. 

Anisotrypa  sp. 

This  genus  is  not  yet  known  below  the  Keokuk.  It  is  represented  in 

the  Yellowstone  National  Park  collection  but  from  one  locality  and  by  a 

single  species.  This  grows  in  a  hollow  club-shaped  zoarium,  enlarged  and 
rounding  at  one  end.  Diameter  of  the  branch,  from  5  to  7  mm.  Height 

of  the  zooidal  tubes,  which  measures  the  thickness  of  the  zoarium,  is  very 

slio'ht,  amounting  to  less  than  1  mm.  Diameter,  about  0.4  mm.  The  zooidal 

tubes  seem  to  be  nearly  uniform  in  size,  and  I  have  not  been  able  to  dis- 

tinguish clusters  of  larger  cells.     Such  may,  however,  exist. 

This  species  appears  to  be  distinct  from  any  known  representation  of 

the  genus. 

•Wheeler's  U.  S.  Geog.  Surv.  W.  100th  Merid.,  Vol.  IV,  1877.  p.  81,  PI.  V,  fig.  2. 
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Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  31;  J.  P.  Iddings  and  W.  H.  Weed. 

ERIDOPORA  Ulrieh,  1882. 

Eridopora  (?)  sp. 

Quite  abundant  at  the  head  of  Conant  Creek,  Teton  Range,  on  speci- 
mens of  Seminula  maclisonensis,  is  a  low  incrusting  bryozoan,  whose  exact 

affinities  among  known  forms  I  have  been  unable  to  determine.  It  seems 

to  be  related  to  the  genus  Fistulipora.  The  colony  is  not  maculate,  the 

cell  walls  rather  thick,  the  cells  very  short,  usually  nearly  square  and 

arranged  in  somewhat  curving  rows,  about  four  in  the  space  of  1  mm. 

Often  at  the  angle  between  four  cells,  sometimes  situated  laterally  between 

two  of  them,  may  be  seen  one  or  perhaps  two  minute  interstitial  cells, 

which  are  not  seen  on  the  surface  (!).  Younger,  or  perhaps  better  pre- 
served, parts  of  the  colony  show  the  terminal  portions  of  the  cells  to  be 

cylindrical,  slantingly  superjacent,  somewhat  contracted  at  the  circular  (!) 

aperture.  It  is  owing  probably  to  erosion  that  the  distal  portions  of  the 

colony  are  missing,  which  leaves  exposed  below  the  angular  crowded  cells 

of  the  colony,  as  seen  under  ordinary  conditions. 

For  a  Fistuliporid  the  intermediate  cells  are  extremely  scarce. 

Formation  and  locality:  Madison  limestone,  head  of  Conant  Creek, 
Teton  Range;  W.  H.  Weed. - 

PTILOPORA  McCoy,  1844. 

Ptilopora  sp. 

Zoarium,  an  extended,  Fenestella-like  frond.  Reverse:  Midrib  large, 

about  0.5  mm.  in  diameter,  very  prominent,  cylindrical,  without  ornamenta- 

tion except  for  a  median  row  of  strong  distant  nodes.  Branches  given  off 

pinnately  at  an  angle  of  about  30°.  Occasionally  from  these  secondary 
branches,  branches  of  a  third  series  are  developed,  but  on  the  distal  side 

only,  at  the  same  angle  (30°).  The  midrib  is  conspicuously  larger  than  the 
branches,  which  are  uniform  and  about  fourteen  in  1  cm.  Dissepiments  of 

nearly  the  same  size  as  the  branches,  and,  like  them,  without  ornamentation. 

Fenestrules  square  to  rectangular,  with  an  angular  outline;  about  fourteen 
in  1  cm. 
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Obverse:  Midrib  with  two  or  three  rows  of  small,  circular,  zocecial 

apertures  (exact  number  not  ascertained).  Branches  with  a  double  row  of 

alternate  circular  apertures,  three  to  four  opposite  each  fenestrate,  making 

about  fifty  in  1  cm. 

The  genus  Ptilopora  ranges  from  the  Hamilton  to  the  base  of  the  Coal 

Measures,  but,  after  occurring  in  the  Hamilton,  it  does  not  reappear  until  the 

Burlington,  where  a  single  species  is  known.  The  form  from  the  Yellow- 
stone National  Park  is  distinct  from  anything  yet  described. 

Formation  and  locality :  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  24;  J.  P.  Iddings. 

STICTOPORELLA  Ulrich,  1882. 

Stictoporella  (!)  sp. 

By  this  name  I  wish  to  designate  a  frondose  Bryozoan  colony  not 

more  than  1  mm.  thick,  but  fully  2  mm.  across,  and  apparently  bifurcate, 

or  at  all  events  bilobate.  Both  surfaces  are  alike,  showing  the  circu- 

lar apertures  of  numerous  thick-walled  pores,  which  are  about  0.5  mm. 
apart  (measuring  from  the  farthest  walls),  and  without  any  conspicuous 

order  of  arrangement.  The  intervening  space  is  filled  in  with  a  large  num- 
ber of  more  or  less  circular  mesopores,  and  the  surface  as  a  whole  is  raised 

at  intervals  into  low  rounded  monticules,  which  factor  seems  not  to  affect 

the  size  or  disposition  of  the  zooidal  openings. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  28;  J.  P.  Iddings  and  W.  II.  Weed. 

FENESTELLA  Lonsdale,  1839. 

This  genus  is  represented  at  several  localities,  and  by  a  number 

of  forms,  but  as  the  material  is  both  fragmentary  and  poorly  preserved, 

and  when  fragmentary  can  not  always  be  distinguished  from  Archimedes, 

nor  even  from  Ptilopora,  I  have  not  attempted  to  make  specific  determi- 
nations. 

At  the  locality  on  the  east  side  of  Lamar  Valley,  mouth  of  Soda  Butte 

Creek,  Absaroka  Range,  there  are  probably  two  forms  present.  One  has 

very  slender  branches  and  thin  dissepiments,  leaving  elongate  angular 

fenestrates  from  2  to  3  mm.  long  and  0.5  mm.  broad.     This  is  a  very  regular 
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form;  the  branches  are  thin,  straight,  and  parallel,  and  the  bifurcations 

infrequent.  The  other  species  is  finer,  more  delicate,  and  very  irregular. 

The  material  at  this  locality  is  preserved  as  red  ferruginous  impressions  in 

an  ocher-coiored  argillaceous  limestone,  and  no  details  of  structure  could 
be  ascertained. 

At  the  head  of  Conant  Creek,  Teton  Range,  Fenestella  is  the  most 

common  fossil  present.  It  is  preserved  chiefly  as  casts  in  a  hard,  whitish 

limestone,  and  two  species  can  probably  be  distinguished.  The  first  is 

very  regular  in  growth  and  attains  large  size.  One  incomplete  fragment 

is  5.5  cm.  across.  The  dissepiments  and  branches  are  nearly  equal  in  size, 

the  fenestrules  oval  or  subcircular.  Measuring  radially,  there  are  ten  or 

eleven  fenestrules  in  10  mm.,  and  sixteen  or  seventeen  measuring  trans- 

versely. There  are  three  cells  opposite  each  fenestrule.  Another  probably 

distinct  species  is  quite  similar  in  general  appearance,  but  more  delicate 

than  the  last.  Fenestrules  nearly  circular,  eighteen  or  nineteen  occurring 

in  a  radial  direction  of  10  mm.,  and  twenty-five  or  twenty-six  in  the  same 
distance  measured  at  right  angles  to  the  first. 

Another  species  is  found  in  bed  28,  Crowfoot  Ridge,  Gallatin  Range. 

The  frond  is  quite  regular,  branches  the  same  size  as  the  dissepiments. 

The  fenestrules  are  long,  elliptical,  eleven  or  twelve  in  10  mm.,  radially 
measured,  and  seventeen  in  transverse  direction.  Twelve  or  thirteen  zooecia 

are  found  opposite  four  fenestrules  (thirty-four  to  thirty-six  in  10  mm.). 
Another  type,  from  the  top  of  bed  24,  Crawford  Ridge,  Gallatin  Range, 

is  perhaps  specifically  related  to  the  last.  It  is  somewhat  coarser,  with 

stronger  branches  and  dissepiments.  Fenestrules  oval,  about  nine  in  10  mm. 

radially  and  fifteen  or  sixteen  transversely.  Eleven  to  thirteen  zocecia 

opposite  three  fenestrules  (about  thirty  in  10  mm.). 

ARCHIMEDES  Lesueur,  1842. 

Archimedes  sp. 

The  axis  of  this  form  has  not  been  observed,  but  the  peculiar  manner 

in  which  the  branches  overlie  one  another  can  not  be  mistaken,  and  makes 

the  generic  reference  certain.  It  has  not  been  possible  to  make  sufficiently 

detailed  observations  on  which  to  base  a  specific  description.  The  branches 

are  rather  slender,  not  frequently  bifurcating,  about  twenty-six  in  the  space 
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of  1  cm.  Dissepiments  more  slender,  regular,  uniform,  twenty  to  twenty- 

three  in  the  space  of  1  cm.  Fenestrules  a  little  longer  than  wide,  subquad- 
rate  in  outline,  angular.  Zooecia  in  two  rows,  circular,  about  three  to  each 

fenestrule,  amounting  to  between  fifty  and  sixtv  in  the  space  of  1  cm.  It 

will  be  seen  that  while  the  description  shows  this  form  to  be  close  to  several 

known  species  (A.  distans,  A.  invaginatus  of  the  Chester,  A.  negligens  of  the 

Keokuk),  it  is  not  specifically  the  same  as  any  of  them.  Several  other 
Fenestellids  occur  in  the  same  beds,  but  their  condition  does  not  warrant  the 

attempt  to  identity  them. 

Formation  and  locality :  Madison  limestone,  south  of  Forellen  Peak, 

Teton  Range ;   S.  L.  Penfield. 

CRANIA  Retzius,  1781. 

Crania  LiEvis  Keyes. 

PI.  LNVIII,  fig.  la. 

Crania  lewis  Keyes,  1894:  Geol.  Surv.  Missouri,  Vol.  Y,  Pt.  II,  p.  40. 

The  single  specimen  by  which  this  species  is  represented  is  somewhat 

crushed,  but  appears  to  be  of  an  elliptical  or  subcircular  shape,  the  larger 

diameter  being  23  mm.,  the  shorter  about  19  mm.  Beak  lying  in  the  short 

diameter,  and  eccentric  with  regard  to  the  long  one.  Side  nearest  to  it  some- 

what truncated.  Convexity  moderate,  about  7.15  mm.  Surface  smooth, 

without  radiating  stria?,  but  with  fine  concentric  lines  of  growth. 

Keyes's  description,  which  is  unaccompanied  by  fig-ures,  is  very  brief 
and  contains  little  which  is  of  value  in  identifying  species.  According  to 

the  original  description,  C.  Icevis  is  rather  above  the  medium  size,  somewhat 

depressed,  apex  subcentral,  outline  subcircular,  truncate.  Smooth  but  for 

fine  concentric  lines.  In  all  these  points  the  Yellowstone  National  Park 

form  agrees  with  C.  Icevis,  which  is  furthermore  said  to  occur  in  rocks  of 

Waverly  and  Burlington  age. 

Only  four  species  of  Crania  have  been  described  from  Carboniferous 

strata :  Crania  Icevis  Keyes,  Crania  rowleyi  Curley,  Crania  permiana  Shu- 
mard,  and  Crania  modesta  White  and  St.  John.  The  first  two  are  of 

Waverly  age,  the  last  two  of  Upper  Carboniferous.  It  is  extremely 

improbable  that  either  C.  modesta  or  C.  permiana  would  be  found  in  these 

beds  associated  with  low  Lower  Carboniferous  fossils,  while  C.  rowleyi  is 
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much  smaller  than  the  form  under  discussion,  and  ornamented  with  closely 

arranged  radiating  stride.  Thus  there  is  presumptive  as  well  as  direct 

evidence  that  the  individual  here  referred  to  C.  Icevis  Ke}Tes  is  correctly 
identified. 

Formation  and  locality :  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  24 ;  J.  P.  Iddings.  Chouteau  limestone,  Louisiana, 

Missouri.      Burlington  limestone,  Louisiana,  Missouri. 

RHIPIDOMELLA  Oehlert,  1880. 

Rhipiuomella  michelini  Leveille. 

Terebratula  michelini  Leveille,  1835:  M6m.  Soc.  Geol.  France,  1st  series,  Vol.  II,  p.  39, 

PI.  II,  figs.  11-17. 
Orthis  michelini  Tandell  and  Skutuard,  1847 :  Contributions  Geol.  Kentucky,  p.  21. 

Wmchell  (A.),  1865:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  11G.     (?)  Wiuchell  (A.), 
1870 :  Proc.  Am.  Phil.  Soc,  Vol.  XI,  p.  251.     ( ?)  Hall,  18S3 :  Second  Ann.  Rept. 

New  York  State  Geologist,  PI.  XXXVI,  figs.  19-21. 
Bliipidomella  michelini  Hall  and  Clarke,  1S92 :  Pal.  New  York,  Vol.  VIII,  Pt.  I,  pp. 

194-225,  PI.  6«,  fig.  12. 

This  form  is  rare,  and  the  material  almost  too  poor  for  identification. 

As  far  as  it  is  possible  to  judge,  it  is  identical  with  R.  michelini  as  identified 

from  the  Waverly  of  Richfield,  Summit  County,  Ohio,  and  from  Cuyahoga 

County,  Ohio.  The  latter  is  a  small  form,  subcircular;  width,  9.5  mm; 

length  slightly  less,  not  very  gibbous,  marked  by  about  one  hundred 

regular  strige. 
Rhipidomella  michelini  occurs  in  two  localities  in  the  Yellowstone 

National  Park. 

Formation  and  locality:  Madison  limestone,  amphitheater  east  of 

Bannock  Peak,  Gallatin  Range,  bed  27;  east  side  of  Lamar  Valley,  mouth 

of  Soda  Butte  Creek;  W.  H.  Weed.  Waverly  age,  south  of  Louisville  and 

near  Lebanon,  Kentucky;  Newark,  Granville,  Richfield,  Bagdad,  etc., 

Ohio;    Shafers,   Pennsylvania;   Lake  Valley  mining  district,  New  Mexico. 
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ORTHOTHETES  Fischer  de  Waldheim,  1830. 

Orthothetes  in.equalis  Hall. 

PL  LXVIII,  fig.  3a. 

Orthis  ineqxialis  Hall,  1858:  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  490,  PL  II,  figs.  6a-6c. 
Streptorhynchus  ineequaUs  A.  Winchell,  1865:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  117. 

Streptoryhnchus  equivalvis  Hall  and  Whitfield,  1877:  King's  U.  S.  Geol.  Expl.  40th 
Par.,  Vol.  IV,  p.  252,  PL  IV,  figs.  1,  2. 

Streptorhynchus  cequivalvis  Hall,  1883:  Second  Ami.  Eept.  New  York  State  Geologist, 

PL  42,  figs.  20-23. 
Orthothetes  incequalis  Hall  and  Clarke,  1892:  Pal.  New  York,  Vol.  VIII,  Pt.  1,  PL  9a, 

figs.  20-23. 

Orthothetes  incequalis  is  extremely  abundant  in  the  limestones  and  cal- 

careous sandy  shales  of  the  Yellowstone  National  Park.  The  largest  shells 

measure  25  mm.  in  length  by  38  mm.  in  breadth,  but  the  average  is 

somewhat  smaller  than  this.  The  shape  is  semicircular.  The  outline  is 

somewhat  contracted  at  the  cardinal  extremities,  and  the  hinge  line  slightly 

shorter  than  the  greatest  width  of  the  shell.  The  surface  is  marked  by 

numerous  elevated,  sharp,  radiating  stria?,  about  fourteen  in  the  space  of 

5  mm.,  which  leave  between  them  intervals  wider  than  the  stria;  them- 

selves, from  which  they  abruptly  rise.  They  do  not  bifurcate,  but  in  the 

widening  intervals  which  result  from  their  radiating  direction  neAV  striae  are 

from  time  to  time  introduced.  They  sometimes  become  much  crowded 

through  the  center  of  the  shell  and  around  the  periphery.  The  strise  are 

not  all  of  the  same  size.  Sometimes  they  are  alternately  large  and  small; 

sometimes  every  fourth  one  is  large,  but  more  often  there  is  no  conspicuous 

arrangement,  They  are  crossed  by  numerous  fine  concentric  stria;  charac- 
teristic of  the  genus.  As  a  result  of  the  surface  structure  just  mentioned, 

casts  of  the  exterior  are  misleading  in  that  they  seem  to  present  a  form 

with  broad,  close-set,  and  bifurcating  radiating  plications. 

The  dorsal  A'alve  is  usually  gibbous,  but  sometimes  is  more  gently 
curved.  As  a  rule  the  curvature  is  regular  from  beak  to  frontal  margin,  with 

a  somewhat  prominent  umbo;  but  forms  occur  where  the  umbo  is  flattened 

and  there  is  a  point  of  prominent  elevation  in  the  middle  of  the  valve;  or, 

where  the  shell  is  depressed,  with  almost  a  geniculation  near  the  margin. 
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The  ventral  valve  is  nearly  flat.  Sometimes  it  is  slightly  convex,  but 

usually  the  umbonal  region  alone  is  convex  and  the  outlying  portions  of 
the  shell  are  somewhat  excavated. 

Both  valves  are  often  marked  by  concentric  corrugations,  due  to  unequal 

growth,  while  old  shells  are  sometimes  plicated  into  loose  and  irregular 

radiating  folds  or  corrugations  along  the  periphery. 

The  generic  identification  of  this  form,  as  represented  in  the  Yellow- 
stone National  Park,  I  can  not  regard  as  doubtful.  The  septum  in  the 

ventral  valve  characteristic  of  Derbya,  the  only  other  genus  with  which  it 
could  be  confused,  did  not  exist  here. 

Ortliotlietes  inflatus  is  somewhat  larger  than  0.  incequaUs.  The  height 

of  the  area  is  said  to  be  one-third  as  great  as  its  width,  and  three  times  the 
width  of  the  foramen.  It  is  described  as  differing  from  0.  incequaUs  in 

having  a  much  more  ventricose  dorsal  valve  and  in  the  much  greater  height 
of  the  area  of  the  ventral  valve,  in  which  the  foramen  is  about  three  times 

as  high  as  wide,  while  in  that  species  it  is  much  wider  than  high.  The 

stria?  are  also  coarse  and  more  elevated.1  In  the  Yellowstone  National 
Park  form  the  area  is  many  times  as  wide  as  high  and  the  foramen  is  very 

slightly  higher  than  it  is  wide.  The  dorsal  valve  is  also  much  less  inflated 

than  the  corresponding  valve  fig-ured  by  Hall  and  Clarke  (loc.  cit.,  PI.  da, 
fig.  24) 

I  have  not  identified  0.  inflatus  in  the  collection  studied. 

Formation  and  locality:  Madison  limestone,  near  summit  of  ridge, 

west  end  of  Hunter  Peak,  Absaroka  Range;  limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  stream;  Arnold 

Hague.  East  side  of  Gallatin  River,  west  of  Electric  Peak;  divide 

between  Gallatin  River  and  Panther  Creek,  Gallatin  Range;  east  face  of 

Antler  Peak,  Gallatin  Range;  saddle  west  of  Antler  Peak,  Gallatin  Range; 

amphitheater  west  of  Bannock  Peak,  Gallatin  Range,  bed  26;  amphitheater 

east  of  same,  bed  28;  W  H.  Weed.  Crowfoot  Ridge,  top  of  bed  25; 

J.  P.  Iddings  and  G.  M.  Wright.  Same,  bed  26;  lower  part  of  bed  27; 

upper  part  of  bed  27;  beds  28,  29,  31;  J.  P.  Iddings  and  W.  H.  Weed. 

South  of  Forellen  Peak,  Teton  Range;  northwest  slope  of  same;  S.  L. 

Penfield.  West  of  Antler  Peak,  Gallatin  Range;  north  of  Bighorn  Pass, 

Gallatin  Range;  A.  C.  Gill.     Crowfoot  Ridge,  Gallatin  Range;  top  of  bed 

'  White  and  Whitfield,  loc.  cit.,  p.  293. 



524  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

24;  J.  P.  Iddings.  Head  of  Conant  Creek,  Teton  Range;  north  of  Owl 

Creek,  northeast  slope  of  Teton  Range;  north  end  of  Teton  Range,  north 

of  Owl  Creek;  Snake  River  Valley,  east  of  Two  Ocean  Plateau;  W.  H. 
Weed.  Limestone  bluff  south  side  of  Soda  Butte  Creek,  northwest  of 

Abiathar  Peak;  J.  P.  Iddings.  North  side  of  North  Fork  of  Mill  Creek, 

Snowy  Range;  Louis  V.  Pirsson.  Under  quartzite  ridge  north  side  of  Burnt 

Fork.  Kinderhook  age,  Burlington,  Iowa;  Dry  Canyon,  Oquirrh  Mountain, 

Utah;   Montana. 
Orthothetes  sp. 

This  species  is  represented  by  a  sing'le  imperfect  specimen,  which  seems 
to  differ  from  any  of  the  other  forms  recognized  in  the  collection.  It  is 

about  the  size  of  Derbya  keokuk0),  and  much  larger  than  Orthothetes  incequalis, 
but  the  surface  ornamentation  is  different  from  either.  While  the  striae  in 

D.  keokuk  (?)  are  rounded  and  contiguous,  in  this  form  they  are  narrow  and 

threadlike,  more  as  in  0.  incequalis,  the  space  between  any  two  stria?  being 
wider  than  the  stria?  themselves.  Thus  the  surface  as  a  whole  is  more 

coarsely  striate  than  in  0.  incequalis,  although  the  stria?  themseh'es  are  of 
the  same  size  and  character. 

This  form  is  without  the  median  septum  peculiar  to  the  genus  Derbya. 

Formation  and  locality:  Madison  limestone,  head  of  Conant  Creek, 

Teton  Range;  W.  H.  Weed. 

DFRBYA  Waagen,  1884. 

Derbya  keokuk  Hall  (?) 

OrtMs  crenistria  Yaudell  and  Sbuuiard,  1849 :  Contributions  Geol.  Kentucky,  pp.  19,  21. 
Orthis  keokuk  Hall,  1858:  Geol.  Surv.  Iowa,  Yol.  I,  Pt.  II,  p.  640,  PI.  XIX,  tigs.  5a,  5b. 

Keyes,  1895 :  Geol.  Surv.  Missouri,  Yol.  Y,  Pt.  II,  p.  63. 
Streptorhynchus  keokuk  Hall,  1883 :  Second  Ann.  Bept.  New  York  State  Geologist,  PI. 

XLI,  figs.  1-3. 
Derbya  keokuk  Hall  and  Clarke,  1892:  Pal.  New  York,  Yol.  VIII,  Pt,  I,  p.  262,  PI.  XI, 

figs.  1-3. 
This  form  occurs  only  at  a  single  locality,  and  the  material  present  is 

highly  unsatisfactory.  It  seems  to  be  nearer  to  I),  keokuk  than  to  any 

Strophomenoid  shell  with  which  I  am  acquainted,  but  its  exact  generic 

position  can  not  be  ascertained.  It  is  about  twice  the  size  of  even  the 

largest  specimen  of  Orthothetes  incequalis,  finely  and  evenly  striate,  the  stria? 

round,  proximate,  and  crossed  by  fine,  lamellose,  concentric  stria?. 
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Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  31;  J.  P.  Ridings  and  W.  H.  Weed  Keokuk  age,  Keokuk, 
Iowa;  Warsaw  and  Nauvoo,  Illinois;  New  Providence,  Indiana;  Clark 

County,  Missouri;  Nevada. 

LEPT.ENA  Dalman,  1828. 

Lept^ena  rhomboidaus  Wilckens. 

Conchita  rhomboidalis  Wilckens,  1709:  Nachricht  von  selten  Versteinerungen,  p.  77, 
PI.  VIII,  figs.  43,  44. 

Leptccna  tenuistriata  Hall,  1847:  Pal.  New  York,  Vol.  I,  p.  108,  PI.  3lA,  figs.  ia-Lcj. 

Strophomena  rhomboidalis  White,  1875:  Wheeler's  Expl.  Surv.  W.  100th  Merid.,  Vol. 
IV,  p.  85,  PI.  V,  fig.  5.     Hall  and  Whitfield,  1877 :  King's  U.  S.  Geol.  Expl.  40th 
Par.,  Vol.  IV,  p.  253,  PL  IV,  fig.  4.     Walcott,  1884:  Mori.  U.  S.  Geol.  Survey, 
Vol.  VIII,  p.  118. 

Leptccna   rhomboidalis   Hall   and   Clarke,    1892:   Pal.  New  York,  Vol.  VIII,  Pt.    I, 
p.  279,  PL  VIII,  figs.  17-31;  PL  15a,  figs.  40-42;  PL  20,  figs.  21-24. 

The  amazing  stratigraphic  and  geographic  range  of  this  species  makes 

it  too  well  known  to  require  any  additional  description.  It  is  a  compara- 

tively rare  form  in  the  Yellowstone  National  Park,  and  is  found  only  in  the 

lower  part  of  the  Madison  limestone. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  25;  J.  P.  Ridings  and  Gr.  M.  Wright.  West  of  Antler 

Peak,  Grallatin  Range;  A.  C.  Grill.  Crowfoot  Ridge,  Grallatin  Range,  top  of 

bed  24;  J.  P.  Ridings.  East  side  of  Lamar  Valley,  mouth  of  Soda  Butte 

Creek,  Absaroka  Range;  Arnold  Hague.  Universally  distributed,  from  the 

Trenton  to  the  Waverly. 

CHONETES  Fischer  de  Waldheim,  1837. 

Chonetes  loganensis  Hall  and  Whitfield. 

PL  LXVIII,  figs.  5a,  5b,  5c. 

Chonetes  loc/anensis  Hall  and  Whitfield,  1877:  King's  TT.  S.  Geol.  Expl.  40th  Par.,  Vol. 
IV,  p.  252,  PL  IV,  fig.  9. 

This  form  is  very  abundant  in  the  Carboniferous  limestones  of  the  Yel- 

lowstone National  Park.  Specimens  have  been  examined  from  a  number 

of  localities,  and  they  can  be  referred  without  hesitation  to  C.  locjancnsis  Hall 
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and  Whitfield.  In  general,  G.  loganensis  is  almost  exactly  similar  to  C.illinois- 

ensis  Worthen.  Hall  and  Whitfield  say  (loc.  cit,  p.  254):  "The  species 
resembles  somewhat  C.  illinoisensis  Worthen,  from  the  Burlington  limestone, 

in  the  size  and  convexity  of  the  valve,  and  also  in  the  striae,  but  differs  in 

the  greater  proportional  length  of  the  hinge  line  and  in  the  flattening  of  the 

mesial  portion." 
Chonetes  loganensis  is  described  and  figured  with  submucronate  alar 

extensions,  but  this  character  is  a  restoration,  for  the  type  specimen  is  imper- 
fect; and  an  incorrect  one,  for  a  study  of  considerable  material,  including 

Hall  and  Whitfield's,  as  well  as  my  own,  shows  that  the  prevailing  form  is 
subcircular  with  parallel  rectilinear  sides  which  meet  the  hinge  line  at  nearly 

a  right  angle,  the  corners  being  usually  either  rectangular  or  rounded. 

The  mesial  flattening  referred  to  is  well  shown  in  the  type  specimen, 

but  it  is  not  a  constant  character,  and,  in  fact,  the  curvature  seems  to  be 

most  often  regular  and  even.  On  the  other  hand,  specimens  of  C.  illinois- 
ensis Worthen,  from  one  of  the  type  localities,  shows  exactly  the  same  range 

of  variation,  some  having  a  distinct  sinus  or  flattening,  just  as  has  been 

observed  in  C.  loganensis.  In  general  I  have  been  unable  to  discover  any 

constant  differences  which  might  distinguish  the  two  species. 

The  surface  ornamentation  of  C.  loganensis,  wherever  shown  on  areas 

which  are  not,  as  usual,  badly  exfoliated,  consists  of  fine,  flexuous,  often 

bifurcate,  radiating  striae,  which  are  rather  angular  and  are  separated  by 

interspaces  about  equal  to  their  own  diameter.  These  are  crossed  by  very 

fine,  threadlike,  concentric  striae. 

The  average  size  of  mature  shells  is:  breadth,  14  mm.;  length,  10  mm.; 

but  the  dimensions  run  up  as  high  as  16  mm.  in  breadth  by  11.5  mm. 

in  length.     The  radiating  striae  number  about  one  hundred  and  fifty. 

It  is  impossible  to  confuse  this  with  the  only  other  species  of  Chonetes 

known  from  the  Yellowstone  National  Park.  The  radiating  striae  are  finer 

and  much  more  numerous,  the  shell  itself  is  less  tumid,  and  the  outline 

is  more  quadrate. 

Formation  and  locality:  Madison  limestone,  Hunter  Peak,  Absaroka 

Range;  White  Mountains,  Absaroka  Range,  just  below  Quadrant  quartzite; 

T.  A.  Jaggar.  East  side  of  Gallatin  River,  west  of  Electric  Peak ;  east 

of  Antler  Peak,  Gallatin  Range;  saddle  west  of  Antler  Peak,  Gallatin 

Range;    amphitheater    east   of    Bannock  Peak,  Gallatin    Rang-e,  bed  27; 
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W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25,  bed  26,  bed 

28,  bed  29,  bed  31;  J.  P.  Iddings  and  G.  M.  Wright.  South  of  Forellen 

Peak,  Teton  Range;  northwest  slope  of  same;  S.  L.  Penfield.  Head  of 

Conant  Creek,  Teton  Range;  north  of  Owl  Creek,  northeast  slope  of  Teton 

Range;  north  of  Owl  Creek,  north  end  of  Teton  Range;  W.  H.  Weed. 
Limestone  bluff  south  side  of  Soda  Butte  Creek,  northwest  of  Abiathar 

Peak,  Absaroka  Range;  J.  P.  Iddings.  North  side  of  north  fork  of  Mill 

Creek,  Snowy  Range ;  J.  P.  Iddings  and  Louis  V.  Pirsson.  Slide  east  side 

of  Gallatin  River,  below  Fan  Creek;  under  Quartzite  Ridge,  north  side  of 

Burnt  Fork.  Beds  of  the  age  of  the  Waverly  group,  Wasatch  Range, 

Utah. 

Chonetes  ornatus  Shumard. 

PI.  LXVIII,  figs.  4«,  U,  4c,  id. 

Chonetes  ornata  Shumard,  1855 :  Geol.  Rept.  Missouri,  p.  202.  PI.  C,  figs,  la-lc.    Keyes, 
1894:  Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II,  p.  53,  PL  XXXVIII,  fig.  2. 

This  also  is  a  common  species  in  the  limestones  of  the  Park,  though 

perhaps  less  abundant  than  the  preceding.  It  differs  somewhat  from  Shu- 

mard's  description,  but  agrees  with  specimens  which,  I  have  every  reason 

to  believe,  are  correctly  referred  to  Shumard's  species. 
This  form  is  often  cpiite  highly  inflated  with  flat  and  depressed  trian- 

gular wings,  a  character  not  sufficiently  emphasized  by  the  author. 

Another  misleading  point  is  that  the  species  is  described  and  figured  as  if 
with  submucronate  alations.  I  have  not  seen  this  feature,  at  least  to  any 

extent,  in  a  series  of  specimens  from  both  the  Chouteau  and  Lithographic 

limestones.  Usually  the  cardinal  angle  is  but  slightly  less  than  90°. 
However,  it  often  happens  that  the  anterior  portion  of  the  shell  is  concealed 

by  rock,  so  that  the  apparent  shape  is  that  of  Shumard's  figure.  This  con- 
dition is  cpiite  deceptive,  but  I  have  rarely  failed  to  find  the  nearly  square 

alar  angle  upon  removing  the  superincumbent  matrix.  In  its  large  forms 

this  species  measures  13  mm.  (over  6  lines)  along  the  hinge  line,  and 

8  mm.,  or  nearly  4  lines,  in  length,  while  some  imperfect  examples  evi- 

dently exceed  these  dimensions.  These  data  are  derived  from  the  study  of 

material  from  the  Mississippi  Valley. 

In  the  Yellowstone  National  Park  representatives  of  Chonetes  ornatus 

are  in  nearly  perfect  accord  with  the  larger  forms  coming  from  Missouri. 
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Breadth,  14.5  mm.,  or  more;  length,  8  to  8.5  mm.  Radiating-  stride  from 
forty  to  fifty  in  number,  often  bifurcating  toward  the  anterior  border, 

crossed  by  numerous  thread-like  concentric  striaj.  Number  of  spines  not 
determined  with  certainty;  two  or  three,  perhaps  more,  on  either  side  of 
the  beak. 

There  can  be  no  difficulty  in  distinguishing  this  species  from  C.  logan- 
ensis,  even  where  both  occur  in  the  same  beds.  It  is  somewhat  smaller, 

more  coarsely  striate,  and  very  much  more  gibbous.  The  alation  also  is 

more  striking  and  forms  a  characteristic  feature. 

The  smaller  type  of  C.  ornatus  has  sometimes  been  confused  with  C. 

logani  var.  aurora  Hall;  but  the  surface  ornamentation  of  the  latter  is  very 
distinctive. 

I  venture  to  predict  that  this  species,  or  at  least  the  form  from  the 

Chouteau  limestone,  will  be  found  to  be  the  same  as  G  logani  Norwood  and 
Pratten. 

Formation  and  locality :  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak;  Crowfoot  Ridge,  Gallatin  Range,  bed  25;  J.  P. 

Ridings  and  G.  M.  Wright.  South  slope  of  Quadrant  Mountain,  Gallatin 

Range ;  A.  C.  Gill.  South  base  of  same ;  cherty  belt,  Bighorn  Pass,  Gal- 
latin Range ;  J.  P.  Iddings.  Crowfoot  Ridge,  Gallatin  Range,  bed  24 ; 

A.  C.  Gill.  North  of  Owl  Creek,  northeast  slope  of  Teton  Range;  W.  H. 

Weed.  Limestone  bluff  south  side  of  Soda  Butte  Creek,  northwest  of 

Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings.  Chouteau  limestone, 

Louisiana  and  Hannibal,  Missouri. 

PRODUCTELLA  Hall,  1867. 

Productella  cooperensis  Swallow. 

PL  LXVIII,  figs.  8a,  8b,  8c,  9a,  9b. 

Productus  cooperensis  Swallow,  1860:  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  640. 
Wiuchell  (A.),  1865:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  115. 

Shell  small.  Ventral  valve  strongly  arched,  beak  rather  produced 

and  incurved.  Ventral  valve  slightly  concave  or  subplane  over  the  vis- 

ceral region  and  more  or  less  sharply  geniculate  near  the  margin.  Sur- 
face marked  by  nearly  obsolete  spiniferous  ridges  and  by  strong  concentric 

wrinkles,  especially  noticeable  about  the  posterior  portion  and  near  the 
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hinge.  The  ears  of  the  ventral  valve  are  furnished  with  a  bunch  of  spines. 

The  dorsal  valve  is  similarly  ornamented  except  that  it  does  not  appear  to 

be  spinose  and  the  radiating  ridges  become  grooves.  However,  as  the 

convex  side  is  usually  presented  to  view,  the  surface  seems  a  counterpart  of 

the  other  valve.  Viewed  from  this  side,  two  broad,  strong,  slightly  diver- 

gent grooves  are  seen  near  the  hinge  line,  marking  off  the  somewhat 

upturned  ears. 

PI.  LXVIII,  figs.  9a,  95,  show  a  type  which  I  had  thought  to  consti- 
tute a  distinct  variety,  but  more  careful  comparison  shows  that  this  conclusion 

was  not  warranted. 

P.  cooperensis  is  said  by  Swallow  to  be  common  in  the  Chouteau  lime- 

stone of  Cooper  County,  Missouri.  I  have  studied  a  large  series  of  speci- 
mens from  the  Chouteau  limestone  of  Stevens  Fork,  Missouri,  and  Chouteau 

Springs,  Cooper  County,  Missouri.  This  material  agrees  with  Swallow's 

description  and  is  specifically  identical  with  the  specimens  from  the  Yellow- 
stone National  Park. 

P.  cooperensis  proves  to  be  a  variable  form.  Many  of  the  differences 

noticed  are  without  doubt  due  to  differences  in  age,  but  a  considerable 

rana*e  of  variation  can  not  be  ascribed  to  this  factor.  The  ventral  valve  is 

sometimes  low  and  flat,  like  that  figured  by  Hall,1  but  often  it  is  highly 
arched.  The  dorsal  valve  is  moderately  concave,  semielliptical ;  beak 

small,  depressed.  Often  nearly  plane  at  first,  or  sometimes  concave,  but 

later  becoming  geniculate  at  the  margin,  and  the  geniculate  portion  is  often 

considerably  prolonged.  There  is  also  a  variation  in  size,  some  large  shells 

being  depressed  and  immature  in  appearance,  while  much  smaller  ones  are 

highly  arched  and  look  fully  grown.  No  reliance  can  be  placed  upon  the 

spines  for  specific  identification.  They  are  scattered  over  the  surface, 

sometimes  irregularly,  sometimes  in  rows,  sometimes  nearly  absent.  There 

is  often  a  bunch  of  strong  spine  bases  on  the  rather  small  ears;  but  this, 

too,  is  not  a  constant  feature. 

The  specific  integrity  of  P.  concentrica  Hall,  P.  slmiuardiana  Hall,  and 

P.  pyxidata  Hall  has  often  been  questioned.  As  early  as  1865  Winchell2 
stated  the  opinion  that  P.  shumardiana  and  P.  pyxidata  are  both  synonyms 

'  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  PI.  VII,  fig.  2. 
2  Winchell,  1865:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  115. 
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for  P.  concentriea,  and  in  1888  Herrick1  says:  "Prod  actus  slmmardiana  is 
doubtless  identical  with  P.  spinulicostatus  H.,  P.  concentricus  H.,  and  P. 

pyxidata  H." I  believe  that  Productella  slmmardiana  and  P.  concentriea  are  distinct,  but 

the  former  is  probably  identical  with  P.  pyxidata.  I  also  feel  confident  that 

P.  cooperensls  will  be  found  to  be  the  same  as  P.  concentriea,  but,  not  having 

the  material  to  prove  the  point,  I  have  used  Swallow's  name,  which, 
however,  will  have  to  be  dropped  in  case  my  suspicions  prove  correct. 

Prod  actus  cooperensis  (?)  of  Winchell2,  from  Sciotoville,  I  belieA'e  to  be 
a  quite  different  species,  and  have  accordingly  omitted  this  citation  from 

the  synonymy. 

Formation  and  locality.  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  24;  J.  P.  Iddings.  Same,  lower  part  of  bed  27;  J.  P. 

Iddings  and  W.  H.  Weed.  East  side  of  Granatin  River,  west  of  Electric 

Peak;  George  M.  Wright.  East  face  of  Antler  Peak,  Gallatin  Range; 

W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25;  J.  P. 

Iddings  and  G.  M.  Wright.  Summit  of  Three  River  Peak,  Gallatin  Range; 

J.  P.  Iddings.  North  of  Owl  Creek,  northeast  slope  of  Teton  Range; 

W.  H.  Weed.  Kinderhook  age,  Burlington,  Iowa,  Cuyahoga  shale  of  the 

Waverly  group,  Richfield,  Lodi,  Bagdad,  Burbank,  Cuyahoga  Falls,  etc.; 
Chouteau  limestone,  Stevens  Fork,  Missouri;  Chouteau  Springs,  Cooper 

County,  Missouri. 
Productella  alifera  n.  sp. 

PI.  LXVIII,  figs.  10a,  106,  10c. 

Shell  rather  above  medium  size.  Ventral  valve  strongly  arched  both 

longitudinally  and  transversely.  A  transverse  section  near  the  umbo 

would  be  subquadrate,  broadly  flattened  on  top  (but  not  impressed) ;  sides 

curving  sharply  downward,  but  turning  again  near  the  margin  for  a 

slightly  projecting  lip.  Longitudinal  section  also  slightly  flattened  about 

the  middle;  posterior  slope  strongly  deflexed  and  incurved;  anterior  slope 

falling  more  gently  and  reflexed  toward  the  margin.  Sometimes,  however, 

this  valve  is  geniculate  in  front  and  somewhat  spread  out  posteriorly.  The 

beak  is  formed  by  the  gradual  convergence  of  the  lines  defining  the  body 

»  Herrick,  1888 :  Bull.  Denison  Univ.,  Vol.  Ill,  Pt.  I,  p.  32. 
sproc.  Am.  Phil.  Soc,  Vol.  II,  1870,  p.  249. 
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of  the  shell,  which  falls  away  quite  rapidly  on  either  side,  giving  rise  to 

large  produced  and  flattened  ears.  This  is  a  variable  feature,  however, 

and  the  lateral  margins  may  meet  the  hinge  line  at  nearly  right  angles. 

Dorsal  valve  only  slightly  convex,  but  geniculate  toward  the  anterior 

margin. 

Surface  nearly  smooth,  marked  by  numerous  gentle  rugosities,  and  by 

very  fine,  confused,  radiating  stria;,  which  may  be  the  result  of  exfoliation 

joined  with  shell  structure. 

The  dimensions  of  a  slightly  undersized  auriculate  specimen,  figured 

on  PI.  LXVIII,  fig.  10c,  are:  Length,  25  mm.;  width  at  hinge  line,  44  mm.; 

width  a  little  in  front  of  hinge  line,  25.5  mm.  The  largest  specimen 

observed,  a  spreading  individual,  with  a  nearly  vertical  posterior  outline, 

measures  54.5  mm.  in  length;  width  probably  about  the  same. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  south 

side  of  Soda  Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range; 

J.  P.  Iddings. 
PRODUCTUS  Sowerby,  1814. 

Productus  scabriculus  Martin. 

PI.  LXIX,  figs,  la,  lb,  1c,  Id, 

Anomites  scabriculus  Martin,  1809:  Petrefacta  Derbiensia,  p.  8,  PI.  XXXVI,  fig.  6. 

Productus  scabriculus  Norwood  and  Pratten,  1854:  Jour.  Acad.  Nat.  Sci.  Philadelphia. 

(2),  Vol.  Ill,  p.  17.    Marcou,  1858:   Geol.  North  America,  p.  47,  PL  V,  fig.  6. 

Newberry,  1861:   Ives's  Rept.  Colorado  River  of  the  West,  Pt.   II,  p.  125. 
?Geinitz,  1866:  Carbon,  und  Dyas  in  Nebraska,  p.  54. 

This  form  was  at  first  identified  with  Productus  neivberryi  Hall.  It 

closely  resembles  the  figure  of  P.  neivberryi  (Pal.  New  York,  Vol.  VIII, 

Pt.  I,  1892,  PI.  XVII,  fig.  I)1  (non  figs.  2  and  3),  but  a  comparison  with 

specimens  made  me  doubt  the  correctness  of  the  identification.  I  have 

been  able  to  examine  a  large  series  of  P.  neivberryi  from  Bagdad,  near 

Medina,  Burbank,  and  other  localities  in  the  Cuyahoga  shale,  in  Medina 

County.  It  is  perhaps  the  most  abundant  form  at  these  localities  next  to 

Chonetes  illinoisensis  ?  and  Hall's  figure  seems  to  me  quite  misleading  in 

regard  to  the  surface  ornamentation.     The  figures  show  numerous  close-set 

'Figs.  2  and  3  of  this  species  seem  to  be  different  from  P.  newherryi.  The  surface  ornamentation 

does  not  appear,  hut  it  is  a  much  more  profoundly  arched  shell,  and  comes  from  a  different  geologic 
horizon. 
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spine  bases  shaped  like  small  rose  thorns,  tapering  at  either  end.  In  the 

specimens  which  I  have  examined  (none  of  them,  it  may  be  noticed,  quite 

attain  the  size  shown  in  the  figure)  the  posterior  portion  alone  presents  this 

appearance,  and  even  there  the  spine  bases  are  so  long  as  to  resemble 

discontinuous  stria;.  They  taper  only  in  one  direction  anteriorly,  and  end 

suddenly  and  acutely,  looking  like  slender  spines,  appressed  or  in  demi- 

relief.  The  termination,  however,  itself  formed  the  base  for  a  small  spine. 

These  ridges  then  are  longer,  more  distant,  and  differently  shaped  from  the 

figure.  The  ridges  grow  stronger,  broader,  and  more  continuous  as  the 

shell  increases  in  size,  so  that  the  whole  anterior  margin  is  regularly  and 

strongly-  marked  with  spine-bearing  striae,  from  ten  to  twelve  in  10  mm. 

I  do  not  know  the  condition  of  Hall's  types;  but  I  have  noticed  that  in 
localities  such  as  Burbank,  where  the  shell  substance  has  been  leached 

away,  leaving  casts  in  the  sandstone,  these  are  apt  to  show  the  features 

represented  in  the  figure. 

The  surface  ornamentation  of  P.  scabriculus  is  similar  to  that  figured 

for  P.  neivberryi,  consisting  of  fine,  numerous,  elongated,  spiniferous  pus- 

tules, the  spines  being  situated  near  the  anterior  end;  and  it  is  also  very 

similar  to,  though  somewhat  finer  than,  that  of  P.  papulata  of  the  Hamilton 

group.  This  is,  however,  different  from  the  Waverly  specimens  of  P.  neiv- 

berryi, and  the  shape  is  also  different,  being  more  highly  arched,  less  spread- 

ing, and  with  a  more  produced  incurved  beak.  In  shape  and  surface  this 

form  is  very  similar  to  P.  scabriculus  from  the  Carboniferous  of  Glasgow, 

Scotland,  the  chief  difference  arising  from  the  fact  that  in  the  latter  the 

pustules  are  somewhat  more  coarsely  distributed  and  show  conspicuous, 

though  irregular,  inequalities  in  size. 

The  dorsal  valve  of  this  species,  as  seen  at  a  different  locality  from  the 

specimen  figured,  when  viewed  from  the  convex  side,  is  crossed  by  numer- 

ous fine  concentric  wrinkles,  and  is  covered  with  fine  pustules,  smaller  and 

more  closely  arranged  than  those  of  the  other  valve.  The  casts  of  small 

spines  can  be  seen  among  the  pustules  The  ventral  valves  associated  with 

these  are  of  the  normal  type. 

I  have  retained  the  collected  synonymy  of  this  species,  although  I 

doubt  whether  any  of  the  citations  are  really  identical  with  the  form  under 

discussion  or  with  P.  scabriculus.  P  scabriculus,  it  should  be  noticed,  is  in 

Europe  a  Devonian  and  Lower  Carboniferous  form,  while  all  or  nearly  all 
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the  citations  in  this  country  have  been  from  the  Coal  Measures.  Norwood 

and  Pratt  en,  however,  have  identified  this  species  from  the  "Mountain  lime- 

stone" of  Paris,  Missouri. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak;  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25,  top 

of  bed  26 ;  J.  P.  Iddings  and  W.  H.  Weed.  North  side  of  north  fork  of  Mill 

Creek,  Snowy  Range ;  Louis  V.  Pirsson. 

Productus  gallatinensis  n.  sp. 

PI.  LXVIII,  figs.  11«,  lib,  lie,  lit?,  la,  lb,  1c. 

Dorsal  valve  not  known.  Ventral  valve  small,  strongly  arched,  the 

curves  on  either  side  of  the  most  elevated  point  being  nearly  alike.  Beak 

small,  rapidly  expanding,  produced,  so  that  the  small  distinct  ears  occur 

about  one-third  the  shell  length  in  front  of  the  apex.  Top  of  the  shell 

broad,  flattened,  but  not  sinuate;  sides  nearly  plain  and  vertical.  The 

width  slightly  exceeds  the  greatest  length,  and  is  about  one  and  one-half 

times  the  height.  The  visceral  region  is  marked  by  numerous  distinct  con- 

centric wrinkles,  and  the  shell  is  ornamented  with  fine,  straight,  radiating 

stria?  which  bifurcate  on  the  anterior  portion.  A  few  large  spine  bases 

can  be  seen  on  the  anterior  portion  of  the  shell. 

Figs,  la,  lb,  1c,  of  PI.  LXVIII,  represent  a  form  which  was  at  first 

identified  as  Productella  arcuata  Hall,  but  which  I  now  regard  as  only  a 

variety  of  P.  gallatinensis.  It  is  represented  from  only  one  locality,  the 

top  of  bed  25,  Crowfoot  Ridge,  Gallatin  Range,  and  is  there  found  asso- 
ciated with  true  P.  gallatinensis.  The  shape  is  narrower  and  more  elongate, 

while  the  striae  have  not  the  even,  rigid,  wirelike  appearance  characteristic 

of  the  latter.  It  differs  from  P.  arcuata  in  having  the  striae  finer  and  more 

regular  and  strong. 

The  relations  of  P.  gallatinensis,  P.  parviformis,  and  P.  semireticulatus 

are  close,  and  I  am  almost  disposed  to  regard  them  as  only  varieties  of 

the  same  type.  P.  gallatinensis  is  smaller  than  P.  semireticulatus,  more 

arched,  finer  striated,  narrower,  and  with  more  vertical  sides.  However, 

some  of  the  variations  of  either  type  approach  each  other  closer  than  the 

figured  specimens  would  indicate.  Still  more  nearly  related  to  the  species 

under  discussion  is  P.  parviformis.  In  shape  the  latter  appears  to  be  a 

miniature  reproduction  of  P.  gallatinensis,  but  the  surface  ornamentation  is 

of  about  the  same  fineness. 
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Formation  and  locality :  Madison  limestone,  Limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream ;  Arnold 
Hague.  Divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 

Range;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  bed  25,  bed  26, 

lower  part  of  bed  27,  upper  part  of  bed  27  ;  J.  P.  Iddings  and  W.  H. 
Weed.  South  of  Forellen  Peak,  Teton  Range ;  S.  L.  Penfield.  Head  of 

Conant  Creek,  Teton  Range ;  W.  H.  Weed. 

Productus  l;evicosta  White. 

PI.  LXIX,  figs.  9a,  %,  9c. 

Productus  Icevicostus  White,  1860:  Jour.  Boston  Soc.  Nat.  Hist,,  Yol.  VII,  p.  230. 

( ?)  Hall  and  Whitfield,  1877 :  King's  D".  S.  Geol.  Expl.  40th  Par.,  Yol.  IV,  p.  266, 
PI.  V,  figs.  7,  8.  Keyes,  1895:  Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II,  p.  41,  PI. 
XXXVIII,  fig.  1. 

This  is  the  type  identified  by  Hall  and  Whitfield  as  P.  Icevicosta  and 

figured  by  them  in  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV,  PI.  V,  figs. 
7,  8.  The  figure  there  given  is  somewhat  restored,  and  in  view  of  new 

material,  which  unquestionably  belongs  to  the  same  species,  appears  to  be 

only  partially  correct,  The  broken  portion  consists  of  the  ears,  which, 

instead  of  being  small  and  inconspicuous,  are  rather  large,  marked  by  the 

same  fine  striae  which  traverse  the  body  of  the  shell,  and  in  addition  by 

strong  longitudinal  wrinkles,  together  with,  in  some  cases,  numerous  spine 
bases. 

This  is  one  of  the  most  common  species  in  the  Yellowstone  National 

Park  and  in  some  localities  is  found  in  great  abundance.  As  there  repre- 

sented it  appears  to  answer  White's  description  in  every  detail. 
Formation  and  locality:  Madison  limestone,  White  Mountains,  Absa- 
roka Range,  just  below  the  Quadrant  quartzite;  T.  A.  Jaggar.  East  side 

of  Gallatin  River,  west  of  Electric  Peak;  divide  between  Gallatin  River 

and  Panther  Creek,  Gallatin  Range;  W.  H.  Weed.  Crowfoot  Ridge,  Gal- 
latin Range,  top  of  bed  5;  J.  P.  Iddings  and  G.  M.  Wright.  Same,  top 

of  bed  26,  lower  part  of  bed  27,  bed  31;  J.  P.  Iddings  and  W.  H.  Weed. 

East  slope  of  Survey  Peak,  Teton  Range;  S.  L.  Penfield.  Summit  of 

peak  west  of  Antler  Peak,  Gallatin  Range;  south  slope  of  same;  J.  P. 

Iddings.  North  of  Bighorn  Pass,  Gallatin  Range;  A.  C.  Gill.  Head  of 

Conant  Creek,  Teton  Range;  W.  H.  Weed.  Kinderhook  age,  Burlington, 

Iowa;  Louisiana,  Missouri;  Oquirrh  Mountains,  Utah. 
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Productus  semireticulatus  Martin. 

PI.  LXIX,  figs.  8a,  S&,  8c,  8d. 

Anomites  semireticulatus  Martin,  1S09:  Petrefacta  Derbiensia,  p.  7,  PL  XXXII,  figs. 
1,  2;  PL  XXXIII,  fig.  4. 

Productus  semireticulatus  Xorwood  and  Pratteu,  1854:  Jour.  Acad.  Xat.  Sci.,  2d  series, 
Vol.  Ill,  p.  11.  Hall,  1858:  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  637.  Meek,  1872: 
Final  Rept.  U.  S.  Geol.  Surv.  Xebraska,  p.  160,  PL  V,  figs.  7a,  lb.  White,  1875 : 

Wheeler's  Expl.  Surv.  W.  100th  Merid.,  Vol.  IV,  p.  Ill,  PL  VIII,  fig.  1.  Meek 
1S77:  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV,  p.  69,  PL  VII,  fig.  5.  Hall 
and  Whitfield,  1877:  ibid.,  p.  267,  PL  V,  figs.  5,  6.  Dawson,  1878:  Acadian 
Geol.,  3d  ed.,  p.  296,  fig.  97.  White,  1884:  Thirteenth  Rept.  State  Geologist 
Indiana,  p.  125,  PL  XXIV,  figs.  1-3.  Herrick,  1885:  Bull.  Denison  Univ.,  Vol. 
Ill,  p.  31,  PL  I,  fig.  26;  PL  III,  fig.  24;  PL  VII,  fig.  11:  PL  X,  fig.  6.  Hall  and 
Clarke,  1892:  Pal.  Xew  York,  Vol.  VIII,  Pt.  I,  PL  XVIlA,figs.  16-18;  PL XVI II, 
figs.  11-13;  PL  XIX,  figs.  19-23.  Keyes,  1S95:  Geol.  Surv.  Missouri,  p.  50,  PL 
XXXVI,  fig.  4. 

The  specimens  assembled  under  this  name  come  from  a  number  of 

localities  and  present  considerable  variation.  Taken  as  a  whole,  the  size 

is  smaller  and  the  beak  more  attenuated  than  specimens  from  the  Coal 

Measures  often  show.  The  median  sinus,  which  often  constitutes  a  marked 

character  in  those  forms,  is  either  indistinct  or  not  developed  at  all,  while 

the  concentric  wrinkles,  which  produce  along  the  stria?  the  characteristic 

reticulate  appearance,  are  less  strongly  marked  and  are  confined  to  a  more 
limited  area. 

The  ventral  valve  figured  (PI.  LXIX,  figs.  8a,  8b,  8c)  is  distinctly  more 

coarsely  striate  than  other  individuals  from  the  same  locality,  while  material 

from  other  localities  is  more  finely  striate  still.  The  figured  specimen  has 

about  ten  stria?  in  10  mm.  along  the  margin,  while  others,  perhaps  the 

greater  number,  have  about  fifteen.  Again,  the  dorsal  valve  (fig.  8(f)  is, 

though  quite  large,  nearly  flat  over  its  entire  area.  This  specimen  has  a 

transverse  diameter  of  about  33  mm.,  while  other  individuals,  only  23  mm. 

across,  already  show  a  well-marked  geniculation.  These  data  show  about 
the  character  and  range  of  the  variation  observed. 

A  form  identical  with  this  occurs  in  the  Chouteau  limestone  at  Black 

Water,  Saline  County,  Missouri ;  Chouteau  Springs,  Cooper  County,  Missouri, 

etc;  and  in  the  Cuyahoga  shale  of  the  Waverly  group  at  Richfield,  Summit 

County;  Bagdad,  Medina  County,  etc.  It  is  closely  related,  perhaps 

identical,  with  P.  flemingi   var.   burlingtonensis,  as  identified  by  Hall  and 
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Whitfield.1  It  differs  in  having  the  sinus  less  strongly  developed,  but  is 
otherwise  indistinguishable.  P.  fleminc/i  var  burlingtonensis  of  the  West, 

however,  differs  from  the  true  type  seen  at  Burlington,  Iowa,  by  being  more 

coarsely  striate  and  less  distinctly  bilobed.  In  many  respects  P.  semireticu- 

latus  of  this  region  resembles  P.  newberryi  var.  annosus  from  the  Waverly 

sandstone  of  Ohio,  but  the  striae  in  the  latter,  as  seen  in  the  figure,  are  more 

angular,  more  irregular,  and  show  a  tendency  to  be  discontinuous. 

Formation  and  locality:  Madison  limestone,  near  summit  of  ridge, 

west  end  of  Hunter  Peak,  Absaroka  Range;  Arnold  Hague.  East  side  of 

Gallatin  River,  west  of  Electric  Peak;  divide  between  Gallatin  River 

and  Panther  Creek,  Gallatin  Range;  east  face  of  Antler  Peak,  Gallatin 

Range;  amphitheater  west  of  Bannock  Peak,  Gallatin  Range,  bed  26;  W. 

H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25;  J.  P.  Iddings 

and  G.  M.  Wright.  Same,  bed  27,  bed  28,  bed  29,  bed  31;  J.  P.  Iddings 

and  W.  H.  Weed.  South  side  of  Gallatin  Valley,  bed  32 ;  J.  P.  Iddings. 

Northwest  slope  of  Forellen  Peak,  Teton  Range ;  S.  L.  Penfield.  Summit 

of  Three  River  Peak,  Gallatin  Range;  J.  P.  Iddings.  Crowfoot  Ridge, 

Gallatin  Range,  cherty  limestone,  top  of  bed  24;  A.  C.  Gill.  Head  of 

Conant  Creek,  Teton  Range;  W.  H.  Weed.  Chouteau  limestone.  Black 

Water,  Saline  County,  Missouri;  Chouteau  Springs,  Cooper  County, 
Missouri. 

Productus  parviformis  n.  sp. 

PI.  LXVIII,  figs.  6a,  66,  6c,  6d. 

Productus  parvus  White,  1875;  Wheeler's  Expl.  Surv.  W.  lOOtli  Merid.,  Yol.  IV,  p.  83, 
PI.  V,  figs.  Ga,  6d;  uou  Productus  parvus  Meek  and  Wortlieu. 

Shell  very  small,  somewhat  wider  than  long.  Surface  ornamented  by 

fine,  even,  radiating  strise,  which  sometimes  exhibit  a  tendency  to  become 

confluent,  as  in  P.  costatus. 

Ventral  valve  deeply  arched,  making  considerably  more  than  a  semi- 
circle; front  view  subquadrate,  with  nearly  parallel  sides  and  slightly  curved 

upper  outline.  About  the  beak  are  a  few  deep  concentric  wrinkles,  and  the 

entire  surface  is  crossed  by  fine  concentric  lines.  Occasional  spines  of 

comparatively  large  size  are  scattered  over  the  surface,  especially  near  the 

anterior  margin,  on  the  heavier  compound  plications  when  present, 

1  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol.  IV,  p.  265,  PI.  V,  figs.  9-12. 



LOWER  CARBONIFEROUS  FOSSILS.  537 

The  only  dorsal  valve  observed  is  that  figured.  It  is  nearly  flat  at 

first,  and  geniculate,  with  well-marked,  somewhat  pointed  ears. 
The  material  from  the  Yellowstone  National  Park  seems  to  be  identical 

with  the  form  identified,  described,  and  figured  by  White  as  Productus  parvus 

(loc.  cit.). 

Compared  with  Meek  and  Worthen's  figures  of  that  species,  P.  parvi- 
formis  is  seen  to  be  uniformly  smaller,  narrower  in  proportion  to  the  width, 

more  deeply  arched,  and  more  elongate.  It  seems  like  a  miniature  form  of 

P.  gallatinensis,  with  which  I  have  at  one  locality  found  it  associated,  and 

of  which,  although  no  intermediate  forms  have  been  observed,  I  am  almost 

disposed  to  regard  it  as  a  variety. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  25 ;  J.  P.  Iddings  and  Gr.  M.  Wright.  Same,  bed  30,  bed 

31 ;  J.  P.  Iddings  and  W.  H.  Weed.  South  of  Forellen  Peak,  Teton  Range; 

S.  L.  Penfield.     Mountain  Spring,  Nevada. 

CAMAROPHORIA  King,  1846. 

Camarophoria  ringens  Swallow. 

PI.  LXIX,  figs.  In,  lb,  lc. 

Rhynchonella  ringens  Swallow,  I860 :  Traus.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  653.    Keyes, 
1895:  Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II,  p.  102. 

Camarophoria  ringens  Hall  aud  Clarke,  1893:  Pal.  New  York,  Vol.  VIII,  Pt.  II,  p.  214. 
Rhynchonella  (sp.)  Keyes,  1895 :  Geol.  Surv.  Missouri,  Vol.  I,  Pt.  II,  PI.  XLI,  figs.  8, 11. 

There  is  a  little  doubt  that  the  form  under  discussion  is  identical  with 

that  described  by  Swallow  under  the  name  Rhynchonella  ringens.  His  was 

a  large  shell  (length,  1.90  inches;  breadth,  1.43  inches;  thickness,  0.99 

inch),  triangular  in  outline,  marked  by  about  fourteen  large  plications, 

eight  of  which  were  in  a  broad  shallow  sinus.  More  recently  Keyes  (loc. 

cit.)  cites  the  species  and  says  there  are  twelve  plications. 

The  material  from  the  Yellowstone  National  Park  is  scanty.  Shell 

large,  acuminate-ovate.  Dorsal  valve  flat  on  top,  bending  abruptly  at  the 
sides  and  at  the  front.  Ventral  valve  shallow.  Beak  long,  sharp,  not  much 

incurved,  apparently  pierced  by  a  triangular  or  oval  foramen,  without 

deltidial  covering.  The  surface  is  marked  by  twelve  or  fourteen  large 

but  somewhat  lax,  rounded  plications,  two  or  three  of  which  on  the 

lateral  slopes  are  not  very  distinct.     Two  or  three  plications  are  on  the  fold, 
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though  the  exact  number  is  difficult  to  ascertain,  as  that  feature  is  almost 
obsolete. 

If  this  is  not  Rhynchondla  ringens  of  Swallow  it  must  be  a  new  form, 

for  there  is  no  other  representative  of  the  genus  with  which  it  could  be 

confused.  C.  subtrigona  Meek  and  Worthen,  the  nearest  form,  is  yet  con- 

siderably different.  However,  if  this  reference  is  correct,  Swallow's  spec- 
imen may  have  been  abnormal  in  having  so  many  plications  on  the  fold, 

as  it  is  certainly  a  larger  and  more  mature  individual. 

In  any  case  the  stratigraphic  value  of  this  species  remains  unaltered, 

for  I  can  vouch  for  the  identity  of  the  Yellowstone  National  Park  material 

with  a  form  from  the  lower  Burlington  chert  of  Louisiana,  Missouri,  which 

passes  among  local  collectors  as  R.  ringens. 

R.  ringens  was  described  from  the  chert  beds  of  the  Encrinital  limestone 

of  Callaway  County.  Swallow  (loc.  cit.)  cites  the  species  from  the  Burling- 
ton of  Callaway  and  Marion  counties,  while  two  forms,  illustrated  by 

PL  XLI,  figs.  8«,  8b,  and  11  (Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II),  prob- 
ably referable  to  C.  ringens,  were  found,  the  one  in  the  Burlington  limestone, 

the  other  in  the  Kinderhook  shales. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Same,  bed  28; 

J.  P.  Iddings  and  W.  H.  Weed.  Keokuk  age,  Callaway  Count}*,  Missouri. 
Burlington  age,  Callaway  and  Marion  counties,  Missouri.  Kinderhook 
shales,  Missouri. 

CAMAROTCECHIA  Hall,  1893. 

The  following  species  occur  in  the  lower  divisions  of  the  Madison 

limestone.  They  have  been  referred  to  Hall  and  Clarke's  genus,  Camaro- 
tcechia,  although  the  generic  characters  have  not  been  ascertained  in 

detail.  Yet  a  process  of  exclusion  makes  it  very  probable  that  this  refer- 
ence is  correct. 

All  the  shells  have  a  strong  median  septum  in  the  dorsal  valve,  while 

the  ventral  valve  is  aseptate,  but  with  two  converging  dental  laminae  in  the 

beak.  These  characters,  together  with  their  geologic  position,  form,  nature 

of  fold  and  sinus,  plications,  etc.,  throw  out  most  of  the  other  genera  and 

subgenera  into  which  the  Rhynchonelloid  type  has  been  divided. 
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Camarotcechia  herrickana  ii.  sp. 

PI.  LXIX,  figs.  2a,  2b,  2c. 

Ventral  valve  rather  shallow,  most  prominent  a  little  behind  the  mid- 

dle, flattened  in  front  and  at  the  sides.  Outline  nearly  that  of  a  square. 

Sinus  shallow,  beginning  near  the  middle  of  the  shell;  marked  by  two 

strong  plications,  on  either  side  of  which  are  five  or  six  others  slightly  finer. 

Dorsal  valve  considerably  wider  than  long,  sectoriform,  more  gibbous 

than  the  ventral;  sides  reflexed.  Fold  not  very  high,  marked  by  three 

strong  angular  plications.  On  either  side  are  five  plications,  the  more 
lateral  tvvo  smaller  than  the  others. 

This  species  occurs  in  about  the  same  beds  as  C.  ■metallka,  but  is  sel- 
dom associated  with  it  at  the  same  locality.  It  is  readily  distinguished 

from  G.  metallka  by  its  somewhat  large  size,  less  strong  fold  and  sinus, 

and  coarser  and  less  numerous  plications.  Of  these,  C.  metallka  has  five 

on  the  fold  and  eight  on  either  side,  while  C.  herrickana  has  but  three  on 
the  fold  and  five  on  each  side. 

This  species  has  not  been  observed  with  the  two  valves  in  conjunction, 
but  it  seems  to  have  been  a  much  less  inflated  form. 

It  is  possible  that  this  species  might  correctly  be  referred  to  some  one 

of  the  numerous  Rhynchonellids  described  from  the  Marshall  group  by 

Winchell.  I  have  studied  his  descriptions  with  care,  but  none  cover  the 

characters  of  this  form  sufficiently  closely  to  warrant  an  identification  in 

default  of  both  illustrations  and  identified  material. 

Length  of  a  single  ventral  valve,  10.5  mm.;  width,  12  mm.  Length 

of  a  separate  dorsal  valve,  8.5  mm.;   width,  10.5  mm. 

This  same  form,  or  one  probably  only  varietally  distinct  from  it,  is 

found  at  Pellas,  Marion  County,  Iowa. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream;  Arnold 

Hague.  Divide  between  Gallatin  River  and  Panther  Creek,  Gallatin  Range; 

amphitheater  east  of  Bannock  Peak,  Gallatin  Range,  bed  28;  W.  H.  Weed. 

Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  26,  upper  part  of  bed  27,  bed 

28;  J.  P.  Iddings  and  W.  H.  Weed.  North  end  of  Teton  Range,  north  of 

Owl  Creek;  W.  H.  Weed.  Chouteau  limestone,  Pellas,  Marion  County, 

Iowa. 
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Camarotcechia  metallica  White. 

PI.  LXIX,  figs.  3a,  3b,  3c,  3d,  3e. 

Rhynchonella  metallica  White,  1874:  Wheeler's  Expl.  and  Surv.  W.  100th  Merid., 
Prelim.  Kept.,  p.  20.  White,  1875:  Ibid.,  -Final  Eept.,  Vol.  IY,  p.  129,  PI.  X, 
figs.  10a,  10r?. 

Rhynchonella  pustulosn  (?)  Hall  and  Whitfield,  1877:  King's  U.  S.  Geol.  Expl.  40th 
Par.,  Yol.  IV,  p.  257,  PI.  IV,  figs.  12-14. 

This  species  was  described  by  White  from  Carboniferous  (Upper  Car- 
boniferous ?)  rocks.  It  was  found  associated  with  Hemipronites  crenistria 

and  Spirifer  cameratus.  My  material  occurs  in  the  lower  beds  of  the  Madi- 
son limestone,  whose  fauna  is  regarded  as  closely  related  to  that  of  the 

Kinderhook  period.  As  far  as  is  shown  by  a  careful  comparison  with  the 

type  specimen,  this  Waverly  form  is  identical  with  White's  species,  and 
were  the  latter  of  more  nearly  the  same  age  I  should  consider  the  reference 

unquestionable.  As  has  been  said,  Rhynchonella  metallica  was  described 
from  Old  Potosi  mine,  and  H.  crenistria  and  S.  cameratus  are  cited  from  the 

same  locality. 

Spirifer  cameratus  is  closely  related  to  S.  striatus,  and  has  sometimes 

been  mistaken  for  it,  while  almost  any  Lower  Carboniferous  Orthothetes  or 

Derbya  might  pass  as  Hemipronites  crenistria.  Therefore,  it  is  not  impossi- 
ble that  R.  metallica  was  derived  from  lower  strata  than  White  supposed. 

It  is  also  more  than  probable  that  R.  metallica  is  another  representative 

of  the  genus  Camarotcechia,  which  fact  is  not  without  some  stratigraphic 

bearing,  as  Camarotcechia  is  not  known  in  Upper  Carboniferous  rocks,  nor 

indeed  as  yet  above  the  Waverly. 

The  form  here  under  discussion  is  the  same  as  that  described  and  figured 

as  R.  pustulosa  (?)  by  Hall  and  Whitfield,  in  King's  U.  S.  Geol.  Expl.  40th 
Par.,  Vol.  IV,  p.  257,  PI.  IV,  figs.  12-14,  where  it  is  cited  from  Waverly  rocks. 
The  material  from  Yellowstone  National  Park,  though  scanty  from  any  one 

place,  the  localities  being  numerous,  aggregates  a  number  of  specimens 

which  agree  with  one  another  and  exactly  with  R.  pustulosa  (?)  Hall  and 

Whitfield;  but  all  are  without  the  punctate  shell  structure  characteristic  of 

true  Rhynchopora  pustulosa.  C.  metallica  is  also  much  smaller  than  mature 

R.  pustulosa,  with  thinner,  sharper,  and  finer  plications.  These,  as  stated 

by  Hall  and  Whitfield,  are  more  numerous  than  in  R.  pustulosa,  and  five  of 

them  instead  of  four  (as  in  the  latter)  regularly  surmount  the  fold. 
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This  same  shell  is  found  in  the  Chouteau  limestone  of  Cooper  County, 
Missouri,  and  at  the  base  of  the  Lower  Carboniferous  at  Providence  Land- 

ing, Missouri,  and  at  Blackwater  Bridge,  Saline  County,  Missouri. 
Formation  and  locality :  Madison  limestone,  Hunter  Peak,  Absaroka 

Range ;  Arnold  Hague.  Limestone  bluff  north  of  Little  Sunlight  Creek, 

Absaroka  Range;  Arnold  Hague.  East  side  of  Gallatin  River,  west  of 

Electric  Peak;  divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 

Range;  amphitheatre  east  of  Bannock  Peak,  Gallatin  Range,  bed  28; 

W".  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25 ;  J.  P.  Iddings 
and  G.  M.  Wright.  Same,  bed  26;  J.  P.  Iddings  and  W.  H.  Weed.  South 

of  Forellen  Peak,  Teton  Range  ;  S.  L.  Penfield.  Northwest  slope  of  same ; 
S.  L.  Penfield.  South  slope  of  Quadrant  Mountain,  Gallatin  Range;  north 
of  Bighorn  Pass,  Gallatin  Range;  Crowfoot  Ridge,  Gallatin  Range,  bed 
24;  A.  C.  Gill.  Same,  top  of  bed  24;  J.  P.  Iddings.  Head  of  Conant  Creek, 

Teton  Range;  W.  H.  Weed.  North  of  Owl  Creek,  northeast  slope  of  Teton 

Range;  W.  H.  Weed.  Upper  Carboniferous,  Lincoln  County,  Nevada. 

Waverly  age,  Wasatch  Range,  Utah.  Chouteau  limestone,  Cooper 

County,  Missouri ;  Providence  Landing,  Missouri ;  Blackwater  Bridge, 
Saline  County,  Missouri. 

Camarotozchia  sappho  Hall  (?). 

Rhynclionella  sappho  Hall,  1860:  Thirteenth  Rept.  New  York  State  Cab.  Nat.  Hist., 
p.  87.     Herrick,  1888:  Bull.  Deuison  University,  Vol.  Ill,  p.  40,  PI.  V,  fig.  1; 
PI.  VII,  fig.  25.     Herrick,  1895:  Geol.  Ohio,  Vol.  VII,  PI.  XXI,  fig.  1. 

Rhynclionella  (Stenocesma),  sappho  Hall  1867:    Pal.  New  York,  Vol.  IV.,  p.  310,  PI. 
LIV,  figs.  33-13. 

Camarotcechia  sappho  Hall  and  Clarke,  1893:  Pal.  New  York,  Vol.  VIII,  Pt.  II,  p.  192. 
PL  LVII,  figs.  10-11. 

The  specimen  which  represents  this  type  is  larger  than  any  in  the 

collection  referred  to  the  genus  Camarotoechia.  When  j)erfect  it  must  have 

measured  16  mm.  in  length  by  21.5  mm.  in  width.  It  is  a  rather  flat, 

explanate  shell,  resembling  in  this  respect  C.  herrickana  rather  than  the 

other  forms  represented  in  the  Yellowstone  National  Park.  The  lateral 

slopes  are  nearly  straight  or  slightly  concave,  and  extend  about  half  the 

entire  length  of  the  shell,  where  they  are  met  by  the  deeply  bowed  anterior 

margin.  The  fold  is  not  high,  but  can  be  traced  to  the  rostral  region.  It 

is  traversed  by  six  small,  rounded  plications,  and  about  seven  others  are  to 
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be  found  on  each  of  the  sides.  In  every  respect  this  very  closely  resembles 

Hall's  species,  although  only  a  provisional  reference  is  possible,  owing  to 
insufficient  material.  C.  sappho  first  makes  its  appearance  in  beds  of  the 

Marcellus  period,  but  is  known  to  extend  up  into  the  upper  Waverly 

(Herrick,  1888,  loc.  cat.,  p.  40). 

Formation  and  locality :  Madison  limestone,  Limestone  bluff  south 

side  of  Soda  Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range; 

J.  P.  Iddings.  Marcellus  to  Waverly,  Leroy,  Geneseo,  and  York,  New 

York ;  Licking  County,  Ohio. 

Camarotcechia  camarifera  Winchell  (?). 

RhynehoneUa  camarifera  Winchell  (A.),  1862:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  408. 

This  species  is  represented  in  a  somewhat  fragmentary  manner,  and 

the  material  is  too  poor  for  illustration.  It  resembles  C.  herrickana,  but  at 

the  same  time  seems  to  be  specifically  distinct  from  it.  Shape  ovate; 

length  equal  to  or  slightly  exceeding  the  width ;  convexity  moderate. 

Sides  straight,  meeting  at  the  beak  in  something  less  than  a  right  angle; 

front  deeply  rounded.  Plications  rounded,  four  on  the  fold  and  three  in 

the  sinus,  with  five  or  six  on  the  sides.  The  plications  are  nearly  straight 

and  not  very  divergent,  which  makes  the  shell  look  longer  than  it  really  is. 

It  can  be  distinguished  from  C.  herrickana  by  the  somewhat  different 

arrangement  of  plications  on  fold  and  sides.  The  proportions  of  the  shell 

are  also  different.  The  plications  are  slightly  finer,  less  angular,  and  not 

so  strongly  outcurved  at  their  extremities.  The  nearest  described  species 
which  I  have  found  is  C.  camarifera  of  Winchell. 

Length,  10  mm.;  width,  9.5  mm. 
Formation  and  locality :  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  26,  bed  28,  bed  30;  J.  P.  Iddings  and  W.  H.  Weed.  Marshall 

group,  Point  aux  Barques,  Michigan. 

Camarotcechia  sp. 

PI.  LXIX,  figs,  ia,  4b. 

This  species  is  represented  by  a  single  specimen,  which  seems  to  be 

distinct  from  any  type  occurring  in  the  collection  from  the  Yellowstone 
National  Park.     It  was  found  at  the  limestone  bluff  on  the  south  side  of 
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of  Soda  Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range,  a 

locality  which  has  already  furnished  several  new  species,  and  seems  to 

possess  a  somewhat  distinct  local  fauna. 

Camarotcechia  sp.  consists  of  a  single  dorsal  valve.  The  shape  is 

slightly  oval,  length  and  width  about  equal;  curvature  of  the  outline  regu- 
lar, and  not  angular  where  the  anterior  margin  meets  the  lateral  slopes. 

Extremely  gibbous,  the  thickness  of  the  valve  being  more  than  half  the 

length  or  width.  Fold  not  very  high,  but  defined  to  the  vicinity  of  the 

beaks.  It  is  marked  by  five  rounded  plications,  and  a  like  number  are  to 
be  found  on  the  two  sides. 

This  form  seems  to  be  related  to  C.  orbicularis,  of  Chemung  age. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  south 

side  of  Soda  Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka  Range; 

J.  P.  Iddings. 

LIORHYNCHUS  Hall,  1860. 

LlORHYNCHUS   HAGUEI   11.  sp. 

PI.  LXIX,  figs.  5a,  56. 

Shell  rather  large,  tumid.  Ventral  valve  flat  in  effect ;  subquadrate  in 

outline  ;  beak  strongly  incurved ;  fold  deep.  Thus  the  anterior  and  posterior 

angles  of  the  quadrate  shell  are  strongly  flexed  in  one  direction,  while  the 

lateral  angles  are  prominently  elevated.  Dorsal  valve  very  rotund  ;  fold 

high  ;  sides  strongly  recurved.  The  surface  is  smooth  (?),  sometimes  show- 
ing varices  of  growth.  Fold  and  sinus  alone  plicate.  Striae  on  the  sides 

of  the  shell  entirely  obsolete.  There  are  five  plications  on  the  fold,  neither 

sharp  nor  strong.  The  central  three  are  slightly  larger  than  the  lateral 

ones,  which  are  not  defined  on  the  outer  side,  but  lie  in  the  regular  curva- 
ture of  the  shell.     Four  nearly  obsolete  plications  in  the  sinus. 

The  general  appearance  of  the  shell  suggests  the  genus  Pugnax,  but  a 

reference  to  that  type  is  impossible  by  reason  of  internal  structures.  A 
section  across  both  valves  near  the  beak  shows  that  the  dorsal  valve  is 

provided  with  a  well-developed  median  septum,  and  that  the  ventral  valve 
has  two  converging  laminar  plates  in  the  rostral  region. 

Liorhynclms  liaguei  is  very  close  to  L.  greenianum  Ulrich,  of  Keokuk  (?) 

age,  from  New  Albany,  Indiana,  but  the  latter  has  three  coarse  plications 
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on  the  fold,  while  the  former  regularly  has  five  fine  ones.  L.  haguei  also 

resembles  to  a  certain  extent  L.  keUoggi  of  the  Hamilton  group,  but  it  is 

more  gibbous,  with  a  higher  fold,  while  the  latter  has,  as  a  rule,  six  to  ten 

plications  on  fold  and  sinus,  with  five  or  six  faint  lateral  plications. 

Comparison  can  also  be  made  with  Liorhynchus  (Pugnax?)  striatocostatum 

Meek  and  Worthen,  which  has  three  or  four  plications  on  the  fold  and  two 

or  three  nearly  obsolete  ones  on  either  side.  The  fold  is  lower,  broader, 

and  more  quadrate,  and  the  plications  surmounting  it  are  much  coarser, 

than  in  L.  haguei,  which  has  the  lateral  plications  either  entirely  lacking 

or  more  indistinct.  The  latter  appears  also  to  be  without  the  fine  striate 

surface  ornamentation  of  Meek  and  Worthen's  species. 
Formation  and  locality :  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range;  cherty  limestone,  top  of  bed  24;  A.  C.  Gill. 

DIELASMA  King,  1859. 

Dielasma  utah  Hall  and  Whitfield. 

PL  LXIX,  figs.  6«,  66,  6c. 

Terebratula  utah  Hall  and  Whitfield,  1877:  King's  Geol.  Expl.  40tli  Par.,  Vol.  IV, 
p.  258,  PI.  IV,  fig.  18. 

The  type  of  this  species  is  a  dorsal  valve,  with  a  pentagonal  outline 

and  a  punctate  shell.  The  rectilinear  outline  is  not  constant,  however,  for, 

on  a  block  of  limestone  from  the  same  locality  containing  other  type  mate- 

rial (Athyris  planosulcata  ?),  is  a  second  specimen  whose  outline  is  regularly 
curved. 

The  material  from  the  Yellowstone  National  Park  agrees  with  the  above 

so  perfectly  in  general  form,  proportion,  size,  etc.,  that  I  am  confident  both 

belong  to  the  same  species. 

Although  it  has  not  been  possible  to  determine  the  internal  charac- 

ters of  this  form,  it  has  been  referred  to  the  g-enus  Dielasma  because  of  its 
geological  position,  punctate  shell,  and  characteristic  shape  of  the  ventral 
valve. 

Dielasma  utah  very  closely  resembles  D.  formosum  Hall,  which  occurs 

in  the  Mississippi  Valley,  in  strata  of  Keokuk  age;  but  D.  utah  is  found 
in  the  lower  beds  of  the  Madison  limestones. 
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Bielasma  rowleyi  Hall  and  Clarke1  (11011  Worthen)  and  Terebratula 

gorbyi  S.  A.  Miller2  are  closely  related  forms,  but  I  have  not  been  able  to 
examine  them  personally. 

It  is  probable  that  I),  utah  will  prove  synonymous  with  B.  burling- 

tonense  White,  of  the  same  geologic  horizon,  but  the  scanty  material  of  the 

former  species,  joined  to  the  very  inadequate  description  of  the  latter,  ren- 

ders it  impossible  to  determine  this  point. 

Specimens  of  I),  ourlingtonense  White  from  the  Cuyahoga  shale  as 

exposed  at  various  points  in  Summit  and  Medina  counties  can  not  be 

distinguished  from  T).  utah,  by  any  characters  that  I  have  been  able  to 
discover. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  north 

of  Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream; 

Arnold  Hague.  East  side  of  Gallatin  River,  west  of  Electric  Peak ;  Crow- 

foot Ridge,  Gallatin  Range,  bed  28 ;  J.  P.  Iddings  and  W.  H.  Weed. 

Lower  Carboniferous,  Cottonwood  Divide,  Wasatch  Range,  Utah. 

SPIRIFERINA  d'Orbigny,  1828. 

Spiriferina  solidirostris  White. 

PI.  LXXI,  fig.  !()«. 

Spirifer  solidirostris  White,  1860:  Jour.  Boston  Soc.  Nat.  Hist.,  Vol.  VII,  p.  232. 
Spiriferina  solidirostris  White,  1862:  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  IX,  p.  21.     A. 

Winchell,  1865:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  120. 

This  is  not  a  common  species  in  the  Yellowstone  National  Park.  It 

has  been  observed  at  a  number  of  localities,  but  is  represented  by  only  one 
or  two  specimens  at  each.  These  correspond  so  entirely  with  S.  solidirostris, 

as  far  as  characters  are  indicated,  that  I  refer  them  very  confidently  to 

White's  species.  The  area,  shape  of  shell,  number  and  character  of 
plications,  and  surface  ornamentation  are  exactly  as  White  has  described 

them.  The  largest  specimen,  a  ventral  valve  of  unusual  size,  measured 

21.5  mm.  in  width  by  12.5  mm.  in  length;  but  the  one  figured  (PI.  LXXI, 
fig.  10fl),  which  measures  15  mm.  in  width  by  12  mm.  in  length,  is  perhaps 
nearer  the  average. 

1  Hall  and  Clarke,  1895:  Pal.  New  York,  Vol.  VIII,  Pt,  II,  PI.  LXXXI,  figs.  27,  28. 
-S.  A.  Miller,  1892  (for  1891) :  Seventeenth  Rept.  State  Geologist  Indiana,  p.  687,  PI.  XIII.  figs.  3,  1. 

MON  XXXII,  PT  II   35 
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The  identifications  of  this  species  are  usually  incorrect,  the  current  type 

of  specimens  differing  markedly  from  the  original  description,  which  is 

appended  below.  S.  solidirostris  Herrick1  is  an  example  of  this,  and  the 

form  he  has  figured  can  not  be  included  with  White's  type. 

"Shell  rather  small,  nearly  semicircular,  wider  than  long,  widest  at 
the  hinge  line,  where  it  is  sometimes  extended  into  submueronate  points, 
rounded  in  front. 

Dorsal  valve  more  convex  from  beak  to  front  than  transversely.  Beak 

scarcely  prominent,  slightly  projecting  beyond  the  hinge  line. 

Ventral  valve  about  twice  as  deep  as  the  opposite  one,  regularly 

arcuate  from  beak  to  front,  but  a  little  depressed  near  the  cardinal  extremi- 
ties. Area  large  and  well  defined,  foramen  narrow,  beak  acute,  incurved, 

and  becoming  solidified  as  the  foramen  is  progressively  closed.  Dental 

plates  strong,  projecting  a  little  forward  of  the  hinge  line.  From  six  to 

eight  prominent  plications  on  each  side  of  the  mesial  fold  and  sinus,  which 

decrease  regularly  in  size  toward  the  hinge  extremities.  Sinus  rather 

broad  and  deep,  distinctly  defined  even  to  the  point  of  the  beak.  A 

slightly  elevated  ridge  extends  along  its  bottom,  and  a  corresponding 

depression  along  the  mesial  fold. 

Mesial  fold  prominent  and  widely  separated  from  the  plications. 

Surface  marked  by  fine,  lamellose,  concentric  striae,  which  arch  upon  the 

plications  and  the  ridge  in  the  mesial  sinus,  and  doubly  arch  upon  the 

mesial  fold." 
White's  reference  of  the  species  to  Spiriferina.  is  undoubtedly  correct. 

Shells  from  the  Madison  limestone  show  the  characteristic  finely  punctate 
structure. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak ;  George  M.  Wright.  Divide  between  Gallatin  River 

and  Panther  Creek,  Gallatin  Range ;  amphitheater  east  of  Bannock  Peak, 

Gallatin  Range,  bed  28 ;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range, 

bed  26,  bed  27,  bed  31 ;  J.  P.  Iddings  and  W.  H.  Weed.  South  of  Forellen 

Peak,  Teton  Range  ;  S.  L.  Penfield.  West  of  Antler  Peak,  Gallatin  Range; 

Antler  Peak,  Gallatin  Range ;  A.  C.  Gill.  Summit  of  peak  west  of  Antler 

Peak,  Gallatin  Range ;  J.  P.  Iddings.     South  slope  of  Quadrant  Mountain, 

'Herrick,  1888:  Bull.  Deuison  University,  Vol.  Ill,  p.  47,  PI.  II,  tigs.  9-11;  PI.  V,  fig.  13;  also 
Geol.  Ohio,  Vol.  VII,  PI.  XXI,  fig.  13. 
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Gallatin  Range;  north  of  Big-horn  Pass,  Gallatin  Range;  A.  C.  Gill. 

Cherty  belt,  Bighorn  Pass,  Gallatin  Range;  J.  P.  Iddings.  Crowfoot 

Ridge,  Gallatin  Range,  bed  24 ;  A.  C.  Gill.  North  of  Owl  Creek,  northeast 

slope  of  Teton  Range ;  W.  H.  Weed.  North  side  of  south  fork  of  Mill 

Creek,  Snowy  Range;  Louis  V.  Pirsson.  Slide,  east  side  of  Gallatin 

River,  below  Fan  Creek.  Kinderhook  age,  Burlington,  Iowa;  Hamburg, 

Illinois ;   Sciotoville,  Ohio. 

SPIRIFER  Sowerby,  1815. 

Spirifer  ckntronatus  Winchell. 

PL  LXX,  figs.  3«,  3&,  3c,  3d, 

Spirifer  centronatus  Winchell  (A.),  1865:  Proc.  Acad.  Xat.  Sci.  Philadelphia,  p.  118. 

White,  1875:  Wheeler's  Expl.  Surv.  W.  100th  Merid.,  Vol.  IV,  p.  86,  PI.  V, 

figs,  Sa-8e. 

Spirifera  centronata  Hall  and  Whitfield,  1877:  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol. 
IV,  p.  254,  PI.  IV,  figs.  5,  6. 

Spirifer  centronatus  is  by  far  the  most  abundant  and  universal  form  in 

the  Yellowstone  National  Park.  It  has  been  identified  at  nearly  every 

locality  from  which  collections  have  been  made,  and  appears  often  to  have 

been  present  in  large  numbers.  The  species  is  already  known  in  the  Rocky 

Mountain  region  from  the  reports  of  C.  A.  White  and  of  Hall  and  Whit- 

field. I  have  compared  my  material  with  their  types,  and  also  with  specimens 

from  the  Waverly  rocks  of  Richfield,  Ohio,  and  all  are  without  doubt 

specifically  identical. 

Spirifer  centronatus  usually  develops  four  equal  plications  on  the  fold 

and  three  in  the  sinus,  with  sixteen  or  more  (usually)  simple  plications  on 

the.  wings.  The  hinge  line  is  always  the  widest  portion  of  the  shell.  The 

anterior  outline  is  curved,  with  a  tendency  to  become  quadrate.  In  other 

words,  the  shape  is  sometimes  that  of  the  smaller  segment  of  a  circle, 

xnoetimes  more  tumid  below,  with  angular  or  mucronate  extension  at  the 

hinge  line.  Always  transverse.  Area  of  the  ventral  valve  not  very  broad; 

beak  incurved,  small.  Sinus  beginning  at  the  extremity  of  the  beak.  It  is 

there  relatively  deep,  and  sharply  defined  on  either  side  by  a  prominent 

plication,  but  grows  broader  and  shallower,  somewhat  losing  definition 

below.  Subsequently  a  central  rib  develops  in  the  sinus,  and  this  is  at 

about  the  same  time   supplemented  by  two  others,  one  on   either  side, 
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sprang  as  bifurcations  from  the  two  prominent  bounding  ribs.  Thus  there 

are  normally  three  plications  in  the  sinus.  In  addition,  the  shell  is  marked 

by  about  thirty- two  radii,  sixteen  on  either  side  of  the  sinus,  which  makes 

an  aggregate-  of  thirty-seven  plications  for  the  entire  valve.  Usually  at 
maturity  these  are  all  nearly  or  quite  of  a  size.  Sometimes,  however,  the 

two  bounding'  ribs  remain  prominent,  while  those  in  the  sinus  are  almost 
undeveloped.  This  constitutes  the  variety  S.  albapinensis,  and  represents 

the  condition  of  most  young*  shells.  Bifurcation  is  common  among-  the  alar 
ribs,  but  occasionally  a  shell  will  have  nearly  all  its  plications  bifurcate. 

The  area  of  the  dorsal  valve  is  narrow;  beak  small,  inconspicuous. 

There  is  a  low  but  usually  well-marked  fold,  on  which  at  first  are  only  two 
plications.  These  subsequently  bifurcate,  giving  four  plications  on  the  fold 

of  mature  shells.  Bifurcation  is  centrifugal  and  does  not  result  in  the 

formation  of  primarily  equal  ribs.  The  narrower  ridges  are  in  each  case 

toward  the  wings,  while  the  two  original  ribs  remain  central  and  contiguoiis. 

The  surface  ornamentation  consists  of  fine  radiating*  striae,  parallel  to 
and  superimposed  on  the  radiating  ribs.  These  are  interrupted  by  a  system 

of  concentric  imbricating*  lamellae,  as  in  S.  biplkatus. 
The  chief  deviation  from  the  type  above  described  consists  in  an 

increase  in  the  number  of  striae,  accompanied  by  a  diminution  in  their  size, 

so  that  four  or  five  striae  are  found  in  the  sinus,  and  twenty  or  more  on  the 
wings. 

I  believe  that  this  species  will  be  found  to  be  synonymous  with  S. 

biplkatus,  but  until  proved  I  have  employed  the  name  of  the  better-known 
form. 

Formation  and  locality:  Madison  limestone,  near  summit  of  ridge,  west 

end  of  Hunter  Peak,  Absaroka  Range;  limestone  bluff  north  of  Little 

Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream;  east  side  of 

Gallatin  River,  west  of  Electric  Peak;  Upper  Gallatin  Valley,  west  of  Big- 

horn Pass;  Arnold  Hague.  Upper  Gallatin  Valley,  divide  between  Galla- 

tin River  and  Panther  Creek,  Gallatin  Range;  east  face  of  Antler  Peak, 

Gallatin  Range;  saddle  west  of  Antler  Peak,  Gallatin  Range;  amphitheater 

west  of  Bannock  Peak,  Gallatin  Range,  bed  26;  amphitheater  east  of  Ban- 

nock Peak,  Gallatin  Range,  bed  30;  W.  H.  Weed.  Crowfoot  Ridge,  Gal- 

latin Range,  bed  25;  J.  P.  Iddings  and  W.  H.  Weed.  Same,  top  of  bed 

25;  J.  P.  Iddings  and  G.  M.  Wright.     Same,  top  of  bed  26,  lower  part  of 
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bed  27,  upper  part  of  bed  27,  bed  28,  bed  31;  J.  P.  Iddings  and  W,  H. 

Weed.  Pass  between  Fox  and  Mink  creeks,  west  of  Two  Ocean  Plateau; 

Arnold  Hague.  East  slope  of  Survey  Peak,  Teton  Range ;  south  of  Forel- 

len  Peak,  Teton  Range;  northwest  slope  of  same;  S.  L.  Penfield.  Antler 

Peak,  Gallatin  Range;  west  of  same;  A.  C.  Grill.  Summit  of  peak  west 

of  Antler  Peak,  Gallatin  Range;  south  slope  of  same;  summit  of  Three  River 

Peak,  Gallatin  Range ;  J.  P.  Iddings.  South  slope  of  Quadrant  Mountain, 

Gallatin  Range;  A.C.Gill.  South  base  of  same ;  J.  P.  Iddings.  North  of 

Bighorn  Pass,  Gallatin  Range;  Crowfoot  Ridge,  Gallatin  Range,  bed  24; 

A.  C.  Gill.  Bighorn  Pass,  Gallatin  Range ;  J.  P.  Iddings.  Head  of  Conaut 

Creek,  Teton  Range;  north  end  of  Teton  Range,  north  of  Owl  Creek;  east 

side  of  Lamar  Valle}'-,  mouth  of  Soda  Butte  Creek,  Absaroka  Range; 
W.  H.  Weed.  Limestone  bluff  south  side  of  Soda  Butte  Creek,  north- 

west of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings.  North  side 

of  north  fork  of  Mill  Creek,  Snowy  Range;  J.  P.  Iddings  and  Louis 

V.  Pirsson.  Waverly  age,  Cuyahoga  Falls,  Richfield,  Lodi,  Bagdad,  etc., 

Ohio;    Black    Hills,    Dakota;    Wasatch    Range,   Utah;    Mountain    S])rmg, 
Nevada. 

Spirifer  centronatus  var.  semifurcatus  n.  var. 

PI.  LXX,  fig.  4«. 

This  form  is  related  to  S.  centronatus  and  to  S.  mesicostalis,  standing  about 
midway  between  them.  It  seems  to  me  to  be  sufficiently  out  of  the  ranere 

of  ordinary  variations  of  S.  centronatus  to  be  described  as  a  distinct  variety. 

It  is  of  the  imbrex  type,  semielliptieal  in  outline,  fold  and  sinus 

strongly  expressed ;  surface  ornamented  with  regular  imbricating  growth 

lines  and  strong  radiating  ribs.  Of  the  latter  there  are  ten  or  eleven  upon 

the  wings  and  two  somewhat  larger  ones  upon  the  median  fold.  These, 

however,  show  a  constant  tendency  to  bifurcate,  which  often  results  in  the 

formation  of  four  plications ;  but  the  median  furrow  of  the  fold  is  stronger 

than  the  two  others.  Length  of  the  dorsal  valve  is  30.5  mm.  trans verselv; 

longitudinally,  12.5  mm. 

The  dorsal  shown  by  PI.  LXX,  fig.  4a,  can  be  almost  exactly  mated  in 

size,  in  shape,  and  in  the  number,  size  and  distribution  of  the  plications  bv 

specimens  of  S.  mesicostalis.  This,  however,  is  rather  small  for  mesicostalis, 

and  1  have  not  observed,  in  a  large  series  of  this  species,  any  tendency 

toward   bifurcation  in  the  two   plications   on  the  fold.      Compared  with  S. 
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biplicatus  var.  semifurcatus,  S.  centronatus  has   somewhat  smaller  and  more 

numerous  plications,  and  the  fold,  which  is  perhaps  not  quite  so  elevated, 

is  surmounted  by  four  or  more  equal  radii. 

Formation  and  locality:  Madison  limestone,  Hunter  Peak,  Absaroka 

Range ;  T.  A.  Jaggar.     Near  summit  of  ridge,  west  end  of  Hunter  Peak, 

Absaroka  Range  ;  Arnold  Hague.     Crowfoot  Ridge,  Gallatin  Range,  top  of 

bed  26  ;  J.  P.  Iddings  and  W.  H.  Weed.     Under  Quartzite  Ridge,  north  side 
of  Burnt  Pork. 

Spirifer  subattenuatus  Hall. 

Spirifer  subattenuatus  (by  mistake,  Spirifer  submucronata)  Hall,  1858:    Geol.  Surv. 

Iowa,  Vol.  I,  Pt.  II,  p.  501,  PI.  IV,  figs.  3a-3c. 
Spirifer    subattenuata    Wincliell    (A.),  1862:    Proe.  Acad.    Nat.    Sci.,    Philadelphia, 

p.  4C5.     Whiteaves,  1891:    Contributions  to  Canadian  Palaeontology,  Vol.  I, 

p.  223. 
Shell  rather  small,  semicircular,  alar  angles  somewhat  rounded  to  sharp. 

On  either  side  of  the  fold  and  sinus  there  are  eight  to  ten  comparatively 

large  radiating  ribs,  which  are  crossed  by  strong  concentric  imbricating 

ridges.  Very  variable  in  the  number  of  plications  on  fold  and  sinus.  One 

dorsal  valve  shows  a  low  fold  with  two  strong  radii  equal  to  those  on  the 

wings.  Another  specimen  has  a  rather  high  fold  with  a  very  faint  median 

furrow.  One  ventral  valve,  on  the  other  hand,  shows  a  sharp  median  ridge 

in  the  rather  deep  sinus,  while  still  another  has  the  sinus  simple  for  over 

half  its  length,  when  suddenly  four  low  plications,  somewhat  smaller  than 

the  rest,  appear  in  it.  Length  of  this  last  specimen,  10.5  mm.;  width,  15 

mm.     Another  example  is  considerably  larger  than  this. 

The  form  in  question  seems  to  be  closely  allied  to  S.  centronatus,  from 

some  varieties  of  which  it  is  not  widely  separated.  It  also  bears  some 

resemblance  to  S.  strigosus  Meek  and  S.  argentarius  Meek,  to  the  latter  in 

point  of  size,  to  the  former  in  the  plications  of  fold  and  sinus.  S.  argentarius 

and  S.  strigosus  are  both  described  from  Devonian  strata;  so  is  S.  subattenu- 

atus, but  it  is  known  to  occur  in  the  Waverly  also.  The  material  studied 

is  unsatisfactory. 

Formation  and  locality:  Madison  limestone,  Stinkingwater  Valley, 

below  mouth  of  the  canyon,  Absaroka  Range;  Arnold  Hague.  Chemung 

age,  Independence  and  Buffalo,  Iowa:  Rock  Island,  Illinois;  Naples,  New 

York;  Athabasca  River,  Canada.  Marshall  group,  Point  aux  Barques, 

Michigan. 
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Spirifer  marionensis  Shumard  (!) 

Spirifer  marionensis  Shumard,  1855:  Geol.  Rept.  Missouri,  p.  203,  PL  0,  figs.  8a-8c. 
Hall,  185S :  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  501,  PL  VI,  figs,  lff-lc.     Hall 
and  Clarke,  1893 :  Pal.  New  York,  Vol.  VIII,  Pt.  II,  PL  XXXI,  fig.  15. 

Spirifera  marionensis  Wiuchell   (A.),  1870:    Proc.  Am.  Phil.  Soc,  Vol.  XI,  p.  252. 
Hall,  1883:    Second  Ann.  Rept.  Xew  York  State  Geologist,  PL  LVI,  fig.  15. 

Herrick,  1888:  Bull.  Denison  University,  Vol.  Ill,  p.  43,  PL  VI,  figs.  2-4;  PL 
VII,  fig.  11;  Vol.  IV,  p.  26,  PL  II,  fig.  2. 

This  form  is  found  only  at  the  head  of  Conant  Creek,  Teton  Rang-e. 
The  material,  which  is  much  crushed  and  broken,  so  far  as  ascertained,  can 

well  be  referred  to  Shumard's  species.  It  is  much  larger  and  more  coarsely 
plicate  than  S.  centronatus,  and  much  resembles  S.  striatus  of  this  report, 

except  that  the  surface  is  crossed  by  numerous  lamellose  concentric  striae, 

whereas  the  other  is  smooth.  A  satisfactory  identification  is  rendered 

impossible  by  the  character  of  the  material. 

Formation  and  locality:  Madison  limestone,  head  of  Conant  Creek, 

Teton  Range;  W.  H.  Weed.  White  Mountain,  Absaroka  Range,  just  below 

Quadrant  quartzite ;  T.  A.  Jaggar.  Chouteau  age,  Louisiana  and  Hannibal, 

Missouri;  Portsmouth  and  Sciotoville,  Ohio. 

Spirifer  striatus  var.  -madisonensis  n.  var. 

PL  LXX,  figs.  2a,  2b,  2c,  2d. 

This  form  in  general  appearance  resembles  S.  striatus  Martin,  of  the 

Mountain  limestone  of  various  European  localities.  It  does  not  attain 

so  large  a  size  as  is  often  seen  among-  specimens  of  S.  striatus,  and  the 
strise  are  coarser  and  less  numerous  than  in  some  of  the  forms  figured  by 
Davidson. 

The  material  under  discussion  approaches  most  closely  to  certain 

specimens  from  Cork,  Ireland,  with  which  it  has  been  compared,  but 

certain  differences  obtain  which  are  worthy  of  at  least  varietal  distinction. 

The  area  in  S.  striatus  var.  madisonensis  is  higher,  even  in  specimens  of 

considerably  smaller  size;  the  ventral  beak  more  overhanging,  and  the 

foramen  higher  in  proportion  to  its  width.  The  outline  shape  of  both 

types  is  nearly  the  same,  likewise  the  number  and  size  of  the  striae.  The 

fold  is  somewhat  higher  in  the  Irish  form,  and  considerably  more  angular. 

The  striae  bifurcate  in  the  immediate  vicinity  of  the  beak,  and  often  again 
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near  the  anterior  margin.  In  the  variety  macUsonensis  the  striae  bifurcate 

near  the  anterior  margin,  but  can  be  traced  backward  to  their  origin  at  the 

beak  without  bifurcation.  In  neither  form  are  the  striae  interrupted  by 

imbricating  lamellae. 

Hall  and  Whitfield  distinguish  two  types  among  the  forms  from  Utah, 

which  they  refer  to  S.  striata s.  The  one  which  is  lower  in  the  stratigraphic 

series  is  said  to  be  transversely  elongated,  while  the  higher  one  is  about  as 

long  as  wide,  and  has  finer,  more  angular,  and  more  fasciculate  striae. 

Their  material  is  so  crushed  that  it  is  impossible  to  institute  a  satisfactory 

comparison,  but  if  S.  striatus  var.  macUsonensis  is  identical  with  either  of 

these,  it  must  be  with  the  former  (lower)  type.  It  differs  distinctly  from 

the  form  figured  on  PI.  V,  figs.  13,  14  (loc.  cit),  which  is  somewhat  larger; 

the  area,  instead  of  being  nearly  straight  and  vertical,  is  deepl}T  curved,  at 
first  nearly  horizontal,  then  resurgent;  the  fold  is  sudden,  high,  and  thin. 

Spirifer  striatus  var.  macUsonensis,  when  mature,  can  be  readily  distin- 
guished from  S.  eentronatus,  with  which  it  is  associated.  It  is  much  larger, 

the  fold  and  sinus  less  defined,  plications  more  numerous,  but  less  sharp, 

and  not  covered  with  the  imbricating  concentric  lamellae  which  well- 

preserved  surfaces  of  S.  eentronatus  show. 

The  largest  specimen,  an  incomplete  ventral  valve,  measures  55  mm. 

in  breadth.  Another  shell  measures  55  mm.  in  breadth  by  35  mm.  in 

length,  which  is  perhaps  near  the  average.  Young  specimens,  however, 

are  broader  in  proportion  to  their  length,  and  can  scarcely  be  distinguished 

in  shape  from  S.  eentronatus  of  the  same  size. 

Formation  and  locality:  Madison  limestone,  Stinkingwater  Valley, 

below  mouth  of  the  canyon,  Absaroka  Range;  Arnold  Hague.  Crowfoot 

Ridge,  Gallatin  Range,  cherty  limestone,  top  of  bed  24;  A.  C.  Gill. 

Spirifer  sp. 

PI.  LXX,  fig.  la. 

This  form  is  known  only  from  an  incomplete  dorsal  valve,  but  it  is  so 
striking  that  it  seems  worthy  of  some  notice.  It  is  very  transverse,  the 

width  being  51  mm.  and  the  length  16.5  mm.  Shape  triangular;  trun- 

cate in  front;  wings  acutely  angular,  mucronate  (!).  The  fold  is  unde- 
fined and  scarcely  at  all  raised  above  the  general  curvature  of  the  shell, 

surmounted  by  four  or  five  bifurcated  plications.     On  either  side  are  found 
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about  twenty  other  plications,  which  (on  the  cast)  gradually  become  finer 

and  more  obsolete  until  they  disappear  and  the  extreme  alar  portion  is 

smooth.  I  know  of  no  type  with  which  this  can  aptly  be  compared 

except  S.  forbesi,  of  the  Burlington  group. 

Formation  and  locality:  Madison  limestone,  east  slope  of  Survey 

Peak,  Teton  Range;   S.  L.  Penfield. 

Spirifer  sp. 

A  solitary  specimen,  not  referable  to  any  of  the  forms  yet  recognized 

in  the  Yellowstone  National  Park.  It  is  a  large  shell,  probably  when 

complete  not  less  than  63.5  mm.  wide  by  44.5  mm.  long;  a  ventral  valve. 

There  is  a  broad,  shallow  sinus,  which,  together  with  the  wings,  appears  to 

be  covered  by  comparatively  fine,  obscure,  radiating  strise.  The  entire 

rostral  cavity  is  filled  with  shell  deposit,  as  in  S.  plenus,  of  the  Burlington. 

Externally  this  form  approaches  Syringothyris;  the  beak  is  erect  and  the 

whole  shell  has  what  may  be  called  a  hemiconical  shape;  but  it  is 

developmentally  not  a  true  species  of  that  genus. 

Formation  and  locality:  Madison  limestone.  Snake  River  Valley,  west 
of  Two  Ocean  Plateau;   W.  H.  Weed. 

MARTINIA  McCoy,  1844. 

Martima  rostrata  n.  sp. 

PL  LXN,  figs.  5a,  56,  5c,  5d,  5e,  5/,  5g. 

Athyris  planosulcata  Hail  and  Whitfield,  1877  (pars):   King's  U.  S.  Geol.  Expl.  40tb 
Par.,  Vol.  IV,  p.  257,  PI.  IV,  fig.  10. 

Shell  large,  obese,  lozenge-shaped;  when  young,  wider  than  long; 
when  old,  length  and  width  about  equal.  Ventral  valve  productiform; 

beak  prominent,  incurved  over  a  moderate-sized  area.  Foramen  large,  open. 
Hinare  line  half  or  three-fourths  the  whole  width  of  the  shell.  Surface 

smooth;  marked  by  a  shallow  sinus  extending  to  the  extremity  of  the  beak, 

where  it  is  defined;  less  marked  below  and  accompanied  by  a  flattening  of 

the  whole  valve.  Dorsal  valve  rounded  behind,  converging  in  front  in 

somewhat  straight  lines,  whose  junction  is  anticipated  by  the  truncation  of 

a  very  low  fold.  Beak  prominent,  but  not  produced.  Transverse  curva- 
ture gentle  and  even,  or  sometimes  formed  by  the  two  planes  of  an  obtuse 

dihedral  angle,  whose  edge  is  the  median  line.     Highest  point  is  at  the  umbo. 
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Mature  specimens  can  scarcely  be  mistaken  for  anything  else  in  the 

same  beds.  The  smooth  surface  and  area  with  triangular  foramen  would 

suffice  to  distinguish  even  young  shells  from  C.  crassicardinalis,  which  they 

most  resemble,  but  when  these  characters  are  obscured  the  prominent  beak 

and  mesial  sulcus  of  the  ventral  valve  are  diagnostic.  There  is  some  simi- 

larity with  Spirifer  (Martinia)  glaber  Martin,  to  which  I  believe  this  type 

to  have  been  usually  referred.  The  produced  and  overhanging  beak  and 

large  area  of  M.  rostrata  are  well-marked  specific  characters.  The  fold  and 
sinus  of  M.  glabra  are  stronger  than  the  same  features  of  M.  rostrata,  where, 

in  fact,  they  are  but  slightly  developed,  and  often  exhibit  a  tendency  to 

bifurcate,  manifested  by  a  median  sulcus  and  ridge  of  more  or  less  depth, 
never  seen  in  the  latter. 

The  synonymy  of  this  form  includes,  so  far  as  I  am  aware,  besides  S. 

glaber,  of  various  authors,  only  Athyris  plauosulcata  (7)  Hall  and  Whitfield 

(non  Phillips),  figured  in  King's  U.  S.  Expl.  40th  Par.,  Vol.  IV,  p.  257,  PL 
IV,  fig.  10,  which  appears  to  be  a  young  specimen  of  M.  rostrata.  Width 

of  large  specimen,  ventral  valve,  38  mm.;  length,  35.5  mm.  Width  of 

medium-sized  specimen,  ventral  valve,  29  mm.;  length,  25.5  mm.  Width 

of  large  specimen,  dorsal  valve,  51  mm.;  length,  34.5  mm.  Width  of  me- 

dium-sized specimen,  dorsal  valve,  29  mm.;  length,  23.5  mm. 
Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak;  G.  M.  Wright.  Amphitheater  west  of  Bannock 

Peak,  Gallatin  Range,  bed  26;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Same,  lower 

part  of  bed  27,  bed  31;  J.  P.  Iddings  and  W.  H.  Weed.  South  side  of 

Gallatin  Valley,  bed  32;  J.  P.  Iddings.  West  of  Antler  Peak,  Gallatin 

Range;  A.  C.  Gill.  South  slope  of  peak  west  of  Antler  Peak,  Gallatin 

Range ;  summit  of  Three  River  Peak,  Gallatin  Range ;  J.  P.  Iddings.  South 

slope  of  Quadrant  Mountain,  Gallatin  Range;  north  of  Bighorn  Pass,  Gal- 
latin Range;  A.  C.  Gill.  North  of  Owl  Creek,  northeast  slope  of  Teton 

Range;  W.  H.  Weed.  Limestone  bluff  south  side  of  Soda  Butte  Creek, 

northwest  of  Abiathar  Peak,  Absaroka  Range;  J.  P.  Iddings. 
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RETICULARIA  McCoy,  1844. 

Reticularis  cooperensis  Swallow. 

PI.  LXX,  figs.  9a,  9b,  9c. 

Spirifera  cooperensis  Swallow,  1860 :  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  643.    Keyes, 
1S95:  Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II,  p.  78. 

Spirifer  Mrtus  White  and  Whitfield,  1862 :  Proe.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII, 
p.  293.     !  Winchell  (A.),  1865:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  119.    Hall 
and  Clarke,  1895:  Pal.  New  York,  Vol.  VIII,  Pt.  II,  PI.  XXXVIII,  fig.  U 
(1  PI.  LXXXIV,  figs.  36,  37). 

%  Spirifer  cooperensis  Meek  and  Wortheu,  1866:  Geol.  Surv.  Illinois,  Vol.  II,  p.  155,  PI. 
XIV,  fig.  5. 

The  specimens  here  referred  to  B.  cooperensis  Swallow  have  been 

compared  with  material  from  the  Chouteau  limestone  of  Cooper  County, 

Missouri,  where  Swallow's  types  were  found.  The  unusually  perfect  agree- 
ment exhibited  in  the  two  forms  leaves  no  doubt  of  their  specific  identity. 

The  same  form  occurs  in  the  Waverly  at  Richfield,  Ohio. 

Although  Spirifer  cooperensis  Meek  and  Worthen  is  retained  in  the 

synonymy  of  this  species,  I  believe  they  were  dealing  with  a  distinct 

though  similar  form.  It  is  only  about  half  the  size  of  mature  B.  cooperensis, 

and  has  a  distinct  fold  with  three  or  four  plications  on  either  side,  more  as 

in  Pi.  peculiaris  Shumard.  In  fact,  it  seems  highly  probable  that  they  were 

dealing  with  the  shell  described  by  Hall1  from  the  same  (Goniatite)  beds, 
three  years  previously,  as  Spirifer  semiplicatus.  On  account  of  differences 

mentioned  above,  I  believe  this  constitutes  a  distinct  specific  type,  although 

Hall  may  have  included  in  his  description  some  of  Swallow's  species. 
Meek  and  Worthen  seem  to  be  in  error  when  they  state  that  Swallow 

refers  to  his  species  "obscure,  radiating  plications"  (Meek  and  Worthen, 

loc.  cit,  p.  156).  He  does,  indeed,  speak  of  "punctate  and  plicate  folds" 
and  "concentric  folds  marked  with  small  pits  and  short  longitudinal  plica- 

tions," but  this  had  reference  to  the  delicate  longitudinal  flutings  of  the 

laminae,  due  to  the  spines  or  their  bases  (a  character  shown  in  all  the  speci- 

mens examined)  rather  than  to  the  large  radiating  folds  shown  in  Meek 

and  Worthen's  figure. 

1  Thirteenth  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  111. 
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Spirifer  hirtus,  from  the  same  beds  and  the  same  region  as  R.  cooper- 

ensis, may  almost  certainly  be  placed  in  the  synonymy  of  the  latter  species. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin 

River,  west  of  Electric  Peak;  Upper  Gallatin  Valley,  west  of  Bighorn 

Pass;  Arnold  Hague.  Amphitheater  west  of  Bannock  Peak,  Gallatin 

Range,  bed  26;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of 

bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Same,  top  of  bed  26,  top  of  bed 

27,  bed  28,  bed  31;  J.  P.  Iddings  and  W.  H.  Weed.  South  of  Forellen 

Peak,  Teton  Range;  S.  L.  Penfield.  South  slope  of  peak  west  of  Antler 

Peak,  Gallatin  Range;  J.  P.  Iddings.  North  of  Bighorn  Pass,  Gallatin 

Range;  A.  C.  Gill.  Head  of  Conant  Creek,  Teton  Range;  W.  H.  Weed. 

Chouteau  age,  Chouteau  Springs,  Missouri;  Rockford,  Indiana;  Burling- 
ton, Iowa;  Hickman  County,  Tennessee;  Richfield,  Bagdad,  etc.,  Ohio. 

Reticularia  cooperensis  var. 

PI.  LXX,  figs.  6«,  6b,  6c. 

Spirifera  setigera  Hall  and  Whitfield,  1877 :  King's  TJ.  S.  Geol.  Expl.  40th  Par.,  Vol. 
IV,  p.  270,  PI.  V,  tigs.  17,  18. 

This  form  is  once  again  as  large  as  R.  cooperensis,  of  which,  for  the 

present,  I  regard  it  as  a  variety,  but  I  am  not  in  a  position  to  designate 

any  other  character  on  which  a  differentiation  can  be  made.  The  single 

specimen  found  in  the  collection  stands  out  so  strikingly  from  the  material 

referred  to  R.  cooperensis  that  it  is  significant  of  further  difference,  but  the 

specimen  is  so  exfoliated  and  crushed  that  a  detailed  comparison,  which 

might  bring  out  constant  important  contrasts  in  surface  ornamentation,  etc., 

is  impossible. 

As  far  as  the  limited  material  permits  me  to  judge,  the  same  form 

occurs  in  the  Eureka  district  and  at  Dry  Canyon,  Utah,  where  it  has 

uniformly  been  identified  as  R.  setigera  Hall,  of  the  Chester  limestone, 

which  it  strongly  resembles.  However,  in  the  Yellowstone  National  Park 

it  is  in  the  lower  part  of  the  Carboniferous  series,  associated  with  Waverly 

forms  (R.  cooperensis,  etc.). 

A  comparison  with  specimens  of  R.  setigera  from  Chester,  Illinois, 

shows  that  the  Waverly  form  is  of  about  the  same  size,  but  more  transverse, 

beak  less  incurved,  area  higher  and  larger.  As  has  been  said,  a  comparison 

of  the  surface  ornamentation  of  the  two  forms  is  not  possible. 
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Compared  with  the  Burlington  form,  R.  cooperensis  var.  is  smaller,  less 

transverse;  fold  and  sinus  less  pronounced;  area  proportionally  not  so 
broad. 

The  specimen  figured  is  from  the  Eureka  district,  Nevada.  The 

original  shape  and  proportions  are  better  maintained. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Lower  Carbon- 

iferous, Eureka  district,  Nevada;   Dry  Canyon,  Utah. 

Reticularia  (!)  peculiaris  Shumard. 

PI.  LXX,  figs.  8a,  S&. 

Spirifer  f  peculiaris  Shiunard,  1855:  Geo!.  Rept.  Missouri,  p.  202,  PI.  C,  figs,  la,  lb. 

Spirifera  (Martinia)  peculiaris  White,  1875:  Wheeler's  Expl.  Surv.  W.  100th  Merid., 
Yol.  IV,  p.  90,  PI.  V,  figs,  la,  lb. 

This  species  is  so  rare  in  the  Yellowstone  National  Park,  and  its 

preservation  is  so  unsatisfactory,  that  any  less  striking  form  could  scarcely 
be  identified. 

It  can  be  distinguished  from  R.  suhrotundata  by  its  larger  and  less 

numerous  plications,  of  which  there  are  only  six  or  seven  on  either  wing, 
while  the  fold  and  sinus  are  simple. 

R.  peculiaris  is  found  in  the  yellow  sandstone  at  Burlington,  Iowa,  and 

in  the  brown  limestone  of  Chouteau  age  at  various  places  in  Missouri. 

I  am  not  confident  that  this  is  correctly  referred  to  Reticularia.  Exfo- 

liated specimens  from  the  Chouteau  limestone  appear  to  have  possessed  a 

finely  lamellose-spinose  surface. 
Formation  and  locality:  Madison  limestone,  summit  of  Three  River 

Peak,  Gallatin  Range ;  J.  P.  Iddings.  East  side  of  Lamar  Valley,  mouth 

of  Soda  Butte  Creek,  Absaroka  Range;  W.  H.  Weed.  Kinderhook  age, 

Cooper  County,  Missouri;  Mountain  Spring,  Nevada. 

Reticularia  (?)  subrotundata  Hall. 

PI.  LXX,  figs,  la,  lb. 

Spirifera  subrotundata  Hall,  1858 :  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  521,  PI.  VII,  fig.  S. 
Keyes,  1895 :  Geol.  Surv.  Missouri,  Vol.  V,  p.  7S. 

I  have  this  species  from  a  single  locality  beyond  the  confines  of  the 

Yellowstone  National  Park,  but  associated  with  a  fauna  clearly  identical 
with  that  of  the  Madison  limestone. 
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The  ventral  valve  is  strongly  arched  in  an  anterolateral  direction, 

somewhat  flattened  transversely,  with  a  broad,  shallow  sinus  which  can  be 

traced  quite  to  the  beak,  losing'  distinctness  as  it  grows  broader.  Beak 

high,  strongly  incurved.  Area  triangular  and  not  well  defined.  Foramen 

large  and  high.  Surface  marked  by  about  twenty-six  fine,  low  plications, 
about  six  of  which  lie  in  the  sinus,  and  with  about  ten  on  either  wing. 

The  shell  is  superficially  marked  by  innumerable  fine  pits,  much  resembling 

the  punctation  in  the  genus  Spiriferina,  but  this  character  is  restricted  to  a 

thin  outer  layer,  beneath  which  the  shell  substance  is  fibrous  and  impunc- 

tate.  This  appearance  is  probably  secondary,  resulting  from  an  originally 

spinose  exterior,  which,  with  the  general  character  of  the  species,  elongate 

shape  and  obsolescent  plications,  distinguishes  it  from  any  representative 

of  the  genus  Spiriferina,  and  seems  to  denote  an  alliance  with  Reticularia. 

As  regards  its  specific  position,  a  comparison  with  typical  Spirt/era 

subrotundata  Hall,  from  the  yellow  sandstone  of  Burlington,  Iowa,  leads  me 

to  believe  that  it  is  identical  with  that  species. 

B.  subrotundata  is  in  many  ways  comparable  to  JR.  peculiaris,  but  the 

character  of  the  plications  affords  an  easy  basis  for  discrimination.  B.  sub- 
rotundata has  finer  and  more  numerous  plications,  of  which  six  or  more  are 

in  the  fold  and  sinus,  while  in  B.  peculiaris  the  fold  and  sinus  are  undivided. 

The  same  form  occurs  in  the  lower  Burlington  of  Pike  County,  Mis- 
souri, and  seems  to  have  been  usually  identified  as  B.  peculiaris. 

Formation  and  locality:  Madison  limestone,  Little  Belt  Mountains, 

east  side  of  Belt  Creek,  5  miles  above  Monarch,  Montana;  W.  H.  Weed. 

Lower  Burlington  chert,  Pike  County,  Missouri. 

SYRINGOTHYRIS  A.  Winchell,  1863. 

Syringothyris  carteri  Hall. 

PL  LXXI,  figs,  la,  1/;,  lc. 

Spirifer  carteri  Hall,  1857:  Tenth  Ann.  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  170. 

(partim)  Meek,  1S75:  Pal.  Ohio,  Yol.  II.  p.  2S5  (not  his  figures  =  £.  texta  Hall). 
Spirifer  (Gyrtiaf)  hannibalensis  Swallow,  1S60:  Trans.  St.  Louis  Acad.  Sci.,  Yol.  I, 

p.  647. 
Syringothyris  typa  Winchell,  1S63:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  7.  Winchell, 

1870:  Proc.  Am.  Phil.  Soc,  Yol.  XI,  p.  252.  Hall  and  Clarke,  1893:  Pal.  New 
York,  Vol.  VIII.  Pt.  II,  p.  48,  fig.  40.  Hall  and  Clarke,  1895:  Pal.  New  York, 

Vol.  VIII,  Pt.  II,  PI.  XXVI,  figs.  6,  7, 10;  PI.  XXVII,  figs.  1-3. 
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Spirifer  cuspidatus  Meek,  1865:  Proc.  Acad.  Nat.  Sci.  Philadelphia.  Vol.  XVII,  p.  275. 
Meek,  1SG7:  Am.  Jour.  Sci.,  Vol.  XLVII  (2),  p.  407. 

Spirifer  cuspidatus  f  Meek,  1877 :  U.  S.  Geol.  Expl.  40tk  Par.,  Vol.  IV.  p.  87.  PI.  Ill,  figs. 
11, 11«.  (nou  Martin). 

Syringothyris  cuspidatus  Walcott,  1884:  Mod.  U.  S.  Geol.  Surv.,  Vol.  VIII,  Pal.  Eureka 
District,  p.  219  (uon  Martin).     Herrick,  1888  (partim) :  Bull.  Oenison  Univ..  Vol. 

III.  p.  41.  PL  I,  fig.  7 ;  pi.  II,  fig.  17  (not  pi.  v,  Dgs.  4_7  =  &  herrichi). 
Syringoihyris  carteri  Schuckert,  1890:  Ninth  Ann.  Rept.  New  York  State  Geologist, 

p.  30.     Keyes,  1895:    Geol.  Surv.  Missouri,  Vol.  V,  Pt.  II,  p.  87,  PI.  XL,  fig.  10. 
Syringothyris  hannibalensis  Hall  and  Clarke,  1895:  Pal.  New  York,  Vol.  VIII,  Pt.  II, 

PI.  XXV,  figs.  33-35. 

I  have  adopted  for  this  species  the  synonym)-  composed  by  Schuchert,1 
who  has  given  the  specific  limitations  of  these  forms  more  detailed  study 
than  any  other  investigator.  The  material  from  the  Yellowstone  National 

Park  includes  orAj  four  specimens,  one  of  which  is  the  external  cast  of  a 

dorsal  valve,  shown  on  PI.  LXXI,  fig.  la:  the  others  are  three  ventral 

valves,  exfoliated  so  as  to  be  almost  internal  casts.  These  specimens  agree 

well  with  Hall's  description  and  with  Meek's2  figures  of  Spirifer  cuspidatus  (?) 
which  are  here  reproduced  for  reference.  The  dorsal  cast  shows  the  peculiar 

"textile"  surface  ornamentation  of  the  genus,  and  the  shell  substance,  where 
preserved,  gives  evidence  of  being  punctate.  Therefore,  although  the  char- 

acteristic structures  of  foramen  and  beak  have  not  been  observed,  reference 

to  the  genus  and  to  the  species  under  the  genus  seems  to  be  justified 
It  should  be  noticed  that  one  of  the  ventral  valves  above  referred  to 

has  every  character  of  the  specimen  figured  by  White  as  SyringotJvyris 

extenuatus  (Wheeler's  Rept.  U.  S.  Geogr.  Surv.  W.  100th  Merid.,  Vol.  IV, 

1877,  p.  88,  PI.  V,  figs.  da-M). 
Formation  and  locality:  Madison  limestone,  divide  between  Gallatin 

River  and  Panther  Creek,  Gallatin  Range;  W.  H.  Weed.  Crowfoot  Ridge, 

Gallatin  Range,  top  of  bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Limestone 
bluff  south  side  of  Soda  Butte  Creek,  northwest  of  Abiathar  Peak,  Absaroka 

Range;  J.  P.  Iddings.  Waverly  and  Burlington  age,  Licking  County,  and 

Bedford,  Cuyahoga  County,  Ohio;  Burlington,  Iowa;  Marion  and  Pike 

counties,  Missouri:  White  Pine  and  Eureka  districts,  Nevada:  near  Clen- 

dennin,  Montana. 

1  Ninth.  Ann.  Rept.  New  York  State  Geologist,  p.  30. 

"■V.  S.  Geol.  Expl.  40tb  Par.,  Vol.  IV,  PI.  Ill,  tigs.  11.  Ua. 
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EUMETRIA  Hall,  1864. 

EUMETRIA    VERNEUILIANA    Hall. 

PI.  LXVIII,  figs.  12a,  12b. 

Betzia  verneuilana  Hall,  1858:   Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  657,  PI.  XXIII, 

figs.  la-Id.     Hall,  1858:  Trans.  Albany  lust,  Vol.  IV,  p.  9. 

Betzia  vera  Hall,  1S58:  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  704,  PL  XXVII,  figs.  3a-3c. 

Hall,  1863:  Sixteenth  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  55,  figs.  1-3, 

p.  59. Betzia  verneuili  Hall,  1803:  Ibid.,  p.  55,  fig.  2. 

Eumetria  verneuilana  Whitfield,  1882:  Bull.  Am.  Mus.  Nat.  Hist.,  Vol.  I,  p.  50,  PI. 

VI,  figs.  28-30. 
Eumetria  verneuiliana  Hall,  18S3:  Twelfth  Kept  State  Geologist,  Indiana,  p.  335,  PI. 

XXIX,  figs.  28-30. 
Betzia  radialis  Walcott,  1S84:  Mon.  U.  S.  Geol.  Surv.,  Vol.  VIII,  p.  220,  PI.  VII,  figs. 

5,  5«  (56?). 

Eumetria  verneuiliana  and  vera  Hall  and  Clarke,  1893:  Pal.  New  York,  Vol.  VIII.  Pt. 

II,  p.  117,  figs.  104,  105;  PL  LI,  figs.  13-26,  34-37;  PI.  LXXXIII,  figs.  26,  27. 

In  the  Mississippi  Valley  Eumetria  verneuiliana  is  confined  to  the  St. 

Lonis  and  Chester  divisions  of  the  Lower  Carboniferous  series.  It  includes 

a  number  of  shells  varying  extremely  in  size,  proportion,  and  surface  sculp- 

ture, but  which  it  has  not  yet  been  possible  to  subdivide  and  establish  as 

independent  specific  types. 

The  same  type  of  shell,  however,  appears  much  earlier  in  the  Lower 

Carboniferous;  for  in  the  Kinderhook  division  we  find  Eumetria  altirostris 

White,1  Hustedia  triangularis  Miller,2  Acambona  osagensis  Swallow,3  Betzia  f 

cireularis  Miller,4  Betzia?  plicata  Miller,5  and  Betzia  popeana  Swallow,6  all 

externally  similar  and  more  or  less  closely  related  forms. 

The  genus  Acambona  includes  mostly  species  from  Lower  Carbonifer- 

ous horizons,  but  the  internal  structure  of  the  genus  is  imperfectly  known, 

and  externally  it  is  inseparable  from  Eumetria,  even  Eumetria  verneuiliana. 

E.  verneuiliana,  as  it  occurs  in  the  Madison  limestone,  does  not  attain 

the  size  often  seen  in  specimens  from  the  Mississippi  Valley.     It  is,  on  the 

1 1862.  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  IX,  p.  28. 

2 1894.  Eighteenth  Ann.  Rept.  Geol.  Surv.  Indiana,  p.  315,  PI.  IX,  tigs.  25,  26. 
■I860.  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  653. 

■'1894.  Eighteenth  Ann.  Kept.  Geol.  Surv.  Indiana,  p.  316,  PI.  IX,  tigs.  32-34. 
'■1894.  Ibidem,  p.  316,  PI.  IX,  figs.  29-31. 
«1860.  Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  654. 
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whole,  small,  finely  plicate,  and  profusely  punctate,  but  showing  considera- 

ble variation  in  size,  shape,  and  plication.  The  largest  specimen  is  16  mm. 

long  and  of  the  same  width ;  but  it  is  badly  crushed.  Another  example, 

more  nearly  the  average  size,  is  11.5  mm.  long  and  the  same  in  width;  it 

has  about  twenty-eight  striae.  A  third  specimen  is  14  mm.  long,  5.5  mm. 

wide,  and  is  ornamented  with  about  thirty-eight  striae.  These  data  show 
the  range  of  variation  among  the  specimens  in  the  collection. 

I  have  not  been  able  to  verify  the  generic  reference  of  this  form  by 
the  study  of  internal  structure,  but  on  external  evidence  it  can  not  be 

distinguished  from  the  species  to  which  I  have  referred  it. 

It  is  probable  that  Terebratula  marcyi  Shumard  belongs  to  this  same 

specific  type,  and  if  so,  as  it  has  priority  of  date  over  Eumetria  vemeuilicma 

by  four  years,  the  name  will  have  to  be  changed  to  E.  marcyi. 

Formation  and  locality:  Madison  limestone,  Limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range;  Arnold  Hague.  East  side  of 

Gallatin  River,  west  of  Electric  Peak;  amphitheater  east  of  Bannock  Peak, 

Gallatin  Range,  bed  28;  W.  H.  Weed.  Crowfoot  Ridge,  Gallatin  Range, 

top  of  bed  25;  J.  P.  Iddings  and  G.  M.  Wright.  Same,  top  of  bed  26,  top 

of  bed  27,  bed  28;  J.  P.  Iddings  and  W.  H.  Weed.  Slide  east  side  of 

Gallatin  River,  below  Fan  Creek.  St.  Louis  and  Chester  horizons,  Wash- 

ington and  Crawford  counties,  Arkansas;  Floyd  County  and  elsewhere  in 

Indiana;  Alton,  Illinois;  Green  County,  Missouri;  Iowa;  Cumberland 

Mountain,  Tennessee. 

ATHYRIS  McCoy,  1844. 

Athyris   lamellosa  LeveiHe-. 
PL  LXXI,  fig.  la. 

Spirifer  lamellosus  Leveille,  1835:  Mem.  Soc.  Geol.  de  France,  1st  series, Vol.  II,  p.  39, 

figs.  21-23. 
Athyris  lamellosa  Meek,  1875 :  Pal.  Ohio, Vol.  II,  p.  283,  PI.  XIV,  fig.  G«,  6b.    Hall  aud 

Clarke,  1S93:  Pal.  New  York,  Vol.  VIII,  Pt.  II,  p.  90,  PI.  XL VI,  figs.  11.-20. 
Herrick,  1888:  Bull.  Denison  Univ.,  Vol.  Ill,  p.  49,  PI.  II,  fig.  7. 

This  species  has  been  identified  in  the  Yellowstone  National  Park  from 

one  locality  only,  where,  however,  it  can  scarcely  be  considered  rare.  As 

there  exhibited,  it  more  nearly  resembles  the  form  figured  by  Herrick  from  the 

lower  "  Waverly"  of  Ohio  (loc.  cit.,  PI.  II,  fig.  7)  than  that  of  Meek  (loc.  cit. 
MON  XXXII,  PT  II   36 
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PI.  XIV,  fig.  6),  or  Hall  and  Clarke  (loc  cit.,  PI.  XLVI,  figs.  16-20).  This 

will  be  seen  by  comparing  the  figure  given  on  PL  VI,  fig.  la,  which  repre- 
sents a  somewhat  crushed,  exfoliated  specimen,  with  the  illustration  above 

cited.  The  rather  unusual  variation  in  shape  among  these  forms,  especially 

in  regard  to  the  length  and  straightness  of  the  hinge  line,  may  in  part  be 

accounted  for  by  the  fact  that  some  of  the  specimens  are  casts,  "the  thick 

shell  of  the  rostral  region  when  present  causing  the  hinge  to  appear  shorter." 
(Meek,  loc.  cit.,  p.  285.) 

I  suspect  that  none  of  the  forms  will  prove  to  be  quite  identical  with 

A.  lamellosa  of  Leweille.  Compared  with  Leveilld's  illustrations  the  speci- 
mens from  the  Yellowstone  National  Park  are  less  elongated  transversely, 

and  lack  the  high,  sharp  fold  and  sinus  that  characterize  the  type,  which  has 

in  addition  the  projecting  lip  of  the  anterior  margin  bilobate  through  an 

acute  emargination.  A  still  further  point  of  difference  is  that  in  the 

American  forms  the  beak  is  uniformly  smaller  and  incurved  so  as  to  conceal 

the  foramen,  which  is  well  shown  in  the  type. 

Athyris  ashlandensis  of  Herri ck  may  be  a  synonym  of  A.  lamellosa. 

In  the  exfoliated  condition  in  which  the  shell  occurs  it  might  be  referred  a 

priori  to  either  Athyris  (sensu  stricto)  or  Cliothyris.  The  only  related  forms 

with  which  it  is  necessary  to  compare  it  are  Athyris  incrassata  and  Cliothyris 

crassicardinalis  White,  and  CI.  roissyi  Walcott.  It  can  without  difficulty 

be  distinguished  from  CI.  crassicardinalis,  for  it  is  much  larger  and  more 

transverse,  with  a  distinct  though  low  median  fold  and  sinus.  On  the 

other  hand,  it  is  considerably  smaller  than  either  A.  incrassaia  or  CI.  roissyi 

Walcott.  The  shape  is  transversely  elliptical,  with  a  long  and  nearly 

straight  hinge  line,  while  the  other  forms  are  subquadrate  in  outline,  with  a 

much  curved  hinge  margin. 

Formation  and  locality:  Madison  limestone.  Waverly  to  Keokuk, 

Europe;  Sciotoville,  Ohio;  Licking  County,  Ohio;  Lebanon,  Kentucky; 
Crawfordsville,  Indiana;  New  Mexico. 

Athyris  incrassata  Hall(?) 

Athyris  incrassata  Hall,  1858:  Geol.  Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  600,  PI.  XII,  fig.  6. 
Hall  and  Clarke,  1893:  Pal.  New  York,  Vol.  VIII,  Pt.  II,  p.  90,  PL  XLVI,  fig. 

21;  PI.  LXXXIII,  fig.  39. 

The  shell  for  which  1  have  used  this  name  is  represented  only  by  an 

imperfect  cast  of  the  ventral  valve.     It  must  have  measured  between  50  and 
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75  mm.  across,  with  the  length  about  the  same.  The  surface  appears  to  be 

smooth  except  for  numerous  fine  growth-lines,  and  there  is  also  a  shallow 
median  sinus. 

The  large  size  of  this  shell  is  the  only  characteristic  which  is  practica- 
ble for  identification,  and  I  know  of  only  two  species  of  Athyroids  to  which 

it  could  possibly  be  referred,  Cliothyris  obmaxima  and  Athyris  incrassata. 

The  spinose  surface  of  C.  obmaxima  puts  it  out  of  the  question,  while.  A. 

incrassata  often  appears  quite  smooth.  Still  I  am  not  at  all  clear  that  this 

specimen  is  properly  referred  to  A.  incrassata. 

I  am  inclined  to  believe  that  Cliothyris  obmaxima  White1  would  more 
properly  be  referred  to  Athyris  incrassata,  and  that  it  is  perhaps  identical 

with  the  species  under  discussion.  So  far  as  can  be  ascertained  in  the 

fragmentary  and  exfoliated  condition  of  White's  material,  that  form  did  not 
possess  the  spinose  surface,  nor  any  of  the  characters  of  Cliothyris. 

Formation  and  locality :  Madison  limestone,  northwest  slope  of  Forellen 

Peak,  Teton  Range;  S.  L.  Penfield.  Burlington  age,  Burlington,  Iowa; 

Quincy,  Illinois;  Hannibal,  Missouri. 

SEMINULA  McCoy,  1844. 

Seminula  madisonensis  n.  sp. 

PI.  LXXI,  figs.  2a,  2b,  2c. 

Shell  of  medium  size,  subpeiitagonal  in  outline,  somewhat  longer  than 

broad.  Surface  marked  by  thick  lamellose  growth-lines,  whose  edges  are 
smooth,  and  not  prolonged  into  sheeted  or  spinose  frills  as  in  Athyris  (sensu 

stricto)  or  Cliothyris.  Sometimes  marked  by  fine  radiating  stria?,  which  are 

not  the  result  of  exfoliation  of  the  fibrous  shell  structure,  but  may  never- 

theless be  structural.     Convexity  moderate. 
Ventral  valve  rather  flat,  with  a  shallow  angular  sinus  which  can  be 

traced  indistinctly  nearly  to  the  beak.  Beak  rather  large  and  not  strongly 

incurved.  Dorsal  valve  broadly  angular  in  cross  section ;  fold  defined  for 

a  short  distance  by  shallow  converging  sulci.  The  rostral  angle  of  the 

ventral  valve  is  nearly  90°;  that  of  the  dorsal  valve  is  obtuse. 
Length  of  the  type  specimen,  19  mm.;  width,  16.5  mm.;  thickness, 

11.5  mm. 

'Wheeler's  Rept.  U.  S.  Geogr.  Surv.  W.  100th  Merid.,  Vol.  IV,  1877,  p.  94,  PI.  V,  fig.  12. 
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This  shell  occurs  in  the  upper  beds  of  the  Madison  limestone,  and  as 

it  bears  at  first  sight  a  strong  resemblance  to  the  general  type  of  S.  subtilita 

Hall,  I  referred  it  to  that  form.  A  comparison  with  specimens  of  8.  subtilita 

from  the  type  locality,  near  Weston  on  the  Missouri  River,  reveals  certain 

differences  which  seem  to  prove  the  two  forms  distinct. 

S.  subtilita1  is  somewhat  larger  than  8.  madisonensis,  narrower  in  pro- 
portion to  its  length,  with  the  widest  portion  near  the  anterior  margin,  so 

that  the  outline  is  subtriangular.  S.  madisonensis,  on  the  other  hand,  is 

widest  near  the  middle  of  the  shell,  and  the  outline  is  pentagonal. 

The  sinus  in  S.  subtilita  is  broad  and  shallow,  not  apparent  more  than 

one-third  the  shell  length  back  of  the  anterior  margin.  The  anterior  sinu- 

osity is  nearly  rectilinear,  with  subparallel  sides.  The  dorsal  valve,  on  the 

contrary,  can  scarcely  be  said  to  have  any  corresponding  fold,  as  that 

structure  falls  into  the  general  curvature  of  the  valve,  which  is  highly 

arched.  In  S.  madisonensis  the  sinus  is  no  deeper  than  in  S.  subtilita,  but  it 

is  angular  and  can  be  traced  back  to  the  umbonal  region.  The  sinuosity 

is  triangular  and  the  fold  is  defined  for  a  short  distance  by  lateral  sulci. 

In  shells  of  the  same  size  S.  subtilita  is  more  obese  than  the  other,  the 

dorsal  valve  especially  being  highly  tumid,  particularly  about  the  beak, 

which  is  narrow,  high,  and  pinched.  The  ventral  beak  also  is  more  deeply 

incurved  than  is  the  case  in  S.  madisonensis,  and  the  rostral  angle  is  more 
acute. 

Formation  and  locality:  Madison  limestone,  head  of  Conant  Creek, 

Teton  Range;  W.  H.  Weed. 

Seminula  madisonensis,  var.  pusilla,  n.  var. 

PI.  LXXI,  figs.  3a,  3b. 

In  bed  28,  Crowfoot  Ridge,  Gallatin  Range,  and  also  probably  600 

feet  above  the  stream  at  the  limestone  bluff  north  of  Little  Sunlight  Creek, 

Absaroka  Range,  occurs  scantily  a  small  Seminula  which  I  provisionally 

refer  to  S.  madisonensis  as  a  variety  of  the  same.  It  is  specifically  distinct 

from  other  members  of  the  genus  observed,  and  is  perhaps  distinct  from 
S.  madisonensis  also. 

I  have  seen  only  four  or  five  specimens  of  this  type,  but  these  indicate 

that  it  is  much  smaller  than  S.  madisonensis,  and  more  elongate;  the  ventral 

1  See  PI.  LXXI,  figs,  ia-id. 
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valve  more  highly  arched  both  longitudinally  and  transversely;  sinus  not 
so  distinct. 

Length,  11  mm.;  width,  9  mm. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream;  Arnold 
Hague. 

Seminula  humilis  n.  sp. 

PI.  LXXI,  figs.  6«,  Gb,  6c. 

Shell  moderately  gibbous,  small,  circular.  Surface  smooth,  except 

for  a  few  growth-lines. 

Ventral  valve  nearly  circular,  but  for  the  beak,  which  is  rather  large 

and  strongly  incurved  over  the  other  valve,  completely  concealing  the 

foramen,  which  appears  only  where  broken  back  through  the  rostral  shell. 

Dorsal  valve  circular  in  outline,  moderately  curved;  beak  somewhat 

prominent  by  reason  of  a  slight  flattening  on  either  side.  The  dorsal  valve 

has  an  ir  distinct  fold  and  the  ventral  valve  an  insignificant  sinus,  which  are 

perceptible  only  by  a  sinuosity  in  their  anterior  margins. 

Length  of  a  medium-sized  specimen,  15  mm.;  breadth,  14.5  mm.;  thick- 
ness, 9  mm.     Length  of  a  somewhat  smaller  individual,  12.5  mm.;  breadth,  . 

11.5  mm.;  thickness,  7.5  mm. 

Were  it  not  that  S.  wasatchensis  is  an  Upper  Carboniferous  form, 

while  this  one  is  found  in  the  lower  beds  of  the  Lower  Carboniferous,  I 

would  have  unhesitatingly  referred  it  to  White's  species.  The  great  anterior 
thickening  of  the  shell,  which  appears  to  individualize  the  latter  type,  is 

due  to  old  age,  and  can  not  be  considered  a  specific  character.  Otherwise, 

if  occurring  in  the  same  beds,  the  two  forms  could  scarcely  be  distinguished. 

Seminula  humilis  also  approaches  Spirigera  formosa  and  Sp.  euzona,  both 

of  Swallow.  These  forms,  however,  are  marked  by  a  high  fold  and  corre- 

sponding deep  sinus,  while  Sp.  formosa  is  said  to  have  a  punctate  shell, 

and  radiating  striae  when  exfoliated  (fibrous  shell  structure!).  These 

characters  are  decisive  in  separating  Swallow's  species  from  the  one  in 

question. 
Formation  and  locality:  Madison  limestone,  Hunter  Peak,  Absaroka 

Range;  T.  A.  Jaggar.  Crowfoot  Ridge,  Gallatin  Range,  lower  and  upper 

part  of  bed  27,  bed  28,  bed  31 ;  J.  P.  Iddings  and  W.  H.  Weed.  Stinking- 
water  Valley,   below   mouth    of    the    canyon,    Absaroka    Range;    Arnold 
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Hague.  West  of  Antler  Peak,  Gallatin  Range;  A.  C.  Grill.  Summit  of 

peak  west  of  same;  cherty  belt,  Bighorn  Pass,  Gallatin  Range;  Crowfoot 

Ridge,  Gallatin  Range,  top  of  bed  24;  J.  P.  Iddings.  Head  of  Conant 

Creek,  Teton  Range;  W.  H.  Weed. 

Seminula  immatura  n.  sp. 

PI.  LXXI,  figs.  5a,  5b,  5c,  5d. 

Shell  rather  small,  ovate,  gibbous.  Length  somewhat  exceeding  the 

width.  Dorsal  valve  full,  highest  at  the  umbo,  without  a  fold,  but  slightly 

emarginated  in  front;  beak  small,  inflated,  deeply  incurved.  Ventral  valve 

oval,  beak  small,  incurved  so  as  to  conceal  the  true  foramen.  There  is  a 

shallow  sinus,  which,  however,  is  perceptible  only  near  the  anterior  margin, 

forming  there  an  upturned  projecting  lip  to  fill  in  the  emargination  of  the 

opposite  valve,  and  producing  a  sinuousity  in  their  line  of  union. 

Length,  18.5  mm.;  width,  15  mm.;  thickness,  12.5  mm. 

Stratigraphically  this  is  the  lowest  of  the  Seminulas  obtained  in  the 

Yellowstone  National  Park,  of  which  S.  madisonensis  is  the  highest.  The 

obsolete  fold  and  sinus,  the  regular,  deeply  arched  valves,  the  evenly 

rounded,  ovate  shape,  the  tumid  dorsal  umbo  and  incurved  beak,  and  the 

small  resupinate  ventral  beak  are  all  characteristic,  and  sharply  differ- 
entiate it  from  the  latter. 

Compared  with  S.  humilis,  it  is  considerably  larger,  more  tumid ;  ventral 

beak  smaller  and  narrower;  beak  of  the  dorsal  valve  larger,  more  inflated 
and  incurved. 

Formation  and  locality :  Madison  limestone,  west  of  Antler  Peak,  Gal- 
latin Range;  A.  C.  Gill. 

CLIOTHYR1S  King,  1850. 

This  genus  (or  subgenus)  is  practical^  coextensive  with  the  species 

CI.  roissyi  LeVeille",  as  the  latter  at  present  stands.  Partly  because  the 
character  of  the  surface  ornamentation  renders  it  difficult  to  secure  well- 

preserved  specimens,  the  discrimination  of  species  in  this  group,  if  indeed 

it  has  been  systematically  attempted,  has  not,  I  believe,  proved  successful. 

The  Athyris  roissyi  question  has  thus  become  too  complicated  through 

the  prolonged  sedimentation  of  cliothyroid  forms  to  admit  of  its  ready 

solution.     That  it  is  desirable  to  subdivide  this  group  is  obvious ;  that  it  will 
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be  possible  to  effect  this  scientifically  by  the  use  of  constant  characters 
seems  probable.  Just  what  characters  will  assume  such  import,  a  detailed 
critical  study  of  the  genus  will  develop.  Therefore,  I  have  ventured  to 
recognize  certain  types  in  the  Yellowstone  National  Park  collections  which 
I  feel  confident  to  be  distinct  from  CI.  roissyi  of  Leveille.  Whether  these 
will  ultimately  prove  tenable  or  be  synonymic  with  other  names  from 
different  horizons,  future  investigations  will  disclose. 

Cliothyris  crassicardinalis  White. 

PL  LXXI,  fig.  8a. 

Athyris  crassicardinalis  White,  1860:  Jour.  Boston  Soc.  Nat.  Hist.,  Vol.  VII,  p.  229. 

This  species  is  referred  to  the  genus  Cliothyris  on  the  strength  of  a 

clause  in  the  original  description,  which  states  that  "occasional  specimens 
show  fringes  of  considerable  length"  proceeding  from  the  squamose  growth- 
lines.  This,  in  conjunction  with  the  shape,  which  is  not  markedl}-  wider 
than  it  is  long,  seems  to  make  this  reference  secure.  On  the  other  hand,  not 
having  had  access  to  specimens  from  the  type  locality,  and  as  the  species 
has  never  been  figured,  I  can  consider  my  identification  as  only  provisional. 

In  the  Yellowstone  National  Park  the  type  here  called  CI.  crassicardi- 

nalis ranges  from  the  bottom  to  the  top  of  the  Madison  limestone.  It  is 

seen  to  be  a  rather  small,  nearly  circular  shell,  slightly  wider  than  long, 
lenticular.  Fold  and  sinus  indicated  only  by  a  slight  emargination  of  the 

anterior  outline.  Beaks  small  and  pointed,  that  of  the  ventral  valve  being 

usually  incurved  so  as  to  conceal  the  foramen.  The  surface  is  covered  with 

numerous  imbricating  lamellose  expansions,  which  under  good  j)reservation 

are  seen  to  be  subdivided  into  long  spines.  The  large  specimen  figured  on 

PL  LXXI,  fig.  8a,  measures  15  mm.  in  width  by  14  mm.  in  length,  but 

the  average  size  seems  to  be  somewhat  less  than  this. 

This  form  is  perhaps  identical  with  the  one  figured  in  Mon.  U.  S.  Geol. 

Surv.,  Vol.  VIII,  PI.  XVIII,  fig.  5,  under  the  name  of  Athyris  hirsuta. 

It  is  often  extremely  difficult  in  practice  to  separate  CI.  crassicardinalis 

from  other  forms  found  in  the  same  beds — that  is,  when  one  or  both  are 

ill  preserved  in  one  way  or  another.  Exfoliated  specimens  might  easily  be 

referred  to  the  allied  genera  Athyris  or  Seminula.  On  the  other  hand, 

where  single  valves  occur  embedded  in  limestone,  from  which  they  break 

exfoliated  and  with  the  convex  side  upward,  concealing  the  area,  it  is  very 



568     GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

difficult  to  distinguish  even  ventral  valves  from  the  genera  Reticularia  and 

Martinia.  It  is  only  by  a  careful  system  of  comparison  of  the  poor  with 

more  perfect  specimens  that  the  proper  affinities  can  be  ascertained. 

The  greatest  difficulty  is  experienced  in  the  case  of  Seminula  humilis, 

especially  when  the  material  is  scanty  and  poorly  preserved. 

Unfortunately,  this  is  the  usual  condition.  The  characteristic  surface 

ornamentation  renders  the  genus  Cliothyris  peculiarly  liable  to  exfoliation. 

Usually  the  spines  have  been  broken  away,  their  base  giving  the  lamellae  a 

scalloped  appearance.  When  the  shell  is  entirely  gone,  casts  of  the  interior 

show  only  a  few  heavy  growth-lines.  When  exfoliation  has  obliterated  sur- 

face characters,  reliance  must  be  placed  upon  other  peculiarities  in  distin- 
guishing CI.  crassicardinalis  from  Seminula  humilis.  The  shell  of  the  former 

is  less  convex  and  the  beaks  are  more  attenuate.  These  characters  do  not 

always  afford  satisfactory  results;  yet  I  am  unable  to  designate  others. 

The  two  species  occur  together  at  several  localities,  notably  from  the  upper 

part  of  bed  27,  Crowfoot  Ridge,  Gallatin  Range,  but  it  so  happens  that 

they  are  there  especially  well  preserved  and  their  distinctive  characters 
shown  in  the  clearest  manner. 

Where  the  area  is  concealed,  exfoliated  specimens  might  well  be  taken 

for  the  young  of  Martinia  rostrata  or  the  reverse,  but  the  latter  will  be  seen 

to  have  a  more  prominent  beak,  and  to  be  provided  on  the  ventral  valve 

with  a  shallow  but  perceptible  sinus  reaching  to  the  extremity  of  the  beak. 

Reticularia  cooperensis  is  more  transverse  and  the  ventral  valve  more 
elevated. 

Formation  and  locality:  Madison  limestone,  limestone  bluff  north  of 

Little  Sunlight  Creek,  Absaroka  Range,  600  feet  above  the  stream;  Arnold 

Hague.  Upper  Gallatin  Valley;  divide  between  Gallatin  River  and  Panther 

Creek,  Gallatin  Range;  east  face  of  Antler  Peak,  Gallatin  Range;  W  H. 

Weed.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25;  J.  P.  Iddings  and 

G.  M.  Wright.  Same,  upper  part  of  bed  27,  bed  28,  bed  29,  bed  31;  J.  P. 

Iddings  and  W.  H.  Weed.  Summit  of  peak  west  of  Antler  Peak,  Gallatin 

Range ;  south  slope  of  same ;  summit  of  Three  River  Peak,  Gallatin  Range ; 

south  base  of  Quadrant  Mountain,  Gallatin  range;  cherty  belt,  Bighorn 

Pass,  Gallatin  Range;  J.  P.  Iddings.  Crowfoot  Ridge,  Gallatin  Range,  bed 

24;  A.C.Gill.  North  of  Owl  Creek,  northeast  slope  of  Teton  Range;  W.  H. 

Weed.     Kinderhook  age,  Burlington,  Iowa. 
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Cliothyris  crassicardinalis,  var.  nana.  n.  var. 

PL  LXXI,  fig.  9a. 

The  form  here  referred  to  is  a  rare  one,  and  I  am  in  doubt  whether 

to  consider  it  only  young  or  dwarfed  specimens  of  CI.  crassicarclinalis,  a 

true  variety  of  the  same,  or  a  distinct  species.  Its  occurrence  is  restricted 
to  two  or  three  localities,  where  it  is  not  uncommon  to  find  familiar  types 

represented  by  unusually  small  individuals.  It  has  not  been  possible  to 

ascertain  whether  this  shell  is  a  true  Athyris  (sensu  stricto)  or  belongs  to 

the  genus  Cliothyris,  though  the  circularity  of  its  outline  favors  the  latter 
reference. 

The  shell  is  very  small,  nearly  circular  in  shape,  moderately  convex. 

Beaks  small,  surface  ornamented  by  numerous  close,  regular,  imbricating, 

concentric  lamellae.  It  occurs  in  a  limestone  and  is  always  more  or  less 

exfoliated.  There  is  no  fold  or  sinus,  but  both  valves  have  a  mesial  flatten- 

ing, which  in  some  shells  is  quite  marked.  In  size,  shape,  and  general 

appearance  this  form  is  very  close  to  specimens  of  CI  hirsuta  from  Spergen 

Hill,  Indiana. 

Length,  about  0.30  inch ;   width,  nearly  the  same. 

Formation  and  locality  :  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak;  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25; 

G.  M.  Wright, 

Cliothyris  roissyi  Walcott  (non  LeveiHe"). 

Athyris  royssii  Walcott,  1884:  Mon.  U.  S.  Geol.  Surv.,  Vol.  VIII,  p.  280,  PI.  XVIII, 

figs.  9,  9a. 

I  have  referred  to  this  species  a  single  large  Athyroid  which,  though 

so  exfoliated  as  to  appear  almost  smooth,  yet  bears  so  strong  a  resemblance 

to  the  specimen  referred  by  Walcott  to  CI,  roissyi  (loc.  cit.)  that  I  can  not 

but  believe  them  identical.  There  is,  however,  one  striking  difference, 

namely,  in  the  size  of  the  ventral  beak,  that  in  my  collection  being  of 

medium  size,  the  other  extremely  minute.  But  as  both  specimens  are  more 

or  less  crushed,  it  seems  that  this  is  only  an  appearance  due  to  relative  dis- 

placement of  the  two  valves. 

The  generic  position  of  the  form  figured  by  Walcott,  which  shows  very 

clearly  the   overlapping   spinose   lamellae    characteristic    of  Cliothyris,   is 
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beyond  all  question.  Not  so  the  specimens  figured  by  Meek,1  and  doubt- 

full}*  referred  by  him  to  LeVeille*'s  species.  In  comparing'  this  form  with 
the  one  under  discussion,  I  find  it  different  not  only  from  it  but  also  from 

the  European  type.  The  shell  is  large,  thick,  transversely  elliptical;  fold 

but  slightly  defined,  sinus  broad  and  shallow,  with  a  sharp  median  sulcus; 

surface  lamellose  with  thick  layers,  which,  on  the  best-preserved  surfaces, 
show  no  trace  of  having  been  produced  into  spines.  The  ventral  beak  is 

rather  large,  not  strongly  incurved,  and  instead  of  being  furnished  with  a 

round  pedicle  aperture,  as  shown  in  the  figure,  a  careful  study  of  the  rostral 

portion  discloses  that  this  appearance  is  due  to  a  fracture  which  has  also 

partially  removed  the  shell  covering  the  arch  of  the  beak,  and  that  below  the 

point  where  the  pedicle  opening  is  indicated  in  the  figure  there  is  the  anom- 
alous character  of  an  open  triangular  delthyrium.  These  facts  are 

developed  from  a  study  of  the  type  material  itself,  which  in  the  figured 

specimen  alone  preserves  the  ventral  beak  entire,  or  nearly  so.  As  the 

form  seems  to  be  distinct  from  anything  yet  described  from  the  same 

horizon,  I  propose  for  it  the  name  Athyris  mira. 

The  specific  identity  of  CI.  roissyi  Walcott  with  LeVeille''s  species  I hold  to  be  doubtful. 

That  form  as  figured  by  its  author  is  smaller  (34.5  mm.  in  width  by  22.5 

mm.  in  length)  and  more  deeply  folded,  the  two  depressions  defining  the 

fold  being  so  deep  and  triangular  as  to  give  the  shell  a  trilobate  appear- 
ance. The  fold  is  surmounted  by  a  faint  sulcus  (!),  resulting  in  a  slight 

emargination  of  the  anterior  border.  Beak  not  incurved,  so  that  the  open 

round  foramen  is  a  noticeable  character.  The  surface  is  marked  by  not 

very  numerous  but  strong  lamellar  expansions,  whose  ragged  edges  suggest 

that  they  may  have  been  the  origin  of  the  characteristic  spinose  orna- 
mentation of  the  genus  Cliothyris.  In  the  specimens  from  the  Yellowstone 

National  Park  and  the  Eureka  district  the  fold  and  sinus  are  scarcely 

discernible.  The  latter  has  a  small,  sharp  beak,  whose  deep  incurvature 

completely  conceals  the  foramen.  That  from  the  Yellowstone  National 

Park  shows  an  indefinable  aperture,  partly  beneath  the  beak,  partly  broken 

through  it.  This  contradiction  is  doubtless  due  to  the  same  displacement 

which  makes  the  beak  of  one  specimen  seem  so  small,  that  of  the  other 

comparatively  so  large. 

'1877.     King's  U.  S.  Geol.  Expl.,  40th  Par.,  Vol.  IV,  PI.  IX,  figs.  3,  3a,  3b. 
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Formation  and  locality :  Madison  limestone,  Crowfoot  Ridge,  Gallatin 
Range,  bed  28;  J.  P.  Iddings  and  W.  H.  Weed.  Same,  top  of  bed  24;  J.  P. 
Iddings.  Keokuk  to  Kaskaskia;  Europe;  Mississippi  Valley;  White  Pine 
and  Eureka  districts,  Nevada;  Salt  Lake  City,  etc.,  Utah;  Lake  Valley 
mining  district,  etc.,  New  Mexico;  Lake  County,  Colorado;  Guatemala; 
Bomjardin  and  Itaituba,  Brazil. 

CONOCARDIUM  Bronn,  1835. 

Conocardium  pulchellum  White  and  Whitfield  (?) 

PL  LXVI,  fig.  14a. 

Conocardium  pulchellum  White  and  Whitfield,  1802:  Proc.  Boston   Soc.  Nat.  Hist., 
Vol.  VIII,  p.  299. 

Ill  the  absence  of  identified  material  I  am  not  sure  that  the  reference 

to  White  and  Whitfield's  species  is  correct,  for  I  have  but  a  single  specimen, 
so  that  it  is  impossible  to  determine  the  range  and  normal  expression  of  the 
shell;  while  C.  pulchellum  has  not  been  figured,  at  least  by  its  authors;  and 
a  description  unaccompanied  by  illustrations,  especially  in  this  genus,  is 
almost  sure  to  be  unsatisfactory. 

My  shell  is  small,  not  veiy  convex.  Truncation  of  the  anterior  margin 
slightly  concave,  nearly  the  same  length  as  the  straight  hinge  line,  which 
it  meets  at  an  obtuse  angle.  Posterior  cardinal  angle  rounded.  Ventral 
margin  sloping  and  curving  from  the  posterior  angle  to  the  anterior  trunca- 

tion. Posterior  wing  somewhat  flattened  and  concentrically  rugose.  Sur- 
face otherwise  marked  by  about  twenty-five  radiating  stria?,  which  are 

strong  and  abrupt,  leaving  between  them  spaces  greater  than  their  own 

diameter.  Length  along  the  hinge  line,  6.5  mm.;  greatest  diameter  (from 
posterior  cadinal  angle  to  the  junction  of  the  ventral  margin  with  the 
anterior  truncation),  12.5  mm. 

This  species  seems  to  have  some  points  of  resemblance  with  C.  napo- 

leonense  Winchell,  but  it  is  nearer  White  and  Whitfield's  form. 

C.  A.  White1  has  proposed  the  name  Conocardium  semiplenum  for  a  form 
from  the  same  region  as  that  under  consideration.  It  belongs  likewise  to 

the  same  type  of  shell,  as  comparisons  are  made  with  C.  trigonale  Hall, 

which  C.  pulchellum  also  resembles.     It  is  not  improbable  that  he  may  have 

'U.  S.  Geol.  Surv.  W.  100th  Meridian,  Vol.  IV,  1877,  p.  94. 
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had  in  hand  the  same  form  with  which  I  am  dealing,  but  his  descriptive 

remarks  are  too  general  to  render  the  species  identifiable. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  bed  24;  A.  C.  Gill.     Kmderhook  age,  Burlington,  Iowa. 

NATICOPSIS  McCoy,  1844. 

Naticopsis  (!)  sp. 

PI.  LXVI,  fig.  13a. 

There  is  only  one  specimen  of  this  gastropod,  an  internal  cast  in  a 

siliceous  matrix.  The  peritreme  is  incomplete  and  there  is  iio  telling  to 

what  extent  the  lower  whorls  are  broken  away.  Specific  identification  is 

therefore  out  of  the  question.     It  appears  to  belong  to  the  genus  Naticopsis. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  24;  J.  P.  Iddings. 

LOXONEMA  Phillips,  1841. 

LOXONEMA  (?)  sp. 

PI.  LXVI,  fig.  9a. 

This  species  consists  of  the  cast  of  a  rather  large  elongate  gastropod 

shell,  probably  belonging  to  the  genus  Loxonema.  The  specimen  consists 

of  four  whorls  and  part  of  a  fifth,  and  is  very  gradually  tapering.  It  some- 
what resembles  L.  tenuilineaium  Swallow,  of  the  Chouteau  limestone,  but 

the  sides  converge  less  rapidly  and  the  peripheral  outline  of  each  whorl  is 

much  flattened.  The  shell  must  have  been  very  thin,  for  the  convolutions 
are  now  almost  in  contact. 

Length  of  the  imperfect  specimen,  27  mm.;  width  at  the  base,  12.5  mm.; 

width  at  the  top,  7.5  mm. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  26;  J.  P.  Iddings  and  W.  H.  Weed. 
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STRAPAROLLUS  Montfort,  1810. 

Straparollus  utahensis  Hall  and  Whitfield. 

PI.  LXVI,  figs.  10a,  106,  10c. 

Uuomphalus  (Straparollus)  utahensis  Hall   and  Whitfield,  1877:  King's  U.  S.  Geol. 
Expl.  40th  Par.,  Vol.  IV,  p.  259,  PI.  IV,  figs.  20-23. 

This  genus  is  represented  in  the  collection  from  eight  or  ten  localities, 

but  the  specimens  are  in  so  poor  condition,  being  worn  or  broken,  that  a 

specific  identification  was  a  matter  of  difficulty.  The  beds  from  which 

the  material  was  derived  are  mostly  the  lower  strata  of  the  Madison  lime- 
stone, but  some  specimens,  indistinguishable  from  the  others  in  their  present 

imperfect  condition,  occur  near  the  very  top  of  the  same  formation. 

It  was  evident  at  first  sight  that  the  Yellowstone  National  Park  form 

was  close  to  Euomphalus  luxus  White,  and  Eu.  utahensis  Hall  and  Whitfield. 

After  a  careful  comparison  of  the  three' types  the  balance  of  the  evidence 
seemed  to  favor  an  identification  with  Eu.  utahensis,  and  a  section  throug'h 
one  of  the  specimens  justified  the  conclusion.  It  will  be  remembered  that 

the  two  species  just  mentioned  are  both  from  the  Rocky  Mountain  region, 

occurring  in  Waverly  rocks,  and  often  found  at  the  same  locality.  Eu.  luxus 

is  somewhat  smaller  than  Eu.  {Straparollus')  -utahensis.  The  whorls  are 
flattened  on  top,  with  a  slight  distal  carination.  In  S.  utahensis,  however, 

there  is  a  strong  carination  on  the  summit  of  each  whorl,  from  which  the 

sides  slope  away  nearly  plane,  one  toward  the  center,  the  other  toward 

the  periphery.  This  proved  to  be  the  case  with  the  specimen  sectioned, 

but  it  is  not  at  all  improbable  that  some  of  the  other  smaller  specimens 

may  belong  to  Eu.  luxus. 
The  shell  of  S.  utahensis  is  thin,  but  thickened  on  top  and  on  the  two 

sides  to  form  the  carinations  (PI.  LXVI,  fig.  10c).  The  outer  side  of  each 

whorl  as  well  as  the  top  is  carinated,  and  the  shell  on  the  inner  side  is  also 

considerably  thickened,  but  indented  to  receive  the  carina  of  the  preceding 

whorl.  The  interior  cross  section,  therefore,  is  circular  or  elliplical,  and 

all  distinguishing  characters  are  lost  when  the  shell  is  reduced  to  a  cast. 

This  species  should  be  compared  with  Euomphalus  obtusus  Hall  (Geol. 

Surv.  Iowa,  Vol.  I,  Pt.  II,  p.  523),  which  was  described  from  the  Oolitic 

limestone  of  Burlington,  Iowa. 
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Formation  and  localit}- :  Madison  limestone,  east  side  of  Gallatin  River, 
west  of  Electric  Peak ;  divide  between  Gallatin  River  and  Panther  Creek, 

Gallatin  Range ;  summit  of  Antler  Peak,  Gallatin  Range;  amphitheater  east 

of  Bannock  Peak,  Gallatin  Range,  bed  30;  W.  H.  Weed.  Crowfoot  Ridge, 

Gallatin  Range,  top  of  bed  26,  lower  part  of  bed  27,  bed  28,  bed  31 ;  J.  P. 

Iddings  and  W.  H.  Weed.  Waverly  age,  Dry  Canyon,  Oquirrh  Mountains; 

Ogden  and  Logan  canyons,  Wasatch  Range,  Utah. 

PLATYCERAS  Conrad,  1840. 

This  genus  is  represented  by  specimens  which  are  rather  scarce 

numerically  and  as  to  size  much  below  the  average.  Taken  as  a  whole, 

they  are  closely  similar  to  the  group  of  Waverly  Platycerata  figured  by 

Keyes  in  Geol.  Surv.  Missouri,  Vol.  V,  PI.  LIII,  figs  la-Id,  2-8,  9a,  9b.  In 

a  genus  where  the  species  vary  so  enormously  within  themselves — where, 

in  fact,  it  may  almost  be  said  that  there  are  no  species — my  material  is 
much  too  scanty  and  fragmentary  to  show  the  range  of  specific  variation 

and  afford  the  concept  of  a  specific  type.  Accordingly,  no  elaborate  effort 

has  been  made  to  identify  the  material  with  existing  species,  much  less  to 

propose  new  names,  and  it  has  seemed  best  to  describe  each  form  without 

using  specific  appellations. 
Form  A. 

This  form  is  found  on  Crowfoot  Ridge,  Gallatin  Range,  from  the  top 

of  bed  24.  It  is  small  and  loosely  coiled.  The  apex  is  wanting,  but  the 

whole  specimen  appears  to  have  completed  little  more  than  half  a  turn. 

The  apical  portion  is  twisted  slightly  to  the  left  (looking  at  the  anterior 

peripheral  face),  and  the  base  expands  rapidly,  but  unsymmetrically,  flaring 

a  little  more  on  the  side  toward  which  the  apex  is  turned — the  left.  There 
is  a  broad  carination  on  the  front  face,  delimited  by  the  two  shallow 

grooves.  Aperture  subcircular.  This  form  appears  to  be  close  to  P. 

cornuforme,1  Winchell,  but  that  shell  is  said  to  be  planorboid,  while  in  this 

the  apex  is  distinctly  turned  to  the  left.  It  also  resembles  P.  vomerium 1  of 
the  same  author  in  size  and  in  the  nature  of  the  carination.  Both  these 

species  are  of  Waverly  age. 

1Winchell,  1863:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  pp.  18,    19;  and  Keyes,  loc.  cit.,  PI.  LIII, 

tigs.  3a,  36. 
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Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Gallatin 

Range,  top  of  bed  24;  J.  P.  Iddings. 

Form  B. 

Shell  very  small,  not  spirally  turned;  of  a  conical  or  pyramidal  shape, 

much  inclined.  The  front  is  edged  or  sharply  rounded;  the  back,  under 

the  apex,  is  flat,  meeting  the  right  side,  which  is  more  inflated  than  the  left, 

at  an  angle.  The  angle  at  which  the  posterior  face  meets  the  left  side  is 

truncated.     Peritreme  subquadrate. 

Formation  and  locality:  Madison  limestone,  north  of  Bighorn  Pass, 

Gallatin  Range;  A.  C.  Gill. 

Form  C. 

Larger  than  either  of  the  two  already  described,  yet  not  very  large; 

much  flattened  transversely,  very  rapidly  expanding.  The  right-hand  face 
of  the  fossil  is  somewhat  flat;  more  inflated  on  the  other  side.  Very 

abruptly  rounded  in  front  and  behind.  But  slightly  inclined,  so  that  a  line 

let  fall  from  the  apex  onto  the  posterior  extremity  of  the  peritreme  would 

be  nearly  perpendicular  to  the  plane  of  the  base. 

Formation  and  locality:  Madison  limestone,  north  of  Bighorn  Pass, 

Gallatin  Range;   A.  C.  Gill. 

Form  D. 

PI.  LXVI,  figs.  12a,  126.  12c. 

Small,  gradually  expanding  and  closely  inrolled  for  about  one  volution; 

then  very  rapidly  expanding  for  about  half  a  volution,  which  is  highly 
inflated  and  not  in  contact  with  the  involved  portion.  The  latter  is  minute 

and  turned  to  the  left.  The  peritreme  is  broken,  but  appears  to  have  been 

subquadrate.  The  sinistral  side  of  the  large  whorl  (that  toward  which  the 

involved  apex  turns)  is  somewhat  flattened;  the  anterior  end  is  sharply 

rounded.  Another  angular  turn,  sinistro-posterior  in  direction,  would  bring 
this  subplanate  face  to  the  original  one  at  an  acute  angle  were  not  their 

junction  truncated  or  broadly  rounded  (!).  Height  about  two-thirds  the 
antero-posterior  diameter.  A  line  from  the  most  posterior  point  of  the 

peritreme  tangent  to  the  involutions  would  be  about  perpendicular  to  the 

plane  of  the  base. 
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This  form,  though  considerably  smaller,  is  closely  similar  to  the  speci- 
men identified  by  Keyes  as  Capulus  paralius  Winchell,  and  figured  on  PI. 

LIII,  fig.  Id,  of  the  work  cited. 

The  largest  of  these  forms  is  about  9  mm.  in  height,  with  a  maxi- 
mum basal  measurement  of  12.5  mm. 

Formation  and  locality  :  Madison  limestone,  east  side  of  Gallatin  River, 

west  of  Electric  Peak;  south  slope  of  Quadrant  Mountain,  Gallatin  Range; 
A.  C.  Gill. 

Form  E. 

PI.  LXVI,  figs.  11a,  11&,  lie,  lid. 

Shell  rather  small,  though  larger  compared  with  the  other  forms  in 

this  collection.  Very  rapidly  expanding.  Laterally  compressed,  being 

flatter  on  the  sinistral  side,  away  from  which  the  small  coil  is  turned. 

Dextral  side  more  inflated;  dorsum  sharp,  almost  carinate.  Shell  marked 

by  concentric  growth-lines,  sinuous,  following  the  shape  of  the  peritreme. 
Peritreme  oval  in  outline. 

This  should  be  compared  with  P.  nebrascense  Meek,1  and  more  espe- 
cially with  Capalus  paralius  Winchell,  as  figured  by  Keyes  (loc.  cit,  PI. 

LIII,  figs,  lb,  lc),  which  is  perhaps  not  identical  with  Winchell's  type, 
shown  by  fig.  lffl  of  the  same  plate. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin  River, 
west  of  Electric  Peak. 

CRUSTACEA. 

PROETUS  Steininger,  1830. 

Proetus  peroccidens  Hall  and  Whitfield. 

PI.  LXXI,  tigs.  14a,  14Z>.  • 

Proetus  peroccidens  Hall  ami  Whitfield,  1877 :  King's  U.  S.  Geol.  Expl.  10th  Par.,  Vol. 
IV,  p.  262,  PI.  IV,  figs.  28-32. 

This  species  is  represented  in  the  Yellowstone  National  Park  collec- 
tions bv  three  cephalic  shields  (without  the  free  cheeks),  which  are  in  exact 

agreement  with  the  description  and  figures  of  P.  peroccidens.  Each  of  the 

three  heads  was  found  at  a  separate  locality,  but  one  of  them  occurs  on  the 

1  White,  1877:  Wheeler's  V.  S.  Geogr.  Surv.  W.  100th  Merid.,  Vol.  IV,  p.  159,  PL  XII,  figs.  oa-5d. 
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same  block  of  limestone  which  carries  the  pygidium  referred  to  P.  loganensis. 

They  are  without  surface  ornamentation.  The  occipital  ring  is  narrow  and 

not  strongly  marked.  The  glabella  is  moderately  high,  reaches  nearly  to 

the  anterior  margin,  evenly  rounded  in  front,  about  once  and  a  half  as 

long  as  wide,  sides  parallel  the  greater  distance,  but  expanding  suddenly 

behind.  Marked  by  three  or  four  pairs  of  transverse  furrows.  Of  these, 

only  the  posterior  one. is  well  defined,  and  it  is  bent  backward  at  its  inner 

end  so  as  to  be  almost  continuous  with  the  occipital  furrow.  Frontal  border 

narrow,  thick,  elevated.  Greatest  width  of  the  anterior  portion  of  the 

head,  as  limited  by  the  suture  line,  just  equal  to  the  length  of  the  glabella. 

The  suture  lines  contract  gradually,  but  round  out  strongly  for  the  palpe- 

bral lobe,  the  most  convex  portion  of  which  is  not  more  than  one-fourth  the 

length  of  the  head,  forward  from  the  posterior  edge. 

Formation  and  locality:  Madison  limestone,  east  side  of  Gallatin 

River,  west  of  Electric  Peak;  G.  M.  Wright.  Crowfoot  Ridge,  Gallatin 

Range,  bed  31;  J  P.  Iddings  and  W.  H.  Weed.  East  slope  of  Survey 

Peak,  Teton  Range;  S.  L.  Penfield.  Waverly  age,  Ogden  and  Logan 

canyons,  Wasatch  Range,  and  Dry  Canyon,  Oquirrh  Mountains,  Utah. 

Proetus  loganensis  Hall  and  Whitfield. 

PL  LXXI,  fig.  15a. 

Proetus  loganensis  Hall  and  Whitfield,  1877:  King's  U.  S.  Geol.  Expl.  40th  Par.,  Vol. 

IV,  p.  264,  PI.  IV,  fig.  33. 

The  identification  of  this  species  rests  upon  a  single  pygidium  which, 

but  for  being  considerably  smaller  in  size,  is  exactly  identical  with  that 

figured  as  the  type  of  P.  loganensis.  The  surface  is  without  ornamentation. 

The  axial  lobe  is  high,  marked  by  eleven  annulations  including  the  termi- 

nal ones.  The  lateral  lobes  have  nine  annulations  each,  which  extend 

down  upon  the  border  and  become  obsolete  upon  the  margin  near  the  edge 

of  the  shell.     It  occurs  associated  with  P.  peroccidens. 

Proetus  peroccidens  and  P.  loganensis,  both  of  Hall  and  Whitfield,  rest 

upon  three  structural  units — a  small  unornamented  pygidium,  a  large 

pygidium  with  more  annulations,  ornamented  with  pustules  or  nodes,  and  a 

head  with  free  cheeks  more  nearly  corresponding  in  size  witli  the  larger 

pyo-idia,  but  destitute  of  the  ornamentation  which  characterizes  them.     The 
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heads  and  larger  pygidia  were  referred  by  the  author  to  P.  peroccidens,  and 

the  small  type  of  pygidium  was  described  as  P.  loganensis. 

In  the  Yellowstone  National  Park  collections  no  pygidia  of  the  type 

of  P.  peroccidens  (the  unornarnented  form)  have  been  observed,  but  the 

large  heads  have  been  identified  as  P.  peroccidens,  and  the  small  pygidia  as 

P.  loganensis.  As  the  pygidium  and  a  large  head  occur  associated  at  the 

same  locality,  even  on  the  same  slab  of  limestone,  there  is  some  presump- 

tive evidence  that  they  should  be  referred  to  the  same  specific  type,  espe- 
cially as  there  is  only  one  kind  of  head  and  one  kind  of  pygidium  known 

from  the  Park.  The  fact  that  both  portions  are  without  ornamentation 

supports  this  view.  The  disparity  in  size,  especially  when  viewed  in 

connection  with  a  similar  condition  of  affairs  in  Utah,  is  opposed  to  it. 

One  of  three  hypotheses  seems  probable.  Both  species  (and  the 

pygidia  show  that  they  are  two)  may  have  had  unornarnented  cephalic 
shields,  similar  in  detail  and  size;  or,  since  it  is  now  known  that  the  two 

species  occur  in  the  same  beds,  Hall  and  Whitfield  may  have  been  in  error 

in  referring  the  cephalon  from  Dry  Canyon  to  the  associated  pygidia;  or, 

the  smooth,  plain  heads  do  not  belong  to  the  smooth  pygidia  with  which 

they  are  associated  in  the  Yellowstone  National  Park,  but  (what  is  not 

intrinsically  improbable)  to  the  ornamented  nodose  pygidia  with  which 

they  occur  at  Dry  Canyon,  as  Hall  and  Whitfield  have  suggested.  More 

evidence  will  be  necessary  before  the  point  involved  in  this  uncertainty 
can  be  ascertained. 

Formation  and  locality:  Madison  limestone,  Crowfoot  Ridge,  Grallatin 

Range,  bed  31;  J.  P.  Iddings  and  W.  H.  Weed.  Waverly  age,  Logan 

Canyon,  Wasatch  Range,  Utah. 
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Fig.    1.  Atrypa  reticularis         502 

a.  Type  usually  found  in  Yellowstone  National  Park ;  after  Walcott. 
b.  Lateral  view  of  same;  after  Walcott. 

Devonian,  Eureka  district,  Nevada. 

c.  View  of  another  specimen;  after  Meek. 

(?)  Middle  Devonian,  Piiion  station,  White  Pine' district,  Nevada. 
FlG.    2.  Atrypa  missouriensis         502 

a.  Rostral  view  of  a  small  individual,  of  a  type  common  in  Yellowstone  National 

Park ;  after  Walcott. 
b.  Ventral  aspect  of  same ;  after  Walcott. 

Devonian,  Lone  Mountain,  Nevada. 

c.  Dorsal  view  of  another  specimen  ;  after  Meek. 

Middle  Devonian,  Pifion  station,  White  Pine  district,  Nevada. 

Fig.    3.  Spirifer  engelmanni         504 
a.  An  anterior  view  ;  after  Meek. 

b.  Cardinal  view,  showing  area  and  foramen;  after  Meek. 
c.  Side  view  of  same;  after  Meek. 

d.  Dorsal  view  of  same ;  after  Meek. 

Middle  Devonian,  Nevada. 

Fig.    4.  Aihyris  rUtata  var.  triplicala  n.  var         504 

a.  Lateral  view  of  type  specimen. 
b.  Dorsal  view  of  same. 

c.  Anterior  view  of  same. 

Three  Forks  limestone,  south  side  of  Soda  Butte  Creek,  northwest  of  Abiathar 

Peak,  Ahsaroka  Range. 

Fig.    5.  Pleurotomaria.  isaacsi  ( .' )         505 

a.  Specimen  doubtfully  identified  with  Hall  and  Whitfield's  species. 
b.  Side  view  of  same. 

Three  Forks  limestone,  Wall  Canyon,  Clark  Fork  Valley. 

Fig.    6.  Loxonema  delicatum  u.sp         506 

a.  View  of  type  specimen,  enlarged. 
Three  Forks  limestone,  south  side  of  Soda  Butte  Creek,  northeast  of  Abiathar 

Peak,  Ahsaroka  Range. 

Fig.    7.  Platystoma  minumm  n.  sp         506 

a.  Apical  view  of  type  specimen,  enlarged. 

b.  Lateral  aspect  of  same,  enlarged. 

Three  Forks  limestone,  south  side  of  Soda  Butte  Creek,  northeast  of  Abiathar 
Peak,  Absaroka  Range. 

Fig.    8.  Favosites  sp         501 

a.  Silicified  example,  showing  size  of  corallites  and  character  of  tabulation. 

Three  Forks  limestone,  north  side  of  Soda  Butte  Creek,  Absaroka  Range. 

FlG.    9.  Loxonema  (?)  sp         572 
a.  Lateral  view  of  an  internal  cast. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  26. 
580 
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Fig.  10.  Straparollus  utahensis               573 

a.  Apical  view  of  a  small  specimen;  after  Hall  and  Whitfield. 

b.  Apical  view  of  a  larger,  somewhat  exfoliated  specimen;  after  Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 

e.  Section  through  a  specimen  from  Yellowstone  National  Park. 
Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Peak. 

Fig.  11.  Platyceras,  form  B         576 
a.  Lateral  view  of  a  small  example  attached  to  an  exfoliated  base  of  Platycrinus 

symmetricus. 
b.  Posterior  view  of  same. 

c.  Same  seen  from  above. 

d.  Side  view  of  a  larger  specimen. 

Madison  limestone,  divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 

Range. 

Fig.  12.  Platyceras,  form  D         575 

a.  View  of  specimen  resting  on  its  base,  as  seen  from  above,  enlarged. 
b.  Side  view  of  same. 

c.  Posterior  view  of  same. 

Madison  limestone,  south  base  of  Quadrant  Mountain,  Gallatin  Range. 

Fig.  13.  Naticopsis  (?)  sp   -■      572 
a.  Internal  cast  of  a  specimen  from  the  lower  part  of  the  Madison  limestone. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  24. 

Fig.  14.  Conocardium  pulchellum  ( ?)         571 

a.  View  of  the  only  specimen  found,  enlarged. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  21. 
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Fig.  1.  Menophyllum  (?)  excavatum.il.  sp         °n 

a.  View  of  a  typical  example  of  this  species. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 

b.  Longitudinal  section  of  another  specimen,  showing,  but  not  completely,  the  depth 

of  the  calyce. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  81. 

c.  Transverse  section  of  another  specimen  taken  through  the  calyce,  showing  septa 

of  two  orders  slightly  developed. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 

d.  Transverse  section  of  the  same  specimen,  taken  a  little  lower  down.     Indications 

of  the  fossula  and  the  commencement  of  the  fossular  wall  can  be  seen.  Septa 

of  the  second  order  are  not  shown  in  the  drawing,  but  appear  in  the  original 

section  as  small  projecting  points. 

e.  Another  section   of  the  same,   still   more  proximal.     The   large  fossula  is  well 

developed;   the  fossular  wall  and  aborted  fossular  septum  are  well  shown. 

Septa  of  the  second  order  are  represented  by  low  ridges,  two  of  which,  not 

shown  in  the  figure,  are  found  on  either  side  of  the  fossular  septum. 

/.  Transverse  section  through  another  specimen  referred  to  this  species.     The  fossular 

septum  hero  is  extended  clear  through  the  fossula  to  the  opposite  wall,  bisect- 

ing it,  and  the  whole  is  much  thickened  by  stereoplasma. 

Madison  limestone,  Crowfoot  Ridge,  Gallatiu  Range,  bed  31. 

Fig.  2.  Clisiophyllum  teres  a.  sp              514 

a.  Transverse  section  showing  fossula,  columella,  and  tabula  (?).     The  latter  is  not 

adequately  represented  in  point  of  continuance  and  distinctness.  Secondary 

septa,  not  shown  in  the  figure,  can  be  seen  in  the  original,     x  2. 

b.  Another  section  a  little  more  proximal  than  the  above,  and  showing  much  the 

same  characters,     x  2. 

c.  Another  section  still  more  proximal,  from  the  same  specimen.     The  figure  shows  a 

somewhat  too  great  development  of  dissepimental  tissue,     x  2. 
<?.  Another  section  of  same,  still  more  proximal,     x  2. 

Madison  limestone,  summit  of  Three  River  Peak,  Gallatin  Range. 

Fig.  3.  Miclielinia  placenta         510 

a.  Lower  or  epithecal  surface  of  a  specimen. 

Madison  limestone,  divide  between  Gallatin  Valley  and  Panther  Creek,  near  Big- 
born  Pass,  Gallatin  Range,  bed  24. 

b.  Another  specimen,  showing  size  and  other  characters  of  the  cell  apertures. 

Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Teak. 

Fig.  4.  Syringopora  surcularia  n.  sp         510 
a.  Portion  of  a  section  showing  size  and  arrangement  of  the  coralhtes. 

b.  An  enlargement  of  the  same. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  28. 

Fig.  5.    Syringopora  aculeata  n.sp        509 
a.  Portion  of  a  section  of.  the  type  specimen,  showing  size  and  arrangement  of  the 

corallites. 

b.  An  enlargement  of  the  same. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  29. 

Fig.  6.  Aulopora  geometriea  n.  sp         508 
a.  Portion  of  the  corallum  of  type  specimen,  showing  size  and  arrangement  of  the 

corallites. 

Madison  limestone,  cherty  belt,  Bighorn  Pass,  Gallatin  Range. 
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Fig.  1.  Menophyllum  (?)  excavatum  n.  sp         511 

a.  View  of  a  typical  example  of  this  species. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 

b.  Longitudinal  section  of  another  specimen,  showing,  but  not  completely,  the  depth 
of  the  calyce. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  31. 

e.  Transverse  section  of  another  specimen  taken  through  the  calyce,  showing  septa 

of  two  orders  slightly  developed. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 

d.  Transverse  section  of  the  same  specimen,  taken  a  little  lower  down.     Indications 
of  the  fossula  and  the  commencement  of  the  fossular  wall  can  be  seen.  Septa 

of  the  second  order  are  not  shown  in  the  drawing,  but  appear  iu  the  original 

section  as  small  projecting  points. 

e.  Another  section   of  the  same,   still   more   proximal.     The   large  fossula  is   well 

developed;   the  fossular  wall  and  aborted  fossular  septum  are  well  shown. 

Septa  of  the  second  order  are  represented  by  low  ridges,  two  of  which,  not 

shown  in  the  figure,  are  found  on  either  side  of  the  fossular  septum. 

/.  Transverse  section  through  another  specimen  referred  to  this  species.     The  fossular 

septum  here  is  extended  clear  through  the  fossula  to  the  opposite  wall,  bisect- 
ing it,  and  the  whole  is  much  thickened  by  stereoplasma. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  31. 

Fig.  2.  Clisiophylliim  teres  n.  sp         514 

a.  Transverse  section  showing  fossula,  columella,  and  tabula  ('?).     The  latter  is  not 
adequately  represented  in  point  of  continuance  aud  distinctness.  Secondary 

septa,  not  shown  in  the  figure,  can  be  seen  in  the  original,     x  2. 
b.  Another  section   a  little  more  proximal  than  the  above,  and  showing  much  the 

same  characters,     x  2. 

c.  Another  section  still  more  proximal,  from  the  same  specimen.     The  figure  shows  a 

somewhat  too  great  development  of  dissepimental  tissue,     x  2. 

d.  Another  section  of  same,  still  more  proximal,     x  2. 

Madison  limestone,  summit  of  Three  River  Peak,  Gallatin  Range. 

Fig.  3.  Miclielinia  placenta         510 

a.  Lower  or  epithecal  surface  of  a  specimen. 

Madison  limestone,  divide  between  Gallatin  Valley  aud  Panther  Creek,  near  Big- 

horn Pass,  Gallatin  Range,  bed  24. 

b.  Another  specimen,  showing  size  and  other  characters  of  the  cell  apertures. 

Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Peak. 

Fig.  4.  Syrinyopora  surcularia  n.  sp         510 

a.  Portion  of  a  section  showing  size  and  arrangement  of  the  coralhtes. 

b.  An  enlargement  of  the  same. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  28. 

Fig.  5.    Syringopora  aculeata  n.  sp         509 

a.  Portion  of  a  section  of.  the  type  specimen,  showing  size  and  arrangement  of  the 
corallites. 

b.  An  enlargement  of  the  same. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  29. 

FIG.  6.  Aulopora  geometrica  n.  sp         508 

a.  Portion  of  the  corallum  of  type  specimen,  showing  size  and  arrangement  of  the 

corallites. 

Madison  limestone,  cherty  belt,  Bighorn  Pass,  Gallatin  Range. 
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Fig.    1.  Crania  Icevis         520 

a.  Figure  showing  general  character  of  the  specimen  referred  to  this  species. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  24. 

FIG.    2.   Orthothetes  inflatus. 

a.  Figure,  after  Hall  and  Whitfield,  showing  character  of  an  unusually  large  speci- 
men. 

Waverly  age,  Dry  Canyon,  Utah. 

Fig.    3,  Orthothetes  incequalis         522 

a.  Figure,  after  Hall  and  Whitfield,  showing  the  character  of  this  species. 

Waverly  age,  Ogden  Canyon,  Utah. 
Fig.    4.   Chonetes  ornatns         527 

a.  View  of  an  average  specimen  showing  outline  and  surface  ornamentation,  slightly 
enlarged. 

b.  Enlargement  of  the  surface. 
Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Peak. 

c.  Another,  more  auriculate  specimen,  similarly  enlarged. 
Madison  limestone. 

d.  Another,  very  obese  specimen,  natural  size. 

Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Peak. 
Fig.    5.  Chonetes  loaanensis         525 

a.  View  of  type  specimen  showing  slight  median  sinus;  cardinal  angles  somewhat 

restored ;  after  Hall  and  Whitfield. 

Waverly  age,  Logan  Canyon,  Utah. 
b.  A  characteristic  specimen,  from  Yellowstone  National  Park,  with  rounded  cardinal 

angles  and  without  a  sinus. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

c.  A  dorsal  valve,  twice  enlarged,  showing  shape  and  character  of  the  very  finely 

striate  surface. 
Madison  limestone,  east  side  of  Gallatin  River,  west  of  Electric  Peak. 

Fig.    6.  Prodtictns  parviformis  n.  sp         536 

a.  Lateral  view  of  a  typical  example. 

b  (lower  figure).  Posterior  view  of  same, 
c.  Outline  of  same,  ventral  aspect. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

b  (upper  figure).  A  dorsal  valve  referred  to  the  same  species. 
Madison  limestone,  south  of  Forellen  Peak,  Teton  Range. 

Fig.    7.  Produotus  gaUatinensis  n.  sp.     (Seealsofig.il)         533 

a.  Anterior  view  of  a  characteristic  specimen. 
b.  Posterior  view  of  same. 

c.  Side  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 
586 
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Fig.    8.  Productella  cooperensis         528 

a.  Lateral  view  of  a  specimen  identified  as  Productella  cooperensis. 
b.  Anterior  view  of  same. 

c.  A  dorsal  valve  associated  with  the  above  and  referred  to  the  same  species. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  24. 

Fig.    9.  Productella  cooperensis         528 

a.  A  dorsal  valve  of  a  type  common  in  Yellowstone  National  Park. 

b.  Ventral  valve  of  the  same  species. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

Fig.  10.  Productella  alifera  n.  sp         530 

a.  A  dorsal  valve  of  a  common  size  and  shape. 

b.  Outline  view  of  a  highly  vaulted  ventral  valve. 

c.  A  very  auriculate  ventral  valve. 

Madison  limestone,  limestone  bluff  south  side  of  Soda  Butte  Creek,  northwest 

of  Abiathar  Peak,  Absaroka  Range. 

Fig.  11.  Produetus  gallatinensis  n.  sp.     (See  also  fig.  7)         533 
a.  Ventral  view  of  the  type  specimen. 
b.  Anterior  view  of  same. 

c.  Posterior  view  of  same. 

d.  Side  view  of  same. 

Madison  limestone,  divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 
Range. 

Fig.  12.  Eumetria  vemeuiliana         560 

a.  Dorsal  view  of  a  somewhat  crushed  specimen  of  a  type  common  in  Yellowstone 
National  Park,     x  2. 

6.  Side  view  of  same,     x  2. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 
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Fig.  1.  Camaropkoria  ringens         537 

a.  Ventral  view  of  a  large  specimen. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

b.  Dorsal  view  of  a  smaller  specimen. 

c.  Side  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  28. 

Fig.  2.  CamarotcecMa  lierrickana  n.  sp        539 

a.  (by  mistake  left  unnumbered  on  plate)  Ventral  valve,  sligbtly  enlarged. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

6.  Dorsal  valve,  similarly  enlarged, 

c.  Anterior  view  of  same. 

Madison  limestone,  divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 
Range. 

Fig.  3.  CamarotcecMa  metallica         540 

a.  Dorsal  view  of  a  specimen  identified  by  Hall  and  Whitfield  as  Bhynehonella  pustu- 

losa  (?) ;  after  Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 

b.  Dorsal  view  of  a  large  specimen  from  Yellowstone  National  Park. 
Madison  limestone,  divide  between  Gallatin  River  and  Panther  Creek,  Gallatin 

Range. 

c.  Anterior  view  of  a  smaller  a  specimen  from  Yellowstone  National  Park. 
d.  Side  view  of  same. 

e.  Dorsal  view  of  same. 

Madison  limestone,  northwest  slope  of  Forellen  Peak,  Teton  Range. 

Fig.  4.  CamarotcecMa  sp        542 

a.  Dorsal  valve,     x  2. 
6.  Front  view  of  same,     x  2. 

Madison  limestone,  limestone  bluff  south  side  of  ooda  Butte  Creek,  northwest  of 

Abiathar  Peak,  Absaroka  Range. 

Fig.  5.  Liorh yuchus  hag  net  n.  sp        543 
a.  Dorsal  view  of  type  specimen. 

b.  Lateral  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,    Gallatin  Range,  cherty  limestone,  top  of 
bed  24. 

Fig.  6.  Dielasma  Utah         544 

a.  Dorsal  view  of  an  imperfect  example. 

b.  Side  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  28. 

c.  Ventral  view  of  type  specimen ;  after  Hall  and  Whitfield. 

Waverly  age,  Cottonwood  divide,  Wasatch  Range,  Utah. 

Fig.  7.  Producing  scabriculus         531 
o.  Side  view  of  a  ventral  valve  from  the  Madison  limestone. 

b.  Posterior  view  of  same. 

c.  Outline  of  same,  looked  at  from  above. 

(J.  Surface  ornamentation,  enlarged. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 
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Fig.  8.  Prodiietua  semireticulatus        535 

a.  Ventral  valve,  posterior  view. 

b.  Lateral  aspect  of  same. 
c.  Outline  as  seen  from  above. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 

d.  Dorsal  valve  of  same  species. 

Madison  limestone,  head  of  Conant  Creek,  Teton  Range. 
Fig.  9.  Productus  Iwricosta         531 

a.  Ventral  valve  of  a  specimen  from  Utah,  restored ;  after  Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 
6.  A  ventral  valve  from  the  Madison  limestone,  flafand  immature  in  expression. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

c.  Lateral  outline  of  a  ventral  valve  of  the  usual  type. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  lower  part  of  bed  27. 
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Fig.  1.  Spirifer  sp         552 
a.  View  of  an  unidentified  dorsal  valve. 

Madison  limestone,  east  slope  of  Survey  Peak,  Teton  Range. 

Fig.  2.  Spirifer  striatns  ys,t.  madisonensis  n.  var         551 

a.  Dorsal  view  of  a  large  specimen. 
b.  Side  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  24. 

c.  Dorsal  view  of  a  somewhat  smaller  specimen. 
d.  Side  view  of  same. 

Madison  limestone,  Crowfoot   Ridge,  Gallatin  Range,  cherty  limestone,  top  of 
bed  24. 

Fig.  3.  Spirifer  centronalns        547 
a.  Ventral  valve  of  a  characteristic  form ;  after  White. 

Waverly  age,  Mountain  Spring,  Old  Mormon  road,  Nevada. 

b.  A  characteristic  dorsal  valve;  after  Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 

c.  Another  type,  probably  no  more  than  varietally  distinct  from  Spirifer  centronatut, 

described  by  Hall  and  Whitfield  as  Spirifer  albapineiisis ;  after  Hall  and  Whitfield. 

Waverly  age,  Logan  Canyon,  Utah. 

d.  A  young  specimen  of  the  general  type  of  Spirifer  albapinensis,  referable  to  Spiri- 
fer centronatus;  after  Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 

Fig.  4.  Spirifer  centronatus  var.  semifurcatus  n.  var         549 

a.  A  dorsal  valve  of  this  type  in  which  the  incipient  bifurcation  of  the  two  plications 

surmounting  the  fold  is  less  apparent  than  usual. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  26. 

Fig.  5.  Martinia  ro&trata  n.  sp         553 
a.  Ventral  view  of  a  rather  young  specimen. 

b.  Outline  of  the  same,  viewed  from  one  side. 

Madison  limestone,  east  side  of  Gallatin  Rive"-,  west  of  Electric  Peak. 
c.  Ventral  view  of  an  old  specimen. 

d.  Lateral  outline  of  same,  showing  the  elevated  and  produced  beak. 
Madison  limestone. 

e.  A  large  dorsal  valve,  referred  to  this  species. 

/.  Front  view  of  same  in  outline. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  25. 

g.  A  very  young  ventral  valve,  described  by  Hall  and  Whitfield  as  Ailujris planosul- 

cata  (f).     After  Hall  and  Whitfield. 
Waverly  age,  Logan  Canyon,  Utah. 

Fig.  6.  ReMcularia  cooperensis  var   -         556 

a.  Au  exfoliated  but  otherwise  perfect  ventral  valve.     The  heavy  concentric  lines  are 

due  to  growth.     Between  these  lie  finer  striae,  the  bases  of  the  characteristic 

spinulose  fimbriations. 
b.  Lateral  outline  of  same. 

c.  Posterior  view  of  same. 

Eureka  district,  Nevada,  Lower  Carboniferous. 
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Fig.  7.  Reticularia  (?)  subrotundaia         557 
a.  View  of  a  ventral  valve, 

ft.  Side  view  of  same. 

Madison  limestone,  near  Monarch,  Montana. 

Fig.  8.  Reticularia  (?)  peculiaris         557 

a.  Ventral  valve,  identified  by  White  with  Shumard's  species ;  after  White. 
6.  Side  view  of  same;  after  White. 

Waverly  age,  Mountain  Spring,  Old  Mormon  road,  Nevada. 

Fig.  9.  Reticularia  cooperensis         555 

a.  A  dorsal  valve,  identified  as  R.  cooperensis. 

Madison  limestone.  Crowfoot  Ridge,  Gallatin  Range,  top  of  bed  26. 

ft.  A  ventral  valve  from  another  locality, 
c.  Side  outline  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  upper  part  of  bed  27. 
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Fig.   1.  Syringothyris  carteri         558 
a.  Dorsal  valve  of  a  specimen  from   Yellowstone   National  Park,   drawn   from  an 

impression  of  a  natural  mold. 

Madison  limestone,  limestone  bluff  south  side  of  Soda  Butte  Creek,  northwest 

of  Abiathar  Peak,  Absaroka  Range. 

b.  Anterior  view  of  an  entire  example  of  the  same  species;  after  Meek;  figured  by 

that  author  as  Spirifer  (Syringothyris)  cusjiidatus. 

c.  Cardinal  view  of  same,  showiug  high  area  and  foramen,  and,  within  the  latter,  the 
trausverse  septum  and  internal  tube;  likewise  after  Meek. 

Lower  Carboniferous  ( f ),  White  Pine  district,  Nevada. 

Fig.   2.  Semin  u  la  madisonensis  n.  sp         563 

a.  Dorsal  view  of  type  specimen. 
b.  Side  view  of  same. 

c.  Interior  of  a  ventral  valve,  showiug  hinge  teeth,  pedicle  cavity,  and  posterior  and 
anterior  adductors. 

Madison  limestone,  head  of  Conant  Creek,  Teton  Range. 

Fig.   3.  Seminula  madisonensis  v&r. pussilla  u.  var         564 

a.  Arentral  valve  of  type  specimen,  showing  shape,  enlarged. 
b.  Lateral  view  of  same. 

Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  bed  28. 
Fig.    4.  Seminula  subtil  ita         564 

a.  Dorsal  view  of  a  characteristic  specimen  from  the  type  locality,  for  comparison 
with  Seminula  madisonensis. 

b.  Side  view  of  same. 

c.  Anterior  view  of  same. 

Upper  Carboniferous,  near  Weston,  on  the  Missouri  River. 

Fig.    5.  Seminula  immature,  n.sp         566 

a.  Dorsal  view  of  a  specimen  with  the  ventral  beak  broken. 
6.  Side  view  of  same. 

c.  Dorsal  view  of  another  specimen  which  is  somewhat  crushed. 
d.  Side  view  of  same. 

Madison  limestone,  west  of  Antler  Peak,  Gallatin  Range. 

Fig.    6.  Seminula  humilis  n.  sp         565 

a.  Dorsal  view  of  a  rather  large  specimen. 
b.  Side  view  of  same. 

c.  -Dorsal  view  of  a  smaller  specimen  from  the  same  locality. 
Madison  limestone,  Crowfoot  Ridge,  Gallatin  Range,  upper  part  of  bed  27. 

Fig.    7.  Athyris  lamellosa         561 

a.  Ventral  view  of  a  badly  exfoliated  specimen. 

Madison  limestone,  Yellowstone  National  Park. 

Fig.    8.  Cliotliyris  crassieardinalis         567 

a.  Dorsal  view  of  a  specimen  showing  the  usual  characters  of  size  and  shape,  but 
almost  completely  exfoliated. 

Madison  limestone,  north  of  Owl  Creek,  northeast  slope  of  Teton  Range. 
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Fig.    9.  Cliothyris  crassicardinalis  var.  nana  n.  var    5gg 
a.  Ventral  view  of  a  somewhat  exfoliated  specimen,  which  is  regarded  as  varietally 

distinct  from  the  above. 

Madison  limestone,  Crowfoot  Kidge,  Gallatin  Range,  top  of  bed  25. 
Fig.  10.  Spiriferina  solidirostris    ejc 

a.  Ventral  valve  characteristic  of  this  species. 

Madison  limestone,  amphitheater  east  of  Bannock  Peak,  Gallatin  Range,  bed  28. 
Fig.  11.  Holasterella  wrighti  var.  americana  n.  var    50g 

re.  View  of  an  isolated  spicule  magnified  about  twenty  diameters. 
Madison  limestone,  divide  between  Gallatin  Valley  and  Panther  Creek,  near  Big- 

horn Pass,  Gallatin  Range,  bed  24. 

Fig.  12.  Endothyra  baileyi    -q^ 
a.  An  example  from  Spergen  Hill,  Indiana,  of  a  not  unusual  size,     x  12. 
b.  Another,  smaller  specimen  from  the  same  locality,     x  12. 

Warsaw  group,  Spergen  Hill,  Indiana. 

Fig.  13.     Endothyra  baileyi  var.  paroa  n.  var    507 
a,  b.  Two  specimeuB  of  the  ordinary  character,  from  the  Madison  limestone,     x  12. 
c.  A  small  specimen  from  the  Madison  limestone,     x  12. 

Madison  limestone,  White  Mountain,  Absaroka  Range. 
Fig.  14.  Proetus  peroccidens    =7g 

a,  b.  Glabella  and  free  cheek  of  the  kind  occurring  in  the  Madison  limestone ;  after Hall  and  Whitfield. 

Waverly  age,  Dry  Canyon,  Utah. 

Fig.  15.  Proetus  loganensis    ^nn 

a.  Pygidium  of  a  type  associated  with  the  above  in  the  Madison  limestone;  after Hall  and  Whitfield. 

Waverly  age,  Logan  Canyon. 



CHAPTER   XIII. 

MESOZOIC    FOSSILS. 

By  T.  W.  Stanton. 

The  Mesozoic  fossils  obtained  in  and  near  the  Yellowstone  National 

Park  and  submitted  to  me  for  study  include  78  species  of  invertebrates,  of 

which  31  are  Cretaceous,  46  are  Jurassic,  and  1  is  from  beds  of  supposed 

Triassic  age.  The  number  of  species  from  a  single  horizon  is  not  large 

enough  to  be  dignified  with  the  designation  "fauna,"  excepting,  perhaps, 
in  one  or  two  cases;  yet  the  study  of  these  fossils  and  the  comparisons 
made  with  known  horizons  have  led  to  some  general  results  that  are  worthy 
of  brief  discussion.  The  subject  will  be  treated  by  geological  horizons, 

and  after  reviewing  the  general  considerations  an  annotated  list  of  the 

species  with  descriptions  of  new  forms  will  be  given. 

TRIASSIC. 

The  Teton  formation,  of  supposed  Triassic  age,  yielded  a  few  speci- 
mens of  a  Lingula  at  a  locality  on  the  summit  of  Quadrant  Peak.  This 

fossil  resembles  Lingula  brevirostris  M.  and  H.,  from  the  Jurassic  of  the 

Black  Hills,  but  in  the  absence  of  other  fossils  it  should  be  given  little 

weight  in  determining  the  age  of  the  beds.  Linguloid  shells  are  so  slightly 
differentiated  that  it  would  not  be  safe  to  distinguish,  by  them  alone,  even 
between  Paleozoic  and  Mesozoic.  The  determination  of  the  age  of  this 

formation  must,  for  the  present  at  least,  rest  on  the  evidence  of  stratigraphy 

and  lithology.  The  paleontologist  can  only  say  that  the  underlying  beds 

yield  Carboniferous  fossils,  while  the  overlying  formation  has  a  well- 
developed  Jurassic  fauna. 
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The  only  marine  Triassic  fossils  that  have  been  found  in  the  Rocky 

Mountain  region  are  from  the  Lower  Trias,  beneath  the  "Red  Beds"  in 

southeastern  Idaho.1  The  very  few  fossils  that  have  been  obtained  from 

the  Red  Beds  farther  south  (in  New  Mexico  and  southern  Colorado)  seem 

to  be  of  fresh-water  origin. 

In  California  and  Nevada,  however,  marine  Triassic  beds  are  well  devel- 

oped, and  have  yielded  a  varied  fauna  which  is  as  yet  mostly  undescribed. 

JURASSIC. 

The  Jurassic  fossils  form  much  the  largest  and  most  important  part  of 

the  Mesozoic  collection.  The  fauna  is  not  large,  but  most  of  the  species 

are  abundantly  represented,  and  in  number  of  species  it  compares  favorably 

with  the  Jurassic  of  other  parts  of  the  Rocky  Mountain  region.  The  col- 

lections are  from  many  localities  in  two  general  areas — one,  which  yielded 
the  most  fossils,  in  the  northwest  corner  of  the  Park,  on  the  headwaters  of 

Gardiner  and  Gallatin  rivers  and  near  the  Yellowstone ;  the  other  on  the 

slopes  of  Sheridan  Peak  and  farther  southwest  of  Snake  River. 
The  fossils  from  all  these  localities  evidently  belong  to  a  single  fauna, 

though  two  zones  are  recognizable,  distinguished  more  by  lithological 

differences  than  by  faunal  peculiarities.  The  upper  zone  of  arenaceous 

limestone  has  yielded  an  abundance  of  Bhynchonella  gnathophora,  B.  myrina, 

Ostrea  strigilecula,  Camptonectes  pertenuistriatus,  C.  beUistriatus,  and  a  few  other 

forms.  Most  of  these  also  occur  in  the  underlying  calcareous  clays  and 

marly  limestones  associated  with  many  other  species,  of  which  the  most 

abundant  are  Pleuromya  subcompressa,  Pholadomya  kingi,  and  Gryphcea  cal- 
ceola  var.  nebrascensis. 

The  same  fauna  is  represented  in  the  beds  just  beyond  the  northern 

limits  of  the  Park,  at  Cinnabar  Mountain,  where  fossils  that  are  included  in 

the  present  report  were  obtained  by  Dr.  A.  C.  Peale  in  1872.  These  were 

identified  and  some  of  the  species  named  by  Prof.  F.  B.  Meek,2  but  it  was 
not  until  1880  that  they  were  illustrated  and  more  fully  described  by 

Dr.  C.  A.  White.3  Still  earlier  Captain  Raynolds  had  brought  back  Gry- 
phcea calceola  var.  nebrascensis  and  a  few  other  fossils  of  this  horizon  from 

1  See  White,  Triassic  fossils  of  southeastern  Idaho :  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1878, 

pp.  105-118. 
2  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  pp.  471-474. 

sidem  for  1878,  pp.  143-153,  Pis.  XXXVII  and  XXXVIII. 
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Wind  River  Valley,  and  they  were  described  by  Meek  and  Hay  den,1  who 

had  previously2  announced  the  discovery  of  Jurassic  fossils  from  the  Black 
Hills.  These  Black  Hills  fossils  are  fully  described  and  illustrated  in  the 

Paleontology  of  the  Upper  Missouri.  Subsequent  geological  explorations 

and  surveys  have  shown  that  the  marine  Jurassic  is  widely  distributed  in 

South  Dakota,  Wyoming,  Montana,  Idaho,  and  Utah,  and  have  made  con- 

siderable additions  to  the  fauna  that  have  been  described  by  White,3  Hall 
and  Whitfield.4  Meek5  and  Whitfield.6  All  of  these  authors  seem  to  have 

assumed  that  the  fossils  they  described  belonged  to  a  single  fauna,  At 

least  they  made  no  attempt  to  recognize  distinct  horizons  in  the  Jurassic. 

The  meagerness  of  the  fauna — usually  only  a  few  species  having  been 

obtained  at  any  one  locality — was  perhaps  sufficient  reason  for  not  making 

attempts  of  this  kind.  Prof.  Alpheus  Hyatt's  recent  comprehensive  studies 
of  the  earlier  Mesozoic  faunas  of  the  United  States,  and  especially  of  Cali- 

fornia, where  all  the  greater  divisions  of  the  Jura  are  developed,  have  led 

him  to  express  the  opinion  that  both  the  Upper  Jura  (Callovian  or  Oxford- 
ian)  and  the  Middle  Jura  (Oolite)  are  represented  in  the  Rocky  Mountain 

region.7  In  the  former  he  places  the  Jurassic  of  the  Black  Hills,  and  of 
Red  Buttes  and  Aurora,  Wyoming,  with  probably  some  localities  in  Utah. 

Of  the  Middle  Jura  he  says:  "The  Oolite  certainly  seems  to  have  been 
found  by  Dr.  Peale  near  the  lower  canyon  of  the  Yellowstone  in  Montana, 

and  out  of  the  few  fossils  from  Utah  described  by  Dr.  White  some  are 

closely  similar  to  those  of  the  inferior  Oolite  at  Mount  Jura." 

It  has  already  been  stated  that  this  collection  of  Dr.  Peale's  belongs 
to  the  same  horizon  that  is  represented  in  the  Park.  It  contained  the  fol- 

lowing species: 

Ostrea  strigilecula.  Trigonia  niontanaensis. 
Grypkiua  planoconvexa.  Astarte  ineeki. 
Camptonectes  platessiformis.  Cypricardia  haguei. 
Pinna  kingi.  Pleuromya  subcompressa. 
Gervillia  niontanaensis.  Pholadoniya  kingi. 
Modiola  subimbricata.  Gonioniya  niontanaensis. 
Trigonia  ainericana. 

1  Proc.  Acad.  Nat.  Sci.  Phila.,  1861,  p.  437,  and  Paleontology  of  the  Upper  Missouri,  1865,  pp.  74  and  80. 
-Proc.  Acad.  Nat.  Sci.  Phila.,  1858,  pp.  46,  49-59. 
3U.  S.  Geog.  and  Geol.  Expl.  West  of  100th  Meridian,  Vol.  IV,  Pt.  1, 1875. 
<U.  S.  Geol.  Expl.  40th  Parallel,  Vol.  IV,  Pt.  II,  1877. 

5 Idem,  Pt.  1, 1877,  and  Simpson's  Rept.  Expl.  Great  Basin,  Utah,  1876. 
"Newton  and  Jenney's  Rept.  Geol.  Black  Hills  of  Dakota,  1880,  pp.  344-382. 
'Bull.  Geol.  Soc.  Am.,  Vol.  Ill,  1892,  pp.  409-410. 
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Besides  the  species  named,  there  are  fragments  of  two  species  of 

ammonites,  and  several  other  forms  are  represented  by  casts  or  other  imper- 
fect material.  All  of  the  species  named  in  this  list,  excepting  Qoniomya 

montanaensis,  occur  at  various  localities  in  the  Park,  as  shown  in  the 

annotated  list  of  species  (pp.  608-631). 
Comparatively  few  Jurassic  fossils  are  known  from  Utah,  and  they  are 

probably  all  from  one  horizon.  According  to  the  various  reports  published, 

as  well  as  personal  observation  in  both  the  northern  and  southern  parts  of 

the  Territory,  the  fossiliferous  zone  is  a  calcareous  bed  near  the  base  of  the 

local  Jurassic  sections.  In  Weber  Canyon  it  has  yielded  Cucullcea  haguei, 

Pleuromya  subcompressa,  Pentacrinus  asteriscus,  and  a  few  other  forms;  in 

Thistle  Canyon  the  peculiar  Lyosoma  poivelli  was  obtained,  and  in  a  collec- 
tion made  by  Mr.  Robert  Forrester  on  San  Rafael  River  I  have  recognized 

Trigonia  americana  and  Pholadomya  kingi,  all  of  which  occur  in  the  Park. 

For  these  reasons  I  regard  all  of  the  fossiliferous  Jurassic  beds  now  known 

in  Utah  as  belonging  to  the  same  horizon  that  is  so  well  represented  in  the 
Yellowstone  National  Park. 

The  question  still  remains  whether  the  Jurassic  of  the  Black  Hills 

belongs  to  a  higher  horizon.  There  are  some  facts  in  favor  of  the  opinion 

that  the  Jurassic  fossils  of  the  two  regions  may  not  be  contemporaneous. 

For  example,  a  number  of  the  most  abundant  species  in  the  Yellowstone 

National  Park  region,  such  as  Pleuromya  subcompressa,  Pholadomya  kingi,  and 

Cypricardia  haguei,  have  not  been  reported  from  the  Black  Hills.  The 

Yellowstone  species  of  Trigonia,  Modiola,  and  G-ervillia  are  also  distinct. 
Pseudomonotis  (Eumicrotis)  curia,  which  is  one  of  the  most  abundant  species 

in  the  Black  Hills,  is  represented  in  the  Park  collection  by  a  single  doubtful 

specimen.  No  example  of  Cardioceras  cordiforme  has  been  found  in  the 

Yellowstone  National  Park,  and  several  other  common  Black  Hills  forms 
are  either  absent  or  rare  there. 

On  the  other  hand,  there  is  a  considerable  list  of  species  common  to  the 

two  regions,  among  which  may  be  mentioned: 

Pentacrinus  asteriscus.  Camptonectes  belli striatus. 
Ehyncbouella  myrina.  Camptonectes  platessiforniis. 
Bhynchonella  gnathophora.  Avicula  wyomingensis. 
Ostrea  strigilecula.  Belemnites  densus. 

Gryphrea  calceola  var.  nebrascensis.1 

1  The  Black  Hills  specimens  of  this  species  are  all  small. 
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Many  of  the  species  that  are  considered  distinct  are  closely  related. 

It  should  be  remembered,  also,  that  we  know  only  fragments  of  the  fauna 

that  must  have  existed  at  that  time  if  it  approached  in  size  those  that 

are  now  living.  Whitfield  records  only  43  species  from  all  the  Black  Hills 

country,  and  we  now  have  about  the  same  number  from  the  Yellowstone 

region.  If  more  exhaustive  collections  were  made  in  both  districts,  it  is 

probable  that  the  list  of  common  species  would  be  considerably  increased, 

but  even  as  the  record  stands  it  shows  rather  close  relationship  of  faunas. 

Possibly  the  lowest  Jurassic  beds  in  the  Yellowstone  region  may  be  slightly 

older  than  the  lowest  in  the  Black  Hills,  but  the  difference  in  age  can  not 

be  great — not  great  enough,  as  it  seems  to  me,  to  put  them  in  different  divi- 
sions of  the  Jura.  Throughout  all  the  Rocky  Mountain  region,  wherever 

marine  Jurassic  strata  are  found  they  are  only  a  few  hundred  feet  in  thick- 

ness and  they  rest  directly  on  the  Triassic  "Red  Beds"  or  on  older  forma- 
tions. It  does  not  seem  possible  that  Upper  Jurassic  marine  beds  could 

have  been  deposited  in  the  Black  Hills  and  Wyoming  without  leaving  any 

traces  in  the  Yellowstone,  Montana,  and  Utah — that  is,  the  stratigraphic 
relations  and  the  geographic  distribution  of  the  marine  Jurassic  of  the 

Rocky  Mountain  region  are  in  favor  of  the  idea  that  all  of  these  deposits 

were  made  contemporaneously  in  a  single  sea. 

CRETACEOUS. 

Dakota  (?)  formation. — The  collection  shows  that  several  horizons  of  the 

Cretaceous  are  represented  in  the  Park.  The  lowest  of  these,  according 

to  the  geologists,  is  a  thin  bed  of  limestone,  not  far  -above  the  local  base  of 
the  Cretaceous  section,  that  is  filled  with  fresh-water  gastropods  and  a  few 

Unios.  This  fauna  at  once  suggests  a  comparison  with  the  fresh-water 
forms  (Idoplacodes  veternus  and  Vivipanis  gilli)  from  beds  of  supposed 

Jurassic  age  overlying  the  marine  Jura  in  Wind  River  Valley,  Wyoming, 

but  these  forms  are  not  represented  in  the  Park  collections. 

The  few  species  obtained  do  not  show  their  generic  characters  very 

distinctly;  still  it  is  evident  that  they  are  not  closely  related  to  the  fresh- 

water Bear  River  fauna  of  southwestern  Wyoming  nor  to  the  few  fresh-water 
forms  known  from  the  Dakota  of  Nebraska,  both  of  which  seem  to  hold 

about  the  same  stratigraphic  position  as  this  bed.  There  is  one  other 

possibility,  and  that  is  that  the  Lower  Cretaceous  Kootanie  formation  is 
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represented  here.  It  has  been  recognized  by  means  of  its  fossil  plants  at 

Great  Falls,  Montana,  and  in  the  Black  Hills,  but  its  fresh-water  mollusks 

are  almost  entirely  unknown,  and  the  few  that  have  been  seen  are  entirely 

different  from  these.  All  that  can  now  be  said  concerning  the  age  of  these 

fossils  is  that  they  come  from  a  bed  that  is  conveniently  referred  to  the 

Dakota  on  account  of  its  stratigraphic  position.  I  have  named  three  of 

the  most  common  forms  of  gastropods  from  this  bed,  so  that  they  may  be 

definitely  referred  to,  although  they  are  rather  obscure  and  unsatisfactory 

species. 
Colorado  formation. — The  marine  Cretaceous  beds  on  Snake  River  one-fourth 

to  one-half  mile  above  the  mouth  of  Sickle  Creek  may  be  directly  correlated 
with  the  upper  part  of  the  Colorado  formation  as  it  is  developed  on  the  Mis- 

souri River  near  Fort  Benton.     The  locality  near  Sickle  Creek  has  yielded: 
Iuocerauras  uudabuudus  M.  and  H.  Inoceramus  flaccidus  White. 

Inoceramus  umbonatns  M.  and  H.  Baculites  asper  Mort.  (?) 
Inoceramus  acuteplicatus  n.  sp.  Scaphites  ventricosus  M.  and  H. 

All  of  these,  except  the  third  and  fourth,  occur  together  in  the  upper 

part  of  the  so-called  Fort  Benton  shales  on  the  Missouri,  and  associated 

with  them  are  Inoceramus  exogyroides  M.  and  EL,  I.  deformis  Meek,  I.  tenui- 

rostris  M.  and  H.,  Veniella  mortoni  M.  and  H.,  and  Pholadomya  2)apyracea  M. 

and  H.,  and  a  few  undescribed  species. 

This  well-characterized  zone  was  included  in  the  Fort  Benton  shales 

by  Meek  and  Hayden  when  they  gave  that  name  to  the  "No.  2"  of  their 
Cretaceous  section,  and  they  regarded  all  these  dark  shales  near  Fort 

Benton  as  the  equivalent  of  the  shales  underlying  the  Niobrara  limestone 

in  Nebraska,  Kansas,  Colorado,  and  elsewhere.  The  fact  is,  however,  that 

the  Niobrara  also  is  represented  by  shales  in  this  upper  Missouri  region, 

and  the  fossils  indicate  that  this  zone  is  really  the  equivalent  of  the  upper 
portion  of  the  Niobrara.  The  evidence  for  this  statement  rests  on  the 

occurrence  of  several  of  the  above  species  in  the  Niobrara  limestone  and 

overlying  shales  of  Colorado  and  in  the  equivalent  Austin  limestone  of 

Texas,  and  also  on  the  absence  of  all  these  species  except  Veniella  mortoni 

from  beds  lower  than  the  Niobrara  in  the  same  region  and  elsewhere.  In 

Colorado  Inoceramus  deformis  is  the  most  characteristic  species  of  the  Nio- 
brara limestone.  Recently  Mr.  G  K.  Gilbert  has  collected  Inoceramus 

umbonatus  from  shales  in  the  Niobrara  above  the  limestone  near  Pueblo, 
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Colorado,  and  it  is  probable  that  the  type  of  I.  flaccidiis  came  from  about  the 

same  horizon.  I.  umbonatus  and  I.  exogyroides  are  reported  from  the  Austin 

limestone  of  Texas,  and  Baculites  asper  (!)  occurs  in  the  same  formation. 

The  European  /.  involntus,  which  is  very  closely  related  to,  if  not  identi- 

cal with,  I.  umbonatus,  is  also  confined  to  the  Emscher  Mergel,  according  to 

Schliiter,  which  appears  to  be  the  homotaxial  equivalent  of  the  Niobrara. 

The  fact  that  within  the  Colorado  formation  experience  has  shown  the 

various  species  of  Inoceramus  to  be  good  guide  fossils  for  the  different 

zones  gives  this  evidence  of  a  few  species  greater  weight  than  it  would 
have  otherwise. 

The  name  Colorado  formation  has  come  into  general  use  for  the 

combined  equivalents  of  the  Fort  Benton  and  Niobrara,  and  it  is  a  very 

convenient  term,  especially  in  the  regions  where  the  lithological  differences 

are  not  clearly  marked. 

A  fragment  referable  to  Scaphites  ventricosus,  obtained  on  the  southeast 

spur  of  Electric  Peak,  makes  it  probable  that  the  shales  there  also  belong 

to  the  upper  part  of  the  Colorado  formation.  The  same  horizon  is  repre- 
sented at  Cinnabar  Mountain,  just  north  of  the  Park,  though  no  Cretaceous 

fossils  from  that  place  are  included  in  these  collections.  Professor  Meek 

examined  fossils  obtained  there  in  1872  and  listed1  Scaphites  ventricosus, 
Baculites  asper  (?),  and  undetermined  species  of  Thracia,  Trigonia, 

Inoceramus,  and  Ostrea. 

There  are  two  other  localities  in  the  northern  part  of  the  Park,  on 

Fan  Creek  and  the  north  branch  of  Gardiner  River,  that  have  yielded 

an  abundance  of  Ostrea  anomioides,  a  species  that  occurs  in  the  Colorado 
formation  at  several  localities  in  Montana. 

Montana  formation. — The  Fort  Pierre  and  Fox  Hills  divisions  of  the  Meek 

and  Hayden  section  are  frequently  combined  under  the  name  Montana 
formation  for  reasons  similar  to  those  that  caused  the  union  of  the  Fort 

Benton  and  Niobrara.  In  the  western  part  of  the  Rocky  Mountain  Cre- 
taceous area  it  is  often  difficult  to  draw  a  sharp  line  between  even  these  two 

broader  divisions.  The  lower  part  of  the  section  is  distinctively  Colorado 

and  the  upper  part  distinctively  Montana,  but  there  is  frequently  a  doubtful 
zone  in  which  the  faunas  are  more  or  less  blended.  This  is  especially  true 

in  northern  Utah,  at  Coalville,  and  in  western  Wyoming,  where  both  the 

'Ann.  Rept.  U.  S.  Geol.  Snrv.  Terr,  for  1872,  p.  475. 
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Colorado  and  Montana  formations  contain  several  heavy  beds  of  sandstone 

with  closely  related  littoral  faunas.1  It  is  evident  that  the  seashore  remained 

in  that  region  throughout  nearly  all  of  Upper  Cretaceous  time,  giving-  the 
shallow  waters  and  sandy  bottom  favorable  to  the  continuance  of  the  littoral 

fauna  that  was  early  established  there.  The  Colorado  formation  is  easily 

recognized  in  these  sections  by  the  occurrence  of  a  number  of  widely  dis- 
tributed characteristic  species,  but  for  some  unexplained  reason  very  few 

of  the  species  that  characterize  the  Montana  formation  farther  east  and  north 
occur  there. 

This  phase  of  the  Cretaceous  is  well  developed  on  Hams  Fork,  in 

western  Wyoming,  and  it  extends  northward  from  there  nearly  to  the 

southern  boundary  of  the  Park,  for  it  is  well  represented  in  the  collection 
from  a  sandstone  on  Glade  Creek  and  at  other  localities  near  Snake  River 

in  the  same  region.  Fossils  are  abundant,  but  only  about  20  species 

were  obtained.  Judging  from  the  fauna,  the  horizon  is  not  very  far  from 

that  of  the  Colorado  shales  near  Sickle  Creek — probably  a  little  above 

them — and  it  is  provisionally  referred  to  the  lower  part  of  the  Montana 

formation.  Several  of  the  species  occur  at  Coalville,  Utah,  and  in  south- 

western "Wyoming,  and  some  of  them  there  range  down  into  the  Colorado formation. 

More  thorough  collecting  from  all  the  Cretaceous  beds  exposed  in  the 

Yellowstone  National  Park,  and  a  little  farther  north  and  east,  will  probably 

give  both  phases  of  the  Upper  Cretaceous  faunas  in  one  section  and  enable 

us  to  assign  these  sandstones  to  a  more  definite  place  in  the  standard  Upper 
Cretaceous  section. 

In  the  following  list  of  species  references  are  usually  given  only  to 

the  first  description  and  to  publications  in  which  the  species  is  figured. 

For  fuller  references  consult  Boyle's  Catalogue  of  American  Mesozoic 
Invertebrates:    Bull.  U.  S.  Geol.  Surv.  No.  102. 

■See,  for  a  fuller  discussion  of  this  subject,  The  Colorado  formation  aud  its  invertebrate  fauna: 

Bull.  U.  S.  Geol.  Surv.  No.  106,  pp.  37-46. 
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ANNOTATED  LIST  OF  SPECIES,  WITH  DESCRIPTION  OF  NEW 
FORMS. 

TRIASSIC  (?)  SPECIES. 

LINGULA  sp.  undet. 

A  few  specimens  of  Lingula  from  beds  on  the  summit  of  Quadrant 

Peak,  supposed  to  be  of  Triassic  age,  closely  resemble  the  Jurassic  Lingula 
brevirostris  M.  and  H.  from  the  Black  Hills. 

JURASSIC   SPECIES. 

ECHINODERMATA. 

Pentacrinus  asteriscus  Meek  and  Hayden. 

Pentacrinus  asteriscus  Meek  and  Hayden,  185S:   Proc.  Acad.  Nat.  Sci.  Phila.,  p.  49. 
White,  1875:  Geogr.  and  Geol.  Surv.  W.  100th  Meridian,  Vol.  IV,  Pt.  I,  p.  162, 
PI.  XIII,  figs.  6a,  b.    Clark,  1893 :  Bull.  U.  S.  Geol.  Surv.  No.  97,  p.  26,  PI.  Ill, 

figs.  2a-d. 
Pentacrinites  asteriscus  Meek  and  Hayden,  1S65:  Palneont.  Upper  Missouri,  p.  67,  PI. 

Ill,  figs.  2a,  b,  and  fig.  in  text.     Whitfield,  1880:  Geol.  Black  Hills  Dakota,  p. 
345,  PI.  HI,  figs.  1,  2. 

Pentacrinus  ichitei  Clark,  1893 :  Bull.  U.  S.  Geol.  Surv.  No.  97,  PI.  Ill,  figs.  ia-c. 

This  species,  which  is  known  only  from  portions  of  the  columns,  occurs 

in  collections  from  divide  between  Fawn  Creek  and  Gallatin  Valley,  from 

the  slopes  of  Mount  Sheridan,  and  from  west  of  Snake  River,  north  of  Berry 

Creek. 

The  joints  of  the  columns  vary  in  diameter,  in  thickness,  and  in  the 

depth  of  the  reentrant  angles,  but  they  do  not  vary  more  in  these  respects 

than  do  the  different  portions  of  the  stem  in  a  single  individual  of  a  recent 

Pentacrinus.  The  joints  of  the  upper  part  of  the  column  are  always  thinner, 

more  distinctly  star-shaped,  and  differ  in  all  other  details  from  those  of  the 

lower  portion. 
The  name  P.  whitei  was  proposed  by  Prof.  W.  B.  Clark  for  large,  thin 

joints  with  deep  reentrant  angles,  but  the  author  of  the  species  informs  me 
that  he  has  abandoned  the  name  for  reasons  similar  to  those  just  given,  and 

in  a  forthcoming  monograph  of  the  Mesozoic  Echinodermata  of  the  United 
States  he  will  refer  all  the  known  American  Jurassic  Pentacrini  to  P.  asteriscus. 
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ECHINOIDEA. 

Fragmentary  casts  of  one  or  more  species  of  echinoids  were  obtained 

near  the  lower  canyon  of  the  Yellowstone  River  and  at  a  locality  north  of 

Berry  Creek,  a  tributary  of  Snake  River.  They  are  doubtless  new  species, 

but  they  are  not  sufficiently  well  preserved  for  generic  determination,  and 
we  must  therefore  wait  for  additional  and  better  material. 

BRACHIOPODA. 

Rhynchonella  myrina  Hall  and  Whitfield. 

Rhynchonella  myrina  Hall  and  Whitfield,  1S77 :  IT.  S.  Geol.  Expl.  40th  Parallel,  Vol. 

IY,  Pt.  II,  p.  284,  PI.  VII,  figs.  1-5.  Whitfield,  1SS0 :  Geol.  Black  Hills  Dakota, 
p.  347,  PI.  Ill,  fig.  6,  not  fig.  7. 

The  type  of  this  species  is  a  finely  plicate  shell  with  about  eight  plica- 

tions in  the  median  sinus.  In  Prof.  R.  P.  Whitfield's  later  publication  he 
has  united  with  it  the  much  more  coarsely  plicate  forms,  with  only  three  or 

four  plications  in  the  median  sinus,  that  have  usually  been  referred  to  JR. 

gnathophora.  As  the  numerous  specimens  in  the  present  collection  do  not 

show  the  intermediate  varieties  of  form  and  sculpture,  I  prefer  to  treat  them 

as  distinct  species. 

Typical  B.  myrina  occurs  at  a  number  of  localities  in  the  northwest 
corner  of  the  Park  and  near  Snake  River  southwest  of  it,  in  the  hard 
arenaceous  limestone. 

Rhynchonella  gnathophora  Meek. 

PI.  LXXII,  figs.  1-4. 

Rhynchonella  gnathophora  Meek,  1S04:  Geol.  Surv.  California,  Palseont.,  Vol.  I,  p.  39, 

PI.  VIII,  figs.  la-/. 
Rhynchonella  gnathophora  %  Hall  and  Whitfield,  1877:  U.  S.  Geol.  Expl.  40th  Parallel, 

Vol.  IV,  Pt.  II,  p.  2S4,  PI.  VII,  fig.  0. 
Rhynchonella  myrina  (H.  and  W.)  Whitfield,  1880:  Geol.  Black  Hills  Dakota,  p.  347, 

PL  III,  fig.  7,  not  fig.  6. 

Rhynchonella.  sp.   Meek  aud  Haydeu,  1865:   Pakeont.   Upper  Missouri,  p.  71,  PL  III, 

fig.  4. 

The  specimens  referred  to  this  species  have  nearly  the  same  outlines 

as  B.  myriyia,  but  they  are  somewhat  more  capacious  and  much  more  coarsely 

plicate.     The  type  of  R.  myrina  has  thirty  plications  on  each  valve,  with 
MON  XXXII,  PT  II   39 
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eight  in  the  median  sinus,  while  the  plications  on  these  shells  vary  from 

fourteen  to  twenty,  with  three  or  four  in  the  median  sinus,  three  being- 
much  the  more  common  number.     A  few  specimens  have  only  two. 

I  have  not  seen  Meek's  types  from  the  Jurassic  of  California,  but 

specimens  from  the  Mormon  sandstone  near  Taylorsville  (probably  Meek's 

original  locality)  have  been  kindly  loaned  by  Professor  Hyatt  for  com- 
parison. These  are  larger  than  any  of  the  Utah  or  Yellowstone  specimens, 

and  none  of  them  has  less  than  four  plications  in  the  median  sinus,  but  in 

all  other  respects  they  agree  quite  closely.  All  the  figured  specimens  from 

the  Black  Hills  and  Rocky  Mountain  region  above  referred  to  have  been 

examined,  and  I  have  no  doubt  of  their  specific  identity.  In  Yellowstone 

National  Park,  where  the  species  is  very  abundant  in  the  upper  zone  of  the 

Jurassic  and  occasionally  occurs  in  the  underlying  shales,  the  specimens  are 

usually  small,  many  of  them  being  no  larger  than  the  one  from  the  Black 

Hills  figured  by  Meek  and  Hayden. 

It  is  known  from  northwestern  Colorado  and  from  the  Uinta  Moun- 

tains, Utah,  and  it  occurs  in  the  Park  near  the  northern  and  Lake  heads  of 

Fawn  Creek;  on  south  slope  of  ridge  south  of  Gray  Mountain;  south  side 

of  Fan  Creek  Pass;  on  saddle  at  head  of  Fawn  Creek,  northeast  of  Monu- 
ment Peak,  in  beds  100  feet  above  principal  fossiliferous  horizon  of  Jurassic; 

in  saddle  west  of  south  head  of  Gardiner;  4  miles  north  of  second  crossing 

of  Snake  River,  at  7,500  feet  elevation;  on  hill  northeast  of  Mount  Everts; 

on  ridge  south  base  of  northwest  slope  of  Flat  Mountain;  at  Mammoth 

Hot  Springs,  on  main  terrace. 

PELECYPODA. 

OSTREA    STRIGILECULA    White. 

Ostrea  strir/ilecida  White,  1875 :  U.  S.  Geog.  and  Geol.  Surv.  W.  100th  Meridian,  Vol. 

IV,  Pt.  I,  p.  103,  PI.  XIII,  figs.  3a-d.  1884:  Fourth  Ami.  Kept.  U.  S.  Geol. 
Surv.,  p.  289,  PI.  XXXV,  figs.  9-11.  Whitfield,  1880:  Geol.  Black  Hills  Dakota, 

p.  318,  PI.  Ill,  figs.  S-12. 

Specimens  referable  to  this  small  and  somewhat  obscure  species  were 

collected  from  almost  every  locality  with  Bhynchonella  (ptathophora  and  on 

northeast  spur  of  peak  west  of  mouth  of  Coulter  Creek;  west  end  of  ridge 
southeast  of  Mink  Creek;  Mount  Sheridan;  lower  limestone  on  Fawn 

Creek  plateau;  east  end  of  northeast  spur  from  Signal  Peak;  saddle  in 

ridae  west  of  south  head  of  Gardiner. 
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OsTBEA    ENGELMANNI    Meek. 

Ostrea  engelmanni  Meek,  18C0:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  311.  1876:  Simpson's 
Kept.  Expl.  Great  Basin,  Utah,  p.  355,  PI.  Ill,  fig.  6.  Meek  and  Hayden,  1865: 
Paheont.  Upper  Missouri,  p.  73,  figs.  A,  B.  White,  1884:  Fourth  Ann.  Bept. 
U.  S.  GeoL  Surv.,  p.  289,  PL  XXXIV,  figs.  3,  4. 

A  few  fragments  and  immature  specimens  of  this  species  were  obtained 

near  the  head  of  drainage  of  northeast  valley  of  Fan  Creek  and  top  of  hill 
3  miles  southeast  of  Gravel  Peak. 

Gryph.ea  planoconvexa  Whitfield. 

PI.  LXXII,  figs.  9  and  10. 

Grypliwa  planoconvexa,  Whitfield  1876:  Ludlow's  Bept.  Becounaissance  from  Carroll, 
Montana,  to  Yellowstone  Park,  p.  142,  PI.  II,  figs.  9  and  10. 

Shell  of  medium  size,  subcircular  in  outline ;  attached  valve  moderately 

convex  with  rather  prominent  beak,  and  in  most  specimens  with  an  obscure 

shallow  furrow  which  separates  a  rather  broad  triangular  lobe  from  the 

body  of  the  shell;  upper  valve  varying  from  nearly  fiat  to  deeply  concave; 

surface  marked  only  by  lines  of  growth  and  irregular  concentric  undula- 
tions.    The  cartilage  pit  is  very  broad  and  shallow. 

An  average  specimen  measures  57  mm.  in  length,  50  mm.  in  height, 
and  27  mm.  in  thickness  of  the  two  valves  united. 

This  form  was  mentioned  by  Meek1  as  "Gryphaea,  a  small  species  of 

the  form  of  G.  dilatata."  It  also  resembles  some  varieties  of  the  Upper 

Cretaceous  G.  vesicularis  and  Ostrea  patina.  Whitfield's  type,  from  the 
Bridger  Mountains,  Montana,  is  somewhat  more  convex  than  any  of  our 

specimens,  and  the  figure  does  not  show  any  furrow  or  lobe,  but  I  have  no 

doubt  that  it  is  the  same  variable  species. 

The  specimens  figured  are  from  near  lower  canyon  of  Yellowstone 

River,  collected  by  Dr.  A.  C.  Peale,  and  ridge  southwest  of  second  crossing 

of  Snake  River,  collected  by  Mr.  W.  H.  Weed.  It  was  also  obtained  on 

north  slope  of  ridge  north  of  Gray  Mountain;  on  divide  at  head  of  Fawn 

Creek;  ridge  west  of  south  branch  of  headwaters  of  Gardiner,  and  near 
Snake  River  3  miles  west  of  mouth  of  Coulter  Creek. 

Aim.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  472. 
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Grypelea  calceola  var.  nebrascensis  Meek  and  Hayden. 

PI.  LXXII,  figs.  5-7. 

Oryphcea  calceola  var.  nebrascensis  Meek  and  Haydeii,  1S61:  Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  437.  18G5:  Pala?ont,  Upper  Missouri,  p.  74,  PI.  Ill,  figs,  la-e  and  figs. 
A-E  on  p.  75.  Whitfield,  1880:  Geol.  Black  Hills  Dakota,  p.  349,  PL  III,  figs. 
13-10.  White,  1SS4:  Fourth  Ann.  Eept.  U.  S.  Geol.  Surv.,  p.  290,  PI.  XXXV, 

figs.  1-5. 
This  is  one  of  the  most  abundant  species  in  the  lower  fossiliferous  zone 

of  the  Yellowstone  National  Park  Jurassic,  occurring  in  the  collection  from 

south  slope  of  ridge  south  of  Gray  Mountain;  south  end  of  northeast  spur  of 

Signal  Peak;  east  side  of  Fan  Creek  Pass;  head  of  north  fork  of  Fawn 

Creek;  saddle  in  ridge  west  of  south  branch  headwaters  of  Gardiner; 

summit  of  wagon  road  between  Sentinel  Butte  and  Terrace  Mountain,  1 

mile  from  head  of  Swan  Lake  Valley;  hills  west  of  Snake  River,  4  miles 

south  of  second  crossing;  on  north  side  of  old  road  to  Mammoth  Hot 

Springs,  and  slopes  of  Mount  Sheridan. 

The  species  was  originally  described  from  the  Wind  River  Mountains 

and  from  the  Black  Hills,  though  the  specimens  from  the  latter  locality  are 

all  very  small.  Similar  small  specimens,  however,  are  very  abundant  in 
the  Park  collections. 

Lima  cinnabaeensis  n.  sp. 

PI.  LXXII,  tig.  S. 

Shell  small,  obliquely  elongate  oval  in  outline;  beaks  large  and  promi- 
nent; hinge  line  short,  the  triangular  ears  being  small  and  inconspicuous; 

anterior  side  straight  or  slightly  concave ;  posterior  side  broadly  convex  and 

prominent;  surface  marked  by  lines  of  growth  and  by  about  twenty  promi- 
nent rounded  radiating  ribs,  which  are  not  quite  equal  in  breadth  to  the 

spaces  between  them. 
The  species  is  represented  by  only  two  right  valves,  the  larger  of  which 

is  figured.  It  measures  16  mm.  in  its  greatest  dimension,  obliquely  down- 
ward and  forward  from  the  beak,  and  10  mm.  across  the  middle  of  the  shell 

at  right  angles  to  that  line;  convexity  about  4  mm. 
No  American  Jurassic  species  has  been  described  with  which  this 

should  be  compared,  except,  perhaps,  the  form  from  Sigutlat  Lake,  British 

Columbia,  referred  by  Whiteaves  to  Lima  duplicata  Sowerby,  from  which 
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Lima  cinnabarensis  is  distinguished  by  its  simple  equal  ribs.     It  has  more 

resemblance  to  the  Cretaceous  Lima  idahensis  of  the  Colorado  formation. 

Locality:  Cinnabar  Mountain,  Montana,  where  it  is  associated  with 

Pleuromya  subcompressa,  Pholadomya  kingi,  Trigotiia  montanaensis,  etc. 

Genus  CAMPTONECTES  (Agassiz)  Meek. 

Shells  belonging  to  this  genus  are  very  abundant  in  the  Jurassic  of 

the  Rocky  Mountain  region.  In  Yellowstone  National  Park  almost  every 

Jurassic  locality  has  yielded  specimens,  but  in  many  cases  they  are  frag- 

mentary or  mere  casts  that  can  not  be  assigned  to  species  with  any  con- 

fidence. Five  American  Jurassic  species  have  been  described,  of  which 

three  at  least  are  sufficiently  well  characterized  to  be  easily  distinguished 

when  good  specimens  are  examined.  These  are  Camptonectes  bellistriatus 

(to  which  a  new  variety  is  added  below),  C.  platessiformis,  and  C.  stygius. 

The  types  of  0.  extenuatus  are  casts  in  sandstone  that  show  neither 

sculpture  nor  the  forms  of  the  ears.  It  may  be  a  distinct  species,  but  it  is 

more  probable  that  it  is  either  the  young  of  C.  bellistriatus  or  the  form  after- 

wards named  C.  pertenuistriatm  by  Hall  and  Whitfield.  I  do  not  feel  quite 

certain  that  the  latter  is  distinct  from  C.  bellistriatus,  young  specimens  of 

which  when  slightly  exfoliated  would  be  very  similar;  but  in  the  present 

collection  there  are  many  specimens  that  can  be  most  conveniently  referred 

to  C.  pertenuistriatus,  and  the  name  is  therefore  retained.  All  of  the  species 

mentioned  excepting  C.  stygius  are  represented  in  these  collections. 

Camptonectes  bellistriatus  Meek. 

PI.  LXXII,  fig.  12. 

Pecten  bellistriata  Meek,  1860:  Proc.  Acad.  Nat.  Sci.  Phila,,  p.  311. 

Camptonectes  bellistriatus  Meek  and  Hayden,  1865:  Palieout,  Upper  Missouri,  p.  77, 

figs.  A-D.    Meek,  1876:  Simpson's  Rept.  Expl.  Great  Basin,  Utah,  p.  356,  PI. 

Ill,  figs.  3a-cl.    Hall  and  Whitfield,  1877 :  Eept.  U.  S.  Geol.  Expl.  40th  Parallel, 

Vol.  IV,  Pt,  II,  p.  289,  PI.  VII,  fig.  13.     Whitfield,   18S0:  Geol.  Black  Hills 

Dakota,  p.  351,  PI.  IV,  figs.  6-11. 
1  Camptonectes  extenuatus  (M.  and  H.)  Hall  and  Whitfield,  1877 :  Eept.  U.  S.  Geol. 

Expl.  40th  Parallel,  Vol.  IV,  Pt.  II,  p.  290,  PI.  VII,  fig.  IS. 

Imperfect  specimens  that  appear  from  general  form    and    details  of 

sculpture  to  agree  with  this  well-known  species  were  collected  at  head  of 

Fawn  Creek,  upper  bed;  divide  between  Fawn  Creek  and  Gallatin  Valley; 
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south  slope  of  ridge  south  of  Gray  Mountain;  saddle  in  ridge  west  of 

south  branch  of  headwaters  of  Gardiner;  north  side  of  Norris  road  pass; 

hill  southwest  of  second  crossing  of  Snake  River;  west  end  of  ridge  south- 

east of  mouth  of  Mink  Creek,  and  1  mile  from  head  of  Swan  Lake  Valley, 

on  north  side  of  road  to  Mammoth  Hot  Springs. 

As  supplemental  to  the  published  descriptions,  it  may  be  stated  that 

the  left  valve  is  considerably  more  convex  than  the  right  and  that  both 

valves  have  the  same  sculpture.  The  smooth  right  valve  figured  by  Whit- 

field1 is  either  exfoliated  or,  possibly,  another  species.  The  anterior  ear  in 
that  figure  is  different  in  form  from  that  of  C.  bellistriatus,  as  may  be  seen 

on  comparison  with  our  figure  of  a  specimen  identified  by  Meek  from  the 

Bighorn  Mountains. 

The  small  specimen  figured  by  Hall  and  Whitfield  as  C.  extenuatus  is 

an  immature  left  valve  of  this  species  or  of  C.  pertenuistriatus. 

Camptonectes  bellistriatus  var.  distans  n.  var. 

PL  LXXII,  fig.  13. 

This  variety,  as  far  as  known,  is  smaller  than  the  typical  form  of  the 

species,  from  which  it  differs  in  having  the  radiating,  impressed,  punctate 

lines  less  closely  arranged  and  consequently  fewer  in  number,  and  it  also 

differs  in  the  outlines  of  the  ears.  The  anterior  ear  is  comparatively  broader, 

with  a  narrower  and  deeper  byssal  notch,  and  the  posterior  ear  is  somewhat 

smaller  and  slightly  less  oblique.     Left  valve  of  this  variety  unknown. 

The  specimen  figured,  which  is  from  near  the  source  of  Gardiner 

River,  has  the  following  dimensions :  Height,  38  mm.;  greatest  length,  38 

mm.;  length  of  hinge  line,  lil  mm. 
The  variety  has  also  been  collected  east  of  Small  Lake,  head  of  Fawn 

Creek,  and  in  north  wall  of  Fawn  Creek. 

Camptonectes  pertenuistriatus  Hall  and  Whitfield. 

PI.  LXXII,  fig.  11. 

Camptonectes  pertenuistriatus  Hall  and  Whitfield,  1S77:  Rept.  U.  S.  Geo!.  Expl.  40th 
Parallel,  Vol.  IV,  Pt.  II,  p.  291,  PI.  VII,  fig.  17. 

Of.  Camptonectes  extenuatus  Meek  and  Haydeu,  1805:  Palseont.  Upper  Missouri,  p.  78, 
PI.  Ill,  fig.  0. 

The  original  type  in  the  National   Museum   is  a  young  individual, 

'  Geo].  Black  Hills,  PI.  IV.  tig-.  10. 



.      MESOZOIC  FOSSILS.  615 

slightly  flattened  by  pressure  and  somewhat  exfoliated.  The  radiating 

striae  are  barely  visible  under  a  lens,  and  they  are  considerably  exaggerated 

in  the  original  enlarged  figure.  It  differs  from  typical  examples  of  C. 

bellistriatus  in  its  more  slender  form  and  smoother  surface,  the  radiating  stria?, 

being  almost  obsolete,  though  it  is  sometimes  difficult  to  determine  whether 

this  is  a  natural  feature  or  due  to  exfoliation.  The  doubt  as  to  its  identity 

with  C.  extenuatus  has  already  been  mentioned. 

In  the  Park  it  is  most  common  in  the  upper  fossiliferous  band  of  the 

Jura,  occurring  on  Gardiner  River  southeast  of  Electric  Peak;  south  slope 

of  ridge  south  of  Gray  Mountain;  saddle  west  of  south  head  of  Gardiner; 

west  of  Snake  River,  4  miles  south  of  second  crossino ;  top  of  hill  3  miles 

southeast  of  Gravel  Peak,  northwest  of  Flat  Mountain;  ridge  south  of 

Mammoth  Hot  Springs,  on  main  terrace;  east  slope  of  Mount  Sheridan,  and 

ridge  south  of  Mount  Sheridan. 

Camptonectes  platessiformis  White. 

Camptonectes  platessiformis  White,  1876:  Geol.  Uinta  Mountains,  p.  93.     1880:  Ann. 
Kept,  U.  S.  Geol.  Surv.  Terr,  for  187S,  p.  143,  PI.  XXXVII,  fig.  5a. 

Camptonectes  extenuatus  (M.  and  H.)  Whitfield,  1880:  Geol.  Black  Hills  Dakota,  p.  353, 
PI.  IV,  fig.  4. 

Xot  Camptonectes?  extenuatus  Meek  and  Hayden,  1865:  Palfeont.   Upper  Missouri, 
p.  78,  PI.  Ill,  fig.  6. 

This  species  is  more  slender  than  C.  bellistriatus,  the  height  from  beak 

to  base  being  considerably  greater  than  the  length,  and  it  is  apparently 

somewhat  more  convex.  The  sculpture  is  coarser  than  in  the  typical  form 

of  that  species,  but  the  radiating  lines  are  somewhat  more  closely  arranged 

than  in  the  variety  distans.  The  most  important  difference,  however,  is  in 

the  ears,  which  in  the  left  valve  are  very  large  and  have  the  form  of  right- 

angled  triangles,  so  that  the  hinge  line  is  almost  as  long  as  the  greatest 

length  of  the  shell.  No  good  specimens  of  the  right  valve  have  been  seen, 

but  an  internal  cast  from  the  lower  canyon  of  the  Yellowstone  shows  that 

it  has  a  deep  byssal  sinus,  and  that  the  posterior  ear  is  nearly  rectangular, 

instead  of  having  the  very  oblique  form  seen  in  C.  bellistriatus.  From  C. 

pertenuistriatus  this  species  may  be  easily  distinguished  by  its  much  coarser 

sculpture  and  by  differences  in  outline. 

The  specimen  figured  by  Whitfield  in  the  Geology  of  the  Black  Hills 

as  C.  extenuatus  is  clearly  identical  with  C.  platessiformis,  as  may  be  seen 
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by  comparing  the  two  specimens.  After  studying  the  types  of  C.  extenuatns 

I  can  see  no  reason  for  referring  to  it  this  coarsely  sculptured  form,  which 

also  differs  in  outline.  As  has  already  been  stated,  the  types  of  C.  extenuatus 

are  unrecognizable  casts  in  sandstone,  showing  neither  the  sculpture  nor 

the  form  of  the  ears.  It  is  probably  either  C.  bellistriatus  or  C.  pertenuistri- 
atns,  and  in  consideration  of  this  doubt  I  prefer  to  use  the  later  name,  C. 

pertenuistriatus,  because  it  is  better  characterized. 

The  figured  specimens  of  C.  platessiformis  above  referred  to  came  from 

the  south  base  of  Aquarius  Plateau,  southern  Utah,  and  east  of  Belle 

Fourche  River,  near  Bear  Lodge,  Black  Hills.  Those  in  the  present  collec- 
tion were  obtained  near  the  head  of  southeastern  valley  of  Fan  Creek; 

north  side  of  Fan  Creek  Pass;  top  of  hill  3  miles  southeast  of  Gravel  Peak, 

and  near  the  lower  canyon  of  the  Yellowstone. 

AviCULA    (OXYTOMA)    WYOMINGEXS1S    11.  Sp. 

Pteria   (Oxytoma)   muiisteri    (Broun)    Meek    and    Hayden,    1865:    Palseont.    Upper 

Missouri,  p.  80,  figs.  a-b. 
Pteria  or  Avicula  mucronata  Meek  and  Hayden,  1865:  Ibid.,  p.  81,  suggested  name  for 

the  species  in  case  it  proves  distinct. 
Aviada  {Oxytoma)  mucronata  (M.  and  H.)  Whitfield,  1880:  Geol.  Black  Hills  Dakota, 

p.  357,  PI.  IY,  figs.  1,  2. 
Not  Oxytoma  mucronata  (Meek)  Whiteaves,  1884:  Geol.  Surv.  Canada,  Mes.  Foss., 

Vol.  I,  pp.  238  and  251,  PI.  XXXI,  fig.  9,  PI.  XXXIII,  fig.  6. 
Not  Avicula  mucronata  Gabb,  1864:  Palreout.  California,  Vol.  I,  p.  30,  PI.  V,  fig.  27. 

A  new  name  is  proposed  for  this  fairly  well  known  species  for  the  fol- 

lowing reasons.  In  Meek  and  Hayden's  original  work  it  was  provisionally 
referred  to  A.  nut  lister  i,  with  the  statement  that  it  would  probably  prove  to 

be  distinct,  and  if  so  it  should  be  named  Pteria  mucronata.  A  comparison 

with  figures  of  A.  munsteri  shows  that  they  are  not  identical  in  either  form 

or  sculpture,  and  later  authors  have  recognized  the  American  fossil  as  a 

distinct  species  under  Meek  and  Hayden's  suggested  name.  This  name 
can  not  be  used  for  it,  however,  because  it  was  previously  applied  by  Gabb 

to  an  entirely  different  species  from  the  Triassic  of  California. 
The  fossil  from  the  Lower  Cretaceous  of  Queen  Charlotte  Islands 

referred  to  this  species  by  Whiteaves  seems  to  me  to  be  specifically  distinct. 

The  collections  from  the  Yellowstone  National  Park  contain  only  two 

small  immature  specimens  from  the  foothills  at  the  base  of  north  slope  of 
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Flat  Mountain.  It  was  originally  described  from  Wind  River  Valley, 

Wyoming,  and  it  also  occurs  in  the  Black  Hills.  The  type  is  Meek's 
figured  specimen,  No.  1893,  United  States  National  Museum  collection. 

PSEUDOMONOTIS    CURTA    (Hall)? 

Avicula  (?)  custa  Hall,  1852:   Stansbury's  Kept.  Gt.  Salt  Lake  Exp.,  p.  412,  PL  IV, 
figs,  la,  b. 

Eumicrotls  curta  (Hall)  Meek  and  Haydeu,  1865:  Paheont.  Upper  Missouri,  p.  SI, 

PI.  Ill,  figs.  lOa-d. 
Pseudomonotis  (Eumicrotis)  curta  (Hall)  Whitfield,  1880:  Geol.  Black  Hills  Dakota, 

p.  351,  PI.  Ill,  figs.  20-25. 

A  single  imperfect  specimen  from  summit  of  ridge  between  Red  and 

Basin  creeks  is  doubtfully  referred  to  this  species.  The  hinge  and  umbonal 

region  are  wanting,  and  the  identification  is  based  simply  on  general  form 

and  surface  sculpture  of  the  fragment.  The  species  is  abundant  in  the 

Jurassic  of  the  Black  Hills.  The  original  spelling  of  the  specific  name 

custa  seems  to  have  been  a  typographical  error  that  was  corrected  by  Meek, 
and  the  form  curta  has  since  been  followed. 

GERVILLIA    MONTANAENSIS    Meek. 

Gervillia  montanaensis  Meek,  1873:  Ann.  Eept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  472. 
White,  1880:  Idem  for  1878,  p.  145,  PI.  XXXVII,  figs.  1«  aud  b. 

Distinguished  by  its  large  size  and  its  long  posterior  wing.  The 

types  are  from  near  the  lower  canyon  of  the  Yellowstone,  and  it  has  been 

collected  on  divide  between  Fawn  Creek  and  Gallatin  Valley;  east  side  of 

Fan  Creek  Pass;  Cinnabar  Mountain,  and  summit  of  ridge  between  Red  and 

Basin  creeks,  near  Sheridan  Peak. 

Gervillia  sp. 

A  smaller  and  much  more  slender  species  of  Gervillia  is  represented 

by  fragments  from  east  end  of  northeast  spur  from  Signal  Peak,  stream  bed 

west  of  Quadrant,  jr.,  and  saddle  in  ridge  west  of  south  head  of  Gardiner 
River. 

Mopiola  subimbricata  Meek. 

Modiola  (Vulsella)  subimbricata  Meek,  1873:  Arm.  Rept.  IT.  S.  Geol.  Surv.  Terr,  for 
1872,  p.  472. 

Volsella  subimbricata  White,  18S0:  Idem  for  1878,  p.  145,  PI.  XXXVII,  figs.  2«-c. 

This  species  seems  to  be  widespread,  but  not  very  abundant  at  any 
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place.     A  few  specimens  were  obtained  on  divide  between  Fawn  Creek 

and  Gallatin  Valley;  saddle  in  ridge  west  of  south  head  of  Gardiner;  hills 

west  of  Snake  River  4  miles  south  of  second  crossing ;  top  of  hill  3  miles 

southeast  of  Gravel  Peak;  ridge  between  Basin  and  Red  creeks,  and  slopes 
of  Mount  Sheridan. 

Pinna  kingi  Meek. 

Pinna  kingi  Meek,  1877 :  U.  S.  Geol.  Expl.  40tk  Parallel,  Vol.  IV,  Pt.  I,  p.  131 ,  PI. 
XII,  figs.  9,  9«. 

A  few  fragments  of  this  species  were  obtained  in  ridge  west  of  south 
head  of  Gardiner,  and  on  north  side  of  old  road  between  Terrace  Mountain 

and  Sentinel  Butte.     The  species  was  described  from  Weber  Canyon,  Utah. 

Cucull.ea  haguei  Meek. 

PI.  LXNIII,  fig.  1. 

Cucullcea  haguei  Meek,  1S77:  IT.  S.  Geol.  Expl.  40th  Parallel,  Vol.  IV,  Pt.  I,  p.  134, 
PI.  XII,  figs.  1«,  b. 

The  type  of  the  species  came  from  Weber  Canyon,  Wasatch  Range, 

Utah.  In  Meek's  figure  the  radiating1  stria?,  of  the  body  of  the  shell  are 
somewhat  exaggerated  and  the  concentric  lines  are  not  given  cpiite  as  much 

prominence  as  they  usually  have.  On  most  of  the  Yellowstone  National 

Park  specimens  the  radiating  lines  are  prominent  and  widely  separated  on 

the  anterior  third,  and  are  numerous  on  the  umbones,  but  all  excepting  the 

anterior  ones  usually  fade  out  before  reaching  the  middle  of  the  shell.  The 

fine,  regular,  closely  arranged  concentric  lines  cover  the  whole  valve. 

Some  of  the  casts  show  the  horizontal  teeth  at  both  ends  of  the  hinge 

line  characteristic  of  Cucullsea,  but  there  are  no  traces  of  the  ridge  bor- 
dering the  posterior  muscular  impression  that  is  seen  in  typical  species  of 

that  genus. 

The  specimen  figured  is  from  a  locality  near  Sentinel  Butte.  The 

species  is  also  represented  in  the  collection  from  north  side  of  Fan  Creek 

Pass;  saddle  in  ridge  west  of  south  head  of  Gardiner  River;  summit  of 

wagon  road  between  Sentinel  Butte  and  Terrace  Mountain;  Cinnabar 

Mountain,  and  west  side  of  Snake  River  north  of  Berry  Creek. 

Trigonia  amekicana  Meek. 

Trigonia  americana  Meek,  1S73:  Ann.  Kept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  472. 
White,  1880:  Idem  for  1878,  p.  14S,  PI.  XXXVIII.  fig.  la,  6. 

A  single  specimen  from  ridge  northwest  of  second  crossing  of  Snake 
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River.     The  type  came  from  Spring  Canyon  and  lower  canyon  of  the  Yel- 
lowstone, Montana. 

Trigonia  elegantissima  Meek. 

PL  LXXIII,  fig.  2. 

Trigonia  elegantissima  Meek,  1873:  Ann.  Kept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  474. 

Shell  small,  subtrigonal  in  outline,  moderately  convex,  with  prominent, 

acute,  recurved  beaks;  posterior  umbonal  ridge  prominent,  angular,  and 

curved;  anterior  end  broadly  rounded;  posterior  end  subangular  below  at 

the  extremity  of  the  umbonal  ridge  and  forming  a  convex  slope  to  the  beak 

above;  escutcheon  not  distinctly  marked;  posterior  area  depressed  and 

bearing  numerous  equal,  fine,  radiating  lines;  remainder  of  surface  with 

regular,  closely  arranged,  small  concentric  ribs  that  show  a  tendency  to 
bend  downward  toward  the  front. 

Length  of  figured  specimen,  21  mm.;  height,  11  mm.;  convexity  of 

single  valve,  4  mm. 

This  species  is  closely  related  to  T.  americana,  from  which  it  differs  in 

outline,  and  more  especially  in  having  much  smaller  and  more  numerous 

concentric  ribs.  In  specimens  of  T.  americana  no  larger  than  the  type  of 

this  species  the  spaces  between  the  ribs  are  at  least  a  millimeter  wide. 

Meek's  original  description,  given  in  a  footnote  to  the  list  of  fossils 
from  Devils  Slide,  Cinnabar  Mountain,  Montana,  is  as  follows:  "A  small 

species  of  the  type  of  T.  costata,  but  having-  the  concentric  or  horizontal 
costse  on  the  sides  of  the  valves  very  delicate,  closely  arranged,  and  but 

slightly  larger  than  the  radiating  ones  on  the  posterior  dorsal  region,  or 

corselet.  The  valves  are  rather  compressed,  about  one-fourth  longer  than 

wide,  and  have  the  posterior  umbonal  slopes  acutely  angular."  A  single 
valve  corresponding  to  this  description,  but  not  labeled,  is  in  the  original 

collection  from  Cinnabar  Mountain  studied  by  Meek,  and  this  is  probably 

his  type.  The  specimen  figured  was  collected  at  the  same  place  by  Mr. 
W.  H.  Weed. 

Trigonia  jiontanaensis  Meek. 

Trigonia  montanaensis  Meek,  1873:  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  472. 
White,  1880:  Idem  for  1878,  p.  247,  PL  XXXVIII,  fig.  2a. 

The  types  are  from  the  locality  near  the  lower  canyon  of  the  Yellow- 
stone.    A  few  specimens  were  obtained  1  mile  from   Swan  Lake  Valley, 
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north  of  old  road  to  Mammoth  Hot  Springs;  Cinnabar  Mountain;  saddle  in 

ridge  west  of  south  branch  of  Gardiner  River;  south  slope  of  ridge  south 

of  Gray  Mountain,  and  east  end  of  north 3ast  spur  from  Signal  Peak. 

ASTARTE    MEEKI    11.  Sp. 

PI.  LXXIJI,  figs.  3-5. 

Shell  of  medium  size,  subcircular  in  outline,  moderately  convex ;  beaks 

prominent,  median  in  position ;  dorsal  margin  descending  rapidly  from  the 

beaks,  with  a  convex  curve  behind  and  slightly  excavated  in  front;  anterior, 

posterior,  and  ventral  margins  forming  a  regular  curve ;  surface  marked  by 

numerous  fine,  regular,  concentric  costas.     Margin  crenulate  within. 

One  of  the  types,  an  averag*e-sized  specimen,  has  the  following  dimen- 
sions: Length,  16  mm.;  height,  14  mm.;  convexity  of  single  valve,  about  3 

mm.  The  largest  specimen  in  the  collection  is  23  mm.  in  length  and  20 

mm.  in  height.  Associated  with  these  there  are  several  more  elongated 

shells,  one  of  which  is  figured,  that  I  was  at  first  inclined  to  regard  as  a 

distinct  species,  but  it  is  probable  that  the  difference  in  form  is  due  to  dis- 

tortion by  pressure. 

Compared  with  Astarte  pachardi  White  this  species  is  proportionally 

somewhat  more  elongate,  less  convex,  and  the  concentric  sculpture  is  much 

finer  and  more  regular.  The  species  was  first  noticed  by  Meek,  who  men- 

tioned it  as  'Astarte  (!)"  in  a  list  of  Jurassic  fossils  collected  by  Dr.  Peale 

near  the  lower  canyon  of  the  Yellowstone.1  It  occurs  in  the  collections 
from  head  of  Gardiner,  Sentinel  Butte,  Cinnabar  Mountain,  west  side  of 

Snake  River  north  of  Berry  Creek. 

Astarte  sp. 

Another  species  of  Astarte  is  represented  by  fragmentary  specimens 

which  show  the  specific  features  fairly  well,  but  as  they  are  not  sufficient 

for  a  good  illustration  the  species  has  not  been  named.  It  is  a  very 

elongate  form,  with  strong,  regular,  concentric  ridges.  In  its  younger 

stages,  as  shown  by  the  lines  of  growth,  it  is  a  short  subtriangular  form, 

but  later  it  rapidly  increases  in  length  and  the  posterior  end  becomes 

obliquely  truncate.  It  occurs  on  the  divide  at  head  of  Fawn  Creek, 

Sentinel  Butte,  Cinnabar  Mountain,  and  near  lower  canyon  of  Yellowstone 
River. 

Ann.  Rept.  IT.  S.  Geol.  Surv.  Terr,  for  1872,  p.  172. 
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TANCREDIA  ?    KNOWLTONI    11.   Sp. 

PI.  LXXIII,  fig.  6. 

Shell  small,  obliquely  subovate  in  outline;  beaks  prominent,  sub- 

median;  dorsal  margin  behind  the  beaks  descending  rapidly  to  the  broadly 

rounded  posterior  end,  which  is  most  prominent  below;  anterior  end 

rounded,  most  prominent  above,  somewhat  more  narrow  than  the  posterior 

end;  ventral  margin  gently  convex;  posterior  umbonal  ridg*e  with  a 
tendency  to  become  angular;   surface  marked  by  fine  lines  of  growth. 

Length,  15  mm. ;  height,  12  mm. ;  convexity  of  single  valve,  about  2  mm. 

The  hinge  is  unknown  and  the  generic  reference  is  based  merely  on 

external  form.  The  species  seems  to  be  congeneric  with  the  species  from 

the  Black  Hills  referred  to  Tancredia  by  Whitfield,  though  the  difference 

in  outline  prevents  its  reference  to  any  of  his  species. 

From  shales  on  north  side  of  road  near  Sentinel  Butte,  collected  by 
Prof.  F.  H.  Knowlton. 

Protocardia  shumardi  Meek  and  Havden. 

Carclium  shumardi  Meek  and  Hayden,  1800:  Proc.  Acad.  Sat.  Sci.  Phila.,  p.  182. 
Protocardia  shumardi  Meek   and  Hayden,  186.5:   Palseont.     Upper  Missouri,  p.  98, 

figs.  A  and  B  in  text. 

The  collection  contains  several  specimens  of  a  small  Protocardia  that 

seem  to  belong  to  this  Black  Hills  Jurassic  species.  They  have  the  out- 

lines of  that  species,  though  some  of  the  shells  are  nearly  twice  as  large  as 

the  figure  of  the  type.  The  body  of  the  valve  is  marked  only  by  fine 

lines  of  growth,  and  the  posterior  area  bears  about  eight  to  twelve  radiating 

ribs  that  are  broader  than  the  interspaces. 

Collected  on  the  divide  between  Fawn  Creek  and  Gallatin  Valley; 
head  of  north  fork  of  Fawn  Creek ;  Sentinel  Butte,  and  Cinnabar  Mountain. 

Cyprina?  cinnabarensis  n.  sp. 

PL  LXXIII,  figs.  7  and  8. 

Shell  of  medium  size,  moderately  convex,  subcircular  in  outline,  with 

prominent  submedian  beaks;  dorsal  margin  excavated  in  front  of  the  beaks, 

gently  sloping  behind,  and  in  both  cases  passing  gradually  into  the  rounded 

ends;  posterior  end  in  some  individuals  slightly  straightened,  so  as  to  become 
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almost  vertically  subtruncate;  ventral  margin  broadly  rounded;  surface 

sculpture  unknown.  There  is  a  very  obscure  posterior  umbonal  ridge,  and 

the  muscular  and  pallial  impressions  are  not  clearly  shown  on  the  cast. 

One  cast  showing  impression  of  part  of  hinge  has  three  strong  cardinal 

teeth,  of  which  the  posterior  one  is  very  long  and  oblique.  The  specimen 

is  not  in  condition  to  show  whether  lateral  teeth  are  present. 

Height  of  an  averag-e  shell,  28  mm.;  length,  32  mm.;  convexity  of  two 
valves  united,  15  mm.  The  largest  specimens  in  the  collection  have  the 

corresponding  dimensions  about  one-fifth  greater. 
The  only  described  American  Jurassic  species  with  which  this  need  be 

compared  is  Dosinia  jurassica  Whitfield,  which  is  a  smaller,  more  convex 

species,  with  less  prominent  beaks  and  slight  differences  in  outline.  It  is 

not  probable  that  the  two  species  are  closely  related. 
Collected  from  Cinnabar  Mountain;  divide  between  Fawn  Creek  and 

Gallatin  Valley;  east  end  of  northeast  spur  from  Signal  Peak;  saddle  in 

ridge  west  of  south  head  of  Gardiner  River;  head  of  Fawn  Creek  northeast 

of  Monument  Peak,  and  ridge  between  Basin  and  Red  creeks,  near  Sheridan 

Peak. 

Cyprina?  iddingsi  n.  sp. 

PI.  LXXIII,  fig.  9. 

Shell  small,  convex,  suboval  in  outline;  beaks  rather  prominent,  sub- 

median;  dorsal  margin  sloping  gently  from  the  beak  to  the  posterior  end, 

slightly  excavated  in  front  of  the  beak  and  descending  rather  more  rapidly; 

anterior  and  posterior  ends  broadly  and  almost  equally  rounded;  ventral 

margin  gently  convex;  posterior  umbonal  slope  with  a  subangular  ridge 

extending  from  the  beak  to  the  postero-basal  margin;  surface  with  obscure 
lines  of  growth  and  a  few  irregular  concentric  undulations  near  the  free 

margin. 

Length  of  largest  specimen,  24.5  mm.;  height,  18.5  mm.;  convexity  of 
both  valves,  about  12  mm. 

This  species  differs  from  C.  c'mnabarensis  in  its  smaller  size,  proportion- 
ally greater  convexity,  more  elongate  form,  narrower  posterior  end,  less 

prominent  beaks,  and  more  distinct  umbonal  ridge.  Its  generic  position  is 

doubtful,  as  its  hinge  characters  are  entirely  unknown. 
From  saddle  at  head  of  Fawn  Creek  northeast  of  Monument  Peak, 
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and  (the  type)  from  west  end  of  ridge  southeast  of  mouth  of  Mink  Creek, 

where  it  was  collected  by  Professor  Iddings. 

Cypricardia?  haguei  n.  sp. 

PI.  LXXIII,  figs.  11-13. 

Shell  large,  inflated,  subquadrate  in  outline;  beaks  very  prominent, 

strongly  curved  inward  and  forward,  approximate,  and  projecting  far 

beyond  the  hinge  line;  posterior  umbonal  slope  with  a  prominent  angular 

ridge  descending  from  the  beak  to  the  postero-basal  angle  and  dividing  the 
surface  of  the  shell  into  two  distinct  areas,  of  which  the  posterior  is 

obliquely  flattened,  while  the  rest  of  the  shell  is  pretty  evenly  convex; 

dorsal  margin,  exclusive  of  beaks,  gently  descending  behind  and  excaA^ated 

in  front;  anterior  end  broadly  rounded;  posterior  end  obliquely  truncate; 

ventral  margin  almost  straight ;  surface  sculpture  not  known,  but  probably 

consisting  only  of  lines  of  growth. 

The  two  figured  specimens,  both  of  which  are  probably  somewhat 

distorted  in  different  directions,  give  the  following  measurements: 

Length. Height. 
Convexity 

of  both' 

valves. 
•mm. 

mm. 
mm. 

52 

49 

40 

65 

52 

40 

The  shorter  specimen  is  more  nearly  of  normal  proportions  than  the 
other. 

The  species  is  represented  by  about  twenty-five  specimens,  all  of  which 
are  internal  casts,  and,  as  the  details  of  the  hinge  have  not  been  satisfactorily 

made  out,  the  generic  reference  is  only  provisional.  Impressions  of  a  part 

of  the  hinge  show  the  presence  of  two  or  three  strong  cardinal  teeth  and 

make  it  reasonably  certain  that  the  shell  belongs  to  the  Cyprinidse.  The 

casts  also  show  the  adductor  muscular  impressions  and  the  pallial  line.  The 

anterior  scar  is  rather  large,  semilunar,  and  (on  the  cast)  much  elevated, 

while  the  posterior  one  is  somewhat  smaller  and  scarcely  at  all  elevated. 

There  are  no  American  species  with  which  this  need  be  compared,  but 

Cypricardia  bathonica  d'Orb.,  as  figured  by  Morris  and  Lycett  in  Mollusca 
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of  the  Great  Oolite,  Pt.  II,  p.  75,  PL  VII,  fig.  8,  seems  to  be  a  closely 
related  form. 

It  occurs  at  east  end  of  northeast  spur  from  Signal  Peak;  saddle  in 
ridffe  west  of  south  branch  of  head  of  Gardiner;  head  of  Fawn  Creek 

northeast  of  Monument  Peak  and  Cinnabar  Mountain.  Specimens  collected 

by  Dr.  Peale  at  Devils  Slide,  Cinnabar  Mountain,  were  labeled  and  listed 

by  Meek1  as  "Cucullsea." 

Pholadomya  kingi  Meek. 

PI.  LXXIV,  figs.  1-3. 

Pholadomya  Ungi  Meek,  1873:   Ann.  Kept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  473. 
White,  1S80:  Idem  for  1878,  p.  150,  PI.  XXXVIII,  figs,  a  and  b. 

This  abundant  species  varies  considerably  in  sculpture,  and  the  fact 

that  almost  every  specimen  in  the  collection  is  distorted  in  various  ways  by 

pressure  causes  it  to  appear  much  more  variable  in  both  form  and  sculpture 

than  it  really  is. 

The  type  specimen  figured  by  White,  which  is  itself  somewhat  distorted, 

has  eleven  radiating  costa?  on  the  central  region  of  the  valve,  though  they 

are  not  quite  so  prominent  as  they  are  represented  in  the  drawing  above 

referred  to.  Most  of  the  specimens  from  the  Park  have  fewer  (usually  not 

more  than  eight  or  nine)  costa;,  and  on  flattened  specimens  these  are  some- 

times barely  visible. 

Pholadomya  nevadaua  Gabb,  from  the  Lias  of  Volcano,  Nevada,  is  evi- 

dently a  related  species,  and  Professor  Hyatt- has  treated  P.  kingi  as  a  syno- 

nym of  it.  Compared  with  Gabb's  figure  and  description,  however,  P.  kingi 
is  smaller  and  more  slender  and  has  the  beaks  farther  from  the  anterior  end. 

The  costse  also  are  differently  arranged.  Professor  Hyatt  has  compared 

for  me  specimens  of  the  Yellowstone  form  with  those  from  California 

referred  to  P.  nevadana,  and  he  is  now  inclined  to  regard  them  as  distinct. 

It  is  at  least  safer  to  keep  them  separate  until  direct  comparison  can  be 

made  with  Gabb's  type,  which  seems  to  be  lost,  or  with  specimens  from  the 
original  locality. 

The  species  occur  in  the  collection  from  divide  between  Fawn  Creek 

and  Gallatin  Valley;  east  end  of  northeast  spur  from  Signal  Peak;  saddle 

1  Anu.  Rept.  U.  S.  Geol.  S-rv.  Terr,  for  1872,  p.  474.  -  Bui.  Geol.  Spc.  Am.,  Vol.  V,  p.  418. 
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in  ridge  west  of  south  branch  head  of  Gardiner;   head  of  Fawn  Creek  north- 
east of  Monument  Peak,  Cinnabar  Mountain. 

Pholadomya  injsquiplicata  n.  sp. 

PL  LXXIV,  fig.  4. 

Of.  Pholadomya  ■multilineata  Gabb,  1869:  Am.  Jour.  Conchology,  Vol.  V,  p.  10,  PI.  V, 
fig.  6. 

Shell  small,  ventricose,  elongate  suboval  in  outline,  with  prominent 

approximate  beaks  situated  near  the  anterior  end ;  anterior  and  ventral  mar- 
gins forming  a  nearly  regular  curve,  which  is  most  prominent  a  little  behind 

the  middle;  posterior  end  rounded,  slightly  subtruncate  above;  surface 

marked  by  about  twenty  radiating  costa?  that  vary  both  in  size  and  in  dis- 
tance from  each  other  and  cover  the  whole  valve,  excepting  a  very  small 

space  in  front  and  a  larger  one  in  the  postero-dorsal  region. 
Length,  39  mm.;  height,  31  mm.;  convexity  of  both  valves,  24  mm. 

Pholadomya  multilineata,  which  is  associated  with  P.  nevadana,  seems  to 

be  about  as  closely  related  to  this  species  as  P.  nevadana  is  to  P.  Mngi.  P. 

multilineata  is  larg;er  than  P.  incequiplicata,  has  more  numerous  costse  (about 

thirty,  according  to  Gabb),  and  is  more  angular  at  the  posterior  end,  besides 

differing  somewhat  in  other  details  of  outline. 

Only  a  few  specimens  were  collected  on  divide  between  Fawn  Creek 

and  Gallatin  Valley,  where  it  is  associated  with  P.  kingi. 

HOMOMYA    GALLATINENSIS    11.  Sp. 

PI.  LXXIV,  figs.  6  and  7. 

Shell  of  medium  size,  oblong  subcylindrical ;  beaks  rather  prominent, 

incurved,  approximate,  and  situated  near  the  anterior  end  of  the  shell; 

dorsal  margin  in  front  of  the  beaks  declining  rapidly  to  the  broadly  rounded 

anterior  end,  which  passes  by  a  gentle  curve  into  the  nearly  straight  dorsal 

margin.  Surface  marked  by  lines  of  growth  and  irregular  concentric 

undulations.     The  posterior  end  gapes  slightly. 

Length,  85  mm. ;  height,  42  mm. ;   convexity  of  both  valves,  36  mm. 

This  species  apparently  belongs  to  the  subgenus  Homomya  as  defined 

in  Zittel's  Handbuch  der  Palaeontologie,  but  Fischer  does  not  recognize  the 
group  and  divides  the  species  that  have  been  referred  to  it  between  Arcomya 

aud  Pleuromya.     The  specimens  from  Yellowstone  National  Park  do  not 
MON  XXXII,  PT  II   40 
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show  the  structure  of  the  hinge  nor  other  details  of  the  interior  that  are 

used  as  generic  characters. 

The  type  is  from  the  divide  between  Fawn  Creek  and  Gallatin  Valley. 

The  species  is  represented  by  nine  other  examples  from  Fan  Creek  Pass, 

head  of  Gardiner ;  saddle  in  ridge  west  of  south  branch  of  head  of  Gar- 

diner; head  of  Fawn  Creek  northeast  of  Monument  Peak,  and  Cinnabar 
Mountain. 

Pleuromya  subcompressa  Meek. 

P].  LXXIV,  figs.  8-11. 

Myaoites  (Pleuromya)  subcompressa  Meek,  1873:  Ann.  Eept.  U.  S.  Geol.  Surv.  Terr. 
for  1S72,  p.  472.     1877:  U.  S.  Geol.  Expl.  40tli  Parallel,  Vol.  IV,  Pt,  I,  p.  136, 
PI.  XII,  figs.  6,  6a. 

Myacites  subconqjresstcs  (Meek)  White,  18S0 :  Ann.  Eept.  TJ.  S.  Geol.  Surv. Terr,  for  1878, 

p.  151,  PI.  XXXVIII,  figs,  ba-e. 

This  most  abundant  species,  which  was  originally  described  from 

Weber  Canyon,  Utah,  is  represented  by  several  hundred  specimens,  from 

every  Jurassic  locality  in  the  Park  region  at  which  fossils  were  collected 

from  the  lower  argillaceous  limestone  and  shale.  Almost  every  specimen  is 

more  or  less  distorted,  and  every  variation  in  form  is  seen  that  a  thin-shelled 

elongate  species  can  be  made  to  assume  when  embedded  in  soft  strata  and 

subjected  to  pressure.  In  addition  to  these  accidental  distortions,  it  is  evi- 
dent that  the  species  is  naturally  quite  variable  in  both  form  and  sculpture, 

some  individuals  being  nearly  smooth  while  others  are  marked  by  rather 

strong  concentric  plications.  Extreme  variations  approach  the  plicate 

Pleuromya  weberensis  Meek  on  the  one  hand  and  the  nearly  smooth  elongate 

Pleuromya  neivtoni  Whitfield  on  the  other.  The  extent  and  directions  of  vari- 

ation are  fairly  well  shown  by  White's  figures  above  cited,  though  some  of 
these  forms  are  slightly  modified  by  pressure. 

Single  specimens  representing  three  or  four  extreme  varieties  could  be 
selected  that  if  taken  alone  might  be  regarded  as  distinct  species,  but  when 

the  attempt  is  made  to  classify  the  entire  large  collection  coming  from 

practically  one  horizon  and  a  limited  area,  it  is  found  that  none  of  the  dis- 
tinctions will  hold  good. 

The  specimens  figured  show  some  of  the  principal  variations  in  form, 

and  were  selected  from  those  apparently  least  modified  by  accidental  dis- 
tortion.    They  are  from  Fan  Creek  Pass,  divide  between  Fawn  Creek  and 
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Gallatin  Valley,  hills  west  of  Snake  River  4  miles  south  of  second  crossing, 
and  Cinnabar  Mountain. 

The  general  custom  :>f  recent  authors  is  followed  in  using  the  name 
Pleuromya  instead  of  Myacites. 

Thracia  weedi  n.  sp. 

PI.  LXXV.  figs.  1-3. 

Shell  of  medium  size,  thin,  compressed,  elongate,  subelliptical  in  out- 
line; beaks  rather  prominent,  submedian;  dorsal  margin  sloping  rather 

rapidly  and  almost  equally  before  and  behind  the  beaks;  anterior  end 

broadly  rounded,  most  prominent  below;  posterior  end  subtruncate ;  ventral 

margin  slightly  convex,  somewhat  sinuous  toward  the  posterior  end;  poste- 
rior umbonal  ridge  narrow  and  sharply  defined;  surface  marked  by  irreg- 
ular concentric  undulations  and  by  numerous  fine  lines  of  growth. 
The  specimens  selected  for  illustration,  which  are  of  average  size,  have 

the  following  dimensions,  respectively: 

Length. Height. 

Convexity 

of  hoth 

valves. 

771771. 
771771. 

771771. 29 19 

i 

26 

18 

5 

34 

20 

5 

All  the  examples  in  the  collection  have  suffered  more  or  less  accidental 

compression  and  distortion  in  the  rocks,  so  that  they  show  considerable  vari- 

ation in  outline,  and  probably  on  account  of  this  compression  they  do  not 

show  the  posterior  gape  that  they  should  have  if  they  really  belong  to  the 

genus  Thracia. 

The  species  differs  too  much  in  outline  and  proportions  from  the  two 

forms  of  Thracia  (?)  described  from  the  Jurassic  of  the  Black  Hills  to 

require  detailed  comparison. 

The  types  are  from  stream  bed  west  of  Little  Quadrant  Mountain 

and  from  saddle  in  ridge  west  of  south  head  of  Gardiner  River.  Other 

specimens  were  collected  at  head  of  Fawn  Creek,  northeast  of  Monument 
Peak. 
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Thracia!  montanaensis  (Meek)'? 
PI.  LXXIII,  fig.  10. 

Corimya  montanaensis  Meek,  1S73 :  Ann.  Kept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  474. 

Shell  small,  subquadrate  in  outline,  convex,  with  prominent  beak  situ- 

ated a  little  in  advance  of  the  middle;  dorsal  margin  nearly  straight, 

declining  slightly  on  each  side  of  the  beak;  anterior  end  broadly  rounded, 

forming  almost  a  right  angle  with  the  dorsal  margin  above,  and  uniting 

with  the  convex  ventral  margin  below  by  a  regular  curve;  posterior  end 

obliquely  truncate;  posterior  umbonal  ridge  subangular  and  accompanied 

by  a  narrow  depressed  area  or  groove;  surface  marked  by  lines  of  growth. 

Length,  17  mm.;  height,  14  mm.;   convexity  of  single  valve,  4  mm. 

The  above  description  is  drawn  from  a  single  valve  from  "Devils 

Slide,  Cinnabar  Mountain,  Yellowstone  River,"  which  may  be  the  original 

type  named  by  Meek  in  the  report  above  referred  to,  though  it  was  not 

labeled  by  him.  It  was  named  in  a  list  of  fossils  from  this  locality,  with  a 

footnote  saying  that  "This  is  very  similar  to  some  varieties  of  C.  glabra 

Agassiz,  but  it  is  a  smaller,  proportionately  shorter,  and  more  convex  shell, 

with  the  anterior  margins  just  in  front  of  the  beak  more  excavated." 

Anatina  (Cercomya)  punctata  n.  sp. 

PL  LXXIY,  fig  5. 

Shell  of  medium  size,  not  so  slender  as  the  typical  forms  of  the  sub-  ' 
genus;  beak  prominent,  somewhat  in  advance  of  the  middle  of  the  shell, 

directed  backward;  dorsal  margin  almost  straight  and  descending  slightly 

in  front  of  the  beaks,  concave  behind;  anterior  end  broadly  rounded,  sub- 

ano-ular  above;  posterior  end  much  more  narrow  and  rounded,  ventral 

margin  slightly  sinuous;  surface  of  the  shell  divided  into  two  distinct  areas 

by  a  narrow  well-defined  groove  that  descends  almost  vertically  from  the 

beak  to  the  ventral  margin;  anterior  area  marked  by  broad  concentric 

ridges  and  sulcations  and  by  very  fine  lines  of  growth,  the  latter  continuing 

over  the  posterior  area;  middle  third  of  the  posterior  area  slightly  more 

convex  and  prominent  than  the  rest  and  bearing  about  nine  distinct  granu- 

lar radiating  lines.  In  addition  to  this  sculpture,  which  is  seen  on  internal 

casts,  a  mold  of  the  exterior  of  the  shell  shows  that  the  entire  surface  bears 

radiating  lines  of  minute  tubercles, which  are  most  prominent  on  the  posterior 
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area,  and  give  the  punctate  appearance  that  suggested  the  specific  name, 

though  it  can  hardly  be  considered  a  specific  character,  since  it  is  common 

in  this  and  related  genera. 

The  species  is  represented  by  three  imperfect  valves  from  the  divide 

between  Fawn  Creek  and  Gallatin  Valley,  south  slope  of  ridge  south  of 

Gray  Mountain,  and  west  side  of  Snake  River  north  of  Berry  Creek.  The 

specimen  figured,  which  is  from  the  second  locality  mentioned,  measures 

39  mm.  in  length  and  19  mm.  in  height. 

In  the  well-defined  radiating  lines  of  the  posterior  area  this  species 
resembles  the  Upper  Cretaceous  forms  to  which  Conrad  gave  the  name 
Anatimya. 

Anatina  (Cercomya)  sp. 

Another  species  of  this  genus  is  represented  by  a  single  specimen  from 

the  east  side  of  Fan  Creek  Pass,  which  is  too  imperfect  for  illustration  and 

full  description.  It  is  much  larger  than  A.  punctata,  measuring  76  mm.  in 

length,  and  it  differs  from  that  species  in  the  outline  of  the  anterior  end  and 

in  the  entire  absence  of  radiating  lines  on  the  posterior  area. 

GASTROPODA. 

Neritina  wyomingensis  n.  sp. 

PI.  LXXV,  figs.  4  and  5. 

Shell  small,  consisting  of  about  two  and  a  half  or  three  rapidly 

increasing  volutions  ;  spire  very  low  and  inconspicuous ;  last  whorl  slightly 

shouldered  and  forming  about  nine-tenths  of  the  visible  bulk  of  the  shell ; 
surface  smooth,  with  rather  distinct  lines  of  growth  near  the  aperture, 

which  has  the  thin  sharp  outer  lip  and  straight  inner  lip  with  broad  flat- 
tened columella  characteristic  of  the  genus.  The  inner  lip  is  smooth,  or 

nearly  so,  but  the  specimens  are  not  in  condition  to  show  whether  it  bears 
minute  denticulations. 

Height  of  the  type,  6  mm.;  greatest  breadth,  6£  mm. 

This  species  has  a  superficial  resemblance  to  Neritina  f  phaseolaris 

White  from  the  Jurassic  of  Utah,  but,  besides  slight  differences  in  form,  the 

columella  in  that  species  is  not  flattened  and  the  inner  lip  is  not  straight,  so 

that  it  has  been  referred  to  Lyosoma. 

The  only  other  described  American  Jurassic  Neritina  is  N.  nebrascensis 
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M.  and  H.,  which  is  much  larger  and  more  slender  in  form,  differing  in  all 

its  details  from  this  species,  which  is  somewhat  similar  in  form  and  size  to 

Neritina  pisum  Meek  from  the  Upper  Cretaceous  of  Utah. 

The  type  was  collected  by  Prof.  A.  C.  Gill  about  3  miles  southeast  of 
Gravel  Peak. 

Lysoma  powelli  White. 

Neritina  powelli  White,  1876:  Geol.  Uinta  Mountains,  p.  110. 

Lyosoma  powelli  White,  1880:  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1878,  p.  153,  PL 

XXXVIII,  figs.  6a-d. 

One  well-preserved  specimen  was  obtained  on  saddle  at  head  of  Fawn 

Creek,  northeast  of  Monument  Peak,  and  another  on  ridge  south  of  Mammoth 

Hot  Springs,  on  main  terrace.  The  species  has  not  before  been  reported 

from  any  locality  excepting  at  the  mouth  of  Thistle  Creek,  Spanish  Fork 

Canyon,  Utah. 
Both  Zittel  and  Fischer  are  inclined  to  make  Lyosoma  a  synonym  of 

Otostoma  d'Archiac,  an  Upper  Cretaceous  subgenus  of  Nerita,  but  Lyosoma 

really  has  the  thin  inner  lip  without  any  callus  or  flattening  of  the  columella, 
while  the  Cretaceous  form  has  been  shown  to  have  the  characteristics  of 

Neritina  in  these  respects. 
TUERITELLA    Sp. 

A  single  small  specimen  from  3  miles  southeast  of  Gravel  Peak  has 

the  form  of  this  genus,  but  is  insufficient  for  specific  description.  It  con- 
sists of  six  flattened  whorls  with  channeled  sutures. 

Natica!  sp. 

A  naticoid  form  is  represented  by  imperfect  internal  casts  from  Fan 

Creek  Pass,  saddle  west  of  south  head  of  Gardiner,  head  of  Fawn  Creek 

northeast  of  Monument  Peak,  and  near  Sentinel  Butte. 

It  is  probably  undescribed,  being  very  much  larger  than  Natica  1  lelia 

Hall  and  Whitfield,  which  is  the  only  described  naticoid  shell  from  the 

Jurassic  of  this  western  interior  region. 

CEPHALOPODA. 

Oppelia?  sp. 

Ammonites  are  rare  in  the  Yellowstone  National  Park  collection,  and 

the  few  that  were  obtained  are  too  fragmentary  and  badly  preserved  for 

accurate  classification. 

One  species  is  represented  by,  two  flattened  specimens,  about  3  inches 
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in  diameter,  from  the  divide  between  Fawn  Creek  and  Gallatin  Valley. 
This  is  a  nearly  smooth,  discoid,  involute  form,  with  narrow  umbilicus  and 

rounded  abdomen.  The  outer  two-thirds  of  the  body  whorl  appears  to 
have  been  entirely  smooth.  On  the  other  third  the  abdomen  is  crossed  by 
small  ribs,  giving  it  almost  a  dentate  outline;  and  on  earlier  stages  these  ribs 

are  relatively  longer  and  more  prominent,  passing  nearly  halfway  across 
the  flanks  of  the  shell.  In  general  form  and  sculpture  this  species  resembles 

Oppelia  subplicatella  Vacek,1  from  the  Oolitic  of  Cap  San  Vigilio.  The 
septa  are  not  preserved. 

Fragments  of  larger  individuals  that  may  belong  to  the  same  species 
were  obtained  on  Fan  Creek  Pass,  saddle  in  ridge  west  of  south  head  of 

Gardiner,  and  from  Cinnabar  Mountain.  They  are  less  compressed  than 

the  specimens  above  described,  but  with  the  material  at  hand  it  is  impos- 
sible to  determine  whether  this  difference  is  clue  to  accidental  distortion. 

Some  of  the  fragments  show  strong  plications  on  the  abdomen.  A  large 

specimen,  8  inches  in  diameter,  from  limestone  on  ridge  south  of  Sheridan 

Peak,  appears  to  be  related  to  the  forms  above  mentioned,  though  it  is 
somewhat  more  involute,  and  is  so  much  weathered  that  all  the  surface 

characters  and  the  finer  subdivisions  of  the  septa  have  disappeared.  The 

specimen  is  septate  throughout,  The  septa  appear  not  to  have  been  very 

complex  and  the  lateral  saddles  are  very  broad.  It  is  possible  that  this 

specimen  should  be  referred  to  Ammonites  lienryi  M.  and  H.,  which  it  some- 

what resembles  both  in  general  form  and  in  the  septa. 

Perisphinctes  sp. 

Collections .  obtained  by  Dr.  Peale  near  the  lower  canyon  of  the 

Yellowstone  contain  fragments  of  two  species  of  Ammonites  that  probably 

belong  to  Perisphinctes,  judging  from  the  sculpture.  Fragments  of  one  of 

these  species  were  also  obtained  on  saddle  in  ridge  west  of  south  head  of 
Gardiner  River. 

Belemnites  densus  Meek  and  Hayden. 

Belemnites  densus  Meek  and  Hayden,  185S:  Proc.  Acad.  Nat.  Sei.  Phila.,  p.  58.  1865: 

Palieont.  Upper  Missouri,  p.  126,  PL  IV,  figs.  10a-c;  PI.  V,  figs.  la-i.  Meek, 
1876 :  Simpson's  Kept.  Expl.  Great  Basin,  Utah,  p.  358,  PI.  Ill,  figs,  ia,  b.  Whit- 

field, 1880 :  Geol.  Black  Hills  Dakota,  p.  381,  PI.  VI,  figs.  15-19. 

This  species,  which  is  abundant  in  the  Jurassic  of  the  Black  Hills  and 

1  Abliandl.  K.-k.  geol.  Reicksanstalt,  Vol.  XII,  p.  82,  PI.  XI,  figs.  1-5,  1886. 
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various  localities  in  Wyoming,  is  represented  in  the  Yellowstone  National 

Park  collection  by  only  a  few  specimens,  from  saddle  in  ridge  west  of  south 

head  of  Gardiner;  west  of  Snake  River  4  miles  south  of  second  crossing 
and  3  miles  south  of  mouth  of  Glade  Creek. 

CRETACEOUS   SPECIES. 

DAKOTA  (?)  FOKMATION.1 

PELECYPODA. 

Unio  sp.  undet. 

Several  casts  of  a  small  species  of  Unio  were  collected  with  the  gastro- 

pods named  below  in  Three  Forks  Valley,  Montana,  and  on  Fawn  Creek 

Plateau.  The  species  is  doubtless  new,  but  the  material  is  insufficient  for 

description. 

GASTROPODA. 

GoNIOBASIS?    PEALEI    11.  Sp. 

PL  LXXY,  fig.  6. 

Shell  small,  slender,  elongate,  consisting  of  about  eight  convex  whorls; 

apex  of  spire  acute;  upper  third  of  each  whorl  slightly  flattened,  so  that  it 

is  most  prominent  below  the  middle;  suture  linear,  deeply  impressed; 

surface  nearly  smooth,  being  marked  only  by  fine  lines  of  growth,  and  on 

some  specimens  by  faint  indications  of  spiral  lines.  The  full  form  of  the 

aperture  is  not  shown  on  any  of  the  specimens,  but  it  appears  to  have  been 

suboval  and  slightly  produced  in  front.     Shell  apparently  not  umbilicated. 

Length  of  an  average  specimen  with  eight  whorls,  1-4  mm.;  breadth  of 

body  whorl,  7  mm. 
This  species  is  very  doubtfully  referred  to  Goniobasis,  though  it  seems 

to  be  related  to  G.  gracilenta  Meek,  from  the  Judith  River  beds.  In  general 

aspect  and  in  the  form  of  the  whorls  it  resembles  some  recent  species  of 

Pomatiopsis,  but  the  form  of  the  aperture  and  the  absence  of  an  umbilicus 

separate  it  from  that  genus. 

The  specimen  figured  was  collected  by  Dr.  A.  C.  Peale  in  Three  Forks 

1  See  remarks  on  pp.  604-605. 
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Valley,  Montana.  Other  examples  were  obtained  in  the  Gallatin  Range 

and  at  several  points  in  the  northwestern  part  of  Yellowstone  National  Park 

from  fresh-water  beds  of  the  Cretaceous  section  of  that  region. 

GoNIOBASIS?    INCREBESCENS   11.  sp. 

PI.  LXXV,  fig.  7. 

Shell  of  about  the  same  length  as  the  preceding,  but  more  robust 

in  form,  consisting  of  only  about  fire  rapidly  increasing  convex  whorls ; 

surface  nearly  smooth,  with  fine  lines  of  growth ;  other  features,  as  far  as 
known,  the  same  as  in  G.I  pecdei. 

Length  of  an  average  specimen,  13  mm.;  breadth  of  body  whorl, 
7.5  mm. 

Nearly  all  the  specimens  are  in  the  form  of  imperfect  internal  casts 

retaining  portions  of  the  shell,  but  of  course  not  showing  the  generic 

features  fully.     It  seems  to  be  related  to  G%  pecdei. 

The  type  is  from  the  same  horizon  as  the  preceding  on  Fawn  Creek, 
and  it  occurs  in  this  bed  at  several  localities  in  that  region. 

Amnicola?  cretacea  n.  sp. 

PL  LXXV,  fig.  S. 

Shell  small,  conical,  consisting  of  four  or  five  rapidly  increasing  con- 

vex whorls ;  suture  deeply  impressed ;  surface  marked  only  by  lines  of 

growth;  aperture  oval. 

Height,  9  mm.;  breadth  of  last  whorl,  6  mm. 

Occurs  with  the  preceding  species  on  Fawn  Creek. 

COLORADO  FORMATION. 

PELECYPODA. 

Ostrea  anomioides  Meek. 

Ostrea  anomioides  Meek,  1873 :  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  488. 
White,  1880:  Idem  for  1878,  p.  10,  PI.  XI,  figs.  4»,  b.  1884:  Fourth  Aim.  Rept. 
U.  S.  Geol.  Surv.,  p.  291,  PI.  XXXIX,  figs.  4  and  5.  Stantou,  1894:  Bull.  LT.  S. 
Geo).  Surv.  Xo.  106,  p.  55,  PI.  I,  figs.  5  and  6. 

This  species,  which  was  originally  described  from  the  Missouri  River 

below  Gallatin,  Montana,  is  abundant  in  sandy  shales  near  the  base  of 
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the  Colorado  formation  on  ridge  north  of  north  head  of  Gardiner  and  on 

north  side  of  Fan  Creek. 

Inoceramus  umbonatus  Meek  and  Hayden. 

Inoceramus umoonatm  Meek  and  Hayden,  1S58:  Proc.  Acad.  Nat.  Sci.  Pkila.,  p.  50. 
Meek,  1876 :  U.  S.  Geol.  Surv.  Terr.,  Vol.  IX,  p.  44,  PI.  Ill,  figs.  1ft,  b,  c;  PI. 
IV,  figs,  la,  b  and  2a,  b.  Stanton,  1894:  Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  81, 
PI.  XVIII,  figs.  1  and  2. 

One  specimen  was  collected  on  north  bank  of  Snake  River  one-fourth 
mile  above  the  mouth  of  Sickle  Creek.     The  species  is  abundant  in  the 

shales  of  the  upper  part  of  the  Colorado  formation  on  the  Missouri  River 

below  Fort  Benton,  Montana,  and  it  has  recently  been  collected  by  Mr. 

G.  K.  Gilbert  in  the  Niobrara  shales  near  Rocky  Ford  on  the  Arkansas 

River  below  Pueblo,   Colorado.     It  also   occurs  in  the  Austin  limestone 
of  Texas. 

Inoceramus  undabundus  Meek  and  Hayden. 

Inoceramus  undabundus  Meek  and  Hayden,  1862:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  26. 
Meek,  1876 :  U.  S.  Geol.  Surv.  Terr.,  Vol.  IX,  p.  60,  PI.  Ill,  figs.  2a,  b.  Stanton, 
1894:  Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  84,  PI.  XVI,  figs.  1  and  2. 

Occurs  with  the  preceding  at  the  locality  on  Snake  River,  and  also  on 
the  Missouri  below  Fort  Benton. 

Inoceramus  flaccidus  White. 

Inoceramus  flaccidus  White,  1876:  U.  S.  Geog.  and  Geol.  Surv.  W.  100th  Meridian, 
Vol.  IV,  p.  17S,  PI.  XVI,  figs,  la  aud  b.  Stauton,  1894:  Bull.  U.  S.  Geol.  Surv. 
No.  106,  p.  80,  PI.  XIII,  fig.  1. 

Occurs  with  the  preceding,  and  at  the  same  horizon,  one-fourth  mile 
farther  up  Snake  River.  It  has  hitherto  been  found  only  in  the  Niobrara 

shales  near  Pueblo,  Colorado. 

Inoceramus  acuteplicatus  n.  sp. 

PI.  LXXV,  figs.  9  and  10,  aud  PI.  LXXVI,  fig.  1. 

Shell  large,  moderately  convex,  elongate,  with  the  height  much  greater 

than  the  length;  hinge  line  rather  short,  oblique  to  the  longer  axis  of  the 

shell;  beak  prominent,  acute,  near  the  anterior  end  of  the  hinge  line; 

anterior  side  gently  convex,  posterior  nearly  straight ;  base  broadly  rounded, 

with  a  tendency  to  angulation  at  the  junction  with  the  sides;  surface  marked 
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by  lines  of  growth  and  by  regular,  narrow,  elevated,  concentric  ridges  that 

are  about  one-third  as  wide  as  the  interspaces.  These  ridges  are  somewhat 

stronger  on  the  anterior  half  of  the  shell  than  on  the  posterior,  and  in  very 

large  specimens  they  tend  to  become  obsolete,  making  the  basal  portion  of 
the  shell  nearly  smooth. 

The  above  description  is  drawn  mainly  from  a  large  right  valve 

(PI.  LXXVI,  fig.  1)  from  the  Sickle  Creek  locality.  The  specimens  associ- 

ated with  it  and  having  the  same  general  form  and  sculpture  are  all  much 

smaller.  These  are  not  distinguishable  from  specimens  from  sandstone 

believed  to  belong  to  a  higher  horizon  on  Glade  Creek.  There  are  small 

left  valves  in  the  collection  from  both  localities,  and  one  of  those  from 

Glade  Creek  is  figured.  It  is  proportionally  more  convex  than  the  right 

valve,  and  the  beak  is  more  prominent  and  more  curved.  The  concentric 

ridges  are  very  prominent  on  the  convex  median  region,  and  fade  out 
toward  the  borders. 

The  largest  type  specimen  measures  201  mm.  in  its  longest  diameter, 

and  135  mm.  at  right  angles  to  that  line. 

This  species  is  related  to  /.  fragilis  and  I.  altus,  all  three  belonging  to 

the  typical  section  of  Inoceramus.  It  differs  from  both  of  them  in  being 

more  strongly  plicate,  in  its  shorter,  slightly  more  oblique  hinge  line,  and  in 
other  details  of  outline. 

Locality  and  position:  On  Snake  River  one-fourth  mile  above  the 

mouth  of.  Sickle  Creek,  associated  with  I.  umbonatus,  Scaphites  ventricosus, 

etc.,  in  sandy  shales  of  the  upper  part  of  the  Colorado  formation,  and  near 

the  mouth  of  Glade  Creek  in  a  sandstone  supposed  to  belong  to  a  higher 
horizon. 

Corbula  subtrigonalis  Meek  and  Hayden. 

Corbula  subtrigonalis  Meek  aud  Hayden,  1856:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  116. 
White,  1880:  Ann.  Eept.  TJ.  S.  Geol.  Surv.  Terr,  for  1878,  p.  80,  PI.  XXV,  figs. 
6a-/.  White,  1883:  Third  Ann.  Rept.  U.  S.  Geol.  Surv.,  p.  442,  PI.  XIX,  figs. 
10-13.  Stanton,  1894 :  Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  123,  PI.  XXVII,  figs.  7 
and  8. 

This  species  and  its  variety  perundata  were  obtained  in  black  shales 

supposed  to  belong  to  the  Colorado  formation  near  Electric  Peak  and  on 

the  Cone  head  of  Gardiner  River.  These  forms  were  originally  described 

from  the  Laramie,  but  they  are  known  to  range  as  low  as  the  Colorado 
formation  in  southwestern  Wyoming. 
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CEPHALOPODA. 

Baculites  asper  Morton? 

Baculites  asper  Morton,  1834 :  Synopsis  Org.  Eem.  Cret.  Gr.,  p.  43,  PI.  I,  figs.  12  and  13; 

PI.  XIII,  fig.  2.  Stanton,  189-4:  Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  167, 
PI.  XXXVI,  figs.  4  and  5. 

Occurs  with  Inoceramus  acuteplicatus,  etc.,  at  the  locality  one-fourth 
mile  above  the  mouth  of  Sickle  Creek,  and  is  abundant  associated  with  the 

same  fauna  on  the  Missouri  River  below  Fort  Benton,  in  the  upper  part  of 
the  Colorado  formation.     It  is  also  found  at  Cinnabar  Mountain. 

Scaphites  ventricosus  Meek  and  Hayden. 

Scaphites  ventricosus  Meek  and  Hayden,  1862:  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  22. 
Meek,  1876:  U.  S.  Geol.  Surv.  Terr..  Vol.  IX,  p.  425,  PI.  VI,  figs,  la,  b,  and  8a,  b. 

Stanton,  1894:  Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  186,  PI.  XLIV,  figs.  8-10; 
PI.  XLV,  fig.  1. 

Several  specimens  from  the  localities  above  mentioned  on  Snake  River, 

and  a  fragment  believed  to  belong  to  this  species  from  the  black  shales  of 
Electric  Peak. 

It  occurs  well  preserved  at  Cinnabar  Mountain  just  north  of  the  Park, 

and  with  the  preceding  species  below  Fort  Benton. 

MONTANA  FORMATION.1 

BRACHIOPODA. 

Lingula  subspatulata  Hall  and  Meek. 

Lingula  subspatulata  Hall  and  Meek,  1S54:  Mem.  Am.  Acad.  Arts  and  Sci.,  Vol.  V, 

p.  380,  PI.  I,  figs.  2«,  b.  White,  1876:  U.  S.  Geog.  and  Geol.  Surv.  W.  100th 
Meridian,  Vol.  IV,  p.  169,  PI.  XV,  fig.  4a. 

Two  specimens  from  sandstone  overlying  bituminous  shale  on  Rattle- 
snake Creek,  probably  same  horizon  as  the  remainder  of  the  species 

mentioned  below. 

1  See  pp.  606-607  for  remarks  on  the  horizon  of  the  following  species. 
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PELECYPODA. 

Osteea  soleniscus  Meek. 

Ostrea  soleniscus  Meek,  1S71:  Proc.  Am.  Philos.  Soc,  Vol.  XI,  p.  435.  White,  1880: 
Ann.  Kept.  U.  S.  Geol.  Surv.  Terr,  for  1878,  p.  9,  PI.  XI,  figs.  2a,  b.  1884:  Fourth 
Ann.  Kept.  IT.  S.  Geol.  Snrv.,  p.  300,  PI.  XLII,  fig.  1.  Stanton,  1894 :  Bull.  U.  S. 

Geol.  Surv.Xo.  106,  p.  56,  PI.  II,  fig.  1;  PI.  Ill,  figs.  1  and  2. 

This  species  is  abundant  in  both  the  Colorado  and  Montana  formations 

at  Coalville,  Utah,  and  in  southwestern  Wyoming'.  It  was  obtained  near 

the  second  crossing-  of  Snake  River,  just  south  of  the  Park. 
Ostrea  sp. 

A  small  species  related  to  0.  pellucida  M.  and  H.  occurs  at  the  same 

locality  with  the  preceding. Anomia  sp. 

A  small  species  resembling  A.  propatoris  White  is  represented  by 

several  casts  from  Grlade  Creek,  Lizard  Creek,  and  near  second  crossing  of 

Snake  River. 

Avicula  nebrascana  Evans  and  Shumard. 

Avicula  nebrascana  Evans  and  Shumard,  1857 :  Trans.  Acad.  Sci.  St.  Louis,  Vol.  I,  p.  38. 
Pteria  (Oxytoma)  nebrascana  (E.  and  S.)  Meek,  1876:  Eept.  IT.  S.  Geol.  Surv.  Terr., 

Vol.  IX,  p.  34,  PI.  XVI,  fig.  3a,  b;  PL  XXVIII,  fig.  11.    Whitfield,  1880 :  Geol. 
Black  Hills  Dakota,  p.  385,  PI.  VII,  fig.  4. 

Several  specimens  from  the  locality  near  the  mouth  of  Glade  Creek. 

It  is  a  widely  distributed  species  in  the  Fort  Pierre  shales  of  the  Montana 

formation. 

Avicula  lingileformis  Evans  and  Shumard. 

Avicula  linguceformis  Evans  and  Shumard,  1854:  Proc.  Acad.  Xat.  Sci.  Phila.,  ]}.  153. 

Pteria  linguiformis  (E.  aud  S.)  Meek,  1876:  Eept.  IT.  S.  Geol.  Surv.  Terr.,  Vol.  IX, 

p.  32,  PI.  XVI,  figs.  la-d.     Whitfield,  1880 :  Geol.  Black  Hills  Dakota,  p.  384, 
PI.  VII,  figs.  2  and  3. 

This  species  occurs  with  the  preceding  on  Glade  Creek  and  has  about 

the  same  geographic  and  vertical  range. 

Inoceramus  acuteplicatus  n.  sp. 

Numerous  small  specimens  referred  to  this  species  from  locality  near 

the  mouth  of  Glade  Creek.     (See  description  on  page  634.) 
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Arca  sp. 

A  single  imperfect  specimen,  probably  of  an  undescribed  species,  from 

the  locality  near  the  second  crossing  of  Snake  River. 

Nucula  sp. 

A  cast  near  month  of  Glade  Creek. 

Cardium  pauperculum  Meek. 

Gardium  pauperculum  Meek,  1871 :  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1870,  p.  306. 
White,  1879:  Idem  for  1877,  p.  291,  PI.  IX,  fig.  3a.     Stanton,  1894:  Bull.  U.  S. 

Geol.  Surv.  No.  106,  p.  99,  PI.  XXII,  figs.  9-12. 
Gardium  subcurtum  Meek,  1873:  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1S72,  p.  476. 

1877:  U.  S.  Geol.  Expl.  40th  Parallel,  Vol.  IV,  Pt.  I,  p.  152,  PI.  XV,  fig.  3a. 

This  is  the  most  abundant  species  in  the  sandstones  near  Glade  Creek, 

near  second  crossing  of  Snake  River,  and  on  Lizard  Creek. 
It  is  common  in  the  Colorado  formation  at  Coalville,  Utah;  in  south- 

western Wyoming,  and  in  Huerfano  Park,  southern  Colorado.  In  these 

localities  it  is  not  known  to  range  as  high  as  the  Montana  formation. 

Baroda  wyomingensis  Meek. 

Tapes  wyomingensis  Meek,  1871 :  Ann.  Rept.  U.  S.  Geol.  Surv.  Terr,  for  1870,  p.  310. 
Baroda  wyomingensis  Meek,  1S73:  Idem  for  1872,  p.  493.     White,  1879:  Idem  for  1877, 

p.  293,  PI.  X,  figs.  3a,  b. 

A  single  specimen  from  Glade  Creek. 

It  is  possible  that  this  species  belongs  to  Conrad's  genus  Legumen, 

described  from  the  Cretaceous  of  Ripley,  Mississippi.  I  have  elsewhere1 
expressed  the  opinion  that  Baroda  is  probably  a  synonym  of  Legumen, 

which  is  a  prior  name. 
Donax  cuneata  Stanton. 

DoNAx(?)     OBLONGA    StailtOll. 

Both  these  species  occur  on  a  single  hand  specimen  from  near  the 

second  crossing  of  the  Snake  River.  The  type  of  D.  cuneata  was  collected 

in  sandstone  of  the  Colorado  formation  at  Old  Bear  River  City,  southwestern 

Wyoming,2  and  D.  oblonga  came  from  the  same  horizon  at  Coalville,  Utah. 
D.  cuneata  occurs  also  in  the  Montana  formation  of  the  Coalville  section. 

'Bull.  U.  S.  Geol.  Surv.  No.  106,  p.  107.  2Ideni,  p.  110,  PI.  XXV,  fig.  1. 
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Mactra  warrenana  Meek  and  Hayden. 

Mactra  warrenana  Meek  and  Hayden,  1856:  Proc.  Acad.  Xat.  Sci.  Phila.,  p.  271. 
Mactra  (Gymbophora?)  warrenana  (M.  and  H.)  Meek,  1876:  Eept.  U.  S.  Geol.  Surv. 

Terr.,  Vol.  IX,  p.  208,  PI.  XXX,  figs.  la-d. 

Casts  in  sandstone  apparently  belonging  to  this  species  are  abundant 

near  Glade  Creek.  The  species  is  widely  distributed  in  the  Montana 
formation. 

Mactra  arenaria  Meek? 

Mactra  (Trigonella?)  arenaria  Meek,  1877:  U.  S.  Geol.  Expl.  40th  Parallel,  Vol.  IV, 
Pt.  I,  p.  154,  PI.  XIV,  fig.  5. 

This  species  is  abundant  in  the  Montana  formation  at  Coalville,  Utah. 

A  single  cast  that  seems  to  belong  to  it  is  associated  with  the  preceding 

species  near  Glade  Creek. 

GASTROPODA. 

Gyrodes  depressa  Meek. 

Gyrodes  depressa  Meek,  1877 :  U.  S.  Geol.  Expl.  40th  Parallel,  Vol.  IV,  Pt.  I,  p.  159, 
PL  XV,  figs.  1,  1ft.  Stanton,  1894:  Bull.  TJ.  S.  Geol.  Surv.  Xo.  106,  p.  135, 

PL  XXIX,  figs.  11-14. 

Common  in  the  sandstones  on  Glade  Creek.  It  was  originally 
described  from  the  Colorado  formation  at  Coalville,  Utah,  and  is  found  at 

the  same  horizon  in  Huerfano  Park,  Colorado.  The  genus  Gyrodes  has 

not  hitherto  been  reported  from  the  Montana  formation  of  the  Rocky 

Mountain  region,  but  it  is  well  represented  in  beds  of  the  same  age  in  the 

Atlantic  and  Gulf  border  region.  In  fact,  Gyrodes  petrosa  (Morton)  from 

the  Ripley  formation  is  scarcely  distinguishable  from  G.  depressa. 

Cerithium!  sp. 

A  small,  slender  form  of  doubtful  affinities,  represented  by  an  internal 

cast  from  sandstone  on  Huckleberry  Mountain. 

Pyrula?  sp. 

A  fragmentary  cast  from  Glade  Creek. 
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CEPHALOPODA. 

Scaphites  cf.  ventricosus  Meek  and  Hayden. 

A  mere  fragment  from  Glade  Creek,  resembling  this  species  in  sculp- 
ture.    (See  p.  636.) 

Placenticeras  placenta  (DeKay)  j? 

Ammonites  placenta  DeKay,  1827 :  Ann.  New  York  Lyceum  Nat.  Hist.,  Vol.  II,  p.  278, 
PI.  Y,  fig.  3. 

Placenticeras  placenta  (DeKay)  Meek,  1876:  Sept.  U.  S.  Geo].  Surv.  Terr.,  Vol.  IX, 
p.  465,  PI.  XXIY,  figs.  2«,  b. 

A  fragment  probably  belonging  to  this  well-known  species  was 
collected  near  the  second  crossing  of  the  Snake  River.  The  species  is 

abundant  and  widely  distributed  in  the  Montana  formation  and  its  equiva- 
lents, and  a  few  specimens  of  it,  or  of  a  very  closely  related  species,  have 

been  obtained  in  the  Colorado  formation. 
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Bhynchonella  ynathophora  Meek.'         609 

Figs.    1,2.  Two  views  of  a  .small  specimen  from  near  Snake  River;  enlarged  14- diameters. 
3,4.   Similar  views  of  a  larger  example  from  near  Vermilion  Canyon,  northwestern 

Colorado;  enlarged  li  diameters  (United  States  National  Museum, No. 8853). 

(h-yphwa  ealceola  var.  nebrascensis  M.  and  H         612 

Fig.     5,  Small  left  valve  with  strong  stria';  enlarged  1+ diameters. 
6,  7.  Two  views  of  a  larger  specimen  ;  natural  size. 

Lima  cinnaharensis  u.  sp         612 

Fig.      8.  Right  valve;  enlarged  1A  diameters. 

Gryphaa  planoconvexa  Whitfield         611 

Fig.     9.  Left  valve  from  near  lower  canyon  of  the  Yellowstone  (United  States  National 
Museum,  No.  12369). 

10.  Right  valve  from  near  Snake  River. 

< 'amptonecies perlenuistriatus  H.  and  W         614 
Fig.    11.  Right  valve  from  Flat  Mountain,  slightly  distorted.    The  obscure  radiating  ridges 

are  probably  accidental. 

Camptonectrs  bellistriatus  Meek         613 

Fig.    12.  Right  valve  from  the   Bighorn   Mountains,  Wyoming  (United    States   National 
Museum,  No.  1885). 

Camptonectes  bellistriatus  var.  distaiis  n.  var         614 

Fig.    13.  Right  valve. 
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Cuoullaia  liar/uei  Meek         018 

Fig.      1.  Lei't  valve  slightly  flattened  and  showing  both  surface,  sculpture  and  hinge  iuipres- 
sion;  enlarged  2  diameters. 

Triijonia  eleganlissima  Meek         619 

Fig.      2.  Left  valve;  enlarged  li  diameters. 

Astarte  meeki  n.  sp   620 

Fig.      3.  Eight  valve  from  Cinnabar  Mountain  ;  enlarged  li  diameters. 

4.  Left  valve  from  lower  canyon  of  Yellowstone;  enlarged  1A  diameters  (United  States 
National  Museum,  No.  12374). 

5.  Elongate  right  valve,  probably  distorted  by  pressure,  and  showing  impression  of 

the  creuulate  interior  margin;  enlarged  2  diameters. 

Tancredia  ?  knowltoni  n.  sp         621 

Fig.      6.  Cast  of  right  valve;  enlarged  1A  diameters. 

Cyprina  i  eiiinabarensis  n.  sp         621 

Figs.    7,  8.  Two  views  of  an  internal  cast,  one  of  the  types. 

Cyprina  ?  iddingsi  n.  sp        622 

Fig.      9.  Eight  valve  of  the  type. 

Thracia  f  montanaensis  (Meek)?         628 

Fig.    10.  Eight  valve,  supposed  to  be  Meek's  original  type;  enlarged  li  diameters. 
Cypricardia  ?  har/uci  n.  sp         623 

Figs.  11,  12.  Two  views  of  an  average  specimen,  internal  cast. 

13.  Eight  valve  of  a  large  elongate  specimen. 
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PLATE    LXXIV. 
Page. 

Pholadomya  kingi  Meek         624 

Figs.  1,  2.  Two  views  of  Meek's  type  (United  States  National  Museum,  No.  7815). 
3.  Left  valve  of  unusually  smooth  form. 

Pholadomya  inaiquiplicata  u.  sp            625 
Fig.   4.  Eight  valve  of  the  type. 

Anatitta  punctata  n.  sp         628 

Fig.   5.  Left  valve  of  the  type.     The  sculpture  is  somewhat  restored. 

Homomya  gallatiuenais  n.  sp         625 

Figs.  6,  7.  Two  views  of  the  type,  an  internal  cast. 

Pleuromya  subcompressa  Meek         626 

Figs.  8-11.  Specimens  showing  variation  iu  outline  and  sculpture  of  forms  assigned  to  this 

species. 
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PLATE    LXXV. 

JURASSIC   SPECIES. 
Pa<re. 

Thraeia  weedi  n.  sp         627 

Fig.   1.  Right  valve  of  usual  size  ami  outline. 
2.  Left  valve  of  a  shorter  form. 

3.  Left  valve  of  an  elongate  specimen. 

Neritina  wyomingensis  n.  sp         629 

Figs.  4,  5.  Opposite  views  of  the  type;  enlarged  3  diameters. 

CRETACEOUS   SPECIES. 

Goniobasist  pealei  n.  sp         632 

Fig.   6.  An  average  specimen ;  enlarged  2  diameters. 

Goviobasisl  increbesceiis  n.  sp         63S 

Fig.   7.  A  medium-sized  specimen;  enlarged 2  diameters. 

Amnieola  ?  eretacea  n.  sp        633 
Fig.   8.  An  average  specimen  ;  enlarged  2  diameters. 

Inoceramus  acuteplicatus  n.sp         634 
Fig.  9.  A  small  left  valve  supposed  to  belong  to  this  species. 

10.  A  small  right  valve.     (See  PL  LXXVI  for  additional  figure.) 
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PLATE   LXXVI. 
Paee. 

Inoceramu*  acutepUcatvs  n.  sp         634 

Fig.   1.  A  large  right  valve,  forming  the  principal  type  specimen.    (See  PI.  LXXV  for  addi- 
tional figures.) 
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CHAPTER    XIV. 

FOSSIL  FLORA   OF   THE    YELLOWSTONE   NATIONAL   PARK. 

By  Frank  Hall  Knowlton. 

HISTORICAL  SUMMARY  OF  WORK  OX  THE  FOSSIL  FLORA. 

As  nearly  as  I  have  been  able  to  determine,  the  first  collection  of  fossil 

plants  made  in  the  Yellowstone  National  Park  was  obtained  by  members 

of  the  United  States  Geological  Survey  under  Dr.  F.  V.  Hay  den,  in  1871. 

They  were  found  in  two  localities,  and  were  recorded  by  Prof.  Leo  Les- 

quereux,1  as  follows:  "Divide  between  the  source  of  Snake  River  and  the 

southern  shore  of  Yellowstone  Lake,"  and  "  Near  Yellowstone  Lake,  among 

basaltic  rocks."  It  has  not  been  possible  to  rediscover  these  localities,  and 
several  of  the  species  remain  unique. 

In  the  following  year  (1872)  the  Park  was  again  visited  by  a  party 

under  Dr.  Hayden.  The  members  of  this  party  investigated  the  north- 
eastern portion  of  the  Park  and  discovered  the  rich  plant  deposits  on  the 

Yellowstone  River,  a  short  distance  below  the  mouth  of  Elk  Creek.  The 

actual  collectors  were  Messrs.  A.  C.  Peale,  Joseph  Savage,  and  0.  C.  Sloane. 

The  plants  represented  five  species,  which  were  determined  by  Professor 

Lesquereux.'2 The  Fossil  Forest,  that  has  since  become  so  widely  known,  was  first 

described  by  Mr.  W.  H.  Holmes  in  1878.8  He  visited  and  quite  thoroughly 
explored  the  Fossil  Forest  and  vicinity  and  made  a  small  collection  of 

plants  that  were  submitted  to  Professor  Lesquereux.  Most  of  these  plants 

were  determined  to  be  new  to  science,  but  they  were  neither  named  nor 

i  Ann.  Rept.  U.  S.  Geol.  and  GeoS.  Surv.  Terr,  for  1871,  pp.  295,  299. 

=  0p.  cit.,  Rept.  for  1872,  p.  403. 

3  Op.  cit.,  Rept.  for  1878,  Pt.  II,  pp.  47-50. 651 
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described.  Holmes  pointed  out  the  fact,  since  abundantly  confirmed,  of 
the  succession  of  forests  that  have  been  entombed  one  above  another.  His 

section  of  Amethyst  Mountain  shows  clearly  this  remarkable  phenomenon. 

In  October,  1874,  Dr.  Otto  Kuntze,  a  celebrated  German  botanist,  then 

on  a  botanical  exploring  journey  around  the  world,  visited  the  Park  and 

made  some  interesting  observations  on  the  process  of  petrifaction  of  trees 

now  going  on  in  the  vicinity  of  the  geysers  and  hot  springs.  His  paper 

was  not  printed,  however,  until  his  return  to  Germany  in  1880.1 
The  thorough  exploitation  of  the  Park  was  begun  and  carried  on  for 

several  years  by  the  Yellowstone  Park  Division  of  the  present  Geological 

Survey.  In  1883  the  work  was  extended  toward  the  northeastern  portion 

of  the  Park,  and  collections  of  greater  or  less  extent  were  made  at  many 

places.  In  1885  the  Fossil  Forest  section  was  worked  out,  and  large  col- 

lections were  made  by  Mr.  Arnold  Hague,  Mr.  W.  H.  Weed,  Mr.  George  M. 

Wright,  and  Prof.  J.  P.  Iddings. 

In  the  summer  of  1887,  Prof.  Lester  F.  Ward  and  I  spent  about  six 

weeks  in  the  vicinity  of  the  Fossil  Forest,  making  large  collections  of  fossil 

wood  and  leaf  impressions.     The  exact  localities  are  enumerated  below. 

The  following  season  I  spent  two  months  in  the  same  area,  discovering 

many  new  beds  of  plants  and  more  thoroughly  exploring  and  collecting 

from  beds  previously  known.  These  are  also  recorded  in  the  following  list 
of  localities. 

LIST    OF    LOCALITIES   AT   WHICH    FOSSIL    PLANTS    HAVE   BEEN   COLLECTED   IN 

THE   YELLOWSTONE    NATIONAL    PARK. 

1871. 

Divide  between  the  source  of  Snake  River  ami  the  southern  shore  of  Yellowstone 

Lake;  Hayden  survey.     (Not  since  observed.) 

Near  Yellowstone  Lake,  among  basaltic  rocks;  Hayden  survey.  (Not  since 
found.) 

1872. 

Yellowstone  River  below  mouth  of  Elk  Creek;  A.  C.  Peale,  Joseph  Savage, 
and  O.  C.  Sloane. 

1878. 

Amethyst  Mountain  in  vicinity  of  Fossil  Forest;  W.  H.  Holmes. 

1  Das  Ausluud,  1880,  pp.  361-364,  390-393,  669-672,  684-689. 
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1883. 

Andesitic  breccia  near  gulch  northwest  of  peak  west  of  Dunraven ;  J.  P.  Iddings, 

September  12,  1883.     (Field  Nos.  86,  77.) 
Needle  Hill  near  Yanceys;  W.  H.  Weed,  October  9,  18S3. 

Tower  Greek;  Arnold  Hague,  September  16,  1883.     (Field  Nos.  1030,  1031.) 

1884. 

Fossil    Forest   section,    lower   stratum ;  Arnold    Hague,    September   24,    1884. 

(No.  1221.)  , 
Fossil  Forest  section,  middle  stratum;  Arnold  Hague,  September  24,  18S4. 

(No.  1220.) 
Fossil  Forest  section,  upper  stratum;  Arnold  Hague,  September  24,  1884. 

(Nos.  1217,  1218,  1219.) 
Sandstone  on  top  of  ridge  west  of  Mink  Creek ;  Arnold  Hague.     (No.  2332.) 

1885. 

Signal  Hill;  W.  H.  Weed,  September  28, 1885. 
Head  of  Tower  Creek;  W.  H.  Weed,  September  25,  1S85. 

East  slope  of  high  hill  three-fourths  mile  south  from  Yanceys;  George  M.Wright, 
September  4,  18S5. 

Near  top  of  south  wall  of  canyon  of  Yellowstone  River,  about  1  mile  up  stream 

from  mouth  of  Hellroaring  Creek;  George  M.  Wright,  September  9,  1885. 

Fossil  Forest  section,  No.  1  of  section;  W.  H.  Weed  and  George  M.  Wright, 

September  19,  1885. 
Fossil  Forest  section,  No.  15«  of  section;  W.  H.  Weed  and  George  M.  Wright, 

September  19,  1885. 
Fossil  Forest  section,  No.  22c  of  section;  W.  H.  Weed  and  George  M.  Wright, 

September  20, 18S5. 
Fossil  Forest  section,  No.  20  of  section;  W.  H.  Weed  and  George  M.  Wright, 

September  20,  1885. 
Fossil  Forest  section,  No.  26  of  section ;  W.  H.  Weed  and  George  M.  Wright, 

September  20, 1885. 
Top  of  Mount  Everts,  west  face,  nearly  opposite  bridge  over  Gardiner  River, 

between  Mammoth  Hot  Springs  and  Gardiner;  George  M.  Wright,  July  7,  1885. 

1887. 

Fossil  Forest, bed  No.  1,  lowest  bed  about  7,700  feet  altitude;  Lester  F.  Ward 
and  F.  H.  Knowlton,  August,  1887. 

Fossil  Forest,  bed  No.  2;  Lester  F.  Ward  and  F.  H.  Knowlton,  August,  18S7. 

Fossil  Forest,  bed  No.  3,  "Magnolia  bed,"  300  feet  above  bed  No.  1;  Lester  F. 
Ward  and  F.  H.  Knowlton,  August,  1S87. 

Fossil  Forest,  bed  No.  4,  "Aralia  bed,"  425  feet  above  bed  No.  1;  Lester  F. 
Ward  and  F.  H.  Knowlton,  August  20,  1887. 
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Fossil  Forest,  bed  No.  5,  "  Salix  bed,"  about  400  feet  above  bed  No.  1 :  Lester  F. 
Ward  and  F.  H.  Knowlton,  August  19,  18S7. 

Fossil  Forest,  bed  No.  6,  "  Platanus  bed,"  425  feet  above  bed  No.  1 ;  Lester  F. 
Ward  aud  F.  H.  Knowltou,  August  19,  1SS7. 

Fossil  Forest,  bed  No.  7,  highest  bed,  515  feet  above  bed  No.  1;  Lester  F.  Ward 
and  F.  H.  Knowltou,  August,  18S7. 

Hill  back  of  Yanceys,  near  standing  trunks;  Lester  F.  Ward  and  F.  H.  Knowl- 
tou, August  10,  1887. 
Cliff  west  of  Fossil  Forest  Ridge,  near  Chalcedony  Creek,  lowest  bed,  altitude 

about  7,900  feet;  Lester  F.  Ward  and  F.  H.  Kuowlton,  August  15,  1887. 
Cliff  west  of  Fossil  Forest  Ridge,  upper  bed,  250  feet  above  lower  bed;  Lester 

F.  Ward  and  F.  H.  Knowltou,  August  15,  1S87. 
East  end  of  Fossil  Forest  Mountain,  bed  on  same  horizon  as  fossil  trunks; 

Lester  F.  Ward  aud  F.  II.  Kuowlton,  August  13  and  22,  1S87. 

Specimen  Eidge,  head  of  Crystal  Creek,  opposite  mouth  of  Slough  Creek, 

"Platanus  bed,"  altitude  about  7,500  feet;  Lester  F.  Ward  and  F.  II.  Kuowlton, 
August  24,  1887. 

Specimen  Eidge,  opposite  mouth  of  Slough  Creek,  "Quercus  bed,"  100  feet  above 
"Platanus  bed;"  Lester  F.  Ward  aud  F.  H.  Kuowlton,  August  25,  1S87. 

North  of  Pinyou  Peak,  on  Wolverine  Creek,  altitude  7,900  feet;  Arnold  Hague, 

August  10,  1SS7. 
1888. 

Yellowstone  Eiver,  one-half  mile  below  mouth  of  Elk  Creek,  bottom  of  bluff; 
F.  H.  Knowltou,  August  29,  188S. 

Yellowstone  Eiver,  one-half  mile  below  mouth  of  Elk  Creek,  30  or  40  feet  above 

the  river;  F.  H.  Kuowlton,  August  27,  188S. 

Yellowstone  Eiver,  one-half  mile  below  mouth  of  Elk  Creek,  top  of  bluff:  F.  H. 
Knowltou,  August  27,  18S8. 

Bluff  on  Yellowstone  Eiver,  1  mile  below  mouth  of  Elk  Creek;  F.  H.  Kuowlton, 

August  4,  1888. 
Cliff  on  Yellowstone  River,  short  distance  above  mouth  of  Hellroariug  Creek; 

F.  H.  Kuowlton,  August  10,  1S8S. 
Southeast  side  of  hill  above  Lost  Creek,  bed  No.  1:  F.  H.  Kuowlton,  August 

8,  1888. 
Southeast  side  of  hill  above  Lost  Creek,  bed  No.  2;  F.  H.  Knowlton,  August 

S,  1SSS. 
Southeast  side  of  hill  above  Lost  Creek,  beds  No.  3.  4,  5;  F.  H.  Knowltou, 

August  S,  1888. 
Southern  end  of  Crescent  Hill,  300  feet  above  wagon  road;  F.  H.  Kuowlton, 

August  9,  1SSS. 

Southern  end  of  Crescent  Hill.  "  Platanus  bed";  F.  H.  Knowlton,  August  9, 1888. 
Northeast  side  of  Crescent  Hill,  opposite  small  pond  in  slope,  altitude  about 

7,500  feet;  F.  H.  Kuowlton  aud  G.  E.  Culver,  August  2, 1888. 
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The  Thunderer,  opposite  Soda  Butte;  F.  H.  Kuowlton  and  G.  E.  Culver,  August 
29,  1S8S. 

East  bank  of  Lamar  Biver,  between  Cache  aud  Calfee  creeks;  F.  H.  Knowltou 
arid  G.  E.  Culver,  August  21,  1SSS. 

Hill  on  road  just  above  Yanceys;  F.  H.  Knowltou,  August  6, 1SS8. 
Hill  near  the  Yancey  fossil  trunks;  F.  H.  Kuowlton,  August  28, 1888. 
Mount  Everts,  near  summit  of  west  end ;  F.  H.  Kuowlton,  July  27, 1888. 
Mount  Everts,  coal  opening  on  side  facing  the  Gardiner  Elver  (fragments) ;  F.  H. 

Knowltou,  July  26, 188S. 

DESCRIPTION  OF  KNOWN  FOSSIL  PLANTS  FROM  THE  LARAMIE 
OF  THE  YELLOWSTONE  NATIONAL  PARK. 

ASPLENIUM    HAGUEI    11.  sp. 

PI.  LXXYII,  figs.  1,  2. 

Frond  thin,  delicate,  lanceolate  in  outline,  bipinnate,  slender,  straight; 

pinnae  alternate,  scattered,  oblong-lanceolate  in  shape,  cut  into  few  coarse 

divisions  which  are  either  entire  or  again  cut  into  few  obtuse  teeth;  nerva- 
tion obscure,  consisting  of  a  delicate  niidvein  and  few  forked  branches 

from  it. 

This  delicate  little  form  is  represented  by  a  dozen  or  more  specimens. 

The  longer  fragment  (fig.  2)  is  about  4.5  cm.  in  length  and  about  1.5  cm. 

broad.     The  others  are  more  fragmentary. 

Nothing  like  this  has  been  before  reported  from  the  Laramie  group.  It 

has  some  resemblance  to  Sphenopteris  guyottii  Lx.,1  from  the  Green  River 
group  at  Florissant,  Colorado,  but  is  much  smaller  and  of  decidedly  differ- 

ent shape. 

It  is  not  certain  that  it  belongs  to  the  genus  Asplenium,  as  no  fruit  has 

been  observed,  but  it  resembles,  at  least  generically,  a  number  of  forms 

so  referred  from  the  Cretaceous  of  Greonland.  For  the  present  it  may  be 

retained  in  this  genus. 

I  have  named  it  in  honor  of  the  collector,  Mr.  Arnold  Hague,  of  the 
United  States  Geological  Survey. 

Habitat:  North  of  Pin  von  Peak,  on  "Wolverine  Creek,  Yellowstone 
National  Park;  collected  by  Arnold  Hague,  August  10,  1887. 

1  Oet.  and  Turt.  Fl.,  p.  137,  PL  XXI,  figs.  1-7, 1883. 
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Onoclea  minima  II.  sp 

PI.  LXXVII,  figs.  11-15. 

Fertile  frond  unknown;  sterile  frond  small,  apparently  deltoid  in 

outline,  deeply  pinnatifid  into  short,  rounded,  obtuse  pinnae,  which  are 

perfectly  entire  or  are  cut  into  few  large,  coarse  teeth;  nervation  as  in  the 

living  0.  sensibilis. 

This  fine  little  species  is  represented  by  a  dozen  or  more  specimens, 

the  best  of  which  are  figured.  They  are  all  apparently  fragments,  and 

consequently  it  is  impossible  to  make  out  the  real  shape  of  the  frond  with 

any  certainty.  One  of  the  most  perfect  specimens  (fig.  13)  is  about  3.5 

cm.  long,  and  represents  the  upper  portion  of  a  frond  or  possibly  pinnule, 

if  it  is  a  large  compound  frond.  The  larger  fragment  (fig.  15)  is  4.5  cm. 

long  and  about  4  cm.  broad,  but  it  is  broken  at  both  ends  and  there  is  no 

means  of  determining  how  long-  it  was  originally.  Fig.  12  at  first  sight 
seems  to  be  entirely  different  from  the  others,  but  on  comparing  it  with  fig. 

14  the  only  difference  observable  is  that  one  is  cut  into  a  few  coarse  teeth 
and  the  other  is  entire.  The  nervation  seems  to  be  the  same  in  all  and  to 

be  identical  with  that  of  the  living  sensitive  fern. 

Regarding  this  interesting  species,  I  am  somewhat  uncertain  as  to  the 

shape  of  the  frond,  and  less  so  as  to  the  genus  to  which  it  belongs.  Two  of 

the  most  perfect  forms  (figs.  11,  13)  seem  to  have  come  from  the  upper 

portion  of  a  frond  similar  in  general  shape  to  the  sterile  frond  of  Onoclea 

sensibilis;  but,  on  the  other  hand,  figs.  12  and  14  have  much  the  appear- 

ance of  being  deeply  lobed  pinna?,  resembling  some  of  the  lower  ones  in 

0.  sensibilis.  More  material  will  be  necessary  to  settle  this  point,  but  in 

the  meantime  the  species  is  characteristic  enough  to  be  readily  distinguish- 
able, and  hence  is  available  for  geological  purposes. 

This  species  was  at,  first  thought  to  be  identical  with  a  plant  that  has 
been  described  under  the  MS.  name  of  Woodwardia  crenata,  which  comes 

from  Point  of  Rocks,  Wyoming.  This  latter  is  known  only  from  a  mere 

fragment,  however,  and  if  additional  material  could  be  obtained  it  might 

show  them  to  be  the  same.  At  present  W.  crenata  may  be  distinguished  as 

being-  much  larger  and  in  having  undulate-crenate  margins  wdiich  are 

minutely  serrate.     The  nervation  is  practically  the  same  in  both. 
Onoclea  minima  has  some  resemblance  to  0.  sensibilis  fossil  Is  from  the 

Fort  Union  group,  near  the  mouth  of  the  Yellowstone.     It  differs  in  being 
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hardly  one-fifth  the  size  and  in  having-  the  lobes  obtuse  and  coarsely  toothed 
instead  of  acute  and  entire.     The  nervation  is  nearly  the  same  in  both. 

The  species  under  consideration  has  also  the  same  nervation  as  Wood- 
ivardia  preareolata  from  Crescent  Hill,  but  differs  essentially  in  size  and 

shape. 

The  resemblance  to  Woodwttrdia  latildba  Lx.,  from  the  Denver  group  of 

Colorado,  is  still  more  remote. 

Habitat;  North  of  Pinyon   Peak,  on  Wolverine  Creek,  Yellowstone 

National  Park;   collected  by  Arnold  Hague,  August  10,  1887.     (Field  No. 
3031.) 

Anemia  subcretacea  (Sap.)  Gard.  and  Ett. 

Anemia  subcretacea  (Sap.)  Gard.  and  Ett. :  Monogr.  Brit.  Eoc.  FL,  Vol.  I,  Pt.  II,  p.  45, 
PL  VIII;  PI.  IX,  1880. 

Gymnogramma  haydenii  L. :  Ann.  Bept.  U.  S.  Geol.  and  Geog.  Surv.  Terr.,  p. '295, 1871 
(1872);  Tert.  FL,  p.  59,  PI.  V,  figs.  1-3,1878. 

The  type  locality  of  this  species  is  described  as  "Divide  between  the 
source  of  Snake  River  and  the  southern  shore  of  Yellowstone  Lake."  It 
has  not  since  been  found  inside  the  Park. 

Habitat:  As  above  given. 

Sequoia  langsdorfii  f  (Brgt.)  Heer. 

PI.  LXXVII,  fig.  5. 

It  is  with  some  hesitation  that  I  refer  this  fragment  to  this  species.  It 

is  small  and  not  well  preserved,  but  the  leaves  appear  to  be  decurrent  and 

to  approach  closer  in  character  to  this  species  than  to  any  other  with  which 
I  am  familiar. 

Habitat:  North  of  Pinyon  Peak,  on  Wolverine  Creek,  Yellowstone 

National  Park;   collected  by  Arnold  Hague,  August  10,  1887. 

Sequoia  reichenbachi  (Gein.)  Heer. 

Sequoia  reichenbachi  (Gein.)  Heer:  Flor.  Foss.  Arct.,  Vol.  I,  p.  83,  PI.  XLIII,  figs.  1(7, 
2b,  5a,  1808. 

Abietites  dubius  Lx.  ex  p.  Lesquereux:   Tert.   FL,  p.  81,  PI.  VI,  figs.  20,  21,  21«. 
Kuowlton:  Bull.  U.  S.  Geol.  Surv.  No.  105,  p.  46,  1893. 

Two  small  worn  fragments  are  referred  to  this  species.  They  are 

obscure,  but  with  little  doubt  are  correctly  referred  to  this  form. 

Habitat:  Mount  Everts;  about  100  feet  above  coal  mine  on  west  end, 

below  Mammoth  Hot  Springs;  collected  by  F.  H.  Knowlton,  July  26,  1888. 
MON  XXXII,  PT  II   42 
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Phragmites  falcata  n.  sp. 

PI.  LXXVIII,  fig.  5. 

Leaves  narrowly  lanceolate,  with  a  long-  acuminate  apex;  nerves  rather 

sparse,  about  ten  in  the  width  of  the  leaf;  intermediate  nerves  obsolete. 

This  species  rests  upon  the  fragment  figured,  and,  scanty  as  the 

material  is,  differs  markedly  from  the  species  with  which  it  is  associated 

and  to  which  it  is  most  closely  related — that  is,  P.  alaskana  Heer. 

The  fragment  is  8  cm.  in  length  and  11  mm.  in  width.  It  tapers  for  a 

distance  of  5  cm.  to  a  long,  sharp  point,  thereby  differing  from  P.  alaskana, 

which  is  "obtuse  or  obtusely  mucronate."  The  primary  nerves  are  1  mm. 

apart  and  reasonably  distinct,  The  secondary  or  fine  nerves  can  not  be 

made  out,  owing  to  the  poor  state  of  preservation. 

Habitat:  Mount  Everts,  near  summit  of  west  end;  collected  by  F.  H. 

Knowlton,  July  27,  1888. 

Geonomites  schimperi  Lx. 

Geonomites  schimperi  Lx.:  Tert.  Fl.,  p.  116,  PI.  X,  fig.  1  (1878). 

Sabal  major!  TJng.     Lesquereux:  Fifth  Aim.  Rept.  U.  S.  Geol.  and  Geog.  Surv.  Terr., 

p.  295,  1S71  (1872). 

This  species  was  collected  with  Anemia  subcretacea,  and  the  specimens 

on  which  it  is  based  are  preserved  in  the  United  States  National  Museum. 

The  species  has  not  been  since  collected. 

Habitat:  "  Divide  between  the  source  of  Snake  River  and  the  southern 

shore  of  Yellowstone  Lake." 

Myrica  bolanderi  1  Lx. 

PI.  LXXVIII,  fig.  4. 

Myrica  bolanderi  Lx. :  Tert.  Fl.,  p.  133,  PI.  XVII,  fig.  17  (1878). 
Ilex  undulata  Lx. : '  Seventh  Ann.  Rept.  IT.  S.  Geol.  and  Geog.  Surv.  Terr.,  1873  (1S74), 

p.  416. 
I  refer  this  single  fragment  with  some  hesitation  to  this  species.  It 

differs  slightly  from  the  type  specimen,  which  also  appears  to  be  the  only 

one  thus  far  mentioned.     The  one  under  discussion  is  about  the  same  size 

1  When  this  was  transferred  to  Myrica,  the  specific  name  undulata  became  preoccupied  by  M. 

undulata  (Heer)  Schiuip.,  Pal.  Veg.,  Vol.  II,  p.  546  (1870-1872). 
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and  has  the  same  toothing  in  the  upper  portion,  differing  only  in  being  a 

little  more  acute  than  the  type.     The  basal  portion  is  wanting. 

The  locality  which  afforded  the  original  specimen  is  unknown  (cf.  Tert. 

Fl.,  p.  133),  but  from  the  fact  that  it  was  sent  to  Lesquereux  with  a  lot  of 

material  from  near  Florissant,  Colorado,  it  was  assumed  to  belong-  to  the 
Green  River  group.  It  is  preserved  in  the  collection  of  the  United  States 

National  Museum  (No.  1652),  and  appears  to  have  actually  come  from  the 
Florissant  shale. 

Habitat:  Mount  Everts,  near  summit,  on  western  end;  collected  by 

F.  H.  Knowlton,  July  27,  1888. 

QlJERCUS    ELLISIANA  Lx. 

PL  LXXVII.  fig.  6. 

Quercns  elh'siana  Lx. :  Fifth  Ami.  Kept.  U.  S.  Geol.  and  Geog.  Surv.  Terr.,  1871  (1872), 
p.  297  ;  Tert,  Fl.,  p.  loo,  PI.  XX,  figs.  4,  5,  7,  8, 187S. 

A  considerable  number  of  specimens  that  leave  no  doubt  as  to  the 
correctness  of  their  determination. 

The  example  figured  is  only  partially  preserved  and  is  much  larger 

than  is  usual  in  this  species.  It  has,  however,  the  shape  and  nervation  of 

Q.  ellisiana,  and  I  refer  it  with  some  hesitation  to  this  form. 

Habitat:   Mount  Everts,  near  the  summit  of  the  west  end;  collected 

by  F.  H.  Knowlton,  July  27,  1888.     The  figured  specimen  was  collected 

by  George  M.  Wright,  July  7,  1885,  on  the  top  of  Mount  Everts,  on  the 
west  face. 

Malapoenxa  weediana?  Kn. 

Malapoenna  iceediana  Kn.:  Bull.  U.  S.  Geol.  Surv.  No.  152,  p.  142,  1898. 
Litsea  weediana  Kn.:  Bull.  U.  S.  Geol.  Surv.  Xo.  105,  yi.  55,  1893. 
Teranthera  sessiliftora  Lx.  ex.  p.     Lesquereux:  Tert.  Fl.,  p.  217,  PI.  XXXY,  fig.  9, 1878. 

There  is  a  single,  much  broken  fragment  that  appears  to  belong-  to  this 
species.     It  is  too  fragmentary  to  be  positive. 

Habitat:  Top  of  Mount  Everts,  west  face;  collected  by  George  M. 

Wright,  July  7,  1885. 
Paliurus  minimus  n.  sp. 

PI.  LXXVII,  figs.  7-9. 

Leaves  thin,  membranaceous,  nearly  circular  in  outline,  verv  slightly 

wedge-shaped  at  base,   rounded    and   obtuse   at    apex;    margin   perfectly 
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entire;  equally  five-nerved  from  the  base,  with  an  occasional  branching  of 

the  outside  nerve,  making  the  leaf  appear  seven-nerved;  midnerve  thin, 

straight,  passing  to  the  upper  border;  other  nerves  of  same  strength, 

camptodrome,  arching  in  bows  and  joining  the  midvein  or  midrib;  lateral 

branches  few,  at  an  acute  angle;  finer  nervation  not  preserved. 

This  fine  characteristic  species  is  represented  by  a  number  of  fairly 

well  preserved  examples,  the  best  of  which  are  figured.  They  are  about 

2.8  cm.  in  length  and  about  the  same  in  width.  They  are  nearly  circular 

in  shape,  being  slightly  wedge-shaped  at  the  base,  but  perfectly  obtuse  at 
the  apex.  The  nerves  are  all  of  about  equal  strength  and  divide  the  space 

of  the  blade  into  approximately  equal  areas.  They  occasionally  branch, 

especially  the  thin  central  ones. 

This  species  is  undoubtedly  quite  closely  allied  to  several  described 

forms.  From  Palmrus  eolombi  Heer1  it  differs  in  shape  and  nervation.  It 

is  very  much  like  some  of  the  small  leaves  of  P.  zizyphoides  Lx.,2  from  the 
Laramie  of  Erie,  Colorado,  and  Black  Buttes,  Wyoming,  but  they  differ  in 

having  the  nerves  arising  from  the  midrib  well  above  the  base  of  the  blade. 

The  species  under  discussion  has  precisely  the  same  shape  and  much  the 

same  nervation  as  Zizyplws  meehii  Lx.,3  but  this  differs  essentially  in  having 
a  dentate  margin. 

On  the  whole  it  ma}'  be  characterized  by  its  circular  shape,  entire 
margin,  and  five  nerves  from  the  base. 

Habitat:  North  of  Piny  on  Peak,  on  "Wolverine  Creek,  Yellowstone 
National  Park;   collected  by  Arnold  Hague,  August  10,  1887. 

PALIURUS    Z1ZYPHOIDES?   Lx. 

PI.  LXXVIII,  fig.  3. 

Paliurus  zizijphoides  Lx.:  Tert.  PI.,  p.  274,  PI.  LI,  figs.  1-6, 1S78. 

This  very  small  leaf  is  broken  at  the  base  and  otherwise  obscure,  but 

seems  to  belong  to  this  species. 

Habitat:  North  of  Piny  on  Peak,  on  Wolverine  Creek;  collected  by 

Arnold  Hague,  August  10,  1887. 

1  Lesquereux,  Tert.  EL,  p.  273.  PI.  L,  figs.  13-17. 

"Op.cit.,Pl.  LI,  tig.  2. 

3  Op.  cit..  p.  275,  PI.  LI,  figs.  10-11. 
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DOMBEYOPSIS    PLATANOIDES    Lx. 

PI.  LXXVIII,  fig.  1. 

Dombeyopsis  platanoides  Lx.:  Tert.  FL,  p.  254,  PI.  XLVII,  figs.  1,  2,  1878. 

A  single  specimen. 

Habitat:  Top  of  Mount  Everts,  west  face;  collected  by  George  M. 

Wright,  July  7,  1885. 

Andromeda  grayana  Heer. 

Andromeda  grayana  Heer:  Fl.  Foss.  Alaska,  p.  34,  PI.  VIII,  fig.  5.  Lesquereux: 
Tert.  Fl.,  p.  234,  PI.  XL,  fig.  4.  Knowltou:  Bull.  U.  S.  Geol.  Surv.  No.  105, 

p.  56. 
Habitat:  Mount  Everts,  near  the  summit  of  the  west  end;  collected 

by  F.  H.  Knowlton,  July  27,  1888. 

Trapa!  microphylla  Lx. 

PI.  LXXVII,  figs.  3,  4. 

Trapa?  microphylla  Lx.:  Tert.  Fl.,  p.  295,  PI.  LXI,  figs.  16-17«.  Ward:  Types  Lara- 
mie Fl.,  p.  64,  PI.  XXVIII,  figs.  2-5. 

This  is  undoubtedly  the  same  species  as  that  figured  by  Lesquereux 
from  Point  of  Rocks,  Wyoming,  and  by  Ward  from  Burns  Ranch,  on  the 
lower  Yellowstone.  It  shows  more  the  habit  of  the  specimen  figured  by 
Ward,  but  has  the  general  nervation  of  all  the  specimens  referred  to  this 

species. 
In  fig.  15«  of  Tertiary  Flora  the  leaflets  are  petioled,  while  in  fig.  15 

they  are  clearly  similar  to  Professor  Ward's  examples. 
These  curious  but  well-marked  leaves  can  not  possibly  belong  to  the 

genus  Trapa  as  we  now  understand  it,  but  as  I  am  at  present  absolutely 
unable  to  suggest  any  other  affinity,  I  can  do  nothing  but  leave  their 
correct  determination  to  be  settled  by  future  workers. 

Habitat:  North  of  Pinyon  Peak,  on  Wolverine  Creek;  collected  by 
Arnold  Hague,  August  10,  1887. 



662  GEOLOGY  OF  TEIE  YELLOWSTONE  NATIONAL  PARK. 

Diospyros  stenosepala  Heer. 

Biospyros  stenosepala.  Heer.    Lesquereux :  Fifth  Ann.  Rept.  IT.  S.  Geol.  and  Geog. 
Surv.  Terr.,  p.  296,  1871  (1872). 

Habitat:  "Divide  between  the  source  of  Snake  River  and  the  southern 

shore  of  Yellowstone  Lake." 

Fraxinus  denticulata  Heer. 

PI.  LXXVIII,  fig.  6. 

Fraxinus  denticulata  Heer:   Fl.  Foss.  Arct.,  Vol.  L  p.  118,  PI.  XVI,  fig.  4;  PI.  XLVII, 
fig.  2.    Lesquereux :  Tert.  Fl..  p.  228,  PI.  XL,  figs.  1, 2. 

Several  well-preserved  specimens  that  are  referred  with  certainty. 

Besides  these  there  are  several  other  well-preserved  examples,  of  which  the 
one  figured  is  perhaps  the  best,  that  are  somewhat  larger  than  the  types, 

but  still  appear  to  belong  with  them.  The  nervation  is  obscure,  but  the 

shape  and  toothed  margin  are  quite  similar. 

Habitat:  Mount  Everts,  near  summit  of  the  west  end;  collected  by 

F.  H.  Knowlton,  July  27,  1888. 

Viburnum  rotundifolium  Ix. 

PI.  LXXVII,  tig.  10;  PL  LXXVIII,  figs.  2,  8.  9. 

Viburnum  rotundifolium  Lx.:  Tert,  Fl.,  p.  225,  PI.  XXXVII,  fig.  12;  PI.  XXXVIII, 
fig.  10;  PI.  LXI,  tig.  22. 

There  is  considerable  difference  in  size  among  the  specimens,  but  they 

seem  to  belong  together,  and  to  approach  quite  closely  to  Lesquereux's 
species.  The  small  leaf  shown  in  fig.  9,  for  instance,  is  certainly  the  same 

as  the  plant  figured  by  Lesquereux  (loc.  cit.,  PL  LXI,  fig.  22),  while  fig.  8 

is  like  fig.  10,  PI.  XXXVIII  (loc,  cit.). 

Habitat:  North  of  Pinyon  Peak,  on  Wolverine  Creek;  collected  by 

Arnold  Hague,  August  10,  1887. 



FOSSIL  FLORA. 
663 

Table  showing  geological  distribution  of  Laramie  2>l  ants. 
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a  Very  doubtful. 

DISCUSSION   OF   LARAMIE   FLORA. 

It  will  be  observed  that  there  are  only  three  localities  within  the 

Yellowstone  National  Park  that  have  afforded  Laramie  plants,  viz:  Near  the 

summit  of  Mount  Everts,  the  valley  of  Wolverine  Creek,  and  the  more  or 

less  doubtful  locality  known  as  "divide  between  the  source  of  Snake  River 

and  the  southern  part  of  the  Yellowstone  Lake."  It  has  not  been  possible 

to  relocate  the  latter  place,  but  as  it  is  in  a  region  in  which  Laramie  strata 

are  known  to  occur,  and  several  of  the  species  represented  have  since  been 

found  in  Laramie  strata  outside,  it  is  assumed  to  be  correct, 
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This  flora  embraces  only  18  species,  of  which  number  8  are  confined 

to  the  Mount  Everts  locality,  7  to  Wolverine  Creek,  and  3  to  the  above- 
mentioned  doubtful  locality. 

Of  the  8  species  found  at  Mount  Everts,  1  (Ph  rag  mites  falcata)  is 

described  as  new,  and  2  species  (Quercus  ellisiana  and  Dombeyopsis  plat- 

anoides)  have  never  before  been  found  outside  of  the  so-called  Bozeman 
Laramie.  The  2  species  regarded  as  doubtful  (Myrica  bolanderi  and 

Malapoenna  weediana)  depend  on  a  single  fragment  each  and  are  obviously 

of  no  value  in  determining  the  age.  They  are  found  normally  in  much 

higher  horizons  Of  the  3  remaining  species,  Sequoia  reichenbachi  has 

been  found  in  the  Livingston  beds,  but  is  also  found  in  the  true  Laramie, 

and  abundantly  in  still  older  strata.  Andromeda  grayana  and  Fraxinus 

dentictdata  have  been  found  in  both  Laramie  and  Livingston  beds  in  the 
Bozeman  area. 

The  evidence  of  the  fossil  plants  confirms  that  derived  from  the  study 

of  the  stratigraphy,  namely,  that  the  beds  near  the  summit  of  Mount 

Everts  are  of  Laramie  age. 

Of  the  7  species  from  Wolverine  Creek,  3 — Asplenium  haguei,  Onoclea 

minima,  and  Paliurus  minimus — are  described  as  new.  The  first  of  these 

does  not  appear  to  have  any  very  close  relatives  in  North  America,  but 

apparently  finds  its  nearest  analogue  in  certain  species  from  the  Creta- 
ceous of  Greenland.  Onoclea  minima,  on  the  other  hand,  is  very  close  indeed 

to  a  fern  from  Point  of  Rocks,  Wyoming,  that  has  been  described  under  the 

manuscript  name  of  Woodivardia  crenata.  The  Wyoming  plant  depends  on 

two  or  three  small  fragments,  which,  as  pointed  out  under  the  diagnosis  of 

Onoclea,  are  hardly  sufficient  to  properly  characterize  it.  It  is  quite  possi- 
ble that  when  new  material  shall  be  obtained  these  two  plants  will  be  found 

identical.  Paliurus  minimus  is  perhaps  nearest  to  P.  zizyphoides  from  Black 

Buttes,  Wyoming,  and  Erie,  Colorado.  The  4  remaining  species  are 

distributed  as  follows :  Sequoia  langsdorfii  is  represented  by  1  small  branch- 
let,  and  the  identification  is  probably  correct,  as  it  is  an  easily  recognized 

species.  It  has  a  wide  geological  and  geographical  distribution,  being 

especially  abundant  in  the  lower  Fort  Union  beds.  Paliurus  minimus  is 

doubtfully  identified  in  this  material.  As  stated  above,  it  is  a  true  Lara- 
mie species.  Viburnum  rotundifolium  is  also  a  Laramie  species.  It  has 

never  before  been  found  outside  of  the  type  locality,  which  is  Point  of 
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Rocks  and  Black  Butties,  Wyoming.  The  most  interesting-  species  is  Trapaf 
mierophylla.  It  is  represented  by  several  perfectly  characteristic  specimens. 
This  species  was  first  described  from  Point  of  Rocks,  Wyoming,  and  was 
found  later  by  Professor  Ward  in  lowest  Fort  Union  beds,  near  the  mouth 
of  the  Yellowstone  River.  The  Wolverine  Creek  specimens  approach 

closest  to  Professor  Ward's  specimens.  Professor  Ward  is  of  the  opinion 
that  these  lower  beds  represent  the  Laramie,  since  the  plants  in  them  differ 
from  those  in  the  undoubted  Fort  Union  beds. 

The  three  species  from  the  divide  between  Snake  River  and  the 
southern  part  of  Yellowstone  Lake  are  of  little  value  in  determining  the 
age.  Geonomites  schimperi  has  never  been  found  in  any  other  locality,  and 
Diospyros  stenosepala  is  very  doubtful  indeed.  It  has  not  since  been  col- 

lected, and  the  specimen  on  which  Lesquereux  based  his  determination  can 
not  now  be  found.  The  only  remaining  species,  Anemia  subcretacea  or 
Gymnogramma  haydenii  of  Lesquereux,  has  a  wide  distribution,  having  been 
found  in  the  Laramie,  Denver,  and  Eocene. 

DESCRIPTION  OF  FOSSIL  PLANTS  FROM  THE  TERTIARY  OF  THE 
YELLOWSTONE  NATIONAL  PARK. 

PLANTS,  EXCLUSIVE    OF    FOSSIL  WOOD. 

FILICES. 

WOODWARDIA    PREAREOLATA  11.  sp. 

PI.  LXXIX,  fig.  1. 

Frond  pinnate;  pinnae  alternate,  lanceolate,  with  slightly  undulate 
margins,  connate  at  their  bases,  forming  a  broad  wing  on  the  rachis;  nerva- 

tion strongly  reticulated,  consisting  of  one  or  two  rows  of  long  lacunae 
next  to  the  main  rachis  and  along  the  secondary  rachis,  and  the  remainder 
forming  large  polygonal,  slightly  elongated,  meshes. 

Unfortunately  the  specimen  figured  represents  the  only  example  found. 
It  is  far  from  perfect,  being  only  a  segment  from  the  middle  of  a  frond, 
and  consequently  no  idea  can  be  gained  of  the  outline  of  the  whole  frond. 
The  segment  of  the  main  rachis  is  8  cm.  long.     The  pinnae  are  regularly 
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alternate — that  is,  are  the  same  distance  apart.  They  are  at  least  6  cm.  in 
length  and  2  cm.  in  width.  The  full  length  and  form  of  the  apex  could  not 

be  determined.     The  nervation  is  well  shown  in  the  figure. 

This  species  is  undoubtedly  very  closely  related  to  the  living  Woocl- 

wardia  areolata  (L.)  Moore — so  closely,  in  fact,  that  it  is  hardly  possible  to 

separate  them  satisfactorily.  The  pinna?,  are  alternate,  of  the  same  shape, 

and  have  identical  nervation  in  both.  The  only  difference  is  that  the 

margir  s  of  the  pinnae  are  entire  in  the  fossil  and  more  or  less  serrate  in  the 

living  species.  It  is  possible  that  more  material  of  the  fossil  form  would 

show  differences  in  this  respect  and  bring  them  absolutely  together. 

This  new  fossil  species  much  resembles  Onoclea  sensibilis  fossilis  New- 

berry, from  the  Fort  Union  group,  but  it  differs  in  having-  strictly  alternate 
pinnae  that  are  as  far  apart  as  it  is  possible  to  be.  The  pinna?  are  also  without 

lobes  of  any  kind,  being  only  slightly  undulated.  The  nervation  differs 

slightly  in  producing  more  elongated  areola?  in  0.  sensibilis  fossilis. 

In  nervation  W.  preareolata  resembles  IF.  latiloba  Lx.,1  from  the  Den- 
ver group,  but  differs  markedly  in  having  the  pinna?  unlobed. 

Habitat:  Northeast  side  of  Crescent  Hill,  opposite  small  pond;  col- 

lected by  F.  H.  Knowlton  and  G.  E.  Culver,  August  2,  1888. 

ASPLEMUM    IDDIXGSI    \\.    Sp. 

PI.  LNXIX,  figs.  2,3;  PI.  LXXX,  figs.  9. 10. 

Frond  large,  at  least  twice  pinnate;  main  rachis  thick,  slightly  zigzag; 

pinna?  alternate,  remote,  standing  at  an  angle  of  30°  to  45°,  long-lanceolate, 
tapering  to  a  rather  slender  apex,  rachis  strong,  often  abruptly  curved 

upward,  cut  into  numerous  alternate,  oblong,  obtusely-acuminate  pinnules 
with  upward-turning  points;  nervation  of  pinnules  simple,  consisting  of  a 
slender  midnerve  and  about  9  pairs  of  unforked,  close,  parallel  branches, 

which  are  slightly  arched  forward  in  passing  to  the  borders;  sori  oblong, 

nearer  the  margin  than  the  midnerve. 

This  fine  species  is  represented  by  a  large  number  of  well-preserved 

specimens.  It  appears  to  have  been  a  very  large  fern,  possibly  several 

times  pinnate,  but  none  of  the  specimens  show  the  larger  connections.  The 

largest  rachis  with  pinna?  attached  is  4  mm.  thick,  but  on  the  same  stone,  and 

'Tert.  Fl.,  p.  54,  PI.  Ill,  figs.  1,  la. 
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evidently  of  the  same  species,  are  stems  or  rachises  fully  8  mm.  thick.  There 
is  some  evidence  to  indicate  that  they  were  combined  into  a  very  large 
frond,  but  it  is  not  conclusive.  The  longest  example  is  about  20  cm.  long 
and  spreads  about  9  cm.  The  longest  pinna  (PI.  LXXX,  fig.  9)  is  preserved 
for  9  cm.  and  still  lacks  the  terminal  portion.  The  pinna?  vary  in  width 
from  10  to  24  mm.,  depending  upon  the  portion  taken. 

The  pinnae  are  cut  into  oblong  acuminate  pinnules,  the  sinus  some- 

times extending  to  within  one-third  of  their  length  of  the  base,  but  usually 
to  about  half  the  length.  Pinnules  with  a  slender  midnerve  and  7  to  10, 

usually  9,  pairs  of  close,  unforked  nerves.  The  lower  nerves  of  adjoining 
pinnules  unite  at  a  low  angle  and  pass  upward  and  end  in  the  sinus. 

Fruit  dots  were  observed  only  on  one  small  fragment  (PI.  LXXIX, 
fig.  2).  They  are  obscure,  but  as  nearly  as  can  be  made  out  they  are 
oblong  and  near  the  margin  of  the  pinnules.  Unfortunately  none  of  the 
larger  specimens  are  fruiting,  but  apparently  they  all  belong  to  the  same 

species. 
I  do  not  recall  any  fossil  species  to  which  this  seems  to  be  allied.  A 

number  that  have  been  described  resemble  it,  but  none  closely  enouo-h  to 
constitute  specific  similarity. 

I  have  named  this  species  in  honor  of  Prof.  Joseph  P.  Iddings,  of  the 
University  of  Chicago,  who  pointed  out  the  locality  which  afforded  the  best 
specimens. 

Habitat:  Yellowstone  River,  above  mouth  of  Hellroaring  Creek  (figs. 

3,  10);  bank  of  Yellowstone,  one-half  mile  below  mouth  of  Elk  Creek,  base 

of  bluff  (figs.  2,  9);  collected  by  F.  H.  Knowlton  from  Fossil  Forest  Ridge, 

bed  No.  6,  "Platanus  bed,"  August,  1888.  One  specimen  collected  by 
Lester  F.  Ward  and  F  H.  Knowlton,  August,  1887. 

ASPLENIUM    MAGNUM  n.  Sp. 

PI.  LXXIX,  figs.  5-8,  8a. 

Frond  simple,  pinnatifid,  sometimes  nearly  pinnate  below,  long  lance- 
olate in  outline,  from  a  regular  obtusely  wedge-shaped  base,  and  extending 

into  a  long  slender  apex;  cut  into  numerous,  mainly  alternate,  ovate,  sharp- 
pointed  lobes,  those  at  the  base  being  sometimes  cut  nearly  to  the  rachis, 
those  above  less  and  less  until  the  apex  is  nearly  entire;  nervation  of  the 
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lobes  or  pinnules  consisting  of  a  strong  midnerve  passing  to  the  tip,  and 

6  or  8  pairs  of  alternate  once-forked  lateral  nerves;  fruit  dots  not  seen. 

This  large  and  striking  species  is  the  most  abundant  fern  found  in  the 

Park.  It  is  represented  in  the  collection  by  fully  40  specimens,  all  from 

one  locality.  The  largest  example  (fig.  7)  is  17.5  cm.  long  and  2.5  cm. 

broad,  and  still  lacks  the  terminal  portion.  It  has  a  stipe  8  mm.  long  and  2 

mm.  thick.  Fig.  5  is  16  cm.  long  and  23  mm.  broad,  and  lacks  both  base 

and  apex.     Some  of  the  fronds  must  have  been  fully  25  cm.  long. 

This  species  is  well  characterized.  It  has  a  thick  grooved  rachis  (1mm.) 

and  a  short  thick  stipe.  The  lobes  or  pinnules  are  irregularly  ovate,  sepa- 

rated usually  to  the  middle  by  a  sharp  sinus,  and  having  a  sharp  upward- 

pointing  apex.  The  nervation  consists  of  a  strong  midnerve  ending  in  the 

apex  and  about  7  pairs  of  alternate  forked  branches.  As  in  the  former 

species,  the  lower  nerves  of  adjacent  lobes  unite  and  pass  upward  to  the 

sinus.     Occasionally  there  may  be  an  unforked  nerve,  but  it  is  the  exception. 

This  species  is  associated  in  the  same  beds  with  A.  iddingsi  and  much 

resembles  it,  differing,  however,  in  having  apparently  simple  fronds  that 

are  uniformly  larger  than  the  pinna?  of  the  former  species,  and  in  having 

the  nervation  of  the  lobes  always  forking  (see  fig.  8  and  8a).  It  differs 

further  in  having  a  short  stipe  and  in  having  the  upper  portion  nearly  or 
quite  entire. 

The  correctness  of  this  generic  reference  is  of  course  a  matter  of  more 

or  less  doubt,  as  no  fruiting  specimens  have  been  found,  but  the  fern  appears 

to  be  allied  generically  at  least  to  A.  iddingsi.  It  is  certainly  a  well-marked 

species  for  geological  purposes. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

Yellowstone  National  Park,  at  base  of  bluff;  collected  by  F.  H.  Knowlton, 

August,  1888. 

Asplenium  erostjm!  (Lx.)  Kn. 

PI.  LXXX,  fig.  C. 

Asplenium  erosum  (Lx.)  Ku. :  Bull.  U.  S.  Geol.  Surv.  No.  152,  p.  45,  1898. 
Pteris  erosa  Lx.:  Tert.  PI.,  p.  53,  PI.  IV,  fig.  8. 

This  appears  to  be  the  same  as  described  by  Lesquereux,  but  is  obscure 

and  difficult  to  make  out.  None  of  the  specimens  are  complete,  and  all  have 

the  nervation  very  poorly  preserved.     The  margin  seems  more  erose  than 
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the.  type,  and  the  nerves  may  not  fork.  It  is  possible  that  it  is  a  new 
species,  but  until  better  material  can  be  obtained  I  have  preferred  to  retain 
the  specimens  under  this  sjDecies. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek; 
collected  by  F.  H.  Knowlton,  August  13,  1888  (fig.  6).  Yellowstone  River, 
wall  of  canyon  above  mouth  of  Hellroaring  Creek;  collected  by  W.  H 
Weed,  October  13,  1887. 

AsPLENIUM    REMOTIDENS    11.  Sp. 

PL  LXXX,  fig.  7. 

Pinnae  large,  coriaceous,  broadly  lanceolate,  taper  pointed,  obtuse 
and  unequal  sided  at  base;  margin  with  few  remote  sharp  teeth;  midvein 

strong;  lateral  veins  at  an  angle  of  about  45°,  simple  or  forking  once  some 
distance  above  the  midvein;  sori  not  seen. 

The  very  perfect  example  figured  is  the  only  specimen  obtained.  It 
is  11  cm.  in  length  and  2.5  cm.  broad.  It  is  broadly  lanceolate  with  a 
slender  tapering  apex  and  obtuse  unequal-sided  base.  The  nervation  is 
very  obscure.  It  is  probable  that  all  of  the  lateral  veins  fork,  but  it  was 
not  possible  to  make  this  out,  and  the  figure  shows  many  as  unforked. 
The  ones  that  are  made  out  to  have  the  fork  show  it  some  distance  above 
their  base. 

This  species  is  very  closely  allied  to,  if  not  indeed  identical  with, 
Asplenium  erosum  (Lx.)  Kn.,1  from  the  Denver  formation  of  Colorado.  It 
has  exactly  the  same  shape,  but  differs  in  having  few  remote  teeth,  and  in  the 
branching  of  the  veins.  In  A.  erosum  the  veins  fork  at  the  base  and  occa- 

sionally above  the  middle.  In  any  case  the  species  are  very  close  together 
and  may  be  combined  at  any  time  if  future  material  from  the  Yellowstone 
National  Park  shows  variation  in  the  characters  now  relied  upon  for  their 
separation. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Greek 
at  base  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

Dryopteris  weedii  n.  sp. 

PI.  LXXX,  fig.  S;  PL  LXXXI,  fig.  2. 

Frond  twice  pinnate;  pinnae  probably  lanceolate  in  outline;  pinnules 

Under  Pteris  erosa  Ex.,  Tert.  PI.,  p.  53,  PI.  IV,  fig.  8;  Cret.  and  Tert.  PI.,  p.  121,  PI.  XIX,  fig.  1. 
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opposite  or  subopposite,  nearly  at  right  angles  to  the  rachis,  long-lanceolate, 
rather  abruptly  acuminate,  cut  to  within  a  very  short  distance  of  the  rachis; 

nervation  simple,  consisting  of  a  strong  straight  midvein  and  numerous 

(about  20)  pairs  of  opposite,  parallel,  unbranched,  lateral  nerves;  fruit 

dots  small,  round,  on  the  backs  of  the  nerves  midway  between  the  midvein 

and  the  margin. 

This  beautiful  species  is  represented  by  several  specimens,  the  best  of 

which  is  shown  in  fig.  8.  The  pinnules  are  opposite  or  subopposite.  They 

are  long,  slender,  and  pointing  upward.  The  nervation  is  very  regular, 

consisting  of  the  strong  midvein  and  18  to  20  or  more  pairs  of  opposite 

parallel  veins.  The  fruit  dots  are  distinct,  though  small,  and  borne  on  the 

veins  midway  between  the  midvein  and  margin. 

This  species  is  closely  allied  to  Lastrea  goldiana  (Lx.)  Kn.,'  from  the 
Denver  beds  of  Golden,  Colorado.  It  does  not  so  closely  resemble  the 

figure  given  by  Lesquereux  as  it  does  certain  forms  that  have  been  referred 

to  it  in  my  forthcoming  monograph  of  the  Laramie  and  allied  formations. 

The  type  of  the  species  is  described  by  Lesquereux  as  having  5  to  7  pairs 

of  nerves,  while  the  forms  that  I  have  referred  to  it  have  10  pairs,  with 

no  other  apparent  difference.  Dryopteris  iveedii,  as  stated,  has  18  to  20  or 

more  pairs.  The  pinnules  are  from  10  to  16  mm.  long  and  about  5  mm. 

broad,  whereas  those  of  L.  goldiana  are  only  7  to  9  mm.  long  and  3  or  4 
mm.  broad. 

From  this  it  is  clear  that  these  two  species  are  quite  closely  related, 

and  possibly  a  larger  series  of  specimens  might  show  them  to  be  identical, 

but  for  the  present  it  is  best  to  regard  them  as  different. 

I  have  named  this  species  in  honor  of  Mr.  Walter  Harvey  Weed,  by 

whom  the  first  specimens  were  collected. 

Habitat:  Yellowstone  River,  breccia  in  wall  of  canyon  above  mouth 

of  Hellroaring  Creek  (PI.  LXXXI,  fig.  2);  collected  by  Walter  Harvey 

Weed,  October  13,  1887.  Cliff  on  Yellowstone  River  (left  hand),  short 

distance  above  mouth  of  Hellroaring  Creek  (PI.  LXXX,  fig.  8) ;  collected 

by  F.  H.  Knowlton,  August  10,  1888. 

1  This  was  first  called  Aspidimn  goldianum  by  Lesquereux  (Seventh  Ann.  Rept.,  1873  p.  303),  but  was 
later  changed  to  Lastrea  (Gonioplerh)  goldiana  (cf.  Tert.  FL,  p.  56,  PI.  IV,  tig.  13). 
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Dryopteris  xantholithense  n.  sp. 

PI.  LXXXI,  fig.  1. 

Frond  pinnate?;  pinna?  lanceolate;  pinnules  opposite, lanceolate-deltoid, 

obtuse,  cut  to  within  one-third  of  their  length  of  the  base,  much  arched 

upward  at  the  point;  nervation  simple,  consisting-  of  well-marked  midvein 

'  and  9  or  10  pairs  of  opposite,  parallel,  unbranched  lateral  veins;  sori  large, 
round,  on  the  backs  of  the  veins  at  about  one-third  of  their  length  from 
the  midvein. 

Of  this  well-marked  species  the  single  specimen  figured  was.  the  only 
one  found.  It  is  not  preserved  entire,  the  fragment  being  about  5  cm.  in 

length.  There  is  therefore  no  means  of  knowing  whether  or  not  it  was 

simple  or  compound.  The  portions  of  the  pinnae  preserved  are  of  the  same 

width  throughout,  showing  that  they  probably  came  from  the  middle  por- 

tion. The  pinnules  are  opposite  and  arise  at  an  angle  of  30°  or  40°  from 
the  rachis.  They  are  lanceolate-deltoid  in  shape,  and  about  12  mm.  long 
and  5  mm.  broad,  being  much  arched  upward  at  the  extremity.  The  fruit 

dots  are  large,  round,  and  placed  on  the  backs  of  the  veins  near  the  mid- 
vein. 

This  species  is  allied  to  Dryopteris  tveedii,  from  which  it  clearly  differs 

in  having  much  shorter,  arching  pinnules,  only  9  or  10  pairs  of  nerves,  and 

larger  fruit  dots  which  are  nearer  the  midvein.  The  nervation  is  the  same 

in  character,  but  differs,  as  stated,  in  number  of  pairs  of  veins. 

From  Lastrea  goldiana  this  species  differs  in  much  the  same  manner. 

It  has  more  arching  pinnules,  and  is  quite  different  in  general  appearance. 

The  number  of  pairs  of  nerves  is,  however,  about  the  same ;  all  of  which 

goes  to  show  that  these  three  species  are  closely  related. 

Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  6, 

"Platanus  bed;"  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton,  August 
19,  1887. 

DEVALLIA?    MONTANA  11.   Sp. 

PI.  LXXIX,  fig.  4. 

Frond  thin,  twice  pinnate,  possibly  more  compounded;  rachis  strong; 

pinnae  alternate,  lanceolate,  ending  in  a  sharp,  hair-like  point;   cut  into  5 
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or  6  lobes  or  pinnules,  the  sinuses  toward  the  base  going  nearly  to  the 

secondary  rachis,  more  entire  near  the  apex;  lower  pinnules  or  divisions 

2  or  3  toothed,  all,  but  especially  the  terminal  pinnules,  ending-  in  long, 

slender,  outward-pointing-  teeth;  nervation  simple,  consisting  of  a  strong 
secondary  rachis  with  rather  delicate  nerves  pointing  to  the  pinnules;  the 

nerves  near  the  base  two  or  three  times  branching,  the  branches  entering 

the  teeth;  nerves  near  the  extremity  unbranched. 

The  small  fragment  figured  represents  all  that  was  found  of  this 

species.  It  is  only  about  30  mm.  long  and  25  mm.  broad,  the  pinna?  being 

17  mm.  in  length  and  approximately  10  mm.  in  width. 

Notwithstanding  the  smallness  of  the  fragment,  there  is  enough  to 

show  that  it  differs  markedly  from  any  other  form  in  the  Park  flora,  I  am 

quite  at  loss,  however,  to  indicate  its  generic  affinities.  I  have  placed  it 

under  Devallia  tentatively,  and  can  only  hope  that  subsequent  material  will 

serve  to  fix  more  satisfactorily  its  position. 

Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No. 

3,  "Magnolia  bed;"  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton, 

August  16-19,  1887. 

Lygodium  kaulfusii  Heer. 

PI.  LXXX,  tigs.  1-3. 

Lygodium  neuropteroides  Ls.:  Teit,  Fl.,  p.  (3L,  Pi.  V,  tigs.  -1-7;  PI.  VI,  tig.  1. 

According  to  Gardner,1  the  Lygodium  neuropteroides  of  Lesquereux  is 
absolutely  identical  with  L.  kaulfusii  of  Heer.  Lesquereux  was  shown 

specimens  of  the  true  L.  kaulfusii  from  the  British  Eocene  and  pronounced 

them  "positively  identical"  with  his  species  from  the  Green  River  group 

and  later  formations.  A  glance  at  Gardner's2  figures  shows  that  it  is  impos- 
sible to  separate  the  American  specimens. 

This  species  was  found  at  two  localities  in  the  Yellowstone  National 

Park,  namely,  on  the  Yellowstone  River  below  the  mouth  of  Elk  Creek, 
and  on  the  north  bank  of  the  Lamar  River  between  Cache  and  Calfee 

creeks.  The  specimens  from  below  Elk  Creek  are  in  hard,  rather  coarse- 
grained rock  at  the  base  of  the  section.     They  are  very  large,  having  lobes 

1  Brit.  Eoc.  Fl.,  Pt.  I,  Filices,  p.  47.  "■  Op.  oit.,  PI.  VII,  tigs.  1,  3-8  ;  PI.  X,  fig.  11. 
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8  cm.  long  and  2  cm.  broad,  and  very  much  resemble  a  figure  of  this  species 

given  by  Newberry, 1  from  the  Pacific  coast. 
The  specimens  from  the  Lamar  River  are  much  slenderer,  being  7  cm. 

long  and  less  than  1  cm.  broad.  Some  of  them,  as  fig.  2,  are  very  small  and 
delicate.  In  nervation  the  specimens  from  both  localities  agree  perfectly, 
as  they  do  with  European  specimens. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 
at  base  of  section;  collected  by  F.  H.  Knowlton,  August  13,  1888.  North 
bank  of  Lamar  River,  between  Cache  and  Calfee  creeks;  collected  by  F.  H. 
Knowlton,  August  21,  1888. 

OSMUNDA  AFFINIS  Lx. 

PI.  LXXX,  figs.  4,  5. 

Osmmula  affinis  Lx. :  Tert.  Fl.,  p.  GO,  PI.  IV,  fig.  1. 

The  Park  collection  contains  specimens  of  several  detached  pinnules 
that  it  seems  necessary  to  refer  to  this  species.  They  are  about  the  same 

size  as  Lesquereux's  type  specimen,  but  are  better,  in  that  they  show  the 
bases  of  the  pinnules. 

In  the  collection  of  Denver  group  plants  recently  worked  up  there  are 
a  number  of  specimens  of  this  species,  some  of  which  are  very  fine.  One 
in  particular,  which  has  been  figured  for  the  forthcoming  monograph  of  the 
Laramie  and  allied  formations,  is  very  large  and  perfect.  It  has  a  long 
zigzag  rachis  with  numerous  sessile  pinnules  alternately  attached.  They 
have  a  distinctly  heart-shaped  base,  a  slightly  undulate  margin,  and  a 
tapering  but  obtuse  apex.  In  all  these  particulars,  as  well  as  in  nervation, 
the  Park  specimens  agree.  The  latter  are  a  little  shorter  than  the  Denver 
specimens,  and  one  is  a  trifle  broader,  but  the  differences  are  unessential. 

There  is  no  knowing  the  part  of  the  frond  from  which  they  came,  and  this 
may  readily  account  for  discrepancies. 

Habitat:  Southeast  side  of  hill  north  of  Lost  Creek,  Yellowstone 

National  Park,  bed  No.  1,  about  6,5f>0  feet  altitude;  collected  by  F.  H. 
Knowlton,  August  5,  1888. 

'Plates,  PI.  LXII,  fig.  1.     [Ined.] 

MON  XXXII,  PT  II   43 



674  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

EQUISETACEiE. 

Equisetum  haguei  n.  sp. 

PI.  LXXXI,  figs.  3,  4. 

Stem  simple,  striate,  articulate;  articulations  rather  long;  sheaths 

short;  teeth  long,  appressed,  sharp-pointed. 
This  species  is  represented  by  numerous  fragments,  many  of  which, 

however,  show  the  sheaths.  The  stem  is  from  4  to  6  mm.  broad  and  the 

articulations  are  5  to  6  cm.  in  length.  It  is  plainly  striate,  with  usually  9 

ribs.  The  sheaths,  which  are  darker  in  color  than  the  stem,  are  6  or  7  mm. 

in  length  and  are  provided  with  closely  appressed,  very  sharp-pointed  teeth, 
about  3  mm.  long. 

If  there  are  8  or  9  ribs  now  visible  in  the  flattened  stems,  it  seems 

safe  to  assume,  inasmuch  as  they  were  cylindrical,  that  they  have  16  or  18 

ribs,  and  an  equal  number  of  teeth. 

It  was  at  first  supposed  that  these  specimens  could  be  referred  to  E. 

limosum  L.  [see  following  species],1  as  identified  by  Lesquereux  from  mate- 
rial collected  by  Hayden  from  basaltic  rocks  near  the  Yellowstone  Lake ; 

but  an  examination  of  the  type  specimen  preserved  in  the  United  States 

National  Museum  (No.  41)  shows  that  they  can  not  be  the  same.  Lesque- 

reux's  specimen  has  only  4  or  5  ribs  visible,  making,  as  he  says,  about  10 
for  the  entire  diameter,  while  this  has  16  to  18,  and  possibly  as  many  as  20. 

The  segments  of  the  stem  are  only  about  1  cm.  in  length  in  Lesquereux's 
specimen  and  6  or  7  cm.  in  the  one  under  discussion.  The  sheaths  are 

also  longer  and  the  teeth  sharper  in  E.  haguei. 

Among  living  species  this  seems  to  approach  closely  to  E.  limoswni  L.; 

more  closely,  in  fact,  than  does  the  specimen  referred  to  E.  limosum  by 

Lesquereux. 
I  have  named  this  species  in  honor  of  Mr.  Arnold  Hague,  who  pointed 

out  the  locality  where  it  was  found. 
Habitat:  Southeastern  end  of  hill  north  of  Lost  Creek,  Yellowstone 

National  Park,  bed  No.  5;   collected  by  F.  H.  Knowlton,  18S8. 

'Fifth  Ann.  Rept.  U.  S.  Geol.  audGeog.Surv.  Terr.,  1871  (1S72),  p.  299;  Tert.  Fl.,  p.  69,  PI.  VI,  tig.  5. 
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EQUISETUM    LESQUEREUX1I    Kll. 

Equisetum  lesquereuxii  Ku.:  Bull.  U.  S.  Geol.  Surv.  No.  152,  p.  94,  1S98. 

Equisetum  limosum  Linn.  Lesquereux:  Fifth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Surv. 
Terr.,  1871  (1872),  p.  299;  Tert.  FL,  p.  69,  PL  VI,  fig.  5. 

As  already  stated  under  E.  hagnei,  the  type  specimen  of  this  species  is 

in  the  United  States  National  Museum  (No.  41).  The  figure  given  in  Tert. 

Fl.  (PI.  VI,  fig.  5)  is  much  more  perfect  than  the  specimen  proves  to  be. 

The  figure  shows  7  ribs  and  the  same  number  of  teeth,  which  would  make 

at  least  14  ribs  for  the  whole  stem.  The  specimen  shows  only  4  or  5  ribs, 

and  the  sheaths  and  teeth  are  very  obscure. 

As  it  seems  very  unlikely  that  it  should  belong-  to  the  living  species, 
I  have  ventured  to  change  it,  and  have  named  it  in  honor  of  Professor 

Lesquereux. 

Habitat:   "Near  Yellowstone  Lake,  among  basaltic  rocks." 

Equisetum  canalioulatum  n.  sp. 

PI.  LXXXI,  figs.  6,  7. 

Stem  large,  about  50-ribbed;  articulate;  articulation  long;  sheath 

obscure,  but  apparently  short;  teeth  numerous,  short- appressed,  sharp- 

pointed. 
This  species  is  represented  by  the  two  fragments  figured  and  a  number 

of  other  doubtful  ones,  which  are  hardly  enough  to  properly  characterize 

the  species;  but  they  seem  to  differ  from  all  described  species  likely  to 

occur  in  this  region,  and  I  have  ventured  to  give  them  a  new  name. 

More  perfect  material  may  bring  out  the  relationship. 

The  longest  stem  (fig  6)  is  about  6  cm.  in  length,  and  the  broadest 

on  that  piece  of  material  is  13  mm.  The  other  specimen  (fig.  7)  is  5  cm. 

long  and  21  mm.  broad.  The  ribs  are  distinct,  yet  not  specially  strong. 

They  number,  as  nearly  as  can  be  made  out,  about  25  on  a  side,  or 

approximately  50  for  the  entire  diameter.  The  length  of  the  segments  can 

not  be  made  out.  The  sheath  is  also  obscure.  It  may  be  that  fig.  6  repre- 

sents a  single  sheath;  if  so,  it  is  long,  but  the  other  specimen  gives  slight 

evidence  of  having  a  short  sheath.  The  teeth  are  short  and  appressed  and 

end  in  slender  points.  As  near  as  can  be  made  out,  there  are  about  25 

teeth  in  view,  or  something  like  50  for  the  whole  stem. 
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The  two  stems  shown  in  the  upper  part  of  fig.  6  show  a  distinct  line 

of  tubercles  about  the  slight  constriction.  They  probably  represent  the 

lower  portions  of  the  stems. 

Habitat:  Yancey  Fossil  Forest,  beds  near  the  upright  stumps  (fig. 

6);  collected  by  F.  H.  Knowlton,  August  28,  1888.  End  of  Specimen 

Ridge,  opposite  Junction  Butte,  near  large  upright  stumps;  collected  by 

Lester  F.  Ward  and  E.  C.  Alderson,  August  25,  1887.  Yellowstone  River, 

one-half  mile  below  Elk  Creek,  at  base  of  bluff;  collected  by  F.  H. 

Knowlton,  August  27,  1888.  Cliff  west  of  Fossil  Forest  Ridge;  collected 

by  Ward  and  Knowlton,  August  15,  1887. 

Equisetum  deciduum  n.  sp. 

PI.  LXXXI.  fig.  5. 

Stems  large,  many-ribbed,  articulate,  sheathed;  sheaths  short,  without 

teeth. 
This  form  is  represented  by  several  specimens,  all  very  fragmentary 

and  obscure.  It  has  the  stem  15  mm.  in  diameter,  aud  the  sheath  14 

mm.  in  length.  The  diaphragm  is  clearly  shown  in  2  specimens,  and 

appears  to  have  been  thick.  The  sheath  is  close  and  without  teeth, 

which  probably  inidcates  relationship  of  this  species  with  living  species, 

such  as  E.  Memale,  E.  robustum,  etc.,  having  deciduous  teeth. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  base  of  bluff  (tig.  5);  collected  by  F.  H.  Knowlton,  August  27, 

1888.  Fossil  Forest  Ridge,  bed  No.  6,  "Platanus  bed;"  collected  by 
Ward  and  Knowlton,  August  19,  1887. 

CONIFERvE. 

PlNUS  GRACILISTROBUS  11    Sp. 

PL  LXXX,  fig.  12. 

Cone  lanceolate,  about  12  mm.  in  diameter  and  about  45  mm.  long 

(neither  base  nor  apex  preserved);  scales  in  7  or  8  rows,  regularly 

rhomboidal  in  shape,  about  6  mm.  in  transverse  and  about  5  mm.  in  vertical 

dimension;  scales  umbonate,  with  usually  3  slight  projections  on  the 

lower  angle. 

The  specimen  figured  is  the  only  one  found  of  this  species.     At  first 
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sight  it  seems  hardly  possible  to  have  so  long  and  narrow  a  cone  with  so 

large  scales,  but  this  cone  is  preserved  entire — that  is,  it  has  been  pressed 
flat,  and  by  turning  it  around  the  entire  series  of  scales  may  be  made  out. 

It  is  now  pressed  into  an  elliptical  shape,  with  a  long  diameter  of  about 

12  mm.  and  a  short  diameter  of  about  5  mm.  Its  length,  as  already  stated, 

is  approximately  45  mm. 
I  have  not  been  able  to  find  any  fossil  species  with  which  this  can  be 

compared.  There  are  a  number  having  scales  of  much  the  same  shape, 
but  none  with  the  same  sized  cone. 

Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  7, 

"Castaneabed;"  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton,  August 
16-20,  1887. 

PlNUS    PREMURRAYANA    11.  Sp. 

PI.  LXXXII,  iig.  5. 

Cone  narrowiy  ovate-conical,  rounded  at  base  and  gradually  narrowed 

above  to  a  very  obtuse  and  rounded  apex;  scales  thick,  regularly  rhom- 
boidal,  transversely  wrinkled,  each  provided  with  a  rounded  blunt  umbo,  or 

possibly  with  a  short,  stout  spine. 

This  species  is  represented  by  the  single  specimen  figured,  and  is  the 

most  perfectly  preserved  cone  I  have  ever  seen,  being'  preserved  entire,  with 
little  or  no  distortion.  It  is  about  8  cm.  in  length.  It  is  broadest  at  base, 

where  it  is  about  2.5  cm.  in  diameter,  from  which  point  it  tapers  gradually 

to  the  apex,  where  it  is  about  1  cm.  in  diameter.  The  scales  are  very 

tightly  closed,  showing  that  with  little  doubt  the  cone  was  serotinous.  They 

are  quite  regularly  rhomboidal,  being  about  10  mm.  long  and  6  mm.  high, 

and  appear  to  have  been  transversely  wrinkled.  The  tip  is  thick,  raised, 

and  was  provided,  in  all  probability,  with  a  short,  stout  spine. 

In  seeking  the  probable  affinities  of  this  cone,  a  number  of  interesting 

problems  are  presented,  first  of  which  is  the  state  of  maturity.  It  is,  of 

course,  a  well-known  fact  that  all  cones  are  tightly  closed  after  fertilization 

and  until  the  seeds  are  matured.  In  the  majority  of  cases  the  scales  open 

for  the  discharge  of  the  ripe  seeds,  yet  in  a  number  of  species  they  remain 

closed,  or  practically  so,  for  many  years.  The  seeds  of  these  serotinous 

cones  may  retain  their  vitality  for  years — a  provision  for  the  continuance 
of  the  species. 

Whether  the  cone  under  consideration  is  immature,  and  has  the  scales 
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closed  on  this  account,  or  is  a  strictly  serotinous  form,  is  a  difficult  matter 

to  decide.  On  the  whole  it  seems  probable  that  it  was  nearly  or  quite 

mature,  and  should  be  placed  among  those  with  normally  closed  scales. 

The  next  question  is,  What  is  the  age  of  this  cone? — that  is,  is  it  a 

cone  of  a  recent  species  or  does  it  represent  an  extinct  form?  The  phe- 
nomena are  so  active  in  the  Park  at  the  present  time  that  it  is  perhaps 

possible  for  a  cone  of  this  kind  to  be  replaced  with  silica  within  a  com- 
paratively short  space  of  time.  It  however  came  from  a  part  of  the  Park 

where  the  hot-springs  phenomena  have  ceased  for  a  long  period,  and  this 
lends  color  to  the  idea  that  it  is  not  of  very  recent  origin.  The  probability 

is,  therefore,  that  it  represents  an  extinct  rather  than  a  living'  species. 
This  cone  clearly  belongs  to  the  pitch  pines  and  not  to  the  soft  or  white 

pines,  and  in  determining  its  affinities  this  latter  group  must  be  excluded. 

At  the  present  time  there  are  3  species  of  pines  growing  in  the  Yellow- 
stone National  Park,  as  follows:  Pinus  scopulorum,  P.  flexilis,  and  P.  contorta 

murrayana.  Of  these,  P.  flexilis  belongs  to  the  white  pines  and  the  others 

to  the  so-called  pitch  pines,  and  of  these  the  last,  or  P.  contorta  -murrayana, 
is  by  far  the  most  abundant. 

I  have  shown  this  cone  to  a  number  of  botanists  familiar  with  the 

present  flora,  and  there  seems  to  be  much  diversity  of  opinion  as  to  its 

probable  relationship.  Mr.  F.  V.  Coville,  botanist  of  the  Department  of 

Agriculture,  inclines  to  regard  it  as  allied  to  an  immature  cone  of  P.  scopu- 
lorum,  but  a  careful  comparison  fails  to  sustain  this  view.  Mr.  George  B. 

Sudworth,  dendrologist  of  the  Department  of  Agriculture,  regards  it  as 

most  closely  allied  to  P.  contorta  murrayana,  the  lodge-pole  pine,  and  I  have 
so  considered  it.  It  is  of  approximately  the  same  shape  as  mature  cones  of 

this  species,  but  is  longer  and  rather  narrower.  It  is  not  improbable,  as 

suggested  by  Mr.  Sudworth,  that  it  represents  a  form  which  was  the  imme- 
diate ancestor  of  P.  contorta  murrayana,  and  I  have  given  it  the  tentative 

name  of  premurrayana. 

Habitat:  East  of  the  Yellowstone  Lake,  Yellowstone  National  Park. 

Collected  by  members  of  the  Yellowstone  National  Park  division  of  the 

United  States  Geological  Survey. 

Pinus sp. 

Cone  lanceolate?,  about  16  mm.  in  diameter,  length  of  part  preserved 

18   mm.;    scales   5   rows   in  part  preserved,  probably  about   10  or  12   in 
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whole  cone,  approximately  square  (or,  better,  rhomboidal),  5  mm.  in  each 

direction;  each  scale  marked  by  a  distinct  umbo,  and  with  a  prominent 

ridge  along  the  lower  part. 

The  specimen  described  is  also  the  only  one  observed.  It  is  possible 

that  it  may  be  the  same  as  P.  gracilistrobus,  as  it  comes  from  the  same  beds, 

but  it  is  nearly  twice  the  size,  and  differs  slightly  in  the  character  of  the 

scales  and  their  markings. 

Neither  the  base  nor  the  apex  is  preserved,  and  it  is  therefore  impos- 

sible to  know  the  length,  but  there  is  a  slight  indication  that  the  part 

preserved  is  near  the  upper  end,  as  it  is  slightly  narrowed.  This  may, 

however,  be  due  to  the  poor  state  of  preservation. 

As  stated  under  P.  gracilistrobus,  it  is  hardly  worth  while  to  attempt 

working  out  affinities  with  such  imperfect  material. 

Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  7, 

"Castanea  bed;"  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton,  August 
16-20,  1887. 

PlNUS    MACROLEPIS    11.  Sp. 

PI.  LXXX,  fig.  11. 

Scales  thick,  spatulate,  rounded  above,  slender  below,  with  a  raised 

margin  or  rim. 
The  mere  fragment  figured  represents  all  that  was  found  of  this  species. 

It  consists  of  portions  of  9  scales,  arranged  in  4  spiral  rows.  They  are 

broadly  spatulate,  being  rounded  above  and  narrow  below.  The  largest 

one  is  13  mm.  in  length,  6  mm.  broad  in  the  upper  portion,  and  about  3  mm. 

in  the  lower  portion.     The  scales  were  thick  and  have  a  strong  raised  rim. 

There  is  every  evidence  that  this  was  a  large  cone,  but  it  is  so  frag- 

mentary that  nothing  can  be  made  out  but  the  few  scales.  It  is  useless  to 

attempt  to  work  out  affinities,  except  that  it  was  probably  a  white  pine. 

Habitat:  Cliff  west  of  Fossil  Forest  Ridge,  Yellowstone  National  Park; 

collected  by  Lester  F.  Ward  and  F.  H.  Knowlton,  August  15,  1887. 

Pinus  wardii  n.  sp. 

Leaves  linear,  long,  apparently  in  twos,  ribbed,  not  terete. 

There  are  a  considerable  number  of  fragmentary  specimens  that  seem 

in  all  probability  to  belong  to  this  genus.     They  are  slender,  needle-like 
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leaves,  about  1  mm.  broad  and  at  least  8  cm.  in  length.  They  appear  to 
have  been  ribbed,  or  at  least  not  terete  in  cross  section.  In  no  case  has  the 

point  or  base  of  the  leaves  been  observed,  but  from  the  fact  that  two  leaves 

seem  to  be  found  side  by  side,  it  seems  quite  probable  that  they  were 

arranged  in  twos,  as  in  the  living  Pinus  eclulis  Engel.,  P.  contorta  Dough,  etc. 
These  leaves  have  a  more  or  less  close  resemblance  to  certain  described 

species,  but  they  are  too  indistinct  and  poorly  characterized  to  make  any 

comparison  valuable. 
Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  4, 

"Aralia  bed;"  altitude  about  8,175  feet;  collected  by  Lester  F.  Ward  and 
F.  H.  Knowlton,  August  20,  1887. 

Pinus  iddingst  n.  sp. 

PI.  LXXXII,  figs.  8,  9. 

Leaves  linear,  very  long,  teretish,  ribbed,  in  bundles  of  three,  sheath 

obscure,  but  apparently  short. 

The  collection  contains  a  number  of  needle-shaped  leaves  that  without 
doubt  belong  to  Pinus.  They  are  about  2  mm.  broad  and  at  least  13  cm. 

long,  but  none  are  preserved  entire.  They  appear  to  be  associated  in  threes, 

and  in  one  case  (see  fig.  8)  the  upper  portion  of  a  sheath  is  preserved  with 

three  leaves  arising  out  of  it.  As  near  as  can  be  made  out,  the  leaves  are 
round  on  one  side  and  flat  and  channeled  on  the  other. 

1  have  named  this  species  in  honor  of  Prof.  Joseph  P.  Iddings,  the 
collector. 

Habitat:  Andesitic  breccia  near  gulch  northwest  of  peak  west  of  Dun- 
raven;  collected  by  Joseph  P.  Iddings,  September  12,  1883. 

Taxites  olriki  Heer. 

PI.  LXXXII,  figs.  1,4,  5. 

Several  specimens  of  this  fine  species  were  found.  Thej^  agree  closely 

with  the  figures  given  by  Heer1  of  specimens  from  Atanekerdluk,  Greenland. 
Habitat:  Walls  of  the  canyon  of  Yellowstone  River  above  mouth,  of 

Hellroaring  Creek,  Yellowstone  National  Park;  collected  by  Walter  Harvey 

Weed,  October  13,  1887.     (Field  No.,  2961.) 

1  Fl.  Foss.  Arct.,  Vol.  I,  p.  95,  PI.  I,  figs.  21-24c. 
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Sequoia  couttsi.e  Heer. 

The  material  which  I  incline  to  refer  to  this  species  was  found  at  only 

one  locality  within  the  Park,  namely,  the  northeast  side  of  Crescent  Hill. 

It  was  abundant  and  fairly  well  preserved.  It  consists  of  masses  of  slender 

branches  with  short  acute  appressed  leaves,  in  some  cases  with  recurving 

or  at  least  spreading  tips.  In  a  number  of  cases  the  male  aments  were  pre- 
served. They  are  on  short,  slender  branches  covered  with  short  scales. 

The  aments  are  made  up  of  few  small,  irregular  scales. 

There  is  undoubtedly  much  confusion  in  regard  to  this  species.  Ac- 

cording to  Gardner,1  much  of  the  material  referred  to  by  Heer  and  others, 
from  Greenland  especially,  should  be  relegated  to  another  species,  which 

he  proposed  to  call  S.  ivliymperi.  Gardner  is  also  of  the  opinion  that  por- 

tions of  the  foliage  have  by  various  authors  been  separated  as  Glyptostrobus 

ungeri.  These,  as  he  points  out,  are  usually  associated  with  Sequoia 

cones,  and  are  "never  accompanied  by  any  trace  of  the  persistent  and  very 

distinct  cones  of  Glyptostrobus."  I  believe  this  to  be  true,  and  conse- 
quently I  would  refer  to  Sequoia  couttsics  the  numerous  specimens  figured 

by  Lesquereux  as  Glyptostrobus  ungeri,2  from  the  Green  River  group  of 
Florissant,  Colorado.  I  am  also  of  the  opinion  that  the  specimens  from  the 

Fort  Union  group,  at  the  mouth  of  the  Yellowstone,  described  by  Newberry3 
under  the  name  of  Glyptostrobus  europceus  Brongt,  should  be  placed  under 

Sequoia  couttsice.  I  have  never  seen  any  of  these  specimens,  however,  and 

base  this  conclusion  on  the  figures.  I  have  seen  a  number  of  specimens 

from  near  the  same  place,  collected  in  later  years,  and  they  seem  to  bear  out 
this  conclusion.  Some  of  the  material  from  the  so-called  Laramie  of  Canada 

also  appears  to  be  properly  referable  to  this  species.  The  whole  subject 

needs  thorough  revision,  with  specimens  at  hand  from  all  localities,  and 

until  this  can  be  had  no  determinations  can  be  regarded  as  final. 

Habitat:  Northeast  side  of  Crescent  Hill,  opposite  small  pond,  Yellow- 

stone National  Park;   collected  by  F.  H.  Knowlton,  August  2,  1888. 

1  Monog.  Brit.  Eoc.  Fl.,  Vol.  II,  Pt.  I,  Gyrrmospermn\  p.  39. 

2  Cret.  and  Tert.  Fl.,  p.  139,  PI.  XXII,  figs.  l-6a. 
3  See  Cret.  and  Tert.,  PI.,  XI,  figs.  6-8. 
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Sequoia  langsdorfii  (Brongt.)  Heer. 

PI.  LXXXII,  tig.  2. 

Sequoia  langsdorfii  (Brongt.)  Heer.:  PI.  Terr,  Helv.,  Vol.  I,  p.  54,  PI.  XX,  fig.  2;  PI. 
XXI,  fig.  \. 

This  is  by  far  the  most  abundant  and  widely  distributed  conifer  found 
in  the  Yellowstone  National  Park,  with  the  possible  exception  of  Sequoia 

magnified,  known  only  from  the  internal  structure.  It  occurs  in  many  places 

and  in  a  variety  of  forms — that  is  to  say,  the  branchlets  and  leaves  are  of 
various  sizes,  showing  that  they  have  come  from  many  individuals  and 

from  different  parts  of  the  tree.  They  are  not  of  the  same  size  and  char- 

acter as  specimens  from  the  Fort  Union  group  near  the  mouth  of  the  Yel- 

lowstone,1 being  rather  smaller  and  not  so  spreading,  but  they  are  very 

much  like  the  typical  leaves  figured  by  Heer2  from  Greenland. 
In  all  cases,  however,  the  attachment  of  the  leaves  appears  to  be 

characteristic  of  this  species.  In  one  exceptional  case  the  cellular  structure 

of  the  leaf  could  be  made  out.  This  agreed  perfectly  with  one  given  by 

Heer  (loc.  cit,  fig.  21). 
In  one  or  two  cases  male  aments  were  observed  which  much  resemble 

those  figured  by  Heer  (loc.  cit.,  fig.  19). 
Habitat:  Fossil  Forest  Ridge,  beds  Nos.  4,  6,  and  7;  collected  by 

Lester  F.  Ward  and  F.  H  Knowlton,  August  16-20,  1887.  Cliff  west  of 
Fossil  Forest  Ridge,  altitude  about  7,900  feet;  collected  by  Lester  F. 

Ward  and  F.  H.  Knowlton,  August  15,  18^7.  East  bank  of  Lamar  River, 

between  Cache  and  Calfee  creeks;  collected  by  F.  H.  Knowlton,  August  21, 

1888.  Southeast  side  of  hill  above  Lost  Creek,  bed  No.  1;  collected  by 

F.  H.  Knowlton,  August  9,  1888.  Yancey  fossil  trees;  collected  by  F.  H. 

Knowlton,  August,  1888.  South  end  of  Crescent  Hill,  about  300  feet 

above  main  wagon  road,  bed  6  feet  below  "Piatauus  bed;"  collected  by 
F.  H.  Knowlton,  August  9,  1888.  Northeast  side  of  Crescent  Hill,  opposite 

pond;  collected  by  F.  H.  Knowlton,  August  2,  1888.  Yellowstone  below 

mouth  of  Elk  Creek,  bottom  of  bluff;  collected  by  F.  H.  Knowlton,  Aug-ust 
29,  1888.     Also  obtained  by  Mr.  Arnold  Hague  (September  4,  1897)  from 

>Cf.  Newberry:  111.  Cret.  and  Tert.  Fl.,  PI.  XI,  fig.  4. 

»F1.  Foss.  Arct.,  Vol.  I,  PI.  II,  figs.  2-22. 
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the  south  side  of  Stinkingwater  Valley,  at  a  high  bluff  east  of  the  mouth 

of  Crag  Creek,  Wyoming. 

Sequoia,  cones  of. 

PL  LXXXI,  fig.  8;  PI.  LXXXII,  figs.  6,  7. 

The  specimens  figured  are  fairly  representative  of  these  organisms. 

They  are  quite  fragmentary,  yet  appear  to  be  cones.  They  are  found  in 
the  same  beds  with  Sequoia  langsdorfii,  but  not  in  actual  connection  with 

that  species,  and  I  have  preferred  to  keep  them  distinct,  at  least  for  the 

present. 
Habitat:  Fossil  Forest,  beds  Nos.  5  and  6;  collected  by  Lester  F. 

Ward  and  F.  H.  Knowlton,  August,  1887. 

TYPHACEiE. 

PhEAGMITEs!    LATISS1MA   11.    sp. 

PI.  LXXXIII,  fig.  5. 

Leaf  very  broad;  stride  fine,  close  together. 

The  fragment  figured  represents  all  that  has  been  collected  of  this  form. 

It  is,  of  course,  quite  insufficient  for  proper  diagnosis,  yet  it  seems  to  be 

different  from  anything  hitherto  described  from  that  region.  It  is  certainly 

quite  unlike  anything  found  in  the  Yellowstone  National  Park. 

It  must  have  been  a  very  large  leaf,  for  the  fragment  is  over  3  cm. 

broad,  and  it  was  probably  a  thick  leaf.  The  stria?  are  very  fine,  straight, 

and  close  together.  It  differs  in  size  and  fineness  of  stria?  from  P.  alaskana, 

to  which  it  seems  to  be  most  nearly  related. 

I  have  given  it  a  new  name  with  great  reluctance,  for  it  is  too  frag- 
mentary to  found  a  new  species  on,  but  for  the  present  it  may  remain  as 

above. 

Habitat:  Northeast  side  of  Crescent  Hill,  Yellowstone  National  Park; 

collected  by  F.  H.  Knowlton  and  Gr.  E.  Culver,  August,  1888. 

SPARGANIACEvE. 

Sparganium  stygium  Heer. 

Sparganium  stygium  Heer.     Cf.  Ward :  Types  of  the  Laramie  FL,  p.  IS,  PI.  Ill,  figs.  6, 7. 

These  specimens  do  not  agree  in  all  particulars  either  with  those  figured 
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by  Professor  Ward  or  with  the  types  as  shown  by  Heer.     They  are  quite 

obscure,  but  in  all  probability  they  are  identical  with  Heer's  form. 
Habitat :  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  Yellowstone  National  Park ;  collected  by  F.  H.  Knowlton,  August, 
1888. 

CYPERACE/E. 

Cyperacites  angustior  (Al.  Br.)  Schimper. 

Cyperacites  angustior  (Al.  Br.)  Scliimp. :  Pal.  veg.  Vol.  II,  p.  414,  1S70. 

Cyperites  angustior  Al.  Br.  Lesquereux:  Auu.  Kept.  U.  S.  Geol.  and  Geog.  Surv.  Terr., 
1872  (1873),  p.  403. 

This  species  was  identified  by  Lesquereux,  but.  the  material  can  not 
now  be  found. 

Habitat:  "Elk  Creek,  near  Yellowstone  River;  collected  by  A.  C. 

Peale,  Joseph  Savage,  and  0.  C.  Sloane." 

Cyperacites  giganteus  n.  sp. 

PL  LXXXII.  fig.  10. 

Leaves  large,  thick,  with  strong  midvein  and  numerous  close  nerves. 

This  species,  although  fragmentary,  is  represented  by  several  leaves 

and  stems.  The  largest  is  1 8  cm.  in  length  and  about  7  mm.  in  width.  It 
has  a  well-defined  midnerve  or  vein  and  numerous  close  veins.  It  was 

evidently  of  very  firm  texture. 

Habitat :  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

at  base  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888 

Cyperacites?  sp. 

PI.  LXXXIII.  fig.  4. 

This  fragment  is  all  of  this  species,  whatever  it  may  be,  that  has  thus  far 

been  found.  It  was  at  least  2.5  cm  broad  and  had  a  well-marked  keel.  The 

veins  are  strong,  about  1  mm.  apart,  with  a  fine  intermediate  vein.  There  is 

altogether  too  little  of  it  to  venture  a  specific  description  or  determination. 

Habitat:  Cliff  west  of  Fossil  Forest  Ridge;  collected  by  Ward  and 

Knowlton,  August  15,  1887. 
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Cyperacites!  sp. 

PI.  LXXXIII,  fig.  6. 

The  fragment  figured  is  the  only  specimen  of  this  kind  in  the  collec- 
tions, and  it  is  too  imperfect  to  be  of  much  value.  It  is  about  3  mm.  broad, 

and  appears  to  be  two-ribbed — that  is,  two  of  the  ribs  are  slightly  stronger 
than  the  others.  The  fossil  is  rather  faint,  but  there  seems  to  be  only  one 

slender  rib  between  the  strong  ones. 

With  so  small  a  fragment  it  is  impossible  to  be  certain  even  of  the 

generic  reference,  but  in  this  respect  it  seems  to  agree  with  forms  that  have 

been  referred  to  Cyperacites.  It  is  left  for  future  material  to  determine  its 
status. 

Habitat:  Northeast  side  of  Crescent  Hill,  Yellowstone  National  Park; 

collected  by  F.  H.  Knowlton  and  G.  E.  Culver,  August,  1888. 

SMILACEiE. 

Smilax  lamarensis  n.  sp. 

PI.  OXXI,  figs.  3, 4. 

Leaves  large,  of  firm  texture,  ovate  or  ovate-oblong,  rounded  truncate 

at  base,  abruptly  and  obtusely  acuminate  at  apex,  margin  entire;  3-nerved 

or  obscurely  5-nerved;  petiole  splitting  into  3  equal  branches,  the  middle 
of  which  passes  straight  to  the  apex,  the  others  bending  out  to  half  the 

distance  between  midrib  and  margin,  then  curving  toward  and  entering 

the  tip ;  the  lateral  strong  nerves  branch  on  the  outside,  beginning  first  at 

the  base  of  the  blade,  this  branch  sometimes  reaching  up  to  or  near  the 

apex  or  becoming  lost  near  the  middle;  sometimes  there  are  lateral  strong 
nerves  with  5  or  6  branches  on  the  outside,  all  of  which  unite  in  broad 

loops  to  produce  a  false  fifth  nerve. 

This  species  is  represented  by  several  large,  finely  preserved  examples. 

The  largest,  represented  in  fig.  4,  was  9  cm.  broad  and  at  least  14  cm.  in 

length,  and  the  smallest  (see  fig.  3)  about  4  cm.  broad  and  probably 

about  8  cm.  in  length. 

In  outline  the  leaves  are  broadly  ovate  or  ovate-oblong,  with  a  rounded 

truncate  or  cordate  base.     The  apex  in  some  cases  appears  to  be  long  and 
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rather  obtusely  acuminate,  in  other  cases  quite  abruptly  and  obtusely 
acuminate. 

The  nervation  is  strongly  marked.  The  petiole  splits  at  the  very  base 

of  the  leaf,  almost  outside  of  the  blade,  into  three  equal  divisions,  one  of 

which,  the  middle  one,  answering  to  the  midrib,  is  straight  and  ends  in  the 

apex.  The  others  arch  out  regularly  and  pass  around  and  enter  the  apex 

also.  Each  lateral  strong  nerve  or  rib  branches  on  the  outside,  the  lowest 

branch,  which  originates  just  inside  the  lower  margin  of  the  blade,  sometimes 

passing  up  and  entering  the  apex  with  the  other,  at  other  times  being  lost 
below  the  middle  of  the  blade.  In  still  other  instances  there  are  5  or 

6  branches  in  the  outside  of  the  lateral  ribs  which  join  by  a  broad  loop, 

forming  a  false  nerve.  In  all  cases  this  outside  interrupted  nerve  is  much 

lighter  than  the  others. 

Smilax  appears  to  be  rarely  found  fossil  in  North  America,  as  only  5 

species  have  been  detected.  Of  these,  3  are  from  the  Dakota  group, 

and  1  each  from  the  Laramie  and  Miocene.  None  of  them  is  at  all  closely 
related  to  the  one  under  discussion. 

Smilax  lamarensis  seems  to  be  closely  related  to  a  number  of  living 

forms.  Thus  the  smaller  rounded  leaves  are  quite  like  S.  rotimdifolia  L., 

both  in  shape  and  nervation,  while  the  larger  forms  are  hardly  to  be  sep- 

arated from  S.  pseudo-china  L.  It  is  certainly  closer  to  living  American 
forms  than  any  heretofore  described  from  this  country. 

Habitat:  East  bank  of  Lamar  River,  between  Cache  and  Calfee  creeks; 

collected  by  F.  H.  Knowlton  and  G  E.  Culver,  August,  1888.  Fossil  Forest 

Ridge,  bed  No.  6,  "Platanus  bed,"  1  large  specimen;  collected  by  Lester 
F.  Ward  and  F.  H.  Knowlton,  August,  1887. 

MUSACEvE. 

MUSOPHYLLUM  COMPLICATUM  Lx. 

PL  LXXXIII,  fig.  1. 

Musophyllicm  complicatum  Lx. :  Tert.  PI.,  p.  96,  PI.  XV,  figs.  1-6. 

This  species  was  described  hy  Lesquereux  from  a  "shale  over  a  thin 

bed  of  coal,  8  miles  southeast  of  Green  River  Station,  Wyoming,"  in  what 

he  at  first  regarded  as  the  Washaki  group,  but  which  he  later1  decided  was 

'Cret.  audTert.  PL,  p.  143. 
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the  true  Green  River  group.  This  locality  has  not  since  been  visited,  and 

in  fact  can  not  now  be  satisfactorily  located.  It  is  more  than  probable, 
however,  that  the  former  determination  of  horizon  is  correct. 

So  far  as  I  now  know,  this  is  the  second  time  this  species  has  ever  been 

found.  It  is  represented  by  5  or  6  fairly  well  preserved  specimens,  which 

agree  perfectly  with  Lesquereux's  specimens  and  figures. 
On  one  of  the  specimens  there  are  a  number  of  thick  stems  or  stipes. 

They  are  longitudinally  striate  as  described  by  Lesquereux,  and  bear  only 

fragments  of  the  leaves  preserved.  In  the  specimen  figured  we  have  a 

narrow  leaf  preserved  almost  entirely.  It  is  about  5  cm.  broad  and  7  cm. 

long,  as  preserved,  with  perfectly  entire  margins.  In  still  another  specimen 

the  stipe,  with  portions  of  the  lamina  attached,  is  fully  20  cm.  long.  There 

is  no  evidence  from  these  specimens  of  the  leaves  having  been  as  broad  as 

described  in  some  of  the  original  specimens,  but  Lesquereux  also  speaks  of 
narrow-leaved  forms. 

Habitat:  Northeast  side  of  Crescent  Hill,  opposite  small  pond,  Yellow- 
stone National  Park;   collected  by  F.  H.  Knowlton,  August  2,  1888. 

JUGLANDACEiE. 

JUGLANS    CALIFORNIEA  Lx. 

Juglans  californica  Lx. :  Foss.  Fl.  Aurif.  Grav.  Deposits,  Mem.  Mus.  Comp.  Zool.,  Vol. 
VI,  No.  2,  1878,  p.  35,  PI.  IX,  fig.  14  ;  PI.  X,  figs.  2,  3. 

There  are  2  specimens  which  I  refer  to  this  species.  They  are  of 

the  same  size  and  nervation  as  the  leaf  shown  in  fig.  2,  PI.  X,  of  Lesquereux's 

paper. 
Habitat:  Fossil  Forest  Ridge,  bed  No.  6,  "Platanus  bed;1'  collected  by 

Ward  and  Knowlton,  August  1 9,  1887.  East  bank  of  Lamar  River,  between 

Cache  and  Calfee  creeks;  collected  by  F.  H.  Knowlton  and  Gr.  E.  Culver, 

August  21,  1888. 
Juglans  rugosa  Lx. 

Juglans  rugosa  Lx.:  Of.  Tert.  Fl.,  p.  2S6,  PL  LV,  figs.  1-9. 

The  collections  contain  a  number  of  very  perfectly  preserved  specimens 

that  undoubtedly  belong  to  this  species.  Besides  these  there  are  a  number 

of  fragments  that  probably  belong  to  it. 

Habitat:  Fossil  Forest  Ridge,  beds  Nos.  3,  5,  6,  7;  The   Thunderer; 
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Hill  above  Lost  Creek,  bed  No.  4;  Crescent  Hill,  6  feet  below  Platauus 

bed;  Yellowstone  River  nearly  opposite  Hellroaring  Creek;  collected  by 

Ward  and  Knowlton,  1887,  1888. 

JUGLANS    SCHIMPERI  Lx. 

Juglans  schimperi  Lx. :  Tert.  Fl.,  p.  287,  PI.  LVI,  figs.  5-10. 

The  collection  contains  a  number  of  well-preserved  examples  that 
seem  without  doubt  to  belong  to  this  species.  The  type  is  described  by 

Lesquereux  as  having  the  margins  slightly  undulate.  The  Park  specimens 

are  slightly  undulate,  and  also  very  slightly  toothed.  The  nervation  is 

absolutely  the  same  in  both. 
Habitat:  Andesitic  breccia  near  gulch  northwest  of  peak  west  of 

Dunraven;  collected  by  Joseph  P.  Iddings,  September  12,  1883. 

Juglans  laurifolia  n.  sp. 

PI.  LXXXIII,  figs.  2,  3. 

Leaves  large,  membranaceous,  lanceolate  or  ovate-lanceolate,  slightly 

unequal-sided,  narrowed  to  a  wedge-shaped  base  and  rounded  to  an 
acuminate  apex,  margins  remotely  and  slightly  denticulate;  midrib  thick 

below,  becoming  much  thinner  in  the  upper  part;  secondaries  about  10 

pairs,  thin,  alternate,  emerging  at  an  angle  of  45°  or  50°,  camptodrome, 
much  curving,  ascending  near  the  margin  for  some  distance,  where  they 

arch  by  numerous  loops;  intermediate  secondaries  occasional;  nervilles 

very  irregular,  much  branched;  finer  nervation  forming  irregularly  quad- 

rangular areola?. 

This  species  is  represented  by  a  number  of  well-preserved  leaves. 
They  are  from  9  to  13  cm.  long  and  3  to  5  cm.  wide,  and  are  somewhat 

unequal-sided,  the  difference  in  the  width  of  the  sides  being  about  4  mm. 
This  species  is  marked  by  its  large  size,  remotely  denticulate  margin,  and 

strong  nervation. 

Among  fossil  species,  Juglans  laurifolia  is  somewhat  related  to 

J.  egregia  Lx.,1  from  the  Auriferous  gravels  of  California.  The  leaves  of 

the  latter  species  differ,  however,  in  being  obovate-lanceolate,  with  the  broad- 
est part  above  the  middle,  and  in  having  quite  numerous,  fine,  sharp  teeth. 

1  Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  p.  36,  PI.  IX,  fig.  12. 
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The  nervation  is  somewhat  similar,  except  that  the  secondaries  are  more 
numerous. 

The  relation  between  J.  laurifolia  and  J.  denticiUata  Heer,  from  the 

Green  River1  group,  Carbon,  Wyoming,  etc.,  while  apparent,  is  much  more 
remote  than  in  the  case  of  the  California  species.  This  species  has  very 
unequal-sided  leaves,  with  large  and  more  numerous  teeth  and  more 
numerous  arched  secondaries. 

Habitat:  Hill  above  Yanceys  and  near  the  upright  fossil  trees;  col- 

lected by  F.  H.  Knowlton,  August  28,  1888.  Also  found  on  southern  spur 

of  Chaos  Mountain,  altitude  10,100  feet;  collected  by  F.  P.  Kino-  for 
Arnold  Hague,  August  11,  1897. 

JUGLANS    CRESOENTIA    11.   Sp. 

PL  LXXXIV,  fig.  S. 

Leaflets  large,  of  firm  texture,  lanceolate,  narrowing  to  a  long  acumi- 

nate apex,  truncate  and  slightly  unequal-sided  at  base;  margin  perfectly 
entire,  slightly  undulate;  midrib  thin,  straight;  secondaries  15  or  18 

pairs,  alternate,  at  an  angle  of  35°  to  45°,  camptodrome,  forking  below 
the  margin  and  joined  to  the  one  next  above,  forming  a  series  of  strong 
bows;  intermediate  secondaries  frequent,  about  midway  between  two  sec- 

ondaries, thin  and  soon  vanishing  or  rarely  passing  to  the  loop  made  by  the 
secondaries;  a  series  of  small  loops  are  produced  by  outside  branches  from 

the  large  bows  which  nearly  or  quite  reach  the  margin;  finer  nervation 

dividing  the  space  between  the  secondaries  and  intermediate  secondaries  by 
large  quadrangular  areolation. 

This  fine  species  is  represented  by  a  number  of  beautifully  preserved 

specimens.  The  best  is  the  one  figured,  which  is  20  cm.  in  length  and 

nearly  -4.5  cm.  in  width.  As  stated  in  the  diagnosis,  it  is  truncate  and 

slightly  unequal-sided  at  the  base  and  long  acuminate  at  the  apex.  The 
margin  is  slightly  undulate,  but  not  otherwise  cut  or  serrated.  The  second- 

aries are  numerous,  about  16  or  17  pairs,  and  strictly  alternate.  They 

fork  at  half  or  two-thirds  of  their  length  from  the'  midrib  and,  uniting 
with  the  one  next  above,  form  a  series  of  broad,  strong  loops  well  inside  the 

margin.  The  finer  nervation  is  A^ery  perfectly  preserved,  forming  large 
but  quite  regularly  quadrangular  areolae. 

1  Tert.  Fl.,  p.  2S9,  PI.  LVIII,  Qir.  I . 

3ION  XXX11,  PT  II   44 
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Among  described  forms  this  has  some  resemblance  in  shape  to 

J.  schimperi  Lx./from  the  Green  River  group  of  Colorado,  but  differs  mark- 

edly in  the  forking  of  the  secondaries.  It  is  undoubtedly  very  close  to 

J.  acuminata  Heer,2  which  in  turn  is  hardly  to  be  distinguished  from  the 
J.  rugosa  of  Lesquereux.  Additional  material  of  all  these  will  be  necessary 
to  settle  the  status  of  each. 

Habitat:  Northeast  side  of  Crescent  Hill;  collected  by  F.  H.  Knowl- 
ton  and  G.  E.  Culver,  August  2,  1888.  Fossil  Forest,  bed  No.  6;  collected 

by  Ward  and  Knowlton  August,  1887. 

Hicoria  antiquorum  (Newby.)  Kn. 

Hicoria  antiquorum  (Newby.)  Kn.:  Bull.  U.  S.  Geol.  Surv.  No.  152,  p.  117,  189S. 
Carya  antiquorum  Newby.:  Later  Extinct  Floras,  p.  72;  111.  Cret.  and  Tert.  Plants, 

PI.  XXIII,  figs.  1-1.    Lesquereux:  Tert.  Fl.,  p.  289,  PL  LVII,  figs.  1-5. 

The  collection  contains  a  number  of  somewhat  fragmentary  specimens, 
but  the  characteristic  teeth  and  nervation  suffice  to  enable  their  certain 

reference  to  this  species. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  5,  "Platanus  bed;"  collected  by 
Ward  and  Knowlton,  August,  1887. 

Hicoria  crescentia  n.  sp. 

PI.  LXXXIY,  fig.  7. 

Leaflet  thick  and  firm,  elliptical-lanceolate,  inequilateral ;  rather  long 

wedge-shaped  at  base  and  apparently  narrowed  above  to  an  acuminate 

apex;  margin  serrate,  teeth  small,  sharp;  midrib  rather  thick,  straight; 

secondaries  about  15  pairs,  alternate,  irregular,  at  obtuse  angles,  arching 

upward,  rarely  forked,  craspedodrome,  or  subcraspedodrome,  either  arching 

near  the  margin  and  sending  branches  to  the  teeth,  or  dividing-  and  sending 
weaker  terminations  into  the  teeth;  intermediate  secondaries  occasional, 

short,  and  soon  disappearing;  nervilles  numerous,  mainly  percurrent,  approxi- 
mately at  right  angles  to  the  secondaries;  finer  nervation  forming  rather 

large  quadrangular  areolae. 
The  specimen  figured  is  the  only  one  referred  to  this  species,  and 

unfortunately  it  lacks  both  base  and  apex.     It  is  now  about  7  cm.  long  and 

'Tert.  EL,  p.  287,  PI.  LVI,  figs.  5-10. 

=  E1.  Tert.  Helv.,  Vol.  HI,  PI.  CXXVIII. 
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2.8  cm.  broad.  When  entire,  it  must  have  been  nearly  or  quite  10  cm. 
in  length. 

This  species  is  evidently  related  to  Carya  (Hicoria)  antiquomm  Newby., 

and  it  may  possibly  be  an  anomalous  form  of  that  species.  It  appears  to 

differ  essentially,  however,  in  being  very  much  smaller,  less  unequal-sided, 
and  in  having  larger  and  less  numerous  teeth.  The  secondaries  are  much 

the  same  in  both,  except  that  the}'  are  more  decidedly  camptodrome  in 
C.  antiquorum. 

It  is  also  suggestive  of  Juglans  nigella  Ung.,  as  identified  by  Ward1  from 
the  lower  Yellowstone  River. 

Habitat:  Northeast  side  of  Crescent  Hill,  opposite  small  pond,  at  an 

altitude  of  about  7,500  feet;  collected  by  F.  H.  Knowltoi:  and  G.  E. 

Culver,  July  27,  1888. 

Hicoria  culveri  n.  sp. 

PL  LXXXIII,  fig.  7. 

Leaflets  thin,  slightly  insequilateral,  rather  long-  obovate,  narrowed  from 

above  the  middle  to  a  long  wedge-shaped  base,  and  upward  to  an  acuminate 

apex;  margin  toothed  from  above  the  lower  third,  teeth  flat,  obtuse;  mid- 

rib slender;  secondaries  about  10  pairs,  alternate,  irregular,  camptodrome, 

arching  upward  and  joining  by  a  broad  curve,  with  branches  outside  enter- 

ing the  teeth;  intermediate  secondaries  occasional,  joining  the  secondary 

below;  nervilles  very  irregular,  broken;  finer  nervation  forming  irregular 
meshes. 

The  fine  specimen  figured  appears  to  be  a  terminal  leaflet,  as  it  is  only 

slightly  inequilateral.  It  is  perfect,  except  at  the  apex  It  is  preserved 

for  8  cm.,  and  was  probably  9.5  or  10  cm.  long.  It  is  2.7  cm.  broad  at  the 

widest  point,  which  is  high  above  the  middle.  From  this  point  it  tapers 

regularly  to  the  base  and  appears  to  pass  rather  abruptly  to  an  acuminate 

apex. 
This  species  has  the  same  shape  and  arrangement  as  Rhus  bendirei  Lx.,2 

from  John  Day  Valley,  Oregon,  but  differs  in  the  serration  of  the  margins 

and  in  the  finer  nervation.  It  seems  likely  that  Lesquereux's  species  is  a 
Hicoria  rather  than  a  Rhus. 

■Types  of  the  Laramie  PI.,  p.  33,  PI.  XV,  fig.  1. 

-  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  1838,  p.  15,  PI.  IX,  fig.  2. 
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Among  living,  species  H.  culveri  appears  closer  to  H.  ovata  (old  Garya 

alba  Nutt),  which  has,  however,  sharper  teeth  and  more  regular  nervilles. 

The  secondaries  and  their  branches  entering  the  teeth  are  much  the  same 
in  both. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek; 

collected  by  F.  EL  Knowlton  and  CI.  E.  Culver,  August,  1888. 

MYRICACEiE. 

Myrica  scottii  Lx. 

PI.  LXXXIV,  fig.  6. 

Myrica  scottii  Lx. :  Gret.  and  Tert.  Fl.,  p.  147,  PL  XXXII,  figs.  17,  18. 

A  single  fairly  well  preserved  leaf,  that  seems  without  question  to 

belong  to  this  species.     It  has  been  found  before  only  at  Florissant,  Colorado. 

Habitat:  Yellowstone  River,  one-half  mile  below  Elk  Creek,  at  base 

of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888 

Myrica  wardii  n.  sp. 

PI.  LXXXIV,  fig.  i. 

Leaf  of  firm  texture,  lanceolate,  long  wedge-shaped  at  base,  obtusely 
denticulate  from  some  distance  above  the  base;  midrib  thick;  secondaries 

thin,  rather  scattered,  alternate  or  subopposite,  emerging  at  an  angle  of 

about  50°,  arching  evenly  around  and  joining  the  one  next  above  at  a  little 
distance  from  the  margin,  their  union  forming  a  continuous  marginal  line, 
from  the  outside  of  which  small  veins  enter  the  obtuse  teeth;  nervilles  thin, 

percurrent. 
Unfortunately  the  fragment  figured  is  the  only  specimen  of  this  form 

collected.  This  is  5.5  cm.  long  and  about  12  mm.  wide.  When  entire,  it 

was  probably  10  cm.  or  12  cm.  in  length. 

This  species  resembles  more  or  less  closelv  a  number  of  described 

species,  }-et  undoubtedly  differs  from  all.  Thus,  in  the  matter  of  the  intra  - 

marginal  nerve  it  resembles  M.  torreyi  Lx.,1  from  the  Montana  and  Laramie, 
but  is  much  larger  and  has  a  greater  number  of  parallel  secondaries.  In 

size  and  shape  M.  wardii  is  much  closer  to  M.  polymorpha  Schimp.,2  from 

'Tert.  Fl.,  p.  129,  PI.  XVI,  ligs.  3-10. 

-Cret.  and  Tert.  Fl.,  p.  146,  PI.  XXV,  tigs.  1,  2. 
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Florissant,  Colorado.  It  differs  essentially  in  having  rather  numerous 

secondaries,  which  parallel  enter  the  somewhat  sharper  teeth.  M.  fallax 

Lx.,1  also  from  Florissant,  is  evidently  related,  but  lias  much  larger,  sharp 
teeth,  and  nervation  as  in  M.  polymorpha  Lx, 

Habitat:  Fossil  Forest  Ridge,  bed  No.  5,  "Salix  bed;"  collected  by 

"Ward  and  Knowlton,  August  19,  1887. 

Myrica  lamarensis  n.  sp. 

PI.  LXXXIY,  fig.  5. 

Leaf  firm  in  texture,  narrowly  lanceolate,  narrowed  below,  apparently 

acuminate  at  apex;  margin  at  some  distance  above  the  base,  provided  with 

numerous,  small  teeth:  petiole  short;  midrib  rather  thick,  straight;  nerva- 

tion pinnate,  camptodrome,  the  secondaries  joining  and  forming  a  thin  line 

from  inside  the  border;  other  nervation  destroyed. 

The  little  leaf  has  only  the  lower  portion  preserved.  It  is  now  3.5  cm. 

in  length,  and  when  entire  was  probably  not  less  than  6  cm.  long.  It  is 

only  7  mm.  broad,  and  has  a  short  petiole  about  2  mm.  in  length.  The 

nervation  is  also  destroyed,  except  the  midrib  and  about  a  dozen  secon- 

daries, which  are  seen  to  be  alternate.  They  arch  and  join,  producing  a 

marginal  line  just  inside  the  margin. 

This  little  leaf  does  not  appear  to  have  an)*  very  close  relative  in 
this  country.  Those  approaching  nearest,  perhaps,  are  the  narrow  leaved 

species  so  common  at  Florissant,  Colorado,  such  as  M.  fallax  Lx.,2  and  M. 

scottii  Lx.3  They  differ  markedly,  however,  in  the  sharply  serrate  margin 
and  craspedodrome  nervation. 

Myrica  banlisiwfolia  Ung.,  as  figured  by  Ileer4  from  the  Baltic  Miocene, 
is  perhaps  nearer  to  our  species.  This  has  the  narrowed  base  and  similar 

teeth,  but  differs  in  the  apex  and  in  the  nervation. 

Habitat:  East  bank  of  Lamar'  River,  between  Cache  and  Calfee 
creeks;   collected  by  F.  H.  Knowlton,  August  21,  1888. 

'Op.  cit.,  p.  147,  PI.  XXXII,  figs.  11-16. 

"Cret.  and  Tert.  Fl.  p.  147,  PI.  XXXII,  figs.  11-16. 
-Loo.  cit.  p.  147,  PI.  XXXII,  figs.  17,  18. 

•'Mioc.  Bait.  Fl.,  p.  67,  PI.  XVIII,  fig.  4. 
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SALICACE.E. 

POPULUS    GLANDULIFEKA    Heer. 

PI.  LXXXIV,  fig.  1. 

Populus  glanduli/era  Heer.     Lesquerenx :  Cret.  and  Tert.  PI.,  p.  226,  PI.  XLYIa,  figs. 

3,  4.     Ward:  Types  of  the  Laramie  PL,  p.  19,  PI.  IV,  figs.  1-4. 

The  collection  contains  3  specimens  with  very  tine  rounded  or  sharp 

teeth,  that  are  referred  without  hesitation  to  this  species,  as  figured  by 

Lesquerenx  and  Ward,  from  the  typical  Fort  Union  group  of  the  lower 

Yellowstone.     The  best  of  these  is  figured. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  month  of  Elk 

Creek;   collected  by  F.  H.  Knowlton,  August,  1888. 

Populus  speciosa  Ward. 

PL  LXXXIV,  fig.  3. 

Populus  speciosa  Ward:  Types  of  the  Laramie  Fl.,  p.  20,  PL  V,  figs.  4-7. 

The  Park  collection  contains  something  over  50  specimens  that  are 

referred  to  this  species.  They  are  very  perfectly  preserved,  and  the  petiole 

is  in  some  cases  8  cm.  in  length.  There  can  be  no  question  as  to  their 

correct  reference  to  the  Fort  Union  species.  I  should  also  incline  to  refer 

to  this  species  certain  of  the  leaves  described  as  Popuhis  amblyrhyncha  Ward 

and  P.  oxyrliyncha  Ward,  from  the  same  beds.  The  very  slight  differences 

separating  these  forms  seem  hardly  to  be  worthy  of  specific  rank. 

Habitat:  Yellowstone  River,  one-half  mile  below  month  of  Elk 

Creek;   collected  by  F.  H.  Knowlton,  August,  1888. 

Populus  zaddachi  Heer. 

Populus  zaddachi  Heer:   FL  Tert.  Helv.,  Vol.  Ill,  p.  307.     Lesquerenx:   Cret.  and 

Tert,  FL,  p.  158,  PI.  XXXI,  fig.  S. 

A  few  specimens  were  obtained  that  must  be  referred  to  this  species. 

Habitat:    Late    acid    breccia,    Pyramid    Peak;    collected    by  Arnold 

Hague,  1897. 
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PoPULUS    XANTHOLITHENSIS    11.  Sp. 

PI.  LXXXV,  figs.  1,  2. 

Leaves  large,  nearly  round  in  outline,  but  a  little  broader  than  long, 

truncate  or  slightly  heart-shaped  at  base,  rounded  above;  margin  strongly 
toothed;  teeth  in  lower  portion  simple  and  rounded,  others,  along  the  side  of 

the  blade,  inclined  to  be  double-toothed — that  is,  each  large  tooth  has  one  or 

2  smaller  rounded  projections;  petiole  long,  slender;  blade  7-nerved;  cen- 
tral or  midrib  strong,  straight,  pair  of  ribs  nearest  the  midrib  originating 

at  a  little  distance  above  the  base  of  the  blade,  arching  around  and  reach- 

ing the  apex  near  together,  other  2  pairs  arising  from  the  apex  of  the 

petiole  and  dividing  equally  the  remaining  portion  of  the  blade;  midrib 

with  about  3  pairs  of  secondaries  in  the  upper  part,  next  pair  of  ribs  with 

4  or  5  branches  on  the  outside,  other  ribs  with  numerous  branches  which 

anastomose,  producing  large  irregular  areas,  with  minute  branches  to  the 

teeth;  nervilles  numerous,  mainly  broken,  occasionally  percurrent;  finer 

nervation  quadrangular. 

The  2  beautiful  specimens  figured  are  the  only  ones  referred  to  this 

species.  Fig.  1,  which  lacks  the  upper  portion,  is  9.5  cm.  broad  and  7.5 

cm.  long.  It  has  the  petiole  preserved  for  5.5  cm.  Fig.  2,  which  lacks  a 

portion  of  one  side  and  a  fragment  at  the  apex,  is  8.5  cm.  in  length  and 

10  cm.  in  width.     The  petiole  is  not  preserved. 

The  relation  of  this  species  is  evidently  with  Populus  genatrix  Newby.,1 
from  the  Lower  Yellowstone.  This  is  about  the  same  size  and  much  the 

same  shape,  except  that  it  is  more  prolonged  at  the  apex.  The  margin  is 

described  as  having  "rather  small,  appressed  teeth,"  while  those  of  P.  xan- 
tholithensis  are  larger,  sometimes  double,  and  never  appressed.  The  former 

species  was  described  by  Newberry  as  "3-nerved,"  although  the  figure 
shows  it  to  be  clearly  5-nerved.  The  present  species  is  just  as  clearly 

7-nerved.  The  midrib  and  its  branches  also  differ  markedly  in  the  two 
forms. 

This  species  has  also  some  affinity  with  certain  of  the  forms  described 

by  Professor  Ward  from  the  lower  Yellowstone,  but  the  relationship  is  not 
close. 

Later  Ext.  Fl.,  p.  64;  111.  Cret.  and  Tert.  Fl..  PI.  XII,  fig.  1. 
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Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

POPULUS    DAPHNOGENOIDES    Ward. 

PI.  LNXXIV,  tig-.  2. 

Populus  dcuphnogenoides  Ward:  Types  of  the  Laramie  FL,  p.  20,  PI.  VII,  figs.  4-6. 

The  collection  contains  some  20  specimens  that  are  referred  to  this 

species.  They  have  the  same  g'eneral  character,  but  are  a  little  larger, 
with  a  more  prolonged  point  and  rather  stronger  nervation.  There  are  no 
essential  differences,  however. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton    August,  1888. 

POPULUS    BALSAMOIDES    Gopp. 

PI.  LXXXVI,  fig-.  1 . 

Populus  balsamoiflcs  Gopp.  Lesquereux :  Cret.  and  Tert.  Fl.,  p.  24S,  PI.  LY,  figs.  3-5. 

The  fragment  figured  is  the  only  specimen  of  this  species  detected. 

It  represents  the  basal  portion  of  a  medium-sized  leaf,  and  agrees  satisfac- 
torily with  the  figures  of  this  species  as  given  by  Lesquereux. 

Habitat:  Cliff  west  of  Fossil  Forest  Ridge:  collected  by  Ward  and 

Knowlton,  August  15,  1887. 

Populus  I  vivaria  n.  sp. 

PL  LXXXVI,  fig.  2. 

Leaf  thick,  roundish,  or  broadly  elliptical  in  outline,  toothed  to  near  the 

base;  teeth  large,  acute;  nervation  pinnate,  camptodrome,  or  imperfectly 

craspedodrome;  secondaries  strong,  opposite  or  subopposite,  emerging  at 

various  angles,  forking  near  the  margin,  the  branches  arching  into  bows 

and  apparently  sending  branches  from  the  outside  to  the  teeth;  nervilles 

obscure,  but  apparently  percurrent. 

This  doubtful  species  rests  on  the  single  fragment  figured.  It  was 

apparently  about  10  cm.  long  and  7  cm.  wide.  It  has  some  resemblance  to 

certain  species  of  Populus  from  the  Fort  Union  group  of  the  lower  Yellow- 

stone, as,  for  example,  P.  grewiopsis  Ward,'  but  differs  in  the  branching  of 

1  Types  of  the  Laramie  FL,  p.  23,  PI.  IX,  fig.  1. 
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the  lower  large  secondary,  and  somewhat  in  the  teeth.  The  nerves  are 

also  craspedodrome  in  P.greiviopsis. 

It  is  really  too  fragmentary  and  uncertain  for  identification,  yet  it  differs 

from  anything  else  found  in  the  collection,  and  is  simply  named  in  a  purely 
provisional  maimer,  awaiting  subsequent  collections. 

Habitat:  West  end  of  Fossil  Forest  Ridge;  collected  by  Ward  and 
Knowlton,  August  15,  1887. 

Salix  varians  Heer. 

PL  LXXXV,  fig.  3. 

Salix  varians  Heer:  Fl.  Tert.  Helv.,  Vol.  II,  PL  LXV,  figs.  1-3,  6-16. 

The  example  figured  certainly  belongs  to  this  species.  It  is  the  same 

shape,  but  a  little  larger,  and  has  the  same  erose-dentate  margin  and  the 
same  midrib  and  general  nervation. 

Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks;  collected  bv 

Knowlton  and  Culver,  August  27,  1888. 

Salix  angusta  Al.  Br. 

Salix  angusta  Al.  Br.  Lesquereux:  Tert.  FL,  p.  IGS,  PL  XXII,  figs.  4,  5:  Cret,  aud 
Tert.  FL,  pp.  157,  247,  PL  LV,  fig.  6. 

This  species,  originally  described  by  Heer  from  the  Swiss  Tertiary, 
has  been  found  by  Lesquereux  in  the  Green  River  group  at  Florissant, 
Colorado,  and  in  the  Miocene  of  Oregon.  A  number  of  doubtful  fragments 

were  reported  from  Spring  Canyon  in  the  Bozeman  coal  field,  but  the}-  are 
too  fragmentary  to  be  of  any  value. 

Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks;  doubtful 

fragments;  collected  by  F.  H.  Knowlton,  August,  1888;  also  specimens 

Xo.  1967  of  Hague's  Park  collection. & 

Salix  lavateri  Heer. 

Salix  lavateri  Beer:  Fl.  Tert.  Helv.,  Vol.  II,  p.  28,  PL  LXVI,  figs.  1-12;   FL  Foss. 
Mask.,  PL  II,  lig.  10.     Lesquereux:  Proc.  0.  S.  Nat.  Mus.,  Vol.  XI,  1SSS,  p. 35. 

Habitat:  South  end  Crescent  Hill,  bed  25  leer  above  "Platanus  lied:" 
collected  by  F.  II.  Knowlton,  August,  1888. 
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Salix  elongata  ?  0.  Web. 

Salix  elongata  O.  Web.     Lesquereux:  Tert,  Fl.,  p.  169,  PL  XXII,  figs.  6,  7. 

A  single  quite  well  preserved  specimen  that  seems  to  belong  to  this 

species.  The  nervation,  however,  is  not  well  preserved,  but  as  nearly  as 

can  be  made  out  it  may  be  referred  to  this  form. 

Habitat:  Fossil  Forest,  lower  stratum,  No.  1221  of  Hague's  Yellow- 
stone National  Park  collection;  collected  by  Arnold  Hague,  September 

24,  1884. 
BETULACEJE. 

Betula  iddingsi  n.  sp. 

PL  LXXXYI,  figs.  4,  5. 

Leaves  membranaceous,  ovate,  slightly  unequal-sided,  rather  abruptly 
rounded  to  the  base,  more  prolonged  above;  margin  regularly  toothed  from 

near  the  base,  teeth  slightly  unequal,  a  little  hooked;  nervation  pinnate 

and  craspedodrome ;  midrib  well  marked,  straight:  secondaries  about  10 

pairs,  mainly  alternate,  occasionally  opposite,  arising  at  an  angle  of  about 

45°,  straight  or  nearly  so,  terminating  in  the  larger  teeth,  often  with  forks 
near  the  margin,  all  of  which  enter  the  other  teeth;  nervilles  obscure,  but 

apparently  percurrent  and  at  right  angles  to  the  secondaries;  finer  nerva- 
tion not  preserved. 

This  species  is  represented  by  3  very  perfect  leaves,  all  of  which  are 

preserved  on  the  same  piece  of  matrix  The  most  perfect  one  figured  is 

8  cm.  in  length  and  4.5  cm.  wide,  while  the  other  is  about  8  cm.  long  and 

less  than  4  cm.  wide.  The  petiole  belonging  to  this  specimen  is  7  mm. 

in  length-. 
This  species  somewhat  resembles  a  number  of  described  forms,  as,  for 

example,  Betula  stevensoni  Lx.,1  from  Carbon,  Wyoming,  from  which  it  differs 
somewhat  in  shape,  number  of  pairs  of  secondaries,  and  in  the  more  regularly 

serrate  margin.  Betula  elliptica  Sap.,  as  identified  by  Lesquereux2  from 
John  Day  Valley,  Oregon,  is  perhaps  closer,  yet  this  differs  in  having  only 

6  or  7  pairs  of  secondaries  and  also  in  the  teeth.  Betula  parce-dentata 
Lx.,  from  the  same  locality,  has  the  same  kind  of  teeth,  but  differs  in  size. 

'Tert.  FL,  p.  139,  PI.  XVIII,  figs.  1-5. 

2Cret.  and  Tert.  Fl.,  p.  212,  PI.  LI,  tig.  6. 
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Besides  these,  belonging  to  the  genus  Betula,  there  are  a  number  of 

others  more  or  less  resembling  this  leaf;  e.  g.,  Alnus  carpinoides  Lx.,1  from 
Bridge  Creek,  Oregon,  and  Celastrus  ovatus  Ward,  from  the  Fort  Union 

group  of  Montana. 

Among  living  species  this  appears  to  be  closest  to  Betula  lutea  Michx., 

but  even  this  is  somewhat  remote.  In  the  future  it  may  be  thought  best 

to  place  this  fossil  species  under  some  other  genus,  for  which,  no  doubt, 

reasons  may  be  found,  but  for  the  present  it  seems  best  to  place  it  in  Betula. 

Betula  cequalis  Lx.,2  from  the  Auriferous  gravels  of  California,  is  evidently 
closely  related;  but  this  differs  in  being  much  narrower,  more  wedge-shaped 

at  base,  and  in  having  fewer  and  smaller  teeth.  B.  prisca  Ett,  as  figured  by 

"Ward3  from  the  uppermost  Fort  Union,  near  the  mouth  of  the  Yellowstone River,  is  similar  but  much  smaller. 

This  species  is  named  in  honor  of  Prof.  J.  P.  Iddings,  of  the  University 

of  Chicago,  who  pointed  out  the  localit}^  at  which  it  was  first  collected. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888.  Hill 

above  Lost  Creek,  bed  No.  2;  collected  by  F.  H.  Knowlton,  August  5,  1888. 

Corylus  macquarryi  (Forbes)  Heer. 

PI.  LXXXVI,  fig.  3. 

Corylus  macquarryi  (Forbes)  Heer:   Urwelt  d.  Schweiz,  p.  321,  1865. 

The  collection  contains  a  single  well-preserved  specimen  that  is  referred 

with  some  little  hesitation  to  this  well-known  species.  It  has  the  proper 

shape,  including  the  heart-shaped  base  and  identical  nervation,  but  differs 
slightly  in  the  marginal  dentation.  In  the  typical  form  the  margin  has 

numerous  rather  small,  sharp,  upward-pointing  teeth,  while  the  one  under 
consideration  has  fewer,  rather  blunt  teeth.  It  may  not  be  the  same,  but 

rather  than  make  a  new  species  I  have  referred  it  to  G.  macquarryi. 

Habitat:  Fossil  Forest,  middle  stratum,  Hague's  Yellowstone  National 
Park  collection  (No.  1220);  collected  by  Arnold  Hague,  September  24, 1884. 

'Op.  cit.,  p.  243,  PL  LI,  fig.  5. 

-.Mem.  Mas.  Comp.  Zoiil.,  1878,  p.  2,  PI.  I,  figs.  2-4. 

-Types  of  the  Laramie  PI.,  PI.  XIV,  fig.  2. 
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FAGACE.E. 

Fagus  antipofii  Abich. 

Fagus  antipofii  Abicb.    Lesquereux :  Ann.  Kept.  U.  S.  Geol.  and  Geog.  Surv.  Terr.,  1S72 

(1S73),  p.  403. 

Identified  by  Lesquereux,  but  not  since  observed. 

Habitat:   "Elk  Creek,  near  Yellowstone  River;    A.  C.  Peale,  Joseph 

Savage,  and  O.  C.  Sloane." 

Fagus  undulata  n.  sp. 

PI.  LXXXV,  figs.  -1,  5. 

Leaves  small,  of  very  firm  texture;  elliptical  with  a  broadly  wedge- 

shaped  base  and  apparently  obtuse  apex;  margin  regularly  undulate- 
toothed,  the  teeth  being  regularly  rounded  and  separated  by  similarly 

rounded  sinuses;  midrib  strong,  straight;  secondaries  numerous,  opposite, 

parallel,  unbranched,  all  entering  the  obtuse  teeth;  nervilles  very  numerous, 

at  right  angles  to  the  secondaries,  usually  broken  and  anastomosing, 

although  sometimes  irregularly  percurrent;  finer  nervation  producing 

small,  irregularly  quadrangular  areolation. 

This  fine  species  is  fortunately  represented  by  several  very  perfectly 

preserved  examples,  the  two  figured  showing  both  the  basal  and  apical  por- 
tions. They  vary  in  length  from  6  to  10  cm.  and  in  width  from  2.75  to  4 

cm.  The  margins  are  very  regularly  undulate-toothed,  the  sinuses  being1 

almost  an  exact  reverse  of  the  nearest  teeth.  The  wedge-shaped  base  is, 
however,  without  teeth  for  a  short  distance.  The  secondaries  are  at  an 

angle  of  about  45°.  They  are  parallel,  and  all  enter  the  obtuse  teeth.  All 
of  the  finer  nervation  is  beautifully  preserved  and  is  seen  to  lie  irregularly 

quadrangular. 
This  species  does  not  approach  closely  to  any  living  species  known  to 

me.  It  is  perhaps  nearest  to  certain  forms  of  the  common  American  F. 

ferruginea  Ait.,  but  the  living  form  differs  in  being  proportionately  broader, 

and  when  toothed  has  sharp  teeth,  quite  like  Castanea,  and  pointing  upward. 

Among  the  80  or  more  fossil  species  that  have  been  described  from 

various  parts  of  the  world,  there  are  several  that  our  species  more  or  less 

closely  resembles.     Of  these,  F.  dentata  Gropp.,  as  identified  by  Heer1  in  the 

'  Fl.  Foss.  Arct.,  Vol.  I,  p.  106,  PI.  X,  ligs.  lb,  9. 
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Eocene  beds  at  Atauekerdluk,  Greenland,  perhaps  approaches  most  closely. 
They  are,  however,  larger  leaves,  with  coarser,  more  acute  teeth  and.  fewer 
strictly  alternate  secondaries.  The  leaves  of  F.  imdulata  are  quite  unlike 

the  type  specimen  of  F.  dentata  as  described  by  Goppert1  from  the  Tertiary 
of  Schossnitz,  as  indeed  are  the  leaves  doubtfully  so  identified  by  Heer. 

The  Yellowstone  National  Park  leaves  are  also  quite  like  leaves  of 

Fag  us  castanecefolia  Ung\,  as  figured  by  Heer2  from  the  same  beds.  These 
were  afterwards  referred  by  Heer3  to  his  Castanea  ungeri  on  what  seems  to 
me  to  have  been  insufficient  grounds.  There  is  hardly  any  difference 
between  these  and  leaves  of  F.  imdulata,  except  that  the  teeth  are  a  little 
sharper.  It  is  probable  that  they  should  be  placed  together,  but  as  the 

status  of  Heer's  plants  is  somewhat  unsettled,  I  have  preferred  to  keep  them 
separated  for  the  present. 

Goppert  has  also  described  another  species,  F.  attenuate/,,  from  Schoss- 
nitz, which  is  really  quite  close  to  F.  imdulata.  It  is  about  the  same  size  and 

has  rounded  teeth,  but  there  is  uniformly  a  tooth  between  two  of  the  teeth 
which  are  entered  by  the  secondaries.  In  F.  imdulata  every  tooth  is  entered 
by  a  secondary. 

Fagus  antipofii  Abich,  as  figured  by  Heer,4  from  the  so-called  Miocene  of 
Alaska,  is  not  greatly  unlike  the  species  under  consideration.  It  has  the 
outline,  parallel  secondaries,  and  finer  nervation,  but  not  the  same  kind  of 

teeth.  There  are  a  number  of  other  species,  as  F.  atlantica  Ung.,  F.  feronice 

Ung.5  as  figured  by  Lesquereux6  from  Elko,  Nevada,  etc.,  that  resemble 
F.  imdulata  in  one  or  more  particulars,  but  not  by  any  means  sufficiently 
for  specific  identity. 

But  among  all  fossil  forms,  two  of  the  leaves  described  by  Heer  as 

Castanea  ungeri,7  from  the  supposed  Miocene  of  Alaska,  are  undoubtedly 
nearest  to  the  species  under  consideration.  They  are  of  about  the  same 

size  and  shape,  but  have  teeth  a  little  more  acute.  The  secondaries  are 

numerous,  parallel,  and  enter  the  teeth  as  in  Fagus  undulata,  but  in  origin 

1  Tert.  Fl.  v.  Schossnitz  in  Schlesien,  Giirlitz,  1855,  p.  18,  PI.  V,  fig.  11. 

2  Fl.  Foss.  Arct.,  Vol.  I,  p.  106,  PI.  X,  fig,  la  ;  PI.  XLVI,figs.  1-3. 
»Loc.  cit.,  Vol.  11  (Fl.  Foss.  Mask.),  p.  32. 

<Loc.  cit.,  PI.  VII,  fig.  4. 

sChlor.  Prot.,  PI.  XXVII,  fig.  2. 

« Tert.  Fl.,p.  14fi,  Pl.XIX,  figs.  1-3. 

'  Fl.  Foss.  Arct..  Vol.  II  (Fl.  Foss.  Alask.),  PI.  VII,  figs.  1, 2. 
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they  are  uniformly  alternate  instead  of  opposite.  The  2  leaves  figured 

by  Heer  I  regard  as  very  doubtful.  From  their  general  fades  they  are 

much  more  likely  to  belong  to  Fagus  than  to  Castanea,  The  other  leaf 

figured  with  them1  does  not  appear  to  be  the  same,  and  is  probably  a  Cas- 

tanea, although  somewhat  anomalous.  They  are  found  associated  in  the 

same  beds  with  2  species  of  Fagus,  from  which  they  are  hardly  to  be 

separated. 
Habitat:  Bluff  on  Yellowstone  River  1  mile  below  mouth  of  Elk  Creek, 

and  about  same  distance  above  mouth  of  Hellroaring  Creek;  collected  by 

F.  H.  Knowlton,  August  4,  1888. 

Castanea  pulchella  n.  sp. 

PI.  LXXXYI,  figs.  6-S;  PI.  LXXXYII,  figs.  1-3. 

Quercus  drymeja  Ung.     Lesquereux:  Oret.  and  Tert.  EL,  p.  245,  PI.  LIV,  fig.  4. 

Leaves  of  very  thick,  firm  texture;  long-lanceolate  in  outline,  with 

wedge-shaped  base  and  long,  slender,  acuminate  apex;  margin  evenly  and 

regularly  toothed;  teeth  large  and  sharp,  separated  by  prominent  sinuses, 

or  more  obtuse  with  shallower  sinuses;  petiole  long,  slender;  midrib  strong, 

straight;  secondaries  very  numerous,  opposite  or  alternate,  parallel,  all, 

except  two  or  three  of  the  lowest,  entering  the  teeth;  nervilles  well  pre- 
served, numerous,  at  right  angles  to  the  secondaries,  mainly  broken. 

This  fine  species  is  represented  by  a  very  large  series  of  specimens, 

nearly  all  in  excellent  state  of  preservation.  They  range  in  size  from  about 

8  to  20  cm.  in  length  and  from  2  to  6  cm.  in  width,  while  the  petiole  in  some 

cases  is  3.5  cm.  long  and  rather  slender.  They  are  lanceolate  in  outline, 

with  a  long  wedge-shaped  base,  which  is  without  teeth  for  some  distance, 

and  a  very  long  slender  apex  provided  with  numerous  strong  teeth.  The 

teeth  of  the  margin  are  numerous  and  regular,  in  some  cases,  as  in  fig.  2 

of  PL  LXXXVII,  being  very  large  and  sharp,  while  in  others  they  are 

less  prominent.  They  are,  however,  all  sharp  and  upward  pointing.  The 

secondaries  are  numerous,  parallel,  and  entering  the  teeth.  The  finer 

nervation  is  well  preserved,  the  nervilles  being  numerous  and  mainly 

broken  in  crossing. 
It  is  with  some  hesitation  that  these  leaves  are  described  as  new  to 

science.     At  first  thev  were  thought  to  lie  the  same  as  the  leaves  from 

1  Lon.  cit.,  PI.  VII,  tig.  3. 
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the  Auriferous  gravels  of  California  referred  by  Lesquereux  to  Castanea 

ungeri  Heer,1  but  a  careful  study  of  the  Yellowstone  National  Park  material, 
comprising  nearly  100  specimens,  and  of  a  fine  collection  from  Inde- 

pendence Hill,  Placer  County,  California,  has  convinced  me  that  they  are 

distinct,  although  closely  related.  The  California  species  diffei  in  having 

a  shorter  petiole,  in  the  wedge-shaped  base  being  destitute  of  teeth  for  a 

greater  distance,  in  having  serrate  margins  rather  than  Castanea-like  teeth, 

and  in  having  in  general  closer  secondaries.  This  study  has  also  brought 

out  the  fact  that  Lesquereux  could  hardly  have  been  correct  in  identifying 

the  California  specimens  with  Castanea  ungeri  as  figured  by  Heer2  from 
Alaska.  As  already  stated  under  Fagus  undulata  (p.  700),  it  is  more  than 

probable  that  2  of  the  leaves  figured  by  Heer  (loc.  cit.,  PI.  VII,  figs.  1,  2) 

should  be  restored  to  Fagus,  and  the  other  is  certainly  specifically  distinct 

from  the  California  leaves.  The  California  specimens,  as  stated,  differ  also 

from  the  Yellowstone  National  Park  species,  and  should  probably  be  given 
a  new  name. 

Lesquereux  identified3  as  Quercus  drymeja  Ung.,  a  single  leaf  from 
Bridge  Creek,  Oregon,  that  must  certainly  be  the  same  as  Castanea  pidchetta. 

It  is,  for  example,  absolutely  indistinguishable  from  fig.  7  of  PI.  LXXXVI 

and  fig.  2  of  PI.  XXXVII.  A  comparison  of  certain  of  the  European  figures 

of  Q.  drymeja  makes  it  more  than  probable  that  it  was  not  correctly  identified 

among  the  Bridge  Creek  material.  The  leaf  figured  by  Lesquereux  is 

referred  to  C.  pulchella,  and  Q.  drymeja  should  be  stricken  from  the  west- 

coast  flora,  at  least  so  far  as  it  depends  on  this  particular  specimen. 

It  was  at  first  thought  best  to  separate  the  small  leaves  represented  in 

fig.  7  of  PI.  LXXXVI  and  figs.  2  and  3  of  PL  LXXXVII,  as  a  distinct 

species,  but  the  only  difference  is  one  of  size,  and  in  the  large  series  at  hand 

this  breaks  down.  All  gradations  from  the  smallest  to  the  larg-est  may  be 
found,  which  is  quite  in  accord  with  the  well-known  differences  in  size  of 
leaves  to  be  found  on  living  Castanea. 

Habitat:  Fossil  Forest.  Ridge,  Yellowstone  National  Park,  bed  No.  7, 

altitude  about  7,250  feet;  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton, 

August  16-20,  1887.     Yellowstone  River,  one-half  mile  below  mouth  of  Elk 

1  Cret.  aud  Tert.  Fl.,  p.  246,  PI.  LII,  figs.  1,  3-7. 

aFl.  Foss.  Arct.,  Vol.  II  (Fl.  Foss.  Mask.),  p.  32,  PI.  VII,  figs.  1-3. 

'■'Cret.  and  Tert.  Fl.,  p.  215,  1'].  LIV,  tig.  1. 
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Creek,  bluff  300  feet  above  stream;  collected  by  F.  H.  Knowlton,  August 

27,  1888.  Junction  Butte  Fossil  Forest,  altitude  about  7,450  feet;  collected 

by  Lester  F.  Ward  and  F.  H.  Knowlton,  August  25,  1887. 

QUERCUS    GROSSIDENTATA  11.  Sp. 

PL  LXXXYII,  fig.  7. 

Leaf  large,  coriaceous,  broadly  lanceolate  (base  destroyed),  apex 

acuminate;  margin  strongly  toothed,  the  teeth  sharp,  upward  pointing; 

midrib  perfectly  straight;  secondaries  about  8  or  9  pairs,  alternate,  at 

an  angle  of  45°,  craspedodrome,  slightly  arching  upward,  ending  in  the 
large  teeth;  nervilles  strong,  at  right  angles  approximately  to  the  midrib, 

mainly  percurrent,  but  occasionally  forked  or  broken,  finer  nervation  not 
retained. 

Unfortunately  this  fine  species  is  represented  by  the  single  specimen 

figured,  and  this,  it  may  be  seen,  lacks  the  basal  portion.  The  part  retained 

is  10  cm.  long  and  4.5  cm.  wide.  It  was  probably  14  or  15  cm.  in  length 

when  perfect.  It  lias  the  margin  strongly  toothed,  the  teeth  with  long, 

rounded  or  sharp  points,  each  of  which  is  entered  by  a  secondary. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  5;  collected  by  Ward  and 

Knowlton,  August  19,  1887. 

Quekcus  consimilis?  Newby. 

PI.  LXXXVII,  fig.  C. 

Quercus  consimilis  Newby.:  Proc.  U.  S.  Nat.  Mus.,  Yol.  V,  p.  505,  1SS2  [1883]. 

Quercus  breweri  Lx. :  Cret.  and  Tert.  EL,  p.  24G,  PI.  LIY,  figs.  5-8. 

This  is  only  a  fragment  of  the  base  of  a  leaf.  It  does  not  agTee 

absolutely  with  the  figures  of  Lesquereux,  but  rather  than  make  it  a  new 

species  I  have  referred  it  provisionally  as  above. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

at  top  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

Quercus?  maonifolia  n.  sp. 

PI.  LXXXYIII,  fig.  1. 

Leaf  large,  of  firm  texture,  long,  broadly  obovate,  narrowed  to  the  base, 

rounded-obtuse    at   apex;    margin    at  base    entire,    remainder  of    margin 



FOSSIL  FLORA.  705 

destroyed,  but  probably  toothed  or  lobed;  midrib  thick,  straight;  seconda- 

ries about  18  pairs,  alternate,  at  various  angles,  curving  upward,  apparently 
camptodrome ;  finer  nervation  entirely  effaced. 

The  figured  specimen  is  19  cm.  in  length,  and  was  probably  at  least  22 

cm.  in  length  when  entire.  It  is  about  7  cm.  broad  in  the  widest  part,  which 

is  above  the  middle  of  the  leaf.  Unfortunately  the  margin,  with  the  excep- 

tion of  a  small  portion  near  the  base,  is  destroyed,  and  consequently  it  is 

impossible  to  properly  characterize  this  leaf.  There  is,  however,  a  little 

evidence  to  show  that  the  margin  was  not  entire  for  the  whole  distance,  but 

this  is  too  vague  to  be  of  much  value. 

I  have  referred  this  leaf  provisionally  to  the  genus  Quercus,  from  its 

resemblance  to  certain  living  forms,  but  it  will  be  necessary  to  see  additional 
material  before  the  correctness  of  this  view  can  be  tested. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 
at  top  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

Quercus  furcinervis  americana  Kn. 

PI.  LXXXVIII,  fig.  5. 

Quercus  furcinervis  americana  Kn. :  Bull.  U.  S.  Geol.  Surv.  No.  152,  p.  192,  1898. 
Quercus  furcinervis  Rossm.    Lesquereux:  Cret.  aud  Tert.  FL,  p.  244,  PI.  L1V,  figs.  1,  2. 

The  specimen  here  figured  is  certainly  the  same  as  that  figured  by 

Lesquereux  (loc.  cit.,  PI.  LIV,  fig.  1)  for  this  species. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  5;  collected  by  Ward  and 

Knowlton,  August  19,  1887. 

Quercus  weedii  n.  sp. 

PI.  LXXXVII,  fig.  4. 

Leaves  membranaceous,  ovate,  rounded  at  base,  acuminate  at  apex, 

margin  strongly,  irregularly  toothed,  teeth  minutely  spiny-pointed;  nerva- 
tion pinnate;  midrib  straight;  secondaries  about  8  pairs,  alternate,  at 

an  angle  of  about  45°,  flexuose,  craspedodrome,  entering  the  teetli  or 
forking  near  the  margin  and  the  branches  passing  into  the  teeth,  or  with 

strong  nervilles  crossing  between  2  secondaries  and  sending  a  branch  to 

the   intermediate    teetli;    nervilles    numerous,    strong,    at    various    angles, 

MON  XXXII,  l'T  II   45 
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percurrent  or  forked  and  broken;  finer  nervation  beautifully  preserved, 

forming  quite  regular,  large  areola?. 

This  beautiful  species  is  represented  by  a  considerable  number  of  more 

or  less  perfect  leaves,  the  best  of  which  is  figured.  This  figured  example 

is  11  cm.  in  length  and  nearly  6  cm.  in  width.  Others  are  only  7  cm.  long 

and  3.5  cm.  wide.     None  larger  than  the  one  figured  were  obtained. 

One  of  the  marked  features  of  this  species  is  the  number  of  teeth, 

there  being  quite  regularly  twice  as  many  as  the  number  of  secondaries. 

These  intermediate  teeth  are  usually  a  little  smaller  than  the  others,  and 

are  supplied  with  a  branch  from  the  middle  of  a  strong  nerville,  which 

crosses  between  2  secondaries  at  some  distance  below  the  margin.  This 

character  is  so  constant  and  so  peculiar  that  it  may  even  be  of  generic 

value,  but  for  the  present  the  species  may  be  retained  in  the  genus  Quercus. 

This  species  has  a  more  or  less  close  resemblance  to  a  number  of 

described  fossil  forms.  It  is,  for  example,  somewhat  like  Quercus  vibun/i- 

folia  Lx.,1  from  Golden,  Colorado,  Black  Buttes,  Wyoming,  etc.  This  is 
more  wedge-shaped  at  base,  has  more  irregular  teeth,  which  are  supplied 

by  branches  from  the  forking  secondaries.  Quercus  gronlandica  Heer2  as 
figured  from  Spitsbergen  also  belongs  to  this  group,  but  is  a  much  larger 

leaf,  with  relatively  smaller  teeth  and  forked  secondaries. 

The  very  much  larger  leaf  figured  by  Newberry  as  a  young  form  or 

variety  of  Platanus  haydenii  Newby3.,  and  coming  from  the  Fort  Union 
beds  at  the  mouth  of  the  Yellowstone,  also  belongs  near  this  group.  It  is 

impossible  to  see  any  generic,  or  even  specific,  differences  between  this 

figure  of  P.  haydenii  and  Heer's  figure  above  referred  to  of  Quercus 
gronlandica.     They  must  certainly  be  the  same. 

All  of  the  species  mentioned  seem  to  be  veiy  close  to  the  one  under 

consideration,  but  they  differ  constantly  by  the  manner  of  the  supply  of 

nerves  to  the  secondary  teeth. 

I  have  named  this  species  in  honor  of  Mr.  Walter  Harvey  Weed,  who 

collected  the  best  specimen  observed. 

Habitat:  Fossil  Forest  Ridge,  middle  stratum;  collected  by  W.  H. 

Weed.  Bed  No.  6,  "Platanus  bed;"  collected  by  Ward  and  Knowlton, 
August  19,  1887. 

•  Tert.  PI.,  p.  159,  PI.  XX,  fig.  11. 

"-F1.  Foss.  Arct.,  Vol.  II,  Mioc.  Fl.  Spitzb.  (K.  Vetensk.  Akad.  Haudl.,  Vol.  VIII,  No.  7),  PI.  XII,  fig.  5. 
3 Illustrations  Cret.  and  Tert.  Fl.,  PI.  XXI. 
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OjUEECUS    Sp. 

PI.  LXXXIX,  fig.  7. 

This  is  a  fragment  of  the  base  of  what  appears  to  have  been  a  large, 

thick  leaf.  It  has  a  thick  midrib,  and  alternate,  thin,  parallel,  straight 

secondaries,  which  arise  at  an  angle  of  about  45°.  None  of  the  finer 
nervation  is  preserved. 

This  has  some  resemblance  to  the  basal  portion  of  what  has  been 

described  as  Q.  culveri  (p.  708),  but  it  was  several  times  larger  than  this 

and  lacks  the  marginal  toothing.     They  come  from  the  same  beds. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

at  base  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

Queecus  olafseni  Heer. 

Quercus  olafseni  Heer:  Fl.  Foss.  Arct.,  Vol.  I,  p.  109,  PI.  XLVI,  fig.  10.     Lesquereux: 
Oret.  and  Tert.  FL,  p.  224,  PI.  XL VIII,  fig.  4;  p.  245,  PI.  LIV,  fig.  3. 

There  are  a  number  of  examples  of  this  species,  some  of  which  are 

very  well  preserved.  They  are,  with  the  exception  of  some  minor  details, 

identical  with  the  figures  given  by  Heer  and  Lesquereux.  Thus  only 

occasionally  are  they  doubly  dentate,  and  the  secondaries  rarely  branch. 

They  are  undoubtedly  the  same  as  the  leaves  figured  by  Lesquereux. 

This  species  was  reported  by  Lesquereux  from  the  Bad  Lands  of 

Dakota  (Fort  Union  group),  and  from  Table  Mountain,  California 

(Miocene1?). 
Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton,  August  27,  1888. 

Quercus  yanceyi  n.  sp. 

PI.  LXXXIX,  fig.  2. 

Leaf  of  firm  texture,  broadly  lanceolate,  somewhat  wedge-shaped  at 
base  and  acuminate  at  apex,  with  undulate  toothed  margin;  midrib  strong, 

straight;  secondaries  9  or  10  pairs,  alternate,  remote,  emerging  at  a  low 

angle,  curving  upward,  the  lower  ones  arching  along  the  border,  upper 

ones  entering  the  teeth  or  often  arching  along  and  joining  the  one  next 

above;  nervilles  few,  irregular,  broken;  finer  nervation  forming  irregular 
areolae. 
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The  leaf  figured  is  the  only  one  of  this  species  observed.  It  is  10  cm. 

long  and  17  mm.  wide  in  the  broadest  part,  which  is  about  the  middle. 

The  entire  leaf,  with  the  exception  of  a  fragment  at  the  base,  is  preserved. 

The  margin  is  entire  for  the  lower  third,  then  it  is  undulate-toothed,  the 
teeth  being  rounded  or  rarely  with  a  minute  sharp  point.  In  the  lower 

part  the  secondaries  arch  and  join,  while  those  above  either  enter  the  teeth 

or  join  by  a  long  loop  and  send  a  branch  from  the  outside  to  the  teeth. 

The  finer  nervation  is  well  preserved,  forming  irregular  meshes. 

This  beautiful  species  does  not  seem  to  be  very  closely  related  to  any 

fossil  oak  with  which  I  am  familiar.  Perhaps  its  nearest  relative  is  Q. 

laurifolia  Newby.,1  from  "burned  shales,  over  lignite  beds,  Fort  Berthold, 

Dakota,"  the  age  of  which  is  not  well  indicated,  but  is  certainly  Tertiary. 
It  has  only  very  faintly  undulate-toothed  margins,  and  the  secondaries  are 
at  a  more  acute  angle  than  in  the  one  under  discussion. 

I  have  named  this  species  in  honor  of  Mr.  John  Yancey,  proprietor  of 

the  stage  station,  and  the  namer  of  the  fossil  forest  near  by. 

Habitat:  Yancey  Fossil  Forest;  slope  near  the  standing  trunks;  col- 
lected by  Lester  F.  Ward  and  F.  H.  Knowlton,  August  10,  1887. 

QlTERCUS    CULVERI    11.    Sp. 

PL  LXXXVII,  fig-.  5. 

Leaf  small,  of  thick,  firm  texture,  approximately  oblong  in  general 

outline,  obscurely  3-lobed;  margin  strongly,  irregularly  toothed;  teeth 

obtuse  or  rounded,  pointing*  outward,  separated  by  broad,  shallow  sinuses; 
petiole  slender;  midrib  rather  slender,  nearly  straight;  secondaries  6 

pairs,  subopposite,  emerging  at  an  angle  of  about  45°,  or  the  2  lower 

pairs  only  25°,  all  nearly  straight  and  entering  the  teeth;  third  pair  of 
secondaries  longest,  entering  the  lateral  lobes,  witli  branches  on  the  lower 

side  which  pass  to  smaller  teeth;  nervilles  strong,  apparently  broken;  finer 

nervation  not  preserved. 

This  beautiful  species  is  represented  only  by  the  specimen  figured.  It 

is  a  small  leaf,  being  about  7.5  cm.  long,  including  the  petiole,  Avhich  does 

not  seem  to  be   entirely  preserved,  and   5  cm.  broad  bewteen  the  lateral 

1  Proc.  U.  S.  Nat.  Mus.,  1882,  p.  505;  Plates  ined.,  PL  LIX,  fig.  5. 
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lobes.  As  already  stated,  the  leaf  is  obscurely  oblong  in  general  outline, 

being  slightly  wedge-shaped  at  base  and  having  the  strongest  teeth  or 

lateral  lobes  at  about  two-thirds  of  the  distance  from  the  base.  The  apex 
is  not  preserved,  but  judging  from  the  contour  it  must  have  been  rather 

obtuse.  The  teeth  of  the  margin  are  also  rather  obtuse.  The  nervation  is 

strongly  craspedodrome,  the  secondaries  or  branches  all  entering  the  teeth. 

Only  a  few  nervilles  are  preserved  and  those  appear  broken.  None  of  the 

ultimate  nervation  has  been  preserved. 

This  species  is  quite  unlike  any  American  fossil  species  with  which  I 

am  familiar.  Among  living  species  it  approaches  quite  closely  to  occasional 

leaves  of  Q.  prinoides  Willd.,  of  the  eastern  United  States.  The  living 

leaves  incline  to  be  more  wedge-shaped  at  base  and  to  have  stronger  teeth 
separated  by  deeper  sinuses.  It  is  hardly  probable  that  the  resemblance  is 

close  enough  to  warrant  the  assumption  that  Q.  prinoides  has  actually 
descended  from  this  fossil  form. 

I  take  pleasure  in  having  named  this  fine  species  in  honor  of  Prof. 

George  E.  Culver,  some  time  professor  of  geology  in  the  University  of  South 

Dakota,  who  assisted  me  in  making  the  collection  of  plants  in  the  Yellow- 
stone National  Park. 

Habitat:  Bank  of  Yellowstone  River,  one-half  mile  below  the  mouth 

of  Elk  Creek ;  top  of  bluff  300  feet  above  stream,  in  white,  coarse-grained 
tuff;  collected  August  28,  1888,  by  F.  H.  Knowlton  and  G.  E.  Culver. 

QUERCUS    HESPERIA    11.  sp. 

Leaf  of  firm  texture,  broadly  lanceolate  in  outline,  passing  from  about 

the  middle  down  into  a  long  wedge-shaped  base,  rather  abruptly  pointed  at 

apex;  margin  with  few  (8  to  10)  strong,  sharp,  upward-pointing  teeth; 
midrib  strong;  secondaries  10  to  12  pairs,  alternate,  straight  or  slightly 

curving,  ending  directly  in  the  teeth;  intermediate  secondaries  frequent, 

about  midway  between  the  secondaries,  disappearing  about  halfway  between 

midrib  and  margin;  nervilles  irregular,  producing  large,  coarse  areolation; 
finer  nervation  similar. 

The  specimen  upon  which  this  species  is  founded  is  nearly  perfect, 

lacking  only  the  tip.  It  is  6  cm.  long  and  a  little  more  than  2  cm.  wide. 

The  lower  half  of  the  leaf  is  regularly  wedge-shaped  and  the  upper  portion  is 
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apparently  rather  abruptly  pointed.  The  teeth  are  strong  and  sharp-pointed, 
with  rounded  sinuses. 

This  species  seems  to  be  allied  to  Q.  boweniana  Lx.,1  from  California,  but 
differs  essentially  in  having  much  larger,  sharper  teeth  and  straight 

secondaries.  It  is  also  allied  to  Q.  yanceyi  which  has  undulate  or  slightly 

toothed  margin  and  fewer,  more  curved  secondaries.  It  somewhat 

resembles  a  leaf  that  has  been  described  as  Hicoria  culveri,  which,  however, 

differs  in  the  teeth,  and  in  having  a  camptodrome  instead  of  a  craspedodrome 
nervation. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

at  top  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

Dryopyllum  longipetiolatum  n.  sp. 

PI.  LXNXVII1,  tigs.  6,  7. 

Leaves  lanceolate,  long  wedge-shaped  at  base,  long  narrowly  acuminate 

at  apex,  margin  regularly  undulate-toothed,  the  teeth  sharp,  upward  point- 
ing, separated  by  rather  shallow  sinuses  ;  petiole  very  long,  slender ;  midrib 

thick,  straight;  secondaries  numerous,  alternate,  12  pairs  or  more,  at  a  low 

angle  in  the  lower  part,  more  acute  above,  slightly  curving  outward  in 

passing  to  the  margin,  all  ending  in  the  teeth ;  nervilles  at  right  angles  to 

the  secondaries,  obscure  but  apparently  mainly  percurrent ;  finer  nervation 

destroyed. 

This  species  is  represented  by  a  number  of  specimens,  none  of  which 

are  complete  in  a  single  example,  but  by  combining  several  a  good  idea  of 

the  species  is  given.  The  length  appears  to  have  been  about  20  cm.  and 

the  width  in  the  middle  4  cm.  The  petiole  is  long,  being  2.5  cm.,  and  pos- 

sibly not  all  preserved.  In  the  larger  leaves  the  secondai'ies  are  quite 
remote  and  distinctly  alternate.     They  arch  slightly  in  passing  to  the  teeth. 

The  leaves  of  this  species  were  at  first  confounded  with  leaves  of 

Castanea  pulchella,  with  which  they  occur  in  the  same  beds,  but  they  differ 

in  the  longer  petiole,  the  smaller  teeth,  and  in  the  irregular,  arching 

secondaries,  with  an  occasional  intermediate  secondary  between.  The 

teeth  of  the  upper  third  of  the  leaf  are  also  of  a  different  character. 

'  Mem.  Mus.  Cornp.  Zool.,  Vol.  VI,  No.  2,  p.  6,  PI.  II,  figs.  5,  6. 
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Among-  species  of  Dryophyllum  this  species  has  some  resemblance  to 

D.  aquamarum  Ward1  from  Black  Buttes,  Wyoming.  The  latter  differs  in 
being  broadest  below  the  middle,  undulate  or  sinuate  toothed,  and  in  having 

more  numerous,  often  camptodrome,  secondaries.  D.  subfalcatum  Lx.,2  from 
Point  of  Rocks  and  Hodges  Pass,  Wyoming,  also  has  some  resemblance, 
but  is  much  smaller,  with  more  numerous  close  secondaries. 

Habitat :  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  7, 

"  Castanea  bed  ;"  collected  by  Lester  F.  Ward  and  F.  H.  Knowlton,  August 
16-20,  1887. 

ILMACE.E. 

Ulmus  pseudo-fulva?  Lx. 

PL  LXXXVIII,  fig.  2. 

Ulmus  pseudo-fulva  Lx. :  Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  p.  16,  PI.  IV,  fig.  3,  187S. 

The  fragment  figured  is  all  that  has  been  found  of  this  form,  and  it  is 

doubtfully  referred  to  this  species. 

Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks,  Yellowstone 

National  Park;   collected  by  F.  H.  Knowlton,  August,  1888. 

Ulmus  minima?  Ward. 

Ulmus  minima  Ward:  Types  of  the  Laramie  Fl.,  p.  45,  PI.  XXII,  tigs.  3,  4. 

A  single  small  broken  specimen  is  referred  doubtfully  to  this  species. 

It  is  of  about  the  same  size,  but  has  the  secondaries  at  a  little  lower  angle, 

and  has  the  nervilles  well  preserved.  They  are  strong  and  percurrent. 

The  margin  is  toothed,  but  the  teeth  are  not  well  preserved. 

This  leaf  is  found  on  the  same  piece  of  matrix  with  Ficus  tilicefolial 
Al.  Br. 

Habitat:  Mountain  back  of  Yancey s,  near  the  fossil  trees;  collected  by 

F.  H.  Knowlton,  August,  1888. 

1  Types  of  the  Laramie  Fl.,  p.  26,  PI.  X,  figs.  2-4. 

2  Cf.  D.  iruneri  Ward,  uow  referred  to  D.  subfalcatum :  Types  of  the  Laramie  Fl.,  p.  27,  PI.  X, 

figs.  5-8. 
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Ulmus  rhaminfolia?  Ward. 

Ulmus  rhaminfolia  Ward:  Types  of  the  Laramie  FL,  p.  45,  PI.  XXIII,  fig.  5. 

This  species  is  also  represented  by  a  single,  much  broken  leaf,  with  only 

a  small  portion  of  the  margin  preserved.  It  has  the  size  and  nervation  of 

Professor  Ward's  species,  and  is  with  hardly  any  doubt  the  same. 
Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

Ulmus,  fruits  of. 

PL  LXXXVIII,  figs.  3,  4. 

As  it  is  impossible  to  determine  the  species  of  Ulmus  to  which  these 

fruits  belong,  or  properly  to  characterize  them,  I  have  preferred  to  leave 

them  unnamed  specifically. 

Habitat:  Yellowstone  River  one-half  mile  below  mouth  of  Elk  Creek, 

top  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

Planera  longifolia  Lx. 

Planera  longifolia  Lx.:  Tert,  FL,  p.  189,  PL  XXVII,  figs.  4-6;  Cret.  and  Tert.  FL, 
p.  161,  PL  XXIX,  figs.  1-13. 

The  collection  contains  some  40  more  or  less  well-preserved  examples 
of  this  species,  which  agree  very  well  indeed  with  the  various  figures 

given  by  Lesquereux.  A  number  are  so  well  preserved  that  the  finer 

nervation  is  retained.  The  nervilles  are  numerous,  parallel,  and  mainly 

percurrent, 
Habitat:  Fossil  Forest  Ridge,  bed  No.  3  (30  specimens);  bed  No.  5 

(10  specimens);   collected  by  Ward  and  Knowlton,  August,  1887. 

URTICACEiE. 

FlCUS    DEFORMATA  11.  Sp. 

PL  XCI,  fig.  2. 

Leaf  large,  thick,  long-obovate,  slightly  unequal-sided  at  base,  abruptly 
rounded  above  to  an  obtuse  apex  and  rather  abruptly  narrowed  below; 

margin  entire,  conspicuously  indented  or  deformed  on  one  side,  the  margin 

of  indentation  rounded;  midrib  thick;  secondaries  thick,  10   or  12  pairs, 
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alternate,  emerging  at  an  angle  of  35°  to  45°,  curving  upward,  campto- 
drome ;  none  of  the  finer  nervation  preserved. 

This  leaf  is  15.5  cm  long  and  almost  8  cm.  wide  in  the  broadest  part, 

which  is  high  above  the  middle  of  the  blade.  It  is  long-obovate,  obtuse  at 

apex,  and  very  broadly  or  obtusely  wedge-shaped  at  base.  The  margin  is 
entire  except  for  a  curious  indentation  on  one  side,  which  has  probably 

resulted  from  an  injury  of  some  sort.  This  indentation  passes  nearly  to  the 

midrib  and  has  rounded  lobes.  The  secondaries  adjacent  to  this  are  also 

distorted,  being  much  curved.     The  finer  nervation  is  not  preserved. 

It  is  possible  that  the  fragment  of  the  base  of  a  leaf  described  and 

figured  on  PI.  LXXXIX,  fig.  7,  is  the  same  as  this  species,  but  it  is  obvi- 

ously impossible  to  be  certain  of  this.  It  is  also  undoubtedly  related  to, 

and  is  possibly  identical  with,  F.  asimincefolia  Lx.,1  from  Placer  County, 
California.  This  has  the  same  shape  and  nervation,  but  for  obvious  reasons 

it  is  best  to  keep  them  separate,  at  least  until  additional  specimens  can  be 
obtained. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 
base  of  bluff;   collected  by  F.  H.  Knowlton. 

Ficus  ungeri  Lx. 

PI.  XCL  fig.  3. 

Ficus  ungeri  Lx.:  Tert.  Fl.,  p.  195,  PL  XXX,  fig.  3;    Cret.  and  Tert,  Fl.,  p.  163,  PI. 

XLIV,  figs.  1-3. 

Habitat:  Yellowstone  River,  1  mile  below  mouth  of  Elk  Creek,  west 

side;  and  about  same  distance  above  Hellroaring  Creek;  collected  by 

F.  H.  Knowlton,  August  4,  1888. 

Ficus  sp. 

PI.  LXXXIX,  fig.  3. 

This  is  too  fragmentary  to  permit  even  the  generic  determination,  but 

it  seems  to  belong  to  Ficus.  It  consists  of  the  base  of  a  thick  leaf  having 

a  thick  midrib,  with  rather  thin  parallel  secondaries  and  a  short  very  thick 

petiole. 
Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

base  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

1  Cret.  and  Tert.  Fl.,  PI.  LVI,  fig.  3. 
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FlCUS    SHASTENSIsf  Lx. 

Ficus  shaxtensis  Lx.:  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  18S8,  p.  28,  PL  XI,  fig.  3. 

This  species  was  described  by  Lesquereux  from  Shasta  County,  Cali- 
fornia. It  was  said  to  be  6  cm.  long  and  3.5  cm.  broad,  and  with  a  very 

thick  petiole.  The  Park  leaf  is  8  cm.  long-  and  4.5  cm.  wide,  and  lacks  the 
petiole.  The  nervation  appears  identical,  but  I  have  hesitated  to  make  a 

positive  identification  on  such  scanty  material. 
Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks,  on  the  same 

piece  of  matrix  as  Salix  angusta  and  Lygodium  kaulfusii ;  collected  by  F.  H. 

Knowlton,  August  27,  1888. 

Ficus  sordida  Lx. 

Ficus  sordida  Lx. :  Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  No.  2, 1878,  p.  17,  PL  IV,  figs.  6,  7. 

A  single  fragment,  representing  the  lower  side  of  a  leaf  of  about  the 

same  size  and  nervation  as  fig.  7  of  Lesquereux's  plate. 

Habitat:  Specimen  Ridge,  Fossil  Forest,  "Platanusbed;"  collected  by 
Ward  and  Alderson,  August  25,  1887. 

Ficus  densifolia  n.  sp. 

PL  LXXXIX,  fig.  1;  PL  XO,  figs.  1,  2;  PL  XCI,  fig.  1. 

Leaves  large,  very  thick,  unequal-sided,  irregular  long-obovate, 
broadest  at  or  above  the  middle,  obtuse  above,  narrowed  below  to  a 

rounded  truncate  or  slightly  heart-shaped  base;  margin  entire  or  very 

slightly  undulate;  petiole  not  preserved;  midrib  very  thick,  slightly 

flexuose;  secondaries  8  or  9  pairs,  lower  opposite  or  sub-opposite,  others 
alternate;  lower  secondaries  thin,  nearly  at  a  right  angle  with  midrib, 

others  irregular,  remote,  at  various  angles,  much  arching  upward,  occa- 
sionally forked,  all  camptodrome,  and  joining  by  broad  loops;  middle 

secondaries  sometimes  branched  on  the  outside,  the  branches  joining  by 

broad  loops  near  the  margin;  nervilles  strongly  marked,  mainly  broken, 

producing  by  union  large  quadrangular  areas;  finer  nervation  producing 

irregular  quadrangular  areas. 

This  fine  species  differs  markedly  from  all  others  obtained  in  the 

Yellowstone  National  Park,  and  is  quite  unlike  any  American  form.  The 

smaller  leaves  are  13  or  14  cm.  long  and  5  or  6  cm.  broad,  while  the  larger 
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examples  are  fully  25  cm.  long  and  nearly  or  quite  10  cm.  broad.  They 

are  broadly  obovate,  being  broadest  usually  above  the  middle.  At  base 

the  leaves  are  narrowed  into  a  small  rounded,  truncate,  or  even  heart- 

shaped  part.  Above  they  appear  rather  abruptly  narrowed  into  an  obtuse 

apex. 
The  nervation  is  strongly  marked.  The  midrib  is  very  thick,  as  are 

most  of  the  secondaries,  especially  in  the  middle,  when  they  pass  to  the 

broad  portion  of  the  blade.  They  are  then  alternate,  thick,  and  sometimes 

forked,  and  not  rarely  branched  on  the  outside.  The  secondaries  and  their 

branches  are  arched  and  joined  by  broad  bows. 

Habitat:  Southeast  side  of  Crescent  Hill,  largest  specimen  (PI. 

LXXXIX,  fig.  1) ;  Yellowstone  River,  one-half  mile  below  mouth  of  Elk 

Creek,  one  peculiar,  somewhat  doubtful,  specimen;  also  one  from  base  of 

bluff  (PL  XC,  fig.  1);  hill  above  Lost  Creek,  typical  specimen.  All  of  the 

above  collected  by  F.  H.  Knowlton,  August,  1888.  Specimen  Ridge,  Fossil 

Forest,  opposite  Slough  Creek,  "Platanus  bed"  and  bed  100  feet  above 
same;  specimens  numerous;  collected  by  Lester  F.  Ward  and  E.  C. 

Alderson,  August  25,  1887.  Fossil  Forest  Ridge,  bed  No.  5,  "Salix  bed," 
one  broken  specimen;  collected  by  Ward  and  Knowlton,  August  9,  1887. 

Ficus  haguei  n.  sp. 

PI.  XO,  fig.  3. 

Leaf  thick,  broad,  rounded-ovate,  apparently  rounded  and  truncate  at 
base  and  rather  abruptly  acuminate  at  apex;  margin  entire;  midrib  thick, 

perfectly  straight;  leaf  palmately  3-ribbed  from  above  the  base,  appar- 
ently a  pair  of  thin  secondaries  originating  from  or  near  the  base  of  the 

lamina,  then  a  pair  of  very  strong  subalternate  ribs  or  secondaries,  at  an 

angle  of  about  45°,  which  arch  upward;  above  this  pair,  in  the  upper 
part  of  the  blade,  are  4  or  5  pairs  of  alternate  thinner  secondaries  at  a 

lower  angle;  all  of  the  secondaries  are  joined  some  distance  from  the 

margin  by  a  broad  loop,  with  another  series  of  smaller  loops  outside 

these,  at  least  in  the  lower  portion  of  the  leaf;  a  number  of  irregular  inter- 
mediate secondaries  occur  between  the  primary  secondaries;  nervilles  thin, 

irregular. 

The  specimen  figured  is  the  only  representative  of  this  strongly  char- 

acterized species.     It  unfortunately  lacks  both  base  and  apex,  but  the  por- 
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tion  preserved  is  8  cm.  long  and  nearly  8  cm.  wide.  There  is,  of  course, 

no  means  of  knowing  the  configuration  of  base  and  apex,  but  from  all 

indications  it  is  probable  that  the  base  was  rounded-truncate  and  the  apex 
abruptly  acuminate.  It  is  well  characterized  by  secondaries,  of  which  the 

lower  prominent  pair  are  strongest  and  arch  up  and  join  by  a  broad  loop 

to  the  secondaries  above,  producing  a  palmately  ribbed  leaf. 

I  am  uncertain  as  to  the  correctness  of  this  generic  reference,  but  it 

seems  to  approach  closer  to  Ficus  than  any  other.  In  any  case,  it  is  so 

well  marked  that  it  can  be  readily  recognized.  It  does  not  appear  closely 

related  to  any  fossil  species  with  which  I  am  familiar,  but  among  living 

species  it  has  considerable  resemblance  to  F.  nodosa  Tey.  and  Binn.,  and 

F.  procera  R.,  both  from  British  India. 

The  species  is  named  in  honor  of  the  discoverer. 

Habitat:  Fossil  Forest  Ridge,  middle  stratum;  collected  by  Arnold 

Hague,  September  21,  1884. 

Ficus  tillefolia?  Al.  Br. 

A  fragment  of  the  basal  portion  of  a  large  leaf,  apparently  of  this 

species.  It  is,  for  example,  very  much  like  the  figure  given  by  Lesquereux,1 
from  the  Auriferous  gravels  of  California. 

Habitat:  Hill  above  Yancey s  and  near  the  fossil  trees;  collected  by 

F.  H.  Knowlton,  August,  1888. 

Ficus  asimin^efolia  Lx. 

Ficus  asimincefoUa  Lx. :  Orefe.  and  Tert.  PL,  p.  2.50,  PI.  LVI,  figs.  1-3. 

A  single  deformed  leaf,  which  agrees  in  nervation  with  this  species  and 

with  the  upper  portion  of  another  perfect  leaf. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  3,  "Magnolia  bed;"   collected 
by  Ward  and  Knowlton,  August,  1887.     Yellowstone  River,  one-half  mile 
below  mouth  of  Elk  Creek,  base  of  bluff;  collected  by  F.  H.  Knowlton, 

August,  1888. 
Artocarpus?  quercoides  n.  sp. 

PL  XOII,  fig.  1. 

Leaf  large,  thick,  5  (7?)-lobed,  lower  lobes  large,  rounded;  upper 
lateral  lobes   smaller,  turning  upward,  of  about  the  same   size  at  apex  as 

1  Mem.  Mus.  Comp.  ZoSl.,  Vol.,  VI.  No.  2,  p.  18,  PI.  IV,  fig.  8, 1878. 
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central  or  terminal  lobe,  all  separated  by  broad,  rounded  sinuses;  midrib 

very  thick  below  and  to  the  middle  of  the  leaf,  from  which  point  it  rapidly 

diminishes  to  the  apex;  secondaries  numerous,  alternate,  at  angle  of  30° 

to  45°,  about  4  in  each  lobe,  except  the  small  central  lobe,  the  upper 
ones  passing  to  the  apex  of  the  lobe,  the  other  curving  near  the  margin 

below  it;  short  secondaries  pass  up  to  and  arch  along  above  the  sinuses, 

occasionally  in  the  upper  part  forking  and  passing  on  both  sides;  nervilles 

strong,  percurrent,  nearly  at  right  angles  to  the  secondaries;  finer  nervation 

not  preserved. 

The  specimen  figured  is  the  only  one  obtained  of  this  remarkable  and 

highly  characteristic  leaf.  It  is  not  perfect,  yet  it  appears  to  represent 

practically  all  of  the  leaf.  The  part  preserved  is  14  cm.  long  and  9,5  cm. 

broad  between  the  upper  lobes.  It  was  probably  at  least  17  cm.  in  length, 

and  if  there  were  7  lobes  it  was  of  course  much  larger.  It  was  probably 
12  to  14  cm.  broad  between  the  lower  lobes.  The  width  at  the  middle 

sinus  is  a  little  less  than  3  cm.  It  is  strongly  54obed,  and,  following  the 

analogy  of  Artocarpus  lessigiana  (Lx.)  Kn.,  may  have  been  7dobed. 
There  is,  however,  no  evidence  that  it  had  more  than  5  lobes.  The 

lower  lobe  is  5.5  cm.  wide  at  a  distance  of  1.5  cm.  from  the  midrib, 

while  the  upper  lateral  lobe  is  fully  6  cm.  wide  at  the  same  distance  from 

the  midrib.  The  extreme  length  of  the  upper  lobe  is  less  than  5  cm.,  the 

apex  being  curved  around  and  up.  The  secondaries,  as  pointed  out  in  the 

diagnosis,  are  about  4  in  number  in  each  lobe.  They  are  about  1  cm. 

apart,  the  upper  one  only  entering  the  apex  of  the  lobe.  The  only  trace  of 

the  finer  nervation  consists  of  a  few  strictly  percurrent  nervilles. 

I  am  in  doubt  as  to  the  proper  generic  reference  of  this  leaf.  When  it 

was  collected  in  the  field,  the  conclusion  was  hastily  formed  that  it  was  an 

oak,  but  the  nervation  is  not  at  all  that  of  this  genus.  It  seems  to  have  rather 

a  moraceous  character,  but  I  have  not  been  entirely  successful  in  finding 
affinities.  It  has  some  resemblance  to  species  of  Ficus,  but  on  the  whole 

approaches  closest  to  Artocarpus.  Compared  with  living  species  it  is  of 

the  A.  incisa  type,  yet  of  course  differs  in  marked  peculiarities,  having,  for 

example,  only  five  instead  of  many  lobes.  Among  fossil  species  this  undoubt- 

edly approaches  A.  lessigiana  (Lx.)  Kn.,1  found  in  the  Laramie  and  Denver 
formations  of  Colorado,  Wyoming,  etc.    The  Yellowstone  leaf  has  much  the 

1  Science,  Vol.  XXI,  p.  24. 
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shape  and  thick  midrib  of  the  other,  but  differs  essentially  in  having  3 

or  4  secondaries  instead  of  1  in  each  lobe.  It  is,  however,  a  leaf  suf- 

ficiently well  characterized  to  permit  it  to  be  readily  recognized,  and  if 
material  is  hereafter  found  that  will  throw  additional  light  on  its  affinities, 

it  can  be  easily  transferred  to  its  proper  genus.  For  the  present  it  may 

remain  under  Artocarpus. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek; 

collected  by  F.  H.  Knowlton,  August,  1888. 

MAGNOLIACEiE. 

Magnolia  californica  ?  Lx. 

Magnolia  californica  Lx.:  Foss.  PI.  Aurif.  Gravels,  Mem.  Mus.  Com  p.  Zool.,  Vol.  VI, 

No.  2,  1S7S,  p.  25,  PI.  VI,  figs.  5-7. 

A  single  specimen,  of  which  only  the  upper  part  is  preserved.  It  has, 

so  far  as  can  be  made  out,  the  shape  and  nervation  of  this  species,  but  it  is 

so  much  broken  that  its  positive  identification  is  not  possible. 

Habitat:  Fossil  Forest  Ridge;   Hague's  No.  1960. 

Magnolia  spectabilis  n.  sp. 

PL  XOIII,  tigs.  1,  2. 

Leaves  very  thick,  coriaceous;  broadly  elliptical-lanceolate  in  outline, 
with  regularlv  rounded  base  and  rather  abrupt  obtusely  acuminate  apex; 

margin  perfectly  entire,  not  undulate;  midrib  thick,  straig'ht;  secondaries 
about  18  or  20  pairs,  alternate,  regular  and  parallel  or  slightly  irregular 

on  emergence  from  the  midrib,  becoming  parallel  above;  secondaries  either 

forking  near  the  margin  or  arching  along  and  joining  the  one  next  above 

in  a  series  of  loops,  with  a  series  of  smaller  loops  outside;  intermediate 

secondaries  usually  numerous,  sometimes  passing  nearly  to  the  junction  of 

the  primary  ones,  or  becoming  lost  at  one-half  or  two-thirds  of  the  distance 
from  midrib  to  margin,  irregular  and  not  parallel  to  other  secondaries; 

nervilles  numerous,  irregular,  broken,  approximately  at  right  angles  to 

the  secondaries;  finer  nervation  beautifully  preserved,  forming  strongly 

marked  quadrangular  areolae. 

This  fine  sp_ecies  is  represented  by  a  large  number  of  well-preseiwed 
specimens.     The  larger  leaves  are  fully  20  cm.  long  and  7  or  8  cm.  wide, 
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and  some  of  the  smaller  ones  12  ox'  15  cm.  long  and  4  to  6  cm.  wide.  The 
leaves  are  thick  and  leathery,  and  evidently  belonged  to  an  evergreen 

species. 
It  is  altogether  probable  that  the  leaves  obtained  by  Mr.  W.  H.  Holmes 

in  1878  from  Amethyst  Mountain  and  identified  by  Lesquereux  as  Magnolia 

lanceolata  Lx.,1  really  belong  to  this  species.  As  nearly  as  can  be  made 

out  from  Holmes's  description  of  the  locality,2  it  is  the  same  as  that  which 
afforded  the  specimens  under  discussion.  But  a  careful  comparison  of  these 

numerous  leaves  with  the  figures  given  hj  Lesquereux,  as  well  as  with 

specimens  from  the  Auriferous  gravels,  makes  it  certain  that  they  can  not 

belong  to  M.  lanceolata.  Magnolia  spectabilis  differs  in  being  broader,  more 

rounded  at  base,  with  secondaries  more  curved  and  with  numerous  inter- 

mediate secondaries.  A  still  greater  point  of  difference  is  in  the  texture  of 

the  leaf.  Of  M.  lanceolata,  Lesquereux  says:3  "This  leaf  is  not  coriaceous, 

rather  of  a  thin  substance,"  while  M.  spectabilis  is  thick  and  distinctly  coria- 
ceous or  leathery.  The  finer  nervation  is  not  preserved  in  M.  lanceolata, 

so  it  is  not  possible  to  compare  that  point, 

From  further  evidence  it  appears  that  these  identical  specimens  were 

again  submitted  to  Lesquereux  in  1887,  and  he  then  identified  them  with 

M.  inglefieldi  Heer,4  a  species  that  he  has  also  reported  from  Lassen  County, 
California,  Green  River  group,  etc.  It  is  certainly  much  more  closely 

related  to  this  than  to  M.  lanceolata,  as  may  be  seen  from  Heer's  figures5  and 
specimens  identified  with  it  from  California.  It  is  of  the  same  shape  and 

size  as  M.  spectabilis  and  is  described  as  being  coriaceous,  but  it  differs 

somewhat  in  having  the  secondaries  more  scattered,  apex  irregular,  etc. 

The  finer  nervation  also  differs.  They  are  undoubtedly  close,  but  seem  to 

be  sufficiently  distinct  for  specific  separation. 

Among  living  species  the  affinity  of  M.  spectabilis  is  unquestionably 

with  M.  grandiflora  L.,  or  M.  fcetida  Sargent,  as  it  is  now  called.  The  size, 

outline,  texture,  and  nervation  are  practically  the  same. 

According  to   Sargent,6  the   direct  ancestor  of  Magnolia  fcetida  was 

'Mem.  Mus.  Comp.  Zoiil.,  Vol.  VI,  p.  24,  PI.  VI,  fig.  4. 

2Twelftli  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Surv.  Terr  ,  1878  (1883),  Pt.  II,  p.  49. 
3Loe.  cit.,  p.  24. 

"Of.  Proc.  U.  S.  Nat.  Mus.,  Vol.  X,  1887,  p.  46. 

■Fl.  Foss.  Arct.,  Vol.  VII,  1883,  p.  121,  PI.  LXIX,  fig.  1 ;  PI.  LXXXV,  fig.  3 ;  PI.  LXXXVI,  fig.  9. 
6Silva  of  North  America,  Vol.  I,  p.  3. 
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probably  M.  inglefieldi  as  exemplified  from  Greenland,  the  type  locality. 

As  already  pointed  out,  this  species  is  also  the  closest  relative  of  M.  spectabilis, 

which  in  turn  is  closely  allied  to  M.  fostida.  It  is  possible  that  M.  inglefieldi, 

the  earliest  arctic  representative,  was  pushed  down  by  the  invading  ice, 

occupying  under  a  slight  variation  (M.  spectabilis)  the  Yellowstone  National 

Park,  and  surviving  at  the  present  day  as  M.  fcetida. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  3,  "Magnolia  bed;"  collected 
by  Ward  and  Knowlton,  August,  1887. 

Magnolia  miorophylla  n.  sp. 

Leaf  thick,  elliptical-lanceolate  in  outline,  with  slightly  undulate  entire 

margin;  midrib  very  thick,  straight;  secondaries  4  or  5  pairs,  alternate, 

very  irregular,  at  an  angle  of  30°  to  45°,  much  curved  upward,  forking 
near  the  margin,  the  fork  joined  by  the  branch  from  the  secondary  next 

below;  intermediate  secondaries  present,  irregular;  nervilles  irregular;  finer 
nervation  obscure. 

A  single  broken  fragment  is  the  only  example  of  this  species  observed. 

The  part  preserved  is  6  cm.  long  and  4  cm.  wide. 

This  leaf  was  associated  on  the  same  piece  of  matrix  with  M.  spectabilis, 

yet  differs  by  the  characters  enumerated. 

Habitat:  Fossil  Forest  Ridge,  b^d  No.  3,  "Magnolia  bed;"  collected 
by  Ward  and  Knowlton,  August,  1887. 

Magnolia  culveri  n.  sp. 

PI.  XCII,  fig.  5. 

Leaf  large,  membranaceous,  broadly  ovate,  truncate  at  base,  obtusely 

pointed  above;  petiole  short;  midrib  thin,  straight;  secondaries  6  or  7 

pairs,  alternate,  at  an  angle  of  40°  or  45°,  forking  some  distance  below  the 
margin,  camptodrome  by  broad  loops;  intermediate  secondaries  occasional, 
soon  lost  in  the  middle  area  between  the  secondaries;  nervilles  numerous, 

irregular,  thin,  broken;  finer  nervation  producing  large  irregularly  quad- 

rangular areas. 
The  specimen  figured,  which  is  that  best  preserved,  is  14  cm.  in  length, 

including  the  petiole,  but  lacks  the  apex.  It  must  have  been  some  15  cm. 

long  when  perfect.  It  is  broadest  just  below  the  middle,  where  it  is  8  cm. 

wide.     The  petiole  is  1  cm.  long  and  moderately  thick. 
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This  fine  species  belongs  certainly  to  the  genus  Magnolia,  as  attested 

by  the  shape  and  the  forking,  camptodrome  secondaries.  It  is,  however, 

quite  unlike  any  of  the  other  species  found  in  the  Yellowstone  National 

Park.  Perhaps  its  closest  relation  is  M.  californica  Lx.,1  from  the  Chalk 
Bluffs  of  California.  It  is  different  in  shape,  being  ovate  instead  of  broadly 

oval,  and  has  somewhat  different  secondaries.  The  large  quadrangular 
finer  nervation  is  similar  in  both. 

It  does  not  approach  very  closely  to  either  of  the  living  American 

species,  being  perhaps  closest  to  M.  acuminata  L.,  the  well-known  cucumber 

tree.2  The  shape  of  the  leaves  is  practically  the  same,  but  the  nervation 
differs  somewhat. 

I  have  named  this  species  in  honor  of  Prof.  Ceorge  E.  Culver,  who 

assisted  in  making  the  collection  from  this  place. 

Habitat:  East  bank  of  Lamar  River,  between  Cache  and  Calfee  creeks; 

collected  by  F.  H.  Knowlton  and  George  E.  Culver,  August,  1888. 

Magnolia  !  pollardi  n.  sp. 

PI.  LXXXI,  figs.  9,  10. 

Petals  of  firm  texture,  elliptical  or  elliptic-ovate  in  outline,  narrowed 

below,  rounded-obtuse  above;  nervation  of  numerous  approximately  par- 
allel nerves  about  2  mm.  apart. 

The  best  preserved  of  these  2  specimens  (fig.  9)  has  7.5  cm.  in  length 

preserved,  and  was  probably  fully  8.5  cm.  in  length  when  perfect.  It  is 

3  cm.  broad  in  the  middle,  and  is  narrowed  at  base  to  a  point  of  attach- 

ment some  5  or  6  mm.  broad.  The  upper  point  is  unfortunately  destroyed, 

but  it  seems  probable,  from  the  appearance  of  the  margin  and  nerves,  that 

it  was  obtuse.  The  nerves  arise  from  the  basal  part  and  run  approximately 

parallel,  spreading  slightly  in  the  middle  and  converging  toward  the  apex. 

In  the  middle  these  nerves  are  between  3  and  4  mm.  apart,  but  in  the  apex 

they  are  separated  by  only  about  2  mm.  There  is  some  evidence  of  inter- 
mediate nerves,  or  possibly  cross  veinlets,  but  these  are  so  indistinct  that 

a  positive  statement  concerning-  them  can  not  be  made. 
The  other  specimen  (fig.  10)  is  a  trifle  over  5  cm.  in  length,  but  lacks 

both  upper  and  lower  parts.     It  was  probably  6.5  or  7  cm.  in  length  when 

'Mem.  Mus.  Comp.  Zocil.,  Vol.  VI,  No.  1,  p.  25,  PI.  VI,  figs.  5,  7. 

■CL  Sargent:  Silva  of  N.  A.,  Vol.  I,  Pis.  IV,  V. 

MON  XXXII,  PT  II   40 
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perfect.  It  is  exactly  3  cm.  in  width  at  the  widest  portion,  which  is  a  little 
above  the  middle.  There  is  no  indication  of  the  form  of  the  base,  as  it  is 

destroyed  The  apex  was  quite  obviously  obtuse.  The  nerves  are  less 

distinctly  preserved  than  in  the  other  specimen,  but  by  careful  search  they 

can  be  made  out  as  shown  in  the  figure.  Beyond  these  nothing  can  be 
made  out. 

It  is  with  some  hesitation  that  these  specimens  are  described  as  petals 

of  Magnolia,  They  were  at  first  supposed  to  be  spathe-like  growths  of 
some  monocotyledonous  plant,  and  their  identification  as  Magnolia  petals 

was  first  suggested  by  Mr.  C.  L.  Pollard,  of  the  United  States  National 

Museum,  in  whose  honor  I  take  pleasure  in  naming  the  species.  The 

probability  of  their  being  petals  of  a  large-flowered  Magnolia  is  greatly 
strengthened  by  the  fact  that  undoubted  Magnolia  leaves  in  abundance  are 
found  in  the  various  beds  of  the  Yellowstone  National  Park,  whereas  no 

monocotyledonous  plant  has  been  found  to  which  these  apparently  could 

have  belonged.  There  is  a  facies  to  the  specimens  that  is  difficult  to 

describe  and  wholly  impossible  to  show  in  a  figure,  which  is  very  sug- 
gestive of  Magnolia  petals.  The  maimer  in  which  they  curve  and  narrow 

on  the  rock,  although  this  appearance  may  of  course  be  only  accidental, 

is  very  similar  to  the  petals  of  certain  large-flowered  forms — such,  for  exam- 

ple, as  M.  conspicua.  In  any  case  they  are  distinctive  forms  that  may  be 

readily  recognized,  and,  for  the  purposes  of  geologic  correlation,  are  of 
undoubted  value.  Several  botanists  to  whom  the  specimens  have  been 

submitted  agree  that  their  reference  to  Magnolia  is  full)-  warranted,  and 
for  the  present  at  least  they  may  be  so  considered. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek  (fig.  10);  collected  by  F.  H.  Knowlton,  August,  1888.  Fossil  For- 
est Ridge,  opposite  Slough  Creek;  collected  by  Lester  F.  Ward,  August, 

1887. 
LAIRACE.F.. 

Laurus  primigeisia?  Ung. 

PI.  XGI,  figs.  4,  5. 

Laurus  primigenia  Ung.  Cf.  Ward:  Types  of  the  Laramie  FL,  p.  47,  PI.  XXIII,  fig.  8. 

The  much  broken  specimens  are  the  only  ones  of  this  species  found. 

Their  identification  is  open  to  doubt,  yet  they  are  obviously  the  same  as 
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the  leaf  figured  by  Professor  Ward  as  this  species  from  Carbon,  Wyoming. 

More  material  will  be  necessary  before  its  status  can  be  fixed  with  certainty. 
Habitat :  Yellowstone  River,  half  a  mile  below  mouth  of  Elk  Creek, 

foot  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

Laurus  perdita  n.  sp. 

PI.  XCIV,  figs.  1-5. 

Leaves  coriaceous,  broadly  lanceolate,  wedge-shaped  at  base,  obtusely 
acuminate  at  apex;  margins  entire,  but  very  slightly  undulate;  petiole 

short,  stout;  midrib  thick,  straight;  secondaries  7  or  8  pairs,  alternate, 

camptodrome,  arising  at  an  angle  of  40°  or  45°  and  curving  upward  and 
arching  along  near  the  margin  and  forming  numerous  broad  loops  or 

bows;  nervilles  numerous,  irregular,  mainly  forked,  approximately  at  right 

angles  to  the  midrib;  finer  nervation  not  preserved. 

The  collection  contains  a  number  of  specimens  of  this  species,  none  of 

them,  however,  cpiite  perfect.  They  are  about  15  cm.  long  and  about 

4.5  cm.  broad.  The  5  specimens  figured  show  well  the  character  of  the 

species.  They  are  broadly  lanceolate,  with  a  regularly  narrowed  base  and 

apparently  a  rather  obtuse  apex.  The  secondaries  are  about  7  pairs,  which 

arch  much  upward  and  along  the  borders.  The  nervilles  are  numerous, 

mainly  at  right  angles  to  the  midrib,  and  irregular  and  often  broken. 

This  species  has  some  resemblance  to  Laurus  granclis  Lx.,1  from  the 
Auriferous  gravels  of  California,  differing  in  being  smaller,  narrower,  and 

not  so  obtuse  at  apex.  The  resemblance  is  close  enough,  however,  to  make 

it  reasonably  certain  that  the  2  species  are  quite  closely  related. 

Persea pseudo-carolinensis  Lx.,2from  Table  Mountain,  California,  is  some- 
what similar,  but  differs  in  being  broader,  more  obtuse,  and  in  having  finer 

nervation. 

Habitat:  Hill  above  Yaucevs  and  near  the  standing  fossil  trees;  col- 

lected by  F.  H.  Knowlton,  August  28,  1888.  Near  same  locality;  collected 

by  George  M.  Wright,  September  24,  1885. 

i  Cret.  and  Tert.  PI.,  p.  251,  PL  LVIII,  Bgs.  1,  3. 

2 Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  No.  1,  p.  19,  P).  VII,  figs.  1,  2. 



724  GEOLOGY  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

LAURUS    MONTANA    11.  Sp. 

PI.  XCV,  fig.  2. 

Leaves  large,  evidently  coriaceous,  elliptical-lanceolate,  narrowed  grad- 

ually (?)  to  the  petiole  and  (?)  upward  to  an  acuminate  apex  (?),  slightly 

unequal-sided  in  the  upper  part ;  margin  entire ;  midrib  thin,  straight;  second- 

aries 5  or  6  pairs,  alternate,  the  lower  at  a  very  acute  angle,  upper  ones 

slightly  less  so,  all,  but  especially  the  lower  ones,  with  numerous  branches 

on  the  outside,  which  join  and  form  broad  loops  just  inside  the  margin; 

nervilles  strong,  percurrent,  approximately  at  right  angles  to  the  secondaries ; 

ultimate  nervation  not  preserved. 

The  leaf  by  which  this  fine  species  is  represented  unfortunately  lacks 

both  base  and  apex,  but  is  otherwise  well  preserved.  It  is  10  cm.  long  as 

now  preserved,  and  was,  when  entire,  probably  at  least  14  cm.  in  length. 
The  width  is  5.3  cm.  As  stated,  it  is  a  little  (3  mm.)  wider  on  one  side  of 

the  midrib  than  the  other,  making  it  slightly  unequal-sided.  The  nerva- 
tion is  peculiar,  consisting  of  about  5  pairs  of  secondaries,  of  which  the 

lower,  on  the  narrower  side  of  the  leaf,  begins  well  toward  the  base  and 

passes  up  to  the  middle  of  the  blade,  with  numerous  branches  on  the  out- 
side at  right  angles  to  the  midrib.  The  lower  secondary  on  the  broad 

side  of  the  leaf  is  very  thin  and  short,  and  anastomoses  with  a  branch 

from  the  lower  portion  of  the  second  secondary.  This  latter  is  strong,  and 

passes  above  the  middle  of  the  leaf,  and  has  only  4  or  5  branches  on  the 

outside,  all  being  at  an  acute  angle  with  the  midrib.  The  other  second- 
aries have  1  or  more  branches  on  outside,  and  also  a  number  of  strong 

nervilles. 

This  species  appears  to  be  related  to  some  of  the  forms  figured  by 

Lesquereux  as  Lauras  grandis,1  from  California,  and  may  possibly  be  an 
anomalous  form  of  this  species.  It  is  larger,  more  rounded,  slightly  unequal- 

sided,  and  has  quite  different  nervation.  It  also  resembles  L.  californica  Lx.,2 
from  the  same  place. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

base  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

'Cret.  and  Tert.  Fl.,  PI.  LVIII,  fig.  3. 

*0p.  cit.,  PI.  LVIII,  fig.  8. 
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Laurus  princeps  Heer. 

PL  XCV,  fig.  3. 

Laurus  princeps  Heer.     Lesquereux:  Cret.  and  Tert.  Fl.,  p.  251,  PI.  LVIII,  fig.  2. 

The  fine  leaf  shown  in  the  plate  is  absolutely  perfect.  It  has  the 

same  size,  shape,  and  nervation  as  fig.  2  of  Lesquereux's  plate  (loc.  cit). 
Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

base  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

Laurus  californica  Lx. 

Laurus  californica  Lx.:  Cret,  and  Tert.  Fl..  p.  250,  PI.  LVII,  fig.  3;  PI.  LVIII,  figs. 6-8. 

Habitat:  Fossil  Forest  Ridge,  beds  Nos.  3,  5,  and  6;  Specimen  Ridge, 
Fossil  Forest,  opposite  Slough  Creek;  collected  by  Ward  and  Knowlton, 

August,  1887.  Northeast  side  of  Crescent  Hill,  opposite  small  pond, 
altitude  7,500  feet;  collected  August  2,  1888,  by  F.  H.  Knowlton  and 
G  E.  Culver. 

Laurus  grandis  Lx 

PI.  XCIII,  fig.  3;  PI.  XCV,  fig.  1. 

Laurus  grandis  Lx.:  Cret.  and  Tert.  FL,  p.  251,  PL  LVIII,  figs.  1,3. 

Habitat:  Fossil  Forest  Ridge,  beds  Nos.  3,  5,  and  7;  collected  by 

Ward  and  Knowlton,  August,  1887.  Specimen  Ridge,  Fossil  Forest,  head 

of  Crystal  Creek;  collected  by  Ward  and  Alderson,  August  25,  1887. 

Hill  above  Lost  Creek;  collected  by  George  M.  Wright,  September  24,  1885. 

Persea  pseudo-carolinensis  Lx. 

PL  XCV,  fig.  4. 

Persea  pseudo-carolinensis  Lx. :  Auriferous  Gravels  of  California,  Mem.  Mus.  Comp. 
ZooL,  Vol.  VI,  No.  1,  p.  10,  PL  VII,  figs.  1,  2. 

The  specimen  figured,  which  is  the  best  one  found,  agrees  closely  with 

the  figure  of  this  species  given  by  Lesquereux  (loc,  cit.,  fig.  1). 

Habitat:  Specimen  Ridge,  Fossil  Forest,  head  of  Crystal  Creek;  col- 

lected by  Ward  and  Knowlton,  August  25,  1887.  East  bank  of  Lamar 

River,  between  Cache  and  Calfee  creeks;  collected  by  F.  H.  Knowlton. 

August  21,  1888. 
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Malapoentsta  lamarensis  n.  sp. 

PL  XOIII,  tigs.  4,  5;  PI.  XCYI,  fig.  5. 

Leaves  thick,  coriaceous,  ovate-oblong,  tapering  downward  to  a  long 

wedge-shaped  base  and  upward  to  an  acuminate  or  obtusely  acuminate 

apex;  margin  entire;  midrib  thick,  straight;  nervation  pinnate,  consisting 

of  2  pairs  of  opposite  thick  ribs  or  secondaries,  of  which  the  lower  pair 

arise  near  the  base  and  pass  up  for  nearly  half  the  length  of  the  blade, 

while  the  other  arise  some  distance  up  and  pass  nearly  or  quite  to  the 

apex ;  several  pairs  of  small  secondaries  arise  from  the  midrib  in  the  extreme 

upper  part  of  the  blade;  ribs  with  occasional  branches  on  the  outside; 

nervilles  apparently  percurrent. 

This  species  is  represented  by  several  specimens,  3  of  the  best  of 

which  are  figured.  Unfortunately  none  of  the  specimens  are  perfect.  The 

larger  and  best-preserved  specimen  has  9  cm.  retained,  and  must  have 
been  11  or  12  cm.  in  length  when  complete.  This  specimen  is  4  cm.  wide. 

Another  example  has  7  cm.  of  the  upper  portion  preserved  and  is  about 

4.5  cm.  wide.  The  small  one  figured  is  not  quite  4  cm.  in  length  and 
about  1.5  cm.  in  width. 

Among  living  species  M.  lamarensis  very  much  resembles  Tetranthera 

(Litsea)  dealbata  R.  Br.,  from  Australia,  and  also  approaches  L'rtsea  glauca 
Seib.,  from  Japan — that  is,  it  approaches  these  living  species  closely  enough 

to  make  it  certain  that  the  generic  reference  is  correct.  Among'  the  fossil 

species,  Tetranthra  pr<Bcursoria  Lx.,1  from  the  Bad  Lands  of  Dakota,  is  quite 
suggestive.  This  species  is  somewhat  obovate  instead  of  ovate-oblong,  and 
has  about  4  pairs  of  secondaries,  which  do  not  differ  in  size  as  they  do  in 
JM.  lamarensis. 

Habitat:  East  bank  of  Lamar  River,  between  Cache  and  Calfee  creeks; 

collected  by  F.  H.  Knowlton,  August  21,  1888.  Yellowstone  River,  one- 
half  mile  below  mouth  of  Elk  Creek;  collected  by  F.  H.  Knowlton, 

August  27,  1888. 
Litsea  uuneata  n.  sp. 

PI.  XCII,  figs.  2-4. 

Leaf  membranaceous,  broadly  lanceolate,  wedge-shaped  at  base  and 
narrowed  in  about  the  same  manner  at  apex;  midrib  very  thick,  straight; 

1  Cret.  and  Tert.  Fl.,  p.  228,  PI.  XLVIII,  fig.  2. 
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secondaries  at  a  very  acute  angle,  craspedodrome,  alternate,  lower  pair 

thinnest,  those  above  much  thicker,  branching  on  the  outside,  branches  at 

an  acute  angle,  craspedodrome;  intermediate  secondaries  several,  generally 

lost  in  the  space  between  the  secondaries;  nervilles  strong,  at  various 

angles,  mainly  percurrent;  finer  nervation  irregular. 

No  perfect  example  of  this  species  has  been  found,  the  fragments 

figured  being  all  that  we  have  to  represent  it.  The  specimen  showing  the 

wedge-shaped  base  is  only  5  cm.  long,  but  was  probably  10  or  12  cm.  in 

length  when  perfect.  It  is  4  cm.  wide.  The  larger  of  the  others  is  the 

wedge-shaped  apical  portion,  and  is  6  cm.  long,  with  the  probability  of  its 

having  been  at  least  12  cm.  long.  The  small  specimen  was  probably 

hardly  more  than  8  or  9  cm.  in  length  when  perfect.  The  upper  portion 

appears  to  have  more  numerous  secondaries  than  the  lower  part.  They  are 
also  branched  on  the  outside. 

Habitat:  Yellowstone  River,  1  mile  below  the  mouth  of  Elk  Creek; 

collected  by  F.  H.  Knowlton,  August,  1888. 

ClNNAJIOMUM    SPECTABILE    Heer. 

PI.  XCIT,  fig.  «. 

Cinnamomum  spectabile  Heer:  Fl.  Tert.  Helv.,  Vol.  II,  p.  91,  PL  XCVI,  figs.  1-S. 

The  leaf  figured,  which  appears  to  be  the  only  one  obtained,  differs 

slightly  from  the  figures  of  the  European  form  to  which  it  is  referred.  The 

lower  pair  of  secondaries,  for  example,  are  nearer  the  base  of  the  leaf  than 

in  the  figures  given  by  Heer,  but,  granting  the  slight  differences,  I  have 

hesitated  to  make  it  a  new  species. 

Habitat:  Tower  Creek,  Yellowstone  National  Park;  collected  by 

Arnold  Hague  (field  No.,  1036),  August  16,  1883. 

PLATANACEiE. 

PlataNUK   GUILLELM/E   Gropp. 

PI.  XGVI,  fig.  1:  PI.  XCVII,  fig.  5. 

This  species  is  very  abundant,  being  represented  by  over  125  more  or 

less  perfect  specimens.  Some  of  these — as,  for  example,  the  one  figured — 
are  particularly  perfect.  They  differ  somewhat  in  size,  the  average  being 
about  7  or  8  cm.  broad  between  the  lobes  and  8  or  9  cm.  in  length.  An 

occasional  one  is  14  cm.  broad  and  about  the  same  length. 
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These  leaves  agree  well  with  the  usual  description  and  figures  of  this 

species,  especially  as  given  by  Lesquereux1  from  Carbon,  Wyoming. 
Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  1, 

the  lowest  bed,  rare;  bed  No.  5,  rare;  bed  No.  6,  the  "  Platanus  bed," 
most  abundant  locality,  over  75  specimens  noted;  bed  No.  7,  rare;  collected 

by  Lester  F.  Ward  and  F.  H.  Knowlton,  August,  1887.  East  end  of  Fossil 

Forest  Mountain,  middle  bed,  775  feet  above  valley  below;  specimens  rare; 

collected  by  Ward  and  Knowlton,  August  13  and  22, 1887.  Specimen  Ridge, 

opposite  Slough  Creek,  rare;  collected  by  Ward  and  Knowlton,  August, 

1887.  Hague's  Yellowstone  National  Park  collections  (field  No.,  1960), 
Fossil  Forest  section,  very  abundant;  collected  by  G.  M.  Wright  and  Walter 

H.  Weed,  September  20,  1885.  Hague's  Yellowstone  National  Park  col- 
lections (field  No.,  1217),  Fossil  Forest  section,  upper  stratum;  collected  by 

Arnold  Hague,  September  24,  1884.  Hague's  Yellowstone  National  Park 
collections  (field  No.,  1219),  rare;  collected  by  Arnold  Hague,  September 

24,  1884.  South  end  of  Crescent  Hill,  6  feet  below  "Platanus  bed;" 
collected  by  F.  H.  Knowlton,  August  9,  1888. 

Platanus  Montana  n.  sp. 

PL  XCYI,  figs.  2,  3. 

Leaves  membranaceous,  somewhat  roughened,  rounded-oblong  in 

shape,  decurrent  on  the  petiole,  rounded  above  or  acuminate,  possibly 

slightly  3-pointed;  margin  simply  undulate  toothed;  nervation  obscurely 
palmate ;  petiole  stout ;  midrib  thick,  straight ;  secondaries  several  (about 

5)  pairs,  the  lowest  some  distance  above  the  base  of  the  blade,  emerging  at 

an  angle  of  about  30°,  passing  nearly  straight  to  the  border  and  ending  in  a 
small  marginal  tooth,  with  several  branches  on  the  outside  approximately 

at  right  angles  to  the  midrib  and  ending  in  marginal  teeth;  second  pair  of 

secondaries  strong,  arising  at  an  angle  of  45°,  much  arching  upward  and 

ending  either  in  the  margin  or  possibly  in  short  lobes,  with  several  strong" 
forking  branches  on  the  outside,  the  terminations  ending  in  the  teeth ;  other 

secondaries  also  occasionally  forked  on  the  outside;  nervilles  strong,  occasion- 

ally percurrent,  but  mainly  forked  or  broken;  finer  nervation  quadrangular. 

This  species  is  based  on  a  number  of  more  or  less  fragmentary  leaves, 

the    best    of  which    are  figured.      The   most  perfect   specimen    is  12    cm. 

'Tert.  Fl.,  p.  183.  PI.  XXV,  tigs.  1-3. 
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long  and  about  10  cm.  broad.  It  was  probably,  when  living,  at  least  15 
cm.  long. 

The  marked  feature  of  this  leaf  is  that  it  is  not  strictly  palmately 

nerved,  having,  as  pointed  out  in  the  diagnosis,  the  2  lower  pairs  of 

secondaries  Avith  branches  on  the  outside  which  end  in  the  marginal  teeth. 

Otherwise  it  is  hardly  to  be  distinguished  from  Platanus  raynoldsii  Newby., 

as  figured  by  Lesquereux1  from  the  Denver  beds  of  Golden,  Colorado. 

This  species  was  described  by  Newberry2  as  having  the  margin  doubly 
serrate,  but  a  number  of  specimens  referred  to  it  by  Lesquereux  have  the 

margin  undulate,  dentate,  or  even  entire.  Newberry's  type  had  3  lobes  or 

points  in  the  upper  portion,  while  certain  of  Lesquereux's  specimens  were 
rounded  and  entire  above. 

The  smaller  leaves  from  the  lower  Yellowstone  described  by  Professor 

Ward  under  the  name  of  Grewiojjsis  populifolia,3  especially  fig.  4  of  his  plate, 
approach  the  leaves  under  discussion.  These,  as  he  has  already  pointed 

out,  are  suggestive  of  P.  raynoldsii.     The}"  can  hardly  belong  to  Grewiopsis. 
Whether  the  leaves  from  the  Yellowstone  National  Park  should  be 

regarded  as  new  to  science  or  referred  to  Platanus  raynoldsii  is  an  open 

question.  They  agree  closely  enough  in  size,  shape,  and  marginal  dentition, 

but  differ  in  the  nervation.  It  is  possible  that  this  character  may  be  of 

sufficient  importance  to  keep  them  distinct,  and  also  to  exclude  them  from 

the  genus  Platanus,  but  for  the  present  at  least,  and  until  better  material 

can  be  obtained,  they  may  remain  as  above. 

Habitat:  East  slope  of  high  hill  about  three-fourths  of  a  mile  south 

from  Yanceys;  collected  by  George  M.  "Wright,  September  4,  1885. 

LEGI  MIXOSiE. 

Acacia  macrosperma  n.  sp. 

PI.  XCV1II,  tig-.  S. 

Legume  large,  more  than  8  cm.  long  and  2.2  cm.  wide,  broad  linear, 

possibly  constricted,  with  obtuse,  regularly  rounded  end;  apparently  sur- 

rounded  by  a  wing  5  nun.  broad;  seeds  numerous,  large,  oblong,  1<>  nun. 

liiii^-,  (I   nun.  broad. 

'  Tort.  PI.,  PI.  XXVI,  fig.  I  ;  PI.  XXVII,  figs.  1-3. 
-  Later  Ext.  El.,  p. 69;  Ill.Cret.and  Tert.,  PI.  XVIII. 

'Types  of  the  Laramie  PI.,  p.  90,  l'l.  XL,  figs.  3-5. 
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This  species  appears  quite  unlike  auy  species  before  found  in  America, 

but  is  not  greatly  unlike  A.  microphylla  Heer  from  the  Swiss  Tertiary.  The 

latter  species  is  not  quite  as  broad  as  A.  macrosperma,  and  has  not  the  end 

preserved.     The  seeds  are  about  the  same  size  in  both. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  7,  "Castanea  bed;"  collected 

by  Ward  and  Knowlton,  August  16-20,  1887. 

Acacia  lamarensis  n.  sp. 

PI.  XCVIll,  fig.  G. 

Legume  linear,  broad,  more  than  7  cm.  long,  and  1.7  cm.  broad;  end 

pointed;  apparently  with  marginal  wing  2  or  3  mm.  wide;  seeds  oval,  10 

mm.  long,  8  mm.  wide. 

This  may  possibly  be  the  same  as  A.  macrosperma,  but  it  appears  to 

differ  essentially  in  being  narrower  and  in  having  an  acuminate  instead  of 

an  obtuse  termination.  The  apparent  wing  and  the  seeds  are  much  the 
same  in  both. 

Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks;  collected  by 

Knowlton  and  Culver,  August  21,  1888. 

Acacia  wardii  n.  sp. 

PI.  XCVIII,  fig.  7. 

Legume  narrow,  linear,  constricted,  6  cm.  long,  9  mm.  wide  in  the 

broadest  portion  and  5  mm.  wide  at  the  constricted  point;  point  of  attach- 
ment reduced  to  a  slight  extension,  opposite  extremity  with  a  decided  curved 

beak;  seeds  apparently  present,  but  obscure. 

This  species  differs  markedly  from  the  others  just  described,  and  also,  so 

far  as  I  know,  from  any  heretofore  found. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  4,  "Aralia  bed;"  collected  by 
Ward  and  Knowlton,  August  16-20,  1887. 

Leguminosites  lesquereuxiana  Kn. 

PI.  LXXXIX,  fig.  4. 

Leguminosites  lesquereuxiana  Kn. :  Bull.  U.  S.  Geol.  Surv.  No.  152,  131,  1898. 

Legaminosites  cassioides  Lx. :  Tert.  PL,  p.  300,  PI.  LIX,  figs.  1-1. 

Habitat:  Northeast  side  of  Crescent  Hill  opposite  small  pond;  col- 

lected by  F.  H.  Knowlton  and  Gr.  F.  Culver,  August  2,  1888. 
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Leguminosites  lamarexsis  n.  sp. 

PI.  LXXXIX,  flgs.  5,  6. 

Leaflets  thin,  oblong-lanceolate,  rounded-truncate  at  base,  long'  acumi- 
nate  at  apex;  midrib  strong,  perfectly  straight;  secondaries  about  9  pairs, 

alternate,  at  an  angle  of  45°,  slightly  curving  upward;  remainder  of  nerva- 
tion not  retained. 

This  little  leaflet  is  6  cm.  in  length  and  17  mm.  in  width.  It  is  very 

regularly  rounded,  almost  truncate  at  base,  and  apparently  regularly  nar- 
rowed above  into  an  acuminate  apex.  The  petiole,  if  there  was  one,  is  not 

preserved.  The  secondaries  are  alternate  and  camptodrome,  and  about 

8  or  9  pairs. 

The  nearest  related  species  is  Leguminosites  lesquereuxiana,1  from  the 
Green  River  beds  of  Green  River,  Wyoming,  and  also  Spring  Canyon, 

Montana.  This  differs  in  being  larger,  broader,  and  more  oblong-ovate 
than  the  one  under  discussion.  The  relationship  is  evidently  close,  and 

perhaps  more  material  would  show  closer  affinity  than  I  have  recognized. 

This  species  also  resembles  some  of  the  species  of  Leguminosites  from 

the  Tertiary  of  Switzerland,  as,  for  example,  L.  proserpince  Heer.2  There 
can  be  no  question  as  to  the  correctness  of  the  reference  to  this  genus. 

Habitat:  East  bank  of  Lamar  River,  between  Cache  and  Calfee  creeks; 

collected  by  F.  H.  Knowlton,  August,  1888. 

ANACARDIACE.E. 

Rhus  mixta?  Lx. 

Rhus  mixta  Lx. :  Mem.  Mus.  Coinp.  Zool.,  Vol.  VI,  No.  2,  p.  30,  PI.  IX,  fig.  13. 

A  single  small  and  somewhat  fragmentary  specimen.  It  resembles  the 

smaller  of  the  two  specimens  figured  by  Lesquereux. 

Habitat:  East  bank  of  Lamar  River,  between  Cache  and  Calfee  creeks; 

collected  by  F.  H.  Knowlton,  August  21,  1888. 

'Tert.  PL,  p.  300,  PL  LIX,  figs.  1-4. 
-Fl.  Tert.  Helv.,  Vol.  Ill,  PL  CXXXVIII,  figs.  50-55. 
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CELASTRACE/E. 

Celastrus  culveri  n.  sp. 

PL  XCVII,  fig.  4. 

Leaves  membranaceous,  ovate-lanceolate,  apparently  rather  abruptly 

rounded  at  the  base,  but  gradually  narrowed  above  to  an  obtusely  acuminate 

apex;  margin  with  rather  remote,  small,  sharp,  outward-pointing  teeth; 
midrib  thick  below,  much  thinner  above;  secondaries  about  10  pairs,  alter- 

nate at  an  angle  of  35°  or  more,  much  curved  upward,  camptodrome 
very  near  the  margin,  with  branches  outside  entering  the  small,  weak  teeth; 
intermediate  secondaries  occasional,  thin,  disappearing  before  reaching  half 

the  distance  to  the  margin;   nervilles  percurrent;  finer  nervation  obscure. 

This  species  is  represented  by  2  well-preserved  leaves,  both,  unfor- 
tunately, representing  the  upper  portion  only.  The  longest  specimen  is 

10  cm.  in  length,  which  is  probably  not  far  from  its  original  full  length.  It 

is  a  little  over  5  cm.  broad  at  a  point  which  seems  to  be  some  distance 

below  the  middle.  Judging  from  the  contour  near  the  base,  it  seems  prob- 

able that  it  was  either  truncate  or,  possibly,  heart-shaped  at  base.  The 
teeth  of  the  margin  are  peculiar,  being  scattered,  small,  sharp,  and  outward 

pointing. 
This  species  appears  to  find  its  nearest  relative  in  some  described  from 

the  Fort  Union  group  along  the  lower  Yellowstone.  Thus  it  resembles 

Celastrus  curvinervis  Ward1  in  shape  and  nervation,  but  differs  considerably 

in  size  and  wholly  in  the  teeth.  Celastrus  ovatus  Ward2  has  somewhat  the 
same  shape,  but  differs  considerably  in  nervation  and  in  the  teeth.  Several 

of  the  other  species  described  by  Professor  Ward3  also  resemble  this  in 
one  or  more  particulars,  but  none  closely  enough  for  specific  identity. 

I  take  pleasure  in  naming  this  fine  species  in  honor  of  Prof.  Gr.  E. 

Culver,  who  assisted  in  collecting  at  this  place. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton  and  G.  E.  Culver, 

August,  1888. 

1  Types  of  the  Laramie  Fl.,  p.  82,  PL  XXXVI,  figs.  3,  4. 

"-Op.  cit.,  p.  81,  PI.  XXXVI,  tig.  1. 
"Op.  cit.,  PI.  XXXV. 
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Celastrus  hslequalis  n.  sp. 

PI.  XCVIII,  fig.  3. 

Leaf  of  firm  texture,  elliptical-obovate  in  outline,  strongly  unequal- 
sided,  rounded,  obtuse  above,  and  narrowed  below  into  an  apparently 

winged  petiole;  margin  strongly  sinuate-dentate  from  above  the  lower 

third  or  half  of  the  blade ;  mich'ib  thin,  approximately  straight ;  secondaries 
10  or  12  pairs,  lower  pairs  opposite,  others  alternate,  two  lower  pairs, 

and  about  6  secondaries  on  the  larger  side  of  the  blade  at  right  angles  to 

the  midrib,  those  on  narrow  side  of  blade  and  in  upper  portion  of  other 

side  from  right  angle  to  45°  or  more,  all  camptodrome,  arching  upward 
abruptly  near  the  margin  and  apparently  joining,  sending  branches  from 

the  outside  to  the  teeth  and  other  parts  of  the  margin;  nervilles  and  finer 
nervation  obsolete. 

This  species,  as  exemplified  by  the  specimen  figured,  is  very  peculiar. 

It  is  7  cm.  long-  and  a  little  more  than  4.5  cm.  wide.  It  is  abruptly  obtuse 
at  apex  and  appears  to  be  expanded  at  base  into  a  winged  petiole. 

The  margin  in  the  lower  portion  is  quite  entire,  while  above  it  is 

strongly  sinuate-toothed.  The  nervation  is  markedly  peculiar.  The  lower 
secondaries  are  at  right  angles  with  the  midrib,  as  are  several  more  on  the 

broader  margin,  while  those  on  the  narrow  side  of  the  blade  all  arise  at 

a  less  angle  and  curve  abruptly  near  the  margin.  Those  in  the  extreme 

tip  of  the  blade  curve  very  much  after  the  manner  of  Cornus.  All  send 
branches  from  the  outside  to  the  teeth.  The  finer  nervation  is  not 

preserved. 
This  species  is  wholly  unlike  any  with  which  I  am  familiar.  It 

possesses  the  character  described  by  Professor  Ward1  as  especially 
characteristic  of  the  American  fossil  forms  of  this  genus,  namely,  the 

arching  of  the  secondary  nerves  near  the  extremities,  with  short  subsidiary 

nerves  to  the  marginal  teeth.  Its  unequal-sidedness,  winged  petiole, 
and  sinuate  teeth  above  the  middle  of  the  blade  seem  to  still  further 

characterize  it. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  base  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

1  Types  of  the  Laramie  PL,  p.  78. 
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Cklastrus  ellipticus  n.  sp. 

PI.  XCYII,  fig.  3. 

Leaf  of  firm  texture,  nearly  regularly  elliptical  in  outline,  abruptly 

rounded  above  to  an  obtuse  apex  and  below  to  an  almost  truncately  rounded 

base  which  is  slightly  decurrent  along  a  short  petiole;  margin  irregularly 

sinuate-toothed  from  a  short  distance  above  the  base;  midrib  rather  thick, 

passing  straight  to  the  apex;  secondaries  about  15  pairs,  alternate  or  sub- 

opposite,  at  an  even  angle  of  about  35°,  straight;  distal  termination  of 
secondaries  unknown;  nervilles  and  finer  nervation  obsolete. 

This  perfect  leaf  is  7  cm.  long  and  4.5  cm.  broad.  It  is  very  slightly 

unequal-sided,  the  difference  being,  however,  hardly  3  mm.  It  is  very  regu- 

larly elliptical,  with  a  sinuate  dentate  margin,  which  begins  about  one-fourth 
the  length  of  the  leaf  from  the  base,  the  lower  portion  being  entire.  The 

nervation  is  very  regular,  consisting  of  about  15  pairs  of  secondaries,  which 

emerge  at  an  angle  of  about  35°  and  run  straight  toward  the  margin,  but 
the  maimer  of  the  termination  at  the  margin  can  not  be  made  out,  from 

lack  of  preservation.  It  is  probable  that  they  arch  abruptly  near  the 

margin  and  send  secondary  nervilles  to  the  teeth.  None  of  the  nervilles  or 
finer  nervation  can  be  made  out. 

It  is  possible  that  this  species  is  closely  related  to  C.  incequalis,  just 

described,  as  they  come  from  the  same  beds,  but  it  seems  hardly  probable. 

This  latter  species,  as  already  pointed  out,  is  very  unequal-sided,  with  large 
sinuate  teeth,  and  peculiar  arrangement  of  secondaries.  C.  ellipticus,  on  the 

other  hand,  is  almost  regular  in  shape,  has  twice  as  man}'  and  smaller 
sinuate  teeth,  and  regular  secondaries. 

This  species  does  not  approach  closely  to  any  described  species  of 
Celastrus  with  which  I  am  familiar. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  at  base  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

El^odendron  polymorphum  Ward. 

PL  XGVII,  fig.  1. 

Elceodendron  polymorphum  Ward:  Types  of  the  Laramie  Fl.,  p.  84,  PL  XXXVIII, 

figs.  1-7. 
The  fine  specimen  figured  is  referred  with  some  doubt  to  this  species. 

It  has  much  the  same  shape,  serration,  and  type  of  nervation  as  E.  poly- 
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morphum,  but  differs  in  being  much  larger  and  in  having  more  numerous 

and  closer  secondaries.  It  is  undoubtedly  close  to  this  species,  and  rather 

than  make  it  a  new  species  I  have  referred  it  to  this. 

Habitat:  Yancey  Fossil  Forest,  near  the  standing  trunks;  collected 

by  F.  H.  Knowlton,  August,  1888. 

ACERACEiE. 

Acer  vivarium  n.  sp. 

PL  XCVIII,  fig.  4. 

Leaf  membranaceous,  palmately  3-lobed,  narrowed  below  to  a  wedge- 

shaped  base,  sinuses  rounded,  middle  lobe  lanceolate-acuminate,  as  long 
or  longer  than  the  body  of  the  blade  below  the  sinuses;  lateral  lobes 

at  an  acute  angle  (points  not  preserved);  margins  remotely  toothed  with 

small,  sharp,  upward-pointing  teeth ;  midrib,  or  central  rib,  strong,  straight, 
slightly  stronger  than  the  lateral  ribs,  which  arise  from  the  midrib  just 

above  the  base  of  the  blade  at  an  angle  of  about  70°  and  pass  up  straight 
to  the  points  of  the  lateral  lobes  or  curve  slightly  outward;  lateral  ribs 

with  several  pairs  of  secondary  branches,  those  on  the  outside  beginning 

just  above  the  base  of  the  blade  and  passing  straight  or  with  a  slight 

upward  curve  to  or  entering  the  teeth;  secondaries  on  the  upper  or  inside, 

beginning  below  the  sinus,  which  the  lowest  one  enters,  the  others  probably 

entering  the  teeth;  middle  lobe  with  about  6  pairs  of  alternate  second- 

aries arising*  at  an  angle  of  70°  or  75°,  and  passing  up  nearly  straight,  to 
end  in  the  teeth  or  fork  just  below  the  teeth,  one  branch  entering  and  the 

other  going  upward  near  the  margin  to  the  one  above;  nervilles  numerous, 

mainly  percurrent;  finer  nervation  beautifully  preserved,  forming  quad- 
rangular areolae. 

The  example  figured  is  the  only  one  observed  of  this  species.  It  is 

about  10  cm.  long  and  6  cm.  broad.  The  central  lobe  is  about  5  cm.  long 

and  a  little  more  than  2  cm.  wide.  The  lateral  lobes  appear  to  have  been 

about  2  cm.  wide  and  of  an  unknown  length. 

This  leaf  belongs  to  the  Acer  trilobatum  group,  so  many  forms  of  which 

were  described  by  Heer  from  the  Swiss  Tertiary.  In  shape  it  is  most  like  A. 

trilobatum productum,1  but  differs  in  having  only  very  small,  sharp  teeth.     It  i 
s 

Fl.  Tert..  Helv.,  Vol.  Ill,  PI.  CXV,  figs.  6-12. 
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also  somewhat  like  A.  trildbatum  tricuspidatum  Heer,  as  figured  by  Professor 

Ward  from  the  Fort  Union1  group,  differing  in  being  much  more  wedge- 
shaped  at  base,  and  in  the  angle  of  the  lateral  ribs  and  secondaries. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  3,  "Magnolia  bed;"  collected 
by  Ward  and  Knowlton,  August,  1887. 

Acer,  fruit  of. 

PL  XOVIII,  fig.  5. 

The  collection  contains  several  of  these  fruits,  the  best  of  which  is 

figured.  While  they  are  very  definite  and  clearly  belong  to  Acer,  they  are 

not  usually  regarded  as  being  sufficiently  distinctive  for  specific  reference. 

A  number  have  been  figured  and  named  also,  but  I  have  preferred  not  to 

name  these.  They  may  possibly  belong  to  the  preceding  species,  but  of 

this  there  is  no  proof. 

Habitat:  Crescent  Hill  above  Yancey s;  collected  by  W.  H.  Weed, 

September  28,  1885. 

SAPINDACE.E. 

Sapindcs  affinis  Newby. 

PI.  Oil,  figs.  1-3. 

Sapindus  affinis  Newby. :  Later  Extinct  Floras,  p.  51;  111.  Cret.  and  Tert.  PL,  PL  XXV, 
fig.  1. 

The  material  upon  which  this  determination  is  based  is  ample,  as  it 

consists  of  fully  100  specimens,  all  more  or  less  well  preserved.  These 

specimens  differ  so  much  in  size  that  it  was  at  first  thought  that  at  least  2 

species  must  be  represented,  but  after  a  careful  study  it  has  been  found 

impossible  to  draw  any  satisfactory  line  between  them.  There  are  all 

gradations  of  size  from  the  little  slender  leaflets,  hardly  4  cm.  long,  to  the 

large  ones,  fully  10  cm.  long. 

In  the  only  published  figures  of  this  species  by  Newberry  the  nerva- 

tion is  not  shown,  but  the  National  Museum  contains  the  original  New- 

berry material,  and  on  studying  this  it  is  found  that  the  nervation  agrees 

perfectly  with  the  specimens  from  the  Yellowstone  National  Park.     It  may 

i  Types  of  the  Laramie  PL,  PI.  XXIX,  fig.  3. 
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also  be  noted  that  Newberry's  material  does  not  show  the  leaflets  as  peti- 

oled,  but  in  the  description  of  S.  affinis  he  says,  "leaflets  *  *  *  sessile 

or  short-petioled."  Many  of  the  detached  leaflets  in  his  material,  named  in 
his  handwriting,  are  distinctly  short-petioled,  in  which  particular  the  Park 
specimens  agree.  Some  have,  it  is  true,  very  short  petioles,  yet  all  seem 
to  have  them. 

In  only  two  cases  have  leaflets  been  found  in  this  collection  attached 

to  the  rachis,  and  these  have  both  been  figured. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek;  found  throughout  the  section,  and  most  abundant  at  the  bottom; 

collected  by  F.  H.  Knowlton,  August,  1888. 

?  Sapindus  alatus  "Ward. 

Sapindus  alatus  Ward :  Types  of  the  Laramie  Fl.,  p.  68,  PI.  XXXI,  figs.  3,  4. 

This  specimen  is  the  only  one  that  I  venture  to  refer  to  this  species. 

It  was  found  in  the  same  beds  with  the  abundant  8.  affinis  Newby.,  and 

possibly  may  be  an  abnormal  or  unusual  leaflet  of  that  species.  It  is,  how- 
ever, more  regular,  and  has  the  thick  or  winged  petiole  of  S.  alatus. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  Yellowstone  National  Park;  top  of  bluff,  300  feet  above  the  river; 

collected  by  F.  H.  Knowlton,  August,  1888. 

Sapindus  grandifoliolus  Ward. 

PL  XCIX,  figs.  1,  2;  PL  Oil,  fig.  4. 

Sapindus  grandifoliolus  Ward:  Types  of  the  Laramie  FL,  p.  67,  PL  XXX,  figs.  3-5; 

PL  XXXI,  figs.  1-2. 

Several  small  doubtful  leaves  are  referred  to  this  species.  One  in 

particular  has  some  resemblance  to  leaves  of  Juglans  rugosa  Lx.,  but  seems 

to  be  closer  to  the  Sapindus  grandifoliolus  of  Ward. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  6,  "Platanus  bed;"  collected 
by  Ward  and  Knowlton,  August,  1887.  Also  found  on  the  south  side  of 

Stinkingwater  Valloy,  on  a  high  bluff  cast  of  month  of  Crag  Creek,  col- 
lected by  F.  P.  King  for  Arnold  Hague,  September  4,  1897. 

3I0N  XXXII,  PT  II   47 
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Safindus  grandifolioloides  n.  sp. 

PL  G,  fig.  2. 

Leaflets  large,  of  firm  texture,  ovate-lanceolate,  unequal-sided,  rounded 
at  base  to  a  well-marked  winged  petiole,  apex  acute,  slightly  falcate; 

midrib  of  moderate  strength,  straight;  secondaries  about  7  or  8  pairs, 

strongly  alternate,  emerging  at  a  low  angle  and  soon  curving  up  and 

passing  along  near  the  border;  the  secondaries  on  the  narrower  side  of 

the  leaflet  emerge  at  a  greater  angle  (30°  to  45°)  than  on  the  opposite 
side;  finer  nervation  not  preserved. 

The  specimen  figured  is  absolutely  perfect  so  far  as  outline  and 

principal  nervation  go.  It  is  just  10  cm.  long  and  3.7  cm.  wide  in  the 

broadest  portion,  which  is  a  little  below  the  middle.  The  margin  is 

slightly  undulate,  almost  toothed  in  one  part. 

This  species  so  closely  resembles  Scvpindus  grandifoliolus  Ward1  from  the 
Fort  Union  group,  that  I  have  named  it  grandifolioloides.  It  differs,  however, 

from  the  latter  in  being  more  markedly  inequilateral  and  in  having  a 

winged  petiole.     It  also  has  fewer  secondaries  than  *S'.  grandifoliolus. 

This  species  is  also  related  to  S.  dbtusifolius  Lx.,2  found  in  the  Fort 

Union  group.  From  this  it  differs  in  having  half  the  number  of  second- 

aries and  a  winged  petiole,  otherwise  being  much  the  same. 

Professor  Ward's  8.  alatus3  from  the  same  place  -as  S.  grandifoliolus  has 

a  winged  petiole,  but  differs  in  being  much  smaller  and  in  having  a  broken, 

loose  nervation.  It  is  possible,  however,  that  if  more  material  could  be 

obtained  it  could  be  referred  to  one  or  the  other  of  these  evidently  related 

forms. 

Habitat:  Northeast  side  of  hill  above  Lost  Creek,  bed  No.  1,  collected 

by  F.  H.  Knowlton,  August  8,  1888. 

Sapindus  wardii  n.  sp. 

PI.  XOYIII,  figs.  1,  2;  PI.  XOIX,  fig.  5. 

Leaflet  coriaceous,  broadly  lanceolate,  rounded  wedge-shaped  at  base, 

with  long  acuminate  falcate  apex;   margin  perfect!}'  entire;   midrib  thick, 

'Types  of  the  Laramie  El.,  p.  67,  PI.  XXX,  figs.  3-5  (1887). 
=  Cret.  and  Text.  Fl.,  p.  235,  PI.  XXVIII,  figs.  5-7  (1883). 

'Op.  cit.,  p.  68,  PI.  XXXI,  fig.  3,  i  (1887). 
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passing  through  the  middle  of  the  blade;  secondaries  about  8  pairs,  alter- 
nate, strongly  eamptodrome,  forming  broad  loops  at  a  marked  distance 

from  the  margin,  occasionally  with  a  series  of  smaller  loops  outside;  inter- 
mediate secondaries  occasional;  nervilles  few,  percurrent;  finer  nervation 

forming  large  quadrangular  meshes. 

The  specimens  figured  are  the  only  ones  observed  of  this  species.  The 

best  preserved  is  a  little  over  10  cm.  in  leng'th  and  4  cm.  broad.  It  is 
marked  by  the  long,  slender,  and  falcate  apex,  and  the  peculiar  looped 

secondaries,  which  are  joined  far  inside  the  margin.  One  side  of  the  basal 

portion  of  the  leaflet  is  missing,  but  from  the  direction  of  the  secondaries 

it  is  probable  that  it  was  somewhat  unequal-sided. 

Fig-.  1,  PI.  XCVIII,  which  lacks  both  base  and  apex,  must  have  been 
at  least  13  cm.  in  length,  and  was  probably  longer.  The  other  (fig.  2,  PI. 

XCVIII)  was  about  the  size  of  the  best-preserved  example. 

These  leaflets  very  closely  resemble  Fraxinus  affinis  Newby.,1  from 
Bridge  Creek,  Oregon.  This  has  the  same  type  of  nervation,  but  is  ranch 

smaller,  very  slightly  unequal-sided,  and  with  more  numerous  and  more 
regular  looped  secondaries.     The  finer  nervation  is  identical  in  each. 

There  is  some  doubt  as  to  the  correctness  of  the  reference  of  New- 

berry's leaf  to  the  genus  Fraxinus.  This  much  resembles  the  genus 
Sapindus  and  may  possibly  belong  to  it.  Sapindus  grandifoliolus  Ward 

from  the  Fort  Union  group,  for  example,  has  much  resemblance  in  general 

character  to  these  leaves.  It  would  seem  that  they  should  all  be  in  the 

same  genus.  However,  the  leaflet  under  consideration  is  undoubtedly 

closely  allied  to  Avhat  Ward  has  called  Sapindus,  and  for  the  present  they 

may  remain  there. 

I  have  named  this  characteristic  species  in  honor  of  Prof.  Lester  F. 

Ward,  who  was  present  when  it  was  collected. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  5;  collected  by  Lester  F.  Ward 

and  F.  H.  Knowlton,  August  16-19,  1887.  Yellowstone  River,  one-half 
mile  below  mouth  of  Elk  Creek;  collected  by  F.  H.  Knowlton,  August, 
1888. 

2 

'  IT.  S.  Nat.  Miis.,  Vol.  V,  1882,  p.  510;  Plates  (iued),  PI.  XLIX,  tig.  3. 

'Types  of  tlie  Laramie  PI.,  p.  67,  PI.  XXX,  tigs.  4,  5. 
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RHA3INACE.E. 

Rhamnus  rectinervls  Heer. 

Rhamnus  rectinervls  Heer:  Fl.  Tert.  Helv.,  Vol.  Ill,  p.  SO,  PI.  CXXV,  figs.  2,  6.     Les- 
quereux: Tert.  FL,  p.  279,  PI.  LII,  figs.  12-15. 

This  species  was  first  detected  in  the  Park  by  Lesquereux,1  and  the 
present  collection  contains  a  number  of  specimens  that  may  be  similarly 

referred.  They  are  all  entire,  in  which  respect  they  resemble  fig.  14  of 

Lesquereux's  plate  (loc.  cit). 

Habitat:  Fossil  Forest  Ridge,  bed  No.  3,  "Magnolia  bed;"  bed  No.  7, 

"Castanea  bed;"  collected  by  Ward  and  Knowlton,  August,  1887. 

Paliurus  colombi  Heer. 

PI.  CI,  fig.  7. 

Paliurus  colombi  Heer.    Lesquereux :  Tert.  Fl.,  p.  273,  PI.  L,  rigs.  13-17  (1878). 

The  little  specimen  figured  appears  to  be  the  only  one  obtained  in  the 

area  under  discussion.  It  is  of  the  same  size  and  shape  as  many  of  the 

figures  of  this  species,  but  seems  to  differ  slightly  in  having  2  strong  sec- 

ondaries on  one  side  of  the  midrib.  It,  however,  approaches  certain  of  the 

figures  given  by  Heer2  of  arctic  examples  of  this  species. 
Habitat:  Head  of  Tower  Creek;  collected  by  W.  H.  Weed,  Septem- 

ber 25,  1885. 

Zizyphus  serrulata  Ward. 

PI.  CI,  figs.  4,  5. 

Zizyphus  serrulata  Ward:  Types  of  the  Laramie  FL,  p.   73,  PL  XXXIII,  figs.  3,  4 
(1887). 

The  two  figured  examples  agree  very  closely  with  the  figures  given  by 

Professor  Ward.  They  both  have  teeth  well  marked,  and  thus  agree  with 

fig.  4  (loc.  cit.).  They  are  not  quite  so  well  preserved  as  the  types,  and  do 

not  show  the  finer  nervation,  but  there  can  be  no  doubt  as  to  their  identity. 
Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton,  August,  1888. 

1  Haydeu's  Ann.  Rept.,  1878,  Pt.  II,  p.  49. 
2F1.  Foss  Arct.,  Vol.  I,  PI.  XIX,  fig.  3. 
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YITACE.dE. 

Oissus  haguei  n.  sp. 

PL  CI,  fig.  2. 

Leaf  membranaceous,  quadrangular-ovate,  truncate  or  possibly  slightly 

heart-shaped  at  base  and  acuminate  at  apex,  lateral  lobes  short,  obtuse; 

margin  toothed,  the  teeth  low,  obtuse  or  somewhat  acute;  nervation 

palmate,  midrib  thin,  perfectly  straight,  lateral  ribs  of  same  strength  as 

midrib,  arising  at  an  angle  of  45°,  passing  directly  to  and  terminating 
in  the  obtuse  lateral  lobes;  ribs  with  4  or  5  branches  on  the  outside, 

which  terminate  in  marginal  teeth;  secondaries  about  4  pairs,  alternate, 

at  same  angle  as  the  ribs  and  terminating  in  the  teeth;  nervilles  thin, 

sparse,  percurrent  or  often  broken. 
This  fine  leaf  is  8.5  cm.  long,  5.2  cm.  broad  between  the  lobes  and  6.5 

cm.  broad  in  the  widest  part,  which  is  only  a  short  distance  above  the  base. 

In  outline  it  is  what  may  be  called  quadrangular-ovate — that  is,  between 

ovate  and  square.  It  is  palmately  3-ribbed,  the  lateral  ribs  being  at  an 

angle  of  about  45°  and  of  the  same  strength  as  the  midrib.  They  pass 
straight  to  and  terminate  in  the  short  lateral  lobes,  and  have  4  or  5  out- 

side branches  which  also  terminate  in  the  marginal  teeth. 

The  relation  of  this  species  is  undoubtedly  with  Cissus  parroticefolia 

Lx.,1  from  the  Green  River  group.  This  latter  species  differs  in  being 
relatively  longer,  without  especially  marked  lateral  lobes,  with  larger,  more 

obtuse  teeth,  and  unforked  outer  branches  of  the  lateral  ribs.  There  are 

also  more  secondaries  in  the  upper  part  of  the  leaf.  These,  however,  are 

but  slight  differences,  and  are  possibly  only  such  as  might  be  expected  in 

individual  variation.  But  as  only  one  example  has  been  found  in  the 

Yellowstone  National  Park,  there  is  no  means  of  knowing  what  maybe 

allowed  for  individual  variation,  so  I  have  preferred  to  keep  them  separate. 

I  take  pleasure  in  naming  this  species  in  honor  of  Mr.  Arnold  Hague, 
who  collected  it. 

Habitat:  Fossil  Forest  Ridge,  middle  stratum;  collected  by  Arnold 

Hague,  September  24,  1884. 

'Tert.  Fl.,  )).  239,  PI.  XLII,  fig.  1. 
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STERCULIACEiE. 

Pterospermites  haguei  n.  sp. 

PI.  XCIX,  fig.  4. 

Leaf  of  firm  texture,  broadly  oblong  in  outline,  slightly  inequilateral, 

truncate  at  base,  obtusely  pointed  at  apex;  margin,  except  at  base,  irregu- 
larly serrate,  the  teeth  small,  sharp,  upward  pointing;  midrib  strong, 

flexuose;  secondaries  6  pairs,  alternate,  at  an  angle  of  about  45°,  flexuose, 
craspedodrome,  or  subcamptodrome,  with  branches  outside  entering  the 

teeth;  lower  pair  of  secondaries  forming  a  series  of  broad  loops;  nervilles 

strong,  mainly  broken;  finer  nervation  not  preserved. 

The  figured  specimen  of  this  species  is  11  cm.  long  and  nearly  7  cm. 

broad.  As  stated,  it  is  quite  regularly  broad-oblong  in  shape,  with  sparsely 
toothed  margins  except  near  the  base.  The  lower  pair  of  secondaries  form 

a  series  of  broad  loops,  while  the  upper  ones  are  mainly  craspedodrome. 

This  species  is  evidently  quite  closely  related  to  1J.  minor  Ward1  from 
the  Fort  Union  group  near  the  mouth  of  the  Yellowstone.  Fig.  2  (loc.  cit.) 

is  especially  like  this  species,  but  differs  in  being  hardly  half  the  size  and 

in  being  markedly  heart-shaped  at  the  base.  It  perhaps  should  be  referred 
to  this  species  except  for  the  fact  that  the  other  2  leaves  included  by 

Professor  Ward  are  so  very  different  that  they  can  hardly  be  allied  to  the 
one  under  discussion. 

Habitat:  Fossil  Forest  Ridge;  collected  by  Arnold  Hague  (No.  1219). 

CREDNERIACE.E. 

CREDNERIA  ?    PACHYPHYLLA    U.   Sp. 

PL  CI,  fig.  0. 

Leaf  large,  thick,  round-ovate,  rounded  and  truncate  or  very  slightly 

heart-shaped  at  base,  abruptly  acuminate  at  apex;  margin  apparently 

coarsely  sinuate-toothed;  petiole  long  (4.5  cm.),  thick  (4  mm.);  .midrib 

thick,  passing  to  the  apex;  secondaries  6  or  7  pairs,  the  3  lower  pairs  (of 

which  the  very  lowest  is  slender  and  near  the  margin)  opposite  and  arising 

from  almost  the   same  point  at  the  base  of  the  blade,  others  alternate,  all 

1  Types  of  the  Laramie  PI.,  p.  95,  PI.  XLII,  lig.  1-3. 
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seemingly  craspedodrome,  occasionally  branching  near  the  margin;  finer 

nervation  not  preserved. 

The  specimen  figured  is  the  only  one  that  has  been  found.  It  is  14 

cm.  long  without  the  petiole,  which  is  4.5  cm.  in  length.  Both  sides  of  the 

leaf  are  destroyed,  but  it  was  probably  about  10  cm.  wide. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek, 

bluff  about  40  feet  above  the  river ;  collected  by  F.  H.  Knowlton,  August 
27,  1888. 

TILIACEiE. 

TlLIA    POPULIFOLIA    Lx. 

Tilia populifolia  Lx.:  Oret.  and  Tert,  PL,  p.  179,  PI.  XXXIV,  figs.  S,  ft. 

A  single  large,  fairly  well  preserved  specimen  is  all  that  has  been 

found  of  this  species  It  is  referred  with  very  little  doubt  to  Lesquereux's 
species,  which  was  before  known  only  from  Florissant,  Colorado.  It  is  a 

little  less  heart-shaped  at  base  than  fig.  8  (loc.  cit.)  of  Lesquereux's  plate, 

but  in  the  discussion  of  this  species  Lesquereux  describes  it  as  "round  or 

subcordate  at  base."  The  teeth  are  of  precisely  the  same  character,  being 
only  slightly  smaller.  The  thick  petiole  and  fine  palmate  nervation  are 

identical,  as  is  the  other  secondary  nervation. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;  collected  by  F.  H.  Knowlton,  August  27,  1888. 

GrREWIOPSIS  1    ALDERSONI    11.  Sp. 

Leaves  of  firm  texture,  broadly  obovate,  truncate  or  slightly  heart- 

shaped  at  base,  obtusely  acuminate  above;  margin  entire  at  base,  slightly 

undulate-toothed  above;  midrib  thick,  straight;  nervation  pinnate;  second- 

aries about  6  pairs,  alternate,  at  an  angle  of  45°,  camptodrome;  lowest 
pair  subopposite,  arising  some  distance  above  the  base  of  the  blade,  with 

3  or  4  tertiary  branches  from  the  outside  which  are  camptodrome  and 

arch  well  inside  the  margin;  upper  secondaries  occasionally  forked  near 

the  margin;  nervilles  strong,  percurrent. 

I  refer  several  specimens  to  this  somewhat  doubtful  species.  Neither 

of  them  are  perfect,  but  as  far  as  can  be  made  out  the  average  length 

appears  to  have  been  about  9  cm.  and  the  width  about  6  cm. 

It  is  doubtful  if  these  leaves  belong  to  the  genus  Grewiopsis,  but  at 
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present  I  am  unable  to  suggest  a  closer  affinity.  They  have  the  same  size, 

shape,  and  approximately  the  same  nervation  as  G.  platanifolia  Ward,1  from 
the  Fort  Union  group,  differing,  however,  in  not  having  a  toothed  margin. 

Professor  Ward  writes  that  the  specimen  upon  which  his  species  was 

founded  is  quite  obscure,  and  it  is  possible  that  they  may  really  be  nearer 

alike  than  appears  from  the  drawings.  Additional  material  is  needed  to 
fix  their  status. 

I  have  ventured  to  call  this  a  new  species,  and  have  named  it  in  honor 

of  Mr.  E.  C.  Alderson,  who  accompanied  the  expedition  on  which  it  was 

obtained  and  assisted  in  making  the  collections. 

Habitat:  Specimen  Ridge,  opposite  mouth  of  Slough  Creek  and  near 

head  of  Crystal  Creek;  collected  by  Ward  and  Knowlton,  August,  1887. 

ARALIACEiE. 

Aralia  wrightii  n.  sp. 

PI.  GI,  tig.  1. 

Leaf  firm,  coriaceous,  narrow  in  general  outline,  pahiiately  3  (possi 

bly  5)  lobed;  central  lobe  largest,  long,  ovate-lanceolate,  slender-pointed; 
lateral  lobes  slender-lanceolate,  half  the  length  of  the  central  lobe;  all 

margins  perfectly  entire;  basal  portion  of  leaf  unknown ;  primary  nervation 

palmate;  middle  lobe  with  a  pair  of  opposite  nerves  nearly  at  right  angles 

to  the  midrib,  which  pass  to  the  sinus,  those  above  with  about  10  pairs  of 

alternate  camptodrome  secondaries,  which  are  much  curved  upward  and 

arched  along  near  the  margin;  intermediate  secondaries  occasional;  lateral 

lobes  with  a  strong  midrib  and  about  8  pairs  of  alternate  or  subopposite 

much-arched  camptodrome  secondaries;  finer  nervation  consisting  of  very 

fine  quadrangular  areolation. 

This  very  peculiar  species  is  unfortunately  represented  by  only  the 

fragmentary  leaf  figured.  The  basal  portion  is  entirely  destroyed  and 

it  is  therefore  impossible  to  determine  whether  there  were  5  or  only  3 

lobes.  There  is  some  evidence  in  favor  of  its  having  been  5-lobed.  The 

sinuses  separating  the  lobes  are  somewhat  rounded.  The  central  lobe  is 

very  much  the  larger.  From  the  sinus  it  has  6  cm.  preserved  and  must 

have  been  8  cm.  or  more  in  length  when  entire.     In  the  broadest  part, 

'Types  of  the  Laramie  PI.,  p.  89,  PI.  XL,  fig.  1. 
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which  is  about  one-fourth  of  its  length  from  the  sinus,  it  is  2.5  cm.  broad. 
The  lateral  lobes  are  about  3.5  cm.  long,  not  enlarged  upward.  At  base 

they  are  1  cm.  broad,  from  which  point  they  taper  gradually  to  a  slender 

acuminate  apex.  The  nervation  has  been  described  in  the  diagnosis,  and 

may  also  be  clearly  made  out  from  the  excellent  figure. 

It  is  hardly  possible  to  compare  this  species  with  described  forms,  from 

the  fact  that  it  is  so  fragmentary  that  the  perfect  form  can  not  be  made 

out.  The  characters  of  the  larger  middle  lobe  and  the  very  much  smaller 

lateral  lobes  seem  to  be  so  marked  that  it  is  strongly  separated  from  any 

described  species.  Aralia  angustiloba  Lx.,1  from  the  Chalk  Bluffs  of  Cali- 
fornia, perhaps  is  closest  to  this  species,  yet  it  differs  markedly.  It  will  be 

necessary  to  wait  for  additional  material  before  its  exact  character  can  be 
made  out, 

I  have  named  this  species  in  honor  of  Mr.  George  M.  Wright,  one  of 

the  collectors  of  this  and  many  other  valuable  specimens  in  the  Yellowstone 
National  Park. 

Habitat:  Fossil  Forest  (No.  22c  of  section);  collected  by  Wright  and 

Weed,  September  20,  1885. 

Aralia  notata  Lx. 

PI.  G,  tig.  1. 

Aralia  notata  Lx.:   Tert.  Fl.,  p.  237,    PI.    XXXIX,  figs.  2-4.     Ward:   Types  of  the 
Laramie  Fl.,  p.  60,  PL  XXVII,  fig.  1. 

Platanus  dubia  Lx.:  Hayden's  Aim.  Rept.  1S73  (1S74),  p.  406. 

The  collections  contain  about  50  specimens  that  evidently  belong  to 

this  species.  None  of  them  are  absolutely  perfect,  yet  the  general  character 

can  be  made  out.  They  come  from  three  localities,  one  of  which,  the 

Yellowstone  below  Elk  Creek,  was  given  as  a  type  locality  by  Lesquereux.2 
There  appears  to  have  been  a  tendency  among  later  writers  to  regard 

this  as  the  same  as  Newberry's  Platanus  nobilis3  from  the  Fort  Union  group, 
which  indeed  it  much  resembles.  They  were  both  very  large  species,  not 

often  preserved  entire,  but  they  seem  to  differ  essentially.  On  this  point 

Lesquereux  says:   "This  species  (A.  notata)  seems  very  closely  allied  to 

1  Mem.  JIus.  Corup.  ZoiU.,  Arol.  VI,  No.  2,  PI.  V,  figs.  -1,  5. 
2 Tert.  Fl.,  p.  237. 

3  Later  Extinct  Flora,  p.  Cu. 
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Platanus  nobilis  Newby.;  I  should  not  hesitate  to  consider  it  as  identical,  but 

for  the  character  of  the  lateral  nerves,  which  are  described  by  the  author  as 

straight,  and  terminating-  in  the  teeth  of  the  margin.  In  this  species  the 
borders  are  entire  and  the  lateral  nerves  camptodrome.  The  difference  may 

be  merely  casual,  for  one  of  the  specimens  from  Troublesome  Creek  has 

the  close  secondary  veins  camptodrome  along  the  borders  of  the  inner  side 

of  the  lobes,  while  on  the  outer  side  the  borders  are  obscurely  cut  by  a 

few  small  teeth,  into  which  the  veins  enter  as  craspedodrome.  Other  speci- 

mens, thus  of  Elk  and  Yellow  creeks,1  have  the  characters  of  P.  nobilis.'1'1 
It  would  thus  appear  that  Lesquereux  himself  inclined  to  regard  the 

Park  specimens  as  being  referable  to  Platanus  nobilis,  but  in  the  50  or  more 

specimens  that  I  have  studied  from  this  place  I  have  not  found  one  showing 

the  teeth  and  craspedodrome  nervation  of  P.  nobilis.  They  all  have  the 

distinctly  camptodrome  nerves,  as  shown  in  Lesquereux's  figures.  I  have 
therefore  decided  to  keep  them  under  Aralia. 

The  further  question  of  the  correctness  of  this  generic  reference,  or 

rather  of  the  relation  of  this  Aralia  notata  to  the  genus  Platanus,  will  not 

now  betaken  up.  Janko  has  said2  that  Platanus  nobilis  "non  est  Platanus," 

while  on  the  other  hand  Professor  Ward  has  suggested3  that  several  of  the 
so-called  species  of  Aralia  may  have  to  be  united  into  a  group,  under  the 
name  of  Protoplatanus,  representing  the  ancestors  of  Platanus.  A  small 

specimen  of  this  species,  obtained  by  Prof.  J.  P.  hidings  from  a  gulch  north- 
east of  the  peak  west  of  Dunraven,  is  exceptionally  well  preserved,  at  least 

as  regards  the  finer  nervation.  This  is  very  regularly  square,  being  only 

about  0.25  mm.  in  size.  The  leaf  appears  to  have  been  rather  thick,  possibly 
coriaceous. 

No  other  specimen  that  I  have  seen  has  this  finer  nervation  so  well 

preserved. 
Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,-  bed  No. 

7,  "Gastanea  bed",  about  25  specimens;  collected  by  Lester  F.  Ward 
and  F.  H.  Knowlton,  August  16-20,  1887.  Southeast  end  of  hill  above 
(north)  Lost  Creek,  bed  No.  4,  2  leaves;  collected  by  F.  H.  Knowlton, 

August  8,  1888.     Yellowstone   River,  one-half  mile  below  mouth  of  Elk 

•  Probably  Elk  Creek  on  Yellowstone  River.     F.  H.  K. 

-Abstainmuni>-  tl.  Platanen,  Englers  bot.  Jahrb.,  Arol.  XI,  18S9,  p.  456. 
Types  of  the  Laramie  Fl.,  p.  63. 
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Creek,  top  of  bluff;  collected  by  F.  H  Knowlton,  August  27, 1888.  Ande- 
sitic  breccia,  near  gulch  northwest  of  peak  west  of  Dunraven;  collected  by 

J.  P.  Iddings,  September  12,  1883.  Also  found  on  Overlook  Mountain,  in 

breccia,  at  an  altitude  of  10,070  feet;  collected  by  Arnold  Hague,  August 

6,  1897.  Southern  spur  of  Chaos  Mountain,  at  an  altitude  of  10,100  feet; 

collected  by  Arnold  Hague,  August  11,  1897.  South  side  of  Stinkingwater 

Valley,  on  high  bluff  east  of  mouth  of  Crag  Creek;  collected  by  Arnold 

Hague,  September  4,  1897. 

Aralia  serrulata  n.  sp. 

PI.  CI,  fig.  3. 

Leaf  apparently  subcoriaceous,  palmately  3-lobed,  middle  lobe  longest, 

ovate,  obtuse;  lateral  lobes  short,  pointing  upward;  borders  sharply  serru- 

late, with  small,  sharp,  upward-pointing  teeth;  secondaries  numerous,  close, 

alternate,  at  an  angle  of  25°  to  40°,  curving  upward  and  entering  the  teeth, 
or  sometimes  camptodrome  with  outside  branches  to  the  teeth,  usually  1 

tooth  between  the  2  entered  by  two  contiguous  secondaries,  which  is  sup- 

plied with  a  branch  from  the  middle  of  a  percurrent  nerville,  which  crosses 

just  below  it;  nervilles  numerous,  mainly  percurrent  and  approximately  at 

right  angles  to  the  secondaries;  finer  nervation  quadrangular. 

This  fine  and  apparently  characteristic  species  depends  upon  the  single 

example  figured.  It  lacks  the  entire  lower  portion  of  the  leaf,  but  2  lobes 

are  entirely  preserved,  and  a  large  portion  of  the  other.  The  central  lobe 

is  4.5  cm.  long  to  the  sinus,  and  the  lateral  one  about  1  cm.  higher  than  the 

sinus.     The  distance  between  the  lateral  lobes  is  8.5  cm. 

This  species  has  exactly  the  same  size  and  shape  as  many  of  the 

3-lobed  specimens  of  Aralia  notata  Lx.,1  found  in  the  same  beds. 

The  main  difference  is  in  the  sharply  serrate  margins,  the  teeth  extend- 
ing even  down  to  and  through  the  sinus,  and  in  the  secondaries  or  branches 

from  them  entering  the  teeth.  Occasionally,  as  indicated  under  the  diag- 

nosis, some  of  the  secondaries  are  camptodrome,  as  all  are  in  A.  notata,  with 

outside  branches  passing  to  the  teeth.  These  species  are  evidently  closely 

related  and  may  possibly  be  the  same,  although  probably  not,  for  in  100 

specimens  of  A.  notata  not  one  was  found  that  possessed  these  teeth. 

As  pointed  out  under  the  discussion  of  Aralia  notata  (see  ante,  p.  745), 

>Cf.  Lesquereux,  Tert.  PI.,  PI.  XXXIX,  figs.  2,  3.     Ward:  Types  of  Laramie  l'L,  PI.  XXVII,fig.  1. 
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there  was  some  tendency  to  refer  it  to  Platanus  nobilis  Newby.,  which  is 

sometimes  slightly  toothed.  The  teeth  of  the  species  under  discussion  are 

distinctly  aralioid,  and  not  at  all  like  those  of  P.  nobilis. 

Aralia  serrulata  is  distantly  related  to  A.  digitata  Ward,1  from  the 
Fort  Union  beds.  This  latter  species  is  3-lobed,  or,  more  often,  5-lobed, 
with  the  lobes  enlarged  upward,  and  serrate  with  shallow  teeth  only 

near  the  apex.  A.  macrophylla  Newby.,2  from  the  Green  River  group  of 
Wyoming,  has  the  lobes  serrate,  but  the  teeth  are  large,  coarse,  and  often 

scattered,  and,  moreover,  the  leaf  is  twice  the  size  of  this  and  always 
5-lobed. 

A  number  of  species  of  Aralia  have  been  described  from  California, 

but  none  of  them  agree  with  A.  serrulata. 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

Aralia  whitnevi  Lx. 

PI.  XCIX,  tig.  3. 

Aralia  whitneyi  Lx. :  Foss.  PL  Aurif.  Gravels,  Mem.  Mus.  Comp.  Zool.,  Yol.  VI.,  No. 

2,  1878,  p.  20,  PI.  Y,  tig.  1.     Hayden's  Aim.  Kept.  1878,  Pt.  II,  p.  49. 

This  fine  species  was  described  by  Lesquereux  from  the  Auriferous 

gravels  of  Chalk  Bluff,  Nevada  County,  California,  and  was  also  recognized 

by  him  in  material  collected  by  Mr.  W.  IT.  Holmes  on  Fossil  Forest  Ridge3 
in  1878.  The  specimens  here  referred  to  this  species  come  from  probably 

the  same  locality  as  that  which  afforded  Holmes  material.  They  are,  with 

one  exception,  larger  leaves  than  described  in  the  type.  None  of  the 

specimens  are  perfect,  and  hence  it  is  difficult  to  determine  the  exact  size, 

but  they  must  have  been  15  to  20  cm.  long  and  probably  broader. 

The  small  specimen  mentioned  is  referred  with  some  hesitation  to  this 

species.  It  is  only  about  9  cm.  broad  and  7  cm.  long,  but  otherwise  hardly 
differs. 

Habitat:  Fossil  Forest  Ridge,  Yellowstone  National  Park,  bed  No.  4, 

"Aralia  bed,"  small  leaf  only;  bed  No.  7,  "Platanus  bed;"  Specimen 
Ridge,  Fossil  Forest,  opposite  Slough  Creek,  and  near  head  of  Crystal 

Creek,  "Platanus  bed;"  several  large  fine  leaves. 

1  Types  of  the  Laramie  Fl.,  p.  62,  PI.  XXVIII,  tig.  1. 
-Proc.  U.  S.  Nat.  Mus.,  1882,  p.  513;  Plates  (inert.),  PI.  LXVII,  fig.  1;  PI.  LXVIII,  fig.  1. 

3  Of.  Hayden's  Ann.  Rept.,  1878,  Pt.  II,  p.  79. 
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Aralia  sp. 

This  fragment  is  the  only  one  of  this  type  observed,  and  is  too  poor 

to  admit  of  satisfactory  identification  or  characterization  if  it  be  new.  It 

consists  of  a  portion  of  what  appears  to  be  the  central  lobe  and  2  lateral 

lobes  of  a  3-lobed  form.  The  sinuses  are  rounded  and  the  middle  lobe  is 

enlarged  above,  with  the  margins  entire.  A  secondary  nerve  passes  up  to 

the  sinuses,  and  the  lobe  has  about  5  or  6  pairs  of  alternate  much  arched 

camptodrome  secondaries.  It  is  quite  unlike  any  other  form  observed,  so  far 
as  can  be  made  out. 

Habitat:  Hague's  Yellowstone  Park  collection,  Fossil  Forest  section, 
No.  22c;  collected  by  Wright  and  Weed,  September  20,  1885  (field  No., 
1959). 

CORNACEJE. 

Cornus  Newberryi  Hollick. 

PL  CIII,  fig.  6. 

Cornus  Newberryi  Hollick,  iu  Knowltoii :  Bull.  TJ.  S.  G-eol.  Surv.  No.  152,  p.  77,  1898. 
Cornus  acuminata  Newby :  Later  Extinct  Floras,  etc.,  Ann.  Lye.  Nat.  Hist.  New  York, 

Vol.  IX,  1868,  p.  71;  111.  Cret.  and  Tert.  PL,  PL  XX,  figs.  2-4;  Plates  (ined), 
PL  XXXVII,  figs.  2-4. 

Represented  by  a  number  of  well-preserved  leaves,  agreeing  well  with 

Newberry's  figures  and  description. 
Habitat:  Yellowstone  River,  one-half  mile  and  also  1  mile  below  mouth 

of  Elk  Creek,  at  top  of  bluff;  collected  by  F.  H.  Knowlton.  Also  found 

on  south  side  of  Stinkingwater  Valley  on  high  bluff  east  of  the  mouth  of 

Crag  Creek;  collected  by  Arnold  Hague,  September  4,  1897. 

Cornus  wrightii  n.  sp. 

PL  CIII,  figs.  4,  5. 

Leaves  of  firm  texture,  elliptical-lanceolate,  narrowed  below  and 

apparently  slightly  decurrent,  rather  obtuse  at  apex;  margin  perfectly 
entire;  midrib  rather  thin,  slightly  fiexuose;  secondaries  4  or  5  pairs,  lower 

pair  opposite,  others  alternate,  at  various  ahgles,  curving  along  the  margin 

and  in  the  upper  part,  turning  by  a  broad  bow  to  the  apex ;  nervilles  few, 

approximately  at  right  angles  to  the  midrib;   finer  nervation  not  preserved. 
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Several  specimens  of  this  interesting  species  are  known.  The  most 

perfect  one  is  figured,  and  is  7  cm.  in  length,  and  yet  lacks  a  small  portion 

of  both  base  and  apex.  It  is  a  little  more  than  2.5  cm.  broad.  It  is  quite 

regularly  elliptical-lanceolate  in  shape,  with  a  rounded,  rather  obtuse  apex 
and  a  more  narrowed  base.     The  secondaries  appear  to  be  uniformly  of 

4  pairs,  those  in  the  upper  portion  of  the  leaf  arching  around  and  entering 

the  point. 

This  species  has  some  resemblance  to  the  preceding  species,  which 

differs,  however,  in  being  much  larger  and  in  having  an  acuminate  apex  and 

numerous  (8  or  9)  secondaries.     Thev  can  not  be  identical. 

It  differs  from  Cornus  ovalis  Lx.,1  from  Table  Mountain,  California,  in 
shape  and  nervation,  this  species  being  oval,  with  obtuse  base  and  apex. 

Among  living  species  this  has  considerable  affinity  with  C.  paniculata 

l'Her.,  especially  with  certain  of  the  narrowdeaved  forms. 
I  have  named  this  species  in  honor  of  Mr.  George  M.  Wright,  one  of 

the  collectors. 

Habitat:  Fossil  Forest  section,  Hague's  Yellowstone  Park  collection, 
No.  22c  of  section;   collected  by  Wright  and  Weed,  September  20,  1885. 

ERICACEAE. 

Arctostaphylos  elliptica  n.  sp. 

PI.  XCVII,  tig.  2. 

Leaf  very  thick,  leathery;  elliptical  in  shape,  obtuse  above,  slightly 

wedge-shaped  at  base;    midrib  thick,  slightly  flexous:    secondaries  about 
5  pairs,  alternate,  lower  ones  short,  at  a  low  angle,  upper  ones  at  an  angle 

of  about  45°,  soon  curving  upward  and  arching  about  near  the  margin  to 
join  the  one  next  above;  nervilles  strong,  percurrent;  finer  nervation 
obsolete. 

This  fine  little  leaf  is  almost  perfect.  It  is  4.5  cm:  in  length  and  18  mm. 

in  width.  The  petiole  is  about  3  mm.  long  and  is  very  thick,  as  is  the 

flexuous  midrib.  The  secondaries  are  also  strong,  the  upper  ones  arching 

and  joining  in  the  upper  part  of  the  leaf. 

This  leaf  is  very  thick,  showing  that  it  was  of  firm,  leathery  texture. 

It  is  evidently  related  to  the  bearberry  (Arctostaphylos  wva-ursi)  in  shape, 

1Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  No.  1,  p.  23,  PI.  VI,  tigs.  1,  2. 
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texture  of  the  leaf,  and  nervation.     It  differs  in  being  almost  twice  the  size 

of  the  living  form  and  in  having  coarse  nervation.     It  has  also  a  short  petiole. 

Habitat:  Yellowstone  River,  one-half  mile  below  mouth  of  Elk  Creek; 

collected  by  F.  H.  Knowlton. 

EBENACE.E. 

DlOSPYROS    BRACHYSEPALA    Al.  Br. 

JHospyros  brachysepala  Al.  Br.     Ward:  Types  of  the  Laramie  Fl.,  p.  104,  PI.  XLIX, 'figs.  1,2. 

A  finely  preserved  leaf,  almost  identically  the  same  as  Ward's  fig.  2, 
except  that  the  secondaries  are  a  little  closer  together. 

Habitat:  Fossil  Forest  Ridge,  bed  No.  4,  "Aralia  bed ; "  collected  by 
Ward  and  Knowlton,  August,  1887. 

DlOSPYROS  LAMARENSIS  U.  Sp. 

PI.  XCV,  figs.  5,  6;  PL  XCVI,  fig.  4. 

Leaf  membranaceous,  regularly  elliptical  or  ovate-elliptical,  equally 

rounded  at  base  and  apex,  or  slightly  broader  at  base;  petiole  not  preserved, 

apparently  with  a  slight  wing;  midrib  thin,  straight;  secondaries  7  or  8 

pairs,  alternate,  thin,  camptodrome,  arising  at  an  angle  of  45°  or  50°,  pass- 
ing straight  toward  the  borders,  near  which  they  arch  and  join  by  loops  to 

the  secondary  next  above;  intermediate  secondaries  occasional,  thin,  usualty 

joining  the  secondary  next  below:  finer  nervation  consisting  of  numerous 

irregular  nervilles,  producing  irregularly  quadrangular  areola?. 

This  species  is  about  5  cm.  long  and  a  little  more  than  3  cm.  wide,  and 

is  quite  regularly  elliptical  in  shape.  As  stated,  the  petiole  is  not  preserved, 

but  judging  from  the  base  of  the  blade  it  seems  probable  that  it  was 

slightly  winged.  The  lower  pair  of  secondaries  arise  from  the  very  base  of 

the  blade  and  are  very  thin;  the  others  are  all  alternate  and  camptodrome. 

One  of  the  other  leaves  figured  is  approximately  of  the  same  shape,  but 

has  slightly  more  indication  of  having  had  a  winged  petiole.  It  is  rounded 

at  base  and  has  a  loose  nervation,  as  in  the  other. 

This  species  is  closely  related  and  possibly  identical  with  Diospyros 

wpeana  Lx.,1  from  Florissant,  Colorado.     This  latter  species  differs  in  being 

iTert.  Fl.,  p.  232,  PL  XL,  tig.  11;  Cret.  and  Tert.  FL,  v.  175,  PL  XXXIV,  tig.  3. 
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more  or  less  distinctly  wedge-shaped  at  base,  and  is  obovate  rather  than 
elliptical  in  shape.     The  nervation  is  similar  in  both. 

D.  lamarensis  is  also  like  certain  leaves  of  D.  brachysepala  Al.  Br.,  from 

Florissant  and  the  Fort  Union  group  of  Montana.1  The  leaves  from  the 
Fort  Union  group  are  rather  larger,  and  have  the  secondaries  at  a  different 

angle  and  are  without  the  peculiar  finer  nervation.  It  seems  best,  however, 

to  keep  them  distinct,  at  least  for  the  present. 
Habitat:  Lamar  River,  between  Cache  and  Calfee  creeks;  collected  by 

F.  H.  Knowlton,  August,  1888.  Fossil  Forest;  collected  by  Arnold  Hague, 

September  24,  1884. 
DlOSPYROS    HAGUEI  11.  Sp. 

PL  G,  fig.  3. 

Leaf  coriaceous,  elliptical,  entire,  obtuse  at  apex  and  base;  petiole 

thick;  midrib  thick,  flexuose;  secondaries  about  6  pairs,  alternate,  very 

irregular,  the  pair  at  the  base  of  the  blade  thin,  vanishing  near  the  margin, 

next  pair  strongest,  passing  to  the  upper  part,  camptodrome,  branching- 
on  the  outside  and  forming  broad  loops  well  inside  the  margin;  upper 

secondaries  smaller,  camptodrome,  forming  broad  loops;  nervilles  sparse, 

strong,  percurrent;  finer  nervation  obsolete. 

This  species  rests  on  the  fine,  nearly  perfect  leaf  figured.  It  is  7  cm. 

long,  including  the  petiole,  which  is  14  mm.  long  and  2  mm  thick.  The 

blade  is  nearly  regularly  elliptical  in  shape  and  3.3  cm.  broad.  The  nerva- 
tion is  peculiar,  as  may  be  drawn  from  the  description  and  figure.  All  of  the 

secondaries  except  the  lower  pair  are  camptodrome,  forming  by  union  with 

the  one  next  above  a  series  of  broad  loops  some  distance  inside  the  margin. 

This  type  of  nervation  is  peculiar  and  is  clearly  that  of  Diospyros.  It 

approaches  quite  closely  to  certain  small-leaved  forms  of  D.  virginiana  L. 

Among  fossil  forms  it  somewhat  resembles  Diospyros  obtusa  Ward,2  from 
Sevenmile  Creek,  Montana,  in  the  Fort  Union  group.  The  latter  species 

is  of  approximately  the  same  size  and  shape,  but  differs  in  the  details  of 

nervation.     It  is,  however,  quite  close. 

I  have  named  this  species  in  honor  of  Mr.  Arnold  Hague,  of  the  United 

States  Geological  Survey. 

1  Cf.  Lesquereux  Cret.  and  Tert.  Fl.,  PI.  XXXIV,  fig.  1,  2;  Ward,  Types  of  the  Laramie  Fl.. 
PI.  XLIX,  fig.  1,2. 

-  Types  of  the  Laramie  Fl.,  p.  105,  PI.  XLIX,  fig.  5. 
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Habitat ;  Yellowstone  River,  one-half  mile  below  the  month  of  Elk 

Creek,  base  of  bluff;   collected  by  F.  H.  Knowlton,  August,  1888. 

0LEACE2G. 

FrAXINUS    WRIOHTII    11.  Sp. 

PI.  XC,  fig.  4. 

Leaflet  small,  membranaceous  in  texture,  oblong  in  outline,  unequal- 

sided,  wedge-shaped  at  base,  obtuse  at  apex;  margin  with  few  irregular 
scarcely  pointed  teeth;  midrib  strong,  slightly  flexuose;  secondaries  about 

7  pairs,  alternate,  at  various  angles,  flexuose,  camptodrome  or  subcras- 
pedodrome,  mostly  arching  and  joining  by  bows  some  distance  inside  the 

margin,  sometimes  entering  the  teeth,  and  usually  with  outside  branches 

to  the  minute,  often  obtuse,  teeth;  nervilles  numerous,  irregular,  all  forked 

or  broken;  finer  nervation  producing  irregular  quadrangular  meshes. 

The  specimen  figured,  which  was  the  only  one  found,  is  4  cm.  long 

and  2.2  cm.  wide.  It  is  decidedly  inequilateral,  with  a  wedge-shaped  base, 

and  undulate-toothed  margin.  The  nervation  is  camptodrome,  with  the 
secondaries  arched  and  joined  by  broad  bows  well  inside  the  margin,  or 

occasionally  with  a  secondary  entering  a  tooth,  thus  becoming'  craspedo- 

drome.  The  finer  nervation  is  beautifully  preserved,  producing'  very 
irregularly  quadrangular  meshes 

The  relation  of  this  species  is  undoubtedly  with  Fraxinus  heerii  Lx.,1 

from  Florissant,  Colorado.  Lesquereux's  species  differs  in  being  much 
larger  and  narrower,  with  merely  undulate  margin.  The  nervation  is 

strictly  camptodrome,  but  otherwise  identical. 

I  have  named  the  species  in  honor  of  Mr.  George  M.  Wright,  by  whom 
it  was  collected. 

Habitat:  Yellowstone  River,  below  Elk  Creek,  top  of  bluff;  collected 

by  George  M.  Wright,  September  9,  1885. 

Phyllites  crassifolia  n.  sp. 

pi.  on,  fig.  5;  pi.  cm,  fig.  i. 

Leaves  very  large,  thick,  apparently  rudely  oval  or  orbicular  in  out- 

line; base  rounded  or  slightly  heart-shaped,  upper  portion  rounded  (?);  margin 

'  Cret.  ami  Tert.  PI.,  p.  169,  PI.  XXXIII,  figs.  5.  6. 

MON  XXXII,  PT  II   48 
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entire  or  undulate  ;  petiole  usually  very  thick  (7  mm.  in  diameter);  midrib 

thick  (5  mm.),  straight,  splitting'  above  into  2  equal  branches;  secondaries 
thick,  straight,  alternate  or  subopposite,  often  forking,  craspedodrome  or 

subcamptodrome,  the  secondaries  or  their  branches  united  by  broad  loops 

with  branches  from  the  outside  to  the  margin;  nervilles  very  numerous, 

strong,  mainly  percurrent,  yet  often  forked  or  broken ;  finer  nervation,  pro- 
ducing large,  mainly  irregular,  quadrangular  areolse. 

This  species  is  based  on  a  number  of  fragments  that  are  insufficient  to 

show  the  true  character.  Two  of  the  largest  are  figured,  showing  what  is 

assumed  to  be  the  base  and  upper  portions.  The  largest  is  13  cm.  long  and 

about  10  cm.  wide,  but  this  could  have  been  only  a  fragment  of  the  original 

size.  This  specimen  (fig.  5  of  PI.  CII)  is  peculiar  in  that  the  midrib  splits  in 

the  upper  portion  into  2  equal  brandies,  both  of  which  are  again  branched 

on  the  outside.  This  leaf  appears  also  to  have  been  2-lobed  at  the  apex, 

all  of  which  may  be  abnormal  and  due  to  an  injury  to  the  midrib.  The 

nervation  in  the  upper  portion  quite  markedly  camptodrome. 

The  lower  portion  that  I  have  assumed  to  belong  to  this  species  has  an 

exceedingly  thick  petiole,  of  which  only  a  fragment  is  preserved,  and  also 

a  thick  midrib.  They  appear  so  different  that  it  seems  hardly  probable 

that  they  can  be  identical,  but  rather  than  multiply  unsatisfactory  species 

they  may  remain  as  above  until  additional  material  can  be  obtained.  None 

of  the  margin  except  the  very  base  is  preserved. 

On  account  of  the  fragmentary  nature  of  these  leaves,  I  am  unable  to 

determine  with  satisfaction  the  proper  genus  to  which  they  should  be 

referred.  In  this  uncertainty  I  have  placed  them  provisionally  under 

Phyllites. 
Habitat:  Cliff  on  west  end  of  Fossil  Forest  Ridge;  Fossil  Forest  Ridge, 

near  head  of  Crystal  Creek,  various  beds;  collected  by  Ward  and  Knowl- 
ton,  August,  1887,  and  by  W.  EL  Weed,  September  20,  1885. 

Carpolithes  osseus  Lx. 

Carpolithes  ossens  Lx. :  Ann.  Eept.  U.  S.  Geol.  anil  Geog.  Surv.  Terr.,  404,  1872  (1S73). 

A  very  doubtful  species,  of  which  the  type  is  lost  and  the  species 
not  since  obtained. 

Habitat:  "Elk  Creek,  near  Yellowstone  River;  A.  C.  Peale,  Joseph 

Savage,  and  0.  C.  Sloane." 
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Carpites  pedunculatus  n.  sp. 

PI.  CIII,  fig.  3. 

Fruit  round,  apparently  4  or  5  celled;  pedicel  short,  thick. 

This  fragmentary  fruit  is  hardly  worthy  of  description,  for  it  may  be 

so  deformed  by  pressure  that  it  can  not  be  recognized  again. 

Among  the  described  fruits  of  this  heterogeneous  class  C.  viburni  Lx.,1 

from  Black  Buttes,  Wyoming,  is  perhaps  closest,  but  probably  the  resem- 
blance is  only  superficial 

Habitat:  Yellowstone  River,  one-half  mile  below  the  mouth  of  Elk 

Creek,  top  of  bluff  (with  Ulmus  fruits);  collected  by  F.  H.  Knowlton, 

August,  1888. 

FOSSIL  FORESTS. 

The  fossil  forests  of  the  Yellowstone  National  Park  are,  beyond 

question,  the  most  remarkable  of  their  kind  that  have  thus  far  been  dis- 

covered in  any  part  of  the  world.  Isolated  pieces  or  stumps  of  fossil  wood 

are  of  common  occurrence,  being  found  in  almost  all  quarters  of  the  globe, 

from  near  the  point  farthest  north  that  was  reached  by  the  Greely  Arctic 

Expedition  to  southern  South  America;  from  Spitzbergen  and  Nova  Zembla 

to  South  Africa  and  Australia,  and  geologically  from  the  Devonian  to  beds 

in  process  of  formation  at  the  present  day.  In  many  localities  there  are 

aggregations  of  logs  and  stumps  that  are  worthy  to  be  dignified  by  the 

name  of  fossil  forests;  as,  for  example,  in  Chalcedony  Park,  near  Holbrook, 

Arizona;  near  Calistoga,  California,  and  in  the  vicinity  of  Cairo,  Egypt. 

But  in  all  of  these  places,  so  far  as  known,  all  or  most  of  the  trunks  are 

prostrated  and  lie  scattered  about  in  the  greatest  confusion.  In  some  cases 

there  is  evidence  that  the  logs  were  transported  by  currents  before  being  fos- 
silized. The  fossil  forests  of  the  Yellowstone  National  Park  and  vicinity,  on 

the  other  hand,  are  not  only  more  extensive  in  area,  but  the  trees  are  almost 

all  standing  upright  in  the  exact  positions  in  which  they  grew  originally. 

Many  of  these  trunks,  standing  on  the  slopes  and  steeper  hillsides,  rise  to  a 

height  of  20  or  30  feet,  and  are  covered  with  lichens  and  blackened  and 

discolored  by  frost  and  rain.  At  a  short  distance  it  is  hard  to  distinguish 

them  from  the  near-by  living  relatives.     The  following  account  by  Prof 

'Tert.  Fl.,  p.  305,  PI.  LX,  fig.  26. 
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W.  H.  Holmes,  the  discoverer  of  these  fossil  forests,  shows  the  impression 

first  made  by  the  sight  of  them : 

As  we  ride  up  the  trail  that  meanders  the  smooth  river  bottom,  we  have  but 
to  turn  our  attention  to  the  cliffs  on  the  right  hand  to  discover  a  multitude  of  the 

bleached  trunks  of  the  ancient  forests.  In  the  steeper  middle  portion  of  the  moun- 
tain face,  rows  of  upright  trunks  stand  out  on  the  ledges  like  the  columns  of  a  ruined 

temple.  On  the  more  gentle  slopes,  farther  down,  but  where  it  is  still  too  steep  to 
support  vegetation,  save  a  few  pines,  the  petrified  trunks  fairly  cover  the  surface, 

and  were  at  first  supposed  by  us  to  be  the  shattered  remains  of  a  recent  forest.1 

Fossil  trees  or  fragments  of  wood  of  greater  or  less  size  are  found  in 

many  parts  of  the  Park,  but  their  distribution  is  mainly  confined  to  the 

northern  and  northeastern  portions.  The  forests  of  standing  trees  are  all 

found  in  the  vicinity  of  the  Lamar  River,  the  most  striking  being  exposed 

on  the  slopes  and  cliffs  of  Amethyst  Mountain  and  Specimen  Ridge.  Nearly 

all  of  these  forests  are  easily  accessible  from  the  well-traveled  road  between 
the  Mammoth  Hot  Springs  and  the  town  of  Cooke,  Montana. 

As  the  visitor  enters  the  area  drained  by  the  Lamar  River  and  by 

the  smaller  streams  running  into  the  Yellowstone  below  the  Grand  Canyon, 

evidences  of  proximity  to  the  fossil  forests  are  soon  at  hand.  In  the  bed 

of  every  stream  pieces  of  wood,  often  of  considerable  size,  may  be  found. 

These  pieces  have  in  many  cases  been  carried  miles  from  their  original 

source  by  the  torrents  incident  to  the  melting  of  the  snows  in  spring.  In 

this  way  the  pieces  of  wood  have  become  rounded  and  worn  and  at  remote 

distances  are  changed  into  smooth,  rounded  pebbles. 

The  first  forest  to  be  visited  is  near  Yanceys,  and  is  known  as  Yanceys 
Fossil  Forest.  It  is  located  about  1  mile  south  of  the  hotel,  on  the  middle 

slope  of  a  hill  that  rises  about  1,000  feet  above'  the  little  valley.  It  is 
reached  by  an  easy  trail,  and  as  one  approaches,  a  number  of  trunks  are 

observed  standing  upright  among  the  stumps  and  trunks  of  living  trees, 

and  so  much  resembling  them  that  a  near  view  is  necessary  to  convince  the 

visitor  that  they  are  really  fossil  trunks.  Only  two  rise  to  a  considerable 

height  above  the  surface.  The  larger  one  is  about  15  feet  high  and  13  feet 
in  circumference;  the  other  is  a  little  smaller.  The  roots  are  not  exposed, 

so  that  it  is  impossible  to  determine  the  position  of  the  part  in  view.  Its 

original  length  can  not,  of  course,  be  ascertained.     It  is  also  impossible  to 

1  U.  S.  Geol.  and  Geog.  Survey  of  the  Terr.,  Hayden's  Twelfth  Annual  Report,  1878  U883),  p.  48. 



FOSSIL  FLOEA.  757 

determine  the  original  diameter,  as  the  bark  is  in  no  case  preserved.     The 

standing  trees  are  both  conifers,  and  belong  to  the  genns  Cupressinoxylon. 

Above  these  standing  trunks  many  others  are  visible,  but  the  disinte- 

grating forces  of  nature  keep  them  at  about  'the  same  level  as  that  of  the 
surrounding  rock,  from  the  fact  that  they  tend  to  break  up  easily  into  small 

fragments.  Some  of  these  trunks  rise  only  a  few  inches,  while  others  are 

nearly  covered  by  the  shifting  debris.  They  vary  in  size  from  1  to  4  feet 

in  diameter,  and  are  so  perfectly  preserved  that  the  annual  rings  can  be 

easily  counted.  The  internal  structure  is  also  in  most  cases  nearly  as 

perfect  as  though  the  tree  were  living.  The  cells  still  retain  their  delicate 

markings,  and  often  their  perfect  form. 
There  are  numerous  fossil  leaves  found  in  the  rocks  about  the  bases  of 

these  trees,  but  none  apparently  corresponding  to  the  trunks ;  that  is,  the 

trunks  are  all  coniferous,  while  the  leaves  are  dicotyledonous;  but  from  the 

nature  of  the  case  a  coniferous  trunk  is  much  more  readily  preserved  than 

a  dicotyledonous  one. 
The  next  forest  that  claims  attention  is  the  one  mentioned  by  Mr. 

Holmes,  and  is  the  one  most  frequently  visited  by  observers.  It  is  known 

locally  as  the  Fossil  Forest,  and  is  exposed  on  the  northern  slope  of  Amethyst 

Mountain,  opposite  the  mouth  of  Soda  Butte  Creek.  The  trunks  may  be 

easily  seen  from  the  road  along  the  Lamar  River  and  quite  a  mile  away. 

They  stand  upright — as  Holmes  has  said,  like  the  pillars  of  some  ancient 

temple — and  a  closer  view  shows  that  there  is  a  succession  of  these  forests, 

one  above  the  other,  through  the  entire  2,000  feet  of  this  mountain.  That 

is  to  say,  in  early  Tertiary  time  a  magnificent  forest  flourished  in  this  region, 

which  was  buried  under  the  debris  ejected  from  volcanoes  of  greater  or 

less  size  that  are  supposed  to  have  existed  in  this  vicinity.  The  trees  were 

surrounded  by  silica-charged  waters  and  were  turned  to  stone.  The  area 

on  which  they  grew  was  probably  undergoing  a  very  gradual  submergence 

and  the  trees  were  slowly  entombed.  This  is  shown  by  the  fact  that  the 

trees  are  in  an  upright  position  and  were  not  broken  by  the  incoming 
material  which  covered  them. 

After  the  first  forest  was  entombed,  quiet  was  restored  for  a  sufficient 

length  of  time  for  a  second  forest  to  grow  above  it.  Then  volcanic  activity 

was  renewed,  and  the  second  forest  was  buried  and  silicified  as  the  first  had 

been.     This  process  was  repeated  until  2,000  feet  of  volcanic  material  had 
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been  accumulated  and  not  fewer  than  fifteen  forests  were  entombed.  Then 

the  volcanoes  ceased  their  activity  and  final  quiet  was  restored.  Probably 

an  upward  tendency  was  given  to  the  area,  but  it  must  have  been  very 

gradual  and  not  attended  by  the  distortion  which  so  frequently  accompanies 

mountain  building.  The  disintegrating  action  of  frost  and  rain  immediately 

set  in  and  has  carved  out  this  mountain,  in  the  heart  of  which  may  be 

read  the  story  of  its  origin. 

In  the  foothills  and  several  hundred  feet  above  the  valley  there  is  a  per- 

pendicular wall  of  breccia,  which  in  some  places  attains  a  height  of  nearly 

100  feet.  The  fossil  trunks  may  be  seen  in  this  wall  in  many  places,  all  of 

them  standing  upright  in  the  positions  in  which  they  grew.  Their  upright 

position  proves  that  if  there  have  been  changes  of  level  they  have  been 

gradual  and  in  the  same  plane,  as  otherwise  the  trunks  would  be  variously 

inclined.  Some  of  these  trunks,  which  are  from  2  to  4  feet  in  diameter 

and  20  to  40  feet  in  height,  are  so  far  weathered  out  of  the  rock  as  to 

appear  just  ready  to  fall,  while  others  are  only  slightly  exposed.  Niches 

mark  the  places  from  which  others  have  already  fallen,  and  the  foot  of  the 

cliff  is  piled  high  with  fragments  of  various  sizes. 

Above  this  cliff  the  fossil  trunks  appear  in  great  numbers  and  in  regular 

succession.  As  they  are  perfectly  silicified  they  are  more  resistant  than  the 

surrounding  matrix,  and  consequently  stand  out  above  it,  In  most  cases 

they  are  only  a  few  inches  above  the  surface,  but  occasionally  one  rises  as 

high  as  5  or  6  feet. 

The  largest  trunk  observed  in  the  Park  is  found  in  this  locality.  It  is 

a  little  over  10  feet  in  diameter,  which  includes  a  portion  of  the  bark.  It 

is  very  much  broken  down,  especially  in  the  interior,  a  condition  which 

very  probably  prevailed  before  fossilization.  It  projects  about  6  feet  above 
the  surface. 

The  most  remarkable  of  all  the  forests,  however,  is  located  on  the  west- 

ern end  of  Specimen  Ridge,  about  1  mile  southeast  of  Junction  Butte  and 

opposite  the  mouth  of  Slough  Creek.  It  was  first  brought  to  the  notice,  of 

the  scientific  world  by  Mr.  E.  C.  Alderson  and  the  writer,  who  discovered 

it  in  August,  1887.  It  is  found  on  the  higher  portion  of  the  ridge,  and  is 

several  acres  in  extent.  The  trees  are  exposed  at  various  heights  on  a 

very  steep  hillside,  and  the  remarkable  feature  is  that  most  of  them  project 
weil  above  the  surface. 
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One  of  the  largest  and  best-preserved  trees  stands  at  the  very  summit 
of  the  slope.  It  is  26£  feet  in  circumference  without  the  bark,  and  rises 

about  12  feet  in  height.  The  portion  of  this  huge  trunk  preserved  is  the 

base,  and  below  ground  it  becomes  somewhat  enlarged  and  passes  into 

the  roots,  which  are  as  large  as  the  trunks  of  ordinary  trees.  The  roots 

are  embedded  in  the  solid  rock,  as  shown  in  the  figure  (see  PI.  CIV). 

This  trunk  is  a  true  Sequoia,  and  is  so  closely  allied  to  the  modern 

redwood  (Sequoia  sempervirens)  of  California  as  to  be  hardly  distinguishable 

from  it.  It  would  be  interesting  to  learn  the  height  this  tree  attained,  but 

it  seems  safe  to  assume,  from  what  we  know  of  its  living-  representative, 
that  it  must  have  been  more  than  a  hundred  feet  high. 

Just  below  the  large  trunk,  on  the  steep  hillside,  are  two  more  stand- 

ing trees  (see  PL  CVI),  which  we  may  imagine  to  have  formed  the  doorposts 

of  the  "ancient  temple"  of  which  Holmes  speaks.  They  stand  about  20 
feet  apart  and  rise  about  25  feet  in  height.  They  are  both  about  2  feet  in 
diameter  and  are  also  without  the  bark. 

In  other  parts  of  the  area  there  are  standing  trees  which  attain  a 

height  of  12  to  20  feet  They  are  all  under  2  feet  in  diameter.  In  a  few 

cases  the  bark  is  also  preserved.  It  is  hardly  ever  more  than  3  inches  in 
thickness. 

Scattered  about  over  the  area  are  a  great  many  trunks  that  rise  only  a 

few  inches  above  the  surface.  These  vary  in  diameter  from  2  to  5  feet. 

They  are  often  hollow  in  the  center  and  have  the  cavity  lined  with  brilliant 

amethyst  crystals. 

One  of  the  larger  trees  appears  to  have  been  prostrated  before  it  was 

fossilized  (see  PI.  CVIII).  It  is  about  4  feet  in  diameter  and  is  exposed  for 

a  length  of  40  feet.  There  is  nothing  to  indicate  the  portion  of  the  trunk 

in  its  relation  to  roots  and  branches,  but  neither  shows  on  the  exposed  part. 

There  is  no  appreciable  diminution  in  diameter,  and  consequently  it  must 

have  been  a  very  tall  trunk. 
The  matrix  about  the  bases  of  these  trees,  as  well  as  those  in  the  Fossil 

Forest,  contains  numerous  impressions  of  leaves,  branches,  and  fruits.  In 

the  Fossil  Forest  there  are  at  least  6  horizons  at  which  plant  remains  occur. 

These  are  separated  by  a  few  inches,  or  in  some  cases  by  many  feet.  In 

the  forest  last  described,  which  may  be  called  the  Junction  Butte  Forest, 

there  are  only  2  or  3  plant  horizons. 
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Most  of  the  trunks  in  all  three  of  the  described  forests  are  coniferous. 

but  occasionally  a  dicotyledonous  trunk  is  found,  showing  that  the  forest 

was  to  some  extent  a  mixed  one.  It  is  of  course  more  than  probable  that 
the  leaves  found  in  the  matrix  about  the  bases  of  the  trees  were  at  one 

time  attached  to  them,  but  as  they  have  never  been  found  in  association,  it 

is  manifestly  impossible  to  correlate  them. 

The  next  fossil  forest  in  rank  of  size  is,  perhaps,  the  one  found  on 

Cache  Creek,  about  7  miles  above  its  mouth.  It  is  exposed  on  the  south 

bank  of  the  creek,  and  covers  several  acres.  The  trunks  are  scattered 

from  bottom  to  top  of  the  slopes,  through  a  height  of  probably  800  feet 

Most  of  the  trunks  are  upright,  although  there  is  only  now  and  then  one 

projecting  more  than  2  or  3  feet  above  the  surface.  The  largest  one 

observed  was  6  feet  in  height  and  about  4  feet  in  diameter.  While  most  of 

the  trunks  appear  to  the  naked  eye  to  be  coniferous,  there  are  a  number 

that  are  obviously  dicotvledonous.  It  is  certain,  however,  that  the  conifers 

were  the  predominant  element  in  this  as  in  the  other  fossil  forests. 

The  slopes  of  The  Thunderer,  the  mountain  so  prominently  in  view 

from  Soda  Butte  on  the  south,  have  also  numerous  fossil  trunks.  They  are 

mainly  upright,  but  only  a  very  few  are  more  than  2  feet  above  the  surface. 

There  were  no  remarkably  large  trunks  observed,  the  average  diameter 

being  less  than  2  feet. 

Mount  Norris,  which  is  hardly  to  be  separated  from  The  Thunderer, 
has  a  fossil  forest  of  small  extent.  The  trees  are  of  about  the  same  size 

and  characteristics  as  those  on  the  larger  mountain. 

Forests  of  greater  or  less  extent,  composed  mainly  of  upright  trunks, 

are  exposed  on  Baronett  Peak,  Bison  Peak,  Abiathar  Peak,  Crescent  Hill, 

and  Miller  Creek.  In  fact,  there  is  hardly  a  square  mile  of  the  area  of  this 

northeastern  portion  of  the  Park  without  its  fossil  forest — scattered  trunks 
or  erratic  fragments. 

The  vast  area  to  the  east  of  the  Yellowstone  Lake  has  never  been 

explored  thoroughly  from  the  paleobotanical  side,  but  enough  is  known  to 

be  certain  of  the  presence  of  more  or  less  fossil  wood.  The  stream  beds 

contain  occasional  fragments,  which  is  a  sufficient  indication  that  trunks 
of  trees  must  be  near  at  hand. 
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DESCRIPTION  OF  SPECIES. 

Sequoia  magnifica  n.  sp. 

Pis.  CIV,  CV,  CX,  OXI,  CXVII,  figs.  1-6. 

Diagnosis. — Trunks  often  of  great  size,  6  to  10  feet  in  diameter,  30  feet 

high  as  now  preserved,  bark  when  present  5  or  6  inches  in  thickness; 

annual  ring's  very  distinct,  2  to  3  mm.  broad;  fall  wood  reduced  to  narrow 

bands  of  3  to  15  rows  of  thick-walled  cells;  cells  of  spring  and  summer 
wood  large,  hexagonal  or  often  elongated;  resin  tubes  numerous,  composed 

of  short  cells ;  medullary  rays  numerous,  of  a  single  series  or  occasionally 

with  a  partial  double  series  of  superimposed  cells;  wood  cells  with  one  or 

two  rows  of  small  circular  pits. 

Transverse  section. — In  this  section  (Pis.  CX,  CXI)  the  structure  appears 

beautifully  preserved.  The  rings  are  rather  narrow,  being  only  2  or  3  mm. 

broad,  or  often  only  1  mm.  They  are  very  sharply  demarked,  even  to  the 

naked  eye.  Under  the  microscope  the  rings  are  found  to  consist  of  a  band 

of  thick- walled  cells  that  is  never  more  than  15  rows  of  cells  deep  and 
often  is  reduced  to  2  or  3  rows.  The  cells  composing  the  spring  and  summer 

wood  are  of  uniform  size  and  inclined  to  be  hexagonal  in  shape.  Those  of 

the  fall  wood  are,  of  course,  compressed. 

The  resin  cells  are  numerous  and  may  be  readily  distinguished  by 

the  dark  contents.     They  occur  mainly  in  the  spring  and  summer  wood. 

The  medullary  rays  seen  in  this  section  are  long,  straight,  and  sepa- 

rated by  usually  about  3  rows  of  wood  cells. 

Radial  section. — This  section  (PL  CXVI,  figs.  2-3)  is  the  least  satisfactory 
of  all.  The  wood  cells  show  well  under  the  microscope,  but  their  markings 

are  very  obscure.  B}*  prolonged  search  it  is  made  out  that  the  pits  are  in 
1  row,  or  sometimes  2  parallel  rows.  They  are  small,  as  far  as  can  be  made 

out,  and  are  too  obscure  for  satisfactory  measurement. 

The  rays  are  composed  of  long,  unmarked  cells. 

Tangential  section. — This  section  (See  PI.  CXVI,  fig.  1)  is  very  satisfactory. 
The  wood  cells  are  long  and  unmarked.  The  resin  ducts  are  numerous, 

but  scattered,  the  cells  being  twice  or  three  times  as  long  as  wide.  In 

many  cases  they  are  filled  with  or  contain  masses  of  dark  material,  repre- 
senting the  resin  now  turned  to  a  carbonaceous  mass. 
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The  medullary  rays  are  composed  of  1 ,  or  in  some  cases  of  a  par- 

tially double,  series  of  2  to  about  25  superimposed  cells.  They  are  large 

and  quite  thick  walled.  The  average  number  of  cells  in  each  ray  is 
about  12. 

This  species  is  closely  related  to  the  living  Sequoia  sempervirens  Endl., 

more  closely  than  any  other  fossil  species  with  which  I  am  familiar.  They 

are  hardly  to  be  separated  by  any  Avell-defmed  characters.  The  living 
wood  has  the  same  clearly  marked  annual  rings,  resin  cells,  partially  double 

rays,  and  pits  on  the  wood  cells.  The  medullary  rays  in  the  living  wood 

are  provided  with  numerous  round  pores  or  markings.  These  seem  to  be 

absent  from  the  fossil  specimens,  but,  as  already  related  under  the  diagnosis, 

the  fossil  is  not  well  preserved  in  the  radial  section  and  they  may  have 

been  present  there  when  it  was  living.  The  dimensions  of  the  various 

elements  are  much  the  same  in  the  living  and  fossil  specimens,  thus  leaving 

no  doubt  as  to  their  close  affinity. 

In  size  of  trunks  these  species  are  also  similar.  The  largest  trunks 

observed  in  the  Yellowstone  National  Park  belong  to  8.  magnified.  They 

range  in  size  from  4  to  10  feet  in  diameter,  one  of  the  largest  being  shown 

on  PI.  CV.  This  is  26£  feet  in  circumference  and  stands  upright  on  the 

hillside.  It  is  12  feet  high,  and  represents  the  base  of  the  trunk,  as  the 

large  roots  are  well  preserved.  Their  height  is  of  course  unknown,  but  one 

was  fortunately  prostrated  before  fossilization  (PI.  CVIII),  and  is  40  feet 

long,  with  no  apparent  diminution  in  diameter.  It  is  altogether  likely  that 

they  may  have  been  equal  in  height  to  some  of  the  living  representatives. 

I  have  thought  best  to  give  this  fossil  species  a  name  different  from 

that  of  the  living  tree,  notwithstanding  the  fact  that  they  are  evidently  so 

closely  related.  The  fossil  comes  from  a  locality  remote  geographically 

from  the  living  redwood,  and,  moreover,  from  a  horizon  that,  although  com- 

paratively recent,  is  so  ancient  as  to  make  it  extremely  improbable  that 

the  type  has  actually  been  living  for  so  long  a  period.  There  can,  hoAvever, 

be  no  doubt  that  the  living  redwood  is  the  direct  descendant  of  this 
remarkable  tree  that  was  once  so  abundant  in  the  Yellowstone  National 
Park. 

Habitat:  Specimen  Ridge,  Fossil  Forest  at  head  of  Crystal  Creek, 

Fossil  Forest  on  Cache  Creek,  etc.;  collected  by  F.  H.  Knowlton,  August, 

1887-August,  1888. 
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PlTYOXYLON    ALDERSONI    11.    SJ3. 

Pis.  CVI,  CXII,  CXIII,  OXVIII,  figs.  3,  4;  PL  CXIX,  fig.  2. 

Diagnosis. — Trunks  of  large  size,  3  to  5  feet  in  diameter;  annual  rings 
very  distinct,  often  8  or  9  mm.  broad,  very  sharply  demarked;  resin  ducts 

numerous,  large,  scattered,  occurring  in  late  summer  and  fall  wood;  wood 

cells  long,  with  a  single  irregular  row  of  medium-sized  pits;  medullary  rays 
in  a  single  series,  or  occasionally  with  divided  cells;  rays  from  2  to  25 
cells  high,  the  average  being  about  10  or  12  cells. 

Transverse  section. — The  annual  rings  are  very  distinct,  being  plainly  dis- 
cernible to  the  naked  eye.  Some  of  the  broadest  rings  are  fully  9  mm. 

wide,  and  none  are  less  than  6  mm.  The  demarcation  between  fall  and 

spring  wood  is  veiy  pronounced  (see  fig.  4  of  PI.  CXVIII  and  2  of  PL 

CXIX),  the  cells  of  fall  being  small,  compressed,  and  thick-walled,  while 

those  of  the  early  spring  wood  are  very  large,  and,  of  course,  thin-walled. 
The  cells  of  the  spring  and  summer  wood  continue  for  a  width  of 

5  mm.,  but  little,  if  any,  diminished  in  size.  Then  they  become  slightly 

smaller  and  thicker-walled  and  pass  gradually  into  the  fall  wood. 
The  resin  ducts  are  very  large.  They  are  not  found  in  the  summer 

wood,  but  occur  irregularly  in  the  early  fall  and  late  fall  wood. 

The  medullary  rays,  as  observed  in  this  section,  are  straight  and 

separated  by  from  3  to  8  or  10  rows  of  wood  cells.  The  individual  cells 

are  apparently  long. 

Radial  section. — Notwithstanding  the  fact  that  the  wood  seems  to  be  per- 
fectly preserved,  it  does  not  reveal  the  structure  well  in  this  section.  The 

wood  cells  are  seen  to  be  sharp-pointed  where  they  join.  They  are,  of 

course,  broad  in  the  spring-  and  summer  wood,  and  very  narrow  and  thick- 
walled  in  the  fall  wood.  It  is  very  difficult  to  make  out  the  pits,  but  in 

exceptionally  well  preserved  portions  a  few  may  be  faintly  seen.  They 

are  scattered,  but  in  a  single  series.  They  are  so  obscure  that  no  satis- 
factory measurements  can  be  made. 

The  medullary  rays  in  this  section  are  long,  thick-walled,  and  without 
markings,  so  far  as  can  be  made  out. 

Tangential  section. — This  section  is  very  plain.  The  medullary  rays  are 
numerous  and  in  a  single  series,  although  occasionally  a  ray  may  be  observed 
in  which  there  are  2  series  of  cells  for  a  short  distance.     In  such  cases  the 
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cells  are  always  smaller  than  the  ordinary  ray  cells.  The  number  of 

cells  making-  up  each  ray  ranges  from  2  to  30  or  more,  but  the  average 
number  is  about  8  to  15. 

The  rays  in  which  there  is  a  resin  duct  are  rather  rare.  The  duct  is 

large,  taking  up  all  the  width  of  the  ray.  The  remainder  of  the  ray  is  3 

rows  of  cells  high  in  the  middle  and  is  reduced  to  1  at  the  extremities. 

The  wood  cells  show  clearly  in  this  section.  They  are  not  provided 

with  pits  or  other  markings. 

Habitat:  Specimen  Ridge,  Fossil  Forest,  near  head  of  Crystal  Creek; 

collected  by  F.  H.  Kuowlton,  August,  1887.  Yancey  Fossil  Forest;  col- 

lected by  F.  H.  Knowlton,  August,  1887. 

PlTYOXYLON    AMETHYSTINUM   U.  Sp."1 

Pis.  CVII,  CVI1I,  UXIV,  CXV,  CXVIII,  figs.  1,  2. 

Diagnosis.— Trunks  of  small  or  medium  size ;  annual  rings  sharply 

demarked,  3  to  8  mm.  broad;  resin  ducts  numerous,  scattered,  but  mainly 

in  fall  wood;  wood  cells  long,  sharp-pointed,  provided  with  a  single  row  of 

scattered,  small,  somewhat  irregular  pits;  medullar)-  rays  numerous,  in  a 

single  series  of  2  to  12  cells,  the  average  being  about  5  or  6. 

Transverse  section. — Much  like  the  preceding  species,  except  that  the  rings 

are  narrower,  the  cells  of  spring  and  summer  wood  are  smaller,  and  the 

late  fall  cells  have  thinner  walls.  The  resin  ducts  are  also  much  the  same, 

being  in  general  only  a  little  smaller.  A  few  are  found  iu  the  summer 

wood,  but  most  of  them  are  in  the  fall  wood.  The  rays  are  not  nearly  so 

numerous  as  in  the  last  species.  They  are  often  separated  by  as  many  as 
25  rows  of  wood  cells. 

Radial  section. — The  radial  section  of  nearly  all  woods  from  the  Yellow- 
stone National  Park  is  more  or  less  obscure.  The  one  under  consideration 

is  no  exception  to  this  rule,  and  it  is  only  after  considerable  search  that  the 

pits  can  be  determined.     They  are  in  a  single  row  (see  PI.  CXVIII,  fig.  1) 

1  Iu  1888  Dr.  J.  Felix,  of  Berlin,  visited,  and  collected  fossil  wood  in,  the  Y'ellowstone  National 
Park.  The  results  of  his  work  were  published  in  Zeitschrift  der  Deutschen  geologischen  Gesellschaft, 
for  1896.  He  described  six  species  of  fossil  wood,  of  which  number  I  have  recognized  four.  The 

following  two  species  were  not  figured,  and  as  the  locality  whence  they  came  is  more  or  less  in  doubt 
I  have  not  included  them  in  the  systematic  enumeration.  They  are  as  follows:  Pityoxylon  fallax  and 

Cvpressinoxylon  eutreton.  They  may  be  identical  with  certain  of  the  species  I  have  described,  but  of 
this  I  am  uncertain. 
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and  are  rather  small.  They  are  so  obscure  that  it  is  impossible  to  make 

trustworthy  measurements. 

The  medullary  rays,  as  seen  in  this  section,  are  composed  of  long,  thin- 
walled  cells,  and  so  far  as  can  be  determined  they  are  without  pits  or  other 
markings. 

Tangential  section. — This  section  (PI.  CXVIII,  fig.  2)  shows  the  structure 

very  plainly.  The  medullary  rays  are  abundant  and  always  in  a  single 

series,  except  the  large  compound  ones.  The  number  of  cells  in  each  ray 

varies  from  2  to  10  or  12,  the  average  number  being  about  6.  The  com- 
pound rays  inclosing  the  resin  ducts  are  rather  small,  with  three  rows  of 

cells  in  the  middle  portion.  No  markings  can  be  made  out  on  the  wood 
cells  in  this  section. 

This  species  is  very  closely  allied  to  the  one  preceding,  and  should 

perhaps  be  referred  to  it.  The  main  points  of  difference  are  the  following: 

Narrower  annual  rings;  smaller  resin  ducts,  that  are  occasionally  found  in 

the  summer  wood;  smaller  wood  cells  throughout;  smaller  and  shorter 

compound  medullary  rays;  ordinary  rays  always  in  a  single  series  of  2  to 

12  cells  (average  6)  instead  of  from  2  to  30  or  more  (average  12). 

Habitat:  Specimen  Ridge,  Fossil  Forrest,  near  head  of  Crystal  Creek; 

collected  by  F.  H.  Knowlton,  August,  1887. 

Laurinoxylox  pulchrum  n.  sp. 

Pis.  CXVI,  CXIX,  figs.  3-5;  PI.  CXX,  fig.  1. 

Transverse  section. — Annual  ring  very  distinct  to  the  naked  eye,  2  to  4  mm. 

broad.  The  demarcation  between  the  rings  results  from  10  or  12  layers 

of  thicker- walled  cells,  representing  the  late  fall  wood,  and  from  the  greater 

abundance  of  ducts  in  the  immediately  following  spring  wood. 

The  wood  cells  are  small  and  arranged  in  serial  rows  except  in  the 

vicinity  of  the  ducts,  where  they  are  somewhat  irregular  (see  fig.  1  of  PI. 

CXX).  Surrounding  the  ducts,  and  sometimes  filling  the  remainder  of  the 

space  between  rays,  the  cells  are  larger  and  not  so  completely  seriated. 

The  ordinary  wood  cells  are  about  0.01  mm.  in  diameter,  and  those  near  the 

ducts  0.015  or  0.02  mm.  There  is  an  occasional  row  of  the  large-sized 

wood  cells  along  a  ray,  as  in  fig.  1  of  PI.  CXX. 

The  ducts  are  very  plainly  shown  in  this  section.  At  least  half  of 

them  are  single  and  nearly  or  cpxite  circular  in  section.     Of  the  remainder, 
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most  are  double,  while  occasionally  there  are  3  in  a  row  or  series,  and 

exceptionally  as  many  as  4.  The  number  in  a  square  millimeter  is  only 
from  4  to  6.  The  smallest  of  the  single  ducts  range  in  diameter  from 

0.03  to  0.06  mm.  The  largest  observed  are  0.21  mm.  in  long  diameter 

and  0.16  mm.  in  short  diameter.  The  largest  double  duct — that  is,  when 

there  are  two  together — is  0.31  mm.  The  largest  of  the  series  of  3  is  0.36 
mm.,  and  the  largest  of  the  few  in  series  of  4  is  0.44  mm.  The  average 

diameter  of  large  and  small  ducts  is  probably  about  0.12  mm. 

The  medullar}-  rays  are  1  to  3  cells  wide,  and  run  irregularly  among 
the  ducts.     They  are  about  0.01  mm.  broad. 

Radial  section. — The  wood  cells  are  long,  slender,  and  apparently  sharp- 

pointed.  There  is  evidence  also  that  some  of  these  are  divided  up  into 

short  cells  by  square  divisions. 

The  medullary  rays  form  plates  of  short,  rather  thin-walled  cells. 
They  are  from  0.02  to  0.04  mm.  in  diameter  and  from  0.05  to  0  09  mm.  in 

length.  They  do  not  appear  to  be  marked,  yet  there  is  some  evidence  that 
there  were  minute  pits ;  but  the  specimens  are  not  well  enough  preserved 
to  be  certain  of  this. 

The  ducts  shown  in  longitudinal  section  (PI.  CXIX,  fig.  3)  are  very 

pronounced.  The  individual  cells  are  from  0.10  to  0.20  mm.,  or  some- 
times more,  in  length.  The  walls  eve  covered  with  small  round  pits,  which 

occasionally  pass  into  regular  scalariform  markings  (see  figs.  4  and  5  of 

PI.  CXIX.)  Each  duct  is  surrounded  by  a  mass  of  tissue  from  2  to  6  or  8 

layers  of  cells  thick,  of  which  mention  was  made  under  the  discussion  of 
the  transverse  section.  The  individual  cells  of  this  sheath  are  of  about  the 

same  size  and  appearance  as  the  large  cells  of  the  medullary  rays. 

Tangential  section. — The  fine  pliotomicrographic  reproductions  of  this  section 

(PI.  CXVI)  give  a  far  better  idea  of  the  structure  than  any  description  can. 

The  medullary  rays,  it  will  be  observed,  are  very  numerous  (about  3  to 

each  square  millimeter).  They  are  from  1  to,  exceptionally,  4  layers  of 

cells  broad  and  about  12  layers  high,  the  extremes  being  5  and  20. 

This  plate  shows  admirably  the  ducts  and  related  tissue.  The  one  in 

the  center  of  the  plate  shows  well  the  manner  of  division,  although  the 

magnification  is  hardly  sufficient  to  show  the  pits  or  markings. 

This  species  is  one  of  the  handsomest  with  which  I  am  familiar.  It 

lias  affinities  with  a  number  of  described  forms,  as,  for  example,  Laurus 
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triseriata  Caspaiy,1  from  the  Tertiary  of  Prussia,  From  this  it  differs 
in  the  arrangement  of  ducts  and  in  rays,  and  somewhat  in  the  markings. 

It  is  also  evidently  allied  to  the  two  forms  from  the  Tertiary  of  Arkansas, 

Laurinoxylon  branneri  Kn.2  and  L.  lesquereuxiana  Kn.3 
The  genus  Laurus  was  evidently  abundant  in  this  flora,  and  it  is  to  be 

expected  that  the  trunks  would  be  occasionally  preserved.  It  is  of  course 

probable  that  this  wood  may  belong  to  a  species  that  has  also  been  described 

from  the  leaves,  but  there  is  manifestly  no  means  of  connecting  them. 

Habitat:  Specimen  Ridge  Forest,  near  head  of  Crystal  Creek,  Yellow- 
stone National  Park,  a  prostrate  log;  collected  by  F.  H.  Knowlton.  August 

25,  1887. 
Perseoxylon  aromaticum  Felix. 

Perseoxylon  aromaticum  Felix:  Untersuchung  iiber  fossile  Holzer,  v.  Stuck:  Zeitschr. 
d.  Deutsch.  geol.  Gesell.,  Jahr.  1896,  p.  254,  1890. 

Laurinoxylon  aromaticum  Felix :  Die  Holzopole  LTiigarns,  p.  27,  PI.  I,  fig.  7 ;  II,  fig.  7, 9. 

This  species  was  detected  by  Felix  in  his  visit  to  the  Yellowstone 
National  Park  in  1888.     I  did  not  meet  with  it. 

Habitat:  Vicinity  of  Yanceys,  Yellowstone  National  Park.  Collected 

by  J.  Felix,  1888. 
Plataninium  haydeni  Felix. 

PI.  OXX,  figs.  3-5. 

Plataninium  haydeni  Felix:  Untersucbung  fiber  fossile  Holzer,  v.  Stuck:  Zeitschr.  d. 
Deutscb.  geol.  Gesell.  Jabr.  1896,  p.  251,  1896. 

Transverse  section. — The  annual  ring's  are  faint,  yet  they  may  be  seen  with 

the  naked  eye.  They  are  about  2  mm.  broad.  The  medullary  rays  are 

very  distinct  in  the  weathered  specimen. 
Under  the  microscope  the  structure  is  shown  to  be  well  preserved. 

The  wood  cells  are  not  arranged 'in  radial  rows,  but  are.  quite  irregularly 
placed.  They  are  large  (0.01  to  0.03  mm.)  and  angular,  being  3  to  6  sided 

by  compression. 

1  Einige  fosa.  Holzer  Prenssens:  Abkandl.  z.  geol  Specialk.  v.  Prenssen  n.  Thiiringischen 

Staaten,  1889,  p.  60,  PI.  XI,  figs.  6-12;  PI.  XII,  tigs.  1-5. 
2  Fossil  woods  and  lignites  of  Arkausas:  Ann.  Rent.  Geol.  Survey  Arkansas,  1889,  Vol.  11,  p.  256, 

PI.  IX,  figs.  8-9;  PI.  X,  figs.  1,2;  PL  X,  fig.  4. 

'6p.  cit.,  p.  258,  PI.  X,  figs.  3,4;  PI.  XI,  figs.  3,4. 
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The  ducts  (PI.  CXX,  fig'.  4)  are  very  numerous.  They  occupy  at 
least  one-third  of  the  area,  exclusive  of  the  rays.  They  are  almost  always 

single,  although  often  placed  close  together,  especially  in  the  beginning  of 

the  spring  wood.  They  are  uniformly  oblong  in  shape.  In  the  spring- 
wood  the  average  size  is  0.09  mm.  in  long  and  0.06  mm.  in  short  diameter. 

In  the  fall  wood  they  are  from  0.03  to  0.06  mm.  in  long  and  0.025  to  0.05 
mm.  in  short  diameter. 

The  annual  ring  consists  of  a  layer  of  slightly  thicker  wood  cells,  but 

it  is  mainly  distinguished  by  the  abruptly  larger  ducts  in  the  spring  wood 

(see  fig.  4  of  PI.  CXX). 

The  medullary  rays  are  very  abundant  as  seen  in  this  section.  They 

are  from  1  to  10  or  15  cells  broad.  Fully  30  per  cent  of  the  area  is 

covered  by  the  medullary  rays.  The  rays  uniformly  contain  a  black  car- 
bonaceous substance,  these  making  them  stand  out  in  bold  relief. 

Radial  section. — The  most  prominent  feature  in  this  section  (PI.  CXX,  fig. 

5)  is  the  medullary  rays.  They  form  high  plates  of  usually  short  cells 

with  black  carbonaceous  contents.  The  ducts  are  also  prominent,  and 

appear  to  be  marked  with  scalariform  thickenings;  but  as  they  are  quite 

obscure,  this  is  not  positive. 

Tangential  section. — The  structure  of  this  section  is  very  clearly  revealed 

under  the  microscope.  The  medullary  rays  are  very  numerous.  They 

range  from  1  to  10  or  15  layers  of  cells  broad  and  more  than  100  high. 

The  cells  are  round,  thin-walled,  and  usually  or  not  at  all  compressed. 

They  take  up,  as  already  stated,  fully  30  per  cent  of  the  space.  In  some 

cases  the  rays  are  0.5  mm.  long  and  0.35  mm.  broad  (cf.  fig.  3  of  PI.  CXX). 

The  wood  cells  are  long  and  sharp-pointed.  So  far  as  can  be  made 
out,  there  are  few  if  any  square  divisions  of  the  cells. 

The  ducts,  of  course,  show  well  in  this  section,  but  the  markings,  if 

present,  are  now  obscure. 

This  species  is  quite  closely  related  to  the  living  Platanus  occidentalis 

L.,  the  common  sycamore  or  plane  tree.  The  living  wood  shows  the  indis- 
tinct annual  ring,  the  irregular  wood  cells,  and  numerous  medullary  rays 

almost  identical  with  the  fossil  wood.  There  are  certain  minor  points  of 

difference,  such  as  markings  on  the  rays,  lignification  of  the  ducts,  etc.,  but 

they  are  certainly  close  enough  to  make  their  generic  identity  reasonably 
sure. 
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The  fact  that  Platanus  leaves  are  very  abundant  in  the  beds  surround- 

ing the  fossil  trunks  makes  it  extremely  probable  that  the  generic  reference 

is  correct.  It  is  of  course  also  probable  that  some  of  the  leaves  belong  to 

the  wood  here  described  as  different,  but  as  they  have  never  been  found 
attached,  it  is  manifestly  unsafe  to  assume  that  there  was  ever  organic 
union. 

A  number  of  fossil  species  have  been  described  from  various  parts  of 
the  world;  none,  however,  from  North  America,  The  general  agreement 

between  these  and  the  one  under  consideration  is  close,  but  the  specific 
differences  are  marked  in  certain  cases.  One  of  the  nearest  forms  is 

Platanus  Jdebsii  Casp.,1  from  the  Tertiary  of  Prussia.  It  differs  in  important 

minor  characters,  as  does  P.  borealis  Casp.,2  from  the  same  place.  The  two 
species  described  by  Felix,  Plataninium  porosum  Felix  and  P.  regulare 

Felix,  have  only  general  resemblance. 

In  the  original  MS.,  which  was  submitted  in  March,  1896,  I  had  of 

course  given  this  another  specific  name,  and  it  may  still  prove  to  be  different 

from  the  P.  haycleni  of  Felix.  Unfortunately  Felix  has  not  figured  his 

species,  and  it  is  difficult,  from  a  mere  technical  description,  to  be  entirely 

certain  of  their  identity.  It  is  reasonably  certain,  however,  that  they  are 
identical,  and  I  have  so  regarded  them. 

Habitat:  Specimen  Ridge  Forest,  near  head  of  Crystal  Creek,  Yellow- 
stone National  Park.  From  a  trunk  6  inches  in  diameter  and  about  1  foot 

in  height;    collected  by  F.  H.  Knowlton,  August  25,  1887. 

Rhajinacinium  radiatum  Felix. 

PI.  CXVIII,  figs.  6,  7;  PI.  CXIX,  fig.  1. 

Bhavmacinium  radiatumFelix:  Untersuchung liber fossileHolzer:  Zeitschr.  <l.  Deutsch. 

geol.  (Jesell.,  Jalir.  180G,  p.  252,  PI.  VI,  fig-.  3,  1S96. 

Transverse  section. — Annual  ring  broad  (7  mm.),  very  indistinct,  Consisting 

of  (inly  1  or  i'  rows  of  slightly  thickened  wood  cells  and  rather  abrupt 
presence  of  numerous  large  ducts  in  succeeding  spring  wood.  Ducts  very 
numerous,  in  radial  rows.  A  few  of  the  ducts  are  single,  but  mainly  they 
are    contiguous,   with    2   to    10   in   a,   scries.     The   usual    number   is   3   or 

'Einige  foss.  Hiil/.er  Preassena  :   Abhandl.  /..   geol.   Speoialk.   v.    Preussen   u.  Thiiringischen 
Staatcn,  lxttt,  I'l.  VIII,  ligs.  l-l'l. 

Op.  oit.,  PI.  IX,  figs.  1-11. 

HON  XXXII,  1'T  II   49 
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four.  The  ducts  occupy  nearly  one-half  of  the  area,  thus  producing  an 
open,  soft  wood.  The  longest  series  of  ducts,  embracing  10,  is  0.50  mm. 

in  length.  Series  of  4  or  5  having  a  length  of  0.30  mm.  are  common. 

The  small  single  ducts  are  0.05  to  0.07  mm.  in  long  and  0.04  to  0.05  mm. 

in  short  diameter.  The  average  short  diameter  of  all  ducts  is  about  0.07 
or  0.08  mm. 

The  wood  cells  are  arranged  in  distinct  radial  rows.  Thev  are  rather 

large  and  thin-walled,  also  showing  that  the  wood  was  a  soft,  porous  one. 

The  medullary  rays  in  this  section  are  rather  numerous.  The}'  are 
2  or  sometimes  3  cells  wide,  and  the  cells  are  short  and  thin-walled. 

Radial  section. — The  ducts  appear  especially  numerous  in  this  section. 

The  marking  on  the  walls  is  rather  obscure,  but  they  seem  to  be  uniformly 

provided  with  minute  pits. 

The  rays  form  high  plates  of  short,  thin-walled  cells,  apparently  with 
small  circular  or  oblong  pitlike  markings. 

The  wood  cells  are  very  long.  They  have  sharp-pointed  extremities 
and  thin  walls. 

Tangential  section. — This  section  is  verv  characteristic,  the  most  prominent 

feature  being,  of  course,  the  cut-off  ends  of  the  medullary  rays.  The  rays 

are  various,  being  2  or  rarely  3  or  4  layers  of  cells  wide.  The  number  of 

vertical  rows  is  very  indefinite,  being  rarely  less  than  10  or  more  than  30. 

The  cells  are  rectangular,  being1  often  twice  as  long-  as  wide.  Some  of  the 
cells  in  the  middle  of  the  ray  are  more  or  less  irregular  in  shape.  All  are 

very  thin-walled. 
The  wood  cells  are  the  same  as  in  the  radial  section. 

The  ducts  are  also  prominent.  They  have  oblique  partitions  and  the 

walls  are  provided  with  round  pits.  The  markings  on  the  walls  are  not 

different  from  those  to  be  observed  in  the  radial  section,  but  they  happen  to 

lie  better  preserved. 

In  my  original  MS.  this  form  was  described  under  the  new  generic 

name  of  Populoxvlon,  from  its  undoubted  close  resemblance  to  wood  of 

living  Populus.  It  is  with  some  hesitation  that  I  transfer  it  to  Felix's 

species,  for  they  do  not  agree  in  every  particular.  On  the  whole,  howeA*er, 
it  is  more  than  probable  that  they  are  the  same,  and  I  have  so  regarded 

them      The  generic  diagnosis,  based  upon  the  wood  from  the  Park  only, 
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maybe  drawn  up  as  follows:  Annual  ring  present,  but  faintly  demarked; 

wood  cells  long,  narrow,  sharp-pointed,  thin-walled;  ducts  very  numerous, 

occupying  about  one-half  of  the  area,  in  radial  rows  of  from  2  to  10, 

pitted,  the  pits  small,  round;  medullary  rays  numerous,  of  short,  thin-walled 

cells,  rectangular  or  irregular  in  transverse  section,  arranged  in  2  to  some- 
times 4  vertical  rows  of  approximately  10  to  30  cells  each. 

Habitat:  Specimen  Ridge,  near  head  of  Crystal  Creek,  Yellowstone 

National  Park;  collected  by  F.  H.  Knowlton,  August  22,  1887. 

QuERCINITJM   LAMARENSE  U.  Sp. 

PL  CXVIII,  fig.  5;  PI.  CXX,  fig.  2;  PL  CXXI,  figs.  1,  2. 

Transverse  section. — Annual  ring  present,  but  very  faint ;  consisting  of  but 

1  or  2  rows  of  thickened  cells.  In  the  succeeding  spring  wood  the  ducts 

are  much  larger,  thus  making  the  ring  visible  to  the  naked  eye. 

Ducts  numerous,  scattered,  most  abundant  in  spring  and  summer 

wood;  all  single — that  is,  not  contiguous.  They  are  almost  perfectly 

circular,  being  very  slightly  elongated  radially.  They  are  large,  though 

not  remarkably  so  for  the  genus;  the  larger  ones  ranging  in  diameter 

from  0.16  to  0.23  mm.,  the  smaller  being  about  0.20  mm.  The  very 

smallest  ducts  are  0.05  mm.  in  diameter,  and  the  more  common  of  the 

small  ones  are  0.10  or  0.12  mm.  in  diameter.  None  of  the  ducts  are 

arranged  in  notable  radial  rows. 

The  wood  cells  are  in  distinct  radial  rows,  and  are  large  and  thick- 

walled.  In  most  the  lumen  is  nearly  obliterated.  The  average  size  of  the 

wood  cells  is  0.02  mm. 

The  medullary  rays  are  neither  very  numerous  nor  conspicuous.  They 

are  mainly  only  1  cell  broad,  with  an  occasional  wide  one  of  20  or  more 

cells,  as  will  be  described  under  the  tangential  section.  Some  of  the  single- 

celled  rays  pass  for  a  considerable  distance  among  the  ducts,  but  by  far  the 

larger  number  lie  between  two  ducts  (see  fig.  1  of  PI.  CXXI). 

Radial  section. — The  only  sections  available  in  this  direction  were,  unfor- 

tunately, from  poorly  preserved  portions  of  the  specimen,  and  do  not  show 

the  structure  clearly.  The  wood  cells,  so  far  as  can  be  made  out,  are  very 

i<  mo-,  and,  as  shown  bv  the  transverse  section,  have  thick  walls      The  rays O  r  J  'J 
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form  high  plates  of  cells,  the  exact  length  of  which  can  not  be  determined 

with  satisfaction.  If  there  were  markings  on  the  rays  they  can  not  be  seen; 

neither  can  the  markings  on  the  ducts  be  observed. 

Tangential  section. — This  section  shows  much  better  under  the  microscope 
than  the  radial  one. 

The  rays  are  found  to  be  of  two  distinct  kinds:  The  most  numerous 

are  only  1  cell  broad  and  from  10  to  25  cells  high,  the  individual  cells 

being  thin-walled  and  oblong  in  shape.  At  scattered  intervals  are  very 
broad  rays  composed  of  10  to  20  rows  of  cells  and  extending  for  long 

distances  through  the  section  (see  fig.  2  of  PL  CXXI).  These  broad  rays 

are  often  somewhat  cut  by  wood  cells  passing  diagonally  through  them 

(see  fig.  2  of  PI.  CXXI).  This  does  not,  however,  interfere  with  the  ray 
as  a  whole,  which  is  clearly  demarked  from  the  small  ravs  of  a  single 

series  of  superimposed  cells.  The  individual  cells  of  the  large  rays  are 

nearly  circular  in  cross  section,  or  more  or  less  6-sided  by  mutual  pressure. 
They  are  also  thin-walled. 

Associated  with  the  small  rays  is  usually  a  layer  or  two  of  short-celled 

tissue  or  series  of  parenchymatous  cells.  Except  for  there  being  shorter 

cells  the}-  are  not  to  be  distinguished  from  the  ordinary  wood  cells. 
The  ducts  show  clearly  enough  in  this  section,  but  they  are  not  well 

enough  preserved  to  permit  the  markings  on  the  walls  to  be  made  out.  It 

would  seem  that  the  walls  were  pitted,  but  this  is  largely  surmised. 

A  considerable  number  of  species  of  Quercinium,1  or  oak  wood,  in  a 
fossil  state,  have  been  described  from  various  parts  of  the  world.  Wood 
of  this  kind  is  readily  distinguished  bv  the  lars^e  isolated  ducts  and  the  two 

kinds  of  medullary  rays. 

The  species  under  consideration  resembles  a  number  of  described 

forms,  but  they  are  all  from  the  Old  World,  and  are  readily  distinguished 
from  it. 

This  species  is  closely  allied  to  Quercinium.  knowltoni  Felix,  and  may 

possibly  be  the  same,  but  as  Felix's  species  is  not  fully  illustrated  it  is 
difficult  to  be  positive.  Q.  lamarense  seems  to  differ  in  the  shape  and  size 

of  the  large  ducts,  but  it  will  need  a  careful  comparison  of  the  sections  to 

be  positive.     For  the  present,  at  least,  they  may  remain  distinct. 

Habitat:  Specimen  Ridge,  Yellowstone  National  Park;  specimen  from 

1  Fifteen  species  anil  varieties. 
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an  upright  trunk,  4  feet  in  diameter;  collected  by  F.  H.  Knowlton,  August 

22,  1887 

QUERCINIUM    KNOWLTONI    Felix. 

Quercinium  Jenoioltoni  Felix:  Undersuclmug  fiber  fossilo  Holzer:  Zeitschr.  d.  Deutscli. 

geol.  Gesell.,  Jalir.  1896,  p.  250,  PL  VI,  fig.  2,  1896. 

As  stated  under  the  preceding  species,  these  2  forms  may  be  identi- 

cal, but  in  absence  of  full  drawings  of  Q.  knowltoni  it  seems  best  to  regard 

them  as  distinct.     The  size  and  shape  of  the  ducts  certainly  differ  greatly. 

Habitat:  Amethyst  Mountain,  Yellowstone  National  Park;  collected 

by  J.  Felix  in  1888. 

BIOLOGICAL   CONSIDERATIOX   OF   THE   TERTIARY  FLORA. 

The  Tertiary  flora  of  the  Yellowstone  National  Park  possesses  great 

biological  interest.  It  is  a  rich  flora,  and  on  comparing- it  with  the  living- 
flora  it  becomes  apparent  that  great  climatic  changes  must  have  taken  place 

since  the  close  of  the  Miocene  period  to  have  made  these  modifications  in 

plant  life  possible.  The  fossil  flora  embraces  about  150  forms  that  have 

been  distributed  among  33  natural  families.  Following  is  a  list  of  these 

families,  with  the  number  of  species  or  forms  referred  to  each:1 

Species. Filices             10 

Equisetacece    4 
Coniferw    13 

Typhacew    1 

Sparganiacere    1 

Cyperacece    1 
Smilaeece  . . ..     1 
Musacese    1 

Juglandacea;    8 
Myncace*    3 
Salicacece    10 
Betulacece    2 

Fagace;L-    1.5 
Olmacese  -    5 

/  'rtiniceir       10 
Maguoliaceae     5 
Lauracece      12 

Species. 
Platauaceai         3 

Legum  inosw    5 
Auacardiace:c    1 

Celastracea*    -4 
Aeeracece    2 

Sapindaceaj    5 
Rhamnacece    4 
Vitaceai    i 

Sterculiacea;    l 
Oredneriacea/    i 

Tiliacese    2 
Axaliacese    6 

Comacew    2 
Ericaceae     l 

Ebenaceae    :! 
Oleaceae    i 

I'liylliics.  Carpites    3 

' The  orders  thai  are  also  found  in  the  present  flora  are  printed  in  itali  a 
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The  excellent  Flora,  of  the  Yellowstone  National  Park,1  by  Mr.  Frank 
Tweedy,  has  been  made  the  basis  of  all  comparisons  between  the  fossil  and 

living- floras.  According  to  Tweedy,  the  present  flora  embraces  69  natural 
families,  273  genera,  and  657  species.  The  fossil  flora  embraces  33  families, 

63  genera,  and  148  species.  The  living  flora  has,  therefore,  4  genera  to 

each  order  and  2.4  species  to  each  genus,  while  the  fossil  flora  has  not 

quite  2  genera  to  each  family  and  2.3  species  to  each  genus.  The  relative 

proportion  between  the  families,  genera,  and  species  is  shown  to  be  approxi- 
mately the  same  in  the  Tertiary  and  the  living  floras.  A  still  further 

comparison  shows  that  there  are  a  fraction  more  than  twice  as  many  living* 
as  fossil  families,  4.3  times  as  many  living  genera,  and  4.6  times  as  many 

species. 
On  comparing  the  families  in  the  two  floras,  it  is  found  that  19  of  the 

33  fossil  families  are  not  represented  in  the  living  flora.  In  the  list  of 

families  above  given  the  ones  not  italicized  are  the  families  not  repre- 

sented at  the  present  time.  It  will  be  seen  that  such  important  families  as 

the  Juglandaceas,  Fagacese,  Ulmaceae,  Magnoliacese,  Lauracea?,  Platanacese, 

Anacardiacese,  Celastracese,  Vitacese,  Sterculiacese,  Tiliacese,  Araliacese, 

Ebenacese,  and  Oleaceae  are  not  represented  in  the  present  flora.  In  other 

words,  there  are  no  walnuts,  beeches,  oaks,  chestnuts,  elms,  magnolias, 

sycamores,  sumacs,  grapes,  lindens,  aralias,  persimmons,  or  ashes  at  the 

present  day.  The  absence  of  such  important  trees  and  shrubs  produces  a 

profound  modification  of  the  floral  surroundings. 

The  dominant  element  in  the  living  flora  consists  of  the  abundant 

coniferous  forests;  yet  only  8  species  are  represented,  and  of  these  only  5 

are  at  all  common,  and  65  per  cent  of  the  whole  coniferous  growth  is  made 

up  of  1  species.  The  fossil  flora  is  represented  by  13  species,  or  nearly 

twice  as  many  as  the  living.  Among  them  was  a  magnificent  Sequoia  that 

was  closely  allied  to  the  living  Sequoia  sempervirens  of  the  Pacific  coast.  It 

had  trunks  10  feet  in  diameter  and  probably  of  vast  height.  There  were 

also  2  well-marked  species  of  Sequoia,  known  from  the  leaves,  and  a 
number  of  supposed  Sequoia  cones.  The  pines  were  also  abundant,  no 

fewer  than  8  species  having  been  detected. 

The  deciduous-leaved  trees  and  shrubs  of  the  Yellowstone  National 

Park  are  conspicuously  few  in  numbers.     There  are  2  species  of  Betula,  2 

1  Washington.  1886,  pp.  1-78. 
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of  Alnus,  7  of  Salix,  2  of  Populus,  1  of  Acer,  4  of  Vaccinium,  5  of  the 

order  Caprifoliacese,  2  of  Cornacese,  2  of  the  Rosacese,  etc.  Perhaps 

the  most  conspicuous  tree  is  the  quaking  aspen  (Populus  tremuloides).  The 

cottonwoocl  (P.  angustifolia)  is  rare,  being  found  only  along  Cache  Creek. 

Several  of  the  willows  are  abundant,  as  is  also  the  common  birch  (Betula 

glandulosa),  and  the  June  berry  (Amelanchier  alnifolia).  The  other  shrubs 

are  rare,  or  are  confined  to  few  localities. 

The  fossil  flora,  on  the  other  hand,  was  especially  rich  in  deciduous 

leaved  vegetation.  Thus  the  Juglandacese  was  represented  by  5  species 

of  Juglans  and  4  species  of  Hicoria  (Carya),  a  number  of  which  were  very 

abundant.  The  genus  Populus  was  especially  rich,  there  being  no  fewer 

than  7  species.  Certain  of  these,  as  Populus  speciosa,  P.  daphnogenoides,  and 

P.  glandulifera,  were  in  great  abundance,  and  the  stratum  in  which  they 

occur  consists  of  a  perfect  mat  of  these  leaves.  Something  like  100  examples 

of  1  species  were  obtained. 

Another  striking  feature  was  the  presence  of  numerous  magnificent 

magnolias.     Of  these,  4  species  have  been  described  from  the  leaves  and 

1  from  the  thick  petals  of  the  flower.  The  species  described  as  Magnolia 

spedcibilis  is  represented  by  a  great  number  of  leaves  in  a  fine  state  of 

preservation.  It  appears  to  be  more  closely  related  to  the  living  M.  gran- 
diflora  (M.  fostida  of  later  authors)  than  any  one  previously  described. 

The  sycamores  were  also  an  important  element  in  this  flora,     Of  the 

2  species  described  from  the  leaves  and  1  from  the  wood,  the  one  known 

as  Platanus  guiUelmce  was  especially  abundant.  It  is  found  in  nearly  all 

the  Tertiary  beds  in  the  Park  and  is  represented  in  the  collections  by  nearly 

200  examples.  The  species  described  as  Plataninium  haydeni  is  based  upon 

a  trunk  or  branch  6  inches  in  diameter.  It  is  most  closely  related  to  the 

living  Platanus  occidentalis. 

Another  important  group  is  formed  by  4  species  of  Aralia,  Of  these, 

Aralia  notata  was  evidently  one  of  the  most  abundant  and  imposing  trees 

of  the  whole  flora.  The  collections  contain  over  100  examples,  none  of 

which  are  entire,  however,  as  some  of  the  leaves  must  have   been  fully 

3  feet  in  length  and  more  than  2  feet  in  width.  A  small  leaf  and  one  of 

medium  size  are  figured  on  the  plates.  Aralia  ivhitneyi,  a  species  common 

to  the  Auriferous  gravels  of  California,  had  striking  5  to  7  lobed  leaves, 

often  1  foot  in  length.      This  species  was  not  so  abundant,  judging  from 
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the  fossil  remains,  as  the  former  species,  but  it  was  apparently  quite  widely 

distributed.     The  other  species  had  smaller  3  or  5  lobed  leaves. 

The  family  Lauracese  was  strongly  represented  by  5  genera,  1 1  species, 

and  a  large  number  of  examples.  The  genus  Laurus,  which  is  now  exclu- 

sively an  Old  World  group,  was  represented  by  6  well-marked  species.  The 
genera  Malapoenna  or  Litsea  and  Cinnamomum,  other  Old  World  forms, 

were  both  represented,  the  former  by  2  and  the  latter  by  1  species.  The 

genus  Persea,  an  extensive  Old  World  genus,  with  species  also  in  tropical 

America  and  the  southern  United  States,  was  represented  by  1  species, 

which  is  closely  related  to  a  small  tree  now  living  in  the  South. 

Another  large  and  important  group,  now  entirely  unrepresented  in  the 

Park,  is  the  Fagacese,  embracing  2  species  of  Fagus,  1  of  Castanea,  11  of 

Quercus,  and  1  of  Diyophyllum.  The  Fagus  here  described  is  a  beautiful, 

characteristic  leaf  and  was  evidently  rare,  as  only  a  few  examples  were 

obtained.  The  Castanea,  on  the  other  hand,  was  very  abundant  and 

widely  distributed  within  the  Park.  The  leaves  are  large,  and  as  handsome 

and  striking  as  are  the  leaves  of  the  living  species.  The  oaks,  however, 

were  abundant  in  species  and  usually  in  individuals,  and  all  but  3  proved 

to  be  new  to  science.  Perhaps  the  most  marked  are  Quercus  yanceyi, 

Q.  culveri,  and  Q.  grossidentata. 

The  family  Urticacese,  which  is  represented  in  the  living  flora  by  a 

single  rare  herb  (  Urtica  gracilis),  was  represented  during  Tertiary  times  by 

some  10  species  of  Ficus  and  a  single  more  or  less  doubtful  species  of 

Artocarpus.  Several  of  the  figures  are  represented  by  a  large  number  of 

specimens — as,  for  example,  Ficus  densifolia — but  most  of  them  were  rare,  at 

least  as  evidenced  by  the  fossil  remains.  It  is  of  great  interest  to  learn,  how- 
ever, that  they  were  once  present  in  a  region  that  has  long  since  ceased  to 

support  them.  The  curious  leaf  referred  provisionall)*  to  Artocarpus  is 
also  of  much  interest  as  indicating  the  possible  presence  of  the  bread-fruit 
trees  in  this  portion  of  the  American  Continent.  Two  unmistakable  species 

of  Artocarpus  have  already  been  detected,  1  from  the  Laramie  and  Denver 

beds  of  Colorado,  and  the  other  from  the  Auriferous  gravels  of  California 

and  the  Miocene  of  Oregon.  It  is  therefore  not  improbable  that  this  type 

was  in  existence  in  the  Yellowstone  National  Park  during  the  early  Tertiary. 

The  family  Leg'uminosse,  now  represented  by  a  host  of  small  herbaceous 

plants,   was    then   represented    by   3   species   of   Acacia  and    2   of  Legu- 
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minosites,  but  the  fossil  forms  are  not  particularly  satisfactory.  The  forms 

referred  to  Acacia  consist  of  well-defined  pods  and  are  somewhat  con- 
ventionally regarded  as  representing  the  modern  Acacia.  No  leaves  were 

obtained  that  could  with  satisfaction  be  held  as  representing  the  foliage 

of  these  pod-bearing  shrubs  or  trees.  The  2  species  of  Leguminosites  are 

supposed  to  represent  leaflets  of  some  leguminous  plant,  but  beyond  this 

it  is  not  possible  to  venture. 

The  only  remaining  group  of  deciduous-leaved  plants  of  any  magni- 
tude is  the  Sapindaceae,  with  5  species  of  Sapindus.  One  of  these,  Sapindus 

affinis,  is  perhaps  the  most  abundant  form  found  among  the  Tertiary 

plants.  The  small  characteristic  leaflets  are  found  in  the  greatest  profusion. 

The  other  species  were  less  abundant. 

The  other  forms  that  require  mention  are:  Ulmus,  4  species;  Acer, 

at  least  2  species;  Celastrus,  3  species,  and  Rhamnus,  Paliurus,  Zizyphus, 

Cissus,  Pterospermites,  Tilia,  and  Rhus,  with  a  single  species  each. 

The  vascular  cryptogams  appear  to  have  been  a  more  prominent 

feature  of  the  flora  during  Tertiary  times  than  at  present.  Of  the  2  families 

present,  the  Filices  and  Equisetacese,  the  former  is  represented  by  10  and 

the  latter  by  4  species,  while  the  living  flora  has  but  G  ferns  and  4  horse- 
tails, all  rare. 

The  ferns  were  evidently  abundant.  They  belong  to  6  genera,  and  are 

represented  in  several  cases  by  a  large  number  of  specimens.  The  largest 

genus  is  Asplenium,  with  4  species.  The  species  described  as  Asplenium 

magnum  is  one  of  the  largest  and  finest  forms  that  has  been  detected  out- 

side of  the  Carboniferous.  Asplenium  iddingsi  is  also  a  large,  well-marked 

species.  The  genus  Dryopteris,  the  old  Aspidium,  is  represented  by  2 

species,  both  of  which  are  rather  rare.  They  are,  however,  both  fruiting, 

a  condition  of  uncommon  occurrence  among  fossil  forms.  There  is  also  a 

beautiful  Woodwardia,  quite  closely  allied  to  a  species  now  living  in  the 

eastern  United  States,  and  fine  examples  of  the  widely  distributed  climbing 

fern  (Lygodium  Icaulfusit).  The  only  living  North  American  species  (L. 

palmatum)  is  found  from  Massachusetts  and  New  York  south  to  Kentucky 

and  Florida,  and  is  generally  rare  throughout  its  range.  The  other  ferns 

are  an  Osmunda  and  a  delicate  form  referred  provisionally  to  the  genus 
Devallia. 

The  genus  Equisetum,  although  represented  by  4  more  or  less  satisfac- 
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tory  species,  was  not  abundant  or  particularly  important.     The  most  abun 

dant  form  (E.  hagaei)  is  small  and  has  much  the  appearance  of  the  living 

E.   limosum.     The  largest  form  (E.  microdontuni)   is  very    rare.     It    was 
about  3  cm.  in  diameter. 

From  what  has  been  presented,  it  is  obvious  that  the  present  flora  of 

the  Yellowstone  National  Park  has  comparatively  little  relation  to  the 

Tertiary  flora,  and  can  not  be  considered  as  the  descendant  of  it.  It  is  also 

clear  that  the  climatic  conditions  must  have  greatly  changed.  The  Ter- 
tiary flora  appears  to  have  originated  to  the  south,  while  the  present  flora 

is  evidently  of  more  northern  origin.  The  climate  during  Tertiary  time,  as 

made  out  by  the  vegetation,  was  a  temperate  or  subtemperate  one,  not  unlike 

that  of  Virginia  at  the  present  time,  and  the  presence  of  the  numerous  species 

of  Ficus  would  indicate  that  it  even  bordered  on  subtropical.  The  condi- 

tions, however,  that  permitted  the  growth  of  this  seemingly  subtropical  vege- 
tation may  have  been  different  from  the  conditions  now  necessary  for  the 

growth  of  these  plants.  Thus,  the  genus  Dicksonia  is  at  present  a  tropical 

or  subtropical  genus,  yet  at  least  1  species  is  distributed  well  into  the  tem- 
perate region.  If  a  series  of  beds  should  be  discovered  in  which  there  were 

a  large  number  of  Dicksonias,  it  might  be  supposed  to  indicate  tropical  or 

subtropical  conditions;  yet,  as  a  matter  of  fact,  these  species  may  at  that 

time  all  have  been  so  constituted  as  to  grow  in  a  temperate  land,  and  the 

genus  as  a  whole  may  have  become  tropical  in  recent  times.  Following- 
out  this  general  line  of  argument,  it  may  be  said  that  while  the  Tertiary 

vegetation  of  the  Yellowstone  National  Park  would,  from  our  present 

standard,  be  regarded  as  indicating  a  temperate  or  possibly  warmer  climate, 

the  actual  conditions  then  prevailing  may  have  been  quite  different.  It  is 

certain,  however,  that  the  conditions  were  very  different  from  those  now 

prevailing. 
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Tabic  showing  the  distribution  of  the  Tertiary  plants  of  the  Yellowstone  National  Parle. 
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Table  showing  the  distribution  of  the  Tertiary  plants  of  the  Yellowstone  National  Park— Continued. 
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Table  showing  the  distribution  of  the  Tertiary  plants  of  the  Yellowstone  National  Park — Continued. 

Distribution  in  the  Park. Distribution  outside. 
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Table  showing  the  distribution  of  the  Tertiary  plants  of  the  Yellowstone  National  Park — Continued. 

Distribution  in  the  Park. Distribution  outside. 
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Table  showing  the  distribution  of  the  Tertiary  plants  of  the  Yellowstone  National  Pari — Continued. 
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GEOLOGICAL  CONSIDERATION  OF  THE  TERTIARY  FLORA. 

Naturally  the  geological  aspects  of  this  fossil  flora  are  considered  as  of 

paramount  importance,  for  it  was  to  ascertain  the  bearing-  of  the  plants  on 
the  question  of  geological  age  that  this  investigation  was  undertaken.  As 

I  have  already  pointed  out  under  the  section  devoted  to  the  biological 

aspects  of  the  flora  (p.  775),  a  very  large  proportion  of  the  plants  were 

found  to  be  new  to  science,  and  therefore  could  have  only  limited  value  in 

determining  the  age,  but  enough  previously  described  forms  were  recog- 

nized to  warrant  certain  deductions.  It  is  the  purpose  to  set  these  con- 
clusions forth  in  this  section. 
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The  first  plants  brought  back  from  this  portion  of  the  Yellowstone 

National  Park  by  the  early  Hayden  survey  parties  were  submitted  to  Prof. 

Leo  Lesquereux,  and  although  few  in  number  the  specimens  and  species 

were  nevertheless  sufficient  to  afford  some  indication  of  their  age.  Pro- 

fessor Lesquereux  regarded  the  plants  from  Elk  Creek  and  vicinity  as 

indicating  an  Eocene  age,  and  those  from  the  well-known  Fossil  Forest  on 

the  west  side  of  the  Lamar  Valley  as  closely  allied  to  those  of  the  Aurif- 

erous gravels  of  California.  It  is  a  pleasure  to  state  that  this  adumbration 

has  been  abundantly  confirmed  by  the  results  of  more  searching  study  of 

a  larger  amount  of  material,  but  at  the  time  this  was  outlined  the  facts  were 

so  few  that  the  suggestions  were  not  regarded  as  conclusions,  and  as  it  was 

before  any  careful  detailed  geological  work  had  been  done,  these  now  clearly 

defined  horizons  came  to  be  grouped  together  under  the  somewhat  non- 
committal term  Volcanic  Tertiary. 

Although  the  geology  of  the  region  has  been  fully  discussed  by  Mr. 

Arnold  Hague  in  Part  I  of  this  monograph,  it  seems  necessary,  for  the  satis- 

factory understanding  of  the  problems  requiring  solution,  to  set  forth  briefly 

the  p-eolodcal  features  characterizing  this  portion  of  the  Park  which  have 

a  direct  bearing  upon  the  remarkable  flora  found. 

In  the  first  place,  all  the  material  constituting  the  beds  in  which  the 

Tertiary  plants  are  embedded  is  of  volcanic  origin.  According  to  the  geol- 

ogists, this  material  may  be  divided  into  two  distinct  periods  of  volcanic 

eruption,  which  may  be  distinguished  by  their  mineral  composition. 

The  older  series  of  these  lavas  has  been  designated  as  the  early  acid 

breccias  and  flows,  and  the  younger  as  the  early  basic  breccias  and  flows. 

Both  these  series  of  rocks  carry  plant  remains.  In  general  the  matrix  in 

which  the  plants  are  preserved  is  a  fine-grained  ash,  probably  deposited  as  a 

mud  flow,  with  all  the  appearance  of  stratification  and  other  indications  of 

water-laid  deposits.  Occasionally  the  material  is  much  coarser  and  has  the 

appearance  of  breccias  mixed  with  fine  sediments.  The  acid  rocks  are 

usually  light  in  color — yellow,  lavender,  or  gray — while  the  basic  rocks, 

which  carry  more  iron,  are  darker  in  color — frequently  some  shade  of  green 

or  dark  brown,  passing  over  into  black.  In  some  instances,  as  might  be 

expected  with  fine  water-laid  beds",  the  deposits  in  both  series  of  lavas 
closely  resemble  one  another,  while  the  great  mass  of  lava  of  the  two 

bodies  may  be  readily  distinguished.     The  acid  breccias,  the  oldest  of  the 
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lava  flows,  rest  in  many  places  upon  the  upturned  edges  of  Archean  and 

Paleozoic  rocks.  In  most  instances  the  basic  breccias  either  rest  directly 

upon  the  acid  rocks  or  else  the  underlying  rocks  are  not  exposed.  The 
acid  breccias  are  found  on  both  banks  of  the  Yellowstone  River  near  the 

mouth  of  Elk  Creek,  and  near  the  junction  of  the  Yellowstone  River 

with  Hellroaring  Creek,  as  well  as  on  Crescent  Hill  and  near  the  head 
of  Tower  Creek. 

In  the  neighborhood  of  Lost  Creek,  and  on  the  northern  end  of 

Specimen  Ridge,  along  the  drainage  of  Crystal  Creek,  the  basic  breccias 

are  known  to  lie  directly  upon  the  acid  breccias.  In  these  localities  the 

floj-a  has  a  character  distinctly  its  own,  and  bears  evidence  of  being  younger 
than  the  flora  from  the  acid  breccias.  The  basic  series  of  rocks  is  typified 
at  the  Fossil  Forest,  and  also  at  the  cliff  a.  short  distance  to  the  south  and 

east  of  the  Fossil  Forest.  They  occur  also  on  the  east  bank  of  Lamar 

River,  between  Cache  and  Calfee  creeks.  All  of  these  localities  are  char- 

acterized by  their  plant  remains,  and  the  following  determinations  of  age 

are  fully  warranted. 

The  table  of  distribution  of  Tertiary  plants  in  the  Yellowstone  National 

Park  has  been  prepared  for  the  purpose  of  showing  in  a  graphic  manner 

the  distribution  of  the  various  plants  within  the  limits  of  the  Park  and  the 

affinities  of  those  having  an  outside  distribution.  From  this  it  appears  that 

the  Tertiary  flora  consists  of  150  more  or  less  satisfactory  species.  Of 

this  number,  81  species,  or  over  50  per  cent,  are  here  described  for  the  first 

time.  New  species  can  not,  of  course,  have  the  value  in  determining  age. 

that  previously  described  forms  have,  but  when  their  general  facies  as  well 

as  close  affinities  are  taken  into  account,  they  also  become  of  positive  value. 

On  eliminating  the  81  new  species,  together  with  8  forms  not  specifically 

named,  there  remain  61  species  upon  which  we  must  depend  in  the  deter- 

mination of  the  ages  of  the  various  strata  in  which  they  are  contained. 

A  further  examination  of  the  table  brings  out  the  fact  that  this  flora 

may  be  naturally  divided  into  3  more  or  less  distinct  subfloras  or  stages. 
These  three  divisions  are  the  older  or  acid  series,  the  intermediate  series, 

and  the  basic  or  younger  series.  The  first  division  (acid)  has  a  flora  of  7$ 

species;  the  second  (intermediate)  a  flora  of  30  species,  and  the  third  (basic) 

a  flora  of  70  species.  It  further  appears  that  23  species  or  forms  are 
common  to  two  or  more  of  the  divisions. 
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The  flora  of  the  older  or  acid  series  will  be  first  considered.  Of  the 

79  species,  42  are  either  new  to  science  or  not  specifically  named,  leaving 

37  species  having  a  distribution  beyond  the  limits  of  the  Park.  Following 

is  a  list  of  these  species: 

Asplenium  erosuin  (Lx.).  Ulmus  rhamnifolia  Ward. 
Lygodiuiu  kaulfusii  (Heer).  Eicus  uugeri  Lx. 
Taxites  olriki  Heer.  Ficus  asiminrefolia  Lx. 

Sequoia  couttsire  Heer.  Laurus  primigenia  !  Uiig. 
Sequoia  langsdorfii  (Bigt.)  Heer.  Laurus  priuceps  Lx. 
Sparganium  stygium  Heer.  Laurus  californica  Lx. 
Cyperacites  angustior  Al.  Br.  Laurus  grandis  Lx. 
Musopbyllum  complicatum  Lx.  Ciunamonium  spectabilis  Heer. 

Juglans  rugosa  Lx.  Platauus  guillelm;e  G-opp. 
Juglans  schimperi  Lx.  Leguminosites  cassioides  Lx. 
Myrica  scottii  Lx.  Sapindus  atiiuis  Lx. 
Popnlus  glandulifera  Heer.  Sapindus  alatus  Ward. 
Populus  speciosa  Ward.  Sapindus  grandifolius  Ward. 

Populus  dapbnogenoides  Ward.  I'aliurus  colombi  Heer. 
Salix  lavateri  Heer.  Zizyphus  serrulatus  Ward. 
Fagus  antipofii  Heer.  Tilia  populiiblia  Lx. 
Quercus  consimilis  Newby.  Aralia  notata  Lx. 
Quercus  olafseni  Heer.  Cornus  uewberryi  Hollick. 

These  37  species  have  the  following  distribution:  Five  are  found  in  the 

coal-bearing  Laramie,  5  in  the  Denver  and  Livingston,  17,  or  nearly  50  per 

cent,  in  the  Fort  Union,  9  in  the  Green  River  group,  and  1 1  in  the  Aurifer- 
ous gravels  of  California.  Of  the  species  common  to  the  acid  rocks  and 

the  Laramie  at  Denver  and  Livingston  beds,  not  one  is  found  exclusively  in 

these  beds,  but  they  are  such  species  as  Sequoia  langsdorfii,  Juglans  rugosa, 

Platanw  guillelnm,  and  Juglans  schimperi,  which  enjoy  a  wide  geological  and 

geographical  distribution. 
The  Fort  Union  element  in  this  flora  is  a  very  important  one ;  in  fact, 

it  may  be  called  the  dominant  element,  It  includes  at  least  12  species  that 
have  never  before  been  found  outside  of  the  type  locality.  Among  these 

are  Sparganmm  stygium,  Populus  speciosa,  Populus  daphnogenoides,  Ulmus 

minima,  Ulmus  rhamnifolia,  Sapindus  affinis,  Sapindus  grandifoliolus,  and 

Cornus  newberryi.  Some  of  these  are  represented  by  as  many  as  200  indi- 
viduals, showing  that  they  existed  in  great  abundance,  as  they  are  also 

known  to  have  existed  at  the  mouth  of  the  Yellowstone.     This  abundance 
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also  makes  their  determination  certain.  Several  other  species,  having  a 

wider  distribution,  are  very  abundant  in  these  beds,  such  as  Aralia  notata, 

which  is  represented  by  more  than  100  specimens,  and  Sequoia  langsdorfii, 
which  has  a  wide  distribution,  but  is  most  abundant  in  this  country  in 

the  Fort  Union  beds.  Sequoia  couttsice,  having  a  somewhat  wide  range,  is 

also  very  abundant  in  the  beds  under  consideration  and  the  Fort  Union. 

Besides  these  are  a  number  of  species  that  can  not  be  mistaken,  as  Zizyphus 

serrulatus,  Taxites  olriki,  etc. 

One  species,  Asplenium  erosum,  has  been  found  in  both  Laramie  and 

Denver  strata  in  Colorado.  It  is  represented  by  only  2  or  3  small  and 

more  or  less  doubtful  examples  from  the  Yellowstone  below  Elk  Creek. 

Juglans  rugosa  is  a  species  of  wide  distribution  and  therefore  of  compara- 

tively little  value  stratigraphically.  It  is  found  from  the  Laramie  to  the 

Miocene,  but  is  rare  in  the  acid  beds  within  the  Park.  Quercus  olafseni  has 

been  found  in  the  Laramie,  but  its  determination  in  the  Park  depends  on  a 

single  doubtful  fragment  from  the  vicinity  of  Elk  Creek. 

The  species  that  have  also  been  found  in  the  Green  River  beds  are 

comparatively  unimportant.  Lygodium  haulfusii  is,  in  this  country,  a  typical 

Green  River  species.  It  is  rare  in  the  acid  series,  but  abundant  in  the  basic 

series  along  the  Lamar  River.  Musopliyllum  complicatum  has  never  before 

been  reported  outside  of  the  Green  River  beds.  Ficus  ungeri  and  Tilia 

populifolia  are  typical  Green  River  plants,  but  are  represented  here  by  one 

or  two  examples  each. 

The  species  found  in  the  Auriferous  gravels  are  the  only  ones  remaining 

to  be  considered.  Of  the  1 1  species,  Juglans  rugosa,  Quercus  breweri,  Salix 

lavateri,  and  Quercus  olafseni  are  open  to  doubt,  as  they  are  represented  by 

only  one  or  two  fragments  each.  Ficus  asiminiafolia  likewise  depends  upon 

a  single  leaf,  but  it  is  a  well-preserved  one,  and  the  determination  is  probably 
correct.  Aralia  notata,  another  of  the  species,  is  very  rare,  if  really  found 

at  all,  in  the  Auriferous  gravels.  The  three  remaining  species  are  rela- 

tively abundant,  and  there  is  little  question  as  to  the  correctness  of  their 
determination. 

The  species  whose  distribution  lies  beyond  the  limits  of  the  Park 

having  been  passed  in  review,  it  will  be  of  interest  to  note  the  obvious 

affinities  of  certain  of  the  more  important  new  forms.  Thus,  Asplenium 

remotidens  is  closely  related  to  A.  erosum,  and  Dryopteris  weedii  and  D.  xantho- 
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Uthensis  to  Lastrea  goldianum,  both  of  which  are  abundant  in  the  Denver 

beds  of  Colorado.  Juglans  crescentia  is  related  to  J.  nigella,  as  identified  by 

Professor  Ward  in  the  Fort  Union  group.  The  beautiful  new  Populus 

xantholithensis  is  very  close  to  P.  genatrix  of  Newberry,  from  the  Fort 

Union  group.  Betula  iddingsi  is  obviously  related  to  B.  prisca;  Quercus 

ycmceyi  to  Q.  laurifolia;  Platanus  montana  to  P.  ragnoldsii;  Celastrus  culveri 

to  C.  ovatus  and  C.  curvinervis ;  and  Sapindus  g rand ifoliolo ides  to  S.  grandi- 

foliolus,  all  of  the  Fort  Union  group. 

From  this  evidence  it  appears  that  the  flora  of  the  early  acid  breccias 

in  the  Yellowstone  National  Park  finds  its  closest  affinity  with  the  flora  of 

the  Fort  Union  group,  and  it  is  unhesitatingly  referred  to  that  age.  The 

relation  of  this  flora  to  that  of  the  Laramie  is  unimportant,  being  confined 

to  less  than  half  a  dozen  species.  Its  relationship  to  the  Denver  and  Green 

River  floras  is  naturally  closer,  but  it  forms  onlj-  a  small  element  of  these, 
as  also  with  the  flora  of  the  Auriferous  gravels  of  California.  The  relation, 

as  based  on  total  number  of  species,  is  unimportant,  but  in  the  upper  beds 
it  begins  to  show  a  transition. 

It  will  be  next  in  order  to  consider  the  intermediate  flora.  As  already 
stated,  this  embraces  30  species,  of  which  number  16  are  confined  to  these 

beds  and  14  are  distributed  outside,  either  in  the  acid  or  basic  series  or 

beyond  the  limits  of  the  Park.  A  further  analysis  brings  out  the  fact  that 

of  the  16  species  peculiar  to  these  beds  13  are  regarded  as  being  new  to 

science,  and  of  the  14  species  found  beyond  the  limits  of  these  beds  5  are 

new  to  science.  This  makes  a  total  of  18  species  that  are  regarded  as  new, 

leaving  12  species  having  a  distribution  without  the  Park.  Following  is  a 
complete  list  of  these  12  species: 

Osmunda  afflnis  Lx.  Lauras  grandis  Lx. 
Sequoia  langsdorfii  (Brgt.)  Heer.  Platanus  guillelince  Gopp. 
Juglans  rugosa  Lx.  Elteodeudron  polymorplmm  Ward. 
Ulmus  minima  Ward.  Sapindus  affinis  Lx. 
Ficus  tilisefolia  Al.  Br.  Aralia  notata  Lx. 

Lauras  californica  Lx.  Aralia  wbitneyi  Lx. 

Four  of  the  species  above  enumerated  (Sequoia  langsdorfii,  Juglans 

rugosa,  Platanus  guillelmm,  and  Aralia  notata)  have  a  wide  distribution,  being 

found  from  the  Laramie  to  the  Upper  Miocene,  and  are  therefore  of  com- 

paratively little  value.     One  of  the  remaining  (Osmunda  affinis)  is  found  in 
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the  Denver  beds;  3  are  confined  to  the  Fort  Union,  and  6  species  are  found 

in  -the  Auriferous  gravels  of  California, 
Of  the  5  new  species  found  in  other  beds,  2  are  common  to  the  older 

or  acid  series  and  3  to  the  younger  or  basic  series.  It  therefore  becomes 

apparent  that  this  flora,  although  reasonably  distinct,  finds  its  greatest 

affinity  with  the  younger  or  basic  series.  This  is  shown  by  the  species 

common  to  the  intermediate  series  and  the  Auriferous  gravels  and  by  the 

new  species  common  to  the  basic  series.  This  is  not  especially  pronounced, 

and  could  hardly  be  made  out  for  the  intermediate  flora  as  a  whole,  were  it 

not  for  certain  species  that  come  from  rocks  that  are  directly  succeeded  by 

the  basic  rocks.  For  these  reasons  it  was  at  first  supposed  that  a  part  of 

the  localities  represented  belonged  to  the  lower  and  a  part  to  the  upper 

beds,  but  by  combining  several  of  these  this  intermediate  flora  was  worked 

out.  But,  as  stated  above,  the  rocks  of  this  series  that  are  known  to  be 

the  lowest  bear  a  flora  nearest  to  that  of  the  acid  rocks,  and  the  rocks 

known  to  be  higher  hold  plants  most  nearly  related  to  those  of  the  upper 

or  younger  beds. 
It  now  remains  to  consider  the  flora  of  the  basic  breccias  and  its 

relationships.  The  typical  locality  for  this  flora  is  the  Fossil  Forest  and 

vicinity,  including  the  locality  on  the  east  side  of  the  Lamar  River,  between 

Cache  and  Calfee  creeks.  This  flora,  as  a  whole,  embraces  70  species  or 

forms,  distributed  as  follows:  38  species  new  to  science,  3  forms  not  spe- 

cifically named,  and  29  species  having  a  distribution  beyond  the  limits  of 

the  Park.     Following  is  a  list  of  the  species  having  an  outside  distribution: 

Lygodium  kaulfusii  Heer.  Ficus  sordida  Lx. 
Sequoia  langsdorfii  (Brgt.)  Heer.  Ficus  asiminrefolia  Lx. 
Juglans  c;ilifornica  Lx.  Magnolia  califnrnica  Lx. 
Juglans  rugosa  Lx.  Laurus  californica  Lx. 
Hicoria  autiqua  (Newby.)  Kn.  Laurus  primigenia?  Ung. 
Populus  balsamoides  Gopp.  Laurus  gramlis  Lx. 
Salix  variaus  Heer.  Persea  pseudo-carolinensis  Lx. 
Salix  angusta  Al.  Br.  Platanus  guillelrnre  Gopp. 
Salix  elougata  Heer.  Rhus  mixta  Lx. 

Corylus  macquarryi  (Forbes)  Heer.  Elreodendron  polymorphnm  Ward. 

Quercus  f'urciuervis  americaua  Kn.  Sapindus  grandifolius  Ward. 
Uluius  pseudo  fulva  Lx.  Rhamuus  rectiuervis  Lx. 
Planera  longifolia  Lx.  Aralia  notata  Lx. 
Ficus  shastensis?  Lx.  Aralia  wkitneyi  Lx. 
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Of  these  29  species,  only  4  have  been  found  in  the  true  Laramie.  These 

are  Juglans  rugosa,  Platanus  guillelnice,  Rhamnus  rectinervis,  and  Diospyros 

brachysepala,  the  last  open  to  doubt.  All  of  these  species  have  a  wide  ver- 
tical range  and  are  consequently  of  little  value  in  indicating  age.  The 

affinities  of  this  flora  with  that  of  the  Laramie  may  therefore  be  regarded 

as  unimportant. 

The  relationship  of  this  flora  with  the  Fort  Union,  Denver,  and  Green 

River  groups  is  also  relatively  unimportant.  There  are  7  species  found  in 

each  of  these  groups,  but  none  are  confined  to  the  Denver,  and  only  1  to 

the  Green  River,  and  3  to  the  Fort  Union.  The  rest  are  of  wide  geograph- 
ical and  geological  distribution. 

The  relationship  of  the  flora  of  the  basic  rocks  is  clearly  with  that  of 

the  Auriferous  gravels  of  California,  for  no  fewer  than  17  of  the  29  species 

are  common  to  the  two  localities,  and  12  of  the  species  are  exclusively  con- 
lined  to  them.  These  are  such  important  species  as  Aralia  whitneyi,  Persea 

pseudo-car olinensis,  Laurus  californica,  Laurus  grandis,  Magnolia  californica, 
Ficus  sordida,  Juglans  californica,  Rhus  mixta,  etc.  Most  of  these  are  present 

in  numbers  in  the  Park  flora,  and  there  can  therefore  be  no  question  as  to 
the  correctness  of  their  identification. 

Besides  the  species  above  enumerated  that  have  actually  been  found 

common  to  the  two  localities,  the  numerous  new  species  are  in  many  cases 

unmistakably  related  to  species  known  only  from  the  Auriferous  gravels. 

Thus,  Magnolia  culveri  is  close  to  M.  californica,  and  Magnolia  spectabilis  is 

so  close  to  M.  lanceolata  that  Lesquereux  so  identified  it.  Other  examples 

might  be  given,  but  they  are  unnecessary.  The  preponderance  of  evidence 

points  to  the  similarity  of  age  between  the  flora  of  the  basic  series  and  that 

of  the  Auriferous  gravels  of  California.  The  fixing  of  the  exact  age  of  the 

Auriferous  gravels  is  not  a  difficult  matter.  They  were  at,  first  supposed  to 

be  Lower  Pliocene  in  age,  but  the  latest  evidence,  derived  from  a  more  or  less 

complete  restiuty  of  the  abundant  flora,  together  with  a  thorough  investiga- 
tion of  the  stratigraphy,  makes  it  reasonably  certain  that  it  is  really  Upper 

Miocene.  This  is  the  view  taken  in  the  present  instance,  and  this  flora  in 

the  Yellowstone  National  Park  is  referred  to  the  Upper  Miocene: 

Aspleniuin  iddingsii  n.  sp.  Magnolia?  pollardi  n.  sp. 
Lygodium  kaulfusii.  Laurus  primigenia  1  Uug. 
Equisetum  caualiculaturu  n.  sp.  Laurus  californica  Lx. 
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Equisetum  deciduum  n.  sp. 

Sequoia  langsdorfii  (Brgt.)  Heer. 
J  uglans  rugosa  Lx. 

Juglaus  crescentia  n.  sp. 
Oastauea  pulchella  n.  sp. 
Ficus  densifolia  u.  sp. 
Ficus  asiminrefolia  Lx. 

Laurus  grandis  Lx. 
Litsea  lamarensis  n.  sp. 
Platanus  guillelmse  Gopp. 

Elseodendron  polymorph  uui  Ward. 

Sapindus  grandifoliolus  Ward. 
Sapindus  wardii  n.  sp. 
Aralia  notata  Lx. 

Some  of  these  species,  as  Lygodium  kaulfusii,  Castanea  pulchella,  Laurus 

grandis,  Platanus  guillelmce,  Sapindus  grandifoliolus,  and  Aralia  notata,  are 

important  well-marked  species  that  have  weight  in  showing  the  close 

relationships  between  the  floras  of  the  two  series;  but,  on  the  other  hand, 

the  perfect  distinctness  of  the  beds  is  shown  by  the  fact  that  there  are  some 

40  species  that  are  confined  to  each  horizon.  It  will  not,  therefore,  be 

difficult  in  future  to  determine  the  horizons  of  the  various  plant-bearing 
beds  within  the  Yellowstone  National  Park. 

In  order  to  show  how  remarkably  distinct  these  three  floras  are,  it  will 

be  necessary  only  to  consider  the  species  in  common  between  them.  As 

already  stated,  only  23  forms  out  of  the  total  of  147  forms  are  common  to  two 

or  more  of  the  series  of  beds.  It  will  not  be  necessary  to  present  a  complete 

list  of  these  species  in  common.  The  numerical  results  show  that  8  forms 

only  are  common  to  the  three  beds,  2  to  the  acid  and  intermediate,  and  3  to 

the  intermediate  and  basic,  and,  finally,  that  10  are  common  to  the  acid  and 

basic.  When  these  facts  are  presented  in  connection  with  the  total  flora  of 

each  series,  the  differences  become  even  more  marked.  Thus,  the  lower  or 

acid  series,  with  a  flora  of  79  species,  has  only  20  species  common  to  the 

others.  Of  these,  8  are  common  to  all  three  beds,  2  to  it  and  the  interme- 
diate beds,  and  10  to  it  and  the  upper  or  basic  beds.  The  intermediate 

beds,  with  a  flora  of  30  species,  have  13  species  in  common  with  the  others. 

Of  these,  8,  as  above  stated,  are  common  to  all  three,  2  to  intermediate  and 

acid,  and  3  to  intermediate  and  basic.  The  basic  or  younger  beds,  with  a 

flora  of  70  species,  have  20  species  common  to  the  others.  Of  these,  it  is 

hardly  necessary  to  repeat,  8  are  common  to  all  three,  3  to  it  and  interme- 
diate, and  10  to  it  and  acid.  These  3  floras  are,  therefore,  shown  to  be 

markedly  distinct,  and  it  will  not  be  difficult  to  distinguish  them  in  future. 
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6.  Counts  xewbemyi  Hollick.     Yellowstone  River  below  Elk  Creek    749 
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Sequoia  magnii'ic  a  n.  sp        671 
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Sequoia  magnifica  n.  sp        761 
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PlTYOXYLON  ALDERSONI  11.  6p           763 
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PlTYOXYLOX   AMETHYSTINUM  II.  Sp           764 
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PLATE    CVIII. Page 

PlTYOXYLON    AMBTHY8TINUM  D.  Sp           764 
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Pit yoxylon  aldersoni  n.  sp        763 
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Sequoia  magxifica  n.sp        761 

sversi 
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Sequoia  magnifica  n.  sp        7G1 
'ransverse  se 

diameters. 
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PLATE    CXI  I. Page. 

PlTYOXYLON   ALDERSONI  n.  Sp           763 

Transverse  section  in  summer  wood,  showing  large  resin  passage.    Magnified  100  diameters. 
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PlTYOXTfLOK  AJLDBRSONI  11.  Sp           763 

Longitudinal  tangential  section.     Magnified  100  diameters. 
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PLATE    CXIV. 

PlTYOXYLON   AMETHYSTIXUM  n.  Sp   

Transverse  section  passing  nearly  through  one  annual  ring.     Multiplied  100  diameters. 
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PLATE    CXV. 
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Pityoxylox'ametuystinum  n.  sp         764 
Transverse  section  through  fall  and  spring  wood,  and  showing  large  resin  duct.     Magnified 

100  diameters. 
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PLATE    CXVI. 
Page. 

Laukinoxylon  PULCHRTJM  n.  Bp        765 

Longitudinal  tangential   section,  showing   wood   cells,  medullary  rays,  and  large  duct. 
Magnilied  100  diameters. 
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Figs.  1-5.  Sequoia  jiagxif ica  n.  sp        761 

1.  Tangential  section   x   90  diameters.     Shows  wood  cells,  medullary  rays,  and  resin 
tube  of  short  square-walled  cells. 

2.  Radial  section  x  90  diameters.     Shows  wood  cells,  with  a  single  series  of  pits,  long 
medullary  rays,  and  resin  tube  with  dark  contents. 

3.  Radial  section  x  90  diameters.     Shows  wood  cells  in  vicinity  of  annual  ring,  small 
pits  in  one  or  two  rows,  and  medullary  rays. 

4.  Radial  section  X  90  diameters.     Shows  annual  ring,  with  fall  and  spring  cells  and 
medullary  rays. 

5.  Tangential  section  x  90  diameters.     Shows  wood  cells,  medullary  rays,  and  resin  tube 
with  dark  contents. 
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Figs.  1,2.  Pityoxylon  amethystinum  n.  sp.     Specimen  Ridge         764 

3,4.  Pityoxylon  ALDEHSONi  ii.  sp.     Specimen  Ridge         763 

5.  Quercinium  lamarexse  n.  sp.  Specimen  Ridge         771 

6,7.  Rhamnacinium  radiatcm  Felix.     Specimen  Ridge         769 

1.  Radial  section   x  90  diameters.     Shows  wood   cells   with   single  row  of   pits,  and 

spring  and  fall  wood;  also  medullary  rays. 

2.  Tangential  section  x  90  diameters.     Shows  the  long  wood  cells  and  short  medullary 
rays. 

3.  Radial  section  X  90  diameters.     Shows  wood  cells  with  a  single  row  of  pits. 

4.  Transverse  section  through  annual  ring,  X  90  diameters. 

5.  Transverse  section  X  320  diameters.     Shows  the  fall  and  spring  wood. 

6.  Transverse  section  x  90  diameters.     Shows  medullary  rays  of  short  cells,  thin-walled 
wood  cells,  and  series  of  ducts. 

7.  Tangential  section  x  90  diameters.     Shows  wood  cells,  medullary  rays,  and  dotted 
ducts. 
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Fit;.  1.  KhamjtaCisium  radiatum  Felix.     Specimen  Kidge         769 

2.  Pityoxylox  aldersoxi  n.sp.     Specimen  Kidge         763 

3-5.  Laurixoxylon  pulchrum  n.  sp.     Fossil  Forest          765 

1.  Radial  section  x  90  diameters,  showing  wood  cells,  medullary  rays  of  short  cells,  and 

large  ducts. 
2.  Transverse  section  x  320  diameters,  passing  through  an  annual  ring. 

3.  Radial  section  X  90  diameters,  showing  narrow  wood  cells,  large  plate  of  medullary  rays 

of  short  cells,  and  large  dotted  ducts. 
4.  Kadial  section  of  reolarifonn  duct  x  320  diameters. 

5.  Radial  section  of  dotted  duet  X  320  diameters. 
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PLATE    CXX. 
Page. 

Fig.  1.   Laukinoxylox  l'ULCHRUM  11.  sp.     Fossil  Forest         765 
2.   QUERCINITJM  lamarexse  n.  sp.     Specimen  Ridge         771 

3-5.  Plataxinium  iiaydeni  Felix.     Specimen  Ridge         7(37 

1.  Transverse  section  X  90  diameters,  showing  wood  cells  of  two  kinds,  medullary  rays,  and 

large  ducts. 
2.  Transverse  section  X  320  diameters,  through  duct. 

3.  Tangential  section  X  90  diameters,  showing  wood  cells,  scalariform  ducts,  and  very  large 
medullary  rays. 

4.  Transverse  section  x  90  diameters,  showing  short-celled  medullary  rays  with  black  cell 
contents,  wood  cells  in  vicinity  of  annual  ring,  and  numerous  large  ducts. 

5.  Radial  section   x  90  diameters,  showing  narrow  wood  cells,  numerous  ducts,  and  short- 
celled  medullary  rays. 
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Page. 
Figs.  1, 1.  QuERCixmai  lamarexse  n.  sp.     Specimen  Ridge         771 

3,4.  Smilax  lamarexsis  u.  sp.     Lamnr  River         785 

1.  Transverse  section  x  90  diameters,  showing  thick-walled  wood  cells,  immense  ducts, 

and  usually  single-celled  medullary  rays. 

2.  Tangential  section  X  90  diameters,  showing  wood  cells,  and  large  and  small  medullary 
rays. 
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Abietites  dubiusLx.  ex.  p   

Absaroka  liange,  analyses  of  rocks  of    272 
Absarokites,  analyses  of    83,  329,  3^2 

character  and  occurrence  of   328-339 
photomicrographs  of    3S% 

Absarokite-shoshonite-banakit6  rocks,  character  and 
occurrence  of   326-355 

Acacia  lamarensis  n.  sp    730,  836 
Acacia  macrosperma  n.  sp    729,  836 

Acacia  microphylla  Heer    730 

Acacia  wardii  n.  sp    73O,5';30 
Acambona  osagensis  Swallow    560 
Aceracea?,  description  of  species  of    735-7:56 
Acer,  fruit  of    736,536 

Acer  vivarium  n.  sp    735-736,  836 
Acer  trilobatum  productum  Heer    735 
Acer  trilobatum  tricuspidatum  Heer    730 
Acrotreta  attenuata  Meek   :..-    449 

Acrotreta  gemma  Billings    449,472 
Acrotretapyxidicula  White    449 
Acrotreta  subconica  Meek    449 

Actinostroma  sp    496-497 
Actinocrinus  viaticus    488 

Agnostus  bidens  Meek    455,474 
Agnostus  interstrictus  White   454-455,474 
Agnostus  josephus    455 
Agnostus  tumidosus  H.  &.  W    455,474 
Allanite,  occurrence  of    402 
Alnus  carpinoidus  Lx    099 
Alum  Creek,  obsidian  near    388 

Analyses  of  rocks.  61,65,  70,  81,  83, 116, 163,  200,  261, 263,  272.  325 

Amethyst  Mountain,  fossil  forest  on    757-75S 
Ammonites  henry i  M.  and  H    031 

Ammonites  placenta  De  Kay    640 
Amnicola  (?)  cretacea    633,  648 
Anaoardiacea?,  descriptions  of  species  of    731 

Anatiua  (Cercomya)  punctata  n.  sp    628-629, 6'46 
Anatina  (Cercomya)  sp    629 
Andesite,  character  of   4, 73-82, 122 

occurrence  of   4, 24.-246, 314-321 
photomicrograph  of    350 

Andesite- porphyry,  characters  of    16,94-97 
occurrence  of ... .  10, 12,  19,  20,  21,  24.  42,  43,  45,  46, 47,  52,  59 
photomicrographs  of      62, 104 

Andesitic  breccia,  occurrence  of    4,  56,  270-274 
Andromeda  grayana  Lx         661 
Anemia  subcretacea  (Sap.)  Gard.and  Ett   657,  658 
Anisotrypa  sp    516-5  I  7 
Anomia  propatoris  White    637 
Anoinia  sp    637 
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Anouiites  scabriculus  Nor  wo >d  and  Fratten   531 

535 

...       20  23 

...       21,22 

n 
Apatite,  occurrence  of.   402 ...       744 

Aralia  angustiloba  Lx   745 

748 

Aralia  macrophylla  Eewby  . 748 

Aralia  notata  Lx    745-747,  S40 
Aralia  serrulata  n.  sp    747-748,545 
Aralia  sp         749 
Aralia  whitnevi  Lx    74£,S3S 

Aralia  wrightii  n.  sp    744-745,847 
Area  sp    638 
Archimedes  sp    492,  519-520 
Arctostopbylos  elliotica  n.  sp    750-751,  S74 
Arctostopbylos  uva-ursi  (L.)  Spreng    750 
Arionellus  (Bathyurus)  texanus  Shumard        460 
Arionellus  levis  n.  sp    462-463, 4 78 
Arionellus  sp.  undet    463, 478 
Arionellus  tripunctatus  Whitfield    460,461 
Artocarpus  incisaL    717 
Artocarpus  lessigiana  (Lx.)  Kn    717 
Artocarpus?  quercoides  n.  sp    716-71S,  S24 
Asplenium  erosum  ?  (Lx.)  Kn    668-669 
Asplenium  hagnei  n.  sp    655,  794 

Asplenium  iddingsi  n.  sp    666-667,  798, 800 
Asplenium  magnum  n.  sp    667,  668,  798 
Asplenium  remotidens  n.  sp   669,500 
Astarte  meeki  n.  sp    620, 644 
Astarte  packardi    620 
Astarte  sp         620 
Athyris  angelica    505 
Athyris  ashlandensis  Herrick    562 
Athyris  clay toni    489 
Athyris  hirsuta    567 
Athyris  iucrassata  White    48S,  562, 563 
Athyris  iucrassata  Hall  (?)    562-563 
Athyris  lamellosa  Meek    561 
Athyris  lamellosa  Leveill6    561-562,  598 
Athyris  inira    570 
Athyris  occidentalis    505 
Athyris  occidentalis  var.  triplicata    505 
Athyris  planosulcata  (?)  Hall  aud  Whitfield.. .  489,553,554 
Athyris  roissyi    566-567 
Athyris  royssii  AValcott    569 
Athyris  vittata  var.  triplicata  n.  var   ....  504-505,  5SO 
Atrypa  desquamata  Walcott    502,503 
Atrypa  reticularis  L   481,  502,  503, 580 
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Atrypa  niissouriensis  Miller    481,  502-504.  580 

Aulopora  geometries  n.sp    492,508-509,554 

Avalanche  Peak,  dikes  and  rocks  of    305-30G 
Avicula  oust  a  Hall    617 

Avicula  lingmeformis  Evans  aud  Shumard        637 
Avicula  raucronata           610 

Avicula  nebrascena  Evans  and  Shumaid        637 

Avicula  (Oxytoma)  mucronata  M.and  H    616 

Avicula  (Oxytoraa)  wyomiogeusis  n.sp   616-617 
B. 

Baculites  aspei  Morton  (?)        636 

Baldy  Mountain,  character  of  rocks  at   340,344 

Bauakite,  analyses  of    347 

character  and  occurrence  of    347-351 

photomicrograph  of           350 
Bannock  Peak,  features  of    31 

section  of    32 

view  of    32 

Barlow  Peak,  features  of    192-194 
fossils  of    193 

Baroda  wyoiningeusis  Meek           638 

Baronett  Peak,  view  of    204 

Basalt,  analysis  of    438 

character  of    239-240,  241-242 

intermingling  o  f  rhy olite  and   430-432 

occurrence  of    241-242,  275-281 ,  3U2-304,  439 

photomicrographs  of   250,430 

Basalt-pjrphyry,  occurrence  of    244 
Basaltic  andesite,  occurrence  of    296, 302-304 
Baseoni,  F.,  cited      63 

Bathyuriscus  Meek  ( .')        466 
Bathyuriscus  sp.  undet    476 

Batbyurus  conicus  Billings           465 

Bear  Creek,  Montana,  analysis  of  rocks  from    352 

Beaverdam  Creek,  lavas  on    340,342,347,350 

Bechler  Canyon,  rhyolite  of      375-377 
Beleninites  densus  M.and  H    631-632 

Berr."  Creek,  section  of  rocks  on    153-154 

Betula  elliptiea  Sap    698 

Betula  iddingsi  n.  sp    699-699,  S12 
Betula  lutea  Miehx    699 

Bet  ula  parcedent ata  Lx    698 

Betula  prisca  Ejt    699 
Betula  stevensoni  Lx    698 

Betulacerc,  descriptions  of  species  of    698-699 

Big  Game  Ridge,  descriptive  geology  of    105-202 
features  of    18S-191 

Bighorn  Pass,  features  of        24-27 
intrusive  sheet  at        69-72 

section  at        25-26 

Billingsella  Hall    450 

Billingsella  coloradoensis  Shumard    450-451,  470 

Billingsella  pepina  Hall  and  Clarke    450 

Birch  Hills,  analysis  of  dacite  porphyry  of    163 
features  of    162-164 

Bobcat  Kidge,  rocks  of    180-181 
Bornemann,  J.  G.,  cited    442 

Brachiopoda,  descriptions  of  species  of.     502-505,  009-610,  636  | 
Breccia,  acid,  occurrence  and  character  of    121-127, 

219-220. 237, 270-274,  281-296 

andesitic,  occurrence  of   4,56,91 

basic,  occurrence  and  character  of    220-223, 
23S-239,  275-281,  296-298 

Bridge  Creek,  rhyolite  on    386-387 

Brogger,  W.  C,  cited. 216 

Browne,  A.  J.  Jukes,  cited    40 

Bryozoa.  descriptions  of  species  of   516-576 

Buffalo  plateau,  geology  of..       206-207 
Buusen  Peak,  intrusive  rocks  of        86-88 

Bysmalith,  definition  of         17-18 

Cache  Creek,  fossil  forest  on    760 

Camarophoria  riugens  Swallow    491,537-538,590 

Camaroteechia  Hall         538 

Camarottt'chia  cainanfera  Wiuchell  ( ')    542 

Camarota'chia  herrickana  n.  sp    539,  541,542,  5y0 

Camarota-chia  metallica "White   489,539,540-541,  590 
Cainarotojcbia  orbicularis    543 

Camarotcechia sappho  Hall    492,541-542 
Camaroto?chia  sp    542-543,590 

Cambrian  fossils,  descriptions  of    440-478 
lists  of   440-441 

plates  showing   46S-478 

Camptonectes  (Agassiz)  Meek        613 
Camptonectes  bellistriatus  Meek    61 3-6 14,  642 

Camptonectes  bellistriatus  var  distans  n.  var   614,  642 

Camptonectes    extenuatus    (M.  and  H.)    Hall  and 
Whitfield    613 

Camptonectes  extenuatus  (M.  and  H.)  Whitfield.  614,  615,  616 

Camptonectes    pertenuistriatus     Hall    aud    Whit- 
field  614-615,616,642 

Camptonectes  platessiformis  White    615-616 

Capulus  paralius  Winchell    576 

Carboniferous  fossils,  table  showing  rauge  of    484-486 

Carboniferous  and  Devonian  fossils,  descriptions  of.  479-559 

plates  showing   5S0-598 
Cardiuiu  pauperculum  Meek        638 
Cardium  shumardi  M.  and  H    621 

Cardium  subcurtum  Meek    638 

Carpites  pedunculatus  n.  sp    755,546 

Carya  antiquorum  Xewby    690 
Castauea  ungeri  Heer    701,703 

Castanea  pulchella  n.  sp    702-704,  S12,S14 

Celastracea-,  descriptions  of  species  of   732-73."> 
Celastrus  culveri  n.sp    732,  5 S4 

Celastrus  eurvinervis  Ward    732 

Celastrus  ellipticus  n.  sp    734,554 

Celastrus  iniequalis  n.  sp    733,556' 
Celastrus  ovatus  Ward    699.732 

Cephalopoda,  descriptions  of  species  of   630-632,  636,  640 
Cerithium  (?)  sp         639 
Channel  Mountain,  features  of    196 

Chatard,  T.  M..  analyses  of  rocks  by    135,  352 

Chemical  analyses  of  rocks.     Sec  Analyses. 

Chicken  Ridge,  topographic  and  geologic  features  of.  191-194 
Chonetes  illinoisensis    526 

Chouetes  logani  Norwood  and  Pratteu    528 

Chonetes  loganensis  Hall  and  Whitfield           489, 
525-527,  586 

Chonetes  oruatus  Shumard    527-528,  5S6 

Chrustschotf,  C.  von,  cited    4]g 

Cinnabar  Mountaiu,  section  of         53-54 

Cinnamumum  spectabile  Heer    722,  838 

Cissus  haguei  n.sp     741,  842 

Cissus  parottia? folia  Lx    741 

Cladopora  labiosa    501 

Cladopora  plnguis    501 

Cladopora  sp    500-50 1 

Cliothyris  King   '    566-567 
Cliothyris  crassicardinalis  White    562,567-568,  595 
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Cliothyris  crassicardinalis  var  nana  n.  var   

Cliothyris  hirsuta   
Cliothyris  obniaxiraa   
CliotLyris  roissyi  Leveille  . 
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569,  599 

569 
563 5G6 

Cliothyris  roissy i  Walcott    562,  569-57  1 
Clisiophyllum  teres  u.  sp    514-515,  5S4 
Crelenterata,  descriptions  of  species  of   508-515 
Colorado  formation,  fossils  of    605-606 

descriptions  ot  fossils  of    633 
Columnar  Clitt,  Madison  Canyon,  view  of    36S 
Columnar  structure,  plate  showing    436 

Conant  Creek,  character  of  rhyolite  on    377-378 
rocks  of    161 

Conchita  rhomboidalis  Wilckcns    523 

Conifersii  descriptions  of  species  of    C7G-0N3 
Conocardium  napoleonense  Winckell    571 
Conocardium  pulchellum  White  and  Whitfield       571- 

572,  5S1 
Conocardium  semiplenum    571 
Conocardium  trigonale  Hall    571 

Conocephalites  hamulus  Hall    4fc'l 
Conocephalites  wisconensis  Hall    401 
Couocephalus  antiquatus    456 
Corbula  subtrigonalis  M.  and  H         635 
Corbulus  subtrigonalis  var.  perundata    6.35 
Conmya  glabra  Agassiz    628 
Cornaceas         749 

Cornus  acuminata  Newby    749 
Corn  us  newberryi  Hollick         749 
Corn  us  oralis  Lx    750 

Cornus  paniculata  L'  Her    750 
Cornus  wrightii  n.  sp    749-750,  84G 
Corylus  macquarryi  (Forbes)  Heer   699,  S12 
Cottonwood  Creek,  Montana,  analysis  of  rock  from..  352 
Coulter  Creek  rocks  of   179-180 
Coulter  Peak,  rocks  of    318-319 

Crags  (The)   features  of    3-5 
Crandall  Basin,  acid  breccia  of    237 

basalt  flows  of    239-240 
basic  breccia  of    238 
dissected  volcano  of    245-268 
extent  of  erosion  in    232-233 
intrusive  rocks  of    240-259 
lava  flows  of    238-239 

map  showing  dissected  volcano  of    216 
Crandall  volcano,  analyses  of  rocks  of    230-267 
Crania  levis  Keyes    520-521,  5S6 
Crania  modesta    520 
Ctaniapormiana    520 
Crania  rowleyi    520 

Credneria'  pachyphylla  n.  sp    742,  843 
Credneriacea)    742-743 
Crepicephalii3  Owen      159-  IOO 
Crepicephalus  iowensis    459,  460 
Crepicepbalus  (Loganellus)  maculosus    4G5 
Crepicepbalus  (Loganellus)  montanensis    460 
Crepicepbalus  ounstis           460 
Crepicepbalus  texanus  Shumard    460,  460-461,  478 

Cropicephalus  wisconensis    45'.K  4iil 
Cretaceous  fossils,  occurrence  of   604-007 

description  ot    032-640 
Crimson  Peak,  locks oi           158 
Cross,  Whitman,  cited    17 

Crowfoot  Ridge,  features  of    3,5,6,27-30 
fossils  of     ]!<:.  i :ti ; 

Paleozoic  section  at        o-8, 8 
Crustacea,  descriptions  of  species  of    576-578 

Page. 

Crystals  in  rhyolite,  forms  of  growth,  of   410-416 
Cncullea  haguei  Meek   G1S*644 
Cupressinoxylon  eutrcton  Felix    764 
Cyathophyllum  ca?spitosum  Goldfuss  ( ?)    481,500 
Cyperacitesgiganteus  n.  sp    6S4,  S04 
Cyperacites  sp    684,  6S5,  S06 
Cyperace;e,  descriptions  of  species  of    684-685 

Cypricardia  bathonica  d'Orbigny    623-624 
Cypricardia  (  0  haguei  u.sp    623-624,  644 
Cyprina  cinnabarensis  n.  sp    621-622,  C44 
Cyprina  (?)  iddingsi  n.  sp    622,  644 

X). 

Dacite,  occurrences  of    172-173,288-290 
photomicrographs  of    204, ISO 

Dacite-porphyry,  analyses  of       65, 163 
character  of    64-69,  S4-85,  86-8S 
photomicrograph  of    62 

Dakot  a  conglomerate,  occurrence  of        48,  49 
Dakota  formation,  fossils  of    604-605,  632 
Dakota  limestone,  occurrence  of    49 
Dana,  J.  D.,  cited    245,491 
Darwin,  Charles,  cited    82 
Daubree,  A.,  cited    418 

Derbya  keokuk  Hall  (?)   491,492,524-525 
Devallia?  montana  n.sp    671-672,  798 
Devonian  fossils,  descriptions  of     ..  496-507 

tablo  showing    483 
Devonian  and  Carboniferous  fossils,  descriptions  of.  479-599 

plates  s bowing   f>S0-59S 

Dicellocephalufl  latil'rons  Shumard   461-462 
Dicellomus  Hall        446 
Dicellomus  nana    446,  46S 
Dicellomus  nanus  SI.  and  H   446,  447 
Dicellon_us  politus    446,465 
Dielasma  burlingtonense  White    545 
Dielasma  forraosum  Hall    544 

Dielasma  rowleyi  Hall  and  Clarke    545 
Dielasma  utah  Hall  and  Whitfield   489,544-545,590 

Dike  rocks,  characters  of    94-97, 128-133 
grades  of  crystallization  of    107-108, 113-114 
variation  in  mineral  composition  of    105-113 

Dikes,  occurrence  of       10,  24,  224-231 

features  of    224-231, 240-259, 304-321 
Diospyros  brachysepala  Al.  Br         75 1 
Diospyros  copeanaLx    751 
Diospyros  haguei  n.  sp   752,  753,540 
Diospyros  lamarensis  n.  sp    751-752,  S30,S32 
Diospyros  obtuaa  Ward    752 
Diospyros  stecosepala  Heer         662 
Diospyros  virginiaua  L    752 
Diorite,  character  of       97-103 

mineral  composition  of    109-113 
occurrence  of   252-256 

photomicrographs  of    104,  *50 
views  of  specimens  of           100 

Diorile  porphyry,  occurrence  of   242-240,  252-256 
photomicrographs  of    104,  314 
view  of  specimen  of           too 

Dombeyopsis  platan oides  Lx    661 , 7:>f, 
Dome  (The),  features  of         12-13 

zone  of  contact  between. intruded  sheot  and  coun- 
try rocks  near.    68 

Douax  cuneata  Si  union        o:ts 

Donax  (  f)  <>Mo:i^a  SI  an  ion    038 
Dosiuio  jurassica  Whillleld              622 
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Bryophyllura  aquamarum  "Ward    711 
Dryophyllum  longipetiolatum  n.  sp    710,  816 

Dryopliyllam  subfalcatum  Lx    711 

Dryopteris  weedii  n.  sp    669-670,  80S 

Dryopteris  xautholithense  n.  sp    671,  SOS 

Eagle  Peak,  view  of    296 

Eakins,  L.  G-,  chemical  analyses  of  rocks  made  by. .  135 

260-2G1,  325,  329,  340,  347,  352 
Ebenacea?         751 

Echo  Peak,  analysis  of  rocks  of    05 

banding  in  rocks  of         07-G8 
view  of    68 

Echinoidea,  descriptions  of  species  of    609 

Echinodermata,  descriptions  of  species  of    515-516,  608 
Edwards  and  Haime,  cited    498 

Electric  Peak,  analyses  of  intrusive  rocks  of    115-121 
chemical    correlation     of    rocks    of    Sepulchre 

Mountain  with  those  of    142-148 

comparison  of  rocks  from  Sepulchre  Mountain 

and     138-148 

diagram  showing  molecular  variation  of  rocks  at.  119 

diagram  showing  variation  m  silica  percentages 
of  rocks  at    117 

features  of    50-55,  89-92 

geologic  map  of    96 

grades  of  crystallization  of  rocks  of    107 

igneous  rocks  of       89-148 
intrusive  rocks  of       92-121 
location  and  altitude  of       1 

mineral  and  chemical  composition  of  intrusive 

rocks  of    105-121 

notable  intrusive  sheet  at         82-84 

order  of  eruption  of  rocks  at    140 

porphyries  at        94-97 

quartz-mica-diorite-porphyry  at    103-105 
sections  at    50-51, 53-54 

stock  rocks  and  apophyses  at       97-103 
views  of    90 

Ehu'odendron  polymorphum  Ward    734-735,  834 
Ellis  formation,  fossils  of    174, 176 

Ellis  sandstone,  fossils  of.    197 

Eudothyra  baileyi    599 

Endothyra  baileyi  var  parva  n.  var   492,  507,  599 

Eudothyra  bowmani    507 

Endothyra  lobata    507 

Eqoisitacea?,  descriptions  of  species  of    674-676 
Equisetum  canaliculatum  n.  sp    675,  676,  SOS 

Equisetum  deciduum  n.  sp    676,  SO 2 

Equisetum  haguei  n.  sp    674,  80S 

Equisetum  hiemale    676 

Equisetum  Icsquereuxii  Kn         675 

Equisetum  limosum  L     674,  675 

Equisetum  robustum    676 
Ericaceae         750 

Eridopora  (?)  sp         517 

Etna  (Mount),  profile  of    232 
Eumetria  altirostris  White    560 
Enmetria  vera    560 

Eumetria  verneuiliana  Hall    491,493,  560-561,  587 

Eumetria  verneuiliana  Whitfield    560 

Eumicrotiscurta  (Hall)  Meek  and  Hayden    017 

Euomphalus  luxus  White    489,  573 

Euomphalus  (Straparollus)  ophirensis    489 

Euomphalus  (Straparollus)  utabensis  Hall  and  Whit- 
field  489,573 

in. Page. 

Fagacea?,  descriptions  of  species  of    700-702 
Fagus  antipofii  Abich         700 

Fagus  atlantica  Ung   

Fagus  castanea? folia  Ung   
Fagus  dentata  Gbpp   

Fagus  fcronipD  Ung  .   

Fagus  ferruginea  Ait   
Fagus  undulata  n.  sp   
Falls  River  Basin,  basalt  in   

rhyolite  in   

Fan  Creek,  rocks  on  and  near   43-44,  4. 

   701 

   701 

   700,701 

   701 

   700 

700-702.  703,  SI  3 
   435 

    377-379 
46,  47,  48,  58 

sections  on  and  near        48,58 

Fan  Pass,  rocks  of    49 

section  at    49 

Fan  (The),  features  of         45-50 

Favosites  sp    5Ol,5S0 
Fawn  Creek,  rocks  on    43 

Fawn  Croek  Valley,  features  of        39^0 
section  in    38 

Fawn  Pass,  formations  exposed  near        42-43 
rocks  near    43 

Feldspar  microlites,  photomicrograph  showing    422 

Feldspar  needles,  photomicrograph  showing    414 
Fenestella  Lonsdale    518-519 

Filices,  descriptions  of  species  of    605-673 
Ficus  asimina?folia  Lx    713,  716 

Ficus  deformata  n.  sp    712-713,  828 

Ficus  densifolia  n.sp    714-715,  SlSyS20,S22 

Ficus  haguei  n.  sp    715-716,550 
Ficus  shortensis?  Lx        714 

Ficus  sordida  Lx         7  14 

Ficus  sp    7  13,WS 

Ficus  tilirefolia?  Al.  Br         7  16 

Ficus  uugcri  Lx    713,  820 

Flat  Mountain,  rocks  and  fossils  of    19G-197 

Flora,  fossil,  description  of    651-882 

plates  showing    794-SS2 
Forellen  Teak,  rocks  of    158-159 

Forests,  fossil    755-760 

Fort  Ellis,  Montana,  analysis  of  rocks  from    352 
Fraxinus  aftinis  Newby    739 

Fraxinus  denticulata  Heer   662,  7.%" 
Fraxinus  heerii  Lx    7-r»3 
Fraxinus  wrightii  n.sp    753,  8S0 

Friedel  aud  Sarasin,  cited    418 

Gabbro.  occurrence  of    246-252 

photomicrograph  of    250 

Gabbro-porphyry,  occurrence  of   242,  246-252 
Gallatin  fault,  course  of    30 

Gallatin  Mountains,  descriptive  geology  of          1-59 
extrusive  rocks  west  and  southwest  of    137-138 

geologic  cross  sections  of    12 
intrusive  rocks  of        60-85 

map  of    56 

panoramic  view  of    IS 

Gallatin  River,  geology  of  region  north  of        41-50 
laccolithic  mass  on         84-85 
section  near    58 

Gallatin  Valley,  features  of        27-30 
Gardiner  River,  rocks  near    45 

Gastropoda,  descriptions  of  species  of   505-507, 
629-630,  632-633.  639 

Geikie,  A.,  and  Teall,  J.  J.  H.,  cited    67 
Geonomites  schimperi  Lx         65S 
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Gervillia  inontanaensis  Meek         617 

Gervillia  sp        617 

Gibbon  River,  rbyolite  of    366-367 
Gilbert,  G.  K.,  cited    17 
Gill.  A.  C,  acknowledgements  to    183 
Girty.  G.  H.,  acknowledgments  to    441 

descriptions  of  Devonian  and  Carboniferous  fos- 
sils by    479-599 

Glass,  character  of    403 

giobulitic    406-408 
microlitic    408-410 
rbyolitic    406 

Glyptostrobus  ungeri  Heer    681 
Gneiss,  occurrence  of    4, 12, 20 
Goniobasis  gracilentaMeek    632 

Goniobasis  { .?)  increbescens  n.  sp    633, 648 
Goniobasis  ( ?)  pealei  n.  sp   632-633. 64S 
Grand  Canyon  of  the  Yellowstone,  rocks  of   389-390 
Granite,  view  of  specimen  of    100 
Granitic  aplite,  photomicrographs  of    250 
Gravel  Peak,  features  of    188-1 90 

Gray  Peak,  rocks  of   42-43, 73- 82 
section  near    46 

Grewiopsis  aldersoni  n.sp   ;..  743-744 

Grewiopsis  platanifolia  "Ward         744 
Grewiopsis  populifolia  "Ward    729 
Grizzly  Teak,  dikes  and  rocks  of   '.   306-307, 308, 310 
Grypluea  calceola  var.  nebrasoensis  Meek  and  Hay- 

den     612,642 
Grypluxa  dilatata    611 
Grypluea  plauocouvexa  Whitfield    611,  042 
Gryphaea  vesicularis           Gil 

Glyptostrobus  curopa-us  (Brongt.)  Heer    681 
Gymnogramma  haydenii  Lx    657 
Gy  rodes  depressa  Meek        639 
Gyrodes  petrosa           639 

H. 

Hague,  Arnold,  letter  of  transmittal  by           xiii  i 
cited   220, 331 

Haguia,  description  of        4'2'i 
Haguia  sphrcrica,  n.  sp   44*2-443,474 
Haldat  du  Lys,  C.N.A.de,  cited           418 
Hall.  James    44G 

Hall  and  Whitfield,  cited    487,498,499,526  j 
Hemipronites  crenistriata    540 
Herrick,  C.  L.,  cited           493 
Hicoria  antiquurum  (Newby)  Kn        690 
Hicoria  crescentia,n.  sp     690-691  .         \ 
Hicoria  culveri  n.  sp   09 1  -692,  806 
Hicoria  ovata  (Mill.)  Britton           692 

Hillebrand,  W.  F.,  analyses  by           354 
Hindu,  G.  J.,  cited    442 
Hornblende-mica-andesites,  occurrence  of   290-291 

Hoi  aster  ella  wrighti  var.  americana  n.  var      "><►>,  509 

Holmes,  "W.  H.,  cited    14, 31, 221,  357, 051-652, 756 
Bomomyn  gallatinensis  n.  sp     6*2.3-626,  646 
Hoodoo  Basin,  features  of. 

view  of   

Hoodoo  Mountain,  dikes  of   
dike  rocks  of   

Hornblende-andcsito,  occurrence  of   

Hornblcndo*andesite-porx)byry,  analyses  of   
occurrence  of   

Hornblende-mica  andeslte-porpliyry,  analyses  of. 
character  of    00-04  7:;  77 
occurrence  of    256-258 

223 
1 1 1 

224 348 

4,201 

81 

77-80 
01,81 

Tage. 

Hornblende-pyroxene-andesite,  occurrence  of    258-259, 
291-204,300-301 

Hornblende-pyroxene-andesite-porphyry,  occurrence 
of    80 

Hoy t  Peak,  dikes  and  rocks  of   306-307 
Huckleberry  Mountain,  dacito  of    172-173 

descriptive  geology  of    165-202 
detailed  geology  of    170-173 
rbyolite  of    172 

Hurricane  Mesa,  dikes  of    225-229 
nature  of,  volcanic  rocks  of       340,  346 
view  of    226 

Hurricane  Ridge,  view  of    226 
Hustedia  triangularis  Miller    560 
Hyatt,  A,,  cited    602 
Hyolithes  primordialis    454,  466,474 
Hyolithes  (Theca)  primordialis  Hall    454 

Hidings,  J,  P.,  cited    17,  89,  261,  292,  333,  360 
Hidings  and  Pen  field,  cited    380 
Igneous  rocks  of  Absaroka  Range  and  Two  Ocean 

Plateau    269-325 
Ilex  undulataLx    658 
Indian  Creek,  intrusive  sheet  north  of      68 

section  at    21 

Indian  Creek  laccolith,  features  of    10, 13-16, 60-64 
mode  of  origin  of    9 

Index  Peak,  view  of    218 
Inoceramus  acuteplicatus  n,  sp   634-63-3,  637,  64S,  650 
Inoceramusaltus    635 
Inoceramus  flaccid  us  White         634 
Inoceramus  fragilis    635 
Inoceramus  umbonatus  Meek  and  Hay  den         634 
Inoceramus  uudabundus  Meek  and  Hayden         634 
Intrusive  flows,  Crandall  Basin    240-259 
Intrusive  rocks,  analyses  of    426 
Ipbidea  Billings        447 
Iphidea  bella    448 
Ipbidea  ccelata    448 
Iphidea  labradorica    448 
Ipbidea  ornatella    448 

Iphidea  pannula  "White    448 
Iphidea  prospectensis    448 
Iphidea  sculptilis  Meek    447-448,  449,  468 
Iphidea  sp.  uudet    449,4ft? 
Iris  Falls,  rbyolite  at    376 
Ishawooa  Canyon,  analysis  of  rocks  from    329 

dike  rocks  of    349 

Joseph  Peak,  igneous  mass  of        73-82 
rocks  of        43, 44 
section  at    47 

Jurat  Has  fossils    197 
Judd,  J.  W.,  cited   243,  245 
.1  ukes-Browne,  A.  J.,  cited    40 
J uglanuaceae,  descriptions  of  species  of    6S7-692 
Juglans  californfca  Lx        6.N7 

Juglans  croscentia,  n.sp    6*M»-690, sks 
Jugluns  den  lieu  lata  Heer    689 

J  uglane  ogregia  Lx          088 

Juglans  lauril'olia  n.  Sp    6SS-6S9,  806 
Juglaus  nigolla  CTng           091 

Juglans  rugosa  I-x   ,    6**7-6SN 
J  uglans  Bchlmperl  Lx    6SS-6M) 
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Jurassic  fossils,  occurrence  of     174, 17G 

description  of    601-604,  608-632 

Kersantite,  analyses  of    70 
characters  of    69-72 

Kinderhook  fossils,  list  of    490 

King,  Clarence,  cited    82 
Knowlton.F.  H.,  acknowledgments  to    183 
Kiich,  R.,  cited    409 
Kuntze,  Otto,  cited    652 
Kutorgina  minntissima  H.  &  W    447 
Kutorgina  sculptilis  Meek    447 

L. 

Laccolith,  definition  of    17 

Lamar  Valley,  rocks  of    207-208 
Lamination  and  handing,  occurrence  of    424-425 
Lamprophyric  rocks,  occurrence  of    259 
Laramie  flora,  discussion  of    663-665 

table  showing  distribution  of    663 
Lastreagoldiana  Lx    670 

LauracesB,  descriptions  of  species  of   722-729 
Laurinoxylon  aromaticum  Felix    767 
Laurinoxylon  brauneri  Kn    766 
Laurinoxylon  lesquereuxiana  Kn    767 
Laurinoxylon  pulchrum  n.  sp    765,  767, 572,  S7S,  SSO 
Laurus  californica  Lx    724,  725 

Lauras  grandis  Lx   723,724,725,  826,830 
Laurus  montana  n.  sp    724,  630 
Laurus  perdita  n.  sp    723,  828 
Laurus primizenia  (?)  Ung    722-723, $22 
Laurus  priuceps  Heer    725,  SSO 
Laurus  t  riseriata  Casp   766-767 
Lava,  rhyolitic,  occurrence  of    4, 5 
Lava  flows,  Crandall  Basin   238-239 
Leguminosa?.  description  of  species  of   729-730 
Leguminosites  cassioides  Lx    730 
Leguminosites  lamarensis  u.  sp    731,  818 
Leguminosites  lesquereuxiana  Kn    730,  SIS 
Leguminosites  proserpina;  Heer    731 
Lepta?na  rhomboidalis  Wilckens   4 88, 489, 492,  525 

Leptaenatenuistriata  Hall   ". ...    525 
Lesquereux,  L.,  fossil  plants  determined  by           651 
Leucite-bauakite,  analyses  of    347 
Limestone,  dikes  in    24 

Lima  oinnabarensis  n.  sp    612-613*  64.2 

Lindgreu,  "W.,  cited    353 
Lingula  brevirostris  M.  and  H    608 
Lingula  sp.  undet    608 
Lingula  subspatulata  Hall  and  Meek        636 

Lingulepis  Hall   ■.    443-444 
Liorhyncbus  greenianum  Ulrich    503 

Liorhynchus  haguei  n.  sp    543-544,  590 
Liorhyncbus  Kelloggi    544 
Liostracus  parvus  n.wp    463-464,  473 
Liorhynchus  (Pugnax?)  striatocostatum  M.  and  W.  544 
Lithoidal  rhyolite,  views  of    3G4 

Litlioidite,  character  of    364-365 

Lithopbysa?,  characters  of   416-422 
diagrams  of    422 
views  of    364 

Lithostrotiou  sp    51 3-514 
Litsea  cuneata  u.  sp    726-727,  524 
Litsea  weediana  Kn    659 

Page. 

Little  Quadrant  Mountain,  features  of        36-39 
sections  of  beds  at    36,37,38 

Little  Sunlight  Creek,  fossils  from   :  481 
Lower  Carboniferous  fossils,  table  showing  range  of.  484-486 

descriptions  of   507-578 

Lower  Geyser  Basin,  rhyolite  of    369-372,374-375 
Loxonema  delicatuni  n.  sp    506,  580 
Loxonema  tenuilincatum  Swallow         572 
Loxonema  (?)  sp   572, 5S0 
Lygodiuui  kaulfusii  Heer   672-673, 800 
Lygodium  neuropteroides  Lx    672 
Lyosoraa  powelli  White         630 

M. 

Mactra  arenaria  Meek  (?)   ...          639 
Mactra    (Cymbophora?)    warrenana    (M.    and    H.) 

Meek    G39 

Mactra  (Trigonella?)  arenaria  Meek    6 '9 
Mactra  warrenana  Meek  and  Hayden         630 
Madison  limestone,  fossils  of   487-488,490,491 

table  showing  zoological  groups  ( f    495 
Madison  Plateau,  rhyolite  of    307-369 
Madison  Range,  features  of  eastern  flank  of        57-59 
Madison  River,  rhyolite  of    366-367 
Magnetite,  occurrence  of    400-401 
Magnolia  acuminata  L    721 
Magnolia  californica  (?)  Lx    718,  721 
Magnolia  culveri  n.sp    720-721,524 
Magnolia  fcetida  Sarg    719 
Magnolia  grandifloraL    719 
Magnolia  inglefeldi  Heer    719,  720 
Magnolia  lanceolata  Lx    719 
Magnolia  microphylla  n.sp         720 
Magnolia  pollardi  n.sp    721,502 

Magnolia  spectabilis  n.  sp    718-720.526* 
Magnoliacene,  descriptions  of  species  of    718-722 
Malopoenna  lamarensis  n.  sp    726,526,552 
Malapoennn  weediana  ( ?)  Kn         659 

Mammoth  Hot  Springs,  character  of  rhyolites  at   357-359 
Martinia  rostrata  n.sp   489,  553-554, 568, £34 

Mauna  Kea,  profile  of    2;>2 
Meek,  F.  B.,  cited    482,  487,  489,  494,  611, 619 

Melville,  "W.H.,  chemical  analyses  by    115,261,347,354 
Menopbyllum  ( ? )  excavatum     511-512,  CS4 
Menophyllum  tenuimarginatum    511 
Merrill,  G.  P.  cited    351 

analyses  by    352 
Mesozoic  fossils,  descriptions  of    600-640 

plates  showing   641~6i0 
Meunier,  Stanislas,  cited    418 

Mica-dncite-porphyry,  Bunsen  Peak,  analysis  of    87 
Mica-gneiss,  occurrence  of    4 
Micbelinia  placenta  White   489,  510,  5S4 
Micheliua  sp    489 

Microgranular  structure,  occurrence  of    422-423 

Micrographic  phenocrysts,  photomicrographs  show- 
ing   414 

Miciomita  Meek    447 

Middle  Creek,  dikes  on  and  near   224,312-314 
Minette,  analysis  of    70 
Mink  Creek,  rocks  and  fossils  of    199-200 
Modiola  subimbricata  Meek   617-618 
Modiola  (Vulsella)  subimbricata  Meek    617 

Montana,  character  of  absarokites  from   351-355 
Montana  formation,  fossils  of   606-607 

description  of  fossils  of    636-640 



iNDi-:x. 
889 

Page 

MoDzonite,  photomicrographs  of    250 
Mount  Boane,  andesite  of    315 

Mount  Etna  profile  of    ~^- 
Mount  Everts,  intrusive  rocks  of         85-86 

rhyolite  of    358 

Mount  Hancock,  features  of    190-191 

Mount  Holmes,  analysis  of  rocks  of    65 

features  of  bysmalith  of    16-20, 64-69 
view  of  bysmatolith  of    1S 
view  of  mountains  north  of    4 
zone  of  contact  between    intruded    sheet    and 

country  rock  near         08,  69 
Mount  Langford,  dike  at    312 
Mount  Norria,  fossil  forest  on   -    ^60 
Mount  Korris  and  The  Thunderer,  view  of    222 

Mount  Schurz.  rocks  of    316-318 

Mount  Stevenson,  rocks  of   315-316 
Mount  Vesuvius,  profile  of    ~32 

Miigge,  O.,  cited    399 

Musacere,  descriptions  of  species  of    686-687 

Musophyllum  complicatum  Lx   686-687,506 

Myacites  (Pleuromya)  subcompressaMeek    626 

Myacites  subcompressus  (Meek)  White    620 

Myrica  banksisefolia  U ng    693 

Myrica  bolanderi  (?)  Lx   658-659,  796 
Myrica  fallax  Lx    693 
Myrica  lamarensis  n.  sp    693, SOS 

Myrica  polymorph:!  Schimp    692 

Myrica  scottii  Lx    692,  SOS 

Myrica  torreyi  Lx    692 

Myrica  wardii  n.  sp    692-693,  SOS 

Myricacea?,  descriptions  of  species  of   692-693 

jNT. 

Natica  ( ?)  sp         630 
Naticopsis  ( ?)  sp    572, 581 

Statural  Lridge,  Bridge  Creek,  rhyolite  at    386-387 
views  of    3S6 

fteritina  nebrascensis  M.  and  H      629-630 
fteritina  ( ?)  pbaseolaris  White    629 
ft  eritiua  pisurn  Meek    630 
fteritma  powelli  W  hite    630 
fteritina  wyomingensis  n.  sp    629-630,  648 
Nucula  sp    638 

O. Obolella  Hall           446 
Obolella  chromatica    446 
Obolella  nana  M.  and  H    447 

Obolella  polita    446 
Obolus  Eich  wald    443-44 4 

Obolus  (Lingulella)  desideratus  Walcott   445-446, 46S 
Obolus  (Lingulella)  fermgineus    445 
Obolus  (Lingulella)  granvillensis    445 
Obolus  (Lingulella)  manticulus    445 
Obolus  (Lingulella)  perattenuatus    441 
Obolus  ( Lingulella)  rotundatus    445 
Obolus  (Lingulepis)  acuminatus    443,  444 
Obolus  (Lingulepis)  acuminatus,  var.   raeeki   Wal 

cott   4  44,  46S 

Obolus  ( Lingulepis)  pinniformis    443 

Obsidian  Cliff,  rhyolite  of    359-306 
views  of    360 

Oleacea*   -        ?  53 

Onoclea  minima  n.  sp   656-657,  794 
Onoclea  sens;bilis  fossihs  ftewuy   656,666 

Page. 

Ophitic  and  related  basalts,  occurrence  of    436-439 
Oppelia  (?)  sp   630-631 
Oppelia  subplicatella  Vacek    631 
Orthis  coloradoensis  Shumard    450 
Orthis  creuistriata    524 
Orthis  Keok  uk    524 
Orthis  michelina    521 

Orthis  pepina  Hall    450 
Orthis  (?)  remnicha    451-452,  470,472 
Orthis  ir)  sandbergi    452-453,  470 
Orthothetes  insequalis  Hall    489,  522-524,  5S6 
Orthotbetesmflatus    523,556 
Orthothetes  sp        524 
Osiuunda  affiuis  Lx    673,  800 

Osprey  Falls,  basalt  at    434 
Ostrea  anomioides  Meek    50,  633-634 
Ostrea  engelmanni  Meek        611 
Ostrea  patina    611 
Ostrea  pellucida  M.  and  H    037 
Ostrea  soleniscus  Meek        637 

Ostrea  sp . . -.        63 7 
Ostrea  strigilecula  White        6 1 0 

Outlet  Canyon,  topographic  and  geologic  features  of.  194-196 
view  of    194 

Owen,  B.  B.,  cited    459 

3?. 

Pacbyphyllum  bouchardi    499,  500 
Pachyphyllum  devoniense   499,500 
Pacbyphyllum  solitarium    499 

Pachyphyllum  sp    497-50O 
Pachyphyllum  woodmani   498,  499 
Pacific  Creek,  rocks  and  fossils  of    198-199 
Paleozoic  fossils,  descriptions  of    440-599 
Paliurus  colombi  Heer    660,  740,  842 
Paliurus  minimus  n.  sp    659-660 
Paliurus  zizyphoides  Lx.   660,  796 
Panther  Creek,  structure  of  mountains  south  of          9-30 
Peale,  A.  C,  cited    489 

fossils  collected  by    601 ,  002 
Pebble  Creek,  rocks  of    211 
Pecten  bellistriata  Meek    613 

Pelecypoda,  descriptions  of  species  of. . .  610,  632,  633-635, 637 
Pentacrinus  asteriscus  Meek  and  Hayden        60S 
Pentacrinus  whitei    608 

Perisphiuctes  sp         63  1 
Perlite,  views  of  specimens  of    370 
Persea  pseudo-carolinensis  Lx    723,725,550 
Perseoxylon  aromaticum  Felix   „         767 

Phenocrysts,  development  of    266-2C8 
Pholadomya  inseqniplicata  n.  sp    625,  646 
Pholadoniya  kingi  Meek    624-625,646 
Pholadomya  multilineata  Gabb    625 
Pholadomya  nevadana  Gabb    624 
Phragmites  alaskana  Heer    658 
Phragmites  falcata  n.  sp    658,756 
Phragmites  ( ?)  latissima  n.  sp    683, 506 
Phyllites  crossifoha  n.  sp    753-754,  844  S46 
Phylhtes  osseus  Lx         754 
Phyllites  sp    796 
Pinna  kingi  Meek         618 
Pin  us  contorta  Bougl           .  680 
Pinus  contorta  murrayana    678 
Pin  us  edulis  Engelm    680 
Pinus  rlexilis    678 

Pinus  gracilistrobus  n.sp    Gil,  676,500 
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Pinna  iddingsi  n.  sp    680,  804 
Pinus  macrolepis  n.  sp    679.  800 

Pinus  premurrayana  n.  sp    67  7-678.  SO-f 
Pinus  scopnlorum    678 

Pinus  sp    678-679 
Pinus  Wardii  n.sp    679-6SO 
Pinyon  Peak,  features  of   184-188 
Pirsson,  L.  V.,  analyses  by    354 

cited    241 

Pitcbstone  Plateau,  rhyolito  of   379-381 
Pityoxylon  aldersoni  n.  sp     763-764,  852,864,866,878 
Pityoxylon  aniethystinuru  n.sp.  764-765, 854, 856,868, 876 
Pityoxylon  fallax  Felix    764 
Placenticeras  placenta  (De  Kay)  Meek         640 
Plagioclase,  character  of  phenocrysts  of    399 
Planera  Ion gi folia  Lx         712 

Plants,  fossil,  descriptions  of   651-88*2 
localities  of    651-655 

plates  showing    794-88S 
Platanacea?,  descriptions  of  species  of    727-729 
Plataniniunihaydeni Felix    767-769,  880 
Plataninium  porosum  Felix    769 
Platan  lis  borealis  Casp    763 
Platanus  dubia  Lx    745 

Platanus  guillelmffi  Gb'pp    727-728, 834 
Platanus  haydenii  New  by    706 
Platanus  klebsii  Casp   %    769 
Platanus  montana  n.  sp   728-729, 882 
Platanus  nobilis  Newby    745 
Platanus  occidoutalis  L    768 

Platanus  raynoldsii  New  by    72  J 
Platyceras  Conrad    574-576, 581 
Platyceras  cornuforme  Wincbell    574 
Platyceras  uehrascense  Meek    576 
Platyceras  priinordialis  Hall  (?)    453. 4 ;j 
Platyceras  vomerium  Winchell    574 
Platycrinus  baydeni    515-51G 
Platycrinus  symmetricus  Wachsmuth  and  Springer.         488, 

515-516 

Platy stoma  minutura  n.sp    506-507* 680 

Pleuromya  newtoni  "Whitfield    62G 
Pleuromya  subcompressa  Meek   6*26-627,  646 
Pleuromya  webereusis  Meek    626 
Pleurotomaria  iaaacsi  Hall  and  Whitfield  { ?)  .  480,  505,  580 
Pleurotomaria  (?)  sp         506 
Populoxylon    760 
Popuhis  amblyrbyncha  Ward    694 
Populus  balsamoidcs  Gopp        696 
Populus  daphnogenoides  Ward        696 
Populus  genatrix  Newby           695 
Populus  glandulifera  Heer    694,  SOS 
Populus  greniopsis  Ward    C96 
Populus  oxyrbyncha  Ward      694 
Populus  speciosa  Ward   694,  808 
Populus(?)  vivaria  n.  sp    696-697,  81$ 
Populus  xantuolithensis  n.  sp    695-696 
Populus  zaddachi  Heer         694 
Porifera,  descriptions  of  species  of    508 
Porphyry,  occurrences  of         in,  20,  94-97 
Productella  alifera  n.  sp   492,  530-531 ,  587 
Productella  arcuata  Hall           533 

Productella  concentrica  Hall   529,  530 

Productella  cooporensis  Swallow    492,  5*38-530,  587 
Productella  pyxidea  Hall    529,  530 
Productella  shumardiana  Hall   529,  530 
rroductus  flemingi  var.  burlingtonensis    535-536 
Productus  gallatinonsis  n.  sp    533-534,  537,  5S6, 587 

Page. 

Productus  lsevicosta  White   489,  534,  591 

ProductuB  lajvicostus  White    534 
Productus  newberryi  Hall   531,  .'532 
Productus  newberryi  Var.  annosus    536 

Productus  parviformis  n.  sp   488,  533,  536-537,  #>'£ 
Productus  parvus  M.  and  W    488 
Productus  parvus  White    488,  537 
Productus  jiapulata    530 
Productus  scabriculus  Martin    531-533,, W0 
Productus  semireticulatus  Martin ..  489.  533,  535-536,  591 
Proetus  loganensis  Hall  aud  Whitfield. .  489,  577-578, 599 
Proetus  peroccidens  Hall  and  Whitfield    489 

576-577,577,578,599 

Prospect  Peak,  analysis  of  basalt  from    438 
Protocanlia  sbumardi  M.  and  H         6*31 
Protozoa,  descriptions  of  species  of   507 
Pseudobrookite,  occurrence  of    401—402 
Pseudomonotis  curta  (Hall)  I         617 
Pseudomonotis  (Euniicrotis)  curta  Hall    617 
Pteria  niucronata.M.  and  H    616 
Pteria  (Oxytoina)  munsteri  (Brown)  M.  and  H    616 
Pteria  (Oxytoma)  nebrascana  (E.  aud  S. )  Meek    637 
Pteria  erosa  Lx    668 

Pterospermites  haguei  n.  sp    74*3,  S3S 
Ptiloporasp    517-518 
Ptychoparia  antiquata  Salter  sp    456-457,  458,  478 

Ptychoparia  (,')  diademata   460-461,  46*3,  476 
Ptychoparia  cry  on  Hall    453 

Ptychoparia  (Euloma)  alum's  Walcott    457,  473 
Ptychoparia  llanocnsis  Walcott  (?)    458,  476 
Ptychoparia  (Loncbocephalus)  hamulus  Owen         461 
Ptychoparia  'Loncbocephalus)  wisconsensis  Owen.     4l»l- 

46*3 

Ptychoparia  pen  field  i  n.sp    456,  478 
Ptychoparia  sp.  undet    458,  476 

Ptychoparia  (0  sp. undet    458,  476 
Ptychoparia  striata    400 
Ptychoparia  teucer    453 
Ptychoparia  wisconsensis    476 
Pugiunculus  priinordialis  Hall    454 
Pumice,  occurrence  of   403-406 

Pyroxene,  character  of  phenocrysts  of   399-400 
Py roxene-andesite,  occurrence  of    294-295,  301-302 

photomicrographs  of    2S0 

Pyroxene-andesite-porpbyry,  Mount  Everts         85-86 
Pyrula  ( ?)  ap    639 

Q. 

Quadrant  formation,  comparison  of  sections  of    41 
Quadrant  Mountain,  rocks  of         33-35 

section  of        34-35 

Quartz,  characters  of  phenocrysts  of   395-398 
Quartz-banakite,  analyses  of    347 

photomicrographs  of    350 
Quartz-mica-diorite,  occurrence  of   252-256 
Quartz-mica-diorite-porpbyry,  characters  of    103-105 
Quartzite,  occurrence  of    7,  8,  33,  34,  47.  48 
Querciuium  kuowltoni  Felix    772,  773 
Quercin  urn  lamarense  n.sp    t7t-773,876,880t88S 
Quercus  boweniana  Lx    710 
Qucrcus  breweri  Lx    704 
Quercus  consimilis  ?  Newby    704,  814 
Quercus  culveri  u.  sp    708,  709,514 
Quercus  dryincja  Ung    703 
Quercus  laurifolia  Newby    708 
Quercus  ellisiana  Lx    659,  794 
Quercus  furcinervis  americana  Kd    705,  816 
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Quercus  furcinervis  Rossm    705 
Quercns  gronlandica  Heer    706 
Quercus  grossidentata  n.  sp    704,  S14 

Qnercus  hesperian.  sp    709-710 
Quercus  ?  magnifolia  u.  sp    704-705,  S 16 
Quercus  olafeeni  Heer         707 
Quercus  prinoides  Willd    709 

Quercus  s-    707,818 
Quercus  viburnifolia  Lx    706 
Quercus  weedii  n.  sp    705-706,824 
Quercus  yanceyi  n.  sp    707-708,  818 

lied  Creek,  rocks  on    175 

Bed  Mountains,  rhyolite  of   381-382 
Reiss  and  Stiibel,  cited    294,409-410 
Reticularia  cooperensis  Swallow   489,  555-556,  568, 595 
Reticularia  cooperensis  var    556-557,  594 
Reticularia  (?)  peculiaris  Sliuraard    488,  557,  558,  595 
Reticularia  setigera  Hall    556 
Retieularia  ( ?)  subrotundata  Hall   557-55S,  595 
Retzia  (?)  circularis  Miller    560 
Retzia  ( ?)  plicata  Miller    5G0 
Retzia  popeana  Swallow    560 
Retzia  radialis  Walcott    560 
Retzia  vera  Hall    560 
Retzia  verueuili  Hall    5G0 

Rhamnacea?,  descriptions  of  species  of         740 
Rbamnacinium  radiatura  Felix   769-77  1 ,  876, 878 
RbamnusrectmervisHeer         740 

Rbipidomella  micbeliua  Ltiveille         52  1 
Rbus  bendirei  Lx    601 

Rbyncbonella  eaniarifera  Winchell    542 
Rhynchonella  gnathopbora  Meek    609-6 1 O,  64$ 
Rbyncbonella  metallica  White   491.  540 

Rbyncbonella  myrina  Hall  aud  "Whitfield        609 
Rbyncbonella  pustulosa  (?)    489 
Rbyncbonella  pustulosa  ( ?)  Hall  and  Whitfield . .  489,  540,  590 
Rbyncbonella  ringens  Swallow    537-538 
Rbyncbonella  sappho  Hall    541 
Rhynchonella  (Stenocesma)  sappho  Hall    541 
Rhynchophora  pustulosa      540 
Rhyolites,  analyses  of    426 

character  and  occurrence  of    356-432 

characters  of  groundmass  of    402-410 
intermingling  of  basalt  and   430-432 
microscopical  characters  of   393- 4 1G 
occurrence  of   4,5, 172 
variations  in  composition  of   427-429 
views  of    364 

Rbyolite-felsite,  analyses  of    65 
Rhyolitic  glasses,  photomicrographs  of    406 
Roth,  J.,  cited       70,146 
Russell,  I.  C,  cited    18 

S. 

Sabal  major  ( ? )  Ung    658 
Saddle  Mountain,  rhyolite  of    392 

Salicacea.*,  descriptions  of  epecies  of    694-6f)8 
Salix  angusta  Al.  Br         697 
Salix  lavateriHeer         697 
Salix  varians  Heer   697,  S10 

Sanidine,  character  of  phenocrysts  of   398-399 
SapinduB  affinis  New  by    736,737 
Sapindns  alatus  ?  Ward         737 

Sapindaceae,  descriptions  of  species  of    736-739 

rage. 

Sapindus  grandifolioloides  n.  sp    73&,S40 
Sapindus  grandifoliolus  Ward    737,  S44 
Sapindus  obtusifolius  Lx    7V8 
Sapindus  wardii  n.  sp    73S,  739,836,838 
Scapbiocrinus  sp         516 
Scaphites  cf.  ventricosus  M.  and  H    640 
Scapbites  vcntricosufl  Meek  and  Hayden        636 
Schists,  occurrence  of    4, 11-12 
Schucbert,  Charles,  acknowledgments  to    480 
Seminnla  humilis  n.  sp    565-566,  5G8,  598 
Seminula  immatura  n.  sp    566,558 

Seminnla  madisonensis  n.  sp    4!1?,  563-564,  598 
Seminula  madisonensis  var.  persilla    564-565,  598 
Seminula  quadrata    492 
Seminula  subtilita    402  564,558 
Seminula  wasatchensis    565 

Sepulchre  Mountain,  analyses  of  rocks  of    26! 
character  of  lava  at    340,341 

chemical  analyses  of  rocks  of    i:  5-137 
chemical  correlation  of  rocks  of  Electric  Peak 

with  those  of   142-148 
comparison  of  rocks  from  Electric  Peak  and   13^-148 
diagram  showing  molecular  variations  of  rocks 

at    136 

dike  rocks  of    128-1-J3 
general  features  of         SJ-92 
grades  of  crystallization  of  eruptive  rocks  of   131-133 
igneous  rocks  of       89-148 
mineral  and   chemical  composition  of  eruptive 

rocks  of   134-137 
order  of  eruption  of  rocks  at    140 
view  of    96 
volcanic  rocks  of    121-137 

Sequoia  couttsia?  Heer         6S1 
Sequoia,  cones  of   ....  683,  S02,S0± 
Sequoia  langsdorfii?  (Brgt.)  Heer         637 

6S2-6S3,  794,S04<994 
Sequoia  magninca  n.  sp    7  6  1-762.  S4S,  S50,  860, 861, 874 
Sequoia reichenbachi  (Gein.)  Heer         657 
Sequoia  sempervirens    759 
Smithia  woodmani    498 

Smilaceas,  descriptions  of  species  of    685-686 
Smilax  lamarensis  n.  sp    6S5-6S6, 8S2 

Siuilax  pseudo-spinas  L    686 
Smilax  rotundifolia  L    G86 
Suake  River,  section  in  hills  near    156 

Snake  River  gorge,  geology  of    173-175 
coals  of    176 

Snake  River  fault,  features  of    197-198 
Snake  River  hot  spriDgs,  features  of    177-188 

view  of    ns 
Snowy  Mountain,  section  at    206 

Snowy  Range,  sedimentary  rocks  of    205-206 

topography  and  geology  of  southern  end  of   20  :-244 
South  end  hills  of  Gallatin  Range,  features  of         10-11 

Solenopleura  ('? )  weedi   464-465, 478 
Soda  Butte  Creek,  rocks  of    210-211 

Soda  Butte  Valley,  geology  of    212-214 
sections  in    212,  213-214 

Sparganiaceic,  descriptions  of  species  of    683-684 
Sparganium  stygium  Heer    683-681 
Specimen  Ridge,  fossil  forest  at    758 

lava  at   ,    34.1 

Spherulites  in  obsidian,  character  of   362-364 
figures  showing  sections  of    413 
forms  of   411-416 
Views  of    310, 410,  4 14,  422 
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Shales,  occurrence  of          8, 15 
Shoshonite,  analyses  of       83, 340 

character  and  occurrence  of      339-347 
photomicrographs  of    344 

Silica  percentages,  rocks  of  Electric  Peak    116-118 
Slough  Creek,  topography  and  geology  of  valley  of.  208-210 
Spirifer  albapinensis   489,  548, 594 
Spirifer  argentarius    550 

Spirifer  '  7  Meatus    548 
Spir'fe-  cameratus    540 
Spirifer  carteri  Hall    55S 
Spirifer  centronata  Hall  and  Whitfield   489, 547 
Spirifer  centronatus  Winchell           488, 

489,  540,  547-549,  550,  552, 594 
Spirifer  centronatus  var.  seniifurcatus    549-550,  594 

Spirifer  cuspi'datus  Meek    559 
Spirifer  (Cyrtia)  hannibalensis  Swallow    558 
Spirifer  engelmanni  Meek    504,  580 
Spirifer  ex  tenuatus    488 
Spirifer  forbesi    553 
Spirifer  hirtus  White  and  Whitfeld    555 
Spirifer  lauiellosus  Leveille    561 
Spirifer  marionensis  Shumard  (?)         551 
Spirifer  (Martinia)  glaber  Martin    554 

Spirifer  (Martinia)  peculiaris  White    488-557 
Spirifer  mesicostalis    549 
Spiiifer  ( ?)  peculiaris  Shumard    557 
Spirifer  setigera    489 
Spirifer  sp    552-553, 594 
Spirifer  sp         553 
Spirifer  striatus  White      488 
Spirferstriatus  var.  madisonensis  n.  var.  488,  551-552,  594 
Spirifer  subattenuatus  Hall   492,  550 
Spirifer  (Syringotliyris)  cuspidatua    59S 
Spirifera  albapinensis    489 
Spirifera  cooperensis  Swallow    555 
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[Monograph  XXXII.] 
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the  following  provisions: 
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general  and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological 
Survey  shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and 
reports  of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but 
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money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
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County,  X.  Y.,  to  Bradford  County,  Pa.,  by  Henry  S.  Williams.     1884.     8°.     36  pp.     Price  5  cents. 
4.  On  Mesozoic  Fossils,  by  Charles  A.  White.     1884.     8°.     36  pp.     9  pi.     Price  5  cents. 
5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  8°.  325 

pp.     Price  20  cents. 
6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.     1884.     8°.     43  pp.     Price  5  cents. 
7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and 

South),  1752-1881,  in  Geographic  and  Chronologic  Order,  by  Jules  Marcou  and  John  Belknap  Marcou. 
1884.  8C.     184  pp.     Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and 
C.  R.  Van  Hise.     1884.     8°.     56  pp.      6  pi.     Price  10  cents. 

9.  A  Report  of  Work  done  in  the  Washington  Laboratory  during  the  Fiscal  Year  1883-84.  F.  W. 
Clarke,  Chief  Chemist;  T.M.Chatard,  Assistant  Chemist.     1884.     8°.     40  pp.     Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  Studies,  by  Charles  Doolittle 
Walcott.      1884.      8°.      74  pp.      10  pi.      Price  5  cents. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin;  with  Description  of  New 
Forms,  by  R.  Ellsworth  Call.  Introduced  by  a  Sketch  of  the  Quaternary  Lakes  of  the  Great  Basin, 
by  G.  K.  Gilbert.     1884.     8°.     66  pp.     6  pi.     Price  5  cents. 

12.  A  Crystallographic  Study  of  theThinolite  of  Lake  Lahontan,  by  Edward  S.  Dana..  1884.  8°. 
34  pp.     3  pi.     Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  Several  States  and  Territories,  with  a  Historical 

Sketch  of  the  Territorial  Changes,  by  Henry  Gannett.     1885.     8°.     135  pp.     Price  10  cents. 
14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent 

Strouhal.     1885.     8°.     238  pp.     Price  15  cents. 
15.  On  the  Mesozoic  and  Cenozoic  Paleontology  of  California,  by  Charles  A.  White.  1885.  8°. 

33  pp.     Price  5  cents. 
16.  On  the  Higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  John  M.  Clarke.  1885.  8°. 

86  pp.     3  pi.     Price  5  cents. 
17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe,  Nevada,  with  Notes 

on  the  Geology  of  the  District,  by  Arnold  Hague  and  Joseph  P.  Hidings.  1885.  8C.  44  pp.  Price  5 cents. 

18.  On  Marine  Eocene,  Fresh-Water  Miocene,  and  other  Fossil  Mollusca  of  Western  North 
America,  by  Charles  A.  White.     1885.    8°.     26  pp.     3  pi.     Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.Becker.    1885.    8°.    28  pp.    Price  5  cents. 
20.  Contributions  to  the  Mineralogy  of  the  Rockv  Mountains,  by  Whitman  Cross  and  W.  F.  Hille- 

brand.     1885.     8°.     114  pp.     1  pi.     Price' 10  cents. 21.  The  Lignites  of  the  Great  Sioux  Reservation;  a  Report  on  the  Region  between  the  Grand 

and  Moreau  Rivers,  Dakota,  by  Bailey  Willis.     1885.     8'-.     16  pp.     5  pi.     Price  5  cents. 
22.  (In  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  1885.  8°.  25pp.  5 pi. Price  5  cents. 
23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  the  Keweenaw  Series  on 

Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Cbamberlin.  1885.  8C.  124  pp.  17  pi. 
Price  15  cents. 

21.  Listof  Marine  Mollusca,  comprising  the  Quaternary  Fossils  and  Recent  Forms  from  American 

Localities  between  Cape  Hatteras  and 'Cape  Roane,  including  the  Bermudas,  by  William  HealeyDall. 
1885.  8  .    336  pp.     Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  1'hineas 
Barnes.     1X85.    s.    85pp.     Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.     1885.    81-'.     107  pp.     Price  10  cents. 
27.  Report  of  Work  done  id  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal  Year 

issl-'sr,.     issi;.    x.    80  pp.     Price  10  cents. 
2x.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  theNeighborh   1  of  Baltimore, 

Maryland,  by  George  Huntington  Williams.     1886.     8  .     78pp.     tpl.    Price  in  cents. 
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29.  On  the  Fresh-Water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8:.     41pp.     4  pi.     Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles 
Doolittle  Walcott.     1886.     8°.     369  pp.     33  pi.     Price  25  cents. 

31.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and 
Arachnids,  by  Samuel  Hubbard  Scudder.     1886.     8°.     128  pp.     Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States;  a  Preliminary  Study,  by 
Albert  C.  Peale.     1886.     8°.     235  pp.     Price  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  J.  S.Diller.     1886.    8°.    23  pp.    Price  5  cents. 
34.  On  the  Relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  Succeeding  Fresh- Water  Eocene 

and  Other  Groups,  by  Charles  A.  White.     1886.     8°.     54  pp.     5  pi.     Price  10  cents. 
35.  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent  Strouhal.  18S6.  8°. 

62  pp.     Price  10  cents. 
36.  Subsidenceof  FineSolklPartielesinLiquids,by  Carl  Barns.     1886.     8°.    58pp.    Price  10  cents. 
37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.     1887.     8°.     351pp.     57  pi.     Price  25  cents. 
38.  Peridotiteof  Elliott  County,  Kentucky,  by  .1.  S.  Diller.     1887.     8°.    31pp.    lpl.    PriceScents. 
39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  )>v  Warren  Upham.  1887.  8°. 

84  pp.     1  pi.     Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  "Willis.  1887. 
8°.     10  pp.     4  pi.     Price  5  cents. 

41.  On  the  Fossi'.  Faunas  of  the  Upper  Devonian — the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.     1887.     8°.     121  pp.     4  pi.     Price  15  cents. 

42.  Reportof  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  FiscalYeai 

1885-'86.     F.  W.  Clarke,  Chief  Chemist.     1887.     8°.     152  pp.     1  pi.'    Price  15  cents. 43.  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by  Eugene 
A.  Smith  and  Lawrence  C.  Johnson.     1N87.     8°.     189  pp.     21  pi.     Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Dartou.  1887.  8-.  35  pp. Price  5  cents. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  Hill.  1887.  8°. 
94  pp.     Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  F.  Penrose,  jr.,  with  an  Intro- 
duction by  N.  S.  Shaler.     1888.     8°.     143  pp.     Price  15  cents. 

47.  Analyses  of  Waters  of  the  Yellowstone  National  Park,  with  an  Account  of  the  Methods  of 
Analysis  employed,  by  Frank  Austin  Gooch  and  James  Edward  Whitfield.  1888.  8°.  84  pp.  Price 10  cents. 

48.  On  the  Form  and  Position  of  the  Sea  Level,  by  Robert  Simpson  Woodward.  1888.  8°.  88 
pp.     Price  10  cents. 

49.  Latitudes  and  Longitudes  of  Certain  Points  in  Missouri,  Kansas,  and  New  Mexico,  by  Robert 
Simpson  Woodward.     1889.     8°.     133  pp.     Price  15  cents. 

50.  Formulas  and  Tables  to  Facilitate  the  Construction  and  Use  of  Maps,  by  Robert  Simpson 
Woodward.     1889.     8°.     124  pp.     Price  15  cents. 

51.  On  Invertebrate  Fossils  from  the  Pacific  Coast,  by  Charles  Abiathar  White.  1889.  8°,  102 
pp.      14  pi.     Price  15  cents. 

52.  Subaerial  Decay  of  Rocks  and  Origin  of  the  Red  Color  of  Certain  Formations,  by  Israel 
Cook  Russell.     1889.     8:.     65  pp.     5  pi.     Price  10  cents. 

53.  The  Geology  of  Nantucket,  by  Nathaniel  Southgate  Shaler.  1889.  8°.  55  pp.  10  pi.  Price 10  cents. 

54.  On  the  Tkernio-Electric  Measurement  of  High  Temperatures,  by  Carl  Barus.  1889.  8°. 
313  pp.,  incl.  1  pi.     11  pi.     Price  25  cents. 

55.  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal 

Year  1886-'87.     Frank  Wigglesworth  Clarke,  Chief  Chemist.  '  1889.     8°.     96  pp.     Price  10  cents. 56.  Fossil  Wood  and  Lignite  of  the  Potomac  Formation,  by  Frank  Hall  Knowlton.  1889.  8°. 
72  pp.     7  pi.     Price  10  cents. 

57.  A  Geological  Reconnoissanee  in  Southwestern  Kansas,  by  Robert  Hay.  1890.  8°.  49  pp. 
2  pi.     Price  5  cents. 

58.  The  Glacial  Boundary  in  Western  Pennsylvania,  Ohio,  Kentucky,  Indiana,  and  Illinois,  by 
George  Frederick  Wright,  with  an  Introduction  by  Thomas  Chrowder  Chamberlin.  1890.  8°.  112 
pp.,  incl.  1  pi.     8  pi.     Price  15  cents. 

59.  The  Gabbros  and  Associated  Rocks  in  Delaware,  by  Frederick  D.  Chester.  1890.  8°.  45 
pp.     1  pi.     Price  10  cents. 

60.  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal 

Year  1887-'88.     F.  W.  Clarice.  Chief  Chemist.     1890.     8°.     17*4  pp.     Price  15  cents'. 61.  Contributions  to  the  Mineralogy  of  the  Pacific  Coast,  by  William  Harlow  Melville  and  Wal- 
deniar  Lindgren.     1890.    8°.     40  pp.     3  pi.     Price  5  cents. 

62.  The  Greenstone  Schist  Areas  of  the  Menominee  and  Marquette  Regions  of  Michigan,  a  Con- 
tribution to  the  Subject  of  Dynamic  Metamorphisin  in  Eruptive  Rocks,  by  George  Huntington  Williams, 

with  an  Introduction  by  Roland  Duer  Irving.     1890.     8°.     241  pp.     16  pi.     Price  30  cents. 
63.  A  Bibliography  of  Paleozoic  Crustacea  from  1698  to  1889.  including  a  List  of  North  Amer- 

ican Species  and  a  Systematic  Arrangement  of  Genera,  by  Anthony  W.  Vogdes.  1890.  8°.  177  pp. 
Price  15  cents. 

64.  A  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal 

Year  1888-'89.     F.  W.  Clarke,  Chief  Chemist.     1890.     8°.     60  pp.     Price  10  cents.  ' 
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65.  Stratigraphy  of  the  Bituminous  Coal  Field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by 
Israel  C.  WHite.     1891.     8°.     212  pp.     11  pi.     Price  20  cents. 

66.  On  a  Group  of  Volcanic  Rocks  from  the  Tewan  Mountains,  Sew  Mexico,  and  on  the  Occur- 
rence of  Primary  Quartz  in  Certain  Basalts,  by  Joseph  Paxson  Iddings.  1890.  8°.  34  pp.  Price  5 cents. 
67.  The  Relations  of  the  Traps  of  the  Newark  System  in  the  New  Jersey  Region,  by  Nelson 

Horatio  Darton.     1890.     8C.     82  pp.     Price  10  cents. 
68.  Earthquakes  in  California  in  1889,  by  James  Edward  Keeler.  1890.  8°.  25  pp.  Price  5 

cents. 
69.  A  Classed  and  Annotated  Biography  of  Fossil  Insects,  by  Samuel  Howard  Scudder.  1890. 

8G.     101pp.     Price  15  cents. 
70.  A  Report  on  Astronomical  Work  of  1889  and  1890.  by  Robert  Simpson  Woodward.  1890.  8°. 

79  pp.     Price  10  cents. 
71.  Index  to  the  Known  Fossil  Insects  of  the  World,  including  Myriapods  and  Arachnids,  by 

Samuel  Hubbard  Scudder.     1891.     8C.     744  pp.     Price  50  cents. 
72.  Altitudes  between  Lake  Superior  and  the  Rocky  Mountains,  by  Warren  Upkani.  1891.  8°. 

229  pp.     Price  20  cents. 
73.  The  Viscosity  of  Solids,  by  Carl  Barns.     1891.     8°.     xii,  139  pp.     6  pi.     Price  15  cents. 
74.  The  Minerals  of  North  Carolina,  by  Frederick  Augustus  Gentk.  1891.  8°.  119  pp.  Price 

15  cents. 
75.  Record  of  North  American  Geology  for  1887  to  1889,  inclusive,  by  Nelson  Horatio  Darton. 

1891.     8°.     173  pp.     Price  15  cents. 
76.  A  Dictionary  of  Altitudes  in  the  United  States  (Second  Edition ) ,  compiled  by  Henry  Gannett, 

Chief  Topographer.    '1891.     8°.     393  pp.     Price  25  cents. 77.  The  Texan  Permian  and  its  Mesozoic  Types  of  Fossils,  by  Charles  A.  White.  1891.  8°.  51 
pp.     4  pi.     Price  10  cents. 

78.  A  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal 
Year  1889-90.     F.  W.  Clarke,  Chief  Chemist.     1891.     8°.     131  pp.     Price  15  cents. 

79.  A  Late  Volcanic  Eruption  in  Northern  California  and  its  Peculiar  Lava,  by  J.  S.  Diller. 
80.  Correlation  Papers — Devonian  and  Carboniferous,  by  Henry  Shaler  Williams.  1891.  8°. 

279  pp.     Price  20  cents. 
81.  Correlation  Papers — Cambrian,  by  Charles  Doolittle  Walcott.  1891.  8°.  547  pp.  3  pi. 

Price  25  cents. 

82.  Correlation  Papers — Cretaceous,  by  Charles  A.  White.  1891.  8°.  273  pp.  3  pi.  Price  20 
cents. 

83.  Correlation  Papers — Eocene,  by  William  Bullock  Clark.  1891.  8°.  173  pp.  2  pi.  Price 
15  cents. 

84.  Correlation  Papers— Neocene,  by  W.  H.  Dall  and  G.  D.  Harris.  1892.  8°.  349  pp.  3  pi. 
Price  25  cents. 

85.  Correlation  Papers — The  Newark  System,  by  Israel  Cook  Russell.  1892.  8°.  344  pp.  13  pi. 
Price  25  cents. 

86.  Correlation  Papers — Archean  and  Algonkian,  by  C.  R.  Van  Hise.  1892.  8°.  549  pp.  12  pi. 
Price  25  cents. 

87.  A  Synopsis  of  American  Fossil.  Brachiopoda.  including  Bibliography  and  Synonymy,  by 
Charles  Schuchert.     1897.     8°.     464  pp.     Price  30  cents. 

88.  The  Cretaceous  Foraminifera  of  New  Jersey,  by  Rufus  Mather  Bagg,  Jr.  1898.  8°.  89  pp. 
6  pi.     Price  10  cents. 

89.  Some  Lava  Flows  of  the  Western  Slope  of  the  Sierra  Nevada,  California,  by  F.  Leslie 
Ransome.     1898.     8°.     74  pp.     11  pi.     Price  15  cents. 

90.  A  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainlv  during  the  Fiscal 

Year  1890-91.     F.  W.  Clarke,  Chief  Chemist.     1892.     8°.     77  pp.     Price' 10  cents. 91.  Record  of  North  American  Geology  for  1890,  by  Nelson  Horatio  Darton.  1891.  8°.  88  pp. Price  10  cents. 

92.  The  Compressibility  of  Liquids,  by  Carl  Barns.     1892.     8C.     96  pp.     29  pi.     Price  10  cents. 
93.  Some  Insects  of  Special  Interest  from  Florissant.  Colorado,  and  Other  Points  in  the  Tertiaries 

of  Colorado  and  Utah,  by  Samuel  Hubbard  Scudder.     1892.    8°.     35  pp.     3  pi.     Price  5  cents. 
94.  The  Mechanism  of  Solid  Viscosity,  by  Carl  Barns.     1892.     8°.     138  pp.     Price  15  cents. 
95.  Earthquakes  in  California  in  1890  and  1891,  by  Edward  Singleton  Holden.  1892.  8°.  31pp. Price  5  cents. 

96.  The  Volume  Thermodynamics  of  Liquids,  by  Carl  Barns.     1892.     8°.     100  pp.     Price  10  cents. 
97.  The  Mesozoic  Echinodermata  of  the  United  States,  by  W.B.Clark.  1893.  8°.  207  pp.  50  pi. Price  20  cents. 

98.  Flora  of  the  Outlying  Carboniferous  Basins  of  Southwestern  Missouri,  by  David  White. 
1893.     8°.     139  pp.     5  pi.     Price  15  cents. 

99.  Record  of  North  American  Geology  for  1891,  by  Nelson  Horatio  Darton.  1892.  8°.  73  pp. Price  10  cents. 

100.  Bibliography  and  Index  of  the  Publications  of  the  U.  S.  Geological  Survey,  1879-1892,  by 
Philip  Creveling  Warnian.     1893.     8°.     495  pp.     Price  25  cents. 

101.  Insect  Fauna  of  the  Rhode  Island  Coal  Field,  by  Samuel  Hubbard  Scudder.  1893.  8°. 
27  pp.     2  pi.     Price  5  cents. 

102.  A  Catalogue  and  Bibliography  of  North  American  Mesozoic  Invertebrata,  by  Cornelius 
Breckinridge  Boyle.     1892.     8C.     315  pp.     Price  25  cents. 



VI  ADVERTISEMENT. 

103.  High  Temperature  Work  in  Igneous  Fusion  and  Ebullition,  chiefly  in  Relation  to  Pressure, 
by  Carl  Barus.     1893.     8;.     57  pp.     9  pi.     Price  10  cents. 

104.  Glaciation  of  the  Yellowstone  Valley  north  oi  the  Park,  by  Walter  Harvey  Weed.    1893.    8°. 
41  pp.     4  pi.     Price  5  cents. 

105.  The  Laramie  and  the  Overlying  Livingstone  Formation  in  Montana,  by  Walter  Harvey 
Weed,  with  Report  on  Flora,  by  Frank  Hall  Knowiton.     1893.     8°.     68  pp.     6  pi.     Price  10  cents. 

106.  The  Colorado  Formation  and  its  Invertebrate  Fauna,  by  'J'.  \V.  Stanton.     1893.     8°.     288 
pp.     45  pi.     Price  20  cents. 

107.  The  Trap  Hikes  of  the  Lake  Champlain  Region,   by   James  Furman   Kemp  and  Vernon 
Freeman  Marsters.     1893.     8:.     62pp.     4  pi.     Price  10  cents. 

108.  A  Geological  Reconnoissance  in  Central  Washington,  by  Israel  Cook  Russell.     1893.     8°. 
108  pp.     12  pi.     Price  15  cents. 

109.  The  Eruptive  and  Sedimentary  Rocks  on  Pigeon  Point.  Minnesota,  and  their  Contact  Phe- 
nomena, by  William  Shirley  Bayley.     1893.     8°.     121  pp.     16  pi.     Price  15  cents. 

110.  The  Paleozoic  Section  in  the  Vicinity  of  Three  Forks,  Montana,  by  Albert  Charles  Peale. 

893.     8°.     56  pp.     6  pi.     Price  10  cents. 
111.  Geology  of  the  Big  Stone  Gap  Coal  Fields  of  Virginia  and  Kentucky,  by  Marius  R.  Camp- 
bell.    1893.     8°.     106  pp.     6  pi.     Price  15  cents. 
112.  Earthquakes  in  California  in  1892,  by  Charles  D.  Perrine.    1893.    8°.    57  pp.    Price  10  cents. 
113.  A  Report  of  Work  done  in  the  Division  of  Chemistry  during  the  Fiscal  Years  1891-;92  and 

1892-'93.     F,  W.  Clarke,  Chief  Chemist.     1893.     8°.     115  pp.     Price  15  cents. 
114.  Earthquakes  in  California  in  1893.  by  Charles  D.  Perrine.    1894.    8°.    23  pp.    Price  5  cents. 
115.  A  Geographic  Dictionary  of  Rhode  Island,  by  Henry  Gannett.     1894.     8°.     31  pp.     Price 5  cents. 

116.  A  Geographic  Dictionary  of  Massachusetts,  by  Henry  Gannett.     1894.     8°.     126  pp.     Price 
15  cents. 

117.  A  Geographic  Dictionary  of  Connecticut,  by  Henry  Gannett.     1894.     8°.     67  pp.     Price  10 cents. 

118.  A  Geographic  Dictionary  of  New  Jersey,  by  Henry  Gannett.     1894.     8°.     131  pp.     Price  15 cents. 
119.  A  Geological  Reconnoissance  in  Northwest  Wyoming,  by  George  Homaus  Ehlridge.     1894. 

8°.     72  pp.     Price  10  cents. 
120.  The  Devonian  System  of  Eastern  Pennyslvania  and  New  York,  by  Charles  S.  Prosser.     1894. 

8°.     81pp.     2  pi.     Price  10  cents. 
121.  A  Bibliography  of  North  American  Paleontology,  by  Charles  Rollin  Keyes.     1894.    8°.     251 

pp.     Price  20  cents. 
122.  Results  of  Primary  Triangulation,  by  Henry  Gannett.     1894.     8°.     412  pp.     17  pi.     Price 

25  cents. 

123.  A  Dictionary  of  Geographic  Positions,  by  Henry  Gannett.     1895.     8°.     183  pp.     1  pi.    Price 
15  cents. 

124.  Revision  of  North  American  Fossil  Cockroaches,  by  Samuel  Hubbard  Sctidder.     1895.     8°. 
176  pp.     12  pi.     Price  15  cents. 

125.  The   Constitution   of    the    Silicates,  by  Frank  Wigglesworth  Clarke.     1895.     8°.     109    pp. 
Price  15  cents. 

126.  A  Mineralogical  Lexicon  of  Franklin,  Hampshire,  and  Hampden  counties,  Massachusetts, 

by  Benjamin  Kendall  Emerson.     1895.     8-.     180  pp.     1  pi.     Price  15  cents. 
127.  Catalogue  and  Index  of  Contributions  to  North  American  Geology,  1732-1891,  by  Nelson 

Horatio  Darton.     1896.     8:.     1045  pp.     Price  60  cents. 
128.  The  Bear  River  Formation  and  its  Characteristic  Fauna,  by  Charles  A.  White.     1895.     8°. 

108  pp.     11  pi.     Price  15  cents. 
129.  Earthquakes  in  California  in  1894,  by  Charles  D.  Perrine.    1895.     8°.     25  pp.     Price  5  cents. 
130.  Bibliography  and  Index  of  North  American  Geology.  Paleontology,  Petrology,  and  Miner- 

alogy for  1892  and  1893,  by  Fred  Boughton  Weeks.     1896.     8:V   210  pp.     Price  20  cents.' 131.  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Calendar  Years  1893  and  1894, 
by  Frederick  Haynes  Newell,  Topographer  in  Charge.     1895.     8  .     126  pp.     Price  15  cents. 

132.  The  Disseminated  Lead  Ores  of  Southeastern  Missouri,  by   Arthur  Wiuslow.     1896.     8°. 
31  pp.     Price  5  cents. 

133.  Contributions   to  the   Cretaceous  Paleontologv  of  the  Pacific   Coast:    The  Fauna  of  the 
Knoxville  Beds,  by  T.W.  Stanton.     1895.     8°.     132  pp.     20  pi.     Price  15  cents. 

134.  The  Cambrian  Rocks  of  Pennsylvania,  by  Charles  Doolittle  Walcott.     1896.     8°.     43  pp. 
15  pi.     Price  5  cents. 

135.  Bibliography  and  Index  of  North  American  Geology.  Paleontology,  Petrology,  and  Miner- 
alogy for  the  Year  1894,  by  F.  B.  Weeks.     1896.     8°.     141  pp.     Price  15  cents. 
136.  Volcanic  Rocks  of  South  Mountain.  Pennsylvania,  by  Florence  Baseom.    1896.    S-.    124  pp. 

28  pi.     Price  15  cents. 
137.  The  Geology  of  the  Fort  Riley  Military  Reservation  and  Vicinity.  Kansas,  by  Robert  Hay. 

1896.     8°.     35  pp.     8  pi.     Price  5  cents. 
138.  Artesian-Well  Prospects  in  the  Atlantic  Coastal  Plain  Region,  by  N.  H.  Darton.     1896.     8°. 

228  pp.     19  pi.     Price  20  cents. 
139.  Geology  of  the  Castle  Mountain  Mining  District,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirs- 

son.     1896.     8°.     164  pp.     17  pi.     Price  15  cents. 
140.  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Calendar  Year  1895,  by  Frederick 

Haynes  Newell.  Hydrographer  in  Charge.     1896.     8;.     356  pp.     Price  25  cents. 
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141.  The  Eocene  Deposits  of  the  Middle  Atlantic  Slope  in  Delaware,  Maryland,  and  Virginia, 
by  William  Bullock  Clark.     1896.     8°.     167  pp.     40  pi.     Price  15  cents. 

142.  A  Brief  Contribution  to  the  Geology  and  Paleontology  of  Northwestern  Louisiana,  by 
T.  Wayland  Vaughan.     1896.     8°.     65  pp.     4  pi.     Price  10  cents. 

143.  A  Bibliography  of  Clays  and  the  Ceramic  Arts,  by  John  C.  Branner.  1896.  8°.  114  pp. Price  15  cents. 
144.  The  Moraines  of  the  Missouri  Coteau  and  their  Attendant  Deposits,  bv  James  Edward  Todd. 

1896.     8°.     71  pp.     21  pi.     Price  10  cents. 
145.  The  Potomac  Formation  in  Virginia,  by  W.  M.  Fontaine.  1896.  8°.  149  pp.  2  pi.  Price 

15  cents. 

146.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Miner- 
alogy for  the  Year  1895,  by  F.  B.  Weeks.     1896.     8°.     130  pp.     Price  15  cents. 
147.  Earthquakes  in  California  in  1895,  by  Charles  D.  Perrine,  Assistant  Astronomer  in  Charge 

of  Earthquake  Observations  at  the  Lick  Observatory.     1896.     8-'.     23  pp.     Price  5  cents. 
148.  Analyses  of  Rocks,  with  a  Chapter  on  Analytical  Methods.  Laboratory  of  the  United  States 

Geological  Survey,  1880  to  1896,  by  F.  W.  Clarke  and  W.  F.  Hillebrand.  1897)  8°.  306  pp.  Price 20  cents. 

149.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Miner- 
alogy for  the  Year  1896,  by  Fred  Bough  ton  Weeks.     1897.     8°.     152  pp.     Price  15  cents. 
150.  The  Educational  Series  of  Rock  Specimens  collected  and  distributed  by  the  United  States 

Geological  Survey,  by  Joseph  Silas  Diller.     1898.     8°.     398  pp.     47  pi.     Price  25  cents. 
151.  The  Lower  Cretaceous  Gryphteas  of  the  Texas  Region,  by  R.  T.  Hill  and  T.  Wayland 

Vaughan.     1898.     8°.     139  pp.     25  pi.     Price  15  cents. 
152.  A  Catalogue  of  the  Cretaceous  and  Tertiary  Plants  of  North  America,  by  F.  H.  Knowlton. 

1898.     8°.     247  pp.     Price  20  cents. 
153.  A  Bibliographic  Index  of  North  American  Carboniferous  Invertebrates,  by  Stuart  Weller. 

1898.     8-.     653  pp.     Price  35  cents. 
154.  A  Gazetteer  of  Kansas,  by  Henry  Gannett.     1898.     8C.     246  pp.     6  pi.     Price  20  cents. 
155.  Earthquakes  in  California  in  1896  and  1897,  by  Charles  D.  Perrine,  Assistant  Astronomer 

in  Charge  of  Earthquake  Observations  at  the  Lick  Observatory.     1898.     8C.     47  pp.     Price  5  cents. 
156.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Miner- 
alogy for  the  Year  1897,  by  Fred  Boughton  Weeks.     1898.     8°.     130  pp.     Price  15  cents. 

In  preparation: 
157.  The  Gneisses,  Gabbro-Schists,  and  Associated  Rocks  of  Southeastern  Minnesota,  by  C.  W. 

Hall. 
158.  The  Moraines  of  South  Dakota  and  their  Attendant  Deposits,  by  J.  E.  Todd. 
159.  The  Geology  of  Eastern  Berkshire  County.  Massachusetts,  by  B.  K.  Emerson. 
160.  A  Dictionary  of  Altitudes  in  the  United  States  (Third  Edition),  compiled  by  Henry 

Gannett. 
WATER-SUPPLY  AND  IRRIGATION  PAPERS. 

By  act  of  Congress  approved  June  11,  1896,  the  following  provision  was  made: 
"Provided,  That  hereafter  the  reports  of  the  Geological  Survey  in  relation  to  the  gaugiug  of 

streams  and  to  the  methods  of  utilizing  the  water  resources  may  be  prin'  ed  in  octavo  form,  not  to 
exceed  one  hundred  payes  in  length  and  live  thousand  copies  in  number;  one  thousand  copies  oi'  which 
shall  be  for  the  official  use  of  the  Geological  Survey,  one  thousand  five  hundred  copies  shall  be  deliv- 

ered to  the  Senate,  and  two  thousand  five  hundred  copies  shall  be  delivered  to  the  House  of  Repre- 

sentatives, for  distribution.'' Under  this  law  the  following  papers  have  been  issued: 

1.  Pumping  Water  for  Irrigation,  by  Herbert  M.  v'ilson.     1896.     8°.     57  pp.     9  pi. 
2.  Irrigation  near  Phcenix,  Arizona,  by  Arthur  P.  Davis.     1897.     8°.     97  pp.     31  pi. 
3.  Sewage  Irrigation,  by  George  W.  Rafter.     1897.     8°.     100  pp.    4  pi. 
4.  A  Reconnoissance  in  Southeastern  Washington,  by  Israel  Cook  Russell.    1897.    8°.    96  pp.    7  pi. 
5.  Irrigation  Practice  on  the  Great  Plains,  by  Elias  Branson  Co wgill.     1897.     8°.     39  pp.     12  pi. 
6.  Underground  Waters  of  Southwestern  Kansas,  by  Erasmus  Haworth.    1897.    8°.    65  pp.     12  pi. 
7.  Seepage  Waters  of  Northern  Utah,  by  Samuel  Fortier.     1897.     8C.    50  pp.     3  pi. 
8.  Windmills  for  Irrigation,  by  Edward  Charles  Murphy.     1897.     8C.     49  pp.    8  pi. 
9.  Irrigation  near  Greeley,  Colorado,  by  David  Boyd.     1897.     8°.     90  pp.    21  pi. 
10.  Irrigation  in  Mesilla  Valley,  New  Mexico,  by  F.  C.  Barker.     1898.     8°.     51  pp.     11  pi. 

11.  River  Heights  for  1896,  by  Arthur  P.  Davis.*   1897.     8°.     100  pp. 12.  Water  Resources  of  Southeastern  Nebraska,  by  Nelson  H.  Darton.     1898.     8C.     55  pp.     21  pi. 
13.  Irrigation  Systems  in  Texas,  by  William  Ferguson  Hutsou.    1898.     8°.     67  pp.     10  pi. 
14.  New  Tests  of  Certain  Pumps  and  Water-Lifts  used  in  Irrigatiou,  by  Ozni  P.  Hood.    1889.     8°. 

91  pp.     1  pi. 
15.  Operations  at  River  Stations.  1897,  Part  I.     1898.     8°.     100  pp. 
16.  Operations  at  River  Stations,  1897.  Part  II.     1898.     8°.     101-200  pp. 
17.  Irrigation  near  Bakersfield,  California,  by  C.  E.  Gruusky.     1898.     8°.     i)6  pp.     16  pi. 
18.  Irrigation  near  Fresno,  California,  by  C.  E.  Gruusky.     1898.     8°.     94  pp.     14  pi. 
19.  Irrigation  near  Merced.  California,  by  C.  E.  Gruusky.     1899.     8°.     59  pp.     11  pi. 
20.  Experiments  with  Windmills,  by  T.  O.  Perry.     1899.     8°.     97  pp.     12  pi. 

21.  Wells  of  Northern  Indiana,  bv  Frank  Leverett.      1899.     8°.     82"  pp.     2  pi. 22    Sewage  Irrigation.  Part  II,  by  George  W.  Halter.     1899.     8°.     100  pp.     7 pi. 
23.  Water-Right  Problems  of  Bighorn  Mountains,  by  Elwood  Mead.     1899.     8°.     62  pp.     7  pi. 
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In  press: 
24.  Water  Resources  of  the  State  of  New  York,  Part  I.  by  George  W.  Rafter.  1899.  8°. 

99  pp.     13  pi. 

25.  Water  Resources   of  the  State  of  New   York.   Part  II,   by  George  W.   Rafter.     1899.     8°. 
101-200  pp.     12  pi. 

26.  Wells  of  Southern  Indiana  (Continuation  of  No.  21).  by  Frank  Leverett.  1899.  8°  64  pp. 
In  preparation: 

27.  Operations  at  River  Stations,  1898,  Part  I. 
28.  Operations  at  River  Stations,  1898,  Part  II. 
29.  Wells  and  Windmills  in  Nebraska,  by  Edwin  H.  Barbour. 
30.  Water  Resources  of  the  Lower  Peninsula  of  Michigan,  by  Alfred  E.  Lane. 

TOPOGRAPHIC  MAP  OF  THE  UNITED  STATES. 

When,  in  1882,  the  Geological  Survey  was  directed  by  law  to  make  a  geologic  map  of  the  United 
States  there  was  in  existence  no  suitable  topographic  map  to  serve  as  a  base  for  the  geologic  map. 
The  preparation  of  such  a  topographic  map  was  therefore  immediately  begun.  About  one-fifth  of  the 
area  of  the  country,  excluding  Alaska,  has  now  been  thus  mapped.  The  map  is  published  in  atlas 
sheets,  each  sheet  representing  a  small  quadrangular  district,  as  explained  under  the  next  head- 

ing. The  separate  sheets  are  sold  at  5  cents  each  when  fewer  than  100  copies  are  purchased,  but  when 

they  are  ordered  in  lots  of  100  or  more-  copies,  whether  of  the  same  sheet  or  of  different  sheets,  the 
price  is  2  cents  each.  The  mapped  areas  are  widely  scattered,  nearly  every  State  being  represented. 

About  900  sheets  have  been  engraved  and  printed;  they  are  tabulated  by  States  in  the  Survey's 
''List  of  Publications,''  a  pamphlet  which  may  be  had  on  application. 

The  map  sheets  represent  a  great  variety  of  topographic  features,  and  with  the  aid  of  descriptive 
text  they  can  lie  used  to  illustrate  topographic  forms.  This  has  led  to  the  projection  of  an  educational 
series  of  topographic  folios,  for  use  wherever  geography  is  taught  in  high  schools,  academies,  and 
colleges.     Of  this  series  the  first  folio  has  been  issued,  viz : 

1.  Physiographic  types,  by  Henry  Ganuett,  1898,  folio,  consisting  of  tho  following  sheets  and  4 

pages  of  descriptive  text:  Fargo  (N.  Dak. -Minn.),  a  region  in  youth;  Charleston  (W.Va.),a  region  in 
maturity;  Caldwell  (Kans.i,  a  region  in  old  age;  Palmyra  (Va.),  a  rejuvenated  region;  Mount  Shasta, 
(Cal.),  a  young  volcanic  mountain ;  Eagle  (Wis.),  moraines;  Sun  Prairie  (Wis.),  drumlins;  Donald- 

son ville  (La.),  river  flood  plains;  Boothbay  (Me.),  a  fiord  coast;  Atlantic  City  (N.  J.),  a  barrier-beach coast. 

GEOLOGIC  ATLAS  OF  THE  UNITED  STATES. 

The  Geologic  Atlas  of  the  United  States  is  the  final  form  of  publication  of  the  topographic  and 
geologic  maps.  The  atlas  is  issued  in  parts,  progressively  as  the  surveys  are  extended,  and  is  designed 
ultimately  to  cover  the  entire  country. 

Under  the  plan  adopted  the  entire  area  of  the  country  is  divided  into  small  rectangular  districts 
(designated  quadrangles),  bounded  by  certain  meridians  and  parallels.  The  unit  of  survey  is  also  the 
unit  of  publication,  and  the  maps  and  descriptions  of  each  rectangular  district  are  issued  as  a  folio  of 
the  Geologic  Atlas. 

Each  folio  contains  topographic,  geologic,  economic,  and  structural  maps,  together  with  textual 
descriptions  and  explanations,  and  is  designated  by  the  name  of  a  principal  town  or  of  a  prominent 
natural  feature  within  the  district. 

Two  forms  of  issue  have  been  adopted,  a  ''library  edition"  and  a  "field  edition."  In  both  the 
sheets  are  bound  between  heavy  paper  covers,  but  the  library  copies  are  permanently  bound,  while 
the  sheets  and  covers  of  the  field  copies  are  only  temporarily  wired  together. 

Under  the  law  a  copy  of  each  folio  is  sent  to  certain  public  libraries  and  educational  institu- 
tions. The  remainder  are  sold  at  25  cents  each,  except  such  as  contain  an  unusual  amount  of  matter, 

which  are  priced  accordingly.  Prepayment  is  obligatory.  The  folios  ready  for  distribution  are  listed 
below. 

No. Limiting  meridians. 
Area,  in 

Price, 

par 

ille 
s. 

square 

miles. m cents. 

45°-46° 
3,354 

25 

34° 

30' 

-35° 

980 25 

::> 

30' 

-39° 

932 25 

35° 

30' 

-36° 

969 

25 

38° 

30'-39° 

932 25 

35°-35° 

30' 

975 

25 

38° 

30' 

-39° 

932 25 

35° 

-35° 

30' 

975 25 

38°  45' 

-39° 

465 50 

39°-39c 

30' 

925 25 

38°-3S°  30' 

938 

25 

:i(i° 

30' 

-37° 

957 25 

Livingston     Montana   
-r,.  ,,  (Georgia   Kmggokl   (Tennessee   
Placerville      California   
Kingston      Tennessee   
Sacramento      California   
Chattanooga       ;  Tennessee   
Pikes  Peak  (oat  of  stock)   i  Colorado   
Sewanee      Tennessee   
Anthracite-Crested  Butte   !  Colorado   

(Virginia   
Harpers  Ferry   <  West  Virginia  . 

(Maryland   
-Jackson      California   

[Virginia   Estillville   ^Kentucky   
:  [Tennessee   

lur-ni- S5°-S5°  30' 

120°  30'-121^ 
84°  30'-85° 121°-121°  30' 

85°-S5°  30' 
105°-105°  30' 

850  30'-8G° 
106°  45'-107fl  15' 

770  30'-78* 

120°  30'-121° 

820  30'-S3° 
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No. 
Name  of  sheet. 

Fredericksburg .  - 

Staunton    

Lassen  Peak. 

Knoxville   

Marysville..- 
Smartsvjlle  - . 

19     Stevenson  . 

Cleveland   
Pikeville   
McHimiville. 

Nomini   

Three  Forks. 
Loudon   

Pocahontas . . 

Horristown.. 

State. 

/Maryland   
I  Virginia   
/Virginia   
\West  Virginia. 
California   (Tennessee   

(North  Carolina 
California   
California   

[Alabama   
<  Georgia   
I  Tennessee   
Tennessee   
Tennessee   
Tennessee   

(Maryland    
\  Virginia   Montana   
Tennessee   

/Virginia 

Limiting  meridians. 

28     Piedmont. 

29  ;  Nevada  City. 

32 33  I 34 

35  I 36  j 

37 
38 
39 40  1 

41 

42. 43 

44 

45 

46 47 
48 
49 

[Nevada  City .<  Grass  Valley 

(Banner  Eili 

{Gra
llat

in  . 

Cany
on 

. . Shos
hone

 

Lake
 
  

Pyramid  Peak   
Franklin   

\TVest  Virginia . 
Tennessee   

(Virginia   
I  Maryland   
IWest  Virginia. 

California   !(121°  00' 

.121"  01' 

K120°  57' 

77°-77°  30' 

79°-790  30' 

121°-122° 
S3°  30'-84° 

121°  30'-122° 
121°-121°  30' 

84°  30'-85° 85°-85°  30' 

85°  30'-86° 

111°-112° 84°-81°  30' 
81°-S1°  30' 

83°-S3°  30' 

25"-121°  03'  45'' 
35"-121°  05'  04" 
05"-121°  00'  25" 

"Wyoming 

California 

/Virginia  . ("West  Virginia  ..  / 
Briceville      Tennessee   
Buckhannon      West  Virginia 
Gadsden      Alabama   
Pueblo      Colorado   
Downieville      California   
Butte  Special      Montana   
Truckee      California   

Wartburg   '  Tennessee   
Sonora   I  California   
Nueces      Texas   
Bidwell  Bar   I  California   

Tazewell   [Vi^i1^- -;•:• \West  Virginia 
Boise   I  Idaho   
Kichmond      Kentucky   
London      Kentucky   
Tenmile  District  Special      Colorado   
Roseburg      Oregon   

120°-120°  30' 

79°-79=  30' 

S4°-84°  30' 
80°-80°  30' 
S6°-86°  30' 

104°  30'-105° 
120°  30'-121° 

30"-112°  30'  42" 

120°-120°  30' 

84°  30'-85° 120°-120°  30' 
100°-100°  30' 
121°-121°  30' 

81°  30'-82° 
116°-11G°  30' 

84°-84°  30' 
84°-84°  30' 

100°  8'-106°  16' 

123°-123°  30' 

Limiting  parallels. 

38°-38°  30' 

38°-38°  30' 

40°-41° 
35°  30'-36° 

39°-39°  30' 39°-39°  30' 

35°-35°  30' 

35°  30'-36° 
35°  30'-36° 

45=-46° 35°  30 '-36° 
37°-37°  30' 

36°-36°  30' 

39°-39°  30' 
39°  13'  50"-39'  17'  16" 
39°  10'  22"-39°  13'  50" 
39°  13'  50"-39°  17'  16" 

3S°  30'-39° 36°-36°  30' 

38°  30'-39° 34°-34°  30' 
38°-38°  30' 

39°  30'-40° 
45°  59'  28"^46°  02'  54" 

39°-39°  30' 
36°-30°  30' 

37°  30'-38° 
29°  30'-30° 
39=  30'-40° 
37°-37°  30' 

43°  30'^t4° 

37°  30'-38° 37°-37°  30' 39°  22'  30"-39°  30'  30" 
43°-43°  30' 

Area,  in 

square 

miles. 

Price. 

in 

cents. 938 

93S 

3,634 
925 

025 

925 

3,354 
909 

951 

963 

11.65 

11.65    ) 

12.09 11.65    ) 

932  j 

932 

963 

932 

986 

938 

919 
22.80 

925 

25 

25 

25 
25 

50 

25 

25 
25 
25 
50 
25 
50 
25 

944 25 

,  035 

25 

918 25 

950 

25 

864 

25 

944 

25 

950 

25 

55 25 
87] 

25 

STATISTICAL  PAPERS. 

Mineral  Resources  of  the  United  States  [1882],  by  Albert  Williams,  jr.     1883.     8°.     xvii.  813  pp. 
Price  50  cents. 

Mineral  Resources  of  the  United  States,  1883  and  1884,  by  Albert  "Williams,  jr.     1885.     8°.     xiv 1016  pp.     Price  60  cents. 

Mineral  Resources  of  the  United  States,  1885.     Division   of  Minins;  Statistics   and  Technoloo-y. 
1886.     8°.     vii,  576  pp.     Price  40  cents. 

Mineral  Resources  of  the  United  States,  1886,  by  David  T.  Day.     1887.     8°.     viii,  813  pp.     Price 
50  cents. 

Mineral  Resources  of  the  United  States.  1887,  by  David  T.  Day.     1888.     8°.     vii,  832  pp.     Price 
50  cents. 

Mineral  Resources  of  the  United  States,  1888,  by  David  T.  Day.     1890.     8°.     vii,  652  pp.     Price 
50  cents. 

Mineral  Resources  of  the  United  States,  1889  and  1890,  by  David  T.  Day.     1892.     8°.     viii,  Ii71  pp. Price  50  cents. 

Mineral  Resources  of  the  United  States,  1891,  by  David  T.  Day.     1893.     8° 
50  cents. 

Mineral  Resources  of  the  United  States,  1892,  by  David  T.  Day.     1893.     8C 
50  cents. 

Mineral  Resources  of  the  United  States,  1893,  by  David  T.  Day.     1894.     8°.     viii,  810  pp.     Price 50  cents. 

vii,  630  pp.    Price 

vii,  850  pp.     Price 



X  ADVERTISEMENT. 

On  March  2, 1895,  the  following  provision  was  included  in  an  act  of  Congress: 
'•Provided,  That  hereafter  the  report  of  the  mineral  resources  of  the  United  States  shall  he 

issued  as  a  part  of  the  report  of  the  Director  of  the  Geological  Survey.'' In  compliance  with  this  legislation  the  following  reports  have  been  published: 
Mineral  Resources  of  the  United  States,  1891,  David  T.  Day.  Chief  of  Division.  1895.  8°.  xv, 

616  pp.,  23  pi. ;  xix,  735  pp.,  6  pi.     Being  Parts  III  and  IV  of  the  Sixteenth  Annual  Report. 
Mineral  Resources  of  the  United  States,  1895,  David  T.  Day.  Chief  of  Division.  1896.  8°. 

xxiii,  542  pp.,  8  pi.  and  maps;  iii,  543-1058  pp.,  9-13  pi.  Being  Part  III  (in  2  vols.)  of  the  Seventeenth 
Annual  Report. 

Mineral  Resources  of  the  United  States,  1896.  David  T.  Day.  Chief  oi  Division.  1897.  8°. 
xii,  642  pp..  1  pi. ;  643-1400  pp.     Being  Part  V  (in  2  vols.)  of  the  Nineteenth  Annual  Report. 

Mineral  Resources  of  the  United  States,  1897,  David  T.  Day,  Chief  of  Division.  1898.  8°. 
viii,  651  pp.,  11  pi. ;  viii,  706  pp.     Being  Part  VI  (in  2  vols.)  of  the  Nineteenth  Annual  Keport 

The  money  received  from  the  sale  of  the  Survey  publications  is  deposited  in  the  Treasury,  and 

the  Secretary  of  that  Department  declines  to  receive  bank  checks,  drafts,  or  postage  stamps;  all  remit- 

tances therefore,  must  be  by  MONEY  ORDER,'  made  payable  to  the  Director  of  the  United  States 
Geological  Survey,  or  in  CURRENCY — the  exact  amount.  Correspondence  relating  to  the  publications 
of  the  Survey  should  be  addressed  to 

The  Director, 
United  States  Geological  Survey, 

Washington,  D.  C,  April,  1899.  Washington,  D.  C. 



[Take  this  leaf  out  and  paste  the  separated  titles  upon  three  of  your  cata- 
logue cards.  The  lirst  and  second  titles  need  no  addition ;  over  the  third  write 

that  subject  under  which  you  would  place  the  book  in  your  library.] 

LIBRARY  CATALOGUE  SLIPS. 

United  States.     Department  of  the  interior.     (  V.  S.  geological  survey.) 

Department  of  the  interior'!  —  |  Monographs  |  of  the  |  United 
States  geological  survey  |  Volume  XXXII  |  Part  II  |  [Seal  of 

the  department]  |  Washington  |  government  printing  of'Iiee  |  1899 
Second  title:  United  States  geological  survey  |  Charles  D. 

Walcott,  director  |  —  |  Geology  |  of  the  |  Yellowstone  national 

park  |  —  |  Part  II  |  Descriptive  geology,  petrography,  and  pale- 
ontology |  l>y  |  Arnold  Hague,  J.  P.  Iddings,  W.  H.  Weed  |  and  | 

C.  D.  Walcott,  G.  H.  Girty,  T.  W.  Stanton,  a-nd  F.  II.  Knowlton  | 
[Vignette]  | 

Washington  |  government  printing  office  |  1899 
4°.    xvii,  893  pp.    121  pi. 

Hague  (Arnold)  and  others. 

United    States  geological    survey    |    Charles   D.  Walcott,   di- 

rector |  —  |  Geology  |  of  the   |  Yellowstone    national  park   |  —  | 
Part  II  |  Descriptive  geology,  petrography,  and  paleontology  | 
by  |  Arnold  Hague,  .1.  P.  Iddings,  W.  H.  Weed   |  and  |  CD.  Wal- 

cott, G.  H.  Girty,    T.  W.  Stanton,  and  F.  H.  Knowlton   |    [Vig- 
nette] | 

"Washington  |  government  printing  oflice  |  1899  ' 
4°.    xvii,  893  pp.    121  pi. 

[United  States.    Department  of   the  interior.     [U.  S.  geological  survey.) 
Monograph  XXXII.] 

United   States   geological   survey   |    Charles   D.    Walcott,   di- 

rector |  —  |  Geology  |  of  the  |  Yellowstone  national  park  |  —  | 
Part  II  |  Descriptive  geology,  petrography,  and  paleontology  | 
hy  |  Arnold  Hague,  J.  P.  Iddings,  W.  H.  Weed  |  and  |  C.  I).  Wal- 

cott, G.  II.  Girty,   T.  W.   Stanton,   and  F.  IT.  Knowlton    |    [Vig- 
nette] | 

Washington  |  government  printing  office  |  1899 
4°.    xvii,  893  pp.     121  pi. 
[United  Statics.     Department  of   the.  interior.     [U.   S.  geological  survey 

M   graph  XXXII.] 
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