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Plate 16, figure 1; for ‘‘forest’’ read foreset 

‘« 23, add the following: + means uplift, — means depression 

Page 60, line 7 from bottom ; jor ‘‘see fault line’’ read see unlettered fault line 

‘« 61, line 5 from top ; omit ‘‘ unlettered’’ 
‘¢ 279, line 4 from top ; for ‘‘ probably’”’ read possibly 

‘¢ 279, line 19 from bottom ; for ‘‘ Toqueville’’ read Toquerville 

‘¢ 279, footnote ; for ‘‘ Toqueville’’ read Toquerville 

‘¢ 281, line 18 from bottom ; after ‘‘ Detrital-Sacramento’”’ add valley 

‘¢ 282, line 13 from bottom ; for ‘‘ Gravel canyon’’ read Grand canyon 
‘¢ 488, line 2 from top ; for ‘‘figure’’ read plate 64 

‘¢ 505, line 21 from top ; before ‘‘however”’ insert not 

‘¢ 505, line 15 from bottom ; for ‘‘bolt”’ read belt 

‘¢- 6519, lines 7 and 8 from bottom ; for ‘‘ Nordmarkase’ 

‘¢ §22, line 15 from top ; for ‘‘inclusive’’ read intrusive 

‘¢ 637, line 24 from top ; for ‘‘1906”’ read 1905 

? read Nordmarkosi 





a 

ae 

i 

i 

i 
¢ 

bY 

' 1 

‘ 

a 

‘ 

~ 

rod 

’ 

i 

r . 

‘ 
Sp a)" ; ‘ 

ie ap he)! J - a 

ean ONG AL eR Geel 

ft 

A 
— a, Di Ob he. 

‘ 



SoBe Weal aie 

| 

ae (tomy A nc em ith 9  Jelgnia tcadhin Luxdendicn eee ee ee RE oe nal ane, é ‘ 3 Me ea po ea ; et Fp wa hl roksncy pele owrere tah atari ret mod 

Met 
ty 3 

i 
oy 

ey ~~ Vas i . . 

GP eg i 2 ih 

ia eb Wey hig bigs We ; 

ae Mpg hai By FY + 

: ; q ee : 

i deaths € 

5 \ * 

eel Seiig a icesirambiscieiiie’: iby x enact A neg), aay Ti prio Whe ‘an Ae ae Takei tical eased! tani ‘siediclevellial 

i ma 

wee agnor 

bay yao 

mre 

“yh 

" 

t 

2 e 

ae . ene arbi er 

IW Mine 



BULL. GEOL. SOC. AM. 

COEUR ee 
i 

a Sr eg 

ee 

(lap showing portions of 

Nales/n (lil iid Wohin 
Zo accompany | 

Agonkian Fotinatons of Ma thwesteln (Yontay 
oy | 

CMa. L hlidea TF 

Scale. 
24 

. 17, 1905, PL. 1 

@( FT GENTON 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

VOL. 17, PP. 1-28, PLS. 4-11 MAY 17, 1906 

ALGONKIAN FORMATIONS OF NORTHWESTERN MONTANA 

BY CHARLES D. WALCOTT 

(Presented by title before the Society December 29, 1905) 

CONTENTS 

Page 

GS Tera UME NG OTM teats ure e Bere Gates sq ss "a see BES GUA chterae odes ws s 1a ovatus 6 bs eee bie lelace a saetete 2 

Seem MEAD IN SE COU: ale gs. a's. 5 oy oe etameucie Malai) eseuereies! whales Oba ss Slens ce eee wdeé wie 2 

amy Crees. Mission RANnee SCCtlOMas sek os hs cee eee sole bee ee cee oe 2 

MMe sSeehionemm Sener] sega ete she cen: welche wale ove ees eee c's 2 

Cambrian Milathead: SANGStTONESIE Se. Che cc hs ee So oh ee ee ck ake 3 

ALOU Olt AUCTT AMC: sig. ae ee epeeene oi are hie s hue Ge lees ee te Wisleca eas oie 3 

Wann Creelat SOLICS rea. sas wae oe edo a sale RE bo eae eave lelale’ g a 

ClanO Owe SCLICS) |, <-. shal lammean einen ae Aue shies fe areas ow afb eu a) 

HCN SIME 5) 1c! calc aherceatene eneleruatereist ic eel so sie cl eim ee se sg acc ale ase 7 

Résumé of Camp Creek, Mission Range section................. 7 

NWSE Oily INET SCEUION 4's 55 o.c Seale cheieia Oiteeie aieiicie sis @ Sea a siclelala%s adie sue os Ss 

ITOCAMOMEO i EME SECLION) 1205 oc earner & dates ia cial ace ae bie Glee sos a bie we 8 

Gamibrian. Klathead SandstOMeS 7 sie. < ssc vc vec eee els See cee ds 8 

PL HOUM MUM pee Gy VELL AIC. acy accre acedeieianer eid eee slerahee’ sls ares sees s.e ee als 8 

mibenvacy come @lanske IaSS *SCCLIONM: 5 deck seb s dials cc boas sede tes eb ece caw es 9 

UC CAUIOL! OF WS SSOOW NM a Gc cob cough oconee don ob orb Uomco dees 9 

Saar Mam LM MeAd:, Sa StOMes yey. tele teres eiallc vie s)s\* <a hele) ee viral eim ss 9 

ASO ere lts CERTATIC: 2). .2/c cere aiare Baty Gh Sue) slethoe Ge se Sela aed arses eoala 10 

DVM ESUM OME TRA LTO. . & v5.5 neg coe yore eeweee aro tB noe 4 falc ciei'e! a Rls ve guar s oe ieiae's 10 

ELSIE OTA TION”... 404, .tene te ereiecegd ick ais e's) eal e folate Sola, coe ete: wie ois 10 

MAMMA TION; siperenerenare teatime s aero ais w Vie side diate lc ee sew 2 10 

Resmmeor Aleonkian, Belt Verrame i) ie. . hes ea os og ee we 10 

Viole ae SSCUOM le vss esis. 3 Ate Bre ae ore ea lectus Ld else ered eboegeleees 10 

OCwHEION: Of bNE SCCLION. «2 anil ae relate Fe hw sisi a's ie era ga os SRNL RY Sa 10 

PAULO TAU a arches a salads 8 ee opene Te Ree ON ret es ca ok wat By ya aee Vue ne OL s iene se ah 

Bilacktoot series—Upper Division .2 ise... sce oe ee es 10 

Binetoet Series-—LWOWer DIVISION 6 6) ick Weer tie es cei ee wl cleo a lets bal 

INofesronnSeechion trom Belton; Gadsby. ese earn os) e ete a sie: esse ble Gow gare nels 12 

Pye OC Om OM SOCOM serene matte Nerele ules cle wes so csc elm oss 12 

NIV GeO EOI SCCEION!. . care cuales aleiaee Seale ree Giete Whe dise we ua ae aes 13 

Generalized section, Cour d’Alene district, Idaho ................... 14 

Generalized section from Striped peak, Idaho ...................-..- 15 

Noterony limestones near Kalispellipec. ces. cece e os ciel ce wks hee eee es us 

Unconformity between Algonkian and Cambrian................0e0e eee 16 

WOKE La OlE Ols SCCHONS yu as es dle eee Gee areas Ge FAS Gog ce vises sae’ sew as 17 

Algonkian sections of northwestern Montana and northern Idaho......... 18 

I—BuULL. Grou. Soc. AM., Vou. 17. 1905 (1) 



BULL. GEOL. SOC. AM. 

. s a 
g Creston Sy 

SP, 
— . 

72 

(tap showing portions oF 

7o accompany 

Algonkian Forinations of Nethweste(n (Montana 

4 
has Dhaalt 

bey 

VOL. 17, 1905, PL. 1 

2? 
4? 

1 pouth of Bow River Lat ¥¢7° As’, Long U1 “4a! 

1 Castle (fountain Lat 51°/8',\Long W5°5e" 

Wisconlith Lake + $50°#75) * W#°#o 

Galfon Range 49° 0°, “5° 

Adams Lake Lat 51°20; Long. U9 #0" 
Shuswap lanes - 50° , us? 
Gold [lovalains + 50°¢9; 

4, a ppéKean 
2 = 

é Reevaa tf? shin 

A a MF BSG 8h (TP 

€ aN 
Flathsad as5 

ere. = & 

Farlway 
Ao. 

1S) 

ReINVL Pw 

ClearwZer 2. > 

y 

> NS S \ 

S 

4 

5 7 ui ¢ Will 0 wor 04d 

¢ 7 : \ : v! “: ; 

vis 
= Cr: Ee As Ky 

: 7 / Z 
e ; j : 

an SSS ahr se 
‘ Ne Oe, 

ee ie . 
pc 9 4 4 EN 

y ry) = ve o . 4 
/ A Wn 

F Bhacnroyy os KS a \ e £2 en. PGs 

Sn. Westar Gr. z 
Se neat qth 

VAS 0 Se a 226, I 
‘ <r 

. 

A> t 

vysrille. 

sy 
POUN TAI 5 
_———— aS 

\ . ; 2) iS 

Matiest(n Monta and Northern Ido / | GF 





2 C. D. WALCOTT—ALGONKIAN FORMATIONS OF MONTANA 
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INTRODUCTION 

In 1898 I made a reconnaissance of the pre-Cambrian formations of 

the Belt mountains of Montana and published the results.* The section 

extended from the unconformable Cambrian above to Archean complex 

at the base. In 1900 I crossed the Belt mountains and endeavored to 

trace the connection, north of Helena, of the Belt terrane and the pre- 

Cambrian rocks of the Rocky Mountain “front” at Lewis and Clark pass 
and north on the south fork of the Dearborn river. It was evident that 

a great series of strata extended westward beneath the Cambrian that was 

in general similar to the Belt terrane, but quite different in detail. In 

1901, at my request, Mr Bailey Willis studied the Front ranges of the 

Rocky mountains in northern Montana and found a great series of strata 

referred to the Algonkian.t In the survey of the Coeur d’Alene mining 

district of Idaho Mr F. L. Ransome, assisted by Mr F. C. Calkins, found 

most of the region underlain by stratified, siliceous rocks, referred to the 

Algonkian.{ During the field season of 1905 Mr Calkins continued the 

study of the Algonkian rocks of Idaho, and extended his examinations 

into western Montana, nearly to Ravalli, on the Northern Pacific railroad. 

I also had the opportunity of studying the pre-Cambrian rocks of north- 

western Montana in 1905, and of measuring the section from northwest 

of Scapegoat mountain on the Continental divide, westward, crossing the 
Swan and Mission ranges, to the canyon of Jocko creek above Ravalli. 

In this paper I wish to compare the various sections thus far studied 

and to correlate them as far as practicable. The Camp Creek, Mission 

Range section will be taken as the type section, owing to its being capped 

by Cambrian strata and being of greater vertical range than any other 

known section. It embraces portions of the northern section of Mr 

Willis and the western section in the Coeur d’Alene district. 

STRATIGRAPHIC SECTIONS 

CAMP CREEK, MISSION RANGE SHCTION 

The section in general.—The upper portion of Scapegoat mountain, in 

the southeastern portion of the Lewis and Clark forest reserve, is formed 

* Bull. Geol. Soc. Am., vol. 10, pp. 201-215, 235-239. 

+ Bull. Geol.. Soc. Am., vol. 18, pp. 314-324. 

t Manuscript of Geologic Folio, U. S. Geological Survey. 
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CAMP CREEK SERIES 3 

of a great mass of Cambrian limestone, extending 6 miles on a northwest- 
southeast axis and varying in width from one to two miles (see plate 2, 

figure 1). The southeast point is Scapegoat (9,185 feet elevation) and 

the northwest elevation (9,000 feet) I shall call Cambria. The lime- 

stones are superjacent to siliceous Algonkian strata forming the main 

ridge of the Continental divide and the spurs descending from it on the 

north, west, south, and southeast. On the east and northeast the Cam- 

brian limestones slope toward the Dearborn River drainage. 

After a reconnaissance of the area I decided to measure the Algonkian 

section at localities where each of its units, or formations, were well 

exposed and in contact above and below with other known formations. 

For the first, or upper, series of strata the sharp ridges on the 

southeast and northwest sides of Camp creek were selected (see plate 2, 

figure 2). Camp creek heads close to the Continental divide, northwesi 

of Trap mountain, and 12 miles northwest of Cambrian point. It flows 

south-southwest to where it enters Danaher creek, 4 miles above the head 

of the south fork of the Flathead river.* 

Cambrian, Flathead sandstones—The massive, coarse grained sand- 

stones of the Flathead series overlie the Algonkian strata of the Camp 

Creek, Mission Range section at the summit of the Continental divide. 

The fine conglomerate at the base of the Flathead sandstone of the 

Middle Cambrian rests in apparent conformity on the Algonkian strata, 

the layers of both formations dipping north at an angle of 70 degrees. 

Algonkian, Belt terrane-—The Algonkian strata of the Camp Creek, 

Mission Range section, comprise three great series, the Camp Creek, the - 

Blackfoot, and the Ravalli, as follows: 

Camp Creek series 

la. Compact, hard, gray sandstones, almost quartzitic in Feet Feet 

many layers; layers vary in thickness from one-fourth 

inch to 10 inches; often marked by mud cracks and rip- 

ples; toward the top the dip is about 70 degrees north ; 

500 feet in thickness below, the dip increases to 80 

degrees, and decreases to 75 degrees near the base.... LGR 1,062 

From this point the section was measured on the east 

side of Camp creek. 

2a. Reddish brown, arenaceous shales and thin bedded lime- 

stones, alternating irregularly with greenish gray 

bands of shales and sandstones. Some of the thicker 

layers, 2 to 6 inches, are almost quartzitic........... 1,560 1,560 

* See topographic map of Ovando quadrangle, Montana. 

+ All thicknesses, unless otherwise stated, were obtained by measuring the strata 

with rod and clinometer, a method that gives reliable results. (See Proc. U. S. Nat. 

Museum, 1888, vol. xi, p. 447.) 
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Greenish, sandy shales, with thin layers of greenish gray, 

compact sandstone at irregular intervals............. 

, Reddish; brown; Shaly. ‘Sandstones:... sh... Sak cmeecioeealelens 

c. Reddish brown, thin bedded sandstones, becoming more 

d. 

Ga. 

massive, compact, and almost quartzitic 50 to 75 feet 

down. About 50 feet from the base the layers are 

more or less cross-bedded, coarser grained, reddish 

gray in color, and from 2 to 14 inches in thickness.... 

Reddish brown sandstones that, 285 feet from the top, 

gradually pass into alternating thin bedded, reddish 

colored, sandy shales and sandstones. Toward the 

base: there is 60 feet of reddish and green, sandy 

SINOS aos ata ee eices ce Manestenecenare gue w Rue Riese 18m ate: Sue ae One Re Noman tec ceMette 

. Reddish brown, thin bedded and shaly sandstones. Rip- 

ple markings and mud cracks occur abundantly in 

000) Olav ake ON ya ene eae a ee em On En een Le POR, Aare eres. os tS 3 

. Grayish red sandstone in layers 8 inches to 2 feet thick, 

alternating with shaly sandstone bands and partings.. 

. Reddish brown sandstones and shaly beds.............. 

Alternating thin bedded, gray, hard sandstones and sandy 

shales, alternating with an occasional quartzitic sand- 

stone; layers 8 to 12 inches thick. At 360 feet down 

light gray, sandy shales, slightly calcareous in places, 

have a thickness of about 30 feet. Below, the sand- 

stone layers are thicker, with less shaly beds, and 

almost quartzitic in the thicker layers. At 175 feet 

from the top a reddish brown belt 15 feet thick 

occurs; otherwise this great gray sandstone band and 

a Similar band below (6c) are conspicuous features in 

the ridges, as the gray color is in strong contrast 

with the rich, reddish brown bands. Ripple marks 

and mud cracks are of frequent occurrence........... 

Compact, impure, gray limestone, siliceous, arenaceous, 

thin bedded, and shaly, weathering buff to yellow on 

MANY VOL: ATSAB VERS Jit <'. s. sissies Ble a eee ee ee en eee 

Gray sandstones in layers 2 to 8 inches thick, with alter- 

nating bands and parting of shaly sandstones......... 

. Reddish brown, thin bedded, and shaly sandstones...... 

Sixteen feet from the top a layer about 15 inches 

thick is nearly made up of irregularly semispherical 

masses of Cryptozoan. The latter are calcareous in an 

impure sandstone matrix. 

. Gray, Shaly, and thin bedded, compact sandstone........ 

A bed of Cryptozoan occurs 325 feet below the sum- 

mit, in a rough, gray sandstone layer about 4 feet 

thick. 

Feet 

970 

1,362 

Feet 

4,491 

198 

975 
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Feet Feet 

7a. Reddish brown sandstones, thin bedded and often shaly.. 753 

b. Gray, thin bedded, and almost shaly sandstones, with mud 

CRACKS (AMOEeE NOG) MIALKS spelt) aileie cide eee sic sae eles ole oe 158 

c. Reddish brown, thin bedded, and often saly sandstones. . 623 

d. Gray, thin bedded, and shaly sandstones, with mud cracks, 

COIN ATC VEN PLE SMA KIM ES: sic crmtelshen sl «cis. es nie eis ss eae 85 

e. Chocolate red, thin bedded sandstones, alternating with 

impure, gray, arenaceous limestone layers............ 395 

2,014 

Cryptozoan is abundant in small forms in a layer 

6 inches thick, 25 feet from the top. 

Résumé 

Feet Feet 

Mee G Wels SAITO SLOMES) roy a, 4) oo 5 ere ales cio laser dies die 6. ene 6 Gaye: ctwiae ae 1,762 1,762 

Pe PeCOGISIT, SANGSLONECS!. cs oa e Qclas, sted cutee es Stee ee ne ere wc es axe 1,560 1,560 

Bae reenisn Sandstones and Shalesi cs ci dd ce ewe canes 612 

Cae rCuCdisn: DLOWE SATIGSLONES. Sse coatieis ts ee sie wis Ss eee sw ee es 2,002 

EP PELCOMISH (SATMIASTONCS a. 5 ai os cc, crete te pele alcie es oles dade 1,496 

~ a2 4,491 

EPCS ANOS UOIE! oie cine: <n oo iw 0 elope nee obs toate: chaiene wisjlole laps 700 700 

PE SEUICCOM Soll SEOMC) 25 2 c-a55 «sda at daa creuene, terarebeue ok ac) ee ese ae 198 198 

See GaN SAITO STOIC S56 oe oola ha ais. 4 6 aie ciel aiclaisies a GUS watie ww siwiels ye ce ce 482 

eet ONES ae SURO SEOUIE oye na’ a, 5) «fai: be alee leetiage specetapebelel eaiaperaye (a scl cies 68 

ene MeN ATUL SUPINE 02 5 ac! <P'ch'al «1a, ao ei Goet ove le aheha cap eheiete eel t'c. a6 0 o:bisl8.0.e 425 

—_—— 975 

Ree COIS SATICSLOME 55 25 a 5 nd dratene srateleteeie aie ee eG Uljacaas ws 3 753 

De (SUPER EY SPIES IS 1 a ae Pa at A ont ce 158 

G2 weddish Sandstone -. .'... 2.6526 Moscatel bet ah REO ee ae 623 

PPG NAMEN SATIOLSLONIC) fo hve, os ale <. 0! ¢ | 0, suseyel ebayer ee or oy ake ateva) le are ores ehe Sr 85 

ECU SAI SEOME® «ais; «, 50) «, sie.s. ol ov otetieue; eel oletave a 6 aise! opdiavter es ale ces 395 

2,014 

Potion Camp: Oreek \SCPiGS te aera whe s eeolei nce nie: e0evereia a: ojlenevs ser ad 11,700 

Blackfoot series 

Type locality of Blackfoot series: Canyon of North fork of Blackfoot 

river, where the entire section is exposed. 

The red beds of the Camp Creek series rest conformably on the lime- 
stones of the Blackfoot series, about a mile above the mouth of Camp 
creek. The contact between the two formations can be traced for many 

miles to the north, south, and southeast. At Camp creek the Blackfoot 

limestones are broken by a fault in the canyon valley of Danaher creek, 

but to the south, 10 miles west of south of Scapegoat mountain, the entire 

section of the limestone is shown conformably beneath the Camp Creek 

terrane in fine exposures in the canyon of the north fork of Blackfoot 
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river, below Dry fork. ‘The section was measured on the high ridge east 

of the river, and passes over Mineral hill. 

Above the Blackfoot limestones the red and gray arenaceous beds of 

the Camp Creek series extend northward and pass beneath the Cambrian 

strata of Scapegoat mountain. 
Feet Feet 

1. Passage bends; sandy layers, pinkish to dull red, with 

coarser grains of sand than below, followed by grayish, 

buff weathering, slightly calcareous, fine grained sand- 

stones. The upper half has more buff and yellowish 

beds and the lower half more of the reddish beds...... 155 

2. Shaly limestones, alternating with thin layers of gray lime- 

stone. Near the top a few oolitic layers occur, and 

throughout are occasional layers with Cryptozoan. 

About 730 feet down the shaly beds give way to bedded, 

gray limestone, alternating with impure, dark gray, 

buff weathering limestone. About 160 feet from the 
base the shaly limestone again predominates, with 

frequent layers of oolitic and siliceous limestone...... 1,310 

Cryptozoan is abundant in the lower 100 feet. 

3. Calcareous shales with bands of green arenaceous shale... 155 

4. Thin bedded and shaly, gray limestone, with occasional 

layers of gray limestone 2 to 10 inches thick. In the 

lower 70 feet, oolitic layers and semi-cherty layers 

occur. The siliceous portions of the latter weather buff 

and the irregular nodules and stringers of gray lime- 

Stone @ DIMISM CS iay hn. biel sa bate tos ee eee eee 815 

Cryptozoan occurs abundantly in, the upper 60 feet 

on the high point north-northeast of Mineral hill. Fine 

specimens of Cryptozoan two feet and more in diameter 

occur in beds 8 feet thick at horizons 360 and 378 feet 

below the top. 

5. Thin bedded, more or less shaly, compact, gray limestone, 

Weathering butiamed oraly 7.0... 5 a eee eee nero eter: ences 520 

6. Gray limestone in layers 8 to 20 inches thick, with irregular 

nodules and stringers of cherty matter, weathering buff. 

This extends down about 330 feet, where there is a 

gradual change into banded calcareous and siliceous 

beds, with layers of gray limestone. These give way 

1,040 feet down to gray, compact, siliceous, buff 

weathering limestone in shaly bands and thin layers. 

Siliceous matter becomes more prominent, until the 

only evidence of calcareous matter is the buff weather- 

ing beds. A bed 28 feet thick of purplish colored, 

siliceous rock, in hard, compact, smooth layers, occurs 

285) feet above: the base. Jo. ba.6 2 oa ha eee 1,850 

Cryptozoan of large size, 15 inches and more in 

diameter, occur 165 feet from the top. 
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BULL. GEOL. SOC. AM. VOL. 17, 1905, PL. 4 

SOUTHEASTERN SLOPE OF MOUNT McDONALD, MISSION RANGE, MONTANA 

The strata forming Mount McDonald are the ealeareous and siliceous beds of the Biacixfoot series. C. D, W., 1900 
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CREST OF MISSION RANGE, MONTANA 

This view, taken a short distance south of Mount McDonald, shows the effect of glacial erosion on the slightly 
altered caleareous and siliceous beds of the Blackfcot series. C. D. W., 1900 
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~] BLACKFOOT AND RAVALLI SERIES 

Résumé 

Feet Feet 

PO aeALeo-aTvrenaceOus DEMS 2)... 56 bo ec dw cla kek cee wade es 155 

em Al A MIAMESEOMEG) Co ok, foes. Giles ale, syesaie ty suel sides lolas lo Ware wisie ale 0.0% 1,310 

See CAICARCO-ATENACCOUS SHAIES . 06.66. ck ee eee ee eee ens 155 

Plume Dede, IMESTONE 2... 6 cede awe week ce ec ce ete ne 815 

Re Siaiveana, chim Dedded: limMeStONe 46.5... os ccc eee 520 

Pe SPMCCOUMUS  IIMTESTOME. 65.56 5. ec as cb tcte mene oe 1G dos eelele ee es delde 1,850 

4,805 

In this section, below the Blackfoot series, the purple and green 

siliceous beds of the Ravalli series have a thickness of 2,150 feet to a fault 

2.5 miles south of Mineral hill. 

Ravalli series 

The Blackfoot Limestone series, with the siliceous red beds above and 

purple beds below, are repeated to the westward of the Continental divide, 

in the Swan and Mission ranges, the limestones forming the high sum- 

mits on both ranges (see plate 3). West of the Mission range the lower 

portion of the Blackfoot series is exposed in the high hills east of Ravalli 

and Jocko creek. Below the limestones there is a great thickness of 

siliceous strata, the lowest beds of which were found on Jocko creek, 

about a mile above Ravalli. 
Feet Feet 

1. Fine grained, quartzitic sandstones of purplish gray and 

gray color. In the lower portion the purple to purplish 

gray form bands of color, and above the gray and then 

ches purplish: tints predominates... oc icc eceecd cscs cess 2,550 

ZeeBedded, compact, STay SANGSTONES. ... 2.0.2.5 ccecce ec oces 1,060 

3. Greenish gray, fine grained, compact, quartzitic sandstones, 

in layers 4 inches to 2 feet thick, with an occasional bed 

Oieshiiiye SAMMSTONE "S 6 .25.0 «os 5 evclshep oe oeionel eeleie s «6 6/1 abe oe 4,645 

Résumé 

EMPL RWIS LE MANGIA, WECLIS)...5 .ai0,+0\/s'sone sh essivensioyanereuhe tegcpabardaetces, oxescasmoue ns 2,550 

25 (GHEASH LDCS © 2a, esl te eee he MSIE eo ccs si con ay age ante 1,060 

See CTU SMES DEUS. a cus:cyeics 64.0 em el ehngele referees wre 6 eh anls 6 5.0 4,645 

8,255 

Résumé of Camp Creek, Mission Range section—The following is a 
résumé of the Camp Creek, Mission Range section: 

Cambrian. 
Plane of unconformity. 

Algonkian, Belt terrane. 

Cem CCK SELIES! ..5 oases sc elelere ea Mem sigtele oc ss scala vie ae 11,700 

IB ACKEOOtSCERICS 2 050 v5 sia «sc ia tyne Maes Me gous Secs howe 8 4,805 

Re eM SEINE Cie of," ov) chee «. «ef sualsuete eters ale etsie a coota's 41 she's 8,255 

24,760 
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DEARBORN RIVER SECTION 

Location of the section.—This section is on the south side of the ridge 

south of the north fork of Dearborn river and 35 miles southeast of the 

Camp Creek section. It is 10 miles north of the Lewis and Clark pass. 
The section begins about 2 miles up the slope below the base of the 

Flathead Cambrian sandstone, and extends eastward to the gravels at the 

foot.of the mountain slope, a short distance west of the ranch house of 
Steinbach and Alt. 

Cambrian, Flathead sandstones.—The Cambrian Flathead sandstone is 

massive, coarse grained, with small, white quartz pebbles, and cross- 

bedded near base. ‘T'wo hundred and fifty-five feet from the hase it is 

overlain by thin bedded sandstones and shales, with numerous annelid 

trails and fragments of trilobites. The Flathead sandstone rests un- 

conformably upon the Algonkian (see page 16). 

Algonkian, Belt terrane.—The following is the Algonkian section ex- 

posed on the north fork of the Dearborn river: 

Feet Feet 

la. Gray, buff weathering, arenaceous, thin bedded layers, 

passing into greenish gray beds 65 feet from the top... 225 

b. Cryptozoan, siliceous limestone................ ieee oe ote 4 

c. Thin bedded, hard, gray sandstone weathering buff an 

STAY, Wit SECIS semis i Si... Were clei eaeMe ets aa 205 

d. Buff colored, arenaceous sShale.............2ee0- be See 76 

510 

2. Buff weathering, gray, slightly siliceous limestone in shales ’ 

_ and layers ‘up to a foot in thickness. Massive layers of 

interformational conglomerate, composed of broken up, 

shaly, and thin bedded, bluish gray limestone, occur 

180 feet from the top and bluish gray layers extend 

below for 25 feet. Oolitic layers occur at several 

HOVEZONS' . dice wate o bas Oe we we Co cud eee MERE eee 435 

3a. Greenish, arenaceous shales, with thin, interbedded sand- 

stones at irregular intervals. At about 500 feet from 

the top alternating bands of greenish and purplish, 

arenaceous shale begin, and continue for some distance 

before giving way to purple colored, siliceous layers, 

and thin bedded, fine grained sandstone and purple 

SAMOS iia aie eres bowie os his bs 9 eo eyes BO eee rere 1,150 

Strike of strata near base, north 40 degrees west, 

magnetic; dip 25 degrees southwest, near. About 1,000 

feet from base, same strike, dip 30 degrees southwest. 



DEARBORN RIVER SECTION Q 

Feet Feet 

b. Light gray and greenish, siliceous beds in layers and 

shaly bands. Alternating bands of arenaceous, shaly, 

and thin bedded sandstones and compact, siliceous, 

banded layers, flint-like in appearance, occur through- 

out this part of the series. At 455 feet from the top a 

sill of dark, eruptive rock, 35 feet thick, outcrops, and 

17 feet above, 3 feet of dark, siliceous, hard shale. 

Mirdseraeks occur at many NOniZOns7. oo 2 4s oe. 2 3. ne ws PA 

ec. Purple, arenaceous shales with occasional thin bands of 

greenish shale. In the upper part the greenish shales 

predominate, with occasional bands of purple shales... 2,480 

Dip 45 degrees southwest. 

Ge Me) GUAEZ, COMLIOMEPALE J. 6 oie) 4d S srermer sis lode wes oe so ds 2 

e. Shaly and thin bedded, siliceous and arenaceous shales. 

They are purple colored in the upper 245 feet and with 

occasional purple bands in greenish shales below. 

At 300 feet from the top a bed of eruptive rock 25 

feet thick occurs and another 5 feet thick 4385 feet 

below. 

Dip 30 degrees near base and 40 degrees near top 

of 38e, 

fe Binish cray limestone in thin layerS...ei.5.0..0602..0 0 15 

Résumé 

la-d. Gray and greenish gray, siliceous and arenaceous beds. . 510 

PG EANAESTiCCOUS MMESTONE. 5... 6o 6 6 nsw abe chews ce di sleain sie wes 435 

sa-e. Greenish and purple, siliceous and arenaceous beds..... D,1ot 

ah. GPa en UT CTVESI 10 (Co a ae eRe iar” aan oy ae, Sen 35) 

The upper portion of this section, la-d and 2, appears to belong to the 

Blackfoot Limestone series, and the beds below to the Ravalli series of the 

Camp Creek, Mission Range section. 

The Cambrian beds are cut off by a fault just above the Flathead sand- 

stones, which brings up gray, arenaceous shales and sandstones of the 

Algonkian, and above these, brownish red beds corresponding to the 

Spokane shales of the Lewis and Clark Pass section. 'The latter are 

capped by the coarse sandstone of the Cambrian Flathead formation. 

LEWIS AND CLARK PASS SECTION 

Location of the section.—This section is about 10 miles south of that 

south of the north fork of the Dearborn river. 

Cambrian, Flathead sandstones.—The divide at the Lewis and Clark 

pass trends northeast and southwest. The massive bedded, coarse sand- 

1I—Buuu. GEOL. Soc. AM., Vou. 17. 1905 



10 C. D. WALCOTT—-ALGONKIAN FORMATIONS OF MONTANA 

stones of the Cambrian Flathead formation form the northwest side and 

the reddish brown sandstones and shales of the Algonkian Belt terrane 

the southeastern side, the Algonkian lying unconformably below the 

Cambrian. : 

Algonkian, Belt terrane—The Algonkian at the Lewis and Clark pass 

comprises the Marsh, the Helena, and the Empire formations, as follows: 

Marsh formation 
Feet Feet 

1. Reddish brown, arenaceous shales and sandstones, similar 

to the Marsh shales of the Belt terrane............... 790 

2. Gray, hard, arenaceous shales and sandstones, with alter- 

nating bands of reddish brown, thin bedded and shaly 

sandstones, 20 to 40 feet in thickneSs.............006 225 

Helena formation 

Thin bedded, gray, siliceous limestone, with numerous are- 

naceous layers in the upper 25 feet. The central and 

lower portions have interbedded, bluish gray limestone 

with occasional layers of interformational conglom- 

erate, formed of thin, shaly limestones. The siliceous, 

hard layers weather a yellowish buff color........... 285 

Empire formation | 

Gray, arenaceous shales and thin bedded sandstones. A bed 

of Cryptozoan limestone two feet thick occurs near the 

top and a similar bed 3860 feet below.............00.. _ 1,210 

Résumé of Algonkian, Belt terrane 

Marsh formation: 

1. Reddish brown, arenaceous shales and sandstones......... 790 

2. Gray, arenaceous shales and sandstones..............000% 225 

Helena formation: 

Gray GSuTCeOuUss TMESTONES. oi cis bad, Zo o-cceke See eae eT One 285 

Hmpire formation: 

Gray, arenaceous shales and sandstones.............eeeceee 1,210 

POtAl SCCHONM Eri sa % leeds gue gels eee Sata ds uel Gilbane be ons a 2,510 

SWAN RANGE SECTION 

Location of the section.—The section of the limestones and interbedded 

siliceous strata of the Swan range, south of Holland peak, begins be- 

neath the red sandstones of the Camp Creek series and extends westward, 
over the crest of the range, nearly to its western base. 



SWAN RANGE SECTION 11 

Algonkian.—The red and gray arenaceous beds of the Camp Creek 

series form the top of the Algonkian section in the Swan range, and 

overlie the limestones of the Blackfoot series. 

la. 

20: 

~ 

1a. 

. Gray, compact, more or less siliceous limestone, with 

Blackfoot series—Upper division 

Banded, siliceous or cherty layers predominate at the 

top, with a few thin layers of gray limestone and shaly, 

arenaceous layers 6 to 15 inches thick................ 

. Gray, thin bedded limestones, with intercalated cherty 

PIOUS tote oie ot wines os) ow 6: oar al shove Semper sEee ane ye s esaue a ose bine eve 

Gray, banded chert, with a dark bluish black layer 2 feet 

pT CAME ATR IE COR!) sa oe ss. do SOO e tS aes woe ec seks ae 

. Gray, thin bedded limestone, weathering buff, somewhat 

shaly in the upper 600 feet and more distinctly bedded 

below ....... 2 ict I a NS Tr 2 it ae eee 

. Alternating cherty beds and grayish limestone, with the 

cherty beds predominating in the upper portion....... 

Near the base there is a layer three feet in thickness 

almost entirely made up of massive specimens of 

Cryptozoan. 

Mota. cain pedded. cherty DEAS... ccs cs ce cc esa eee ewan 

. Gray, rough, siliceous, and arenaceous limestone in thick 

EAE eis 2m kee a. oR: corso, ve Rar acl ara teteiehe ese th as 

mark plush black Cherty bed... . 2.6 5.252 sec sees eee os 

-. Gray, rough, siliceous, and arenaceous limestone layers 2 

NA te ITME MES ELIECKS ‘iecicce « S OaSad ate se Ri et ole ew eres bats 

About 50 feet from the summit numerous specimens 

of Cryptozoan occur in a bed about 6 inches in thickness. 

Poor AU PPer “AIVISION 2.1. caste kveile s eicce we oc. 0 dels 

Blackfoot series—Lower division 

Banded cherts, dark and fray 2. vs jc ov ewes ois cide hee else 

cherty layers and irregular nodules that correspond in 

form to the ealeareous nodules in If.................. 

Parke andre sray: Dawnded: CHETUS. 6... ei. 6 1s ws Sic ween 6 oo lateitane el gon 

. Gray, compact, more or less siliceous limestone, with thin 

cherty layers and irregular nodules similar to the 

SMCMUNaMMATUCT TE. LE vce p.<:+ s+ s.ealwl eds fel ueep ere bata a ale Gow a ae a. 

. Banded, cherty beds, with small amount of calcareous 

matter in the form of nodules and irregular thin layers 

. Siliceous and calcareous layers, from one-half to 2 inches 

in thickness. The calcareous matter is in the form of 

Feet 

bo we) 

845 

195 

Feet 

995 

2,528 



12 C. D. WALCOTT—ALGONKIAN FORMATIONS OF MONTANA 

y Feet Feet 

irregular, bluish gray, limestone nodules, imbedded 

in a Siliceous matrix. Sometimes the siliceous matter, 

and sometimes the calcareous, predominates, and occa- 

sionally layers that are purely siliceous, or arenaceous 

limestone, occur, and banded, cherty layers are of fre- 

quent occurrence. Occasionally the nodules of lime- 

stone are small, very irregular in size and form, and 

almost make up the entire mass of the rock, the sili- 

ceous matter simply holding them together........... 960 

g. Light gray, cherty, siliceous, banded beds, 1 to 2 feet in 

thickness, with partings of siliceous shale at irregular 

intervals. Layers occur with numerous flattened bluish 

gray, limestone nodules and stringers arranged parallel 

to the bedding. Some of the shaly beds are 1 to 2 feet 

in thickness and more or less argillaceous or calcareous. 

On the weathered surface the calcareous beds weather 

buff and dull gray. Seventy feet below the top there is 

a band of arenaceous, gray shale 35 feet in thickness... 1,100 

The section was all carefully measured, with the ex- 

ception of the lower 600 feet, which was estimated 

from dip and occasional outcrops on the lower slopes of 

the ridge. 

Total of Mower ‘GiviSion saci." Sea eee hie eae kee 2,660 

otal AMUGIEMESS 6.4668 0 Re ee 4,988 

The Upper division contains more calcareous matter, and the Lower 

division is more siliceous. The separation is somewhat arbitrary, and 

probably would not hold good at any considerable distance from where 
the section was measured. 

The general strike of the beds of the section is north 30 degrees west ; 

average dip, 35 degrees north. 

NOTES ON SECTION FROM BELTON, EAST 

Bad Rocks Canyon section—During September, 1895, I made a rapid 

trip along the line of the Great Northern Railroad track from Belton to 

the vicinity of Essex, and thence north to the head of Nyack creek. 

In Bad Rocks canyon, Montana, on the line of the Great Northern 

railroad, the section given below was measured. ‘This portion of the 

section appears to correspond with the Blackfoot limestone of the Mission 

Range section, 85 miles to the south, and to indicate that that horizon is 

persistent on the line of the strike of the Mission and Swan ranges. ‘The 
section is as follows: 



BAD ROCKS CANYON SECTION nS 

Descending series. Feet 

1. Banded blue and gray arenaceous limestone.................0008 700 

Pa Warka plush, limestone in: massive beds. 0... 6. le ee tan es 650 

3. Greenish colored limestone, impure and with many small caleare- 

OUS MOGWMIES ee. 5. ks Sree RE ern acetone ls ale ccd eek sib cls ve be 1,600 

4. Dark bluish limestone (similar to number 2).................... 250 

5. Greenish, banded, massive argillaceous limestone...............- 2,000 

6. Alternating green and purple argillaceous beds, massive layers 

passing (at about 100 feet) into sea green..........0..000 008s 450 

6a. Green, passing down into purple (Same as number 6)............ 350 

6,000 

No fossils ; no well defined base or summit. 

In the notes taken at the time the following occur: 

At Belton greenish shales and massive beds of calcareous argillite-like 

rock dip northerly about 40 degrees. Bluish and banded limestones 

come in on top of the greenish beds. The limestones are in heavy beds, 

2 to 4 feet thick, and quite pure in some layers. No traces of life with 

the exception of a Stromatopora-like form. The strike and dip of the 

beds vary; but the section appears to be practically unbroken and to con- 

sist of a portion of the “Castle Mountain group” of McConnell. The 

railroad curves in and out along the strike, following the bends of the 
Middle fork of the Flathead river. About 7 miles from Belton some 

reddish beds of calcareous argillite appear along with the greenish beds. 

There may be 2,000 to 3,000 feet of the limestone. 

It will be noted that at the time I thought that this series probably 

represented a portion of the Castle Mountain group of McConnell. 

Reference will be made later to this (see page 22). 

The notes further state: 

One mile and a half east of Paola the red shales (calcareous argillite) 

appear in a railroad cut. Strike, north 80 degrees west (magnetic) ; 

dip, north 30 degrees. 

The red and green beds extend east of Hssex to Java, where massive 
bluish limestones appear. In cuts between Java and Bear creek is the 
hmestone. Strike, east and west (magnetic); dip, 20 degrees north. 

The rocks are evidently the massive Castle Mountain limestones: of 

McConnell. The general strike swings to north 60 degrees east, and the 

dip decreases to 15 degrees north. ‘l'wo miles west of Bear creek a 

syncline and fault occurs that brings up the green and red beds beneath 

the limestone. 
Nyack Creek section.*—At the head of Nyack creek a fine amphitheater 

is eroded out of the red beds and superjacent calcareous shales and lime- 

* Notes were made September 19, 1895. 



14 Cc. D. WALCOTT—-ALGONKIAN FORMATIONS OF MONTANA 

stones. ‘The Castle Mountain rocks form fine ridges and peaks along the 

Rocky Mountain divide for many miles. There is evidently a fault on 

the east, as the strata rise and end abruptly as far as could be seen. A 

species of Raphistoma was found in the shaly limestone 2,000 feet or 

more above the base of the limestones. Only a few hours were available 

for the study of this most interesting section, as snow began falling and 

continued until it was several feet in depth. 

This note indicates the presence of the upper red beds of the Camp 

Creek Algonkian series, with the Cambrian and Ordovician strata above. | 

GENERALIZED SECTION, CHUR DALENE DISTRICT, IDAHO 

The following is a generalized tabular section of Algonkian rocks im the 

Coeur d’Alene district of Idaho, prepared by Mr F. C. Calkins: 

Thick- 
No. Name. Description. ness 

in feet. 

6 | Striped Peak for- | Sandstones, siliceous, generally flaggy to 1,000 + 
mation. shaly; colors mostly green and purple; 

characterized by shallow-water features, as 
ripple marks, sun cracks, etcetera. 

5 | Wallace forma- | Thin bedded sandy shales, underlain by 2,000 + 
tion. rapidly alternating thin beds of argillite, 

calcareous sandstone, impure limestone, and 
indurated calcareous shale; these underlain 
in turn by green siliceous argillites ; shal- 
low-water features throughout; slaty cleav- 
age common. 

4 | Saint Regis for- | Sandstones, generally flaggy or shaly; usually 800 
mation. fine grained and much indurated; colors 

mostly green and purple; characterized by 
shallow-water features. 

3 | Revett quartzite..| White quartzites, generally rather thick 1,000 
bedded; interstratified with subordinate 
quantities of micaceous sandstone. 

2 | Burke formation..! Gray, flaggy, fine grained sandstones and 1,700 
shales, with interbedded purple quartzitic 
sandstone (the proportion varies widely in 
different parts of the district) and white 
quartzite; the formation characterized 
throughout by shallow-water features. 

1 | Prichard slate....| Mostly blue black, blue-gray to light gray 8,000 + 
slates, generally distinctly banded; consid- 
erable interbedded gray sandstone; upper 
portion characterized by rapid alternations 
of argillaceous and arenaceous layers, and by 
shallow-water features; base not exposed. 
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STRIPED PEAK SECTION 

GENERALIZED SECTION FROM STRIPED PEAK, IDAHO 

The following is a generalized section of Algonkian rocks from Striped 

peak, north and northeast of the Coeur d’Alene district, Idaho, prepared 
by Mr F. C. Calkins: 

gis formation 
(equivalent to 
Daly’s Kitch- 
ener quartzite). 

Prichard slate.... 

Creston quartzite 
(Daly). 

fine grained sandstones 
and quartzites; colors 
gray, greenish, and pur- 
plish ; some hard white 
quartzite in Cabinet 
mountains equivalent to 
Revett quartzite of Coeur 
d’Alene district. 

Banded dark slates, blue 
black, blue gray to light 
gray, with some inter- 
bedded gray quartzite. 

Gray, more or less flaggy 
quartzites, with argilla- 
ceous bands. 

Formation down. | : 

Description. aay ae Remarks. 

No. Name. 

5 | Striped Peak for- | Sandstones and_ shales, | 2,000 + Near Heron 
mation. siliceous, purple, red, 

and green, with shallow- 
water features. 

Wallace forma- | Argillites, generally cal- | 5,000 + No complete 
mation (equiv- | careous, blue gray and | — section. 
alent to Daly’s | greenish gray, with thin 
Moyieargillite).| beds ofcalcareous quart- 

zite and impure lime- 
stone; general composi- 
tion becoming more cal- 
careous eastward. 

Burke-Saint Re- | Shaly indurated siliceous | 8,000 + 

10,000 + to | Thickness east- 
zero. ward not rec- 

2,000 near| ognized _ by ° 
Idaho-Mon-| Daly. 
tana bound- 
ary. 

9,900 + Daly’s _ figure. 
Probably thins 
out eastward. 

N. B.—Ripple marks, sun cracks, etcetera, abundant in all formations but Prich- 

ard and Creston. 

NOTE ON LIMESTONES NEAR KALISPELL 

Massive bedded, drab, light colored limestone, breaking up on weather- 

ing into shaly layers in some of the beds and in others into irregular frag- 

ments with a conchoidal fracture. A few layers of shaly limestone with 

some arenaceous interbedded layers occur in the series. Near the town, 

at the quarry, there is about 300 feet in thickness of the limestones ex- 
posed. They dip south at an angle of 5 to 10 degrees. The limestones 
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cover a wide area to the west and south and are apparently interbedded 

in the quartzite series exposed on the line of the Great Northern railroad 

to the westward, on the ridge cut through at Haskell pass. Up to date 

this series may be referred to the Algonkian, although this is probably 

the same as Dawson’s Cambrian to the north, in British Columbia. 

These limestones appear to be a partion of the Blackfoot Limestone 
series of the Mission range. 

UNCONFORMITY BETWEEN ALGONKIAN AND CAMBRIAN 

I have described the unconformity existing between the strata of the 

Belt terrane and the Cambrian in the Big Belt mountains and in the 

vicinity of Helena. It was found that in one instance upward of 3,000 

feet of Algonkian beds had been removed by pre-Cambrian erosion, and 

that it was exceptional to find the same Algonkian strata in contact with 

the Cambrian in localities a few miles distant from each other.* We 

find similar conditions as the contact of the two systems of strata is 

traced to the west and northwest. At Lewis and Clark pass the Cambrian 

rests on a series of reddish brown sandstones, 1,015 feet in thickness, 

above the Helena calcareous beds. At Helena, 40 miles distant, there 

are 70 feet of similar sandstones between the Cambrian and the Helena 

limestone. At the Dearborn section, 10 miles north of Lewis and Clark 

pass, the Cambrian rests on siliceous and calcareous strata that appear to 

belong to a portion of the Algonkian section 1,000 feet or more beneath 

the horizon in contact with the Cambrian at Lewis and Clark pass. In 

the vicinity of Scapegoat mountain, 35 miles northwest, the Cambrian is 

superjacent to a series of gray sandstones and shaly beds, 1,700 feet thick, 

that do not appear to be represented in the Dearborn section. 

No contacts with the Cambrian have been observed west of the ridges 

between the north fork of the Flathead river and the Swan range, 

although from the presence of Cambrian fossiliferous limestones west of 

the Mission range such contacts may be found. 

Eighty miles north of the Scapegoat area, in the vicinity of Cut Bank 

pass, at the head of Nyack creek, it is difficult to locate the lne of 

demarcation between the fossiliferous limestones and the Algonkian 

strata, 2,000 feet below. Further study is needed in this area. 

One hundred miles farther north the section appears to be conformable 

from the Ordovician down through the Middle Cambrian and the Lower 

Cambrian of the Bow River series, and not to reach down to the Algon- 

kian as it occurs in Montana, the Bow River series being the sediment 

* Loc. cit., pp. 210-215. 
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deposited, in part at least, in the erosion interval between the Algonkian 

and the Middle Cambrian. 

CORRELATION OF SECTIONS 

The most easterly section, that of the Belt mountains, has more lime- 

stone in proportion to the arenaceous matter and, with the exception of 

the Neihart sandstone at the base, finer sediments; these conditions 

indicate that the sediments were derived mainly from a somewhat distant 

source of supply. One horizon of this section, the Newland limestone, 

is marked by the presence of fossil crustaceans that also occur in the sec- 

tions 200 miles to the northwest, as discovered in the Lewis range by 

Messrs Willis and Weller,* and Doctor R. A. Daly on the forty-ninth 

parallel. 

Tracing the upper formations of the Belt terrane north of Helena, we 

find, at Lewis and Clark pass on the Continental divide, a series of red- 

dish, arenaceous rocks beneath the Cambrian, with some limestone. ‘This 

is 40 miles from the typical section east of Helena, and there is a manifest 

change in the sediments, especially in the presence of a greater thickness 

of arenaceous beds between the base of the Cambrian and the Helena 

lhmestone. At Helena the Marsh shales are 300 feet thick, and similar 

beds at the Lewis and Clark pass give a thickness of 1,015 feet. 

The Helena Limestone series in the vicinity of Helena has an estimated 

thickness of 2,400 feet. It has numerous arenaceous and siliceous bands 

interbedded with the limestone. By the elimination of a relatively small 

amount of the calcareous matter the greater part of the limestones would 

disappear, and a section much lke that of Lewis and Clark pass replace 

the Helena Limestone series. 

Ten miles north of the Lewis and Clark Pass section the limestones 

of the Dearborn section corresponding to those of the Helena series are 

well developed. The reddish colored shales of the Marsh formation 

appear to be absent, the Cambrian resting on buff and eray arenaceous 

beds below the reddish beds of the Lewis and Clark Pass section. The 

Helena limestone series is represented by 435 feet of siliceous limestones. 

Below the latter a great thickness of greenish and purplish tinted arena- 
ceous and siliceous beds extend downward 5,700 feet before any more 

*Bull. Geol. Soc. Am., vol. 13, p, 317. 

+ Doctor Daly writes me that the locality is at a point on Oil creek about 6 miles 

east of the Boundary monument at the summit of the Rocky mountains and about 4 

miles north of the line. Through the courtesy of the Geological Survey of Canada, by 

Doctor Daly, I had the opportunity of examining the specimens. They are identical 

in appearance and form with those from the Newland and Altyn formations, 

T1I—BuLuL. Grou. Soc. AM., Vou. 17. 1905 



18 Cc. D. WALCOTT—-ALGONKIAN FORMATIONS OF MONTANA 

ALGONKIAN SECTIONS OF NORTHWESTERN MONTANA AND NORTHERN IDAHO 

THE PRINCIPAL HORIZON FOR CORRELATION IS THE FOSSILIFEROUS NEWLAND LIMESTONE OF THE BELT MOUNTAINS SECTION 
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limestone occurs. This series corresponds to the 5,100 feet of the Em- 

pire, Spokane, and Greyson strata of the Belt Mountains section above 
the Newland limestone. Only the top beds of the latter occur at the base 
of the Dearborn section. 

Continuing northward 120 miles Mr Bailey Willis’s section of the 
Lewis range shows a great development of limestone at about the same 

horizon as the Helena limestone. This, the Siyeh limestone of Willis, 

has an estimated thickness of 4,000 feet. It is dark blue or grayish, 

weathering buff, and contains interformational conglomerates and abun- 

dant remains of Cryptozoan, a form unknown in the Cambrian and Ordo- 

vician rocks of the Rocky mountains, but which is abundant in the lime- 

stones of the Algonkian terranes. The presence of Cryptozoan and also 

the stratigraphic relations described by Willis indicate that the Siyeh 

limestone is an Algonkian formation. The series of limestones at the 

head of Nyack creek, illustrated by plate 6, are of Cambrian or Ordo- 

vician age, as indicated by fragments of fossils that I found in them. 

I do not think the Siyeh limestone is to be correlated with them, nor with 

the Castle Mountain limestones of McConnell. 
The Siyeh (Helena) limestone is overlain by 1,500 feet of arenaceous 

and siliceous beds corresponding to the arenaceous and siliceous beds 

above the limestone of the Dearborn section. 
Subjacent to the Siyeh limestone there is 3,800 feet of highly siliceous 

and argillaceous rocks (Grinnell and Appekunny) corresponding to the 
5,100 feet of beds of the Empire, Spokane, and Greyson formations of 

the Belt Mountains section. 
- The siliceous. beds are underlain by the Altyn lmestone noktalicis, 
which by its contained fossils and lithologic characters is identified with 

the Newland limestone of the Belt Mountains section. Typical fragments 

of Beltina danai of the Newland limestone occur in the Altyn formation ; 

also Cryptozoan. The Altyn limestone forms the base of the Lewis 

Range section. 
The great Camp Creek, Mission Range section begins at a point 35 

miles northwest of the Dearborn section and about 85 miles south of the 

Lewis Range section of Willis. Its upper portions are marked by a great 

development of arenaceous beds (1a of section) above the Helena lime- 

stone horizon of the Belt mountains and the Dearborn section. 

Below this upper grayish, arenaceous formation there is a thick belt of 
reddish brown, arenaceous shales (1,560 feet), with more or less thin 

bedded limestone, alternating irregularly with the greenish gray bands of 

shales and sandstones, somewhat as in the Helena limestone series. 

This is underlain by 5,191 feet of arenaceous beds, mainly sandstones, 
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largely reddish brown in color, with interbedded belts of grayish red and 

gray sandstones and sandy shales. The section is here interrupted by a 

band of compact, impure, siliceous and arenaceous gray limestone 198 

feet in thickness. The occurrence of this band of limestone and a thin 

deposit of calcareous Cryptozoan 500 feet below indicates local conditions 

favorable for the deposition of limestone. | 

_ Below the siliceous limestone there is a great series of reddish gray and 

reddish sandstones 3,089 feet in thickness. This, with the arenaceous 

beds above the limestone, gives a total thickness of 8,280 feet, which is 

interrupted only by the one band of siliceous limestone 198 feet in thick- 

ness. ‘This series appears to be a great thickening of the Empire, Spo- 

kane, and Greyson formations of the Belt Mountains section.* 

The next formation below (Blackfoot) is formed of shaly limestones 

(see plate 3) alternating with thin layers of gray limestone, 2,500 feet 

of the thickness of which is largely limestone, with some interbedded and 

incorporated siliceous and. arenaceous material. ‘The lower 1,850 feet is 

largely a highly siliceous limestone with bands of almost purely siliceous 

material. ‘This limestone series has abundant remains of Cryptozoan. 
On the North fork of Blackfoot river the central portions of the lime- 

stones are much like those of the Newland limestones of the Belt Moun- 

tains section, while in the Mission range, where they are somewhat meta- 

morphosed, they present the bold cliffs and hard, massive, flinty layers 

characteristic of the cliffs of Altyn limestone of the Lewis Range section. 

The Blackfoot series appears to be identical in stratigraphic position 

and character with the Newland limestone of the Belt Mountains section, » 

and the Altyn limestone of the Lewis Range section, and the Wallace 

calcareous series of the Coeur d’Alene section of Idaho. 

Below the Blackfoot there is, west of the Mission range, a series 8,255 

feet in thickness of purple, greenish and gray, siliceous, and arenaceous 

beds, which completes the section measured by me in the season of 1905. 
This series, named Ravalli, probably represents that portion of the Cceur 

d’Alene section between the Wallace and the Prichard series, and it may 

be a part of the upper portion of the Prichard. 
The Cceur d’Alene series does not appear to extend upward to the 

horizon of the Helena limestone, as there is only 1,000 feet of the reddish 

beds above the Wallace series which is correlated with the Newland Lime- 

stone horizon. 

The strata below the Wallace and above the Prichard are correlated 
with the Ravalli series; and the Prichard, which is composed of dark, 

*Mr M. Collen, of White Sulphur Springs, Belt mountains, Montana, wrote me in the 

spring of 1905 that he had found a marked unconformity between the Greyson shales 

and the Newland limestone on Birch creek. 
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Figure 1.—C1lir¥F OF TYPICAL, BANDED, ARENACEOUS AND SILICEOUS SHALES OF SPOKANE ForRMATION 

Belt terrane, on Wolf creek, 2 miles below Mitchell, Big Belt mountains, Montana. C. D. W., 1900 

FIGURE 2.—SURFACE OF UPLURNED Beps OF QUARTZITE 

Three systems of jointing are shown. Greyson shales, Belt terrane, Deep Creek canyon, 14 miles 
east of Townsend, Big Belt mountains, Montana. C. D. W., 1898 

SPOKANE SHALES AND QUARTZITE BEDS OF GREYSON FORMATION 
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CONGLOMERATE NEAR BASE OF GREYSON SHALES 

Belt terrane, Deep Creek canyon, 1 mile east of Townsend, Big Belt mountains, Montana. Indicates uncon- 
formity between Greyson shales and Newland limestone. C. D. W., 1898 
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SIYEH LIMESTONE 

General view of the banded phase of the limestone, with ripple-marked slabs of limestone in the foreground. 
Little Kootna creek, Chief Mountain quadrangle, Montana. B. Willis, 1901 
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Figure 1.—Uprer SURFACE OF A GROUP OF SPECIMENS or Cryptozoan frequens (n. sp.) oN A Bock or StyeH Limestone. 
Barney WItI1uis 

Figure 2.—Sipe View oF Brock REPRESENTED IN Figure 1, sHowrne Mernop or Growrn or Cryptozoan frequens 
BatLey WILLIS 

SPECIMENS OF CRYPTOZOAN FREQUENS 
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shaly, and thin bedded siliceous rocks, with the Chamberlain shale 
horizon of the Belt Mountains section. 

‘The various correlations outlined are represented in graphic form on 

the table, the horizon of the upper limit of the Newland limestone, at 

which the crustacean fauna appears, being taken as the horizon from 

which to correlate the various sections. Of the sections mentioned all 

but the Lewis Range, Coeur d’Alene, and Kootenay sections are overlain 

by,unconformable Middle Cambrian formations. Only one section, the 
Belt mountains, has been observed with its base in contact with the 

Archean. 

CORRELATION OF MONTANIAN WITH CANADIAN SECTIONS 

Mr Bailey Willis has shown the intimate relations between the 

Boundary section of Dr George M. Dawson and the section studied by 

him, crossing the Lewis and Livingston ranges.* The formations de- 

seribed by Doctor Dawson are the northward extension of those named 

by Mr Willis. 

The section of Mr R. G. McConnell, across the “Rocky mountains” 

near the fifty-first parallel, includes the Bow River series and the Castle 

Mountain group. The latter is a great series of massive bedded, dolo- 
mitic limestones, below becoming more shaly, and calcareous above. ‘The 

included fossils prove the lower portions to be Cambrian and the upper 

of Ordovician age. 

Of the Bow River series Mr McConnell says :t 

“The Bow River group forms the basal member of the section in this part of 

the mountains, and, as developed along the line of railway, consists mainly of 

a great series of dark-colored argillites, associated with some sandstones, 

quartzites and conglomerates. The base is not seen, but the part exposed has 

an estimated thickness of 10,000 feet. 

“The argillites are usually dark grayish in color, but become greenish and 

purplish in places, are very impure, and frequently grade into faggy sandstones, 

which are often slightly calcareous. 

“The conglomerates characterize more especially the top of the formation, 

and occur in thick, massive looking bands, alternating with quartzites and 

shales. They are usually firmly cemented into a hard, unyielding rock, but are 

also met with in a little consolidated and crumbling condition. 

“The quartzites, like the conglomerates, are mostly found in the upper part 

of the formation, and sometimes, as in Cathedral mountain, replace the latter 

altogether. 

* Bull. Geol. Soc. Am., 1902, vol. 13, pp. 318-321. 

7 Geol. and Nat. Hist. Survey of Canada, pt. D, Ann. Rep., 1886, pp. 29 D and 30 D. 
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“The only fossils obtained from this formation were collected by Dr G.. M. 

Dawson at the summit of the Vermilion pass in 1884, and consist of a couple 

of trilobitic impressions, one of which has been identified by Prof. C. D. Wal- 

cott as Olenellus gilberti, a characteristic Lower Cambrian fossil.” 

My object in noticing the Bow River and Castle Mountain sections is 

on account of the occurrence of strata that appear to belong to the Castle 

Mountain group on the Continental divide at the head of Nyack creek, 

Montana, latitude 48° 30’. These beds appear to correspond to the Cam- 

brian and superjacent groups, as they occur in the Dearborn River section, 

latitude 47° 15’. On the north fork of Dearborn river the Cambrian 

sandstone, shales, and limestones rest unconformably on the Algon- 

‘kian and have a thickness of 2,205 feet. These are overlain by 1,385 feet 

of limestones referred to the Ordovician and Silurian and 3,255 feet of 

Carboniferous limestone, a total of 6,845 feet of strata, mainly calcareous, 

above the Algonkian. It is quite probable that it is the northward exten- 

sion of the lower portion of this series, that, beneath the Carboniferous, 

forms the Castle Mountain group at the head of Nyack creek, and also, 

still farther north, in the section of Mr McConnell. On Nyack creek the 

calcareous strata are more impure and massive than on Dearborn river, 

60 miles south, and they are still more so in Mr McConnell’s section, 130 

miles to the north. 

Another feature is introduced in the Bow River series: If the speci- 

mens of Olenellus reported were from the Bow River series, then we 

have here the Lower Cambrian strata that are absent in the Montana 

sections, as there the Middle Cambrian strata rest unconformably on the 
Algonkian. 

Doctor Dawson has described a second or western series of “Cambrian” 

rocks, which he correlates with the eastern secticn of Mr McConnell. 

Western Section Eastern Section 

g Adams lake...... 25,000... ( Castle mountain (lower part). 4,000 
Cambrian : 4 e ei re 

INGSCOMMEN’ 2. ask 15,000..: 3) BOW. GIVER. crc ce wre a eee eee 10,000 

Of the eastern section he said :* 

“ .)6e~—SC™te:~COQsrr Byppicaal and most carefully surveyed section is that in the 

Rocky mountains proper or Laramide range, on the line of the Bow River pass. 

This has been studied by Mr R. G@. McConnell, and it is the only section for 

which some direct paleontological evidence exists.; The base of the Cambrian 

is, however, not seen in this section. In the Gold ranges, where the Cambrian 

is frequently found resting on the Archean, the Nisconlith, its lowest recognized 

* Bull. Geol. Soc. Am., 1901, vol. 12, p. 65. 

+ For details of the Bow River Pass section, see Annual Report Geological Survey of 

Canada, vol. i) UN. S:), part D: 
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member, varies by several thousand feet in volume, showing that the old sur- 

face was a very irregular one and had been greatly modified by denudation 

previous to the deposition of the Nisconlith. The same circumstance has been 

noticed by Mr McConnell in the case of the Bow River series of the Laramide 

range, where it is found resting on the Archean in the vicinity of the Finlay 

river, over 400 miles northwest of his typical section,* proving this denudation 

interval to be a very important one, although, as already noted, there is often 

a parallelism in strike between the two series of rocks.” 

He then describes the general characteristics of the Bow River and 

Castle Mountain series, and then says of the Nisconhth series of the 

western section :t 

“Passing now to the next mountain system, to the southwest of the 

Laramide range and parallel with it—the Gold ranges—we find in the Selkirk 

mountains a great thickness of rocks that have not yet yielded any fossils, but 

appear to represent, more or less exactly, the Cambrian of our typical section. 

Resting on the Archean rocks of the Shuswap series is an estimated volume 

of 15,000 feet of dark gray or blackish argillite schists or phyllites, usually 

calcareous, and toward the base with one or more beds of nearly pure lime- 

stone and a considerable thickness of gray flaggy quartzites. To these where 

first defined in the vicinity of the Shuswap lakes the name Nisconlith series 

has been applied. The rocks vary a good deal in different areas, and on Great 

Shuswap lake are often locally represented by a considerable thickness of 

blackish flaggy limestone. In other portions of their extent dark gray quartz- 

ites or graywackes are notably abundant. Their color is almost everywhere 

-due to carbonaceous matter, probably often graphitic, and the abundance of 

carbon in them must be regarded as a somewhat notable and characteristic 

feature. These beds have also been recognized in the southern part of the 

West Kootenay district and in the western portion of the Interior plateau of 

British Columbia. 

“The Nisconlith series is believed, from its stratigraphic position and because 

of its lithologic similarity, to represent in a general way the Bow River series 

of the adjacent and parallel Laramide range, but there is reason to think that 

its upper limit is somewhat below that assigned on lithological grounds to the 

Bow River series. 

“Conformably overlying the Nisconlith in the Selkirk mountains, and blend- 

ing with it at the junction to some extent, is the Selkirk series, with an esti- 

mated thickness of 25,000 feet, consisting, where not rendered micaceous by 

pressure, of gray and greenish gray schists and quartzites, sometimes with 

conglomerates and occasional intercalations of blackish argillites like those of 

the Nisconlith. These rocks are evidently in the main equivalent to the 

Castle Mountain group, representing that group as affected by the further and 

* Annual Report Geological Survey of Canada, vol. vii (N. 8.), p. 24 C. 

7 Loc. cit., pp. 66 and 67. 

< Annual Report Geological Survey of Canada, vol. iv (N. S.), p. 31 B. 

Bull. Geol. Soc. Am., vol. 2, p. 170. 

Annual Report Geological Survey of Canada, vol. vii (N. S.), p. 31 B. 

Shuswap map sheet, Geological Survey of Canada. 



24 C.D. WALCOTT—ALGONKIAN FORMATIONS OF MONTANA 

nearly complete substitution of clastic materials for the limestones of its 

eastern development. 

“In the vicinity of Shuswap lakes and on the western border of the Interior 

plateau, the beds overlying the Nisconlith and there occupying the place of the 

Selkirk series are found to still further change their character. These rocks 

have been named the Adams Lake series.* They consist chiefly of green and 

gray chloritic, felspathic, sericitic, and sometimes nacreous schists, greenish 

colors preponderating in the lower and gray in the upper paris of the section. 

Siliceous conglomerates are but rarely seen, and on following the series be- 

yond the flexures of the mountain region it is found to be represented by 

voleanic agglomerates and ash beds, with diabases and other effusive rocks, 

into which the passage may be traced by easy gradations.; The best sections 

are found where these materials have been almost completely foliated and 

much altered by dynamic metamorphism, but the approximate thickness of 

this series is again about 25,000 feet.’’= 

Of the section along the International boundary, Doctor Dawson 

wrote :§ 

“A thickness of at least 11,000 feet of sandstones and shales of red, gray, and 

greenish colors, frequently alternating and including several contemporaneous 

trap flows, occurs between the Continental watershed and the Flathead river. 

This series has not been traced into connection with the sections previously 

described, but it shows some resemblance to the Selkirk and Castle Mountain 

groups. ‘The occurrence of blackish calcareous argillites and sandstones at 

the base may indicate the presence of the Bow River series there, while a 

limestone at the top of the section in this part of the mountains may prove to 

be that of the Castle Mountain group.”’|| 

Doctor Dawson considered all of the Adams Lake and Nisconlith series 

to be of Cambrian age. From the known presence of upward of 30,000 

feet of pre-Cambrian unaltered sediments in Montana and Idaho, on the 

strike of the strata of the Adams Lake and. Nisconlith series, it appears 

to be more probable that the Nisconlith and most of the Adams Lake 

(Selkirk) series are of pre-Cambrian age and to be correlated with the 

Belt terrane as developed in northwestern Montana and northern 

Idaho. 

During the season of 1904 Dr Reginald A. Daly, of the Geological 

Survey of Canada, studied the section on the line of the International 
boundary, between the Kootenay river, at Port Hill, Idaho, and the east- 

* Wor the Selkirk and Adams Lake series see references above given for Nisconlith 

apa wet Report Geological Survey of Canada, vol. vii (N. 8.), p. 35 B. 

* Comprising greenish schists 8,100 feet, grayish schists 17,100 feet. In Bull. Geol. 

Soc. Am., vol. 2, p. 168, the thickness is given in error at half the above. 

§ Loc. cit., p. 68. 

|| Annual Report Geological Survey of Canada, vol. i (N. 8.), pp. 50 B, 51 B. 

§ Belt terrane is here used to include the entire series of Algonkian rocks as found 

in the Belt mountains and westward in Montana and Idaho. 
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ern edge of Tobacco plains. Of this section he said in a preliminary 
REVOKE = 

“These sediments include an extraordinary thickness of conformable 

quartzite and argillites, the former dominating. The whole group has, on 

‘lithologic and stratigraphic grounds, been divided into four series. The lowest 

series, the Creston quartzite, is composed of 9,500 feet of wonderfully homo- 

geneous, highly indurated, thick-platy gray sandstones. Overlying the Creston 

quartzite is the Kitchener quartzite, a second series of ancient, hard sandstones 

and interbedded argillites, carrying a high proportion of disseminated iron 

oxides. These rusty rocks are, relatively, thin bedded and bear very abundant 

sun cracks and ripple marks on horizons ranging from top to bottom of the 

series. The thickness of the Kitchener quartzite is about 7,400 feet. It is 

itself conformably overlain by at least 3,200 feet of thin bedded, red and gray 

argillaceous strata. which, together with subordinate thin beds of light gray 

quartzites, make up the formation I have called the Moyie argillite. The 

-youngest member of the four sedimentary divisions is the Yahk quartzite, com- 

posed of white to gray indurated sandstones bedded in thin to medium courses. 

The top of this series was not seen; the whole thickness observed is 500 feet. 

The total observed thickness of conformable strata is nearly twenty thousand 

feet. Neither the bottom of the Creston quartzite nor the top of the Yahk 

quartzite appearing in the sections, it is certain that this great thickness is 
only a minimum thickness.” 

“The westward extension of this sedimentary series was mapped and 

measured during 1903 in the boundary belt immediately west of the Kootenay 

at Port Hill. There the strata corresponding to the Creston quartzite are 

conglomerates, grits and coarse sandstones as well as fine grained sandstones, 

and are thus, on the whole, notably coarser than they were found to be any- 

where in this season’s belt. The equivalent of the Kitchener quartzite is less 

strongly charged with argillaceous beds than is the Kitchener quartzite east 

of the Kootenay. These facts point to the conclusion that the shoreline, 

~whence the materials composing the stratified formations were derived, lay 

to the westward and that the open sea and deeper water lay to the eastward 

of the western crossing of the Kootenay river at the International boundary. 

“This conclusion was strikingly confirmed on carrying the section towards 

Gateway. It was found that both the Creston quartzite and the Kitchener 

quartzite gradually became charged with interleaved beds of calcareous 

quartzite, calcareous argillite and siliceous limestone, betokening open-water 

conditions during the formation of these sediments. In fact, the transition of 

the great quartzite series to certain of the more calcareous formations of the 

Rocky mountains has become the best working clue to the correlation of the 

rocks of the Purcell range with those of the Rocky Mountain front. If this 

conclusion be confirmed by the further eastward extension of the boundary 

section next year, it will mean that the Creston and Kitchener quartzites and, 

possibly, also the Moyie argillite and Yahk quartzites are of pre-Cambrian 

“age. The nearest relatives of the Creston and Kitchener quartzites in the 

‘Rockies are respectively the two thick members of the Altyn limestone de- 

* Summary Report Geological Survey of Canada for 1904, issued 1995, p. 96. 

IV—BuLuL. Grou. Soc. AM., Vou. 17. 1905 
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limited by Mr Bailey Willis, who, in the year 1901, carried out a reconnaissance 

survey of the boundary belt on the Montana side.* No fossils have, as yet, 

been found in these old rocks of the Purcell range, but fossils of so-called 

Algonkian age were discovered in the Altyn limestone.” 

In a letter received from Mr Reginald A. Daly under date of Novem- 

ber 3 he says of the work of the season of 1905: 

“In general my section for the Livingston range is quite similar to that of 

Mr Willis, though I seem to have a greater thickness of the Altyn represented— 

a thickness deduced at a point where there is no suspicion of any considerable 

duplication by thrusts. The same formations appear in the Galton range west 

of the Flathead and yet show systematic contrasts in lithologic characters 

when compared with the rocks of the Livingston range. These changes are at 

first, as one goes westward from the Great plains, quite gradual, but they 

quickly mount in value on the sixty-mile section across the Purcell range. In 

brief they seem to depend, in the large way, upon distance from the old shore-. 

line near the crest of the southern Selkirks not far from Priest River, Idaho. 

The whole section made through these sediments is 150 miles long, 7. €e., 

between Priest River and the Lewis thrust. The section is a cross-section, not 

only with reference to the present mountain axes, but also of the geosynclinal 

bearing the sediments. In the Selkirks at the Boundary the latter are coarse 

and heterogeneous; in the Purcells, medium grained and homogeneous (sand- 

stones, now quartzites) ; in the Galton and Livingston ranges, fine grained and 

heterogeneous as described by Mr Willis. Thicknesses are very great at all the 

best sections. I regret to report no fossils except in the Altyn, though I have 

searched carefully for nearly three seasons. I am of the opinion, however, 

that the Siyeh limestone is to be correlated with McConnell’s Castle Mountain 

limestone.” 

The Creston and Kitchener quartzites appear to belong to the lower 

portion of the Algonkian section, corresponding to the Prichard siliceous 

series of the Idaho section, or it may be that the Creston is older than the 

Prichard. In the diagram of sections I have made a tentative correlation 

on the basis that all of the Northern Idaho section of Daly is older than 
the Wallace and Blackfoot calcareous series. 

SOURCE OF SEDIMENTS 

The great development of limestone, accompanied by fine grained 
sandstones and shales, in the Belt mountains, the Rocky Mountain front, 

and westward to Idaho indicate offshore deposits. T’o the westward Dr 

Reginald A. Daly found the strata west of the Kootenay, corresponding 

to the Creston quartzite, formed of conglomerates, grits, and coarse sand- 

stones, as well as fine grained sandstone. It is also to be noted that 

* Bull. Geol. Soc. Am., vol. 13, 1902, p. 305. 
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limestone is rarely found west of the Mission range, although the 

siliceous sediments are very fine, often indicating the deposition of 
siliceous mud rather than sands. 

The great source of sediments, as suggested by Doctor Daly, must 

have been to the west and northwest of the Kootenay valley. A more or 

less shallow open sea extended eastward 300 miles or more. In the 

vicinity of Neihart, Montana, there is a trace of the eastern shoreline in 

the uplift of Archean gneiss and schist, with the basal conglomerate 

resting upon it. Occasional beds of conglomerate also occur in higher 

formations of the Algonkian 20 miles and more away from the Neihart 

Archean. It seems probable that the latter exposure is of an area that 
was soon buried by the Algonkian sediments, and that the main eastern 

shoreline, or land area, was still farther eastward during most of Algon- 

kian time. From the character of the Algonkian sediments of the Little 
Belt mountains it also appears that the eastern land area afforded very — 

little coarse material. It may have been low, sending only muds and 

solutions of lime and silica to the Algonkian sea, along with an occasional 
rush of sand and fine gravels. 

SUMMARY 

The Algonkian rocks which form the subject of this paper represent a 

total thickness of 37,000 feet and occupy an area extending from the 

Little Belt mountains on the southeast to the vicinity of Coeur d’Alene 

on the west and northward into British Columbia. The Camp Creek, 

Mission Range section occurs near the center of this area and is taken 

as the type because of its great vertical extent (24,770 feet) and the fact 

that it is capped by Cambrian strata. 

In the four sections measured by the writer the Algonkian or Belt ter- 

rane is overlain unconformably by massive, coarse grained sandstones 

referred to the Middle Cambrian. The unconformity is usually indi- 

cated by great changes in the volume of the underlying strata and repre- 

sents a considerable time interval. From the presence of Lower Cam- 

brian fossils in the Bow River series of McConnell it is believed that this 

series was laid down during the erosion interval between the Algonkian 

and the Middle Cambrian in Montana. 

The physical conditions under which the Belt terrane was deposited 

are very clearly indicated by the change in the character of sediment- 

ation from the conglomerates, grits, and coarse sandstones on the north- 

west to the limestones, fine sandstones, and shales on the southeast. The 

land area from which these sediments were mainly derived must have 

ati 
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been to the west and northwest of the Kootenay valley at Porthill, Idaho. 

The sediments which extend 300 miles or more to the eastward betray 

frequent evidences of shallow water deposition, and in the Little Belt 
mountains indicate that the eastern land area was of low relief and sit- 

uated still farther to the east, although the presence of a limited land area 

is shown by the conglomerates at the base of the Algonkian section near 

Neihart. 
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INTRODUCTORY CONSIDERATIONS 

EARTHQUAKE OF SEPTEMBER, 1899 

‘The San Francisco Hzaminer for September 25, 1899, contains a letter 

sent from Yakutat, Alaska, September 17, by the Reverend Sheldon Jack- 

son, giving a vivid but exaggerated account of a series of earthquake 

shocks beginning September 3 and still continuing at the date of writing 

the letter. Some of the statements are evidently erroneous, but many 
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of them were verified by us.* The first shock occurred September 3, and 

there were shocks at intervals until September 10, when, at, 9.20 a m, 

they began to be alarming. ‘There were 52 shocks, culminating in one of 

great violence at 3 p m. The land swayed, the waters of the bay rose 

and fell 8 to 10 feet every few minutes, and violent eddies were set up 

in the harbor, washing into the sea an Indian burial ground at Port Mul- 

grave, opposite Yakutat. Most of the natives and whites were panic- 

stricken, abandoning their houses and retreating to tents on the neigh- 

boring morainic hills. ‘here was another violent earthquake September 

15, and other shocks until September 20. 

A party of prospectors was encamped on the shore of Russell fiord 

near the Hubbard glacier, and their experiences, as related to us by one 

of the party, Mr Flenner, were full of excitement and danger. The 

ground rocked so that they could not remain on their feet; the front of 

Hubbard glacier was broken into fragments; great water waves washed 

them and their equipment back on the moraine; a lake, marginal to 

Hubbard glacier, burst its barrier; and huge avalanches descended the 

mountain sides. The prospectors finally escaped with such equipment 

as they could save, though on their way to Yakutat they were again 

placed in danger by the earthquake of September 15. That the ex- 

periences related by Mr Flenner are in the main correct there can be no 

doubt, and that his party escaped destruction is remarkable, in view of 

the clear evidence of the cataclysm still recorded along the shores of the 

bay. So far as could be learned, there was no loss of human life; but at 

that time of year the natives are not liable to be in the bay, and their 

village is from 15 to 30 miles or more from the centers of disturbance. 

It is a well known fact that an earthquake shock in September, 1899, 

did such damage to the Muir glacier on Glacier bay, 140 miles southeast 

of Yakutat, as to render access to it impossible by the tourist steamers 

for several seasons. It will be most interesting to learn whether the 

phenomena so clearly recorded around the shores of Yakutat bay are 

duplicated in the Glacier Bay region. 

Although we knew in general terms that there had been an earthquake 

in the Yakutat Bay region in 1899, we were totally unprepared for the 

clear and striking proof of it that we found, or for the evidence of the 

remarkable changes of level which accompanied it. It is the purpose of 

this paper to state with some fullness the evidence of the changes which 

were associated with this earthquake and to venture some interpretations 

based on this evidence. Altogether it is the most remarkable instance of 

* The only reason for referring to this is that it is the only first-hand published ac- 

count of the earthquake which we rave seen, 
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change of level so far recorded; and the fact that it is possible to assign 
to it an exact date is of considerable importance. 

LOCATION AND GENERAL PHYSIOGRAPHY 

Yakutat bay is a deep indentation in the unbroken concave stretch of. 

coastline between Cross sound and Controller bay. This smooth coast is 

backed by the lofty Fairweather and Saint Elias ranges, which reach their 

culminating heights in mounts Saint Elias and Logan, 18,000 and 19,540 

feet respectively. The mountains do not, however, rise directly from the 

sea, but are faced by a low foreland, or coastal plain, of glacial debris, 

broadening toward the northwest, and on the northwest side of Yakutat 

bay still occupied by the ice plateau of Malaspina glacier. Yakutat bay, 
which hes about 40 miles southeast of mount Saint Elias, pierces the 

Yakutat foreland as a V-shaped bay. On its western side the bay is bor- 

dered by the low foreland (here glacial gravels from the Malaspina and 

other existing glaciers) ; but on the eastern and southeastern sides the 

foreland forms the coast for only about half its length (see plate 23, oppo- 

site page 54). This part of the southeastern shoreline (see plate 16, 

figure 2) is very irregular and is fronted by an archipelago of low islands 

of glacial debris. ‘The northern half of the bay has for its eastern shore 

a mountainous land rising abruptly to elevations of 3,000 to 4,550 feet. 

This shore is straight and precipitous, and the mountain front, against 

which the foreland is built, also rises abruptly along a straight line which 

truncates the mountain spurs* (see plate 22, figure 1). 

Yakutat bay merges northward into a narrower arm, called Disen- 

chantment bay, which is a true fiord, walled on both sides by steeply ris- 

ing mountains. It extends from points Funston and Latouche on the 

south to Hubbard glacier, which forms its head with an ice cliff about 

4 miles in length. A second tidal glacier, the Turner, enters the fiord 

through a valley in its west wall. 

At Hubbard glacier the inlet turns at a high angle, and thence on to 

its head is called Russell fiord. North, northeast, and northwest of this, 

mountains rise to elevations of 10,000 to 16,000 feet, but along the imme- 

diate shores of the fiord the mountains rise abruptly to elevations of only 
2,000 to 6,000 feet. Russell fiord, which extends back toward the Pacific, 

roughly parallel to Disenchantment and Yakutat bays, is divisible into 

three sections: (1) a northwest arm, with straight mountainous shores; 

(2) a longer south arm, with a much more irregular mountainous 

shoreline; and (3) the head of the bay, an expanded extension of the 

* Russell (see Nat. Geog. Mag., vol. iii, 1891, pp. 57 and 838) infers faulting here on 

the basis of topographic form and geological structure. 
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inlet where it passes beyond the mountain front out into the foreland. 

A small bay, Seal bay, up whose valley lies Hidden glacier, forms the 

greatest irregularity in the coastline of the south arm; but at the angle 

between the south and northwest arms a large fiord extends eastward, 

under the name of Nunatak fiord. The tidal Nunatak glacier forms its 

head. 

The entire inlet—Yakutat bay, Disenchantment bay, and Russell 

Fiord—omitting its branch, the Nunatak fiord, has the general shape 
of a bent arm with the shoulder at the Pacific, the elbow at the head of 

Disenchantment bay, and the fist at the expanded head of the bay where 

the fiord extends into the foreland to within 13 or 14 miles of the ocean. 

From the ocean around to the head of Russell fiord by boat is a distance 

of 70 or 75 miles. Thus our studies extended along more than 150 miles 

of shoreline in the bay and fiord, all parts of which were seen and most 

of which were studied critically. 

Everywhere the indications are that the fiord is deep. Soundings have 

been made by the U. 8. Coast Survey in Yakutat bay, showing an irreg- 
ular bottom deepening toward Disenchantment bay. At the mouth of 

the latter bay, near point Latouche, there is a depth of 167 fathoms; and 

between Haenke island and Hubbard glacier Russell reports 40 to 60 

fathoms. Beyond this no accurate soundings have been made; but the 

shape of the coast and the absence of kelp indicate deep water throughout 

the fiord. 

GHOLOGICAL STRUCTURE 

The northeastern shore of Russell fiord, from Hubbard glacier to Nun- 

atak fiord, is made of highly inclined slates of undetermined age. Our 

expeditions into the mountains along this shore discovered a variety of 

crystalline rocks, both igneous and metamorphic, and the glaciers bring 

down only these classes of rock. All the north shore and the eastern 

two-thirds of the south shore of Nunatak fiord are also bordered by 

crystalline rocks—granite, and steeply dipping gneiss, schist, slate and 

stretched conglomerate. These crystalline rocks end abruptly against a 

younger, practically unmetamorphosed series both in the Hidden Glacier 

valley and on the south shore of Nunatak fiord. This line of separation, 
interpreted as a fault, if continued would extend down the northwest 

arm of Russell fiord, on one of whose shores the rocks are crystalline, 

while on the other (southwest) the unmetamorphosed series is present. 

From these crystalline rocks to the foreland there is a complex, called 

the Yakutat series by Russell, forming all the mountains bordering this 

part of the fiord. It consists of thinly bedded black shales and sandstones, 
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thick beds of black shale conglomerate, and a massive gray rock which, 

with the incomplete petrographic work so far done on it, is tentatively 

classed as an indurated tuff. There are other rocks in lesser quantities, 

and the entire mass is complexly folded and faulted, both on a large and 

small scale. Small faults and folds occur in al! the outcrops, and fre- 

quently a score or more appear in a single outcrop a few square yards in 

area. The series is literally crushed and “kneaded.” The Yakutat 

rocks are very barren of fossils, and from those which we were able to 

collect it has not been possible to determine their age. Ulrich* classifies 

this series as Liassic. 

A third series of rocks occurs in a few outcrops two or three miles from 

the head of Yakutat bay, on the west side. These rocks are mainly gray 

sandstones, clays, and carbonaceous shales, with some small beds of lignite 

coal. They stand at a high angle, but are not complexly folded and 

faulted like the Yakutat series, from which they are apparently separated 

by a fault. A tentative determination of Pliocene age, based on a pre- 

liminary examination of the plant fossils, has been placed by Knowlton 

on this coal-bearing series. 

Outside of the mountain front, as already stated, a foreland of glacial 

gravels extends to the sea; but near the head of Russell fiord it is under- 

laid by planated Yakutat series and granitic rocks. Elsewhere no hard 

rock was found in the foreland; but a low, butte-like hill rising above it 

some distance from the mountains is evidently rock. 

PREVIOUS EXPLORATIONS 

Professor I. C. Russell explored Yakutat bay and Disenchantment bay 
in 1890.+ He describes the earlier explorations, discusses the general 

physiography and geology, and pays particular attention to the glaciers. 

In 1891} Russell extended his explorations to the head of Russell fiord. 

In his descriptions he clearly points out the faulted and folded condition 

of the rocks of the Yakutat series and assigns to faulting an important 

part in the production of the physiography of the region. With the ex- 

ception of some gravel terraces, which our work leads us to assign to other 

origin, Russell mentions no elevated shorelines. He does call attention to 

a submerged forest at the head of the bay which we also saw. 

The Harriman expedition visited the inlet in June, 1899, three months 

before the earthquake, and went to the head of Russell fiord, landing at 

several points, among others on Haenke island, which now has very dis- 

* Harriman Alaska Expedition, vol. iv, 1904, pp. 125-146. 

+ Nat. Geog. Mag., vol. iii, 1891, pp. 53-208. 

$} Thirteenth Annual Report U. S. Geol. Survey, 1891-2, part ii, pp. 1-91. 
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tinct shorelines elevated 17 to 19 feet. Among those who landed here 

was Dr G. K. Gilbert, whose critical studies and interpretations of aban- 

doned shorelines are well known. The fact that he does not mention an 

uplift there, where the uplifted shorelines are very perfect, is suggestive 

evidence that they had not then been upraised; and this conclusion is 

amply verified by other evidence. Doctor Gilbert describes the general 

physiography of the region, giving especial attention to the glaciers, in 

his book which forms a part of the series of Harriman Expedition mono- 
graphs.* 

In July, 1901, a U. 8. Fish Commission expedition, under the direction 

of Ensign Cyrus R. Miller, went up the fiord; and while his description 

gives no information of the change in level which had occurred, one of his 

photographs* plainly shows a part of the elevated shoreline of Haenke 

island. He does state, however (page 384) that around the circular lake 

on the foreland at the mountain base (to which we have given the name 

Miller lake), the eastern and western shores were covered with dead 

spruce and hemlock, said to have been killed during the earthquake of 

September, 1899. This lake lies on one of our inferred fault lines. 

GENERAL STATEMENT OF OBSERVATIONS IN 1905 

Our work along the shores of Yakutat bay and Russell fiord extended 

from June 24 to September 2. We found that the shorelines of the inlet 

had been differentially deformed and the mountain rocks in places shat- 

tered by minor faulting. Parts of the coast show no change in level; 

some areas are depressed ; but throughout most of the coast there has been 
uplift of from one to ten feet. Locally the uplift far exceeds this figure, 

along one shore attaining a maximum of 47 feet 4 inches. The evidence 

of these changes is varied and can best be presented under different 

headings. 

PHYSIOGRAPHIC EVIDENCES OF RECENT UPLIFT 

ELEVATED ROCK BENCHES 

At various points about the shores of the fiord, rock benches stand 
higher than the cutting zone of present waves. They vary in width from 

a foot or two to 30 or 40 feet, and are planed across all sorts of structures 

and all kinds of rocks. In numerous instances smal] streams cascade 

over their edge, owing to the introduction of the hanging valley condition 

by the uplift. In general the benches are broadest where the rocks are 

* Alaska—vol. iii, Glaciers and Glaciation, by G. K. Gilbert, 1904, pp. 45-70. 

+ Plate xliv, opposite p. 392, Bull. U. S. Fish Comm., vol. xxi, 1901. 
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weakest or exposure to wave cutting was greatest. On the promontories 

they usually form flat-topped benches, and along straight reaches of 

rocky coast angular notches planed in the rocks, frequently with uncon- 

sumed reefs and stacks on the outer margin. These benches (see plate 13, 

figure 1) often form an opportunity for travel along the coast in places 

where at the present stand of the sea it is impossible to even land from a 

boat. In fact, along the present coast many of the headlands rising out 

of deep water have been so slightly affected by the waves during the brief 

period since the uplift that even the glacial scratches and polishing have 
not been removed by the waves, and can be actually traced continuously 

from above high tide down to and beneath the low-tide mark. 

Where the uplift has been slight—that is, not over a foot or two—it is 

often difficult to distinguish the older benches from those now forming, 
since they merge into one another; but in most of the fiord the benches 

are so clear cut, and so elevated, that from these alone one could be certain 

of the presence of an upraised strand. 

Naturally we considered the possibility of other explanations, such as 

glacial marginal channels and the action of iceberg waves at a time when 

tidal glaciers extended farther down the fiord ; but it required only a little 

observation to disprove these hypotheses in most places. The widespread 

and uniform character of the phenomenon, and the almost universal asso- 

ciation of barnacles and other marine organisms, still clinging to the 
rock on the benches, sufficed to effectively dispose of other explanations 

than uplift. 7 

In two or three places, notably near the Hubbard and Nunatak glaciers, 

there is evidence of wave cutting at a higher level than at present, appar- 

ently performed when the ice-fronts were nearer these shores and the 

waves generated by calving of icebergs more effective. Such shorelines 

are not more than two or three feet higher than normal, and are not to be 

confused with the well defined elevated shorelines, which in reality attain 
their best development not near, but at a distance from, the tidal glaciers. 

ELEVATED SEA CAVES AND CHASMS 

Some of the rocks of the Yakutat series, especially the thin bedded 
black shales and sandstones, yield more readily to wave attack than others, 

such as the indurated tuff and massive conglomerate. Accordingly the 

shores of the inlet furnish many instances of sea caves and chasms; 

but in those parts of the coast where the wave-cut benches are elevated 

these phenomena are found in association with the uplifted shoreline and 

not with the present stand of the sea (see plate 13, figure 2). The caves 
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FIGURE 1.—WLOOKING NORTH ALONG BAST SHORE OF DISENCHANIMEN 
HAENKE ISLAND 

Bay, Jusr Norre or 

Shows 17-foot elevated rock bench on which barnacles still cling 

KIGURE 2.—ELEVATED SEA CAVE ON EAST SIDE OF DISENCHANTMENT Bay, JuST NORTH OF 
THAENKE ISLAND 

Uplift is 17 to 18 feet. Base of cave now well above high tide. In middle foreground, below 
level of cave, is annual land plant 

ELEVATED ROCK BENCH AND SEA CAVE, DISENCHANTMENT BAY 
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FIGURE 1.—ELEVATED BEACH ON Rock BENCH LEVEL ON EAST SIDE OF RUSSELL FIoRD 

Locality is 4 to 5 miles south of Russell cove. Hlevation here is 6 feet 2 inches. New vege- 
tation in foreground. Old cottonwoods and alders above beach level 
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FIGURE 2.—HLEVATED BEacHw (387 FEET) ON WEST SIDE OF DISENCHANTMEN 
POINT HUNSTON 

BAY, ABOVE 

ELEVATED BEACHES, RUSSELL FIORD, AND DISENCHANTMENT BAY 
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and chasms still contain shingle, but annual plants and even shrubs grow 
in it, often rising up against and shadowing dead barnacles that still 

cling to the walls of the chasm—a new life springing up in the habitat 

of the old. Some caves have been made entirely dry, some only half dry, 

the tide still rising into their lower portions. One enormous cave, on the 

south side of Haenke island, rises twice as high above high tide as it 

did before the uplift, which was here about 18 feet. Waves still enter its 

mouth, but now never rise high enough to reach the back of the cave. 

Scores of similar cases were observed in association with the elevated 

rock benches, and in various places. 

ELEVATED BEACHES 

Tying bench to bench and foreland to foreland, at appropriate levels, 
are the perfectly preserved sand, gravel, and boulder beaches of the lower 

stand of the land (see plates 14 and 15). Excepting near stream 

mouths, they are all in the form of pocket beaches, for on this straight 

coast, with rocky shores, limited supply of rock fragments, and deep 

water offshore, bars and spits have not usually been developed. ‘These ele- 

vated beaches vary in perfection of preservation with their height above 
present tide, position in relation to drainage from the land, and the 

effectiveness of present wave attack. Some are as perfectly preserved as if 

they were merely beaches exposed at low tide. An excellent illustration 

of such a beach lies south of Turner glacier, where there was an elevation 

of 37 feet (see plate 14, figure 1) ; and the attack of the waves in the six 

years of its exposure has merely trimmed its front into a cliff, revealing 
an excellent beach section of cross-bedded sand. 

Some beaches reveal a mere gravel veneer on a rock floor, and are 

hoisted so high that the waves can not reach the gravel, but are now 

working on the rock basement. Others are cut back by the waves and 

deeply gullied, and bid fair to speedy destruction. Still others are almost 

continuous with the present beach, being separated by only a slight notch 

(see plate 15, figure 1); and many are actually continuous with the 

present beach (see plate 15, figure 2), the boundary between the two 

being merely a line of drifted seaweed or a storm beach, below which 

grasses and shrubs do not grow. In such places the width of combined 

old and new beach is often remarkable (see plate 15, figure 2), being 

in one place fully a hundred yards. 

Vegetation grows freely upon these elevated beaches (see plate 14, 

figure 1), but this will be discussed later. They make splendid camp 

sites and excellent highways for shore travel, especially at high tide. It 

is possible to travel on beach and bench for miles, in several parts of the 
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fiord, where at the former stand of the land travel along the shore at high 
tide must have been impossible. 

ELEVATED ALLUVIAL FANS, OR DELTAS 

Practically everywhere that a stream enters the fiord, in places of 

change of level, there is found a characteristic elevated alluvial fan. Its 

front is usually nipped away. Its top is dissected by the stream, forced 

to change from aggradation to degradation by the lowering of its base- 

level (see plate 16, figure 1). Many streams have intrenched themselves 

in their alluvial fans from sealevel to the head of the fan, and are now 

once more aggrading at their mouths and in the lowered channels (see 

plate 15, figure 1). | 
Accompanying this change has come a growth of both annual and 

woody plants upon the upper part of the fan, now no longer reached by 

the floods of the aggrading stream. As in the case of the elevated 

beaches, the nipping of the front of the fans varies with the amount of 

uplift and the intensity of the waves. Another factor is the amount of 

sediment, for some of the larger streams have built deposits in front of 

the fans and thus checked the nipping. Some small fans, in areas of 

marked uplift, have been so nipped as to form pronounced gravel cliffs 

from 10 to 25 feet in height, and in these cliffs, as well as m the stream 

cuts, the internal structure of the fans is clearly seen (see plate 16, 

neure 1): 

TILL SHORELINES 

At certain places along the present shore, but particularly in the region 

of marked uplift on the east and west shores of Disenchantment bay, 

parts of the beach now consist of compact, unoxidized blue till. The 

occurrence of such a clayey deposit on a beach is evidence of the recency 

of the movement which exposed it to the waves. How fast the clay is 

going off in suspension is evidenced by the muddy water along the shore 

wherever these till shores are wavetwashed. They can not last long, for 

the waves will carry off the clay and round the angular pebbles and erase 

their glacial scratches; then normal modern pebble beaches will replace 

these novel ones. At present, however, uplift has brought within the reach 
of the sea margin the boulder clay which glaciers laid down at a former 

stage of extension. This boulder clay may be ordinary till or it may be 

an accumulation of marine silt sprinkled with scratched, angular stones 
floated in bergs; but its proximity to shore suggests the former explana- 

tion. These till shorelines are in all cases found either along rock shores 
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FIGURE 1.—BHLEVATED BEACIT OPPOSITE MARBLE POINT, NORTHEAST SHORE OF RUSSELL FIORD 

The elevated beach is nipped in front by present waves. Mature alder thicket on right. 
Wave-planed elevated rock bench and sea-cliff in background, with barnacles in place on 
rocks 7 feet 1 inch above present high tide (see plate 17, figure 1) 

FIGURE 2.—BELEVATED BEACH (7 FEET 7 INCHES) ON NORTHEAST SIDE OF RUSSELL FIORD, 
OPPOSITE MARBLE POINT 

Man at square stands with one foot on line of highest drift seaweed, the other on 
boulder covered with dead barnacles. Present beach on ieft with no vegetation; elevated 
beach with young vegetation; and old land (on right) with mature alder thicket 

ELEVATED BEACHES, RUSSELL FIORD 
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FIGURE 1.—DISSECTED UPLIFTED ALLUVIAL FAN HALF MILE SOUTH OF TURNER GLACIER 

Showing forest and topset beds. Uplift here 33 feet 11 inches. Figure of man 
gives scale. Iceberg-borne boulders now rest on crest of uplifted fan 

FIGURE 2.—LOOKING SOUTHWARD ALONG EASTERN SHORE OF YAKUTAT BAY ACROSS 
YAKULAT FORELAND AT ABOUT HIGH TIDE 

wo of the new islands in Eleanor cove appear 
at HB 

Camera stood 1,600 feet above sea. 

UPLIFTED ALLUVIAL FAN AND NEW ISLANDS 
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or else in front of narrow pocket beaches; elsewhere they are EOE 

gery buried beneath beach and delta deporte. 

NEW REEFS AND ISLANDS 

At a number of places in Yakutat bay and its extensions the depth of 

the water has doubtless been very materially altered by the changes of 

level, but unfortunately we have no soundings to demonstrate this. In 

at least two places, however, new land was raised above the water away 

from the coastline. One of these, indicated on the map (see plate 23), 

lies north of Haenke island, forming a menace to navigation. There 

are two long, narrow islets, the larger approximately 50 feet wide 

by 250 feet long. Both are rounded, glaciated surfaces rising out of 

what is otherwise apparently a deep fiord, judging from the freedom 

with which large icebergs float in it. Formerly no rocks were seen here, 

even awash at the lowest tides, according to our Indians. Now the reefs 

are thoroughly uncovered at low tide and not quite concealed when the tide 

is high. Small icebergs strand on them and are left when the tide goes 

out, and stones from the melting of these bergs have already accumu- 

lated on their surfaces. From the abundance and size of the stranded 

rock fragments as well as from the seaweed growth on the reefs, it is 

inferred that these islands were shoals in the bay before 1899, and that 

icebergs went aground upon them even then, 

Near the head of Eleanor cove, southeast of Knight island, and almost 

at the base of mount Tebenkof, where the mountain and foreland meet, 

there are four small islands which, according to our Indians, were uplifted 

during the earthquake (see plate 16, figure 2). ‘Three are of rock, one 

of gravel, doubtless on a rock core. The two smallest are 50 feet long, the 

two largest each about 450 feet long and 75 feet wide in the broadest part. 

Their long axes are parallel and approximately parallel to the mountain 

front and to the fault which is inferred here (see fault line A, plate 23). 

They are in fact almost exactly on this inferred fault line. Before 1899 

two of these islands were above water at low tide, but none rose above high 

tide. Now two are visible at all tides, and the other two only between 

mid and low tide. ‘Thus two new reefs are now exposed, one of rock and 

one of gravel, and two others, previously visible only at low tide, are lifted 

above high tide. ‘The highest of these reaches 3 feet above high tide, and 

on its crest are found dead barnacles in place, thus furnishing testimony 

of uplift independent of that supplied by the natives. 

The Indians pointed out to us a number of places, through which 
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canoes can not now go, where small islands and stacks were formerly 

separated from the mainland by navigable water. 

AMOUNT OF LAND ADDED BY UPLIFT 

We have no quantitative statement to make regarding the amount of 

land added by this uphft. It is, however, very shght, considering the 

amount of uplift. The reason for this is that the shores of the fiord in 

the regions of marked uplift are almost everywhere steep and the water 

deep. Consequently the new shoreline is separated from the old by a steep 

grade, sometimes vertical or even overhanging, and rarely less than 30 

degrees, excepting on the. beaches and deltas. On the deltas and larger 

beaches the coast has migrated seaward sometimes more than a hundred 

yards; but such a width of new land is distinctly exceptional. An 

attempt was made at a rough calculation of the increase in size of Haenke- 

island, where the rock slope is fairly steep, where beaches form only a 

small percentage of the shore, and where the uplift was marked (17 to 19 

feet). This estimate is 25 or 30 feet of new land, on the average, around 

its entire shore. 

BIOLOGICAL EVIDENCES OF UPLIFT 

BARNACLES 

In most parts of the fiord barnacles are abundant on the rocky shores 

at present sealevel; but their dead’ remains are also abundant on the up- 

lifted shoreline, and very often are more abundant there than in the 

present tidal zone. 'T'wo species (Balanus cariosus, Darwin, and Balanus 

porcatus, Darwin*) cling to the rocks of the elevated shoreline (see 

plate 17, figures 1 and 2). Naturally in places of considerable uplift the 

animals have not grown to such size since the uplift as they had developed 

before. Among the dead barnacles great forms an inch and a half in 

diameter are not uncommon ; but among the living forms, where the uplift 

was considerable, three-eighths of an inch was the maximum diameter. 

In many of the barnacles the inner valves are still held together by the 

organic tissue, though most commonly it is only the outside shell that 

remains intact. 

These dead barnacles were found on all the uplifted rock coasts where 

the formation is not too fissile to retain them, and their absence was 

decidedly exceptional in regions where other evidence suggested uplift. 

They stand out clearly on the dry rock surface, especially under over- 

hanging cliffs, and are so readily visible from a boat that their presence 

* We are indebted to Dr W. H. Dall for the identification of marine animals collected 

on the elevated shoreline. 
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FIGURE 1.—BARNACLES (NEAR KNIFE AND HAMMER) IN PLACE ON SLALE ROCK 7 FEET ABOVE 
HIGH TIDE 

North shore Russell fiord, opposite Marble point. Alders 4 years old hide other barnacles in 
place 

FIGURE 2.—BARNACLES (NEAR KNIFE) AND MUSSELS (ON LEFL) 17 FEET ABOVE TIDE 

East shore Disenchantment bay, north of Haenke island (near plate 13). Alders on right 
and other young plants in crevices of rocks 

BARNACLES AND MUSSELS IN PLACE ABOVE PRESENT TIDE 
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was often an indication of an uplifted section of shore even before the 

other correlated evidences were discernible. They are very commonly 

partly hidden by annual plants, and even by alder bushes with from one 

to five annual rings (see plate 17, figures 1 and 2). 
Very often the barnacles were found on boulders on a beach, and it 

may be pointed out that while such occurrences might be critically rejected 

as evidence of uplift, because stones covered with barnacles could be 

thrown up by waves such as accompany earthquakes, in all cases where 

such occurrences were noted, barnacles were found adhering to adjacent 
rock cliffs or benches at equally high levels—positions which would pre- 

elude such objection. 

These barnacles were an important feature in this study—first, because 

they initially called our attention to the fact of the deformation ; second, 

on account of their function as a quantitative measure of its amount, as 

stated below. ‘The fact of the presence of dead barnacles fixed to the rock 

in the midst of grasses and shrubs early attracted our attention. From 

that we went to the physiographic forms, not well developed on the site 

of our first observation, and from that to other physiographic evidences, 

to other biological evidence, and to the human testimony. 

MUSSELS 

Equally widespread in the fiord, though less abundant than Balanus, 

is the common mussel (Mytilus edulis, Li.) ; and its shells constitute an- 

other of the characteristic fossils on the upraised strand. These mussel 

shells, which turn blue when exposed to the air, were first observed from 

a boat in Disenchantment bay in clusters about 18 feet above tide water, 

when we supposed them to be clusters of bine flowers growing in niches 

in the rock.. Later their true nature was determined, and it was found 

that both there and in many other parts of the fiord the mussels were still 

clinging to the rocks by their hair-like byssus (see plate 17, figure 2), 

another evidence of the recency of the uplift. Mytilus, though often 

present, was not used in measuring elevations, partly because barnacles 

were always found where any marine life clung to the rock, and partly be- 

cause the mussels were much less frequently attached than the barnacles. 

BRYOZOANS 

Below low tide, and in permanent tidal pools, there grows along the 
shores of the fiord a pink bryozoan, forming a film on the rock, which 

on exposure to the air turns white. On those parts of the coast which 

were upraised more than 10 feet, patches and bands of this bleached organ- 

ism clinging to the upraised cliffs form a prominent feature, often visible 
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at a distance of 2 or 3 miles, giving the appearance of a whitewashed rock 

surface (see plate 18, figure 1). In places it still extends below the 

water, but in two or three sections it has been hoisted entirely out of the 

sea. Usually the top and bottom borders are fairly horizontally in defini- 

tion; and the painted appearance of the rocks is recognized even by the 

natives as an evidence of uplift. This whitened surface is seen especially 

clearly south of Turner glacier, though it is visible in several other parts 

of the inlet. Abundant fossils, especially Mytilus (see plate 18, figure 1) 

and Balanus, occur in the whitened zone and generally extend several 
feet above it. 

OTHER MARINE ORGANISMS 

The only other marine animal found clinging to the uplifted shorelines, 

in such a position as to leave no question of its being in place, was the 

limpet (Acniea pelta, Esch.). In a few instances the limpet shells were 

found still adhering to the rock in little protected pockets; but most of 

those observed on the high level shorelines were not in place and might 

therefore have been carried up by birds or washed up. ‘The same is true 

of fragments of crabs, skeletons of fishes, and both fragments and perfect 

specimens of sea-urchins (Strongylocentrotus drobachiensis, Mull.). 

Lying loose along uplifted shorelines they are not absolute evidence of 

change of level; but their abundance and association with other indis- 

putable biological evidence (notably barnacles still fastened to the rock) 

render these other marine forms valuable as correlative evidence. A 

more satisfactory case was the finding of several arms of a starfish 

(Heliaster Sp.) by digging in a little rock crevice, to whose sides Mytilus 

was adhering in abundance, on a rock bench nineteen feet above present 

sealevel. | 
A careful search failed to discover any rockweed or other marine plants 

on any of the elevated shorelines, either loose or in place. ‘That in six 

years these plants should have entirely disappeared by decay was to us 

most unexpected ; but it seems nevertheless to be the case. 

MINGLING OF LAND AND SEA LIFE 

As previously stated, vegetation has found a footing where marine 
forms still cling to the rocks. Thus we find the unusual occupation of 

the same area by plants which can not live in salt water and animals, still 
in place, which can not exist without it, although all of the latter forms 

are dead. Besides the grasses and flowering annuals, shrubs have already 
sprung up, especially the willow and alder. These woody plants are nota- 

bly small ones. Among numerous willows and alders which we cut down 
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FIGURE 1.—WHIitTE BrRYOZOAN FILM ON 40-FOOT ELEVATED SHORELINE 

West side Disenchantment bay, about 10 feet below highest dead barnacles. Many mussels in 
place. Alders not over 4 years old 

FIGURE 2.—ALDERS AND COPEONWOOD KILLED BY SEA ENCROACHMENT 

Southeast side of head of Russell fiord. Fourth of mile to the northeast the coast is elevated 
7 feet 4 inches 

EVIDENCES OF CHANGES IN SHORE LEVELS 
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to determine their age, it is notable that none showed more than five 

annual rings, and most of them had but three or four, which of itself is 

fairly clear proof of the association of the uplift with the earthquake of 

September, 1899, six years before. 

One willow tree, growing on one of the most perfect of the elevated 

beaches (hoisted 42 feet), near Black glacier, threatened to prove an ex- 

ception, for it was 10 feet high and fully 3 inches in diameter. Cutting 

it down, we found its heart made of dead wood, with four new rings out- 

side. Evidently it was an uprooted tree, thrown there by the earthquake 

wave, and sprouted in its new location. 

PARALLEL LINES OF DRIFTWOOD 

On certain of the elevated beaches driftwood had accumulated previous 
to the uplift; and lower bands have been piled up at the new stand of the 

land, so that parallel lines of driftwood mark the amount of uplift. These 
are particularly clear near the head of Russell fiord, where driftwood is 

abundant. Vertical measurements between these lines, with the Locke 

level, form part of our quantitative determination of the deformation. 

In most cases these measurements correspond with dead barnacle levels 

on the adjacent rock shores, thus checking the determination and proving 

the validity of the driftwood evidence of uplift. In two or three cases, 

however, where no barnacles could be found in place, our measurements 

are based solely upon the parallel lines of driftwood. 

DESTRUCTION OF LIFE 

That the violent earthquake shocks destroyed much marine life is prob- 

able, and the natives assert that after the shocks the shores were lined 

with dead fishes. The water wave also did much destruction on the land 

bordering the shore, as will be shown later; but the most widespread de- 

struction now visible is that of the hfe on the strip of coastline between 

the old and new sealevels. Here, of course, the destruction was prac- 

tically absolute. Nearly everywhere the old forms are again developing 

in their normal habitat, newly located for them; but on all the coasts 

that were uplifted 10 feet or more the evidence is clear that many 
forms of life have been forced to begin anew in a zone which they 

did not previously occupy. This is proved by their small size 

and relative scarcity. The difficulty of starting anew is in some places 

increased by the smoothness of the glaciated rock surfaces at present sea- 

level. On numerous points, notably near Haenke island, seaweed has 

been able to take hold only along joint planes, and it grows therefore in 

short, narrow lines of small individuals. 
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South of Turner glacier, where the uplift was 33 to 47 feet, while dead 
Mytilus and Balanus are abundant all along the abandoned strand, not 

an individual of either, nor any of the seaweed (rockweed) so common 

elsewhere in the fiord were found growing at present sealevel. Here the 

destruction for nearly + miles was absolute, and in the six years since 

the uphft the common forms of shore life have not yet advanced upon 

this part of the coast. There are three apparent reasons for the failure 

of life to advance on this coast from other parts of the fiord: (1) the ice 

barrier of Turner and Hubbard glaciers to the north; (2) the sand and 

gravel-shore barrier to the south; and (3) the presence of an outmoving 

current of water, due to the glacial streams from Hubbard and Turner 

glaciers, and therefore coming from a region in which these marine forms 

are absent.* 

One is impressed by such evidence with the important effect of changes 

of level on life, and of its possible influence on extinction of species and 

change of environment in regions of unstable coastlines during the geo- 

logical past. 

HuMAN EVIDENCE OF UPLIFT 

GHNERAL EVIDENCE OF RECENCY 

The human evidence of deformation of the shorelines has its value 

largely in the fact that it checks our conclusions upon two important 

points: First, that the elevation took place in connection with the 1899 

earthquake; second, that all the movement was at once (that is, in the 

same month). ‘The condition of the beaches, benches, and fans suggests 

that the movement was recent and that it occurred essentially at one 

time. The uniform perfection of preservation of certain of the marine 

forms points to the same conclusions. The fact that vegetation seems to 

have encroached on all parts of all the beaches at once (equally old plants 

at all levels and all parts of each beach) points to a single period of 

uplift; and the fact that of these plants none were found that exceeded 

five years in age is very definite confirmation of the conclusion that the 

uplift occurred in 1899. 

NEGATIVE EVIDENCE OF THE HARRIMAN EXPEDITION * 

It has already been stated that the Harriman expedition, with a corps 

of trained observers, including Dr G. K. Gilbert, was in the bay about 

three months before the earthquake. 'They report no evidence of recent 

uplift, although they landed on parts of the coast where uplifted shore- 

* We are not certain that they are absent between Turner and Hubbard glaciers, for 

we did not visit that coast; but from a distance this coast appeared to be occupied by 

alluvial fans, on which neither barnacles nor mussels could thrive, 
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lines are very clearly preserved, as did Russell in 1890 and 1891; and both 

Russell and Gilbert are widely known for their studies of abandoned 

shorelines. Moreover, the Harriman ship, the George W. Elder, sailed 

twice very close to the site of the present uncharted reefs north of Haenke 

island. In the absence of other evidence, these facts might not be con- 

sidered conclusive scientific proofs of the absence of uplifted shorelines 

in June, 1899, and they are therefore offered merely as suggestive facts 

bearing upon the question. 

NATIVE TESTIMONY 

The natives, however, tell us definitely that the uplift took place in the 

fall of 1899 and in connection with the earthquake at that time. They 

assert, moreover, that there has been no movement since then, and that 

there had been none in recent years before 1899. 

Natives notoriously tell you whatever you want them to, especially if 
they can not speak your language well. ‘Therefore in questioning the 

natives care was taken not to suggest by a question the answer desired. 

We were fortunate in having with us an exceedingly intelligent and well 

educated native, J. P. Henry, a Sitka Indian, long resident at Yakutat, 

who both spoke and wrote English well. Again and again he pointed out 

to'us places, even before we reached them, where changes of level had 

occurred. He took an intelligent interest in our work and helped us 
materially; and in all the many cases where verification was possible we 
never once found him making misstatements. He, and our other native 

by his translation, told us of the earthquake; of the fish left stranded by 

the receding sea (some doubtless thrown up by the earthquake wave) ; of 

the appearance of new islands; of the uplift of beaches and sea caves; and 

of the whitened bryozoan film—all striking changes between the two 

seal hunting seasons of 1899 and 1900. 

No uplift took place at Yakutat, where the whites live. These white 
men seldom penetrate the inner bay, and, with the exception of one or 
two prospectors, appear to know nothing of the details of the change of 

level, nor to care about it. One of the prospectors, W. H. Thompson, 

who knows the bay well, verified the testimony of the natives. But since 

the Indians hunt seal up the bay every spring, especially in Disenchant- 

ment bay, where the uplift was greatest, and are familiar with the coast- 

line in intimate detail, their clear and definite statement as to the time 

of occurrence of the change requires no corroboration, once we are con- 

vinced that their testimony is honestly given, as is undoubtedly the case 

in this instance. As has been shown, however, even this clear and definite 

testimony is but one of a series of proofs, all of which point to September, 

VI—Butu. Grou. Soc. AM., Vou. 17. 1905 
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1899, as the time when, during a series of vigorous earthquake shocks, 

the remarkable deformation of the coastline of Yakutat bay, Disenchant- 

ment bay, and Russell fiord took place. 

EVIDENCE OF DEPRESSION 

Less varied in character, yet equally conclusive, is the evidence of de- 

pression, shown on a much smaller stretch of coast and naturally masked 

by the sea. ‘The encroaching of beach sand on forest and the consequent 

killing of trees by sand-smothering, and by salt water reaching their roots, 

is especially well seen at the head of Russell fiord (see plate 18, figure 2). 

In a number of places on the islands and shores of the foreland on the 
southeast shore of Yakutat bay this encroaching of the sea is also well 

seen. ‘The best instance in this vicinity is on the south shore of Knight 

island (see plate 19, figures 1 and 2), where beach sand extends back into 

the spruce forest a hundred feet or more, and where waves of present 

storms are overturning great trees and piling their wreckage among the 

living spruce. Here also the rank, sedgy beach grass is found growing 

back in the forest, illustrating once more the battle for the shore strip 

between land plants and sea or shore forms. As has been stated (page 

35), Ensign Miller speaks of dead trees on the shores of Miller lake; but 

their relation to the lake is not made clear. | 

None of the instances of depression can be referred to encroachment by 

waves, for they occur not on the exposed, but on the lee coasts. That it 

is actual depression of the surface is proved by the fact that over consider- 
able areas tree roots are now bathed by salt water. It is not certain, 

however, that all these areas of depressed surface are actual instances of 

a downward movement of the crust. They all occur in unconsolidated 

deposits, and the depression may be due to a shaking down of these loose 

beds during the earthquakes. This, however, does not seem probable, 

since the trees are not thrown down, nor even inclined, excepting where 

the waves are now undermining them. That the change is a recent one 

is proved by the fact that many of the trees reached by the storm waves 

are as yet only partly dead, some of their branches still supporting the 

needle-like leaves. 

REGIONS OF SLIGHT OR NO MOVEMENT 

Long stretches of coastline were not moved either up or down; but it 

was often difficult to be certain that there had been absolutely no move- 

ment, since a change of a foot or two one way or the other would leave 

only faint and uncertain evidence of the movement. In these cases simply 
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FIGURE 1.—SUBMERGED FOREST, SOUTH POINT OF KNIGHT ISLAND 

Dead trees and beach gravel thrown back into forest among trees not completely 
dead. Submergence about 5 feet 

FIGURE 2.—SUBMERGED FOREST, SOUTH POINT, KNIGHT ISLAND 

Beach gravel in the forest and beach grass growing in forest edge 

SUBMERGED FORESTS, KNIGHT ISLAND 
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negative evidence had to be resorted to. With no dead barnacles, no dis- 

cordant beach or bench, no encroachment of sand on vegetation, it was 

assumed that the stand of the land had been maintained. For most of 

the area this assumption is undoubtedly correct ; because the lack of evi- 

dence of change is characteristic of certain coasts, notably on the foreland, 

in a part of Russell fiord, and in Nunatak fiord. 
The latter case may be taken as typical of those places where negative 

evidence suggests no change of level, though there may have been a very 

shght uplift. For a mile from the glacier, along shores from which the 

ice has retreated since the earthquake (proved by a comparison of photo- 

graphs taken in 1899 and 1905), there is no rock bench at all and little 

marine life. For the next mile and a half there are no dead barnacles or 

other marine animals, though there are many living barnacles between 

tides; but the higher growing seaweeds were bleached or crisped as if by 

a drought. ‘This was seen nowhere else in the bay. It is probable that 

they would be revived by the next spring tide. For the succeeding 2 or 3 

miles there is a rock bench a trifle too high for present wave work, but 

possibly formed by iceberg waves when the glacier front was nearer. A 

few dead barnacles were found, but none that we could be certain were 

above the level of neighboring live ones. Along this coast we were not 

certain whether there had been no change at all or a shight uplift; but we 

were convinced that the uplift, if any, did not exceed a foot. 

With the facts observed and the instruments at our disposal we could 

not make more definite determinations in such places. Consequently we 

wish it to be understood that on many of the coasts where no quantitative 

statement of uplift or depression is given we do not mean to assert that 

there has been absolutely no change, but merely that we could find no 

conclusive proof of such change. Where the evidence suggests the prob- 

ability of a shght uplift or depression, the plus (+) or minus (— ) 

sign, with a query (?), is placed on the map (plate 23). 

EFFECTS OF THE HARTHQUAKE 

IN GENERAL 

Besides the results of the earthquake mentioned in the opening section 
of this paper, there are some effects still visible along the fiord which call 

for a word of description. They are of two classes: (1) abundant ava- 

lanches; (2) wave-swept areas. 

EARTHQUAKE AVALANCHES 

As in other mountain regions, avalanche effects are visible in many parts 
of the mountains surrounding this fiord; but they are locally far more 
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abundant than normal, and without any evident association with pecu- 

harly favorable rock conditions. Moreover, they reach their best develop- 

ment in sections where other evidence suggests the neighborhood of a fault 

line to a steep mountain slope. The most abundant avalanches, far 

exceeding in number any seen in equal area either on the 1,000-mile trip 

up the Inside passage or elsewhere in the Yakutat Bay region, occur along 

the mountain front near Knight island, and thence northward along the 

mountainous shore of the east side of Yakutat bay to point Latouche. 

The Indians report that “the mountain face was here entirely changed in 

1899 ;” and the vast extent of avalanches, involving hundreds of thou- 

sands of tons of rock, leads one to accept this statement as, in general, 

accurate. : 

Along the shores of Disenchantment bay, also in a region of inferred 

faulting, there is an excess of avalanches; but the absence of forest here 

makes their presence less clear and striking. We fortunately have a 

photograph taken here in 1890 by Russell, looking into the valley of the 
Black glacier 4 or 5 miles south of the Turner glacier, and at the point 

where, within a mile and a half, there is a change from a shoreline with no 

uplift to one uplifted 42 feet. A comparison of this photograph with the 

condition in 1905 shows remarkable changes, far in excess of what would 

be expected from normal weathering in 15 years. Great areas of alder 

and grass-covered slopes have. disappeared; talus slopes are noticeably 

enlarged; and the mountain face is materially altered in detail. 

In marked contrast is the series of hanging glaciers, not far away, 

south of the Turner glacier, delicately poised on the precipitous moun- 

tain side 1,000 feet or more above a shore which was uplifted 33 to 47 

feet, none of which fell in 1899. One of these did slide out of its valley, 

however, while we were in the bay in 1905. This indicates moderate 

disturbance at points away from the actual fault hnes. 

WAVE-SWEPT AREAS 

That earthquake water waves were generated by the shocks of 1899 is 

proved by the testimony of the natives, of the prospectors who were en- 

camped near the Hubbard glacier, and of the white residents of Yakutat. 

Throughout most of the inlet no evidence of destruction by these waves is 

found ; yet in places the evidence of a destructive water wave is very clear. 

Parts of the shores of the fiord are unfavorable to the preservation of 

records of such waves, but many sections are very favorable and yet show 

no evidence of an earthquake wave. For example, the low, wooded shores 

of Knight island show little or no signs of disturbance by the earthquake 
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FIGgurRE 1.—lForest, 40 FEET ABOVE SEA, DESTROYED BY HARTHQUAKE WATER WAYES 

Hast shore of Yakutat bay, mile and a half north of Logan beach. Avalanches show on 
mountain face 

WIGURE 2.—DPARALLEL FAULTS, 2 To 10 Krnr APART, GANNETT NUNATAK, HBAD OF NUNATAK 
FrTORD 

View westward out of fiord on south side of Nunatak. Faults extend north 40 degrees west 
(true) 

DESTROYED FOREST AND PARALLEL FAULTS 
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wave, while north of there, half way to point Latouche, the forest is swept 

away over a considerable distance (plate 20, figure 1). 
It is inferred from these facts that the destructive earthquake wave 

was local in its effects, and it is noteworthy that the two places where it 

has left the clearest records of its destructiveness are along the lines 

where we have the best evidence of faulting, namely, along the east shore 

of Yakutat bay, between Knight island and point Latouche, and on the 

west shore of Disenchantment bay, near Black glacier. 
In the latter place, about at the southern end of the high-level shore- 

line which extends up to Turner glacier, the cottonwood forest ends 
abruptly approximately a quarter of a mile back from the shore, along a 

line which is fringed with piles of dead trunks at an elevation of 30 feet 

vertically above the driftwood line of the present storm beach. That this 

is not an elevated shoreline is proved by the fact that between it and the 

coast is an old dead cottonwood tree in place, eroded of its bark at the 

level to which the driftwood reaches, and with a little pile of driftwood 

on its northern side. Between this and the bay are many mature dead 

willows in place with dead shoots broken and bent southward. 

A still clearer instance of destruction by the earthquake wave is found 

just north of Logan beach, about half way between Knight island and 

point Latouche (plate 20, figure 1). Here the present beach is littered 

with trees, often with branches and roots still clinging; the elevated 
beach is also covered with forest debris; and a still higher, older elevated 

beach, on which a mature forest had grown, has had its forest almost 
completely stripped off. Even beyond this there is a wild confusion of 

fallen and partly fallen trees. There is, in one locality, absolute destruc- 

tion of timber up to 40 feet above sealevel; and between it and the present 

shore there is a tangle of fallen trees. The trees are overturned, twisted, 

broken, and uprooted, giving rise to such a scene of devastation as only 

rushing water could produce. Being evidently along a fault line, it is 

probable that the devastation by the tidal wave was assisted by a prelim- 

inary shaking of the gravelly soil, which rendered the uprooting of the 

trees here easier than in other situations. 

At cape Stoss, near the head of Russell fiord, there is proof of the pas- 

sage of a water wave across the low neck of land which joins the rocky 

cape to the mainland. ‘This proof is the presence of enormous quantities 

of driftwood on the neck at levels well above that of the upraised shoreline 

at this point. In one place the driftwood is wrapped around an enormous 

boulder near the highest part of the neck and several hundred yards from 

the beach. The natives report that here, and in other places, their best 

wild strawberry beds were destroyed during the earthquake, and have not 
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since developed to their former condition. We found other less definite. 

evidence of the recent presence of a destructive water wave in several parts. 

of the fiord. 

EVIDENCES OF RECENT FAULTING 

RECENT FAULTS ON GANNETT NUNATAK 

At several places small faults of recent date were observed. The best 

and most typical instance is that on Gannett nunatak, which separates 

the land and sea ends of Nunatak glacier at the head of Nunatak fiord 

(see plate 23). This rock hill, reaching an elevation of about 1,450 

feet, is made of steeply dipping gneisses and schists, striking northwest- 

ward approximately parallel to the major axis of the Saint Elias chain. 

The nunatak is double crested, and the.southern half is crossed by scores 

of small faults (plate 20, figure 2), extending continuously from a few 
feet to over 200 yards, and with throws varying from an inch to 3 or 4 

feet (plate 21, figure 1), but usually less than a foot. They extend ap- 

proximately along the strike of the rock (north 40 degrees west, true 

north), but some small faults diverge from it, and a few short ones extend. 

at right angles to the strike, connecting neighboring strike faults. The 

hade is nearly vertical, and in almost all cases the southwestern side of 

the fault is the upthrow side, though there are a few with an upthrow on 

the northeastern side. ‘There are some fissures (plate 21, figure 2) and 

a few instances of small graben blocks (3 to 30 feet wide) between 

parallel faults (plate 21, figure 2). Some of the faults were traced up 

to the glacier under which they apparently passed. 

Glacial scratches extend up to the edges of the faults and are there dis- 
located, and no strie occur on the faces of the fault-scarps. Here and 

there the faults have dislocated a thin till veneer on the rock. These 

facts prove that the faults have developed since the ice receded from the 

slopes of the nunatak, not many decades ago, and possibly since Russell 

first saw it in 1891. That they are very young is proved by the sharp 

angles formed where the fault planes intersect the surface, even when the 

surface material is till, and by the general absence of notable talus slopes 

at the base of the tiny fault-scarps. It seems incredible that these fault- 
scarps can have been exposed to the weather longer than six years; and, 

although it can not be more positively demonstrated, this faulting is con- 

fidently correlated with that deformation of the crust which elsewhere 

in the region has been definitely determined to have occurred in 1899. 

RECENT FAULTING AND AVALANCHES 

Our first observations of minor faulting and rock fracturing were made 

near the edge of a cliff just southwest of cape Enchantment ; but the posi- 
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FiGuRE 1.—FAuLT Scare (3 FEET) ON GANNETT NUNATAK 

Cliff extends north 40 degrees west (true) 

FIGURE 2.—GRABEN FAULT, 30 FEET WIDE (BETWEEN FAULT SCARPS ON LEFT AND IN ISORE- 
GROUND), ON GANNETT NUNATAK 

FAULTS ON GANNETT NUNATAK 
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tion was such as to make it possible to interpret the fracturing there as 

the result of sapping along nearly vertical strata above a stream-cut cliff. 

On Gannett nunatak, and in the other places, the situation of the faults 
precludes the possibility of this interpretation, and it is doubtful if even 

in the case mentioned the interpretation of sapping is the correct one. 
Such shattering near a cliff edge would not only cause avalanches dur- 

ing the earthquake, but also prepare the way for future avalanches by 

opening passageways into the rock. Thus in this respect faulting is an 

important agent of denudation in favorable localities. 

OTHER INSTANCES OF RECENT FAULTING 

Similar faults were observed in a number of other places, but nowhere 
in such numbers as on Gannett nunatak. Recent faults were discovered on 

the southern slope of mount Tebenkof (strike, north 45 degrees west and 

north 65 degrees west, true north) and on the ridge south of point 

Latouche (north 85 degrees east, true north), where, at an elevation of 

about 1,900 feet, there are a number of faults in a moraine. Several of 

these have a throw of 3 feet. That the latter can not be due to landslip 

action is proved by the fact that they cross a valley and extend up the 

slope of a hill near its middle and several hundred yards away from the 

nearest steep slope. Recent faults were also observed by Mr Butler and 
the junior author on a nunatak on the west side of Lucia glacier and on 

the west spur at the south of Floral pass. 
Thus in several widely scattered localities minor faulting was observed, 

and in a number of places not visited there appeared to be such faults on 

the mountain slopes; but no case of a single major fault-scarp was ob- 

served. The significance of these facts is considered in a later section. 

EVIDENCES OF OLDER CHANGES OF LEVEL 

EVIDENCE OF OLDER FAULT LINES 

Largely on physiographic evidence, Russell assigned to faulting a nota- 

ble part in the production of the topography of the Yakutat Bay region, 

and of the mountains up to and including mount Saint Elias, which he 

describes as a fault block recently uplifted. So far as they go, the 

tendency of our observations is toward the verification of Russell’s gen- 

eralizations, in so far as the Yakutat Bay region is concerned. The 

straight mountain front from Yakutat bay southeastward, with its trun- 

cated mountain spurs (plate 22, figure 1), has the form of a fault-block 
mountain front, though we have no facts to prove that it is not an ancient 

sea cliff, formed before the deposit of the gravels of the Yakutat foreland. 
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The straight, mountainous east shore of Yakutat bay north of Knight 

island, also explained as a result of faulting by Russell, certainly suggests 

this origin by its form. 

Geological evidence in the form of abrupt difference in rock structure 
in a short distance (less than a quarter of a mile) seems to demand a 

fault line between the Coal series and the older Yakutat series along the 
mountain face west of Yakutat bay, and between the Yakutat series and 

the still older Crystalline series along the straight stretch of the lower, 

or northwest, arm of Russell fiord. One of these inferred lines of an- 

cient faulting is approximately parallel to one of the recent movements. 

OLDER ELEVATED SHORELINES 

That faults of older date occur in this region, and that the deformation 

of 1899 is but one of a series of movements, associated with a progressive 

mountain uplift at present in progress, is suggested by the recognizable 
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Figure 1.—Cross-3ection of northeast Shore of Russell Fiord, opposite Marble Point. 

Illustrating the two uplifts recorded there. 

remnants of older uplifted shorelines. An example of this is a wave-cut 

cliff with a narrow beach at the base on the northeastern shore of Russell 

fiord opposite Marble point (figure 1). The older beach and cliff (see 

plate 15, figure 1) are occupied by a dense alder thicket with bushes esti- 

mated to be over 25 years old. It rises about 4 feet above the beach which 

was uplifted in 1899, which is here 9 feet above present sealevel. 

On the east side of Yakutat bay, just north of Logan beach, there is an 

elevated beach with a wave-cut cliff behind it, from which the forest has 

been partly stripped by the tidal wave (see plate 23 and plate 20, figure 1). 

One spruce tree, broken by this wave, but still in place on the beach, had 

75 Tings, proving this uplift to have occurred at least 75 years ago, 

whereas the recently uplifted strand in front of it bears only annual 

- plants. Both the older and newer uplift on this coast vary decidedly in 
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FIGURE 1.—MOUNTAIN FACE RISING ABOVE YAKUTAT ILORELAND 

Head of Russell fiord in distance. Miller lake nearer camera. Fault line A (plate 23) passes 
along base of mountains. View southeast at elevation of 1,590 feet 

FiGuRE 2.—SUBMERGED ForeEST, LOGAN BEACH, EAST SIDE OF RUSSELL FIORD 

Picture taken at mid-tide 

MOUNTAIN FACE, ABOVE YAKUTAT FORELAND, AND SUBMERGED FOREST 
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amount in a short distance. ‘There are also ancient, forest-covered beaches 

on Krutoi and Otmeloi islands. 

Near the head of Russell fiord there are elevated shorelines about 140 

feet above the fiord; but these are believed to be associated with a lake 

dammed by an ice barrier in lower Russell fiord and Disenchantment bay 

during a recent advance of the glaciers. 

Repeated traverses failed to reveal evidence of higher stands of the sea 

at levels above those described; but it is to be noted that former greater 

extension of the glaciers is proved for this region. We have evidence that 

Hubbard glacier reached down to Haenke island a century ago, and the 

evidence is clear that all of Nunatak fiord and more than half of Russell 

fiord have only recently been abandoned by the ice. At an earlier period, 

but at no very remote time, the entire inlet, clear to the ocean, was occu- 

pied by ice. These facts would help to explain the absence of higher 
shorelines if this deformation has long been in progress. 

EVIDENCE OF OLDER DEPRESSIONS 

At the head of Russell fiord and at Logan beach (plate 22, figure 2), 

on the east shore of Yakutat bay, submerged forests appear on the beach 

between tides. In both cases they occur in places where evidence of uplift 

in 1899 is absent, and close by, and on the downthrow side of, fault lines 

inferred from the evidence of the deformed shorelines. In each case evi- 

dence of depression in 1899 is found not far away; but the submerged 

forest at the head of Russell fiord was discovered by Russell in 1891, and 

therefore this submergence antedates the 1899 deformation. 

STATEMENT OF QUANTITATIVE OBSERVATIONS 

METHODS EMPLOYED 

Along a coastline upward of 150 miles in length we examined almost 

every part carefully and selected over one hundred points as suitable 

places for quantitative measurements. Our method of measuring the 

change of level necessarily varied with conditions; but wherever possible 

our measurement is the vertical distance between, the highest living and 

the highest fixed dead barnacles, in a place where the latter are well pre- 

served. For obtaining these measurements we used the Locke level and 

a graduated rod, the greatest elevations being checked by aneroid. 

This method, like any other we could devise, was subject to a small 

error; but, owing to the widespread abundance and excellent preservation 

of the barnacles on the elevated shoreline, the amount of this error could - 

not be great. Care was taken to select the most favorable sites, and very 
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often two or more observations were made close together as a check on 

the one recorded. The possible error is all on the side of conservatism 

for two reasons. In the first place, along the elevated shoreline occasional 
barnacles are still living just above the zone of barnacle growth, having 

been able to survive these six years with an occasional bath of salt water 

from waves at high tide. Consequently when we took the highest living 

barnacle, always searched out very carefully, it was often the only living 

one among many dead forms and several inches above the upper limit of 

abundant live barnacles. In the second place, the highest dead barnacle 

actually attached to the rock (and we took account of no others) was 

often probably not as high as barnacles had grown at the former level of 

the sea. If the conservative error on both ends could be corrected, we 

have no doubt that it would often increase the uplift by 6 inches or a foot, 

but would never diminish the amount stated. 
In a very few places where living barnacles were absent from the present 

shoreline, as along the coast south of Turner glacier, our measurements 

are between the high-tide mark and the top of the zone of abundant dead 

barnacles, which was assumed to represent high tide on the old strand. 

On the elevated beaches we made one or two measurements between par- 

allel lines of driftwood; and two or three measurements were made be- 

tween the lower limit of land plants on the ancient beaches and the lowest 

old bushes above it, a possible error of only a foot or two. It should be 

pointed out that the greater number of our measurements (approximately 

80 per cent of them) were made by the conservative method of measure- 

ment between highest living and highest dead barnacles, and that all other 

cases, where another method was necessary, checked well with closely 

adjacent localities where barnacle observations were possible. The coast 

south of Turner glacier is an exception, for here barnacles were used only 

at the upper limit. 

Our measurements of depression are much less exact. For these we 

measured the vertical distance between the base of the lowest tree in place 

and of the highest on which beach gravels were being piled at the time. 

CHANGES OF LEVEL ON THE FORELAND 

Taken as a whole, the foreland and its associated islands may be con- 

sidered as a region of no change of level, though with small areas of 

slight depression, usually too slight for quantitative measurement. On 

the west side of Yakutat bay, from opposite point Latouche to the Kwik 

delta, the shoreline was studied carefully, but no change in level could be 

detected on the foreland. On the southeast side of the bay, near the 

mountains, both on Knight island and on the mainland, the changes of 
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level are very irregular, but on the whole show uplift. A short distance 

out from the mountain base the uplift ceases, and the same is true at the 
head of Russell fiord. In all cases, that is on four coasts (both sides of 

Yakutat bay and Russell fiord) (plate 23), there is a change from an 

upraised to a depressed or stationary coast in a short distance—within 

a hundred yards southeast of Knight island and on the southeast 

shore of the head of Russell fiord and within a mile on the other two 

shores. 

The longest stretch of the foreland coast studied lies between Knight 

island and Yakutat. Here, both on the shores of the foreland and in the 

maze of channels between the islands, the usual condition is that of forest 

coming down to the very water’s edge, and therefore giving a very delicate 

register of change of level. Along most of the coast there has evidently 

been no change whatsoever; but in two or three places there has been a 

very slight uplift, and in a number of places the coast has been depressed, 

especially among the small islands. There is also evidence of older 

change of level in two or three places, but notably on the northeast end of 

Krutoi island, where there is a recent uplift of 3 feet, and back of it a 

beach and wave-cut bluff of much older date with a mature forest growing 

on it. This older uplift was between 5 and 10 feet. 

At and near Yakutat and in the slough near Ocean cape, there is no 

evidence of change of level. Whether the destroyed cemetery on Khan- 

taak island is evidence of depression or merely the work of the earthquake 

wave was not determined; but just west of this, on the ocean shore of the 

island, there is a condition of forest encroached on by present waves which 

suggests depression of about seven feet. It may, however, represent sea 

encroachment on the shore, and is therefore considered only tentatively 

as possible evidence of local depression. 

OHANGES OF LEVEL ALONG THE MOUNTAINOUS EAST OOAST OF 
YAKUTAT BAY 

The changes of level along this coast are very irregular. Near Knight 

island the uplift varies from 5 to 12 feet 6 inches, and there are marked 

variations in short distances. Along the coast north of Knight island to 

within 4 or 5 miles of point Latouche the average condition is either that 

of no change of level or else of depression (see plate 23 and figure 2) ; but 

where the coast turns eastward, both near Knight island and near point 

Latouche, uplifted shores begin abruptly, reaching a maximum of 10 feet 

near Knight island on the mainland, and of 12 feet 6 inches near point 

Latouche. 
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Along the straight stretch of coast between the uplifted parts there is a 

general condition of gravel foreland forming a narrow strip between the 

mountains and the sea (figure 2). In one part, however, just north of 

Logan beach, the mountains come down close to the sea, and here for a 

short distance there is a recently elevated shoreline 15 feet above present 

sealevel, but descending abruptly northward, and disappearing in less than 

a half mile. Back of it is the older, spruce-covered beach already de- 

seribed, which descends northward more than 2 miles before being lost. 

As shown in a later section, these phenomena are believed to be related 

to a fault line close by the mountain base. 

CHANGES OF LEVEL IN DISENCHANTMENT BAY 

At point Latouche the uplifted shores are 11 to 12 feet above present 

sealevel, but perceptibly decline northward, for most of the distance 

between point Latouche and Haenke island (on the east side) being 

between 7 and 8 feet. At Haenke island, however, the raised shorelines 

are 18 or 19 feet, and this marked uplift abruptly appears on the peninsula 

northeast of Haenke island (see plate 13 and plate 17, figure 2), and ex- 

tends nearly to Gilbert point, where it disappears equally abruptly. 

Within a mile, at Gilbert point, there is a change from no uplift on and 
near Osier island to 17 feet 1 inch just southwest of it. It is in this 

region of marked uplift that the new reefs appear just north of Haenke 

island. 
On the west shore of Disenchantment bay the first rock cliff south of 

Turner glacier (a quarter of a mile from the glacier) shows an uplift 

of 33 feet 11 inches; and this remarkable shoreline, the most perfect as 

well as the highest in the region (see plate 14, figure 2; plate 16, figure 1, 

and plate 18, figure 1), attains an elevation of 47 feet 4 inches within a 

distance of a mile and a half. Just below point Funston the elevation 

is 42 feet, and south of that it rapidly descends. No accurate quantita- 

tive measurements were possible in this region of disappearance, but the 

uplift evidently extends to the Black glacier alluvial fan, where on the 

north side it is estimated to be about 30 feet, and on the south side, a 

little over a quarter of a mile away, 9 feet. South of this no evidence of 
uplift was found; but on the alluvial fan of Galiano glacier, a mile and a 

half southwest, there is indication of shght subsidence, and beyond that 
no reason for inferring any change of level. 

From these facts it is evident that the shores of Disenchantment bay 

have been gréatly uplifted (the highest in the fiord), and that they have 

been differentially deformed. While the changes in amount of uplift 

occur within short distances here, as in other parts of the fiord, they are 
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not traceable to a single sharp break, but are apparently the result of 

decided change taking place in a narrow zone. 

It would be interesting to know what effect a 34-foot uplift had on the 

crevassed front of Turner glacier, for there is evidence of this great eleva- 

tion up to the very edge of the ice. Gilbert suggests that the front of this 

glacier is floating, and if this is true the effects of uplift would have been 

more destructive than if the ice rested on the bed of the fiord. We were 

unable to determine what effect the uphft had; but it is noteworthy that 

the form of the ice-front has been materially changed since Gilbert photo- 

graphed it in 1899. 

CHANGES OF LEVEL IN THE NORTHWEST ARM OF RUSSELL FIORD 

The northeastern shore of this fiord, from the Hubbard glacier to Nun- 

atak fiord, shows uniformly an uplift of considerable amount (plate 15, 

figures 1 and 2); but the conditions for accurate measurement of the 

uplift were not usually present on the friable slate rock and extensive 

beaches which constitute this shore. Four good observations were secured, 

one of them on the beach (7 feet 7 inches), the other three on barnacles 

on the rock (plate 17, figure 1), giving measurements of 7 feet 1 inch, 

7 feet 6 inches, and 9 feet. It is along this coast that an older beach, 

covered with mature alders, was discovered (see figure 1). 

On the southwest shore, on the other hand, although the rocks are very 

favorable for preservation of barnacles, we nowhere found evidence, either 
of a physiographic or a biologic nature, of uplift of over 2 feet. On 

most of the coast the evidence is wholly negative, but at four points we 

found dead barnacles on a slightly elevated bench from 1 foot to 1 foot 

10 inches above the highest living barnacles. The evidence is convine- 

ing that there is a marked difference in the uplift on the two sides of this 

narrow, straight stretch of fiord. 

NUNATAK FIORD 

We have already described the conditions on the southern shore of 

Nunatak fiord, where there is no clear proof of change of level, but a possi- 

bility of an uplift of a foot or less. The northern shore of the fiord like- 

wise gave no proof of change of level; but this coast is wholly beach and 

alluvial fan on which a moderate uplift might easily be indistinguishable. 

The difficulty of discovering an elevated shoreline in this part of the fiord 

is increased by the fact that the recession of the glacier has been so recent 

that abundant vegetation has not advanced far up the fiord, and this aid 

to detection of uplifted beaches is therefore absent. However, the fact 

that no evidence of change of level could be discovered in this fiord, while 
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not proving entire absence of change, is believed to demonstrate very 

shght, if any, change. 

CHANGES OF LEVEL IN THE SOUTH ARM OF RUSSELL FIORD 

At cape Enchantment there is evidently an uplift of less than 2 feet, 

and several miles south of this, opposite Seal bay, of 3 feet 3 inches. 

Between these two points there is a succession of slightly elevated beaches 

and fans; but on the east side of the fiord, while a slight uplift is indi- 

cated, we could got no definite measurement until a point was reached 2 or 

3 miles south of Seal bay. Conditions along this eastern coast are perfect 

for the preservation of evidence of uplift, and-our failure to find definite 

evidence convinces us that the uplift here was at best very shght. Quite 

abruptly, however, just north of Russell cove, a wave-cut bench rises, and 

on it we found dead barnacles 4 feet 10 inches above the highest living 

ones. South of this the bench slowly rises, reaching an elevation of 

9 or 10 feet on the west side and 7 or 8 feet on the east side of the fiord 

(plate 14, figure 1). At the very head of the inlet, in the fist-shaped 

area in the foreland, there is a change in a very short distance on both 

sides of the bay from an uplift of 7 feet 4 inches to a depression (plate 18, 

figure 2). 3 

INTERPRETATION OF OBSERVATIONS 

IN GENERAL 

Our observations lead us to the conclusion that here, in a non-volcanic 

region, the land is still rising. Moreover, there is definite evidence that 
earlier movements have preceded that of 1899. How widespread the 

effects of this last movement were on the Pacific coast is not yet known; 

but the destruction known to have occurred in September, 1899, at the 

front of the Muir glacier, 140 miles away, suggests the possibility of its 

extension this far, and observations in that region will be awaited with 

interest. At Dundas bay, near the entrance to Glacier bay, we landed 

for a few hours, but found no evidence of change of level; and there was 

none at Sitka. On our way down the Inside passage we looked for evi- 

dence of change of level, but without success, excepting in the narrow 

passage just north of Ketchikan, several hundred miles farther south- 

east, where there has been a recent uplift of unknown date and amount, 

the evidence of which is visible from the steamer. 

In the region of our detailed studies it is evident that the uplift was 

differential and that the movements were complex, resulting in a distinct 
deformation of the coastline and bordering land. The exact nature of 
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these differential movements is not certain in all cases, though some con- 

clusions regarding them seem clear and well founded. 

MOUNTAIN-FRONT FAULT 

That there is a zone of narrow width, just outside the mountain base, 

where uplift is replaced by either depression or ‘no change, is clearly 

_ shown at four points. This suggests the presence of a fault line near the 

mountain base. If such a line is projected (see fault line A, plate 23) 

it passes through three of the areas where uplift is replaced by depression 

or no change, but would need to be bent slightly to reach the fourth at the 

head of Yakutat bay on the west side. From this evidence a fault line is 

inferred along the face of the mountain from the head of Russell fiord 

to Knight island. 

Additional reason for suspecting an older fault here is found in the 

topography already described—a straight mountain front with truncated 

spurs reaching out to nearly the same line (plate 22, figure 1). Along 

this line, northeast of Knight island, there is also an unusual develop- 

ment of avalanches. Moreover, the amount of uplift along it varies 

greatly, as it naturally would along a fault with the downthrow side 

dragged upward, and with the fault line not a single break but a complex 

of parallel fractures, as seems to have been the case in this region, where 

the change across the fault line is not an abrupt scarp, but occupies a zone 

of some width. The statement of Ensign Miller that trees are destroyed 

on the east and west side of Miller lake is interesting, since this is exactly 

where we place our fault line on entirely independent evidence. 
Harmonious with the interpretation placed on the facts in this 

region is the appearance of the four small islands east of Knight island, 
exactly where the inferred fault is believed to pass, and with their long 

axes parallel to the fault line. We do not place this fault line outside the 
zone of uphft because it is believed that some of the upraised coast near 

and on Knight island is due to updrag on the downthrow side. 

POSSIBLE MINOR FAULT SOUTHWEST OF KNIGHT ISLAND 

There is the possibility of a second fault of minor character along the 

islands between Knight island and Yakutat (see fault line, plate 23). 

The evidence of this is not convincing, and this fault is proposed solely 

on the basis of the fact that there is a rather remarkable linear arrange- 

ment of uplifted and depressed areas in the midst of a region which, in 
general, shows no sign of change in level. The fact that earlier changes 

of level are recorded in these same places by older uplifted beaches, and 

that similar shorelines were not discovered elsewhere in the foreland, -is 
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a part of the evidence on which a fault line is inferred with some doubt 

along the axes of these islands. 

FAULT ALONG EAST SHORE OF YAKUTAT BAY 

Much clearer evidence of a fault line exists along the mountainous 

eastern shore of Yakutat bay (see unlettered fault line B, plate 23). 

Here the mountain front is straight, steep, and has spurs truncated along 

a straight line. The mountain face is scarred by numerous avalanches, 

and the shores at its base were washed by the most destructive tidal wave 

recorded in the region (plate 20, figure 1). For much more than half its 
length this shore shows no elevated strands; but they begin where the 

coast bends away from the straight line on both the north and south end; 

and near the middle, where the mountain slopes come down close to the 
sea, there is an upraised ancient beach and, parallel to it, an uplift belong- 

ing to the 1899 series (see figure 2). 
We are able to suggest no other explanation for the phenomena re- 

corded here than that of a fault close to the mountain base, lifting the 

hard rock of the mountains, but not raising the gravel forelands which 

skirt most of this straight coast. In this connection it is notable that be- 

hind the broadest part of the narrow foreland, at Logan beach, there is 

a valley between the foreland and the mountains, whose formation by 

earher faulting is easy to understand, but difficult of explanation in any 

other way. That the earthquake shock was violent here is proved by the 

fact that a gold miner’s log cabin on the gravel bluff above Logan beach 

was partially demolished, unroofed, and thrown part way off of its founda- 

tions during the earthquake of 1899. 

We are not absolutely certain whether to correlate this fault with the 

one inferred farther southeast along the mountain front (plate 23, 

fault A), which it intersects at a low angle, assuming the two to be con- 

nected by a slight bend, or whether to consider it a separate and distinct 

fault. The later interpretation is placed on the map, but we have no evi- 

dence to prove this interpretation as opposed to that of a single contin- 

uous, shghtly curved fault line. It is a notable fact that this fault line, 

extended, strikes the western side of the head of Yakutat bay exactly at 

the point where the great uplift south of Turner glacier dies out. 

FAULTING ALONG DISENCHANTMENT BAY 

The great uplift (reaching over 47 feet) on the west shore of Disen- 
chantment bay; the lesser, but still great (18 to 19 feet), uplift on 

Haenke island and the shore of the peninsula north of it; and the mod- 

erate uplift (7 to 9 feet) along most of the east shore of Disenchantment 

VII—BvLL. Gout. Soc..AM., VoL. 17. 1905 
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bay seem to demand at least two lines of faulting. One of these (see 

line C, plate 23) is inferred between Haenke island and the west shore, 

one (line D, plate 23) between Haenke island and the east shore. No 

other evidence of these inferred faults was discovered than the remarkable 

differences in uplift in short distances. The rapid descent of the ele- 

vated shoreline from 17 feet to no change at Gilbert point is believed to 

be related to the fault line along the northwest arm of Russell fiord. 

FAULT LINE IN NORTHWEST ARM OF RUSSELL FIORD 

It has already been shown that geological structure indicates the exist- 
ence of an older line of faulting along this straight reach; that an uplifted 

beach of older date exists on the northeast shore, but none was discovered 

on the southwest shore; and that the uplift of 1899 upraised the northeast 
shore from 7 to 9 feet and the southwest shore nowhere more than 1 foot 

10 inches, so far as we could see. These facts point clearly to a fault line 

along the axis of this part of the fiord (see fault line E, plate 23). 
Nunatak fiord gives us no proof of change of level, though the nunatak 

at its head is badly fractured. | 

SOUTH ARM OF RUSSELL FIORD 

From a region of very slight uplift near cape Enchantment, and a pos- 

sible slight uplift on the opposite shore, there is a rise in the elevated 

shore line to a maximum of 10 feet near the head of the inlet, where in a 

short distance the uplift is abruptly replaced by depression on the fore- 

land along the line of the inferred mountain-front fault (line A, plate 
23). There is no evidence of faulting along the axis of this part of the 

fiord ; and no proof of an earlier uplift was discovered. 

MINOR FAULTING 

In addition to the major lines of faulting which we have inferred, evi- 

dence exists at several widely scattered points proving a minor shattering 

of the crust, as stated in the preceding paragraphs. ‘These places have 

in no case been found along the lines of inferred major faults, but in all 
cases where observed they appear to be due to a minor shattering in the 
larger uplifted blocks. The fact that no uplifted shorelines occur near 

the shattered Gannett nunatak is not significant, since the present coast 

of the nunatak was more nearly inclosed by ice in 1899, and a few years 

previous to that (in 1891) was completely inclosed ; so that by 1899 there 

had not been opportunity for the development of a shoreline on the 

nunatak. 
FOLDING VERSUS FAULTING 

Both in the field and since our return we have attempted to place the 
interpretation of folding on the phenomena of deformation described, but 
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without success. Opposed to folding are four significant facts which seem 
to eliminate it as an hypothesis. .In the first place, the lines of deforma- 

tion extend in too many directions. In the second place, the zones of 

gradation between areas of different degrees of deformation are exceed- 

ingly narrow, while the intervening areas of uplift are very broad. In 

the third place, the minor faulting proves dislocation in parts of the 

region. Finally, faulting is proved by the series of earthquakes and their 

destructive avalanches and water waves. 

NATURE OF THE DEFORMATION - 

Briefly summarizing the inferences which the facts seem to warrant, we 
conclude that in 1899 there was a renewal of mountain growth, uplifting 
that part of the mountain front bordering the Yakutat bay inlet to differ- 

ent amounts—7 to 10 feet on the southeast side of the bay and 40 to 47 

feet on the northwest side. This uplift occurred all within a little over two 

weeks and mainly on a single day (September 10). It was complicated 

by movements along secondary fault lines, which produced at least three 

(and perhaps more) distinct major blocks, as follows: (1) The area be- 

tween fault lines A, B, C, and E (plate 23), including all the peninsula 

and a part of the mountains east of the south arm of Russell fiord to an 

unknown distance toward the southeast; (2) a block west of fault line E 

(plate 23), extending westward an unknown distance from the west 

shore of Disenchantment bay; (3) a block extending northeastward for 

an unknown distance from the northeast shore of the northwest arm of 

Russell fiord. The first and largest of these blocks, that including the 

peninsula, is apparently tilted upward toward the southwest. 

Accompanying this faulting was a minor fracturing apparently due to 

local adjustments in the tilted blocks. Doubtless this minor fracturing 

is much more common than our observations indicate, for it was discov- 

ered in more than half of our expeditions into the interior when we went 
out of the valleys away from the seacoast. 

TOPOGRAPHIC SIGNIFICANCE 

That this faulting may be part of an important process by which the 
main lineaments of topography in this region were. developed is evident. 

The straight mountain front, the straight mountainous eastern shore of 

Yakutat bay, and the straight northwest arm of Russell fiord all bear evi- 

dence of faulting during this recent period of uplift, and the evidence 

seems to demand the presence of two fault lines along Disenchantment 

bay. How far this process of faulting can be applied in explanation of ~ 
the initial outlining of the fiords is not certain from any facts we could 
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gather ; but of one thing we are certain: In spite of the parallelism of the 

fault lines to several reaches of the fiord, and in spite of their possible 
importance in determining the main lineaments of the valleys, the present 
depth and form of the fiords are assignable not to faulting but to glacial 

erosion. The evidence of this is clear and convincing, but the statement 
of it can not be made in this paper.* 

COMPARISON WITH OTHER HISTORIC UPLIFTS 

While there are many evidences of changes in level during recent geo- 

logical time, in widely separated localities, some of a slow secular nature 

still in progress and involving extensive areas, some evidently abrupt. and 

involving smaller areas, the great majority of these give us no clue either 

to the time or nature of occurrence or to the amount of uplift at a given 

period. 

Some instances are fairly definite in these respects, and some locate 

the period of uplift and determine its amount with exactness. A prelim- 

inary examination of the literature fails to find a single instance in which 

an uplift approximating in amount that of the Yakutat Bay region, in 

its maximum, is described as having occurred at a single period of dis- 

turbance. Compared with the historic changes of level associated with 

definite earthquakes, the Yakutat Bay deformation therefore stands con- 

spicuous. It is apparently the greatest historical change of level (47 feet 

4 inches at the maximum) ; it combines the various classes of evidence— 

beaches, benches, sea caves, marine animals, human testimony, as in 

South America (1822, 1835, 1839) ; new reefs, accompanying faulting, 
as in New Zealand (1855) ; combination of elevation and depression, as 

in India (1811); and it adds the new types of evidence of dissected 

alluvial fans and uplifted till shorelines, besides furnishing the most 

complete interrelated evidence of all sorts in practical agreement. 

*See Tarr and Martin: Bull. Amer. Geog. Soc., vol. xxxviii, 1906, pp. 145-167. 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

VOL. 17, PP. 65-228 MAY 28, 1906 

CARBONIFEROUS OF THE APPALACHIAN BASIN* 

BY JOHN J. STEVENSON 

(Presented by title before the Society December 29, 1905) 

CONTENTS 
Page 

MAES Ra UT BEACH Oates 2,25. 151-5. si Ge'micsi gies china lowe er love OMCater eo) cManshalears es, AVIS Bie Buenas BAG er Bo 65 

nT APEOETEL ANTON. |<. Gc, sahei aire cc ie Se eee elapomera Mere sieae wiser Ws eile Sate, ¥ dos '6 000 owls 69 

| OOIERS 20 (0) ae EPR EEE S wll bre Coe ee ee 69 

Bast-rrom te; ANeEnEMIES .. xa. s eels See de aks ok aE te eee 76 

First bituminous coal basin of Pennsylvania. ......... ccc ccc cece eee 80 

Second bituminous coal basin of Pennsylvania.................0200. 88 

SVESEEEMODASINS JOL) PenNSyIVANIAS a15 4s acon hs Seas oases cade bes oss 94 

MORIN Awa hich ian suse. 3. 5) v)SuS donate, gee ES Ge SNe le le, oleae sia d< diserd 8 « 109 

SCDOT IER e ae cers wld. & sa aueerenes odd ero Et nem en Hoe slew Ate aes 128 

VAN GTO GS EH OES se CE ee) ae lin al 

SGPT ROUTED CL OMS (55:51 « eee. wo 3 si, si lee shea so ciebae ele paisa he Se see 154 

COS) Se TR eee PER sown tet) Oe tte ae Oey 154 

Baseeirona the: AMeChenies .. . 6 b.e siesnic og welelegs Bl Sea ee a es eS Se 0% 1638 

First bituminous coal basin of Pennsylvania.........s.c..c.c. ccc cees 165 

Second bituminous coal basin of Pennsylvania..................000 168 

Western bituminous basins of Pennsylvania........ Be bey aati) act 172 

The northern panhandle of West Virginia..................cccccece 182 

CUSEV OL a Ai Beco 0) oT cA Oe arm HIE 4 7) ee oe eR Re a 184 

PHSGCSTOU ta CHG QTC RM pears oe ats. 5: cls. i540. assa. Jo ae: seye gion ead nanan lem aeons base chats A Pave Bec ans! « 200 

ORC SU mA DISC IA MBSE Nec Vey ec 5 co saaw eo eyed ay ge eter e aie Guateme Mame a a at ond ietekbis c Sie c 202 

Allegheny and Conemaugh in the anthracite fields....................... 216 

Southern and Middle MEldS 2 $6.2. oe sjoas ee oe we kaeks oho deeecie tees 216 

INROTE GS CELSO IETS! O aneite ae gee nn R ee ee: Cl ee AOS ey an ae ae ae 222 

INTRODUCTION 

The Coal Measures above the Pottsville have been grouped in various 

ways by those who have studied the Appalachian basin. 
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In the early reports on the geological survey of Pennsylvania Professor 

Henry D. Rogers used a numerical scale to designate the formations, the 

Pottsville being XII and the Coal Measures above being XIII; but in the 

fourth report he divided Formation XIII into the Allegheny and Monon- 

gahela series, drawing the line between them at the lowest rock bed seen 
at Pittsburg, or nearly at the place of the Ames limestone. In the next 

year he abandoned the geographical terms, using only XIII and desig- 

nating the lower coals by letters. * 

The numerical method was adopted in Virginia by Professor William 

B. Rogers, the Pottsville being designated by 12 in his second report. 

Two years later he divided the measures into the Lower and the Upper 

Coal series, separated by a considerable thickness of barren measures, and 

in his fifth report he gives 

Lower Coal group, or Formation XIII; 

Lower shale and sandstone group, or Formation XIV; 

Upper Coal group, or Formation XV; 

the Mahoning sandstone being included in the Lower group. t 

In 1856 Professor J. P. Lesley offered this grouping: 

Barren measures, 

Upper series, 

Barren measures, 

Mahoning sandstone, 

Lower series, 

with the Pittsburg coal as the highest member of Number 3 and the upper 

limit of Number 2 indefinite. f 

Professor Rogers’s final report of the geology of Pennsylvania ap- 

peared in 1858 and contained this arrangement: 

Upper Barren Greene County 

Waynesburg group and Pittsburg coal and haaniie t group. 

Lower Barren measures 

Mahoning sandstone 

Freeport group 

Freeport sandstone Lower group. 

Clarion group 

\ Middle or Barren group. 

The plane between the Allegheny and Monongahela of the previous 

* H. D. Rogers: Second Ann. Rept. Geol. Explor. of Pennsylvania, p. 71; Third Rept., 

p. 62; Fourth Rept., p. 150. 

W. B. Rogers: Rept. Geol. Virginia for 1838, p. 84; Rept. for 1839, p. 98; Rept. 

for 1840, p. 76 et seq. 

t{ J. P. Lesley: Manual of Coal and its Topography, pp. 94, 116. 
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arrangement had been placed almost midway in the Lower Barren 

measures. * 

In 1870 Professor J ohn 8. Newberry divided the Ohio Coal Measures 

into Lower and Upper, including in the former all beds below the Pitts- 

burg coal to practically the bottom of the Pottsville. Professor Edward 

Orton adopted this classification in his elaborate discussion of the Ohio 

coals, published in 1884.t 
In the same year Stevenson employed the terms Lower and Upper for 

the Coal Measures of northern West Virginia, drawing the plane of sepa- 

ration just under the Pittsburg coal bed, but including only rocks above 

the Pottsville. In 1872 he grouped the deposits into 

Upper Barren group, 

Upper Coal group, 

Lower Barren group, 

Lower Coal group, 

the last two being equivalent to XIII and XIV of W. B. Rogers and the 

first two equivalent to the higher groups of H. D. Rogers, as published in 

the final report.f 

Toward the end of 1875, in the first of the Pennsylvania reports, Mr 

Franklin Platt divided the Pennsylvania Coal Measures into 

Upper Barren measures ; 

Monongahela, from Washington coal bed to Pittsburg coal bed; 

Conemaugh, bottom of Pittsburg to bottom of Mahoning sand; 

Allegheny, bottom of Mahoning sandstone to top of Pottsville; 

using names originally employed by Professor Rogers, but not in the 

same sense.§ 

In 1876 Stevenson used the same ROUSE as in 1872, with a slight 

change in nomenclature, thus: 

Greene County group. 

Washington County group. 

Upper Productive series. 

Lower Barren series. 

Lower Productive series. || 

Upper Barren series 

In the next year, Mr Platt modified his classification materially, his 

new grouping being 

* H. D. Rogers: Geology of Pennsylvania, vol. ii, pp. 477, 500, 508. 

7 J. S. Newberry: Rep. Prog. Ohio Survey for 1870, p. 15. 

x J. J. Stevenson: Regents’ Report of West Virginia University for 1870, p. 47; 
Trans. Am. Phil. Soc., vol. xv, p. 15 et seq. 

§ F. Platt: Second Geol. Survey of Pennsylvania, Report H, p. 8. 

|| J. J. Stevenson: Report K, pp. 34 et seq. 
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I. Monongahela River system: 

a. Greene County group of Upper Barren measures. 

b. Washington County group of Upper Barren measures. 

c. Upper Productive Coal Measures. 

II. Allegheny River system. 

a. Lower Barren measures. 

b. Mahoning sandstone. 

c. Lower Productive Coal Measures, 

the plane between the two systems being drawn at the bottom of the 

Pittsburg coal bed.* But the geographical terms were abandoned 

quickly, and in later volumes of the reports the terms Upper and Lower 

barrens, Upper and Lower Productive Coal Measures were used instead, 

the Mahoning sandstone in most of the reports being included in the 

Lower Productive Coal Measures. 

In 1891 Doctor I. C. White introduced the term Dunkard to designate 

the Upper Barren measures, the Greene and Washington County groups 

of Pennsylvania, Report K, and at the same time limited the term Monon- 

gahela to the Upper Productive Coal Measures.+ 

The synonymy may be given as follows in ascending order: 

Coal Measures, XIII of H. D. and W. B. Rogers 

PMCS MAMI ayes tae isis Saar’ ous tes Allegheny of H. D. Rogers in part; XIII, 

KF. Platt, 1875. - Lower Coal group of W. B. Rogers less the 

Mahoning sandstone; Lower series of Les- 

ley; Lower productive series of Stevenson 

less the Mahoning; Lower Coal Measures 

of Ohio in part; Lower group of H. D. 

Rogers. 

WONEMIAUSM: kee 6 2 SS sls ee Ogee Barren measures of Lesley plus the Mahon- 

BR. Platt, 1875: ing sandstone; Lower shale and sandstone 

group of W. B. Rogers plus the Mahoning; 

Lower Barren series of Stevenson plus the 

Mahoning; Lower Coal Measures of Ohio, 

upper part; Middle group of H. D. Rogers. 

MOMOTEANEI AT ic. iss soe ate Se swe Middle portion of Monongahela of H. D. 

I. C. White, 1891. Rogers; Lower portion of Monongahela of 

F. Platt; Upper productive series of Steven- 

son; lower portion of Upper series of Les- 

ley ; in part XV, Upper Coal group of W. B. 

Rogers; lower portion of Upper Coal Meas- 

ures of Newberry ; lower division of Greene 

County group of H. D. Rogers. 

2 elates Report EL Ey pp: aoxdil osxive 

71. C. White: U. S. Geol. Survey Bulletin no. 65, pp. 20, 43. 
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PING ATC. * acho cease ye sce Sete Melero cele Upper Barren series of Stevenson ; upper part 

I. C. White, 1891. of Greene County group of H. D. Rogers; 

upper part of Upper Coal Measures of New- 

berry ; upper part of XV of W. B. Rogers. 

In the description of the several formations, the names here given will 

be employed as limited by Franklin Platt and I. C. White. 

ALLEGHENY FORMATION 

CORRELATION 

The plane of separation between the Pottsville and the Allegheny in 

the bituminous area is marked on top of the Homewood sandstone, but 

only approximately, for, as will be seen, that sandstone is replaced more 

or less by shale in extensive spaces, while in others it is continuous with 

sandstone extending upward even into the Conemaugh. A more con- 

venient base is the Brookville coal bed, belonging a few feet above the 

Homewood in its normal condition. The Allegheny is paleontologically 

as well as stratigraphically distinct from the underlying Pottsville; for, 

although the fauna exhibits comparatively little change, there is, as shown 

by Mr David White, for a great part of the field a very marked difference 

in the flora. 

The Allegheny area is much smaller than that of the Pottsville. It 

becomes narrow in southern West Virginia and northeastern Kentucky. 

The present condition of our knowledge makes impossible any positive 

conclusions respecting its extent in southeastern Kentucky and south- 

western Virginia, though reconnaissance work in the former state suffices 

to show that Allegheny coal beds are present there. It is possible that 

the formation reaches into the northeastern corner of the Tennessee coal 

field. Uncertainty prevails respecting the correlation of beds in the 

anthracite areas of Pennsylvania, which will be considered apart after the 

description of the Conemaugh. 3 } 

Though comparatively thin, at most little more than 300 feet, the Alle- 

gheny contains a large number of elements, most of which are persistent 

for long distances on both sides of the basin, though practically all be- 

comes unidentifiable in much of the broad interior, where throughout 

_ the Coal Measures the coal beds and hmestones disappear or become in- 

definite and there remains only detrital matter of variable character. 
The important elements are: 

Upper Freeport coal bed. 

Upper Freeport limestone. 

Butler sandstone. 

Lower Freeport coal bed. 
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Lower Freeport limestone. 

Freeport sandstone. 

Upper Kittanning coal bed. 

Johnstown cement limestone. 

Middle Kittanning coal bed. 

Lower Kittanning coal bed. 

Vanport limestone. 

Clarion coal bed. 

Clarion sandstone. 

Putnam Hill limestone. 

Brookville coal bed. 

The Upper Freeport coal bed... In Pennsylvania, Kelly of Broad Top, E of 

J. P. Lesley, 1856. Rogers and Lesley, Upper Freeport of 

authors; in Ohio, 6 and Big vein of Colum- 

biana, Cambridge of Guernsey, Alexander 

of Muskingum, Stallsmith, Norris, Bayleys 

run of Hocking valley, 7 of Tuscarawas; in 

West Virginia, Upper Freeport, Mason; in 

Maryland, Upper Freeport; in Kentucky, 

Coal 9. © 

This coal bed is present in nearly every county of Pennsylvania where 

its place is reached and it is important economically in extensive areas. 

It is traceable in most of the Ohio counties as well as along the eastern 

outcrop in West Virginia, where also it is frequently important. It is 

irregular in Kentucky and is wanting or very thin in much of the central 

region within West Virginia and Kentucky. Its irregularity along the 

outcrop is due in some measure to erosion during deposit of the Mahoning 

sandstone, but there are considerable areas in which the coal never ex- 

isted. ‘The bed is broken in many places by numerous partings, so as to 

be a thick mass of coal and shale. In some localities it is associated with 
a flint clay of good quality. 

The Upper Freeport limestone.. In Pennsylvania, Upper Freeport; in Ohio, 

H. D. Rogers. Upper Freeport, “White” of Columbiana, 

Shawnee of Hocking valley; in Kentucky, 

First Fossiliferous. 

This limestone is of somewhat uncertain occurrence in portions of 

. Pennsylvania, but in a general way is one of the best marked strata in the 

section. In southern Ohio and in Kentucky it is so persistent as to be a 
notable stratigraphical guide, but in West Virginia it seems to disappear 

quickly south from the Pennsylvania line. Ordinarily it is non-fossil- 

iferous, though occasionally showing some forms presumably of fresh- 

water types; but Professor Crandall describes it in Kentucky as carrying 

a characteristic Carboniferous fauna and terms it the First Fossiliferous 

limestone. 
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The Butler sandstone of I. C. White, Upper Freeport sandstone of 
authors, is, like most of the sandstones, somewhat indefinite ; but one finds 

very frequently in the interval between the Freeport coal beds a sand- 

stone, sometimes very thin, at others filling the whole interval. ‘There is 

no regularity in the occurrence of these sandstones. 

The Lower Freeport coal bed... In Pennsylvania, Lower Freeport, Middle 

J. P. Lesley, 1856. Freeport, D. D’; in Ohio, Roger and Shaft 

of Jefferson, 6a of central counties, Black, 

Fowler, Juniper, Frank of Hocking valley, 

Hateher, Waterloo of Lawrence; in Ken- 

tucky, Coal 8; in West Virginia, Lower 

Freeport. 

This is almost as persistent in Pennsylvania, Ohio, and Kentucky as 

the Upper Freeport, but is less frequently of economic importance. It 

shows abrupt and extreme variations in thickness as well as quality and 

occasionally carries on top a thick deposit of impure cannel. It vields 

excellent coal in Jefferson county of Ohio, but in the greater part of that 

state it is worthless. Locally it is valuable in southern Ohio, but is in- 

significant in both Kentucky and West Virginia. 

The Lower Freeport limestone.. In Pennsylvania, Lower and Middle Free- 

H. D. Rogers. port; in Ohio, Norris and Snowfork of 

Hocking valley; apparently wanting in 

Kentucky and West Virginia. 

In general features this resembles the Upper Freeport limestone. In 

the eastern basin of Pennsylvania it extends farther north than any other 

limestone, but its distribution throughout is very uncertain. Like the 

Upper Freeport, it varies in purity, yielding at times fine lime, but often 

is wholly worthless. Fossils are rare and those which do occur are 

thought to be of fresh-water types. 

The Freeport sandstone of H. D. Rogers is as irregular and indefinite 

as the Butler sandstone, but in most localities a sandy shale or sandstone 

is present within the interval between the Lower Freeport and Upper 

Kittanning coal beds. This interval shows some interesting variations in. 

Clarion and Armstrong counties and elsewhere in western Pennsylvania. 

The Upper Kittanning coal bed. In Pennsylvania, Currie of north Butler, 

BeaPlatt,: 180. Darlington of south Butler; rarely present 

in Ohio and Kentucky; indefinite in West 

Virginia. 

This is a widely persistent though very variable bed in Pennsylvania, 

but it disappears in the western part of that state to reappear somewhat 

rarely in Ohio. It quickly becomes indefinite in West Virginia and can 

not be recognized with certainty in the Kentucky sections. 
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The Johnstown cement limestone of W. G. Platt, Upper Kittanning of 

the Ligonier Valley report, is confined practically to the first and second 

bituminous basins of Pennsylvania, being found in only two or possibly 
three counties west from Chestnut hill in that state. It was confounded 

for a long time with the Vanport limestone, an error which led to con- 

fusion in those basins, where the lower limestone is wanting. It is non- 

fossiliferous. | 

The Middle Kittanning coal bed. In Pennsylvania, Middle Kittanning, Kittan- 

-H. M. Chance, 1879. ning, Lower Kittanning of Ligonier valley, 
Darlington of Mercer and Lawrence; in 

southern Ohio, No. 6, “Great vein,” Nelson- 

ville, Hocking valley, Sheridan, etcetera ; in 

Kentucky, Coal 7. 

For the most part this is unimportant in Pennsylvania, though it is 

widespread and occasionally, like the Upper Kittanning and the Lower 

Freeport, carries a deposit of eannel which locally is of some importance ; 

but in Ohio it attains vast importance within the Hocking Valley coal 
field. In much of Ohio it is roofed by a black shale carrying a rich 

marine fauna. The overlying shale has yielded an abundant flora in 

western Pennsylvania. 

The Lower Kittanning coal bed. In Pennsylvania, Kittanning, Lower Kittan- 

FE. Platt, 1877. ning, Barnett of Broad Top, Clarion of 

Ligonier valley, Dagus of McKean and Elk; 

in Ohio, Leetonia, “Clay vein.” “Creek 

vein” No. 5 of Columbiana and Jefferson, 

Neweastle in southern Ohio; in Kentucky, 

Coal 6; in West Virginia, Kittanning; Kit- 

tanning of Lesley, 1856. 

This coal bed is equally persistent with the Upper Freeport and shows 

similar variations in commercial importance. It is best on the eastern 

side of the basin, but occasionally it is good enough and thick enough in 

Ohio to be mined; it is unimportant for the most part in Kentucky. The 
interval between Middle and Lower Kittanning often disappears in 

Maryland and eastern West Virginia, so that both beds can be mined as 

one. The underlying clay is of great industrial importance in western 

Pennsylvania and in much of Ohio. ‘The interval between Upper Free- 

port and Lower Kittanning shows no abrupt variations in most of Penn- 

sylvania, though within the same area the intervals between intervening 

beds exhibit perplexing variations. The interval between the Lower Kit- 

tanning and the Vanport limestone below is one of the most variable in 

the whole section. When large, it often contains the Kittanning sand- 

stone, whose changes in character are as marked as those of the Freeport 
and Butler. 
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The Vanport limestone......... In Pennsylvania, Ferriferous, Vanport; in 

I. C. White, 1878. Ohio, Ferriferous, Baird, Coshocton marble; 

in Kentucky, Ferriferous; in West Virginia, 

apparently wanting. 

This is in some respects the most remarkable member of the formation ; 
it has not been observed in the first and second bituminous basins of 

Pennsylvania, but a limestone of similar character has been reported from 

the first basin southward in Maryland, which, however, may prove to be 

at the Putnam Hill horizon. This bed has been observed only at one 

locality in the area immediately west from Chestnut Hill, and there is 

much room for doubt respecting its existence in the counties south from 

the Ohio and Kiskiminetas except near the former river toward the West 

Virginia line; but north from those rivers it is persistent almost to the 

northern outcrop and to the Ohio line, becoming somewhat irregular 

toward the north, where it is replaced sometimes by cherty limestone or 

sandstone and seems to project, finger like, northward from the main 

mass. It practically disappears within a few miles west from the Ohio 

line, though it has been recognized by Professor Orton at several places 

beyond. In Pennsylvania it usually underlies an iron ore which in the 

earlier days was the source of supply for many furnaces. It reappears 

in central Ohio as the Black marble of Coshoction county, and thence 

southward it is followed easily as the Baird ore and limestone, to which 
E. B. Andrews applied the name Ferriferous limestone, but without any 
reference to the Pennsylvania bed. It is persistent southward in Ken- 

tucky into Elliott county and appears occasionally in Morgan county 

-beyond; but eastwardly it disappears in Boyd and Lawrence.counties be- 

fore reaching the West Virginia line. It belongs chiefly to the western 

side of the basin. Within Pennsylvania and northern Ohio it carries a 

marine fauna, but in southern Ohio and Kentucky it seems to be non- 

fossiliferous. 

The Clarion coal bed of H. D. Rogers is a double bed, as was demon- 

strated by Doctor H. M. Chance, but the splits are recognizable as such 

in a very small area, so that they have received distinct names. The 

upper split is: 

The Scrubgrass coal bed....... Sulphur, Ferriferous, Upper Clarion, Canfield, 

I. C. White, 1879. at various localities in Pennsylvania and 

Ohio. 

This bed oceurs in western Pennsylvania and in much of Ohio directly 

below the Vanport limestone or separated from it by at most 10 feet. It 

is of uncertain occurrence and rarely is thick enough to be mined even 

for local supply. 
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he Clarion coal bed proper, 15 to 20 feet lower, is the limestone vein 

of Vinton county, Ohio, and is the more persistent bed, though not often 

of economic importance. In the first and second bituminous basins of 

Pennsylvania it is wanting south from the Conemaugh river and west- 

ward from the Chestnut Hill anticline; it disappears quickly in West 

Virginia; but it may be represented on the Kanawha river and south- 

westward by the coal seen occasionally above the Black flint. This bed 

becomes very indefinite in southern Ohio and occurs so rarely in Kentucky 

that it is not recognized in the generalized section. It is quite likely 

that at not a few localities the Brookville has been mistaken for this bed. 

The Clarion sandstone, Hecla of southern Ohio, is present in many 

places between the Clarion and Brookville coal beds and is rather more 

persistent than the other sandstones; yet it is frequently replaced in part 

or in whole by shale, at times argillaceous. Along the southeasterly out- 

crop from Randolph county, West Virginia, to the Kentucky line the 

whole space from the Brookville coal bed to the Upper Freeport is filled 
with sandstone, interrupted only by coal beds and thin shales; but this, in 

part the Charleston sandstone of Mr M. R. Campbell, is for the most 
part coarse and evidently marks proximity to a shoreline, as it extends 

westwardly for only a few miles, changing gradually into shale and finer 

sandstone. A similar condition is revealed by oil-well records in Ohio, 

Marshall, Wetzel, and Tyler counties of West Virginia, along the central 

portion of the basin. Whether or not the sandstone areas of those coun- 

ties are one can not be asserted, but the records are so numerous as to sug- 

gest continuity of the deposit. The irregularity in outline of the sand- 

stone area is as irregular as that of open sand in the main oil-sands of 
Pennsylvania. ‘The change from hard sandstone to fine shale and again 

to sandstone takes place at times within a few rods. 

The Putnam Hill limestone..... Gray limestone of northern Ohio; apparently 

K. B. Andrews, 1870. absent in Pennsylvania and Kentucky; 

- Kanawha black flint of West Virginia. 

Within Pennsylvania and the greater part of West Virginia, as well as 

in Kentucky, the Brookville coal bed underlies coarse or fine detrital ma- 

terial from the land; but in northern Ohio, at a short distance west from 

the Pennsylvania line, a new element appears in the section, which is per- 

sistent thence almost to the Kentucky line and is as useful to the Ohio 
geologist as the Vanport limestone is to the student in Pennsylvania. 

It always carries a marine fauna and in southern Ohio bears the same 

relation to the Ferriferous of Andrews that it does in northern Ohio to 

the Vanport or Ferriferous of Pennsylvania. In Barbour county of 

West Virginia, on the eastern outcrop, a limestone appears at a few feet 
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‘above the Brookville coal bed, and at one locality it is pure enough to be 
used as a flux. It has not been reported southward along this outcrop, 

but in Nicholas county one finds at the same horizon the very fossiliferous 

Black flint which in Nicholas, Fayette, and Kanawha counties is at 1 to 15 

feet above the Brookville coal bed. This is confined to a small area and 

disappears quickly south from the Kanawha river. The Putnam Hill 

limestone is often cherty in Ohio. It is possible that the Kanawha flint 
may be equivalent to the Vanport, but its relation to the Brookville and 
the presence of a coal bed at some places just above it render the refer- 
ence to the Putnam Hill horizon much more probable. The occurrence 

of this marine fauna in a very restricted area within the Kanawha dis- 

trict 1s as curious as that of the Campbells Creek fauna in the Pottsville 
within a somewhat smaller area in the same district. 

The Brookville coal bed........ In Pennsylvania, Cook of Broad Top, Brook- 

H. D. Rogers. ville of authors, Clermont of McKean and 

Elk, Clarion of Ligonier valley, A; in Ohio, 

Brookville, No. 4; in Kentucky, Coal 5; in 

West Virginia, Upper Freeport, Lower Kit- 

tanning, Clarion, Arden, Roaring creek, 

Stockton. 

This is by far the most persistent coal bed in the formation. It is - 

rarely of economic importance in Pennsylvania, for though often very 

thick it is usually a mass of alternating coal and shale, its coal high in 

ash and sulphur. In West Virginia along the eastern outcrop it becomes 

“very important south from the Baltimore and Ohio railroad and is the 

only coal bed of the Allegheny on which mining operations are carried 

on over any considerable area. It is almost as important in that state as 

the Pittsburg is in southwest Pennsylvania. In Pennsylvania and even 

in West Virginia it is very apt to break up into many layers of coal and 

slate or into benches somewhat widely separated. The relations of this 

_ bed have been much in doubt, and in the tentative correlation used by the 
writer in describing the Pottsville the bed was regarded as equivalent to 

the Lower Kittanning; but since that part of this work was published 

additional records of borings have been secured which make the matter 

wholly clear in the critical locality within northern West Virginia, as 

will be seen on a later page. ‘The Brookville seems to be the only horizon 

at which coal was formed over any considerable area in the interior of the 

basin, its coal having been found in Tyler, Wood, Jackson, and Cabell 

counties of West Virginia as well as in Monroe and Washington counties 

of Ohio, where no trace of any higher Allegheny bed appears in the rec- 

ords of oil-well borings. At the same time it does not extend across the 

basin, being absent in several counties east from those named. It is 
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quite persistent in Kentucky, though almost always very thin in that part 

of the state where correlation is possible. The distribution of these coals 

seems to make clear, as suggested by the writer upward of thirty years 

ago, that the coal beds were formed as fringes around the basin, some ex- 

tending farther toward the center than the others, but all ending at a 

comparatively short distance from the shores. Coal or carbonaceous 

shale is reported at various depths within the central part of the basin, 

but these deposits bear no definite relation to each other or to the recog- 
nized horizons of the section, and in all probability they are mere accumu- 

lations of vegetable matter drifted upon mud lumps. 

A matter of some interest which should not be overlooked is the occur- 

rence of red shale in the upper part of the Allegheny within a little area 
in Ritchie, Wood, and Calhoun counties of West Virginia, and Washing- 

_ton of Ohio. No trace of red shale appears elsewhere within the Alle- 

gheny, so far as definite information is available, until one passes south- 

westward about 100 miles into Boyd county of Kentucky, where, near 

Cannonsburg, 18 feet of green and red shale appear between the Freeport 

coal beds. Green shales, however, seem to be characteristic of the Cone- 

maugh in the southern areas and in the region beyond the Kanawha. 

Mr Campbell refers to his Braxton formation, including all deposits 

above his Charleston sandstone, as consisting chiefly of green and red 

shales and sandstones. In Boyd, Lawrence, and Carter counties of 

Kentucky green shales accompany the Freeport coal beds, while in south- 

ern Carter these green beds overlie the Lower Kittanning and in southern 

Lawrence they overlie the Middle Kittanning. 

EAST FROM THE ALLEGHENIES 

The insignificant area known as the Broad Top coal field, embracing 
parts of Bedford, Fulton, and Huntingdon counties of Pennsylvania, is 

of especial interest because of variations in the coal beds and in the in- 

tervals separating them. The following succession is a compilation of 

measurements made by Doctor White in Huntingdon and by Stevenson 

in Bedford and Fulton counties: 
Feet. Inches. Feet 

f.. Welly ‘coal “bed in. 20S rueth.s, Ae eeane ee oe ) to 14 

2. Shales and sandstone......,........ 65 to 120 

ene wit COA DOU) \. salsa, Sis wee ee epee af. 6 to 6 

4. Shale and sandstone...) é.5..6 6s cen 6% 2 to 30 

Di EeENeLG, Coal. DEG... ssi wcis se ok Me EeeRIee 1 D tO 5 

6. Shale and sandstone.............0.. 8 to ‘50 

t (OGOK "ROA! “HeG Geis bi diss Moate ei eran Oa 2 Gite 6 

SB. rClag amd (Shale. 6. 40s siceteek oak chee 2 to 20 

to the Pottsville. 
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The Kelly coal bed, clearly equivalent to the Upper Freeport, disap- 
pears in the northern part of the field, but increases southward and be- 
comes of great commercial importance in Bedford county, though even 

there it varies in thickness from 4 inches to 16 feet in one mine. It is 

usually double, and the parting has been found 1 inch to 10 feet on a 

single property. The upper division is ordinarily single, but the lower 

is often divided into several benches. The interval to the Twin coal bed 

is occupied at times wholly by shale, but on the western side of the field 

it contains a coarse sandstone which may be taken as representing both 

the Butler and the Freeport sandstone, as the Lower Freeport coal bed is 

not here. The interval in Huntingdon county varies from 90 to 110 feet, 
but in Bedford from 65 to 118, being greatest on the westerly side, where 

the sandstones are most prominent. ‘The Twin coal bed is persistent 

throughout the field and derives its name from the fact that at times it 

and the Barnett below are almost in contact, so that they may be mined 

as one bed. In Bedford county the coal varies from worthless to good 

and in thickness from 1 to 6 feet, so that it is unimportant; but in Hunt- 

ingdon its coal is good, and when near enough to the Barnett is mined. 

The interval to the Barnett varies from 6 inches to 30 fect, though rarely 

less than 2 feet. Within 200 rods, on Sixmile creek, in Bedford, the 

thickness was measured, 37, 19, and 7 feet. ‘The thinning is toward the 

east, but not regularly so. In Huntingdon, Doctor White found it 

8 to 30 feet on one property, but on another, in the eastern part of the 

field, the variation is from 6 inches to 7 feet. The Barnett coal bed 
always carries bony coal, 3 to 10 inches thick on top, and in the main 

coal usually shows two benches separated by a variable Date Be: At one 

mine Doctor White made this measurement: me 

i ~ Feet. Inches 

en oy COA DEM s So ois ss 84g wrekcs oe yueee See eee habare Om Be 0 

SEU STN: AIG LOCK ox. o's Sss.a5 ax aerate eee oat igre taebate, 6S 4 0 

Doh AEN EUEM COB DEG e se eis: anid Soo e 92 a Cieeaeoteus ehalereens one WG 9 

Feet Inches 

ON COMM 2 05 bec ie ewes 0 9 

CON Ieee ee en 2 6 
SCM ee enioa sacs ko 0 65 Stas 3 0 

Sama StOME” fcc hsb es he6 6 oes 11 0 

OA OAs Neue osetia aieimieians alisha 0 6 

This parting of 14 feet soon disappears, and in another part of the mine 

the bottom coal is in contact with the upper. The variability of this part- 
ing is a familiar phenomenon, as the mining operations on this bed are 

extensive within Huntingdon county. Doctor White correlates this bed 

with the Lower. Kittanning of Blair county, to which it bears close resem- 
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blance in structure. The interval from the Barnett to the Cook coal bed 

is commonly about 50 feet; on the east side, in Huntingdon, it decreases 

to 35 feet, but midway in the field within Bedford a shaft shows it but 8 

feet. A thick bed of fireclay underlies the Barnett and another overlies 

the Cook. In Bedford county the Cook coal bed varies from mere black 
shale to 7 feet of coal within a few rods; the quality of coal is inferior 

and the bed is not worked; but in Huntingdon county it has been worked, 

for the coal is thicker and better. It usually shows three or four benches 

separated by ordinarily thin partings, but one of these varies from 2 to 25 

feet. On the east side of the field in this county the bed has its coals dis- 

tributed through a vertical section of almost 48 feet.* 

The Georges Creek, or Potomac, basin, originating in Bedford and 

Somerset counties of Pennsylvania, extends southward across Allegheny 

and Garrett counties of Maryland into Mineral and Tucker counties of 

West Virginia. Many measurements have been made by Messrs White, 

Martin, and O’Harra, from which five may be selected, which are as fol- 

lows, arranged from north to south: 

it II III IV V 

Feet. Inches. Feet. Inches. Feet. Inches. Feet. Inches. Feet 

Upper Freeport ....... 5 0 4 2 5 4 5 2 8 

Wber Vaart te eh eiers She 8 20 0) 60 0 

Lower Freeport ....... 2 0 1 2 137 0, 135 0 95 

OTS EAE NEC ROR ese Ont ne RY 28 0 'aY9) 0 

Upper Kittanning ..... 7 0 at 0 3 0 0 2 0 

VAVGCIVA cis alee ss snes, 6 65 0 45 0 42 0 61 0 40 

Middle and Lower Kit- 

CATATNNINS reds ere aNs. <a wis 5 6 6 5 6 4 8 5 aa 

Interval’: 2.4.2. < Ay eA 85 0 80 0-5 42t 0 65 

OUTATION cus ieicr sie euoues 129 0 De 6 2 4 if 6 3 

Got 2) ihe BRT SE } 45 0 35 0 18 0 40 

to the Pottsville. 

I. Piedmont, West Virginia (I. C. White). 

II. Above Harrison, Mineral county (I. C. White). 

III. Harrison, Garrett county, Maryland (G. C. Martin). 

IV. Henry, Garrett county, Maryland (G. C. Martin). 

V. Thomas, Tucker county, West Virginia (I. C. White). 

A full series of records published in 1906 shows that the Allegheny in 

this area varies from 260 to 350 feet, the thickness being greatest in the 

southern and eastern portions. The Upper Freeport coal bed, known 

locally as the Thomas, is persistent throughout, but increases in thickness 

* J. J. Stevenson: Bedford and Fulton counties (T 2), pp. 62, 64. 

I. C. White: Huntingdon county (T 3), pp. 52, 54, 55, 58, 59, 61, 66, 68. 



ALLEGHENY FORMATION EAST OF ALLEGHENIES 79 

and importance southward. At the north it is variable, usually in several 

benches or broken by numerous partings and often containing much bony 

coal. Southward, in the Potomac region, it is mined extensively, yield- 

ing at times 4 or 5 feet of good coal. The Lower Freeport is unim- 

portant, yielding less than 2 feet of coal at the north and apparently dis- 

appearing southwardly, as at Henry there is only bone coal and at Thomas 

a mere trace. Between the Freeport coal beds, one finds occasionally a 

representative of the Upper Freeport limestone resting on the Butler 

sandstone, which is very massive and at times conglomerate. A lime- 

stone is reported in a borehole at Henry 16 feet thick and at a little way 

below the Lower Freeport, but no trace of it was observed elsewhere. 

The Upper Kittanning is of very uncertain distribution, but at some 

localities in the Potomac region it has 3 to 4 feet of good coal. It is 

absent or insignificant in a great part of the area. The Middle and 

Lower Kittanning coal beds are separated in extensive areas by a mere 

parting, so that they are mined as one bed; but at Stoyer, in southern 

Garrett, this parting is 8 feet and elsewhere it increases to as much as 30 

feet. The united bed is the Davis coal of the Potomac area and the Six- 

foot of the Georges Creek area. This bed has suffered much from 

“squeezes,” the coal having been removed for considerable spaces both 

above and below the middle shale; but on each side of the disturbance the 

coal reappears and offers a large area free from the irregularity. It has 

suffered in this respect far more than any of the succeeding beds. At 

times the shale and bone partings so thicken as to render the bed unim- 

portant commercially. The interval from Upper Freeport to Lower 

Kittanning varies from 170 to 210 feet. The Freeport sandstone is gen- 

erally present, but varies greatly in thickness and structure. An irregular 

coal bed, known as the “Split-six,” 30 to 46 feet below the Lower Kittan- 
ning, is present in the Georges Creek area. The available information 

does not justify an attempt to correlate it with any bed known farther 

west. A limestone appears occasionally below the Lower Kittanning in 
southern Garrett of Maryland and in Tucker of West Virginia, under- 

lying iron ore in the latter. Doctor White and Doctor Martin see in this 

a representative of the Vanport (Ferriferous) lmestone. It is non- 

fossiliferous here, but in the next basin westward a fossiliferous limestone 

has been found which is supposed to be very near this horizon. 
A massive sandstone, in many respects closely resembling the Home- 

wood of this region and at times 70 feet thick, is between the Lower Kit- 

tanning and the next coal bed below. This has been correlated with the 

Clarion sandstone by the Maryland geologists. ‘Two coal beds are below 

the sandstone, the upper or Parker and the lower or Bluebaugh, separated 
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by an interval of 12 to 30 feet; the lower bed is the less persistent and is 
very close to the Homewood sandstone. If the overlying sandstone be the 

Clarion, it becomes necessary to regard these beds as representing the 

Brookville, which in much of the bituminous area is a complex bed, while 

farther southwest it occasionally divides in this manner; but the distance 

of this region from any other where the relations are distinct makes posi- 

tive correlation impossible.* 

FIRST BITUMINOUS COAL BASIN OF PENNSYLVANIA 

This, extending from the Alleghany mountains westward to Laurel Hill, 

is traceable readily from Bradford county at the northeast across. Lycom- 

ing, Clinton, Center, Clearfield, Cambria, and Somerset counties of Penn- 

sylvania into Garrett of Maryland and Preston of West Virginia. It is 

divided in Pennsylvania by two anticlines, that at the west originating at 

the northern extremity and the other in southeast Cambria, so that the 

basin, double at the north, becomes triple in Somerset. The axes in- 

crease southwardly in Pennsylvania, Laurel becoming a bold mountain, 

the westerly fold growing into the great Viaduct axis and the Cambria 

fold developing into Negro mountain. ‘The interior folds approach each 

other toward the Maryland line, so that the synclinal is too shallow to 

hold the Coal Measures in Maryland. ‘The easterly, or Salisbury, sub- 

basin of Somerset becomes shallow in Maryland and the Allegheny beds 
shoot out within 15 miles; but the western, or Johnstown, subbasin con- 

tinues across Garrett into Preston of West Virginia, where, owing to the 

lessening strength of the Laurel anticlinal, the Allegheny beds become 

continuous with those of the Second Pennsylvania basin. 

The somewhat widely separated patches of coal-bearing rocks within 

Bradford and Lycoming counties are confined to the western side of the 

basin. ‘The Barclay area of Bradford county shows four coal beds in a 

vertical section of about 150 feet, which have been described by Mr Platt. 

How much of the section belongs to the Allegheny can not be determined. t 

The Lycoming areas known as McIntyre and Pine creek are larger, ung 

Mr Platt has measured the section there in detail as follows: 

*JI. C. White: U. S. Geol. Survey Bull. no. 65, pp. 126-127; Geol. W. Va., vol. ii, 

p. 354. 

Cc. C. O’Harra: Maryland Survey, Allegany county, p. 117. 

G. C. Martin: The same, Garrett county, pp. 112, 115. 

W. B. Clark et al.: The same, vol. v, pp. 298-299; 300, 333, 335-341: Advantage has 

been taken of delay in publication to insert here, as well as in the proper place under 

Conemaugh, additional material contained in volume v of the Maryland Survey, which 

has appeared since this manuscript was offered to the Society. 

7 ¥F. Platt: Bradford and Tioga (G), pp. 125-127. 
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Feet Inches 

1. Sandstone and conglomerate................. 27 ty) 

Pe BAe ke rs epee et ose, ey soa Pacea elie alia ene Sala eile. pails 1 a 

RSS UNOS OT pep emeemeey ies ay eh sali ay ey Spicuos 8 4) eile’ a peslel oes 21 0 

4. Bluetshailen walla, late 5a) s.cve., 6a Scales; oi si's, syeicore doe 2 0 

ye COdb tang Salem eg ica a esc pietey saeictsle Sin os loiaie fords ) 7 

COWIE) RI Trt 26 (a ci Se RO ENE nn = 0S ee RE ear ec ra a 3 0 

7. Sandstone and conglomerate................- 76 0 

SeCO MMO Cel areas, santo ant apev a tehe os <p ei Ses, o¢ 5) oy 5) cies aah a 8 0 

Feet. Inches 

COAT mids, cet wana aa rome 0 9 

Clay sand) shales. 3.7.6 4 anna. 3) 0 

@oalvand) shalewe 3 a:-t)- 6) 2 3 : 

OMEITeGlay, sis05 55s ee os PERS ee a ee REE EN eee taut s if O 

10. Sandstone and conglomerate................. 47 0 

ike COMMANG: SHALE. Cli cuales taseweye so, sateeone cal aloes Siaece Tt 4 

EES LIAS COG: 55-580) ice) elievale, oy sven wheal ee shea'es ot Saon Ses iensjaise eo chone 19 0 

Meal ateke SUAlGs *PIAMUES &.6 ioc. ve cjehone slats «dae s al'cs'e 2, 0 

mie Coalinamd: Shales By. oo tc fae cnveregtoerere aickes a il 

fj Olay, Sandstone and shale... ois... .oe hcictle see's 13 0 

MGMmOoOAleaAnGd Slates, Ave 5 <5. sois,erarovereperenelebois gle sus aaalale.'s 9 10 

MUS ANOS OTTO) send, so 5;'s sialon coed serene colenene acenan oie’ s, oars 

The same beds are present on Pine creek where the intervals are variable, 

that from A to B being 15 to 40 and that between D and E being 75 to 88 
feet. The sandstone above E was taken by Mr Rogers, and afterward by 

Mr Platt, to be the Mahoning, thus identifying the bed E with the Upper 

Freeport. Bed B is the only one economically important. Mr David 

White’s studies of the plant remains have made more than probable that 
the correlation made by the older geologists is incorrect, for he finds that 

the evidence would place bed B at the Mercer horizon of the Pottsville, 

so that bed E is probably in the Kittanning group.* | 

Two areas, no longer important, are in Clinton county, each showing 

the beds lettered A, B, D by Mr Platt. No information is given respect- 

ing the interval rocks. ‘The Snowshoe field of northern Center county 

was studied by Mr Platt, whose section, revised by Mr d’Invilliers, is as 

follows: | 
Feet. Inches 

1. Upper Freeport coal bed, E.................. 5 0 

2. Fireclay, concealed, sandstone............... 53 9 

3. Lower Freeport. coal bed, D............2..0. 2 16 

4 VORevand Coal Glee oe ox eee ty Oe eee ee eee 2 0 

mm Jeimestone. fil. ‘Hreeport]... 0 fie sea eee aes es 6 

* KF. Platt: Lycoming and Sullivan (G 2), pp. 93, 99, 125. 

David White: Northern Appalachian coal field; 22d Ann. Rept. U. S. Geol. Survey, 

p. 136. 

1X—BULL. Grou. Soc. AM., Vou. 17. 1905 
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Feet. Inches. 

G. Mireelay and black shale. iy.) ite oh om eee 39 4 

i Upper Kuttanning coal bed, C’. in. eee eee rf 8 

8. imneclaiy, amd Gale see) era! ete ane ata Gao bee Eee 19 6 

OD HASTINGS UUOIMIEN pe eauitrre fe nih cas Navi vor's ha saan 0 13 "eh 10 ee RoR oe ee 13 0 

10. Middle Kittannine coal .bed,. C...-....4 122 Sees. 4 0 

tt. Bivelk shale, eray: Sandstone....i% cu aut we ote 28 6 

12, Lower ittannine: coal beds Biter es eee 5 0 

BUS Pe A TN ANC Uae ke ee boven! caine \a Cana lu he ts Lose te dates te setae aIENOR ees 45 0 

i Oreyvang. sandy shales s.... 0 aeiecce cee peters 18 0 

Ljsbrookvile: coal. bed; Ac. 446s eich ee eens 3 0 

resting on fireclay, not measured, to the Pottsville. The Clarion was not 

seen in this shaft, but Mr d’Invilliers saw it at other localities 15 to 25 

feet above the Brookville. ‘The Gorman coal bed of the southern counties 

appears occasionally. The Upper Freeport consists of Bony coal 4 to 8 

inches and 5 feet of good coal, with midway a slate 2 to 3 inches thick; 

but the Upper Kittanning, roofed by 2 feet of slaty cannel, is the more 

important bed, being available in a larger area. A long narrow strip of 

Allegheny occupies the easterly division of the basin in the southeast 

part of the county, where the Lower Freeport, worthless in Snowshoe, is 

worked and has this structure: 
Feet. Inches 

SOME RCO oss Ssba os Slo eee 0 2 TOv see 

GOAN Ca aa oles 55 ew lees 1s Root merepstede 0 6° “toe ae 

COU WS a) Sin Siena go 45 4 - cee ae 0 2 to *@ 
ORNS EMA Reyne Sieg Ne ee 4 to 5 0 

and sometimes a thin streak of cannel in the main coal. No limestone 

was seen in any portion of this area.* 

In Clearfield county one has Doctor Chance’s partial section at Morris- 

dale, about 12 miles southwest from Snowshoe and on the westerly side 

of the basin. The Lower Freeport and Johnstown Cement limestones 

are here. ‘The coal bed identified with the Upper Freeport is insignifi- 

eant, but that taken to be the Lower Freeport is important and has the 

exact structure of the Upper Freeport at Snowshoe, thus: 

Feet. Inches 

| S018) a ee Ue RR REET, Cyn nae. Se 0 2° HOt 

Oa 6d Miss © inleiicute wad leks eepegee ee SihtOr oa 6 

PUEDE « c, witey ieee) ohdhe! vist chistievonel cat Sia a eR 0 1 to 

OG 2 house a eur mt ee 1 3 ‘tee 

* FF, Platt: Clearfield and Jefferson (H), pp. 24, 41, 69. 

E. V. d’Invilliers: Center (T 4), pp. 57, 64, 66-68, 70, 74, 81, 91, 106-107, 109, 

1138, 115. 
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A structure which bears no resemblance to that of the Lower Freeport is 

southwest Center. Doctor White’s section at Houtzdale, 7 or 8 miles 

southwest from Morrisdale, 1S: 

i. Mahoning, sandstone; about. 7.5 si. \ee 6 6 <5 «500 100 0 

2. Upper HWreeport Coal Weg oi. .je ss aes ie siete ee os 5 4 

3. Imtervall oo. or. EAS GATS che agate ae wie iavel Wi-a: big cre) ears 42 0 

4. Lower Freeport coal bed and thick partings.. 13 0 

5. Freeport sandstone and shale...............-- 36 0 

Guar Shales oor Merer peousin ar aleketshel ier ers ltena’ ssi ® sais 14 0 

7. Upper Kittanning coal bed.......... Bete haat Nahe 3 0 

So Hireclay and: darks Siler es cei cesta coos 6 Sues 33 0 

9. Middle Kittanning coal bed.................. 1 0 

HOS Slate, Sandstone, Shales oars sac: s oe lesers's a 19 0 

Mienwower Kittanning coal Wede iis 2s «<5 ae. <6 0+ 4 0 

i mireclay and Shales x. cca ane tiers este sie 10 0 

Beard sandstone [Kittinmingiee eens. see 2 a2 0 

eae SADIE Ses cieiey 6. So: apo, ules seen eas SNe REND races et nun tstans 21 0 

15. Clarion coal bed [Brookville]............... 3 6 

LOA LEO AIBCCIAY: ©. 5} issn $25 645d Mee eneea ie et eee nie 

The Upper Freeport has the same structure as in Snowshoe. No ob- 

server notes the occurrence of limestone until 8 miles west-southwest from 

Houtzdale, where Mr Platt found a 6-foot bed at 14 feet below a thin coal 

which he is inclined to take as Lower Freeport; but it may be the Upper 

Freeport limestone, as that is evidently present in the southern part of 

the county.* : 

The section is followed readily into Cambria, and at Bennington, on 

the Blair County border, Mr Fulton’s long section shows all the coal beds 

present except the Gorman, with in addition a thin bed just above the 

Upper Freeport limestone. That is the only limestone in the section and 

is broken into many layers, which with the intervening shales occupy 

most of the interval to the Lower Freeport coal bed. Of the important 

sandstones, only the Freeport is noteworthy, the others being represented 

mostly or altogether by shale. At a few miles southwestwardly, in this 

easterly, or Wilmore, subbasin, many sections have been obtained, several 

of which have been grouped by Mr d’Invilliers. Condensed, these are: 

*F. Platt: (H), pp. 34, 85, 105. 

H. M. Chance: (H 7), pp. 38, 41-42, 53, 55, 61, 64. 

I. C. White: Bulletin no. 65, u. 124. 
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I 1. Ill IV V 

Bice, cine art. ia, es aot Ft. © In. 4 Hie 
Upper Freeport ........ 5 4 + 0 4 i 4 2 5 ) 

interval’ cot cceae eae 44 2 160 0 169 O 53 6 <a0 0 

Lower Freeport ....... 5 0 3 il Z to) 3 Zz 3 7 

inter vel. Soh oie euewesee enone Boel ve ae. 67 ae 0 45 4 45 0) 

Upper Kittanning ...... 2. £0 Z 6 4 0 5 4 2 rt 

Intervals coneecw meres. cays 54 3, 80 | iO eos 0 
Middle Kittanning ..... 3 8 3 0 of 8 94 4 OF asa 

Enterval eee. eee sees 88 G23 Oo 922 0 

Lower Kittanning ..... 3 6 4 0 4 0 3 3 + 6 

Initervail ieee precast te eikle: > 35 So Ze GO =) 20 ) Sou ee 

CORAITOM SEs cea cheitals 1 8 2, 0 5 0 0 2. esi oe 

Tnbenvial yee eee ots 30 QO 28 Saves) 8 

Brooleville®., sec aiale 6S <5 5) 0 + 9 1 8 3 6 

I. Bennington (d’Invilliers). 

II. Bens Creek (Prosser and Hardin). 

III. Sonman shaft (Prosser and Hardin). 

IV. Sonman borehole (Prosser and Hardin). 

V. Wilmore borehole (d’Invilliers). 

The Gorman coal bed is in the second, at 46 feet below the Upper Kit- 

tanning, and in the last a thin coal at 35 feet above the Lower Kittan- 

ning represents the Middle Kittanning. The Upper Freeport limestone 

is in the first three, while in the third, which is very near the east side of 

the basin, one finds for the first time the Johnstown limestone. The 

Lower Freeport limestone is shown on the southern border of the county. 

On the western side of Cambria, in the Johnstown subbasin, the Johns- 

town is the only limestone shown in Mr Fulton’s section. It underlies 

the Upper Kittanning coal directly. ‘The whole series of coal beds is 

present, but the only prominent sandstone is the Freeport—massive, 

micaceous, and 21 feet thick.* 

Comparatively few details respecting the Allegheny are available in 

Somerset south from Cambria. The beds are reached for the most part 

only in gorges of Laurel hill or the Allegheny where the region is still 

largely forest. The Brookville and Lower Kittanning were recognized on 

the Allegheny, 50 to 60 feet apart, with another at 100 feet higher. The 

Upper Kittanning and both Freeports appear to be persistent in Negro 

mountain where the Lower Freeport and Johnstown Cement limestones 

are present. In the center of the county, near Somerset, the Freeport 

sandstone is massive and 30 feet thick; but there only the Johnstown 

* FH. Platt: Blair county (T), p. 95. 

F. and W. G. Platt: Cambria (H 2), pp. 3, 4, 40, 41, 61-64, 100, 115. 
J. Fulton in (H 2), pp. 97-98; Appendix to H 8, p. 367. 

A. G. Prosser and O. B. Hardin: The same, 374, 377, 379. 

BE, V. d’Invilliers: Final Rept., 1895, plate 414, opposite p. 2220, 
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cement was'seen. The Gorman coal bed is in some of the sections at 15 

feet above the Middle Kittanning. A notable section was obtained by 

Mr W. G. Platt on Castlemans river, in the southern part of the county. 

It is as follows, the identifications being by the writer: 
Feet. Inches 

1, Upper Freeport coal bed. ..-.5...-........%- 2 0 

RP iShales Mane COMCEMOCH as sere sid wha ee fois: sais lel es be (63) 0 

ao» lower Nreeport wowed sm. ..4. otc... 25s a 10 2 

Feet. Inches 

COAL CS ss eiveereree mercsatersrs 2 10 

iBone! ang (clays. 26 oer + 0) 

Coal: Hove Wee cate ee ae 3 4 

RMIT CLAY tik & salto aeeee el hens aiiel ona ouaia ie eitenevel ost 2 0 

5. Lower Freeport limestone .................. 2 0 

Goireclay «AAG ORE Lees elometses aera hiss none! claterensicte: © 6 3 9 

Me OOUCCAICE: seoncteee fe ake hace Nee ltet a etetenes lene =e 25 0 

S. Upper Kittanning coal bede is 25s. seis acs 6 oc Blossom 

ORME CE VIG sa cya hchat oes of at ot auch deer eet ahah eeoenetetevesel eaves 's 3 0 

10. Johnstown cement limestone ................ 3 0 

HEMOOMGCCAICE 6.2 arse 5 dela oie. Bilan he oh eee el aerapeuenee D 1) 

DPI SVINGS COME Ss) orat ss sai vi as Siete boale ua citi Sta onions ont later as 18 0 

13. Middle Kittanning coal bed... ... 6.265.005 ..0% 2 LY) 

14) Pireclay and concealed... .. 02. bis... csc cdles oe 16 0 

MPI N IN GS HOME cco le'<isye. sey ai one chal cy een atoua mee penentel letreaneial 35 0 

16. Lower Kittanning coal bed.................4% 17 6 

Feet Inches 

WO dele ahsic 6 «5 dicks were euete tea i 0) 

ClayerSAMdStOMeE 700.05 scie soy 8 0 

ACE SMANE” ..., 3c. vores sete 8 0 

WO ite ators oe a6 ark ea Soret ete 0) 6 

ty. Concealed, shale, fireclay «5.0.6.6 bee oes 33 0 

US SClATLIONGSANGSTONE 6 2)..0\%, ss, Steie « aaleasuct set ard susie 10 0 

Love Brookville, Coal Ded) i ac sie est antacie «sisbelhe ss 4 14 4 

Feet. Inches 

(COZ) Ra Aen eA Roane re ea 1 2 

CO eT ae eens cle sual. ce a tu hevensie 3 9) 

SSE Se 5 Shea oat seo aieplay ott iif ) 

ay ows oid ouel's. 0/0. oo or alese a tees ul 6 

HTM NG ee oe eis @ ate orshasecees sucks 2 0 

Omen thetic es aha ecen ee comers it 6 

20Concealed to Pottsville’... o2.nsen. esas oe oe 10 0 

Irregularity of deposit frequently characterizes all beds of the series, 

but it is especially characteristic of the Kittannings and lower coal beds. 

The Upper Freeport limestone is not in this section, but it is present else- 

where, being almost as persistent as the other limestones in the southern 

and western portions of the county. ‘The Gorman and Clarion beds have 

not been recognized in Somerset.* 

*F. and W. G. Platt: Somerset (H 3), pp. 122-123, 127, 129, 180, 194-195, 282-283. 
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Before following the section into Maryland it may be well to sum- 

marize the conditions in Pennsylvania. The thoroughly persistent coal 

beds are the Upper Freeport and Lower Kittanning, both of which attain 

great commercial importance in several parts of the basin. The others 

are of irregular occurrence and vary so in the quality of their coal that 

they are seldom of any importance. ‘The intervals between the beds show 

great variation in almost contiguous sections, but 1t 1s worthy of note 

that the interval between the two important coal beds, Upper Freeport 

and Lower Kittanning, shows little variation in any given area. It ex- 

hibits great regularity as appears from this table: 
Feet 

Snowshoe, Center county (F. Platt)................. 172 

Morrisdale, Clearfield county (Chance)............ 156 W. 

' Houtzdale, Clearfield county (I. C. White)........... 161 W. 

Bennington, Blair county (Fulton)................. 179 EB. 

ine visame- COTM ViNers) ie eile k ladies woke ie ws ous slie ye ese ae 198 E. 

Sonman, Cambria county...:...5-0....6. 2.2.0 s5e eee 204 H. 
Wilmore, Cambria county (d’Invilliers)............. 195 E. 

Johnstown, Cambria county (Fulton)............... 181 W. 

Hooversville, Somerset county (W. G. Platt)........ 195 W. 

Castlemans, Somerset county (W. G. Platt)......... 200 W. 

The letters refer to the east and west sides of the basin. From Clearfield 

southward there is evidently an increase in thickness of the measures. 

No limestone is reported on the easterly side of this basin north from 

Cambria county, where one finds the Upper Freeport and at 3 or 4 miles 

farther south the Johnstown cement; but the Lower Freeport occurs on 

the westerly side as far north as Snowshoe, in Center, and the Johnstown 

cement is said to be in northern Clearfield. In central and in most of 

southern Clearfield all limestone is wanting practically, the limestone 

border evidently skirting the eastern edge. The distribution of the lime- 

stones geographically is capricious in the extreme, only the Johnstown 

being reasonably persistent; it is generally found wherever its horizon is 

exposed. The composition of the limestones is equally variable; each of 

them at times is pure enough to yield very fair lime, but they are fre- 

quently so siliceous or so argillaceous as to be worthless for any purpose, 

and such changes occur within short distances. None of them is mark- 

edly fossiliferous; several contain minute univalve shells, but distinctly 

marine forms were not seen in any. The Butler, Freeport, Kittanning, 

and Clarion sandstones are unimportant. ‘The Freeport interval usually 

contains some sandstone, at times massive, even pebbly, but the other in- 

tervals are filled for the most part with shale except in Somerset and 

southern Cambria, where the Clarion is frequently a massive rock. 
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Passing over mto Garrett county of Maryland, one has Mr Martin’s 

measurements in the Salisbury subbasin at 7 or 8 miles from the Penn- 

sylvania line. There the thickness of the Allegheny is given as 257 feet 

6 inches. ‘The Upper Freeport is in all 13 feet 5 inches thick, but con- 

tains a parting of almost 11 feet of black slate and a thin layer of bony 

coal. It is 136 feet above the bed designated Middle and Lower Kittan- 
ning, a mass of shale and coal 14 feet thick, with three thin benches of 

coal and two partings, each somewhat more than 5 feet thick. Midway 

between these beds is another consisting of two streaks of coal, 2 and 14 

inches respectively, separated by 12 feet of shale. A sandstone 51 feet 

is below the Kittanning, and at 79 feet below that coal bed is another 
double bed, the benches 8 and 12 inches, with 14 feet of shale parting 

them. The relations are somewhat obscure, as the thickness of the Cone- 

maugh is very much greater than at any other locality in this or any other 

basin, being given as 718 feet, while at a few miles west and north it is 

not far from 600 feet. 

At a few miles west, near Oakland, another section is given, being the 

record of a boring; it is: 
Feet. Feet 

eo MANOMIMNG "SANASTONE 52). 4. ean aoe wget ie al eve. slers 

Pea COMCEALCE "ADOUE  o:cl5 «hs cco ldelvelioleustad wrave elnte 6 40 0 

a tower Hreeport coal beds... s Sie es bale . 2 8 

Consists of 8 layers of coal, bone and shale. 

PIO OMGCEAICU: -DOUE! sc) s < s o.c Ueno slorerene ss oneea aliens 80 0 

Dsandstones coarse to shally vi. fest. 2. ee eee 3 3 49 $) 

GENS HILO SE rate favahcies es ci/e)5)-& s s\’apor'ehenallewarei'anaits wei omomeueerene cre #2 9 

7. Middle and Lower Kittanning coal bed....... 3 9 

Heet Inches 

OAM a sieA ee ene Meee Mars 1 4 

SOU GUN aeons ha He kel helarlande 0 rt 

SS CU CWA tatts sires dane as see foecaee ln etre 0 6 

OS MN a chai ay s,s ay SoS Yomeyella il 4 

Soar Gy Neel SD ALOD cease sche ch aiai’sive, Wea Syedefapaven cite aphex avengers 13 + 

Pie BA Cel REMUS mTOR Kal. 5 css) s+: ay'sia,n Sete) anal obanebie naan ey Matiowens 1 2 

ACMI New UE SNL LCN achievers cc, sire, w ‘suioie! siceic avayel el Choma a\ie heer onts/s 3 fof 

lee Slut StxecCOnMl CU io 2)2.2 ces = om ele Nera crete evel reset 1 ff 

Feet. Inches 

Shale and bone .......... 0 8 

Wale od AN eae se wae 0 ial 

12. Shales: eray, ereen, red, black. (5. ciec sc. ses fe 6 

TS. Shales: And: SAMASCONMES. «0.4 vis apeje a aie ope) ail0)0) «8 als 18 3 

14. Fossiliferous limestone, ferriferous.......... 1 2 

15. Alternating shale and sandstone............. ey. 0 

Ge OLA PLOMy COND WEG. oa kecin 6 «Wad eye a aieleid o ates 0 dD 

i Mireclay,) flint-and plastic, Shale. ws .id. a. 0. 6. i + 
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Here the interval from Lower Freeport to Middle Kittanning is about 

143 feet; at the other measurement it is about 10 feet less from Upper 
Freeport to the Kittanning. The Split-six may be part of the Lower 

Kittanning. The fossiliferous limestone, Number 15, correlated with the 

Vanport of western Pennsylvania, is rich in marine forms, mostly 

brachiopods, at this locality. A limestone at varying distances below 

the Lower Kittanning has been observed in Garrett and Allegany coun- 

ties of Maryland, but elsewhere in this region it contains only forms of 

doubtful affinity. Whether this be the same with the fossiliferous lime- 

stone of the boring can hardly be asserted positively. This Herrington- 

Manor limestone is at a very great distance below the Kittanning as com- 

pared with that of the Vanport farther west. ‘The flint clay under the 
Clarion (Brookville) coal is a common feature farther west. 

Doctor White gives a section in Preston county of West Virginia, 

within the Johnstown subbasin, which shows the Upper Freeport at about 

56 feet above the Lower Freeport and about 141 feet above the Middle 

Kittanning, which is 90 feet above 1 foot of coal separated by 18 feet 

from a mass of coal and clay 8 feet thick. It is not impossible that the 

Lower Freeport of the Herrington-Manor section is the Upper, as the 

bed shows the same general structure throughout, but improves west- 

wardly, being of much economic importance in this portion of Preston 

county.* | 

SECOND BITUMINOUS COAL BASIN OF PENNSYLVANIA 

The Second bituminous basin of H. D. Rogers, lying west from Laurel 

Hill, is narrow and well defined, having in most of its extent the great 

anticline of Chestnut hill as its western boundary. The most northeast- 

erly patches of Allegheny are in Tioga county, not far from the line of 

New York, whence the formation can be followed across Clinton, Center, 

Clearfield, Cambria, Indiana, Westmoreland, and Fayette counties of 

Pennsylvania into Preston county of West Virginia. 

Mr Platt gives measurements at six localities in the Blossburg and 

other areas of Tioga county, showing six coal beds varying greatly in 

thickness, as do also the intervals between them. Only one of them is of 

economic importance, the Bloss, which is the fourth in descending order. 

Mr David White regards this as equivalent to the bed B of Lycoming 

county, which he refers to the Mercer horizon of the Pottsville. Only’ 

*G. C. Martin: Maryland Geol. Survey, Garrett county, 1902, pp. 116-117, 119, 129. 

I, C, White: Bulletin no. 65, p. 76, W. Va. Geol., vol. li, pp. 349, 409, 411. 
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the upper two beds can be placed in the Allegheny, and their relations to 

beds farther south can not be determined on stratigraphical grounds. The 

nearest measurement is that at Renovo, in Clinton county, 32 miles south- 

west, and the next, by Doctor Chance, is about 13 miles farther. These 

are not sufficiently complete to make comparison with the Tioga section 

or even with the detailed sections obtained in Center county and beyond.* 

Mr dInvilliers’s section in Center county has a familiar look; this is 

about 15 miles northwest from Snowshoe, in the First basin. At a few 

miles southwest in Clearfield is Mr James’s section at Karthaus, recorded 

by the First Pennsylvania Survey, and at Clearfield, nearly 15 miles 

farther, is a section by Doctor White. These in the order given are as 
follows : 

Feet. Inches. Feet. Inches. Feet. Inches 

Upper Freeport ........ 3 6 6 0 4 4 

[SMIGIAYA) Ge ee eee 50 0 AT ) 50 0 

Lower Freeport ........ Thin 0 EW 10 2 6 

MMO V Ale csc cheis sede 6 00:8 42 0 32 6 

Upper Kittanning ...... 2 8 3 0 70 0 

PAA BETAVA Warticedt a ichicvan dis) coe one 0s 54 0 38 6 

Middle Kittanning ..... 3 0 3 2 i 6 

GCE V AL oo he ssa ee bk 45 0 33 0 39 8) 

Lower Kittanning ..... Z 6 3 9 2 0 

“UR RE 20 CA ee 32 0 37 6 45 0 

Clarion and shale ...... 1 6 if 6 10 6 

MEAT WA De aiavatns c)cteieievs sve 3. 6 22 0 36 9 10 0 

ISPGOKVINIC 2 cuca cc csc ce 2 6 1 0 2 0 

The interval from Upper Freeport to Lower Kittanning varies from 

158 feet 6 inches to 176 feet, but another measurement by Mr d’Invilliers 

in Center county gives only 163 feet 6 inches; so that the variation in this 

distance of about 30 miles is insignificant. Clearfield is 10 or 12 miles 

northwest from Houtzdale, in the First basin, where the interval is 161 

feet. The “Big bed” of the Karthaus section is clearly the Upper Free- 

port, which is the important bed in this region, as it is in Snowshoe. The 

Lower Freeport is worthless, as in Snowshoe and in the First basin within 

Clearfield. The Gorman coal bed is reported in several sections, but as 

in the other basin is always unimportant. Doctor Chance’s sections show 

that the Lower Freeport limestone is persistent as far north as Karthaus, 

beyond which it soon disappears. ‘he Upper Freeport limestone is of 

*F. Platt: (G), pp. 166, 174, 176, 186, 189. 
C. A. Ashburner: (G 4), p. 74. 

H, M. Chance: (G 4), p. 69. 
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uncertain occurrence and the Johnstown cement extends northward to but 

a little way beyond Clearfield.* | | | | 

Mr dInvilliers reports several sections in northwestern Cambria show- 

ing the varying intervals within an area of 8 or 9 square miles, thus: 

Feet. Inches. Feet. Inches 

Upper Freeport ...........6.. Shiva 3 6 to 4 0 

Nmpetaele ea es Bua ohh aes eee 33 OU tose al) 0 

WOWer PU TECNOIE 1.4.6 ea ties oes wt 3 0 to 4 6 

MMSE Vee eee eee noe ms) 0 to 46 0 
Upper vixittanmning 2". 00 ee ee 3 Oto’ @ 0 

Siberia res ey A eas Ske IS eae 34 0 to 49 8) 

Middle vmittanning .2n 6S. seek ee 2 0: te 2 0 

MTHS TSVial eejele ave Cate: te esa ae ane eee ae Musiete 3D 0 to 45 0 

OWE NSICEADTINGS 20. sais wseretevele 4 Oboe non 5 

MTNA ee cok oe ois wow le celie ew eva se eaeetere 15 0 to 22 0 

CHAMIOM Ae bis B laurels. 5 6S Akeve Se Rete a Stow, al 10 

Eich fe) Gh 7-2!) Me maeaea) Soe AE NOPE aE ES Arita 30 0 to 30 0 

BROOK VINE 5. sec bidet e ot ivalte etn terenene 2 0 to 38 0 

But while the intermediate intervals show such variation, that between 

the Upper Freeport and Lower Kittanning varies only from 163 to 168 

feet, the increase being southwestwardly, which continues, for on Black 

lick the interval is 183 feet. The increase here is in the upper part of 

the section between the Freeport coal beds. Shales predominate in all 

of the sections, but the Freeport sandstone is present in two of them. 

The Upper Freeport and Johnstown cement limestones are present in sev- 

eral of the sections, especially on Black lick, where the Lower Kittanning 

is the important coal bed.t 

In Indiana county the Second basin is known as the Ligonier valley, 

and this name is retained southward into West Virginia. Most of the 

area is covered by the Conemaugh, and the Allegheny is reached near the 

mountains. Near the Clearfield line the Upper Freeport is 8 feet + inches 

thick, carries on top 8 inches of bony coal, and is divided by a +-inch 

parting, thus resembling the structure observed at many places in the 

First basin as well as farther north in this. A section on the west side 

not far from the Clearfield line is: | 

* Geology of Pennsylvania: Vol. ii, p. 525. 

BH. V. d’Invilliers: (T 4), p. 124. 

H. M. Chance: (H. 7), pp. 38, 41-42, 46, 53, 55, 61, 98, 96, 99, 103, 116, 129. 
I. C. White: Bulletin no. 65, p. 123. 

+E. V. d’Invilliers: Final Report, plates 415, 418, opposite pp. 2222, 2230. 
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Feet. Inches 

Le OMAN OMINGSAMESTOME sibs) or) s« 16) 36 e050 b se wees o's 

2. Upper Freeport coal bed ........ccecccsscecs 4 0 

oe HITeclayasSanaye SWMIG Leann sas oes ea boos 15 0 

4. Black shale and thin coal ..............0.00: 2 0 

5. Upper Freeport limestone and clay ......... ual 0 

eH CN ays pia este deal peat seal Sel caries at Sie cal OU" of's) 6) se a ws 0. 8 3) 0 

Me TIVO Ee yet d cee rer attey cue cparlstehara ra, wi. 9r 0) )'e) 214) sive. wires 30 0 

8. Lower Freeport coal bed .................. Thin 

9. Lower Freeport limestone, about............ « 0 

HOW EMbOEV Aly ohio he hh letgidic ctrayey hum mists aeelaiale Seats ate 43 0 

if Upper Kittanning coal bed ics. <2. ieee 28 3 Blossom 

MP UTE TAVIN L lecs crepes 8 1a apcoleweilayet a ara tanra es oul daliay sy Stestisivan sive vaita 50 0 

ie Middle Kittanning coal bed) sii. e. 22. 6. Wes 4 0 

ae MOStIY SANGStONE 10 Faets Ga cis Gels ate 6 6 ysiere ab) 6 40 0 

15: Lower Kittanning coal bed) 65.005. 8 68 soa ele + 0 

Gatos PACK CSM Oia klk oialeiat gia cedre le wralelal ake shabsinane Sica le 20 0 

17. Coal bed [Clarion] ..... seat ey Maan see es cas 3 tai 0 6 

esac aCe ei Fos ks, alle, onan oteracal one ajisrretat eae cettsl oi’abishs 25 0 

19 0 Maye SHAIG 2 ies cs = sey atesartS. eiaWese \eralerel ater st ain sa care a's D 

to the Pottsville. ‘This is the most northerly exposure of the little coal 

on the Upper Freeport limestone, already seen at Bennington, in Blair 

county. The principal sandstones of the formation are wanting and the 

Brookville coal bed does not appear in the section. At 8 miles southeast, 

where an anticline brings up the Allegheny, the interval between the 

Freeport coals has increased to 76 feet, but that from Upper Freeport to 

Lower Kittanning is unchanged. At 6 miles southeast from this place 

the Freeports are 90 feet apart, but the interval between Upper Free- 

port and Lower Kittanning is barely 200 feet, a little less than in the 

measured section given above. The Clarion sandstone is massive, 25 feet 

thick, and rests on the Brookville coal bed, which is a mass of coal and 

shale 7 feet thick. On the Conemaugh river one finds the Upper and 
Lower Freeport and Johnstown cement limestones; the Freeport and Kit- 

tanning sandstones are distinct, though hardly cliff-making, while the 

.Clarion is massive, 30 feet thick, and rests on the Brookville coal. The 

coal beds for the most part are not important. The Upper Freeport is 

often thick, but usually slaty ; the Lower Freeport is variable in thickness 

and always poor, while the Lower Kittanning, though often thick and 

mined, never yields coal comparable with that obtained from this bed in 
Cambria county.* 

Stevenson’s work in Westmoreland and Fayette counties seems to dis- 

agree with that of observers in adjacent areas, because his nomenclature 

*W. G. Platt: Indiana (H 4), pp. 65, 121, 125, 189, 145. 
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differs from that employed by Mr Platt. At the time his work was done 

the succession of the Allegheny coal beds had not been determined and 

the nomenclature had not been fixed. The terms employed by him should 

be corrected as follows to agree with Professor Lesley’s classification pub- 
lished in the Armstrong report in 1880: 

Upper Kittanning limestone. Johnstown cement. 

Lower Kittanning. Middle Kittanning. 

Clarion coal bed. Lower Kittanning. 

Stevenson gives a section on the east side of the basin showing 160 feet 

of conglomerate, beginning at 120 feet below the Upper Freeport, and 

identifies the coal resting upon it with the Brookville. But this was an 

error, for there one has merely an enormous expansion of the sandstones at 

the bottom of the Allegheny, making them continuous with the Pottsville, 

as In many extensive areas within western Pennsylvania and West Vir- 

ginia. The interval between the Freeport coals is as variable as in In- 

diana; at 10 miles south from the Conemaugh, on the east side of the 

basin, those coals are 92 feet apart, with all members of the section 

present down to the Johnstown cement; but within a few miles this in- 

terval decreases to 39 feet in a section showing all three of the limestones. 

The general succession in Westmoreland and Fayette is shown by a sec- 

tion in each county, thus: 
Feet. Inches. Feet. Inches 

1. Upper Freeport coal bed....... 4 0 3 0 

25 WNC E TEVA Crore ps dase acatene 8-0 Cue ere tere Oe 62 0 44 0 

3. Lower Freeport coal bed...... 0 6 0 6 

AP MANOR NEL, 1 galeh eae late eheiie ieitete lee orton 18 0 30 0 

5. Upper Kittanning coal bed and 

SHAM Shier sce sayeth eeuar eects ia ele eens 6 r¢ 4 teo5 9 0 

GA ANTEC VA | eisee tal stele Se bw eles IE Bes 47 7 

7. Middle Kittanning coal bed.... 3 to 4 0 118 0 

SP TTS WULF eens OE ENS ate oie a deteteenea 51 6 

9. Lower Kittanning coal bed.... 5) 0) Blossom 

OE TGC UL takes Sie wooo, Sslal ss fete Ce saueondichode 75 0 60 0 

11. Brookville coal bed........... 2 0 2 toes 0 

ee HANES AMG ClAVio.  .acsick as ous ome 25 0 10 0 

to the Pottsville. The Clarion coal bed evidently disappears in southern 

Indiana, as no trace of it was seen in any Westmoreland section, though in 

some cases the exposure below the Lower Kittanning (Clarion of Steven- 

son) is complete. The Brookville is persistent to the Maryland-West 

Virginia border, often attaining a considerable thickness and yielding 

good coal, though ordinarily so badly broken by clay beds as to be un- 

available. ‘The Lower Kittanning is persistent, but is seldom workable, 
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for when thick it contains much refuse. Stevenson reports it as 5 feet 

11 inches at one locality in Fayette, but Campbell has proved the identifi- 

cation erroneous and the bed is probably higher in the formation. The 

Middle and Upper Kittanning rarely attain even local importance; 

usually thin, they sometimes thicken up to a worthless mass of coal and 

shale. The Lower Freeport is always insignificant. The Upper Freeport 

becomes very thick on the west side, but is broken by partings. At one 

locality near the West Virginia line it is 9 feet 7 inches thick, with 16 

layers of coal, shale, and clay. On the easterly side it is commonly double, 

2 to 6 feet thick, but the coal is tender, sulphurous, and high in ash. 

The Upper Freeport limestone appears in most of the sections, but the 

Lower Freeport appears rarely south from Westmoreland, and the Johns- 

town seems to be absent from Fayette. The Freeport and Kittanning 

sandstones are distinct, rarely other than massive in these counties.* 

The intervals between the several coal beds show as great variation as in 

the First basin, but that between the Upper Freeport and the Lower Kit- 

tanning shows narrow variations within considerable areas; these may be 

summarized thus: 
Feet Feet 

Centern(dimvillers) secs sl. ee oe ee ee 163 to 176 

Glearnelde (James) 2s. aie See oe ds aa eae 168 

@learheld (1. ©. WHEE) .c..065 cakien ne fei beac 169 

Northwest Cambria (d’Invilliers) ............ 163 to 168 

WNESHOTI OG INET. 602 oes: Slane & alters, odie ay sie ay aveumsapacehens 1838 

MMPISLVON TATU K(GWN Gra MEP PAIEE, ) ooo ca eros cad! Gre evel abel, wong ee at's 207 

Northern Westmoreland (Stevenson).......... Dot 

Central Westmoreland (Stevenson) ........... 189 

Southern Fayette (Stevenson) ............... 197 

North from Fayette county the presence of the three limestones in almost 
all of the sections renders the identifications certain. These limestones 

are non-fossiliferous and show as notable variation in composition and in 

appearance as they do in the First basin. 

Passing over into Preston county of West Virginia, one finds at 12 

or 13 miles from the Pennsylvania line the following measurements of 
cores obtained by diamond drill: 

: Feet. Inches 

1. Upper Freeport coal bed and partings........ 10 2 

2. Fireclay, limestone, sandstone .............. 7 af 

3. Green shale and sandstone ................- 14 2 

4. Gray sandstone, Upper Freeport [Butler].... 29 8 

5. Lower Freeport coal bed ..........ccecceues i ul 

~* J. J. Stevenson: Ligonier valley (K 3), pp. 89, 1385, 158, 172. 

M. R. Campbell: U. S. Geol. Survey folio, Masontown-Uniontown, 1903, 
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Feet. Inches. 

6. Fireclay, green shale, sandstone ............. 7 6 

7. Hard pebbly sandstone [Freeport]........... 76 4 

8. Black shale, Middle Kittanning coal bed..... 8 5 

GerSilater shale fireclay s. 0.2 es dies mee earceleie ee 61 8 

ROM Gray ASHIMMISEOME 61's Gia la ee tales eon ee lene eae ole 6 ut 

Le STAGE PATNI CORN 10) coves dis ovat ater uote comoua tae aeeeean eee ae 1 0 

DEMS A AL Ola hie casa. wine tals ee) oe RSM RENE Toe CoRe ene emer nee ee (6 6 

13. Clarion coal bed [Brookville]................ 9 1 

MA OREO) aye ees oie Ns iets santana ee ates tote aie eee eee iets 12 10 

to the Pottsville sandstone. The Upper Freeport is 86 feet below the 

Brush Creek limestone, which is embedded in black fossiliferous shale 

immediately overlying the Brush Creek coal bed. The interval from 

Upper Freeport to the Middle Kittanning is 146 feet, and to the top of the 

fireclay which underhes the place of the Lower Kittanning 199 feet, 
almost the same as in southern Fayette. The Brookville coal bed is 

worthless, in two nearly equal benches of slaty coal, separated by 6 feet 

5 inches of fireclay. ‘The Lower Freeport is a double bed and the Upper 

Freeport is in 13 layers of coal, bone, and slate. 

At a few miles farther south this Second basin, owing to the decreasing 

strength of Chestnut hill, becomes continuous with the western basins, 

and it will be described in connection with the West Virginia area.* 

WESTERN BASINS OF PENNSYLVANIA 

- The region west from Chestnut Hill anticline to the Ohio line may be 

considered as one, there being no very strongly marked divisions. 

A small area of Coal Measures remains in Tioga and Potter counties 

near the line of New York, in which the upper part of the section may 

belong to the Allegheny, but, as Mr David White has shown, the greater 

part belongs to the Pottsville, according to the testimony of the plant 

remains. ‘The distance from other areas is too great to admit of correla- 

tion on any other basis. , 

Some isolated patches remain in McKean county, west from Potter, the 

most northerly being about 10 miles north from the line of Elk county, 

where the section reaches upward to the Middle Kittanning coal bed. 

The persistent coals are those named Dagus and Clermont, which Mr 

Ashburner identifies with the Lower Kittanning and Clarion. Between 

them is the Vanport (Ferriferous) limestone at 8 to 30 feet below the 

Dagus coal, wanting, however, at the most northerly exposure as well as 

in the southeastern part of the county, and, where present, somewhat im- 

pure, though at times 8 feet thick. The interval between Dagus and 

*1, C, White: Geology of West Virginia, vol. ii, pp. 311, 344. 
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Clermont varies from 43 at the north to 78 feet in the southeast, an inter- 

mediate measurement being 51 feet. A thin coal bed, without value, seen 

occasionally between the Dagus and Clermont, is regarded by Mr Ash- 

burner as probably the Scrubgrass coal bed of I. C. White, belonging 

under the Vanport limestone.* 

The shallow synclines of northwest Cameron, west from Clinton and 

Potter, south from McKean, carry patches of Allegheny showing the 

three coal beds of McKean, which are separated by intervals of 29 feet 

6 inches and 52 feet, the interval between Dagus and Clermont being 

84 feet 6 inches, 6 feet greater than in the adjacent part of McKean. The 

Vanport limestone is absent. This section would place the Clermont coal 

bed at the Brookville horizon.t+ 
The complete Allegheny section is reached in southern Elk county, 

west from Cameron and south from McKean. The Middle Kittanning 

is the highest bed in Jones, the northern township, where the intervals are 

greater than in McKean, and 40 feet of shale separate the Lower Kittan- 

ning and the Vanport limestone. The latter, 9 feet thick and double 

near the northern line, becomes a calcareous chert in the southern part 

of this township as well as in Ridgway, but in the southeast part of the 

county it is again a limestone. A thin coal bed, Ferriferous of Ash- 

burner, but clearly the Scrubgrass, directly underlies the Vanport in the 

northern townships, but is wanting at the southeast in Benzinger, where 

the Clarion coal bed, 5 inches thick, is at 13 feet below the limestone and 

16 feet above the Clermont (Brookville) coal bed. 

At the Dagus shaft, near the Clearfield border, Mr Ashburner recog- 

nizes the Freeport coal beds, 60 feet apart, with the Johnstown cement 

limestone at somewhat more than 60 feet below the Lower bed. The 

Upper Kittanning is not exposed above the shaft, but in the shaft the 
Middle Kittanning is shown at 163 feet and the Lower Kittanning at 212 

feet below the Upper Freeport. ‘The Vanport limestone is 40 feet below 

the Lower Kittanning, and another coal bed is reached at 25 feet lower, 

which is correlated with the Clarion, but is more likely to be at the Brook- 

ville horizon. The interval between the Lower Freeport coal bed and its 

underlying limestone varies usually 2 to 5 feet, but in Horton township, 

near the southern border of the county, it varies from 52 to 69 feet and 

contains two coal beds, 2 and 3 feet thick; the accuracy of Mr Ashburner’s 

identifications can not be doubted, for all four limestones are present in 

his sections, the Vanport being richly fossiliferous and 35 feet above the 

Clarion (Brookville) coal bed. The Upper Freeport is divided by a 

*C, A. Ashburner: McKean county (R), pp. 45, 99, 127, 133, 139, 171- iA 189. 

7, A. W. Sheaffer: Cameron (R R), pp. 46-50. 
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parting which is from a mere film to 20 feet thick. ‘The most northerly 

point at which the Vanport is fossiliferous is in Fox township.* 

A few patches remain in Forest county near the Elk border, showing 

50 feet of shales and sandstone overlying the Clarion (Brookville), which 

is 2 feet thick and rests on the Homewood sandstone. The Vanport lime- 

stone was not seen.t+ . 

Venango county, southwest from Forest and west from Clarion, has 

scattered patches in the south and southeast portion, in one of which 

Doctor Chance measured: 
Feet 

1. Ferriferous limestone [Vanport]............ 8 

Ze AMMO STATE 0 G5 asece cue & wean See reue re ete os nie Breet chore 2 

3. Coal bed [Seruberass] o:. o.ik Ge.. celoweemiee ee 1: te: 72 

ACONCEAICE) 0 aR os Sods SER eile Ie oS IS es » &. ‘te; (10 

Sr Sandstone ViClariomih 152 es one tiene sheers ewe 56 

GHAI SEIC Ris ole ao sa's suioacl er bce cua Neo NS EN oimeredte tober Seshain ae te 6 

tjuCoal, bed: [Brookville] sc, -e.ues eee aa ees aimee 2 

The Vanport limestone is of uncertain occurrence. 

In the extreme northern part of Jefferson county, south from Elk and 

Forest, west from Clearfield, the Allegheny has been removed, but in most 

of the county it is the surface formation, and the Upper Freeport is avail- 

able in an extensive area within the southern third as well as in the north- 

east near Brockwayville. A section at the latter locality shows: 

Feet 

Upper Freeport. 

AG OV Re) i628 Se een ae ence: tae aR TIO pdiclo Gia to Ao cb. 3 43 

Lower Freeport. 

MANET A ig oie. wba eS creel a, PU let oice relteh eos SUR eens ee Renae L  tatotel eo roene ete ae 45 

Upper Kittanning. 

Tnterviall “y.\.cale sh ih.ae eee Behe ee eee ee cheb Seer 54 

Middle Kittanning. 

MTR MAND hg, ss tuics.2s:e ae var oon, 0! (51-6) arts toe Leite oh Sy sige eT NG OEM Maen Peers eee etree 45 

Lower Kittanning. 

Tuatervial. oy. 2 SE ee EE A Gta ee eee ET ee ret cae aetna 75 

Brookville. 

These intervals vary little from those of Elk county, except that the Free- 

ports are 43 instead of 54 to 70 feet apart, and the interval from Upper 

Freeport to Lower Kittanning is only 187 feet. The Butler and Freeport 

sandstones are conspicuous, but the Kittanning interval is occupied by 

*C. A. Ashburner: Elk (R R), pp. 69, 73, 106, 112-113, 150, 153, 186, 214, 217-218, 
227, 241, 245, 254. 

7 C. A. Ashburner: Forest (R R), p. 307. 

tH. M. Chance: Oil Regions (I 3), pp. 437-438. 
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shale. All of the limestones are here. In the central and northwestern 
parts of the county the whole interval from the Vanport down is filled 

with sandstone, mostly massive, but the normal condition exists in the 

north central part, where one finds the Middle and Lower Kittanning, 
55 feet apart, and the Scrubgrass, or Upper Clarion, directly underlying 

the Vanport limestone, is 35 feet above the Brookville, which rests on the 

Homewood sandstone. The coal beds of the Kittanning and Clarion 

groups, though persistent and at times of workable thickness, rarely 

yield good coal. The Lower Freeport, somewhat variable in thickness, 

is important, as it yields good coal, while the Upper Freeport, equally 

persistent, is of little value. The Vanport limestone changes in the 

northwest part of the county into cherty limestone, and then into eal- 

eareous sandstone. Kastwardly it thins out and seems not to extend 

beyond the middle of the county. Of the other limestones the Johnstown 

cement is present in sections showing its place, the Lower Freeport is very 

irregular, and the Upper Freeport, persistent in the east and south, is 

apparently absent in the middle and northwest portions. The great 

sandstones are represented usually by shale.* 

Indiana county is south from Jefferson and its larger part lies west 

from Chestnut hill. A narrow area exposing the Allegheny stretches 

along the west slope of that ridge from Jefferson county to the Cone- 

maugh river, whence it extends southwardly across Westmoreland and 

Fayette into West Virginia. 

Near the Jefferson border the Upper Freeport shows the structure so 

often observed in the Second basin and is 5 feet 2 inches thick, but yields 

worthless coal. The interval to the Lower Freeport is 75 feet and both 

limestones are present. ‘The Upper Kittanning at 50 feet lower shows at 

one locality the feature observed already in that bed as well as in the 

Lower Freeport and to a somewhat less extent in the Middle Kittanning, 

thus: 
Feet. Inches. Feet. Inches. Feet. Inches 

Bony coal or cannel.... 1 3 8 3 a 2 

Coal, good but friable... 2 7 2 % 2 7 

The upper division has 21 to 24 per cent of ash and the lower 1.6, while 
the sulphur is practically the same in both, .621 to .654. This “pot” of 

thick cannel embraces only a few acres. The Johnstown cement lime- 

stone is here with the Gorman coal bed 3 feet thick and 2 feet below the 

limestone. The Lower Freeport farther south is very irregular; the 
Vanport was not seen by Mr Platt, but Mr Richardson has recognized it 

*W.G. Platt: Jefferson (H 6), pp. xxx-xxxii, 100, 111, 187, 190, 199, 

X—BULL. Grou. Soc, AM., Vou. 17, 1905 
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in a well on Ramsay run, 4 feet 5 inches thick and 238 feet below the 

Upper Freeport coal bed. He found traces of it on the slope of Chestnut 
hill at 80 feet above the Pottsville and 20 feet below the Lower Kittan- 

ning coal. On Yellow creek the intervals are much reduced, the Upper 

Freeport, Lower Freeport, and Upper Kittanning being but 55 and 25 

feet apart, the associated limestones being present. A thin double coal 

bed, often seen in the Second basin, is here at 11 feet below the Upper 

Freeport and 3 feet above the limestone. ‘The intervals increase south- 

wardly, for on Black Lick creek the Upper Kittanning is 100 and the 

Lower Kittanning 189 feet below the Upper Freeport. The coals are all 

poor. ‘The Freeport and Clarion sandstones are conspicuous, fine grained, 

and current bedded. The Johnstown cement is apparently the only 

limestone present. From this stream to the Conemaugh the section is 

clear. The little coal bed below the Upper Freeport persists. The Van- 

port limestone is present midway in the county where an anticline brings 

i up." 

Clarion county is south from Forest and west from Jefferson. In the 

northern portion the section seldom extends above the Middle Kittanning, 

and the whole section is found only in some widely separated areas within 

the southern part of the county. 

North from the Clarion river one finds all of the coals below and in- 

cluding the Middle Kittanning. The interval from Lower Kittanning 

to the Vanport limestone varies from 8 to 20 feet without seriously affect- 

ing the interval from the limestone to the Middle Kittanning. Doctor 

Chance shows by a grouped series of sections that the Scrubgrass and 

Clarion are but splits of one bed. The varying intervals between the 

beds in southern Clarion are shown by these measurements, which are ar- 
ranged from east to west: 

-I. Near Fairmont, Red Bank township. 

II. In same township. 

III. New Bethlehem, Porter township. 

IV. Wildcat, Toby township. 

VY. Hillville, Madison township. 

Bt. Ane Wt, Ft. Ft. (ia Ft, 2 tn 

Upper Freeport ....... 4 O- 4 as 2 0) 

1h nes ig g-20 ORS as re 40 45 

Lower Freeport ..... 108 0 6 cA ats os 108 0 

Interval oo eee cers | \ 68 
Upper Kittanning ..... il 1 2 2 ut 6 sl 5 

*W. G. Platt: Indiana (H 4), pp. 187, 189, 191-192, 205, 209, 211, 220, 223, 226-227. 

G. B. Richardson: U. S. Geol. Survey folios, Indiana, 1904. 
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Ft. In. Ft. Ft. REGS uk lan Bi ain: 
1 ETN) Cea a a 40 0 45 47 50 0 

Middle Kittanning .... 1 3 2 2 3 8 66 6 

Rnberviadl fo.s GS. ee eee 48 0 30 37 0 

Lower Kittanning ..... 2 6 4 64 3 0 3 6 

LOES YE: 8 ae Se 35 0 33 25 0 40 0 

Vanport limestone .... +) 0 4 4 7 0 10 0 

MAMET ENE gos 3.5 steve 8 68 22 0 

OGIO | 35. 2s sss. eee 50 Z 2 

MMter VAN a... o's Ws 23 0 

SOOM VITO or. 5 6's tecae e's Thin 

to the Pottsville. The interval from Upper Freeport to Lower Kittan- 

ning in the three sections showing both beds is 198, 220, and 176, and to 

the Vanport 235, 271, and 219 feet, the last in the southwest corner of 

the county. At one mile north from III the interval between Lower 

Freeport and Upper Kittanning is but 40 feet, and at two miles south, in 

Armstrong county, it is only 25 feet, showing a variability in this interval 

such as has been noted already in southern Elk. Of the limestones, the 

Upper Freeport is widely distributed, the Lower Freeport and Johnstown 

cement are irregular, while the Vanport seems to extend in prongs toward 

the northwest. The Butler, Freeport, and Kittanning sandstones are dis- 

tinct in the southern townships, but elsewhere their places are filled for 

the most part by shales, while the Clarion is a well marked sandstone, 

20 to 30 feet thick, in most of the county. The Upper Freeport coal bed 

is good, with little variation in thickness, but the other beds are of no 

importance except the Upper Kittanning, which, in a small area within 

Porter township, has a cannel roof of 8 feet.* 

Armstrong county, south from Clarion, west from Indiana, and north 

from Westmoreland, has for its southern boundary the Kiskiminetas, the 

continuation of the Conemaugh river. In the easterly part of the county 

the section is followed easily from Clarion line to the Kiskiminetas, 

though the intervals between the coal beds show notable variations. The 

Scrubgrass, or Upper Clarion, coal bed does not appear in anv of the sec- 

tions, but the others are persistent, though the Upper Freeport and 

Lower Kittanning are the only ones of economic importance. The Upper 

Kittanning has a cannel roof 8 feet thick in a small area adjoining 

Clarion county, but the cannel is inferior. The Upper Freeport and 

Vanport limestones are persistent except in a small area central in the 

county where the lower bed seems to be wanting. The sandstones are in- 

significant and their places in almost all of the sections are filled with 
shale. 

*H. M. Chance: Clarion (V V), pp. 70-71, 75, 77, T9, 80-81, 88, 90-91, 95, 97, 103, 

107, 112, 121, 123, 125-126, 182, 136, 142-143, 147, 153, 158, 160, 175-176, 178, 181. 
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In the western part of the county, beyond the Allegheny river, one 

reaches the western limit of the Johnstown cement, which is absent at the 

north though present at the southwest in unimportant development. Of: 

the other limestones, the Upper Freeport and Vanport are persistent, but 

the Lower Freeport is very irregular. The Freeport sandstone is con- 

spicuous and at times, as in a portion of Jetferson county, sandstone fills 

practically the.whole interval from the Vanport to the Homewood sand- 

stone. The coal beds are unimportant, though the Upper Freeport is 

good at the north, and in many places the Upper Kittanning shows its 

tendency to accumulate cannel slate on top. ‘Two measurements, one at 

the north, the other at the south, show the relations of beds on this west- 

ern side: 
Feet. Feet. Inches Feet. Feet. Inches 

Upper Freeport ........ 7 0 2 6 

Mmtervall oe eres she aseate 3 2 60 0 54 0 

Lower Freeport ........ 4 to 1 6 1 0 

MONG AS tans eye eave ne'ye! ai ele 65 0 30 0 

Upper Kittanning ...... 12 e200 10 a 0 

NGGONE VTS S ees e go ayn ce 3 Rieke es 45 0 ) 

Middle Kittanning ..... of 0) 117 0 

1 (ot oC hc Ay eet a % 985 toy 40 0 J 

Lower Kittanning ..... S 6 a te 4 0 

Iaieray el Mewes aos. me) ot oeee 33 6 25 0 

Vanport limestone ...... 15 8) Thin 

o) OU Kes RVG2 |) Ramet te aes 30 0 25 0 

GRATION Coie stata eles eho bis ere 2 tO ees 0 2 6 

TMG Mal eee ee SEG Geieke 22) Oe 

rOOKVITIEO i ws oe ce ee ee Thin 

But the interval from the Upper Freeport to the Lower Kittanning is 
practically the same in both sections.* 

Butler county, south from Venango, west from teams ath is east from 

Mercer, Lawrence, and Beaver. 

The Vanport limestone is present throughout except in small patches 

at the northwest. The Lower Kittanning, hitherto the most persistent 

of the coal beds, is somewhat uncertain on the northern border and seems 

to be wanting in considerable areas within the central part of the county. 

The interval to the Vanport varies from 10 to 45 feet, the least thickness 

being on the Lawrence border at, say, 10 miles south from the Venango 

line; thence it increases eastwardly to 15, 20, 30, and 45 feet within 10 

miles, and similar increase appears southwardly. The Middle Kittan- 

ning is persistent, and in the absence of the Lower Kittanning might be 

*W. G. Platt: Armstrong (H 5), pp. 6, 9, 16, 67, 92, 100, 105, 109, 115, 122, 148, 
147, 153, 165, 177, 191, 215, 222, 224, 267, 271, 288. 

SS = 
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mistaken at times for that bed, as the interval to the Vanport varies from 

45 to 90 feet, diminishing westwardly. ‘This bed is 40 to 60 feet below 

the Upper Kittanning, which is 110 to 130 feet above the Vanport, and in 

some of the townships is largely a cannel. The interval between Upper 

Kittanning and Lower Freeport is as variable as in Elk, Clarion, and 

Armstrong, the extremes in a single township being 55 and 91 feet. 

Where the Freeport sandstone, occupying this interval, is divided by shale, 

a coal bed, the Currie, occasionally appears. The Lower Freeport is 

rooted by laminated shale and coal a few inches to 10 feet thick, and the 

Upper Freeport, 50 to 60 feet higher, is uncertain, apparently wanting at 

many localities. 

The Scrubgrass, Clarion, and Brookville coal beds below the Vanport 

limestone may have been deposited in the greater part of northern Butler, 

but they are now wanting in the western portion, where for the most part 

the Clarion sandstone is continuous with the Pottsville. The Freeport 

hmestones appear in only a few sections and the Johnstown cement is 

absent.* 

The surface rocks in southern Butler for the most part are Conemaugh, 

but the Allegheny beds are reached on the east side in deep valleys tribu- 

tary to Buffalo creek and on the north and west in the valley of Conno- 

quenessing creek. ‘lwo measurements on the east or Armstrong side are 

important for correlation: 
Feet. Inches. Feet. Feet. Inches 

Upper Preeport. 3... .6 0...) By nt 3 Zz 

MAGE TEND tore cloyele ai e.ci'e 6 b's ve ¥ a 65 O 

Lower Freeport ......... Blossom oto 2 0) 

Ween Tae ie, a yes 6S) ais Sc are ase Se 80 0 ) 

Darlington [Upper Kittan- | 147 0 

MUMINEU MEP et ey eis ai st eho eho) a a cia ei 3 0 r 

Teiheenralibere ae eet aise lS a 70 ) J 

Kittanning [Lower] ...... 10 9 3 0 

PROTO UGNey line Wass. ot sises aie) aid) < a's ae ft) 5d 0 

Ferriferous limestone [| Van- 

DORE oss sais eae ak absicé lls 0 16 6 

AEE Vi er are lacs She Bods era 3) ae 20 0 12 0 

OR ATNOME atoe cys coors one. ce ate 2 0 3 8) 

MAITEVIEW Ge eet reauatsl fies sce seats 10 0 30 0 

ie ee 
to sandstone. ‘The interval from Lower Freeport to the Upper Kittan- 

ning (Darlington) is very like that in much of northern Butler and 

northwest Armstrong, but nearly double that in southwest Armstrong, 

while the interval from Lower Freeport to Lower Kittanning is actually 

*H. M. Chance: Northern Butler (V), pp. 17, 28, 95, 97, 108, 105, 121, 123, 125, 

UATE USO ale2y, IR alae 
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the same as in the last. The interval between Upper Kittanning 

(Darlington) and Lower Kittanning in western Armstrong varies from 

95 to 117, that between Lower Freeport and Lower Kittanning remaining 

the same, while in central Butler, Doctor Chance’s section shows about 

85 feet to the bottom of the Lower Kittanning, differing little from the 

interval in these measurements by Doctor White. The Lower Kittan- 

ning is from 3 to 11 feet thick and one of its benches yields good coal; 

the other beds are without value. The Butler and Kittanning sand- 

stones are massive. In the southwest corner of the county the Freeport 

coal beds are 45 feet apart and the Darlington (Upper Kittanning) is 

145 feet below the Upper Freeport. The Freeport sandstone is massive 

and the Upper Freeport limestone is present in most of the sections. 

On the Connoquenessing the Freeport coals are of little value and are 

55 to 80 feet apart. The interval from the Lower bed to the Darlington 

varies from 43 to 70 feet, the smaller interval being on the western border, 

where the Darlington is barely 125 feet below the Upper Freeport. Ata 

few miles north from this exposure a coal bed, known as the Hichenaur 

and commonly supposed to be a local bed, is seen at 115 feet below the 

Upper Freeport. It is variable, cannel on top, coal below, but changing 

into bituminous shale. This is very like the Upper Kittanning (Darling- 

ton), which in the neighboring township of Forward is only 120 feet 

below the Upper Freeport. The Freeport and Butler sandstones are 

usually massive along the Connoquenessing valley. A boring in Forward 

township shows the whole interval from the Homewood sandstone up to 

what may be the Middle Kittanning coal bed filled with sandstone. The 
Freeport limestones appear in most of the sections, none of which goes 

down to the place of the Vanport. The coal beds are poor and of no 
economic importance, though the Lower Freeport and roe Kittanning 
(Darlington) are mined for local use.* 

The northern border of the Allegheny formation, owing to shallowing 

of the synclinals, falls southwardly toward the west, so that in Mercer 

county, west from Venango and Butler and extending to the Ohio line, 

one finds rocks higher than the Vanport (Ferriferous) limestone only in 

the southeast corner near the Butler line. Doctor White’s sections show 

the Lower Kittanning at 45 feet above the Vanport limestone and at the 

same distance below a coal bed termed the Darlington locally. The 

Darlington of Mercer is not the same with the Darlington of southern 

Butler ; that of Mercer is the Middle Kittanning; that of southern Butler 

is the Upper Kittanning. The Mercer County measurements are only 

*I. C. White: Southern Butler (Q), pp. 90, 92, 94, 95, 110, 111, 112, 117, 119, 120, 
130, 188, 135-1389. 
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5 or 6 miles west from measurements in northern Butler where the Middle 

Kittanning is 70 to 80 feet above the Vanport limestone and 40 feet below 

the Freeport sandstone, and about 10 miles west from Murrinsville, in 

that county, where the Upper Kittanning is 120 feet above the Vanport. 

The Scrubgrass and Brookville coal beds are here, the latter at 27 to 55 

feet below the Vanport, the interval decreasing westwardly. The lime- 

stone is not persistent, but where present is richly fossiliferous. At one 

place it is 12 feet thick.* 

Areas of Allegheny become more extensive in Lawrence county, south 

from Mercer and west from Butler. The section lengthens and the Upper 

Freeport coal bed is reached at many localities. The Darlington coal bed 

of this county is the Middle Kittanning. 

On the east side the Middle Kittanning is 70 to 80 feet above the Van- 

port (Ferriferous) limestone, the interval depending on that between the 

Lower Kittanning and the Vanport, which varies from 15 to 25 feet, and 

that between the coals from 40 to 58 feet, these variations being similar 

to those in the adjacent part of Butler county. The Upper Kittanning 

is missing and the Middle is at 140 feet below the Upper Freeport, in the 

southern part of the county. Westwardly, in the northern and middle 

parts of the county, the Middle Kittanning is quite regularly 70 to 80 

feet above the Vanport, but along the southern border the interval varies 

from 100 to 65 feet, the latter at the west near the Ohio border. The 

Vanport limestone is not wholly persistent, being wanting in a consider- 

able area, but it is found in most of the county, 15 to 25 feet thick, 

always double, gray above, blue below, and everywhere richly fossil- 

iferous in both divisions. The Scrubgrass and Brookville coals appear 

in a number of the sections, but they as well as the higher coals are of 

httle importance. 

The interval from Upper Freeport to Lower Kittanning is 208 feet in 

eastern Butler, 190 to about 200 in eastern Lawrence, but decreases to 

160 feet near the Ohio state line. + 

Beaver county is south from Lawrence along the Ohio line. North 

from the Ohio river one occasionally finds the Brookville and Clarion 

coals 15 to 50 feet apart and very thin, at times distributed through a 

mass of carbonaceous shale. The Vanport limestone is very thick, 22 feet, 

in the northeast, but becomes thinner southward and westward until, on 

the river near the Ohio line, it is but one foot thick, and soon after cross- 

ing into Ohio it practically disappears. At Homewood station, midway 

cn Co White: Mercer (Q 2), pp. 22,32, (7, 719; 88, 132. 

+i. C. White: Lawrence (Q 2), pp. 76, 84, 86, 92, 94, 98-99, 111, 115, 121-122, 131-132, 

134-139, 141, 144, 146-147, 152, 159, 161, 162-166, 169, 171, 179, 187, 196, 199. 
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in this portion of the county, it is replaced by sandstone which is con- 

tinuous below with the Pottsville. The Lower Kittanning coal bed, at 
50 to 80 feet above the Vanport, is persistent throughout the county and 

rests on a thick bed of clay which is of great economic importance. ‘The 

Middle Kittanning (Darlington) coal bed is at 50 to 20 feet above the 
Lower Kittanning, the least interval being on the river one mile from the 

state line. Near the river this bed is unimportant, but northward it 

shows some changes which make it locally important. At one locality it 

shows : 
Feet. Inches 

WAMMOL STATS He wishes ve seiko ofa erie yo.cevatte |e coy eberioinet lhe le ea ale Beco ee 6 

GAVE ie Seale ean alate erie estate nebo oceiiel a ion suchte te Vale Reae Cee 2 0 

(OFC EGA SPS a eae Giregee mM RR IHR AOR URS OS Pe alt Ue S 6 

The slate is rich in carbonaceous matter, one ton yielding on distillation 

one barrel of oil; but an enlargement of this kind is very local, thinning 

out in each direction until only the coal is left, and possibly within a 

short distance the whole deposit was cut away by the overlying sandstone. 

The interval to the Lower Freeport coal bed is occupied mostly by sand- 

stone, the continuation downward of the Freeport. Occasionally this 

mass is interrupted by shale, and then a coal bed is shown at 15 to 20 

feet above the Middle Kittanning, which may mark the Upper Kittan- 

ning, which otherwise is without representative in this region. ‘The 

Lower Freeport coal bed is insignificant; the Upper Freeport is usually 

double or triple, with thin partings and a thickness of about 4 feet; but 

at one place it resembles the Middle Kittanning, having a roof of coal 
and cannel 5 feet thick. ‘The Freeport and Kittanning sandstones are 

usually massive.* 

Southward from the line of Beaver, Butler, Armstrong, and Indiana 

counties the Allegheny formation is nowhere completely above drainage 

except along the westerly slope of Chestnut hill, in Westmoreland and. 
Fayette and perhaps under the Fayette anticline on the Youghiogheny 

river in Fayette; elsewhere to the West Virginia line it is for the most 

part buried under the Conemaugh, and dependence must be placed upon 

the records of oil borings. 

In Westmoreland and Fayette the Allegheny coals have been mined to 
very slight extent, owing to proximity of the great Pittsburg coal bed, 

and exposures in the mountain gorges are usually too indefinite to make 
accurate measurements possible. ‘The information contained in Steven- 

son’s reports is fragmentary and of little value. The Upper Freeport coal 

I. C. White: Beaver (Q), pp. 40, 42, 47, 48, 50, 110, 194, 209, 225, 233-234, 249, 
260, 265; Ohio line (Q 2), 254, 258, 260, 263. 

M. R. Campbell: U. S. Geol. Survey folio, Masontown-Uniontown, 1908. 

* 
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bed persists along the whole line and is opened at many places for use of 

the farmers. Usually it is in numerous benches, separated by clay part- 

ings, so that although it is very thick at times, 11 to 16 feet, it is appar- 

ently unimportant. ‘The Lower Freeport was seen on the Conemaugh at 

47 feet below the Upper, and also at several places south from the Yough- 

iogheny river, but it is worthless. The Brookville or possibly Clarion 

was seen at many places, at times in several benches of fair coal separated 

by thick clay partings which vary at the expense of the coal. ‘Two other 

beds were seen which unquestionably belong to the Kittanning group, the 

lower one being above a sandstone which is probably the Kittanning. 

This is a well marked rock in the southern part of this strip, and it is 

called Piedmont in Stevenson’s reports, in accordance with Professor 

Lesley’s correlation in the Coke Report. The Freeport limestones seem 

to be present near the West Virginia line.* 

Returning to the north and following the formation under cover, one 

has oil records, many of which are referred to the Ames limestone as the 

datum. In Allegheny and Westmoreland counties that limestone is from 

280 to 300 feet below the Pittsburg coal bed. In Allegheny north from 

the Ohio river the occurrence of the coal beds soon becomes very irregular, 

as might be expected from conditions in adjacent parts of Butler and 

Beaver. Seven records are available in western Allegheny near the 

Beaver line. ‘Two of these show no coal, one has three beds, 69 and 34 

feet apart, while in one or the other of the remaining wells one or two 

coals are reported. ‘These are very near the horizons of the Lower Free- 

port, Middle Kittanning, and Lower Kittanning. he Butler sandstone 

overlies the highest bed. At Sewickley, a few miles below Pittsburg, 

Doctor White measured the core of a diamond drill and recognized the 

Upper and Lower Freeport, the Upper and Lower Kittanning, all very 
thin and no limestones present.t 

A record in northwest Westmoreland shows coals at 44, 127, and 218 

feet below the Upper Freeport. Four miles east from this locality Mr 

W. G. Platt found the Lower Freeport, Lower Kittanning, and Brook- 

ville coals at 30, 110, and 217 feet below the Upper Freeport. The agree- 

ment is sufficiently close for correlation between the ordinary record and 

a measured exposure. On the Pennsylvania railroad at Carpenter sta- 

tion the only coals are the Upper Freeport and one at 199 feet lower, 

which may be the Clarion. Farther south, at Sewickley, the Lower Free- 

* J. J. Stevenson: Fayette and Westmoreland (K K), pp. 82, 141, 159, 160, 167, 171, 

186, 193, 319, 320. 
7 J. F. Carll: (I 5), pp. 251-256. 

I. C. White: Bulletin no. 65, p. 112. 



LOGE, J.iae STEVENSON—-CARBONIFEROUS OF APPALACHIAN BASIN 

port and Middle Kittanning are reported, 70 feet apart, with almost con- 
tinuous sandstone below the latter to the Pottsville.* 

Records referred to a definite datum in Fayette county are confined to 

the southern portion of the county. Mr Campbell gives three which may 

be cited. In the Mach well the Upper Freeport horizon is marked by 14 

feet of shale and coal, the Kittanning sandstone is 49 feet thick and rests 

on 16 feet of “shale and coal” marking the Clarion-Brookville horizon. 

Near the Monongahela river, on Cats run, there is no coal in the Alle- 

gheny. Ata few miles south the first coal bed is very near the place of 

the Upper Kittanning, and at 65 feet below it is the Kittanning sand- 

stone, 87 feet thick and reaching down to the representative of the 

Clarion-Brookville, which rests on the Pottsville.t 

_ On the west side of the Monongahela river the section may be followed 

through Washington and Greene counties of Pennsylvania and the north- 

ern “panhandle” of West Virginia, lying between those counties and the 

Ohio river. 

At McDonald station, near the northern hne of Washington, the coal 

beds, all insignificant, are the Lower Freeport, Middle and Lower Kittan- 

ning,and the Brookville, the relations being as at Sewickley and Pittsburg. 

The thickness of the Allegheny is not determinable, but is between 255 

and 275 feet. The only recognizable sandstone is the Kittanning. 

At Washington the Upper Freeport is 548 feet below the Pittsburg, 

there being a distinct thinning in the lower portion of the Conemaugh, 

and the Allegheny is 285 feet thick. ‘The only coal bed reported 

is at 153 feet below the place of the Upper Freeport and represents one 

of the Kittannings. ‘The Butler and Freeport sandstones are one, 75 feet. 

This sandstone is present in West Finlay and Mount Pleasant townships, 

but the records show no coal in those or in Amwell township. Nearer 

the Monongahela two thin coals are reported, but their relations are ob- 

scure. It should be remembered that thin black shale is likely to be re- 

ported as coal by the drillers.{ 
Passing over into Brooke county of West. Virginia, one has at New 

Cumberland Doctor White’s section: 
Feet. Feet 

ft SAIMES LINICStONE x 5. sea cae ters ane eee OE TORES & 

ie APIMNGOT VAN eie.c oie we: crane ve. eee ISA el s) 6 ame tate en SEC ESEs tore 236 

3. Mahoning coal bed [Brush Creek]............ 4 

coy Hh Re) eg h A Piee ee oin Goo Ss Sos Sil ors od 90 

on Lower Ereeport ‘coal: bed’ .as2.4% cam een ee 2 6 % 

* J. F. Carll: (1 5), pp. 221, 225; 1886 Rept., p. 728. 

W. G. Platt: (H 5), pp. 6, 27. 

+ M. R. Campbell: Masontown-Uniontown folio, pp. 18, 19. 

J. F. Carll: (1 5), pp. 302, 306, 807, 818: 1886 Rept., pp. 758, 765. 

I. C. White: Bulletin no. 65, p. 113. 
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Feet. Feet 

Gee MIU CTAV ED Ihe Vato at acc ousted oh cleaieay'c "ope siistinicehs wees & e's, ch'e <6 2 6 100 

Tei ANGIE WISN ES ew 0 IV aoa ee a er a Blossom 

PP OUU STEM Mar tay crete ayaa sae ie oper eee avail o ahaa ace Sie oher'e'«s 20 to 30 

9. Lower Kittanning coal bed............0.ee00. Blossom 

UME IRC LAAs lone oP aie Wy AMR ONENs, Seog Brees wile leltotet es oi'el ole 10 

The interval from the Ames limestone to the Lower Freeport is 340 

feet, whereas at Smiths ferry, 10 miles northeast, it is 366 feet; but the 

distance from Ames to Lower Kittanning has diminished not more than 

3 or 4 feet. The Brush Creek coal bed is the Groff vein coal 7 of the 

northern Ohio column. ‘Ten miles farther south, opposite Steubenville, 

Ohio, the Lower Freeport coal bed has been mined. No measurements are 

available on the West Virginia side of the river, but on the Ohio side the 

interval to the Ames limestone is 340 feet, which, as appears from many 

measurements by Newberry, Orton, and Stevenson, is 210 to 220 feet 

below the Pittsburg coal bed—a notable decrease in the upper part of the 

Conemaugh, which must be kept in mind. Direct measurement at Steu- 

benville shows the interval to the Pittsburg 550 feet. There the Upper 

Freeport is present at 42 feet above the Lower and very thin. 

At Wellsburg, in Hancock county, 10 miles farther south, this Lower 

Freeport coal bed is 320 feet below the Ames and 540 feet below the Pitts- 

burg, with a 40-foot sandstone at 70 feet below it. From the Pittsburg 

to the Pottsville at Wellsburg is only 739 feet, whereas at McDonald, 15 

miles east-northeast, it is about 880 feet, there being loss in both Cone- 

maugh and Allegheny, so that the latter is not far from 200 feet thick 
in this area. No coal, aside from the Lower Freeport, is noted in the 

Wellsburg record, but Doctor Newberry found thin lower coals on the 

Ohio side where the Lower Freeport limestone is persistent. Wheeling, 

in Ohio county, is about 10 miles south from Wellsburg and about 20 

miles west from Washington, in Pennsylvania. Three miles east from 

that city a record shows 4 feet of coal at 530 feet below the Pittsburg and 
resting on sandstone, thus: 

Feet 

CCAM ge SAVES CORLON ie 5, srciia ais, aw 6 las)s, ciaal'as sual ayer ere cua etoneramerale wie che: a 45 

COATSELSEAY SANGSTOMC! o)aieisis 4 o0:sre spn: oo oS ole herald aletela;siaai oie 83 

HME WiEGYSAHGSEONE: 6 6c 's:0.4:4 acy co were ale @ alovera avetalelapayaha e.e4 6 408 

Gray and White SANGStONe. {656 ssc od ace ae sais 6 Bele lees ave 170 

this sandstone being continuous to the bottom of the Logan. The mass 

number 3 is apparently homogeneous and the change to number 2 is so 

marked that the upper 128 feet may be allotted to the Allegheny. The 

coal bed at 530 is very probably at the Upper Freeport horizon, for the 

Lower Freeport in the Wheeling well is at 556 feet. This interval of 26 
feet is that between the Freeports at a little way north, where Professor 
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Orton found it varying from 26 to 42 feet within a short distance. The 

Wheeling record shows two coals, one at 556 and the other at 96 feet 
lower, resting on 541 feet of sandstone. The lower bed is clearly the 

Lower Kittanning, the “Clay vein” of the Ohio side, which at exposures 

up the river is from 100 to 115 feet below the Lower. Freeport. This 
lower bed, the Lower Kittanning, appears in another well on Wheeling 

creek at 645 feet below the Pittsburg. 

Southward, in Marshall county, west from Greene county of Pennsyl- 

vania, the record of a well at about 7 miles south from Wheeling shows 

the “Big lime” of the Lower Carboniferous only 983 feet below the Pitts- 

burg. The top of the Pottsville seems to be at 780, but it is probably 

higher, the upper portion being shale. ‘The Allegheny shows neither coal 

nor sandstone. Near Moundsville, 10 miles south from Wheeling, one 
finds a condition which will be observed many times farther south in 

Wetzel county of West Virginia, where in a considerable area only sand- 

stone is found in the Allegheny. In one well near Moundsville sandstone 

begins at 615 feet below the Pittsburg and is continuous for 255 feet, and 

the “Big lime” is reached at 937. At 5 miles east from Moundsville the 

sandstone begins at 448 and is continuous to 748 feet below the Pitts- 

burg, the “Big lime” being 958 feet. At Majorsville, in the northern 

part of the county, on the Pennsylvania line, 12 miles southeast from 

Wheeling, the interval to the “Big lime” has increased to about 1,100 feet, 

the Lower Freeport coal bed is at 593 feet, and the Allegheny consists of 

alternating shales and sandstones. Five miles farther south, near Lou- 

densville, the only coal bed is at 615, and at 40 feet lower is a sandstone 

70 feet thick. The relations of this bed are doubtful. It is too high for 

the Lower Kittanning and too low for the Lower Freeport. In the south- 
ern part of the county, on this side, the records give few details, only the 

sandstones being recorded ; but in many wells sandstone predominates in 

the Allegheny. In one it begins at 640 and is continuous to 960; in an- 

other from 566 to 881, and in a third from 450 to 845 feet below the 

Pittsburg; but in other wells shales predominate to 690, 735, and 743 

below that coal. ‘These records are all from a single district extending 

five miles north from the line of Wetzel county.* 

Returning to Pennsylvania, one finds a'record at Nineveh, in Greene 

county, almost at the Washington line and about 12 miles east from 
Majorsville. Here the Allegheny shows neither coal nor black slate and 
no important sandstone except the Butler-Freeport, 70 feet thick. In 

*I. C. White: Geology of West Virginia, vol. i, pp. 350, 352, 363, 365-366; vol. ia, 

pp. 218-219, 220, 223-224, 228, 231; vol. ti, pp. 460, 464-465. 
J. S. Newberry: Ohio Survey, vol. iii, pp. 741, 760. 

BE. Orton: Vol. vi, p. 61. 
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central and eastern Greene sandstones are as marked as those in the 

West Virginia “panhandle.” ‘Two miles east from Waynesburg, in the 

central part of the county, 12 feet of sandstone is reported at 620 feet 

below the Pittsburg, resting on 370 feet of black slate extending into the 

Pottsville; at 5 miles east, the bottom of the Mahoning interval is 

reached at 575, and at 607 this succession begins: 
Feet 

ARDY Nic cee SEMI cee an A cies oe A ciniverteng ai Syste Breeis ce evakokeheba, oka lee) agibsilere aye) 

AMARC MSIL eM o la Ate les ak cloleiers OA Gale dah etl de 390 
WDD Wis ee GAIN Leer a che ceric crete c: Nor Sit ene eee) enacts eas telare sie oa e's cere 80 

in all, 528 feet of sandstone. No coal is reported. At 4 miles southeast 

from the last the sandstone begins only at 691 and there is no coal above 

it. Twelve miles southeast from Waynesburg, at Willow Tree, the only 

coal bed present is about 830 feet below the Pittsburg, evidently at the 

Brookville-Clarion horizon. Several miles southwest from Waynesburg 

the Upper Freeport is at 555 feet below the Pittsburg, and in the suc- 

ceeding 325 feet there are 250 feet of sandstone, and much of the shale is 

sandy. No other coal is reported. 
Doctor White gives many records in western Greene county, but they 

are not in detail; they suffice, however, to show that the Allegheny con- 

tains no great sandstones in that area.* 

OHIO 

Doctor White’s series of vertical sections connect Pennsylvania with 

Ohio. The relations of the beds within the latter state were worked out 

by Professor Orton, whose discussion of the Ohio Lower Coal Measures 

must always remain preeminent not only for scientific accuracy, but also 

for the delicacy with which are corrected the errors into which the inex- 
perienced observers of the Second survey fell. 

Mahoning county adjoins Lawrence of Pennsylvania. Doctor White’s 

section at Lowellville, one mile west from the state line, is: 

Feet. Feet. Inches 

1. Kittanning [Lower] coal bed........ 2 4 

Za ONCE TOUR Att % hits etl, SalPa te Toitostasta hol aaltata te 40 0 

3. Ferriferous [Vanport] limestone .... 10 to 18 0 

4. Argillaceous' Shale: 22%... 2% see eee ees 2 6 

Dd. erUberass” COal* Ded! 4 o's a's e's esas 0 6 

CSAC ASM BICSH RR NN Me Se wake e 12 6 

i CLATIOMNCOAlM DEM i's’. 0% 3's fate fe Meteors 1 4 

Si Mise eve SaNUdstOne® jo. ts... 5k oh tetas 17 0 

SE FOOkKWING COAL DEG. 2.0 5.6cs.g0 ose es ees 0 10 

10. Homewood sandstone .............% 

* J. F. Carll: Seventh Rept. on Oil and Gas (I 5), pp. 310, 313, 341-347. 

I, C, White: Geology of West Virginia, vol. ia, pp, 123, 131. 



110 3. J. STEVENSON—CARBONIFEROUS OF APPALACHIAN BASIN 

~The Homewood sandstone has become very thin, so that the Vanport 

limestone is but 80 to 110 feet above the Upper Mercer limestone, the 

variation being chiefly below the Brookville coal. The Vanport, so im- 

portant in western Pennsylvania, quickly becomes uncertain in Ohio, 

though its horizon is recognizable at many places by means of calcareous 

sandstone or shale or even impure limestone; but its office as stratigraph- 

ical guide is performed by a new limestone, the Putnam Hill of Andrews, 

Gray of Newberry, which makes its appearance at Youngstown, 9 miles 

west from the state line, where it is 2 feet 7 inches thick. This, imme- 

diately overlying the Brookville coal bed, is from 15 to 50, but ordinarily 

about 30 feet below the place of the Vanport. In southern Mahoning 

Professor Orton found the Lower Kittanning at 48 feet above the Vanport 

limestone, which is represented by “chip slate, calcareous nodules, and 

cone-in-cone,” the last being a characteristic feature of the bed wherever 

degenerate in western Pennsylvania. Here it overlies the Scrubgrass 

(locally Canfield) coal bed, which is double throughout this area, the 

upper division often cannel. It is about 150 feet below the Upper Free- 

port, or “White limestone of Newberry.* 

Columbiana county is south from Mahoning. A boring at Leetonia, 
2 or 3 miles south from the Mahoning line, shows the Lower Kittanning 

(locally Leetonia) coal bed at 47 feet above the Scrubgrass (Upper 

Clarion). The Clarion coal bed is at 28 feet lower and 11 feet 6 inches 

above the Putnam Hill limestone. The Lower Freeport coal bed, with its 
underlying limestone, is in the Leetonia hills at 75 feet above the Lower 

Kittanning, and the Freeport sandstone occupies most of the interval. 

The section is very like that at Lowellville, except that the Vanport lime- 

stone has disappeared. At New Lisbon, 6 or 8 miles farther south, the 

top of the Allegheny is reached and the Vanport limestone reappears ; the 
intervals are: 

Feet. Incheg 

Upper -Ereeportank sce eee diode naar aut os eae eee 3 4 

POCO VAL hens. ain: acelio- oho oes aaliens laetea Stee chee Utama ne Ree ha, Rao 22 0 

ower. Preeport:. 2 3 6c's ses ws caaahek tenes easels wieiets 1 0 

Tianhe rviall: 630 he wie bets Re wax, area ole de a eee teense peas 87 0 

Middle: Kittanning 22. iis eek eels ere 0 8 

Pheri oie. o.icie% we Silas, nie levee Selene tele Cte eae N mee ole Nee as 12 0 

Lower Kittanning ... 4. cise cee ae eerie neeeieiere masie ts 1 4 

TOGOR Val) os ck a ss Sates bla) els SIO RIO ER Re ee eet heii 40 0 

Vanport limestones... os snus ee erase Seeder erie: 3 1) 

Scruberass and: parting: xin ese se meets ee 9 0 

* J. S. Newberry: Ohio Survey, vol. iii, p. 803. 

I. C. White: Pennsylvania report (Q Q), pp. 219, 222. 

EK. Orton: Ohio Survey, vol. v, pp. 20, 31, 33. 
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The Freeport limestones are present, as are also the Butler and Freeport 

sandstones. The interval from the Lower Kittanning to the Scrubgrass 

is almost the same as at Leetonia, while that from the Upper Freeport to 

the Lower Kittanning is 162 feet, practically the same as in southern 

Mahoning, where it is 150 feet from the Upper Freeport limestone. The 

Lower Freeport becomes locally important as the Whan coal bed within 

a small area in central Columbiana, but for the most part it is worthless. 

The Upper Freeport coal bed is wanting in most of Doctor White’s 

sections in eastern Columbiana, but its limestone is present at 40 to 45 

feet above the Lower Freeport. The Middle Kittanning (Darlington) is 

present to nearly midway in the county, but the Vanport limestone is of 

uncertain occurrence, at times represented only by fossiliferous shale. In 

the southern part of the county, Doctor Newberry reports the Lower 

Kittanning as 115 to 125 feet below the Lower Freeport, and at Liverpool 

176 feet below the Upper Freeport.* 

Farther south, on the north border of Jefferson county, the section to 

the Lower Kittanning is shown at several places. Professor Orton gives 
two measurements on Yellow creek, three miles apart: 

Feet. Inches. Feet. Inches 

Brush Creek coal bed ............ 4 6 4 0 

Interval with Mahoning limestone 60 0) 67 0 

Upper Freeport, ‘‘Big vein”....... Blossom 4 0 

Interval with Upper Freeport lime- 

SUOMER eye ee hve aise eis oe okie the 72 10) 61 0) 

Lower Freeport, ‘‘Roger vein’’..... Blossom 3 0 

Interval with Lower Freeport lime- 

Stone ~...4. Pees tice Wicvavarel se ees 65 0 65 0 

Middle Kittanning, ‘Darlington’... Blossom 2 4 

Interval with thin coal........... Ze 6 22, 0 

Lower Kittanning, ‘Creek clay,” 

ORL ROLLERS SVEIM i le ae Blossom 2 0 

The Ames limestone is 220 feet above the Upper Freeport near the second 

measurement. Professor Orton says that the Pittsburg is about 530 feet 

above the Lower Freeport and the Ames is 260 above the Upper Freeport 

near the first measurement, a loss of almost 50 feet in 14 miles from 

Smiths ferry. Southward from Yellow creek the Upper Freeport be- 

comes uncertain and the Lower Freeport, hitherto irregular, becomes very 

important. The Lower Kittanning, exposed along the river for more 

than 10 miles below Yellow creek, is accompanied by its important clay 

bed. The interval between the Lower Freeport and Lower Kittanning is 

*I. C. White: (Q Q), pp. 266, 272, 274. 

J. S. Newberry: Vol. iii, pp. 108, 113-115. 

E. Orton: Vol. y, pp. 37-38, 
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given to abrupt variations; within a distance of 8 miles below Yellow 

creek it is 89, 120, and 86 feet. The Vanport limestone seems to be 

represented at Elliottsville by 3 feet 6 inches of fossiliferous shale at 26 

feet below the Lower Kittanning, and the Putnam hill limestone by 5 feet. 

of fossiliferous limestone and slate at 28 feet lower. Underneath the 

last is the Brookville coal bed, 6 inches, resting on 10 feet of black slate. 

The Scrubgrass seems to be represented by black shale under the Vanport. 

The Upper Freeport limestone is persistent in most of the sections where 

its horizon is reached, but the place of the coal is occupied in some sec- 

tions by a buff limestone overlying the non-plastic clay marking the 

horizon. At Steubenville the Lower Freeport or “Shaft coal” is 547 to 

551 feet below the Pittsburg, 327 to 331 feet below the Ames limestone. 

The Lower Kittanning has been found at 80 to 98 feet lower in borings 

and the Brookville is reached in one boring at 40 feet below the Lower 

Kittanning. At La Grange, opposite Wellsburg, in West Virginia, the 

Pittsburg is 540 feet above the Lower Freeport, which is 5 feet 3 inches 

thick, and at 22 feet above it is a double bed, representing the Upper 

Freeport. The lower bed retains its thickness farther down the river, 

where it is 7 to-8 feet thick and good.* 

Returning to the northern outcrop, one finds the Putnam Hill lime- 

stone extending into Portage county, west from Mahoning, where it over- 

les the Brookville coal at many places.t+ 
Stark county, south from Portage, is west from Mahoning and Carroll. 

Newberry’s generalized section for the county is: . 
Feet. Feet 

i Shadte andysandstone. «225.02... eee oe ee cee 30 . to 50 

2. Buff limestone and ore ......... cee c te Nee 0 to 6 

3: Blaek “band OFe@  wece oe on ec s elelee areaenele 0 to .d® 

4. Coal 7 [Upper Freeport] ....5 0.0665 see en iL: skO 3 

oon AU IMECIAY 05 ue seue ec Pathieee lars eae toreunes eae ee 2 ee Hak tev ut 

6. Shale and sandstone, with thin coal near 

ATO GG i cc5/c vayacahetet aie diimies weoleiaierees ae eases Beene 75. ,,to JG 

7. Coal 6 [Middle Kittanning]............... 2° to 6 

8, Bireclay ‘and Shalem ccc once Gaus gaeitve ieee eres 42 to 65 

§;/Coal & [Lower Kittanning] <..2 ck access 2 2 to 3 

10. Fireclay, shale, sandstone ...............- 42 to” © 

1) Parttnam Ball Jimestomed:: s...00ke. peers s 0 to + 

12.4-Coal 4...i;Broolkwitlel) icine tee es ee Asians yes 3. .to 6 

TS. WITEGIAY occ chests See e Dae Re. ter lemate 3 

the last being 20 to 50 feet above the Lower Mercer, or Zoar, limestone. 

*J. S. Newberry: Vol. iii, pp. 103, 757, 758, 760. 

EK. Orton: Vol. v, pp. 50-51, 53, 55-57, 59, 61. 

+ J. S. Newberry: Vol. iii, pp. 137, 142, 

ee 
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The Putnam Hill and Brookville coal are termed the “Upper lmestone 

and coal.” The coal has been mined at many places; it is best in the 

northern part, but deteriorates in quality toward the center of the county. 
sulphur and ash increasing ; toward the south it becomes variable in thick- 

ness as well as quality, 1 to 7 feet; sometimes cannel, at others slaty; at 

times caking, at others open-burning coal. Professor Orton recognizes 

the Vanport in eastern Stark where a calcareous sandstone is at 30 feet 

above the Putnam Hill. There the Lower and Middle Kittanning are 

only 15 to 18 feet apart. A thin coal, marking the Clarion horizon, is 

seen occasionally above between the Putnam Hill and Lower Kittanning. 

The Lower Kittanning, usually thin but attaining 4 feet in the eastern 

part of the county, is accompanied by its clay and is as truly the “clay 

vein” here as on the Ohio river. The roof is black shale with iron ore. 

The Middle Kittanning, usually about 50 feet above the Lower, is 4 to 6 

feet thick in the southern part of the county, but is thinner toward the 

north, where it becomes unimportant. The Upper Kittanning is evi- 

dently absent and the Lower Freeport is a mere blossom. The Upper 

Freeport is unimportant, but it is accompanied by the overlying ore which 

marks the horizon in several counties south and east from Stark.  Pro- 

fessor Orton discovered the Freeport limestones in eastern Stark, but 

elsewhere they were not found. The sandstones are very irregular; 

occasionally they appear in the Freeport and Kittanning intervals, but 

the change into shale is abrupt.* 

Carroll is between Stark and Tuscarawas at the west and Columbiana 
and Jefferson at the east. The Freeport coals, both thin, have been 

opened in the northwest townships, and the upper bed is accompanied by 

its underlying limestone and overlying ore. Eastward the Upper Free- 

port becomes important; it can be followed from Yellow creek, in Colum- 

biana county, somewhat decreased in thickness, but in the southern part 

of the county it is often 4 feet 6 inches and yields good coal. The chief 

drawback is the frequency with which it is cut out by the overlying 

sandstone, and these “wants” are so common in some areas that mining 

operations have been abandoned. The Lower Freeport is persistent, but 

usually too thin to be utilized. It is rarely more than 30 feet below the 

Upper. The Upper Freeport limestone is present at almost all localities 

where its place is exposed.t 

Harrison county is south from Carroll and east from Tuscarawas. The 

section reaches to the Lower Freeport, but that and the Upper Freeport 

* J. S. Newberry: Vol. iii, pp. 155, 168-169, 170, 171-176. 

——— he -Orton: Vol:--v, pp: 66, T0=72: 

7 E. Orton: Vol. v, pp. 72-73, 77-78, 246-247, 254-255. 

X1—BULL, Grou, Soc, AM., Vou, 17, 1905 
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are exposed only in the northwest corner of the county; elsewhere they 

are buried under the Conemaugh and Monongahela. Professor Bow- 

noeker gives the record of a well in the eastern portion in which a coal 

bed is reported at 592 feet below the Pittsburg. It is not altogether easy 

to determine the place of this bed, but it is very near the place of the 
Brookville. That coal bed at Steubenville is 673 feet below the Pitts- 

burg, but in this portion of Harrison the interval from Pittsburg to 

Ames limestone is 85 feet less than near Steubenville, so that the interval 

to this bed is within 4 or 5 feet of what should be expected.* 

Tuscarawas county, south from Stark, is west from Carroll and Harri- 

son. The section in the northern portion differs extremely from that 

in the southern, but they are connected by intermediate sections showing 

the gradual change. Full sections have been measured by both Professor 

Newberry and Professor Orton in the critical localities and their records 

are in practical agreement, the differences being due apparently to varia- 

tion in barometric readings. The sections by Newberry are as follows, 

one at the north and the other at the south: 
Feet. Inches. Feet. Inches 

1. Sandstone [Mahoning] ..............-. 60 0 30 0 

DAME NST GONE co sale sales «cle 0m She couoe Re Ree Ere 12 0 10 0 

Se MOUMEAII (OLE 45 a. Sek eer ae ele toe 0 to 5 O O° 0 

pac OE BVO OF Vs eee Ce ee en eas ay Ayia oS 3 to 8 0 0 0 

5. Coal 7 [Upper Freeport] ..............-- 33 0) 4 0 

ASTUTE VA Dit ia oleh o ocn ave Seber’ s Ye lereetehcc pens uclcee eee 70. ) 35 0 

7. Coal 6a [Lower Freeport] .............. Dini eo 2 0 

8. Conglomerate, sandstone, shale [Freeport ] 50 0 52 0 

9. Coal 6 [Middle Kittanning]............. 4 O 4 0 

10; Shale and fireclay \. 346% jee osieies eae 33 0 

LAE AUMIAVUTS SEAMED: oe, i 'a:.a:'5, aslels, sesehelane uterine ree 1 0 29 0 

12. wineclay and Gark. Shale.; 2c: ce ic, <:h elemstocene 26 0 

13. Coal 5 [Lower Kittanning]............. 2 0 2 6 

512 SS | SUL Gr cl (2. ee PA Se eRe GSE ag ely sat ge ae 4 0 10 8) 

15. Shale and Sandstone’. .0.6 0003. Joe00% eo 50 0 79 0 

LO. Putnam, Hills timestone & .% cs ewe eek ee 3 0) 1 0 

fe sO oa) 4 wVBrooky lel), i sips chev eases seen 2 0 5 0 

with to the Zoar limestone an interval of 53 and 46 feet respectively. 

The Brookville, as a rule, is slaty and sulphurous, with a tendency: to be- 

come cannel; ordinarily thin, it becomes 5 to 6 feet thick in the southern 

part of the county, but with no improvement in quality. The Putnam 

Hill limestone carries ore, is flinty, and rich in fossils. The Lower Kit- 

tanning, important in the eastern part, is uncertain, often wanting in 

the western part, as in Carroll county, and the coal exhibits notable 

*J. J. Stevenson: Vol. ili, p. 208. : 

J. A. Bownocker: Bulletin no. 1, p. 231. — 
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variations in ash and sulphur. ‘The underlying clay retains its impor- 

tance, is often non-plastic, and is utilized in manufacture of firebrick. 

The interval to the Middle Kittanning varies from 50 feet in the north- 

ern portion to 20 and 30 feet in the southern part of the county. Near 

Zoar, on the northern border, a cannel 1 foot to 18 inches is at 16 to 26 

feet above the Lower Kittanning, but it is wanting southward. The 

Middle Kittanning, as in Stark, is important and is the Coal 6 of central 

and southern Ohio. It is from 3 feet 6 inches to almost 6 feet thick, 

and, while varying somewhat in quality, it is usually good, always 

-eaking, though generally containing too much ash for a good merchant- 

able coke without washing. As a rule, it is double, with a copperas band 

at about a foot from the top. The roof is a black shale, often carrying 
“large calcareous nodules or concretions, filled with beautifully preserved 

Coal Measure fossils” and at times becoming bony cannel in the lower 

portion. ‘The bed identified with the Lower Freeport is indefinite and 

the accuracy of the correlation is open to question, at least for the north- 

ern part of the county. ‘The Upper Freeport is persistent, rarely yields 

good coal, and is double, the parting varying from 8 inches to 15 feet. 
This characterizes the bed in Guernsey county. 

The Vanport limestone reappears in many sections and is fossiliferous ; 

it is seen occasionally midway in the county, but more commonly in the 

western portion, where the Lower Kittanning coal bed is wanting.* 

Guernsey county, south from ‘Tuscarawas, shows the whole Allegheny 

section in the western portion. ‘lhe Upper Freeport coal bed is 200 to 

255 feet below the Ames limestone. The. Cambridge limestone of the 

Conemaugh becomes characteristic here and is an important stratigraph- 
ical guide southward. Professor Orton’s section in northwestern Guern- 

sey is: 
Feet. Inches 

i Cambridge TimestoOne 4.6 i. ke was « aoe oe aalralers 2 0 

PPO MINE TN ZAI earn, ox) o's <cire).8) ai ah Sigh Ric. whe, a guetlcner af oa Slane ee aaa at 0 

3. Upper Freeport coa] bed [Cambridge]........ Thin 

4. Clay, Upper Freeport limestone ............. 10 0 

Ep eae DOTA TEN (Ail Uatevenle Ghictiey Sie Pe fis! ais ds) 6) sel wo Grater slates Uateest oye 50 0 

6. Lower Freeport coal bed ............ eee eens Thin 

OC LMUIM OTE NG ees Seite) ay'alay wisj's: 4 yes ee eF ery oer) gael vd erate 100 0 

Si Madtles Kachamming. yg si sinrsisi dates ieee nae 3 0 

OF WMIBGCHAY ANG SHALE | 25, 3s, 5:0; s,0:'s.9 +1») «4 oie), orclat ecelelieten’s 30 0 

NO OORVET? TUU ATMS 65 «, ois «, ey oo oper or aoe abe ander Mieen or eats Z 6 

FB AES CC LA Varies cy atalaicn Meters e's os died S stare er chenale eteborera es 6 20 0 

Ze INGOT AIS Fie cietaterele w) <lsie glee s <j'g oshe-ciele che atatereue ices 16 0 
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*J. S. Newberry: Vol. iii, pp. 61-62, 64-66, 67-70. 

E. Orton: Vol. v, pp. 92-93, 268, 274, 279, 282, 
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The Upper Freeport coal bed is from a few inches to 5 feet or more in 

thickness, the variations being so great that the bed is only locally im- 

portant. ‘The Lower Freeport is unimportant. <A thin coal was seen at 

a little way northeast from the village of Cambridge, which Professor 

Orton is inclined to refer to the Upper Kittanning. The Middle Kit- 

tanning shows its characteristic roof, in which the nodules often contain 

a nucleus of sphalerite. The coal is good enough for local use and the 

bed.is 3 to 4 feet.thick. The Lower Kittanning is accompanied by its 

fireclay. The Brookville varies from 18 inches to 5 feet and yields poor 
coal. The interval to the Middle Kittanning in one township is only- 

26 feet, the Putnam Hill hmestone being present.* 

In Belmont county, east from Guernsey to the Ohio river, the Alle- 

gheny is deeply buried. No information is available for this county 

aside from the record of a well in Washington township 3 or 4 miles 

from the river, which shows only shales for 750 feet below the Pittsburg 

coal bed to a great sandstone which belongs to the Pottsville.+ 

Returning to the west: In Wayne county, west from Stark, Mr Read 

identifies with Coal 6, the Middle Kittanning, a bed only 25 to 30 feet 
above the Gray or Putnam Hill limestone. It is 2 to 4 feet thick, with 

black lustrous caking but sulphurous coal. It has the characteristic 
roof, black fossiliferous shale. The Brookville coal bed underlies the 

limestone and is 2 to 4 feet thick, sometimes cannel and generally slaty 

and sulphurous. The Freeport sandstone was seen at one locality 25 feet 

thick and, as in parts of Stark, Tuscarawas, Carroll, and Harrison, very 

coarse or finely conglomerate. { 

Holmes county is south from Wayne and west from Tuscarawas. 

Professor Wright’s generalized section for the county is: 
Feet 

te UppeniFreeport, coal: bedii@i) << sce eae iiee els ee 

2: Shaly  Sam@dstome. hws pr deceedeseer Sere eee oaks tee 30 

3. Lower Freeport coal bed (6@)..........ccee cee ceeee 

4. Hreeport: sandstone. i. 1 eae eee ee oe new aa 45 . 

0. Middle Kittanning coal bed (6)................e00- 

G. Shale and’ TOMO wE piv. enceon net aorateteushetebete teratore chance 25 

7. Lower Kittanning coal bed (5)..........ccceeececes 

8. Sandigs shales) \..i.)av-ccieuchueeceteechce eee ieee rete we 20 

9. Ferriferous limestone [Vanport]............c.0..00- 
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*E. B. Andrews: Vol. ii, p. 5388. 

J. J. Stevenson: Vol. iii, pp. 223-224, 231. 

E. Orton: Vol. v, pp. 82, 89, 283-285, 289. 

J. A. Bownocker: Bulletin no. 1, p. 220. 

M. C. Read: Vol. iii, pp. 531, 5385. 
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Feet 
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14. Tionesta sandstone [Homewood] ................2.2- 20 

The Brookville coal and its overlying limestone are present in perhaps 

every township; the coal, according to Professor Wright, is from 1 to 

2 feet thick and always poor; Mr Read found it 3 feet 6 inches at one 

locality. The Vanport is present as a gray limestone at several localities, 

but in some townships it is represented only by tough more or less flaggy 

sandstone. A Clarion coal bed underlies this limestone at many places, 

usually very thin and never exceeding 2 feet. From the observations of 

both Read and Wright, it is clear that the Lower Kittanning is present 

only in the southeasterly part of the county, and that westward and 

northward the interval between it and the Middle Kittanning disap- 

pears, permitting, as suggested by Professor Wright, the two beds to 

come together. In the southeast the Middle Kittanning is 64 feet above 

the Clarion coal and 83 feet above the Putnam Hill limestone, but on 

the western border the interval to the limestone is but about 35 feet at 

the most and to the Clarion only 22 feet. ‘The interval in Wayne county 

between Middle Kittanning and Putnam hill inereased southwardly from 

25 to 35 feet and the increase is continuous and gradual to southeast 

Holmes. The Middle Kittanning is the important bed and shows the 
same features as in 'Tuscarawas—double, with sulphur near the top, the 

coal coking, ash purple, and the roof bone or cannel underlying the richly 

fossiliferous black shale. ‘The Freeport sandstone is massive; the Lower 

Freeport is but a blossom. Mr Read states that the upper Freeport, 

4 to 6 feet thick, is present on the western border at only 40 feet above 

the Middle Kittanning and accompanied by a buff limestone. In the 

southern part of the county the interval is 73 to 76 feet. Mr Read re- 

ports a black limestone in the eastern part of the county at 12 to 15 feet 

above the Brookville.* 

Coshocton county is south from Holmes and west from Tuscarawas 

and Guernsey. 
The Brookville coal bed and Putnam Hill limestone persist throughout 

the county; the former is from a few inches to several feet thick, but it 

seldom yields good coal, being so broken by partings as to be dirty, but 

sometimes changing into cannel or cannel slate. At varying distances, 

10 to 30 feet, above the Putnam Hill is the “Black marble” overlying a 

coal bed. Professor Hodge observed this limestone in five townships and 

*M. C. Read: Vol. iii, pp. 554-555, 557-558. 

A. A. Wright: Vol. v, pp. 818-819, 828, 8380-831, 836, 889, 840-842. 
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in one the coal bed is 30 feet above the lower limestone. The place of 
this limestone, evidently the same with Read’s black limestone of 
Holmes, is very uncertain, for it sometimes approaches very closely to 

the Middle Kittanning. It is not far from the place of the Lower Kit- 

tanning, which at one time was mined near Coshocton, where it is 30 

feet below the Middle Kittanning and 44 feet above the Putnam Hill, 

and there the Marble is represented by a calcareous sandstone. ‘The 

great variability of intervals in Coshocton county adds to the difficulty 

of correlating this limestone. As it overlies the coal, one may be justi- 

fied in regarding it as representing the Vanport and the underlying coal 

as a Clarion bed; so that where it approaches closely to the Middle Kit- 

tanning the interval to and including the Lower Kittanning has disap- 

peared as it does in Holmes county. 

The Middle Kittanning, according to Professor Orton, Jr., is from 32 

to 79 feet above the Putnam Hill limestone; there is no place for error 
in the small interval, for the section is distinct down to the Lower Mercer 

coal bed. .The greatest interval was found near the Holmes line and the 

least at 8 or 10 miles south. Professor Hodge’s sections show even 

greater variation in this interval. In the northeast corner it is 90 to 100 

feet ; 6 miles west it is 100; barely 6 miles farther west it is 40 to 50 feet ; 

in the south central part of the county it is 46 to 65, but in the southern 
tier of townships along the Muskingum border it is 80 to 90 feet.. There 

is no possibility of error in the identification, as the “Black marble,” 

Putnam Hill, and Zoar (Lower Mercer) limestones are present in most 

of the sections and the Middle Kittanning shows the usual features 

throughout. The last is the important coal of the county. 

Very little information is available for the higher beds. No trace of 

the Upper Kittanning appears. 

Professor Hodge reports a 1 foot 6 inches bed at 90 feet above the 

Middle Kittanning, near the Holmes line, and in an adjoining township 

is a limestone at 65 feet above the Middle Kittanning. ‘This may be the 

very fossiliferous buff limestone seen in Bedford township at 130 feet 

above the Putnam Hill limestone. A coal bed is in two townships at 60 

to 70 feet above the Middle Kittanning and near Coshocton it is 87 feet. 

This bed, 60 to 90 feet above the Middle Kittanning, may be the Lower 

Freeport. ‘The Upper Freeport, wholly unimportant, is reached in the 

northeastern part of the county, where Mr Hodge found it 115 feet above 

the Middle Kittanning and underlying ore and limestone as in Tus- 

carawas and Stark.* 

* J. T. Hodge: Vol. iii, pp. 570-571, 5738, 578-579; 580, 582, 586-587, 589, 591. 
E. Orton: Vol. v, p. 93. 

E. Orton, Jr.: Vol. v, pp. 855-857. 
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Muskingum county is south from Coshocton and west from Guernsey 

and Noble. In the northern part of the county Stevenson recognized 

both Freeport coals, the Middle Kittanning, and the Brookville. ‘The 

last is persistent, usually an inferior cannel, and varying in thickness 

from 7 inches to 4 feet. The Putnam Hill limestone is often flinty and 

usually carries some ore, but no trace of the Coshocton “Black marble” 

appears in any of the sections. A coal bed appears in one township be- 

tween the Middle Kittanning and the Putnam Hill limestone, 18 to 55 

feet below the upper coal and it may be at the Lower Kittanning horizon ; 

it certainly is wanting at many localities where the exposure of the in- 

terval is complete. The Middle Kittanning shows the same features as 

in Coshocton and is from 80 to 105 feet below the Upper Freeport. 

The latter bed is worthless except in the eastern side of the county, where 

it is mined. The interval to the Middle Kittanning increases east- 

_wardly. The Freeport sandstone at times fills almost the whole interval 

to the Upper Freeport and occasionally is conglomerate.* 

The section changes somewhat in the southern part of the county, for 

there the Upper Freeport and the Middle and Lower Kittanning coal 

beds are each of them important within circumscribed areas and the 

Brookville coal bed becomes irregular, being reported by Professor An- 

drews from only three townships. It certainly is absent in many places 

where the exposures appear to be complete. A coal blossom appears on 

top of the Putnam Hill limestone in one section at. Zanesville and the 

Clarion coal is present at Zanesville as well as at some other places at 

varying distances above the Putnam Hill. The Vanport limestone is 

present at Zanesville as a nodular bed; elsewhere it was seen by Professor 

Orton, who describes it as drab, weathering yellowish white, fossiliferous, 
and associated with iron ore. It is very near the place of the Coshocton’ 

marble, which, according to Hodge, sometimes is drab and always is fossil- 

iferous. It is at the place of the Lower Kittanning and is never seen in 

this county when that coal bed is present. 

The Lower Kittanning is 65 feet above the Putnam Hill limestone at 

Zanesville, but the interval decreases southward to 38 feet at Del Carbo. 

Along this line the coal is from 3 to 5 feet thick and is mined; but 

southward within 2 or 3 miles it disappears, and the Vanport lime- 

stone reappears at 21 feet above the Putnam Hill; farther south on the 

Perry County line the coal is again present and mined. Eastward from 

this narrow area the bed is very uncertain. It is present in Washington 

township east from Zanesville, and again in Perry, where Andrews reports 

it as 2 feet thick and 3 feet above a sandy hmestone and ore, evidently 

* J. J. Stevenson: Vol. iii, pp. 247, 249, 250, 254, 258. 
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at the Vanport horizon. The Middle Kittanning is thoroughly persist- 

ent, though not always of workable thickness. It attains its chief im-. 

portance along a narrow space southward from Zanesville to the Perry 

line, but eastward it becomes unimportant. It has the features already 

mentioned, but occasionally becomes triple. The Lower Freeport is re- 

ported as a blossom, but it is not always present, as sandstone often fills 

nearly the whole interval to the Upper Freeport. The Upper Freeport. 

limestone is shown in many sections. ‘The Upper Freeport coal, like the- 

beds below, is good in the strip extending southward from Zanesville, 

where it is known as the Alexander coal and is about 4 feet thick, yield- 

ing a coal low in ash, though rather high in sulphur. Elsewhere for the 

most part it is very thin, though near the Guernsey border it sometimes 

is 3 feet. Everywhere it is somewhat uncertain; frequently the clay and 

limestone are present without any trace of coal; in others it is in patches, 

having been removed from intervening spaces during deposit of the over- 

lying sandstone.* 

Southward from Muskingum one enters Perry county and passes into 

the Hocking Valley coal field, embracing portions of Perry, Hocking, 

and Athens counties. This region was studied first by Professor An- 

drews, afterward by Mr Read, and finally the whole work was revised 

by Professor Orton. 7 

Passing out of Muskingum county at Roseville, one soon reaches 

McLuney, in Perry, where the Upper Freeport is at 107 feet above the 
Middle Kittanning and is accompanied by the blackband ore which has 

been missing for nearly 50 miles, as the outcrop in the intervening space 

is too far east to catch it. Professor Orton observed long ago that the 

blackband is only on the border of the field, associated with thin coal, 

while toward the interior of the field the blackband diminished and the 

coal became thicker. Here the ore and coal are but 3 feet. At New 

Lexington, 8 or 9 miles southwest and beyond the final outcrop of the 

Upper Freeport, both Kittannings are mined and are from 20 to 30 feet 

apart, as in southern Muskingum. The Putnam Hill limestone is pres- 

ent here, limestone and flint, with the Clarion coal bed at 10 to 15 feet 

above it; but southward it changes and soon becomes worthless as a 
stratigraphical guide, its office in that respect being taken by the 

“Baird ore,” 15 to 30 feet higher, the Ferriferous limestone of Andrews, 

the “Limestone ore” of the southern counties, which is very near the 

horizon of the Vanport limestone. Six miles farther south the Kittan- 

nings are both present, but the Lower is only 1 foot thick 15 feet above 

* E. B. Andrews: Vol. i, pp. 320-321, 324-327, 330, 332, 334-335. 

E. Orton: Vol. v, pp. 96-97, 99, 100, 878. 
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the Vanport and 34 feet above the Putnam Hill; thence the Middle Kit- 

tanning thickens rapidly and within 2 miles becomes the “Great vein” 

of Shawnee and Straitsville, 8 to 12 feet thick. The bed holds its thick- 

ness across Ward township of Hocking into York of Athens, where it is 

the Nelsonville coal, 6 to 10 feet thick; thence it decreases, so that in 

Waterloo township of Athens it is but 3 feet 6 inches and is known as 

the Carbondale or Mineral City seam. The Lower Kittanning appears 

in most of Professor Andrews’s sections along this west side in Perry, 

Hocking, and Athens counties. The Vanport lmestone with its ore is 

persistent and the Clarion coal bed is shown in some of the sections ; but 

the Brookville, underlying the Putnam Hill limestone, is very indefinite 

south from the Muskingum line. The interval from Middle Kittanning 

to the Baird ore (Vanport) decreases from 45 feet at 6 miles south from 

the Muskingum line to 38 feet at Waterloo, in Athens county. 

The higher members of the formation are followed without difficulty, 

but at some distance farther east. Several deep valleys on the west side 

of the field show the whole series, while Sunday creek, on the east side, 

shows the section down to the Lower Kittanning, in Monroe of Perry, 
Trimble, and Dover townships of Athens. Three sections suffice to ex- 

hibit the variations : 

I. Moxahala, in Perry county (Read). 

II. Shawnee, in Hocking county (Orton). 

III. Nelsonville, in Athens county (upper part from Orton, lower by Read). 

Feet. Inches. Feet Inches Feet. 
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The Shawnee or Upper Freeport limestone is at 18 to 30 feet below its 

coal bed. It rarely shows any flint, but usually carries iron ore; it is 

buff on weathered surface, is non-fossiliferous, and is almost as useful 
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in carrying the section as is the Vanport, Cambridge, or Ames lime- 

stone. ‘The Lower Freeport limestone, Norris and Snow Fork of Orton, 

rarely appears in the sections. The Freeport sandstone is conspicuous 

at the north, but becomes indefinite southward. The Lower Freeport 

coal is widespread, but varies greatly in thickness; it is the Black coal of 
New. Lexington, the Fowler of Moxahala, both in Perry; it is the Juniper 

and Frank coal of Waterloo, in Athens, where it is 15 to 20 feet below 

the Shawnee limestone and 26 feet above the Middle Kittanning. The 

Upper Freeport coal bed, known as “Stallsmith,” “Norris,” and “Bay- 

ley’s run,” is mined at many places, but rarely attains commercial im- 

portance. Occasionally it is 4 to 6 feet thick, but in much of the area 

it is wanting and its horizon can be traced only by means of the Shawnee 

limestone. All of the coal beds in this field, except the Middle Kittan- 

ning, are irregular, but each is workable at some locality.. The interval 

from the Upper Freeport to the Middle Kittanning varies from 107 feet 

in northern Perry to 76 feet in the southern part of the county. Af 

Nelsonville it is 100 feet, and Andrews found it about 100 feet near 

Athens, in the central part of the county.* 

Eastward between the Hocking valley and the Ohio are the counties 

of Morgan, Noble, Monroe, Washington, and Meigs, -in which the Alle- 

gheny is very deeply buried. A few records of oil borings are available, 

which afford some scanty information. 
. Morgan county, south from Muskingum, east from Perry and Athens, 

is west from Noble and Washington. On the western border a well 

shows the Upper Freeport coal bed, 6 feet thick, at 70 feet below the 

Cambridge and 206 feet below the Ames limestone. It is persistent in 
this oil district. The wells go no deeper. Midway in the county, at 

McConnellsville, a coal bed is reported at 347 feet above the Maxville 
limestone (“Big lime”) and underlying a sandstone 44 feet thick. As 

the Pottsville is very thin here as compared with counties farther east, 

this may be Upper Freeport. It is only 276 feet from the surface, where 

the horizon can hardly be much more than 100 feet below the place of 

the Pittsburg, if Professor Andrews be accurate’ in his identifications.+ 

Noble county, south from Guernsey and east from Morgan, affords no 

information. A well in the extreme southern part, near Macksburg, has 

three coal beds at 339, 383, and 438 feet below the Ames limestone, the 

lowest bed being about 640 feet below the place of the Pittsburg; it is 
730 feet below the Meigs coal, which is from 80 to 100 feet above the 

*M. C. Read: Vol. iii, pp. 665, 679, 705. 
BS Orton Vols y, Pps 101, TOs. ae 

EK. B. Andrews: Rept. for 1869, plate of grouped sections. 

7 J. A. Bownocker: Bulletin no. 1, pp. 142, 145. 
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Pittsburg. It is not easy to correlate the higher beds, all of which are 

below the Upper Freeport, but the bottom bed is very near the place of 

the Brookville.* | 

In Monroe, east from Noble, the available records are better than in 

the counties referred to. This county, south from Belmont, extends 

eastward from Noble to the Ohio river, there adjoining Wetzel and Tyler 

counties of West Virginia. In the northwestern corner, within Summit 

township, only 6 or 8 miles south from the Belmont line, a record shows 

the Pittsburg present, though very thin. Sandstone begins at 453 feet 

below that coal bed; it is 45 feet thick and possibly is in part Mahoning. 
A great sandstone, at top the Butler-Freeport, begins at 10 feet lower 

and is almost continuous to 678 feet, where it overlies a coal bed, the 

same with that seen about 20 miles to the southwest at 640 feet. The 

Conemaugh thickens rapidly for a few miles from the western outcrop in 

Guernsey and Muskingum and its bottom in this region is not far from 

480 to 490 feet below the Pittsburg. The Brookville is recorded again 

in Perry township, where, as in Summit, it is 350 feet above the Max- 

ville or “Big limestone,” but the interval to the Pittsburg is 705 feet, 

showing an increase in the Conemaugh. The interval remains con- 

stant for a considerable distance eastward, for in a well on the Ohio river 

the Pittsburg is 1,050 feet above the Maxville; but the Brookville coal 

is not recorded; that bed, however, is present beyond the river, in Tyler 

county, at 704 feet below the Pittsburg. t 

Washington is south from Monroe and Noble and east from Morgan. 

The intervals are greater here than on the western outcrop. At Macks- 

burg, in the northern part of the county, toward the Morgan border, the 

great sandstone below the Brookville is at 760 feet below the Meigs 

(Macksburg) coal bed, but the Brookville coal is not recorded; all coals 

seem to be wanting. ‘The sand at the Butler-Freeport horizon is 78 feet 

thick and is known locally as the Dunkard; its top is about 460 feet 

below the place of the Pittsburg. Farther southeastward, in the Cow- 

run region, one finds the Monroe interval again. At Macksburg the 

Ames is about 190 feet below the Pittsburg; on Cowrun the exposures 

make it about 230 feet. In the Centennial well on Cowrun the Brook- 

ville is at 701 feet below the Pittsburg, with another coal at 63 feet 

higher; near Macksburg the next coal is 65 feet above the Brookville: 
The Allegheny shows in all only 66 feet of sandstone; but it is worthy 

of note that here, as in the West Virginia counties east from Washington, 

* J. A. Bownocker: Bulletin no. 1, p. 160. 

+ J. A. Bownocker: Bulletin no. 1, pp. 196, 212, 216. 

I. C. White: Geology of West Virginia, vol. i, p. 356; vol. ii, p. 391. 
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the red beds reach down into the Allegheny, for beginning at 503 feet 

below the Pittsburg is a great mass of red shale 64 feet thick and ex- 
tending to the Kittanning horizon. In the same region Professor An- 

drews reports the Brookville coal bed at about 688 feet below the Pitts- 

burg, but the interval from the Pittsburg to the well curb was not meas- 

ured carefully and the difference in interval may be apparent, not real. 

Several miles farther south and near the Ohio the interval seems to be 

about 713; the measurement is approximate, but the increase is to be 

expected in this direction. At Marietta, 6 miles west from the last, the 

interval seems to be somewhat less than 725 feet, as will be seen in the 

discussion of the Conemaugh of this region. It is worthy of note here 

that in Monroe and Washington the Brookville is the only persistent coal 

horizon.* 

Meigs county is south from Washington, along the Ohio river. Here 

also, for the most part, the Allegheny is deeply buried and the exposures 

rarely go down to the Upper Freeport, even in the western part of the 

county, where that coal bed is at 112 feet below the Upper Cambridge, 

about 85 feet below the Lower Cambridge limestone. ‘The only available 

record is at Pomeroy, on the Ohio river, where the Cambridge limestone, 

apparently the Lower, is at 285 feet below the Pittsburg (Pomeroy) coal 

bed, about 40 feet more than at 6 miles west. The bottom of the Mahon- 

ing is at 431 feet, and at 15 feet lower begins a sandstone 58 feet thick. 

The first coal bed is at 529 feet below the Pittsburg, the second at 580, 

and the third at 675 feet. The first is at 210 feet below the Cambridge. 

limestone. The lowest coal at 390 feet below the Cambridge is 10 feet 

above a massive pebbly sandstone, 62 feet thick, separated by 7 feet of 

shale from another thick sandstone, in which the well was stopped. This 

bottom bed appears to be the Brookville, as the interval from Pittsburg 

to Cambridge is fully 40 feet less than at the exposures east from Mari- 

etta, where the interval to the Ames is about 230 feet. Excepting that 

at 529 feet, the coals in the Pomeroy well are indefinite, being mere 

streaks distributed through 11 feet of shale, so that the condition at 

Letart, 10 miles east, in Mason county of West Virginia, is that to be 

expected, for there the coals are wholly absent from the Allegheny. f 

Returning to the western outcrop and entering Vinton county, south 

from Hocking and west from Athens, one reaches the “Hanging Rock” 
district, embracing portions of Vinton, Jackson, Scioto, Athens, Gallia, 

and Lawrence counties, to the southern boundary of Ohio. In this nar- 

* PH. B. Andrews: Vol. ii, pp. 497, 502. 

Hy Orton) Vol. wi, ps 399: 

J. A. Bownocker: Bulletin no. 1, pp. 161, 169, 176. 

7 #. Orton: Vol. vi, p. 397. 
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row area one has the detailed measurements by Professor Andrews, sup- 
plemented by Professor Orton’s close revision, made ten years later, as 

well as local contributions by Messrs McMillin, Bownocker, and I. C. 

White. Throughout most of the area the main stratigraphical guides 

persist, though n some portions the Ames limestone of the Conemaugh 

becomes shale and the Putnam Hill limestone for the most part can be 
followed only with uncertainty. ‘The several coal beds are present with 

more or less regularity, but each of them seems to be absent from con- 

siderable areas. 
In Vinton county the Upper Freeport is often absent, and when present 

is so thin that it appears only as a “blossom” in Professor Andrews’s sec- 

tions ; but its place is followed easily by means of its clay and the under- 

lying limestone, here known as the Shawnee or Buff limestone. ‘The 

interval to the limestone varies from 18 feet on the northern edge of the 

county to 58 feet at 18 miles south, and in this distance the interval from 

Upper Freeport to Middle Kittanning increases from 90 to 116 feet. 

The Lower Freeport coal bed does not appear in any of the sections by 

Andrews and its existence here is uncertain. At one time the important 

coal bed at Hamden furnace was thought to be at this horizon, but closer 

study proves it to be the Middle Kittanning. That bed is present 

throughout, though variable and decreasing in importance southward. 

It is from 18 to 50 feet above the Lower Kittanning, which is present in 

most of the sections, though seldom more than 2 feet thick. The least 
interval is in the northern part of the county, but in the southern town- 

ships it rarely exceeds 25 feet. ‘The Lower Kittanning is 10 to 20 feet 

above the Vanport lhmestone and ore, below which, at 3 to 15 feet, is the 

Clarion or “Limestone bed,” which is persistent, triple, and 2 to 4 feet 
thick. The Brookville—25 to 37 feet according to Andrews, 30 to 50 

feet according to Orton—below the Clarion, is usually present and is 

workable in four townships, yielding a good coal, though rather high in 

ash and sulphur. Its thickness is from 2 feet 6 inches to 6 feet 7 

inches.* . 
In Jackson county, south from Vinton, the complete section is shown 

on the Gallia border, thus: 
Feet. Inches 
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* KE. B. Andrews: Vol. i, pp. 93, 107-111, 113, 115, 117-118, 120, 124. 

E. Orton: Vol. iii, p. 932; vol. v, pp.. 999, 1003; vol. vii, p. 280. 
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’ Feet. Feet 

CROW SAE CATIIING 52) ooo s. av ales: teens Ree ee 2 6 

(.uGlay, andusWaler. 6.02. o\cas-« 3 slew sem leeicie ener ee 2a 0 

Sup WAM POR + MMMESTONE Si oie. sos wiegte we ee ee ee 

PACS TEDTSTONU Restate vate eee ws eke Go Sie Saha ve fete under ie MEtoe eae 

Ol PENCela: (SAMESTOME foun i eleven. 85 5 sa bas hoi sees 50 0 

TE ESTE OO KOVAL: Win pale Si jot ds eas lis tates ARR tie sae rl etCere 2 6 

or somewhat less than 200 feet for the whole formation. The Upper 

Freeport, known locally as the Lucas coal, is in small areas on the hill- 

tops and shows 4 to 6 feet of good coking coal, but it has not been devel- 

oped. The Lower Freeport is insignificant. The Middle Kittanning, 

known as the Sheridan coal, is double, but not important within this 

county. The bottom bench of the Hocking Valley field has disappeared, 

and there remain only the middle and upper, the latter yielding poor 

coal; so that, although the bed is sometimes 3 feet 6 inches thick, it is 

seldom worth working. It is 60 to 70 feet above the Vanport limestone 

and the interval to the Lower Kittanning is 32 to 44 feet. This lower 

bed, known as the Newcastle, is the important coal bed of the county and 

underlies a massive sandstone, at times conglomerate. The Clarion, 1 to 

2 feet below the Vanport, and the “steadiest” coal seam in the county, 

is double and yields somewhat more than 3 feet of fairly good coal. The 
Brookville, 40 to 50 feet below the lmestone, underlies the massive 

Clarion sandstone, known as the Hecla, and varies from 2 to 4 feet, but is 

not mined, as the coal has much refuse.* 

In Galha county, east from Jackson and south from Meigs, one finds 

the section reaching to the Lower Kittanning within the western town- 

ships, but the Allegheny is wholly buried along the Ohio. In the west- 

ern townships the Middle Kittanning is about 480 feet below the Pitts- 
burg, and the place of the Brookville, according to a boring, is 129 feet 

lower, or 609 feet below the Pittsburg. No well records are available for 

Gallia except along the Jackson border, but Doctor White gives one in 

Mason county of West Virginia directly opposite Gallipolis, in Gallia. 

It begins about 200 feet below the place of the Pittsburg coal bed, the 
figures being approximate only, as that coal bed is wanting at Gallipolis, 

though it was found by Andrews, very thin, at a few miles back. In this 
well the first coal bed is at 472 feet and the second at 238 feet lower, or 

710 feet below the Pittsburg. The relation between the coal beds is that 

between the Upper Freeport and the Brookville in western Gallia, and 

in this well the bottom coal bed rests, as in western Gallia and at so 

many other places farther north, on a great sandstone. It is evidently 

* E. B. Andrews: Vol. i, pp. 154, 159, 160-161. 

EH. Orton: Vol. v, pp. 1026-1031. 
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the Brookville, and the increased interval as compared with 10 miles 

farther west is in accord with what has been found all the way south- 

ward, but the actual interval from the Pittsburg is probably barely 700 

eee 
Returning to the western outcrop in Scioto, one finds the whole section 

on the Lawrence border, where at Panther hill the thickness of the forma- 

tion is barely 175 feet. At a few miles east, in northern Lawrence 

county, Mr MecMillin’s section shows all of the coal beds present except 

the Clarion and the total thickness is approximately 200 feet. The 

Upper Freeport, in most of the region unimportant, reaches great de- 

velopment in the Waterloo field of northern Lawrence and*the adjacent 

part of Gallia, where it was first correlated accurately by Mr McMillin. 

It is a double bed, 5 to 6 feet thick. The Lower Freeport is persistent 

within a broad strip of western Lawrence, where it is commonly about 

4 feet thick and is known as the Hatcher bed. The Middle Kittanning 

(Sheridan, Coal 6) is a “‘steady and excellent seam,” usually more than 

3 feet thick and yielding in many places an open burning coal. It is a 

double bed, apparently without the lower or bottom bench of the Hock- 

ing valley. The Lower Kittanning (Newcastle) is a good coal, 3 feet 

6 inches thick in the western part of the county. The Clarion (Lime- 

stone coal), underlying the Vanport, enters from the north as an im- 

portant bed, but decreases quickly southward and eastward and disap- 

pears, but the Brookville persists, though becoming thinner southward 

and worthless throughout. 

Sections by Professor Orton, Doctor White, and Mr McMillin have 

been measured on the Ohio at and above Ironton, on the southern border 

of Lawrence county, which make the thickness of Allegheny 240 feet, 

showing a notable increase in 12 miles southward. No sections have 

been obtained along the easterly side of the county along the Ohio, as the 

character of the surface prevents exposures; nor are there any well 

records ; but at Central City, in Cabell county of West Virginia, 10 or 12 

miles southeast from Ironton and at the same distance from Mr McMil- 

lin’s measurements in northern Lawrence, a well record shows black slate 

at 670 feet below the Pittsburg coal bed, with a limestone at 203 feet 

above it. This is the relation of the Shawnee limestone and Brookville 

coal farther west. The interval, Pittsburg to Brookville, is 630 at Iron- 

ton, about 700 feet at Gallipolis, and in each case, as here, the great 

_ sandstone of the Pottsville begins below the coal. The black shale at 

*H. Orton: Vol. v, pp. 1028, 1049-1050. 

I. C. White: Geology of West Virginia, vol. i, p. 273. 

J. A. Bownocker: Bulletin no. 1, p. 279. 
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Central City represents the Brookville coal bed, which has persisted more 
thoroughly than any other from Tyler county of West Virginia and 
Monroe of Ohio.* 

KENTUCKY 

Passing over into Kentucky, one enters Greenup county opposite Law- 

rence of Ohio. The Allegheny area is bounded at the west by the Little 

Sandy river, which flows northward from Elliott county through Carter 
and Greenup to the Ohio river, reaching that stream at about 10 miles 

below Ironton. Boyd county, east from Greenup, extends to the Big 

Sandy river, the state line. Professor Crandall’s generalized section for 

Greenup, Boyd, and Carter counties is: | 
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Two limestones are important in these counties; the lower, or First 

Fossiliferous, is between the Freeport coal beds at 10 to 25 feet above the 

Lower, and is present in all sections where not cut away by the Butler 

sandstone; it is often termed the “Yellow limestone,” as is the Shawnee, 

its equivalent in Ohio. It seems to be non-fossiliferous in Ohio, but in 

Kentucky it carries a characteristic Carboniferous fauna. The Second 

Fossiliferous limestone is in the Conemaugh and is the Lower Cam- 

bridge of southern Ohio. These two limestones are persistent and enable 

one to carry the section where the coal beds are absent or concealed. The 

Vanport limestone is practically continuous along the western outcrop 

into Elhott county, beyond which it has been recognized at a few points 

in Morgan county as well as in northern Breathitt farther south; but in 

both Morgan and Breathitt the localities are somewhat widely separated 
and the continuous outcrop ends in Elliott. This limestone seems to be 

* FF. Orton: Vol. iii, p. 928; vol. v, pp. 1038, 1046, 1054. 

K. McMillin: Vol. v, p. 122, and personal communication, 

I, C. White: Bulletin no. 65, p. 1385. 

> 
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non-fossiliferous throughout Kentucky. It is accompanied, as in Ohio, 

by an important iron ore; this at one locality in Elliott county is so 

loaded with quartz pebbles as to be worthless. Hastwardly the Vanport 

limestone disappears along the Ohio river at about 4 miles below Catletts- 

burg, and its eastern limit appears to be a line extending almost due 

south from Ashland on the Ohio for about 30 miles into southern Law- 

rence, beyond which information is lacking. ‘The ore persists eastwardly 
for a short distance beyond the limestone, but it too disappears before the 

state line has been reached. 
The Clarion coal bed is wanting along the Ohio river; the Brookville 

is missing in a section below Hanging Rock, but is present near Ironton 

and persists thence to where it passes under the river. It is not reported 

at Catlettsburg on the state line. The Clarion (Hecla) sandstone over- 

hes the Brookville and in one section fills the whole interval to the Van- 

port limestone. The Lower and Middle Kittanning, Lower and Upper 

Freeport coal beds are apparently persistent along the Ohio border, but 

the only one holding its thickness is the Lower Kittanning. The Middle 
Kittanning, 7 feet thick at Ironton, becomes a mere trace at Catletts- 

burg, while the Freeport beds are thin everywhere. A massive sandstone 

overlies the Lower Kittanning and near the West Virginia border an- 

other underlies it, no doubt continuous with the Clarion, as the Vanport 

limestone has disappeared. 
Along the western outcrop in Greenup, Carter, Elhott, Morgan, vad 

northern Breathitt the exposed section rarely extends much above. the 

Vanport horizon, though occasionally it includes the whole formation. 
In Greenup and Carter the Clarion coal bed appears occasionally directly 

under the Vanport limestone and resting on the Clarion sandstone; but 

the bed is so irregular throughout that it is not included in the numbered 

scale. The Brookville is present in those counties wherever its horizon 

is exposed, but in Elliott no trace of it has been discovered, and there is 

no certainty that it exists in Morgan; there seems, however, to be no. 

doubt respecting its presence in northern Breathitt, where Mr Hodge’s 
sections showing the Vanport limestone are sufficiently clear. In that 

county it is from 20 to 50 feet below the limestone, the interval varying 

as in Carter county. At one place it seems to be triple, the benches in a 
vertical space of 20 feet, and the interval to the Vanport is filled with 

sandstone, the Clarion. ‘The Brookville, usually either cannel or splint, 

rarely attains economic importance. | : 

The Kittannings seem to be traceable into Elliott and the Middle is 

occasionally workable. The Lower Freeport, usually thin, apparently 

X1I—BULL. GEOL. Soc. AM., VoL. 17, 1905 
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disappears before reaching Elliott county. ‘The Upper Freeport is seen 

rarely. In Elliott county the rocks of the Allegheny become coarse, this 

condition becoming more marked southwardly, so that beyond that county 

the section above the Vanport horizon can be followed only with extreme 

difficulty. The Lower and Middle Kittannings should be reached in 

northeast Breathitt, where the section extends at one locality to 450 feet 

above the Tionesta coal bed, or to about 350 feet above the place of the 

Vanport limestone.* 

In Boyd and Lawrence counties, east from the narrow outcrop, the 

Brookville seems to be persistent. Ordinarily it is thin, but in central 

Lawrence, near Louisa, it is a mass 10 feet 8 inches thick with this 

structure : at 
Feet. Inches 
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The Kittannings and the Lower Freeport are generally present, but the 

Upper Freeport is absent in considerable areas. The Butler sandstone 

is often continuous with the Mahoning above and at times extends down- 

ward, so as to cut out the Upper Freeport (First Fossiliferous, Shawnee) 

limestone. It is quite possible that the absence of the Clarion in so 

much of Kentucky is due to the upward extension of the Clarion sand- 

stone. In southern Lawrence the coal beds become uncertain and in 

some of the sections they seem to be wholly wanting. In much of John- 

son county, south from Lawrence, the Allegheny has been removed, but 

it is probable that the whole section is preserved in portions of Martin 

county, east from Johnson, along the West Virginia line; the tracing, 

however, is not sufficiently close to make possible the correlation of coal 

beds. 

Still farther south the conditions become very complex; the coal beds 

divide, the intervals thicken, and the true relations will be determined 

only by patient tracing in detail. Correlations offered by Professor 

Crandall and Mr Hodge as the result of rapid reconnaissance must be 
accepted, in accordance with their suggestion, as merely tentative. The 

* A. R. Crandall: Geol. Survey of Kentucky, Greenup, Carter, and Boyd counties, pp. 

22, 33, 49, 53, 59, 63; pl. 1, 25; fig. 2, 26; fig. 1, 31; sections 34, 35, 51-52, 56, 58-59, 
61-62, 69, 78, 82; Elliott county, pp. 10, 11-13; Morgan, Johnson, and Magoffin, p. 17. 

J. M. Hodge: Southeastern Kentucky coal fields, p. 107, sections 56, 81, 84-85, 87. 
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work by those observers seems to show that Allegheny beds extend south- 

westwardly to not less than 75 miles beyond Martin county.” 

WEST VIRGINIA 

Returning now to the east side and entering West Virginia in Monon- 

galia county, west from Chestnut ridge, one may follow thence to the 

Kanawha river the easterly boundary of the Allegheny and afterward, 

mostly by means of oil-boring records, trace the section across the state 

to make connection with Ohio. 

Morgantown is about 8 miles south from the Pennsylvania line. The 

exact section there was obtained by Doctor White’s measurements of a 

core. Other measurements by him between that place and Webster, 25 

miles southward, in Taylor county, may be grouped with that at Morgan- 

town: 
I. Near Morgantown, 9 miles south from Pennsylvania line. 

II. Booth’s creek, 6 miles south from Morgantown. 

III. White Day, 12 miles west of south from Morgantown. 

1V. Valley Falls, 20 miles west of south from Morgantown. 

V. Webster, 5 miles southeast from Valley Falls. 

I II III IV V 
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to the Pottsville sandstone. At Morgantown the Lower Freeport coal is 

627 feet below the Pittsburg coal bed and at Webster it is 624 feet. At 
Morgantown the Upper Freeport is 274 feet below the Ames limestone: 

* A. R. Crandall: Greenup, etc., pp. 68-69, pl. 28, figs. 2, 4, 30; fig. 7, 31; fig. 5; 

_ Morgan, etc., p. 21. 
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at Grafton, a few miles northwest from Webster, it is 250, and at Web- 

ster it is about 255, assuming the same interval to Lower Freeport as at 

Valley Falls. At Valley Falls the interval from Lower Freeport to 

Brookville is only 88 feet, but at Webster it is 102 feet. At the latter 

locality the sandstone below the Brookville is practically continuous for 

220 feet, to the bottom of the boring. | 

The Allegheny is about 250 feet thick near Morgantown, ee the 

thickness decreases southwardly ; on Booth’s creek it is 192 plus the in- 
terval between Brookville and Pottsville; on White Day it is 179; at 

Valley Falls, 196 feet 7 inches, and at Webster not more than 175 feet, 

thus showing a loss of at least 75 feet in less than 25 miles. The writer 

is responsible for the correlations, the local names for the beds being 

different in many places from those given. The lowest bed on Booth’s 
creek is known locally as the Lower Kittanning and the lowest at Webster 

as the Lower Freeport. 

It is necessary to give the relations in detail for this area, as it is the 

critical area for determination of the relations farther south. Within 

this area one observes the somewhat abrupt change from the Pennsyl- 

vania section to that of the eastern outcrop in West Virginia. ‘The sec- 

tion at White Day enables the writer to correct his identification of the 

Brookville at Webster with the Lower Kittanning in the tentative cor- 

relation offered in description of the Pottsville section for the eastern 

outcrop. This correction makes necessary the transfer of the Roaring 

Creek sandstone to the Pottsville, but it in no wise affects the conclu- 

sions respecting the Pottsville of the Kanawha area. 

On Deckers and Booths creeks of Monongalia county a dark shale, 

the Uffington of I. C. White, intervenes between the Upper Freeport coal 

and the overlying Mahoning sandstone. It is extremely rich in marine 

fossils and in many ways closely resembles the dark shale associated with 

the Brush Creek limestone of the Conemaugh.* 

-Ascending the Valley river from Webster, one finds at Moatsville, in 

Barbour county, the great sandstone of the Webster boring forming bold 

cliffs with, as at Webster, a variable coal bed at 10 feet above it. This 

bed, 3 feet thick at Moatsville, is 12 feet 6 inches half a mile away, 

where it has a sandstone parting 8 feet. The bottom of this Brookville 

coal bed at Moatsville is 149 feet below the top of a 3-foot coal bed, but 
at the other locality the interval is 147 feet. The upper bed is the 

Upper Freeport. At 5 miles southeast from Moatsville a record and 

boring at the Hall well show the Lower Freeport at 607 feet below the 

*I. C. White: Geology of West Virginia, vol. ia, p. 151; vol. ii, pp. 230 and 346, 233, 

856 and 605, 347, 355. i 
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-Pittsburg and 295 below the Ames limestone. The Brookville is at 105 

feet lower, or 712 feet below the Pittsburg and 538 feet above the red 

shale of the Lower Carboniferous. At Philippi, 4 miles farther south- 

east, a boring shows the Lower Freeport at 106 feet above the Brook; 

ville, the latter at 522 feet above the red shale. ‘There the Lower Kit- 

tanning is 3 feet thick and 25 feet above the Brookville. Doctor White 

gives a combined exposure and record just below Philippi, thus: 

; Feet. Inches 
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11. Roaring Creek sandstone [Pottsville]......... 

making the interval from Upper Freeport to Brookville 140 feet and the 
whole thickness of the Allegheny 155 feet. he relation of the Brook- 

ville to the Pottsville is the same as at Webster and Moatsville, as well as 

at Newburg, in Preston county, 10 or 12 miles east from Webster. The 

Freeport sandstone overlying the Upper Kittanning is coarse and much 

of it is pebbly. A limestone is present at a few feet above the Brook- 

ville coal at Webster, Moatsville, Valley Furnace, and at Meriden below 

Philippi. It was used as a flux at Valley Furnace, where it is 10 feet 

“above the coal; this is suggestive of the Putnam Hill horizon. The 
Roaring Creek sandstone, about 60 feet thick, is continuous with the 

lower sandstones in much of the area southward, and, forming bold 

cliffs, makes easy the tracing of the coal:bed. The Brookville (Arden, 

Roaring Creek) coal bed retains its place at 10 to 15 feet above the 

sandstone, constantly rising, so that near the southern border of Barbour 

county it is 200 feet or more above the Valley river. The structure is 

complex, there being nine layers of coal and shale, in all 14 feet thick, 

with one bench of coal 3 feet 1 inch.* 
From this locality southward the Brookville is high up in the hills 

and no detailed section of the rocks above it is available until one reaches 

_the Kanawha waters. The bed retains its tendency to divide and is 

from 6 to 10 feet thick in Randolph south from Barbour. In Webster, 

south from Randolph, it is from 5 to 7 feet thick and its top bench is 

*I. C. White: Geology of West Virginia, vol. ia, pp, 346, 348; vol. ii, pp. 297, 312, 

and 605, 357, 360, 425. 
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occasionally either splint or impure cannel. Overlying the coal in this 

county is a succession of massive more or less pebbly sandstone, shown 

on one knob in three benches, but with the intervals concealed. The 

thickness is 200 feet. This great sandstone mass, the Charleston sand- 

stone of M. R. Campbell, is a conspicuous feature from Randolph county 

southward. Passing over into Nicholas county, one finds the blossom 

of the Brookville near Gilboa under 150 feet of massive pebbly sand- 

stone, all other coal beds appearing to be absent. ‘T'wo miles west from 

this locality the Kanawha black flint appears, just over the Brookville 

coal bed and under the great mass of sandstone. In western Nicholas, 

the Flint is 8 feet thick and 10 feet above the Brookville, which is triple, 

two of the benches being splint. From this locality, Doctor White has 

followed the Brookville eastward and southward; it breaks into many 

benches and the shale partings show great variations in thickness. At 

Powell mountain in this county the section is: 
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At this Nicholas locality one is on the waters of Gauley river, along 
which the Brookville coal bed is seen in all the hills to the Kanawha 

river, in Fayette county, where one has this section at the mouth of Arm- 

strong creek: 
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Number 9 is the Stockton coal bed of the Kanawha region. ‘The exact 

relations of the “Number 5” coal bed can not be determined. The in- 

terval between it and the Stockton shows great variation along the Ka- 

nawha, but the bed is characteristic throughout, its coal differing from 

that of any other bed in the section. It is apparently the intermediate 

bed occasionally seen farther north and doubtless represents a Kittanning 
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horizon. The Flint holds the place of the limestone seen in Barbour 

county.* 
Returning now to Barbour county at the north, another line may be 

followed to the Kanawha river at Charleston. 
At many places along the Valley river as well as in the Roaring Creek 

region, one finds at 10 to 25 feet below the main Brookville another 

bench resembling the main coal in structure, but usually of inferior 

quality. | 
The Brookville (Arden, Roaring Creek) coal bed is mined at many 

localities in Barbour, Upshur, and Randolph counties, in what is known 

as the Roaring Creek field, where it usually yields, after removal of part- 

ings, about 7 feet of coal. In its tendency to break up into many 

benches it resembles the Upper Freeport of southern Pennsylvania even 

more than it does the Brookville in that area, and this resemblance, added 

to the presence of the great overlying sandstone, led Stevenson into the 

mischievous error of correlating this bed with the Upper Freeport. The 

variations in thickness and quality are extreme, there being at one local- 

ity, according to Stevenson, 22 feet of shale and coal, wholly worthless, 

while at a short distance away the bed is double and only 4 feet 6 inches 

thick. Doctor White’s sections show it in this area 10 feet or less above 

the Roaring Creek (Pottsville) sandstone and underlying a massive 

pebbly sandstone often unbroken for 60 feet. 

The Buckhannon enters Valley river at about 5 miles south from 

Philippi. In ascending this stream one goes southwest for somewhat 

more than 5 miles and the Brookville coal bed remains above water level; 

but at the Barbour-Upshur line the direction is changed to west and the 

coal goes under quickly, so that at Buckhannon, 12 or 13 miles south- 

west from Philippi, it is thought by Doctor White to be not less than 300 

feet under the stream’s bed. Southward from that place it rises rapidly, 
and at Cutrights, where it is thought to be about 80 feet under the river, 

the exposed section is: 
Veet 

ee SAECLOUSH IIIMECSLOME 5 s.c.0 toe cece wt ierecouls eegie sot ae bie 3) 

2. Concealed, red shale ...... SEES A MOEN fae? 70 
Se VEAS SAV Cr SAMO SCONG: o: 5: ou ald Gris ae sc kotore aie areas erate 30 

Lal COND S Seeds oS et oe eR PS OC oan) Aen een Blossom 

emery Shabe: Concealed. ins cits que ow ee ewes canes 35 

Gu SSHVE SAMO SEOUME: v5) aie) c: sievboers eb anclicvee tele eras & erereveres <u 25 

eee OMCE AICS tert arnt. cc's 6. < oo %sue lays) ove. oueheleocetarer one od ene ec. os 50 

VO AMER APRA «Sct Aree aane oeld evade ene Oe eekione erase a eee a 3 

Oe irechay and. Shales 32 2s vided eaters tine ewe elas bates 6 

RO OMIEASSIVESANGStOME: 6.5. siele a0 8 ake alas caylee false « Madls 30 

hive pncenled: to. Stream... c-Aenedsn foes sheet 8 puree Anthll. SOE) 

*I. C. White: Geology of West Virginia, vol. ii, pp. 363-366, 368-369, 370-371, 459. 
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‘A thin coal bed is reported here just below the section in the river bed. 
The coal bed, number 8, is between 140 and 150 feet above the Brook- 

ville ; it comes down to the railroad grade within a short distance, where 

it underlies a black shale filled with marine fossils. As the coal bed is 

in the place of the Upper Freeport, this is evidently the Uffington shale 

‘of the Morgantown region. At Sago, 7 miles south from Buckhannon, 

the Brookville comes up, 4 feet 6 inches thick and 10 feet above the mass- 

ive Roaring Creek sandstone; but at 3 miles farther south the bed 

is double, the upper part, more than 3 feet thick, being largely cannel 

shale, while the lower portion, 11 feet 11 inches thick, is in 8 layers of 

coal and shale and still only 10 feet above the sandstone. Here the 

Upper Freeport is 150 feet above the Brookville, 4 feet 2 inches thick 

and in 5 benches of coal and slaty coal. It overlies a massive sandstone, 

but the interval to the Brookville is mostly concealed. At Alexander, 15 

‘miles south from Buckhannon, the Brookville is far up in the hills, 13 

feet thick and 10 feet above the Roaring Creek sandstone, with another 

massive pebbly sandstone, 60 feet thick, beginning at 5 feet above it. 

The most remarkable feature in this whole region is the uniformity of 

the interval between the Brookville and Roaring Creek sandstone, which 

varies little from 10 feet in an area of more than a thousand square 
miles. | 

On the east side of Lewis county, about 6 miles west from Buckhannon, 

a well record is given by Doctor White on the authority of Mr F. H. 

Oliphant. This shows the great sandstone overlying the Brookville 80 
feet thick, but divided midway by 20 feet of shale, a breaking up in the 

westerly direction, which, as will be seen, becomes so marked that this, 

lke the other sandstones of the whole section, can be traced with little 

certainty. The coal bed, 12 feet thick, is said to be 775 feet below the 

Pittsburg, and no higher coal is noted in the record. Near Ireland, in 

southern Lewis, and about 12 miles west from Alexander, in southern 

Upshur, a section and boring combined show coal 3 feet 5 inches at 612, 

a thin coal at 697, and a third, not measured, at 721 feet below the Pitts- 

burg. ‘The highest bed is evidently the Lower Freeport, and the interval 
. would place the lowest at the Brookville horizon, though the distance to 

the Pittsburg is about 50 feet less than that assigned farther north. At 

a few miles south the Brookville is exposed, 13 feet thick, with a sandy 

parting which occasionally becomes 8 feet of sandstone. The coal above 

is soft, but that below the parting is splinty. Many well records exist 
for Lewis county, but for the most part they are incomplete, noting only 
the sandstones, 
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Passing over into Braxton county, west from Webster and southwest 

from Lewis, one finds at 5 miles east from Sutton the Upper Freeport 
(Mason) coal 150 feet above the Brookville, 22 to 24 inches thick and 
underlying 3 feet of dark plant-bearing shales on which rests a 3-inch 

coal bed. It is 160 feet below the first red bed. This interval of 140 
to 150 feet between Upper Freeport and Brookville prevails in most of 

this area of Upshur, Lewis, Webster, and Braxton counties, though occa- 

sionally it is a little less, as Doctor White’s section in western Webster, 

near the Braxton line, shows: 
Feet 

1. Concealed and deep red shale .........c.cecececeees 40 
2. Concealed, massive Sandstone .........c2ecceecceeace 140 

att PUP DER) LreEMONE COAT DEG) 5.5, 5.0is's10 6 cin ae)s o:0qa ele, 6) ai0 Z 

4, Concealed, massive sandstone, pebbly .............00. 130 

Ey MmME DDT IVA GI cialie's neitavay ayers toi elias sheraveletas ovale ig aie, caltwuansha Gee,ereie 5 

Ges rOOkKVillel COAL DEMG oc... cc. 5 6 2. c s siele ow aceie Giana. 08.406) «.c)jaa'e 10 

7. Concealed, maSSive Sandstone .........cceeccceccvees 160 

Here the Brookville shows the sandstone parting 3 feet thick, and the 

coal of both divisions is poor. ‘The great sandstone mass, Charleston of 

Campbell, is well marked thus far west. The Brookville passes under 
Elk river 244% miles from Sutton, and, just before passing under, it 

apparently breaks up as it does farther north, the section being 

Feet. 3 Inches 

OA re ie aie Seca oN ar aialae aia wid acaie aces arale ows 0 0 to 10-12 

TMGEEN Alice aevstetrte eh sales clot ales <laiarea ees 30 0 

CIEE Sa ie RSA) RAS Re Se ee 8 to 2 6 

and the lower division is splinty. ‘The bed shows much variation in a 

little area of a few square miles, but remains comparatively thin, seldom 

exceeding 5 feet. Ata mile and a half below Sutton the coal is 160 feet 
below the surface, 6 feet thick, underlying the massive white sandstone 

80 feet thick and resting on the Pottsville sandstone, which is contin- 

uous for 280 feet. The Upper Freeport is below the surface here. At 

5 or 6 miles below Sutton, near Frametown, in southern Braxton, a coal. 

2 feet 6 inches is present at 550 or possibly 600 feet below the Pittsburg, 

140 feet below the lowest red bed of the Conemaugh and just above a 

massive sandstone; it is evidently the Upper Freeport. At many places 
in Braxton and Lewis the Upper Freeport is overlain by dark shale carry- 
ing great numbers of plant impressions. 

Thus far the tracing of the section has been comparatively simple. 
The thickness of the Allegheny decreased from 250 feet near the Penn- 

sylvania line to barely 175 feet in southern Taylor county; thence to 
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southern Braxton it has varied from 150 to 165. In much of the area 

the Upper Freeport has been accompanied by its plant-bearing shales 

and in most of the area the interval to the Brookville coal bed has been 

occupied by sandstone; whether or not an intermediate coal bed is per- 

sistent is uncertain; it is wanting in the well records. 

For a distance of about 16 miles from Frametown no sections are 

available, but at Clay Courthouse, in Clay county, southwest from Brax- 

ton and northwest from Nicholas, is a section by Doctor White, thus: 

Feet 

1. Concealed with much red shale ............ 36 90 
2. Course pebbly sandstone ..........eceeceoees 60 

3. Concealed, shales, some red ............eceece 100 

4, Massive sandstone, large quartz pebbles ...... 60 

5. Concealed and sandy shales .................- 130 

GO: (COA ped eee clea ie win istaheslsle teecane cleraae uot ee 2 to 3 

i MI peelay, "Sale. as asia wo dusteloreotenelere Gus terene tes tae 10 

8. Sandstone, massive, pebbly ........0...ceee00. 90 

9. Concealed and sandstone .............--2008 160 

10)>Black shale-and him” Coal ie. vos oes ae ne oe ee 3 

11. Massive sandstone and concealed ............- 100 

As Number 10 is just below the Black Flint, it is at the Brookville- 

Stockton horizon. ‘The interval between this bed and Number 6 is too 

great, the measurements having been made without regard to the dip, 

and the thickness is probably nearer to 230 feet. This is 90 feet more 

than the interval between the Brookville and Upper Freeport at 12 miles 

eastward in northern Nicholas. Associated with the upper bed are 

plant-bearing shales, from which were obtained the specimens discussed 

by Mr David White, who referred them to the Freeport horizon. The 
Brookville is much degraded at Clay, being merely black shale with 
streaks of coal. 

Five miles below Clay, near Yankee Dam, the upper coal bed is 3 feet 

4 inches thick and 310 feet above the Coalburg coal bed, somewhat less 

than at Clay, where the interval is about 330 feet. This, if the interval 

between the lower coals remain the same, would place the upper bed at 

about 210 feet above the Brookville-Stockton. The Upper Freeport 

here is 150 feet below the top of a great pebbly sandstone on which rest 
reddish shales succeeded by deep red beds. 

According to Doctor White, this bed is traceable in the river hills 

from the Yankee Dam locality to and beyond Queens shoals; at that 

place, 10 miles west from Clay, the coal is 175 feet above the Black 

Flint, with 200 feet of mostly massive pebbly sandstone intervening be- 

tween it and the first red beds of the Conemaugh, which are 410 feet 
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above the flint. The Stockton coal bed appears 2 miles farther up the 

river at 7 feet below the flint which is in the river bed at the shoals. At 

Clendenin, 5 miles below the shoals, the upper bed is mined at the 

water’s edge, and it soon goes under, to come up again at 5 or 6 miles 

from Charleston, where it is mined at the Graham mines near Mason. 

On Two-mile creek, near Charleston, Doctor White’s section is: 

Feet 

i. Sandstone and concealed ........2..0.2..60% Nad bholorers: & 85 

2 Sandstone. MASSIVE? PED] Vo cre cera 00.0 6 oe hase e ee vce e 15 

ae VASO COA DOU Meret Sse. Nelie isis ae sie 6 hal enay's Sudue)els eyet eile ete aceyerele 2 

AME SINC ecg pevetert cia late are Gitar) snchaue ovale, ueial helen eieioneria) ol biwieceiesarer es 10 

5. Sandstone, coal near middle ..............eeeeeeeees 120 

GUTTA SSH erie mete ore Me rnb chec ra erst oar dake: sealer ate ore a.ehela who ora 10 

|] Black flimt ...... ccc cece ee eee ere er cece cer eee cec eens i) 
SoMa SERED LCM eiatis o hapelitsy cei at oliaieucotws shen sucneiet Suave euvla s/.cllaimy sehen alae ota 2 

Ore StOCKCOMC COMME WEG so cleuav ag tice alcunts. gales shave: erepe'e) sit aoac ie oteha 

The Mason coal bed is that mined at Mason, Clendenin, and Queens 

shoals, the interval to the Flint having decreased 35 feet from the last 

place. At all of these localities it underlies a bed of shale rich in fossil 
plants which have been studied by Mr David White. Comparison of the 
flora from this bed with that obtained at Clay leads him to regard the 

beds as at different horizons, the bed at Clay being Freeport and that at 

Queens shoals nearer to the Kittanning. Mr M. R. Campbell comes to 

the same conclusion on stratigraphical grounds. Detailed sections be- 

tween Clay and Queens shoals are unpublished; lacking those, one may 

make use only of such material as is available. The interval from Upper 

Freeport to Brookville evidently decreases westward from Clay, losing 

20 feet in 5 miles; at Queens shoals, 5 miles farther, the interval between 

the upper coal and the Brookville is about 187 feet, 23 feet less than 
below Yankee Dam, while at Charleston, somewhat more than 20 miles 

southwest from Queens shoals, the interval is but 147 feet. As will be 

seen in succeeding paragraphs, the interval between this Mason coal bed 

and the Brookville shows much variation along the Kanawha southeast 

from Charleston.* 
Ascending the Kanawha river from Charleston, one finds the interval 

between the Mason and Brookville-Stockton increasing from 135 feet at 

Porters run to 198 feet at Witchers run, 14 miles southeast. The inter- 

mediate coal, noted in the T'wo-mile section and known as the “Number 

5, block,” is very thin and only its blossom has been seen thus far, but at 

North Coalburg, 2 miles farther up the river, if is 3 feet 10 inches thick, 

* David White: Bull. Geol. Soc. Am., vol. 11, pp. 171-173. 

M. R. Campbell: Jour. of Geol., vol. xi, pp. 462, 465, 467. 
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90 feet below the Mason and 65 feet above the flint. The Stockton is 

concealed here, but at Coalburg the coals are all shown and the interval 

-from Mason to Stockton is 186 feet. ‘The “Block” is mined at a number | 
of places farther up the river at 41 to 75 feet above the flint, but no 

higher bed is exposed until near the Fayette County line, where, at lock 

number 3, a bed supposed to be the Mason is at 206 feet above the flint, 

40 feet more than at Coalburg and 76 feet more than at Porters run, near 

Charleston.. Whether this be the Mason or not can not be determined, 

intermediate measurements being wanting. 

At Coalburg the Mason is accompanied by its plant bed. The coal is 

insignificant near the eastern outcrop, but it becomes 17 feet thick, part- 
ings included, near Coalburg, whence northwestward it decreases so as to 
become insignificant as it approaches Charleston, though, as already seen, 

it becomes economically important along Elk river, northeast from that 

city. The “Block” is a valuable bed on'the upper Kanawha, yielding an 
excellent open-burning coal coming out in blocks. The thickness of this 

part of the bed near the Fayette border is from 5 to 6 feet; down the 

river, however, the thickness decreases, and at Coalburg it is 2 to 3 feet, 

but retaining its “blocky” feature; thence it quickly diminishes, and 

near Charleston it is only a few inches and is often wanting, cut out by 

the sandstone. A thin coal bed occurs at some places just above the 
flint, but it appears to be absent at Charleston. ‘The flint varies from 

5 to 10 feet; changes from tough typical flint to silicious shale and 
usually is fossiliferous, as is also the shale associated wtih it. The in- 
terval to the Stockton-Brookville coal bed is from nothing to 18 feet. 

This bed is so irregular that it is of uncertain value economically. One 

of its partings thickens at-times so as to separate the divisions into two 

distinct beds, and the parts are known as the Stockton and Lewiston. 

At times one or the other of the divisions is wanting. ‘The coal varies 

from splint to cannel, but usually one finds some layers of soft coal. 

_ The Charleston sandstone of Mr Campbell includes the great mass of 

sandstones succeeding the flint along the Kanawha and its tributaries. 
It is the “series of coarse sandy or conglomeratic beds which separates 

the Kanawha formation from the red and green shales and green sand- 

stones of the formation next above.” ‘The Kanawha formation has the 
flint as its upper boundary; the formation above the Charleston sand- 

stone is termed Braxton by Mr Campbell. The sandstone, made up of 
beds of coarse material separated by shales and coal beds, is about 300 

feet thick at Charleston, but farther south on Coal river, in Boone 

county, it is about 400. At a little way northwest from Charleston it is 



ALLEGHENY FORMATION IN WEST VIRGINIA 141 

at least 405 feet, but near Winfield, in Putnam county, it is apparently 
only 175 feet.* 

This great mass of sandstone, coarse and in many portions pebbly and 

marking the eastern border of the field, includes not merely the Alle- 

gheny but also the lower part of the Conemaugh. It is in a narrow strip, 

with a width of not far from 25 miles in a northwesterly direction. It is 

not characteristic of the Pennsylvania and Maryland area east from the 

Alleghanies; it is not found in the southward continuation of the First 

Pennsylvania bituminous basin until one reaches Randolph county, 

though suggestions of it occur farther north; thence to the Kanawha the 

sandstone appears in increasing quantity and coarseness, so that the 

several sandstones which have been recognized and named in the northern 

portion of the field become practically continuous. The great mass and 

coarseness of these beds in Webster, Braxton, Nicholas, Clay, and Ka- 

nawha counties of West Virginia suggest that the shoreline at the east 

suddenly extended westward near the latitude of southern Barbour 

county. Southwestwardly from the Kanawha this mass of sandstone can 

be traced to the Kentucky line across Boone, Logan, Wyoming, and Mingo 
counties. Northwestwardly from the narrow strip referred to, the mass 

breaks up quickly, shales increase, and the several divisions, as is ordi- 
narily the case with sandstones, become traceable with little certainty ; 

but locally one finds most unexpectedly conditions which are recalled by 

Mr Campbell’s description of the Charleston sandstone. 

It is necessary now to return to the Pennsylvania line, that the section 

may be traced southward under the western counties of the state to the 

line of the Chesapeake and Ohio railroad—a task of no little difficulty, 

as the key rocks disappear, and the coal beds which were formed only 

around the borders of the field soon thin out. The sole dependence in 
most of this area must be upon the records of borings which have been 
published in the Geology of West Virginia. 

Beginning with the measurements at Morgantown, one has the follow- 

ing approximate intervals from the Pittsburg coal bed: 
Feet 

Upper Wreeport coal bed 2.2... 260. 245. 6 dleesecase secs 560 

ower Hreeport Coal Ded! s.. sce x aclewis ee singe mesic seine see 625 

Upper*Kattannime coal bed yd oils 6 we tly be oleae oe se 670 

Lower Kittanning coal bed ..............0-. Ci erage 705 

Miffamnime SABAStONME,, COP. <<. 5 sano chs aleleleenye welt aiaiy coat oin6 730 

hablannineg Sandstone, DOttOM) sis o.0 dd oie oy aiere wid aie "oie deere eye ye 785 

Pro maguile, Coad DEM ie/s a0: <tc0 7 ake mae Meme Sha eos tis wa 785 
EE GUESTADCESANOSEONE® ec 5-28 sds DS ayel eh ble oda eek Sk wale eeelals 805 

*M. R. Campbell: U. S. Geol. Survey folios, Charleston, p. 5. 
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As the sandstones of the Pottsville are as variable as those of any other 

formation, the bottom of the RTS uCn yy for Comp EEED must be taken 

as the Brookville coal bed. : 

Ten miles northwest from Meee a record shows the Upper 
Freeport, Upper Kittanning, and the bottom of the Kittanning sand- 

stone as at Morgantown, and the sandstone in the Pottsville is at 820, 

though in a neighboring well it is at 792, having thickened at the ex- 

pense of the overlying shale. Ten miles southwest, near Fairview, in 

Marion county, the Upper Freeport is ill defined in a mass of coal and 

shale beginning at 556; no other coal is reported: Another record here 

shows a great sandstone beginning at 565 and continuing to 761 with 

only two breaks of shale, 28 and 17 feet respectively. No coal whatever 

is noted in this record except a thin bed at 805 feet below the Pittsburg 

and 11 feet above the first sandstone in the Pottsville. Eight miles 

southwest from Fairview, at Mannington, the Hamilton well shows 

sandy rocks prevailing in the Allegheny and has apparently the same 

coal horizon at 824, which is too low for the Brookville, unless there be a 

local thickening of the section. ‘The sandstones vary greatly. Within 
3 or 4 miles of Mannington, southwest and west, a sandstone, 115 to 177 

feet thick, begins at 647 to 682 and ends at 791 to 804; but in one well it: 

begins at 603 and ends at 913, while in another no sandstone appears 
between 491 and 728, whence it is continuous to 858. Farther west the 

mass is less, beginning at 685 to 696 and ending at 742 to 765, but a 

lower sandstone begins at 785. ‘Three or four miles northwest from 

Mannington the variations are more notable, wells on a single farm show- 

ing the upper sandstone 30 to 170 feet thick and beginning at 623 to 650, 
while the lower sandstone is found in only one well extending from 742 
to 867. Farther west and northwest sandstone predominates in the 

Allegheny, and the bottom of the formation is not far from 760 feet 
below the Pittsburg, including in this the shales and clays underlying 

the place of the Brookville. The Mahoning interval is indefinite and no 
trace of the Freeport coals exists, so that the boundary between Allegheny 

and Conemaugh can be fixed only approximately. The latter formation 

is not far from 540 feet thick. The only coal appearing in any of the 

records is one at 672 in a well near Joetown, in western Marion—yvery 

near the place of the Lower Kittanning. This horizon is occupied by 
sandstone in most of the records. 

Wetzel county is west from Monongalia and Marion. As one passes 

into this county he enters the area in which the section of Allegheny and 
Conemaugh shortens. 
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Near Brink, on the Marion line, the Butler sandstone is present at 

565, and another begins at 720, which passes down into the Pottsville. 

Five or six miles northward, in the northeast corner of the county, the 

section varies abundantly ; in one well sandstone begins in the Conemaugh 

at 446 and is continuous to 911 feet below the Pittsburg—a condition 

very similar to that in many wells within the adjoining county of 

Marshall, at the north, as well as in some portions of Greene county, 

Pennsylvania, and along the southeast outcrop toward the Kanawha; but 

in a well near the last this sandstone is broken by shale at 546 and 763, 

while in three others there is no sandstone whatever in the Allegheny. 

The extreme bottom of the Allegheny here can not be more than 770 feet ; 
but the interval is less westward, for at Silver hill, 10 miles away, on the 

Marshall line, the Lower Freeport coal bed is only 575 feet below the 

Pittsburg, and the first sandstone in the Pottsville begins at 762. West- 

ward the section shortens and the interval from Pittsburg to the first 

sandstone of the Pottsville decreases from 752 to 714 feet, the last near 

the Ohio river. In the central part of the county the sandstones are so 

variable that correlation is impossible and in many of the records the 

Allegheny and Pottsville are practically all shale. No coal is reported 

in any of the records, which are very numerous.* 

Tyler county is south from Wetzel, along the Ohio river. A detailed 

record is given at Wick, a few miles east from the Ohio river, which 

shows a great sandstone beginning at 539 feet below the Pittsburg and 

continuing for 135 feet; it is separated from the Pottsville sandstone by 
30 feet of shale, holding at its base a trace of the Brookville coal bed 

resting on the Pottsville sandstone at 704 feet. This shale and its coal 

have been replaced in many places, for midway in the county and south- 

westward sandstone prevails. At Middlebourne there is sandstone from 

537 to 957; in other localities it begins at 490, 514, 550, 595, 600, 602, 

and is from 200 to 400 feet thick, always replacing the Brookville horizon 

except at Sistersville, where it ends at 685, but no record of the under- 
lying rock is given. On the southeast, or Doddridge County side, the 

sandstones are ordinarily less conspicuous, though one record shows a 

bed extending from 581 to 896 feet below the Pittsburg. No trace of 
coal, aside from that of the Brookville, appears in any of the records. 

Pleasants county, north from Ritchie, is west from T'yler, and, like 

that county, adjoins Washington county of Ohio. 

No coal is noted in any of the numerous records available for this 

*T. C. White: Geology of West Virginia, Monongalia, vol. i, pp. 239-240; vol. ia, pp. 

156-157 ; Marion, vol. i, pp. 241-242, 245, 346, 348; vol. ia, pp. 161-162, 164, 174-175; 

Wetzel, vol. i, pp. 343-345; vol. ia, pp. 177-189, 200-203, 212-213, 
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county, but in Ohio, on Cowrun, a few miles west, the Brookville coal 

bed is present at 701 feet below the Pittsburg. The sandstones are un- 

important on the westerly side, but a detailed record in the central part 

of the county shows a sandstone 70 feet thick beginning at 515 and an- 

other at 645 extending to 735 and cutting out the Brookville horizon.* 

Returning to the east, one may follow the section across Harrison, 

Doddridge, Ritchie, and Wood counties to the Ohio river. 

Near Flemington, in Taylor county, 5 miles west from Webster, in the 

same county, the Lower Freeport is at 590 feet below the Pittsburg, and 

the Brookville is at 750 feet, with probably the Lower Kittanning at 711. 

The combined Mahoning-Butler sandstones are 113 feet, cutting out the 

Upper Freeport. The only other sandstones are 31 and 21 feet thick, 

the latter at the Clarion horizon above the Brookville; but at Clarksburg, 

in Harrison county, 10 miles farther west, the succession as shown by a 

boring is: 
Feet 

i, Pittsbure: coal Wed cay sree ace ac ae ae Seek eee wal 

2 TNCOLV AL 5 a sist o sie aioe RES a Ca a ele aa ae 421 

oa. Mahoning SAnGStOMe’ hss ois eo eeee wl dle 6 costes ish erekctene Crere 84 

Ae SW ATS oda 5 ey Peale Re MELISS PO Mien pene teat pha eRe rete ane 35 

5) Upper. Freeportcoal) bed sicce ces elses se eee 3 

GES TANG 2 voce bsdnla Sc soi abe e Sepetehe nao te ete nce ane asi ee ene eee eae PA 

ie SAMAStOME 5's \sc6 shatesis wis ce Sie ois ome Se teminies Sree eae 145 

Ss MSNALE) 2. eben wate syreene ¢ a laipue te, wre: eteuetn sta feie Ieusiaue te caleely ice aare 20 

Oo EBrookville] coal"bed sos. ce sowie en ce eae ae wate 2 

TOO STABO hick 8b aS Se ieee oles te ee ee eee 36 

PA SAMAStOWNS ol Gs GAsu rete CFs ba ialelaivee ws ieee al eae ele sie eae 87 

Here the interval from Upper Freeport to the Brookville is 192 feet 

and the lower bed is at 737 feet below the Pittsburg. The sandstone, 

Number 11, is in the Pottsville. The notable change is in the appear- 

ance of the sandstone Number 7, which is almost wanting at the east in 

the sections near Flemington and at Webster. ‘Ten miles west of south 

from Clarksburg no sandstone appears until 750 feet below the Pittsburg, 

where the Pottsville begins. The only coal bed recorded is at 600, which 

can hardly be correlated. In the northwest corner of the county, 9 or 10 

miles southwest from Mannington, no coal is reported; a sandstone 110 

feet thick begins at 492 feet below the Pittsburg, cutting out the Free- 

port coal horizons, and another begins at 702, which continues into the 
Pottsville. At Browns mills, 4 miles southwest and 8 miles northwest 

from Clarksburg, the upper sandstone is present, ending at 592, but 

below it are only “slate and shells” for 300 feet. Cherry Cainp is 7 miles 

*1I. C. White: Geology of West Virginia; Tyler, vol. ia; pp, 242, 248, 258, 256, 266; 

vol, ii, p. 391; Pleasants, vol, ia, pp. 269, 270-271, 273-274, 
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south from Browns mills and 10 miles west from Clarksburg. The only 

sandstone recorded there is 80 feet thick and begins at 642 feet below the 

Pittsburg. It is clearly the lower part of the sandstone at Clarksburg, 

which ends at 715 feet. The first sandstone in the Pottsville is at 822 

feet below the Pittsburg. 
Doddridge county, west from Harrison, is southeast from Tyler. In 

the northeast corner, near Center Point, 10 miles west from Browns 

mills, in Harrison, and 10 miles south from Smithfield, in Wetzel, a de- 

tailed record shows no trace of coal, but a sandstone 150 feet thick begins 

at 615 feet and ends at 765, so passing beyond the Brookville horizon. 

No trace of coal is noted in any record within northern Doddridge; even 

black shale seems to be wholly absent. Sandstone is unimportant for the 

most part near the Harrison border and equally so on the Tyler border. 

The records are dreary lists of slate and “limestone.” 

Long Run is 10 miles south from Center Point and 8 miles west from 

Cherry Camp. A coal bed is here at 652 feet below the Pittsburg, a Kit- 

tanning horizon, and a sandstone 45 feet thick begins at 688; it is sepa- 

rated by 10 feet of shale from another sandstone beginning at 743 feet. 

The intervening shale is at the Brookville horizon. A higher sandstone, 

544 to 589, represents the Butler interval. In southern Doddridge the 

sands vary greatly, but that above the place of the Brookville is usually 

represented to some extent. Coals are absent from both Allegheny and 

Conemaugh in this portion of the county, but it is possible that a 4-foot 

coal bed at 15 feet above the “Salt sand,’ in the southwest corner, may 

be the Brookville.* 

Ritchie county, west from Doddridge, is south from Tyler and 

Pleasants. 

The Pittsburg coal bed is of uncertain occurrence in most of this 

county, being recognized only in the eastern portion, where, however, it 

is wanting in many places. Its horizon can be fixed very closely by 

means of the Logan (‘“‘Big Injun”) sandstone below and the Washington 

“coal bed above in the Dunkard formation. 
_ At Tollgate, on the eastern edge of the county, a sandstone at the 

Butler horizon is from 480 to 545 feet below the Pittsburg, the Mahon- 

ing sandstone ending at 470 feet. Shales only are below into the Potts- 

ville and no trace of coal is recorded. One mile west a sandstone is re- 

ported as beginning at 691 feet and continuing into the Pottsville. At 

10 miles west, in the Whiskey Run district, several detailed records are 

available, one of which shows the Pittsburg coal bed. The Mahoning 

* Geology of West Virginia: Harrison, vol. i, pp. 248, 251; vol. ia, pp. 317-318, 328- 

329, 335. 
X1III—BuLL, Grou. Soc, AM., Vou. 17, 1905 
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interval is filled with red shale which extends downward into the Alle- 

gheny, ending at 565 feet. No sandstone is here, but a coal bed is re- 

ported at 755 feet below the Pittsburg, which seems to be too low for the 

Brookville, as that coal is at 737 feet in Harrison county far toward the 

east. Near Harrisonville, about 9 miles south from the Whiskey Run 

wells, a sandstone 105 to 95 feet thick begins at 585 feet below the as- 

sumed place of the Pittsburg, and in a well north from the village a great 

mass of red rock ends at 470, reaching possibly into the Allegheny. 

In the eastern part of the county, south from the Baltimore and Ohio 

railroad, the sandstones are more distinct, the bottom of the Mahoning 

being at 461 to 501 feet below the Pittsburg. ‘The first sandstone of the 
Allegheny begins at 572 to 597 and ends at 603 to 673 feet, while a lower 

sandstone begins at 719 and is continuous into the Pottsville, if, indeed, 

it be not wholly in the Pottsville; but a well shows only sandstone from 
596 to 946 and another from 600 to 1,090 feet, showing the condition 

already observed locally in other counties. No Allegheny coals are re- 

ported in any of the wells within the eastern part of the county. In the 

western part of the county the sandstones are less important, most of the 

records showing only shales below the Mahoning to many feet down in: 

the Pottsville; but on the Wood County border a sandstone appears in the 

lower part of the section, extending from 645 to 720 feet helow the Pitts- 

burg. Near Cairo red shale is present in the upper part of the Allegheny, 

one well showing a bed of 15 feet at 513 and another showing 13 feet 

at 524 feet below the Pittsburg. On the western border the top of the 

Pottsville is approximately 735 feet below the Pittsburg, and there is no 

evidence of coal in the Allegheny formation. 

Wood county, west from Ritchie, Wirt, and Pleasants, adjoins Wash- 

ington and Meigs counties of Ohio. ‘The Pittsburg coal bed can not be 

cecognized with certainty and the varying thickness of the Pottsville and 
Lower Carboniferous render the “Big Lime” a not altogether satis 

factory guide. It is best to begin at the north, where the section is clear 

in its connection with Ohio. 

At Marietta, in Washington county, Ohio, the Brookville is 830 feet 

above the Berea grit; at Parkersburg, in Wood county, West Virginia, it~ 

is 843—a very close agreement in view of the fact that the measurements 

were made by cable and not by steel tape. No other trace of coal appears 

at Parkersburg. At this place the Brookville is 275 feet below the top 

of a sandstone, whose upper portion is in the Mahoning interval, this 

top being 1,125 feet above the Berea. At the Hendershot well, in northern 

Wood, about 11 miles south from Marietta and 5 or 6 miles east from 

Parkersburg, the top of this sandstone is 1,111 feet above the Berea. The 
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top of the “Salt sand” at Marietta is 805 feet above the Berea, but at 
Hendershot the sandstone extends upward to 916 feet, cutting out the 

Brookville horizon. Southward the “Big Lime” appears and the Logan 

thickens, so that the intervals to the Berea are increased nearly 200 feet. 

The Mahoning sandstone ends at 465 feet below the place of the Pitts- 

burg coal bed and only shales are present below to 841 feet, where the 

first great sandstone of the Pottsville is reached. No trace of the Brook- 

ville or other coal is here, but three red beds, 25, 40, and 25 feet re- 

spectively, are in the Allegheny, the bottom of the lowest being 650 feet 

below the assumed place of the Pittsburg. It is possible that the place 

of that coal bed has been placed too high, and that it may belong 50 

feet lower, within a great mass of red shale, in which case the first of the 

red beds would be in the Conemaugh. At a little distance west a deep 

well shows sandstone 110 feet beginning at 553, and the “Salt sand” 

begins at 1,020, with an intermediate sand at 713 feet; this is at the 

top of the Pottsville, and the higher sandstone is one which in part or in 

whole is followed readily in much of Ohio as occupying the middle of 

the Allegheny.* 

Returning to the east, the section may be traced across the remaining 

counties to the Kanawha river and the Chesapeake and Ohio railroad. 

At Vadis, on the Lewis-Gilmer line, a detailed section shows the Ma- 

honing sandstone ending at 490 feet below the Pittsburg and only shales 

thence to 715 feet, where begins a sandstone 83 feet thick and evidently 

in the Pottsville. The condition is as in Harrison county, 15 miles 

northwest. Five miles southwest, near roy, in Gilmer county, the same 

condition appears, except that the sandstone in the Pottsville begins at 

748 feet. At Glenville, 10 miles southwest from Vadis, the Mahoning 

ends at 534 and sandstone 80 feet thick begins at 660 feet, reaching into 

the Pottsville. Near Stouts mills, 8 miles southeast from Glenville, on 

the Braxton border, the succession is practically all sandstone from 549 

to 949 feet below the Pittsburg, there being only two interruptions, one 

of 25 feet at 614 and one of 3 feet at 774, the last being a coal bed which 

is too low for the Brookville; but at 2 miles northward shale is present 
for 110 feet above the sandstone at 777 feet, while above the shale is a 

continuous sandstone into the Conemaugh. Three or four miles east 

in Braxton county there are only two thin sandstones in the Allegheny, 
and a coal bed in the upper part is very near the Lower Freeport horizon. 

At Stumptown, 12 miles southwest from Stouts mills, the lower half 

of the Allegheny is sandstone, extending to 715 feet below the Pitts- 

* Geology of West Virginia: Ritchie, vol. i, p. 318; vol. ia, pp. 410, 412-4138, 415, 

417-419, 420-422, 425-426, 431, 433-435, 439-440; Wood, vol. 1, pp. 285, 287, 294-297, 
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burg, very near the place of the Brookville coal bed. In southern Gilmer 

a record at Rosedale shows almost no sandstone. At Tanner, 8 miles 

west from Glenville, the sandstone seen at the latter place is only 68 
feet thick and is divided midway by 23 feet of shale. 

Calhoun county is west from Gilmer. The records here are somewhat 

indefinite, as the Pittsburg is wanting. ‘Two records in the northern 

part of the county show a sandstone, 40 feet in one, 28 feet in the other, 

which belongs to the interval of that seen at Glenville 660 feet below the 

Pittsburg. A lower sandstone beginning at 674 feet is in the Pottsville.* 

Wirt county, southwest from Ritchie and northwest from Calhoun, is 

east from Wood. | 

The Cowrun anticline of Washington county, Ohio, passes across the 

eastern side of Wirt and brings up the Ames limestone, which is ex- 

posed frequently near Burning Springs. ‘The Pittsburg coal bed is rarely 

present either in exposed sections or in well records, but a record on the 

east side and another on the west side show that bed and afford means 

of comparison. ‘Two records in detail near Burning Springs are referahle 

to the Ames limestone, which in the Cowrun area of Ohio is about 240 

feet below the Pittsburg coal bed and 150 feet above the Upper Free- 
port, but the lower interval increases eastwardly. 

In the wells within the Burning Springs area a sandstone persists 44 

to 71 feet thick and beginning at 682 to 687 feet above the “Big Lime.” 

At the Ritchie line, 5 miles east, a sandstone 60 feet thick begins at 725 

feet above that limestone and is 553 feet below the Pittsburg. The 

sandstone at Burning Springs is 269 feet below the Ames limestone, so 

that limestone, if the relations to the “Big Lime” be the same as at the 

Ritchie border, would be 311 feet below the Pittsburg, which is highly 

improbable. It is better to regard the lower portion of the section as 

thinning westward and to accept 725 at the Ritchie border as equivalent 

to 686 at Burning Springs. On this basis one may place the coals recorded 

in one of the wells thus: | 

1. 188 feet below the Ames.... 472 feet below the Pittsburg 
DD 290 66 66 66 66 ae te 574 66 66 6é 6é 

2 358 66 66 66 66 ae yale 642 66 66 66 eé 

4. 409 66 be 66 66 Rie et 693 ce 66 6é 66 

5. 510 66 6é 66 66 pag tes 794 66 66 66 ee. 

6. 546 66 6s 66 66 Bch sae 830 6é 66 i 6é “6 

The error is very slight; numbers 1 and 4 are very near to where one 

should expect the Upper Freeport and the Brookville. In Wood county 

* Geology of West Virginia: Gilmer, vol. i, pp. 257-258, 260; vol. ia, pp. 378, 380, 

383-384, 386; Calhoun, vol. ia, p. 396; vol. ii, p. 395, 
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the interval from Pittsburg to Brookville is about 700 feet and in Cabell, 

on the Ohio, it is 680 feet. The Freeport sandstone, 50 feet or more in 

thickness, is hard and in part pebbly, at times reaching below the second 

coal bed. The third bed is near the place of the Lower Kittanning and 

the two beds at the bottom are in the Pottsville. 
Hight or 10 miles north from Burning Springs, Stevenson measured 

the following section: 
. Feet 

MSE AMVM SEO STONE: |zleoe ocho sialnia > oa % 6 Gta piel ele 'end #0 5 20 

dry A BECO |S] ING HS se he Rl A a ch gv A 105 

Seay dalllivey SAMO SHOMON Asya cne tele Snes ete ay oal eo eere ol elere Cae alele 30 

AEE CeS ALO GEe. oman tere ohare ete eR aed eae eae. K Sate ay) 

5. Sandstone, shaly* tO MaSSivesiiacccds seacscvdcies 65 

(Fey LOLOVETE Bak Se. 5 ts EP RC REE Ee ee PnP M oan er ee Prd One i hOn mlz, 

7. Shale with nodular limestone ...............6- 9 

(Syd. 81) EI Rates AE UE ieee nae ey tea ae A Si ec 3 

fOs2Coal bed PUpper Kreeport] : i250 sb on oe eed ees 1 

tie Shalevand sandstome 4)... dele dekeiesel case wee 120 

The Ames limestone should be in the lower part of the upper red 
shale, which is in the place of the “Big Red” of Washington county, Ohio, 

but it was not observed. The black shale overlying the coal is rich in 

fossils similar to those obtained by the writer 35 years ago trom shales 

overlying the Upper Freeport near Morgantown. The coal is evidently 

the Upper Freeport and the sandstone is in the Mahoning interval. The 

presence of the chert in this position accompanied by the fossiliferous 

shales was regarded by Stevenson as proving the identity of the Upper 

Freeport with the Stockton of the Kanawha region. 
Roane county is south from Wirt and west from Calhoun. The Pitts- 

burg coal bed can not be identified with certainty, but at Spencer, 15 

miles south from Burning Springs, the Washington coal bed of the 

Dunkard formation is present in the hills. The place of the Pittsburg 

is taken to be 474 feet below this coal bed on top of a sandstone 38 feet 

thick. In Ritchie county the interval is 494 feet. 
Three sandstones are recorded at Spencer; the first, beginning at 470 

feet below the assumed place of the Pittsburg, is 130 feet thick and 30 
feet above a second, which is 20 feet thick. The third begins at 718 
and is in the Pottsville. No trace of coal is here, but black slate at 660 

to 688 feet below the Pittsburg may hold the carbonaceous material of 

the Brookville horizon. These sandstones are recognizable in wells 6 and 

10 miles southeast from Spencer, in one 6 miles east and in that on 

Yellow creek, though of course, like all sandstones, they vary greatly 

in thickness and so in the upper and lower boundaries. In the well 6 
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miles east the upper sandstone begins at 70 feet lower than at Spencer 

and underlies 90 feet of red rock, most of which belongs in the Alle- 

gheny. A coal bed 2 feet thick is here, which, according to the relations 

assumed at Spencer, should be 558 feet below the Pittsburg. The record 

shows a coal bed 4 feet thick at 550 feet above it, which may be the 
Pittsburg coal bed. At 25 miles southeast from Spencer and 10 miles 
northwest from Clay Courthouse, a great sandstone occurs, practically 

continuous for 335 feet, being broken by only three shale beds in all 30 

feet thick. This is evidently the mass termed by Mr Campbell the 

Charleston, which in its lower portion is Allegheny and in its upper 

Conemaugh. : 

In Jackson county, west from Roane and Wirt and south form Wood, 

the records can not be interpreted by the writer. Mason county is west 

from Jackson and adjoins Meigs and Gallia of Ohio. On the eastern 

border, which is 10 miles southeast from Pomeroy, Ohio, the Mahoning 

sandstone ends at 465 and the first. Pottsville sandstone is at 685 feet 

below the Pittsburg coal bed. The Allegheny, about 200 feet thick, con- 

tains two sandstones 85 and 50 feet thick, but no trace of coal. Twelve 

miles southwest, on the Ohio river opposite Gallipolis, a coal bed is present 

at 422 feet, a sandstone 67 feet thick begins at 532 feet, and a coal bed 

ends at 669 feet below the Pittsburg, resting on a great double sandstone, 
413 feet thick, extending to within 45 feet of the “Big Lime.” The bot- 

tom coal bed is at the Brookville horizon, but the relations of the upper 

bed are uncertain. 

In Putnam county, southeast from Mason, one has at Winfield, 27 

miles southeast from Gallipolis, the complete record reported by Mr 

Campbell and Doctor White. A sandstone 70 feet thick begins at about 
540 feet below the Pittsburg and rests on slate and coal 20 feet, reaching 

to sandstone beginning at 629 and ending at 735 feet below the Pitts- 
burg. These sandstones represent the lower portion of the mass seen 

near Charleston, the upper portion being replaced in great part by shale. 

The Brookville coal bed is not noted in the record, but it belongs not 

far from the bottom of the sandstone, for at lock number 6, 20 miles 

southeast from Winfield and 5 miles northwest from Charleston, it is 

about 750 feet below the Pittsburg and underlies a sandstone, 405 feet 
thick, extending almost 200 feet into the Conemaugh. In a boring about 

12 miles southwest from Winfield a coal bed is reported at 750 feet above 

the “Big Lime” underlying a sandstone, 105 feet thick, with no higher 

sandstone within 300 feet. This may be the Brookville, whose place at 

* Geology of West Virginia: Wirt, vol. i, p. 262 ; vol. ia, pp. 464-465, 467-468 ; Roane, 

vol. i, pp. 264, 268; vol. ia, pp. 470, 472; vol. ii, pp. 398-399. 

J. J. Stevenson: Proc. Am, Phil. Soc., 1875, vol. xiv, p. 395. 
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Winfield is somewhat less. It is evident that the sandstone of the Ka- 

nawha region is becoming replaced by shale. 

Cabell adjoins Putnam at the west and.reaches to the Ohio river oppo- 

site Lawrence county of Ohio. In the absence of surface measurements, it 

is difficult to interpret the well records in the eastern part of the county, 

but on the west side, at Central City, is a record directly referable to the 

Pittsburg coal bed, which is mined in hills overlooking the river only 10 

or 12 miles away from its outcrop on Greasy ridge, within Ohio. There 

the Brookville horizon is marked by 10 feet of black shale ending at 680 

feet below the Pittsburg coal bed and underlying a double sandstone in 

all 105 feet, but divided midway by 50 feet of shale. This represents the 

lower part of the mass at Charleston. At Greenbottom, on the Ohio near 

the northern edge of the county, a coal bed is recorded at 832 feet above 
the “Big Lime.” At Central City the Brookville is 630 feet and at Gal- 

lipolis, 15 miles northwest from Greenbottom, 458 feet above that 

limestone. The coal bed at Greenbottom must be at least 250 feet above 

the place of the Brookville and therefore in the Conemaugh.* 

Beyond the Kanawha river the massive sandstones of the Allegheny 

have resisted erosion, so that they cap the high hills of western Fayette, 

northwestern Raleigh, northwestern Wyoming, and probably enter 

Buchanan county of Virginia. One should expect to find the formation 

in Pike county of Kentucky. The rocks fall toward the northwest, and 

the Upper Freeport (Mason) and Brookville (Stockton-Lewiston) coal 

beds have been followed with more or less certainty across the counties 
of Boone, Fayette, Lincoln, Wayne, Logan, and Mingo to the Kentucky 

line; but the relations of the coal beds are somewhat indefinite, as the 

sandstones are variable, limestone is wanting, and the Black Flint dis- 

appears very quickly beyond the Kanawha river. Much work has been 

done within this area, but the seetion has not been carried in detail, so 

that the more or less tentative correlations by the several observers are 

not wholly in accord. 
Mr d@’Invilliers obtained a measurement in northern Raleigh, on Marsh 

fork of Coal river, about 25 miles southwest from the mouth of Gauley 

river: 
Feet. Inches 

fT: "Gaal bed: 2... 2. Pe Male “ali g erairaie anes Oral ah Beare ane e ra ave 7 4 

PPINBUCTSViD eta Sse thateke olde oe sa wanalal eheratertend ae aah a 0 

Sp Clee DOUG ot Sees a oa S:¥! aed aah a Me ee ara ene e 3 8 

AP ea NTH RITE NGA oss chew ol cgay ie,sdirs, <s0i'G onic -0''a, wal ol ohed sea aNe tee ek area 126 0 

* Geology of West Virginia: Mason, vol. i, pp. 281-282; vol. ii, p. 412; Putnam, vol. ii, 

pp. 401-402, 483; Cabell, vol. i, p. 275; vol. ia, pp. 484, 488, 490-494. 

M. R. Campbell: U. S, Geol. Survey folios, Charleston, p. 3; Huntingdon, p. 3. 
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Feet. Inches 

By OOM MOCG. Messier aie ccsevateva ei 1Gls Wie 1a.-« om tay dlterdl nota een eter Mey) 11 

Ge NCEE Vall eon woe eure oe Tee OG esate wt Migieee Reese Bos et ate takers 141 0 

(a GUCWISEORCEO AIOE G 17 Bi. file ee tal bias a arg coke fe ete era 5 10 

Se TAS PRES cope is, sudi-a ie der oie te. elle tome mnetlelia ge Ce enrete eran aa 123 0 

Oi Oa) WC nieces ooo aides ol ane ete uch fn gickatan aes as 8 

BE GY SMT GTOS TENA ions fable aise: aa veo: cm) igs a ahs w hie tana ae ere eee ee ee ee 184 0 

mal MWankirede: Coal DEO a )ehe'6 cies bat siete ote bin Sucre eunuetets + ) 

The identification of the Lewiston and Winifrede beds is taken by Mr 

d’Invilliers to be correct, but the relations of the other beds are very un- 

certain. The intervals seem to suggest that coals numbers 1 and 3 belong | 

to the Conemaugh. No measurements are available for 18 miles down 

the river, where one finds what appears to be the Brookville-Stockton bed, 

4 feet thick and underlying 155 feet of sandstone and shales. A somewhat 

higher bed was seen by Mr Campbell at 6 miles south from Charleston, 

belonging at the horizon of the Black Flint, while at a little distance away 

is a bed thought by him to be near the place of the North Coalburg. Mr 

Campbell does not find the number 5 Block coal here, though he recog- 
nizes 1t at a short distance eastward. 

In northeastern Lincoln county, on Cobbs creek, a branch of Little 

Coal river, Mr d’Invilliers measured: 
Feet. Inches 

1. Sandstones, shales, and red beds...... 400 0 

ZreCoal Vand ‘Shalev. save tte he clot cote teeters 6 0 
Bs) HAMESTOME “Vhs ae bled Ea Re igh ech oad Oo Atcha Bt) 0 

A WO ail SOM ia! Ssinid ao theres Rueda eles each eras Blossom 

5. Sandstone, fine conglomerate at bottom. 60 0 

6. Coal bed and partings, splint ......... 4 = 

7%. Massive Samdstone <..csui. coe slew © cle 35 to 45 0 

S. ‘Coal, bed, splint, about)... eee ee 4 0 
9. Sandstone... oF6 deka. ace torte 40 0 

NO; MCOAUGDEM. « creiisa deca Bee etic este cane eae toes 3 6 

At 3 or 4 miles. farther down the river, Mr Campbell found three coal 
beds, 54, 30, and 97 inches thick, partings included, separated by inter- 

vals of 120 and 20 feet. He places the lowest coal near the horizon of 
the Black Flint, in this agreeing with Mr d’Invilliers, who is inclined to 

look for the place of the Flint at a little way above his lower splint bed. 

The highest bed in each case is close to the place of the Upper Freeport. 

The Guyandotte flows northwardly across western Lincoln. Mr Camp- 

bell reports an important coal bed in the southern part of the county, com- 

ing up from the river near Sheridan. His measurements and those made 

many years ago by Dr. John Locke show it is about 5 feet at Sheridan, 

but increasing southwardly, so that at one locality it is about 10 feet with- 

out serious partings. Mr Campbell places this at about 70 feet below 
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the top of his Charleston sandstune, so that it seems to be near the 

Upper Freeport horizon. At Sheridan the upper part is cannel. A lower 

bed arises from the river above Sheridan, and at 7 miles from that place is 

115 feet above the river. ‘l'welve miles farther south, on Stone Coal 

branch, in Logan county, Mr d’Invilliers finds a coal bed 5 feet 6 inches 

thick at a little more than 500 feet above the Campbells Creek (Sharon) 

coal bed. This is 712 feet above the river and it may be the same with 

Mr Campbell’s lower bed. The section at Dingess, in Mingo county, makes 

possible that this is at the Brookville horizon. 

Twelve-pole creek flows northwardly through Wayne county, both forks 

rising in Mingo county. Mr Campbell finds the upper horizon in his 

Charleston persistent in the southwest corner of Wayne, where the coal 
was opened at Radnor, Ferguson, and elsewhere, but proved to be worth- 

less. Doctor White states that this bed rises from the creek at a little 

way above Wayne. He describes it as double on Cave creek, where the 

splits are separated by 30 feet of sandstone. This bed, which he corre- 

lated with the Upper Freeport, becomes cannel westwardly from Twelve- 
pole creek and the cannel persists to the Kentucky line. Mr Campbell 

finds another coal bed at 100 feet lower, also poor, and one still lower is 

shown near the Kentucky line. All of these coals are so badly broken by 
partings as to be practically worthless. 

At Dingess, in northern Mingo, Doctor White describes a coal bed 8 

feet 1 inch thick in seven layers of coal and shale and about 480 feet 

above the Warfield (Sharon) coal bed. It is near the place of the Brook- 

ville, for at a few miles west, in Lawrence county of Kentucky, the 

Warfield (Sharon) coal bed is about 680 feet below what appears to be 

the Upper Freeport limestone. The section near Nolan, 10 miles farther 

south, as given by Doctor White, is: 
Feet. Inches 

i. Sandstones and red shale . oe. 0.005 08 66 6d ww ears 290 0 

PE ASOM COMM DCMire is bc ole cicha feist eee elare ral eaten eyausileue sib y 2 1 

3. Concealed and coarse sandstone .............. 60 0 

4. Number 5 Block coal bed, mostly splint ....... 3 GL 

5. Fireclay and mostly coarse sandstone ......... 150 0 

6. Stockton coal bed, splint, with parting ....... 2 0 

One is here on the border and the conditions are very like those ob- 

served along the southeast outcrop northwardly beyond the Kanawha.* 

*E. V. d’Invilliers: Geological report on West Virginia and Ohio railroad line, pp. 

9, 46, 48; map of New river and Kanawha coal field; also personal communication of 

unpublished material. 

B. S. Lyman: Proc. Am. Phil. Soc., vol. xxxiii, pp. 286-288. 

M. R. Campbell: Charleston folio, pp. 6, 7, 8; Huntingdon folio, pp. 4, 5, 6. 

I. C. White: West Virginia Survey, vol. ii, pp. 376-877, 541-543. 
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CONEMAUGH FORMATION 

CORRELATION 

The southern limit of the Conemaugh can not be determined in the 

present state of our knowledge, but there seems to be little room for 

doubt that the lower members of the formation are present as far south 

as Pike county of Kentucky, southwest from Mingo county of West 

‘Virginia. Owing to the absence of any beds of coal, limestone, or iron 

ore possessing economic value in any considerable area, the Conemaugh 

has been regarded as “barren,” but its coal and some other horizons 

prove to be quite as persistent as those of the other formations and its 

variations are quite as interesting as those of the Pottsville. The interval 

‘between the Upper Freeport and the Pittsburg coal bed decreases west- 

ward from about 600 feet along the northerly outcrop in Pennsylvania 

to about 300 feet along the western outcrop in Ohio and to somewhat less 

in Kentucky, if one may draw conclusion from the portion remaining in 

that state. 

The noteworthy horizons in the Conemaugh are numerous, but, owing 

to abrupt variations in character and thickness of the detrital beds, there 

has been some confusion respecting the relations. The succession in de- 

scending order is: 

Little Pittsburg limestone. 

Little Pittsburg coal bed. 

Little Clarksburg coal bed. 

Morgantown sandstone. 

Elk Lick coal bed. 

Washington reds. 

Ames limestone. 

Harlem coal bed. 
Pittsburg reds. 

Barton coal bed. 

Cowrun sandstone. 

Anderson coal bed. 

Cambridge limestone. 

Buffalo sandstone. ° 

Brush Creek limestone. 

Brush Creek coal bed. 

Upper Mahoning sandstone. 

Gallitzin coal bed. 

Mahoning limestone. 

Lower Mahoning sandstone. 

Uffington shales. 

The Pittsburg limestone of H. D. Rogers consists of one or more beds 

within an interval of about 25 feet below the Pittsburg coal bed, the 
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higher one often almost directly under that coal. Sometimes these lime- 

stones are brecciated and they frequently contain minute univalves, whose 

relations have not been determined. | 

The Little Pittsburg coal bed of H. D. Rogers refers to a horizon 

rather than to a single coal bed. At varying intervals down to 50 feet 

below the Pittsburg coal bed, one or at times two coal beds are seen, 

usually thin, but occasionally, as in the case of the Jeffers (H. B. 

Andrews) in southern Ohio and possibly in western Maryland, attaining 

local importance. Non-fossiliferous limestone is present in some localities 

associated with the coal. 

The Little Clarksburg coal bed of I. C. White, frequently accompanied 

by a limestone, is a well marked horizon at 100 to 130 feet below the 

Pittsburg; but it is confined to southern Pennsylvania and northern 

West Virginia, being unrecognizable at any considerable distance west 

from Chestnut hill, in the former state. Like many other coal beds, its 

only representative at times is a black shale containing fragmentary re- 

mains of fishes. 

The Elk Lick coal bed of J. P. Lesley (Barton of Pennsylvania reports 

L and K) is an important bed at the type locality in Somerset county of 

Pennsylvania. The horizon is marked by a thin coal bed at many locali- 

ties in Pennsylvania and northern West Virginia, while in Ohio it oftens 

carries thin coal or black shale. Its place is well defined on the east side 

of the basin, as it underlies the rather persistent Morgantown sandstone. 

On Elk creek it overlies the Elk Lick limestone, but that bed is uncertain 

elsewhere, having been observed very rarely outside of Somerset county. 

The Ames limestone of EK. B. Andrews (Crinoidal of northern Ohio. 

Green Fossiliferous and Crinoidal of Pennsylvania) is one of the most 

persistent and in some respects the most remarkable horizon in the 

Conemaugh. It is wanting, or perhaps not recognized, in the northern 

portion of the first and second bituminous basins of Pennsylvania, but is 

present in the southern portions of those basins in Pennsylvania, Mary- 

land, and West Virginia. Though thin, seldom more than 6 and often 

less than 3 feet thick, it has been followed in exposed sections from 

Barbour county of West Virginia along the eastern and northern outcrops 

in Maryland and Pennsylvania into Ohio, where it persists along the 

western outcrop to the last exposure of its place near the Kentucky line; 

and in this last state it may be the fourth fossiliferous limestone of 

Professor Crandall’s sections, which is present certainly as far south as 
the middle of Lawrence county. Southward from Barbour county of West 
Virginia, along the eastern outcrop, it has not been reported, but Doctor 

White has identified it with the Two-mile hmestone near Charleston, a 
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fresh-water limestone associated with deep red shales.. Whether or not it 

is present in the central counties of the state, where its place is deeply 
buried, can not be determined, as the oil-well records can not be depended 

on for recognition of thin limestones; but it is certainly present under 

the Cowrun anticline along the central part of the basin in Washington 

county of Ohio, Pleasants, Wirt, and Ritchie of West Virginia and it is 

also present in northern Wayne of the latter state, near the Kentucky 

line. The color is usually greenish, but often masked by iron stain, and 

the percentage of silica is often large, though the bed is reported as 

cherty at no place where the indentification is complete. The fourth 

limestone is cherty in Lawrence county of Kentucky, where one is near 

its place of disappearance, for at a few miles farther it is represented by 

only a green calcareous sandstone. The Ames lhmestone carries a marine - 

fauna at all localities where it has been recognized certainly. In northern 

West Virginia, for 30 to 40 miles southward from the Pennsylvania line, 

fossiliferous shales of considerable thickness underlie the Ames, which 

is the highest horizon in the Appalachian basin at which marine life 
flourished. 

The Harlem coal bed of J. 8. Newberry (7%) of northern Ohio, Cri- 

noidal of Pennsylvania, Friendsville of Maryland) is not so persistent as 

the Ames limestone, but is present at nearly all localities in Ohio where 

its place is exposed, is reported frequently along the northern outcrop 

in Pennsylvania, but more rarely along the eastern outcrop, though the 

horizon is marked by thin coal or black shale at many localities apparently 

as far south as Upshur county of West Virginia. Many oil records note 

it as coal or black shale and it is present as a coal bed under the Cow- 

run anticline in Washington of Ohio and Wirt of West Virginia. It may 

be the Coal 12 of Kentucky. Usually it is very thin, but occasionally, as 

at the type locality in Carroll county of Ohio, it is of workable thickness. 

For long distances it underlies the Ames limestone directly and it is 

known as the “Fossil coal” at two widely separated localities, one in Ohio, 

on the northwestern outcrop, and the other in central West Virginia. 

At both the upper part of the bed contains fine specimens of mollusca 

characterizing the overlying limestone. 

The Barton coal bed of P. T. Tyson (Bakerstown of Pennsylvania 

and Maryland, not Barton of Lesley and Stevenson, which is Elk Lick) 

is a well marked horizon a little above midway between the Ames and 

Cambridge limestones and above the Cowrun sandstone. Coal is at this 

place in western Maryland and in most of the counties in western 

Pennsylvania, but it is rare in Ohio. It may be represented by the 

Patriot (HE. M. Lovejoy) and Slate (H. McMillin) coals of southern Ohio, 
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but it seems to be wanting in Kentucky, though it may be represented by 

Coal 12. The Barton coal is rarely of economic importance. 
The Anderson coal bed of EH. B. Andrews (Norwich of northern 

Guernsey, Ohio) has been taken for the Barton (Bakerstown) in some 

portions of Pennsylvania and West Virginia. It seems to be wanting on 

the east side of the basin, the most easterly locality being in southern 

Butler of Pennsylvania; thence to the Ohio line it is utterly insignificant. 

It becomes distinct in Brooke county of northern West Virginia, whence 

through Ohio it is persistent into Kentucky, where it is the Coal 11. It 

is a few inches to 15 feet above the Cambridge hmestone in Ohio, but 

the interval increases to between 30 and 40 feet in Kentucky. The bed is 

of economic value in only a small area within central Ohio. 

The Cambridge limestone of E. B. Andrews (Pine creek of western 

Pennsylvania) is probably the same with a limestone at about 50 feet 

below the Ames in the second bituminous basin of Pennsylvania as well as 

in northern West Virginia just west from Chestnut hill and in western 

Maryland; but it is first clearly recognizable along the northern outcrop 

in Armstrong county of Pennsylvania, where in many respects it re- 

sembles the Ames. Its occurrence as far as Beaver county is a little irregu- 
lar, but thence along the western outcrop through Ohio into Kentucky it 

is as persistent as the Ames. The interval between these limestones varies 

from 90 to 130 feet along the northern and western outcrops. The 

Cambridge limestone is present at the southwest corner of West Virginia, 
but it seems to be wanting under the Cowrun anticline, even in Wash- 

ington county of Ohio. It is persistent only on the west side of the 

basin, the occurrence on the east side being very irregular. The bed is 

much more variable than the Ames. In Pennsylvania the color is from 

dark to gray; in northern Ohio from gray to blue and often weathers 

buff; while farther south it is a dark limestone associated with dark 

shales; yet in some portions of southern Ohio it is the “White fossilifer- 

ous” limestone. In Noble county of Ohio a new limestone appears di- 

rectly over the Anderson coal bed, and thence southward there are two 

Cambridge limestones, 10 to 30 feet apart, designated as Upper and Lower 

by Professor Edward Orton, one or the other being absent at times for 

several miles. The Lower is the Cambridge limestone proper, equivalent 

to Doctor I. C. White’s Pine creek. Unlke the Ames, both beds tend 

to be cherty toward the south. In Kentucky the interval between the 

Cambridge limestones increases to about 50 feet, with the Anderson at 

about one-third of distance below the Upper. This limestone carries a rich 

marine fauna in Ohio and western Pennsylvania, as also in West Vir- 

ginia at many places north from the Baltimore and Ohio railroad and 
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in western Maryland; but no fossils were seen in the second basin within 

Pennsylvania. 

The Brush Creek limestone of I. C. White (not Brush Creek limestone 

of Ohio, volume v), separated from the Cambridge in its type area by 

the Buffalo interval of 30 to 60 feet, is the Black Fossiliferous limestone 

of the Pennsylvania reports; it is widely distributed in Pennsylvania, 

Maryland, and northern West Virginia, but it quickly disappears west- 

ward in Ohio and is wanting in the greater part of that state as well as 

in Kentucky. Professor Newberry found it occasionally in Columbiana 

county of Ohio and Professor Orton discovered it at one locality in 

Guernsey county, 40 or 50 miles toward the southwest. Originally it may 

have been continuous between these localities and may have been re- 

moved during deposit of the coarse overlying rock. The limestone is 

dark, sometimes nodular, carries an abundant marine fauna, and is asso- 

ciated commonly with black fossiliferous shales. 

The Brush Creek coal bed of I. C. White (in Pennsylvania, Dudley of 

Broad Top, Rose of Somerset; Groff and 7 of northern Ohio, Brush creek 

of southern Ohio; Masontown and Mason in northern West Virginia) 

is even more persistent than the Harlem around the border of the basin. 

It has been recognized in Broad Top, in Maryland, in northern West 

Virginia, in all of the counties of Pennsylvania where its place is ex- 

posed, and it seems to be equally persistent in Ohio; but it seems to be 

wanting under the Cowrun anticline and it can not be recognized in 

the oil-well records. Mr McMillin’s section in Lawrence county of Ohio 

shows the bed double, with the splits 24 feet apart. This coal bed can not 

be recognized in the sections of northern Kentucky. Coal 10 of Professor. 

HK. R. Crandall underlies the Lower Cambridge directly; it rests on the 

Buffalo sandstone and is very thin. The horizon is a new one, of which 

no trace appears in the Ohio sections. At one locality only is there any 

trace of coal at the Brush creek horizon; that is in southeast Carter 

county certainly 23 miles from the Ohio and on the extreme western 

outcrop. 

Little reference has been made to the apparently anomalous section of 

Somerset county within the first bituminous basin of Pennsylvania. There 

the Conemaugh contains a large number of coal beds and limestones, 
some economically important, most of which can not be correlated with 

beds farther west. For the description, the reader is referred to pages 

which follow. Efforts to recognize these beds led to errors in counties 
farther west. The Rose coal bed of Somerset is the Brush creek, and 

above it at a little distance is the Philson, possibly a split from the Rose 
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or perhaps representing at the east a horizon which at one place in 

western Pennsylvania shows a trace. of coal. 

Several sandstones have been recognized and have received names. 

The Connellsville sandstone of J. P. Lesley seems to be fairly per- 

sistent, as sandstones go, along the eastern side in Favette and West- 

moreland counties of Pennsylvania as well as in West Virginia; but 

the name is useful chiefly to designate the interval between the Little 

Pittsburg and Little Clarksburg coal beds. One usually finds some sand- 

stone in this interval, often thick and sometimes conglomerate. The 

Morgantown sandstone of J. J. Stevenson is a more noteworthy deposit 

in the interval between Little Clarksburg and Elk Lick coal beds. This 

is remarkably persistent in the eastern half of the basin, and not infre- 

quently some sandstone is present in this interval at Ohio localities. It 

varies greatly in thickness, at times extending upward as sandstone into 

the Connellsville interval or downward to below the Ames limestone, while 

again the whole interval is occupied by shale. Ordinarily it is moder- 

ately coarse, at times even conglomerate, and usually so well cemented as 

to be a durable building stone. It is the first oil rock of Greene county, 

Pennsylvania. Somewhat lower down is the Cowrun sandstone of the 

Ohio oil-well drillers overlying the Anderson coal bed. It marks the 

interval between the Barton coal bed and the Cambridge limestone. This 

interval frequently shows massive sandstone along the northern outcrop, 

at times continuous with the Buffalo sandstone below. Like all the other 

sandstones, this is variable and often absent. It has been a somewhat 

important oil horizon in Ohio and has yielded some oil in West Virginia, 

where the drillers’ records often note it under the name “Salzburg” 
sandstone. ‘The Buffalo sandstone of I. C. White (Salzburg of Stevenson) 

is in the interval between the Cambridge and Brush Creek limestones. 

The type locality is in southwest. Armstrong county, where the mass is 

60 feet thick and conglomerate. It is persistent along the northern and 

eastern outcrop in Pennsylvania and in West Virginia and a sandstone 

is usually shown in this interval by the oil-well records of the latter state. 

Along the western outcrop in Ohio and in Kentucky this interval usually 
contains more or less of coarse sandstone. 

The Mahoning interval, between the Brush Creek and Upper Freeport 

coal beds, is occupied typically by the Upper and Lower Mahoning sand- 

stones, separated by variable shales, but at times one finds the whole 

interval filled with shale, at others with sandstone. In much of Penn- 

sylvania and West Virginia both sandstone plates are present, but on 

the western side of the basin throughout the upper plate and most of the 

intervening shale disappear, so that the Brush Creek coal bed comes down 
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almost to the Lower Mahoning sandstone. The shale separating the sand- 
stone plates varies greatly in thickness within the first and second bitu- 

minous basins of Pennsylvania as well as for almost 20 miles west from 

Chestnut ridge, in that state, and to this variability are due some of the 

errors in reports upon that area. 

The Gallitzin coal bed of Franklin Platt (Mahoning of western Penn- 

sylvania, not Brush creek of Ohio) is confined to the eastern side of the 

basin and is in the shales overlying the Lower Mahoning. It may be 

single, double, or even quadruple. It overlies the Mahoning limestone 

of I. C. White (not Mahoning limestone of H. D. Rogers), which is 

divided as is the coal bed, so that the Upper Gallitzin coal may be ac- 

companied by an Upper Mahoning limestone. The Upper Gallitzin coal 

bed was mistaken for the Philson of Somerset county by W. G. Platt in 

Indiana and Jefferson counties and by Stevenson in the Ligonier valley, 

for there the shales are so thick that the Upper Gallitzin is as far above 

the Upper Freeport as is the Rose (Brush creek) in Somerset. The 

synonymy is: 

Gallitzin ‘coal eds... . «hs ee ee Speer of Broad Top, Mahoning of western 

Pennsylvania. 

Upper Gallitzin §. sec eck ba Philson of Indiana and Jefferson counties, 

and Ligonier valley of Fayette and West- 

moreland counties. 

The Gallitzin beds disappear in western Pennsylvania along with the 

Upper Mahoning, and the Brush Creek coal bed is let down to the Ma- 

honing limestone, which in volume v of the Ohio reports is referred to 

the Brush Creek limestone. This Mahoning limestone is widely distrib- 

uted either as limestone or calcareous iron ore, but especially along the 
northern and western sides of the basin. 

_ The Lower Mahoning sandstone is more persistent than the Upper. 

It is the Mahoning sandstone of most of the reports on counties west from 

Chestnut hill in Pennsylvania and is the only member present in Ohio 

and Kentucky. It is the “Dunkard” sandstone of most of the well 

records, though the Upper Mahoning appears under the same name in 

many records from the east side of the basin. 

Along the southeastern outcrop within West Virginia the rocks of the 

lower Conemaugh become very coarse, and there is an almost continuous 

mass:of more or less conglomerate sandstone from the bottom of the 

Allegheny, 400 feet being recorded in one well below Charleston. This 

condition disappears for the Conemaugh as for the Allegheny within a 

very few miles toward the northwest; but in some localities, far away from 

the coastline and in the very middle of the basin, one finds sandstone the 
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prevailing rock throughout the section. A similar condition has been 

noted for the Allegheny. 

Underlying the Mahoning and separating it from the Upper Freeport 

coal bed is a shale, the Uffington shale of I. C. White. It is not per- 

sistent, having been removed from wide areas during deposit of the 

overlying sandstone. Near Morgantown, in northern West Virginia, it 

is crowded with marine forms which are abundant even at contact with 

_ the coal; elsewhere except in Upshur and Wirt counties the fauna seems 

to be wanting, but the shales have vielded many plant remains. 

The reappearance of red and green shale much resembling that of the 

Shenango beds of the Lower Carboniferous at the top of the Allegheny 

was noticed on a previous page. In the Conemaugh formation, red shale 

occurs within the Mahoning interval in Gilmer, Ritchie, Calhoun, and 

Wood counties of West Virginia, where some wells show a great thickness, 
the whole interval being filled and the mass being continuous with reds 

above. A bed 25 feet thick in Wetzel county may belong in its lower part 

to the Upper Mahoning, and thin streaks referable to this interval are 

reported in Greene and Washington counties of Pennsylvania. The only 

occurrence in Ohio is a bed 10 feet in Tuscarawas county resting on the 

Lower Mahoning, but this may belong to the next interval above, as the 

Upper Mahoning is not present in Ohio. Practically the reds of the 

Mahoning are confined to the four central counties in West Virginia.: 

Reds of the interval between Mahoning and the Cambridge limestone 

are more widely distributed. They are thick and variable in Ritchie and 

Wood, very thick in Calhoun, less thick in Jackson and Clay, all of them 

in the central area. These reds are found elsewhere in widely separated 

localities—Wetzel, Webster, Brooke, and Ohio of West Virginia; Cambria, 

Indiana, and Westmoreland of Pennsylvania, and occasionally in the 

Hocking valley of Ohio. The distribution in this interval is certainly 

much wider than in the Mahoning interval, but away from the central 

area in West Virginia their occurrence is very irregular and for the most 

part the beds are very thin; but in the next interval, between the 

Cambridge and Ames limestones, one finds a great expansion. Imme- 

diately below the Ames or, if present, the Harlem coal bed is the mass 

termed by Doctor White the Pittsburg reds, which is so widespread that 

it deserves to be ranked with the most persistent beds of other types. In 

the central area—Lewis, Gilmer, Roane, Ritchie, and Jackson of West 

Virginia—the Pittsburg reds are very thick and at times continuous with 

the Washington reds above the Ames limestone, while in several of those. 

counties there are still lower beds within this interval. In Calhoun and 

Wood counties the Pittsburg reds are less important than in the other 
X1V—BULL, GrEoL, Soc, AM., VOL. 17. 1905 | 
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mentioned, but the beds are thick in southeast Washington and portions 

of Meigs and Gallia of Ohio and they seem to be present in Boyd of 

Kentucky. Apparently, however, they are absent in Lawrence of that 

state, as they are not shown in any of Professor Crandall’s numerous 

sections. Along the western outcrop in Ohio the reds of this interval are 

wanting or very thin until one approaches the northern border in Jeffer- 

son and Columbiana counties, where Newberry reports 50 feet. hey are 

somewhat irregular along the northern outcrop and in the first bitu- 

minous basin are rarely seen, and when present are very thin, but they 

are present and well marked in most of the counties west from Chestnut 

hill. They seem to be wanting in the northeast corner of the West Vir- 

ginia field, but are rarely wanting in the northern counties of that State. 

Reds of all horizons are practically absent from the first bituminous basin 

of Pennsylvania and are insignificant in the second. 

Immediately above the Ames is another deposit, known to the Ohio 

drillers as the “Big Red,” which may receive as a geographical designa- 

tion the name Washington reds, its stratigraphical importance having 

been recognized first in Washington county of Ohio. In the central area— 

in Lewis, Gilmer, Ritchie, and central Roane of West Virginia—the mass 

is thick, at times apparently continuous with the Pittsburg reds below 

and not rarely extending upward: into the Morgantown interval. Away 
from this area, eastwardly and northwardly, it is irregular; it seems to 

be wanting along the eastern outcrop, is indefinite northwestwardly to- 

ward the Panhandle, but is well marked in Marion and Monongalia 

counties, one well showing it evidently continuous with the Pittsburg 

reds and another showing it extending into the Morgantown interval. 

It is reported in one Washington County well, but elsewhere in Penn- 

sylvania it seems to be wanting except in northern Allegheny. West from 

the area of greatest development it is not reported in the wells of Wood 

and Jackson, but in Pleasants, north from Wood, it is thick, while in 

Washington of Ohio, adjoining Pleasants of West Virginia, it is’ from 

74 to 100 feet thick; thence westwardly and southwestwardly it is thin 

and irregular, but northwestwardly it persists into Muskingum county, 

where it is usually thin, though 60 feet thick at one locality; thence 
northwardly it is evidently absent. 

The interval between the Morgantown sandstone and the Pittsburg 

coal bed frequently shows red beds, but these are extremely irregular in 

thickness and distribution. They occur especially within the central area, 

already referred to, where sometimes they are continuous with the Wash- 

ington, while in many wells within Ritchie, Calhoun, Roane, and Jack- 

son the reds of this interval are almost or altogether continuous with a 
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higher horizon which, notably in Wood of West Virginia and Washington 

of Ohio, extends well up into the Monongahela: but in probably by far 

the greater portion of the Conemaugh area red beds are wholly absent 

above the Morgantown sandstone. 

The horizontal expansion of the reds reached its maximum during the 

interval between the Cambridge and Ames limestones, reaching then even 

to the southeastern outcrop, as it exists today; thenceforward the area. 

constantly decreased until toward the close of the Conemaugh it included 

only the several counties of West Virginia spoken of as the central area. 

The conditions prevailing during deposit of the Pittsburg reds did not 

return until well on in the Dunkard formation. 

The non-conformabilities within the Conemaugh are not great in ab- 

solute measure, but they are proportionately great, for the formation 

loses half its thickness in passing from the east to the west side of the 

basin. This is in accord with conditions observed in the earlier forma- 

tions, the extent of subsidence decreasing toward the west. But while 

this decrease is noticeable in all of the intervals it is especially note- 

worthy in the Mahoning and Morgantown, the Upper Mahoning being 

unrepresented in Ohio and the Morgantown being insignificant, so that 

the Ames limestone remains in Ohio, as in Pennsylvania, almost midway 

between the Upper Freeport and Pittsburg coal beds. 

EAST FROM THE ALLEGHENIES 

The Conemaugh is somewhat more than 500 feet thick in the Broad Top. 
coal field, but above the Mahoning it is ill-exposed and available details 

are few. A coal bed, 2 to 4 feet thick, known in Huntingdon county as 

the Dudley, occurs at a few feet above the Mahoning in all parts of the 

field and is about 400 feet below the bed there accepted as the Pittsburg. 

In Huntingdon it underlies a massive sandstone, but in Bedford the 

overlying rock for 30 feet is shale. The Mahoning is double, the section 

in Bedford county being 
Feet 

SAAS EOMCMESTE Se ce stone 2 cle twa vane ROE eae ee 50 

EG MNCL ee eal oa a hoes o Grad ewinlete: elerebena aie arate ree cl ere 1 

Gaeaatmebe a Setar ete ae) ai claciaianis, ool eta syslatlard Reus! opens Cate ae an tate ds Rs at: 

SEO) BARI ES Mb Sak sratree ehei tes eal 93 ¥,cesiak sl Seas ioi's sh oo cleo. a hagekae avs sapere ela tastay a: 40 

The upper plate varies from coarse grained and somewhat conglomerate 

to fine grained and even shaly, but the lower plate, 25 to 40 feet thick, 

is usually massive and conglomerate, sometimes almost wholly made up | 

of white quartz pebbles. The coal bed known as the Speer in Bedford 
county occasionally becomes workable, but it disappears northward and 
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appears to be absent from Huntingdon county. This bed is at the Gal- 
litzin horizon and the Dudley is at that of the Brush Creek.* 

The Georges Creek and Potomac area is farther southwest, beginning 

in Bedford and Somerset counties of Pennsylvania and continuing across 

Maryland into West Virginia. The observations in Pennsylvania are 

somewhat conflicting, but the sections are clear in the other states. The 

intervals at Barton in Maryland are: 
Feet. Tnches 

ee Bittsbure Coal Ded is a4 hic meteelsl acute otis aie mbar 

2. Shales, sandstone, and concealed ............ 143 9 

3. Franklin coal bed and partings ............. 6 10 

4. Shales, sandstone, and concealed ........... 259 0 

5. (Bakerstown coal pede 2.0. ds.. csictis ab eile wa wine 3 0 

6. Concealed and sandstone .......... 022-02 00e 92 0 

7. Masontewn coal: bed ooo. esis scene ale md snes 1 7 

8. Shale and Sandstone is. oo. ci/e4. se pace omens S51 D 

Oy“ SAMGStOME oe sec ete alin! oss veeue alin leas weal iiss: elie! seh onsite 33 6 

MOF SHATC! 4 55's UBS SRG ee ee eta ee ae a ee Cheetos 3 6. 

11. Upper Freeport coal bed .......... cee eee eee 

Total heccs cheers sce teva slave aeahes cane ae ie slay anere 594 7 

The Franklin, or “Dirty Nine-foot,” coal bed is thought by Doctor Mar- 

tin to be at the Little Clarksburg horizon. The Bakerstown is evidently 

the Barton of Tyson; farther southwest, at Blaine, it is about 357 feet 

below the Pittsburg and about 90 feet above the Masontown, which is the 

Brush creek. ‘This lower bed at Blaine underlies the fossiliferous Brush 

Creek limestone, which is associated with its characteristic black shale. 

The horizon of the Mahoning coal bed is marked at many places by 

coal seldom more than 20 inches thick, and at one locality in West Vir- 

ginia Doctor White saw a great thickness of limestone at the Mahoning 

horizon. The Brush Creek coal bed is thoroughly persistent, usually less 

than 2 feet thick, though at times yielding nearly 3 feet of coal and in 

one instance swelling to a mass 9 feet thick, with five benches of coal 3 
feet 8 inches in all. At one locality it shows 1 foot of coal underlying 5 

feet of black shale with coal streaks, while at another the upper part for 
2 feet 5 inches is an alternation of bone, slate, and coal. The Barton is 

variable, but locally becomes thick and good. The variations in this bed, 

as shown by figures in volume v, are worthy of careful study, for the bed 

varies from apparently solid coal 3 feet thick to a double, triple, or even 

quadruple bed with thick bone at top or bottom, while at times it is a 

*J. J. Stevenson: Bedford and Fulton counties (T 2), pp. 242, 659-662. 

I, C. White: Huntingdon county (T 8), pp. 47-50, 
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mass of black shale with only thin streaks of coal. All of these changes 
appear within an insignificant area. 

The Harlem (Friendsville) coal bed has been recognized in the north- 

ern, or Georges Creek, region at about 100 feet above the Barton, but it 

is very thin. The Elk Lick coal bed and another a few feet higher seem 

to be equally persistent. The Franklin, certainly very near the Little 

Clarksburg horizon, shows variations as abrupt and as interesting as those 

of the Barton and Brush Creek. A bed at 50 to 90 feet below the Pitts- 

burg, sometimes divided into two beds, is correlated with the Little Pitts- 

burg of western areas. The unstable conditions still prevail, for the bed 

is often broken by partings whose thickening leads to distinct division of 

the bed. 

In Tucker county of West Virginia Doctor White finds coal beds at 
16, 130, 173, 204, and 404 feet below the assumed place of the Pittsburg 

coal bed, the lowest being 180 feet above the Upper Freeport. The only 

limestone is 20 feet thick and 42 feet above the Upper Freeport; there- 

fore at the Mahoning horizon. ‘The lowest coal bed is not far from the 

place of the Barton, but the relations of the higher beds can hardly be de- 

termined in the present state of information... 

The exposed sections and bore-hole records show no red shales in the 

Conemaugh east from the Alleghenies. 
Professor Clark and his associates have recognized the Morgantown and 

Connellsville sandstones as well as the Pittsburg and Clarksburg lime- 

stones; whether or not the correlations of the several coals, limestones, 

and sandstones be absolutely exact is unimportant; they show sufficiently 

the similarity of conditions east and west from the Allegheny mountains.* 

FIRST BITUMINOUS COAL BASIN OF PENNSYLVANIA 

The Conemaugh is recognizable in this basin with certainty no farther 

north than Center county, where a few feet of rock overlie the Upper 

Freeport coal bed. In Clearfield county Doctor Chance finds the Ma- 

honing at Morrisdale with the Gallitzin coal bed near the bottom and 

separated by 40 or 50 feet of shaly measures from a coal bed which he 

correlates with the Upper Freeport. Near Houtzdale, 8 miles southwest, 

Doctor White’s section shows the Mahoning 100 feet thick and holding the 

*T. C. White: Geology of West Virginia, vol. ii, p. 235. 

C. C. O’Harra: Maryland Survey, Allegany county, p. 119. 

C. S. Prosser cited in same, p. 122. 

G. C. Martin: areke county, pp. 127-128, 134. 

W. B. Clark et al.: Vol. v, pp. 307-308, 344, 348-349, 350-368, 372, 376. 
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Gallitzin. The Mahoning is often represented by pebbly rock in the 
southern part of the county, but it is mere shale quite as frequently.* 

Almost 150 feet of Conemaugh remain in northern Cambria, but ex- 

posures for measurement are reached first at Bennington on the Cambria- 

Blair border, 20 miles south from the Clearfield line. There Mr Platt’s 

section shows a 10-inch coal bed separated by 35 feet of shaly measures 

from the Upper Mahoning sandstone, 50 feet thick, which overlies a 2 

feet 8 inches coal bed, with 55 feet of shaly beds intervening to the 

Upper Freeport coal bed. The highest coal, 142 feet above the Upper 

Freeport, seems to be the Brush Creek and the intermediate bed is the 

Gallitzin. At Gallitzin, a few miles west in Cambria, Doctor White finds 

the Brush Creek 140 feet above the Upper Freeport; but at Cresson the 
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This is not unlike sections in the second basin and one may regard the 

coal, Number 5, as an upper split of the Gallitzin, the place of a lower 

split being on top of the fireclay, Number 8. 
Mr Fulton’s section near Johnstown, in southwest Cambria, shows the 

Gallitzin at 67 feet above the Upper Freeport with the Mahoning lime- 

stone or Johnstown ore at a few feet below it. The Brush Creek coal bed 

is absent and at 148 feet above the Upper Freeport is a red bed, this being 

the most northerly locality at which red shale occurs. The section extends 

upward to 302 feet, but neither here nor at Cresson are there any traces — 

of the Barton coal bed or of the limestones belonging in that interval. 
In the deep Salisbury subbasin of southeastern Somerset county a full 

section may be compiled from the measurements made by F. and W. G. 

Platt, which accords somewhat closely with that made by Doctor White 

*H. M. Chance: Revision of Clearfield county (H 7). 

I. C. White: U. S. Geol. Survey Bull. no. 65, .p. 124. 

+ F. Platt: (LT), op.) 955-> CH 2), ope Gk: 4 

J. Multon: (CH 2), p. 97. 

A, A, Prosser and D. B. Hardin: Appendix to H 3, p. 369. 
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in the same area. The Conemaugh is 600 feet thick and contains many 

coal beds and limestones, several of which can not be correlated with any 

beds in basins farther west. A sandstone, apparently the Morgantown, 

and 77 feet thick, rests on the Elk Lick coal bed, which at the typical 

locality overlies the Elk Lick limestone, 8 feet thick. At about 80 feet 
lower is a limestone which Doctor White correlates with the Ames. It is 

from 300 to 320 feet below the Pittsburg coal bed and overlies a thin coal 

correlated with the Harlem. The Brush Creek coal bed is at 100 feet 

above the Upper Freeport, and at a few feet higher is a limestone which 

has been correlated with the Brush Creek. This immediately underlies 

a thin coal bed, the Philson of W. G. Platt. All of the limestones are 

non-fossiliferous. ‘These coal beds and limestones seem to be persistent 

in the northwestern part of the county and 2 feet of red shales are asso- 

ciated there with the Ames limestone, the most northerly appearance of 

the “Pittsburg reds.” Farther south on this west side, near Bakersville, 

Mr Platt found a dark fossiliferous limestone, evidently the Brush 

Creek, while still farther south are two limestones, 60 to 70 feet apart, 

of which the upper is clearly the Ames, as shown by its fossils as well as 

its physical character, while the lower may be at the Cambridge horizon. 

A compiled section in the southwestern part of the county shows the 

Brush Creek coal bed (Rose of F. Platt) at 263 feet below the Elk Lick 

limestone and 105 feet above the Upper Freeport. The coal bed under- 

lies black shales with calcareous nodules, representing the Brush Creek 
limestone and black shale. The intervals decrease southwardly and 

westwardly ; at Confluence, near the western border, the interval between 

Elk Lick limestone and Upper Freeport is 345 feet, but within five miles 

eastwardly it increases to 375 feet.* 

Passing over into Garrett county of Maryland, one finds Mr Martin’s 

section on Castleman river, in the Salisbury subbasin, and another at 

Friendsville, in the Johnstown subbasin. 

In the former the Little Pittsburg coal bed is present, but without its 

limestone, and a thin coal bed at 137, the same with that seen by W. G. 

Platt in Somerset county, may be the Little Clarksburg. The Ames 

hmestone at 328 feet below the Pittsburg is present with all its charac- 

teristic features and overlies directly the Harlem coal bed (Friendsville 

of Martin). The Barton (Bakerstown) coal bed is here and red shales 

appear 50 feet below it at the horizon of those seen in eastern part of 

Cambria. The Brush Creek limestone (Lower Cambridge) is dark 

*F. and W. G. Platt: (H- 3), pp. 238, 40, 63, 76, 179, 223; 289; 244, 258, 266, 282. 

Dye; White: U. S. Geol. Survey Bull. no. 65, p. 76. 
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colored and fossiliferous, with, below it, the Brush Creek coal bed at 97 

' feet above the Upper Freeport. 
The Clarksburg limestone is present in the Friendsville section at 39 

feet above the Morgantown sandstone, which is 84 feet thick and in part 

conglomerate. The Elk Lick, Harlem, Barton, Brush Creek, and Gallit- 

zin coal beds are all present, though all are thin, none exceeding 1 foot 

9 inches. The Elk Lick, Ames, Cambridge, and Brush Creek limestones 

are distinct, though the first is practically only calcareous shale, and all 

except the Elk Lick are fossiliferous. Red shale is associated with the 

Cambridge limestone at nearly 200 feet above the Upper Freeport. 

There is much sandstone above the Clarksburg limestone and some of it 

is conglomerate, representing perhaps the Connellsville sandstone.* 

SECOND BITUMINOUS COAL BASIN OF PENNSYLVANIA 

Within the Second basin the Mahoning is present in small areas as far 
north as northern Center county, where it is the protecting cover for the 

Upper Freeport coal bed. At Karthaus, in Clearfield, Mr James de- 

scribes it as 72 feet thick, with a 2 feet coal bed, the Gallitzin. Doctor 

Chance’s section in southern Clearfield shows two sandstone plates, 40 

and 50 feet respectively, separated by 30 feet of shale, which holds at the 

bottom the Gallitzin coal bed and the Mahoning limestone, this being 

the most northerly point at which that limestone has been observed. The 

lower Mahoning is coarse and at times conglomerate. + 

Mr d’Invilhers obtained a number of sections within a small area in 

northwestern Cambria, which illustrate the variability of the lower part 

of the Conemaugh. ‘Two of these are: 
Meet. Inches. ~ “Heer 

SNA Bes sock ees et ras iets octamer tay oe 20 0 20 

Di SAM ASTONE sso sose +s cider opete cee eae ae nemere 95 0 85 

Bs BATES bbe sate G id eG less soles eoseud tenure eters 2.20 ) 40 

ce (GUMUNITEG Momao gaa ay akg soo 5 05 dune OG ) 8 2, 

Boe POMTAIOS Toe cic aus e tous teraiteie ners here bode etal ee Oe) 0 60 

6, Sandstone 5 Geek cle eis euatone ete 40 0 35 

215 8 242 

In these there are two plates of sandstone, as in southern Clearfield, 

and in each case a coal bed above the middle. The bottom of the upper 

plate is at 100 and 137 feet above the Upper Freeport and the coal bed at 

75 and 95. In another section the coal bed is at 137 feet, with only 

*G. C. Martin: Garrett county, pp. 128, 130, 134-135, 188-139. 

{ H. M. Chance: (H 7), p. 182. 
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sandstone in the interval to the Upper Freeport, while in a fourth the 
bottom of the upper sandstone is at 141 feet, the interval containing 

aside from shale three thin coal beds at 25, 75, and 141 feet.* The two 

sandstone plates are apparently the same with those seen near by in 

Clearfield, but the intervening shales have become thicker, so that the 

Mahoning in two of the sections is about 220 feet thick instead of 120, 

as in Clearfield. The several coal beds may be taken as representing the 

Gallitzin horizon, and in following the section southward this interpre- 
tation will be accepted. 

In northeastern Indiana county, west from Cambria, Mr Platt found 

at 4 or 5 miles west from the area of Mr d’Invilliers’ sections a coal bed 

at 90 feet above the Upper Freeport, separated by 40 feet of shale from 

the massive “Mahoning” sandstone which rests directly on the Upper 

Freeport. At a mile or so farther west he saw a coal at 60 feet above 

that coal bed, and at a little distance farther measured this section: 

Yeet. Inches — 
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173 1 

to the Upper Freeport coal bed, the same with the Cambria condition. 

No trace of any higher coal bed was seen. About 8 miles farther south 

and 3 miles west from the Cambria line the section reaches to a massive 

sandstone which Mr Platt correlates with the Morgantown. It is prob- 

_ able that here, as in northern Westmoreland, that sandstone is continuous 

downward: to the Ames horizon, and that the coal bed here called Elk 

Lick is in fact the Harlem. At 130 feet below this coal bed is a Black 

Fossiliferous limestone, 212 feet above the Upper Freeport. The Black 

limestone overlies a mass of limestone and shale 26 feet thick, its bottom 

35 feet above a thin coal bed. 'The whole mass represents the Brush 

Creek lmestone, while at 65 feet higher is a thin limestone which may 

be at the Cambridge horizon. The Brush Creek and Upper Gallitzin 

coals are at 152 and 120 feet above the Upper Freeport. Three or four 
miles southwest on the Conemaugh river the section is: 

* BH. V. dInvilliers: Final Summary Report, pp. 418, 419. 
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Feet. Inches 
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giving 133 feet for the Mahoning, with both Gallitzin coal beds accom- 

panied by limestone. The Brush Creek limestone belongs in the upper 

half of Number 1.* 

This conclusion respecting the relations of the Black Fossiliferous 

limestone is confirmed by Stevenson’s section on the Conemaugh river in 

Westmoreland county near the Cambria line, where that limestone is 170 

feet above the Upper Freeport and 30 feet above the top of the Mahoning. 

The last consists of two sandstone plates, 45 and 50 feet respectively, 

separated by 45 feet of variegated clays, in all 140 feet, with the Upper 

Gallitzin directly underlying the upper plate.t ‘The interval from 

Upper Freeport to Gallitzin is 25, and that to the Brush Creek limestone 

is 42 feet less than at + miles north in Cambria county. Within a mile 

or two farther south the Upper Gallitzin is about 50 feet above the 
Lower Mahoning and 10 feet below the Upper, and the Upper Mahoning 

limestone underlies it by 6 to 20 feet. The Upper Gallitzin was seen 

again at 3 or 4 miles southeast, where the Lower Gallitzin is present 

though only 3 inches thick. Farther south, at. 12 miles from the Cone- 
maugh river and still on the east side of the basin, the Ames and Brush 

Creek limestones were seen, 126 feet apart by barometer, each thoroughly 

characteristic and the latter overlying the Brush Creek coal bed, 8 inches 
thick. A coal bed, evidently the Lower Gallitzin, is at 100 feet lower. 

An incomplete section obtained midway in the basin near Ligonier 

shows a Little Pittsburg coal bed at 60 feet below the Pittsburg, resting 

on its limestone, which is persistent. Another coal, at 140 feet, with an 

uncertain limestone, may represent the Little Clarksburg horizon. The 
Morgantown sandstone, beginning at 160 feet and 115 feet thick, ex- 

tends downward to the Ames horizon, while at 18 feet below it is a coal 

bed correlated by Stevenson with the Elk Lick. It is the Harlem, and 

*W. G. Platt: (H 4), pp. 76, 100, 103, 121, 125, 128. 
+ The error of correlating the Upper Gallitzin with the Philson of Somerset county 

affects the work of both W. G. Platt and Stevenson throughout the Second basin. 
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the fragments of Ames limestone seen below it belong above. Here, as 

in Cambria county, a limestone 2 feet thick is found at about 50 feet 

below the Harlem coal, and that coal bed is approximately 223 feet 
above the Upper Gallitzin (Philson of the text). The Brush Creek lime- 

stone is exposed at many places, and at one exposure the Barton coal was 

seen at 80 feet above it. The Upper Mahoning is usually thin in the 

southern part of the county and the Lower Mahoning is apt to be shaly. 

The Upper Gallitzin coal is persistent in this portion of the area and at 

one locality near the Fayette County line the Lower Gallitzin with the 

Lower Mahoning limestone is only 36 feet 8 inches above the Upper 
Freeport.* 

In Fayette county, midway in the basin and 6 miles south from the 

Westmoreland line, the Harlem coal bed (Elk Lick in the text) is 306 

feet above the Upper Freeport and overlies the “Pittsburg reds,” 20 feet 

thick. One hundred feet lower is a coarse pebbly sandstone termed 

Salzburg by Stevenson, 40 feet thick; near by, the Brush Creek coal is at 

138 and the Lower Gallitzin at 45 feet above the Upper Freeport. South 

from the Youghiogheny, on the east side of the basin, the Barton coal 

was seen at 238, the Salzburg sandstone at 170, and the Brush Creek 

coal at 138 feet above the Upper Freeport, the Barton being associated 

with red shale. This Salzburg sandstone is practically equivalent to the 

Buffalo sandstone of Doctor White and it can hardly include the sand- 

stone overlying the Cambridge limestone. ‘The Gallitzin coal bed, single 

in this county, is at 50 to 65 feet above the Upper Freeport and its under- 
lying limestone appears occasionally in the sections. The Ames and 

Brush Creek limestones are present on the west side of the basin. Ex- 

posures are few and in most cases imperfect throughout this basin south 

from Clearfield county. t 

In Preston county of West Virginia Doctor White examined diamond 

drill cores obtained near Masontown about 10 miles south from the state 

line. One of them shows: 
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* J. J. Stevenson: (K 3), pp. 115, 116, 117, 120, 121, 129, 188, 163, 170, 172. 
tJ. J. Stevenson: (K 3), pp. 67, 84, 91, 110, 113. 
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to the Upper Freeport. The Barton is 134 feet above the Brush Creek, 

which is 78 feet above the Upper Freeport. Here the Buffalo sandstone 

overlies the Brush Creek limestone directly and there is no trace of the 
Cambridge. Another boring, barely a mile away, shows the Barton only 

86 feet above the bottom of the Black fossiliferous shales, which are 104 

feet above the Upper Freeport. There also the coarse Buffalo sandstone 
overlies the black shale; but at 5 miles northwest, in the Third basin, 

the interval from Brush Creek limestone to the Upper Freeport is but 50 

feet. In all of the cores that limestone and its shales are characteristic, 

both of them black and richly charged with fossils. 

The Mahoning is very thick in the northern part of the basin, but be- 

comes thinner southward, while the interval between Brush Creek and 

Ames limestones, small at the north, increases southward, so that toward 

the West Virginia line the section becomes comparable with those - in the 
Third basin and beyond. 

Measurements by Doctor White at Newburg, 10 mile south from 

Masontown, show the interval above the Ames to the Pittsburg thicker 

than in Westmoreland county. The Elk Lick coal bed is at 259 feet 

below the Pittsburg and the Ames is represented by shales at 344 to 357, 

with the Harlem coal bed at 357.* : 

In Preston county the second basin becomes continuous with the third. 

WESTERN BITUMINOUS BASINS OF PENNSYLVANIA 

The Mahoning is present in small patches within southern Elk county, 

where it is in two more or less shaly divisions Bepemal cd by a thin Gallit- 

zin coal bed.t 

Mr Platt’s report shows scattered areas of Conemaugh in Jefferson 
county, but except in the eastern portion, near Chestnut ridge, the thick- 

ness remaining rarely exceeds 100 feet. In Clarion, west from Jefferson, 

some insignificant fragments remain, but the exposures are too a 

for measurement. 

The information respecting eastern Jefferson is indefinite, as the ex- 

posures seem to be very poor. Coal beds were seen in the east-central 
part of the county at 85 and 105 feet above the Upper Freeport, while on 

the Indiana border at the south are beds at 135, 310, and 385 feet, the 

last one 15 feet below an argillaceous limestone, 403 feet above the 

Upper Freeport. 'T'wo beds of red shale, 2 and 6 feet respectively, are at 

185 and 222 feet, but the whole column is without notable sandstone ex- 

cept at the bottom, where the “Mahoning” is a massive rock. This 

Gere laine Gearere or West Virginia, vol. ii, pp. 238, 269, 310. 

7 C. A. Ashburner: (R R), pp. 209, 227. ; 
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Mahoning, from 50 to 70 feet thick, varies somewhat abruptly from mass- 

ive and coarse, even pebbly, to shaly. Limestones are reported at 70, 

90, and other distances above the Upper Freeport, but for the most part 

the intervals as given are merely estimates and the matter is indeterminate 

throughout. The Gallitzin coal bed seems to be present in Gaskill town- 

ship, on the Indiana border, where it rests on the “Mahoning,” and the 

coal bed in Young township, the next west, at 138 feet, may he the Brush 

Creek. * | 
The section is still obscure in northern Indiana west from Chestnut 

ridge. In the central part of the county, 12 miles south from the Jeffer- 

son line, Mr Platt finds coal beds at 40, 95, 147, and 177 feet above the 

Upper Freeport. That at 147 is not far from the place of the Brush 

Creek, for the lower coals are clearly the Gallitzin beds, as they are ac- 

companied by the Upper and Lower Mahoning limestones, the Upper 

being represented by calcareous ore, which Mr Platt correlates with the 

“Johnstown ore” of Cambria county. The “Mahoning” of Jefferson is 

evidently the Lower Mahoning. Farther southwest, between Blairsville 

and Chestnut ridge, the whole of the Conemaugh is present. The Pitts- 

burg limestone and shale, beginning at 20 feet below the coal, are 7 feet 

thick. A Little Pittsburg coal with its limestone persists at 45 feet, 

while at 125 feet is a coal and limestone exposure which may be at the 

Little Clarksburg horizon. Mr Platt finds a massive sandstone, 40 feet 

thick, beginning at 145 feet, which he takes to be the Morgantown; but 

it is extremely variable, for 2 miles away the interval is occupied by 

shales containing two red bands 5 and 3 feet, another bed of 7 feet being 

found. at 210. The place of the Ames limestone is concealed in most 

of the sections reported, but that bed was seen, 3 feet thick, at 9 miles 

north from Blairsville, where it overlies the thick “Pittsburg reds” and 

is by barometer 280 feet above the Upper Freeport. The Brush Creek 

(Black Fossiliferous) limestone was not seen by Mr Platt and in all 

probability it is wanting, as the Mahoning is very thick in this corner of 

the county. If present it should be at about 130 feet below the Ames. 

The thickness of the Conemaugh as determined from exposures by Mr 
Platt is approximately 600 feet, but Mr Richardson gives it as 675 feet 

in the deep boring at Blairsville; Mr Platt thinks the Mahoning at 

least 150 feet thick east from Blairsville, where an exposure shows 

Upper Mahoning massive, somewhat pebbly, and 50 feet thick. The 

Gallitzin (Philson) coal bed is in three benches and, including 8 feet of 

*W. G. Platt: (H 6), pp. 21-23, 35, 78-74, 124. 

T G. B. Richardson: U. S. Geol. Survey folios, Indiana (102), 1904. 
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clay partings, is 11 feet 9 inches thick, with the Mahoning limestone 

5 feet thick and 2 feet 6 inches below it. The Lower Mahoning is said 

to be at least 75 feet thick. i | 
Westward from Blairsville the rocks come up along the Kiskiminitas 

river (formed by union of the Conemaugh and Loyalhanna) and the 

lower beds are reached toward the western border of the county, near 

Salzburg, where the section is: 
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to the Upper Freeport, giving 124 feet as the thickness of the Mahoning, 

which is no longer wholly a massive sandstone as east from Blairsville. - 

Stevenson states that the shales Number 3 are dark and argillaceous,’ 

carrying nodular ore which farther up the river becomes a continuous 

layer; so that here one finds the Brush Creek limestone.* The sand- 

stone Number 2 includes not only the Buffalo, which is between the Cam- 

bridge and Brush Creek limestone, but also the Cowrun of Ohio, and 

the red shale is evidently near the Barton horizon. ‘This sandstone be- 

comes less prominent northward and at 12 miles from Salzburg the 

Brush Creek limestone was seen. That limestone was observed also 

farther north on the Armstrong border, where Mr Platt’s section shows 

coal streaks at 58, 73, 100, and 117 feet below, with a limestone, 4 feet, 

underlying that at 73. The Upper Freeport is at only a few feet lower. 

The limestone is representative of the Mahoning and the four coal 

streaks may be taken as illustrations of irregularities in subsidence and 

deposition at the Gallitzin horizon. 

Armstrong county, west from Indiana, south from Clarion, and north 

from Westmoreland, is divided by the Allegheny river. East from that 

stream the Conemaugh is for the most part the surface formation and 

the Pittsburg coal bed is reached in the southeast corner. 

* J. J. Stevenson: (K 2), p. 318. 

7 W. G. Platt: (H 4), pp. 157, 170, 174, 244, 257, 270, 280, 284. 
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Entering at the southeast, one finds the lower part of the section as 

at Salzburg, but at 5 miles from the county line, near Apollo, the Brush 

Creek (Black Fossiliferous) limestone is present at 134 feet above the 

Upper Freeport and 76 feet above the Lower Gallitzin, which is accom- 

panied by the Mahoning limestone as at Salzburg. Already the great 

sandstone mass overlying the Brush Creek limestone has broken up and 

the Cambridge limestone, at 40 feet above the Brush Creek, is greenish 

gray, fossiliferous, and in many features much like the Ames, as at many 

localities in Ohio. The Ames (Green Fossiliferous) is given in the 

generalized section as about 215 feet below the Pittsburg coal bed and as 

resting on the Harlem coal. It is 24 feet below the Morgantown sand- 

stone, which is 34 feet thick. The Pittsburg limestones are at 21 and 43 

feet, but no trace of the Little Pittsburg and Clarksburg coals appears. 

The highest red shales are between the Morgantown and the Ames. 

Northward from the Kiskiminitas the section is traced with ease 
along the east side of the county, where the great sandstones prevail for 

several miles. The Brush Creek coal bed is at 140 feet above the Upper 

Freeport, underlying the Buffalo-Cowrun sandstone, on which rest 8 feet 

of red shale. The Barton coal is shown in many places at about 75 feet 

below the Ames limestone, or 225 feet above the Upper Freeport, and 

the Gallitzin is represented by one or the other of its splits at several 

localities. On the west side of the Allegheny river the Ames is at 260 

to 270 feet above the Upper Freeport and the Pittsburg reds are con- 

spicuous as at several localities east from the river.* 

Butler county is west from Armstrong and north from Allegheny. 

In the northern half one rarely finds more than 100 feet of Conemaugh. 
The Gallitzin (Millerstown of Chance) is at 35 to 55 feet above the 

Upper Freeport and occasionally becomes thick, 5 feet 10 inches at one 

locality, but the coal is inferior. Both divisions of the Mahoning are 

present and vary from massive to shaly sandstone.t 

Entering southern Butler at the southeast, one has Doctor White’s 

section showing two massive conglomerates, each 60 to 70 feet thick, 

separated by sandy shales, giving in all 160 to 170 feet. The Upper, 

or Buffalo, is the coarser, the pebbles being as large as hickory nuts, and 

its bottom at the type locality is 120 feet above the Upper Freeport. 

There the interval between it and the other plate, the Lower Mahoning, 

is concealed, but Doctor White’s section on the Armstrong County border 

shows the conditions: 

*W. G. Platt: (H 5), pp. 5, 21, 36, 68, 90-91, 163, 280, 288. 
+ H. M. Chance: (V), pp. 56, 90. 
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giving 317 feet from the Ames limestone to the Upper Freeport coal bed. 

The Buffalo sandstone is easily followed in all but the western townships 

of southern Butler; in those it evidently loses its conglomerate character 

and becomes less important. ‘The Lower Mahoning, very coarse at the 

east and southeast, becomes shaly westward, while decreasing somewhat 

in thickness. The Gallitzin horizon is’ represented by thin coals at 

numerous localities, there being at least one bed wherever the interval is 

exposed. ‘The highest is that in the Freeport section; elsewhere the 

highest is at 70 feet. In Forward township three beds are present at 

20, 25,,and 63 feet above the Upper Freeport, and two are shown at - 

35 and 60 in Jackson. The Mahoning limestone appears to be wanting 

throughout. | 

The Brush Creek coal and limestone seem to be almost wholly un- 

represented in the eastern townships. The horizon is recognizable at 

many places as black, sometimes coaly, shale underlying the Buffalo 

sandstone, but the coal as such is distinct first in the western third. A 

Forward Township section shows 6 inches of coal separated by 10 feet 

of black shale from the overlying Buffalo; it is 115 feet above the Upper 

Freeport and 52 feet above the Upper Gallitzin. In Connoquenessing 

it is scattered through the black shale at 119 feet above the Upper Free- 

port and is 72 feet above a Gallitzin coal. In the southwest corner of 

the corner both coal and limestone are well shown, the type locality being 

on Brush creek, in Cranberry township. 

The Cambridge (Pine Creek) limestone, shown in the Freeport sec- 

tion, is absent at all other localities where its horizon is reached. It is 

not noted in any of Doctor White’s numerous sections, but the Anderson 

coal bed belonging above it is persistent at 5 to 20 feet above the Buffalo 

sandstone. ‘The Barton (Bakerstown) coal bed is present in some of the 

townships along the Allegheny County border at 80 to 85 feet below the 

Ames limestone, but it is no longer an important member of the forma- 
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tion. The Cowrun sandstone, between it and the Cambridge limestone, 

is represented by shale in Butler county, though it is a well marked sand- 

stone in Allegheny county. ‘The Ames limestone is always seen where 

its horizon is exposed, as are also its underlying red shales, but the Har- 

lem coal bed seems to be wholly wanting. The Elk Lick coal bed was 

seen in the only townships in which its horizon is reached.” 

In southeastern Lawrence, west from Butler, a double coal bed is ap- 

parently persistent at 55 to 65 feet above the Upper Freeport limestone 

and overlying a fireclay containing much calcareous iron ore which at 

one locality is limestone, representing the Mahoning. In one place it is 

overlain by 20 feet of shale, but in another by a massive conglomerate. t 

Beaver county, extending to the Ohio line, is south from Lawrence and 

west from Butler and Allegheny. [Extensive erosion by large streams 

has removed the Conemaugh from much of the county north from the 

Ohio river, so that in the central portion that formation occurs in some- 

what widely separated areas. ‘The Elk Lick horizon is reached in a few 

places and the coal bed is shown. ‘The Ames limestone and the Pitts- 

burg reds are persistent, but the Harlem, Barton, and Anderson coal 

beds are apparently absent throughout. ‘The place of the Cambridge 

hmestone is rarely exposed, but that bed is present on both sides of the 

county at about 120 feet below the Ames and 60 to 65 feet above the 

Brush Creek. The Buffalo sandstone varies from coarse to fine sand- 

stone or sandy shale and at one locality it is replaced by variegated shale. 

In the northern tier of townships one finds at 6 miles southwest from 

the Lawrence County exposures, already referred to, a coal bed, evi- 

dently the Brush Creek, at 80 to 90 feet above the Upper Freeport and 

12 feet below the decomposed Brush Creek limestone. Like that in 

Lawrence, this is a double bed, the upper portion more or less resembling 

cannel. ‘The interval in Lawrence is 55 to 65 feet. Farther west a coal 

blossom appears on the hilltops at 58 to 70 feet above the Upper Free- 

port, with at 3 to 4 feet below it a slabby limestone, while still farther 

west, near the Ohio line, the interval is 60 to 65 feet. Four miles west, 

in Columbiana county of Ohio, Doctor White finds a coal at 50 feet, the 

interval being, as in northwest Beaver, concealed. This is the Coal 7, 

or the Groff vein, of northeast Ohio. Farther south in Beaver county 

one finds on the east or Butler County side the Brush Creek coal bed, 

12 feet below its limestone, 185 to 207 feet below the Ames limestone 

and about 90 feet above the Upper Freeport, with a thin Gallitzin bed at 

*I. C. White: (Q), pp. 24, 73-74, 76, 79, 80, 84, 87, 89, 91, 96, 99, 101-103, 106, 115, 
128, 128-129, 135-136. 
fil. White: (Q 2), pp. 76, 79, 80, 81, 82. 

XV—BULL. GEOL. Soc. AM., Vou. 17. 1905 
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40 feet. At the next exposure, 7 or 8 miles west, the limestone already 

referred to is at 50 to 70 feet above the Upper Freeport, but no coal 

appears above it. Still farther west the coal is shown on the hilltops at 

65 feet, while at 5 miles beyond, in Columbiana county of Ohio, Doctor 

White finds the interval 55 feet, with the massive conglomerate Buffalo 

sandstone resting on it. 

Going southward along the Ohio line, one has this section at the Ohio 

river: 
Feet 
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to the Upper Freeport coal bed. At 3 miles east the massive Buffalo 

sandstone rests directly on the Brush Creek coal, which is 95 feet above 

the Upper Freeport. ‘There seems to be no escape from the conclusion 

that the coal bed, 55 to 65 feet above the Upper Freeport in Lawrence 

and 99 to 65 feet in Beaver, is the same bed and at the Brush Creek 

horizon. If the limestone seen in central Beaver be the Mahoning of 

the eastern counties, the Upper Mahoning interval disappears northward 

and westward, bringing the Brush Creek coal down to the place of the 

Gallitzin coal. | 
A new coal horizon appears in eastern Beaver at 30 to 40 feet above 

the Brush Creek coal, dividing the Buffalo sandstone. Its place is ex- 

posed at only one locality.* 
Southward trom the area thus far described the Monongahela soon be- 

comes the surface formation, and, except where anticlines are cut by 

streams, one finds only the upper portion of the Conemaugh exposed and 

the records of oil borings are the chief source of information. The 

thickness of the Conemaugh at the north is about 600 feet, but it de- 

creases southward to about 560 feet at the West Virginia line. 

South from the Kiskiminitas and east from the Monongahela river 

are eastern Allegheny, Westmoreland, and Fayette counties, the last ex- 

tending to the West Virginia line. The Little Pittsburg coal beds, ap- 

proximately 20 and 60 feet below the Pittsburg, are fairly persistent, 

though never economically important. Three hmestones, 0 to 13, 40, 

and 60 feet below the Pittsburg, are shown at many places, though one 

rarely finds them all in a single section. The Clarksburg limestone 

*TI. C. White: (Q), pp. 179, 180-181, 183, 187-189, 208, 2138-214, 223, 226, 235, 240, 

245, 257, 260, 263; (Q 2), pp. 276, 282. 
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and its overlying coal bed or black shale are reasonably persistent. The . 

Connellsville sandstone is usually somewhat massive, though at many 

places it becomes shaly or even is replaced by a more or less clayey shale, 

while the Morgantown is a characteristic sandstone not far from 50 feet 

thick. Ata few feet below the last is the Elk Lick coal bed (Barton of 

Lesley and Stevenson) and the Ames limestone, 280 to 300 feet below 

the Pittsburg, appears almost invariably wherever its place is exposed, 

but the Harlem coal bed is reported from only one locality in Allegheny 

and one in Fayette. The Barton (Bakerstown) coal bed is apparently 

constant in Fayette county at about 75 feet below the Ames, but does 

not appear in sections within the other counties. ‘he Cambridge lime- 

stone does not appear in any of Stevenson’s sections, and the Buffalo- 

Cowrun sandstone, so conspicuous on the Kiskiminitas, disappears 

rapidly southward, where one finds only shales in its place above the 

Brush Creek (Black Fossiliferous) limestone, which rests on the Brush 

Creek coal bed. The Mahoning varies from massive sandstone to mere 

shale, and the Galltzin coals, so persistent at the north, seem to be 

absent from southern Westmoreland and from Fayette. The red beds, 

except that underlying the Ames limestone, become insignificant and are 

practically unrepresented in Fayette.* 

The records of oil borings in these counties west from the narrow 

strip of exposed Conemaugh for the most part give little detail or are not 

referable to any fixed datum. A record in northwestern Westmoreland 

shows the Buffalo sandstone 70 feet thick and beginning at 110 feet 

below the Pittsburg reds. ‘The Mahoning, beginning 20 feet below the 

Buffalo, is double and rests on the Upper Freeport at 595 feet below the 

Pittsburg. The Pittsburg red is the lowest red bed, but a record near 

Irwin, on the Pennsylvania railroad, shows three reds, 20, 32, and 5 feet 

thick respectively, at 395, 459, and 546 feet below the Pittsburg coal bed. 

The upper Freeport is reached at 605 feet and only shales are present 

to 280 feet above it. A record in central Fayette county gives a thick- 

ness of 590 feet for the Conemaugh and red shale is absent. + 

Northern Allegheny, south from Butler, is between the Allegheny and 

Ohio rivers. ‘The exposed section extends from the Upper Freeport at 

the north to the Pittsburg at the south. The Ames limestone is shown 

in every township at from 280 to 300 feet below the Pittsburg coal bed 

and the Elk Lick coal, at 25 to 35 feet above the Ames, occasionally over- 

hes a black fossiliferous limestone which may be the equivalent of the 

*J. J. Stevenson: (K K), pp. 64, 74, 75, 187, 141, 171, 172, 182, 274, 316, 318, 348. 
{ J. F. Carll: Oil and Gas Report for 1889, pp. 214, 221, 226, 320-322. 

I. C. White: Geology of West Virginia, vol. ia, p. 115. 
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Somerset Elk Lick limestone. The Harlem coal appears in many sec- 

tions, but is distinctly absent from others. ‘The Pittsburg reds are a 

striking feature wherever their horizon is reached, and the Bakerstown 

(Barton) coal bed, 75 to 80 feet below the Ames, occasionally attains 

workable thickness. Between it and the Cambridge limestone there is 

sandstone or sandy shale 40 feet thick, the Cowrun of Ohio. The Ander- 

son coal is wanting and the sandstone rests on the limestone. The in- 

terval between the Cambridge and Brush Creek limestones, ordinarily 

about 60 feet, is sometimes filled by the Buffalo sandstone. In one of 

the southern townships the Salzburg condition is repeated and the Buf- 

falo is continuous with the Cowrun, giving a continuous sandstone about 

100 feet thick. Toward the Beaver County line the Buffalo becomes less 

conspicuous and at times is replaced in great part by shale. The sand- 

stone sometimes cuts out the underlying Brush Creek limestone, which 

here has all its characteristic features, and is separated by a few feet 

of black shale from the Brush Creek coal bed, which is from 60 to 100 

feet above the Upper Freeport. The variation in this interval is due 

chiefly to changes in the Lower Mahoning, which at times almost dis- 

appears. At one locality the Upper Gallitzin is at 45 feet and the Ma- 

honing limestone at 10 to 15 feet above the Upper Freeport. 

Above the Ames there are few persistent beds. The Morgantown sand- 

stone is constant, often forming cliffs; a red bed 20 feet thick begins at 

90 feet above the Ames and is present in many sections. ‘The Pittsburg 

limestones are irregular.* | 
West from the Monongahela and south from the Ohio are western Alle- 

gheny, Washington, and Greene, the last extending to the West Virginia 

line at the south. The surface formation is the Monongahela and ex- 

cept along the Monongahela river and along the northern border of the 

area the Conemaugh is deeply buried. The exposed section at the north 

extends but a httle way below the Ames limestone. 

In western Allegheny two limestones within 30 feet below the Pitts- 

burg coal bed are commonly found; they are more or less brecciated in 

structure and in most localities contain minute fossils, which are sup- 

posed to be of fresh-water types. Another at 140 to 150 feet may be at 

the Little Clarksburg horizon. Red shale beds were seen at 65, 89, 106, 

175, and 194 feet, but not all of them in any one section; that seen at 

106 is evidently the lower portion of a 50-foot bed observed elsewhere 

at 89 feet; that at 194 feet is apparently equivalent to one seen in north- 

ern Allegheny at 90 feet above the Ames. Within short distances the 

*I. C. White: (Q), pp. 149, 154, 158, 159, 160-166, 171-178. 
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whole section changes and neither limestone nor red shale appears. The 

Ames limestone, 280 to 300 feet below the Pittsburg, is constant and at 

many places is accompanied by the Harlem coal bed. In the Painter 
well, on the Monongahela river above Pittsburg, the Cambridge lime- 

stone is at about 420 feet below the Pittsburg and a coal, probably the 

Gallitzin, is at 528. The Mahoning is represented by shale.* 

In Washington county one finds at the extreme north the Elk Lick 

coal bed, 10 feet below the 90-foot Morgantown sandstone or 260 feet 

below the Pittsburg and 35 feet above the Ames limestone, which rests 

on the Harlem coal. The Little Pittsburg coals are wanting, but there 

are two persistent limestones within 30 feet. On the Monongahela 3 

limestones occur in this interval and the Little Pittsburg coal is repre- 

sented by black shale. 
The records of oil borings show irregularity in the Conemaugh section. 

The interval from the Pittsburg coal bed to the Mahoning varies froim 

463 to 488 feet, that rock in some cases being almost continuous above 

with the Buffalo. Both divisions of the Mahoning are distinct and are 

usually sandstone, though varying greatly in thickness; occasionally, 

however, one or the other is replaced by shales, and changes of this kind 

are frequently abrupt. One of two wells near the borough of Washing- 

ton shows the Upper Mahoning all sandstone, but in the other it is all 

shale. 

The Buffalo sandstone is represented by shale at McDonald; at other 

localities it is distinct as a sandstone, but very variable. In one well at 

Washington it begins at 413 feet, evidently replacing the Cambridge 

limestone, and is separated by but 4 feet of shale from the Mahoning 

at 488, thus giving an almost continuous mass of sandstone, 107 feet 

thick; but in the other well it begins at 428, is only 20 feet thick, and is 

separated by 100 feet of “slate and shells” from the Lower Mahoning. 

At Beallsville, east from Washington, it begins at 448 and is 25 feet 

thick. The sandstones above the Buffalo are equally irregular; the 

Morgantown horizon is sufficiently well marked, but the other beds, some 

of them very thick, can not be correlated with any at exposed sections. 

No coal is recorded anywhere except at McDonald, where the Little 

Clarksburg is at 175 and a Gallitzin bed at 501 feet below the Pittsburg. 

The red beds are important members of the formation, though they 
are extremely variable. ‘here are three horizons, 129 to 174, 236 to 

310, and 367 to 413, within which these beds occur in almost all of the 

* J. J. Stevenson: (K), pp. 296, 298, 324-326, 306-309, 310, 314. 

I. C. White: Geology of West Virginia, vol. ia, pp. 101-102. 
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wells, the whole interval in some cases being filled with red shale. Thin 
beds are found in different wells at 528 and 567 feet.” 

In Greene county the upper 250 feet of the Conemaugh are shown on 

the Monongahela river. Impure limestone is at 4 feet below the Pitts- 

burg coal, and a little Pittsburg coal bed is at 40 feet overlying a lme- 

stone. The Clarksburg limestone and its overlying coal bed are at 130 

to 140 feet, and the Morgantown sandstone, 95 feet thick, is well shown 

overlying the Elk Lick coal bed, which is 2 feet 4 inches thick and 245 

feet below the Pittsburg. A fossiliferous shale with many lamelli- 

branchs was seen near Greensboro at 148 feet. 

Records of oil borings in the interior of the county are available for 

the north border, the center, and the southern border near the West Vir- 

ginia line. No coal is noted in any boring except at the south, where 

the Barton is at 350 feet below the Pittsburg. ‘The thickness of the 

Conemaugh in that part of the county is 560 to 565 feet. The Con- 

nellsville sandstone is present in the north and center, with its base at 

120 and 128 feet below the Pittsburg; the bottom of the Morgantown is 

from 226 to 235; the Buffalo horizon is matked in the north and center 

by a mass beginning at 390 and 401 feet, and in the north it is 90 feet 

thick. The Upper Mahoning is present in two records, beginning at 

481 and 451 and ending at 511 and 486. It is wanting in the west cen- 

tral part of the county, where only shales are recorded to 140 feet below 

the Buffalo sandstone. The Lower Mahoning is present in all records 

except that of the west central region, the bottom being at 591, 560, and 

565, in the last resting directly on the Upper Freeport. The intervals 

within which the red beds appear are 120 to 183, 205 to 290, and 385 to 

415, answering to those of Washington county; each of these is almost 

filled with red shale in one or other of the wells. A lower horizon is at 

500 to 510. The greatest thickness in all of red shale is in the central 

part of the county, where 135 feet is found in the first and second in- 

' tervals, there being none in the third; the least is near the Monongahela, 

where a single bed, 5 feet thick, is reported at 351 feet. + 

THE NORTHERN PANHANDLE OF WEST VIRGINIA 

It is well to carry the section to the Ohio river across the narrow strip 

in West Virginia adjoining at the east southern Beaver, Washington, 

and Greene counties of Pennsylvania. 

* J. J. Stevenson: (KX), pp. 178, 207, 271, 279, 280, 283. 

J. F. Carll: Ann. Rept. for 1886, pp. 762, 764. 

I. C. White: Geology of West Virginia, vol. ia, pp. 112, 118, 117, 118. 

tJ. J. Stevenson: (K), pp. 90-91, 94, 115-116. 

J. KF. Carll: Oil Rept. for 1889 (15), pp. 31, 35. 

I. C, White: Geology of West Virginia, vol. ia, pp. 122-1238, 130. 



CONEMAUGH FORMATION OF WEST VIRGINIA 183 

The most northerly patch of the Pittsburg coal in West Virginia is in 

Brooke county, a few miles north from Steubenville, though in Jefferson 

county of Ohio a similar patch is found nearly 10 miles farther north. 

Doctor White’s measurements in the Kings Creek region of that county 

give a somewhat greater thickness to the Conemaugh than do those on 

the Ohio side, the interval to the Steubenville shaft coal bed, the Lower 

Freeport, being 580 feet and to the Upper Freeport 515 feet. Professor 

Newberry’s measurement on Wills creek, in Ohio, are 493 and 558 feet; 

‘but the intervals vary here with great abruptness. The Morgantown 

sandstone, Elk Lick and Anderson coal beds are exposed, the last under- 

lying the massive Cowrun sandstone 40 feet thick. The Ames, Cam- 

bridge, and Brush Creek limestones are present, the last two being 70 

feet apart. The Brush Creek limestone and black shale rest on the 

Brush Creek coal bed, under which is calcareous shale representing the 

Mahoning limestone. The Lower Mahoning is represented by massive 

sandstone resting on the Upper Freeport, which is 50 feet below the 

Brush Creek. Red shales are shown above the Morgantown sandstone as 

well as under the Ames and Cambridge limestones, but the beds are thin. 

Nine miles farther south the Upper Freeport is absent, and the in- 

terval from Ames limestone to Lower Freeport coal bed is 324 feet. On 

the Ohio side of the river the distance from Pittsburg to Lower Freeport 

is 556 feet, making the Ames about 225 feet. At Wheeling the interval 

between the two coals is 556 feet, with the Anderson coal bed at 355 and 

only “variegated shale” for 280 feet above that bed; but at 3 miles south- 

east from Wheeling a sandstone, 150 feet thick, begins at 136 feet below 

the Pittsburg, and a coal bed is reached at 395 feet which is too high for 

the Brush Creek, but is very near the place of a bed seen in northern 

Beaver and seen frequently in Jefferson county of Ohio. ‘Two red beds 

20 and 25 feet are in the interval between the sandstone and this coal 

bed. The Mahoning interval is filled with shale and the first sandstone 

is in the Allegheny at 545 feet. Three miles south from Wheeling there 

is little aside from shale between the Pittsburg and a coal bed at 530 

feet which rests on a great sandstone continuing to the bottom of the 

Carboniferous. Red shale begins at 50 feet below the Pittsburg and 

thence it predominates. It is altogether probable that the coal bed at 

530 feet is the Upper Freeport, as the intervals increase slightly south- 

ward. 

At 12 miles southeast from Wheeling, in Marshall county and on the 

Pennsylvania border, 12 miles west from the boring in northern Greene 

county, a record shows coal beds at 3335 and 593 feet below the Pittsburg ; 

the latter is the Lower Freeport, but the former is too high for the 
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Anderson, which is due at about 370. It may be at the Barton horizon, 

which is marked by coal at a number of places in Jefferson county of 

Ohio. The Mahoning, almost wholly sandstone, begins at 478 and 

continues into the Allegheny at 558 feet. Six thin red beds, in all only 

45 feet, are recorded, the lowest being at 378 feet. Near Moundsville, 

on the Ohio river, 10 miles south from Wheeling, a sandstone 85 feet 

thick begins at 197 feet below the Pittsburg and ends at 282, very nearly 

as at 3 miles southeast from Wheeling. It rests on 70 feet of red shale, 

separating it from a sandstone 60 feet resting on coal at 437 feet, which - 
is near the Brush Creek horizon. In southern Marshall the well records 

note only the sandstones. The Mahoning, as a sandstone, begins at 450 

to 480 feet and ends at 526 to 532, where it can be differentiated from 

the Allegheny beds. The Lower Freeport, in Wetzel county south from 

Marshall, is at 575 feet below the Pittsburg. In the wells of southern 

Marshall, as in those of northern Wetzel, a sandstone, the Cowrun 

(Salzburg of the records) begins at about 300 feet below the Pittsburg.* 

OHIO 

Passing over into Ohio, one finds the most northerly exposures in Co- 

lumbiana county adjoining Beaver of Pennsylvania. At Palestine, in 

the northern part of the county, the Brush Creek coal is at 50 feet above 
the Upper Freeport and the Mahoning limestone is absent. At other 

localities, according to Professor Newberry, the interval is 60 feet. This 

is Coal 7 of the northern Ohio series, known locally as the “Groff vein.” 

Farther south, toward the border of Jefferson county, numerous sections 

measured by Professor Newberry show the interval from 58 to 52 feet, 
with the Mahoning limestone at 3 to 8 feet below the Brush Creek coal. 

The Lower Mahoning is “sandstone and shale” 20 to 40 feet thick. A 

limestone, 10 feet thick, including shale, appears in some of the sections 

at 0 to 20 feet above the Brush Creek coal. This, cut out in many places 

by the overlying sandstone, is black, nodular, contains many fossils, and 

is the Brush Creek lmestone of Pennsylvania. The Buffalo sandstone 

is irregular in southern Columbiana, at times very coarse, as near Wells- 

ville, but for the most part rather fine grained and often mere shale. 

Sections along the Columbiana-Jefferson border reach in several instances 

to the Ames limestone, which overlies the Pittsburg reds, 50 feet thick, 

and is 226 to 255 feet above the Brush Creek coal bed. At Irondale the 

interval between Ames and Brush Creek is occupied wholly by red and 

*J. C. White: Geology of West Virginia, vol. i, pp. 363, 366-367; vol. ia, pp. 214, 

Clty weO, wou voO.. Ii, p. 24L: 
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olive shale. A thin coal bed rests on the Ames limestone at this place, 

but elsewhere it is 20 feet above, with green and red shale between them. 

It appears to be at the Elk Lick horizon. Nearer the Ohio river the 

Harlem coal is immediately under the Ames, the Barton is at 50 to 60 

feet below, and the Lower Mahoning is coarse and pebbly sandstone. 

The interval between the Brush Creek and Upper Freeport varies from 

35 to 69 feet between Irondale and the Ohio river, and the Mahoning 

limestone (Gray limestone of Newberry) is present in most of the sec- 

tions.* 3 

Southward in Jefferson county numerous direct measurements by 

Newberry, Orton, and Newton show that the interval from the Ames 

limestone to the Brush Creek coal varies within 16 miles from 199 to 230 

feet, the least interval being at Steubenville, the most southerly meas- 

urement. This interval is filled mostly by red and olive shale, but at 

several localities a coal bed appears at 27 to 46 feet above the Brush 

Creek, marking a horizon first seen in eastern Beaver of Pennsylvania. 

The interval from Brush Creek to Upper Freeport varies along this line 
from 37 to 85 feet. At 3 miles southeast from the northwest corner of 

the county Professor Newberry found the Harlem coal immediately under 

the Ames limestone and another coal bed at 114 feet lower, immediately 

above an impure limestone, the Cambridge, at 118 feet. This, the An- 

derson coal bed, underlies variegated shale, but 10 miles away toward 

the southeast, in Brooke county of West Virginia, it is 100 feet below the 

Ames and underlies the massive Cowrun sandstone, 40 feet thick. A 

bed at the Barton horizon is noted at several localities 55 to 65 feet below 

the Ames limestone. 

The interval from the Pittsburg coal bed to the Ames limestone varies 

from 149 feet in northern Jefferson to 225 feet in the southern part of the 

county. A limestone is usually seen at 1 to 25 feet below the Pittsburg ; 

a coal and limestone marking the Little Clarksburg horizon are exposed 

occasionally in northern Jefferson, and at one locality cannel occurs at a 

‘Little Pittsburg horizon 40 to 50 feet below the coal. The Elk Lick 

horizon is marked by coal at many places 20 to 35 feet above the Ames; 

but the section shows much variation, the whole interval being occupied 

at one place by blue and sandy shales to 180 feet above the Ames. Red 

beds are at several horizons, but, excepting those associated with the 

Ames, they are thin and of uncertain occurrence. The interval from 

Pittsburg to Upper Freeport is 498 feet in northern Jefferson, 493 at 

* This is the Brush Creek limestone of yolume y. 
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Wills creek, and about 515 feet at Steubenville as well as at 10 miles 

farther south.* 

Carroll county is west from Jefferson. The careful work of the Third 

Ohio Survey superseded the reconnaissance made by Stevenson in 1872 

and resolved the difficulties that so perplexed that observer. ‘Two sec- - 

tions by Professor Orton suffice to show the variations. Midway in the 

county the Brush Creek coal bed at 130 feet below the Ames limestone is 

45 feet above the Upper Freeport, but at 10 miles farther south the in- 

tervals are 195 and 71 feet, both sections showing the Mahoning and 

Cambridge limestones, the latter at 120 feet below the Ames. In both 

sections the Lower Mahoning is shale, the Upper Mahoning, as appar- 

ently at all localities in Ohio, being absent. The Pittsburg reds, so con- 

spicuous farther east, are wanting and the only red bed in the section is 

20 feet thick, at 70 feet above the Ames and underlying a ‘limestone whose 

top, at 115 feet, can not be more than 40 feet below the Pittsburg coal. 

According to Stevenson, the Ames limestone is double midway in the 

county, where the Harlem coal bed occasionally attains workable thick- 

ness, especially near the village of Harlem. A coal horizon, evidently 

the Anderson, is distinct at 75 to 105 feet below the Ames limestone, the 

interval increasing southward. t 

The whole of the Conemaugh is exposed in Harrison county, south 

from Carroll and west from Jefferson. ‘The Ames limestone is rarely 

more than 150 feet below the Pittsburg coal bed. Even in the southeast 

corner of the county the interval is but 149 feet, though at 6 miles east- 

ward, in Jefferson, it is 225. The Harlem coal bed is shown at many 

places and occasionally attains workable thickness. ‘The Anderson coai 

is distinct at 90 to 104 feet below the Ames, as is the Brush Creek at 42 

feet above the Upper Freeport. The Elk Lick coal was seen frequently — 

as coal or coaly shale at 8 to 12 feet above the Ames limestone. Neither 

the Cambridge nor the Mahoning limestone is noted in any of the sec- 

tions. Limestone is persistent almost directly below the Pittsburg coal, 

but aside from that none of the beds above the Ames is persistent. 

Belmont county, south from Harrison and Jefferson, extends to the 

Ohio river. On the river side the exposed section reaches downward to 

* J. S. Newberry: Ohio, vol. iii, pp. 96, 99, 107, 731-732, 7386, 739, 740, 746, 750, 

(51, 753. 

J. S. Newberry and Henry Newton: Vol. ii, sections, sheets nos. 1, 2. 

J. J. Stevenson: Vol. iii, pp. 765, 768, 771, 773, 778. 

E. Orton: Vol. v, pp. 50-51, 53-54, 61. 

I. C. White: Pennsylvania (Q Q), p. 282. 

+ J. J. Stevenson: Vol. iii, pp. 180, 182-183. 

HS VODs. Vol. nv, Ds 2eo. 

tJ. J. Stevenson: Vol. iii, pp. 205-206, 208. 
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little more than 100 feet below the Pittsburg, and the rocks, aside from a 

limestone at 1 to 17 feet, are almost wholly sandstone. The record of an 

oil boring in Washington township 6 or 8 miles from the river shows 

only shales for 750 feet below the Pittsburg coal, resting on the Potts- 

ville, a sandstone 258 feet thick. Red beds 25 and 155 feet thick begin 

at 30 and 95 feet below the coal. This is not more than 2 miles from 

Moundsville, in West Virginia, where a massive sandstone 85 feet thick 

begins at 197 feet below the Pittsburg and is separated by 70 feet of red 

shale from a lower bed of sandstone 60 feet thick. In the western part 

of the county the section reaches to the Ames limestone, which is barely 

140 feet below the Pittsburg. Limestone 4 to 30 feet thick is at 0 to 12 
feet below the Pittsburg, but thence to the Ames one finds in the north- 

west part of the county little aside from sandstone, while in the south- 

west part much of the interval is filled with shale.* 

Some small outlers of Conemaugh remain in Tuscarawas county west 

from Carroll and Harrison, where Professor Newberry found the Brush 

Creek (7a) at 53 feet above the Upper Freeport (7). The Lower Mahon- 

ing, 30 feet thick, is the Stillwater conglomerate of Newberry and under- 

lies 10 feet of red shale. Overlying the Brush Creek are 60 feet of 

mostly olive shale, replacing the Buffalo sandstone. + 

Guernsey county, south from Tuscarawas and west from Belmont, has 

the whole Conemaugh section exposed. In the northeastern part, near 

the Belmont line, the Ames limestone is 148 to 152 feet below the Pitts- 

burg coal bed, with, in the interval, limestones at 12 and 68 feet, but no 

coal, very little sandstone, and no red shale. In the southeast portion the 

interval to the Ames varies from 138 to 160 feet, with limestones at 10, 

27, and 53 feet, and a red bed 20 feet thick beginning at 54 feet. At 

one locality Professor Andrews found a fossiliferous limestone 1 foot 

thick 65 feet above the Ames, and at another probably the same bed at 

80 feet below the Pittsburg. The Ames limestone persists throughout 

the county. A section in the central part of the county by Professor 
Orton is: 

Feet. Inches 

ION ESTONE, Ho cre cide cides ci vis.a de Seabee Oe eee ee eee Ok 

PMU OACOMIER Yc eiacs os on Soi id cae PO Lale Oh a elmer ees 68 8) 

Sa AMNGET SOM CORI DCE! ..6 sicic ov cles dsl ieelei dees auteraels 2 6 

SEE CURS ALG ae 5 diaik 6, lai whic ‘alas e's) oe) sues) ok reba are eee 10 0 

SD MeaMpPrIGLe LIMESTONE. « » v's.0.8 « s,s bie vse ce ee ws + 0 

Gal ireclay and «reds SHAlLe ) i deics « <be wie ctdavw apacous. s 15 0 

*E. B. Andrews: Vol. ii, p. 547. 

J. J. Stevenson: Vol. iii, pp. 262-268. 

J. A. Bownocker: Fourth Survey, Bull. no. 1, p. 220. 

+ J. S. Newberry: Vol. iii, p. 81. 
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{soy Ue 

Feet. Inches 

7, Concealed ...--- Adour ude OO OOED OID O10 Peer, ae) 0 

8. Sandstone, heavy [Buffalo] ..---+-+++ereee eres 25 0 

9. Fossiliferous black shale [Brush Creek]...... 5 0 

10. Brush Creek or Groff coal bed ...------- Ee ae 0 

11. Concealed ...---eeeeers cee akekyeteaehs toe 0 

12. Upper Freeport coal bed ......- obaou0baD ahens 

Red shale is not reported as associated with the Ames limestone in the 

art of the county, and it was seen at that horizon in the south- northern p 

ly near the Belmont County line. The Harlem coal is re- ern part on 

ported from one locality in northern Guernsey, where, according to Ste- 

venson, it is roofed by cannel which is “full of aviculoid shells.” For 

the most part its place is concealed in sections by Andrews, but it is 

reported by him twice in the southern part of the county at 12 to 18 feet 

below the Ames. 

Mhe Anderson coal bed of Andrews, Norwich of Stevenson, is at most 

86 feet below the Ames, 10 feet above the Cambridge limestone, and is 

persistent, having been seen in all parts of the county. The Cambridge 

limestone is present throughout the western townships at 86 to 96 feet 
below the Ames; it is below the surface in the eastern portion. The in- 

terval from it to the Upper Freeport (locally Cambridge of Andrews and 

Stevenson) varies from 91 to 137 feet, increasing toward the southern 

border. ‘The Brush Creek fossiliferous shales have not been observed in 

the interval between western Jefferson and central Guernsey, being re- 

moved at most localities during deposition of the overlying Buffalo sand- 
stone or sandy shale. ‘The Brush Creek coal is worthless at all exposures 

in Carroll, Harrison, and Guernsey, and the Lower Mahoning is usually 

represented by shale. The average thickness of Conemaugh in this 
county is about 350 feet—a decrease of almost 250 feet from McDonald, 
in Washington county of Pennsylyania.* 

In Muskingum county, west from Guernsey, the section north from 
the Baltimore and Ohio railroad reaches upward to the Ames limestone. 
The Harlem coal persists at 2 to 17 feet below that limestone and the 
Cambridge limestone was seen at 69 feet below the Ames. The Anderson 
coal at 1 to 9 feet above the Cambridge limestone is equally persistent 
with the Harlem, but for the most part both beds are mere streaks. The 

Cambridge limestone is fossiliferous, buff on weathered surface, and 

fe i is ny feet above the Upper Freeport (Cambridge) coal. 
, ‘ong, fully exposed at one place, consists of two sand- 

stone plates, 20 and 7 feet, separated by 21 feet of mostly sandy shale. 

“H. B. Andrews: Vol. ii, pp. 533-534, 535-539, 540-541. J. J. Stevenson: Vol. iii y » Hi, pp. 225-228. BE. Orton: Vol. V, Pp. 82, 84, 87. 



CONEMAUGH FORMATION IN OHIO 189 

The section in southern Muskingum is complete and the following . 7 ta U 6 ; : ; . 5 p 
5 generalized succession may be compiled from measurements by Professor 

Andrews : 

Wo LEliadsiobiss @OBUL WeCl cooncootoanaunaenaoc oo Pe 
2, JEOUSAVAU coovococongdcnddeadaa svete heemwate 1 to 2 0 
Sb ILMMNEHOME o500000000000000000ns00cnac. 1 0 
Bo ISENUUGHONG, Sodaccopousnoaunocardnunsacs Dr 0 
Dy IVINEON 3 coooooucwooedensssonhoncson 2 0 
(IMEC) SIMANS oacconncvcve0b00nn000anacunc 25 0 
MCoall bed. acct machancnenererree Here Trace 
SHEN Segond oAbAoe.6 oeOGAOSGenen aah: 90 0 
9. Ames limestone ..... Seeded cuerestayseecucuaeteiere 1 to 2 0 

10. Shale and sandstone .................. 27 0 
Ti, [iawea]| CORN WEE coc oncoacnanvensoan. 0 to 2 6 
12. Concealed and sandstone ............. 44 to 48 0 
13. Anderson coal bed .................... 2 6 
das Olleny anal SEV ooocccodcoucccunauccuccs 10 0 
15. Cambridge limestone ................. 8 to 12 0 
HOM Clayseandushaleiaerernniienereneeieeen 50 0 
17. Limestone [Brush Creek] ............. Thin 
185: Conceal edise cro ceterivo since Bee 3 0 
19. Brush Creek coal bed ................. Thin 
20 Clays Roma nectar Senne ee 6 0 
21. Lower Mahoning sandstone ......... Sioas 40 0 

to the Upper Freeport coal bed. Number 8 contains at some places 60 
feet of red shale, the “Big Red” of counties farther south; the red bed, 
Number 6, is apparently the same with that seen in the eastern locali- 
ties. No trace of the Elk Lick coal appears in any of the sections 
and the Harlem is very uncertain, but the Anderson is persistent at about 
70 feet below the Ames, sometimes resting almost directly on the Cam- 
bridge limestone. The sandstone, Number 12, is at the place of the 
Cowrun. The Brush Creek coal and limestone are very thin and the 
former is reported very rarely.” 

Morgan county is south from Muskingum. In the central and north- 
ern portion the Pittsburg coal bed is 142 to 150 feet above the Ames 
limestone. A thin limestone appears occasionally at a few feet below 
the Pittsburg and a 2-foot coal bed is at 73 feet, possibly the Jeffers of 
more southern localities. The Harlem coal bed is double in some places, 
the upper division directly under the Ames, and the lower, occasionally 
of workable thickness, at 20 or even 30 feet lower and resting on the 
Ewing limestone. Still lower is the Patriot coal of Lovejoy, about 40 

*H. B. Andrews: Vol. i, pp. 314 et seq. 
J. J. Stevenson; Vol. iii, pp. 284-289. 
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feet above the Cambridge limestone in Morgan county and overlying the 

Cowrun sandstone, an important rock in northwest Morgan, where it is 

the First oil sand of the Federal Creek and Buck Run districts. It is the 

140-foot sand of the Macksburg area and the Cowrun of Washington 

county. An oil-well record given by Professor Bownocker in Union 

township shows an almost continuous red bed beginning at 33 feet above 

the Ames and extending upward to 156 feet, to the place of the Pittsburg, 

which is wanting. Only 6 feet of red shale are reported below the Ames, 

and that limestone is 131 feet above the Cambridge, which is only 70 feet 

above the Upper Freeport coal. It is worth noting that while the interval 
from Ames to Cambridge has increased, that from Ames to Upper Free- 

port is but 201 feet—only about 10 feet more than in southern Mus- 

kingum. The Cambridge is double in much of Morgan and at times 

both divisions are flinty, but in several townships only the upper division 

is present. The interval between the divisions varies from 5'to 10 feet 

and holds the Anderson coal bed. 

Professor Bownocker reports several oil records from eastern Morgan. 

One at Browns Mill, near the southeast corner, shows the “Big Red” end- 

ing at 4 feet above the Ames hmestone, and the Cowrun sandstone, 29 

feet thick, beginning at 92 feet below it. A red bed at 184 feet above the 

Ames is very near the place of the Pittsburg coal. Seven miles west the 

“Big Red,” 125 feet thick, ends at 22 feet above the Ames, and another, 

16 feet, ends at 40 feet above the Cainbridge limestone. These reds are 

very irregular, for in a well 4 miles farther west the only red between 

Ames and Cambridge is 42 feet and ends at 65 feet above the Cambridge, 

whereas in an adjacent well there are two beds 10 and 40 feet. In the 

most western well coal is recorded at 165 feet below the Ames, 58 feet 

below the Cambridge, evidently the Brush Creek, and black shale at 42 

feet lower is very near the place of the Upper Freeport. The Conemaugh 

in eastern Morgan is not more than 360 feet thick.* 

Noble county is east from Muskingum and Morgan, south from Guern- 

sey. For the most part the Conemaugh is deeply buried, but it is brought 

up by an anticline midway in the county. According to Professor An- 

drews, the interval from Pittsburg to the Ames in the northwest portion 

is 150 feet. Farther east on the Guernsey border this interval contains 

two thin limestones at 46 and 54 feet above the Ames and another, very 

thin, at the Pittsburg horizon. The Cambridge limestone becomes double 

near the Guernsey line, a new, upper division making its appearance, 

*H. B. Andrews: Vol. i, pp. 295-297, 303, 305. 

EK. Lovejoy: Vol. vi, pp. 631-635. 

J. A. Bownocker: Bulletin no. 1, pp. 134, 136, 142. 
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which becomes the important bed in Morgan and other counties beyond 

toward the south. Here Professor Andrews found 6 inches of fossil- 

iferous ore on 6 inches of fossiliferous shale resting on the Anderson 

coal bed, 1 foot 6 inches thick and 10 feet above the Cambridge limestone 

proper, also fossiliferous, which is 125 feet above the Upper Freeport 

(Cambridge) coal bed. Farther south he finds a fossiliferous limestone, 

below which, at 90 feet, is another fossiliferous limestone, dark blue and 

sandy, resting on a coal bed. Still farther south, and near the Washing- 

ton County line, he finds the lower lmestone resting on its coal bed. 

The higher limestone is the Ames and the lower, or main portion of 

the Cambridge, is about 100 feet below it. An oil record on the border 

of Washington county and 18 miles northeast from the Browns Mill 

well, in Morgan county, shows the Ames at 125 feet above the Cam- 

bridge with the 140-foot, or Cowrun, sandstone, 5 feet thick and 26 feet 

above the Cambridge. It overlies a thin coal bed separated from the 
limestone by red shale.* | 

Monroe county is east from Noble and extends to the Ohio river. The 

Conemaugh and even much of the Monongahela formation are deeply 

buried. The Pittsburg coal bed is insignificant and in a great part: of 

the county it is wanting; the well records are of the ordinary type and 

the thinner limestones can not be recognized, but the “Big Lime” of the 

Lower Carboniferous is persistent. ‘The Mahoning and other sandstones, 

so insignificant on the western outcrop, reappear in these records, and it 

is not altogether easy to correlate them with those in Noble and Morgan, 

as the “Big Lime” is not present in those counties. Professor Bownocker 

gives records of borings in Summit, Wayne, Perry, Jackson, and Green 

townships, and Doctor White adds one on the Ohio river opposite Sister- 

ville, in Tyler county of West Virginia. These extend southeastward 

across the county, the first being about 6 miles west from the Noble 

County line. A thin coal bed is present in most of them and it is taken 

as the main horizon, the numbers indicating distance below it. 

Feet. Feet. Feet. Feet. Feet. Feet 

Coal bed [Pittsburg].... 

Big Red: 

ARO riasstanens ter vee wee «es 153 105 

IBOGUOMY 4 is55 ashe elas 253 245 

Cowrun sandstone: 

OP are bee ialece Save! seis 453 507 520 470 534 430 

SOMO Vajatisveiere oCeve, «abe 678 900 540 485 565 480 

Coal bed [Brookville] .. 678 705 

2 Be Dy TU ae 1032 1060 1060 1050 

* HF. B. Andrews: Vol. ii, pp. 510, 511, 518, 515, 517, 518. 

J. A. Bownocker: Bulletin no. 1, p. 160, 



192 J. 5. STEVENSON—CARBONIFEROUS OF APPALACHIAN BASIN 

Where no numbers are given the well record is incomplete. In many 

eases the sandstones alone are recorded. The coal bed, sometimes want- - 

ing and always very thin, is the Pittsburg. It is evident that the “Cow- 

run” is not the same bed in all of these wells. At the Summit locality 

one is at little more than 12 miles northeast from the well in southern 

Noble, where both Ames and Cambridge limestones are present and the 

latter is about 300 feet below the Pittsburg. The interval from Pitts- 

burg to the “Big Lime” in Monroe does not justify the supposition that 

there is any notable thickening of the measures in this direction. LEvi- 

dently the sandstone beginning at 430 to 453 and ending at 480 to 485 

is the Mahoning, which in the Summit well is continuous with the Alle- 
gheny and in the Wayne well is continuous through the Allegheny into 

the Pottsville. The Brookville coal bed at 678 and 705 feet will prove 
to be a useful guide in Washington county.* 

The Hocking Valley coal field of Ohio embraces portions of Perry, 

Hocking, and Athens counties along the western outcrop. Professor 

Orton’s generalized section for the lower portion of the Conemaugh in 

the western part of these counties is: 
Feet. Inches 

“Ames limestone: 0°. Sc 2 5 w preteeremtiecs snare eanetein on 5 0 

2. sShale, red or drab: «cee ate ek ete ee eee 45 0 

3. Ewing limestone ...... AG MMs Aa ee eRe, Lele 3 0 

4. ‘Shale; red OF GxraAwW is sy AOE ee create kode es caecum 40 0 

5. Cambridge limestone, black, in 2 benches..... 10 0) 

Gee SINAN G ie e core aio ste eee ais a ee oa ee Tenor ceric 25 0 

7. Mahoning (?) [Buffalo] sandstone .......... 20 0 

8: Brush Creek coals2. 20.8 cee sen te le ee ee eee Yy 6 

Or Shale <isihs eevee we nelle By SPR A OR Rae ae catrrcnttancaat ee 15 0 

10. Brush Creek [Mahoning] limestone .... 0 to 3 6 

at 0 . Mahoning sandstone or shale .......... 15 to 25 

the Cambridge limestone being 98 feet below the Ames and about 80 feet 

above the Upper Freeport coal bed; but the variation is extreme in the 

outlying areas of Perry and Hocking. At one locality in the former, 

according to Professor Orton, the section begins with the Elk Lick coal 

at 16 feet above the Ames and reaches to the Upper Freeport, giving in 

all only 115 feet from Ames to Upper Freeport, all members of the sec- 

tion being present, thus making less than 275 for the whole of the Cone- 

maugh; but another section farther east in the same county shows the 

Cambridge 94 feet 6 inches above the Upper Freeport and 52 feet above 
the Brush Creek coal bed. ‘The section in Hocking county covers the 

* J. A. Bownocker: Bulletin no. 1, pp. 201, 210, 212. 

I. C. White: Geology of West Virginia, vol. i, p. 356. 
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whole of the Conemaugh. Mr Read found the Pittsburg coal bed 145 

feet above the Ames limestone and the latter 112 feet above the Cam- 

bridge, which is only 72 feet above the Upper Freeport, giving thus a 

thickness of 329 feet for the Conemaugh. The Brush Creek coal bed 

and the Mahoning limestone are present in his sections, the latter being 

sometimes only an ore bed.* 
Athens county is south from Perry and Morgan and east from Hock- 

ing. Professor Andrews finds the Ames hmestone 138 to 145 feet below 

the Pittsburg (Federal Creek) coal and the Cambridge limestone at 

85 to 90 feet lower, with, at some localities, the intermediate Ewing 

limestone at 50 feet above the Cambridge. The Ames is 180 to 190 feet 

above the Upper Freeport (Baileys run). coal bed, practically the same 

as in Read’s Sunday Creek section in Morgan county, so that the Cone- 

maugh in all is about 330 feet thick. Limestones, not wholly persistent, 

are 4 to 6 and 75 feet below the Pittsburg. The Harlem coal seems 

to be persistent at about 25 feet below the Ames and at times underlies a 

sandy black fossiliferous shale. The interval between Ames and Cam- 

bridge is fully exposed near Athens, midway in the county, where, aside 

from the Harlem coal and Ewing limestone, it contains only shale and 

laminated sandstone, 34 feet of the latter resting on the Cambridge lime- 

stone, the Cowrun sandstone. ‘The Cambridge limestone is double in the 

northern part of the county and the interval between the divisions is at 

times more than 25 feet; but the lower division, underlying the Anderson 

coal bed, disappears midway in the county, to reappear irregularly 

farther south. In this region the upper division is persistent. Occa- 

sionally one or both are flinty, but the upper is sometimes pure enough to 

yield good lime. ‘The interval between Ames and Pittsburg in the eastern 

township of Ames is 140 feet, according to Andrews, but Mr Lovejoy 

finds it 171 farther west, where the section shows great variation. A 

coal and limestone—perhaps the Jeffers—are sometimes present at 54 

to 57 feet; a white hmestone underlies the Pittsburg at one locality, but 

at another, one finds 28 feet of red shale; while at a third, heavy sand- 

stone fills the whole interval to the Ames. 

On the Morgan-Athens border the Ames is 170 feet below the Pitts- 

burg, and in Ames township of the latter it is 115 feet above the Cam- 
bridge limestone, evidently the Upper Cambridge, for it underlies 33 feet 

of sandy shale, representing the Cowrun sandstone. Here, at 6 miles 

east from the line of Washington county, Professor Bownocker’s measure- 

ments and oil-well records make the Cambridge limestone 285 feet below 

*M. C. Read: Vol. iii, pp. 679, 705. 

E. Orton: Vol. vy, pp. 100-101, 920. 

XV1—BULL. Grou. Soc, AM., Vou. 17. 1905 
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the Pittsburg. The “Big Red” rests on the Ames, but is only from 
15 to 40 feet thick. Two other reds, 5 and 20 feet, are at 10 and 30 feet 

above the Cambridge, but are not present in all of the wells.* 

Crossing into Washington county, east from Morgan and Athens, south 

from Noble, and extending to the Ohio river, one finds the Conemaugh 

for the most part deeply buried; but the Cowrun anticline brings it up 

in a narrow strip east from the middle line of the county. 

A well record reported by: Professor Bownocker from the northwestern 

part of the county shows the Cambridge limestone at 120 feet below the 
“Big Red,” which is 95 feet thick, broken by 15 feet of shale. The 
Ames is not.reported here, but it is present at 3 miles northeast, on the 

Morgan border, where it is 4 feet below the “Big Red.” The Pittsburg 

coal is wanting at both places and no coal appears in the section for 180 

feet above the place of the Ames. In one record a sandstone 35 feet 

thick and overlying a thin limestone is at 135 feet above the Ames, evi- 

dently belonging almost directly under the place of the Pittsburg. Iu 

the more northerly well the Cambridge is apparently about 125 feet below 

the place of the Ames, and so somewhat less than 300 feet below the 
Pittsburg. Macksburg, on the Noble County border, is at 17 mules 

northwest ; there the Ames is 125 feet above the Cambridge and the latter 

is 363 feet below the Macksburg coal bed, which is about 90 feet above 

the Pittsburg. The first, or 140-foot, sand of this region, the Cowrun, - 

is 35 feet thick at Macksburg and its top at a mile east in Noble county 

is 99 feet below the Ames. The interval from Pittsburg to Cambrdige 

is somewhat less than in western Washington. <A great sandstone 78 feet 

thick begins at 176 feet below the Cowrun and continues to 523 feet 

below the place of the Pittsburg. ‘This has been correlated with the 

Mahoning, but it belongs more probably in the Allegheny in part, for the 

bottom of the Mahoning in southern Monroe, 18 miles northeast, can not 

be placed lower than 480 feet below the Pittsburg. 

Thirteen miles east of south from Macksburg and 15 miles southwest 

from Green township of Monroe county is Cowrun, in Lawrence town- 

ship of Washington. ‘lhe Cowrun uplift passes north and south through 

this township and exposes the Conemaugh to about 70 feet below the 

Ames limestone. Good exposures of the interval above the Ames are 

rare, but Professor Andrews found a limestone at 98 feet below the Pitts- 

burg, 136 feet above the Ames in both Lawrence and Newport townships, 
and in the latter a coal bed at 40 feet above the limestone, which is at the 

* E. B. Andrews: Vol. i, pp. 264-265, 270, 273-274, 278, 280, 289. 

E. Lovejoy: Vol. vi, pp. 632-6338, 645-646. 

J. A. Bownocker: Bulletin no. 1, pp. 132-133. 
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place of the Jeffers coal of Gallia county—probably a Little Pittsburg. 

He gives a record from Lawrence near Cowrun on the authority of the 

late F. W. Minshall, for whom the well was drilled. The section, begin- 

ning at 140 feet below the Pittsburg coal bed, is: 
Feet, Inches 

AE CATAL UL INA yee premiere ie receo et icine. s,s) ais a Tevehe a's Pap 0 

Pe TeCA AMG A Ue) Sltavler cr) cpsersecteyeyAeralels are, e 0 c\3 sere 74 0 

3. Fossiliferous limestone [AmeS].............. 1 6 

Axe Yellow; Sale gs sy kote peterers dhe oe, yo ciel ove aus leis, 18 18 ) 

6 Con [-EARlemil ei Gos oar. wa rencicues dl ahetttee Aid tap's <aidat oh si Thin 

(aad C01 aes Wea PRR Se ne eRe SRS OEY tier ye pen 20 ft) 

fee SAMOSLOME? 25 5S 57.30 apatyara tetera orch ear sera eres OU) 0 
Sr MONA A sig oak ella ack ev ataralada epaeheue ay x aona er sealel alls, Ss 4 0 

9. Interval, coal [Brookville] near bottom...... Bit 0 

PROMS UTE CL SEONG. csc sy 3. ap eae oy earch cee: aon en aor ee tes tae a esl ote 130 0 

Here one has the “Big Red” over the Ames, and the Harlem coal is at 

256 feet below the Pittsburg. The interval to the Ames is as large as 

that to the Cambridge along the western outcrop, which misled Andrews 

into identifying this limestone with the Cambridge. The bottom of the 

sandstone, Number 7, regarded by him as the Cowrun, is 305 feet below 

the Pittsburg coal. In the record of the Centennial well published by 

Professor Bownocker the top of the Cowrun sandstone is 314 feet below 

the Pittsburg, and that bed is 47 feet thick, resting on 23 feet of red 

shale. The bottom of the “Big Red” is at 223 feet. A sandstone 10 feet 

thick at 479 feet is at the place of the Mahoning. ‘There is no thickening 

of the measures here as compared with more northerly localities, for the 

Brookville coal bed, at 705 feet in the Monroe well, is here at 701, and in 

the Minshall well at about 686 feet. The bottom of the sandstone below 

this coal is 814 in the Minshall well, 828 in the Centennial, and 800 feet 

in one of the Monroe wells. 

Going southward into Newport township, one finds on the Ohio river 

Professor Andrews’ section of the Ames and associated rocks, which is 

almost exactly the same as in the Minshall boring. In a well near by, 

drilled for Mr Minshall, the Harlem coal bed rests directly on 44 feet 

of pebbly sandstone, below which for 210 feet are blue and red shales 

resting on 100 feet of sandstone, beginning at 508 feet below the Pitts- 

burg, and at 709 feet is the Brookville coal, with black shale resting on 
120 of sandstone to 828 at the bottom of the well. The 100 feet of sand- 

stone must be taken as belonging within the Allegheny. At 6 or 7 miles 

northwest from this locality and at the same distance west from the 

Cowrun wells is the record of a well at Marietta published by Professor 

Orton. There the Pittsburg and the “Big Lime” are wanting and the 
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only horizons to be depended on are the “Big Red” and the Brookville 

coal bed at the bottom of the Allegheny. ‘The succession is: 
Feet 

a" Samadstome@ 72 Pst. bene. eels oe 2 ofcted Pela a ake eee ee 20 

DU TCARTOCK (2a ts eu he 0 ee aes os Se eee 95 

Se INANGSHONC: + <2. 2442408 wee ee SNARE hee Re cere eee 35 

A. “BigP Rede” 25 68 kh 65 4c Sa OK th fore Poe olen abe ene ee 100 

BP SMMEIG” Sica ke Re SS Male Ser eek ates bare teat me ete PIERRE Ee ne | 20 

G: Red *rock ‘and’ slate ..:....4 5. .4~ Sank eee one een 150 

(. Red sandstone and mud: 6... 4. %% 2% Ses Seo ete eee 40 

8. Mahoning: sandstone: ......545%4..44 50685 10 feet 

Mahoning blaek shale ....4..+...%%.665%0% 20 feet 60 

Mahoning Sandstone -.....822.4245.5%8eeR% 30 feet 

OQ OSTate os. 04 sa PEP Os DS a eee a eee 105; 

10. Sandstone: 4. .44-4.05 64.4050" sas S2e pee gee cee enn 80 

TS SIAGE) Sos Se hes RRR ON ee Ce eee 105 

12:-"'Sandstome.¢ youd Na ell ne ee ee 2 eee 30 

13 Slatecand Shale: :..s28 fe 02 saute cee Seek ae eee 15 

1A Conk: DEG: 66... n5c0:ds Sits Aatokeee epee okie eel ee eee 5 

STON (2 11 SO eR PROT MUSE LEON ay cate, MER a face 25 

HO: SANGStOWe.: o..)c.6 sos woes so bese OR Ee RO Lee ee eee ee 70 

Here one has the little coal bed of the other wells. The high red bed 

is that associated with the Pittsburg coal at many places in Ohio, while 

the overlying sandstone is the Pittsburg sandstone, which farther west 

and south approaches very closely to the coal. The place of the Ames is 

in the upper part of Number 6.. The Cowrun sandstone is wanting and 

the Mahoning is represented by Number 8. 
Four miles below Marietta, along the Ohio river, one has a partial 

record published by Doctor White: 
Feet 

First Cowrun sandstone: .2¢). <r see oe eee eee 23 

Interval ic ss oR een 2s rok cis ee ee Ie Cee hear ae 157 

SAMASTONE: oi. 2505 oe ese ene OR eC ere een ecko ree 100 

Emtervall ccs foe Sk os eke ee ee ieee ee 90 

Second :‘Cowrun Sandstone ss 2 hee eee ee see eee eis «fee 15 

Professor Bownocker says that the highest sandstone, at its bottom, is 

about 100 feet below the “Big Red,” 85 feet thick and overlying a thin 
limestone which he thinks may be the Ames. The middle sandstone 

would be about 520 below the Pittsburg and equivalent to that in the 
Minshall well of Newport township, belonging therefore to the Alle- 
gheny, there being no sandstone here at the Mahoning horizon.* 

*E. B. Andrews: Vol. ii, pp. 497, 502-503, 505. 

E. Orton: Vol. vi, p. 399. 

I. C. White: Geology of West Virginia, vol. i, pp. 286, 288. 

J. A. Bownocker: Bulletin no. 1, pp. 1384-136, 169, 175-176. 
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Returning to the western outcrop: A few insignificant areas in Vinton 

county reach to the Cambridge limestone, which is gray fossiliferous and 

108 feet above the Shawnee or Upper Freeport hmestone. Coal beds 

are at 31 and 50 feet below it, possibly Brush Creek, and that at an upper 

horizon dividing the Buffalo sandstone as at some localities farther north. 

But here, as in Jackson county, where Professor Orton found a coal bed 

at 93 feet above the Upper Freeport and underlying a conglomerate, the 

section is a single instance and so far from any other exposure that no 

positive identifications can be made.* 

In Meigs county, south from Athens and extending eastward from 

Jackson to the Ohio river, one finds the Conemaugh deeply buried in the 

eastern portion, but exposed in the western. In this area, as in southern 

Athens, the Pittsburg sandstone overlies the Pittsburg (Pomeroy) coal 

or is separated from it at most by 17 feet of sandy shale. Professor An- 

drews gives many sections. Seven miles west from Pomeroy the Ames 

and Cambridge limestones are respectively 147 and 236 feet below the 
Pittsburg coal bed, but nearer Pomeroy the latter interval is only 221. 

In the western townships the Cambridge is frequently a “whitish fossil- 

iferous” limestone, and a coal bed at the Harlem horizon often appears 

about 60 feet above it. At 25 feet below the Cambridge is a coarse sand- 

stone and conglomerate, of which 30 feet were seen; it is in the place of 

the Buffalo sandstone, which belongs under the Lower Cambridge lime- 
stone of southern Ohio, the Cambridge limestone of Pennsylvania and 

northern Ohio. Mr Lovejoy finds the Cambridge limestone double in the 

northwest part of the county, but the lower division becomes very uncer- 

tain at a little way south. The Upper Cambridge, 27 feet above the 

Lower, is 112 feet above the Upper Freeport within the interval, the 

Anderson at 19 and the Brush creek at 45 feet below it. At another 

locality, 2 miles away, Professor Andrews found the Upper Cambridge 

at 47 and 109 feet above the Brush Creek and Upper Freeport coals. 

Five or six miles west from Pomeroy, red shale, 19 feet thick, is at 50 

feet below the Pittsburg, and a coal bed near the Barton horizon is at 205 

to 205 feet. Red shale is exposed above the Ames at one locality, and at 

another that limestone overlies a bed, 35 feet, the place of the Pittsburg 

reds. ‘The Mahoning is often sandstone, and Mr Lovejoy gives it as 56 

feet in one measurement. The whole thickness of Conemaugh at 6 miles 
west from the Ohio river is about 350 feet. 

Professor Orton publishes the record of a well drilled at Pomeroy, 

beginning 64 feet below the Pittsburg coal bed. The record is im- 

*E. B. Andrews: Report for 1870, p. 117. 

E. Orton: Vol. v, pp. 1025-1026. 
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portant because the samples were carefully examined and tested when 

brought up. Pomeroy is 6 miles east from the locality at which Pro- 

fessor Andrews found the Ames and Cambridge 147 and 236 feet below 

the Pittsburg. In the boring, red rock 38 and 42 feet was found begin- 

ning at 93 and 151 feet below the Pittsburg, the latter being the “Big 

Red” belonging above the Ames. A fossiliferous limestone at 285 is the 

Cambridge, the interval being 47 feet greater than at the western locality. 

The Cowrun sandstone overlying the Cambridge is coarse. The Mahon- 

ing (Lower) sandstone is at 379 to 431 feet, a more or less pebbly rock. 

while the great sandstone of the Allegheny begins at 15 feet lower, as in 

Newport township of Washington, and the Brookville coal bed is at 675 
feet. Dark shale overlying limestone is reported directly under the 

Mahoning and it may be the Upper Freeport, thus giving a little more 

than 430 feet as the thickness of the Conemaugh—an increase of nearly 

about 70 feet in six miles—while it is 50 feet less than in eastern Wash- 

ington county and the interval from Pittsburg to Brookville is also 40 

feet less. The boring does not reach to the “Big Lime,” which, at a 

point 6 miles southeast, is at 1,190 feet below the Pittsburg coal bed. At 

Pomeroy one is 40 miles southwest from Marietta.* 

Passing over into Gallia county, extending along the Ohio river south 
from Meigs and adjoining Mason county of West Virginia, one finds near 

the western border an outlier of the Pittsburg coal bed with the Cam- 

bridge limestone at 240 feet below it. This is in Perry township, 10 

miles west from Gallipolis, on the Ohio, and 20 miles southwest from 
Pomeroy. About 6 miles farther north, according to Professor Orton, 

the limestone is again double, the interval between the divisions being 

18 feet. At 57 feet below the Upper Cambridge is a coal blossom which 

is 77 feet above the Upper Freeport, while at 28 feet above the latter is a 

hmestone, thus making the thickness of the Conemaugh about 375 feet— 

an increase of about 25 feet over the average in Meigs. At about 5 miles 

northwest from Gallipolis the Cambridge is 248 feet below the Pittsburg 

(Pomeroy) coal bed and is, as in much of Meigs, a white limestone. The 

Ewing limestone was seen, at about 4 miles west from Gallipolis, 183 feet 

below the Pittsburg and underlying 20 feet of red shale. Another meas- 
urement only 2 miles from Gallipolis shows the Cambridge at 200 feet 

below the Jeffers coal, or about 250 feet below the Pittsburg, and red 

shale 16 feet thick is at 30 feet above it. Two feet of limestone at 50 feet 

above the Cambridge may represent the Ewing. The place of the Ames 

* EK. B. Andrews: Vol. i, pp. 249, 250-253. 

EH. Orton: Vol. vi, p. 397. 

E. Lovejoy: Vol. vi, p. 6383. 
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limestone is concealed in the sections by Andrews and Gilbert, but it was 

seen by Mr Lovejoy in the northern townships, along the Meigs border, 

at 5 or 6 miles southwest from Pomeroy. The Jeffers coal, separated 

by 40 to 50 feet of sandstone and shale from the Pittsburg, occasionally 

attains economic importance in the eastern part of the county, where it is 

accompanied by a persistent impure lmestone 1 to 10 feet below it. 

Near Gallipolis a bed of red shale 20 feet thick begins at 132 feet below 

the Pittsburg, very near the horizon of the “Big Red.’’+ 

Lawrence county is south from Gallia and extends along the Ohio 
river, adjoining Cabell and Wayne counties of West Virginia and Boyd 

of Kentucky. The section, as measured by Mr Emerson McMillin near 

Greasy ridge and Arabia, about 12 miles north from Central City, in 

West Virginia, and nearly 20 miles west of south from Gallipolis, is: 

pee Feet. Inches 

te LAbESDUTS COL. OL. 5 cubed avon chal er are ras 

aap LUD ETON eA Lc a: sre favs oSs sw ania atte, Seve, amt eeRad aca eee 150 0 

DE AMES MMT ES TONE =, cu. sleieleen «)alereleriorausiona es 2to 4 0 

EP MOATNIU ETNA ip iat fester. & caterer tan oral shal Si arereea nara ts cael 20% 92 0 

ES EMCO M CORT har. chalepavaldre ls ae ele tale aes an augltsSraeane ol 2 6 

Com LTTE Vcr ANY itty ee IS 3d sate de eh ols Beene 35 0 

fm Camprialee! IMESTOMEYs. 5. sys saya ae 8 0 elas 3 0 

Sw Coal beds [Amderson] 5.0264. . eece eiereteve.e 3 0 

Re SUT LCM RUS ins Serelaivay oy Bia: = ssa la at aria eo ene deven mena LOS TOM) 25 0 

10. Lower Cambridge limestone .......... 3 0 

MI SIVA Cie cate tesa a sie le a e's era rian Ales 0 

Ze Sandstomen (Suit alod: 0 kok es esbesantees wk 42 8) 

3. Coal bed [Brush Creek, Upper]........ LRON acs 0 

BeAr anya re etethaa ats fe naay We peiatalcacte i Pa lal aeaaan i’ Anepaiaits 4 0 

HSS TDM el kcal Soc ener ales Coes! si </oial le ote) nae atea nants 20 0 

16. Coal bed [Brush Creek, Lower]....... 2 0 

ivevOre bed) [Mahoning | 2. 254.5. )s 0. . ow hedan 2 0 

HSM VHOMIMe SAMEGSTONE, ) 4 ac aeucied eae ase 20 0 

to the Upper Freeport (Waterloo) coal bed, giving in ail about 400 feet 

for the Conemaugh; but this is the minimum, the maximum being be- 

tween 420 and 430 feet. The Upper Cambridge is at 280 feet below the 

Pittsburg, very nearly the same as in the Pomeroy well. ‘The Slate coal 

bed is very near the Barton horizon, at which coal has appeared sporadic- 

ally at many places along tlis western outcrop. In a personal communi- 

cation, Mr McMillin states that the Upper Cambridge is comparatively 

pure, usually yielding a good lime, but the lower is always siliceous, often 

flinty, and frequently represented only by calcareous shale. The in- 

*H. B. Andrews: Vol. i, pp. 282, 235-236. 

EK. Orton: Vol. v, p. 1049. 

E. Lovejoy: Vol. vi, p. 6382. 
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terval between the beds varies from 10 to 30 feet and the Anderson coai 
seems to be present generally; the coal Number 13 is from 28 to 50 feet 

below the Anderson. The Mahoning interval at times increases to 4C 

feet. In this part of the county the Cambridge is ahout 260 feet ahove 
the Vanport (Ferriferous) limestone. 

The Cambridge limestone is very persistent and appears in many of 

the sections measured by Andrews and Gilbert in various parts of the 

county, sometimes single, sometimes double, the upper division sepavat-d 

from the Anderson coal bed by black shale. It is 230 feet above the 

Vanport (Ferriferous) limestone, on the Ohio river at about 3 miles 

below Ironton, the only direct measurement obtained along the river. 

At 7 miles north from Catlettsburg, Kentucky, the Upper Cambridge is 

12 feet above the Anderson coal bed and 120 above the Upper Freeport. 

Measurements along the river or within 3 or 5 miles west or north from 

it are wanting, as the rocks are mostly soft and the slope rises in benches ° 

covered by loose material so deep as to mask everything.* 

KENTUCKY. 

Passing over into Kentucky, one finds Professor Crandall’s generalized 

section for the northeastern counties as follows: 
Feet 

1. Greenish sandstone and shale ............0ee eee eees 60 

2. Impure limestone’ [Ames (2) 20% on Yo Sees 

BS: Coneeadled ou. sds ee 42a idence ere satan e sheiaeiaieicna Se eee 16 

4. Coal*bed 12 [Harkeme(? eens ssaekeen esse ee eee 

5. Sandstone: and <«Orey.c e's < Bae ee wee sete rienote meeteee do 

6. Impure limestone [Upper Cambridge] .............. 

%. Sandstone and: Shaillee: 5:5 sid eiak ease sewer ea ane cone a1 

&. ‘Coal bed 11. [Anderson], ssn Uae ener wees Oe. es eee 

9. Sandstone ‘or: shale). 2c: Oe awe se eee ta eee ee 39 

10. Ore and Second Fossiliferous limestone [Lower Cam- 

DLIdSE] eos sae eee omens eel iene ‘ 

Th: Coal dO osc oaks Ce ee tee, wig ieee < Neee 

12. Sandstone, some shale [Buffalo and Mahoning]...... 60 

13. .Coal bed 9 .[ Upper Areepontiie vous eice. sGieest sais ee 

but the intervals vary greatly from those given in this section. 

The Upper Freeport coal bed is absent from much of the area. Only 

the lowest members of the formation reach into Greenup county and ihe 

western outcrop passes through western Boyd and eastern Carte; the 
highest beds are reached in Lawrence county. 

* KE. McMillin: Vol. v, p. 122. This section as published by Professor Orton has 

been modified in accordance with Mr MecMillin’s notes. 

H, B. Andrews: Report for 1870, pp. 195, 204, 207. 
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The Lower Cambridge (Second Fossiliferous) limestone is at 60 to 96 

feet above the Upper Freeport coal bed, the greatest interval being in 

northeastern Boyd and the least in southeastern Carter. The Upper 
Cambridge (Third Fossiliferous) limestone is 50 to 60 feet above the 

Lower. Doctor White finds at Catlettsburg a dark fossiliferous iime- 

stone 160 feet above the Upper Freeport coal bed, evidently the Upper 

Cambridge, as at a little way southwest Professor Crandall measured 159 

feet as the interval. Mr McMillin’s section in southeastern Ohio gives 

the interval to Lower Cambridge as 99 feet and that to Upper Car- 

bridge as at most 131 feet, with the Anderson coal bed at 15 to 25 fcet 

above the Lower. The interval between the limestones has almost 

doubled in 15 miles. Coal bed 10 is present at many places almos: 

directly under the Lower Cambridge limestone; this is a new horizcn, 

apparently without coal in other states, except perhaps in Wayne county 

of West Virginia. The interval between Upper Freeport coal and 

Lower Cambridge limestone is frequently filled with sandstone in Boyd 

county, the upper portion, equivalent to the Buffalo sandstone, being 

ordinarily very coarse, as in southern Ohio. No representative of the 

Brush Creek coal is reported anywhere except in southeast Carter, where 

at one locality a thin coal bed was seen 45 feet above the Upper Freeport 

and underlying the coarse Buffalo sandstone; it is at the place of the 

Upper Brush Creek coal bed in Mr McMillin’s section. 
In northwestern Lawrence the Lower Cambridge is 70 feet above the 

Upper Freeport coal bed and 100 feet below the Fourth Fossiliferous 

limestone, which may be either the Ames or the Ewing hmestone, both 

of which are persistent in southern Ohio. At one point on the Kast fork 

of Little Sandy the interval between Lower Cambridge and the Anderson 

coal bed is 50 feet; the coal is 3 feet 6 inches thick, but elsewhere in 

Lawrence as well as in Boyd the bed is unimportant. On Jourdans 

branch the Upper Cambridge, gray, is 50 feet above the Lower and 133 

feet above the Upper Freeport. At 95 feet above the Lower Cambridge 

is a cherty limestone, the Fourth, at a short distance above a coal, which 

is the highest observed in this part of the state and may possibly be at the 

. Harlem horizon. Elsewhere, as may be seen by reference to the general- 

ized section, the intervals are greater. ‘The highest deposits remaining 

are near Louisa, in the central part of Lawrence county, where one finds 

greenish beds above the place of the Fourth hmestone. At Louisa the 

Upper Cambridge is 200 feet above the Lower Freeport coal bed, 190 feet 

above the Upper Freeport (Shawnee) hmestone. The Fourth limestone 

may disappear as limestone not far south from Louisa. In the north- 

western part of the county it is a fossiliferous limestone; on Jourdans 
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fork it is represented by cherty limestone, but near Louisa its place is 

occupied by green calcareous sandstone. The Lower Cambridge lime- 

stone is present at 12 miles south from Louisa, near the line of Johnson 

county. | 
Coarse rocks occur commonly between the Upper Freeport and the 

Lower Cambridge in the northern part of Lawrence, but southwardly the 

deposits are finer and there is little of coarse material. Red shale is re- 

ported only from Catlettsburg, in northeast Boyd, where it underlies the 

place of the Upper Cambridge. 
Southward from Lawrence county the section is uncertain. The anti- 

cline in Johnson and southern Lawrence has led to removal of Cone- 

maugh and much of Allegheny from a broad strip, beyond which at 

present correlation is impossible. It seems altogether probable that 

some Conemaugh remains in Pike county; it is possible that there may 

be some even in southwestern Virginia, but at present no correlation may 

be attempted. Mr J. M. Hodge’s revised section in Wise county of Vir- 

ginia shows that the material on which the writer depended for that area 
is unexpectedly incomplete, and that the plane of separation drawn be- 

tween Pottsville and Allegheny in southwestern Virginia and the adja- 

cent portion of Kentucky may be incorrect.* 

WEST VIRGINIA 

Returning to the east and entering West Virginia on the west side of 

Chestnut ridge, in continuation of the Third bituminous basin of Penn- 
sylvania, one has Doctor White’s Morgantown section, which, con- 

densed, is: 
Feet. Inches 

L.uPittsburne coal. beds 2k. ciemicivon rein iae ten 

2s WCET VAT (ices: se 8. let We eee taulene eaten elena ne Mere tetas 34 0 

3. Little Pittsbure 'codl Ded Wontar : 1 6 

4. Sandy "Shale ols Lesh ee Moe hae eee Serene cene ial 17 8) 
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7. Sandstone and sandy shale [Connellsville]... 60 0 

Se IAT oc isnay ais, catlnt Gooaae vue eke eee ee ene een eve Rett acai tn e 20 0 

9. Black shale [Little Clarksburg] ............. at 0 

10. |Clarksbure limestone wearer meee ene eee. cere a 0 

11. Shale and sandstone. 45 feet 

Sandstone .......... 20 feet MO AON) oe e 
12. lk Tick coal, Peds. seick asks eine ener eae aie ic ss 3 0 

* A. R. Crandall: Greenup, Carter, and Boyd counties, p. 25, plates 1, 26; figs. 1, 7; 

30, fig. 4; sections 26, 47, 62, 65, 70-71, 78, 81. 85, 87; Southeast Kentucky coal field, 

p. 28. 

J. M. Hodge in personal communication. 
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Feet. Inches 
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to the Upper Freeport—in all, 561 feet. The Mahoning deposit con- 

tinues upward, so as to pass the place of the Brush Creek coal and lime- 

stone. Nine miles south from Morgantown the Conemaugh is said to be 
587 feet thick, the increased thickness being above the Ames limestone. 

The Brush Creek coal bed is at 99 feet above the Upper Freeport and 

underlies directly the massive Buffalo sandstone, which is 53 feet thick. 

The Barton and Anderson coal beds and the Cowrun sandstone do not 

appear in these sections. 

Westward from the Monongahela one is dependent wholly upon the 

records of oil borings. Possibly because these are very numerous, the 

variability of the sandstones and red beds is much more marked in them 

than in the less numerous measurements of exposures. It may be that 

some of the variations are due to the inaccuracy of measurements by the 

drillers. In any event, it is necessary at the outset to state that while it 

is not altogether difficult to recognize any given sandstone horizon, still 

the correlation is never wholly exact, since, using the Pittsburg coal bed 

as the fixed horizon, one finds the top or bottom of each sandstone shift- 
ing in such fashion that the determination can not be in close detail. 

The lmestones, so important in tracing the section by exposures, are 

very thin and do not appear in the records. The coal beds quickly be- 

come indefinite and disappear, while the red beds are distributed with 

such irregularity that they seem to mark localities of lagoons. 

In Monongalia and Marion counties, west from the Monongahela river, 

the interval from Pittsburg to Upper Freeport varies from 560 to 578 

feet. In the former county at 10 miles northwest from Morgantown it 

is 570 and in the latter at 12 miles southwest it is 578 feet. The Mor- 

gantown sandstone is well defined in many records and varies in thick- 

ness from 50 to 120 feet, its top being at 140 to 160 feet below the Pitts- 

burg; yet in not a few records it is represented only by shale. The 

Cowrun sandstone, overlying the Cambridge limestone, does not appear 

in the Monongalia wells except near the western border, but it is recorded’ 

occasionally in the Marion wells at about 350 feet below the Pittsburg. 
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The Buffalo, on the other hand, is persistent though variable, sometimes 

replacing the underlying shales and encroaching upon the place of the 

Upper Mahoning. Its top is from 382 to 387 in Monongalia, 380 to 407 

in Marion, the bottom being from 395 to 430 in the former and from 406 

to 457 in the latter, the thickness of the sandstone varying from 5 to 50 

feet. The Mahoning interval is more variable than the Buffalo. 

Typically it has two sandstone plates, upper and lower, separated by 

shales ; the lower is the more persistent, the upper being replaced by shale 

very frequently ; but in some localities the whole interval is occupied by 
massive sandstone. Ordinarily one finds between the sandstone and the 

Upper Freeport from 10 to 40 feet of shales, but occasionally the shale is 

replaced and the sandstone rests directly on the coal bed. The top of 

the Mahoning sandstone in Monongalia is from 421 to 475 feet below 

the Pittsburg, but from 436 to 515 feet in Marion; the bottom in Monon- 

galia is from 515 to 521, in Marion from 538 to 578 feet, in the last case 

extending downward to the Upper Freeport. 

The Anderson coal horizon is marked by a coal bed at 375 feet, re- 

ported in a Monongalia well, and a coal at 275 in a Marion well is very 

near the place of the Harlem. 

The red beds in northern Monongalia are immediately under the Mor- 

gantown sandstone, 245 or 265 feet below the Pittsburg coal, to 330 or 

340 feet, thus including the “Big Red” of Ohio overlying the Ames and 

the Pittsburg reds underlying that limestone. In southern Monongalia 

and in Marion red beds occur in some portion of this interval at almost 

all localities and occasionally higher beds appear—in one well at 86 to 
111 feet, in two others at 127 to 230 feet, and in a third a great bed is at 

161 to 326, replacing the Morgantown sandstone. The lowest bed re- 

corded is in a well on the Marion-Monongalia border 341 to 381 feet 

below the Pittsburg. This is wanting in other records.* 

In western Marion, on the border of Wetzel county, there appears at 

one locality to be only shale for 603 feet below the Pittsburg to the Butler 

or Upper Freeport sandstone, or possibly the (Lower) Freeport sand- 
stone. Crossing over into Wetzel county, one finds, at 10 miles south- 

west, the only sandstone at 480 to 510 feet, while midway between the 

wells this sandstone is at 500 to 515 feet, the Lower Mahoning. Hight 

or 10 miles northward the sandstones are at 406 to 446 and 470 to 548 

feet, and at 10 miles northwest, on the Marshall border, the only sand- 

stone is at 509 to 569, with the Lower Freeport coal bed at.575, the place 

of the Upper Freeport in eastern Monongalia and Marion. The sand- 

*I. C. White: Geology of West Virginia, Monongalia county, vol. i, pp. 234-236; vol. 

ia, p. 134; vol. ii, pp. 280, 269; Marion county, vol. i, pp. 288, 240, 242, 245, 247, 348. 
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stone at the last two localities includes the Butler and the Lower Mahon- 

ing. On the Marshall border a well shows a sandstone 37 feet thick be- 

ginning at 318 feet, which is at the place of the Cowrun. 
Six red beds are recorded midway in Wetzel, in all 109 feet thick. A 

double bed begins directly under the Pittsburg coal and three others are 

in the interval, 166 to 383 feet. The lowest is 25 feet thick, beginning 

at 443 feet, so that it extends into the Mahoning interval. 

Passing over into Tyler county, south from Wetzel along the Ohio 

river, one finds in the northern part of the county the first sandstone at 

490 to 515 feet below the Pittsburg coal bed. ‘Three miles southwest a 

double sandstone is at 440 to 480 and the first coal bed is at 704 feet, 

underlying a great sandstone extending from 529 to 664 feet. The same 

condition is found in another boring 3 miles farther west, where the first 

sand is at 437 and the second at 537, while near the Ohio the sands are 

at 425 and 555 feet. Three miles north in Ohio the sandstones are at 

430 to 480 and 535 to 685 feet. 
In eastern Wetzel one has reached the area of decreasing intervals. 

The bottom of the Mahoning there is at most 515 feet below the Pitts- 

burg, as also in northern Tyler. Westward toward the Ohio river the 

thickness of the Conemaugh decreases until it is barely 500 feet. The 

conditions in Monroe county of Ohio amply confirm Doctor White’s 

correlation of the Tyler “Cowrun” sandstone with the Mahoning. The 

coal bed at 704 feet below the Pittsburg, in Tyler, is the Brookville, at 

the bottom of the Allegheny. 

In this region and in Pleasants county, west from Tyler along the 

Ohio river, one finds the condition already noted in description of the 
Allegheny, the prevalence of sandstone, which in some cases is continuous 

from the top of the Mahoning interval to the Pottsville. The red beds 
of Tyler and Pleasants can not be traced readily, as details are given in 

very few records. ‘T'wo beds are noted in Tyler, 52 and 6 feet thick, be- 

ginning at 148 and 294 feet, in all 58 feet thick; but in Pleasants there 

are 75 feet within the interval 148 to 300, the mass being almost con- 

tinuous from 80 to 195 feet below the Pittsburg. The only traces of coal 
in Tyler and Pleasants are at 148 in the former and 345 in the latter, 

marking the Little Clarksburg and Anderson horizons.* 

Returning now to the east, the section may be traced westward 
through the next tier of counties—Taylor, Harrison, Doddridge, Ritchie, 

Wirt, and Wood—to the Ohio river opposite Washington county of Ohio. 

*1I. C. White: Geology of West Virginia, Wetzel, vol. i, pp. 339, 340-341, 343, 348; 

vol. ia, pp. 176-177, 200-203. 

Tyler: Vol. ia, pp. 241-242, 255-256, 258, 266-267. 

Pleasants: Vol. ia, pp. 269, 273, 274, 286. 
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At Grafton, in Taylor county, 20 miles south from Morgantown and 

in continuation of the Pennsylvania Second bituminous basin, the Ames 

limestone, Harlem coal bed, and the Pittsburg reds are well shown, the 

last being 30 feet thick. A massive pebbly sandstone is at 25 feet above 
the Ames, and another, at 190 feet below that limestone, rests on dark 

plant-bearing shales with a thin coal at the bottom, the coal being at 
250 feet. Two miles south, at Webster, the Ames is at 308 feet below 

the Pittsburg, and a thin coal bed is at 195 feet below the limestone, 

underlying caleareous and black shale. This is 120 feet above the bed 

identified on a previous page as the Lower Freeport, and the Mahoning 

interval is filled mostly by shale. The thin coal at Grafton appears to 

be at the Upper Freeport horizon and that at Webster is the Brush Creek.* 
Harrison county, west from Taylor, is south from Marion. Near 

Clarksburg, 15 miles west from Grafton, the interval from Pittsburg to 

Upper Freeport is 540 feet, 35 feet less than at the nearest well recorded 
in Marion county. The first sandstone is at 365, 35 feet thick, and the 

Mahoning interval is marked by a continuous sandstone from 421 to 505 

feet below the Pittsburg and resting on 35 feet of shale. This sandstone, 

in its upper part, reaches beyond the place of the Brush Creek coal bed 

and encroaches on the Buffalo interval, the higher sandstone reaching 

into the Cowrun. ‘Two records are available in northern Harrison near 

the Marion line, where the Cowrun sandstone is persistent, its top being 

at 352 and 362; but in the latter case it is continuous with the Buffalo 

and downward into the Upper Mahoning at 457 feet. In both records 

the Upper Mahoning is almost wholly shale, and the Lower Mahoning 

sandstone, beginning at 492 and 512, extends downward into the Alle- 

gheny, its bottom being at 592 and 602 feet below the Pittsburg. ‘The 

red beds are in characteristic contrast, for, though the wells are but 2 

miles apart, the great bed of 100 feet seen in one at 102 feet below the 

Pittsburg is wholly wanting in the other, where one finds only a 40-foot 

bed beginning at 232 feet, which is represented in the former by 15 feet, 

beginning at 262 feet. This last is at the horizon of the “Big Red” of 
oil records in Washington county, Ohio. At West Milford, 10 miles 

south from Clarksburg, the first trace of coal is at 600 feet below the 

Pittsburg, probably at the Lower Freeport horizon in the Allegheny. 

Some red rock is at 95 feet and a 50-foot bed begins at 375 feet. At 

Cherry Camp, 10 miles west from Clarksburg, the only sandstone is 30 

feet thick, beginning at 343 feet below the Pittsburg; all else is shale to a 

sandstone in the Allegheny at 642 feet. The higher sandstone is, at least 

11. C. White: Vol. il, pp. 282, 298: 
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in part, at the Cowrun horizon. The red heds are thick, 43 and 50 feet 
at 119 and 208 feet respectively, the latter above the place of the Ames 

limestone and equivalent to the Ohio “Big Red.” ‘The Pittsburg reds 

do not appear in the Harrison County records.* 

Doddridge county is west from Harrison and south from Tyler. Near 

Long run, 6 miles west from Cherry Camp, a thin sandstone is at the 

Morgantown horizon, but the Cowrun interval is filled with shale, while 

there is sandstone, 406 to 452, within the Buffalo; the Upper Mahoning 

is shale, the Lower Mahoning is sandstone in part, extending into the 

Allegheny at 589 feet, and the only red bed is one of 97 feet, resting on 

the Buffalo, which is in part the Pittsburg red. In northern Doddridge, 

near Center, several wells show a 30-foot sandstone just below the Con- 

nellsville horizon, but no other. ‘The red beds vary; in three wells within 

a small area one finds them at 

PRES EONO Ein cic ois as « siele)s le 6 UB DRO ae A oomoe ho oto 75 to 110 

DOME UO DLO 6 5 sce cc's «ase 5 ZEB Oer4Un cA ot mooon ods 290 to 540 

feet below the Pittsburg coal bed, while farther west, near the Tyler 

border, the whole red is in two beds, 15 and 30 feet, beginning at 235 and 

411 feet respectively, only 35 feet in all, contrasting with one of the 

Center wells, in which the red is continuous from the Pittsburg reds 

into the Allegheny. At this western locality the Morgantown, Buffalo, 

and Mahoning intervals contain only 11, 25, and 20 feet of sandstone. 

In southeastern Doddridge, on the Harrison-Lewis border, one record 

shows sandstone in the Upper Mahoning at 440 to 480, but for the most 

part that interval holds only shale; sandstone is in the Lower Mahoning 

30 feet thick.'t 

Ritchie county, west from Doddridge, is south from Tyler and Pleas- 

ants. The Pittsburg coal bed is of uncertain occurrence, but in areas 

where it is present the interval to the “Big Lime” of the Lower Carbon- 

iferous varies within sufficiently narrow limits to justify use of the lower 

horizon in tracing the section. Midway in the county, near Harrisville, 

as well as in the Whiskey Run district, 10 miles northeast, no persistent 

sandstone appears in the Conemaugh. At Harrisville a thick sandstone 

overlies the place of the Pittsburg coal, but no other sandstone is recorded 

until the Allegheny is reached. In Whiskey Run area one well shows 

two thin streaks of sandstone in the Conemaugh; the others none. At 

Cairo, 3 miles west from Harrisville, sandstone is seen in one well. con- 

tinuing from 409 to 487, in another from 443 to 483, and in the latter 

*1I. C. White: Vol. i, pp. 248, 250; vol. ia, pp. 317-318, 325. 
+1. C. White: Vol. i, pp. 321, 325, 328, 329, 331-332; vol. ia, pp. 282-284, 293, 295. 
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it rests on Black slate at the Upper Freeport horizon. In western Ritchie 

the sandstones are very uncertain, some wells showing only shales above 

the Buffalo-Mahoning, while others show occasional streaks, and in one 

well a sandstone 55 feet thick begins at 305 feet below the Pittsburg, 
representing in great part the Cowrun horizon. The red beds are as 

irregular as the sandstones. At Harrisville the first red is at 85 feet, 

and thence to 470 feet are three beds, 20, 170, and 165 feet—in all, 355 

feet. In a well on Whiskey run the first red underlies the Pittsburg coal 

and is 40 feet thick; the second, representing the “Big Red” and Pitts- 

burg reds, begins at 197 feet and is 150 feet thick, while a third, 30 feet 

thick, begins at 430 feet; but in a neighboring well the great middle mass 

is altogether wanting. ‘The same contrast appears at Cairo, where thick 

beds in one well are wholly unrepresented in another barely half a mile 

distant. Coal beds are reported at various localities as occurring at six 

horizons below the Pittsburg coal bed. The last two are in the Alle- 

gheny. It would not be difficult to make correlations for the others, but 

except in the numbers, there would be no justification for such correla- 

tion. No coal beds are recorded in the Conemaugh of Doddridge; the 

records of Wetzel, Tyler, and Pleasants are almost equally barren, and 

the references to coal in the Ritchie records are uncertain, a great num- 

ber noting no coal. If these coals be coal and not black slate, they can” 

be only accumulations of drifted material at best and probably they bear 

no relation to the coal beds near whose horizons they occur.* 

Wirt county is west and southwest of Ritchie. On the eastern border 

the Pittsburg coal bed is 1,260 to 1,278 feet above the “Big Lime,” and 

the first sandstone, 15 feet, is at 408 to 423 feet; the second, 60 feet, 

begins at 553 feet below the Pittsburg. Three wells at Burning Springs, 

a few miles farther west, show a sandstone, 34 to 77 feet thick, whose 

top is at 686 to 688 feet above the “Big Lime,” while the top of the thick 

sandstone beginning at 553 below the Pittsburg on the eastern border is 

at 725 above the “Big Lime.” If 260 feet be taken as the interval from 

Pittsburg coal to Ames limestone, the sandstone near Burning Springs 

is 529 feet below the Pittsburg, for the Ames limestone is at the surface. 

There the sandstone is 99 feet below a 15-foot sandstone, while on the 

eastern border it is 130 feet below the same sandstone. ‘The interval be- 

tween Pittsburg and Ames is 235 feet at Cowrun, 30 miles north in Ohio, 

and the intervals increase in this direction. The upper sandstone is 

toward the top of the Upper Mahoning and the thick lower sandstone, per- 

sistent in much of the county, belongs within the Allegheny. The Har- 

lem coal bed is shown near Burning Springs, where it underlies the Ames 

+1. C, White: Vol. 1, pp. 802-306, 313;2314, 
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limestone and “large unbroken shells of Allorisma, Myalina, and other 

forms are frequently found embedded in the upper part of the coal itself, 

though still in contact with the overlying limestone.” The Morgantown 

sandstone forms bluffs along the Little Kanawha river at 40 to 50 feet 

above the Ames. On the west side of the county the Mahoning interval 
contains a sandstone at 422 to 482 feet below the Pittsburg, present in 

wells near the junction of Wirt, Wood, and Jackson counties. The de- 

tailed records in Wirt county begin, for the most part, below the usual 

horizons of red beds, but one near Burning Springs shows the Pittsburg 

reds.* 
Wood county, west of Wirt and Ritchie, adjoins Washington and Meigs - 

counties of Ohio. The Conemaugh is buried deeply, the Pittsburg coal 

can not be identified with certainty in most of the county, the Pottsville 

varies greatly in thickness, and the “Big Lime” is absent in the western 

portions. 

In western Wirt the interval from Pittsburg coal to “Big Lime” is 

about 1,260 feet, but under the Cowrun anticline of Washington county, 

Ohio, that interval varies from 1,107 to 1,181 feet, and where the Pitts- 

burg coal bed reappears farther south the measurement is about 1,120 

feet. 
In the northern part of Wood county, about 2 miles south from Mari- 

etta, one finds the “Big Red” 100 feet thick and 118 feet above what 

seems to be the Cowrun sandstone, 22 feet thick, 130 feet above a 

micaceous sandstone, 76 feet thick and very like that at 4 miles west in 

Ohio. ‘The Mahoning interval holds only shale. Midway in the county 

one finds the “Big Lime” at 1,220 feet below the top of a sandstone very 

hke that which farther south either overlies the Pittsburg directly or is 

separated from it by a score of feet. This rests on a great mass of red 

shale, 175 feet thick, broken in one well by 40 feet of shale. This red 

bed, associated with the Pittsburg, has been mentioned as occurring in 

central Wetzel and in central Ritchie. Here it extends upward into the 

Monongahela formation. A second bed, 30 feet thick, begins at 220 feet 

in one well, 210 in another, and a third, 72 feet in one, 105 in the other, 

ends at 412 and 415 feet below the assumed place of the Pittsburg. In 

the former well sandstone, extending from 412 to 465 and resting on 25 

feet of red rock, underlies the red bed, but in the other this space is filled 
by shale, and a double sandstone is at 465 to 510 resting on 30 feet of red 

rock. It may be that these sandstones are the same, the smaller interval 

due to disappearance of the shales in the western well. The lowest red 
is unquestionably in the Allegheny. | 

*I. C. White: Vol. ia, pp. 463, 465, 467-468; vol. ii, p. 261. 

XV1I—BULL. GEOL. Soc, AM., VoL. 17. 1905 
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Five miles southwest from the last well is Parkersburg, where neither 

Pittsburg coal bed nor “Big Lime” is present; but the relations may be 

determined approximately as at Marietta, 10 miles north in Ohio. A 

sandstone is here, 31 feet thick and resting on “red, blue, and gray shales,” 

415 feet, succeeded by 70 feet of gray shales, in all 485 feet, to a great 

sandstone, 105 feet thick, and at 760 feet is a coal bed. This bed is 208 

feet above the Salt Sand and 843 feet above the Berea, while at Marietta 

the intervals are 225 and 830 feet. At Parkersburg it is 275 feet below 

the top of the 105 feet sandstone; at Marietta it is 280 feet below the 

top of the sandstone, there taken to be the lower part of the Mahoning, 

which at Parkersburg is continuous with the sandstone below, though at 

Marietta separated from it by 15 feet of shale. Evidently the section 

shows no material change and the Conemaugh is about 480 feet thick. 

The most notable feature is the great increase of reds, the upper one 

extending, as at Marietta, into the Monongahela, while other beds of con- 

siderable thickness are in the Allegheny.* 

Returning to the eastern outcrop in Barbour and Upshur counties, the 

section may be followed westward across Lewis and Braxton, Gilmer, Cal- 

houn, and Roane, Jackson and Mason to the Ohio river. 

In northern Barbour a record about 10 miles southward from Webster, 

in Taylor county, shows 607 feet from the Pittsburg to the Lower Free- 

port. ‘Two coal beds are, present at 274 and 331 feet below the Pitts- 

burg; the upper one, resting on a thin limestone, has been correlated with 

the Elk Lick ; the lower bed, 270 feet above the Lower Freeport, underlies 

red shales containing the Ames limestone, so that it is at the Harlem 

horizon. There is little sandstone in the Conemaugh, and the red rock, 

in all, can hardly exceed 35 feet and is distributed in several layers within 

the lower part of the formation; but near Philippi, in this county, the 

Mahoning interval contains a massive sandstone. ‘Ten or 12 miles south- 

west, in northern Upshur, a record shows a coal bed, possibly the Harlem 

horizon, about 285 feet below the Pittsburg and 255 feet above what may 

be the Upper Freeport. This record begins at about 100 feet. In 396 

feet it shows only 65 feet of sandstone and 46 feet of red rock, three beds 

of each. At a few miles south from Buckhannon, in this county, a coal 

bed is shown in the river hill at 110 feet above the Upper Freeport, un- 

derlying 30 feet of massive sandstone on which rest red shales—yvery like 

the Brush Creek coal bed and Buffalo sandstone. 

On the Lewis County border a record beginning at 220 feet below the 

Pittsburg shows 125 feet of red rock at 245 feet below that coal, suc- 

ceeded by shales which continue into the Allegheny. The mass of reds 

*1I,. C. White: Vol. i, pp. 285, 291, 295-297, 
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marks the double horizon above and below the Ames limestone. 'T'welve 

miles farther south, near Ireland, in Lewis county, coal beds are at 240, 

372, and 429 feet below the Pittsburg. Doctor White sees in the upper 

beds the Elk Lick and the Barton. It is worth noting that these beds 

are 4 feet 6 inches and 2 feet 4 inches thick, and that they yield good 

coal. Eastward the Conemaugh coals are insignificant. On the west 

side of Lewis county the Vadis record shows that the Morgantown sand- 

stone, 80 feet thick and beginning at 226 feet, continues to beyond the 

Harlem horizon.. Sandstone in the Mahoning interval is 39 feet thick 

and ends at 490 feet. No coal is recorded and the red beds are 

125 feet, beginning at 101 feet below the Pittsburg; 

38 feet, beginning at 362 feet below the Pittsburg; 

but the great bed seen in eastern Lewis is not here. 

The records in northern Braxton county are somewhat indefinite, as 

the distance from the Pittsburg to well curbs is not given exactly. A 

record said to begin about 350 feet below the Pittsburg shows two red 

beds, 10 and 39 feet at 71 and 91 feet from the surface, and a third, not 

measured, is at 145 feet; thence for 365 feet the record is “slate, red 

rock, and shells” for 365 feet. Other records in this area show a similar 

condition, so that the great sandstone of the lower Conemaugh, so con- 

spicuous in eastern Braxton, is here replaced by shale.* 

In Gilmer county one finds near Stouts mills, only a lttle wav west 

from the Braxton line and 12 miles west from Ireland, in Lewis county, 

the Morgantown sandstone, 85 feet thick and ending at 274 feet below 

the Pittsburg. A coal bed is here at 325 feet, but its relations are ob- 

scure. ‘The red beds are numerous and are distributed through the sec- 

tion; the highest begins at 99 and the lowest at 529 feet below the Pitts- 

burg; three thin beds are in the interval of the highest bed at Vadis; a 

fourth bed answers to the lower one at Vadis, but the reds associated 

with the Ames lmestone are wanting. ‘here is little sandstone below 

the Morgantown. Fifteen or 16 miles southwest, near Rosedale, on the 

Braxton border, are the records of a number of wells, all beginning at 

100 to 150 feet below the Pittsburg coal bed. Taking the latter as the 

interval, the first sandstone, 126 feet thick, begins at 184 feet and rests 

on 102 feet of red rock, which is separated by 38 feet of sandstone from 

100 feet of “slate and red rock.” ‘The first looks very like the Morgan- 

town sandstone and its underlying reds. In these wells sandstone is in- 

significant in the lower Conemaugh as well as in the Allegheny, yet at 

barely 10 miles southeast the shales are replaced very largely by sand- 

* Geology of West Virginia: Barbour, vol. ii, p. 238; Upshur, vol. ia, p. 349; Lewis, 

vol. i, pp. 255, 257; vol. ii, p. 239; Braxton, vol. ii, pp. 391-392, 453, 
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stone. The boring at Glenville, 8 miles northwest from Stouts mills, 

begins at the Morgantown horizon, but that sandstone is replaced and the 

record shows red beds extending from 192 down to 340 feet below the 

Pittsburg. Sandstone is unimportant, even that in the Mahoning in- 

terval being only 39 feet, ending at 534 feet below the Pittsburg. A 
coal bed at 444 feet may be the Brush Creek horizon. The Tanner well, 

in western Gilmer, shows that the sandstones are wholly insignificant, 

but the red beds are more than 200 feet thick; a similar condition is 

shown by records in southwestern Gilmer near the Calhoun border. 

The records in Calhoun are a little obscure and determinate boundaries 

between the formations can hardly be set. ‘The sandstones are variable, 

one record showing 83 feet in three beds, while another shows 152 feet in 

four beds. The red beds are important, but they are differentiated in 

only one record which shows 

111 feet, beginning at 53 feet below the Pittsburg; 
20 66 66 169 66 66 66 66 

ial 66 66 66 214 66 6¢ 66 66 

10 66 ce 66 838 66 6é 66 éé 

122 66 66 «6 403 6é 66 66 66 

the place of the Pittsburg bed being assumed, as the bed is absent; the 

reds make up at least three-fifths of the Conemaugh section. A coal bed 

appears in one record at 113 feet below the assumed place of the Pitts- 
burg. 

In Roane county, west from Calhoun, the Spencer record shows oiiy 

40 feet of sandstone in the Conemaugh, and the first great sandstone is at 
495 feet, most probably wholly in the Allegheny. A great red bed, 140 

feet thick, begins at 153 feet below the place of the Pittsburg, which is 

represented in another well by 80 feet, beginning at 112 feet; lower beds 

are reported here and there in records, but they have no relation to each 

other. In a record obtained 10 miles southwest from Spencer the only 

red is a bed 35 feet thick, beginning at 55 feet below the place of the 
Pittsburg. Throughout the north and west parts of the county the sand- 

stones are insignificant and coal is altogether absent. 

Jackson county, west from Roane, is south from Wood along the Ohio 

river. The records are difficult to interpret, but less so for the Core- 

maugh than for the Allegheny. A record in the southern part of the 

county shows no sandstone in the upper part of the Conemaugh, but red 
beds are distributed throughout the formation. At Ravenswood, on the 
Ohio, 17 miles east from Pomeroy, Ohio, a coal bed, evidently the Pitts- 

burg, is at 1,364 feet above the Logan sandstone. At Letart, 10 miles 

farther west, the Pittsburg is 1,354 feet above that sandstone. In con- 
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trast with Roane and eastern Jackson, sandstones are present, there 

being three beds, 44, 38, and 30 feet thick, beginning at 64, 316, and 364 

feet below the Pittsburg; on the other hand, the reds have diminished to 

56 feet in three beds, all above the middle of the formation. 

At Letart, in Mason county, 10 miles west from Ravenswood and 10 

miles southeast from Pomeroy, there is no sandstone in the upper part 

of the Conemaugh, the only beds being 12, 18, and 50 feet respectively, 

beginning at 350, 382, and 415 feet below the Pittsburg, the last being 
in the Mahoning interval. The reds again become important in the 

upper half of the formation, there being a mass, 191 feet thick, which 

begins at. 85 feet below the Pittsburg and includes the “Big Red” of 

Washington county, Ohio. 
Returning now to the east: In Webster, Nicholas, eastern Braxton, and © 

in Clay counties a bold sandstone overlies the Upper Freeport. In north- 

ern Webster the section extends 180 feet above the Upper Freeport, and 

deep red shale is shown in the uppermost 40 feet, but in the rest of the 
section the prominent feature is massive sandstone. At Powell moun- 

tain, in Nicholas, a massive pebbly sandstone is apparently continuous 

up to 180 feet above the Upper Freeport. Bold sandstone bluffs are on 

Elk river below Sutton, in Braxton county, and at Clay Courthouse the 

succession is: 
Feet 

1. Concealed and much deep red shale ................. 90 

zZ. Coarse eray pebbly samdstone = . 666s. 6c c ccc cc oes se 60 

38. Concealed and shales, some pale red ..............-. 100 

4. Massive sandstone, large quartz pebbles ............. 60 

Hh Ooncepled, ang Sandy; Shale: cf e siecic Seccicle/dlelate wtcteronel operas. 130 

to the Upper Freeport coal bed. ‘The sandstones are all pebbly and the 

lowest reds are about 200 feet above the Upper Freeport. In Webster 

the lowest reds are at 140, so that displacement of shale by sandstone 

reaches at Clay as far up as at Powell mountain, more than 15 miles east- 

ward; but the record suggests that the sandstone is not continuously 

coarse as at Powell, rather that it is broken by sandy shale. 'T'welve 

miles below Clay Courthouse the top of “a great massive sandstone” is 

at 430 feet above the Brookville succeeded by red beds, evidently the 

same with Number 4 of the Clay section. A well record on the Roane 

County border 9 or 10 miles northwest from Clay shows red beds 60 feet, 

resting on an apparently almost continuous sandstone 330 feet thick, but 

not reported as containing pebbles. 

* Geology of West Virginia: Gilmer, vol. i, p. 260; vol. ia, pp. 384-386; vol. ii, pp. 

248, 388; Calhoun, vol. ia, p. 395; vol. ii, p. 396; Roane, vol. i, p. 264; vol. ii, p. 369; 

Jackson, vol. i, pp. 283-284; vol. ia, pp. 477-478; Mason, vol. i, pp. 281-282. 
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Along the Kanawha river the Conemaugh comes into the section at 

2 or 3 miles below the line of Fayette county. -Near lock number 3 

155 feet of sandstone are above the Upper Freeport, and down the river 

coarse or pebbly sandstone appears above that bed wherever the horizon 

is reached, but becoming less coarse toward Charleston. A small area 

of what seems to be the Pittsburg coal bed exists below Charleston, and 

thence to the Upper Freeport the distance according to Doctor White’s 

measurements is 645 feet. There is much massive sandstone up to 175 

feet above the Upper Freeport, one section showing 75 feet of pebbly rock 

just above that bed and another showing 25 feet of similar rock ending 

at 175 feet. This condition continues for several miles, as a record at lock 

number 6 shows continuous sandstone for 405 feet above the Brookyille- 

Stockton coal bed or to at least 200 feet above the place of the Upper 

Freeport. At Charleston the upper portion of the Conemaugh has about 

120 feet of sandstone, much of it massive. ‘There is much red shale, one 

bed about midway being 50 feet thick. ‘This contains the “Two-mile” 

limestone, vielding fresh-water crustaceans. ‘I'wo other thin limestones, 

non-fossiliferous, are here, but their relations are uncertain. Doctor 

White suggests that the “Two-mile” limestone may be at the Ames 

horizon. ‘Two thin beds of impure coal appear in this section, but it is 

difficult to correlate them. 

Mr Campbell gives the record of a boring at Winfield, in Putnam 

county, about 20 miles northwest from Charleston. The Conemaugh 

has five sandstone beds in the lower 300 feet, in all 105 feet thick. The 

Mahoning interval has a double sandstone, 10 and 35 feet, with 25 feet 

of shale intervening. The conditions characterizing the lower Cone- 

maugh along the eastern outcrop have practically disappeared and the 

sandstone has been replaced largely by shale, while the sandstone which 

does occur seems to be without pebbles. Red shale is unimportant here, 

there being only three beds, 45 feet in all, and those are in the middle 
third of the formation. 

The area of the Raymond City coal bed, taken usually to be equivalent 

to the Pittsburg, is very small and the coal thins away in all directions. 

Mr Campbell in working out the Huntingdon and Charleston quadrangles 

evidently hesitated to accept the reference of the coal bed to the Pitts- 
burg, and in view of its circumscribed area was unwilling to take it as 
the plane of division between formations. Finding no other reason for 
separating the green and red shales and sandstones under the place of that 
coal from the similar rocks above it, he grouped the whole series above 
the Charleston formation into the Braxton formation. ‘That formation 
in Putnam county and westward, where the upper part of the Charleston 
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sandstone has been replaced by shale, is equivalent to the Conemaugh 

and Monongahela formations and in some places may include a portion 

of the Dunkard. 
Westward from the Kanawha river to the Ohio and in Putnam and 

Cabell counties the surface formation for the most part is evidently Cone- 

maugh, but no details are available at present for closer description. 

There are many records of oil borings in Cabell, but in the absence of 

surface measurements they can not be connected up with the eastern 

localities. At Central City, on the Ohio, the Pittsburg coal bed is 340 

feet above the river, but exposures are rare. ‘The Ames limestone with 
all its characteristic features is present near Huntingdon and the Cam- 

bridge limestone is seen below Central City.* 

Beyond the Kanawha, in southwestern West Virginia, one finds the full 

section of the Conemaugh only in Putnam county near Raymond, but the 

lower beds extend southward into northern Raleigh and apparently even 

into southern Mingo, so that they should be found in Pike county of 

Kentucky; but there are few details given in any of the reports. 

Mr Campbell finds two coal horizons in Putnam county, one at 50 feet 

above the top of the Charleston sandstone and the other 300 to 400 feet 

higher. At Griffithsville, in eastern Lincoln, a coal is mined which he 

refers to the lower horizon. Mr d’Invilliers measured on Cobbs creek 

in this portion of Lincoln: 
Feet 

1. Shales, sandstones and some red beds .............0. 150 

PENTA SSIVER SAMO StOME) fb. .o5 oy clea Relea ooo SeleS olateediarar sieve signe 25 

3. Concealed, sandstone and red shale .................. 150 

Ae Sales, AnGustiie Clay, STATES <rais,.- 0:0 oensite «cle © ohoue sp cetetenilars 75 

Hiya (© Ch eVil i NC Cli preretrey ae AAA a IAs). oseh S'accal ocala: ea: opiale Se atelle are: seeney eet meratioe 6 

This seems to be Conemaugh above the coal bed, which has been taken to 

be the Upper Freeport. Mr d’Invilliers’s section in northern Raleigh 

has been given; it seems to show that a considerable part of the Cone- 

maugh remains even there. 

Doctor White finds the Ames limestone in the northwestern part of 

Wayne county, and at 3 miles from the mouth of Twelve-pole creek what 

appears to be the double Cambridge limestone is shown overlying the 

Kentucky Coal bed 10, which is only a few feet above the Buffalo sand- 

stone. This limestone is shown frequently along the Big Sandy river 

from the mouth southward to Big Blaine creek, in Lawrence of Ken- 

* Geology of West Virginia: Webster, vol. ii, p. 453; Nicholas, vol. ii, p. 459; Clay, 

vol. ia, p. 472; vol. ii, p. 289; Kanawha, vol. li, pp. 240, 400, 502-503, 518, 522; 

Putnam, vol. ii, p. 401; Cabell, vol. ia, p. 495. 

M, R, Campbell: U, S, Geol. Survey folios, Huntingdon, p. 3, 
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tucky. The conditions observed along the eastern border northward 

from the Kanawha appear in Mingo county, where one has 170 feet of 
sandstone, mostly pebbly, to calcareous red shales, which may be at the 

horizon of the Ames limestone and the Pittsburg reds. No trace of 

limestone is seen at more than 4 or 5 miles east from the Big Sandy.* 

ALLEGHENY AND CONEMAUGH IN THE ANTHRACITE FIELDS 

SOUTHERN AND MIDDLE FIELDS.+ 

The column in the southern field is much longer than in the Middle, 

approximately 2,500 feet remaining in the deepest parts of the former, 

while only 1,500 feet are reported from the latter. The succession, de- 

scending, near Pottsville, in the Southern field, is: 
Feet 

1. Brewery coal bed ...... ae ctarstere seed. sr tees Me 

ds ALTA TE Ve oo ie.b ve lesb iin is Sob Jo, Bea Ne Te AG ceeee ais IR she eas Soe ace . 220 

& malenreoal, DEG wee we ieee Peete ee yee a RO 6. : 

4. tery alleas ee 3) i a Wut Geen ene einegh ote eee eure nee ane isha ee 100 

5. Faust coal, bednec. Bose haere oie si 8 Wane neue are ae 

GREGOR Val eats) os dies Sev aeaehs Rae Wi cdicetie satus tal's;-obh Re wataelte Mahone enone 175 

i Lunnel: coal! De is fee oe ecto s ote ees 6 hue tae te eee 

85) THT GOT Via eee oc Ce ae ew cattree ace ae act Ce ei ane 165 

9; ‘Peach Mountaim coal Ded iieacuiwaek econ ee eee 

Os) SEMEOT Vial ey) tos eae veut vcas enero ety San Be er os dis eh eee 155 

ie Yard. coal hed. SUC a seaateiee rete Mee a. : 

ZV MtCEVatomr tte bs Wiace ee olcaa ated: eter ae mcetelcee Beck Cee 70 

13:0 Pracy coals bed. ei. eee erate Matter te vaenaierereds Glee wa ne 

t4> Interval iit PPE ta een oui lca itech neh sn se i TA easter 46 

£5. Bracy: ‘coalt bed)... thea ato scave SDs Apres AR Mea aap ni 

TG. Nter Vals sees: sinters Sea Ree PREY Mirela ah th eR Wye Ree Pach: 65 

7. ittle- Clinton :coal) Ded sk: wae cuetas ee renin eee ene 

PSS TMECT Val. oiesic stlis soecere ore ote een eee oe ae Caen Beit ie Gentine 55 

19. Clinton coal bed ...........06. Se 18) SPU Da MR ne 

20; Interval is sede ee oan tee cee sea tats Sa 6 cet 110 

2; Little: Diamond coal pedi tsa). ecm ae emai ere <r ‘ 

Zee MICE A chevakaleiee Se Hal eye iat alia cine eur adetee fetta en ee ae cree at ia Gal ae 40 

23. Diamond coal bed ..... wesaselease agate ota Sav eisiaicre so eieleene 

*E. V. d’Invilliers: West Virginia and Ohio railroad, p. 9. 

M. R. Campbell: Charleston and Huntingdon folios. 

I. C. White: Vol. ii, pp. 259, 279, 280, 377. 

{ Detailed references to authorities will not be given for the anthracite fields. 

Descriptions of the coal beds, for the most part, have been compiled from Mr A. W. 

Smith’s summary in the Final Report of the Second Survey ; the features of the intervals 

between coal beds were ascertained by comparison of sections given in the atlases 

accompanying Report A A. The work by Messrs Ashburner, Hill, and Smith is so 

interlocked that one finds difficulty in assigning proper credit to each observer. Use 

has been made also of Mr B. S. Lyman’s studies in the northern part of the Southern 
field. 
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Feet 

SOA eT NBT feaTEN eee ee eee a ete aia) Sac Sreral levee gic aa as od 6 coupe ouayee 180 

O57 Pikile: OLeEMArG COAL WE ccs Gelcs ces cle ces acielne sae 

DGe JRE EMEU Ape A isk oels cle-8 aie ea ees Chelsea wee eee 27 

PROOLrCHALOCEOA Cis aancre ore ainiela wie sin alesse) aiocewe a Aeinleie lee 

ELM TaRiDlecie Bie aia Seta Byars ena a ond apes ional dicha' 5) Sal ae) ayy alte 110 

DOR PIM TOSCw COMME Ces sis cane cha raid classes tehak a oie an: aie, 8.4, 6\/n\98./s 

SRE rate tawrelll stare teens ereeemesern tewec ay aitcteveke: aia" alaticials toga o/ sus, aye sein oie! 8 e 5D 

ley EVOMMEST COally DEG ere eratrece ele ae wrs)al a's 6 ose a cc waseac.e 0's 

SM LOT)! Si ciars Serotec Tetare sie ©) bievels lara sc aide 6 a a's are 115 

Set SCVET-LOOE NCOs No meele cate sare ates) aloes ois Sseirei's: sial's/a/'s) a’ ain adele 

Se Ma Cer Wel ly), ick cian) ott Miyano int ie erecta. of Sd «lai Wich atldae.,«, ae 20 

Se MEAMIOLM COAL WE: cc susiceia.e eee ate ® alapetaiais <0a.a! diel <,'o,'0%e 

CEM EIALEIe Walle c cre kone coat eae ra ete EO aL ote Ve Saas aie ce Soae, aie) oye a's 15 

SIO IGIMOrEe COAl DEON iaaieaelcc stehspaatls eed cies aie eels oi sues 

LEE WEL! Co crdiae- ste ats eck ain Soba Peer Wate anata sain eae ld wea ad 143 

pon Buck Mountain Coal DeEGl oio:s ase bie Seale # ele balan ene as « 

each of the intervals being true only for the single locality at which the 

measurement was made.” 

The Buck Mountain coal bed is the conventional boundary between 

Pottsville and higher measures, and it is taken here as the bottom of the 

Allegheny, to conform with usage in an earlier part of this work; but 

Mr David White has offered cogent reasons against accepting this plane 
of division. ‘They will be referred to in another connection. The beds 

below the Holmes are known as “White ash,” while that bed and those 

above are known as “Red Ash” beds. ‘This distinction, however, is not 

absolute, as ash from the Mammoth and lower beds frequently shows the 
red tint.t 

Several of the coal beds in both fields divide and subdivide even more 
perplexingly than do those of the Pottsville, in the Kanawha region, and 

intervals between the principal coal beds show abrupt variations. Were 

it not for great mining operations, extending continuously, in some cases 

for many miles, positive correlation would be impossible; but in those 

mines the “splits” have been followed as they separated and again 

united, so that no doubt remains respecting some of the most remarkable 

variations within the beds and in the intervals separating them. 
The Buck Mountain coal bed is present in both fields. It is hardly 

recognizable in the western prongs of the southern field, but is 2 feet to 3 

feet 6 inches thick just east from the union of the prongs, where it is 
slaty and impure; thence eastwardly it increases in importance until at 

Pottsville and beyond it is inferior only to the Mammoth, the thickness on 

* Final Report, plate 366, opposite p. 2076. 

+ According to analyses tabulated by Mr Ashburner in Annual Report for 1885, pp. 

314-315. 
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the northerly side being 13 to 19 feet, with 12 to 18 feet of good coal, as 

measured by Mr Lyman. Near Pottsville the bed is in three splits, with 

a total of 3 to 16 feet, but at Tuscarora, 8 miles east, the splits have 

united into a bed 10 to 17 feet thick. Still farther east two splits appear, 

20 to 100 feet apart, which unite again eastward, and at the east end of 
the field the bed is from 9 to 12 feet. 

In the western Middle, east from a line passing rudely north and 

south through Pottsville, the bed is important, 10 to 18 feet thick, and 

at the east end single. Westward it is less important and at Mahanoy 

City is in two splits 20 feet apart. Beyond this it decreases slowly on 

the southern side of the field, for at 14 miles it is still 4 to 5 feet thick. 

Northwestwardly from Mahanoy City the decrease continues for a short 

distance, but the bed recovers and at 10 miles northwest it is 15 feet thick ; 

thence westwardly it loses steadily, becoming 6 feet within 4 miles, 2 to 10 

feet, but with little good coal, at 7 miles, while at the western end it is a 

worthless mass of black slate. It remains available farther west in this 

than in the Southern field, for it is good enough to repay working at 

Shamokin, whereas it is worthless at 14 miles southeast, in the Southern 

field. | 

The variations of this bed in the eastern Middle are unhke those in 

the other fields. The bed is important to the northern border in the 

extreme eastern portion, showing at times 25 feet of coal; but westward, 

in a north and south strip 7 or 8 miles wide, it is worthless. ‘This is 

north from the area of chief importance in the Southern field. Beyond 

this space it increases to its former thickness, and so continues to the 

western end, this portion being north from the important area northwest 

from Mahanoy City. The “splits” do not separate widely in the eastern 

Middle. 

The Seven-foot coal bed of the Southern and western Middle is the 

Gamma of the Eastern. It is often thick, but, except near Mahanoy 

City, it is a mass of coal and slate in the former fields; 1t is sometimes 

6 feet thick, with good coal, in the eastern part of the eastern Middle. 

The Skidmore coal bed of the Southern, Wharton of the Middle, is 

persistent in the Southern field, where it is practically worthless except 

at the extreme east end, though occasionally workable at a little farther 

west. It is less irregular in the western Middle, where, however, it is 

important chiefly in the area northwest from Mahanoy City. Farther 

west in that field it is usually worthless except near Shamokin. In the 

eastern Middle it is good in the strip where the Buck Mountain is worth- 

less, but is better farther west, where the lower bed also attains im- 

portance, 
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The Mammoth is the great bed of both fields. In the Southern, 

toward the end of the northern prong, it is but 2 to 4 feet thick; thence 

it increases and attains its maximum at the east end of the field, where, 

within a small area, its splits are united into one bed 114 feet thick with 

105 feet of coal. Mr Ashburner’s section at one locality toward this end 

shows three splits, 25, 13, and 8 feet, in a vertical distance of 83 feet; at 

another locality the splits are two, 57, and 16 feet, 95 feet apart, while 
at a third the bed is single and 115 feet thick. Similar variations occur 

in the Pottsville and Tremont areas, while northwest, in the Hecksher- 

ville area, the bed is in two or three splits in a vertical distance of 175 to 

214 feet. In the western Middle, east from Mahanoy City, the splits 

are usually three in a vertical distance of 150 to 200 feet; but the in- 

tervals diminish westwardly until at Shenandoah the bed is single, 40 

to 60 feet thick. Beyond that place the coal diminishes, and at Shamo- 

kin the splits are 8 and 7 feet and from 10 to 150 feet apart. Lake the 

Buck Mountain and Skidmore, this is a coal bed much farther west here 

than in the Southern field. In the eastern Middle the Mammoth is 

thick everywhere except in a small area within the Black Creek basin, 

where it is only 12 feet. Ordinarily it is a single bed 20 to 60 feet thick, 

attaining its greatest thickness in the eastern part of the field; occasion- 

ally it is in two splits, never widely separated. 

The Holmes coal bed is persistent in the Southern and western Middle, 

but it has not been recognized in the eastern Middle. It is from 3 to 17 

feet thick and carries a great proportion of refuse, except in the extreme 

eastern part of the Southern and the western part of the western Middle, 
in both of which it is important and yields good coal. 

The Primrose coal bed, like the Mammoth and the Buck Mountain, 

tends to divide, but the interval between the splits is never great. It 

varies greatly in thickness within the Southern field and, like the lower 

beds, decreases westwardLy ; yet it is more persistent in that direction than 

even the Mammoth, for at the last exposure in the northern prong it still 

has more than 2 feet of good coal. In the western Middle it has 6 to 7 

feet of coal near Mahanoy City, but westward it is poor, until near 

Shamokin it becomes important with 7 feet of marketable coal. It is 

reached at only two localities in the eastern Middle and is not mined. 

At most places the coal is poor and the bed is known generally as the 

“Rough coal.” 

The Orchard coal bed is persistent in the Southern field, where, unlike 

the lower beds, it is best only near the beginning of the northern prong ; 

elsewhere it is almost worthless. In the western Middle it is fit to mine 

only near Mahanoy City and Shamokin, but the refuse at the former 
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locality is almost 50 per cent, so that the bed is at its best only in the 
western part of these fields. It is not reached in the eastern Middle. 

The Diamond is a variable bed, occasionally workable in the Southern 

field, but disappearing in the western part. It has been recognized near 
Mahanoy City in the western Middle, but, unlike the lower beds, it seems 

to be wanting in the Shamokin area. ‘The Tracy and Little Tracy show 
similar variations. These are the highest beds recognized in the western 

Middle. The Peach Orchard remains in an area so small that its varia- 

tions are unimportant, but in the Pottsville and Llewellyn districts it is 

from 4 to 10 feet thick and is one of the best beds in the whole column, 

the coal being of exceptional purity. It was apparently the last im- 

portant deposit, for, although the section extends 700 feet above it, none 

of the higher beds, excepting perhaps the Tunnel, appears to be worth 

working. 

The important period of coal accumulation within the Southern and 

Middle fields ended with the Mammoth; for while the total amount of 

coal formed during the remaining time was probably as great, yet accumu- 

lation was continuous nowhere for long enough time to form a great bed 

over any considerable area. ‘The irregular local movements causing the 

splitting of the Mammoth and Buck Mountain were no greater than those 

occurring in later intervals of similar length, as is evidenced by the 

varying intervals between higher beds. ‘The variation is more striking 

in the Mammoth and Buck Mountain only because confined in each case 

to what becomes at times a single bed. It must be remembered that the 
time required for accumulation of coal in those beds was probably longer 

than that required for accumulation of half the mass above the Mam- 

moth; so that the only cause for wonder is that, in any locality, the sub- 

sidence could be so slow and so regular long enough to permit accumu- 

lation of 105 feet of anthracite coal. Great variations in conditions 

existed during the formation of all beds except the Mammoth, for even 
the Buck Mountain shows a broad area in which the carbonaceous matter 

is distributed through a mass of coal slate, while some other beds, usually 

alternating thin layers of coal and slate, occasionally become sufficiently 

good to repay mining. | 

In this connection it is well to consider the variations in some in- 

tervals. The sections suggest that in the Southern field the intervals 

between Buck Mountain and Mammoth and between Mammoth and 

Holmes increase toward the west ; but one may not offer a generalization, 

as complete presentation of details might prove this only an apparent 

condition. But variations in intervals below the Mammoth are im- 

portant, as they are wholly clear in the multitude of sections gathered by 
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Messrs Ashburner, Hill, and Smith during their close study of the fields. 
In much of the Southern field the interval between Mammoth and Skid- 

more varies from 75 to 125 feet, but on the northern border, where that 

field is in contact with the western Middle, survey sections and those by 

Mr Lyman show: 
Feet. Feet. Feet. Feet 

MIA TMIMAO GIES accrerenevasehersvaisl srele aiazeye eel os 

BINT ara ore. oven eisns steer seer ataeteremeiatats 3 13 20 44 80 

Sitdmore sh. ook ine es he 
DATE V A! Stes ELC eeavetd Lealehanehelalomers 43 61 27 23 

(P2001 002 eae a ee cea eC ek re 

these variations being in a distance of two miles and a half, the last at 
Mahanoy tunnel, on the border between the fields. In the western 

Middle the interval between Mammoth and Skidmore, west from Ma- 

hanoy City, varies from 6 to 33 feet. Im the eastern Middle one finds 

this interval varying from 8 to 114 feet within a short distance, the Buck 

Mountain at the latter locality being 300 feet below the Mammoth. In 
the Hazleton basin, within a distance of 8 miles, one finds the interval, 

Mammoth to Skidmore, increasing westwardly from 35 to 41, 110, and 

200 feet, the workings being continuous. While farther north, in the 

Black Creek basin, the interval between those beds varies from nothing 

to 50 feet, that from Mammoth to Buck Mountain varies from 66 to 200 

feet in the same area. Thus in Little Black Creek basin the Wharton 

(Skidmore) is distinctly a spht from the Mammoth, and the great de- 

crease in interval to the Buck Mountain is such as to press the sug- 

gestion that that lower bed also unites with the Mammoth-Wharton some- 

Where in the eroded area. 

The sections tell of great variability in coarseness of the material be- 

tween the coal beds; limestone appears to be wanting everywhere; shale 

and sandstone, the latter often conglomerate, fill the intervals. 

The material between Buck Mountain and Mammoth, in the eastern 

part of the Southern field, is for the most part sandstone, with at times 

immense beds of conglomerate; but near Pottsville slate predominates, 

while southeast from Tremont there is no conglomerate and more than 

half of the interval is filled with slate. Farther west the predominating 
rock is sandstone, with little conglomerate, but at Lykens, in the northern 

prong, conglomerate 48 feet thick is at 100 feet below the Mammoth. 

Beds of conglomerate fill intervals between the Mammoth splits at a num- 
ber of localities. In the western Middle coarse material, sandstone, and 

conglomerate predominate east from the hne of Mahanoy City; west 
from that line there is much variation. At times conglomerates are on. 

the Buck Mountain and under the Mammoth, but near Shamokin the 
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interval shows only alternating shales and sandstones. In the eastern 

Middle sandstone, conglomerate, and comparatively little slate are at the 

south and east, but in the northerly and northwesterly basins shale ap- 

pears abundantly in many sections, at times predominating. 

Above the Mammoth there is much greater variation. In the eastern 

part of the Southern field conglomerate occurs only in thin beds, though 

one section shows 37 and another 78 feet of conglomerate near the 

Holmes. In some sections shales predominate for a long distance above 

the Mammoth and coarse beds appear only in the higher portions. In the 

eastern Middle, which is north from the eastern end of the Southern, 

sandstone prevails above the Mammoth, but even in the Southern basin, 

Beaver meadow, the proportion of slate is very large. At the north, in 

the Big Black creek basin, the coarsest rocks are midway in the basin and 

slates prevail on the western side. In the central part of the Southern 

field, near Pottsville, slates predominate to the Little Tracy at 1,450 feet 

above the Buck Mountain, the beds being from 25 to 100 feet thick, 

while the total of conglomerate is not more than 45 feet. Southeast from 

Tremont the interval, Mammoth to Orchard, shows fully 200 feet of 

slate in beds 10 to 33 feet thick, but fine conglomerate is associated with 

the Holmes, Primrose, and Orchard coal beds. The coals frequently 

sueceed or precede a bed of conglomerate. In the sections beyond Potts- 

ville, westward, there is httle, aside from slate, to the Primrose, though 

occasionally a section shows more sandstone than slate, and even some 

thin streaks of conglomerate. Near the origin of the northerly prong 

sandstone is the rock for 60 feet above the Mammoth, beyond which there 

is mostly shale to the Orchard; but above that bed for 150 feet there is 
little aside from sandstone. Farther west, at Lykens, sandstone prevails 

to 400 feet above the Mammoth. In the western Middle, west from the 

line of Mahanoy City, fine sediments predominate above the Mammoth, 

there being alternating shales and sandstones; but one section near 

Shamokin differs from others in that region, as in 316 feet below the ~ 

Holmes it shows but 60 feet of slate. 

On the whole, materials are markedly coarser in the eastern parts of 
the fields ; but even there the sections prove erroneous the opinion so long 

prevalent that shales are lacking, while in the greater part of the western 

areas shales are present in large proportion. ‘The presence of so much 

coarse material in the northern prong has interest for the geographer. 

NORTHERN FIELD 

In the northern part of this field the Coal Measures column is but 400 

feet, but the length increases southwardly until, in the deep basin between 



ALLEGHENY AND CONEMAUGH IN ANTHRACITE FIELDS ode 

Wilkesbarre and Nanticoke, there remains a thickness of about 1,800 

feet. The lower coal beds seem to be fairly recognizable in the several 

basins, but much doubt exists respecting the higher beds. Even in the 

lower beds identifications must be made with hesitation at times, as the 

beds in splitting become thin and continuous workings are not possible. 

The succession and probably synonymy are as follows, descending: 

Auble coal bed, 

Snake coal bed, 

Abbott coal bed, 

Kidney coal bed, 

Olyphant coal bed _ I, Brisbin, 

Olyphant coal bed II, Richmond, Hillman (?) 

Diamond coal bed, 

Rock coal bed, Checker, 

Pittston coal bed, Grassy island, Slope, Big, Baltimore, 

Marcy coal bed, New County, Four-foot, Ross, 

Shaft coal bed, Archbold, Clark, Four-foot, 

Dunmore coal bed III, Clifford, 

Dunmore coal bed II, Dunmore, Red Ash, Buck Mountain. 

Dunmore coal bed I, 

The Dunmore coal beds are subject to great variation in the northern 

part of the field; six beds are shown in a vertical distance of 136 feet at 

Carbondale, of which one is workable, but farther north, at Forest City, 

all are thin. The interval from the Shaft coal bed to the top of the 

Pottsville, near Carbondale, is 125 feet, but at Forest City it is 180. 

Still farther southwest, near Priceville, Olyphant, and Blakely, the Dun- 

more beds are all thin, but at one locality on the northerly side they seem 

to have united into one bed with 14 fect of good coal, and the interval 

from Clark (Shaft) coal to Pottsville has increased to 260 feet. ‘Toward 

Scranton three Dunmore beds are worked at 202 feet below the Clark 

(Shaft) coal, with a total of 16 feet of coal and partings in a vertical 

space of 32 feet; but these intervals are unusually small, as the Dunmore 

beds are distributed ordinarily in a vertical space of about 106 feet and 

highest one is from 170 to 35 feet below the Clark, this interval decreas- 

ing southwestwardly. In the Pittston area the Dunmore beds are repre- 

sented by the Red Ash, or Powder Mill, coal bed, which is usually triple in 

the northeastern portion, the intervals between the splits varying from a 

few inches to 60 or 70 feet, though where the bed is double the interval 

rarely exceeds 20 feet. In the western portion the bed is usually double, 

with the splits, 5 and 4 feet, about 25 feet apart; but in the Boston col- 

hery they are united with a thickness of 10 to 12 feet. In the eastern 

portion of this area the Clark is 80 feet above the top split, but in the 
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southwest, where the bed is single, the interval is 140 feet. ‘The Red 

Ash becomes very important in the Wilkesbarre region, the splits uniting 

to make a bed 10 to 12 feet thick; farther southwest the thickness in- 

creases to 15 or 20 feet, occasionally swelling to 40 feet, though the in- 

terval between the splits sometimes reaches 50 feet. At the last ex- 

posure southward the bed is still 5 to 9 feet thick, and is known as the 

Buck Mountain. 

The Shaft, Clark, or Archbold coal bed is double near Carbondale, 

where the interval between the “top” and “bottom” splits varies from 

nothing to 40 feet; but at the north end of the field, near Forest City, 

the bed seems to be always single. In the Priceville, Olyphant, and 

Blakely region it is single, 9 to 10 feet at the north, but decreasing south- 

wardly to 3 or 5 feet, and at length to a mass of coal and slate which can 

hardly be recognized in the borings. Still farther southward it is im- 

portant, becoming 10 to 12 feet near Hyde Park, in the Scranton area; 

but again it decreases, and in the Pittston area is 2 to 8 feet thick, with 

“Rough coal” so high in refuse that it is hardly worth mining. This 

deterioration evidently continues, for the bed seems to be unknown in the 

Nanticoke area at the south end of the field. , 

The New County, Marcy, or Ross coal bed is represented by the Four- 

foot coal bed of the Priceville area; but it becomes important first in the 

Scranton region, where at times it is from 7 to 9 feet thick, with 5 to 7 

feet of good coal. It is good as far as Pittston, but thence deteriorates 
for several miles, though retaining its thickness. It varies greatly in the 

Wilkesbarre region, 4 to 20, and in one colliery even 40 feet thick. The 

interval to the Red Ash is 50 to 150 feet. The bed is sometimes in two 

splits, 5 to 10 feet apart; these diverge toward the Nanticoke area until 

they are 50 feet apart, with the thickness respectively of 15 and 9 feet; 

but this interval is very irregular. At the Wanamie colliery the bed is 

single and 15 to 25 feet thick; at Glen Jiyon the splits are sometimes near 

enough to be mined as one bed, but followed westwardly in the tunnel 

they diverge widely. At Glen Lyon the interval to the Red Ash is 40 to 

100 feet, increasing westwardly. 

The Slope, Grassy Island, Big, Pittston, Baltimore coal bed is 180 feet 

above the Clark at Carbondale, though farther north, at Forest City, the 

interval is but 80 feet. In this northern part of the field the bed is about 
5 feet thick, but it increases southwardly, so as to have a thickness of 

about 8 feet in the Jermyn basin, where the interval to the Clark has 
become 200 feet. In the Scranton area the “Big” bed averages 12 feet 

and is 100 to 150 feet above the Clark; farther southward, near Pittston, 

the “Pittston” coal averages 10 feet 6 inches and is 125 feet above the 
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Clark. The “Baltimore” coal of the Wilkesbarre area is believed to be 

the same bed; there it is often in two splits, the Bennett and Cooper, 

which are mined separately. When united, the thickness averages 20 

feet. It is single from Wilkesbarre to Ashley, but splits northeast from 

the former place, the interval being 20 to 40 feet and the thickness of 

coal 16 feet. It is always split west from South Wilkesbarre, with only 

10 feet of coal and the splits about 50 feet apart. The interval to the 

Red Ash is about 300 feet. The relations in the Nanticoke area are 

uncertain. A bed found there at 90 to 140 feet above the Ross, and 

known as the Twin, or Wanamie, is very near the place of the Baltimore ; 

but it is so variable that some think it the equivalent of one of the thin 

beds seen above the Ross farther north. Two higher beds have been 

taken by some to be equivalents of the Bennett and Cooper splits of the 

Baltimore, and the beds bear those names. The lower one is 50 to 100 

feet above the Twin and the other is 30 to 40 feet higher. The lower 

bed is mined at some places, 4 to 6 feet 6 inches thick, but the upper bed 

is extremely variable and of little importance. In any event, whether 

the equivalent of the Baltimore be the Twin or the higher beds, it is evi- 

dent that the great bed has become insignificant in passing from Wilkes- 

barre to the Nanticoke area. 

There seems to be a persistent coal horizon at 15 to 100 feet above 

the Big, or Baltimore, bed; it is the Rock coal of the Jermyn-Priceville 

area, traceable thence into the Pittston area, where it is known as the 

Checker. It becomes important here and there, varies from 6 to 10 feet, 

and generally yields rather poor coal. 
In the Jermyn-Priceville area the sections show three coal beds above 

the Rock within a vertical space of about 200 feet ; these are the Diamond, 

Olyphant 2 and 1. They yield good coal, but are rather thin. They 

have been recognized in the Scranton region, showing the same features. 

In the Pittston area a coal bed, the Hillman, is at an average distance of 

175 feet above the Checker, 6 to 8 feet thick, and preserved in only a 

small space. A coal bed known as the Hillman occurs in the Wilkes- 

barre area at an average distance of 270 feet above the Baltimore bed, 

and is from 7 to 10 feet thick, with much clean coal. As the areas of the 

higher beds are very small near Pittston and Wilkesbarre, it is difficult 

to make correlation; but the Hillman of both Pittston and Wilkesbarre 

seems to be one bed and very near the place of Olyphant 2. A Hillman, 
coal is in the Nanticoke region at 240 feet above the Twin coal. It is 

very near the place of the Wilkesharre Hillman, if the Twin be taken as 

the Baltimore. 

XV1II—BuLu. Grou. Soc. AM., Vou. 17. 1905 



226 J. J. STEVENSON—CARBONIFEROUS OF APPALACHIAN RASIN 

In the deep basin between Wilkesbarre and Nanticoke, there are ahove 
the Hillman several coal beds, some of which are fairly regular; but the 

accumulation of coal in available beds seems to have ceased at about 1,200 

feet above the Red Ash bed and the higher measures are barren; south- 

east from Nanticoke to Dundee the upper measures for 900 feet have 

been proved by borings to be without workable coal. 

Respecting the relations of the coal beds in this field to those in the 
others, nothing can be determined by stratigraphy; a gap of almost 25 

miles separates the areas. ‘The Red Ash and the Baltimore are supposed 

to be equivalent to the Buck Mountain and Mammoth respectively. The 

important Shaft, or Archbold bed, evidently disappears southward before 

reaching the Nanticoke area, and the Baltimore, the second important 

bed above it, becomes so obscure and uncertain that its equivalent in the 

Nanticoke region is still undetermined. The only coal beds retaining 
their importance are the Red Ash, or Dunmore; the Ross, which, owing 

to disappearance of the Archbold, becomes the second bed, and the Hill- 

man. It has been seen that in the nearest portion of the eastern Middle 

the Mammoth and Skidmore prove to be one bed, and that the interval 

_ between that bed and the Buck Mountain is so diminished as to suggest 

that they may unite at but a little way northward. It seemed possible, 
therefore, to seek in the Red Ash of the northern field the equivalent of 

the Buck Mountain, Skidmore, and Mammoth; but this suggestion ap- 

pears to be contrary to the evidence furnished by plant remains, as read 

by Mr David White, so that it may not be accepted. The solution of the 
problem remains with the paleontologist. 

The material filling intervals between coal beds in the northern end 

of this field is for the most part rather fine. Sandstone prevails above 

the Clifford-Dunmore, and one section shows 51 feet of conglomerate 

resting on that bed; but, higher up, sandstone and shale are in alternating 

beds. Near Carbondale the sandstones are fine and the proportion of 

slate is large, but near Jermyn the sections show little aside from sand- 

_ stone. This is the condition near Olyphant even to the Diamond coal 

bed. On the easterly border, near Winton, conglomerate appears in most 

of the sections between the Dunmore and Clark beds; but in the Price- 

ville-Dunmore-Scranton region coarse rocks are usually wanting and 

shale is present in great proportion for 240 feet above the bottom. The 

change from sandstone to slate is very abrupt in many places and a 
record in Scranton shows a notable bed of conglomerate. 

Farther southwest one finds a persistent conglomerate above the Red 

Ash in the Lackawanna-Pleasant Valley district; it is within the first 

120 feet above that coal bed, and varies from 9 to 80 feet in thickness. 
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Sandstone predominates in the sections, though thick beds of shale are 
not wanting. Near Pittston and Wyoming the interval between Red Ash 

and Checker is filled with sandstone or with clay and sandstone, there 

being no coarse material aside from some thin streaks of conglomerate 

near Wyoming; but a conglomerate 18 to 42 feet thick overlies the 

Checker. Near Luzerne some sections show a variable conglomerate 

above the Ross, but for the most part there seem to be only sandstone 

and shale up to 520 feet above the Red Ash. Southeastwardly, however, 
near Wilkesbarre and thence toward the easterly edge of the field con- 

glomerate appears in many sections between the Red Ash and the Balti- 

more, between Baltimore and Hillman, as well as above the last bed, and 

the conglomerates are thick, 10 to 130 feet. In some records no con- 

glomerate is noted, but in all the deposits are coarse and there is little 

shale. Near Plymouth one record gives 86 feet of conglomerate between 

Red Ash and Ross, but other records, extending 800 to 1,300 feet above 

the Red Ash, show no conglomerate, while shales or clays make up nearly 

half the mass. Near Ashley and Sugar Notch, southeast from Plymouth 

and toward the easterly border, conglomerate is reported occasionally, 

but not as in the Wilkesbarre area on this side of the field, and the in- 

terval, Red Ash to Baltimore, is filled usually with sandstone, while 

shales become abundant higher up in the column. 

Conglomerate appears between Red Ash and the place of the Baltimore 
-near Nanticoke and Glen Lyon, at the southern end of the field, some- 

times resting on the Red Ash, and in one case very near the “Bennett.” 

Still, many records show only sandstones in this interval. Deposits are 

finer above the place of the Baltimore, and there is much shale. 

Limestone occurs only in the upper part of the column, and seems to 

be confined to the Wilkesbarre-Nanticoke region. ‘The first notice of this 

limestone was by Mr Ashburner, who gave a section which, condensed, 

is as follows: 
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in all 1,194 feet to the Pottsville. The fossils were obtained from the 

Mill Creek limestone, which is about 700 feet above the Baltimore coal 

bed; the other limestones, so far as known, are non-fossiliferous.* The 

collections were examined by Professor Angelo Heilprin, who gave a list 

of about twenty species. Comparison of these forms with those obtained 

in southwestern Pennsylvania and the adjacent portion of West Virginia 

leads to no positive conclusion respecting the place of the limestone. 

Three forms, Humicrotis hawnt. Monopteria gibbosa, and Chonetes mille- 

punctata, have not been reported from any other locality in the Appa- 

~lachian basin. The other forms are widely distributed, most of them 

having been found below the Mahoning interval. Somewhat similar 

grouping of forms occurs in a black shale near Dundee, which Mr Hill 

places about 250 feet above the Mill Creek hmestone. As far as the 

testimony of these fossils is concerned, the Mill creek is as likely to be 

Allegheny as Conemaugh; but the coal-making period seemed to have 

ceased in great measure after the Hillman bed, so that here one finds 

conditions characterizing the Conemaugh in the bituminous areas. 

It seems altogether probable that the higher beds of the Northern 

fields are wholly unrepresented in the Southern field. In an earlier part 

of this work it was seen that the Pottsville diminishes northwestwardly, 

so that the vast pile of the Southern is represented by a very short col- 

umn in the Northern field. In the higher measures one finds that the in- 

terval, Buck Mountain to Tracy, diminishes almost to one-half in passing 

from the neighborhood of Pottsville into the western Middle. If the 

change continue in this upper portion as in the Pottsville, the great 

column of the Southern field should be represented by less than the lower 

half of the column in the Northern field; so that one might regard the 

rocks above the Hillman coal bed as without equivalent in the Southern 

field. 

* Annual Report for 1885, pp. 449 et seq. 
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INTRODUCTORY STATEMENT 

The Saint Peter sandstone is one of the most prominent Ordovicic 

formations of the Mississippi valley. Because of its striking characters 

it has attracted comment from almost every geologist whose work lay 

within this territory. Most of them have been led to suggest an explana- 

tion of its remarkable purity, or its apparent uniformity, or ils structural 

relations. Many have regarded the formation one of the most puzzling 

of the region, the obscure problem being that of origin. 

The following study is primarily one of the physiographic conditions 

represented in Saint Peter time. It has led to a comparative study of 
this formation as described from many localities and by many observers. 

X1X—BULL. Grou. Soc. AM., Vou. 17. 1905 (229) 
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This data has been checked wherever possible by the writer’s own ob- 

servations,* which, together with his examinations+ of material, form 

the basis of the discussion. | 
The work has been carried on in the Stratigraphic Laboratory at 

Columbia University, and was undertaken at the suggestion of Professor 

Grabau, in whose classes the researches have been discussed and to 

whom the writer is indebted for many suggestions. 

The Saint Peter sandstone has often been described in admirable 

detail.t To this feature the present writer has added little. To the 

comparative side and the resulting interpretation as to conditions pre- 

vailing during the time represented by this formation this discussion of 

what is otherwise so well worn a subject is directed. If the conclusions 

are well founded, then they explain the problem of origin also; and its 

uniformity of grain, its purity of composition, its great extent, its appar- 

ent conformity to adjacent beds are not inexplicable sedimentary puzzles. 
From the nature of the undertaking, it will be necessary to summarize 

the essential points of the facts gathered from observers touching this 

formation and later to compare and interpret local variations. 

Since finishing the manuscript of this article§ the writer’s attention 

has been called to a paper by A. Rutot, which contains a very suggestive 

discussion of the principles involved in sedimentation, and includes the 

same ideas and general treatment that are here applied to a particular 

case. 

GENERAL CHARACTER AND DISTRIBUTION OF THE SANDSTONE > 

The Saint Peter formation is a quartz sandstone, a silicarenyte. In 

most descriptions the same characteristic are enumerated. _It is coarse 

and uniform grained, with almost no cenenune material and little im- 

* These consist of field’ observations for many years in the ane Missigainel Valley 

region. 

7 Recent laboratory study of material obtained from localities distributed throughout 

the areal extent of the formation. 

{ To attempt a complete acknowledgment of the sources of information on this sub- 

ject is scarcely practicable. They are exceedingly numerous. The chief publications: 

relied on, however, are those of the Geological and Natural History Survey of Wisconsin, 

the Geological and Natural History Survey of Minnesota. the Geological Survey of 

Iowa, the Geological Survey of Missouri, the Geological Survey of Illinois, the Geolog- 

ical Survey of Michigan, including descriptions and discussions by T. C. Chamberlin, 

N. H. Winchell, W. H. Norton, C. R. Keyes, Samuel Calvin, James Hall, J. D. Whitney, 

A. H. Worthen, James Shaw, F. L. Nason, and others. Among authors of important 

special papers or reports are D. D. Owen, Joseph F. James, C. W. Hall, F. W. Sardeson. 

Citations are made to many of these at: appropriate points throughout the paper and 

especially in those matters with which the present discussion is mainly concerned. 

gA. Rutot: Les Phénoménes de la Sedimentation Marine. Bull. Musée Royal 

d’Histoire Naturelle de Belgique, T. ii, 41-83, 1883. 

I Journal of the Cincinnati Society of Natural acer tek July, 1894, p. 120. The St 

Peter’s Sandstone, by Joseph F. James. 
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SANDSTONES CHARACTER AND DISTRIBUTION DN 

purity. At most typical localities the composition is about 99 per cent 

810,. In color there is considerable variation, locally, chiefly due to 

iron stains, but at the typical exposures it is white or yellowish, often 

only faintly streaked with color. 

Usually the rock is massive, with only occasional bedding planes or 
color zones or other structural features. 

This formation, considering its exceptional character, has very wide 
distribution. Its outcrops occur along a zone including southeastern 

Fiaure 1.—Areal Distribution of the Saint Peter Sandstone Formation 

Minnesota to the vicinity of Minneapols and Saint -Paul, southwestern 

and southern Wisconsin and a narrow fringe along the eastern margin of 

that state; a like strip across the northern peninsula of Michigan, passing 

into southern Canada in the vicinity of Saint Joseph island, continuing 

in an easterly course. It has a most typical development in northern 

Illinois and portions of eastern Iowa. There are also outcrops of the 
same formation in Missouri. 
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From the distribution of the outcrops, together with the records of 

deep wells and local stratigraphic interpretation, it is certain that the 

Sain Peter area includes almost the whole of Iowa, Illinois, and Missouri, 

together with large areas in Minnesota, Wisconsin, Michigan, and In- 

diana, as well as less clearly defined portions of Nebraska, Kansas, Arkan- 

sas, Indian Territory, and possibly North Dakota. The northerly border 

of this great tract exhibits the upturned eroded edge of the Saint Peter 

in characteristic facies. The southerly and easterly border, on the other 

hand, passes more and more deeply beneath later sediments, beyond ob- 

servation except by deep well records. ‘These indicate, however, a grad- 

ual increase of argillaceous and calcareous matter in this direction. The 

distribution and boundaries are plotted on the accompanying outline map. 

GENERAL STRATIGRAPHIC POSITION 

The Saint Peter is Ordovicic in age. In its northerly exposures it is 

overlain by a limestone that is correlated with the Stones River formation 

by Ulrich and Winchell,* and it is underlain by a dolomite, called the 

Shakopee, also Ordovicic in age,’ but of doubtful equivalence. The de- 

scending series of dolomites, shales, and sandstones beginning with the 

Shakopee, known as the ““Magnesian series,’ + carries somewhere the line 

dividing Cambric from Ordovicic time, but the exact position of it is 

uncertain. ‘The base of the Paleozoic column is represented by a thick 

sandstone and conglomerate, commonly referred to as the Potsdam or the 

Basal sandstone, or the Saint Croix formation, by workers in different 

fields. 

The Saint Peter therefore occupies a position well toward the base 

of the Ordovicic series, and it is the uppermost one of the five sandstone 

formations which give a predominant arenaceous character to the basal 

Paleozoic rocks of the northern Mississippi Valley region. This relation- 

ship is indicated in figure 2. 

In other areas, especially southward, there may be conditions of over- 

lap that modify minor stratigraphic relationships of succession, as will 
be indicated in another paragraph. 

It has been common usage to correlate the Saint Peter with the 
Calciferous (Beekmantown) or with the Chazy of New York. This has 

been done more on the order of succession and similarity of rock type 

than any direct evidence. The few fossil forms found give little help in 
exact correlation. 

* Geol. and Nat. Hist. Survey of Minnesota, Final Report, vol. iii, part ii, pp. xciii-xciy. 
7 Bull. Geol. Soc. Am., vol. 6, pp. 167-198. 
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Lithologic similarity in widely separated areas is a most questionable 

basis for correlation or time equivalence. 

Maquoketa shales. 

Galena limestone and shales, 120. 

Black River shales, 70. 
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Saint Peter sandstone, 75-165. 
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FIGURE 2.—Lower Paleozoic Formations, 

Upper Mississippi Valley region. Relative thickness of members of the series is that 

: . of southern Minnesota. 

Besides, in this case, even if the beds could be followed continuously 
from west to east, a former land harrier seems to have actually separated 



234 ©. P. BERKEY—PALEOGEOGRAPHY OF SAINT PETER TIME 

the two seas in which the typical formations were accumulating. This 

still further increases the difficulty of direct comparison and makes any 

statement of exact correlation in terms of Chazy or Calciferous (Beek- 

mantown) of doubtful value. The only method ieft is by the indirect 

process of comparing the succession from a well established base of uni- 
formly recognized formation. 

The formation best suited to this datum-plane use is the Black River 

beds. They have a more universal extent than any other of the lower 

members of the series, in that they cross the New York divide (Frontenac 

axis) and are recognizable in both ancient seas. 

On the east side of the divide, in the ancient sea that occupied New 
England and the eastern borders of New York, was laid down a contin- 
uous series whose succession is as follows: 

Feet 
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On: the west side of the divide the Chazy and Beekmantown are not at 

all or only partially developed. Their time equivalents are represented 

in the formations and erosion intervals preceding the Black River beds, 

as they overlap against the flank of the Adirondacks. The first one of 

these below the Black River is the Lowville, resting on the basal con- 

glomerate and Archean gneiss of the protaxis on the west side of the 

Adirondacks. In the Mohawk valley some 400 or 500 feet of Beekman- 

town rest on the pre-Cambric gneiss, followed after a pronounced erosion 

interval by a few feet of the upper Lowville, which grade into the Black 

River. As shown by well borings, successive members of the very ex- 

tensive series of lower Ordovicic and Cambric sediments appear one below 

another at greater and greater distance from the crystallines. Toward 

the southwest there are prevailingly lmestones and dolomites, consti- 

tuting the Stones River group and Knox dolomite, which together attain 
a great thickness. 

In the interior sea, the so-called Mississippian sea, there is a close 

relationship of formations. There is, however, much variety in the series 

along the margins, and the numerous breaks and oscillations make it 

possible locally to subdivide minutely with success. In the deeper, less 

disturbed, sea basin there was apparently continuous sedimentation and 

a fairly uniform type of deposit resulted. Into this each marginal type 

* Brainard and Seeley: Bull. Am. Mus. Nat. Hist., vol. viii, p. 3805. 

American Geologist, vol. ii, p. 323. 

Brainard: Bull. Geol. Soc. Am., vol 2, p. 293. 
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shades by gradual merging of character and each break or interval 

terminates in wedge-like form. 

In this Paleozoic interior basin the Mississippian sea of Cambric time 

advanced slowly from the southward and in its marginal encroachment 

spread out the great basal conglomerate and sandstone series that is so 

prominent in the Upper Mississippi valley and the Great Lake region, 

where it is of Upper Cambric to Lower Ordovicic age. With successive 

oscillations of level, and accompanying variation in character and supply 

of sediment, the whole series accumulated. They are largely sandstones 

near the base and prevailingly lmestones.at higher levels and at greater 

distances from shore; but almost without exception the margin was 

everywhere gravel and sand—a continually advancing sheet of conglom- 

erate and sandstone, growing younger step by step with the northward 

advance, a continuous lithologic formation, but, in its successive stages, ot 

very unlike time equivalence. It probably ranged from lowest Cambric 

FIGURE 3,—Generalized Sketch illustrating Relationship of interbedded Sandstones to 

great Basal Sandstone Formation. 

in the southern United States continuously to and including the Saint 

Peter of the Ordovicic on its original margins. 

With each recurring period of elevation of the land, or retreat of the 

sea, or excessive waste supply, the sands crept seaward over the deeper sea 

types of deposit; and with each subsidence and consequent advance of the 

sea the sand was left behind as a continuous bed, to be covered in large 

part by other sediments. Naturally enough the nearer to the margin of 

the sea a locality is the greater prevalence of sand is to be noted in its 

series of formations, and, other things being equal, the greater the number 

and the greater the thickness of the interbedded wedge-like sandstone 

formations. 

The Saint Peter is the fifth and last one of these sandstone formations 

in the Upper Mississippi valley. 

Of great significance is the comparative thickness of the involved 

formations in different parts of the region. In this discussion the 
formations both above and below the Saint Peter must be included. 
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Ulrich and Winchell* correlate the 300 to 400 feet of Stones River 
limestones and shales of Kentucky and Tennessee with the 23 feet of 

limestone just above the Saint Peter in Minnesota, remarking that the 

Minnesota organic forms are most like those of the uppermost member 

of the Stones River of Kentucky. 
Part of the Knox dolomite of Tennessee below the Stones River group 

is also credited to the Ordovicic ; how much should be is not known; but 

this much is clear, that in the Kentucky-Tennessee area there was con- 

tinuous marine deposition, chiefly of a limestone character, amounting 

to probably 1,000 or 1,500 feet, during the time from the close of the 

Cambric to the end of Stones River time—a period marked in the north- 

west by the deposition of 75 to 150 feet of shaly limestones and dolo- 

mites and 150 feet of sandstone, within which there is at least one break 

of some significance. 

Only the upper representatives of the Stones River group also are to 

be seen in western New York, where the Lowville overlaps against the 
earler formations, as noted by Ulrich. 

Broadhead} calls attention to the interpolation of 80 to 190 feet of 

the Missouri survey’s “First Magnesian” between the Saint Peter and the 
“Trenton limestone.” ‘This formation does not appear at all in the 

northernmost areas, and, while the underlying magnesian formation has 

a thickness in Missouri of 150 to 230 feet, in Minnesota or Wisconsin it 

seldom reaches 75 feet. It appears therefore that the formations thicken 
considerabl: southward. , 

The Shakopee below the Saint Peter is correlated with the Calciferous 
(Beekmantown) of New York by Sardeson.t 

The same author has described the fossils§ found in the Saint Peter 

* Geol. and Nat. Hist. Survey of Minnesota, Final Report, vol. iii, part ii, introduction. 

7 American Geologist, vol. 34, no. 2, August, 1904. 

{ Bull. Minn. Acad. Nat. Sci., vol. iv, no 1, p. 104. 

@ There are marine fossils in the upper part of the Saint Peter at Saint Paul, Min- 

nesota. These have been described by Sardeson in Bull. Minn. Acad. of Nat. Sci., vol. ili., 

no. 3, and vol. iv, no. 1, p. 79. The following genera are represented: Cypricardites, 

4 species ; Modiolopsis, 5 species; Tellinomya, 2 species ; Holopea, 2 species ; Murchisonia, 

2 species ; Ophileta, Platyceras, and Pleurotomaria, 1 species each; Orthoceras, 3 species, 

and one species each of Crania, Lingula, Orthis, Ptylodictya, and Rauffella. 

There were found at this place 28 species. Although nearly all described as new 

species, they are as a whole very like the forms occurring in the overlying limestone. 

Other localities have furnished a few forms. At Ripon. Wisconsin, in transition beds, 

Orthoceras is found. Except fucoidal markings and Scolithus Minnesotensis James, there 

are no others reported from Wisconsin. 

Winchell reports Scolithus from Faribault, Minnesota, probably the same as S. Min- 

nesotensis James. (The Saint Peter Sandstone, Cin. Soc. Nat. Hist. Jour., 1894, p. 134.) 

At Fountain, Minnesota, in transition beds to Stones River above, not in typical Saint 

Peter, Lingulepsis morsensis Winchell and an Orthis resembling O. testudinaria. Plano- 

lites is also reported from Minnesota. 

Meek refers to a Murchisonia and a crinoid column from Monteau county, Missouri ; 

Shumard reports a Straporollus and a Chemnitzia from Ozark county, Missouri, and an 

Orthoceras is recorded from Maries county, Missouri. 
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SUGGESTED ORIGIN OF THE SANDSTONE Dd 

near Saint Paul, Minnesota, and concludes from them that this formation 

is much more nearly allied to the overlying Stones River than to Shakopee 
below. This is in accord with the existence of a break between the 

Shakopee and the Saint Peter, indicated both by the unconformity be- 

tween them and the cessation of sedimentation that has resulted in thin- 

ner beds on this margin. 

Therefore the uppermost Saint Peter, especially in its northern mar- 

gin, is Stones River in age; but the whole formation is involved in a re- 

treat and advance of the sea over the area, and has, as is usual in sand- 

stones, no perfect time unity in its whole extent; and the break, except 

where it has imprinted erosion features on the underlying Shakopee, is 

swallowed up in the sands of the deposit. 
A few columns drawn to scale (see plate 24), with the lines of the 

_ formations indicated, will serve to better show the relationship. 

ORIGIN SUGGESTED BY WRITERS 

There have been many different theories as to the origin of the Saint 

Peter sands and their present purity. lts extreme purity and great 

extent seem to have made ordinary sedimentation processes appear in- 

sufficient to many observers. In accord with this idea, several early 

writers have suggested* chemical precipitation as a probable origin. 

Most observers, however, have agreed to the mechanical character of the 

deposit and have suggested a variety of subordinate agencies. 

James Shaw, in the geological reports of Illinois, at one time advo- 

cated the wind as the effective agent in producing the cross-lamination 

and ripple-hke marks, but later seems to have abandoned this idea. 

Norton of Iowa also suggests the wind as a probable factor. Owen and 

many others seem never to have considered any modification of the ordi- 

nary sedimentary origin necessary. Sardeson,t on the other hand, while 

maintaining the sedimentary origin, considers the unusual purity due 

chiefly to the porosity of the rock, favoring free circulation of under- 

ground water and the consequent leaching out im solution of all con- 

stituents except the quartz grains. 

Any more definite statement than that the Saint Peter owes its exist- 

ence and character to the usual processes of sedimentation depends for 

support more on the variability of character than upon its reputed con- 

* Keating, Hall and Whitney, Winchell. 

+ Sardéeson: Bull. Minn. Acad. Nat. Sci., vol. iv, no. 1, 1896, p. 86. 
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CAMBRIC AND ORDOVICIC SERIES IN SOUTHERN MINNESOTA, ILLINOIS, AND TENNESSEE Representing the series of sandstones characteristic of the Northern region, the comparatively uniform succession of dolomites in the South, and the intermediate equivalents. ‘The Illinois section is from well records, 
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stancy. ‘The views of the writer as to origin are necessarily involved 

in a discussion of these lines of evidence. 

VARIABILITY OF THE SAINT PETER 

VARIATION MORE PROMINENT IN MINOR DETAILS 

A minute study makes it clear that the reported constancy of this 

formation is somewhat overdrawn. In the broader characteristics of 

sandstone formations, it is fairly constant, but in minor detail it is very 

variable, and these usually neglected variations, it is thought, are in this 

case a key to the bit of history that the Saint Peter represents. 

THICKNESS 

This formation varies in thickness from a mere film, a layer of sand 

grains, as in certain cases in eastern Wisconsin, to 225 feet in Illinois.* 

It occasionally exhibits a range of from 1 foot to 100 feet within so short 

a distance as a quarter of a mile.t+ 

This rapid change is described as due to the undulating magnesian 

limestone floor. The normal thickness in Iowa is about 100 feet, and 

this may be taken as a fair estimate of its average thickness over the 

greater part of the whole region of its distribution. 

PURITY 

Although more than 99 per cent pure quartz in some localities, this 

condition is by no means universal. An analysis given by Hall and 

Sardeson shows for the fossiliferous rock occurring at South Saint Paul:f 

SrOo ee as adept stave ics ieiele aie wie oma Whe Neerete ne aiers 99.75 per cent 

MesORc. aa seer ee emcee e eee eee rece eeeee Trace 

RIO ree ee isos etree eae tene Ste late Ja Gena eeue aye te Meee Trace 

A Minneapolis sample gave 98.50 per cent of Si0,. 

The saccharoidal sandstone (Saint Peter) of eastern Missouri, in the 
vicinity of Saint Louis, so important for many years past in the glass 

industry, is also remarkably pure. It is given as more than 99 per cent 

Si0,. 
The Saint Peter, however, is not always free from clastic impurity. 

Hall and Sardeson note the presence of fine white kaolin in the Saint 

Anthony area. 

* Geological Survey of Illinois, vol. vii, p. 49. 

+ T. C. Chamberlin: Geology of Wisconsin, vol. ii, 1887, pp. 285-286. 

{ Bull. Geol. Soc. Am., vol. 3, p. 351. 
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There are shale intermixtures at Boone, Iowa, calcareous and shale 

intermixtures in Wisconsin, and iron oxide heavily developed in a few 

places. The formation in Missouri, Indiana, Ohio, and Kentucky car- 

ries a marked percentage of lime and argillaceous matter in contrast with 

the average northern outcrops. 

Specimens at hand from La Salle county, Illinois, show a considerable 
percentage of earthy impurity, while one from Wisconsin, probably a 

transition phase, is very heavily charged with carbonates, though on the 

whole the Saint Peter is a remarkably pure sandstone formation. Its 

greatest variability is marginal and throws some light on the question of 

origin and conditions prevailing during its accumulation. This variabil- 
ity, however, is markedly different along opposite margins—that is, the 

landward as opposed to the seaward side—and is well within the range 

of characters in every respect that one should expect. Thus on the 

northern margin there are developed occasionally breccias and marginal 

conglomerates and various foreign intermixtures, while far southwar‘ 
the Saint Peter and its equivalents become shaly sandstones, calcareous 
shales, and even siliceous limestones.* 

BINDING 

Throughout most of its extent the individual grains of the Saint Peter 

have almost no binding. At Minneapolis a freshly exposed fragment may 

be crushed in the hand or its grains readily rubbed off by the fingers. 

In all cases exposure increases the strength of the bond, so that occasion- 

ally it has been made use of in light structures. In Ogle county, Illi- 
nois,{ it is recorded that the outcrops, although apparently of so friable 

material, resist weathering with great success. 

Occasionally in other localities there is strong lime or iron oxide 

binding, while local induration to a quartzite is less common. A sample 

from Missouri sent by the kindness of Dr EK. M. Buckley exhibits sec- 

ondary growth of almost every grain, the pyramidal faces being especially 

sharply developed and occasionally developing almost a complete doubly 

terminated quartz crystal; yet the rock is not well cemented; it is not 
much more firm and resistant than the average specimen. 

In all cases there is either a striking lack of cementation or if well 

developed it is extremely local. The places where iron oxide is infil- 

* Marginal character may have prevailed also in Pennsylvania and West Virginia, as 

well as along some continental border in the west, but if so the type of rock is different 

and is not recognized as Saint Peter. 

7 James Shaw: Geology of Illinois, vol. v, p. 116. 
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trated furnish some firmly bound rock, but this is in irregular bands 
rather than a general constituent. 

STRUCTURE 

In many places the rock is massive, with but faint traces of bedding or 
any other marking. At still others the bedding planes are strongly 

marked and the beds comparatively thin, passing in numerous places 

into shaly facies. Often there is cross-bedding, as noted particularly in 

northern Illinois, with ripple marks well developed. These irregularities 

are still further accentuated by color streaking. Variations are mucn 

more notable in the central portion of the Saint Peter area than on its 

margins, although they are not wholly lacking along the northern margin. 

Chamberlin* refers to structures typical of ebb and flow and ripple marks 

in Wisconsin. 

Nearly all the strong coloring described in the Saint Peter is confined 

to structural inequalities, mostly bedding or cross-bedding lines. In so 

porous a rock of so simple composition one would not expect enough 

selective capacity to connect the color streakings with late infiltration. 

Even the coloring seems to point back to the conditions under which ¢!e 

rock accumulated. 
TRANSITION 

There are occasionally brecciated and conglomeritic Lower Magnesian 

fragments in the marginal facies of the rock in eastern Wisconsin anGd 

northern Michigan. Uusually the transition from Magnesian dolomite 

to Saint Peter and from Saint Peter to Stones River limestone again is 

abrupt, but even this is not universal, sand mixed with calcareous matter 

or clay mixed with the sand being an occasional variation. 

The overlying limestones and shales of the Stones River group at aii 

places are described as perfectly comformable to the Saint Peter. 

UNCONFORMITY 

The underlying dolomite and the succeeding Saint Peter are fre: 
quently unconformable. This condition has been described in Michigan, 

Wisconsin, Iowa, and Missouri, where occasionally the dolomite floor is 

very uneven. In places the dolomite floor is so hummocky as to project 

up through the whole thickness of the Saint Peter, so that the sandstone 

only fills the hollows and valleys. 

In generalizing the isolated descriptions it appears that the greater 

* Geology of Wisconsin, vol. i, p. 146. 



UNCONFORMITY 241 

conformity as a rule obtains at the greater distance from the continental 

land margin of ancient Laurentia. In Missouri, according to Winslow, 

there is an unconformity below the saccharoidal sandstone, now correlated 

with Saint Peter, and erosion valleys have been described there.* 

Throughout the greater part of the region of the Saint Peter the lower 

contact is not within surface observation, so that, even if unconformity 

were general, most descriptions would necessarily fail to note it. 

In a few isolated areas where the original landward margins are still 

preserved, or where ancient islands project through, the Saint Peter 

seems to merge into the Basal sandstone, Potsdam, either by thinning 

out of the Magnesian series or by its destruction and overlap, so that the 

break is swallowed up in the uniform textured sandstone formation. 

. 

——_—_—_ 

Beek Mant own 

H1GuRE 4.—Ntratigraphic Range of the basal Sandstone. 

This generalized sketch indicates the relationships of the Saint Peter formation to the 

larger groups representing deep-sea deposits, and illustrating the conception of an erosion 

interval in Saint Peter time. 

This relationship is well shown and fully discussed in the Geological 

Survey reports of Wisconsin. 

When the evidence of unconformity is lacking there may nevertheless 

have been dry land at so nearly baselevel position that erosional forces 

were largely spent upon the loose mantle of shifting sands left by the 

outwash of the retreated sea. Here and there conditions were such as 

to permit penetration of this mantle and imprint the marks of an erosion 

interval on the undulating Shakopee. It is the writer’s opinion that the 

Saint Peter sandstone is of such composition as to permit obliteration 

within itself of all marks of such an interval. This is probably true of 

all coarse grained or very pure sandstone formations. Great interbedded 

sandstones as a type doubtless represent periods of marked oscillations of 

* Missouri Geological Survey, vol. vi, p. 357. 



242 cc. P. BERKEY—PALEOGEOGRAPHY OF SAINT PETER TIME 

level, with retreat of the sea, an erosion interval, a readvance of the sea, 

each with its characteristic deposits. Just as in displacements by folding 
or faulting, such disturbances are dissipated by ready adjustments among 

the easily shifted grains, so that occasionally all traces of the movements 
are wholly obliterated, so in like manner may an erosion interval be swal- 

lowed up and almost wholly lost in the shifting and worked over sands 

that finally constitute the formation. It may easily happen that sands 

spread out by a retreating sea should be wholly worked over by the read- 

vance, and yet, on a very uniform surface, leave no trace except a rather 
abrupt transition. In such a case the underlying bed would carry most 

of the marks preserved at all and might exhibit prominent erosional un- 

conformity in lmited areas. The overlying bed, in this instance the 

Stones River limestone, should be perfectly conformable, as descriptions 
show it to be (see figure +). 

Breccias are developed to a limited extent at some of the Saint Peter- 

Shakopee contacts, according to the records of both the Wisconsin and 

the Michigan reports. ‘The Magnesian is represented as wedging out in 

an enveloping upper and lower sandstone wherever an original margin 

is preserved. 

In Michigan this edge is the remnant of a bed partly destroyed by the 

encroaching Saint Peter sea, as at one time interpreted by Rominger, 

and beyond its present margin the Saint Peter should be expected to 

merge into the Great Basal sandstone (“Eastern sandstone”) of the 

region. ‘This interpretation, and indeed the presence of Saint Peter in 

Michigan at all, seems to have been regarded with doubt by many writers; 

yet there is no inconsistency about the occurrence in any respect, and 

the later state reports* under Doctor Lane add to the Saint Peter data. 

It is probable that the same type of edge was developed along the whole 
length of the ancient shoreline. In the extensive denudation of the re- 

gion, however, this, together with all later deposits, has been destroyed 

except in the most protected localities. 

. In short, it is held that in the case of the Saint Peter evidence gathered 
from a study of its extent as well as its contacts and transitions is in sup- 

port of a considerable erosion interval. 

SOURCE OF SUPPLY OF MATERIAL 

The Saint Peter sands are widely and rather evenly spread. Consid- 

ering the possible sources of supply, they are carried to surprising dis- 

tances. There is no doubt at all of the sedimentary character of the 

* Geological Survey of Michigan, Annual Reports for 1901 and 1903, 
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rock; but for such a deposit all the sources in this case are marginal, ex- 
cept perhaps locally in Missouri; and of all the margins only the northern 

one seems to fulfill the conditions of a coastal supply. Along this north- 

ern coast there was at all times a broad and thick accumulation of sands 

from the waste of the continent. It lapped against the retreating shore 

in such position and in such condition that any considerable diastrophic 

movement elevating the land would subject great quantities of this loose 

material to the outwash of the sea and other transporting agencies. Any 

differential movement along this region might also subject underlying 

strata to erosion along the margin to the extent of destroying them, as 

is represented by Rominger in northern Michigan. Likewise any oro- 

graphic movement or displacement by faulting, resulting in the elevation 

of any considerable portion of the subcoastai margin, would still further 
auement the supply of these sands for seaward transportation. 

In this connection it is recalled that there is extensive displacement by 

faulting within the area of the basal sandstones—Eastern and Western 

sandstones—of the Lake Superior margin. These movements were at 

least subsequent to the deposition of the chief mass of these formations, 
since the beds still remaining are much affected along this fault zone.* 

It is not clear what time this faulting took place, but certain field rela- 

tionships suggest that the displacement may have begun before the Lake 

Superior sandstones, as we now have them, were completed. At any 

rate, the raised blocks must have been capable of furnishing considerable 

excess of sand over regular erosion sources and must have resulted in 

some extension of the sand sediments seaward. ‘The Saint Peter is the 

last of these sand extensions and certainly owes its existence to one or 

another of these dynamic factors, perhaps to all of them. 

In the areas of no faulting in eastern Wisconsin the “Potsdam” thins 

out northeastward, according to the Wisconsin geologists, not by general 

thinning of all the beds, but by suppression of the lower members. It is 

worth while to note that this would not be true under normal conditions, 

except so far as overlap prevailed, and in case of retreat and advance with 
destruction of underlying beds. 

To this phase of the problem the present condition of the underlying 
Shakopee dolomite adds evidence. The Saint Peter lies on the billowy 
surface of the Magnesian hmestone, filling up its troughs and in most 

cases surmounting its prominences. In given instances 54 and 82 and 

100 feet of sandstone was observed in these troughs, while adjacent knolis 

of magnesian dolomite had scarcely more than a film of sand to mark 

*U. S. Grant: Bulletin vi, Geol. Survey, Wisconsin, p. 17. 
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the separation* of this formation from the overlying Trenton (Stones 

River). This irregularity is greatest from Dodge county northward. 
In Missouri an inequality of this type is credited to actual stream 

erosion. ) 

Few localities exhibit the Shakopee-Saint Peter contact well enough 
to furnish reliable data for most of the field. Hall and Sardeson have 

described this contact in Minnesota, also as uneven as a rule, but have 

considered it chiefly due to folding,t which dies out upward in the Saint 

Peter. The overlying Trenton (Stones River) is not affected. It 

seems well supported then, by combining the observations of all these men 

in their particular fields, that Saint Peter time was one of some consider- 

able dynamic disturbance, that it resulted in both folding and faulting 

of the preceding series locally, and, in the region as a whole, was accom- 

panied by diastrophic movements by which much of the Upper Mississippi 

valley and Great Lake regions became dry land for a part of the time, 

Some characters of the formation (noted briefly under the heading of 

“Variability of the Saint Peter”) bear on this problem and suggest 

further modification of the general interpretation. 

STRUCTURAL CEHIARACTER AND 'l'EXTURE 

A study of the texture of the Saint Peter made on specimens} gathered 
from localities of wide areal range furnishes a few suggestive facts. 

Microscopic examination shows that in typical Saint Peter there is a 

total absence of large grains that are usually classed as gravel, and almost 

as complete absence of extremely fine grains, such as fall within the 

class of dust. In this respect there is no very marked difference among 

the various samples. ‘The sands from La Salle, Llinois, and one sample 

from Wisconsin show most impurity. 

The range of sizes runs from 1 millimeter down to .01 millimeter in 

a few cases, but the bulk of the rock is made up of grains from .4 milli- 

meter to .05 millimeter in diameter. 

The diameter of grains in samples examined from typical localities 

range prevailingly from .05 millimeter to .6 millimeter, an average for 

by far the greatest number of grains being from .1 to .2 millimeter. 

So far as different parts of the area or different horizons in the formation 

have been subjected to scrutiny, there is not any great variation. Hall 

and Sardeson, however, note that there is considerable diversity of texture 

* Geology of Wisconsin, vol. ii, 1877, pp. 285-286. 

ip Bull. Geol. Soc. Am., vol. 3, p. 353. 

} For most of this material I am indebted to Dr E. M. Buckley, of Missouri; Superin- 

tendent Thomas J. McCormick, of La Salle, Illinois; Professor Ira A. Williams, of Ames, 

Iowa, and Professor C. K. Leith, of Wisconsin. 
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in Minnesota, Olmstead, and Fillmore counties, in the southern part of 

the state, exhibiting much coarser grain than the Minneapolis-Saint Paul 

area. They also remark a noticeably coarser development at the base* 

of the formation at Cannon Falls and Northfield. 

Under the microscope, grains from the Saint Paul area vary from 

.05 to 2 millimeters in diameter. Of these the larger grains are all 

much worn and as a rule very perfectly rounded, while the smaller, 

.1 millimeter and less, are strikingly more angular. This same relation- 

ship is shown by the samples from Missouri, where, however, the grains 

range as high as .6 millimeter in diameter and a greater proportion of 

them are well rounded. The Illinois rock is described as composed} of 

very uniform small round grains, as seen under the microscope. Speci- 

mens examined from La Salle county show more than the average im- 

purity of iron and clay and fine matter. 

Southern Wisconsin has a similar record. In Michigan the narrow 
strip through the upper peninsula that has been correlated with this 

formation +t is made up of the grains that are described as angular and 

associated in places with fragments of the preceding and destroyed edge of 

the magnesian. 

Two samples from Iowa sent by Ira A. Williams, of Iowa State Col- 

lege, show the greatest range of any received. Both are from the eastern 

border of the state. In one the grains are nearly all large, some exceed- 

ing 1 millimeter, and al! are rounded and beautifully pitted. The other 

is very fine grained, chiefly .05 to .1 millimeter in diameter, and also 
well worn. Both are very pure. 

Only the larger grains in most of the samples are well rounded. Those 

of .1 millimeter and over are all much worn. Commonly the smailer 

grains, .05 millimeter and less in diameter, are strikingly more angular. 

In only one case, an Iowa sample of very fine grain, are all grains worn. 

In one sample from Missouri, although the grains show marked second- 
ary enlargement, the original character does not depart from the average 

type. 

The worn grains in all the samples are beautifully pitted in the manner 

so often seen on wind-worn fragments. The agreement of the textural 

character of this rock with the requirements of a wind transported de- 

posit is at once apparent. very grain yet observed by the writer from 

this formation falls within the range of wind competence. According 

to the researches of J. A. Udden, grains comparable to those of largest 

* Bull. Geol. Soc. Am., vol. 3, p. 351. 

+ Geological Survey of Illinois, vol. v, p. 116. 

{ Geology of Michigan, vol. I, pt. iii, pp. 56, 64, 72. 

XX—BULL. Grou. Soc. AM., Vou. 17. 1905 
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size in the Saint Peter, those most rounded, as noted above, would not 

be picked up and carried far by the wind, but could easily be rolled along 

the ground. The smaller sizes abundant in the rock fall within the 

lifting capacity of the wind and might be carried long distances.* These 

smaller sizes are prevailingly less worn and more angular than the larger 

sizes, and this again is consistent with such agency. Of all agents of 

transportation, wind is the best assorter. From a given supply of sand 

of reasonable areal limits the wind is able to remove the finer dust very 

perfectly. The finest and the coarsest particles are widely separated. 

If, therefore, the supply area is not so large as to outreach the assorting 

competence of prevailing winds, and if the winds involved are not so 

changeable as to undo one day what may have been accomplished on the 

previous one, the result is sure to be a perfectly cleaned sand. 

CONCLUSIONS AS TO ORIGIN 

The writer is well aware of the incompleteness of an argument of this 
kind. To find that certain phenomena are consistent with a certain 

explanation is far from proving its correctness; but, in view of the diffi- 

culty acknowledged by workers in the Saint Peter, it is at least worth 

noting that wind agency will account for the purity and textural character 

of this formation under very reasonable conditions. 

The surface over which the Saint Peter sands were deposited was ap- 

parently very uniform. If it had departed far from a low-lying plain, 

we should doubtless have many marks of it in erosion forms characteristic 

of such elevation. On that plain, on its retreat, the sea spread great 
quantities of sand and left the marginal supply (Basal sandstone mar- 

gin) exposed to all the transporting agencies. This the wind began to 

carry as dune sands along the shore. Into these sands the rivers sank 

as they coursed toward the retreating sea, accomplishing little in erosion. 

At the maximum retreat of the sea, it is the writer’s belief that the Saint 

Peter sands presented the aspect of a shifting-sand plain, perhaps akin 

to a desert in this one feature at least, though not necessarily arid; so 

the sands were washed out by the retreat of the sea and thereby assorted, 

then worked many times over by the wind in the absence of the sea, and 

thereby still more perfectly assorted, and finally, in the readvance of the 

sea, much of it was again worked over a last time, thereby reaching its 
present remarkable condition of purity. 

The Saint Peter therefore owes its constancy of grain and its purity 

* J. A. Udden: The mechanical composition of wind deposits, Augustana Library 

Publications, No. 1, 1898. 
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of composition, in the writer’s opinion, not to chemical precipitation 

of the rock, not to subsequent leaching, but rather to the unusual com- 

pleteness of the assorting process accomplished by wind and water on a 

sand largely derived from a previous sandstone formation. The marks 

of water action and sedimentation are too numerous to admit the chem- 

ical theory for an instant. As for subsequent removal by leaching, the 

results are too capricious for so general a cause. It has not removed the 
color stains that so commonly emphasize the structural features. It is 

impossible that nearly all the mineral dust, even that of the quartz type, 

should be removed by such agency and yet not attack the larger grains, 

even enough to destroy their wind-worn finish or the stains they carry. 

Such carbonate matter as accumulated in the sands has been removed 

largely, it is true, but there is no evidence of any considerable quantity 

of it ever having been present. For the remoyal of siliceous matter ther 

is no evidence. 

- That the Saint Peter sandstone was deposited in water and preserves 

chiefly such structures as are common to sediments is certain; that its 

grains fall within the range of wind transportation and show character- 

istic wind-worn surfaces is equally clear; that the formation relationships 

argue an extensive retreat of the sea and an erosion interval is well sup- 

ported—these factors alone are sufficient to account for all the peculiar- 

ities and remarkable characters of the Saint Peter, without any special 

agency. 

PITYSIOGRAPHIC CHANGES 

A reasonable interpretation of the foregoing facts and observations 

suggests the following outline of the physiographic changes of the time: 

1. Just preceding the Saint Peter epoch the sea stood far in on the 

continental areas represented by Laurentia at the north and Appalachia 

at the east. These were connected by an isthmus occupying the position 

of the Frontenac axis. ‘To the eastward lay the Atlantic ocean and the 
gulf of Maine, in which the typical Beekmantown sediments were already 

accumulating. ‘To the westward, in the great Mississippian sea, dolo- 

mites and limestones of the Magnesian series and their equivalents were 

being deposited. 

2. With a reversal of epeirogenic movemeut the sea began to retreat. 

There were some marginal disturbances, perhaps both folding and fault- 

ing, by which arose subsequently some structural unconformity and 

through which possibly extra supplies of sands were made available. 

3. At maximum retreat, judged bv the distances to which heavy sands 

were carried, the whole upper Mississippi valley became dry land; 



248 C. P. BERKEY—-PALEOGEOGRAPHY OF SAINT PETER TIME 

became a waste of drifting sands; but a deep bay extended northward to 

the southern boundary of New York, as appears from records of undis- 

turbed sedimentation in Center county, Pennsylvania. 

4. A readvance of the sea northward to the vicinity of its original 

position followed. In this movement the sands that had been dragged 
out by the retreating sea and carried out by streams or transported in 
large part by winds were worked over, given their characteristic struc- 

tures, and such fossils as belong to the formation were buried in them. 

The natural break representing the time interval, that would have been 

preserved in almost any other type of rock, is largely obliterated. With 

FiguRE 5.—Oontinental Outline at maximum Retreat of the Seas in mid-Saint 
Peter Time. 

the oscillation, except locally along the margin, there is no evidence of 

unconformity of angle on a large scale. It appears also that in most 
localities the sea must have worked over almost the whole sand mantle, 

while in others the difference above and below the chief zone of disturb- 

ance may be the foundation for the occasional suggestion that has been 

made to divide the formation into an upper and a lower Saint Peter. 
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At the close of the whole revolution the continental land outlines dif- 

fered very little from those immediately preceding the Saint Peter epoch. 

PALEOGEOGRAPHIC CHARTS 

Following out the conclusions involved in the foregoing discussion, the 

accompanying physiographic charts are presented (see figures 5 and 6). 

They are an attempt to indicate the land and sea distribution for the 

Mississippi valley in Saint Peter time. The lines drawn are general- 

MV OQ SIU oo 
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FiGurRE 6.—Continental Outline near close of Saint Peter Time. 

izations and do not aim at local precision. It is intended to be under- 

stood that a maximum land area existed in mid-Saint Peter time, 

followed by a rapid encroachment of the sea to a coastline very like its 

pre-Saint Peter position. 
The maximum retreat is drawn arbitrarily as interpreting the change 

of character of sediments from offshore to deep-sea types. In the absence 

of data northward beyond the present limits of the formations involved, 
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maximum advance margins are held near the existing known outcrops on 

the thin edges of equivalent beds. 

SUMMARY 

Such facts as are known about the Saint Peter sandstone have been 

considered by the writer in support of the following general statements: 
The Saint Peter sandstone is a mechanical sediment. 

The sands were derived in large part from the upturned edges of pre- 

ceding beds of sandstone and quartzites bordering the continental areas, 

and from the Basal Sandstone formation in particular, under conditions 

that made this an easy and abundant supply. The use of an already 

assorted material is one step in the production of its unusual characters. 

The purity of the formation, the rounded and uniform size of grain, 

and its wide distribution over such a flat area indicate some agency of 

extraordinary sorting efficiency and transporting capacity. ‘This is cred- 

ited to the winds. The folded and faulted character locally of the under- 

lying Shakopee with no effect on the overlying Stones River beds point 

to dynamic disturbances that occupied the Saint Peter epoch and ceased 

at its close. Erosional unconformity between the Saint Peter and the 

Shakopee indicates that the same time was marked by a retreat of the 

sea. ‘The widespread formation with uniform characters suggests a 

withdrawal of the sea from a very large area in the upper Mississippi 

valley. 

As a consequence, there was continuous deposition in the south and 

interrupted sedimentation in the north. The Saint Peter sandstone is 

stratigraphically a wedge including within itself a wedge-like break. In 

age the thin southern edge is vounger than the lower beds and older than 

the highest beds, as they appear in the northern areas. ‘The Saint Peter 

therefore should be found to overlap the Magnesian series seaward, but 

in turn should be itself overlapped by the limestones and shales of the 
Stones River group in its succeeding development landward. In certain 

localities it may be possible to.divide_ the formation into an upper and a 
lower Saint Peter. | 
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INTRODUCTION 

For the last ten years, during which the survey of the San Juan region 

of Colorado has been in progress, evidence has been accumulating showing . 

that in all probability the mountains have been subject to more than one 

period of glaciation during Pleistocene time. The fact of more than one 

stage of glaciation in the Rocky Mountain region was established by 

Salisbury and Blackwelder} in 1902 through observations made in the 

* Published by permission of the Director of the U. S. Geological Survey. 

+R. D. Salisbury and Eliot Blackwelder: Glaciation in the Bighorn mountains. 

Journal of Geology, vol. xi, 19038, pp. 216-228. 

XX1—BULL. GEOL. Soc. AM., Vou. 17. 1905 (251) 



252 HOWE & CROSS—GLACIAL PHENOMENA, SAN JUAN. MOUNTAINS 

Bighorn mountains, Wyoming. More recently, Capps and Leffingwell * 

have drawn similar conclusions from studies in the Arkansas valley, in 

Colorado. | 
Evidence of the last ‘stage of glaciation is obvious in the San Juan 

mountains, and abundant proofs have been found throughout the region 

examined that the ice disappeared in relatively recent times.— What may 

be traces of an earlier stage have been observed at a number of localities, 

but until lately satisfactory evidence in this connection has been lacking. 

In the course of the regular field work of the U. 8. Geological Survey in 

the Ouray quadrangle on the northern side of the San Juan mountains, in 

the summer of 1904, this evidence was found in the Uncompahgre valley, 

and during the field season of 1905 further data were obtained in 

adjacent regions. 

In presenting the results of these recent observations, the whole subject 

of glaciation in the San Juan province must necessarily be considered. 

The character and extent of the last stage of glaciation have been de- 

scribed in several published reports of the Survey, including the Telluride, 

La Plata, Silverton, Needle Mountains, and Rico folios, and a special 

report on the geology of the Rico mountains, t to which reference should 

be made for details omitted in this paper, the primary purpose of which 

is to present the recently observed facts and to discuss their significance 

in relation to the phenomena observed in other parts of the San Juan 

mountains. 

THE LAST STAGE OF GLACIATION 

CHARACTER AND EXTENT 

The topography of the higher San Juan mountains everywhere shows 

the influence of glacial erosion, vet the amount of this erosion was slight, 

merely producing a modification of the earlier topography. Many of the 

larger valleys are U-shaped. In the pre-Cambrian areas, especially in the 

upper Animas valley, roches moutonnées are well preserved, and in the 

higher mountains the majority of the streams rise in typical glacial 

cirques. ‘The glaciers which accomplished this modification were of the 

valley type, supplied by the snow fields in the many cirques at their heads, 

‘but no evidence has been found of an ice sheet or cap covering the whole 

*S. R. Capps and BW. DPD. Leffingwell: Pleistocene geology of the Sawatch range, near 

Leadville, Colorado. Journal of Geology, vol. xii, 1904, pp. 697-706. 

+R. C. Hills: Extinct glaciers of the San Juan mountains, Colorado. Proc. Colorado 

Sei. Soc., vol. 1, pp. 39-46. 
G. H. Stone: The Las Animas glaciers. Journal of Geology, vol. i, 1893, pp. 471-475. 

{ Whitman Cross and A. C. Spencer: Geology of the Rico mountains, Colorado. 21st 

Ann. Rept. U. S. Geol. Survey, part ii, 1900, pp. 7-165. ; 
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region, although in a few favored localities in the very high mountains 

great névé fields existed, as in the area known as American flat, at the 
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FiGuRE 1.—Drainage Map of the San Juan Region. 

head of Henson creek, and on the Continental divide between the sources 

of the Rio Grande and tributaries of the Animas and other streams be- 

longing to the drainage of the San Juan river. At many points inter- 
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mediate between the proximal and distal extremities of the valley glaciers, 

corrie or cliff glaciers occurred, some of which, together with those in the 

more sheltered cirques, continued to exist until very recent times. 

Evidence for this is found in the great freshness of their small moraines 

and the bareness of the cirque floors. In fact, ice was seen by Cross in 

1895 in the large cirque called ‘The Great Amphitheater” on the Hayden 

map, which lies west of Mount Sneffels, at the head of a fork of Dallas 

creek. ‘The ice occurred at the base of the high precipitous southern wall 

of the basin, a little east of Dallas peak. Although the ice had the ap- 

pearance of a great snowbank, it was crevassed and of a characteristic 

ereen color. 

The extent of the glaciers occupying such large valleys as the Animas 

and Uncompahgre is well shown by their terminal moraines, which he 

just within the zone of foothills bordering the higher mountains. No 

glaciers belonging to this last stage extended as far as the region of low 

relief generally known as the plateau country. The length of the Animas 

glacier was nearly 50 miles, of the Uncompahgre not more than 18 or 20. 

The absence of all terminal moraines in the foothill zone and the relative 

abundance of drift higher up many of the somewhat smaller valleys would 

seem to indicate that they contained ice streams that never extended 

beyond the region of the higher mountains. The Vallecito glacier, which 

occupied the valley of that name, joining Pine river in the southern foot- 

hills, belonged to this class, more characteristic of the south than the 

north side of the San Juan. 

TERMINAL MORAINES OF THE LAST STAGE 

Through the borderland of the San Juan an abundance of drift testifies 

to the extensive glaciation to which the region has been subjected. A 

great part of this drift is relatively youthful, as shown by the fresh con- 

dition of the boulders and the insignificant modification to which the form 
of the morainal deposits has been subjected. 

The great terminal moraine of the Uncompahgre glacier crosses the 

valley just south of the point where Dallas creek enters and close to the 

town of Ridgway, about 18 miles from the head of the river (figure 2) ; 

it is 400 feet high in places and more than 2 miles long, with an average 

width of one mile; it has relatively steep upstream faces and gentler 

slopes down stream. Its surface is uneven and hummocked and contains 

numerous depressions or kettle-holes. The moraine is cut through about 

in the middle by the Uncompahgre river, and exposures along the stream 

show the typical morainal character of the material, which consists of 

subangular and striated boulders and unstratified gravel and fine sand, 
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representing all of the rocks known to occur in the upper Uncompahgre 

and its tributaries. 

=o Bae soc e ae = Z % Sate SSehby 8 YW UNNISON 2 

MONTROSE eee ee LENE ypy 
SPS Wy, ’ ‘ a Yj 
Siete peta He Min i RS 

RS * - = 

°0011 7701) tt 
2 

AAW 
) 

G]] 4 

Y, 
G > $ \y 
\ 

7 U \ 
5 SS ee 

%, C_¥y: Z> BE AY Hy ZL fi ov » ye Sa » Zz 

a Ne, os = =_ 

j By pps Ci Se = D= 
te Ws LS" cee f = BE 

SK 
\N =eae = 

HORSEFLY Be. SM 
= 92 z \ 

aw 4S Ss: Li 22 a = 
iy wwe S b> Z SB}s AR 

Ene ait TUNES ar omalear Qu Zp AN a{> 

aD \ \ ny Z\> 
eatery : Rye ‘ 2\EN UIE 

wr EEK Ss >= IN 7 =(~ 
connagg eee tmuyy cR LINZ S = on4z): 
a Le DALLA ios NUNS =o=> Zz): 

; . ZAl)\~ =xmsS fs 
= y és x > 4 IS 
EN AR , = =~ ~ 

l Soo = wees AN 

afi RUNS Ler SS = 
WY WEST BAcor Vee “% = ™m SRS es 

SA ’ Wooyiitic BALDY PK: 3 SS Ke : 
>= Avs 

WwW Ps SS way AS 
= =a IN 

ly aN LEZ 
w% Ain- ZZ Z oN! — 

S Z Z Y Tip By 
x» = 2). "XS ys a Zi sf 

Se IS "AQ A “UY, 
> S INS AAU 2A= Li, 
z = ADS ZS Foe 
Peaanes ake SOOO LE 

yt = 

a 
XN Ng fF Poll 1 AM 5 

SEAN Se ae i ee — tea Y ~S\ = 
2 Sane = GENS 4 Lay We sWQatas RYT NS 
RSIS ZANRA AZ ce 

~ fons o = — 
SIN At ar). 7. i = MT. SNEFFELS S\\S 

DOTA 

MILES 

FIGURE 2.—Sketch Map of the Uncompahgre Valley. 

The only terminal moraines deposited by the long Animas glacier are 

the two low, parallel gravel ridges crossing the valley at Animas City one 
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mile above Durango and 12 miles below the mouth of the canyon proper. 

Plates 30 and 31 represent these moraines in their relation to the gravel 

terraces to be mentioned in another paragraph. The crests of these 

moraines are not much more than 100 feet above the river, and are 

separated by a shallow depression. ‘The Animas has cut a channel through 

the moraines on the extreme western side of the bottom land. 

It seems remarkable that so large a glacier as the Animas, and one 

more than twice as long as that occupying the Uncompahgre valley, 
should have left so small a terminal moraine. A reason for this is given 

in a later paragraph. 

The most extensive recent cee on ihe sbator side of the San 

Juan was in the various branches of the San Miguel river, within the 

Telluride quadrangle. While there are in this region many typical 

glacial cirques and evidence of ice-streams in the deeper valleys is abun- 

dant, there are no extensive unmodified morainal deposits corresponding 
to those of the Animas and Uncompahgre valleys.. ‘The principal boulder 
and gravel masses exhibit marked water action. About Trout lake, on 

the South or Lake fork of the San Miguel, there is much morainal 

material, a part of which has been greatly disturbed by landslides.’ Some 

discussion of the water-worn and water-sorted gravels of the glacial stage 

is given in the Telluride folio. 
f 

LATERAL MORAINES 

The lateral moraines of the glaciers described are, as a rule, not con- 

spicuous features of the topography. They are, perhaps, more prominent 

in the Animas valley than in the Uncompahgre, and this fact may 

account in part for the smaller size of the Animas moraine, a greater 

relative portion of the glacier’s load having been deposited on the valley 

sides than was the case with the Uncompahgre glacier. In this connection 

may be mentioned the distributary stream from the Animas glacier, which 

crossed the low divide on the western side at the head of the East 

fork of Hermosa creek and descended that valley for 6 miles, depositing 

notable moraines in the neighborhood of Hermosa park. In this way the 

greater part of the load supplied to the Animas glacier by the tributary 

from Cascade creek was diverted from Animas valley. | 

Pronounced lateral moraines occur intermittently on both sides of 

Animas valley from the .terminal moraine to points overlooking the 

canyon of the Animas above Canyon creek on the east and on the slopes 

of Engineer mountain on the west. North of these points considerable 

drift occurs, but it is more in the nature of terminal moraine left by small 

tributary glaciers of the Animas, while some may represent ground 
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moraine of the Animas glacier itself. The lateral moraines occur as 

elongate mounds parallel to the main direction of the valley and rest on 

the hillsides at elevations from 1,000 to nearly 2,000 feet above the valley 

near Rockwood, but with gradually lower elevations southward. They 

seldom rise as much as 50 feet above the surface of the slopes on which 

they rest. The glacier seems nowhere to have carved benches in the sides 

of the valley. Two lakes or depressions have been formed, one on each 

side of the valley, by the damming of gulches by lateral moraines. The 

rims of these basins are 1,600 or 1,900 feet above the present bed of the 

river, the highest being on the west side some 2 miles below Rockwood. 

Corresponding lateral moraines occur on the sides of Uncompahgre 

valley, but they are smaller and less perfect in form than those of the 

Animas. One, however, is noteworthy, especially from the close associa- 

tion of its gravels with those of the terminal moraine. It lies on the 

slopes of Baldy peak, one of a group of hills between the high mountains 

and the lowlands, and east of the Uncompahgre river. The long ridge 

extending northwest from its summit is thickly covered with gravels and 

huge boulders, the greater part of which was derived from the Uncom- 

pahgre glacier; but numerous boulders of massive latite belonging to the 

later eruptive rocks of thetregion have come from Cow creek, an eastern 

tributary of the Uncompahgre. It is believed that the drift covering the 

ridge, as well as that extending northeast nearly to Cow creek, represents 

a lateral moraine of the Uncompahgre glacier blending with a similar 

moraine of Cow creek. The small lateral moraines of the Uncompahgre 

are more common on the west side, that at the mouth of Coal creek being 

characteristic of a number that occur between Ouray and the terminal 

moraine. After running parallel to the valley as a low ridge some 1,000 

feet above the river, the moraine turns just before reaching the south side 

of Coal creek and descends to the level of the present alluvium of the 

Uncompahgre. North of Coal creek another moraine occurs at the same 

high level as the first, and after a short distance it also descends. In ad- 

dition to the more perfectly preserved lateral moraines, drift is found on 

all the spurs or valley sides that are not too steep to retain such material. 

In Dexter creek, a tributary of the Uncompahgre from the east, which 

does not rise in the high mountains and which did not contain a glacier, 

stratified gravels and coarse sands occur in patches on the valley sides 

near the present stream, but at elevations well above those at which they 

could now be deposited by the stream, even at times of flood. The starti- 

fied character of the gravels is well shown in cuts along the wagon road. 

They are believed to have been deposited during the last glacial stage by 
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the waters of the stream held in check by the ice-dam across the mouth 

of the valley caused by the Uncompahgre glacier. 

VALLEY TRAIN 

Distinct gravel-covered terraces occur on both sides of Uncompahgre 

river below the great moraine, and also in Cow creek for 7 miles above its 
mouth. The surface of these terraces is about 50 feet above that of the 

present flood-plains of the streams. The gravels are water-worn, strati- 

fied, and of only moderate coarseness, individual boulders seldom reach- 

ing one foot in diameter, and that only near the moraine; their lithologic 

character is appropriate to the drainages in which they occur, those of 

Cow creek being largely of volcanic material, while the ones of the Un- 
compahgre are of sedimentary and volcanic rocks mingled. ‘The relation 

of this low Uncompahgre terrace to the great moraine shows clearly that 

the gravels represent outwash deposits or valley train laid down by 

waters which issued from the foot of the glacier, and are essentially con- 

temporaneous with the moraine itself. The gravels of the Cow Creek 

terrace are of the same age and doubtless of similar origin, although their 

relation. to a terminal moraine is not evident. A part of the Cow Creek 

terrace is shown in the foreground in plate 25, figure 1. 

Deposits of similar character and even more extensive occur in Animas 

valley below the terminal moraines. The terraces covered by them are 

shown in plate 31 in their relation to the moraines and to still higher 

terraces, to be discussed later on. It will be noted that the view shows two 

low terraces beyond the river which blend in some places. It is believed 

that these levels are due to the outwash of gravel from the glacier, cor- 

responding in the main to different positions of the ice-front, perhaps 
those of the two moraines. 

About 10 miles south of Durango the gravels cover the broad valley of 
the Animas from the bases of the high mesas east and west of it, shown in 

plates 28 and 29, and are probably not less than 25 feet thick. The size of 

the boulders near the terminal moraine is a conspicuous feature of the 

valley train. Certain of them, representing the pre-Cambrian rocks of 

the Needle mountains, are from 1 to 3 feet in diameter; but such large 

blocks are not found at any great distance from the terminal moraine, 

most of the gravels being well rounded and seldom more than 2 or 3 

inches in diameter. This terrace level, like that of the Uncompahgre 

valley, is about 50 feet above the present level of the river’s flood-plain. 

Similar gravels have been found in the drainage of the San Miguel and 

Dolores rivers and are abundant along the Mancos, La Plata, Florida, and 
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Pine River drainages. Special mention has been made of them in the 
La Plata folio, where they are represented on the geologic map. 

TIME OF RECENT GLACIATION 

A noteworthy feature of all of the glaciated San Juan region is the 

very slight erosion that has been accomplished since the disappearance of 

the ice, shown not only in the channels of the streams, but also in the 

slight modification in form to which the moraines and drift have been 

subjected. More erosion, as one might expect, has been acomplished in 

the soft Cretaceous shales of the foothills and plateau region than in the 

massive voleanic or pre-Cambrian rocks of the interior. The moraines 

show little or no effects of weathering, although they have been cut in 

two by the streams flowing in the main valley. The cuts, however, are 

sharp, and the exposures on either side are generally fresh and uncovered 

by vegetation, while in the uneroded portion of the moraine the forms are 

almost as distinct as they were at the time the moraine was first deposited. 

This is also true of the lateral moraines, although from their more ex- 
posed positions on the hillsides more or less of their material has been 

carried downward by creep or wash and deposited at lower elevations. 

The freshness of the materials constituting the moraines is very striking ; 

the boulders are superficially almost entirely unoxidized and many show 

distinct striations. This holds true, not only of the harder pre-Cambrian 

rocks which constitute a large part of the Animas moraine, but also of 

the Paleozoic and later rocks which are quite abundant, boulders or peb- 

bles of compact limestone being not uncommon. 
Many of the higher cirques are practically in the condition in which 

they were left by the ice, their floors being bare and no erosion having 

been accomplished by the streams which now occupy them. The greatest 

erosion has naturally taken place at points intermediate between the 

cirques and the flood-plains of the main streams; thus, in Needle creek, a 

tributary of Animas river, the stream has intrenched itself to a depth of 

2 or 3 feet in the old rock floor, but at many places actually flows over 

glacially polished surfaces. Even in regions of softer rocks the post- 

glacial erosion has been very slight. . 

As already mentioned, ice has been observed in one of the high cirques 

of this portion of the Rocky mountains, and in other areas in Colorado 

actual glaciers, although of small size, are known to occur, as, for example, 
the now well known Arapahoe glacier in the front range, 20 miles west 

of Boulder. All of this evidence is of interest and importance in show- 

ing the relatively recent time in which actual glacial conditions existed 

in the San Juan mountains and probably throughout the Rocky moun- 



260 HOWE & CROSS—GLACIAL PHENOMENA, SAN JUAN MOUNTAINS 

tains in general, and that this, the last stage of glaciation, undoubtedly 

extended from Pleistocene into Recent times. Emphasis is laid on. this 

point in order to bring out by contrast the greater age of the other 

deposits which are to be described. 

OCCURRENCE OF DRIFT OLDER THAN THE LAST STAGE OF GLACIATION 

| GENERAL OHARACTER AND DISTRIBUTION OF THE DRIFT MATERIAL 

- As was mentioned in the introduction, deposits of supposed drift and 

gravels have been observed at many localities on the outskirts of the San 

Juan mountains which are evidently older than the deposits of the last 

stage of glaciation. . Much of this detritus consists of water-worn and 
stratified gravel clearly deposited by streams and at elevations consider- 

ably higher than those at which the streams now flow. ‘Traces of these 
gravels have been found many miles from the mountains and far beyond 

the observed limits of the deposits of the last ‘glacial stage. Some of the 

detritus may be morainal, but if so the form of the deposits has been so 

modified that often they may be overlooked, while the materials constitut- 

ing them appear to be less fresh than those of the last moraines. 

The first definite information bearing on the origin of this detritus and 

its evident greater age than that of the last stage of glaciation was found 
in Uncompahgre valley and the territory immediately adjoining it in the 

summer of 1904. The following account, supplemented by observations 

made by Cross in 1905, is given in some detail, since the facts observed in» 

this locality have a direct bearing upon the occurrence of drift elsewhere, . 

in regard to the origin of which information has hitherto been lacking. 

REGION IN WHICH THE OLD DRIFT OCCURS 

- After leaving the high mountains, the Uncompahgre river, as shown 

by the sketch maps, figures 1 and 2, follows a course slightly west of north: 

to its junction with the Gunnison river. Once beyond the limits of the 

voleanic rocks, the stream enters an open valley flanked on the east by 

Cimarron ridge, or “Tongue mesa” of the Hayden map, and on the west 

by the Uncompahgre plateau. The main stream, together with its upper . 

branches, drains one of the highest parts of the San Juan mountains, 
representing an area of about 100 square miles, composed largely of 

Tertiary volcanic rocks—tuffs, agglomerates, flows, and intrusive porphy- 

ries—through which the river has cut and-exposed a great section of 

Algonkian and later sediments which underlie the volcanics. From the 

sources of the different streams to the broad open valley of the Uncom- 

pahgre the topography is extremely varied. The line between the plateau 
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country of moderate relief and the high rugged mountains is a sharp 
one, several peaks of the border zone, having elevations in the neighbor- 

hood of 14,000 feet, rising abruptly from 7,000 feet often without inter- 

vening foothills. Most of the streams head in glacial cirques far above 

timber line, drop into deep canyons which open out into U-shaped 
valleys as they leave the higher mountains, and then, quite as suddenly , 

enter broad valleys eroded in soft Cretaceous shales. 

The topography of the region in which the deposits of old avitt occur 

is characterized by the presence of broad valleys or drainage basins which 

have been dissected during more than one period of erosion. Before dissec- 

tion the region was one of very moderate relief, with low divides between 

the streams, and it is upon these old surfaces, or those developed during 

the intermediate periods of erosion, that the gravels and drift occur which 

are believed to be older than the last stage of glaciation. Near the 

Uncompahgre river the relation of the old surface to the flood-plains of 

the present streams and to certain intermediate levels is well shown. 

These features are brought out in plate 25, which, with the aid of the 

accompanying descriptions, should give a clear idea of the topography. 

THE DEPOSITS OF EARLIER DRIFT 

West of the Uncompahgre river and north of Dallas creek is an elevated 

region whose almost plane surface is inclined slightly to the northeast ; it 

is the extreme southeastern extension of the Uncompahgre plateau, which, 

as shown by the Hayden map, extends northwest for nearly 70 miles. 

About 10 miles due west from the junction of Dallas creek with the Un- 

compahgre river (figure 2), Horsefly peak, a small hill, whose elevation 

is about 10,000 feet, rises 600 feet from the surface of this plateau. The 

peak itself is the culminating point of a line of low hills which extends in 

a northerly direction from the divide at the head of Dallas creek to a little 

beyond Horsefly, where the line turns somewhat to the west and the hills 

rapidly decrease in elevation; they form the crest of the divide between 

the Uncompahgre and San Miguel rivers. hese hills are covered so 

thickly by pebbles, boulders, and blocks of volcanic material, often 10 or 

15 feet in diameter, that in many places the hills have the appearance of 

being entirely composed of the detritus (see plate 26). The material was 
flerived almost entirely from known late volcanic flows and breccias of the 

mountains and appears to have been once partly rounded or subangular, 

but has been much modified in form through weathering. In addition to 

the late voleanic rocks, there is a little granite and Algonkian quartzite, 
probably derived from an early Tertiary conglomerate, which in age imme- 

diately precedes the volcanic rocks and which is known to occur in the 
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mountains to the south and east. ‘The mass of the hill beneath the gravel 

is composed of Cretaceous shales resting on the Dakota sandstone, which 
forms the capping formation of the plateau, and it is probable that many 

of the moraine-like hillocks and depressions resembling kettle-holes may 

be due to the uneven erosion of the shales, but in a few places it is possible 
that true morainic forms exist, although much modified by erosion and 

weathering. 

Similar deposits occur on West Baldy, 514 miles south of Horsefly 

peak, a noteworthy feature of their occurrence being the abundance of late 

voleanic rocks and intrusives and the small amount of the early breccias. 

These intrusives are found in place about 8 miles to the south, and, 

together with the early andesitic breccias, make up a large part of the 

mass of Mears peak west of mount Sneffels. The late volcanic rocks, 

belonging to the Potosi volcanic series of recent reports, now occur only as 

thin remnants of flows capping the highest peaks and constitute but a 

small part of the range of mountains forming the northwest buttress of 

the San Juan. The abundance of such material in the West Baldy and 

Horsefly detritus has much significance in considering the age and origin 

of these deposits, subjects which are discussed in a later paragraph. 

Ten miles north of Horsefly peak and at an elevation of about 8,000 

feet, a small kame-like hill rises, probably not more than 100 feet, above 

the gently inclined surface of the Uncompahgre plateau and about mid- 

way between the crest of the plateau. and the Uncompahgre river. This 

hill is made up of rounded boulders and gravel, mainly of dark voleanic 

rock, some of the larger boulders being several feet in diameter. The hill 

is isolated and such igneous material is not commonly scattered over the 

surrounding country. Other similar knolls occur between this point and 

Montrose. Southeast of Montrose, along a road leading toward the end 

of the Cimarron ridge, there are small remnants of boulder and gravel 

deposits consisting mainly of volcanic debris. ‘These. gravels form low 

knolls, rising above the graded surface of the Cretaceous shales, and are 
conspicuous, since they are of different composition from the hills of 
shale which may also be noted here and there. The largest boulders of 

volcanic material occurring in the knolls are probably not more than 2 
feet in diameter. 

The slopes extending from Cimarron ridge to Cow creek, whose course 

is nearly parallel to the trend of the ridge, as shown in the sketch map. 

figure 2, are more or less thickly covered with gravels and boulders. The 

debris lies in disordered heaps, modified somewhat by erosion, but in 

places retaining a form which suggests ice deposition. The material con- 

sists of pebbles and boulders derived from the agglomerates of the ridge 
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and in addition large crumbling blocks of the agglomerate itself. Near 

the ridge these deposits are covered by the debris of recent landslides from 

the clitfs of the ridge. Except where obscured by landslide, the slopes 

westward from Cimarron ridge have even grades of low slope, such as 

are characteristic of a mature topography, but they have been materially 

modified by a renewed activity of the streams draining them, and the 

gravels are preserved in their original positions only on the divides and 

ridges between the intrenched streams. 

ORIGIN OF THE DRIFT 

The brief examination made failed to disclose any striated pebbles in 

the material occurring on Horsefly and West Baldy, but there are other 

sufficiently good reasons for believing that the deposits are of glacial 

origin. 

The study of the material represented in the two occurrences shows 

that it was derived from the high mountains to the south and from which 

Horsefly peak is now separated by the broad and deep depression of the 

Dallas drainage basin. A very large part of the material consists of late 

voleanic rocks, now preserved only as remnants capping the highest sum- 

mits, which are at some distance to the east. There are also numerous 

boulders of intrusive porphyry which can have come only from Mears 

peak, while there is a notable absence of the gabbro occurring on Mount 

Sneffels and only a slight representation of the early braccias which con- 

stitute a large part of the adjacent mountains. There can be no doubt 
that the material covering West Baldy and Horsefly peak as well as that 

composing the kame-like hill to the north was derived from the mountains 

to the south or southeast ; but since its transportation from its source the 

mountains have undergone extensive degradation, and the younger rocks 

represented in the West Baldy and Horsefly gravels have been largely 
removed and older formations exposed. 

’ Evidence has been found at the foot of the mountains that at various 

points between the Uncompahgre river and the northwest end of the ranga 

landslides occurred on an enormous scale before the dissection of the old 

lowland, previously mentioned, had begun. The deposits of the old land- 

slide material closely resemble more recent deposits of similar origin, but 

the rough surface and peculiar topography characteristic of young slides 

has been much softened and modified by age. Probably the most striking 

feature of this old landslide material and the best indication of its age 

is the intimate relation it bears to the old topography and the absolute 

independence of its position to the present-day topography. The material 

occurs, beneath the comparatively smooth surface, in characteristically 
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chaotic masses of hugh blocks and finer and more completely shattered 

material on the crests of ridges between the modern streams or on isolated 

mesas. Just west of the Uncompahgre river are noteworthy occurrences. 

some of the material extending northward nearly 4 miles from the present 

base of the high mountains. Another striking instance was found at the 

extreme northwest end of the range, where landslide debris covers the top 

of a hill whose nearly plane, though inclined, surface if extended would 

meet the near-by spur of the mountains at a point not far below its 

present summit. ‘These relations are shown in plate 27. ‘The landslide 
material consists of late volcanic rocks entirely. The mountains im- 

mediately to the east are made up wholly of early andesitic breccia and 

intrusive andesite, although still farther east remnants of the late vol- 

canics are preserved on the highest summits. These conditions seem to 

indicate that at the time the landslides occurred a much bolder topography 

existed in the higher mountains than prevails at the same points today, 

and. that the younger and higher formations which crowned the summits 

have been more or less completely removed, possibly in part through the 

agency of the very landslides under discussion. | 

The relatively great distance from its source at which some of this 

ancient landslide material has been found suggests that the detritus on 

West Baldy and Horsefly may have had a similar origin; but the difference 

in physical character between this detritus and that of the landslides, 

the greater variety of the materials represented in the West Baldy and 

Horsefly occurrences, and finally the much greater distance fram its 

source at which, in. the case of Horsefly at least, the material is found, 

would seem to be sufficient reason for rejecting such an hypothesis. 
The possibility of water or torrential transportation of the Horsefly 

material also seems unlikely. ‘The detritus lies near, if not actually on, 

the divide which separates the drainage areas of the Uncompahgre and 

San Miguel rivers, and the remnants of the old topography show that at 

the time the detritus was deposited the streams and their tributaries 

flowed in very wide open valleys in essentially the positions that they 

occupy today. If the Horsefly and West Baldy material is to be regarded 

as contemporaneous with the kame-like deposits observed to the northeast 
in the direction of Montrose, it is difficult to conceive how blocks 10 or 

more feet in diameter could be carried far out on the western divide at 
least 10 miles from the mountain front. 

It is known that the bedded volcanic rocks of the region once extended 

some distance out over what is now the plateau country, and that they 

have since been removed by erosion, but the detritus covering West Baldy 
and Horsefly can hardly be regarded as representing what Shaler has 
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aptly termed “residual ablation deposits,” or detritus slowly let down by 

the removal of softer or more soluble material, since it is composed, not 

only of material derived from the bedded volcanics, but also of intrusive 

porphyries, evidence of which should be found today in the immediate 

_ vicinity in the form of dikes or stocks, none of which, however, has been 

discovered. Moreover, such an explanation would apply only to the 

detritus on or near the divides and could not account for the material 

occurring at lower levels near Montrose. ‘Taking all these facts into 

consideration, there seems to be sufficient ground for assuming that the 

detritus can only be of glacial origin and is to be regarded as true drift. 
From its position, that of. West Baldy and Horsefly is most naturally to 

be considered as lateral moraine, while the deposits occurring at lower 
elevations near Montrose may represent remnants of the terminal moraine 

or ground moraine. Detailed information in regard to those last occur- 

rences is lacking, the mere fact of their existence and the general charac- 
ter of their materials being known. 

The origin of the detritus between Cow creek and Cimarron ridge is not 

altogether clear.. The nature of the material indicates that it was de- 

rived only from the early tuffs and agglomerates which constitute the 

ridge, and the abundance of recent landslides from the ridge presents the 

possibility that this evidently older material may have had a similar 

origin. ‘There is one strong objection to accepting this as an explanation. 

The material lying between the streams, and apparently only very slightly 
affected by erosion since the time of its deposition, is usually less abun- 
dant near the cliffs from which it was derived than it is farther away. 

Its most characteristic occurrence also is in the form of mounds or heaps 

of large and small blocks often separated from one another by several 
hundred yards of bare ground covered only by the soil which results 

from the weathering of the underlying Cretaceous shales. As has been 

said, the composition of the material shows that it was derived from 
Cimarron ridge, but its disposition could not be accounted for by the 
simple agency of landslides. For the-same reason the material could 

hardly have been deposited by streams, and even torrents could not have 

- transported blocks from 10 to 30 feet in diameter three or four miles 

from their source. Water-laid gravels do occur, as is shown later, just 

beyond the limits of this unstratified detritus; they belong to the highest 
series and rest upon the old land surface that has been frequently referred 

to. It seems evident that these deposits can not be regarded as lateral 

moraine of an early Cow Creek glacier corresponding in time to the 

Horsefly deposits because none of the various types of rock known to 
occur along the upper portions of Cow creek are found, the deposits con- 



266 HOWE & CROSS—GLACIAL PHENOMENA, SAN JUAN MOUNTAINS 

sisting of the early breccia of Cimarron ridge unmixed with other rocks. 

At the time these observations were made, before the Horsefly drift had 

been discovered, it was thought that the mounds and heaps of debris 

might represent material which fell from the cliffs of the ridge on snow 

fields or névé, and that it was thus transported relatively short distances 

and deposited by the névé ice without having the form of a moraine built 

by a well defined glacier. There is today no trace of a divide between the 

old valleys of the Uncompahgre and Cow creek, but from the elevation 

of the Horsefly drift, 10,000 feet, it must be assumed. that the ice stood 

at a nearly corresponding level on the east side of Cow creek, whether 

or not the glaciers united nearer their sources than the junction of the 
present streams. If this assumption be correct, the supposed drift be- 

tween Cow creek and Cimarron ridge can have been deposited only after 
the glaciers of the early stage had begun to shrink, since the drift occurs 

quite a little below the 10,000-foot level, and the stratified gravels below 
them, already referred to, appear to have been contemporaneously de- 
posited—a relation which could not exist had the main valley been filled 
with ice at the time the supposed drift was laid down. Although it 

seems not impossible to attribute these deposits to such an origin as has 

been suggested, yet it must be admitied that satisfactory proof is lacking. 

On the other hand, no other explanation to account for the existing 
conditions seems acceptable. 

EARLY TERRACE GRAVELS OF COW CREEK 

Gravel-covered terraces occur at two well marked levels below the 
supposed old drift and above the younger valley train. ‘The upper ter- 

race, shown in plate 25, figure 2, on the extreme right, is merely an ex- 

tension of the old graded surface on which the drift rests and is covered 

by stratified and water-worn gravels separated by rather an indefinite 
line from the drift. ‘The terrace form and gravel cover are preserved 

only as remnants between the streams tributary to Cow creek and in a 

few isolated hilltops and mesas, one of which lies west of Cow creek 4 

miles from its mouth and is shown in plate 25, figure 2, on the left. The 
gravels of the Cow Creek drainage consist entirely of material derived 
from the volcanic rocks and vary in size from a few inches to a foot in 

diameter. ‘The deposits are of variable thickness and are usually thin 
near the old supposed morainal material. The maximum observed thick- 
ness is 50 feet near the edges of the terraces overlooking Cow creek and. 

on the mesa a short distance from the mouth of Cow creek, which are the 

only points where the gravels are well exposed, as they are elsewhere 

covered by 2 or 3 feet of fine, reddish soil, possibly of eolian origin. The 
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relation of these gravels to the old drift, as well as their stratification, 
suggests that they may represent a combination of outwash deposits from 

the ice which deposited the early drift below Cimarron ridge as moraine 

and from the retreating Cow Creek glacier. 

A second gravel-covered terrace occurs below the first one in Cow 

ereek. On the southwest side of the creek, as shown on the mesa about 

4 miles from the mouth (plate 25, figures 1 and 2), the vertical distance 

between the two terraces is about 100 feet, while on the northeast side 300 

feet intervenes between the two. Intermediate terraces occur at a number 

of levels, but they are poorly preserved and merge one into another, so that 

correlations are impossible. Remnants of this lower level are preserved 

as benches or isolated mesas on both sides of Cow creek and the Uncom- 

pahgre river and are striking topographic features. 
The highest gravel-covered terrace has not been identified west of the 

Uncompahgre river in the vicinity of Dallas creek, but about 6 miles to 

the north, just beyond some low hills due to an intrusive porphyry, it is 

well preserved. Close to the river at this point the line between the 

highest and intermediate terraces is sharp, but in the direction of Horse- 

fly peak it soon becomes indistinct, and the two surfaces appear to blend 

into one another. The terraces bordering directly on the Cow Creek 

drainage are covered by gravels composed almost entirely of late volcanic 

material, those of the lower levels being well rounded and water-worn, 

and, like the ones of the upper level, covered with fine, red soil. The 

terrace gravels of the Uncompahgre drainage belonging to the lower level 

accord closely with those of Cow creek in elevation, but the materials are 

different, consisting of massive late volcanic rocks, porphyries possibly 

derived from the Hocene conglomerate, and examples of nearly all the 

sedimentary rocks of the upper Uncompahgre, including Algonkian 

quartzite. 

INTERGLACIAL EROSION 

It is clear that a long period of erosion occurred between the times 

of deposition of the older drift and the fresher and younger material. 

During this period the mesas west of Cow creek were developed, the 

surface of the one about 4 miles above the mouth of the creek being « 
remnant of the slopes still preserved between Cow creek and Cimarron 

ridge, while the other somewhat lower mesas correspond to the level of the 
lower terraces (plate 25, figures 1 and 2). Evidence has been found in 

the higher mountain region to the south that the canyon of Cow creek was 

probably developed at this time, as the old graded slopes west of Cimarron 
ridge may be traced more or less continuously all the way to the head of 

Cow creek; it is below these that the present canyon lies. Taking this 
XX1I-—BULL. GEOL. Soc. AM., Vou. 17. 1905 
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into consideration, it seems more than likely that the gravels of the lower 

terrace represent the deposits incident to this interglacial erosion. They 

might, of course, be regarded as valley train deposited during an inter- 

mediate period of glaciation, whose drift it has been impossible to differ- 

entiate from that of the earlier and later periods. 

GRAVEL-COVERED TERRACES OF THE LOWER .ANIMAS AND SAN JUAN 
RIVERS 

The existence of widespread deposits of terrace gravels in the region 

south of the San Juan mountains has long been known; they are men- 
tioned in the reports of nearly ali the early explorers, but no explanation 

of their presence has been offered. Recently Cross has made further. 

observations on them, but as the greater part of the Survey field work 

has been confined to the mountains, it has been impossible to make as 

complete a study as could be desired of their character and distribution. 

All the tributaries of the San Juan river heading in the mountains ex- 

hibit in their valleys several gravel-covered terrace levels, which extend 

at least as far down the San Juan as the mouth of the Mancos and prob- 

ably much farther. 

The terraces of the Animas valley are best known and may be taken 

as typical of all those in the San Juan basin. The upper limit of the 
lower and intermediate gravel terraces is shown in plate 31. These two 

gravel plains expand greatly just below Durango, and their development 

at 7 or 8 miles below the town is shown in plates 28 and 29. The lowest 
is that of the valley train of the last glacial stage already mentioned ; its 

surface is roughly 50 feet above the present flood-plain of the Animas. 

The next higher terrace level is represented by the Florida mesa on the 

east side of the Animas river, while on the west there is a corresponding 

slope which rises to the low divide which exists betwee nthe Animas and 

La Plata drainages. Between these higher and lower terraces there are 

several intermediate levels, some of which are especially well preserved 

east of the Animas river between Durango and the moraines (plate 31). 
Like the ones on the north side of the San Juan mountains, they are 

gravel-covered, and resting on the gravels is a variably thick layer of fine 

eohian soil. In plate 29 traces of a higher level or levels are seen in the 

flat-topped hills or mesas in the far distance. 

These three main gravel horizons may be traced down the Animas to 

the broad San Juan valley, and down the latter to the point, some 50 miles 

southwest of Durango, where the upturned strata of the Mesaverde coal- 

bearing formation cross the river at the Great Hogback, or “Creston,” as 

it is called on the Hayden map. 
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In the vicinity of Fruitland, a few miles east of the Great Hogback, 

the two lower gravel horizons are well exhibited. The intermediate one, 

at least 150 or 200 feet above the lowest, may be seen capping the ledge 

of white Laramie (?) sandstone, known as the “Pictured rocks.” Here 

the gravels were found by Cross to consist of large and small boulders and 

pebbles of many volcanic rocks, of granite and schist, and notably of the 

extremely hard Algonkian quartzites of the Needle mountains. Boulders 

as much as 3 feet in diameter were noted and many of 1 and 2 feet diam- 

eter. Isolated gravel-capped hills, often of level top, and rising above 

this gravel plain of the Pictured rocks, occur on both sides of the San 

Juan. 

The beautiful gravel terraces on the south side of the San Juan, oppo- 

site the Great Hogback, form the subject of a sketch by Holmes in the 

Hayden Report for 1875 (plate xxxix), and a photograph taken by Cross 

of the same view has been used by Gilbert and Brigham in their “Intro- 

duction to Physical Geography” (figure 36), but erroneously entitled as 

representing “Terraces of the Uncompahgre valley, Colorado.”  Inas- 

much as the terraces of the San Juan extend with visible continuity far 

below the Great Hogback, it is almost certain that they are gravel-covered 

for many miles beyond the limit of present observation, near the Great 

Hogback. The coarseness of the gravels at this locality renders such 

an assumption natural. 

Northward from the San Juan river, terraces and plains, seemingly 

extensions of those which are gravel-covered, reach far up the Mancos 

valley and across to the slopes of the El Late mountains. It appears 

probable that, whether gravel-coated or not, these topographic features 

are contemporaneous in origin with those under discussion here. | 

On the western side of the San Juan mountains, in the valleys of the 

Dolores and San Miguel rivers, gravel benches are known several hun- 

dred feet above the present stream beds, but only near the mountains, as 

far as our observations go. It is probable, however, that these elevated 

gravels will in time be correlated with some of the more extensive de- 

posits of the northern and southern slopes of the San Juan mountains. 

During a reconnaissance made in 1905, Cross noted the absence of 

gravel deposits over the Dolores plateau between Mancos and the Abajo 

mountains, but about this group, as also around the La Sal moun- 

tains, there are evidences of ancient local gravel terraces or plains 

extending for some miles farther from these local uplifts than do the 

moraines of the recent glaciers. The latter ice-streams in both of these 

mountain groups of the plateau country scarcely extended beyond the 

sharply defined zone between mountain and plain. 
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Although it has been impossible to trace these three principal levels 

around the western side of the San Juan mountains, there can be little 

doubt that the ones on the south are to be correlated with the similar ones 

of the Uncompahgre river. The relation of the lowest terrace to the last 

stage of glaciation and directly to the moraine north of Durango is clearly 

shown, and also the relation of this terrace to the one next above, known 

locally as the Florida mesa, is essentially the same as that existing between 

the lowest and intermediate terraces of the Uncompahgre drainage. That 

the remnants of a still higher terrace shown in the isolated hills and mesas 

along the lower Animas river may correspond to the highest terrace of the 

Uncompahgre seems not unlikely, but this level has not been recognized 

in the immediate vicinity of the mountains, and no early drift correspond- 

ing to that of the Uncompahgre region has been thus far observed on the 

southern side of the San Juan either in the Animas drainage or that of the 

other south-flowing streams, such as the Florida and La Plata, that have 

been examined. On the whole, it seems most probable that the origin of 

the terraces and of the gravels which cover them on the south side of the 

San Juan mountains was analogous to or actually the same as that of the 

terraces on the north. | 

COMPARISON WITH SIMILAR DEPOSITS ELSEWHERE IN THE ROCKY 

MouNTAIN PROVINCE 

At least two series of glacial formations have been recognized by Salis- 

bury and Blackwelder * in the Bighorn mountains of Wyoming. The 

second stage was apparently altogether similar to the later stage in the 

San Juan mountains, but probably somewhat more drift was deposited, 

or at least is now preserved. The same freshness of the materials is 

notable in each region, and in each case but a small amount of erosion has 

taken place since the disappearance of the ice. It is interesting to note 

that five small glaciers still exist in the Bighorn mountains. The occur- 

rence of older drift in that region is more noteworthy than in the San 
Juan region, as it is more abundant, and the morainal characteristics of 

glacial deposits often well shown. The deposit in Wyoming referred to 

is very discontinuous, and the greater part, as in the San Juan region, is 

restricted to hilltops. Evidence was also found, although conclusive proof 

was lacking, that in Wyoming a still earlier period of glaciation occurred. 

Gravels and large boulders 15 to 25 feet in diameter were observed on 

isolated spots 8 or 10 miles away from their source, and their decomposed 

condition was most noteworthy. On the whole, from the authors’ descrip- 

On, weit, 
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tion, these last. deposits seem to resemble the early ones of the San Juan 

more than do the intermediate ones. It is possible that the intermediate 

terraces in the San Juan, which have been attributed to erosion alone, 

may correspond to the earlier glaciation in the Bighorns, but that in the 

San Juan region actual glaciation was very feeble or altogether lacking. 

At the time that observations were being made in the San Juan region 

Capps and Leffingwell * were examining the Pleistocene deposits of the 

_ Arkansas valley in Colorado. Two definite epochs of glaciation are noted 

‘by them, and, as in the Bighorns, the possibility of a still earlier one is 

recognized, although here also satisfactory proof of this is lacking. The 

deposits of the last stage are of essentially the same character as those of 

the San Juan, with the exception that lateral moraines are perhaps more 

prominent in the valleys of the Sawatch range tributary to the Arkansas. 

The deposits of the older drift are characteristically weathered and of 

patchy occurrence and are found higher than the younger drift and be- 

yond the limits of the last ice. In addition to the strictly morainal de- 

posits, two distinct gravel-covered terraces were observed. Both of these 

terraces are in close relation to the moraines of the earher and later 

epochs, and in this correspond to the highest and lowest terraces of the 

‘Uncompahgre valley. The authors have noted no intermediate terrace 

levels between the upper and lower ones, but the older drift, whose char- 

acter is still open to doubt, occurs at a yet higher elevation, and here 

again it may be found to correspond in age to the deposits on Horsefly 

peak of the San Juan region, and the intermediate levels of the San Juan 

in turn correspond to the older drift levels of the Arkansas valley. 

Whether these suggested correlations prove to be true or not is more or 

less immaterial in the present connection, the important point being that 

at least two definite and distinct epochs of glaciation have been recognized 
at a number of widely separated points in the Rocky Mountain province, 

and that the interval which occurred between them was one of long dura- 
tion and in which extensive erosion took place. 

A more systematic examination of the Pleistocene deposits of the San 
Juan region than has been possible up to the present time would undoubt- 

edly throw hght on many points that are at present obscure in regard to 

the relative age of the drift and its relation to the various terrace levels. 

Direct evidence would also doubtless be obtained bearing on the nature 

and cause of the intervals of active erosion which occurred between the 

different advances of the ice. At present it is impossible to say to what 

extent climatic conditions played a part during these periods of erosion. 

That actual uplift occurred seems certain, but the nature of the uplift is 

“Op. Et, 
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as yet unknown and may prove to have been of a differential character 

and marked by local warpings or movements in one locality which did 
not occur at another. Any discussion of such matters based upon. our 

present knowledge is beyond the scope of the present paper. 

SUMMARY. 

The events of the later stage of glaciation in the San Juan region are - 

recorded in a slight but characteristic modification of the topography, 

and in an abundance of drift in the form of moraines and outwash gravels 

which is oxidized but httle and on which subsequent erosion has had 

slight effect. Postglacial erosion has been insignificant in the higher 

mountains, and it is believed that glacial conditions continued to exist 

until comparatively recent times. 

The older detritus occurs farther from the mountains than the mora 

recent drift and rests on the remnants of an old topography which was 

deeply dissected before the time of the last stage of glaciation. The form 

of the deposits suggests that they have undergone much modification by 

erosion, and the materials composing them have been more or less decom- 

posed by atmospheric agents. There is a marked contrast between the 

appearance of this drift and that deposited by the last glacial ice. The 

large size of individual boulders, the number of different rock types 

represented in the material, and their distance from the source from 

which they were derived suggest transportation and deposition by glaciers 

as the most plausible explanation of the origin of these deposits. 

Stratified deposits of water-worn gravels closely related to the older 

drift in age and position extend far out from the mountains and are re- 

garded as outwash deposits incident to the earlier glaciation. Between 

these highest gravels and the valley train of the last stage of glaciation 

several intermediate gravel-covered terraces occur that are believed to 
have been developed during the period of interglacial erosion which 

accomplished the dissection of the old surface on which the early drift 

was deposited. 



B
U
L
L
.
 

G
E
O
L
.
 

SOC. 
A
M
.
 

VOET 
1/5, 

1905) 
(PEs 

ot 
L
O
O
K
I
N
G
 

S
O
U
T
H
E
A
S
T
 

A
C
R
O
S
S
 

T
H
E
 

A
N
I
M
A
S
 

V
A
L
L
E
Y
 





bo oe | Cw DESCRIPTION OF PLATES 

DESCRIPTION OF PLATES 

PLATE 25.—Views across and along Cow Creek 

Figure 1.—Looking north of west across Cow creek. 

The view is from a point just south of the mouth of Lou creek. 

Dallas creek is in the far distance to the left, the eastern ex- 

tension of the Uncompahgre plateau in the distance to the 

right, the highest point on the skyline being Horsefly peak. 

The low hills in the middle distance lie between Cow creek and 

the Uncompahgre river. The mesa to the right is covered with 

gravels of the intermediate stage; the terrace in which Lou 

creek has entrenched itself in the foreground corresponds to 

the level of the outwash deposits of the last stage of glaciation. 

The photograph is from a hill covered with coarse gravel cor- 

responding to that of the high plain seen on the right of 

figure 2. 

Figure 2.—Looking northwest down Cow creek toward its junction with the 

Uncompahgre river. 

View is from a point just south of Lou creek. The lowest terrace 

bordering Cow creek and corresponding to that of the valley 

train of the last stage of glaciation is shown in the middle 

distance. The mesa to the left belongs to the old valley surface 

upon which the early drift and gravels were deposited, and 

corresponds to the slope on the right which descends toward 

Cow creek from Cimarron ridge; both are gravel-covered. 

Part of the Uncompahgre plateau is shown in the far distance. 

PLATE 26.—Uncompahgre Plateau from Horsefly Peak and Ridge extending 

Northward from Latter 

FiguRE 1.—Looking northwest across Uncompahgre plateau from Horsefly 

peak. 

The early drift covering the peak and the neighboring hills is 

shown in the foreground. 

FIGuRE 2.—Ridge extending northward from Horsefly peak. 

The ridge is covered with early drift. 

PLATE 27.—Looking Southward from a Point 4 miles South of West Baldy 

The mountains to the left are the most northwesterly of the San Juan group. 

The inclined mesa to the right has exposed wpon its surface at its highest 

point traces of ancient landslide debris that is believed to have been derived 

from the adjoining mountains at some time before the present topography 

was developed, when the surface of the mesa formed part of a continuous 

slope from the mountains, which were higher than at present. 
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PLATE 28.—Looking North up the Animas Valley 

The view is from a point about 10 miles south of Durango. The broad terrace 

covered by the gravels of the last valley train is shown to the right; above 

it is the western part of the Florida mesa, a corresponding level being shown 

to the left. The hills in the distance consist of upturned cretaceous rocks 

_ directly south of Durango. 

PLATE 29.—Looking South down the Animas River 

The view is from a point about 8 miles below Durango. The lowest terrace 

and Florida mesa are shown on the left, while in the distance still higher 

gravel-covered terraces are shown. 

PLATE 30.—Terminal Moraines of the Animas 

The view is from the west and shows the two moraines near the middle of 

the picture beyond the east bank of the river. The higher gravels of the 

Florida mesa level occur on the prominent bench to the right between the 

moraines and the high ridge forming the skyline; the southward extension 

of this terrace is shown in plate 31. The old town of Animas City is in the 

foreground. 

PLATE 31.—Looking Southeast across the Animas Valley 

The view is from a hill above Animas City. The two moraines are shown on 

the left, with the terraces covered with outwash gravels beyond them. The 

level of the prominent terrace above the lower ones is the same as that of 

Florida mesa, shown some miles below in plates 28 and 29. The site of 

Durango appears at the extreme right. 
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INTRODUCTION 

The purpose of this paper is to describe in a general way the occur- 

rence of certain detrital accumulations in the southwestern part of the 

United States, and to suggest a line of investigation which apparently 

makes clear the recent geologic history of that region. ‘The statements 

contained in the paper are supported by evidence which must be here 

omitted for want of space. On the other hand, the fact is recognized that 

in a region so extensive and so httle known as that in which the detrital 

accumulations occur, much more work must be done before final conclu- 

sions can be reached. ‘The observations on which this paper is based were 

made mainly during rapid reconnaissance’ trips in western Arizona, 

although detailed work was done in a number of places in the Southwest, 

* Published by permission of the Director of the United States Geological Survey. 

XX1II—BuULL. Grou. Soc. Am., Vou. 17. 1905 (27d) 



276 W. T. LEE—GEOLOGY OF THE LOWER COLORADO RIVER 

notably in Salt River valley in central Arizona, Owens valley in eastern 
California, and in the Rio Grande valley in New Mexico. 

GEOGRAPHIC DISTRIBUTION OF D&rTrRITUS 

Over a large part of the Southwest, extending from New Mexico to 

the Pacific ocean, detrita! material fills the low places generally and 
transforms into broad detrital plains districts which might otherwise 

have very uneven surfaces. In Arizona, where the writer has observed 

the deposits most widely, the detritus occupies the lowlands to the south 

and west of the Colorado plateau. 

There are three general topographic provinces in Arizona—the high 

Colorado plateau, which occupies the northeastern part of the Territory: 
the low-lying desert plains, which occupy the southwestern part; and an 

intervening mountainous region. ‘The mountains are in some cases rem- 

nants of erosion and in others faulted and tilted crust blocks. In the 

mountain province the valieys are narrow, but broaden away from the 

plateau and merge finally into a detrital plain which surrounds the com- 

paratively small and more or less isolated rock mountains of the plains 
region. 

CHARACTER OF THE DETRITAL FORMATIONS 

The detrital material varies greatly from piace to place in physical 

character, thickness, and general field relations, according to the manner 

in which it was accumulated. Along stream courses and in regions for- 

merly traversed by streams, it is composed of sand, silt, and water-worn 

pebbles. In the alluvial cones and slopes at the base of the mountains 

it is composed of angular rock fragments. In still other places it is com- 

posed principally of clay, suggestive of flood-plain or lake deposit. Owing 

to the arid climate of the Southwest, there are few permanent streams, 

and nearly all of the rock waste from the mountains accumulates at the 

present time as alluvial cones and slopes or as a general film of “wash” 

over the surface of the plains. ‘The climate, however, has not always been 

arid, and the angular material usually found at the surface is no indica- 

tion that like material occurs beneath. In many places wells sunk im the 

detritus to depths of 1,000 to 1,300 feet have penetrated beds of very 

diverse character. No uniformity in the kind of material or in the 

arrangement of constituent parts is found by which neighboring de- 

posits can be definitely correlated. I have described at some length the 

composition of the detrital beds within a limited area, Salt River 

valley,* and have shown that during the period in which accumulation 

* Willis T. Lee: Underground waters of Salt River valley, Arizona. U. 8S. Geological 

Survey, Water Supply and Irrigation Paper no. 136, 1905. 
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took place the streams were sometimes depositing sand and gravels and 
sometimes carrying away those previously deposited, while at other times 

the fluviatile material was buried beneath mountain wash. 

MEANS OF CORRELATION 

The beds are unfossiliferous and for the most part are difficult of 

access. Filling as they do the ancient depressions, they occur chiefly in 

the lowlands and over undissected plains. It is only where an uplift of 

recent date has occurred or where some stream has cut a canyon in very 

recent geologic time that the deposits are well exposed. For these 

reasons the subdivisions of the detritus in one region can not be definitely 

correlated by ordinary means with those of a neighboring region. It 1s 

therefore of the greatest importance in studying these deposits that some 

means of correlation be found. In the course of my investigations in 

western Arizona, which included several overland excursions and a river 

trip from the mouth of the Grand canyon southward to Yuma, it became 

evident that an investigation of the detrital formations wouid be greatly 

aided by a physiographic study of the Colorado river. A brief summary 

of the physiographic history of the lower part of the Colorado is here 

offered. 

GENERAL DESCRIPTION OF THE LOWER PART OF THE COLGRADO RIVER 

The Colorado river emerges from the Grand canyon at the edge of the 

Colorado plateau and passes in succession across a debris-tilled valley, the 

Grand Wash trough; through a rock gorge known as Iceberg canyon: 

across a second debris-filled trough near Hualpai wash; through a second 

rock canyon cutting the Virgin mountains; across the debris-filled Detri- 

tal-Sacramento valley; through a third rock gorge—Boulder canyon— 

cutting the Black Mountain range; across Las Vegas basin; through 

Black canyon (see plate 34), and thence southward through a succession 

of less conspicuous rock canyons and detrital basins. In selecting its 

course the river seems to have shown little consideration for the easiest 

hnes of erosion. It has disregarded niountain and valley alike. From 

casual observation, it would seem to have chosen about the roughest 

course possible. ‘These facts are best shown in the accompanying map, 
plate 32. 

HARLY GEOLOGIC HVEN'TS 

No attempt is here made to write the early history of the region 

through which the lower Colorado river flows, further than is necessary 

to indicate the geographic conditions cxisting at the beginning of the 
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period of detrital accumulation. Briefly stated, the facts bearing on this 

subject are as follows: 

The sedimentary formations of the Colorado plateau, still represented 

by a thickness of several thousand feet at its western margin, origi- 

nally extended over a large part if not all of western Arzona. These were 
removed by erosion, the underlying crystalline rocks extensively exposed, 

and great quantities of andesite and rhyolite outpoured over a large part 

of the denuded area, to a maximum depth of about 3,000 feet. These 

lavas were later extensively eroded and broad valleys cut through them 

to a depth of 3,000 feet or more. Detrital-Sacramento valley, 10 to 15 

miles wide, is the most conspicuous of these old valleys in western Ari- 

zona and was probably formed by the ancient Colorado river. Entering 

Arizona from southern Nevada where it is now occupied by Virgin river, 

this valley extends southward across the present course of the Colorado 

river east of the Black Mountain range (see plate 32) to the mouth of 

Wilhams river. The detrital basin still farther south, known as Great 

Colorado valley, through which the river flows for a distance of about 

75 miles, is the southward continuation of this ancient valley. 

Sometime during the period in which Detrital-Sacramento valley was 
formed, a displacement of several thousand feet occurred at Grand Wash 

fault, accompanied by the tilting of a large crust block* and the forma- 

tion of Grand Wash trough. This trough was later filled with detritus, 

while the upturned edge of the block exposed now in Iceberg canyon was 

planed off by erosion. The graded surface thus formed, consisting in 

part of the beveled edges of upturned strata and in part of the detrital 

filling, now forms a shelf 1,400 feet above the river near the mouth of the 

Grand canyon. 
In order that deposits of different age may not be confused, a brief ex- 

planation may be in place regarding the detrital fillmg of Grand Wash 

trough. | 
Two formations occur. ‘l‘he older one, consisting of angular unas- 

sorted fragments, mainly of granitic rock, varying in size from sand 

grains to boulders 10 feet in diameter, closely resembles the detrital 

masses accumulating at the present time throughout the Southwest along 

the bases of the mountain slopes. This formation contains a large 

amount of carbonate of lime near the top, occurring in part as a cement- 

ing substance in the detritus and in part as a sheet of travertine 200 feet 
or more in thickness and nearly free from detrital matter. The younger 

detrital deposit is several hundred feet thick near the mouth of the Grand 

canyon and consists of water-worn gravel and boulders of limestone, 

* G. K. Gilbert: U. 8S. Geological Survey West of the 100th Mer., vol. 3, p. 54. 
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marble, quartzite, argillite, and granite. It is obviously of river origin 

and was deposited in the valley which the Colorado river had previously 

eroded in the older detritus. 

Another deposit, probably equivalent in age to the older filling of 

Grand Wash trough and evidently accumulated before the Colorado 
river was established in its present course, is found within Detrital- 

Sacramento valley near the mouth of the Virgin river and consists mainly 

of soft beds of sand and clay containing gypsum and rock salt. ‘The | 

occurrence of gypsum and salt in Detrital-Sacramento valley at this 

point is not easy of explanation on the assumption that this valley was 

excavated by the Colorado river. It is possible, however, that the saline 

deposits may antedate the formation of the valley, and that the ancient 

Colorado flowed across them in eroding it, just as the river in its present 
position crossed them in eroding the recently formed canyons. 

The suggestion that Detrital-Sacramento valley was formed by the 

Colorado river is strengthened by the observations of Huntington and 

Goldthwait,* who show that after the first period of faulting of the Colo- 
rado plateau, represented in the region here described by the displace- 

ment at Grand Wash fault, which formed Grand Wash trough, and pre- 

vious to the last period of extensive faulting and the uplift of the Colo- 

rado plateau, a considerable area north of the Grand canyon in the vicin- 

ity of Toqueville, Utah, was reduced to a peneplain. The Colorado 

plateau was undoubtedly much lower than now and the graded plain just 

described near the mouth of the Grand canyon is probably a part of this 

peneplain. It is assumed that the planation may have been . accom- 

plished by the Colorado river flowing at that time across the plateau 

region north of its present course and thence southward through Detrital- 

Sacramento valley. 

RECENT GEOLOGIC EVENTS 

INTRODUCTORY STATEMENTS 

After the formation of the Toqueville peneplain, the second faulting 

and uplift of the Colorado plateau occurred, with a displacement of 5,000 

feet or more at Grand Wash fault. Whatever the previous course of the 

river may have been, this uplift fixed it in its present course by causing 

it to erode the Grand canyon. West of the plateau it flowed across Grand 

Wash trough, thence westward through the Virgin range of mountains to 

the previously formed Detrital-Sacramento valley, which it evidently fol- 

* Ellsworth Huntington and J. W. Goldthwait: The Hurricane fault in the Toqueyille 

district, Utah. Harvard Collection, Museum of Comparative Zoology Bull., vol. 42, 

1904. 
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lowed southward to the sea. After the inauguration of the Grand can- 

yon, six distinct epochs are recognized, as follows, and more detailed 
examination may reveal others. 

CANYON CUTTING (1) 

The first epoch was one of regional uplift and active erosion in the 

plateau province. During this epoch the Colorado plateau rose to some- 
thing like its present altitude and the Grand canyon was cut to a depth 

of about 6,000 feet. The area west of the plateau remained at a lower 

altitude, but was probably elevated to some extent, since the river lowered 

its channel 1,400 feet or more beneath the previously graded surface in 

Iceberg and Virgin canyons. ‘The amount of erosion within the Detrital- 

Sacramento valley was probably correspondingly great, but little can be 

said of this on account of the later alluvial filling of the valley which has 
not been removed. 

GRAVEL DEPOSITS AND LAVA FLOWS 

After the canyon had been cut to its present depth near the western 

border of the Colorado plateau, but probably not to so great a depth 

farther upstream, some change occurred which caused the river to deposit 

sand and gravel along its course from the Grand canyon to the gulf of 

California. Near the mouth of the canyon gravels were deposited in a 

narrow valley and only small remnants of the beds remain at the present 

time, as those in Grand Wash trough previously referred to as the 

younger of the two detrital formations found there; but in the broad 

Detrital-Sacramento valley immense deposits accumulated to a depth of 

2,000 feet or more. Similar deposits were formed in the other valleys of 

the Southwest and the low-lying parts of the interstream areas were built 

up by accumulations of angular.rock debris derived from near-by moun- 

tains. Plate 33 is a photograph taken at a point where the detrital plain 

meets the rock slope of Hualpai mountains, and illustrates the character- 

istic relation of the detritus to the mountain slopes throughout western 
Arizona. | 

The extensive aggradation caused some of the rivers to wander from 

the valleys formerly occupied by them, and their gravel-filled channels 

were in some cases covered by upland wash. <A notable occurrence of 

river gravels beneath a desert piain and the diversion of the river which 

deposited them has been described by the writer in a paper on the under- 

ground water conditions of Salt River valley,* in which Salt river, now 

flowing north of Salt River mountains, is shown to have formerly passed 

to the south of those mountains. 

*U. 8. Geological Survey, Water Supply and Irrigation Paper no. 136, 1905. 
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During this epoch of deposition numerous volcanic eruptions oc- 

eurred. Sheets of basalt are included within the gravels at numerous 

places along the Colorado river, from the mouth of Grand canyon to 

Yuma. In some places they occur near the base of the gravels and in 

other places near the top. At the mouth of Williams river a series of 

eruptions occurred near the close of the epoch, the molten basalt bursting 

upward through the gravel filling of Detrital-Sacramento valley and 

spreading over its surface. One of the vents through which the basalt 

issued is represented by a large volcanic neck exposed in Wiiliams canyon, 

and some of the lava hills in Detrital-Sacramento valley a few miles 

north of this canyon appear to be volcanic necks. After five sheets of 

basalt, each one several feet in thickness, had been formed in succession 

on the floor of the valley and each one buried in turn by a few feet of 

sand and gravel, a flood of molten rock was outpoured, forming a thick 

sheet, which extended completely across the valley and probably dammed 

the river. The undissected parts of this sheet indicate an original thick- 

ness of 800 feet or more. | 
A dam 800 feet high thrown across the Colorado river at this place 

would create slack water conditions not only throughout the entire length 

of Detrital-Sacramento valley, but far into the Grand canyon, and must 

have facilitated the deposition of river sand and gravel, which had 

previously accumulated in the valley to a depth of more than 1,000 feet. 

The altitude of the basalt sheet is essentially the same as that of the sur- 

face of Detrital-Sacramento and of the sand and gravel remnants found 

far above the river in the sides of Virgin canyon and at the mouth of 

Grand canyon. | 

at CANYON CUTTING (2) 

A second epoch of canyon cutting was brought about by some influence 

which rejuvenated the streams throughout the Southwest. During the 

extensive aggradation of the previous epoch some of the streams had wan- 

dered far from their old channels and in their now invigorated condition 

cut new canyons, while others reexcavated wholly or in part the old filled 

valleys. 

The course established by the rejuvenated Colorado river was appar- 

ently influenced by the voleanic dam. An outlet had evidently been 

found through the Black Mountain range north of mount Wilson, and the 

river, abandoning its former course, remained west of this range as far 

south as Williams river, where it cut through the western edge of the 

basalt sheet and returned to its old valley after establishing a new 
course for a distance of about 125 miles. A more difficult course could 

scarcely have: been selected. Instead of reexcavating its old channel 
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where the only hard rock to be eroded was the volcanic dam, it eroded four 

rock gorges, namely, Boulder, Biack, Needles, and Aubrey canyons, and 

crossed four debris-filled basins, namely, the Las Vegas wash, Cottonwood 

valley, Mohave valley, and Chemehuevis valley, before returning. to its 

former course in Great Colorado valley. The excavation of the detritus 

in the basins was naturally more rapid than the work in the hard rock of 

the ridges separating them, and the result is the curious alternation of 

short, sharp canyons and basin-like valleys characteristic of the Lower 

Colorado river. rtd (| 

Plate 34 is a photograph, taken in Boulder canyon, showing walls about 
2,000 feet high and illustrating the youthful character of the canyons 
eroded during this epoch. 

A satisfactory explanation for the passage of the Colorado river through 

Boulder canyon is yet to be found, as the mountain ridge is apparently 

higher than the voleanic dam supposed to have caused the diversion of. 

the river.. Several possible explanations might be offered, such as stream 

capture, overflow through a low pass, or a rise of the mountains across the 

river’s course. The latter seems to be the more probable, from the fact 

that the Black mountains are in a region known to have been affected by » 

recent faulting and block tilting. 

DEPOSITION OF GRAVELS 

Some influence not certainly known brought the second period of ero- 

sion to a close and caused the river for a second time to fill its valley 

with sand and gravel. The debris-filled basins in which broad valleys 

had been excavated while the canyons were being cut in the harder rock 

were again filled to a depth of about 700 feet. ‘These deposits oceur in 
the terraced bluffs on either side of the river more or less continuously 

exposed from the mouth of the Gravel canyon to the gulf of California. 

CANYON CUTTING (3) 

At the beginning of this epoch of erosion the river was flowing within 

narrow limits over an aggraded surface as it had done over a much wider 

aggraded surface at the close of the second epoch described (epoch 6 of 

the following table). Some change of condition, the cause of which is 

not definitely known, caused the river to again erode its bed, reexcavating 

for the most part the old channel, but in a number of places cutting rock 

gorges at one side, as at Bulls head near Fort Mohave and at Big bend 

in the Needle mountains. 

FORMATION OF FLOOD-PLAINS 

After the channel had been cut considerably lower than the present bed 

of the river, sand and gravel for the third time accumulated, the action 
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continuing to the present time, forming broad flood-plains. The river is 

continually filling its channel and changing its course, either gradually, 

by lateral cutting, or suddenly, by establishing some new course during a 

flood. The rapidity of the filling is indicated in many places where the 

river has cut laterally, exposing the roots of trees and shrubs now buried 

to a greater or less extent. Many places were noted where living arrow 

weeds are standing in five feet or more of silt. In other words, the sur- 

face on which the arrow weed had begun to grow had been built up 5 feet 

or more during the life of that shrub. The flood-plains contain numer- 

ous sloughs, lagoons, oxbow lakes, and other evidences of change in the 

rivers course. 

CORRELATIONS 

The various epochs described can not at present be assigned definite 

places in the geologic time scale, but with a knowledge of their order 

which is apparently clear, and of their relative duration, which detailed 

investigation might furnish, the establishment of any one in the time 

scale would give relative place to ali. Unfortunately this is not possible 

at present, although a probable correlation is found with the Gila con- 

glomerate, which has been reterred to early Quaternary.* This conglom- 

erate is presumably equivalent to the great detrital accumulation of the 

Lower Colorado river region (epoch 6 of the following table), the corre- 

lation being based on the similarity of the beds in composition, physio- 

graphic position, and general field relations, as well as their mutual asso- 

ciation with flows of basaltic lava. 

If this detritus and the Gila conglomerate are correctly referred to 

early Quaternary, the order of events described places the rise of the 

plateau (4) and the origin of Grand canyon at or near the close of the 

Tertiary period, and the filling of Grand Wash trough (3), which ante- 

dates the erosion of the Grand canyon, in the Pliocene, as suggested by 

Mr Spurr.+ It also makes the great masses of andesite and rhyolite (2) 

equivalent in age to the extensive lava flows of Oregon and Washington, 

which Professor Le Conte} has shown were outpoured at the close of the 

Miocene. 

It is altogether probable that the history as:here outlined is imperfect 

and will be modified by further investigation. It is possible that phe- 

nomena which are conspicuous in this region may not be as far-reaching 

as they seem to be, and that. events of great importance in the recent 

* G. K. Gilbert: Wheeler Survey, vol. iii, 1875; Geology, p. 540. 

I. L. Ransome: U. 8. Geological Survey, Professional Paper no. 12, 19038, pp. 47-57. 

+ J. BE. Spurr: U. S. Geological Survey Bull. no. 208, p. 1382. 

{ Joseph Le Conte: Am. Jour. Nei., 3d ser., vol. 7, 1874, pp. 176-178. 

XX1V—BULL. GEOL. Soc. AM., Vou. 17. 1905 
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thought, however, that the Colorado river, flowing as it does through the 

midst of the region where the Quaternary deposits have such great devel- 

opment; is likely to furnish the best field for the study of these deposits. 

QUATERNARY. 

TERTIARY. 

———— (Fo, Ge 

TABULAR RESUME 

Deposition epochs. 

10. Formation of flood-plains; ac- 

cumulation still in progress. 

8. Deposition of 700 feet of sand 

and gravel. 

6. Widespread aggradation and 

voleanie eruption; Colorado 

river deposits 2,000 feet or 

more of sand and gravel. 

3. Pliocene; local deposition; fill- | 

ing of Grand Wash trough; 

erosion of Detrital - Sacra- 

mento valley. 

OF See ere 9 6 fe ee 8 2 8 ee ale re She Pye (ene ib Rene 

Erosion epochs. 

Rejuvenation of streams; Colorado 

river lowers its bed about 500 

feet. 

Rejuvenation of streams; Colorado 

river, flowing west of Black 

mountains, lowers its bed 2,000 

feet or more and cuts Aubrey, 

Needles, Black, and Boulder can- 

yons. 

Grand canyon eroded to a depth of 

about 6,000 feet; Colorado river 

flowing in Detrital-Sacramento 

valley. 

Rise of Colorado plateau and dis- 

placement at Grand Wash fault; 

origin of Grand canyon. 

| Great voleanic activity ; eruption of 

andesite and rhyolite. 

| Miocene; general degradation. 
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INTRODUCTION 

The fertile Vega of Granada and the great plain of Guadix lie re- 

spectively off the western and northern flanks of the Sierra Nevada and 

are separated from each other by the much lower Sierra Harana. Level 

almost as a floor, on their borders their surfaces incline vallevward at 

low angles, producing a topographic feature most common in Spain—the 

filled valley out of which steep mountain ranges rise abruptly. The 

material with which these valleys are filled merits a fuller consideration 

than is here possible, but a record of somewhat hurried observations, 

with conclusions drawn therefrom, may be of value, since they apply to 

a region which has received but little attention from geologists. Von 

Drasche, who visited the province more than a quarter of a century ago, 

has furnished the best description of the deposits, a portion of which he 

has relegated to three formations, namely, the Alhambra conglomerate, 

the Block formation, and the Guadix formation.* In the Block forma- 

tion, which occupies the valley of the Genil, he found Miocene fossils, 

*Von Drasche: Geologische Skizze des Hochgebirgstheiles der Sierra Nevada in 
Spanien. Jahrb. d. k. k. geol. Reichsanst., Bd. 29, 1879, pp. 93-122, pls. vii-xii. 

XXV—BULL. GEOL. Soc. AM., Vou. 17, 1905. (285) 
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and, as he believed the beds to dip beneath those of notably different type 

on which the Alhambra is built, he gave to the latter deposits the name 

Alhambra formation. The Guadix formation is areally separate from 

both the others, though partaking of the characters of each. The map 

of the Spanish Geological Commission* shows the greater part of the 

three formations as diluvial, and the resemblance of the Block formation 

in particular to a glacial deposit is certainly most striking. Until the 

writer had examined numerous localities he was compelled to adopt the 

view that local glaciers from the Sierra Nevada had deposited the ma- 

MoREoA 

6 

dey ay ea) 
Lo LG, fr ou Sd NS Oe 

e/a GUAM. We 

FiIGuRE 1.—WMap of the Guadiz and neighboring Formations. 

Modified from the map by the Spanish Geological Commission. The mass of ‘ae 

Sierra Nevada is composed of crystalline schists of Silurian or greater age. J, Jurassic ; 

T, Triassic; N, Neocene; P, Pliocene; G, Guadix formation. 

terial, and it appears that every geologist who has studied the district has 

given prominence to a supposed glacial origin for the formation. Mo- 

raines in the valley of the Genil were even described by Schimper.t 

Bertrand and Kilian { state that the lower layer of the Block formation 

at Talara contains calcareous pebbles which are polished and striated, 

and they quote 'Taramelli and Mercalli as holding this opinion of a 

* Sheet no. 52, Granada, second edition. 
y Schimper: Voyage géologique botanique au Sud d‘Espagne, 1849. 

¢ Bertrand et Kilian: Etudes sur les terrains secondaires et tertiares dans les 

provinces de Grenada et de Malaga. Mem. de l’Acad. de Sciences de l'Institut National 

de France, t. xxx, p. 520. 
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glacial origin. Von Drasche, while explaining away the moraines of 

Schimper, describes a great block scratched and polished which was 

found near the Camino de los Neveros.* 

DESCRIPTION OF THE GUADIX FORMATION 

THE BLOCK FORMATION 

For a study of the Block formation one has only to go from the Al- 

hambra of Granada, past the Cemiterio, into the valley of the Genil. 

Immediately after passing the cemetery on the crest of the divide be- 

tween the Rio Darro and the Rio Genil the change in the deposits is 

apparent. From a loosely consolidated deposit of gravel containing 

large and small, well rounded pebbles, mainly of a single type, with 

maximum size a few inches in their longest dimension, one here encoun- 

ters a deposit the pebbles of which are dark colored diorites and gabbros, 

together with garnetiferous schists, fissile mica-schists, and many other 

crystalline types of rock foreign to the immediate neighborhood. The 

size of the pebbles also varies from a fraction of an inch to boulders 

whose dimensions must be measured in feet. There is, further, to be 

observed a noteworthy frequency of faceted boulders which in shape are 

not to be distinguished from those found in a bank of glacial till Many 

blocks are polished, but the writer was unable to discover any on which 

glacial scratches could be made out. On the dump from a mining shaft 

sharply faceted blocks were found in abundance which are with little 

doubt derived from the lower lavers of the formation, and these are pol- 

ished in a noteworthy manner. The surface of these blocks gives, how- 

ever, the impression of slickensides rather than of glacial polish, and, in 

view of the description by von Drasche of such forms in the Sierra 

Nevada, any other explanation would seem to be superfluous.t The 

source of the blocks is clearly the slopes of the Sierra Nevada on which 

the Genil has its source. 

THE ALHAMBRA FORMATION 

The Alhambra formation occupies the valley of the Darro, which has 

its rise not in the crystalline rocks of the Sierra Nevada, but in the 

Triassic dolomite of the Sierra Harana. The uniformity in petrographic 

type of its pebbles and their smoother contours, find in this their explana- 

tion. The thickness of the Alhambra formation can be little short of 

SMeOCH Chis. Ws die 

7 “Diese Schiefer sind ungemein miirbe; ein Hammerschlag auf einer grossen Block 

lisst denselben in ein Haufwerk von kKrummfiachrigen Flatschen zerfallen, die auf der 

gewolbten Flache stets eine Art Seidenglanz zeigen. Es scheint als ob die ganze 

Schiefermasse in sich selbst verrutscht ware.” 
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1,000 feet, mainly a conglomerate having distinctly water-worn pebbles 

which vary from a fraction of an inch to six inches or more in length. 

Interbedded within the formation are layers of fine sand and loess-like 

material which changes most abruptly to the conglomerate. In the finer 

material stratification shows plainly, and, while generally horizontal, dips 

as high as 25 degrees occur; but these dips are in the narrow portions of 

the valley and are apparently uniformly in the direction of its bottom. 

In ascending the valley of the Darro along the old post road from 

Granada to Guadix, one sees great thicknesses of the loess-like material, 

and at other times merely thin layers a fraction of an inch in thickness 

may be followed for many rods along a horizontal plane within the con- 

glomerate. Not infrequently lenticular forms are noticed in the section. 

A little above the village of Huétor-Santillan the Alhambra formation 

comes into contact with the Upper Triassic dolomite of the Sierra Harana 

to the north of the road. ‘The Darro valley has now narrowed to such 

an extent that the same dolomite soon appears upon the other side of the 

valley as well and the Alhambra formation presently comes to an end. 

Its steeper dips toward the valley are here noticeable, and the weathering 

of the dolomite is most instructive in considering the origin of the 

Guadix formation. Rising in steep slopes, the dolomite takes the form 
of beetling crags whose divisional plains have been largely determined 

by joints, while at the base of the cliffs is found an aggregation of larger 

and smaller blocks already arranged imperfectly in trains along the bot- 

toms of small gullies or barrancas. The first heavy shower will carry a 

portion of these blocks down into the Darro valley, rounding the angles 

on the soft material. An observation of von Drasche, made to the east 

of the divide, is that the larger blocks are generally found near the bor- 
ders of the formation. 

THE GUADIX FORMATION OF VON DRASCHE 

Passing over the divide between the Darro and the Farde near El 

Molinillo and descending into the valley of the last mentioned stream, 

after passing Diezma we obtain a view of the broad plain of Guadix, 

which stretches away for 25 miles to the base of the Sierra de Baza and 

appears as level as a floor. In this deposit of soft material the Farde 

has cut broad valleys with level floors and steep walls, revealing abun- 

dant sections of the material, which has characters in many respects the 

same as those found in the valleys of the Darro and Genil. It is, how- 

ever, as a rule finer in texture, with larger proportions of loess. This 
loess is locally filled with roots and brush (“Noah’s brush heap”), is yel- 

low in color, and altogether quite similar to the loess of the upper Missis- 

sippi valley. Throughout the loess is very perfectly jointed on vertical 

Se lw ss 
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Figure 1.—JUNCTION OF THE GUADIX FORMATION WITH THE SIERRA NEVADA 
AT ALQUIFE 

Mountain of hematite in middle distance 
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Figure 2.—‘‘ Bap Lanps’’ TopoGRAPHY IN tHE VALLEY OF THE FARDE 

CHARACTERISTIC TOPOGRAPHY OF THE GUADIX FORMATION 
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planes. Within the finest loess one sees in vertical sections lenticular areas 

of finer or coarser pebbles. Small aprons of talus at close and fairly reg- 

ular intervals border the river walls at their bases (plate 35, figure 2). 

Seen from the heights about the valley, not only is the surface of the 

formation notably horizontal, but several stages of lower and parallel 

planes produce sharply delimited shelves wherever the river has opened 

the formation in sections. The upper layer and some of the lower ones 

show a rich brown color, and on nearer approach are seen to be colored 

with soft hematite. As one looks to the southward beyond the formation 

toward the distant Sierra Nevadas, one sees rising at their base the black 

mass of the mountain of hematite at Alquife,* and it is difficult not to as- 

eribe a common source to it and to the hematite of the Guadix formation 

in an earlier ferruginous deposit situated higher up and in the Sierras 

themselves. The color effect in the general view from below Diezma is un- 
usually fine, the hematite layers standing out in the dissected valley floor 

like pencil lines, with the black iron mass of Alquife and the white dolo- 

mite of the Alcohorra (each capped by a Moorish castle) sharply outlined 

against the gray background of the Sierra Nevadas. Where the Farde 

has cut its broad valley, patches and strips of green appear beneath the 

diversified and picturesque “bad land” topography which surrounds 

them. ‘The labyrinth of loess columns, eaten into by the sudden rains, 

have been excavated locally to furnish homes for a large proportion of 

the peasant population in the district (see plate 36). Plate 35, figure 1, 

shows the abundance of irregular boulders upon the surface of the forma- 

tion where it borders upon the Sierra Nevadas. 

ORIGIN OF THE FORMATION 

The Guadix formation appears to be largely a torrential deposit of 

material derived from the neighboring Sierras, with local characteristics 

restricted to the individual valleys of the Genil, Darro, and Farde, and 

dependent on the rock material which is in place near the headwaters of 

those streams. ‘lhe material is coarser near the borders of the formation, 

while loess and floating material, such as roots and brush, are more char- 

acteristic of the central and presumably quieter areas. ‘lo account for 

the almost perfect horizontality of the beds within the central areas, it is 

necessary to assume the former existence of at least temporary lakes 

within the valleys, while the lenticular forms of the pebbly material in 

the sections indicate that streams once coursed over the floor of material 

below. Some part has undoubtedly been taken by the wind in depositing 

the formation, since it is active today in transporting the lighter ma- 
pe 

* See an article by the author treating of the iron mines at Alquife. 
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terial, but its rédle would appear to be secondary to the cloudbursts and the 

resulting torrents of the rainy season. 

Such an alternation of conditions as is indicated by the material of the 

Guadix formation is found today only in arid regions of high relief, 

where the rare but violent storms develop the torrent and the playa lake, 

and where the wind plays an important part in transporting the surface 

material. The climate within the province of Granada is today semi- 

arid—the fertile Vega of Granada being an oasis, which only accentuates 

the surrounding aridity. 

AGE OF THE DEPOSITS 

As already indicated, Miocene fossils have been found in the Block 

formation of von Drasche, and as has here been shown, torrential de- 

posits are forming today in the valley of the Darro and elsewhere. It is 

probable that the Guadix formation includes beds extending without 

noteworthy interruption from the Miocene to the present. That similar 

conditions have prevailed from even earlier times might be inferred from 

the occurrence of a conglomerate of Triassic age at the base of Alquitfe 

hill, which is located on the exact border of the Guadix formation and at 

the foot of the Sierra Nevadas. ‘This conglomerate includes angular 

boulders of iron ore whose dimensions are sometimes measured in feet.* 

TORRENTIAL DEPOSITS OF SOUTHERN ITALY 

Deposits remarkably similar to those of the Guadix formation border 

much of the mountainous coast of the Italian peninsula and Sicily. 

Above Reggio, in Calabria, blocks of granite two feet or more in their 

largest dimensions are found associated with similar blocks of several 

other crystalline types as lenticular forms within deposits of sand, gravel, 

and finer material, all of which has clearlv been derived from the 

Calabrian Apennines immediately to the east. The bedding of these ‘de- 

posits is for the most part nearly horizontal, though angles as high as 

30 degrees were observed. ‘The topography of these deposits, wherever 

dissected, is that of the “bad lands”’—the type for rain erosion. Such 

deposits may be seen to even better advantage to the westward of Messina, 

in Sicily, on the road to Castellaccio. | 
The intermittent streams (torrenti or fiwmare), which are so char- 

acteristic of southern Italy, have dissected the deposits. These valleys 

are wide at their mouths, with broad, flat floors, which ascend at ex- 

tremely low but ever increasing grades toward their heads, where the 

slope rises abruptly lke a wadi to form an amphitheater. On these 

* William H,. Hobbs: Mining iu Spain. ‘he Mining World, vol. 24, 1906, pp. 109-110. 
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Figure 1.—Cavrt DWELLINGS IN THE GUADIX FORMATION AT BARRIO DE SANTIAGO 

Figure 2.—RaiIn Erosion Forms at BARRIO DE SANTIAGO 

CHARACTERISTIC TOPOGRAPHY OF THE GUADIX FORMATION 
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TORRENTIAL DEPOSITS OF SOUTHERN ITALY 29) 

slopes are often found the steep pinnacles with pebble cappings so charac- 

teristic of rain erosion. Other deposits and erosional forms were ob- 

served about Taormina and are well shown from the summit of Mola. 

In the summer season the “fiumare” are dry, the pebble floors being 

generally utilized as highways of travel; but after the rains they become 

roaring torrents, which suddenly rise and as suddenly subside. At Co- 

senza, in Calabria, the writer was fortunate in witnessing the trans- 

formation of the Busento (the ancient Buaentius) by one of the sudden 

eloudbursts characteristic of the 

SaaS SS «Sregion. Crossing the river by the 

famous Ponte Alarico in the face 

of au impending shower, the 

——_———— SEs broad river floor showed a mere 

Sees thread of water. When the storm 

—S SS“ had burst the steeply sloping 

oo Corso of the city became trans- 

= formed into a swift current bor- 

dered by waterfalls where the 

steep side streets entered. Within 

a half hour the storm had passed, 

Wee but the Busento was swollen to a 

roaring torrent which filled its bed from bank to bank. A few hours later 
it presented almost the same appearance as before the rain. 

All about Cosenza are found torrential deposits, including round peb- 

bles and boulders, not unlike the Alhambra conglomerate of Granada. 

Nearly identical deposits were studied at Rossano and at Pontegrande, 

near Catanzaro, in Calabria. At the last mentioned locality the deposits 

ean be little short of 1,500 feet in thickness, if they do not exceed that 

figure. The boulders included are of many petrographic types and often 

exceed a foot in diameter. Between markedly horizontal layers revealed 

by the finer material, cross-bedding of a type often seen in ancient sand- 

stones is well displayed (figure 2). In this type we find between thick 

horizontal layers intercalated beds in which the bedding makes a nearly 

uniform but relatively large angle with the layers which inclose it. 

At Rossano the torrential deposits are locally faulted in the manner 

shown in figure 3. Through these deposits the crystalline formations 

occasionally project on steep walls. High up the valleys toward the 

crests of the older rocks the generally horizontal bedding is locally re- 

placed by steeply dipping layers, which, like those observed in Granada, 
incline toward the valley. Angles as high as 45 degrees have been ob- 

served. Where deep dissection has been produced by the “fiumare,” the 

steep walls of loosely compacted material become during the rainy season 

FiGurE 2.—Type of Cross-bedding. 

Observed in the torrential deposits near 

Pontegrande, in Calabria. 
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saturated with water until one of the earthquakes so characteristic of the 

province sets loose a large mass to slide down and be soon dispersed by 

the torrent below. The banks of many fiumari present great scars, the 

freshness of whose surfaces furnishes an indication of their relative age. 

On the fiumare Oliveri, between the Calabrian village of Aiello and the 

Tyrrhenean coast (a distance of about 10 kilometers), a number of these 

great scars were seen, the largest caused by a landslide during the past 

year. In this category must be placed also the mass of soft rock (which 

has been estimated at 7,000 cubic feet) which was precipitated from the 

castle rock upon the town itself by the earthquake of September 8, 1905. 

The torrential deposits which border southern Italy between the moun- 

tains and the sea appear to be in part of Quaternary age (especially those 

bordering the straits of Messina) ; they are also in part Recent, and in 

part they are pre-Quaternary. Cortese, who has furnished the best re- 

port upon the region,* ascribed much of the Recent and some of the 

Vien ee 
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Figure 3.—faulted torrential Deposits at Rossano, Calabria. 

Quaternary deposits to a fluviatile origin through the agency of the 

torrenti, and stress is laid upon the difficulty of delimiting the several 

formations. ‘The occurrence of these deposits in distinct pianos or shelves 

on the seaward side of the Apennines he explains by the existence of such - 

topographic forms in the surface of the underlying crystalline terrane: 

and with this view the writer is in full accord.t 

Within the extensive arid regions of the western United States the 

present-day importance of the torrent and the desert lake in filling the 

valleys and fashioning the topography has been generally recognized by 

the geologists who have studied the region. 

PROBABLE TORRENTIAL ORIGIN OF MANY SANDSTONES AND CONGLOM- 

ERATES 

A terrane as heavy and as extensive as the Guadix formation, when 

buried beneath later deposits and cemented into sandstone or quartzite, 

* E. Cortese: Descrizione geologica della Calabria. Memorie descrittive della carta 

geologica d'Italia, vol. ix, 1895, pp. xxviii and 310, -map and 4 plates. 

y+ See the colored plates of the work cited for the topographic character of the piani 

and figure 19a, on page 185, for a hypothetical section, 
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must figure largely in the formations of the district when these have 

been exposed upon a later erosion surface. Such a formation should be 

bordered by a fringe of coarse breccia-like conglomerate giving the im- 

pression that it is a basement layer, and perhaps also having a basement 

layer of the same or similar material. It should be characterized by in- 

cluded lenticular areas of coarser or finer material and by layers of fine 

material in sharply defined films:and plates which reveal its bedding. 

If undisturbed from its original attitude, its bedding should be generally 

horizontal, though with a gentle centrally directed inclination upon its 

borders, resembling in this the initial dip of a marine formation. Lo- 

cally, at least, it may show a type of cross-bedding like that represented 

‘in figure 3, which, though often observed in ancient sandstones, is not 

adequately explained by the changing currents along a marine shore.* 

In its finer-textured portions a rectangular jointing will be likely to be 

found characteristic, and minor faulting dating from a period when the 

material was only slightly compacted is possible (see figure 3). The 

great variety of rock type, the range in dimensions of included pebbles 

-and boulders, and the frequency of faceted forms among them may sug- 

gest an origin of the formation through glaciation, as has been true of 

the massive conglomerates of the original Huronian of Canada. 

- . Having in mind the fact that arid conditions prevail today over about 

three-fifths of the earth surface, the study of the torrential, playa, and 

eolian deposits, which are characteristic of desert regions, must be 
brought into consideration before an adequate explanation can be found 

for the masses of sandstone and conglomerate, 1,000 to 1,500 feet and 

more in thickness, which exist within the ancient rock formations of the 

globe. It is but natural that the first explanation of these formations 

should have been based upon geological processes which are most famil- 

iar—those concerned in the erosion of the land areas under humid 

conditions with deposition along the ocean littoral. Marine sandstones 

should, however, be relatively thin; for it would appear that during a 

transgression of the sea on the land the formation of sand should be 

limited to a depth not far below the wave base—a depth measured in tens 

‘rather than in hundreds or thousands of feet. To meet this difficulty, 

the theory of Hall, that depression is in areas of deposition adjusted to 

the material deposited, has been greatly strained. 

The dominance of ripple marks and the paucity of marine fossils just 

where marine life should have been most abundant are facts difficult to 

* Such a structure is shown in great perfection over considerable areas by the 

Cambrian sandstone exposed in the picturesque “Dalles” of the Wisconsin river near 
Kilbourn City, Wisconsin. . 

XXVI—BULL. Grou. Soc. AM., Vou. 17, 1905. 
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explain on the theory of marine origin for the great sandstone formations. 

The enormous expanse of sandstone formations fits better to a desert 

than to a marine theory of origin along the ocean borders. In the Tri- 

assic or Newark formation we find beds of clay of clastic origin lacking 

marine fossils, together with conglomerates, moraine-like deposits of 

debris, great beds of sandstone and conglomerate, colored clays, and beds 

of salt and gypsum, all alternating with marine sediments. Within the 

sandstones are found rain-drop impressions as well as footprints of ani- 

mals, but without the animals themselves. 

In the Tertiary deposits of the Paris basin there is found such an 

alternation of marine sediments filled with mollusks, with clay, gypsum, 

and sandstone, including the bones of land animals, that it is little wonder 

Cuvier was impelled to adopt his theory of earth cataclysms to explain 

them. Just such alternations are, however, characteristic of the deposits 

in desert regions, where the torrent and the playa lake are found, where 

the surface deposits are continually shifted by the wind, and where the 

barrier from the sea is at times broken down. At such times the land 

fauna is either driven away or destroyed, and in the latter instance a 

“bone bed” is entombed beneath marine deposits which later may come 

to the light and their territory be again invaded by a land fauna. 

As regards the more ancient sandstone formations, the frequent occur- 

rence of an abundance of angular feldspar fragments to form an arcose 

indicates a secular disintegration of granitic rocks under essentially arid 

conditions. Such an explanation has been applied by Pumpelly* to the | 

Greylock district of Massachusetts, and the writer has found striking 
illustrations of such deposits from near the Massachusetts-Connecticut 

interstate boundary.+ The recent papers by Walther,{ Passarge,$ and 

Davis|| indicate that the part the desert has played in geological history is 

to receive greater attention in the future than it has in the past. 

ACKNOWLEDGMENT 

The writer desires to acknowledge his indebtedness to M. Pelsmacker, 

the Belgian consul at Granada, who is both a mining engineer and a com- 

petent geologist, and whose familiarity with the geology of the province 

has been of great assistance to the writer in lis study of the district. 

* R. Pumpelly : Monograph xxi, U. S. Geol. Survey. 

y+ Best seen on the summit of Collins hill, near New Milford, Mass. 

t J. Walther: Das Gesetz der Wiistenbildung. Berlin, 1900. 

§ S. Passarge: Die Kalahari. Berlin, 1904. 

|| W. M. Davis: The geographical cycle in an arid climate. Jour. Geol., vol. xiii, 1905, 

pp. 381-407. 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

VOL. 17, PP. 295-302 JUNE 28, 1906 

CRETACEOUS SECTION IN THE MOOSE MOUNTAINS “DIS8- 

TRICT, SOUTHERN ALBERTA* 

BY D. B. DOWLING 

(Read before the Society December 29, 1905) 

CONTENTS. + 
. Page 

ebmesMIsiEAG IDS LeLMP On reps mgt Neihatrs./c" chay oi alictiel oof c, ehsnauay etahe oi aeln AGL oPeen eh Gp et's oi ¢ silane Wes nigh'e 'o% We ai 295 

tom conal aSmbalvVISIONS. Of the SE€ChIONS 2c . dece ss os osc cs sek ee es cae ate 297 

ema «IVES COME cae) ie a)esoulelare @ atrotoveheie qisue lautveucsatete es bie, alee viaje e eels 297 

EMA CMES FECA) Oey Wai wet Co SIAN este ae fatet sae Alanebaiel a ose des on eae aah toa eaicvrobestia ga re Sere iat aan Shaye ef « 298 

Nar NM gt cece oo ck or ss GaSe ocd ahh s) ele, tt apeea Glo? er oie ty Stal wHOPAUAL Ss. Supa, share wad bo als 299 

HUE MID MEN ee ee en oa ak Pas octala, cy 5 ells yw ale) eet saving Ge soe cus ois, @alaie t's eee eas 0) 

EE DIPEVED boo. decicees Sauce eS Re Ra a Bore 301 

Le COUSINS) GEC TPE O10 Tad a a NP rary Urn ee en Bae aeec: al 
SCE DSUPNSIM. SPECS YD SRR ae OR gece eRe ae DY SN ge UAE edt OA Lael Boz 
MIAME ANGVREPE CAP EU SS cos). 5g sue Ae alc lee er Mee etek eke Reh & Rhee BD sed wie oe 802 

ean Ne mmo EMU PLE ME CHLM UO Peareieeti pens au emoue fold onesie lcs ie oie o, GROW Saka ie. Wiesie Ulare aia aie ore’ leads whe 302 

{ 

INTRODUCTION 

The Cretaceous which underlies the Canadian plains is so nearly un- 
disturbed that no great difficulty has been experienced in tracing over 
large areas the different horizons found. Near approach to the Rocky 

mountains is, however, accompanied by serious foldings in the strata, so 

that the foothill region requires detailed study before the formations can 

be accurately mapped. ‘The discovery of coal at several horizons renders 

this folded area of interest on account of the many chances that the lower 

horizons bearing the best grade of coal may there outcrop. 

The reported discoveries of petroleum in the southern portion of 

Alberta were given great publicity and the producing fields of Colorado 

were cited as examples of what might be expected at almost any point 

along the front of the Rocky mountains. The desirability of a study of 

this region is thus quite evident, and last season one party was located 

in the foothills south of the main line of the Canadian Pacific railway. 

The work was intrusted to Mr D. D. Cairnes and considerable progress 

was made in his examination. ‘To correlate the several formations, fos- 

sils were collected, but many are of plants which have not been studied yet. 

* Published by permission of the Acting Director of the Geological Survey of Canada. 

XXVII—BULL. GEOL, Soc, AM., VOL, 17, 1905 (295) 
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Two of the greater folds reveal the limestone beneath and several sec- 

tions were made of the total thickness of Cretaceous strata. As my own 

ns? 

bigurk 1.—Map of part of Alberta and British Columiia, 

work for the last three seasons has been within the mountains on rocks 

of the Kootanie series, I can with some certainty correlate them with 
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some of the lower beds found in this section. Previous to this time it 

seemed doubtful that any exposures of the Kootanie could be found east 

of the mountains or that the correlation with the Cascade formation of 

Montana or that in the Black hills called Lakota could be safely assumed. 

This seems less risky if the Kootanie occurs in the section here discussed. 

PROVISIONAL SUBDIVISIONS OF THE SECTIONS 

As the fossil remains have not been critically studied, the subdivisions | 

have made are provisional and the succeeding remarks are put forward 

with the hope that criticism and discussion may reveal errors or misap- 

prehensions on my part which if left unnoticed might prejudice Mr 

Cairnes in his study of the area: 

Provisional. | Dawson’s section. | Cairnes’ section. Type of fossils. 

Sandstones with coal | Brackish water and 
seams. plants. 

Edmonton. | Saint Mary river. 

Bearpaw. Pierre. Shale, 250 feet. Marine. 
| | Sandstone, 50 feet. 

Shale, 450 feet. 

Judith river.) Belly river. | Sandstone, 750 feet. Fresh water. 
| Colors—green, blue, yel- 
| low, and red. 

Claggett. Lower dark shales. Banded sandstone and 
|  elays, 250 feet. 

Eagle. | Light colored sandstone, 
| | ooo tect: 

Colorado. — Sandy shales grading down 
to black shales, 750 feet. 

Dakota. | | Light colored hard sand- 
-— gtone conglomerate at 

base, 150 feet. 

Kootanie. | Kootanie. | Dark sandstone and shale, | Plants, conifers, and 
| | with coal seams. | ferns. 

Fernie. | | Dark brown to black shale, | 
225 feet. 

Carboniferous limestone. 

CARBONIFEROUS LIMESTONE 

The lowest member of the above section, the.Carboniferous limestone, 

was by Dr G. M. Dawson* made to include the black shales resting on 

* Annual Report, Geological Survey of Canada, vol. i, p. 104B. 
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them; but the finding by Mr Cairnes of a few Belemnites excludes them 

from the Paleozoic. The limestone here formed the floor on which the 

Mesozoic sediments were laid down; but in the many contacts observed 

at various places throughout Canada the floor evidently consisted of the 

overlapping edges of several formations. The crustal movements, how- 

ever, not having been severe, the unconformity is not conspicuous and is 

indicated mainly by the different age of the beds in contact and the 
varying amount of the time interval so indicated. 

To the west of this locality there are two troughs in the mountains that 
show Mesozoic rocks resting on a series of red sandy shales and buff 

quartzites that are above the Carboniferous limestone and seem to occupy 

a horizon similar to that of the Minnelusa and Opeche formations of the 

Black hills. ‘These probably represent the top of the Carboniferous or 

early Permian. East of the mountains the exposures on the Peace and 
Athabaska rivers and in Manitoba show Cretaceous resting on Devonian. 

Southward in the Black hills the section is apparently complete. 

FrERNIE SHALE 

This formation, which is represented by 225 feet of dark brown to 

black shale, seems to represent the eastern margin of much thicker de- 

posits of marine origin occupying a similar position in the mountain 

troughs to the west. The finding of Belemnites of apparently similar 

species in both helps the correlation. ‘The formation is traced both north 

and south along the Cascade and Bow River trough for a long distance 

and varies somewhat in thickness. On the Cascade river, near the outlet 

of a stream from Minnewanka lake, the section measured 1,600 feet. 

The top of the formation is here difficult to define, as the Kootanie forma- 

tion in the lower part consists of brown shales and thin bedded sand- 

stones. Few fossils were found in the exposures, with the exception of 
the Belemnites above mentioned, but in a shallow trough at the east end 

of Minnewanka lake (formerly Devils lake) Mr McConnell discovered a 

bed rich in marine fossils. ‘These have been described by Doctor Whit- 

eaves.* They show a remarkable similarity to the fauna of the lower 

part of the Queen Charlotte Island series, the “lower shales” of Dawson. 

This series was incorporated by him in the Cretaceous, but the general 

Jurassic aspect of most of the fossils was remarked by Doctor Whiteaves, 

although he accepted the stratigraphic position assigned by Dawson. 

The work of Messrs Stanton and Martint on the Jurassic of Cooks inlet 

and the Alaska peninsula seems to show conclusively that this fauna be- 

longs well down in the Jurassic. Evidently the fossils from the lower 

* “Contributions to Canadian Paleontology,” vol. i, part ii. 

+ Bull. Geol. Soc. Am., vol. 16, p. 402. 
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shales are from two formations and the Queen Charlotte Island series, 

if again studied, might allow this subdivision to be made. 

Souhward the formation has been traced in the mountains through 

a succession of fault blocks to the Elk River coal field and is the series 

there called by Mr McEvoy the Fernie shale. Few fossils have been 

collected from the southern portion, owing probably to the fact that the 

outcrops of these soft beds are partly concealed, but from near the mining 

town of Fernie Belemnites and Ammonites were obtained. One of the 

latter is described by Doctor Whiteaves as Cardioceras canadense.* This 

would appear to be Jurassic, as the formation is continuous and bears 

the same relation to the coal-bearing Kootanie series above, the horizons 

should be but little below that from near Minnewanka lake, which is 

correlated with the lower shales of the Queen Charlotte islands. These 

latter, as noted above, are declared to be well down in the Jurassic. 

The deposits at Fernie consist of 500 feet of sandy argililites at the 

base, with 1,060 feet of black and brownish shales above. Eastward 

through the Crows Nest pass the series decreases, and at Blairmore, near 

the edge of the mountains, there is only 700 feet. Projecting these beds 

eastward by assuming a somewhat uniform decrease, it would seem that 

they may form a small sheet eastward from the mountains, the edge 

approximating a line southeast from near the Moose Mountain locality. 

JKOOTANIE 

Dark, coarse sandstone, with brown shales and coal seams, 375 feet. 

This sandstone coal-bearing member of the Kootanie is the represent- 

ative of thicker measures in the type locality, and all the fossils ob- 

tained, on which the discussion of the age of the formation was based, 

were obtained from within its boundaries. The base of the formation 

consists of hard sandstones, which are easily traced, making a convenient 

horizon marker for the base of the formation. Above the coal seams 

there is a persistent horizon of conglomerate, and in the sandstones suc- 

ceeding it plants of the Dakota type have been found, so that the con- 

glomerate band for practical purposes is taken as the top of the forma- 

tion. The thickness on the Elk River escarpment of this formation 

measures 5,300 feet. Eastward in the Blairmore district, just within 

the mountains, it has decreased to 740 feet. North, near Banff, it is 

3,900 feet, but in the section under discussion there is but 375 feet in- 

cluded between beds bearing characters similar to the limiting members 

within the mountains. It would thus seem that the formation might 

not extend much farther to the east in this latitude; but to the south 

*Ottawa Naturalist, vol. xvii, p. 60. 



300 dD. B. DOWLING—CRETACEOUS SECTION IN SOUTHERN ALBERTA 

there is a better chance of some of the beds reaching those of the Cascade 

formation of Montana, which are correlated by plant remains with it. 

This formation is of great economic importance, owing to the rich coal 

deposits contained within its beds. On Elk river there are 22 seams, 

aggregating 216 feet of coking and steam coal. At Blairmore 21 seams 

of a total thickness of 125 feet, and at Moose mountain there are 7, two of 

which are workable, having 8 and 7% feet of coal respectively. In Mon- 

tana, where the formation seems thinner, one workable seam is found near 

the top of the formation. In the Black hills, coal-bearing beds which 

seem to occupy eroded valleys in the Jurassic are reported. 

DAKOTA 

Light colored, hard sandstones, with conglomerate at base, 150 feet. 

As no fossils were here detected, these sandstones are supposed to rep- 

resent the horizon that is above the conglomerates of the basin within 

the mountains, and, as the formations originally constituted a continuous 

sheet, the supposition will probably be borne out by the subsequent finding 

of fossils. On the north branch of the Oldman river Doctor Dawson ob- 

served a bed of ash rock at the top of the formation. This was again 

more extensively developed near the Crows Nest pass. The Moose Moun- 

tain locality seems to be beyond the limits of this volcanic ash and the 

formation passes to a black shale above, which is probably Benton. In 

the locality just mentioned Doctor Dawson collected from the sandstones 

just below the ash bed plant remains similar to the Dakota flora, and on 

the middle branch of the north fork, Oldman river, from a horizon above 

the conglomerate beds, a series of plants which have affinity with both 

the Dakota and Kootanie—that is, of five species recognized a fern and 

two conifers occur in the Kootanie and one of the two species of dicoty- 

ledons was originally described from the Cretaceous of Vancouver island 

generally placed at about the Dakota horizon. 

There is thus in the thicker part of the formation a trace of the change 

from the flora of the Kootanie to that of the Dakota. 
As marine beds, mostly shales, holding Benton fossils are found above 

the ash beds at the localities just cited, and also occur in the Moose Moun- 

tain section, the sandstone series beneath should represent the same depo- 

sition, but of greatly diminished thickness in the latter locality. The 

diminished thickness of the beds in the Moose mountain point to a pos- 

sible time hiatus between the top of the Kootanie and the base of the 

Dakota. Attention to this is also drawn by Mr Ward in the Black Hills 

section. The complete section is probably to be found only in the Rocky 

mountains. Fresh-water conditions during this period prevailed in Da- 

kota and Montana and probably along the western margin, but northward 
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on the Athabaska river the Tar sands, representing a period contem- 

poraneous with the Dakota of Manitoba, have a marine fauna.* 

On the Elk River escarpment shore conditions prevailed for a consider- 

able time after the inauguration of the Dakota period, and the formation 

is represented by a great thickness of conglomerates and sandstones. 

COLORADO 

By eliminating the recognized formations above, there remain some 

725 feet of a succession of sandy shales and shale bands grading down- 
ward in the section to black shales which can be taken as representatives 

of the Colorado formation. As it is partly littoral, its thickness does not 

seem to represent the deposition of the entire period, and thus in the top 

of the Dakota is probably included the marginal deposits of the advanc- 

ing shoreline, concealing a probable time hiatus at the top of the Dakota. 

Montana FORMATION 

Following the succession as delineated by Messrs Stanton and Hatcher 

in northern Montana, a conspicuous light colored sandstone, 50 feet in 

thickness, may be called the Eagle formation. Above this 250 feet of 

banded clays and sandstones would be the Claggett formation or “lower 

dark shales” of Dawson’s southern Alberta section. A sandstone forma- 

tion above it, with-a thickness of 750 feet, holding the only fresh-water 

fossils found in the section, would be the Judith River formation. This 

latter does not contain in this locality an extensive land flora and there 

are but slight indications of possible coal seams. ‘The shales above the 
sandstones are very much like those hitherto called Pierre, and the only 

marine invertebrates, with the exception of those from the Fernie shales, 

collected during the past season are from these upper shales and are typi- 

cal Pierre. 

On the Bow river, east of Calgary, the Pierre described by Doctor 

Dawson includes a sandstone series about 50 feet in thickness, which is 

again found more largely developed on the Red Deer river north. In the 
foothills this sandstone is 200 feet in thickness along the Bow river 

and is sometimes conglomeritic, but decreases in thickness toward the 

south and is only about 50 feet on Sheep creek. It consists of three well 

marked bands of sandstone, which maintain their character through this 

range and occupy a position in the upper third of the formation. The 

Pierre described by Mr J. B. Tyrell on the North Saskatchewan con- 

tains intercalated sandstone beds at all horizons from the top to near the 
base, and all bear marine fossils of Foxhill type; so that as a formation 

* Ottawa Naturalist, vol. xii, p. 37. 
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the Foxhill is submerged in the Pierre. As Mr Stanton wishes to call 
the shales above the Judith river the Bearpaw formation, it is doubtful 

whether the Saskatchewan deposits should be included, but in the section 

here discussed the name could be used, as it is quite similar to the forma- 
tion in Montana. 

EDMONTON SERIES 

The sandstones capping the Bearpaw shales contain a few brackish 

water shells and many plant remains. ‘The thickness of the brackish 

water formation as distinguished from the fresh-water beds of the 

Tertiary was not ascertained. ‘The Edmonton series represents the top 

of the Cretaceous and includes the lower part of the Saint Mary River 
series, which is a part of the Laramie. 

SUMMARY 

The Jurassic sea at its latest stage invaded the area of what is now the 

Rocky mountains in a narrow depression. ‘The transition beds at the 

base of the Cretaceous were next laid down. The floor over which the 

Cretaceous was spread consisted of various formations, forming an over- 
lapping series increasing in age toward the northeast. The early Ju- 

rassic sea was narrow, or at least extended not far east of what is now 

the Rocky Mountain area. Land conditions prevailed throughout por- 
tions of the Kootanie, and the greatest deposition of detrital matter 
and remains of an abundant flora occur in the same depression. In the 

later part of the Kootanie time the deposits extended possibly south- 

eastward to the Black hills. ‘This period is closed by a depression in the 

central part of the continent, and the marginal beds of the sea, which 

then advanced, form the Dakota sandstone on the eastern margin. On 

the west similar deposits seem to be continued from the Dakota, by way 

of the Black hills, to the mountains, but both north and south there are 

evidences of salt-water deposits about this time. The Colorado forma- 
tions here indicate in the upper members proximity to a western shore. 

The Montana formations are very similar to those near the Judith river. 

Land conditions then close the Cretaceous time, but intermittent en- 

croachments of the sea continue to the beginning of the Tertiary. 

Nove BY THE AUTHOR 

Since the paper was sent to the printer, determinations of the fossils 

have been received, proving the Kootanie age of the lower member, but 

bringing the Edmonton of the provisional list down to the Judith river. 

The revised section will be found in a forthcoming report by Mr D. D. 

Cairnes. 
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INTRODUCTION AND DESCRIPTION 

Associated with striz and other evidences of giacial abrasion are certain 

types of rock fracture. These have been classified and described by 

Chamberlin in his “Rock-scorings of the great ice invasions.”+ The 

three principal types are chatter-marks, crescentic cracks, and crescentic 

gouges. All of these are so associated with glacial sculpture and stria- 

tion as to indicate that they are of glacial origin. They all occur charac- 

teristically in sets, the members of each set succeeding one another in 

the direction of ice motion and each individual marking having its longer 

axis athwart the direction of.ice motion. 

Chatter-marks and crescentic gouges have a common character, in that 

each is characteristically a shallow furrow with crescentic outline. In 

erescentic gouges the convexity of the crescent is usually turned forward; tf 

in chatter-marks it is usually turned backward. Chatter-marks are 

closely associated with grooves engraved by boulders. Crescentic gouges 

are not thus associated; they frequently occur on surfaces exhibiting no 

other marks of glaciation except fine striz and polish. 

*Published by permission of the Director of the U. S. Geological Survey. 
+Seventh Ann. Rept. U. 8S. Geological Survey, pp. 218-223. 

{In this paper the words forward and downstream are used to indicate the direction 

toward which the glacier moves or moved, and backward and upstream to indicate the 

opposite direction. 

XXVIII—BuLL. Grou. Soc. AM., Vou. 17, 1905. (303) 
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The features called crescentic cracks are vertical fractures of the rock 
without the removal of fragments. They are usually curved in plan, with 

the concavity turned forward. Their orientation thus relates them to the 

chatter-marks, but they are independent of grooves. 

An approximate understanding of the glacial chatter-mark is easily 
reached, because the phenomenon is intimately related to the chatter- 

mark of the machinist, from which it is named. The plowing of a 
groove in a brittle substance is not a continuous process, but is accom- 

plished by making a series of fractures, each one of which separates a 
fragment of the substance. Hach fracture is preceded by a condition of 

strain and stress, and these are relieved by the fracture. The resistance 

to the grooving tool is thus essentially rhythmic, and if the tool is slender, 
or is not firmly supported, a vibratory motion is set up (with chattering 

sound) and the groove becomes a succession of deep scars. When the 

erooving tool is a hard boulder held in a slow-moving body of ice, and 

the thing grooved is a brittle rock, the remaining condition for rhythmic 

action is probably found in the elasticity of ice and rock, which permits 

the development of strain and stress before each fracture. 

The crescentic crack, being vertical, is presumably a result of tensile 

stress parallel to the rock face. As the glacier moves forward it tends, 
through friction, to carry the bed-rock along with it. If the friction on 

some spot is greater than on the surrounding area, the rock just beneath 

that spot is moved forward in relation to the surrounding rock through a 

minute but finite space. This relative movement involves compression 

about the downstream side of the affected rock and tension ahout its up- 

stream side, the magnitude of the stresses depending on the differential 

friction, and rupture ensuing when the tensile stress exceeds the strength 

of the rock. Exceptional friction may be given by the passage in the ice 

base of some substance which has a high coefficient of friction in relation 

to the bed-rock; for example, if the glacier base contains a pocket of sand 
surrounded by clear ice, the coefficient of friction between the sand and 

the bed-rock will probably be much higher than between the ice and the 
bed-rock. — 

The crescentic gouge is less easy to understand, and it is the purpose 

of this communication to put forward a hypothetic explanation. 

Crescentic gouges have been observed in granite and other massive © 

plutonic rocks, in sandstone, and in limestone. My own observations 

have been made chiefly in the granite district of the High Sierra, where 
opportunities for the study of glacial sculpture are exceptionally good. 

In some localities the gouges are abundant, and in most districts where 

glacial polish and.striation are preserved they can be found by a few 
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minutes’ search. Since my attention was specially directed to the ques- 
tion of their origin I have examined several hundred. A locality of ex- 

ceptional abundance is represented in plate 39. 

In length they measure from a few inches to more than 6 feet, measure- 
ment being made in a straight line from horn to horn of the crescent. 

Within the range of my observation chatter-marks are comparatively 

small, the largest observed being less than a foot in length. Solitary 

gouges are often seen, but in the majority of cases they occur in sets of 

from two to six or seven. Ordinarily the members of the same set have 

about the same size, but in a few cases a progressive increase was ob- 

served, the individual most advanced in the direction of ice motion being 

largest. It seems legitimate to infer from this arrangement in sets that 

the cause of the gouge, whatever it may be, moved forward with the ice. 

As already mentioned, the convexity of the crescent is turned forward ; 

but to this rule there are occasional exceptions. Two or three indi- 

1GcuRB 1.-—Profile of Part of Glacier Bed. FIGURE 2.—Diagrammatic Sketch of Cres- 

centic Gouge. 
The ar/ow shows the direction of ice 

movement. Crescentic gouges occur on as- The arrow shows the direction of ice move- 

cending s.opes, from a to DO. ment. Compare figure 3. 

viduals, were seen with the concavity turned forward, and a few also with 

the longer axis in the direction of ice motion (see plate 38, figure 1). 

The gouges were seen only on the upstream sides of projecting bosses 

(figure 1). They are not restricted to the bottoms of glacial troughs, 

but occur also on the walls, and in that case are on the upstream faces of 

sahents. 

Conormp FRACTURE 

The cross-profile of the crescentic gouge (figure 3) exhibits an angular 

notch bounded by two unequal slopes. The slope from the upstream edge 

is gentle, that from the downstream edge approximately vertical. This 

character is exhibited in all parts of the crescent (figure 2). The gentler 

slope radiates from an axis somewhere within the curve of the crescent and 
is essentially a portion of a conoid surface. It is one wall of a fracture, 
or crack, which does not end at the bottom of the gouge, but continues 

on into the rock to an undetermined distance. The fact that the vertical 

fracture terminates against the oblique fracture shows that the oblique 
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was first made. 'The oblique, or conoid, fracture may therefore be re- 

garded as the primary product of the causative force, and the vertical 
fracture as secondary ; and in seeking a cause of the phenomenon I have 

given first attention to forces which might be appealed to in explanation 

of the conoid fracture. 

There is another conoid fracture with which geologists are familiar, 

the fracture often made in obsidian, or other homogeneous brittle rock, 

re Ms by a light blow of the hammer, - 

Ps ee This is sometimes called the conoid 

Figure 3.—- Cross-section of Crescentic of percussion (see figure4). Usually 

Gouge. it circles completely about its axis, 
The section represented is from A to B or but sometimes it is one-sided. Its 

Ce OE AEE S relation to the surface struck by the 

hammer resembles closely the relation of the glacial conoid to the ex- 

ternal surface of the bed-rock, and the one fracture may help to explain 

the other. The conoid of percussion is caused by a blow; that is, by the 

instantaneous application of pressure to a small area. No way has 

Figure 4.—Diagrammatic Sections of Fractures. 

The horizontal and vertical lines represent the top and side of a mass of rock; PP, 

conoid of percussion, the causative blow being struck in the direction indicated by the 

arrow; C, conchoidal fracture, with arrow showing direction of blow; G@, conoid and 

vertical fractures of crescentic gouge, with oblique arrow showing theoretie direction of 

causative pressure. 

occurred to me in which a glacier can make such a fracture by means 

of a blow, but it seems possible, as [ shall presently explain, that a glacier 

can slowly apply considerable differential pressure to a very restricted 

area; and there is some reason to believe that suddenness of impact is not 

essential to the production of conoid iractures. ‘The ordinary con- 

choidal fracture, which is a near relative of the conoid of percussion, is 

commonly developed in brittie rock by a blow struck near an edge (figure 

4); but it is also produced by simple pressure in the manufacture by 

Indians of flint and obsidian implements. 

In a single instance a conoid fracture in granite was observed to circle 

completely around its axis (see plate 38), thus simulating still more 
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closely the conoid of percussion. This feature occurs in a glacial trough 

where there are many crescentic gouges, but it is not connected by grada- 

tion with the ordinary gouges. 

DIFFERENTIAL PRESSURE 

As a glacier moves forward its under surface is continuously adjusted 

to the irregular shapes of its bed. The greater inequalities of the chan- 

nel find expression on the upper surface of the glacier, but the minor 

inequalities do not affect the upper part of the ice stream. The diagram 

(figure 5) represents in profile a projection of the bed, of moderate mag- 

nitude in relation to the total thickness of the glacier. The adjustment 

of the glacier to this obstruction affects the flow lines of only the lower 

strata of ice, leaving unaffected all above some limiting plane, A B. 

Below that limit the lines of motion first ascend and then descend in 

passing the obstruction. If we think of the flow lines of the diagram 

as separating layers of ice, then each layer becomes thinner in ascending 

and gains thickness in descending.* 

A large boulder embedded in the glacier close to its base is not reduced 

in thickness along with the enclosing ice layers, and its resistance to com- 

pression develops differential stresses both above and below it. These 

pressures tend to force it into the overlying ice, and at the same time to 

force it into the rock bed. As the reck bed effectually opposes the down- 

ward motion the boulder is actually forced into the ice body above 't 

(figure 6). A large share of the pressure thus brought to bear on the 

upper side of the boulder is transmitted by the boulder to the rock bed at 

their point of contact or approximation, and there is thus a concentration 

of pressure on a small area of the rock bed. This concentration con- 

tinues as long as the ice about the boulder is undergoing vertical com- 

pression in passing the projection, and ceases when that compression 

*The statements of this paragraph are, I think, indisputable; but they are quali- 

tative only. In making a diagram to illustrate them I could not avoid presenting 2 

more definite, and in some sense quantitative, conception of the forms of the flow lines, 

but of the accuracy of this conception I am by no means confident. Not only is there a 

third dimension of which account should be taken, but there are complicated inter- 

actions connected with differential velocity. In order to pass through the diminished 

cross-section above the projection, some of the lower layers of ice must take on tempo- 

rarily a higher velocity, and that acceleration involves both internal resistance and basal 

friction. The conditions affecting these resistances are notably different on the up- 

stream and downstream sides of the projection, and it is therefore improbable that the 

curves of the flow lines are symmetric. Moreover, the diagram, by indicating the com- 

pression of the lowest layer as greater than that of any other layer, assumes that that 

layer’s temporary increment of velocity is greatest; and this again assumes that the 

temporary increment of basal friction is not greater than the temporary increment to 

shearing stress of the ice in planes parallel to the rock surface—a matter as to which 

I have no information. 
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ceases. It begins somewhere on the upstream slope of the projection and 

ceases at its crest. Thus the conditions for localization of pressure »y 

this method have the same distribution in relation to prominences of the 

rock bed as that observed for the crescentic gouges. 

If the ice beneath the boulder is clear of débris, it is probable that a 

large differential pressure can not be developed without causing the ice 

to jiow away and bringing the boulder into contact with the rock bed. 

The result to the rock bed of such contact would be a deep scratch or 

groove, and grooves are not the normal associates of crescentic gouges. 

It seems necessary, therefore, to suppose that when crescentic gouges were 

made the direct contact of the boulder was in some way prevented—and 

the means of prevention is not far to seek. If only the sand and other 

fine detritus normally abundant in the base of a glacier be assumed to 

saturate the ice beneath the boulder, a cushion is provided quite compe- 

See = 

WiGURE 5.—Longitudinal Section of lower 

Part of a Glacier. 

The section is supposed to be at a point . 

where it passes a projection of the rock 

bed, and illustrates the deflection of lines 

of flow and the temporary compression of 

the lowest layers of ice. 

FIGURE 6.—Longitudinal Section of lower 

Part of a Glacier. 

The section is on the upstream side of a 

projection of the rock bed and illustrates 

the changing relations of an embedded 

boulder to the system of flow lines. ‘The 

ice motion is from right to left. 

tent to prevent actual contact of boulder and rock bed and at the same 

time transmit the pressure of the boulder to a small area of the bed. 

A complete discussion of this hypothesis would include a mathematical 
analysis of the mechanics of the conoid fracture. Only the elastician is 

competent to make such an analysis, and I have not attempted it. Never- 

theless, as I have not been able to ignore altogether that aspect of the 
subject, I shall venture a few lay suggestions. 

As the conoid of percussion is symmetric about an axis normal to the 

surface receiving the blow, and as the conoid of the crescentic gouge is 

asymmetric, it may be inferred that the direction of the force producing 

the latter is oblique to the rock surface. In a general way all pressures 

of the ice upon glaciated bed-rock must be oblique; otherwise there would 
be no forward motion; but the particular pressure to which appeal has 
been made in connection with the crescentie gouge is the result of a com- 

pression of the ice in the direction normal to the rock face, and should be 
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regarded, I think, as itself normal. If this view is correct, some other 

cause must be sought for a special stress component parallel to the rock 
face. 

I think such a cause exists in differential friction. The friction per 

unit area of the glacier on its rock bed at any point is the measure of the 
force there applied by the glacier in a direction parallel to the local rock 
surface. It varies with the material of the two bodies in contact and js 
directly proportional to the force, normal to the contact surface, by which 
they are pressed together. Therefore during the period in which the 
hypothetic boulder communicates an excess of pressure to a small area of 
the rock bed, the same area experiences a proportionate excess of sliding 
friction, and is consequently subject to a proportionate excess of force in a 
direction lying in the plane of contact. The composition of this force 
with the differential force normal! to the plane of contact gives a resultant 
parallel to the general system of oblique stresses in the surrounding ice. 
This reasoning appears to warrant the statement that the differential 

“pressure occasioned by the approach of the boulder to the prominence of 
the rock bed is oblique to the local rock surface and is directed forward. 

. DEFORMATION AND RUPTURE 

To obtain an idea of the nature of the deformation resulting from the 
differential pressure just mentioned I have tried a few simple experi- 

ji 
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FIGURE 7.—Ideal oblique View of originally plane Rock Surface. 

Showing, with vertical exaggeration, its theoretic deformation under the external 

stress causing a crescentic gouge. The arrow shows the direction of the stress. The 

direction of ice motion is from right to left. The position of the conoid fracture is indi- 

cated by a broken line. Compare figure 8. The lines of the drawing are parallel equi- 

distant profiles of the deformed surface. 

ments. If a liquid jelly be allowed to cool in a large bowl it assumes 

the condition of an elastic solid with a level and smooth upper surface. 

Pressed by the ball of the finger its surface is deformed, the hollow under 

the finger being surrounded by a low circling ridge, the slope of which is 

relatively steep toward the finger but very gentle in the opposite direc- 

tion. If the pressure of the finger be made oblique the ridge becomes 

steeper and higher on one side of the hollow, and is correspondingly re- 
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duced or even abolished on the opposite side. The hollow under the finger 

is a direct result of the pressure and the curving ridge is an indirect 

result, the intermediate factors being a complex system of internal strains 

and stresses. 

I conceive that an analogous condition obtains in the rock bed as a result 

of the oblique pressure under the hypothetic boulder; that there is a cen- 

tral depression of the surface (figure 7); that this is margined on one 

side by a curved elevation; and that there are internal strains and 

stresses; but the strains are comparatively small and the slopes of de- 

formation are very gentle, because in rock the strain limit is quickly 

reached and rupture ensues. The hypothesis assumes that rupture in this 

case is initiated in the surface of the rock, along the inner slope of the 

curving ridge (figure 7), and is propagated obliquely downward, forming. 

the conoid fracture (figure 8) of the crescentic gouge. 

YIGURE 8.—Theoretic Deformation of Rock beneath a Glacier. 

This ideal section illustrates the theoretic deformation of rock beneath a glacier by 

differential pressure in connection with an embedded boulder. ‘The arrow indicates the 

direction of the pressure. The direction of ice motion is from right to left. The conoid 

fracture of the crescentic gouge is shown at left of the boulder. Compare figure 7. 

In the absence of a rigorous analysis of the stresses associated with the 

deformation, the correlation of the conoid fracture with the curved ridge 

is an assumption only; but having made that assumption it seems pos- 

sible to base on it certain inferences tending to throw light on other ele- 
ments of the gouge. In the production of the deformation the rock 

compressed. vertically under the boulder experienced horizontal dilatation 

whereby the ridge was pushed up, and the ridge itself experienced hori- 

zontal compression. The region of the fracture was thus subjected to 

horizontal compression just before the rupture, and as soon as the fracture 
had been formed the wedge of rock above it was relieved of horizontal 

compression and recovered its original horizontal extent. The wedge 
had also been bent, its upper surface constituting the crest of the ridge, 

and when it was detached beneath it tended to recover also its original 

unbent form by lifting its edge. This change was resisted by the pres- 

sure of the overlying ice, with the result that the wedge became affected 
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by the stresses of a bent beam, compressive below and tensile above. ‘To 

the tensile stress along the upper part of the wedge I ascribe the vertical 

fracture which completed the gouge. lei possible that more than one 

vertical fracture ordinarily occurred, dividing the wedge into several 

parts. 

The position of the vertical fracture, as thus explained, is conditioned 

(in part) by the distance to which the conoid crack penetrates the rock. 

Toward the horns of the crescent, where the conoid crack vanishes, the 

crack probably penetrates less deeply, and the vertical fracture there 

traverses a thinner part of the wedge; hence the curve given by the inter- 

section of the vertical fracture with the surface is not concentric with the 

corresponding curve for the conoid fracture, but meets it. Some of these 

relations are diagrammatically shown in figure 2. 

It is worthy of note that the two fractures, referred respectively to 

shearing and tensile stresses, differ notably in the textures of their sur- 

BOWLDER 

lFicurE 9.—Theoretic Origin of Fractures 

producing the Crescentic Gouge. me eat 
FiGguR& 10.—Vheoretic Origin of the ob- 

lique and vertical Fractures of 

the Crescentic Gouge. 

This ideal section illustrates the theory 

of origin of fractures producing the cres- 

centic gouge. AEF, original (longitudinal) 

profile of rock bed; AFDB, deformed profile This diagram illustrates the alternative 

of rock bed (with exaggeration of curva- hypothesis for the origin of the oblique 

ture) ; DGC, conoid fracture; FG, vertical and vertical fractures of the crescentic 

fracture. gouge. 

faces. The conoid fracture, as seen in figure 1 of plate 37, gives a rather 

smooth surface, and that produced by the vertical fracture is compatr- 

atively ragged. The vertical fracture also departs from regularity more 

widely than the conoid. In the figure just mentioned the outlines of 

two of the vertical fractures more nearly resemble right angles than 

circular arcs. 

Since the writing of this paper it has been examined by several friends 

well qualified to discuss its theoretic part, and as a result of various sug- 

gestions and criticisms a number of passages were modified. One of the 

most important suggestions—but one which I was unable to aceept—in- 

cluded the following alternative hypothesis for the origin of the two 

fractures delimiting the crescentic gouge. I quote: “We will suppose 
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the glacier is moving in the direction indicated by the arrow AA ; that 

the rock floor is indicated by HH; that the boulder FF is either in con- 

tact with or near the rock floor. Under these conditions the direction of 

the greatest stress would be indicated by the arrow BB, being the result- 

ant of the weight of the glacier and the pressure behind the moving mass. 

Under these conditions there are powerful shearing stresses in the direc- 

tions BC and BD. These stresses are greater adjacent to the boulder 

because it is a rigid body and is able to transmit forward close to the 

rock floor the pressure of the ice about it. At the place where there is the 

most rapid change in the amount of compression rupture takes place. 

Whether the rupture occurs in both the horizontal and vertical directions 

will depend upon circumstances, which will largely depend upon the 

shape of the rock surface and the position of the boulder and its shape. 

When the vertical rupture takes place alone you have the crescentic 

cracks, when horizontal rupture takes place, followed instantaneously by 

the vertical rupture, you have the crescentic gouges.” 

RHYTHM 

A full development of the hypothesis would include also a discussion of 

the occurrence of the gouges in series, and this hkewise requires the ex- 

pert knowledge of the elastician. If I again venture a suggestion it is 

largely in the hope of exciting his interest. There can be little question 

that each series of gouges represents a mechanical rhythm of some sort. 

In a large group of mechanical rhythms, including many in which fric- 

tion plays a part, a force uniformly applied accumulates strain and stress, 

which are relieved in some catastrophic manner whenever they reach a 

certain limit. In the present case the conoid rupture is a catastrophic 

event relieving some of the internal stresses of the bed-rock. The jar, or 

miniature earthquake, occasioned by it and radiating from the point of 

rupture may be supposed to overcome frictional resistance between glacier 

and rock and cause a sudden slipping along their contact surface, thus 

relieving the frictional strains and stresses for some distance in all direc- 

tions. ‘The boulder instantaneously moves forward to a new position with 

reference to the rock bed, and the gradual renewal of deformation and in- 

ternal strains is begun. ‘This line of inference leads to the difficult ques- 

tion whether the sudden forward movement covers only the fraction of an 

inch, or whether it may be of the order of magnitude of the interval be- 

tween gouges—from a few inches to several feet. If it is very small, 

then the determination of the gouge interval remains as one of the ob- 

scure factors of the hypothesis. In a general way the gouge interval is 
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related to the gouge length, being greater when the length is greater, but 

there is no fixed ratio between the two. No measurements were made in 

the field, but photographs show a range in the ratio from about 1:3 to 

about 2:1. 
The discussion of the gouge rhythm also suggests the possibility that 

the ordinary movement of the glacier on its bed may be rhythmic. It is 

certainly conceivable that internal strains and stresses of the rock and ice 

up to the limit given by static friction may be locally engendered during 

periods of adhesion and then relieved by momentary shpping, with 

shding friction only. 

RESISTANCE OF ICE TO FLOWAGE 

The crescentic gouge is a large disruptive scar on the face of a compact 

jointless rock. Any hypothesis to account for it must provide great 

force. ‘lhe particular hypothesis here given, instead of appealing to the 

ferential stress developed by the resistance of the ice to the forcing of a 

boulder into it. It can not be true unless the ice has great power of 

resistance to flowage; and, conversely, if it is true, the ice has greater 

power of resistance than some students have been disposed to admit. It 

is generally understood that cold ice is more rigid than ice at the melting 

temperature, but the hypothesis is not concerned with cold ice. Doubt- 

less crescentic gouges are made under cold ice, but the gouges preserved 

for our observation were not so made. Beneath the forward part of a 

glacier the basal temperature is the temperature of melting (as condi- 

tioned by the pressure) ; and as a great glacier wanes, every portion of the 

bed is in turn subject to the action of its forward part. The finishing 
touches, therefore, the surface markings and the small details of sculpture, 

can not be ascribed to ice of the low temperatures theoretically obtaining 

far back under the névé. So the crescentic gouges, as explained, testify 

to the resisting power of ice at the most favorable temperature for flowage. 

Whether we regard ice as a plastic substance, or whether we accept, as I 

do, the view of Chamberlin, that it is made up of rigid crystalline grains 

and flows chiefly by interstitial melting and regelation, we must recognize 

a relation between velocity and resistance to flow. ‘The more rapid the 

flow the stronger the resistance. ‘Therefore the crescentic gouges, if 

they have been properly explained, may testify also to relative rapidity of 

glacier movement. 

NOMENCLATURE 

The word “gouge” connotes a process of formation analogous to the 

work of a chisel. It is therefore inappropriate as the name of the dis- 
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ruptive scar discussed in this paper. ‘The incongruity is heightened by the 

fact that it might with propriety have been applied to another disruptive 

scar, the chatter-mark, which also affects glaciated surfaces and is also 

usually crescentic. In view of this infelicity of nomenclature, I have 

seriously considered the use of “lunoid furrow,” a name given by 

Packard* to a feature probably, but not surely, identical with Cham- 

berlin’s “cerescentic gouge.” Packard’s description, supplemented by 

a description by Huitchcock,t is so indefinite that Chamberlin cau- 

tiously refrained from correlation; but the only definite obstacle to 

correlation is a cross-profile by Hitchcock in which the relation of steeper 

and gentler slopes is reversed. If the case were one in which priority 

had weight, I should make the argument for correlation and use Pack- 

ard’s name; but the instance clearly falls outside the field of prior- 

ity, and it unfortunately happens that the connotation of Packard’s name 

renders it quite as inappropriate as Chamberlin’s. Not only is the 

feature not a furrow, in the sense of having been plowed, but there is an- 

other feature of glacial sculpture, that which in this paper is called a 
groove, to which the name furrow might be apphed with much propriety. 

The third alternative, to introduce a new name, I have avoided for 

various reasons. A really apt name does not occur to me, and it is pos- 

sible that foreign studies of the feature, of which I have no knowledge, 

have provided an acceptable name. So I have followed the nomenclature 

of the first paper known to me which clearly distinguishes the principal 
types of disruptive scars of glacial origin. 

*American Naturalist, vol. 1, p. 265% 

+Geology of New Hampshire. vol. 3, pt. 3, p. 182. 
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FIGURE 2.—ANNULAR SCAR 

DISRUPTIVE SCARS ON GRANITE 
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EXPLANATION OF PLATES 

or 

PLATE 37.—Crescentic Gouges 

Firaure 1.—Type forms. 

The direction of ice motion is indicated by the arrow. The 

arrow also indicates scale, being one foot long. The nearest 

gouge is solitary; most of the others are grouped in sets. 

The blade of the knife is inserted in the conoid crack. 

The rock face pictured inclines toward the observer at about 

45 degrees. The material is granite. The locality is near the 

base of mount Huxley, Sierra Nevada, and is in the upper 

basin of Evolution creek, a tributary of San Joaquin river. 

In the upper part of the field the gouges are obscured by 

lichens. 

FigurRE 2.—Gouges on upstream side of a prominence. 

The arrow, approximately one foot long, indicates the direction 

of ice motion. Postglacial disintegration has removed the 

glacial strise and polish and rounded the edges of the gouges. 

The rock is granite; the locality is the North fork of Kings 

river, Sierra Nevada. 
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PLATE 38.—Disruptive Scars on Granite 

FiaurRE 1.—Overlapping and irregular crescentic gouges. 

The arrow, one foot long, indicates the direction of ice motion. 

The rock face curves down toward the foreground. Evyolu- 

tion creek, near base of mount Huxley, Sierra Nevada. 

FieurE 2.—Annular sear. 

The crack occasioning this scar extends obliquely down in all 

directions. The rock face is nearly horizontal. The arrow, 

one foot long, shows the direction of ice motion. Valley of 

Evolution creek, above Evolution lake, Sierra Nevada. 

PLATE 39.—Crescentic Gouges in Tuolumne Canyon 

The part of the canyon represented is nearly opposite Wildeat 

point, Sierra Nevada, and is approximately in latitude 37° 55’, 

longitude 119° 27’. The canyon floor is here a gigantic stair- 

way; the view shows the tread of one of the stairs. The direc- 

tion of motion is shown by the arrow. The glacier reached this 

spot by descending a slope of about 25 degrees, and here began 

to ascend a slope of 2 to 5 degrees. Another steep descent 

begins at the extreme left. The gouges are so numerous that 

their overlapping obscures their arrangement in sets. Some 

of the cracks of the granite are probably remnants of conoid 

cracks, the gouges with which they were once associated hay- 

ing been removed by subsequent abrasion. 
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STATEMENT OF THE PROBLEM STUDIED 

In glaciated regions I have several times encountered an aberrant and 

puzzling type of sculpture. Inclined surfaces, so situated that they can 

not have been subjected to postglacial stream scour, are sometimes carved 

in a succession of shallow, spoon-shaped hollows, and at the same time are 

highly polished. They resemble to a certain extent the surfaces some- 

times wrought by glaciers on well-jointed rocks, where the hackly charac- 

ter produced by the removal of angular blocks is modified by abrasion ; 

but they are essentially different. Instead of having the salient elements 

well rounded and the reentrant angular, they have reentrants well rounded 

and salients more or less angular; and they are further distinguished by 

the absence of glacial strie. 
An example appears in the foreground of plate 40, representing the 

canyon of the South fork of the San Joaquin river, in the heart of the 

glaciated zone of the Sierra Nevada. ‘The peculiarly sculptured spot is 

high above the river. or 

ORIGIN OF THE RocK SCULPTURE 

The-key to the puzzle was found on a dome of granite standing at the 

southwest edge of Tuolumne meadow, Sierra Nevada, just north of the 

Tioga road. The dome is several hundred feet high and in general is 

*Published by permission of the Director of the U. S. Geological Survey. 
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smoothly curved, its form being due partly to exfoliation and partly to 
erosion by the deep Pleistocene ice-stream of the Tuolumne basin, which 

passed over it from east to west. On the southern face, where the general 

slope is about 20 degrees, occurs the peculiar flexuous sculpture, and in 

close association with it are several potholes. The pothole figured in 

plate 41 has its mouth about 40 feet above the visible base of the dome, 

and there are others somewhat higher. They are not to be explained by 

any conceivable river or creek, and I have no hesitation in ascribing them 

to moulin work at some stage of the last glaciation of the district. With 

their aid it is easy to recognize the associated shallow hollows as imper- 

- fectly developed potholes. 

THe MOULIN, oR GLACIAL MILL 

A moulin, or glacial mill, is a stream of water plunging from top to 

base of a glacier through a well of its own maintenance. ‘The water is 

derived from ablation, has a course on the surface of the glacier before 

reaching the well, and escapes from the bottom of the well by a channel 
beneath the glacier. ‘The well originates in a crevasse, the crevasse re- 

sults from a strain of the glacier, and the strain is related to some local 

deflection of the ice-stream. Initially the crevasse must extend from top 

to bottom of the glacier, so as to admit and transmit the water stream. 

Afterward it is closed below by the welding of its walls, except where the 

falling water maintains an opening. The opening thus acquires a cylin- 

dric form, and is completely adjusted to the water, permitting it to plunge 

downward, with little or no deflection, and strike the rock bed with great 

force. As the glacier moves forward the moulin is carried with it. After 

a time a new crevasse is opened at the same turn of the ice current; it 

intercepts the stream of water and a new moulin is made; and the earlier 

well, being deprived of its water, and therefore unable to resist the en- 
croachment of the quasi-plastic ice, becomes sealed. The new moulin 

and others after it repeat the course and the history of the first. At the 

base of the ice the plunging water finds boulders and sand, and with these, 

its familiar tools, attacks the rock bed. Some detail of the configuration 

of the bed, the presence of a large boulder held by the ice, or some other 
local condition, permanent or temporary, guides the water in such way as 
to determine scour at a particular spot,-and a shallow hollow is made. 
As successive moulins pass the spot the hollow itself serves as a condition 
to determine further scour at the same spot. At the same time the hol- 
low serves to prevent scour in its immediate vicinity, but when the moulin 

has moved beyond its influence another hollow may be initiated. As 
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MOULIN WORK 

San Joaquin Canyon, Sierra Nevada 
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MOULIN WORK 

Near Tuolumne Meadows, Sierra Nevada 





R
P
B
A
O
N
 

B
l
o
g
 

‘
u
o
k
U
R
D
 

oU
UI

N[
OY

OP
T 

, 

AYOM NIINOW 

mS 
< 

; 
SS: 

i
e
e
e
 

Sty 
ae 

a
 

“WV “00S “10439 “11Nd 

a
e
 

Zb
 

“I
d 

‘G
O6

L 
‘Z
L 

“1
0A

 



THE GLACIAL MILL 319 

moulin follows moulin and summer follows summer, the hollows are 

deepened and assume the character of potholes. As I understand it, a 
pothole is developed only where rock fragments are carried round and 

round by whirling water. Mere impact of the plunging water is not suff- 

cient if there is no inclosure or obstruction to determine a whirl. After 

a hollow has been made and the condition for a whirl thus permanently 

localized, the whirl may be maintained by violent motion of the water 

anywhere about its rim; so that the deepening of the pothole progresses 
whenever a moulin stream strikes near it. Ifa moulin stream of pure 
water strikes the divide between two potholes it may furnish power for the 

simultaneous drilling of both holes without eroding the partition between 

them. 
If the surface conditions of the glacier are such that successive moulins 

follow closely the same track, there may be a long row of potholes, and 

with changing conditions there may result either parallel rows or an 

irregular distribution. In Turner’s classic photograph of the potholes of 

Mokelumne canyon (plate 42) at least three parallel rows may be seen. 

The imperfect potholes of the peculiar flexuous surfaces may some- 

times be imperfect in the sense that they are incipient, but the greater 

number are probably surviving parts of potholes that were once complete. 

Just as there are one-sided lake valleys and one-sided water channels where 

the complementary sides were of Pleistocene ice, so, I think, the com- 

plementary parts of these imperfect potholes were of ice, more or less 

fortified by included rock débris.* 

After the water of the moulin has reached the rock bed it must escape 

along some course beneath the ice. In flowing away it may accomplish 

erosion of the ordinary type, and the sculpture resulting from stream 
erosion may therefore be associated with moulin sculpture. 

*Since the writing of this paragraph I have learned that the same explanation was 

published by Von Post forty years ago. Brégger and Reusch cite him as follows: ‘“‘The 

parts now wanting in what now appear unfinished kettles he believes were composed of 

ice; so that in this case also water might have whirled stones and rubbish round the 

inside of a kettle consisting partly of rock and partly of ice.’ Quart. Jour. Geol. Soc. 

London, vol. xxx, p. 765, 1874. 
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EXPLANATION OF PLATES 

PLATE 40.—Moulin Work, San Joaquin Canyon, Sierra Nevada 

The view looks up the canyon of the South fork of San Joaquin 

river toward the mouth of Evolution creek. The rock of the 

foreground is slate, with vertical structure. The sculpture of 

a tract in the foreground, especially the spoon-shaped hollows 

with débris, a, b, ¢, is ascribed to moulin action. Just beyond 

this tract the profile of the canyon wall, outlined against 

trees, is of the normal glacial type. 

PLATE 41.—Moulin Work, near Tuolumne Meadows, Sierra Nevada 

The view looks eastward. The general direction of Pleistocene 

ice movement was from distance to foreground. The pothole 

in the foreground is nearly filled by débris, among which are 

highly polished boulders. The pine at the left is rooted in 

another pothole, and the more distant pine probably occupies 

a third. At various points beyond the nearer pothole the 

' general slope is interrupted by imperfect potholes. The gran- 

ite is without joints and without schistosity. The lines, sug- 

gestive of structure, which descend the slope are surface 

stains. 

PLATE 42.—Moulin Work, Mokelumne Canyon, Sierra Nevada 

The locality is under the north wall of the canyon of the North 

fork of Mokelumne river, 5 miles northwest of Bloods (north 

boundary of Big Trees quadrangle of U. S. Geological Sur- 

vey Atlas). The view looks upstream. 

The direction of ice movement may be assumed as parallel to 

the canyon wall. It will be observed that a considerable 

number of the potholes are arranged in rows parallel to the 

canyon wall. There is a row of four holes between A and B, 

one of seven holes between C and D, and one of four holes 

between # and Ff. The last mentioned row possibly begins at 

G and includes eight holes between G and F.-- 

The photograph is by H. W. Turner, who described the locality 

in the American Journal of Science in 1892 (third series, 

volume 44, pages 453-454). He states that the potholes are 

about 250 in number, that they are from 6 inches to 6 feet 

apart, that few or none coalesce, and that the lowest of them 

are 20 or 30 feet above the river. 
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INTRODUCTION 

In the higher parts of the Sierra Nevada the dominant rock is granite. 

By reason of Pleistocene glaciation the exposures are exceptionally fine. 

Over broad areas glacial erosion has removed the products of decay, laying 
bare the unaltered rock, and large portions of these areas are free from 

glacial débris. On most of the drift-free surfaces postglacial decay has 

made little progress and vegetation has as yet no foothold. In many 

places one can walk for miles on firm granite, and tracts of ideally perfect 

exposure are often many acres in extent. ‘Taking account of the further 

fact that the summer climate is usually dry, I regard the region as one of 

the finest in the world for the study of problems associated with large 
bodies of granite. : 
My acquaintance with the Sierra granites is superficial and fragmentary. 

While engaged in physiographic and glacial studies I have traversed them. 

on several lines, and finding my attention attracted by some of their con- 

spicuous features have made a desultory record with notebook and camera. 
As I am not versed in either the methods or the lore of the petrographer, 
it has not seemed best that I attempt either to round out my field observa- 
tions or to supplement them by office study, and this publication is under- 
taken chiefly for the purpose of directing attention to what I regard as a 
superb field for the study of the mechanics and physics of large plutonic 

*Published by permission of the Director of the U. S. Geological Survey. 
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bodies. The publication does not cover all my observations, but selects 
those in reference to certain assemblages of crystals and inclusions. ‘The 

word “granite” is used in its broadest sense, including rocks to which the 
discriminating petrographer would give several different names. 

FELDSPAR 

One of the broadly developed granite types of the Sierra is of pale 

color, being composed chiefly of feldspar and quartz, with moderate 

amounts of mica and hornblende. It is characterized by very large 

phenocrysts of feldspar, the crystals ranging in diameter from one inch 

to four inches. Ordinarily these are scattered through the rock at 

intervals ranging from two to four or five diameters of the phenocryst, 

but there are many spots where they are so closely aggregated as to be in 

actual contact. Such aggregations are usually from a few feet to a few 

yards in extent. ‘Their boundaries may be definite or indefinite. They 

are more abundant in regions where the phenocrysts are comparatively 

large. ‘The one represented in the illustration is composed of crystals 

from 21% to 4 inches in greatest diameter. The crystals of an aggregation, 

although in contact, do not interfere one with another. Their inter- 

stices are occupied by smaller crystals, like those of the general mass of 

granite. These characteristics seem to me to indicate that the crystals 

were not formed in juxtaposition, but were.im some way assembled after 

completion; and the hypothesis I suggest is that they were assembled by 

eravity, being either lighter or heavier than the magma from which they 

had crystallized. Their great size is favorable to the hypothesis that they 

were propelled through the magma, for the propelling force, differential 

weight, is proportional to the cube of the diameter, while the resistance 

of the magma is proportional to the square of the diameter. 

Localities at which the phenomena have been observed are the uplands 

about 'uolumne meadows, and the vicinity of Cooper meadow on the 

headwaters of Yuba river. The locality of the illustration, plate 43, is 
one mile and a half east by south of McGee lake, in latitude 37° 53’.8, 

longitude 119° 24'.3. 

HORNBLENDE 

Granites of light gray color, but somewhat darker than the last men- 
tioned, exhibited in places a similar assemblage of hornblende. The 
hornblende crystals range in length from three-eighths to three-fourths 

of an inch. The largest assemblages seen are 6 or 7 yards wide and their 

limits are indefinite. In one instance there is a definite limit on one side. 

The hornblende crystals are not so closely packed as are the feldspar 
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crystals mentioned above. Here again the hypothesis offered is that of 

gravitational assemblage. At ordinary temperatures hornblende is 20 per 

cent denser than quartz and feldspar, the dominant minerals of the rock. 
If the same ratio obtains at the temperatures at which the magma con- 

gealed, the phenocrysts of hornblende might sink through the viscous 

magma without requiring such advantage of size as the feldspars possessed. 

The locality represented in the illustration, plate 43, is on the east base 

of mount Silliman, in latitude 36° 39’, longitude 118° 41’. Another 

locality is on the north slope of the dome called Liberty Cap, at the head 

of Yosemite valley. 

BANDING 

A third phenomenon with which I am disposed, though less confidently, 

to associate gravity is a banding of granite. About one mile south of 

Cooper meadow, just to the left of the trail leading to Upper Relief val- 

ley (in latitude 38° 13’, longitude 119° 49’.3), there is a body of granite, 

some scores of feet in thickness and some hundreds of yards in length, 

which is conspicuously banded throughout. The rock is of rather fine 

texture and composed of quartz, feldspar, mica, and hornblende. The 

bands are alternately dark and pale, the color of dark bands being given 

by the dominance of hornblende and mica, that of the pale bands by the 

dominance of feldspar and quartz. ‘They range in width from one inch 

to nearly or quite one foot. Some of the dark bands are darker than 

others; some of the pale bands are paler than others. ‘The transition 

from a pale band to a dark may take place in a quarter of an inch or be 

diffused through an inch. The more abrupt transitions are from a pale 

band below to a dark band above. Within both dark and pale bands the 
attitudes of minerals seem to be wholly irregular. ‘There is no parallel- 

ism of orientation and nothing about the rock suggests schistosity. 

Several instances of unconformity were observed, as though the various 

bands had been successively deposited and the history of deposition had 

been interrupted by temporary erosion. Such a plane of unconformity 

appears in plate 44, opposite the man’s wrist. At another locality, the 

southeast base of Goat mountain, in the Kings River basin (latitude 36° 

51’.3, longitude 118° 34’.2), unconformity is associated with a discord- 

ance of dip of more than 20 degrees. I did not there see the rock in situ, 
but the banding is fully and characteristically displayed in a large boul- 

der. Figure 1, based on a diagrammatic field sketch, represents a portion 
of the boulder. 

I think that these bands are not only apparently but actually the result 

of deposition, and that the unconformities have been caused by erosioi 
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and subsequent deposition. When the phenomena of the boulder (which 
happened to be first observed) stood alone, I entertained as an alternative 

the hypothesis that the unconformity was occasioned by the fortuitous 

juxtaposition of parts of a dislocated body of banded rock; but the un- 

conformities of the Cooper Meadow locality do not admit of that expla- 
nation. In each example the bands of the body below the plane of un- 

conformity are obliquely transected, while the bands of the body above 
the unconformity are continuous. 

In each unconformity the lowest band of the upper series, that which 

rests directly on the eroded surface of the lower series, is one of the dark 

bands. ‘This fact, taken in connection with the fact that the dark bands 

are more sharply separated from 
the pale bands below them than 
from the pale bands above them, 

suggests the hypothesis that a pair 

of bands—dark below and _ pale 
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Granite. position. 

As to the general nature of the deposition, two ideas have occurred to 
me: (1) that the granite is metamorphic and the dark and pale bands 

were originally aqueous sediment; (2) that the granite is igneous and the 

bands were deposited from and partly eroded by quid magma in motion. 

The first of these is opposed by the absence of schistosity, by the fact that 

the bands seem to lie in their original positions without distortion, and 

by the fact that the less siliceous bands, instead of the more siliceous, lie 

next to the planes of unconformity, thus reversing the normal order for 

aqueous deposition. The second suggestion, of deposition from a liquid 

magma, is too little developed for critical consideration. 'To constitute 

a useful working hypothesis it should be supplemented by the suggestion 

of conditions determining deposition and erosion. 
If deposition was from a magma, and if the unit of deposition was a 

double layer, with dominance in its lower part of the heavy minerals, 

mica and hornblende, and dominance in its upper part of the rela- 

tively light minerals, quartz and feldspar, then gravity may have played 

a role in the process of deposition. 

INCLUSIONS 

Some of the Sierra granites are practically devoid of inclusions. Others 
show inclusions at all exposures. A body of light gray granite in the 

Kings River country, occupying a territory of unknown extent but not 
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less than 20 miles across, was nowhere observed without inclusions. ‘The 

inclusions are all of one type, being composed of the same minerals as the 

matrix but with a larger percentage of mica and hornblende. They are 

somewhat finer grained than the including rock and they contain small 

phenocrysts of white feldspar. Similar phenocrysts occur in the matrix, 

but are less conspicuous because the general color of the rock is paler. 

A further characteristic of the inclusions is their small size. Ordinarily 

they range from two or three inches to about a foot in greatest diameter, 

and the largest seen is only three feet across. In a general way they 

constitute the tenth or twentieth part of the mass (plate 45, figure 1), 

but there are many belts and limited tracts where they are much more 

abundant, and in some places they form more than half the rock (plate 45, 

figure 2). When closely aggregated they do not touch one another, but 

are always separated by selvages or interstitial fillets of the matrix. In 

form they range from oval to angular, the angular individuals having 
rounded corners. Where they are closely assembled they indent one an- 

other in such manner as to indicate plasticity. Their boundaries are 
definite in the sense that there is not a gradual transition from inclusion 

to matrix, but are not sharply drawn like those of a pebble in a conglom- 

erate. The inclusions do not separate from the matrix in weathering. 

While the inclusions are all of one type, they differ in size of grain and 
also to some extent in shade. Where they are closely aggregated, indi- 

viduals of different shade and texture may be seen side by side. The 

assemblages may be only a few feet or a few yards across or may be sev- 

eral hundred feet in extent. Often they constitute belts traversing the 
ordinary granite, and sometimes the belts show evidence of flowage, all 

inclusions being elongated parallel to the general direction of the belt 

(plate 46). In extreme cases this elongation is carried so far that the 

individual inclusions become difficult to trace and the general appearance 
is that of banding, but there is no development of schistosity. 

Somewhat similar inclusions observed a little farther south by Knopt 

and Thelen* are regarded by them as concretions. A concretionary ex- 

planation of the inclusions of the Kings River region would account for 

their omnipresence, for their uniformly small size, and for the frequent 

recurrence of the oval outline. It seems to be opposed by the dominance 

of subangular outlines and by the uniformity in texture of each individual 

in all its parts. There is no suggestion of concentric structure. While I 

gave some consideration in the field to the possibility of concretionary 
origin, the hypothesis more prominently in mind was that of fragmental 

*A. Knopf and P. Thelen, Sketch of the geology of Mineral King, California: Univ. 

Cal. Pubs., Geology, vol. 4, pp. 236-239. 
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derivation from an older plutonic body. ‘This hypothesis still seems ty 

me the more available, but is held lightly, partly because it does not read- 

ily explain the small size of the inclusions and partly because it has been 

compared with macroscopic data only. Using it as a working hypothesis 

in the field, I interpreted the subangular forms of the bodies as fracture 

forms modified by partial solution in the enveloping magma. 

Assuming the inclusions to be of fragmental origin, it seems evident 

that they experienced partial refusion while in the inciuding magma. 

A plastic condition is implied by their deformation through interference 

where they are crowded close together, and also by the fact that they 

yielded to squeezing with the same facility as the surrounding magma. 

Had they been more rigid than their matrix, they would have been forced 

into contact before suffering elongation (see plate 46). 

Assuming them to be fragmental, it is an open question whether thei 

close aggregations are best explained as features of original distribution 

or as the result of gravitational assemblage. ‘The first explanation ac- 

counts best for the long belts of closely grouped inclusions separating 

tracts in which they are sparse. The second accords best with che 

mingling of inclusions of diverse texture and also with the rounding of 

angles. A mass of angular fragments associated with littie more matrix 

than was required to fill the interstices would have small opportunity for 
surface modification by solution. 

In the vicinity of Cooper meadow, on the upper Yuba river, a very 

different granite, a pale variety with large feldspar phenocrysts, contains 

an abundance of small inclusions, and these also are in places closely as- 

sembled. In this case the inclusions vary through a much wider petro- 
graphic range and their history is more complex. 
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FIGURE 2.—AN ASSEMBLAGE 

INCLUSIONS IN GRANITE OF KINGS RIVER REGION 
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COMPRESSED INCLUSIONS 
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EXPLANATION OF PLATES 

PLATE 43,—Assemblages of Phenocrysts in Granite 

FicurE 1.—Feldspar. 

The locality is on the north slope of a granite dome, between 

Tuolumne meadows and McGee lake, Sierra Nevada. The 

erystals are in situ, being brought into relief by the weather- 

ing of the granite. The upper limit of the assemblage ap-- 

pears in the view, and above it some of the ordinary granite. 

The view covers a width of three feet. 

FicgurE 2.—Hornblende. 

The locality is at the base of mount Silliman, near a branch of. 

Sugarloaf creek, Sierra Nevada. The view shows the upper 

part of an assemblage. The granite immediately above is 

nearly normal, but has a slight excess of hornblende. ‘The 

white patches at right are of aplite. The hammer handle, 

giving scale, is 15 inehes long. 

PLATE 44.—Banded Granite 

The locality is one mile south of Cooper meadow, in the upper 

basin of the South fork of Stanislaus river, Sierra Nevada, 

near the middle of the Dardanelles quadrangle of the U. S. 

Geological Survey Atlas. An unconformity is shown to the 

left of the man’s wrist. 
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PLATE 45.—Inclusions in Granite of Kings River Region 

FigurRE 1.—Normal distribution. 

The locality is on the northeastern slope of mount Silliman, 

Sierra Nevada, near its base. The inclusions are distin- 

guished from various patches of surface discoloration by their 

compact forms and simple outlines. The largest inclusion has 

a diameter of about one foot. 

FicurE 2.—An assemblage. 

Face of a boulder lying near the main trail through Kings 

canyon, Sierra Nevada. Seale is given by a steel tape, three 

feet long, near the middle of the view. 

PLATE 46.—Compressed Inclusions 

The locality is on the middle fork of Dougherty creek, Sierra 

Nevada, in the northeast part of the Tehipite quadrangle, 

U. S. Geological Survey, and approximately in latitude 36° 

54’, longitude 118° 3614’. An assemblage of inclusions having 

the form of a belt is shown in perspective, some of the nor- 

mal granite appearing on each side. All the inclusions are 

elongated in the direction of the belt and compressed later- 

ally. The inclusions show differences in shade and texture. 
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INTRODUCTION 

From end to end the Coastal division of the North American Cordillera, 

including the Sierra Nevada, Cascade Mountain system, the British Co- 

lumbia Coast range, the Alaska, Saint Elias, and other ranges, comprising 

an. area more than six times that of the Alps of Europe, is now proved to 

inclose granitic masses of great size and importance. Most of them are 

of post-Archean dates, and it is even probable that the greater number 

belong to post-Paleozoic epochs.* Many of the Californian stocks and 

batholiths and a few batholithic masses in the state of Washington have 

-been carefully studied. Much work has been done, too, in the yet more 

extensive granitic fields of Alaska and British Columbia; but this work 

has generally been incidental to long reconnaissance surveys, wherein de- 

tailed investigations could not be profitably undertaken. In the Sierra 
Nevada the post-Paleozoic granitic rocks—granodiorites—are largely, if 

not entirely, of Mesozoic age. In Alaska and northern British Columbia 

the great “Coast Range batholith” is reported to be of very similar com- 

position, but details as to the development of this colossal body are still 

largely lacking. Midway in this vast coastal mountain division lies the 

International boundary, at the 49th parallel of latitude. 

On that lne the writer has constructed a geological section which 
throws light on the nature and origin of the granites and tends to bring 

out the connection between the widely distant northern and southern 

regions, where Cordilleran study is now being so energetically pursued in 

government surveys. ‘The results of the work on the 49th parallel cor- 
roborate some of the leading conclusions of Dawson, Russell, Willis, G. O. 

Smith, Calkins, Mendenhall, and others who have carried on researches 

in the adjacent parts of Washington and British Columbia. The solution 

of the problems of these granites, as of all granites, primarily demands 
the patient, careful accumulation of field facts. The big scale of the 
phenomena, their unusually perfect exposure among these splendid moun- 

tains, and the mere fact that much of the area described has never been 

*Cf. A. C. Lawson, Journal of Geology, Chicago, vol. i, 1893, p. 579. 
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touched with a geological hammer are other reasons for placing on record 

the results of the Boundary survey. 

GEOGRAPHICAL SUBDIVISION OF THE CASCADE MOUNTAIN SYSTEM 

In 1901 Messrs G. O. Smith and F. C. Calkins, of the United States 

Geological Survey, made a reconnaissance survey of the 10-minute strip 

crossing the Cascade range immediately south of the 49th parallel. Their 

report gives a succinct account of this part of the mountain system which 

may well serve to locate the region here to be treated. Two paragraphs 

may be quoted from the report: 

In northern Washington, where the Cascade mountains are so prominently 

developed, the range is apparently a complex one and should be subdivided. 

This was recognized by Gibbs, who described the range as forking and the 

main portion or “true Cascades” crossing the Skagit where that river turns 

west, while the “eastern Cascades” lie to the east. Bauerman, geologist to the 

British commission, recognized three divisions, and as his subdivision is evi- 

dently based upon the general features of the relief it will be adopted here. 

To the eastern portion of the Cascades, extending from mount Chopaka to the 

valley of Pasayten river, the name of Okanagan mountains is given, following 

Bauerman. To the middle portion, including the main divide between the 

Pasayten, which belongs to the Columbia drainage, and the Skagit, which flows 

into Puget sound, Bauerman gave the name Hozomeen range, taken from the 

high peak near the boundary. For the western division the name Skagit moun- 

tains is proposed, from the river which drains a large portion of this mountain 

mass, and also cuts across its southern continuation. It will be noted that the 

north-south valleys of the Pasayten and the Skagit form the division lines be- 

tween these three subranges, which farther south coalesce somewhat so as to 

make subdivision less necessary. 

The Okanagan mountains form the divide between the streams flowing north 

into the Similkameen and thence into the Okanagan and those flowing south 

into the Methow drainage. In detail this divide is exceedingly irregular, but 

the range has a general northeast-southwest trend, joining the main divide of 

the Cascades in the vicinity of Barron. The highest peaks, such as Chopaka, 

Cathedral, Remmel, and Bighorn, have a nearly uniform elevation of 8,000 to 

8,500 feet and commonly are extremely rugged. Over the larger portion of 

this area the heights are above 7,000 feet, and below this are the deeply cut 

valleys.* 

The sketch map, figure 1, shows the position of the boundary line in 

the Cordillera and of the section described in the present paper. 

AREA COVERED BY THE BOUNDARY COMMISSION SURVEY 

Since the year 1901 the United States surveyors attached to the Inter- 

national Boundary Commission have prepared an excellent contour map 

*Bulletin no. 235, U. S. Geological Survey, 1904, p. 14. 
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AREA COVERED BY BOUNDARY COMMISSION SURVEY ci) 

of a belt crossing the Cascades between the Similkameen and Skagit 

rivers and exactly bisected by the international line. ‘To the officials at 

Washington the writer is indebted for the use of this map in manu- 

script. The belt averages 5 miles in width. The geology of the belt 

has been plotted on the map, and the section has been continued eastward 

by the use of a contour map of a similar 5-mile belt crossing the Interior 

plateaus east of Similkameen river; in the latter map the international 

line forms the southern limit. The total area of the belt which is of 

present interest is about 400 square miles. The part lying within the 

Hozomeen range—that is, west of .Pasayten river—covers greatly de- 

formed strata of Cretaceous age. ‘The remainder, or three-fourths, of the 

belt is underlaid by the vast assemblage of plutonic intrusive rocks which 

had been briefly described by Smith and Calkins. . 
This strip of rugged mountains forms part of a huge batholithic area 

that will be adequately mapped only after many more seasons of arduous 

field-work. The geological findings within such a belt as now to be de- 

seribed would be much increased in value if they could be systematically 

compared with field studies throughout the whole batholithic province. 

For many reasons such a complete survey is now impracticable. The 

present paper is thus a sort of report of progress on the geology of these 

crystalline rocks of the northern Cascades. Nevertheless discoveries of 

prime importance to the geology of the entire range have been made 

within even the limited area of the 5-mile belt. Certain of the broader 
conclusions there deduced may, it is believed, be relied on, and will not 

need serious emendation as the exploration of the mountains continues. 

In the following pages there is offered another class of considerations 

which are theoretical and need the facts of the field, especially of the 

whole Cascade field, for their full discussion. In these matters partic- 
ularly, a 5-mile belt can not speak for the whole Okanagan range, except 

as geological experience in that belt accords with verified geological ex- 

perience the world over. 

GENERAL DESCRIPTION OF THE BATHOLITHIC AREA AND LOCATION AND 

RELATIVE SIZE OF ITS UNITS 

From the eastern slope of the wide valley occupied by Osoyoos lake to 

the Pasayten river, an air-line distance of just 60 miles along the boun- 

dary, the mountains are composed of almost continuous plutonic igneous 

rocks. This immense mass is markedly heterogeneous. 'To simplify the 

following discussion it will be well to review the general geographical rela- 

tions among the different geological units. ‘To the same end it is con- 
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venient to adopt a special name for each unit. The diagrammatic cross- 

section, figure 2, shows the units in their relative positions. 
The most easterly component 

body occupies both slopes of 

aS Osoyoos Lake valley; it is the 

ee southern part of a great batho- 
Peper: : lithic mass of granodiorite and 

y may be called the Osoyoos batho- 

oe lith. The most westerly unit ex- 

— tends from Pasayten river to 
within a mile or so of Cathedral 

peak. It is also a batholith of 

eranodiorite and seems to com- 

pose the cliffs of the conspicuous 

mount Remmel 5 miles south of 

the boundary. This mass may be 

called the Remmel batholith. Im- 

mediately to the eastward of the 

Remmel a third large batholith, 

6a—Cathedral batholith, Older phase. 7 —Cathedral batholith, Younger phase. 5 —Similkameen batholith. 6b—Park granite stock. 
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GENERAL DESCRIPTION OF BATHOLITHIC. AREA Doo 

The subordinate geological members (excluding dikes) within the bath- 

olithic area are eight in number. . 

The largest of these consists of apparently Paleozoic schists, quartzites, 

greenstones, and other rocks forming the ends of two tongues that enter 

the belt respectively from north and south (see figure 3). These rocks 

occur on the roughly tabular “Kruger mountain,” and for present pur- 

poses may be called the Kruger schists. The two schist tongues adjoin 

the Osoyoos batholith and nearly cut it off completely from direct contact 

with other plutonic units in the belt. 
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FIGURE 3.—Ground Plan showing Relations of the Osoyoos, Similkameen, and Kruger 

igneous Bodies and the invaded Paleozoic Formations. 

Scale, 1 : 110,000. 

Between the Kruger schists and the Similkameen batholith is a com- 

paratively small area of highly composite intrusives belonging to the 
malignite and nepheline-syenite families (see figure 3). These crop out 

on the western summits of the Kruger Mountain plateau and may be 

referred to as the Kruger Alkaline body. 

The Similkameen granite preserves what seem to be remnants of its 

once complete roof (see figure 4). Chopaka mountain is crowned with 

a large patch of schist very similar to the Kruger schist. This Chopaka 

schist is cut by a strong body of gabbro apparently transitional into pure 

olivine rock—the Chopaka Basic intrusives, The whole forms a huge 
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irregular block of roof rock almost completely surrounded and probably 

underlain by the Similkameen granite. Such a block, once a down- 

wardly projecting part of a roof in stock or batholith, may be named a 

“roof pendant ;” it is analogous to the pendant of Gothic architecture. 

A brief digression on this conception may be permitted. Unusually 

fine examples of roof pendants are illustrated in the great slabs of bedded 

rocks interrupting the areas occupied by the batholiths of the Sierra Ne- 

vada. One of the most recent descriptions is published by Messrs Knopf 

and Thelen, following the lead of Lawson in a study of Mineral King, 

California.* Other examples, so well treated by Barrois, were found dur- 

ing the detailed geological survey of Brittany.t In all these and many 

other cases, and yet more clearly than on the 49th parallel, the masses of 

country rock (invaded formation) form respectively parts of a once con- 

tinuous roof. The often perfect preservation of the regional strike in 

each of many examples very strongly suggests that these slabs have not 

sunk independently in their respective magmas. Such partial foundering 

would have almost inevitably caused some twisting of the block out of its 

original orientation. Granite and block have come into present relations 

because the magma, and not the block, was active. The point is of im- 

portance, as it bears on the mechanics of intrusion in these instances. It 

is further worthy of note that determination of roof pendants and their 

distribution may sometimes lead to the discovery of the approximate con- 
structional form of batholiths. 

A small pendant, composed of amphibolitic and micaceous schists and 

of quartzite, occurs on the north slope of Horseshoe mountain ; another of 

similar constitution flanks the summit of Snowy mountain. 

In all three cases the pendants appear in the highest portions of the 

batholith as now exposed in the belt; yet each block projects downward, 

deep into the heart of the granite mass. 

A long slab of gabbro, ranging with the Cathedral fork of Ashnola 
river, is similarly a roof pendant to the Remmel batholith; it may be 

called the Ashnola gabbro (see figure 5). A still larger pendant, com- 

posed of gabbros and peridotites, lies in the Remmel batholith just west 

of the main valley of the Ashnola. On account of the extraordinary 

diversity of rocks and of rock structures in this pendant, it may be called 

the “Basic complex” (see figure 6). 

Northeast of the complex is an elliptical stock of biotite granite, intru- 

sive into both the Remmel granodiorite and the Basic complex. The 

*Bulletin of the Department of Geology, University of California, vol. iii, no. 15, 1904, 

and vol. iv, no. 12, 1905. 

7+C. Barrois: Annales, Société Géologique du Nord, many volumes, especially vol. 22, 

1894, p. 181. 
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The Similkameen batholith (left blank) bears three roof pendants of schist (verticallining) and is cut by the Cathedral granite batholith 
(inverted carets). The Chopakabasic intrusive body (gabbro and dunite), cutting schists, but older than the Similkameen granite, is shown 

with 

crosses. 

Contour 

interval, 

500 

feet 

; 
scale, 

1: 

120,000. 
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white, massive outcrops of the granite are very conspicuous on the north- 

ern spurs of Park mountain; the rock may be referred to as the Park 
granite (see figure 6). 
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FicurRp 5.—Ground Plan showing Relations of the Cathedral and Remmet Batholiths and 

the Ashnola Gabbro. 

The Younger phase of the Cathedral batholith is shown by stippling. ‘Fhe remarkably 

straight contact line of the Cathedral granite lies sensibly parallel to the gneissic banding 

in the Remmel batholith, Hastern phase. Scale, 1: 120,000. 

Within the 5-mile belt these various rock bodies occupy areas shown in 

the following table. The bodies are noted in order from east to west, 
beginning on the east: 
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Osoyoos batholt thy. thay cia:s eee ae Me ens : S45 (aS ess eee 

Kruger ‘Schist Wick ere eee ere Se aetna e Mia aletelle weet eee 

Kruger Alkaline body ............. ie Rica deur hesfese . Genk 9 

Similkameen batholith ........... BU /oith tande aigete ak sabia) she SRE 75 

Chopalva: ‘SCHIUSE sce aoe hin ROR cde ais are Sites Laois cas enakanene teas 2 

Chopaka. basic /imtrUSiyes its Holude ey decake ener eee aces ee ee 1% 

Horseshoe schist:(pendant): oe oes Sens wes 8 casa) em See i 

Snowy. ‘schist \(pendamtsien. sc cteste € ceeere muse itera awieec ate 34 

Cathedral “batholitti hid Ose ete onerek «Oeics, a » Sa ae 

Remmel)l (batholith (ong ec) sieciadh aeucctsine eiemeeucket lem: <5 aya oeuerene 64 

Ashnola gabbro (pendant)................ Sie rake As cae 1% 

Basic complex (pendant)........ SRE CEP NN Sen PE ae: 6% 

Park Granite: stock ieee Cae eae ec ca Con ee z 9 

otal’ Gccka wee sibs conan 



RELATIONS OF BATHOLITHIC AREAS 339 

The bathol.ths and the Kruger schist extend far to the north and to the 
south of the belt, so that the total area of each is much greater than is 

shown in the table. The figures given for all the other bodies represent 

nearly their respective total areas. Less than 7 per cent of the belt is 

underlaid by rocks not clearly plutonic in origin, and of that 7 per cent 

perhaps half is greenstone or other igneous rock. The 3 or 4 per cent of 

non-igneous rock is chiefly concentrated in the tongues of Kruger schist. 
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Figure 6.—Ground Plan showing Relations of the Remmel Batholith, Park Granite, and 

Basic Complex. 

Scale, 1: 120,000. 

The tongues have been completely cut asunder by the plutonics; it is now 
possible to walk from one end of the belt to the other, the whole distance 

of 60 miles, and not once set foot on bed-rock which is other than of deep 

seated, igneous origin (see figures 2 and 3). 

UNITY oF THE CoMPOSITE BATHOLITH 

Barring a few shreds and patches, the enormously thick pre-Paleozoic, 

Paleozoic, Mesozoic, and ‘Tertiary sediments and schists represented in 
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the Cordillera elsewhere are wanting in this part of the Cascade system. 

With thicknesses running into tens of thousands of feet, they once un- 

questionably composed the Okanagan range, and of them the ancestors of 

these very boundary mountains were built. Erosion has removed some of 

the formations, attacking the earth’s sedimentary crust from above. There 

is every reason to believe that perhaps even more of the old mountain sub- 

stance was removed during the successive batholithic intrusions. Thus 

the sedimentary crust has also been attacked from beneath; its integrity 

has been destroyed through the displacing or replacing of sediments by 

igneous magma. Jn bringing about this gigantic result all the batholiths 

have acted together. Though they are of very different ages, their ener- 

gies have been devoted to a common work. ‘Their effects are so integrated 

that in causing the nearly complete disappearance of the ancient strata 

they have imitated on a larger scale what occurs with any homogeneous 

bathohth. From this point of view the Boundary belt, stretching from 

the eastern contact of the Osoyoos batholith to the western contact of the 

Remmel bathohth, forms a small segment of one composite batholith 

somewhat broader than the Okanagan range. ‘To emphasize this primary 

fact, the title of the present paper has been chosen. 

PETROGRAPHY OF THE COMPOSITE BATHOLITH 

IN GENERAL 

Before proceeding to a detailed statement of the structure and history 

of the composite batholith a brief petrographical description of its com- 

ponents will be necessary. ‘The chemical study of these rocks has only 

begun, but, on account of their freshness and coarseness of grain, micro- 

scopic analysis has been found so trustworthy that the different types can 

be already sufficiently well classified for the purposes of this discussion of 

the general geology. Much of the usual petrographical detail has been 
omitted as not bearing directly on the main problems. 

The rocks will be described as nearly as possible in the order of their 

respective dates of intrusion. 

CHOPAKA BASIC INT RUSIVES 

The basic and ultra basic intrusives of the Chopaka roof pendant have 

been described by Smith and Calkins as uralitic gabbro, serpentines, and 

pyroxenites. Within the area covered by the Commission map (figure 4), 

the present writer has found no pyroxenite, but has referred all the mas- 

sive intrusives of the Chopaka pendant (excluding dikes) to two rock 

types and their metamorphic derivatives. 
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Most of the rock within the area is feldspathic and seems to belong to 

a fairly steady type—normal gabbro transitional to metagabbro. It is 

a dark gray-green, medium grained, hypidiomorphic granular rock, orig- 

inally composed of essential labradorite (Ab,An,) and diallage and acces- 

sory apatite, with a little magnetite. Crush metamorphism, supplemented 

by ordinary weathering, has largely changed the diallage into actinolitic 

amphibole, both compact and smaragditic. The specific gravity of the 

least altered rock is 2.959, taken, as were all the other specific gravities to 

be mentioned, at room temperatures. 

That common rock type is associated with a large body of a dark green- 

ish gray, fine grained rock of which several specimens show the composi- 

tion very clearly. It was originally made up entirely of granular olivine 

without any certain accessory constituent. No trace of chromite has been 

found. Serpentine, talc, tremolite, and magnetite are present in most of 

the thin-sections, but apparently in all cases as decomposition products of 

the olivine. The specific gravity of the rock varies from 3.100 to 3.173. 

It is a dunite without chromite. 

The field relation of the gabbro and olivine rock has not been deter- 

mined. They may belong to distinct intrusions or they may be due to 

differentiation within a single body. ‘Though transitions seemed to ap- 

pear in the actual outcrops, the search for final evidence in these rocks, 

crushed and obscured as they are, has so far proved unavailing. Analo- 

gous occurrences in other parts of the boundary belt suggest that gabbro 

ana olivine rock were intruded at different dates. 

ASHNOLA GABBRO 

Throughout its 5 miles of length the Ashnola gabbro body is homo- 

geneous in composition, but often varies abruptly in grain from medium 

to quite coarse. The color is uniformly a peculiar deep fawn, which is 

the dominating tint of the feldspar. This color is rather remarkable, as 

the rock proves under the microscope to be quite fresh, with feldspars of 

glassy clearness. The essential constituents are a green augite, often 

colorless in thin-section, brownish green hornblende, brown biotite, and 

labradorite, Ab,An,. Abundant apatite, some magnetite, and a very little 
interstitial quartz are the accessories. ‘The structure in the original rock 

is the hypidiomorphie granular, though the augite is often, especially in 

the coarser grained phases, poikilitic. Regular intergrowths of the augite 

and hornblende are common. ‘The rock is an augite-hornblende-biotite 

gabbro, the specific gravity of which averages 2.946. 

Although the gabbro is older than the Remmel granodiorite and has 

shared in the great dynamic metamorphism which, as we shall see, has 
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profoundly affected the more acid rock, there is far less crushing action 

manifest in the gabbro than in the granodiorite. Gneissic structures were 

indeed sometimes seen in the ledges, but banding was never discovered 

and the granulation is seldom comparable to that of the Remmel. It is, 

moreover, suspected that some of the gneissic arrangement of minerals in 

the gabbro is due to fluidal alignment of its tabular feldspars in the oriz- 

inal magmatic period. For some unknown reason the gabbro has resisted 
crushing and shearing better than the granodiorite. 

BASIC COMPLEX 

Petrographically and structurally, the Basic complex is perhaps the 

most steadily variable plutonic masses in the entire boundary section from 

the Great plains to the Pacific. It covers an area stretching from Ash- 

nola river westward over Park Mountain ridge, a distance of 5 miles. The 

extreme north-and-south diameter is about 3 miles, and the total area is 

nearly 7 square miles. The Remmel granodiorite once completely sur- 

rounded the complex, which, as above noted, is in pendant relation to the 

batholith. The pre-Remmel extent of the complex was greater than the 

area now exposed ; how much of it was destroyed during the Remmel in- 

trusion it is impossible to say. The part thus remnant was still further 

diminished during the intrusion of the Park granite, which now, as illus- 

trated on full 3 miles of contact line, projects strongly into the body of 

the complex. <A large block of the latter formation, measuring about 400 

yards in length by 200 yards in width, was found within the Park granite 

mass itself; it may represent a roof pendant in the stock, and thus a small 

analogue to the larger basic body in its relation to the Remmel batholith. 

The Basic complex is made up of a remarkable assemblage of basic plu- 

tonic rocks of at least three different periods of intrusion. The oldest 
types are coarse grained. hey include highly irregular bodies of horn- 

blendite, which in the field is often seen to be transitional into a labra- 

dorite-bearing hornblende-augite peridotite; this in its turn merges into 

hornblende-augite gabbro. All of these rocks are believed to be of con- 

temporary origin. Their occurrence is so sporadic that it is difficult to 

say how much of the whole basic area they really cover—possibly one- 
quarter of it by rough estimate. These rocks are cut by many large dikes 

and more irregular masses of hornblende-gabbro, augite-hornblende gab- 

bro, and hornblende-biotite quartz gabbro. Such types are of medium to 

coarse grain, Their specific gravity varies from 2.873 to 2.986. 

One 40-foot dike cutting the younger gabbros singles itself out as a 

unique petrographic type. It is an amphibole peridotite in which the 

olivine occurs in large, potato-shaped or ellipsoidal, coarse grained 
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nodules from 114 to 2 inches in diameter. These nodules are thickly 
and quite uniformly scattered through a coarse matrix of green horn- 

blende. The dike is interesting on account of its peculiar structure, but 

is of little importance as a member of the complex as a whole; no other 

dike of the kind was found. 
As there is no discoverable system in the differentiation of the earliest 

intrusive members, varying as they do most capriciously from ledge to 

ledge, so there is no discoverable system in the trends or occurrence of the 

countless later injections of the gabbros. The complication has been 

still further increased by the intrusion of thousands of narrow and broader 

dikes of granite. Much of the granite is apophysal or aplitic from the 

Remmel batholith; some of it is apophysal from the magma supplying 
the Park granite stock, while many dikes of acid pegmatite locally traverse 

the whole mass. The complication was finally made perfect through the 
enormous crushing which the Basic complex underwent, both during the 

intrusion of the granites and during the orogenic revolution when the 

Remmel granodiorite itself was sheared into banded gneisses. 

In the shearing of the Basic complex its material was metamorphosed 

and, in part, it migrated. The mode of migration is believed to be that 

which will be briefly discussed in connection with the petrographic de- 

scriptions of the crushed Osoyoos and Remmel batholiths. The meta- 

morphism has developed many schistose phases, among which hornblende- 

biotite-diorite gneiss (specific gravity, 2.766 to 2.863) and well foliated 
hornblendite are common. 

As a result of this long and varied history, scarcely any two ledges 

within the area of the Complex accord in composition. The constitution 

of what appears to be the commonest phase of the Complex, the augite- 

hornblende gabbro, and the peculiar fawn color of its feldspar furnish a 

probable correlation of part of the whole mass with the Ashnola gabbro. 

There is no certainty of similar correlation with the basic rocks of mount 

Chopaka. 

OSOYOOS GRANODIORITE BATHOLITH 

Macroscopic and microscopic characteristics —The original rock of the 
Osoyoos batholith is a typical medium to coarse grained granodiorite. 

The color is the familiar light gray characteristic of monzonites, grano- 

diorites, and some other granular rocks rich in plagioclase. In the like- 
wise fresh though somewhat metamorphosed phases the rock assumes a 
light greenish gray tint due to the dissemination of metamorphic biotite 

or to the abundant development of epidote. All phases weather light 

brownish gray. The essential constitutents are deep green hornblende, 
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brownish green biotite, orthoclase, quartz, and unzoned andesine, Ab;An,. 

The accessory minerals are apatite, magnetite, and titanite; none of these 

may be called abundant. Allanite in rather large amount is accessory in 

the basified contact zone. Colorless epidote is invariably present, but is 

regarded as of metamorphic origin. Where it becomes abundant the iron 

ore has partially or wholly disappeared; then probably entering into the 

composition of the epidote. Biotite is generally dominant over horn- 

blende and plagioclase over orthoclase. 

Along the eastern contact of the batholith the average plagioclase is 
labradorite, Ab,An,, and it so far replaces the orthoclase that the rock 

here verges on quartz diorite. In the hand specimen this somewhat basi- 

fied contact phase is indistinguishable from the true granodiorite. The 

limits of the orthoclase-poor zone were therefore not closely fixed in the 

field. It is probable that the zone is not more than a few hundred yards 

in width, and that the original rock of the batholith was, in the large, 

homogeneous. A second exceptional phasal variation is founded on the 

disappearance of hornblende in rock that shows decided cataclastic strue- 

ture, other constituents remaining the same as in the normal grano- 

diorite. ‘This phase—gneissic biotite granite rich in andesine—occurs 

sporadically in the heart of the batholith. Very possibly it is not of orig- 

inal composition, the hornblende having been removed through meta- 

morphic action. 

Dynamic and hydrothermal metamorphism of the granodiorite—In the 

mapped area of the batholith scarcely a single outcrop can be found that 

does not show the powerful effects of intense orogenic strains. Even the 

most massive phases show, under the microscope, the varied phenomena of 

crushing stress—granulation, bending of crystals, undulatory extinctions, 

recrystallization, etcetera. Because of the crushing, the average rock is 

no longer the original rock. The granodiorite has been changed into sev- 

eral metamorphic types, of which three may be noted. 

The commonest transformation is that into a biotite-epidote-hornblende 

gneiss, with essential and accessory constituents lke those in the original 

granodiorite, but in somewhat different proportions. The color is light 

gray, with a green cast on surfaces transverse to the schistosity ; parallel 

to the schistosity a dominant and darker green color is given by abundant 

fine-textured leaf aggregates of biotite. These aggregates are not simply 

crushed and rotated original mica foils, but, like the epidote, represent 

true recrystallization and the incipient migration of material within the 

granulated, plutonic rock. At the same time much of the original horn- 

blende, apatite, and magnetite have been removed. 
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A second metamorphic type is a yet more highly schistose biotite-epi- 

dote gneiss often transitional into biotite schist. The essential constit- 

uents are biotite, epidote, orthoclase, andesine, and quartz. The accesso- 

ries include very rarely apatite and magnetite, while titanite seems to have 

entirely disappeared along with the hornblende. Orthoclase seems here 
to be more abundant than plagioclase. ‘The quartz and feldspars are in- 
tensely granulated and, with polarized light, are full of strain shadows. 
The rock is more richly charged with biotite than the hornblende-bearing 

eneiss. 
The third alrite type occurs in immediate association with the 

oneiss just described, being interbanded with it. It is a fine grained, 

Sialy schistose, dark greenish gray hornblende gneiss of basic character. 
The essential minerals are idiomorphic green hornblende and allotrio- 
morphic feldspars in mosaic with considerable interstitial quartz; the last 

is hardly more than accessory. The feldspar is mostly unstriated and 

not easy of determination. Orthoclase seems to be dominant, but, as 

shown by extinctions on (010), approaches soda-orthoclase in composition. 

The plagioclase is possibly andesine. 'itanite, apatite, and well crys- 

tallized magnetite are accessory in large amounts. ‘lhe hornblende prisms 

are often twinned parallel to (010). That crystallographic plane now 

lies characteristically parallel to the plane of schistosity. Except for the 
soda content of the orthoclase, the minerals all appear to have the same 

characters as in the granodiorite. 

This third phase occurs in zones of maximum shearing in the batho- 

lithic mass. It is believed to represent a new secondary rock formed by 
the recrystallization of the materials leached out of the other two meta- 

morphic phases just noted and out of the granodiorite as it was crushed. 

The recrystallization either accompanied or followed the very closing 

stage of the orogenic crushing. This fact is demonstrated by the entire 

absence of granulation or even undulatory extinctions in the mineral 

components. 

The probable history of the metamorphism may now be summarized. 

After the complete solidification of the original granodiorite, very intense 

crushing stresses affected the whole body. The straining and granula- 

tion of the minerals exposed them to wholesale solution, whether in water 

and other fluids mechanically inclosed in the rock or in fluids of exotic 

origin. This process of solution was hastened by the rise of temperature 

incident to violent crushing. All the minerals must have been affected, 

but it appears that the hornblende, biotite, magnetite, apatite, and titanite 
were most likely to be dissolved and so migrate with the fluids that slowly 

XXXII—BULL. GEou. Soc. AM., Vou. 17, 1905 
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worked their way through the rock in its mechanical readjustments.* 
Escape for the mineral-laden fluids was most ready in the zones of maxi- 
mum shear. Thither the fluids were drawn, and there some of the dis- 

solved material recrystallized so as to develop the darker colored bands of 
biotite-epidote gneiss, biotite schist, and hornblende gneiss. | 

Where the granulation was least the granodiorite retains nearly its 

original composition, though epidote may be formed; the specific gravity 

averages 2.746. Where the granulation was more pronounced, as in the 

first metamorphic type described, much of the hornblende, titanite, mag- 

netite, and apatite have been leached out and abundant metamorphic bio- 
tite and epidote have formed; the result is a biotite-hornblende-epidote 

gneiss with a density less than that of the original granodiorite because 

of the loss in heavy constituents (specific gravity, 2.692). A further 

stage of granulation and energetic shearing led to the formation of per- 

fect schistosity in rock made up of the quartz-feldspar ruins of the orig- 

inal rock, cemented by very abundant biotite and epidote—the biotite- 

epidote gneiss (specific gravity, 2.783). The fissures and fluid-filled 

cavities developed in the zones of maximum shear are now occupied by 
the strongly schistose hornblende gneiss (specific gravity, 2.939) and sim- 

ilar products of complete solution, migration, and subsequent complete 

recrystallization. , | 

The granodiorite has thus beceme not only mechanically crushed, but 

to a large extent rendered heterogeneous. It is now not only gneissic, but 

banded in zones of new rock markedly varied in composition. The schis- 

tosity and banding everywhere agree in attitude; the strike varies from 
north 10 degrees west to north 75 degrees west, but over large areas, as 

indeed over the whole batholith east and west of Osoyoos lake, averages 

north 45 degrees west almost exactly. Neglecting minor crumplings, the 

dip varied from 70 degrees northeast to 90 degrees, averaging about 82 

degrees northeast. This average attitude is close to that observed in the 

schists cut by the granodiorite, but represents an exceptional strike among 

the main structural axes of the Cordillera. It may be noted that shear- 

*This conclusion has in this instance been deduced from the study of thin-sections. 

In general it accords with the results of experiment. Miiller has found that in carbon- 

ated water hornblende and apatite are much more soluble than either orthoclase or olig- 

oclase. Magnetite is less soluble than any of these minerals, but the relatively minute 

size of its crystals in granodiorite would allow of its complete solution and migration 

before the essential minerals had lost more than a fraction of their substance. It is 

also possible that magnetite would suffer especially rapid corrosive attack from fluid in 

which the chlorine-bearing apatite has gone into solution. Cf. R. Miiller in Tschermak’s 

Miner, und Petrog. Mittheilungen, 1877, p. 25. 

ha ee 
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ing is much more manifest on the east side of Osoyoos lake than on the 

west side. 

REMMEL GRANODIORITE BATHOLITH 

Physical and mineralogic characteristics——There are many principal 

points of resemblance in composition between the extreme eastern and ex- 
treme western members of the composite batholith (see figure 2). The 

staple rock of the Remmel batholith is also a granodiorite. It is in color 
a light gray, weathering whitish to a light brownish gray; in grain, 

medium to rather coarse; in structure, eugranitic, though often somewhat 

porphyritic in look, through the development of large, black, lustrous bio- 

tites. These phenocrysts are sometimes perfectly idiomorphic, and then 

weather out in hexagonal plates about one centimeter in diameter. This 

commonest phase of the batholith is essentially composed of brownish 

green hornblende, biotite, quartz, orthoclase, and andesine which averages 

Ab,An;. ‘Titanite is a fairly abundant accessory and is accompanied by 

apatite and by magnetite, often titaniferous. The specific gravity of this 

rock varies from 2.721 to 2.775, averaging 2.748. 
Metamorphism.—Here again it is difficult to distinguish in the field 

any systematic variation of the original rock composition. If such varia- 

tion ever were important, its discovery is rendered most uncertain through 

the profound metamorphic changes that have affected the batholith. 

Here, too, there has been tremendous shearing and crushing. A second- 
ary gneissic structure has been formed over most of the batholith as ex- 

posed in the boundary belt. ‘The shearing has been extraordinarily 

powerful in a north-south zone of the batholith running along the contact 

with the younger Cathedral batholith (see figure 5). In that zone, 

which extends westward as far as the Ashnola gabbro, the Remmel rock 

has been thoroughly changed from its original condition. 

This “Eastern phase” of the Remmel is now remarkably banded. The 

broader bands are more or less massive biotite gneiss rich in oligoclase 

(Ab,An,), or orthoclase-bearing biotite quartz diorite gneiss. The color 

of these rocks is light gray, weathering white or light brown. Hornblende 

and titanite completely fail; apatite is accessory, but in small amount. A 

few reddish garnets are occasionally developed. There is seldom any in- 

-dication of straining or crushing of the minerals constituting these bands. 

Microscopic study leaves the impression that the material of the bands has 

been wholly recrystallized. The specific gravity averages 2.651, and is 

thus considerably lower than in the normal granodiorite. 

Alternating with the broad bands are very numerous dark green-gray, 

highly foliated zones of mica-gneiss and mica-schist, both very rich in bio- 
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tite, but bearing no hornblende. These zones were regarded in the field as 

located along planes of maximum shearing. They accord very faithfully in 

attitude with a strike of north 2 to 25 degrees west and a dip nearly verti- 

cal, but sometimes 75 degrees or more to the east-northeast—structural 

elements induced by regional orogenic movements in the Cordillera. It is 

improbable that the banding represents peripheral schistosity about the 

Cathedral batholith. The chief reason for excluding this view is that 
peripheral schistosity is lacking in the great Similkameen batholith, which 

is also cut by the Cathedral granite. It appears, on the other hand, that 

the Remmel batholith was already crushed and its banding produced bhe- 

fore either the Similkameen or Cathedral granite was intruded. 

Six-sevenths of the total area mapped in the Remmel batholith is under- 
laid by hornblende-bearing rock much more nearly identical with the 

original granodiorite. In fact the description of the granodiorite has 

been based on specimens taken from the more massive rock facies occur- 

ring in the larger area. The rocks of this “Western phase” are crushed 

and sheared, but distinctly less so affected than the mass forming the 

HKastern phase. Where strong shear zones occur in the Western phase 

they are occupied by dark greenish-gray, fine grained, fissile hornblende 
gneiss very rich in hornblende and similar to the secondary filling of 

shear zones in the Osoyoos granodiorite. Between these narrow shear 
zones the more normal rock usually shows mechanical granulation and 
fracture rather than extensive recrystallization. 

Interpretations of the Hastern and Western phase.—Three interpreta- 

tions of the two phases are conceivable. They may be supposed to be dis- 

tinct intrusions of two different magmas; or, secondly, original local dif- 

ferentiation products in the one batholith; or, thirdly, distinguished in 

their present compositions because of the unequal dynamic metamorphism 

of a once homogeneous magma. Against the first view is the fact that the 

two phases, where in contact, seem everywhere to pass insensibly into each 

other. In favor of the third view are several facts which do not square 

with the second hypothesis, and the writer has tentatively come to the con- 

clusion that the third hypothesis is the correct one. Among those facts 
are the following: 

1. The Eastern phase covers that part of the Remmel body which has 
suffered the greatest amount of dynamic stresses exhibited either in the 
Remmel or in any other of the larger components of the Okanagan Com- 
posite batholith. It has been seen that the less intense though still nota- 
ble dynamic metamorphism of the Osoyoos granodiorite led to the special 
excretion of most or all of the hornblende, apatite, magnetite, and titanite 
from that rock and the secretion of those leached-out compounds in the 



REMMEL BATHOLITH 349 

free spaces of the shear zones. The biotite was similarly segregated, but 
its mobility was found to be considerably less than that of the hornblende. 

If the metamorphism had been yet more energetic in the Osoyoos body, 

the more soluble compounds would have been carried away completely 

and the whole would have crystallized in the form of acid biotitic gneiss 

banded with especially micaceous schists in the zones of maximum shear. 

Such appears to the writer to be the best explanation of the Eastern phase 

of the Remmel batholith. 

2. The composition of the rock and the fact that, as above mentioned, 

it seems to have been thoroughly recrystallized into a strong, well knit, 

banded gneiss without cataclastic structure agree with this view. 

3. The conclusion is substantiated in the study of more moderate shear- 

ing in the Western phase itself. There the strongly granulated and not 
recrystallized granodiorite shows impoverishment in the more mobile 

hornblende and accessories, which are segregated into intercalated, re- 

crystallized bands. Thus hornblende-free, crushed rock indistinguish- — 

able in composition from the rock of the Eastern phase occurs sporadic- 

ally in many local areas within the normal crushed granodiorite of the 

Western phase. 

In summary, then, the Remmel granodiorite, gneissic biotite granite, 

biotite gneiss, biotite quartz diorite, and hornblende gneiss appear to be- 

long to a single batholithic intrusion. This mass was originally a typical 

eranodiorite. It has been dynamically and hydrothermally metamorphosed 

with intense shearing in zones trending north 20 to 25 degrees west. 

Over most of the batholith so far investigated these zones of physical and 
chemical alteration are not so well developed as to obscure the essential 
nature of the primary magma (Western phase). ‘The shearing and trans- 

formation are much more profound in a wide belt elongated in the general 

structural direction north 25 degrees west. Here the rocks are well 

banded biotite gneisses, the material of which is residual after the deep 

seated, wholesale leaching of the more basic mineral matter from the 
crushed granodiorite (Eastern phase). 

KRUGER ALKALINE BODY 

Characteristics—All the way from the Great plains to the Pacific 
waters nepheline rocks are extremely rare on the 49th parallel of latitude. 

The boundary section is now so far completed that it can be stated that in 
the entire section the Kruger body is the only plutonic mass bearing essen- 
tial nepheline ; it is likewise the most alkaline plutonic mass. 

One of its principal characteristics is great lithological variability. It 
varies signally in grain, in structure, and above all in composition. All 
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the varietal rock types carry essential feldspars of high alkalinity—amicro- 

perthite, microcline, soda-orthoclase, and orthoclase. Nepheline, biotite, 

brown-green hornblende, a pyroxene of the xgerine-augite series, and 

melanite complete the general list of essentials. Titanite, titaniferous 

magnetite or ilmenite, rutile, apatite, and acid andesine, Ab,An, (the 

last entirely absent in most of the rock phases), form the staple acces- 

sories, though any one or more of the colored silicates may be only ac- 

cessory in certain phases. Muscovite, hydronepheline, kaolin, calcite, 

epidote, and chlorite are secondary, but on account of the notable fresh- 

ness of the rocks are believed to be due to crush-metamorphism more than 
to weathering. 

According to the relative proportions of the essential minerals, at least 
ten different varieties of alkaline rock have been found in the body. 

These are— , 

Augite-nepheline malignite, Hornblende-nepheline syenite, 

Augite-biotite-nepheline malignite, Biotite-melanite-nepheline syenite, 

Augite-biotite-melanite malignite, Augite-biotite-nepheline syenite, 

Hornblende-augite malignite, Porphyritiec augite syenite, 

_ Augite-nepheline syenite, Porphyritic alkaline biotite syenite. 

There is a question as to how far this list of varieties actually repre- 

sents the original magmatic variation within the body. ‘The evidence is 

good that the augite and hornblende and a part of the biotite, along with 

the feldspars and nepheline, crystallized from the magma. It is not cer- 

tain in the case of melanite which, in the Ontario malignite, as described 

by Lawson, appears to be a primary essential.* Microscopic study shows 

that much of the melanite in the Kruger rocks is of magmatic origin, but 

that perhaps much more of it has replaced the pyroxene during dynamic 

metamorphism. In such cases the pyroxene, where still in part remain- 

ing, is very ragged, with granular aggregates of the garnet occupying the 
irregular embayments in the attacked mineral. A further stage consists 

in the complete replacement of the augite by the melanite aggregates 

which are shot through with metamorphic biotite. These peculiar reac- 

tions between the pyroxene and the other components of the rock are wide- 

spread in both syenite and malignite. 
All the phases so far studied in this natural museum of alkaline types 

can be grouped in three classes—granular malignites, granular nepheline 

syenites, and coarsely porphyritic alkaline syenites. ‘The malignitic varie- 
ties are always basic in look, dark greenish-gray in color, and medium to 

coarse in grain (specific gravity, 2.757 to 2.967). The nepheline sye- 

nites are rather light bluish-gray in tint, medium to fine grained, and 

*Bulletin, Dept. of Geology, University of California, vol. i, 190. 
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break with the sonorous ring characteristic of phonolite (specific gravity, 

2.606 to 2.719). The third class of rocks is much less important as to 
volume ; they are always coarse in grain, of gray color, and charged with 

abundant tabular phenocrysts of microperthite which range from 2 to 5 

centimeters in length. These phenocrysts as well as the alkaline feldspars 

of the coarse groundmass are usually twinned, following the Carlsbad 
law—a characteristic very seldom observed in the malignites or nepheline 

_ syenites. 

The nepheline syenites often send strong apophysal offshoots into the 
malignites, but such tongues are highly irregular and intimately welded 

with the adjacent basic rock as if the latter were still hot when the nephe- 
line syenites were intruded. Moreover, there are all stages of transition 

in a single broad outcrop between typical malignite and more leucocratic 

rock indistinguishable from the nepheline syenite of the apophyses. Sim- 

ilarly, even with tolerably good exposures, no sharp contacts could be dis- 

covered between the coarse, porphyritic syenites and the other phases. 
The porphyritic rocks almost invariably showed strong and unmistakable 

flow structure, evidenced in the parallel arrangement of undeformed 

phenocrysts; these generally lie parallel to the contact walls of the body 

asa whole. The phasal variety of the Kruger body and the field relations 

of the different types seem best explained on the hypothesis that the 
phases are all nearly or quite contemporaneous—the product of rapid 

magmatic differentiation accompanied bystrong movements of the magma. 

These movements continued into the viscous stage immediately preceding 
erystallization. 

The average composition of the whole Kruger body is probably that of 
a malignite transitional into true nepheline syenite; its specific gravity, 

about 2.750. 

Metamorphism.—Few of the specimens collected are free from signs of 

crushing. This has sometimes induced a decided gneissic structure, and 
almost always the microscope shows fracture and granulation. The abun- 

dant development of metamorphic melanite and biotite and the occasional 
production of large poikilitic scapolites indicate some recrystallization 

through dynamic metamorphism. _ The abundance of microcline and the 

generally subordinate character of the orthoclase is another, yet more 

familiar, relation brought about through the crushing. The mechanical 

alteration of these rocks is far from being as thorough as in the case of 

the Osoyoos batholith. This is a principal reason for believing that the 

alkaline mass was intruded after the Osoyoos granodiorite had been itself 

well crushed. No other definite field evidence for or against that view 

has been discovered. However, the magmatic relationships between the 
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uncrushed Cathedral and Similkameen batholiths and the Kruger body 

also suggest that all three belong to one eruptive epoch of several stages— 
an epoch long subsequent to the intrusion of the Osoyoos and Remmel 

batholiths. The Similkameen granite is clearly intrusive into the Kruger 
alkalines, which may owe their strained and often granulated condition to 

the forceful entrance of that immense and immediately adjoining body of 

granite (see figure 3). 

Three complete chemical analyses of types from the body have been 

made, which clearly show that the rare family of malignites is here repre- 

sented on a large scale. The analyses are not given or discussed in this 

paper, as their details are scarcely relevant to the main purposes of the 

geological inquiry. | : 

SIMILKAMEEN GRANITE BATHOLITH 

General character and mineral constituents——The staple rock of the 
Similkameen batholith is a medium to coarse grained, light pinkish-gray 

soda granite. Its essential constituents are hornblende, biotite, quartz, 

basic oligoclase (averaging Ab,An,), and the alkaline feldspars, micro- 

perthite,. microcline, microcline-microperthite, and orthoclase. The last 

named is characteristically rare; microperthite is the most abundant of 

the alkaline feldspars. The accessories are magnetite, apatite, and beau- 

tifully crystallized titanite. Allanite is a rare accessory; epidote is occa- 
sionally present, but apparently is secondary. The structure and order 

of crystallization are normal for granites, though microperthite is often in 

phenocrystic development. A determination of the weight percentages of 

the constituents found in a type specimen collected in the Similkameen 

River valley was made by the Rosiwal method. It gave: 
Per cent 
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This calculation is rough, though it gives a calculated specific gravity 
for the rock (2.682) that checks well with the observed specific gravity 
(2.693). 
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For many square miles together the great central portion of the batho- 

lith is composed of this rock—a soda-rich biotite-hornblende granite of 

an average specific gravity of 2.706. 
At the head of Toude (or Toat) coulee the rock of a large area within 

the batholith is generally porphyritic and distinctly finer grained than the 

staple granite, the specific gravity averaging 2.675. The phenocrysts are 
poikilitic microperthites bearing many inclusions of the other constit- 

uents. In the specimens so far examined, orthoclase tends to dominate 

over microperthite. Near the contacts with the normal equigranular 

rock, oligoclase replaces the alkaline feldspars to a great extent; yet this 

phase is always poorer in both hornblende and biotite than the normal 

phase, which is thus slightly the more basic rock. The finer grained 

phase was seen at several places only a few feet from the coarser ; the con- 

tact is there sharp, but the absolute relation between the two phases could 
not be determined. It is highly probable that both are of nearly contem- 

poraneous origin, the intrusion of the porphyritic phase having followed 

that of the equigranular rock by a short interval, as if in consequence of 

massive movements in one slightly heterogeneous, partially cooled magma. 

The porphyritic phase often shades into the other so imperceptibly that a 

separation of the two phases on the map is a matter of great difficulty, if 

not of impossibility. 
The material of the batholith is further varied 4 rather rare basic 

segregations. ‘These have the composition of hornblende-biotite diorite, 

being made up of the minerals of earlier generation in the host. | 
Contact basification—Much more important products of differentia- 

tien, as shown by microscopic analysis, are illustrated-in a wide zone of 

contact basification. Here there occur several related types of alkaline 
or subalkaline syenites. In specimens collected along the contact with 
the Kruger alkalines, quartz nearly or altogether fails, biotite is absent, 

and abundant diopsidic augite accompanies the essential hornblende. The 

feldspars are the same as in the staple rock, with basic oligoclase, Ab, An,, 

yet more abundant than there. Zircon is added to the list of accessories. 

These facts and the general habit of the rock relate it both to monzonite 

and to genuine alkaline syenites. ‘he chemical analysis closely resembles 

that of the typical rock from Monzoni, except that the soda is strongly 

dominant over the potash (4.60 per cent of Na,O to 3.00 per cent of 
K,0). This basic phase may be called an augite-hornblende soda mon- 

zonite of a specific gravity of 2.800-2.819. It is known to extend at least 
1,200 yards from the main eastern contact of the batholith. It is an 

open question as to how far this basification is due to absorption of ma- 
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terial from the adjacent malignite-syenite series and how far to ordinary 
spontaneous differentiation along the batholith walls. 

On the contact with the quartzites and schists of mount Chopaka the 

basification is less pronounced ; compared to the staple granite, this phase 

is poor in quartz and rich in oligoclase-andesine and hornblende. It 

may be called a hornblende-biotite soda monzonite of a specific gravity of 

2.712-2.748, , 
For a half mile or more northwest of the contact with a large body of 

schist forming the Horseshoe pendant (figure 4) the batholith exhibits a 

third basic phase. ‘There is an almost complete disappearance of alkaline 

feldspars, other characters of the rock remaining essentially like those of 

the granite. This phase is a hornblende-biotite quartz diorite of a specific 
gravity of 2.736. Here again there is doubt as to the exact cause of the 
basification. 'The Horseshoe pendant is largely amphibolitic in composi- 
tion, and it is possible that assimilation of materia] from these schists is 

partly responsible for the development of the quartz diorite. 

CATHEDRAL GRANITE BATHOLITH 

Character of the material—The youngest of the batholithic intrusives 

is petrographically the simplest of all. Its material is singularly homo- 
geneous, both mineralogically and texturally. The rock is a coarse 

grained, light, pinkish-gray biotite granite of common macroscopic habit. 

The essential minerals are microperthite, quartz, oligoclase, Ab,An,, 

orthoclase, and biotite; the accessories, apatite and magnetite, with rather 

rare titanite and zircon. The order of crystallization is normal for gran- 

ites. Sometimes, and especially along contact walls, the rock is porphy- 

ritic, with the microperthite developed in large idiomorphic and poiki- 

litic phenocrysts, which, as described by Calkins, weather out with a reten- 

tion of the crystal form. 
A determination of weight percentages by the OE method afforded 

the following result: 
Per cent 
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It is seen by inspection of the weight percentage tables that this granite 

carries more silica than does the granite of the Similkameen batholith, 

which in its turn is more acid than the granodiorites. 
The great bulk of the batholith is thus composed of biotite soda granite 

(specific gravity, 2.631). 
A local varietal phase, bearing dark green hornblende as a second essen- 

tial, was found in the contact zone, 400 yards or more in width, alongside 

the Similkameen hornblende-biotite granite; here there may also be some 

slight enrichment in oligoclase at the expense of the microperthite. 

Neither hornblende nor biotite is abundant. The specific gravity of this 

phase is 2.644. The cause of the basification must once more be left un- 

decided ; it may lie in assimilation, in differentiation, or in both. 

The ordinary basic segregation is notably rare in this batholith. A 

few, with the composition of biotite quartz diorite, were seen, but they 

seldom exceeded a few inches in diameter. 
Younger phase.—The coarse granite had been intruded, and appar- 

ently so far cooled that joints had developed within its mass, when a sec- 

ond eruptive effort thrust a great wedge of nearly identical magma into 

the heart of the batholith. This may be called the Younger phase of the 

Cathedral batholith. It forms a large dike-like mass 314 miles long and 

averaging 400 yards in width; its length runs about north 60 degrees 

west and lies parallel to a svstem of master joint planes within the Older 

phase. 
The Younger phase has the same general color as the coarse granite, 

but is finer grained, more regularly porphyritic, and more acid. The 

microperthite of the older granite is here largely replaced by orthoclase 

and microcline, both sodiferous ; at the same time the plagioclase is more 

acid, being oligoclase near Ab,An,. The accessories are the same as in 

the coarse granite, but are much rarer. Biotite, too, is here less abundant. 

The weight percentages are approximately : 
Per cent 
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The Younger phase approaches an aplitic relation to the older. The 
contacts between the two were seen at several points; they are sharp, yet 
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the two rocks are closely welded together, and it seems probable that the 
coarser granite was still hot when the younger granite was injected. 

PARK GRANITE STOCK 

The Park Granite stock measures 4 miles in length by 214 miles in 

width (figure 6). This granite is coarse, unsqueezed, and in almost all 

respects resembles macroscopically the Older phase of the Cathedral bath- 

~ olith, of which the Park granite seems to be a satellite. Under the micro- 

scope the rock differs from the coarser Cathedral granite chiefly in the 

entire replacement of microperthite by orthoclase; so that this granite is 

a normal biotite granite rather than a soda granite. ‘The greater homo- 

geneity of the dominant feldspar may explain the fact that the Park 

granite is somewhat more resistant to the weather than the Older phase of 

the Cathedral batholith. A few prisms of dark green hornblende are 

accessory in much the same proportion as in the Younger phase of the 

Cathedral. With these exceptions, both essential and accessory constit- 
uents are, in individual properties and in relative amounts, practically 

identical in the type specimens of stock and the Older phase of the bath- 
olith. ‘The specific gravity of the Park granite is 2.673. 

A second, very small boss of the Park granite occurs within the mass of 

the Remmel batholith some 5 miles west-southwest of the Park Granite 

stock. 'This boss is circular in plan and measures not more than 250 

yards in diameter. 

GROLOGICAL RELATIONS 

The Okanagan mountains are among the most accessible in the whole 

trans-Cordilleran section along the 49th parallel. Even without a trail, 

horses can, be taken to almost any point in the 5-mile belt. Owing partly 

to mere altitude, partly to the general climatic conditions, the summits 

are often well above the timber line, while the mountain flanks are clad 

with the woods of beautiful park lands. Another special advantage in 

determining geological relations consists in the freshness of the rocks, 

which have been heavily glaciated and have not been seriously injured by 

secular decay. With a little searching, excellent and often remarkably 

perfect exposures of every formation and of its more important contacts 
can usually be discovered. Each of the principal field relations now to 
be noted has been determined not from one contact alone, but through the 
accordant testimony of several favorable localities. 

The oldest rocks within the batholithic area are the Kruger schists, 

with their associated basic intrusives, and the roof pendants of the Simil- 

kameen batholith (figures 2, 3, 4, 5, and 6). Without doubt these rocks 
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are comparable in age to quite similar formations forming the eastern 

limit of the Okanagan Composite batholith as a whole. From the eastern 

contact of the Osoyoos batholith eastward for nearly 20 miles the rolling 

mountain slopes are chiefly underlain by an intensely folded, mashed, 

and metamorphosed group of quartzites and phyllites, in which there 
occur intercalations of ancient diabasic rocks with occasionally strong 

pods of semi-crystalline limestone. ‘These rocks had been crushed and 

dynamically metamorphosed before the intrusion of the oldest component 

batholith of the Okanagan range. Again and again since that early 

period of metamorphism the same stratified formations have been gripped 

in the writhing paroxysms of Cordilleran revolutions. So extensive has 

been the crumpling, shearing, and overturning that it must ever remain a 

matter of the utmost difficulty to reduce the series to stratigraphic order. 

Within the belt covered by the Boundary Commission it has proved so far 

impossible to secure either a bottom or top to the series. Fossils entirely 

fail. Al! that can be said concerning the age of the metamorphosed sedi- 

ments is that they are almost certainly Paleozoic. In many respects they 

have lithological characters like those of Carboniferous formations both 

in California and British Columbia. It is very possible that portions of 

the series are still older. From analogies drawn from better known re- 
gions in the Cordillera, it is believed that the basic intrusives of mount 

Chopaka and of the great schist-sediment area east of Osoyoos lake are 

likewise of Paleozoic age, though of course younger than the schists and 

quartzites which they cut. 
Since the rocks of the Basic complex are crushed and metamorphosed 

in as extraordinary degree as any of the above-mentioned formations, the 

complex is regarded as a Paleozoic parallel to the Chopaka basic intru- 

sives, though perhaps not strictly contemporaneous with the latter. For 

a reason already noted, the Ashnola gabbro is possibly to be correlated in 
age with the larger part of the Basic complex. 

The mode of intrusion and therewith the structural relation of each of 

these basic masses to its original country rock can not be declared. In the 

case of two of them—the Basic complex and the Ashnola gabbro—not a 
fragment of the invaded formation has been found. It is, however, im- 

probable that any of these bodies ever had batholithic dimensions. Their 
present isolated positions and the analogy of other similar gabbro-perido- 

tite bodies in the Cordillera suggest that each of them was of relatively 
small size. The Chopaka body cross-cuts the bedding of the quartzites 

and schists. It may be in “chonolithic” relation to these—that is, it may 

be an irregularly shaped mass magmatically injected into the bedded 

rocks, but not, as with a true laccolith, following bedding planes.* The 

*Cf. Journal of Geology, vol. xiii, 1905, p. 498. 
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contacts are insufficiently shown to warrant any decision in the case. The 
Ashnola gabbro may similarly be the residual part of an injected body. 

That it was a comparatively small body is suggested by an apparent flow 

structure still preserved even in the medium grained facies of the gabbro. 

In a batholithie rock of that texture, fluidal arrangement of the minerals 

is very rare. The infinitely diverse composition and structure of the 

Basic complex much more clearly points to a non-batholithic origin. One 

imagines rather that the lithological and structural complication are in 

this case such as might appear at the deep-seated focus of an ancient vol- 

canic area. The geological record has, however, been too largely obseured 

or destroyed that any of these hypotheses concerning the basic intrusives 

can be verified. 

One fact is certain, that all of the bodies are older than the granites by 
which they are surrounded. Their contacts with the granites are the 

sharpest possible; gabbro or peridotite, is pierced by many typical 

apophyses of granite or granodiorite which has often shattered the basic 

rocks and isolated blocks which now he within the basic body. Here 

there is no question of the gabbros being differentiation products from 
their respective granitic magmas, as so often described in the granodiorite 

batholiths of California.* There remains, secondly, the conclusion that 

these basic intrusives were probably not of batholithic size. They show 

that some time before the real development of the Okanagan Composite 
batholith began, a basic, subcrustal magma was erupted on a limited 

scale—possibly in the form of stocks, possibly in the form of chonoliths. 

Undoubted batholithic intrusion began with the irruption of the grano- 

diorites. ‘The familiar phenomena of such intrusion are exhibited along 

the contacts of the Osoyoos batholith. For several hundred yards from 

the igneous body the phyllites have been converted into typical, often gar- 

netiferous, mica schists. This collar of thermal or hydrothermal meta- 

morphism would doubtless be yet more conspicuous if at the time of 

intrusion the Paleozoic series had not already been partly recrystallized 

in the earlier dynamic metamorphism of the region. 

The Remmel batholith is, as we have seen, composed of granodiorite 

similar in original composition to the rock of the Osoyoos batholith. 
Fossiliferous Lower Cretaceous arkose sandstones, grits, and conglom- 

erates overlie the Remmel unconformably. The materials for these rocks 

were in part derived from the secular weathering of the Remmel grano- 

diorite, the weathering being accompanied by rapid deposition of the 

debris in a local sea of transgression. Arkose sandstones, which alone 

measure more than 10,000 feet in thickness, were thus deposited in a 

*See many of the Californian folios issued by the U. S. Geological Survey. 
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down-warped marine area just west of the Pasayten river. ‘T’o furnish 

such a volume of sediment, there would appear to have been in the region, 

preferably to the eastward of the Pasayten, a much larger area of granitic 
rocks than is now represented in the Remmel and Osoyoos batholiths com- 

bined. It is possible, indeed, that at that time these two batholiths were 
part of one huge mass of granodiorite which largely occupied the site of 

what is now the Okanagan Composite batholith. Both Remmel and 
Osoyoos granodiorites have suffered profound metamorphism, so similar 

in its effects in the two rock masses that it may most simply be attributed 

to the same period of orogenic disturbance. The systematic parallelism 

of the shear zones in each batholith and the fair accordance in trends of 

the zones occurring in both batholiths suggest that there has been but one 

such revolutionary disturbance since the batholiths were irrypted. If 

this be true, the period is identical with the post-Lower Cretaceous epoch, 

when the Pasayten Lower Cretaceous was thoroughly folded and crushed 

into its present greatly deformed conditions in the Hozomeen range. 
The Osoyoos and Remmel batholiths are thus probably contempo- 

raneous probably both post-Carboniferous and certainly pre-Cretaceous. 

It is best to correlate them with similarly huge bodies of granodiorite 

determined as Jurassic in California and southern British Columbia. 

It should be noted that, since the Remmel granodiorite disappears 

under the cover of Lower Cretaceous at the Pasayten, 60 miles is the 

minimum width of the Okanagan Composite batholith. 
In the latter part of the Jurassic the granodiorite batholith was un- 

covered by erosion, then down warped to receive a vast load of quickly 

accumulated sediments until more than 30,000 feet of the Pasayten Cre- 

taceous beds were deposited in the area between the Pasayten and Skagit 

rivers. As yet there is no means of knowing how far this filled geosyn- 

clinal extended to the eastward, but it doubtless spread over most of the 

area now occupied by the Okanagan Mountain range. 
The prolonged sedimentation was followed by an orogenic revolution 

that must have rivaled the mighty changes of the Jurassic. The Cre- 

taceous formation was flexed into strong folds or broken into fault blocks 
in which the dips now average more than 45 degrees and frequently ap- 

proach verticality. It was probably then that the Jurassic granodiorites 

were sheared and crushed into banded gneisses and gneissic granites essen- 

tially the same as the rocks now exposed in the Remmel and Osoyoos bath- 

oliths. No sediments known to be of later age than the Lower Cre- 

taceous have been found in this part of the Cascade system; hence it is 

not easy to date this orogenic movement with certainty. Dawson has 

already summarized the evidence going to show that many, perhaps all, 
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parts of the Canadian Cordillera were affected by severe orogenic stresses 

at the close of the Laramie period.* It is probable that the stresses were 

even greater along the Pacific coast than they were in the eastern zone, 

where the Rocky Mountain system was built... To this post-Laramie, pre- 

Jiocene epoch the shearing of the granodiorites may be best referred. 

We have seen that there are good reasons for considering the composite 

Kruger Alkaline body as younger than the granodiorites. It is clearly 

older than the Similkameen granite, as proved by the discovery of fine 

apophyses of the granite cutting the nepheline rocks. The Kruger body 

once extended some distance farther west over an area now occupied by 

the granite. ‘The former, when first intruded, was an irregularly shaped 
mass without simple relation to its country rocks, the Paleozoic complex. 

The mode of intrusion was that of either a stock or a chonolith. In the 

first case the body was subjacent and enlarged downwardly; in the second 

case it was injected and its downward cross-section may have diminished. 

As with so many other instances, the contacts are too meagerly exposed to 

fix the true alternative. The nepheline syenite was in part injected into 

the nearly contemporaneous malignite. ‘The common fluidal structure of 

these rocks also points to a mode of wedge intrusion more like that of 

dike or laccolith than like that of a stock. The Kruger body may thus 

represent a composite chonolith, but the problem of its style of intrusion 

must remain open. The date of the intrusion was post-Laramie. The 

alkaline magma may have been squeezed into the schists while mountain 

building progressed or after it had ceased. The crushing and incipient 
metamorphism of this body is on a scale more appropriate to the thrust 

resulting from the irruption of the younger Similkameen granite than to 

the more powerful squeezing effect of the post-Laramie mountain building. 

True batholithic irruption was resumed in the replacement of schists, 

nepheline rocks, and possibly much of the granodiorite by the Simil- 

kameen batholith. This great mass is uncrushed, never shows gneissic 

structure, and has never heen significantly deformed through orogenic 

movements. 

The composite batholith received its last structural component when 

the Cathedral granite finally cut its way through Remmel granodiorite, 

Similkameen granite, remnant Paleozoic schists, and possibly through 

Cretaceous strata, to take its place as one of the most imposing geological 

units in the Cascade system. ‘The field proofs are very clear that the 

Similkameen granite was solid and virtually cold before this last granite 
ate its way through the roots of the mountain range. See the large in- 

*Buil. Geol. Soc. Am., vol. 12, 1901, p. 87. 
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trusive tongues cutting the schist pendant north of Horseshoe mountain, 

as illustrated in figure 4. The contacts between the two batholiths are of 

knife-edge sharpness. The younger granite, persisting in all essential 

characters even to the main contacts, sends powerful apophyses into the 

older granite, exactly as if the two batholiths were in age several geological 

periods apart. Both are of Tertiary age and bear witness to the tremen- 

dous plutonic energies set free in a late epoch of Cordilleran history. 
Quietly, but with steady, incalculable force, this youngest magma worked 

its way upward and replaced the invaded rocks. During the same time 

the satellitic Park granite was irrupted with the stock form and relations. 
Smith and Mendenhall have described a large batholith of “quartz 

monzonite or quartz diorite” (granodiorite?) intrusive into Miocene ar- 

gillites at Snoqualmie pass in the northern Cascades and 100 miles south- 

west of Osoyoos lake.* This is one of the youngest batholiths yet de- 

scribed in the world. The more basic phases of. the Similkameen batho- 

lith present similarities to the rock at Snoqualmie pass. It is thus pos- 

sible that the Similkameen granite was irrupted in late Miocene or even 

in Pliocene time; the Cathedral batholith is yet more recent. 

RESUME OF THE GEOLOGICAL HISTORY 

The stages in the petrological development of the Okanagan Composite 

batholith as it now exists may now be summarized. We begin with the 

oldest stage that is of importance in this particular history: 

1. Intense metamorphism of Paleozoic and earlier formations (prob- 

ably) in the late Carboniferous period, accompanied or soon followed by 

the intrusion of the Chopaka, Ashnola, and Basic Complex gabbros and 

peridotites in chonolithic (?) or other relations. Differentiation within 

these bodies. 

2. In Jurassic time, batholithic irruption of the Osoyoos and Remmel 
granodiorites. Contact differentiation of quartz diorite in the former, at 

least. 
3. Rapid denudation of the granodiorite batholiths in the late Jurassic ; 

local subsidence of their eroded surface beneath the sea, there to be cov- 

ered with a thick blanket of Cretaceous sediments which are in part com- 

posed of debris from the granodiorite itself. 
4, At the close of the Laramie period, revolutionary orogenic disturb- 

ance, shearing and crushing the granodiorites and basic intrusives. In 

the former, development of strong crush-foliation and banding with the 

*Bull. Geol. Soc. Am., vol. 11, 1900, p. 223. 

XXXIII—BULL. GEOL. Soc. AM., VOL. 17, 1905 
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formation of new rock types, including biotite-epidote-hornblende gneiss, 

biotite-epidote gneiss, basic hornblende gneiss, biotite schist, hornblende 

schist, and recrystallized biotite granite-gneisses; in the basic intrusives, 

development of metagabbro and various basic (dioritic) gneisses and 

hornblendites. Simultaneous strong folding of the Cretaceous strata. 

5. Hither accompanying or following the post-Laramie deformation, 

the (chonolithic?) intrusion of the Kruger Alkaline body, which consists 

of nearly synchronous masses of nepheline syenite and malignite. In 

these at least ten different rock types, due in part to the splitting of an 

alkaline magma and in part to later rynamic metamorphism, have been 

recognized. 

6. In Tertiary time the batholithic irruption and complete crystalliza- 

tion of the soda-rich Similkameen hornblende-biotite granite, its contact 
basification forming soda-monzonites and quartz diorites. 

7. In later Tertiary time the batholithic irruption of the Cathedral bio- 

tite granite, Older phase, accompanied by the intrusion of the Park Gran- 

ite stock, immediately followed by the injection of the Cathedral granite, 

Younger phase, within the body of the Older phase. 

8. Removal by denudation of much of the cover over each intrusive 

body. Complete destruction of the Cretaceous cover except at the Pasay- 

ten River overlap. Certain dikes of olivine basalt injected into the Cathe- 

dral and other granites are apparently of Pleistocene age and represent the 

latest products of eruptive activity in the Okanagan range. ‘These dikes 

are quantitatively of no importance in the development of the composite 

batholith itself. 

SEQUENCE OF THE ERUPTIVE Rocks 

The summary has been recast so as to show more conveniently the order 

in which the various intrusions took place. ‘The resulting table also con- 

tains a column showing the average specific gravity of the rock composing 

each eruptive body. 'These values, as is the case with all values given in 

this paper, were obtained by the use of entire hand specimens varying in 

weight from a half pound to two pounds. A large, sensitive bullion bal- 

ance was found to be specially adapted to the purpose. ‘This method has 

several advantages over rapid methods in which only small rock fragments 

are used. The larger the specimen weighed, the greater is the probability 

that the average density is secured and the smaller the chance for error 

through adhering air bubbles. A third reason for preferring this method 

is that the shape of a trimmed hand specimen need never be impaired in 

obtaining the rock chip usually employed for specific gravity determina- 

tions. 
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The observations were made at room temperatures : 

mee Observed varia- | Average 
Name of body. tion in specific Geological age. 1 

specific gravity. | gravity. 
sion 

(la. | Chopaka basic intru- | Gabbro, 2.959... \ 3.074 
| sives. Dunite, 3.173.... f 

Late Paleozoic (Car- ae j 
boniferous?) 2; Ashnola gabbro........ 2.935 2.957 wns 3s 2.946 

| 1b. | Basic complex (meta- | 2.766-ca. 3.100.... 2.872 
L | morphosed). 

| (acs Osoyoos Granodiorite | 2.692-2.939....... 2.746 
| ; batholith (metamor- 

phosed). 

Jurassic. ........... 3a | Remmel Granodiorite | 2.655—2.680. . . | =. 2.720 
Be batholith ; two prin- 
3b. cipal phases due to 

L metamorphism. 

( (| Malignites, aver- | 
Close of the Laramie,| } : : age 2.824. oe 

or Tertiary. 1 Kruger Alkaline body “4 Syenites, aver- (7 ea, 
L L age 2.675. J 

(5a | Similkameen Granite | 2.660-2.819....... 2.706 
and|  batholith; two prin- 
5b. cipal phases. 

| 6a. | Cathedral Granite batho-| 2.621-2.644..... ri 2.631 
Meu at ys 6. ne cs 3 03 { lith, Older phase. 

| 6b, | Park’Granite stock... 2.\M eee. cas ok Sons 2.673 

Fad cutemane dace Poe cok cae! 2.608 
L Younger phase, 

Magmatic stages 1a to 3), inclusive, afforded non-alkaline rocks rich in 

hornblende and carrying plagioclase, either basic or of medium acidity, as 

the dominant feldspar. These bodies may be regarded as belonging to 

one consanguineous series. Magmatic stages 4 to 7, inclusive, afforded 
alkaline rocks bearing nepheline in the most basic phases and micro- 

perthite (orthoclase in 66 and 7) as the dominant feldspar throughout the 

series except in certain basified contact zones. This group belongs to a 

second consanguineous series. ach series shows a steady increase of 

.acidity and decrease of density as its different members were successively 

intruded. With the exception of one abnormal stage, the same double 
law underlies the entire magmatic succession. This exception is found 

in the Kruger Alkaline body, which in almost every other respect as well 
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is anomalous among these masses. The comparatively small size and the 

isolation of the nepheline-rock body and its structural characteristics and 
relations appear to warrant the conclusion that it is the product of a very 

special differentiation. Neither malignite nor nepheline syenite seems 

to represent a general subcrustal magma in the region at any time. It is 

different with the small bodies of gabbro in the roof pendants of the bath- 

oliths.’ The repeated occurrence of gabbro, not only in the Okanagan 

range, but throughout the length and breadth of the Cordillera, as 

FIGURE 7.—Ground Plan showing Relations of the Castle Peak Granodiorite to the de- 

formed Pasayten Formation. 

Strike and dip lines in solid black; faults in broken lines. Figures show values of dip. 

Scale, 1: 115,000. 

throughout mountain ranges all over the world, signifies the strong proba- 

bility that the bodies now occurring as the Chopaka, Ashnola, and Basic 

Complex intrusives emanated from a general basic couche underlying the 
mountain range. 

Excluding the Kruger Alkaline body, then, it is seen from the table 

and from the petrographical descriptions that both of the respectively 

consanguineous series belong to a still greater series forming one petro- 

genic cycle, In this cycle the law of increasing acidity and diminishing. 
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density of the materials successively irrupted and crystallized is rigidly 
followed. 

For a new reason, therefore, it is profitable to regard the many intru- 

sive bodies as forming a single composite batholith. Favoring that con- 

cept, the chemical and physical nature of the unit masses, systematically 

variable as these are, and the general geological structure of the Okanagan 

Range alike command attention. ‘To the petrographical systematist the 

inclusion of such rocks as peridotites and gabbros with nepheline syenites 

and malignites may be like classifying bats with birds, but the geological 

and even genetic connection of both alkaline and non-alkaline types is 

here manifest. 

NATURE OF BATHOLITHIC INTRUSIONS 

REPLACEMENT THEORY AND ILLUSTRATION 

Year by year the conviction has been growing ever stronger in the minds 

of many able geologists. that such a batholith as any one of those here 

described has assumed its present size and position by actually replacing 

an equal or approximately equal mass of the older solid rock. . The Okan- 
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FIGuRE 8.—Contact Surface between the Castle Peak Granodiorite and tilted Cretaceous 

_ Sandstones and Argillites. 

The section is shown in the wall of a glacial cirque at the eastern end of the stock, the 

point marked ‘‘A” in figure 7. Scale, 1 inch to 175 feet. 

agan Composite batholith repeatedly illustrates this truth. The writer 
is frankly unable to conceive that the huge Cathedral batholith, for ex- 

ample, could have been formed by any process of simple injection without 

leaving abundant traces of prodigious rending and general disorder in the 
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granites alongside. We have seen, on the contrary, that the Similkameen 

granite on the east is notably free from such records of orogenic turmoil, 

while the shear zones of the Remmel batholith on the west most probably 

antedate the Cathedral granite intrusion. The very scale of these great 

bodies is suggestive of bodily replacement ; it is hard to visualize an earth’s 

crust which would so part as to permit of the laccolithic or chonolithice 

injection of a mass as great as a batholith. 

The general absence of bedded rocks into which any one of the batho- 
liths was irrupted means that some of the usual criteria of replacement 

ean not be applied. It is therefore a matter of special importance that a 
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FIGURE 9.—Plunging Contact Surface between intrusive Granodiorite and Cretaceous 

Argillites and Sandstones. 

Drawn from a photograph of the west end of the Castle Peak stock. View looks 

south. Contact shown by heavy line in middle of view; the point “B”’ in figure 7 is at 

the upper end of this line. Intrusive granodiorite on left, argillites and sandstone on 

right. The vertical distance between the two ends of the contact line as drawn is 1,500 

feet. Castle peak on the left. 

small Tertiary stock, such as Castle peak, a satellite of the composite 
batholith itself, gives unequivocal proof-of the doctrine of batholithic re- 

placement. 

The Castle Peak stock, which covers 10 square iss in area, is located 
on the divide between the Pasayten and Skagit rivers, in the rugged 

crest of the Hozomeen division of the Cascade range. The peak is the 

highest of a group of noble mountains lying wholly or in part within this 

small plutonic area. This igneous body is composed of typical granodio- 
rite with a strong basified contact zone of hornblende-biotite quartz dio- 

rite. The area and ground plan of the stock are shown in figure 7. The 
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country rocks are Cretaceous argillites and sandstones, so folded and 

faulted as to present dips varving from 40 to 90 degrees. Lines of strike 
and characteristic dips are illustrated in the diagrammatic map. 

It can be seen from the map that the stock is not in laccolithic rela- 
tions ; but only in the field. as one follows the wonderfully exposed contact 
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Ficgure 10.—Plunging Contact Surface between intrusive Granodiorite (on the right) 

and Cretaceous Formation (on the left). 

Drawn from a photograph taken on the north side of the Castle Peak stock, near the 

point “C,” figure 7. View looking east. Comtact shown by heavy line in middle of 

view. Granodiorite on right and Cretaceous formation on ieft. The vertical distance 

between the two ends of the contact line as drawn is 1,700 feet; contact also located in 

the background with broken lines. 

line, does one appreciate the fullness of the evidence that the plutonic 

mass is a cross-cutting body in every sense. Even where the contact line 

locally coincides in direction with the strike of the sediments, as at the 

eastern end of the stock, the dipping strata are sharply truncated by the 



368 R. A. DALY—THE OKANAGAN COMPOSITE BATHOLITH 

granodiorite (figure 8). Moreover, the granodiorite was not introduced 

by any system of cross-faults or peripheral faults dislocating the sediment- 

ary rocks. Owing to the special attitudes of the latter, the strike and dip 

of the beds would be peculiarly sensitive to such dislocation. The fault- 

ing actually displayed in the Cretaceous beds is strike faulting and was 

completed before the granodiorite was intruded (figure 7). The igneous 

FIGURE 11.—Plunging Contact Surface between intrusive Granodiorite and Cretaceous 

Formation. 

Drawn from a photograph taken on the south side of the Castle Peak stock, near the 

point “D,” figure 7. View looking east. Contact shown by heavy line, right center of 

view. Granodiorite on left, Cretaceous formation on right. The vertical distance bhe- 

tween the two ends of the contact line as drawn is 800 feet. The highest summit is 

Castle peak. 

body is thus neither a bysmalith nor a chonolith. The magma entered 

the tilted sediments, quietly replacing cubic mile after cubic mile until its 
energies failed and it froze in situ. 

Not only so; the superb exposures seen at many points in the deep can- 
yons trenching the granodiorite illustrate with quite spectacular effect the 

downward enlargement of the intrusive body. At both ends and on both 

sides of the granodiorite body the steep mountain cliffs exhibit the imtru- 
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sive contact surface through vertical depths of from 300 to 2,200 feet. 

In every case the contact surface dips away from the granodiorite, plung- 

ing under sandstone or argillite and truncating the beds. The angle of 

this dip varies from less than 20 degrees to 80 or 85 degrees (figures 9, 10, 

11, and 12). On the north side of the granodiorite a section of the 

domed roof of the magma chamber still remains (figure 12). It is note- 

worthy that a well developed system of rifts or master joints in the 

granodiorite seems, with its low dip, to be arranged parallel to the north 
sloping roof, as if due to the contraction of the igneous rock on losing 
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FIGURE 12.—Intrusive Contact between Granodiorite and nearly vertical Cretaceous 

Argillites. 

Sketched in the field, on the north side of the Castle Peak stock, and seen in the wall 

of a deep canyon near the point ‘‘H,” figure 7. Granodiorite on right and argillites on 

left. 

This fact of downward enlargement makes it still more surely impos- 

sible to conceive that the granodiorite was injected into the sediments by 

filling a cavity opened by orogenic energy. A visible section even 2,200 

feet deep does not prove the continuance of downward enlargement with 
depth ; yet there is no logical reason to doubt that at least the steeper ob- 

served dips of the igneous contact surface are but samples of its dips for 

several miles beneath the present land surface. Moreover, if the grano- 
diorite made its own way through the stratified rocks and was not an in- 

jected body, passively yielding to ordinary orogenic pressures, there must 

have been free communication between the now visibie upper part of the 

an 
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magma chamber and the hot interior of the earth. Downward enlarge- 

ment is not only proved in visible cliff sections; it is demanded as a neces- 

sary condition of heat supply during spontaneous intrusion. | 

The Castle Peak plutonic body thus appears to be a typical stock, an 

intrusive mass (a@)without a true floor, (b) downwardly broadening in 

cross-section, and (c) intruded in the form of fluid magma, actively, 

though gradually, replacing the sedimentary rocks with its own substance. 

Tt is the most ideally exposed stock of which the writer has any record. 

BATHOLITHIC INTRUSION BY MAGMATIC REPLACEMENT 

Without needing to revert to the accordant discoveries of masters in 

geology—of Suess, Barrois, Michel Lévy, Lacroix, Lawson, Dawson, and 

many others—we have here, within the Cascade mountains themselves, 
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FIGurRn 13.—Plunging intrusive Contact Surface between the Simitkameen Granite and 

the Chopaka Roof Pendant. 

iN 

Contact shown in broken lines. The vertical distance between the two ends of the 

contact seen on nearer ridge is 1,600 feet. Drawn from a photograph. Looking east. 

illustrations of magmatic replacement. These authors believe, further, 

that a stock like Castle peak is but a small batholith; that several asso- 
ciated stocks may be in truth but protuberant parts of one subcrustal 
plutonic mass, which with further unroofing would declare itself a typical 

batholith. These views are consistently upheld by every pertinent struc- 
tural detail that has yet been made out in the units of the composite bath- 

olith. Where bedded rocks still remain, they are cross-cut by the granitic 

bodies. Excellent exposures show that the contact surfaces of the Simil- 

kameen granite with the Chopaka Mountain and Snowy Mountain schist 

pendants dip underneath the invaded rocks, proving with every exposure 

seen the downward enlargement of the batholith (figures 13 and 14). 
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one section more than half a mile in length the granite can be seen actually 

underlying a large section of the Snowy Mountain pendant. 

In short, the fact of magmatic replacement and the related fact of 

downward enlargement of the great magma chambers seem to be well 

established. So fundamental are these facts that their evidence has heen 

presented somewhat at length and with considerable illustration. 
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Figurn 14.—Outcrop of the intrusive Contact Surface shown in Figure 13. 

The vertical distance between the two ends of the contact line as drawn is 1,100 feet. 

The granite is on the right; quartzite and schist on the left. Drawn from a _ photo- 

graph. Looking west. 

METHODS OF MAGMATIC REPLACEMENT ; THE: ASSIMILATION-DIFFERENTIA- 
TION THEORY 

The chief petrologic problem consists in discovering the essential 
processes engaged in the magmatic replacement. In several publications 

the writer has treated of the various solutions of the problem.* On ac- 

count of their complexity, the data for the best solution, attributing the 
replacement of the invaded formation to magmatic assimilation, may not 
here be stated in full. A very brief outline must suffice. Magmatic 

assimilation is regarded as of a double sort, consisting, first, of the pro- 

* American Journal of Science, vol. 15, 1903, p. 2693; vol. 16, 1903, p. 107; vol. 20, 

1905, p. 185. 



372 R. A. DALY—THE OKANAGAN COMPOSITE BATHOLITH 

gressive fusion of main contact walls by original hot magma aided by its 

water and other solvents; secondly, of the progressive stoping of blocks 

(xenoliths) from the roof and walls of the batholith or stock, followed by 
the abyssal solution of the xenoliths in the hot interior of the magmatic 

body. Systematic differentiation of this new, widely extended, sub- 

crustal, compound magma accompanies and follows the assimilation. 

The principal cause of differentiation has been sought in gravitative ad- 

justment stratifying the magmatic couche according to the law of up- 

wardly decreasing density (meaning, in general, increasing content of 

silica from below upward-in the magmatic strata). A subordinate cause 

of differentiation commonly develops basified contact zones by the diffu- 

sion of basic materials to the surfaces of cooling. In the nature of the 

case, this latter kind of differentiation belongs to the late magmatic period 

immediately preceding crystallization ; and, as illustrated in the Castle 

Peak stock and the Similkameen batholith, appears to form a basified 

zone along the roof as well as along the walls. 

Partly for that reason it has proved impossible to discover a law of in- 

creasing density with depth in the Similkameen granite. A series of 

fifteen fresh specimens of the rock were collected at altitudes varying from 
1,200 to 8,050 feet above sea, and their specific gravities were carefully 

determined. The difference between the densities of specimens taken near 

or at the two extremes of vertical distance was found too small to allow 
of a definite conclusion, though the difference, small as it is, favors the 

law of density stratification. It must be remembered, however, that the 

concentration of volatile matter, such as water vapor, dissolved in the 

magma but largely expelled during crystallization, would possibly be 
greatest at the roof. The specific gravities of the crystallized rocks may 
therefore not afford direct values for the total density stratification during 

the fluid state of the magma. Then, too, the observed relative uniformity 

of the Similkameen granite is a function of the scale of the subcrustal 

magma couche. It was unquestionably very thick; strong density differ- 

ences are probably not on any hypothesis to be nea in a yee. sec- 

tion less than several miles in depth. 

The objection has very often been made to the idea of extensive assim- 

ilation that signs of actual digestion about blocks broken off from roof or 

wall commonly fail. This is, however, just what would be expected on 

the stoping hypothesis. ‘The very position of such a block shows that at 

the time when it was broken off it was floated in a magma too toughly 
viscous to allow the block either to rise or sink. Under those conditions 

the solvent or assimilative power of the magma is at or near its minimum. 
In other words, contact decrepitation persists some time after, contact 
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fusion—the shatter period is longer than the fusion period. In a valuable 
paper on granites in New South Wales, Andrews has very clearly stated 

the case. Speaking of the New England batholiths, he says: 

What we see are necessarily end reactions in the abyssal laboratories; for, 

however powerful the youthful stage of the invasion may have been, the present 

contact areas must represent the dying struggles only of the rising mass, since 

at these spots the intruding massif had no longer any energy left to replace the 

invaded rocks. Errors have often crept in, in the author’s opinion, concerning 

the idea of rock assimilation through the lack of comprehension of this fact. 

For if weak, dying reactions give such results as one can see along the “blue 

granite” and later acid massif contact at Bolivia; along the Gympie slate and 

acid granite junction at Cow Flat; as also in the slates at Undercliffe, of what 

tremendous potency must such action have been possessed during its maximum 

strength, to wit, its youth or maturity.* 

The reality of the shattering is abundantly, often dramatically, evident 

on most of the batholithic and stock contacts seen in the Boundary belt. 

The leading question remains as to the nature of the original magma 

whose energies have effected the batholithic invasion. In the papers 

already cited the writer has shown reasons for believing that the initial 
magma in a complete petrogenic cycle is gabbroid, and thus basic in char- 

acter. As so often pointed out by many authors, this magma is of such 

wide distribution that it seems to be original in the constitution of the 

earth. Its liquefaction, as with all plutonic magma, is doubtless conse- 

quent upon mountain-building disturbances. Given strong liquefaction, 

assimilation and batholithic intrusion automatically result. 

It is clear that magma may be similarly formed by the abyssal fusion 

of sediments or schists through the rising of isogeotherms. That this of 

itself is not the explanation of most batholiths and stocks is disproved by 

the identity of material in contemporaneous bodies, though these respec- 

tively cut formations of quite different chemical composition. Simple 

fusion in place is also rendered improbable by the general sharpness of 

batholithie and stock contacts and by the manifestly exotic character of 
such a mass as the Castle Peak stock. 

The original magma of the Okanagan Composite batholith may, as 

already noted, have been gabbro, now represented in the small intrusive 

(injected?) bodies occurring in the roof pendants. The Osoyoos and 

Remmel granodiorites resulted from the assimilation of Paleozoic and 
other old, relatively acid formations by the original magma. The Simil- 

kameen batholith must also include material won from the older grano- 

*H. C. Andrews: The geology of the New England plateau, etc., Records Geological 

Survey N. S. Wales, 1905, vol. 8, p. 19. 
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diorites; and the Cathedral batholith, with its satellites, is a still later 

product, assimilating all the earlier formations, including possibly Cre- 

taceous arkoses. Special differentiation at various times produced the 

Kruger Alkaline body and some of the dikes cutting the batholiths. In 

each irruptive epoch the crush of mountain building may have facilitated 

the liquefaction of the deeper lying portions of the invaded formations. 

Whatever the source of the heat, it was each time present in sufficient 

quantity to enable the magma of that stage to stope and dissolve its way 

upward, well into formations that were not fused through orogenic crush- 

ing. ‘To that extent the magmas were superheated. 

The assimilation-differentiation theory thus explains the sequence of 

the irruptions forming the Composite batholith. At each intrusive stage 
the magma set free to eat its way upward was more basic than the average 

of the rock invaded. At each stage a new magma, the one actually in 

contact with the invaded formations, was generated through absorption 

and gravitative differentiation, and the silica of the new magma was 

higher than that of the preceding batholithic magma. The increasing 

acidity is a function of the density, which decreases from below upward — 

in the suberustal magma couche. This law of density is preserved in the 

specific gravities of the batholithic rocks as now crystallized. 

SKELETON HISTORY OF A BATHOLITHIC MAGMA 

The development of any one of the batholiths may be summarized as 

follows : | 

1. A period of high liquidity, conditioned by orogenic movement. This 

period is characterized by— 

a. Contact fusion ; 

b. Stoping and abyssal assimilation of xenoliths, progressive modifica- 
tion (here acidification) of magma; 

c. Injection of wide ranging apophyses ; 
d. Gravitative differentiation of the compound magma of assimilation ; 
ec. Possibly the beginning of basic segregation. 

2. A period of strong and increasing viscosity—a period characterized 

by— 

a. Cessation of magmatic digestion ; 
b. Some subsequent continuation of contact shattering ; 

c. Completion of the observed segregation of basic materials in nodules 

and contact zones; development of maximum acidity in the main body of 
the batholith ; 

- =— 
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d. Crystallization of the mass during a viscous condition approaching 

that of a solid solution.* 

GENERAL SUMMARY 

1. At the 49th parallel of latitude the Okanagan mountains and a part 

of the belt of the Interior plateaus (the Interior plateau of Dawson) have 

been carved by erosion out of an assemblage of plutonic igneous rocks 

which, in spite of the diverse lithological character of the rocks, should be 

regarded as an enormous single member of the Cordilleran structure. 

This plutonic group is named the Okanagan Composite batholith. The 

details of its constitution are given in a foregoing résumé of its geological 

history. 

2. This composite batholith was of slow development, beginning with 

small intrusions in late Paleozoic (or possibly Triassic) time, increased 

by great batholithic irruptions of granodiorite during the Jurassic, and 

completed by likewise immense irruptions of alkaline hornblende-biotite 

granite and biotite granite—batholiths of Tertiary age, possibly as late as 

the Upper Miocene or the Pliocene. The satellitic Tertiary stock of 

Castle peak in the Hozomeen range, is composed of normal granodiorite. 

3. The local intrusion of a small, composite body of malignites and 

nepheline syenites ; the regular basification along the batholith and stock 

contacts, giving collars of monzonites and diorites; and the sporadic ap- 

pearance of certain peridotites (hornblendites and dunites) are probably 

all incidents of magmatic differentiation and do not directly represent 

the compositions of general subcrustal magmas. 
4. The composite batholith and the Castle Peak stock offer striking 

testimony to the probable truth of the assimilation-differentiation theory 

of granitic rocks. A very brief summary of this theory is given above in 

the form of a skeleton key to the history of a batholithic magma. 

5. The composite batholith includes two consanguineous series of in- 

trusions. The older one is non-alkaline; the younger, alkaline. They 

are separated in time by the whole Cretaceous period, at least. 

6. The two consanguineous series nevertheless appear to belong to one 

petrogenic cycle. Throughout the cycle batholithic intrusion has fol- 

lowed the usual law of decrease in magmatic density and increase of mag- 
matic acidity with the progress of time. 

7. Exposures of contact surfaces in the Castle Peak stock and in the 

Similkameen batholith illustrate with remarkable clearness the downward 
enlargement of such bodies with depth. 

*Cf. Brauns, Chemische Mineralogie. Leipzig, 1896, p. 97. 
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8. The Similkameen granite bears three roof pendants. Their distri- 

bution suggests that the present erosion surface of this batholith west of 

the Similkameen river is not far from coinciding with the constructional, 

subterranean surface of the batholith. 

9. The Osoyoos and Remmel granodiorites have been’ extensively meta- 

morphosed by orogenic crushing and its attendant processes. The meta- 

morphism was both dynamic and hydrothermal. The granodiorites have 

been locally, though on a large scale, transformed into banded gneisses 
and schists. These changes have been brought about through the hydrous 

solution and migration of the original mineral substance of the grano- 
diorites, especially the more basic minerals. The dissolved material has 

been leached out from the granulated rock and has recrystallized in strong 

shear zones to which the solutions have slowly traveled. The shearing 

and metamorphism probably began at a time when the Remmel batholith 
was buried beneath at least 30,000 feet of Cretaceous strata. 

10. The intensity of this metamorphism and the development of the 
great Tertiary batholiths agree with other facts to show that post-Jurassic 

mountain building at the 49th parallel was caused by much more powerful 

compression than that which is shown in the broader Cordilleran zone 
passing through California; there the Jurassic batholiths are relatively 

uncrushed and Tertiary batholiths seem to be lacking. 
11. The problems of the Okanagan Composite batholith illustrate once 

again, and on a large scale, the utmost dependence of a sound petrology 
upon structural geology. A suggested chief problem involves the relation 

of mountain-building to the repeated development of large bodies of 

superheated magma only a few miles beneath the surface of the mountain 

range. The fact of this association is apparent; its explanation is not 

here attempted. 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

VOL. 17, PP. 377-450, PLS. 47-54 AUGUST 25, 1906 

OBSERVATIONS IN SOUTH AFRICA 

BY OW. Mi DAVIS 

(Read before the Society December 28, 1905) 

CONTENTS 

Page 

IPMOTMGLC ION WEA A PA Ak S Seoee barn che te NaetRU a Seto a a a's coe Seas sb Me eka tI des Sa ecb wh el'e 378 

BENCMTORISMCVS erin. ARR tae Road Dt ee IN Re Pee Ns eee hs Pe ae 378 

BPhysiographie- divisions of South Afriea.......0....0..0... ee wee cewe 380 

ELoOmlenis WETEr CONGIGCKER. «oo fi did co eo oe ead kk wae eens 381 

EC MAL HORNS UR UL SIMNCHN USE ere tk ARAN, Ct Pato to- pate tate tas role stated atid cudeeied dic Cielele ove 381 

MEMEO WET C O lO MPANTSOS 26 625558 etek eek bk bee be ee ee ee css case 382 

MMe Ate Mane IIGUECULITE rec e. 6 cians alle cle sie! saate ek eicl sare ti occ 6 cave waive owls sielec e's 382 

Analogy of the Cape Colony ranges with the Alleghenies............ 383 

LD TPSU MANES FO) 000510) (EST ean ope eee ee er ee AROS 385 

Mhevidem ZAwarthers and. the Wittebergs......h66.0..0c08 ds eecewass 389 

Pane Mountain range and. Ws fellows... f... 0... 000060 0cs os ereeeces 393 

MAniemMOnEswrraces jimthe: IarroO. ...65<< cace'ce eo wcdatacaecneweseees 396 

The dissection of graded mountain slopes.................0. 822 cere 399 

Joi TARR TOTEM ET Tin eRe A Beg oo Mee re bp n Rent ee 400 

CCIM CAINE) rays Pape ioe Pete Ae aol Lbs eles ono e enero abate uthe wlew Nevensvwins ae 400 

Lmabent ane stratigraphic relations. 0...) . oe. «sc. <)s. eee oho eo 400 

We Wy yicd Medion NIAtTIOSLOMUCIM. ssc 5.6 02 eens S saws woe ccesee eee 401 

ThesDwyka: ridges’ near Waimgspures. .. 6s. . ee cee wees 403 

The glaciated Dwyka floor near Ngotshe, Vryheit........------ 406 

MME Wyyy. ies tity WOBCOMESIM Gs. 8/))0 fc. sise are) csele foie’ wd oldie eee ooo Sa 409 
The glaciated Dwyka floor at Riverton and Kimberley.....------- at} 

Giaciated Wwyka floors elsewhere... ...0-.00:.+0ccnenect esse 412 

Summary concerning the Dwyka formation.................0:eee88 413 

Poporraphy of South Africa in Dwyka time................0+0%80 414 

Chimatie conditions of Dwyka time...........60. 6.0000 ece eee aiatol el ote 415 

@hanwseroe TEMperaeuyre sc. d< cl oe o aids vie vibes d vied o De ds aeie se as 415 

Chances or laMGearen AMe) LOL: < . sm. ce-c01s oc fects eee o och ameeees 416 

OCCA CUITONES 6 6 cca c's cw beet cee: FO EE eet Rete t OE Coe 417 

GUGVE ST ICTR) BT(G2 | U1 (ee ene a Ro 418 

CeCReea ee POEmiOChatlOM Ss so oils. sl sletsss es ow Obs 6 6 8s oe sacle kts cee 419 

SLT Eale INC MEE IN EPMO CSS 852508 0.00 Fale Ns. ca dle ei gacalece ie wreudie Sard ate mae « Wore os 419 

ie imbenar ime mland: the Veld.). 3... 2. cise ae «cadavees stage swe ee 420 

The scheme of the geographical cycle.............ccccccvescwcceucs 420 

siheronern: Weld, a plain Of CLOSIOMS 6... oe. cow cc ees be eedsgseees ate tae 421 

XXXIV—BULL. Grou. Soc. AM., Vou. 17, 1905 (377 



378 W. M. DAVIS—OBSERVATIONS IN SOUTH AFRICA 

Page 

Bifects of The dry “Climates. oe. Sa ee ow oa > sigs ae eI ee ee 423 

River yalleys and river chanuels........<.....s0-ueeesee sooo 424 
Storm-flood channels ...... ‘a ai 8 1o ia ib Ae leo ale pee laset tle reuetene: oteaen Satara 425 

Undrained hollows or “pans é..32<iis. css $s ae ee See ee eee se 426 

kidges and tables of dolerite:. ...5 0 405.054 «sw ccs 0m os 212 are 426 

Relation. of rivers and ridges... ...... 2. nccsnniss ees pee ase oe ee 428 

Peneplains in other parts of South Africa.................cemeccees 429 

Districts"of stronger relief. 6.0255 wae ee ae eee Se ee eee «on eictetete 430 

Occasional deep valleys. . <2) 02 A Gidedeeeeen le ante “alec @lre tava See aaa 431 

Victoria falls of the Zambeésisons..s ee ee ee ee eee eee eee <a 431 

The easterm escarpment ..4.05 sks ER ek ee Se ee eee oo Ree eee 433 

Origin Of The ‘Veld.. ...).5.0%cs cies ew cet eee ea eae ee =e Sieeel 435 

The Veld regarded as a normal peneplain uplifted............4...... 436 

The Veld regarded as a plain of arid leveling...............4...02- 439 

The former greater extension of South Africa...............4.....% 440 

Date of origin of-the present. coastline................5..+-+ss eee 443 

Conclusion as to the origin of the Veld. ................ «222 .9eReeee 444 | 

Continental analogies ook cod Sina sacs cele ee ne ee eee eee wc auch hae a+ 

ReELETENCES 3 ..0's <6 vais aieie 4 ipa R' Oe Dew e s Ee hae Ce ee ee ee a stefan 447 

Explanation of platess i020. c20e.-) sekw ee os cae kee. ae eee eee 450 

INTRODUCTION 

THE JOURNEY 

During the summer of 1905 I had the good fortune, as one of the 

foreign guests, to accompany the party of the British Association for the 

Advancement of Science on a visit to the colonies of South Africa. The 

chief dates of the journey were as follows: Having left New York on 

July 15, I sailed from Southampton on the steamer Saxon with the third 

detachment of the Association party on July 29, and reached Cape Town 
on August 15. Meetings were held there for three days. On August 19 

I set out by rail (see figure 1) with a party of geologists for the interior, 

spent four days in the Karroo, and then hurried across country via 

Johannesburg to join another geological party in the Vryheit district of 

Natal. Returning to Johannesburg, meetings were resumed from Au- 

gust 29 to 31, and then a third geological excursion was made to the 

Duivels Kantoor, on the escarpment of the highland, east-northeast of 

Pretoria, September 2 to 4. We again came back to Johannesburg, 

whence a long southward detour by rail took us to Kimberley, where the 

main party was overtaken. After a day there, September 6, we started 

northward in special trains for Bulawayo, where we spent September 

9 and 10, including an excursion to the granite hills, or Matopos, on the 

second day; and on September 11 set out for the Victoria falls of the 

ee i ed Ne el sli i, tl ee Ane 



PHE TOURNEY 7 879 

Zambesi, our farthest inland point, arriving there the next morning and 
starting back the following day, September 13. We reached Bulawayo 

again on September 14. Here the party divided, some going southward 

to Cape Town and thence to England by direct steamer, while others, 

including the writer, went eastward for a longer journey. We reached 

Salisbury, the capital of Rhodesia, on September 15; Umtali, on Septem- 

ber 16, and Beira, in Portuguese East Africa, on September 17. There 

the homeward journey was begun in the steamer Durham Castle, which 

had been especially chartered to return by the east coast of Africa, the 

Suez canal, and the Mediterranean. Marseilles was reached on October 

40 80.120 !60_ 200m 

34 

FIGURE 1.—Outline Map of Area occupied by the Dwyka glacial Formation. 

The margin of the formation is cross-lined. The localities indicated by initial lette1s 

are as follows: C, Charlestown, Natal; L, Laingsburg, Cape Colony; M, Matjesfontein, 

Cape Colony ; N, Ngotsche, Natal; R, Riverton, Cape Colony; RT, Volksrust, Transvaal ; 

VG, Vereeniging, Transvaal; VY, Vryheit, Natal; b, Balmoral, Transvaal; p, Prieska, 

Cape Colony; u and ¢, on the Umfolosi and Tugela rivers, Natal. 

17, and at Liverpool, October 24, began the homeward Atlantic voyage, 

from which I landed in Boston November 2, after an absence of 110 

days, of which 58 had been spent at sea and 33 in South Africa. An 

extraordinary feature of the journey, highly indicative of its careful 

planning and excellent management, was that all the arrivals and de- 
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partures in South Africa were effected on the days, practically on the 
hours, that had been planned and asta ie before the oversea party 

had left England. 

PHYSIOGRAPHIC DIVISIONS OF SOUTH AFRICA 

The greater part of the region that we traversed is included in the 

extensive highland or high-standing peneplain, with an altitude of from 

4,000 to 6,000 feet, which forms the body of the South African interior. 

Over the greater part of this region, 1,000,000 or more square miles in 

extent, there has been no strong deformation for many geological ages, 

although Passarge (page 596) states that there are some Mesozoic graben 

in the Kalahari region. ‘The southern part of the highland region has 

been still quieter, for if the slow and gentle depression by which the 
Karroo basin of heavy Mesozoic deposition was formed be neglected, as 

it may well be because of its equable nature, there has been no consider- 

able deformation since pre-Devonian times. Much of this district is 

commonly spoken of as the “Veld” (pronounced felt) ; its higher parts 

are the High Veld. It is characteristically treeless over large areas, but 

in the north, where tree-growth occurs, it is called the Bush Veld. Its 

wet season is the summer of the southern hemisphere, when a rainfall of 
about 30 inches is recorded, much of it falling in heavy, short-lived 

showers, and causing sheetfloods on the unchanneled slopes and rapid 

changes of volume in the rivers. As the time of our visit fell near the 

end of the winter season, the Veld was dry and brown when we crossed it. 

A number of subparallel mountain ridges, trending east and west, 

oceupy a belt of country some 60 or 80 miles in width across the southern 

end of the continent. These are built chiefly of Paleozoic formations 

that were crushed into folds in Mesozoic time and afterward greatly 

eroded. In the absence of other general name, they will be here called 

the Cape Colony ranges. Associated with the east and west ridges are 

others of smaller dimensions, trending north and south, one group in 

the southwest corner of the continent and another of less pronounced 

-rehef along the eastern coast in Natal. ‘The southern part of this moun- 

tainous belt, near the coast, les in the subtropical belt of the southern 

hemisphere, and receives its rainfall chiefly in the southern winter season, 

when the cyclonic areas of the prevailing westerly winds have a more 

northerly path than in the other half of the year; but they seldom reach 

the inner part of the mountainous belt, known as the Karroo, which is 

therefore dry all the year round. The highest of the east and west 

ridges, which reach altitudes of some 6,000 feet, aid in determining a dry 

. ‘ 
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climate for the next inland lowlands of erosion. The broadest of these 
is known as the Great Karroo, and lies between the northernmost moun- 

tain ridge and the south-facing escarpment of the interior highland, while 

a similarly arid belt between two of the chief mountain ridges is called the 

Little Karroo. In distinction to these lower areas, the highland of the 

Veld, next north, is sometimes called the Upper Karroo. 

The descent of the interior highland on the east to the coast of the 

Indian ocean is relatively rapid. Here the rainfall from the impinging 

- trade winds is more plentiful and vegetation is more luxuriant. The 

streams of this slopé have a pronounced gradient and are actively en- 

ceroaching on the headwaters of the Orange River system by which the 

highland is drained to the Atlantic. The western side of the highland is 

more arid ‘and includes the desert of Kalahari, of which we saw only the 

eastern margin on our northward journey. 

PROBLEMS HERE CONSIDERED 

The opportunity for geological and geographical study during a land 

journey of only 33 days, during which a distance of about 2,500 miles 

was traversed by rail, was distinctly limited. Nevertheless, by taking 

advantage of as many geological excursions as possible and by devoting 

close attention to the study of the landscape during the train journeys, 

much profit was derived, no small share of which came from the very 

advantageous conferences with South African and European members of 

the party. The chief subjects here presented are: The Cape Colony 

ranges, considered with special regard to their resemblance to the Alle- 

gheny mountains of Pennsylvania and Virginia; the Dwyka (Permian) 

glacial formation, or tillite, to which more attention was given on the 

ground than to any other problem; and the peneplain of the Veld or 

interior highland and the conditions of its origin. Briefer discussion 

is made of the origin of the zigzag gorge below the Victoria falls of the 

Zambesi, in which the explanation offered by Molyneux is accepted, and 

of several general problems, such as the continental origin of the Karroo 

and other formations; the homology of the Karroo Mesozoic basin with 

the Tarim basin of central Asia, the probability of the former greater 

extension of Africa to the east, south, and west, and the dissimilarity of 

South Africa and southern South America. 
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THE Cape CoLony RANGES 

LOCATION AND STRUCTURE 

The southern border of Africa, for a width of from 60 to 80 miles, is 

a mountainous tract of subparallel ranges extending east and west with 

much regularity. Singularly enough there appears to be no general 

designation in-common use for this system of mountains as a whole, and 

I shall here refer to them under the convenient name given above. They 

are intimately associated, as has already been pointed out, with ranges of 

less extent running north and south in the southwestern corner of the 

continent, and they appear to be genetically associated, although not 

visibly connected with other north and south ridges of less pronounced 

deformation and relief along the east coast in Natal. The angle where 

the southern ranges and those of Natal would meet (see figure 1) lies in 

the Indian ocean, whose shoreline passes obliquely northeast across the 

series of east-west ranges, the Mesozoic basin of horizontal strata, and the 

series of north-south ranges in the most unconformable fashion, highly 

suggestive of the truncation of the continent by deformations which have 

brought the ocean against a new coastline, as will be more fully consid- 

ered in a later section. | | 
The strata involved in the Cape Colony ranges are mostly of Paleozoic 

age, and were originally spread out in great sheets of considerable uni- 

formity horizontally, but of marked diversity vertically. They constitute 

the Cape system and the Karroo system. The first system includes the 

heavy Table Mountain sandstones, 4,000 or 5,000 feet thick; the Bokke- 

veld (goat pasture) shales and sandstones, containing marine Devonian 

fossils, about 2,500 feet thick, and the Witteberg series, chiefly sand- 

stones and quartzites, 2,500 feet thick, or 10,000 feet in all. The Karroo 

system begins with the extraordinary Dwyka glacial formation, 1,000 

feet in thickness, after which come the Ecca, Beaufort, and Stormberg 
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series of shales and sandstones, all of continental origin and including 

many dikes and sheets of dolerite. The Ecca and Stormberg series con- 

tain coal; the Beaufort series is famous for its reptiles. 

The floor on which the Cape system rests consists of the Malmesbury 

slates, regarded as Archean, with intrusive granites, well exposed along 

the shore at Sea Point, a western suburb of Cape Town, where several 

of the geologists of our party saw them in an interesting excursion under 

the guidance of Mr Dutoit, of the Cape Colony Geological Survey. 

These older rocks were reduced to an essentially plane surface, in the 

Cape Town district at least, before the deposition of the Cape system, as 

is proved by the even surface of contact between the two around the 

northern escarpment of Table mountain. <A peculiar feature of the Cape 

system is the absence of marine fossils, except in its middle member; it 

has therefore been suggested that the Table Mountain and the Witteberg 

sandstones are of continental origin, and that they resemble in this re- 

spect the formations of the overlying Karroo system, for which a fuller 

statement will be made in a later section. | 

The following table summarizes the succession of the formations in- 

volved. It should be noted that the strata of the Karroo system occupy 

a large part of the interior highland, or Veld, and therefore far outrun 

the area of the Karroo district from which their name was taken: 

Stormberg 

| Beaufort Sandstones and shales. 

4 Ececa 

[ Dwyka tillite and shales. 

Karroo system, 20,000 feet. 

( Witteberg sandstones and shales. 

Bokkeveld sandstones and shales. 

Table Mountain sandstones. 

Cape system, 10,000 feet. 

ANALOGY OF THE CAPE COLONY RANGES WITH THE ALLEGHENIES 

The east and west ranges, of which the Zwartbergen and the Lange- 

bergen are the most conspicuous members, are of especial interest to 

American geologists because of their resemblance in several respects to 

the Allegheny mountains of Pennsylvania and Virginia, the middle sec- 

tion of the Appalachians. The heavy strata involved are in both cases 

chiefly of pre-Permian age. Forces of compression have in both the 

Alleghenies and the Cape Colony ranges crowded a great part of the area 

of the strata concerned into long subparallel folds, with overturns and 

overthrusts directed inland, but have left the farther interior area prac- 

tically undisturbed, this area constituting the Allegheny plateau in one 

case and the highland of the Veld in the other. Hence it may be in- 
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ferred that the tangential thrust by which the compression and over- 
turning were produced was in both cases directed from the region that is 
now ocean toward the region that is now land—from southeast to north- 

west in the eastern United States, from south to north in South Africa. 

This analogy suggests another, namely, that as the chief source of the 

sediments was on the ocean side of the present ranges in the Appa- 
‘lachians, where Paleozoic land is recognizable in the older crystalline belt, 

a similar relation may have obtained in South Africa; but this specula- 

tion is to a certain extent contradicted by the fact that the texture of 

some of the members of the folded series there increases in coarseness 

toward the west and northwest, as if the sediments had been derived 

from the ancient rocks north of the lower Orange river, 300 or 400 miles 

away from the ranges in question. However, there are in general 30 

many examples of mountain-making deformation having invaded areas 

of heavy deposition—piedmont to the source of the deposited sediments— ~ 

that it is tempting to inquire whether such may not have been the case 

with the South African ranges also; and in spite of the absence of any 

visible area of older rocks along the south coast from which the heavy 

Paleozoic sediments might have been derived, it remains possible that 

such a source may have lain somewhat farther south, and that it has 

since then disappeared by submergence. The suggested source of the 

strata of the Cape system north of the Orange river might in that case 

be compared to the partial source of the Appalachian sediments in the 

oldlands of northern Wisconsin, which is not at all inconsistent with their 

main source having been in the old Appalachian belt. 

A vast amount of erosion has occurred in these mountain systems since 

they were folded, so that the existing longitudinal valleys and lowland - 

belts are entirely due to erosion, and the linear ranges and ridges of today 

are merely the residual reliefs of the more resistant formations, without 

essential relation to belts of uplift. Thus the Little and the Great 

Karroo are nothing more than narrower and wider lowland belts that have 

been eroded along the strike of the less resistant formations between and 

north of the east and west ranges. ‘hey correspond closely in origin, 

though not at all in climate, to the similar lowland belts or valleys in the 

Appalachians. As a result of this heavy erosion, the formations of the 

Karroo system have been almost completely removed from the district 

of the Cape Colony ranges, but several significant patches of Dwyka and 

Ecca beds remain in synclines, and from this their former general south- 

ward extension must be inferred. 
As to the occurrence of two or more cycles of erosion during the wear- 

ing down of the South African ranges, I did not see any striking exam- 
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ples of formerly baseleveled monoclinal ridge crests in South Africa com- 

parable to the even crested monoclinal ridges of Pennsylvania; but the 

relation of the southern ranges to the peneplain of the interior highland 

made it seem very probable that in South Africa, as in Pennsylvania 
and Virginia, the erosion of the mountains has not been a continuous 

process with respect to a single baselevel, and that the Cape Colony 

ranges may well have been, like the Appalachians, once at least reduced to 

a much smaller relief than that of today, only to be brought into strength 

again as a result of revived dissection and etching out of the weaker 

beds, following renewed elevation. The drainage in both systems in- 

cludes numerous subsequent rivers and valleys* which exhibit marked 

examples of adjustment of streams to structures rather than persistence 

in originally consequent courses. Whether the amount of adjustment is 

no greater than could have taken place in the continuous processes of a 

single cycle of erosion, or whether it is so great as to demand for the 

Cape Colony ranges the aid of a second cycle in which to supplement the 

work of a first cycle, as seems so clearly to have been the case in the Alle- 

ghanies, I can not venture to assert from the facts in hand; but the data 

presented by Schwarz (a) regarding the high-standing, gravel-covered 

planation surfaces or terraces among the ranges and the strong evidence 

of peneplanation in the Veld make more than one cycle of erosion of the 

mountain belt extremely probable. 

DRAINAGE PROBLEMS 

The numerous narrow and deep-cut water gaps in the ridges, through 

which the open longitudinal valleys are drained, afford remarkably fine 

instances of the manner in which a belt of resistant rocks may long 

maintain the narrow form of a young valley, while the belts of weaker 

rocks, upstream and downstream from the gaps, permit their valleys to 

be carried forward to the stage of maturity or even to that of old age. 
The suggestion that the gaps are due to convulsions of nature, with the 

tacit postulate that the ridge in which the gap is opened and the open 

*The term “subsequent” is here used consistently with the definition given to it in 

1889—see “The rivers and valleys of Pennsylvania,’ National Geographic Magazine, 

vol. i, 1889, p. 207—to designate rivers and valleys that have been developed by head- 

ward erosion along a belt of weak strata, and not to include all valleys of erosion, in 

contradistinction to original or tectonic valleys, as later suggested by J. Geikie in his 

book ‘‘Earth Sculpture,” 1898, pp. 277-279. While the rule of priority is not recognized 

as binding in physiography, it seems regrettable that a term like subsequent, the use of 

which in a certain limited sense has been clearly set forth, should afterward be used in 

a much more general sense, particularly when no indication of the change of meaning 

is given to the reader. 
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low country on either side of it are of earlier origin than the gap, seems 

to be indigenous in South Africa as it is in Pennsylvania, thus adding 

still another feature of similarity-—-a geographical habit of mind—hbe- 

tween the two regions. The more rational explanation of all such gaps 

as of the same age as the open low country, when measured in years, 

though of very different stage of development when measured by the 

physiographic scale, is slow to find popular acceptance. 

The general drainage system to which the rivers of the deep-cut water 

gaps belong is peculiar in that its members head on the inland side of the 

Cape Colony ranges and maintain generally transverse courses southward 

to the ocean. The river heads are in most instances on the Veld itself, 

60 or 80 miles north of its south-facing escarpment, and flow from the 

highland in valleys by which the escarpment is much dissected. All this 

is noteworthy because it involves the drainage of a relatively undisturbed 

area—the southern part of the Veld—hby rivers that cross a broad belt of 

strongly disturbed and upfolded strata in the Cape Colony ranges. It is 

all the more noteworthy because it constitutes still another feature of 

systematic resemblance with the Appalachians of Pennsylvania and Vir- 

ginia, where the Delaware, Susquehanna, and Potomac exhibit essen- 

tially the same peculiar relations to the areas of horizontal and folded 
rocks. 

An origin for the South African drainage system has lately been sug- 

gested by Schwarz (b). This writer points out the remarkable direct- 

ness of the watershed between the Orange River system and the Indian 

Ocean drainage, from Cape Town to Delagoa bay, and then adds: 

I can not conceive of any explanation for such an arrangement except that 

which assumes that there was a vast plain stretching over the whole land when 

the subcontinent first rose from the water’s edge, and that the central ridge 

[the watershed] was already then formed. If we examine the central parting 

of the waters, we find that there is no structural cause for its existence; there 

is no backbone of igneous rock, nor is there a chain of folded mountains to 

account for it; neither, again, is there a wide anticlinal arch, for the beds dip 

in toward it. I have adduced reasons elsewhere for supposing that the water- 

shed owes its origin to the manner in which the Karroo sediments were laid 

down; they were accumulated on [in ?] the thickest deposits about 150 miles 

from the old Permian shoreline, which ran northeastward to the north of the 

watershed. When elevation began, the curvature of the basin in which they 

were lying was reduced, and consequently the thickest deposits formed an ele- _ 

vation, which at once became a water-parting. 

This original plain was about on a level with the main watershed as it exists 

today, for I have seen evidence elsewhere of the extremely little erosion that 

takes place on a flat water-parting, and roughly we ean say it is so now at an 

elevation of 6,000 feet above sealevel. 
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It is perhaps somewhat inappropriate for one who has only made a 

flying trip across a large region not to accept the conclusions of another 

who has gained a close acquaintance with it by long residence and numer- 

ous journeys; nevertheless I am constrained to differ in many ways from 

the theoretical statements made in the above citation. In the first place, 

the directness of the “main watershed,” which is shown as a straight line 

on the map in Professor Schwarz’s paper, appears to me simply as one 

of those many examples of accidental coincidence of which the world és 

full, and hence of the same order as that class of coincidences noted when 

the rectilinear prolongation of a fault line, determined by geological evi- 

dence in one district, leads to a river course, mapped in an adjacent dis- 

trict without any evidence of its being related to faulting. Such a coin- 

cidence may be determined by a causal relation, and it may not. ‘The 

directness of the main South African watershed on which Schwarz lays 

much emphasis is, however, more imaginary than real, for it is drawn 

as a direct line only by making the unwarranted assumption that the 

present head of the Orange river in the Stormbergen and Drakensbergen 

of Basutoland, which is about 150 miles southeast of the direct line, is a 

later extension of the original head beyond the assumed main or direct 

watershed. It might be suggested with greater probability of correctness, 
it seems to me, that the original head of Orange river lay even farther 

southeast of the so-called “main watershed” than the present head does, 

and thus departed even more from the direct line then than it does now; 

the evidence for this view being found in the peculiar truncation of the 

geological structures along the Cape Colony-Natal coastline, already 

alluded to, and illustrated in figure 1. Furthermore, the main water- 

shed as drawn by Schwarz follows divides that must be of very different 

origins and of very different dates of development; it is therefore a line 

that brings together incongruous elements and treats them as if they 

were congruous. ‘This may be seen by a review of its several parts. At 

its beginning near Cape Town it runs between the opposing and com- 

peting headwaters of rivers that drain longitudinal valleys between the 

folded mountains, and whose present separation can not reasonably be 

taken as still closely accordant with the initial divide when the subcon- 

tinent first rose from the sea. The present divide is the result of long 

competition by rival streams, as later pages (274 et seq.) of Schwarz’s 

paper clearly show. At the other end of the line, near Delagoa bay, the 

divide is drawn obliquely between two east-flowing streams by which the 

escarpment of the interior plateau is drained to the Indian ocean; and 

these streams must be of much later origin than the first elevation of the 

continent, for they are evidently related to that modern displacement 
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whereby the southern, southeastern, and eastern coastline was determined, 

as will be more fully set forth further on. 
But the most serious objection that I feel against Schwarz’s explana- 

tion of the great antiquity and long persistence of the straight “main 

watershed” is that such an explanation entirely overlooks the changes 

that must reasonably be expected to have taken place by the interaction 

of the rivers themselves during the long periods of erosion to which the 

region has been subjected since middle Mesozoic time. The great diver- 

sity of structure and the well proved changes of level in the region dur- 

ing its continental existence, probably involving two important cycles of 

erosion at least, must have contributed effectively to the changes of drain- 

age area that the competing rivers would have themselves brought about. 

Such changes are today in active progress at the head of the Vaal river 

and its branches, where the shorter and steeper east-flowing streams are 

gaining area at the expense of the longer west-flowing rivers, as will be 

more fully set forth in the section concerning the eastern escarpment. To 

take no account of all these possible changes, and therefore to regard the 

existing watershed as having persisted through geological ages, involves 

probable errors of the same order as those which were introduced in the 

interpretation of our Cordilleran physiography thirty years ago by the 

wholesale suggestion of an antecedent origin for many rivers, small as 

well as large, in Utah and Arizona. 

The extensive rearrangement of initial drainage lines in a long 

eroded region, partly through the development of subsequent rivers 

by headward erosion along belts of weak strata, partly through the en- 

couragement of headward ercesion given to rivers of all classes by favor- 

ing crustal deformation, is now too well established a procedure in the 

general natural history of rivers to be set aside, unless by the strongest 

positive evidence in particular cases. In the absence of such evidence, it 

may be safely concluded that the existing transverse drainage of the Cape 

Colony ranges, like the comparable transverse drainage of the Appa- 

lachians, has come into existence at a date much more modern than that 

of the original elevation of the region above sealevel. Just how the trans- 

verse drainage came to be established it is difficult to determine with any 

certainty on existing information, but there is some reason for thinking 

that, in South Africa as in Pennsylvania and Virginia, it was not devel- 

oped until during and after the general peneplanation of the Veld and 
the upfolded ranges, and that whatever drainage lines—already much 

changed from the initial lines—had come to exist on the peneplaned sur- 
face, the weak old streams of that time were profoundly affected by the 

broad warping and the general changes of level which resulted in the 
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establishment of the present relations of the interior highland to the 

continental coastline, and that still further changes were spontaneously 

introduced by the rivers themselves during the present cycle of erosion 

then initiated. This subject is pursued somewhat further in an article in 

a recent Bulletin of the American Geographical Society. 

THE KLEIN ZWARTBERG AND THE WITTEBERGS 

We had opportunity of seeing several of the Cape Colony ranges.close 

at hand during the excursion in the Karroo with Mr Rogers, and it was 

of special interest to note that the east and west mountains were usually 

of anticlinal structure. The most striking example of this kind that 

came within our observation was the Klein Zwartberg, the western end of 
a long range of Table Mountain sandstones whose central and eastern 

part is known simply as the Zwartberg, 6,000 or 7,000 feet in height. 

This mountain was, to be sure, seen only at a distance of some 10 miles, 

but it presented a striking resemblance to some of the anticlinal moun- 
tains of Medina sandstone in Pennsylvania, even to the sharp-cut gap by 

which Buffels river escapes through it southward—a close match to the 

deep gap of the Juniata in Jacks mountain, central Pennsylvania. A 
notable feature of the South African view was the absence of verdure on 

the mountain slope. The whole surface seemed to be of bare gray 
sandstone, trenched by the gorges of short resequent streams, this being 

a strong contrast to the forest-covered ridges of Pennsylvania and Vir- 

ginia. The effect of the Cape Colony ranges in walling off one lowland 

belt from another was very marked; for while they were by no means 

unsurmountable, a road over them would be difficult to construct and to 

maintain and as difficult to use; hence the great economic importance of 
the water gaps as roadways, already reduced to moderate grades by nat- 

ural processes. The Buffels River notch through the Klein Zwartberg 
is shown in the background of figure 6. 

The Witteberg ranges south of Matjesfontein and Laingsburg were 

seen to better advantage than the Zwartberg, for our route lay near the 

northern base of one of them for a number of miles and crossed another 

at two points. ‘heir altitude is less than that of the heavier Table 
Mountain sandstone ranges. They everywhere showed strong deforma- 

tion, with frequent overturns and overthrusts toward the north. The 

ridge next south of Matjesfontein (M, figure 1) fades away a few miles 

farther east, where its anticlinal axis pitches gently underground, so that 

its resistant sandstones and quartzites are succeeded in that direction 

by weaker sandstones and shales, chiefly the lower members of the over- 
lying Karroo system. A second range then comes into view, some 5 
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miles farther south (plate 48, figure 2) ; it was this one we crossed in our 

second day’s excursion from Laingsburg (L, figure 1), August 22, when 

we drove 20 miles southward down the valley of Buffels river, through 

its gorge (plate 47, figure 1), Leeuw Kloof poort, or Lion Ravine gap, 

in the Witteberg ridge, where good sections were abundantly exposed. 
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FigurE 2.—Sketch Map of District South of Laingsburg, Cape Colony. 

Shows gorge of the Buffels river through the Witteberg range. Scale, about five miles 

to an inch. Route of excursion on August 21, single dots; on August 22, double dots. 

The general distribution of the ridges hereabout is roughly sketched in 

figure 2, on which our route is shown by a line of double dots. The sec- 

tion in the gorge, sketched as we drove through it, is reproduced in fig- 

ure 38. The range appears to be a double or faulted anticline, with steep 

dips and overthrusts along its northern border, where the Witteberg 
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quartzites plunge underground. Farther northward they remain covered 

beneath the heavy Karroo formations. A view of the northern base of the 

mountain is given in plate 47, figure 2, showing vertical strata. 

On recrossing the range, when returning by Rooi Nek pass about 10 

miles farther west, the vertical dips were replaced by overturns, with 

strong suggestion of overthrusts. A narrow longitudinal synclinal valley 
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FIGURE 3.—Rough Section of Witteberg Range, looking East. 
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The locality is at gorge of Buffels river, south of Laingsburg, Cape Colony. Length, 

about 10 miles. A patch of Dwyka tillite remains in the synclinal valley. 

south of the range held a patch of Dwyka tillite near the point where we 

entered it (see figures 2 and 3), thus proving the original extension of at 

least the Dwyka or basal member of the Karroo system southward into 

the region of strong folding. The extension of still higher members 

of the Karroo formations is indicated by the excessive plication which 
the Witteberg quartzites have suffered hereabout, for this implies that 

a 

uN ye ~~ 

Se 

Figure 4.—Northern Face of the southern Witteberg Ridge, looking Southwest. 

The foreground is a synclinal valley, followed for a few miles by Buffels river between 

its upper and lower notches. 

they were buried under a heavy load at the time of their deformation. 

This is especially true of the ridge that rises next southward from the 
synclinal valley; it is a severely wrinkled monocline, where the Witte- 

berg series rises into the air to vault over the great Zwartberg anticline 
still farther south. The Bokkeveld beds follow this ridge with many 
minor folds on which a rolling lowland or longitudinal valley has been 

opened. A view of the northern face of the wrinkled monocline, next 

east of the Buffels River notch, is given in figure 4, looking southwest; 

this was drawn close to the first L of “Leeuw Kloof poort,”’ in figure 2. 
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A view of the same ridge, shown in natural section on the eastern side 

of the notch cut by Buffels river, is given in figure 5, looking northeast. 

This was drawn from a knob near the letters TT of “Wrinkled Witte- 

berg” in figure 2, about 2 miles west of the notch. A notable feature of 
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F1iGuRE 5.—Eastern Wall of Buffels River Notch. 

The notch is in the southern Witteberg ridge, looking northeast. Three anticlines and 

’ three synclines are here seen, truncated by the northern slope of the ridge. 

the view is the repetition of a certain band of whitish quartzitic sand- 

stone in three anticlines and three synclines, across which the northern 

face of the ridge is indifferently beveled. ‘The same band of sandstone ‘is 

seen in a local ridge in the distance, where it rises north of the longi- 
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FicurRE 6.—Southern Slope of the southern Witteberg Ridge. 

A lowland of Bokkeveld strata is in the middle distance and the Klein Zwartberg, a 

strong anticline of Table Mountain sandstones, in the distance. The gorges of Buffels 

river are seen on the left in the foreground and background (see note in text). 

tudinal synclinal valley and lies on the back slope of the next anticlinal 

ridge. A photographic view showing part of these features, taken from 

the floor of Buffels River gorge, is reproduced in plate 48, figure 1. 
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A view looking southward from the same knob on the wrinkled mono- 

clinal ridge is presented in figure 6. Here the basal member of the Witte- 

berg sandstones is seen with northward dip forming a ridge in the farther 

foreground. When this ridge is followed westward its determining 

stratum is seen to bend around, so as to form a sharp turn in the ridge 

crest. How it is then continued, or whether it is torn or cut off by a 

local fault, I can not say. Klein Zwartberg is shown in the distance, 

with the deep gap of Buffels river on the left; subordinate Bokkeveld 
ridges occupy the intermediate lowland. It should be avowed that this 

figure is composed of two sketches; the foreground was drawn looking 

southwest ; the background, looking south. 'The two sketches have been 

brought together by swinging the background about 45 degrees to the 

right of its true direction with respect to the foreground, thus giving the 

incorrect impression that the near and far ridges are convergent, while as 

a matter of fact they are essentially parallel. The barrenness of this 

landscape was a surprise to me; the view here drawn included only one 

house in the river valley. A few flocks of goats and sheep were seen on 

the ridges, where they seemed to do well, although we saw little or no 

erass among the peculiar plants of this arid region. ‘The dryness of the 

climate by which the barrenness of the Karroo is caused does not seem 

to be due largely to the desiccation of rain-bringing winds by the 

mountains that lie across their path, for in that case the mountains them- 

selves ought to be fairly well watered on their windward (southern) slopes, 

and this does not seem to be the case. ‘The dryness is more largely deter- 
mined by the insufficient equatorward migration of the belt of subtropical 

rains of the South African winter season, and thus resembles the dryness 

of Lower California, where rainfall is extremely scanty, although the 

ocean lies directly alongside of the desert coast. ‘The tracks of the 

cyclonic areas, from which the rainfall of the subtropical belts is chiefly 

derived, do not appear to run far enough toward the equator, even in the 

winter of the southern hemisphere, to water the Karroo. On the other 

hand, the thunderstorm rains which water the interior highland during 

the southern summer do not occur very often so far south as the Karroo. 

Thus the Karroo remains as a dry belt between two areas of moderate 

rainfall, one of winter, the other of summer rains. It is important to 

understand this matter in connection with the climate of the Dwyka 

glacial period, which is considered in a later section. 

TABLE MOUNTAIN RANGE AND ITS FELLOWS 

We learned from Mr Rogers that the anticlinal Zwartberg is a typical 

example of its system. In this respect the east-and-west Cape Colony 

XXXV—BULL. GEOL, Soc, AM., Vou. 17, 1905 
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ridges present a strong contrast to several members of the north-and- 

south mountains which rise near the Atlantic coast in the Cape ‘Town 

district, and of which Table Mountain range is a well known outlying 

example. They all consist, like the east-and-west ridges, of Table Moun- — 

tain sandstone, but most of them seem. to be of more or less distinctly 

synclinal structure, or the lower edges of down-faulted masses, while the 

lowlands between them are not occupied by younger strata, but are worn 

down on the unconformably underlying Malmesbury series of steep dip- 

ping slates and quartzites. The ridges are bold, rugged and barren, as 

in plate 49, figure 1. 

Over much of this tract that we crossed on the way into the interior 

from Cape Town the lowlands are reduced to gently undulating local 

peneplains, apparently with respect to present sealevel, sometimes inter- 
rupted by domes of intrusive granite, as north of Paarl. A belt of sands, 

which hes on a slightly depressed part of the lowlands, constitutes the 

“flats” by which the Table Mountain range is united to the mainland, 

thus apparently repeating the relation in which the rock of Gibraltar 

stands to the mainland of Spain. The exceptional height reached by the 

Malmesbury beds in Signal] hill, Cape Town, is evidently due to a recent 

removal of a cover of Table Mountain sandstone like that which still caps 

Lions head a little farther south, both of these being only small instances 

of what Table Mountain range is on a larger scale. 

The contrast thus presented between mountains of the same formation, 

Table Mountain sandstone, of anticlinal structure in one district and of 

synelinal structure in another not far away, is manifestly to be explained 

not by any difference in the age of the two districts, but simply by the 

difference in the attitude of the resistant mountain-making sandstone 

with respect to the controlling baselevel in the present cycle of erosion. 

In the district of the east-and-west ranges the folds of the heavy sand- 

stone have a relatively deep-lying position; the synclines there are still 

below baselevel, while the anticlines rise above baselevel high enough 10 

have been stripped of the overlying weaker Bokkeveld beds, and therefore 

to stand up in effective relief, yet not so high as to be breached along the 

axis and thus converted into paired monoclinal ridges, as so often happens 

in the case of the Medina anticlines in Pennsylvania. In the neighbor- 

ing southwestern district of the north-and-south ranges the general atti- 

tude of the Table Mountain sandstones, before erosion swept so much of 

them away, must have been much higher; for here the anticlines are com- 

pletely destroyed (their destruction probably having been accomplished 

in an earlier cycle of erosion than the one now current), and only the 

lowest-lying parts of the synclines or down-faulted masses now remain. 
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Indeed, the discontinuity of such ranges as that of Table mountain and 

of Riebeecks kasteel, some 40 miles to the northeast, show that even the 

synclines of Table Mountain sandstones have been worn away along a 

large portion of the length of their axes, the residuals that still survive 

probably being their lowest parts. This southwestern coastal district is 

so open that movement is easy in any direction across the peneplain that 

has been worn down on the older rocks, except where the isolated remnant 
mountains stand up. 

There was so often occasion during our journey across the farther in- 

terior country to speak of its aridity, as in the Karroo and along the 

eastern border of the Kalahari, or of its monotony, as on the broad plains 
of the Veld, that there is all the more reason for making mention of the 

often attractive landscapes in the southwestern district of the Cape Col- 

ony. The lower lands there frequently possessed a pleasing modulation 

of surface, and even in the late winter month of our visit the fields 

seemed hospitably inclined to support the colonists. ‘True, the moun- 

tains by which the lowlands are interrupted were of bare and ragged 

rocks, with no forest cover, and indeed with scanty vegetation of any 

sort; but they were of bold and picturesque outline—a strong back- 

ground for the view from neat villages across fields in open vales and on 

lower hills. It is possible that the landscape hereabout may have a more 

austere aspect in the autumn after the dry summer; but when we saw it, 

near the opening of spring, it was agreeably appealing, with a homelike 

quality that was sadly absent elsewhere. 

On going farther inland the heavy able Mountain sandstones form 

more continuous ridges, because the general altitude of the synclines there 

concerned decreases. Among these longer ridges movement is much con- 

strained. The railway has to make a long detour northward to the 

oblique gap of Berg river, in the Drakenstein ridge (not to be confounded 

with the Drakensberg mountains of Basutoland, much farther northeast), 

by which to reach a north-and-south anticlinal valley; then a long turn 

is made southward to reach the Hex River gorge, where the railway turns 

northeastward (over the letters TO in Capetown in figure 1) in the next 

range of Table Mountain sandstone, the southern termination of the 

Cedarbergen. It is through this gorge that access is gained to the open 

inner country of the Great Karroo, worn down to a lowland on the weak 

Bokkeveld beds. It may be noted that Hex River gorge, a superb ex- 

hibition of erosion in the massive sandstones, is peculiar in being located 
near the axis of a northeast-pitching syncline, formed where the north- 

and-south system of folds joins the east-and-west system. The river ?s 

furthermore peculiar in flowing against the pitch of the synclinal axis, 
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opposite to the course that a consequent river would take. The ridge on 

the western limb of the syncline was seen to decline and end some 20 or 

more miles north of the gorge, and we were told that its ending was due 

to a north-pitching anticlinal roll in the determining sandstones. All 

this adds new features of resemblance to the Allegheny ridges, where 

streams frequently flow outward from a synclinal valley near the apex 

of the inclosing synclinal mountain and where zigzag mountain crests are 

of frequent occurrence. 

The contrast of the anticlinal and the synclinal mountains just referred 

to is of value as an aid in dispelling the myth, so long current in geolog- 

ical literature, that anticlines are weak structures and that synclines are 

strong structures; that anticlines, naturally prevalent in young moun- 

tains, are unusual or abnormal in mountains of great age, where syn- 

clinal ridges should prevail. The Cape Colony ranges agree with the 

Alleghenies of Pennsylvania in proving thatwhether the structure be anti- 

clinal or synclinal is of secondary importance, in so far as resistance to 

erosion is concerned ; the prime factors which determine relief are in the 

first place the relative resistance of the formations involved, and in the 

second place their attitude with respect to the controlling baselevel. It 

is of course true in general that if a region of folded structure be worn 

down below the level of the deepest folds, so as to expose the unconform- 

ably underlying formations, the synclines will, other things being equal, 

survive the longest; but such a condition is seldom met with. Moreover, 

when the general statement is made that anticlinal ridges are exceptional 

and synclinal ridges are prevalent in mountains of great antiquity, no 

mention is made and no reference is intended to the complete obliteration 

of the folded structures, as in the ideal case just conisdered. ‘The gen- 

eral statement is based on an essential misconception, for the correction 

of which the Cape Colony ridges and the ridges of Pennsylvania may be 

confidently appealed to. Anticlines are not inherently weak structures, 

nor are synclines essentially strong structures. In old mountains syn- 

clines of relatively weak rocks are worn down, while synclines of hard 

rocks stand up; likewise anticlines of weak rocks are worn down, while 

anticlines of strong rocks stand up; hence it is the nature of the rock 

and its attitude with respect to baselevel, and not the anticlinal and the 
synclinal structure, that are dominant in determining these residual 

reliefs. 
PLANATION SURFACES IN THE KARROO 

During our excursions from Laingsburg we saw an excellent example 

of a broad and smooth planation surface or terrace, truncating the 
strongly folded Witteberg, Dwyka, and Ecca beds and strewn over with 
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quartzite boulders and cobbles from the neighboring Witteberg ridges—a 

plain of irredeemable barrenness, though not without plant growth. This 

relation is shown in figure 7. The general location of the terrace is 

indicated in figure 2. The terrace is evidently the ancient valley floor 

‘of the Buffels River system, in the old age of an earlier cycle. The 

valley floor was broadly opened on an area of moderately resistant 

strata, after the river had cut down so deeply in the Leeuw Kloof poort 

of the Witteberg ridge next farther downstream that further deepening 

became extremely slow. The reduction of the surface to a plain must 

have been largely aided by the general wasting down of the minor ridges 

as well as by the lateral swinging of the streams. The distribution of 

the coarse cobbles over the plain seems to have been the work of sheet- 

floods, such as become peculiarly effective in the later stages of a cycle of 

erosion, particularly in a region where occasional heavy downpours of 

rain occur. ‘The plain is now dissected by Buffels river and its branches, 

whose valleys have reached a stage of middle or late maturity, at a level 

= - ae ee 
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Figure 7.—Detailed Section of the Witteberg, Dwyka, and Ecca Series. 

Witteberg strata are on the right, Dwyka in the center, and Ecca on the left. The 

locality is five miles southwest of Laingsburg. 

of from 300 to 500 feet beneath that of the plain. A view of the terrace 

plain, looking southward toward the ridge from which the cobbles are 

derived, is given in plate 52, figure 2. A view of the valleys dissected 

beneath the plain, taken from about the same point as the preceding view, 

but looking west-northwest, is given in plate 48, figure 1; some of the 

higher knobs in the ridges shown rose, however, above the terrace 

level. We were told that several other examples of cobble-strewn terrace 

are known elsewhere among the east-and-west ridges. Some of them 

have been described by Schwarz. 

The chief reason for mentioning this terrace is to draw attention to 

its possible explanation by change of climate rather than by change of 

continental attitude or altitude, the latter explanation having been gener- 

ally accepted on our excursion. It is well known that a valley floor will 

be widened by the swinging of a river that has reached the graded condi- 

tion—that is, the condition of balance between its capacity to do work 

and the work that it has to do; that the graded condition is one of great 

delicacy, and that any change in river volume or river load will tend to 
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cause the abandonment of the previously established graded condition 
and the development of a new grade. It is true that the variation of 

river slope thus determined may be very small, but it is also true that a 

small variation of slope will cause a significant change in the way of 

aggrading or of degrading in the upper course of a river several score or - 

several hundred of miles in length. It is, moreover, generally believed 

that climatic changes of importance have taken place in the Pleistocene 

time ; hence the effects of such changes should be looked for in the valleys 

of graded rivers, just as they are looked for where glaciers have been 

formed and where lakes have expanded and contracted. While these 

principles are familiarly accepted, their application to the problem of 

terracing is less general than it should be. One of the most important 

examples of such application is that offered in W. D. Johnson’s admirable 

paper on the High plains of Colorado and Kansas, in which variation of 

climate rather than variation of continental attitude is appealed to as the 

effective cause of the aggradation of the plains by the rivers flowing 

from the mountains and for the later dissection of the aggraded plains 

by the same rivers. Another example of the same kind is to be found in 

the first volume of Pumpelly’s report on his Carnegie expedition to 
Turkestan, in which Ellworth Huntington describes certain terraces asso- 

ciated with glacial moraines in the valleys of the Tian Shan mountains 

of central Asia. I can not attempt to determine how far these authors 

are right in thus appealing to climatic variations in explanation of the 

phenomena that they describe; but it is safe to say that, until variation 

of climate and variation of continental attitude are both duly considered 

and some means of distinguishing between their effects is discovered, it 

will be premature to assume that either cause is fully responsible for the 

observed effects. 

The Buffels River terrace is about 100 miles from the mouth of its 

river system. When the terrace was formed Buffels river was probably 

well graded all the way to its mouth, a tolerably smooth and gently 

sloping channel being then established even in the mountain gorges that 

it traversed. At present, however, the river is not very smoothly graded 

in certain parts of the Leeuw Kloof notch, and hence is probably even less 

smoothly graded in the harder rocks of the notch in the Klein Zwartberg. 

When an even grade is fully established later in the present cycle, the 

valley about Laingsburg will have been significantly deepened and greatly 

widened. The total depth of erosion in the terrace or the former valley 

floor to the equally well developed future valley floor, great as it may 

seem when only the Laingsburg district is considered, would be brought 
about by a change of river slope amounting to only 10 or 15 minutes of 
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arc in the 100-mile Buffels river from Laingsburg to the sea, and it can 

hardly be doubted that so small a change of slope would be easily pro- 
ducible by climatic control without any change whatever in continental 

attitude. On the other hand, it is entirely possible, as far as purely theo- 

retical considerations are considered, that the dissection of the terrace 

here described may be due wholly to revival of river erosion by crustal 

movement, independent of climatic change. When fuller details are at 

hand regarding the distribution of similar gravel-covered terraces in the 

valleys of the Cape Colony ranges it may be possible to choose between 

these alternative hypotheses. It will then be important to examine the 

distribution of terraces with respect to the direction of the rivers that 

they accompany, for under the hypothesis of chmatic change all the rivers- 

of the region will terrace their valleys, irrespective of their direction, 

the depth of terracing being dependent on the amount of climatic change, 

on the distance of the terrace from the river mouth (measured along the 

river), and on the time since the change of climate occurred. On the 

hypothesis of regional warping or tilting, terraces will be much better 

developed along rivers whose courses are in the direction of tilting than 

along those whose courses are in the opposite direction. 

It may be mentioned that some members of our excursion party seemed 

to regard the Buffels River terrace as possibly a result of the difficulty 

encountered by the river in deepening its notches through the mountains 

farther down valley without any aid from climatic change or from re- 

vival by tilting—that is, the terrace was regarded as a possible product 

of a continuous cycle of erosion, uninterrupted by land movement and 

unaffected by climatic change. Such an explanation is untenable in the 

case of a river which is cutting a notch in an anticlinal ridge; for here . 

the difficulty of cutting increases with increased depth of cutting below 

the anticlinal crest, while the valley eroded beneath the terrace indicates 

a relatively sudden increase in the efficiency of erosion. Such an in- 

creased efficiency might be associated with a river which had been cutting 

a notch through a synclinal mountain, for the broadened valley floor 

eroded in weaker strata upstream from the notch might be trenched when 

the river had cut down through the harder synclinal strata into weaker 

underlying strata. The Buffels River terrace is evidently associated with 

notches cut in anticlinal ridges, and hence can not be explained merely 

by the varying relations of the river to the hard rocks in the notches. 

THE DISSECTION OF GRADED MOUNTAIN SLOPES 

On the eastern side of the open anticlinal valley between the Draken- 

stein range (the southern part of the Olifants River mountains) on the 
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west and the Cedarbergen on the east, it was noted that the western face 

of the last named range presented rather well graded slopes, in which 

narrow obsequent ravines were sharply cut. It did not seem as if the 

smooth slopes and the sharp cut ravines could be due to a single set of 
erosive processes acting together in an undisturbed physiographic cycle. 

Some change seemed to have taken place whereby the ravine streams have 

been enabled to incise their steep courses beneath the open slopes that 

they should have formerly occupied on the graded mountain side. Some- 

thing of the same kind was suggested in the distant view of the north 

slope of Klein Zwartberg, as is indicated in the sketch, figure 6. Sim-~ 

ilar features are described by Schwarz (a, 49), who gives a figure in 

which the contrast of graded mountain slope and incised ravines is even 
more distinct than in the cases that I had seen; but, as in the other exam- 

ples of relatively recent dissection described by the author cited, this one 

is ascribed essentially to the effects of stream revival by continental 

movement. It is quite possible that such may be the case; but it seems 
to me desirable to maintain an open mind on that point for the present, 

until it can be more fully determined what share climatic change may 

have produced here as well as in the production of terraces. 

THE DwykA FORMATION 

GENERAL FEATURES 

Latent and stratigraphic relations—The Dwyka formation, probably 

of Permian date and of variable thickness up to 1,000 feet or more, is the 
lowest member of the Karroo system, which covers some 200,000 square 

miles in the interior of South Africa between latitudes 26 and 3314 de- 

grees south. The area of the Dwyka is shown in figure 1. It reaches the 

eastern coast at various points in Natal and Cape Colony between latitudes 

29 and 3314 degrees south. It rests for the most part unconformably 

on a grooved and striated surface of older rocks, but along its southern 

border it follows conformably a series of sandstones and shales. It con- 
sists chiefly of an unstratified and consolidated clastic groundmass with 
subangular or rounded scraps, stones, and boulders of many kinds, the 

finer textured stones and boulders being usually well scratched. It is 

conformably overlaid by a coal-bearing series of shales and sandstones. 

It lies for the most part essentially undisturbed, but along its southern 

border it has been strongly folded, along with older and younger strata, in 

a series of anticlines and synclines, which form the Witteberg ranges de- 

scribed in a preceding section. The area now occupied by the Dwyka is 
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certainly less than its original area, for its outcrops everywhere indicate 

a loss by erosion. 

The glacial origin of the Dwyka formation is as unquestionable as is 

that of the drift sheets of northeastern America or of northwestern 

Kurope; but, singular to relate, the Permian ice-sheet by which the Dwyka 

was formed moved in general southward, from the region of the equator 

toward the region of the pole. 7 
Accounts of the progress of geological investigation in South Africa 

with particular reference to the recognition of the Dwyka formation as of 
glacial origin are given by Corstorphine, Hatch and Corstorphine (10-18, 

197-210), Rogers, and Mellor. It is probable that the glacial origin 

of the Dwyka would have earlier found a more general acceptance if 

various other origins had not been suggested for it by several South 

African observers. 

My object here is to set forth certain observations that I made on the 

Dwyka with its associated formations and certain conclusions to which 

these observations led. 
The capital letters in figure 1 are the initials of the localities that our 

parties visited ; the small letters are initials of especially significant local- 

ities described by Rogers, Mellor, Anderson, and others, which we did not 

see and to which reference is made farther on. In speaking of the un- 
stratified parts of the Dwyka, I shall avoid the term “congolmerate” and 

adopt Penck’s term, tilite, meaning thereby a rock formed by the con- 

sohdation of glacial till. 

The Dwyka near Matjesfontein.—Our first sight of the Dwyka was on 

the excursion led by Mr Rogers, as already described. We reached Mat- 

jesfontein, in the Karroo district, on the morning of August 20, and 

there found ourselves in the Karroo, the dry interior country of east-and- 

west ridges and valleys that lie between the great interior highland and 

the Cape Colony ranges. Here we had a walk of about 5 miles northward 

from the neat railway village across broad ridges and valleys of Dwyka 

and Eeca. A few miles to the south rose a long, even crested anticlinal 

mountain of Witteberg sandstones. Farther away in the north rose the 

escarpment of the plateau country of horizontal Ecca and Beaufort for- 

mations. ‘he whole district hereabout is treeless ; the water-courses were 

nearly all dry at the time of our visit. The surface of the ground was 

abundantly exposed between the scattered plants, and the exposures of 

bare rock were plentiful where a thin, stony soil had not accumulated. 
The following facts were noted. 

The matrix or groundmass of the Dwyka tillite is here dark, fine- 

grained, unstratified and trap-like in appearance; it contains numerous 
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small angular specks and scraps of many sorts of rocks, as well as pebbles, 

cobbles, and boulders up to two or three feet in diameter. We found 
pieces of granite, amygdaloid, banded jasper, quartzite, quartz, limestone, 

slate, and several kinds of sandstone. It seemed as if every piece of the 

finer grained sandstones, especially of a certain fine reddish sandstone, 

found in the tillite or loose on the surface near the point where it was 

weathered out, was distinctly and irregularly scratched. It would be im- 

possible to distinguish these scratched stones from stones of the same 

texture found in the till of New England. The larger pieces of sand- 

stone and quartzite were often grooved, faceted, and regularly striated as 

well as irregularly scratched, all these markings being characteristically 

of glacial origin. These surface details are soon lost as the weathered 

cobbles and boulders creep and wash down the hillsides. The lack of 

scratches on many of the coarser grained stones is precisely what might 

be expected in an ancient tillite, if we judge of it by modern glacial forma- 

tions; for it must not be forgotten that by no means all the stones in 

Alpine moraines or in Pleistocene till sheets are striated. 

Some of the pebbles in the tillite near Matjesfontein were slightly 

sheared, some were indented, others wore pointed “beards” of the sheared 

matrix. Pebbles thus affected, but without surface scratchings, are not 

uncommon in various nonglacial conglomerates that have been compressed 

and tilted; for example, in some of the Carboniferous conglomerates near 

Boston, Massachusetts, and Newport, Rhode Island. It therefore seems 

reasonable to refer the shearing and denting of the Dwyka pebbles to the 

regional deformation which the whole series of formations has suffered 

in the Karroo, and to regard these as secondary features that have no 

bearing on the scratches, which are primary features of the formation. 
None of the outcrops that we here identified as Dwyka by means of their 

included stone -fragments exhibited distinct stratification, but there 

seemed to be a heavy bedded structure which determined the development 

of linear topographic features; in this respect our observations on thie 

following day near Laingsburg are more significant. ‘The normal dark 

blue color of the unweathered tillite was well shown in several recent cuts 

along the sides of the post road that we followed; the weathered surface 
is a dull yellowish gray or brown. This change of color recalls that which 

takes place when the bluish Pleistocene till of the northern United States 

is attacked by the weather and rusted to a yellowish gray. The larger 

forms of this district indicated several folds of moderate intensity, espe- 

cially in relation to a high synclinal hill a few miles away, which was 

identified as consisting of the overlying Ecca sandstones by Mr Rogers 
from his previous studies here; but the near view of the Dwyka gave us 
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no indication of its attitude. The rock frequently weathered into sharp 

pinnacles or spikes, as in plate 50, figure 1, from 1 to 3 feet high, the 

result of flaking and splintering along surfaces that we afterward found 

to stand usually about at right angles to the tillite sheets. We made no 

attempt to measure the thickness of the Dwyka here, as its structural rela- 

tions were too obscure, nor could we at this place safely make out its 

structural relations to the underlying or overlying formations. 

The result of this first day’s observations was to convince us that all 

marine, lacustrine, fluviatile, eolian, and volcanic processes must be ex- 

cluded from any share in making so much of the Dwyka as we had seen, 

and to prepare us to accept the explanation given for it by the majority 

of South African geologists, if its outcrops elsewhere should bear equally 
unmistakable signs of glacial action. 

The Dwyka ridges near Laingsburg.—A short run by train on the morn- 

ing of August 21 carried us from Matjesfontein about 20 miles eastward 

to Laingsburg, where we drove out 5 miles southwestward in two-wheele“ 

Cape carts to the dry ravine of Witteberg river (see figure 2), a branch of 

Buffels river, which here flows southward, transversely to the general 

trend of the Karroo ridges and valleys. The upper Witteberg branches 

have eroded valleys from 300 to 500 feet deep beneath the planation sur- 

face that is strewn with cobbles of Witteberg sandstone, as has already 

been described on an earlier page. ‘The north-south section of the 

Dwyka at this locality is shown in figure 7, from which it appears that 

the Dwyka, along with the underlying Witteberg and the overlying 

Ecea formations, has been strongly tilted and eroded. The Dwyka stands 

nearly vertical, with steep dip to the north. The lower 1,000 feet, for the 

most part unstratified, carry pebbles, cobbles, and boulders; the upper 

700 feet of the formation, as it has been defined by Rogers and others, is 

made up of ordinary stratified sandstones and shales. This upper division 

showed no peculiar features; it might have been well associated, as far as 

we could see, with the overlying Ecca, from which it was arbitrarily but 

conveniently divided by a persistent stratum of dark shales which weather 

whitish, with an efflorescence of gypsum (shown by an undulating line in 

figure 7), so as to be traceable as a gray band on the ridge slopes for miles 

around. Our attention was particularly directed to the lower 1,000 feet 

of the Dwyka, where six members are to be noted, the first, third, and 

fifth being worn down in longitudinal east-west valleys, the second, 

fourth, and sixth standing up as ridges 200 or more feet in height. The 

ridge-making members are each 150 or 200 feet thick; the valley-making 

members share the rest of the total (see figure 7). 



404 W. M. DAVIS—OBSERVATIONS IN SOUTH AFRICA 

The lowest or basal member consists of shales, distinctly stratified, and 

contains small and scattered fragments, up to a foot or so in diameter, 

of various rocks. ‘The fragments are rarely more than 3 or 4 inches in 

diameter near the base of this member; they are larger, up to 10 or 15 

inches in diameter, and more frequently striated, 50 or more feet above 

the base. It is only by the presence of these fragments that the basal 

member is to be distinguished from the underlying Witteberg shales, for 

the passage from one to the other is not marked by an unconformity or 

distinct change of composition, except for a discontinuous layer of quartz 

rock that sometimes separates the two. As none of the formations in the 

Karroo series contain marine fossils and as freshwater or land fossils 

occur at several horizons, it was inferred that the basal member of the 

Dwyka was deposited either in a sheet of water or by a river marginal to 

an ice-sheet; preference was given to the former, as far as our observa- 
tions went, because of the presence of the scattered scratched stones, 

which are thought not to characterize river deposits in general, and be- 

cause of the absence of gravelly layers and cross-bedded structure, which 

should be expected in river deposits not far from an ice-sheet. ‘Thus in- 

terpreted, the basal member of the Dwyka differs from the next under- 

lying layers of the Witteberg in marking a time when an ice-sheet had 

advanced near enough to add stones, carried by floating ice, to the de- 

posits of a body of standing water. In the absence of marine fossils, the 

water seems to have been that of a lake. The side from which the ice 

advanced is not indicated by anything that we saw in this district, but it 

is well proved to have come from the north by observations elsewhere, of 

which more is said below. 
The second member of the Dwyka is a characteristic sheet of tillite— 

compact, dark bluish when fresh, yellowish brown when weathered, en- 

tirely unstratified except for a single vertical layer of conglomerate a few 

feet thick—which is exposed in a fine notch, or “poort,” where Wittebers 

river has cut through the ridge. A view of the eastern wall of the poort is 

given in plate 50, figure 2; a similar view is given by Rogers (plate on 

page 167). The dominant joints, many of which are here shown, divide 

the mass into prisms that stand about square to the tillite sheet—that is, 

they dip gently to the south. ‘The bedding is nearly vertical, as is shown 

by the layer of conglomerate near the left margin of the view. On the top 

of the ridge (plate 52, figure 1) the prisms are weathered into “bales” 

and “pillows” by the loss of their corners, and the pillows are reduced to 

curious spike-like fragments by flaking and splintering on surfaces of 

what seemed to be incipient schistosity. 'The points of the pillows and 

spikes often stand out on the slopes of the ridge, giving it a very peculiar 

ee oe ee 
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expression. The tillite contains abundant fragments, small and large, of 
many kinds of rocks. It was easy to find striated stones on the slope of 

the ridge, where they had lately been weathered from the matrix. It was 

noteworthy that this heavy tillite sheet lay evenly on the basal stratified 

member without any discoverable disturbance or unconformity. In this 

it corresponds to various sheets of till in the upper Mississippi valley, 

which frequently lie conformably on stratified deposits. It is evident that 

the tillite indicates the arrival of the ice-sheet, whose coming had been 
foreshadowed by stones in the basal member, and that the ice-sheet acted 

here as an aggrading agent, in striking contrast to its behavior farther 

north, as will appear later. 

The third member of the Dwyka is worn down in a well defined longi- 

tudinal valley, although it is not distinguishable in appearance from the 

tillite of the ridges that inclose it. Its structure is well shown in abun- 

dant exposures in the dry channel of Wittebergs river, which turns along 

the valley for half a mile between two notches. Small boulders of many 
kinds are here seen in the tillite. This valley is shown in plate 52, figure 

1, between ridges of the second and fourth members, which turn gently 
to the left in the distance. 

The fourth member makes a ridge like the second. It is a sheet of 

tillite, but seems to be divided about the middle by a weaker sheet—per- 

haps by some stratified layers that we did not see—for the ridge is some- 
what grooved along the top on each side of the notch that we came 

through. 

The fifth member is again stratified, and here stands vertical, as in 

plate 51, figure 1. It contains scattered stones, like the basal member. 

The upper surface of the fourth member and the lower surface of the 

sixth seemed to be closely conformable to the stratification of the fifth. 

The fifth layer was taken to indicate a withdrawal of the ice-sheet which 

had formed the second, third, and fourth members and a resumption of 
aqueous conditions similar to those which prevailed during the deposi- 
tion of the basal member. 

The sixth member is a resistant, ridge-making sheet of tillite, not so 

thick as the fourth, but of the same nature. It appeared to be conform- 

ably followed by the overlying sandstones and shales. Like the other 

unstratified sheets, this one weathered on transverse joints and surfaces of 

incipient schistosity into pillows and spikes, giving the crest and upper 

slopes of the ridge the appearance of being built up in part of bales and 

sticks laid crosswise. This sheet of tillite manifestly indicates a return 

of the aggrading ice-sheet—that is, of an ice-sheet which by its own 
weakening action here laid down the detritus that it had dragged from 
elsewhere. 
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The chief results of this day’s excursion were: First, the repetition of 
many significant features that had been noted the day before at Matjes- 

fontein and which were thus shown to be of more than local value; second, 

the recognition of the composite structure of the formation, indicating at 

least two advances of an aggrading ice-sheet into this district; third, the 

fuller evidence of induration, deformation, and erosion suffered by the 
Dwyka and other formations of the Karroo series, from which it is mani- 

fest that we have here to do with a glacial formation of much greater 

antiquity than that of Pleistocene date. 
A second excursion from Laingsburg, August 22, took us down Buffels 

river (see figure 2) to the Witteberg range, as already described. A gen- 

eralized section some 10 miles in length is given in figure 8, from which 

it appears that the structure of the district is characterized by many 

strong east-west folds, causing the Dwyka to reappear in successive out- 

crops along the east-west ridges and valleys. The southern continuation 
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FIGURE 8.—General Section of folded Witteterg, Dwyka, and Ecca- Formations, South of 

Laingsburg. 

Length of section, about 10 miles. This is the northern continuation of figure 5. 

of this section is given in figure 3. We no longer gave special attention 

to the structure or the composition of tillite, for a passing glance now 

sufficed to show that it repeated persistently all the essential features pre- 

viously recognized, and a brief pause sufficed to find striated stones on 

almost every tillite outcrop; but we examined the topographic features of 

the formation with some care, because they showed that the subdivisions 

of the Dwyka and their conformable succession from the Witteberg below — 

to the Ecca above, as recognized the day before, were maintained for 10 

or more miles along and across the strike of the ridges. ‘This encouraged 

us to believe that further exploration may enable South African geologists 
to establish well defined glacial and non-glacial epochs in the Dwyka 

period—an important matter to which but little attention seems to have 
been given, although Dunn and others have reported the occurrence of 

alternating shales and tillite beds at various points. Some further ac- 
count of the ridges of Witteberg sandstone which rise to the south of this 

Dwyka area is given in an earlier section of this paper. 

The glaciated Dwyka floor near N gotshe, Vryheit—Three members 

of Rogers’ party, Coleman of Toronto, Peneck of Vienna, and I, left the 
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others at Laingsburg and went by train via Johannesburg to Vryheit 

(VY, figure 1) in Natal, to join a party led by Mr W. Anderson, geolo- 

gist of that colony, and Dr G. A. F. Molengraaff, formerly geologist to the 

South African Republic. From Vryheit we drove some 30 miles north- 

ward, past a dolerite-capped table mountain called Hloban (H1, like the 

Welsh Ll), where General Buller some twenty years ago defeated the 

Zulus with the aid of the Boers and won the Victoria cross; past the 

ruined farm of General Botha, around which the long avenues of Euca- 

lyptus still flourish, to a small inn on one of the Emmet farms, called 
_ Waterval. The next day we drove a dozen miles farther to a valley on 

the headwaters of Pongola river, which flows down the eastward slope 
where the interior highland descends toward the Indian ocean. There, 

on August 24, we saw the horizontal Dwyka-Ecca series, 2,000 or 3,000 

feet thick, rising in a dolerite-capped table mountain or plateau remnant, 

called Ngotshe (N, figure 1; the name begins with an unwritable Zulu 

“click’), and resting unconformably on a floor of Barberton beds, hard 

slates of early Paleozoic or older date, which dipped 24 degrees to the 
northwest. This district was explored by Molengraaff in 1897, when he 

found several highly significant contacts of the older and younger forma- 

tions in certain dry ravines on the north slope of the Ngotshe mass; ?t 

was one of these contact localities that we came to see. 

The Dwyka is here closely packed on an uneven surface of Barberton 

beds, which are beautifully rounded, grooved, and striated—in a word, 

well glaciated. Sometimes a ledge of the scoured and striated surface 

overhangs by a small amount; the Dwyka is then packed in beneath such 

a projection. ‘The ravine that we followed gave excellent sections of the 

tillite, as in plate 51, figure 2, and often exposed the underlying Bar- 

berton surface with more or less distinct grooving and striation, and with 

more or less Dwyka tillite (plate 53, figures 1 and 2) resting on it, for a 

quarter of a mile or more. ‘The grooves and striations on the Barberton 

hold their courses unchanged as they pass under the tillite cover, remind- 

ing one of the manner in which the wheel tracks in the Roman forum 

pass straight under the cover of detritus at the side of the modern excava- 

tion. The relief of the Barberton surface seemed to be of moderate 

measure in this immediate locality, probably not more than 20 or 30 feet 

in the dry ravine that we followed; but the relief of the present surface 

is to be measured in thousands of feet, from the dolerite-capped rem- 

nants of the plateau of the horizontal Karroo series to the bottoms of the 
larger valleys, deep cut in the ancient Barberton slates. 

The Dwyka itself repeated all the features previously noted. A finely 

striated 5-foot boulder, with Penck’s half-meter hammer handle lying 



408 W. M. DAVIS—OBSERVATIONS IN SOUTH AFRICA 

on it, is shown in plate 52, figure 2. The largest boulder that we saw 

here was a block of Barberton slate 6 feet through. All the significant 

facts noted here—the rounding and striation of the older rock floor, the 

unstratified structure of the Dwyka, the varied composition of the in- 

cluded fragments, large and small, their subangular form and _ fre- 

quently scratched surfaces—are absolutely typical of strong glacial action. 

A special interest attaches to the direction of ice-movement as recorded 

in the grooving and striation of the Barberton slates. 'The alignment, 

roughly north and south, is manifest at a glance. After careful inspection 

of several localities we came unanimously to the conclusion that the mo- 

tion of the ice-sheet had been southward. The true bearing of the 
striations was south 25 degrees east. As will be seen later, this agrees in 

a general way with the direction of ice-motion determined at a number 

of other locailties, and thus indicates one of the most extraordinary pecu- 

harities of the South African Permian glaciation—the ice-sheet in lati- 

tude 27 moved from the region of the equator toward the region of the 
pole. 

We followed up one of the larger ravines southward along the west 

base of Ngotshe mountain and ascended through the whole thickness of 

the Dwyka formation—the greater part of 1,000 feet, as I estimated it— 

to the lower members of the overlying Ecca. The division between the 

two formations was drawn where the shales or sandstones begin to be free 

from included stones. The Dwyka is shown to consist of several sub- 

divisions of stronger and weaker members by the occurrence of well de- 

fined benches, scarps, and slopes that contour about horizontally around 

the hillsides. Some of the weaker members were stratified, as they were 

at Laingsburg, but their sequence seemed to include a greater number of 

alternations of tillite and shales here than there, especially near the upper 

part of the formation. The overlying Eeca followed in perfect conform- 

ity, as far as we could see. It contains a good seam of coal several hun- 

dred feet above the Dwyka; it is capped at the top of the mountain with a 

sheet of dolerite, as is so often the case in the strongly dissected belt of 

country where the eastward descent is made from the plateau of the High 

Veld to the coastal lowlands. 
This fourth day on the Dwyka was most instructive from the contrast 

presented by the unconformable succession of the tillite on the glaciated 

Barberton surface shown here and the conformable succession of the 

Dwyka members on the Witteberg shales shown near Laingsburg. The 

contrast is the same as that which is presented between the glacial 

features of the Laurentian region of Canada and of the northern United 

States, or between those of Scandinavia and northern Germany, and this 



THE DWYKA FORMATION 409 

contrast strongly confirms the inference as to the direction of ice-motion, 

as based on the form of the glaciated floor. We returned to Vryheit on 
August 27 and to Johannesburg on August 28. 

The Dwyka at Vereemging—During the stay of the Association at 

Johannesburg, Penck and IJ had, through the courtesy of Dr F. H. Hatch, 

president of the Geological Society of South Africa, a most interesting 

morning excursion on September 1 at Vereeniging, where the main line 

of the Cape Town-Johannesburg railway crosses the Vaal river. Half a 

mile northeast of the railway bridge there is an important section (figure 

9) exposed in the river bank, which we saw very well as the river was 
low at the time of our visit. A small patch of Dwyka is here exposed, 

with a thickness of 15 or 20 feet, resting unconformably on a local out- 

crop of the dolomite of the ancient Pretoria series and covered by the 

horizontal coal-bearing Ecca beds, which occupy most of the country here- 

about. We could not find any striation or grooving on the underlying 

dolomite, but it is very probable that further search will be more success- 

‘ful than ours. The Dwyka had numerous stones and boulders, up to 

FicurE 9.—Local Section on the Bank of the Vaal River at Vereeniging, Transvaal. 

Dolomite on the left; Dwyka tillite in center; coal, conglomerate, and shale of the Ecea 

series on right. Length, about 400 feet. 

4 feet in diameter, many of them well scratched. In its upper part was 

a layer of sandstone, dipping northeast 15 or 20 degrees. ‘The contact 

of the Eeea on the Dwyka was not seen, but the relative attitude of the 

two formations suggested a slight unconformity, possibly due to the orig- 

inally uneven or sloping surface of the Dwyka rather than to any signifi- 

cant amount of deformation or erosion. The Ecca included a thin layer 
of coal covered with two feet of ordinary conglomerate of waterworn 

pebbles, followed by shales and sandstones. It should be mentioned that 

this and other conglomerates in the Ecca have been described as ‘‘Dwyka” 

by some observers, thus giving rise to the opinion that coal beds and 

glacial deposits alternated in this district. Such a conclusion did not 

seem to us well founded. It is quite possible that the pebbles in this bed 

of Eeca conglomerate came from the Dwyka sheet near by, but there 

appears to be no other relation than that between them. The use of the 

term “‘conglomerate” as a name for the unstratified sheets of Dwyka, with 

their blunt-ended, scratched stones, as well as for the layers of normally 

waterworn pebble beds in the Ecca and other formations, may have con- 

tributed to the misunderstanding whereby glacial action and coal forma- 

XXXVI—BULL. GEOL, Soc. AM., Vou. 17, 1905 
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tion were so closely associated, and for this reason, if for no other, the 

introduction of the new term “tillite,’ as suggested by Penck at the Jo- 

hannesburg meeting of the Geological Section of the Association, seems 

desirable. 

The general relations of local outcrops at Vereeniging to the older 

formations as far as Johannesburg are roughly shown in figure 10, drawn 

with aid from Doctor Hatch. In this connection Hatch’s Geological Map 

of the Transvaal, in Hatch and Corstorphine’s book, should be consulted. 

It is thus seen that the Karroo system, in which the Dwyka and Ecca 

formations are the lower members, is the latest of five great geological 

systems separated from one another by unconformities (undulating lines 

in figure 10). Crystalline rocks, believed to be Archean, form the base 

of the section north of Johannesburg. On these lie the strata of the Wit- 

watersrand system, with a lower member including the banded jaspers of 

the Hospital Hill series, which resemble similar rocks in the region of 
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HiGurE 10.—General Section from Johannesburg to Vereeniging. 

J, Johannesburg; V, Vereeniging ; Cr, basal crystalline rocks, exposed north of Jo- 

hannesburg ; HH, Hospital Hill series, the lower part of the Witwatersrand (W) system, 

in which the gold-bearing ‘‘banket’”’ or puddingstone occurs; KA, Klipriversberg amyg- 

daloid, of the Ventersdorp system; B, Black Reef quartzite, Do, Dolomite, and P, Pre- 

toria quartzites, these three forming the Pretoria or Potchefstroom system; Ko, Karroo 

system, here including the Dwyka tillite and the HWcca shales. 

lake Superior, and an upper member including the famous gold-bearing 

Banket or “puddingstone” of ‘the Rand. Next comes the Ventersdorp 

system, here chiefly composed of the volcanic rocks of the Klipriversberg 

amygdaloid. Then follows the several members of the Potchefstroom 

system (according to the terminology of the authors above cited), first the 

Black Reef quartzite, here unusually thin and unimportant tepographic- 

ally; then the heavy dolomites, from which the water supply for Jo- 

hannesburg is largely derived; and last the Pretoria quartzites. The 

unconformities below and above the Ventersdorp system are not marked 

by striking differences of dip; the unconformity by which the Karroo 

system is separated from all the older rocks is much more pronounced. 

These structural features will be seen to be of importance when the 

topography of Dwyka time is considered in a later paragraph. 
A mile or two northeast of Vereeniging the Sugarbush branch of the 

Vaal river opens a short section with Klipriversberg amygdaloid at the 
base, unconformably covered by Black Reef quartzite and its associated 

/ wa 
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dolomite, and these followed unconformably by the Dwyka—all as iden- 

tified by Doctor Hatch—while the Ecca strata are not far away. It is 

thus seen that the streams hereabout are cutting through the general 

cover of Dwyka and Ecca and making a beginning of superposition on 

the unconformably underlying formations. ‘This process has apparently 

been advanced to a later stage some 40 miles farther south, where the 

Vaal river wanders most irregularly on a tilted series of older formations, 

the Karroo beds that once presumably covered the older rocks in that 

district having been widely worn off. 

The coal seams of the Hcca are extensively mined at and near Vereeni- 

ging; one of the fine grained Ecca sandstones is quarried for building 

stone and is found to contain good prints of ferns (Glossopteris). A 

_ shaft is sunk in the Dwyka, and the clay of the tillite, here light bluish 

gray and imperfectly indurated, is brought up for use in making fire- 

brick. ‘The waste heaps near the shaft contain many beautifully striated 

stones of typical glacial form. 

The chief result of this day’s excursion was the larger view that we 

gained of the pre-Dwyka conditions in the northern part of the Dwyka 

area. ‘The harder members of the Pretoria series northwest of Vereeni- 

ging rise in rounded hills 300 or 400 feet over the peneplain-—one might 

well say plain—of erosion that has been broadly developed on the weaker 

beds of the Karroo series. A stronger relief than this must have pre- 

vailed when the Dwyka was forming, for the hills lost some of their orig- 

inal height during the accumulation of the later members of the heavy 

Karroo series, which probably once rose hundreds of feet above the present 

plain, as well as during the subrecent removal of these higher members ; 

and, moreover, the base of the pre-Dwyka hills is not now seen, being 

buried under so much of the Karroo series as still remains. Yet the 

manner in which the pre-Dwyka hilltops come to sight where the streams 

cut through their Karroo cover suggests very strongly that the pre-Dwyka 

relief was of rather well subdued form. This is a matter of interest as 

bearing on the climatic conditions under which the Dwyka ice-sheet was 

formed. ; 
The glaciated Dwyka floor at Riverton and Kimberley.—My last sight 

of the Dwyka was in an excursion energetically planned by Penck for a 

small party to Riverton, on the Vaal river, about 15 miles northward 
from Kimberley. The heavy diabase of one of the pre-Karroo formations 

here appears along the river bank and in a small island within the chan- 

nel, showing a well rounded, grooved, and striated surface, with patches 

of typical Dwyka still clinging to it here and there. This important 

locality was first discovered by Stow in 1880. I estimated that we could 
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here see some 20,000 square feet of distinctly rounded and grooved, but 

somewhat weathered, rock surface; that at least 1,000 square feet of this 

still preserved distinct striations of characteristic glacial quality, and that 

the scattered remnants of Dwyka occupied a few hundred square feet. 

The general relief of the surface was small. The direction of ice-motion 

here indicated was to the southwest. Still better exposures of this kind 

occur half a mile farther up the river, where the remarkable views repro- 

duced:in plate 54, figures 1 and 2, were taken and sent to me by the 

kindness of Professor R. B. Young, of the Technical Institute, Johannes- 

burg, whom we had the good fortune to meet at Riverton. It may be 

added that two of our party, Mr Lamplugh, of the British Geological 

Survey, and Doctor Beck, of Freiberg, reported that they had seen the 

Dwyka on a striated surface of older rock in the great open pit of the 

Kimberley mine at Kimberley. The upper part of the pit, perhaps a 

quarter of a mile in diameter, has sloping sides in the weaker beds of the 

KXarroo series for some 300 or 400 feet; the walls then go down vertically 

out of sight from the surface for 1,000 feet in the harder older rocks, 

thus indicating the form of this extraordinary “pipe” of “blue ground,” 

the matrix of the Kimberley diamonds. It is at the change from the 

sloping to the vertical wall that the Dwyka is seen. We were told that 
it may be examined by following the galleries that are opened there to in- 

tercept the ground water from the overlying beds. ‘The striated surface 

on which it rests was reported to be diabase similar to that which we saw 

at Riverton. ‘The general form of the glaciated surface was nearly level, 

as judged from the form of the pit when seen from the surface. When 

this is taken in connection with what we saw at Riverton, it confirms very 

well the conclusion reached before as to the small relief of the floor on 

which the Dwyka rests. 

Glaciated Dwyka floors elsewhere —Other accounts of the striated rock 

floor under the Dwyka have been published as follows: There are well stri- 

ated quartzites with striations bearing south 10 degrees west near Prieska, 

on the Orange river, in Cape Colony, first recognized by Stow (about 

longitude 23 degrees east; see p, figure 1) and recently described by 

Rogers (pages 155, 159, plates viii and ix). Striations bearing south, mag- 

netic, have been found on the Waterberg sandstones near Balmoral, east of 

Pretoria, in the Transvaal (about longitude 2814 degrees east; see b, fig- 

ure 1). These are described by Mellor, who adds that the northernmost 

areas of the Dwyka are nearly in latitude 241% degrees (pages 117, 118) ; 

also by Hatch and Corstorphine (page 209, figure 50). Striations bearing 

about east and west, the direction of ice-movement not being specified, 

occur on the Tugela river in Natal (about longitude 3114 degrees east; 

SS Se 
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see t, figure 1), and are described by Anderson (a, page 89); and on 

the Umfolosi river, direction not specified (about longitude 3114 degrees 

east; see u, figure 1), also described by Anderson (b, page 60). In 

the latter report the Dwyka is referred to as the “glacial Ecca conglom- 

erate,” a change of name which seems to me regrettable, in view of the 

wide use already gained by the term Dwyka. 

Nearly all the reported observations are thus seen to confirm the general 

southward motion of the Dwyka ice-sheet, and to indicate that it spread 

southeast, south, and southwest in a radiating fashion from a central area 

inferably situated farther north, but not yet determined by observation. 

The moderate relief of the pre-Dwyka surface inferred from the ob- 

servations here detailed is confirmed by the accounts given by Rogers and 

Mellor above cited, and also in various geological sections published by 

mining engineers, as the result of surface observations supplemented by 

borings in the search for coal beds in the covering strata or for the gold- 

bearing Banket in the underlying strata. Anderson’s reports indicate a 

stronger relief for the pre-Dwyka surface near the coast in Natal than 

appears to prevail in the interior. 

SUMMARY CONCERNING THE DWYKA FORMATION 

In view of all the foregoing it may be concluded that there is at present 
no evidence whatever that the Dwyka ice had the form of Alpine glaciers. 

All reported observations indicate that it was a broad and continuous ice- 

sheet which spread across about 600 miles of country, east and west, and 

which advanced at least 500 miles poleward from its apparent source. It 

moved across a region which bore subdued mountains here and there, but 

which was reduced to moderate relief by previous erosion over large areas. 

It seems to have invaded a water-covered area along its southern margin in 

latitude 3314 degrees south. In the marginal area at least the ice advanced 

more than once, and after its final recession a climate ensued so favorable 

to plant life that a number of coal beds were formed in the Hcca series 

which overlies the glacial deposits. It is noteworthy that demonstrably 

marine deposits are nowhere associated, with the Dwyka, not even in 

Natal and eastern Cape Colony, where the Dwyka tillite repeatedly reaches 

the shore of the Indian ocean. 
While much has already been learned, much yet remains to be learned 

regarding this remarkable formation, particularly regarding certain 

features which are now well known in association with the till sheets of 

other glaciated areas. In the central parts of such areas stratified gravel 

deposits of irregular structure and form are commonly found on the un- 

stratified till or on the glaciated rock surface, but no such gravels are 
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yet reported in connection with the northern part of the Dwyka tillite in 

the Transvaal. In the peripheral parts of other glaciated areas terminal 

moraines and overwashed, gravels are found bordering the till sheets, 

but no such accumulations are yet reported from the southern part of the 

Dwyka in Cape Colony. It is possible that a search with these matters 

in mind might aid in their discovery. 

The climatic conditions under which the Dwyka ice-sheet was formed 

offer a most interesting subject for inquiry. ‘The chief factors to be con- 

sidered in this connection are: Altitude of the Dwyka land surface above 

the sealevel of its time; distance from the continental margin, as the con- 

tinent was then shaped; form of the Dwyka area and its relation to neigh- 

boring mountains and highlands of Permian time; various atmospheric 

factors, such as composition, temperature, and circulation ; certain astro- 

nomical factors; and the latitude of the glaciated area, as latitude was 

then arranged. 

THE TOPOGRAPHY OF SOUTH AFRICA IN DWYKA TIME 

Evidence has already been given to the effect that the floor on which 

the Dwyka rests had been extensively eroded and reduced to moderate or 

small relief in pre-Dwyka time. If the region then drained into the sea, 

and if it were not farther from the coast than it is today, it must have 

been a lowland, for only as a lowland could it have been eroded to small 

relief. If the Dwyka region had been of interior drainage in pre-Dwyka 

time it might have stood as high or higher than it does now; but in that 

case it must have been better inclosed from the ocean than it is at present. 

Such inclosure would have required an extension of the continent, partic- 

ularly on the east and south, where the Dwyka now reaches or approaches 

the present coastline, and as a consequence of such continental. extension 

the Dwyka area would have probably been drier than it is today. 

As between the two suppositions of a lowland draining to the sea and 

an interior plateau, the occurrence of marine (Devonian) fossils in the 

Bokkeveld series, 2,500 feet or more below the basal members of the 

Dwyka in the Karroo district, is in favor of the former; for the Bokke- 

veld, Witteberg, and Dwyka series are conformable there, and the transi- 

tion from the marine conditions of the first to the glacial conditions of 

the last, while all three formations still lay horizontal, and while deposi-— 

tion continued without interruption, can hardly have involved great 

changes of continental altitude. | 

There do not appear to have been any mountains during Permian time 

in the parts of South Africa here under consideration. ‘The many east 

and west ranges along the southern border of Cape Colony had not then 
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been created, for the folding that produced them included the Dwyka 

along with the earlier rock series. ‘The mountains of much earlier forma- 

tion, indicated by the deformation of the Pretoria (Potchetstroom) sys- 

tem in the Transvaal, had, as already shown, been nearly obliterated be- 

fore Dwyka time opened. Not only so; the subdued remains of these 

earlier mountains had been extensively covered with the barren Water- 

berg sandstones (the supposed northern equivalent of the ‘Table Moun- 

tain sandstones) in the northern ‘Transvaal before Dwyka time opened, 

and the horizontal attitude still, as a rule, preserved by the Waterberg 

series north of the Dwyka area (see Hatch and Corstorphine, pages 180- 

182), demonstrates that no renewal of mountain-making deformation had 

taken place in that neighborhood—the apparent source of the Dwyka 

ice—hbefore the ice-sheet was formed. The observations of Bornhardt 

(460) in German East Africa and of Passarge (594) in the Kalahari 

point to the same conclusion. Uplifted areas there must have been, 

however, somewhere in South Africa then or soon afterward, in order 

to provide the great bodies of sediment deposited in the heavy Karroo 

series. 

CLIMATIC CONDITIONS OF DWYKA TIME 

Change of temperature—If it has been correctly inferred that the 

Dwyka area and the area next north of it was a region of moderate alti- 

tude and on the whole of moderate relief in Dwyka time, and that it occu- 

pied then, as now, a latitude only a few degrees outside of the torrid zone, 

it follows that the cause of the Dwyka ice-sheet must be searched for in a 

general lowering of terrestrial temperatures. In no other way can a 

sufficient snowy precipitation on a lowland in latitude 25 degrees be pro- 

duced. The reasons that lead to this conclusion are as follows. 

The Dwyka area today occupies the outer part of the southern trade 

wind belt. It is not reached by the winter rains of the southern sub- 

tropical belt, which do not extend farther than the southern coastal border 

of Cape Colony. The interior receives its rainfall chiefly from disturb- 

ances in the trade wind belt during the summer season. The winters 

there are prevailingly clear and dry, because of the presence of a seasonal 

area of high pressure, shown in Bartholemew’s Meteorological Atlas as a 

part of the southern belt of high pressure that encircles the world, in- 

tensified over the land areas in the colder season. This is an extremely 

important point in connection with the study of Permian climatic condi- 

tions, for it shows that the dryness of the winters and the rains of the 

summers are inseparably associated with persistent elements of the terres- 

trial wind system. There appears to be no means of modifying this ar- 
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rangement of the seasonal rainfall, so long as the zones have their present 

positions ; and herein lies one of the most peculiar as well as one of the — 

most difficult elements of the Dwyka problem. The Pleistocene. ice- 

sheets of northeastern America and northwestern Europe are sufficiently 

explained by a moderate intensification of the present winters. Recent 

studies of Alpine glaciation show that it can be accounted for by 

a lowering of the snowline such as would result from a reduction of the 

mean annual temperature by a few degrees centigrade. The Dwyka 

glaciation is peculiar in that an intensification of its winter climate would 

leave its area free from ice. It is the summers of the Dwyka area that 

must be made wintry before an ice-sheet can be provided; and then a 

still colder winter, dry and clear, would intervene between the snowy 

summers. This may perhaps be made plainer by considering in some 

detail various possible changes of factors which affect climate, such as 

land area, land form, ocean currents, and seasonal migration of the wind 

belts, in order to determine whether any other change than general re- 

frigeration would effect the desired result. It should be remembered that 

under the last of the headings here named it is not admissible to shift 

the various belts of the terrestrial wind system arbitrarily, tor they are 

known to be intimately dependent on the path of the equator and on the 

position of the poles. It is no more reasonable to postulate an arbitrary 

change in the position of subtropical belts by which the winter rains are 

furnished to the southern coastal border of Cape Colony than arbitrarily 
to tilt the axis of the earth into a new geographical position. The ques- 
tion is, then, to learn whether any change in the lands, currents, or winds, 

independent of changes in the intensity of insolation or in the composi- 

tion of the atmosphere, would produce snowfall in the Dwyka area. 

Changes of land area and form.—lf South Africa had been somewhat 

larger in Permian time, the trade winds would have been all the better 

established ; for the greater the area of an equatorial continent the higher 

the temperature of its equatorial belt and the stronger the indraft of the 

trade winds. On the other hand, the larger the land area of a trade wind 

region, the drier it will be, provided its altitude is low. ‘There would 

probably, however, be an increased migration of the heat equator on an 

enlarged continent; but this could only bring warm summer rains toward 

the Dwyka area. It is quite possible that, if equatorial Africa were sub- 

merged while South Africa were enlarged, extensive monsoons would be 

established and the equatorial rains might be carried 20 or 30 degrees 

south of the equator, for they are carried some such distance north of the 
equator in India; but, in order that snow should be gathered under the 

south-shifting equatorial cloud belt with the present distribution of mean 
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temperatures, nothing less than a lofty mountain range, like the Hima- 

laya, would suffice; and even then it would be impossible to produce an 
ice-sheet on the polar side of the range. Indeed, under existing conditions 

as to mean annual temperatures, no imaginable mountain range in lati- 

tude 25 degrees south could gather snowfall of sufficient amount to form 

on its polar side a piedmont ice-sheet that would move 600 miles across a 

lower land to latitude 33 or 34 degrees. A heavy snowfall on the polar 

side of such a mountain range could be supphed only by the trade winds, 

which would ascend the poleward mountain slope; but the heavy rains 

that such winds would give forth at moderate altitudes, before their tem- 

perature was reduced to the freezing point, would effectually melt the 

ice that might descend from the higher levels at which snow would be 

formed. There is little assistance gained by postulating great highlands 

for the entire Dwyka area; for, apart from the strong improbability of 

their occurrence, as already indicated, the precipitation on them in 

trade wind latitudes would take place chiefly around their bordering 

slopes, while the highland areas would be left comparatively dry, even 

though they were cold. Changes of land area or land form therefore 

appear to be ineffectual in producing a glacial climate in subtropical 

South Africa. 
Ocean currents.——No conceivable arrangement of continents and ocean 

currents could produce an abundant snowfall in latitude 25 degrees, so 

long as the general temperature of the atmosphere preserved its present 

values. Even if both Permian Africa and Permian Australia reached 

farther south than present South America and diverted toward the equa- 

tor a greater body of colder water than now flows equatorward in the 

Peruvian or Humboldt current, such currents would not alone cause the 

trade winds to precipitate snow over a lowland in latitude 25 degrees. It 

~must be remembered that, however cold the poles, the ocean currents 

moving toward the equator could not be colder than 28 or 30 degrees 

Fahrenheit at their source, and that they must under existing conditions 

as to sunshine rise in temperature 30 or more degrees on their way to 

the equator. So far as a cold current in the Atlantic west of Permian 

Africa is concerned, its effect on the trade wind belt of southeastern 

Africa would be practically nothing, because the current would be far 

down the wind, or to leeward. So far as a cold current in the Indian 

ocean west of Australia is concerned, it would have gained a temperature 

of at least 60 degrees, more likely 70 degrees, on reaching the equator ; it 

would be warmed to a somewhat higher temperature as it flowed west- 

ward along the equator, and it therefore could not produce a very low 

temperattire when returning poleward along the east side of Africa. A 
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-cold current running equatorward along the east coast of Permian Africa 

in lower latitudes than 40 degrees is hardly conceivable. It may be 

barely possible that such a current existed in Permian times, but it has 

no analogue in the present arrangement of ocean currents. 

The subtropical belt———The occurrence at present of winter droughts 

and summer rains over the Dwyka area is so unfavorable a condition for 

glaciation that it is necessary to inquire whether winter precipitation 

might occur there under any admissible conditions. The only reasonable 

scheme for producing such a result involves an increased migration of the 

subtropical belt, such as may be brought about by increasing the contrast 

of equatorial and polar temperatures in the winter hemisphere. - There 

are two unlike conditions from which such an increased contrast might 

follow: One involves a persistently greater warming of the equator by 

sunshine or a greater cooling of the poles by radiation. As a conse- 

quence, the general circulation would be strengthened all the year round, 

and the subtropical belt in the winter hemisphere would be driven farther 

toward the equator; and in this way the winter precipitation, which now 

reaches only the southern extremity of Africa, might advance over the 

interior. Yet even under extreme conditions of this kind it is doubtful 

whether the subtropical belt could be thus driven ten degrees of latitude 

nearer the equator than it now reaches; and furthermore it is manifest 

that, if it were so driven, there would still be the warmth of summer and 

its rainy precipitation to melt the winter snows; hence it is not likely 

that effective assistance in the production of the Dwyka ice-sheet can be 

thus afforded. 
The second possible condition involves an increased eccentricity of 

the earth’s orbit, with the southern winter in aphelion. An increased 

contrast between equatorial and south polar temperatures in winter would 

then be brought about by a fall in the temperature of the Antarctic re- 

gions. The general circumpolar circulation of the atmosphere in the 

southern hemisphere would consequently be strengthened during the long 

severe winter, the subtropical belt would be thereby driven farther toward 

the equator, and the precipitation from it would be more largely in the 

form of snow than it is at present. It is difficult to believe, however, that 
a change of this kind would suffice to produce enough snow in latitude 

25 degrees for the formation of an extensive ice-sheet, unless a decided 

reduction of mean annual temperature accompanied it. It may be 

pointed out that the aphelion winter theory involves a contemporaneous 

mild winter in the northern hemisphere; it is therefore to that extent 

inconsistent with the supposed equivalence of the Dwyka glacial forma- 

tion with the Talchir glacial formation of northwestern India,” 
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General refrigeration.—Refrigeration alone—either by a decrease of 

solar radiation or by a change in the constitution of our atmosphere— 
without any significant shifting of the wind belts, would have to be ex- 

treme in order to produce an ice-sheet in latitude 25 degrees; for it would 

be necessary in such a case to reduce the summer temperature of South 

Africa so that the summer rains should be changed to suinmer snows, 

the winters remaining dry, but becoming extremely cold. Such a refrig- 

eration would freeze up all the temperate ands; and there does yet appear 

to be sufficient reason for supposing that so general a Permian refrigera- 

tion has taken place. A special study of the Permian formations of: the 

whole world in this connection would be instructive. ; 

Shifting of the poles—An altogether different explanation for the cli- 

mate of the Dwyka ice-sheet is found in the frequently suggested change 

in the attitude of the earth’s axis, so that the poles with their normally 

low temperatures might he placed nearer the present position of the 

equator. It is well known that a change of the north pole to a position 

near Iceland would favor the production of the Pleistocene ice-sheets in 

northeastern America and northwestern Europe; for it would not only 

decrease the mean annual temperature of the glaciated areas, but it would, 

by setting the equator in the Atlantic south of cape San Roque, prevent 

the deflection of a large body of warmed water from the South Atlantic 

to the North Atlantic, and thus decrease the volume of abnormally warm 

water which now, under the popular but inappropriate name of the Gulf 

stream, flows past Norway. ; 

If a change in the position of the axis took place in Permian time, it 

would seem easy thus to account not only for the Dwyka glacial formation 

of South Africa, but also for the Talchir glacial formation of northwest- 

ern India, and for the Muree glacial formation of southeastern Australia, 

as various geologists have pointed out. It should be recalled that, in 

favor of the hypothesis, the movement of the T’alchir ice-sheet in India 

was, like that of the Dwyka ice-sheet in South Africa, away from the 

equator. But there are various embarrassments connected with the ac- 

ceptance of this daring hypothesis. There is no efficient cause known by 

which so great a change in the position of the earth’s axis as is here 

needed can be accounted for; there appears to be a less frequent occur- 

rence and a smaller extension of glacial formations in the whole geological 

series than one might fairly expect there would be if the earth’s axis 

were in the habit of varying its position; and there are so many areas of 

undisturbed Paleozoic strata that it is unreasonable to admit the occur- 

rence in later time of the various deformations of the earth’s crust that 

might have to follow a shift in the location of the equatorial bulge 
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and of the polar flattening. The shifting of the poles is therefore at 
present not only a daring hypothesis, but gratuitous and discredited as 

well. Nevertheless, if evidence of Permian warm climate were found 

around a zone that would be equatorial to an Indian Ocean polar area, 

and if another Permian glacial area were found in the regions antipodal 

to the Indian ocean, this daring, gratuitous, and discredited hypothesis 

would have to be taken seriously into account. 

The cause of the Dwyka glaciation for the present remains a puzzle, al- 

though the fact of the glaciation is well established. 

Tue INTERIOR HIGHLAND: THE VELD* 

THE SCHEME OF THE GEOGRAPHICAL CYCLE 

Our rapid journey inland from Cape Town as far as Johannesburg and 

Victoria falls, and then eastward to Beira on the Portuguese coast, gave 

a particular pleasure to some of the geographically minded members of 

the party, who attempted to refer the various land forms that were seen 

to their appropriate place in the scheme of the geographical cycle. This 

scheme recognizes that if the ordinary processes of erosion carry on their 

destructive work without interference by crustal movement or by climatic 

change for an indefinitely long time, they will eventually wear down any 

land area, whatever height and form it originally had as a result of up- 

lifting forces, to a nearly featureless lowland, hardly above sealevel. On 

such a lowland plain the further processes of erosion must be very slow; 

the rivers would’ have long since. reduced their courses to gentle grade, 

with extremely faint declivity toward their mouths in the sea; the branch 

streams would have given up the torrential activity of their youth and 

become sluggish tributaries in their old age; and the smaller rills would 

have been largely extinguished by lack of ground-water discharge in 

springs on the flattened jiand slopes, for the hills that rose between the 

eroded valleys during the stage of vigorous maturity would by this time 

have been worn down to faint swells, seeming almost level to the eye, and 

the ground-water would find few points of emergence until the larger 

channels were reached. The waste of the land, prevailingly of fine text- 

ure, would be slowly washed down the nearly imperceptible slope of the 

swells toward the streams, and carried by the streams and rivers along 

their well ordered courses to the sea. ‘The watercourses would not follow 

*This section of the present article is expanded from the notes of an informal address 

given on the deck of the steamer Durham Castle during the return voyage of the British 

Association party from Beira, by the east coast of Africa, to Southampton, September-October, 

1905. 
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valleys in the ordinary sense of that term, but would lhe in the broad sur- 

face of faint depressions between equally faint swells: there would be no 

hills, no escarpments, no terraces. 'The agencies of transportation would 

have come to be so nicely fitted to their work that the streams would be 

everywhere competent to sweep aiong the load of waste supplied to them 

by the weathering agencies; the soils might be deeper in one kind of rock 

or shallower in another kind, but there would be no heavy accumulations 

of transported soil; alluvial deposits would occur only in relatively nar- 

row and shallow belts along the stream courses. 

Now a land form of this kind is seldom found; it is a geographical 
rarity. Plains are common enough, but plains such as those of northern 

India or western Turkestan are not the work of erosion, but of deposition, 

and should not be confounded with plains of erosion, just described. 

Some geographers have indeed urged that the crust of the earth has not 

anywhere stood still long enough for the production of a plain of erosion ; 

hence all the more interest would attach to such a plain if it were found. 

THE OPEN VELD A PLAIN OF EROSION 

Before leaving Cape Town we were told that the scenery along the rail- 

way line on the interior highland or Veld to Johannesburg was monot- 

onous and uninteresting. I made that journey in the sympathetic com- 

pany of Professors Penck, of Vienna, and Coleman, of Toronto, when we 

were hurrying from the geological excursion in the Karroo with Mr 

Rogers to another excursion in Vryheit with Messrs Anderson and Molen- 

graaff; and seldom has a railway journey proved more entertaining than 

the daylight run we made over the Veld from De Aar to Bloemfontein, 

for we crossed miles and miles of plains that repeated in nearly every re- 

spect the features of the ideal worn-down land surface, such as belongs 

in the latter part of the physiographic cycle of land forms. ‘This profit- 

able experience was repeated on the return from Johannesburg around to 

Kimberley, when we saw in the morning a stretch of the Veld north of 

Bloemfontein that had been crossed at night on our way up country. I 

will first point out the elements in which the actual features of this region 
support the scheme of the cycle, then mention some special features, and 

finally ask attention to some problematic matters concerning which a 

much more extended study of South Africa must be made than that 

which was possible in our short excursion. 

There are many stretches of Veld-——open, treeless, unfenced country, 

hundreds or thousands of square miles in area and several thousand feet 

above sealevel—that would be called level plains even by a rather careful 

observer ; but they are not precisely level, as a view back or forward along 
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the railway line soon shows. ‘The surface has broad swells of very faint 

convexity between broad depressions of equally faint concavity, and it 

may therefore be called a peneplain instead of a plain, as if it represented 
the penultimate and not the ultimate stage of the geographical cycle. The 

Veld is not a surface of accumulation or of construction; it is a surface 

of erosion, for the various formations of the Karroo system of which the 

region is built up are often seen under the thin soil, obliquely beveled by 

the gently undulating plain. Moreover, the Veld is frequently sur- 

mounted in one district or another with ridges and tables of resistant 

dolerite, whose occurrence demands the former presence of higher Karroo 

beds to an additional thickness of hundreds or thousands of feet. Again, 

certain parts of the Veld are not reduced to so small a relief as those 

just referred to, and hence seem to show a less advanced stage of develop- 

ment; here the more distinct swells and troughs are called bults and vleis 

‘by the Boers. 

It should not be understood, however, that in considering the highland 

of the Veld as a peneplain it is intended to imply that it stands at one 

level over its great extent. A peneplain must have a perceptible measure 

of residual relief ; its streams must exhibit a gentle slope, and hence, when 

its surface extends over hundreds or thousands of miles, it is essential 

that its different parts should be of different altitudes. Just what the 

existing differences of altitude amount to it will be impossible to say 

until the region is surveyed. It is evident that the openness and prevail- 

ing smoothness of the Veld has favored the advance of settlement 

across it. 

It is especially noteworthy that the faint depressions of the Veld are as 

a rule not undrained hollows (we saw few “pans” on our journey), but are 

arranged in branchwork fashion, systematically joining one another down- 

stream in a way that can be explained only by long-continued river work; 

the faint depressions are indeed nothing more nor less than valleys in 

their old age, although they are as unlike the steep-sided troughs which 

the term valley ordinarily suggests as the faint swells of a worn down 

range are unlike the mountains from which they have been reduced. 

This old drainage system seems thoroughly organized, although not very 

energetic, all its parts being closely interdependent and everywhere show- 

ing that wonderfully delicate adjustment of declivities which brings the 

graded lines of interstream slopes into accordant junction with the stream 

courses, and the stream courses with each other. On the surface thus 

fashioned the drainage system seems, precisely as the theory of the cycle . 

leads one to expect, everywhere just competent to do its duty—that is, to 

carry along the waste that is washed from the broad surface of the faint 
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swells to the streams and along the streams to the rivers. Not only the 
stream courses, but the general surface of the plain, is and has long been 

reduced to grade. The delicacy of drainage organization here involved 

is worthy of close attention; it can be explained only by the long undis- 

turbed and continued action of erosive agencies, and its attainment may 

therefore be taken, along with other features above mentioned, as evi- 

dence that the region of the Veld has really been undisturbed by crustal 

movement through a long period of time, and that it is actually a plain 

of long continued erosion. It is distinctly not a dissected peneplain in 

the areas here considered; the streams do not flow in narrow valleys that 

are eroded beneath the level of the peneplain, as is so often the case in 

other parts of the world, but flow in mere channels through the very shal- 

low and very wide open valleys appropriate to old age. 

The absence of rill channels on the slopes of the faint swells is a char- 

acteristic peculiarity of the Veld very appropriate to old age. This 

feature is probably to be explained, in so far as a peneplain in a normal 

climate is concerned, by the failure of the gently sloping surface of the 

residual swells to intersect the ground-water surface, and hence by the 

failure to develop springs and small streams, as already suggested. In the 

case of the Veld, the absence of rills is also favored by the dryness of the 

climate. If contour lines were drawn on a good map of the district, they 

would, in the absence of rill channels, sweep around the swells in large 

curves ; the many reentrant angles by which contour lines indicate the re- 

peated divarication of streams and rills in a surface of stronger relief 

would here be wanting. The very broad convexity of the faintly arched 

swells is another matter of interest in showing how far the sharp ridged 
divides, appropriate to the action of streams in an early stage of the cycle, 

are now replaced by flat and broadly rounded divides on which normal 

stream action is replaced by some other process—probably wet weather 

wash rather than soil creep—which becomes dominant in the late stages 
of the cycle. It should be noted that the flat divides swell from 30 to 100 

feet above the pale valleys, and from this it may be fairly inferred that 

peneplanation here can not be due to the lateral swinging of streams, but - 

simply to the general wasting and washing processes of subaerial degra- 

dation. The few “pans” or undrained depressions that I saw seemed to 
be distinct departures from the rule of normal degradation that obtains 

so widely in the Veld, as will be more fully stated below. 

EFFECTS OF THE DRY CLIMATE 

Some of the more special features of the Veld, considered as a pene- 
plain, may now be mentioned, and, first, certain features associated with 
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the dryness of its climate. The region has a pronounced dry season 

through the months when the sun is north, and a considerable rainfall, 

some thirty inches, when the sun is south; and much of the rain falls in 

heavy showers. The climnate can not therefore be properly described as 

arid; yet arboreal vegetation is wanting, and even the smaller plant forms 

are rather sparsely scattered, leaving much bare ground between them in 

the dry season of our visit. The soil is probably more fully plant covered 

after the summer rains have begun; nevertheless the aspect of the region 

is distinctly that of a dry country. The processes of weathering seem to 

be not so much those of deep penetrating decomposition of the chemical 

kind as those of shallow disintegration of the mechanical kind. The 

processes of transportation are inactive in the dry season, but they must 

work very effectively in the wet season, especially during and immediately 

after the occasional downpours of rain that seem to be characteristic of 

the region. At such times the smooth slopes of the unchanneled swells 

must be swept by sheetfloods and the stream channels must be filled to 

overflowing. The sheetflood would be greatly impeded if the Veld sup- 

ported a forest with thick undergrowth. The sheetflood is, on the other 
hand, greatly favored by the actual scantiness of vegetation, and it can 

hardly be doubted that erosion at this stage of the cycle progresses much 

more rapidly in this comparatively dry region than it would under a chi- 

mate moist enough to support an abundant cover of vegetation. It must 

be chiefly by the action of the efficient sheetflood that the broad and gentle 

swells have been and are still worn down without the formation of rill 

channels and gullies. Residents in the region told us that sweeping 

floods on the plains, far outside of the stream channels, were of not un- 

common occurrence from year to year. 

RIVER VALLEYS AND RIVER CHANNELS 

The unchanneled swells of the Veld are so broad that well defined 

stream channels are few and far between. This is partly a feature of old 

age, partly of dry climate, as stated above. At the time of our visit such 

channels as occur were nearly or quite dry, and we had a chance of seeing 

the banks and beds, which in a moister climate are usually hidden under 

water. The banks were largely built of fine alluvium, from 10 to 30 feet 

in height, and rock in place was visible in them here and there. ‘The beds 

were mostly covered with silt, sand, and gravel, but sills of rock were not 

rare. The railway usually crossed the larger channels where rock sills 

occurred, in order to have good foundations for the abutments and piers 

of its bridges. ‘The channels were sometimes so deep that they had the 

appearance of young valleys, new cut beneath the plain, as if by the re- 
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juvenation of the streams, and so they were at first interpreted ; but I am 

persuaded that such was not the case. The depth of the channels was 

merely a sign of the great fluctuations of stream volume in a region where 

heavy rains are chiefly discharged by rapid run-off from an open surface. 

The rock sills in the channel beds sometimes determined the site of little 

rapids or low cascades in the trickling streamlets that alone represented 

the rivers in the dry season. ‘This also at first sight suggested a recent 

rejuvenation of the old drainage system; for rapids and falls are always 

to be associated with young rivers, while old rivers are supposed to be 

normally of gentle and even grade, without any trace of local hurry in 

cascades, all of which should have been obliterated in the earlier stages of 

the cycle. But in this case, as in the other, further consideration shows 

that the little rapids of the low-water streamlets are not at all inconsistent 

with normal old age; for when the channels are occupied by the flooded 

rivers the small unevenness of the channel bed can have no significant 

effect in disturbing the even slope of the river surface. ‘The smoothness 

of the floodplain confirms this; 1t is without perceptible inequality of 

slope and shows no change of level where low rock sills occur in the chan- 

nel bed below. It is therefore the high-water river and the floodplain 

associated with it which should be taken to represent the normal features 

of old age; the low-water stage is an abnormal condition of a river, and 

gives less evident indication of the stage of its development. 

STORKM-FLOOD CHANNELS 

Some of the wide open, old valley floors were dissected here and there 

by branching channels cut in the alluvium to a depth of 10 or 20 feet; 

and this led us to question whether a slight disturbance in the normal 

progress of events had not taken place. For example, after a time of 

more thorough erosion, a climatic change might have occurred during 

which a deposit of alluvium would accumulate, and this in turn might 

have lately been followed by a period of more active erosion whereby the 

accumulated alluvium would be channeled. On the other hand, it seems 

possible that the occasional heavy downpours which are characteristic of 

the rainfall on the Veld may sometimes flood the streams into so violent 

an activity that they cut deep channels in the alluvium that has been 

accumulating in the long intervals of less rainfall, and thus the master 
flood of the century may make a record which is very striking if of 
recent occurrence, but which is gradually lost as the deep cut channels 

are silted up. In this case the rock floor beneath the alluvium will be 

worn down only when and where the deep cut channels are ripped open 

XXXVII—BULL. Grou. Soc. AM., VoL. 17, 1905 
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by the master floods—a slow process truly, but not slower than the penul- 

timate erosion of a land surface should be. It may be added that we saw 

in the Vryheit district of Natal many gulches in hillside alluvium, which 

were explained as storm-flood channels by Mr Anderson, who there accom- 

panied us. I am tempted to think that the occasional branching channels 

in the alluvium on the Veld are best explained in the same way. 

Some of the railway cuttings near Johannesburg exhibited a succession 

of soil and rock fragments which seemed abnormal and which may come 

to be interpreted as indicating a change of climate; this is merely put 

on record here, but not discussed, as it was only seen from the passing 

trains. ? 

UNDRAINED HOLLOWS OR “PANS” 

. There are certain parts of the Veld in which shallow undrained de- 

pressions or “pans” occur, often holding lakes or pools of variable area. 

Not many of these were seen from our route of travel, and we were not 

able to give special attention to the few which we passed. No satis- 

factory explanation for the depressions has been offered. ‘The underlying 

formations are not known to contain soluble minerals whose removal 

might cause a settling of the surface. The action of the wind may per- 

haps be appealed to, for the scanty vegetation of the Veld permits the 

wind to reach a large part of the surface of the ground, particularly in the 

dry season, but I am not aware of any special features of the pans which 

demonstrate their origin by wind action. The long continued removal of 

a significant amount of fine soil during each wet season by animals has 

been suggested, and when the large numbers of antelopes that formerly 

roamed here is considered, this suggestion seems to be not without value. 

But important as the pans are in certain districts, the action of surface 
wash and sheetfloods seems to be dominant over the greater part of the 

Veld, for the surface very generally exhibits that systematic arrangement 

of drainage lines and slopes which long continued washing must produce 

and which long continued wind action must destroy. Further reference 

to this matter is made in the closing section of this article. 

RIDGES AND TABLES OF DOLERITE 

We may next consider the effects of variation of rock structure in caus- 

ing variations of form in the Veld. In the ideally simple scheme of the 

geographical cycle a land mass of uniform structure is usually postulated, 

because in such a case the action of the erosive processes is not compli- 

cated by the unlike resistance of strong and weak rocks. This simple 
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condition is almost realized where the Veld is underlaid by stratified 

rocks, but it has been already stated that doleritic intrusions in dikes and 

sheets are not uncommon. Where these resistant rocks occur it is but nat- 

ural that they should stand up in much more mature relief than that of 

the old plains which have been worn down around them on the weaker 

rocks. It is evident enough that if the whole region consisted of resistant 

dolerite the surface would not now be worn as smooth as it is in the actual 

areas of the weaker stratified rocks; for the time and the agencies that 

have sufficed for the peneplanation of the latter would have hardly car- 

ried the former beyond maturity. From what we could learn, it seems 

probable that the Stormberg mountains, which rise along the southeastern 

border of the Veld, are an example of such a more resistant district ; their 

structure seems to be essentially horizontal, and they are said to contain 

much dolerite. They may therefore be provisionally looked upon as rep- 

resenting in their height and form something of the maturity through 

which the weaker rocks of the Veld have long since passed. 

The side slopes of the ridges and mesas formed on the dolerite dikes 

and sheets are suggestive of the slow erosive processes by which the ridges 

are being slowly worn down. ‘The crests and the steeper part of the upper 

slopes consist chiefly of bare dolerite. There the agencies of removal are 

somewhat in excess of the agencies of disintegration ; rock fragments are 

rolled down as soon as they are detached from the parent ledges. Farther 

down, where the slope is less steep, it is covered with coarse waste or talus 

from the bare ledges above. Here the agencies of removal are only able 

to carry away the middle textured and finer waste that comes partly from 

the disintegration of the coarse waste and partly from the disintegration 

of the underlying rock. The talus-covered slope turns by a rather short 

curve into the plain, where the soil is of relatively fine texture. Here the 

agencies of removal are able to carry away only the fine waste that comes 

from the relatively complete disintegration of the materials farther uphill 

and of the underlying strata. ‘Thus the talus slope as well as the plain 

is essentially at grade with respect to the agencies and materials there 

concerned, though the slopes of the two are very different; but the top of 

the ridge is not yet reduced to grade. The front view of the ridges gives 

one the impression that the talus slope and the plain meet at an angle; 

the profile view shows that the two surfaces are connected by a short 

curve, as already stated, and close inspection shows that the plain near the 

base of a ridge has a slightly greater declivity and a slightly coarser waste 

cover than farther forward. It sometimes happens that the stratified 

rocks may be seen through the talus slopes, especially on the slopes of 
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dolerite-capped mesas, and from this it must be understood that the talus 

is not a thick accumulation, like the heavy fans that accumulate at the 

base of oversteepened cliffs in glaciated districts; it is only a sheet of 

-waste whose fragments travel slowly down the slope, while the slope 

slowly retreats before the slow expansion of the plain at its foot. The 

talus slopes are seldom ravined, and from this it may be inferred that the 
talus, like the plain, is acted upon rather uniformly over large areas in- 

stead of on lines of concentrated water flow. We saw indications at 

- various points that the contrast of conditions between ridge and plain 

acted as a control in the distribution of vegetation, concerning which the 

botanists of the party could probably give details. It would appear also 

that the stony slopes of the ridges and mesas might often serve to harbor 

various forms of animal life which could find no satisfactory refuge on 

the featureless plains. But it sometimes happens that a broad sheet of 

dolerite lies at a level only slightly above that of the surrounding plain, 

and in such case the flat surface of the sheet is covered with boulders of 

decomposition to such an extent as to exceed in this respect the talus 

slopes of the ridges and mesas. 

RELATION OF RIVERS AND RIDGES 

The relations of the drainage system to the dike ridges present some 

interesting features. ‘T’he plains may be conceived as more or less com- 

pletely divided into irregular compartments, large and small, by the 

ridges. Many of the compartments are. drained by streams that escape 

where the ridges are wanting; the plains of such imperfectly separated 

compartments form a continuous surface of uninterrupted grade; but it 

not infrequently happens that the stream by which a compartment of the 

plain is drained enters the compartment or escapes from it through a 

notch in one of the inclosing ridges. Then the plains up and down stream 

from the notch are not at precisely accordant levels; for the stream in the 

notch is usually of a steeper slope, either on bed-rock or on large boulders, 

than it is on the open plains. ‘T‘he plain upstream from a notch is of 

course graded with respect to the notch; the plain below the notch is 
graded with reference to some other local baselevel farther downstream. 

This relation has probably obtained for ages past, the graded plains hay- 

ing been worn down as fast as their local baselevels were lowered. Here 
as elsewhere the highly developed organization of the drainage system is 

exhibited. There is, for example, no excessive accumulation of alluvium 

on a plain upstream from the notches which are so characteristic of the 
region; hence there does not seem to have been either an undue deepen- 
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ing of the plain above the notch, followed by aggradation, or an undue 

supply of waste in excess of that which could be carried through the notch. 

The plains and the ridges, the stream channels and the notches, are essen- 

tially such as one might expect to occur in the undisturbed old age of a 

region of hard and soft rocks in a subarid climate, and hence we are war- 

ranted in supposing that erosion has been steadily in progress on the Veld 

for a long time in the past. However the river courses were originally 

determined, they must have been running practically on their present 

courses during at least the greater part of the period in which the later 

erosion of the plains has been accomplished, and during that period South 

Africa appears to have been an undisturbed land area. 

PENEPLAINS IN OTHER PARTS OF SOUTH AFRICA 

The condition of long enduring continental quietude indicated by the 

peneplanation of the Veld appears to have obtained in other parts of 

South Africa as well. On our way northward from Mafeking we passed 
through a granitic district on the eastern border of the Kalahari where 

the general relief was small and where the watercourses were shghtly, if at 

all, incised in the broad and shallow depressions that sank beneath the 

broad and gentle swells, as on the Veld. Occasional knobs and moun- 

tains—“‘Inselberge,” as they have been called by German explorers—rose 

above the plain. Farther north, around Bulawayo, the steeply inclined 

schists are truncated in a broad, gently undulating plain; but here the 

watercourses were rather more distinctly incised than in the other dis- 

tricts named. Not far from Bulawayo is a group of granitic hills, known 

as the Matopos and famous as holding the grave of Cecil Rhodes at the 

summit of one of their higher eminences ; they are monadnocks of granite 

that rise above the surrounding peneplain of schists. A small example 

is shown in plate 49, figure 2. Again, on approaching Salisbury, the 
capital of Rhodesia, we crossed a gently undulating plain eroded on in- 

clined rocks and interrupted by a pronounced ridge of nearly vertical 

strata, apparently quartzites, through which the railway passed in a sharp 

notch. Hast of Salisbury the undulating plain seemed to be worn down 

on granite, which often rose in local knobs and heaps of weathered 

boulders like small Matopos. We were told that the railway line from 
Bulawayo to Salisbury was laid nearly along the water-parting between 

the Zambesi and the Limpopo, so as to avoid the valleys of the larger 

branches, which are more and more deeply incised beneath the highland 

as the main rivers are approached. 
The reports of two explorers may be cited to show the existence of ex- 

tensive peneplains farther north and northwest. For example, Born- 
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hardt (27-29) * describes the uplands between Lake Nyassa and the east- 

ern coast as consisting of gneiss, generally reduced to a surface of small 

relief, but here and there surmounted by residual eminences, or Insel- 

berge. Passarge (a, 636-638) says the same of large areas of the Kala- 
hari Desert area. 

The various peneplains here referred to can not at present be surely 

correlated as belonging to the same cycle of erosion, but there is a pre- 

sumption that they are of similar dates of development, and they certainly 

all agree in testifying to the quietude of the continent for a long time 

and over a large area. 

DISTRICTS OF STRONGER RELIEF 

Although a great part of the South African highland may be described 

as made up of undulating plains and accounted for as the result of long 

continued, penultimate erosion, there are certain districts where the relief 

is hilly or submountainous. ‘The Stormbergen, for example, which lay 

southeast of our route across the Veld, are several thousand feet higher 

than the highland. They are built of the youngest members of the Karroo 

system, reinforced by abundant sheets of dolerite. They are believed 

to be residual eminences that have survived the erosion which has swept 

away the less fortified strata elsewhere. In the neighborhood of Pretoria 

there are several well defined ridges, the greatly denuded edges of various 

resistant formations belonging to older geological systems than the Kar- 

roo. The famous Rand or escarpment at Johannesburg is another exam- 

ple of the same kind. The moderate relief to which these ridges are re- 

duced from the former much greater extension of their strata is the result 

largely of pre-Karroo erosion, partly of post-Karroo erosion. North of 

Kimberley we saw a long even-crested escarpment in the distance to the 

west of the Vaal river. North of Mafeking the railway passed among 

a number of subdued mountains believed to be composed of the same 

formations as those about Pretoria, as shown on the valuable geological 

map of the Transvaal, by F. H. Hatch, in Hatch and Corstorphine’s 

Geology of South Africa. The Inselberge on the eastern border of the 
Kalahari and the Matopos near Bulawayo have already been mentioned. 

* The explanation that Bornhardt here offers for the even surface of the upland which 

he describes does not seem satisfactory. He supposes that the region concerned, once 

surmounted by additional rock masses and therefore rising to a greater altitude, was 

dissected to maturity and then depressed and buried under later sediments and again 

elevated; and that by several repetitions of this process a number of independent 

criss-crossing valley systems were developed. so that their confluent floors would form a 

plain, while the intermediate spaces were left rising in isolated knobs. The difficulty 

here is that in the successive periods of elevation and erosion there is no guarantee that 

the land mass shall resume the same altitude, and hence no reason for thinking that the 

space between the knobs should be reduced to a single plain. 
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On the way to Victoria falls the country was rougher than any other dis- 

trict that we traversed on the highland, but all the mountains and hills 

thereabout seemed to be merely residual eminences of harder rock, like 

the dolerite ridges and mesas of the Veld. heir survival in no way 

contradicts the explanation of the Veld by long continued and more 

effectual erosion. 

The east and west ranges which occupy the southern part of Cape 

Colony are not mentioned in the preceding paragraph because the broad 
valleys between them are lower than the highlands of the Veld. These 

ranges should probably be associated with the mountains and escarpments 

which roughen the slope where the highlands descend eastward to the 

Indian ocean, for I gained the impression that in both these areas, south 
and east of the Veld, the peneplain of the highland had once extended 

farther toward the sea and had afterward been dissected by short rivers 

of rapid fall. 
OCCASIONAL DEEP VALLEYS 

_ <A notable feature of all the high standing peneplaned areas that we 
_ traversed is their comparative freedom from deeply incised valleys. High 

standing peneplains are common in many other parts of the world, but 

they are, with hardly an exception, more or less completely dissected by 

the rivers that drain them. In South Africa undissected continuity 

seemed to be the rule and dissection the exception. The rivers flow, one 

may almost say, on the plain. The only striking example of dissection 

that we saw within the plateau area was the gorge of the Zambesi below 

Victoria falls. Here the river has cut down its extraordinary zigzag 

trench beneath the floor of a very broad and shallow preexistent valley. 

It may well be, however, that on account of our journey having been so 

largely by rail, and on account of the railways having been located as far 

as possible along the broad highland divides between the larger and deeper 

valleys, as between Bulawayo and Salisbury, that we gained an undue 

impression of the freedom of the highland from dissection; yet where we 

crossed the Orange and the Vaal rivers and their branches the valleys were 

very little, if at all, sunk below the level of the adjoining plains. It 

should be remembered, however, that the Orange river is described as 

having falls in its lower course, west of the Veld, and it is to be presumed 

that these falls are associated with a more or less distinctly entrenched 

valley. Special physiographic observation is much needed on this point. 

VICTORIA FALLS OF THE ZAMBESI 

The peculiar zigzag pattern of the “Batoka gorge” of the Zambesi river 

below Victoria falls has been well shown by Molyneux to depend on the ex- 
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istence of groups of transverse vertical joints or fissures in the horizontally 

bedded basalts which here build up the plateau. The course of the river 
near the falls is to the south-southeast.. Above the falls it follows a 

broad, open, and shallow valley inclosed by sandy uplands which ascend 

gently one or two hundred feet above the river. A similar valley is easily 

seen to continue below the falls, but there its floor is cut by the zigzag 

gorge. The gradual widening of the main gorge and the increased length 

of the lateral gorges farther and farther downstream, as described by 
Lamplugh, leave no doubt of the normal origin of the gorge by river 

erosion. 

The falls at present stretch across the whole breadth of the upper river. 

The waters plunge down from a rather straight wall-like face of rock 
into a deep transverse cleft that has been worn out on one of the groups 

of transverse joints and fissures. The cleft is soon followed by a trans- 

verse wall of more solid rock, through which a narrow passage leads the 

river to the next transverse cleft, and so on down the gorge. Above the 

falls transverse belts of smoother and deeper water interrupt the rippling 

belts of shallower water at intervals of a few hundred feet. These deeper - 

belts probably indicate as many groups of joints and fissures and appear 

to be the embryonic form of future transverse clefts separated by more 

solid walls. Several local channels are forming across the wall from which 

the falls now plunge. At times of lowest water the less worn top of the ~ 

wall may be partly dry, nearly all of the water being then gathered in the 

local channels. At times of high water the great flood carries deep water 

from bank to bank, and spray and foam then rise from the cleft in such 

volume as almost to hide the falls. As time passes, one or another of the 

local channels will be cut deeper and deeper, until it takes all the water 

from the next upstream deeper transverse belt. The local channel then 

becomes a connecting passage, the deeper belt is worn down to a deep 

transverse cleft, to whose upstream side the falls are shifted, and the wall 
of the present falls is left standing high and dry. It has been by essen- 

tially a series of such changes that the existing zigzag gorge below the 

falls has been eroded. The transverse clefts are subparallel, but the loca- 

tion of the connecting passages is a matter of chance, as it depends on 

the success of one local channel in being worn down a little faster than 

another ; hence the peculiar zigzag course of the narrow river below the 

falls, in contrast to the relatively direct course of the broad river above 

the falls. The connecting passage that now leads the waters from the 

falls cleft through the next transverse wall is about a fourth way from 

the eastern to the western end of the wall. The passage that cuts 

through the second wall below the falls is at its western end; it is around 
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this wall end that the river makes its extraordinary turn in front of the 

hotel and railway station, close by on the southern upland—a view that 

is often shown in photographs. A connecting channel appears to be at 

present in formation close to the western end of the present falls. It 

thus appears that the explanation offered by Molyneux not only accounts 

for the peculiar pattern of the gorge already formed, but suffices also to 

show that the peculiar process of its formation is still in progress, and 

that the future gorge will be, for some time at least, as remarkably zigzag 

as the present gorge. It is noteworthy that the whole depth of the gorge 

is cut in resistant sheets of basalt: there is in this case no question of a 

hard capping layer on a weaker underlying mass, such as commonly de- 

termines the occurrence of waterfalls in dissected plateaus. 

THE HASTERN ESCARPMENT 

When the eastern border of the highland is reached it is found that 

the headwaters of many streams which flow rapidly down to the Indian 

ocean are retrogressively gnawing into the plateau and dissecting its 

edge. ‘The best example of this kind that came to my notice was on the 

railway line from Durban to Johannesburg, between Charlestown (Natal) 

and Volksrust (Transvaal). Here a headwater stream of Buffalo river, 

which flows southeastward and joins the Tugela on the way to the Indian 

ocean, occupies a narrow valley, sharply incised beneath the rolling up- 

lands, over which rise in turn the more resistant rocks in ridges and mesas ; 

of these Majuba hill, on the general line of water-parting between the 

east-flowing and west-flowing streams, is one. ‘The head branches of 

the Vaal in this district occupy shallow, wide open valleys. It may be 

noted that the upper Buffalo river receives Berlang river, a stream about 

30 miles long, from the east, very much as if the latter had once belonged 

to the Zand-Klip-Vaal-Orange system and had been afterward captured 

by the Buffalo at the point where its waters turn sharply to the southeast, 

round an angle of over 120 degrees. 
The headwaters of the east-flowing Elands-Crocodile-Komati river 

system in northeastern Transvaal are also deeply intrenched beneath the 

rolling Veld near Belfast, but the valleys are here more widely opened, 

as if they had longer been in possession of the area than is the case with 

the westernmost branch of Buffalo river near Volksrust, above mentioned. 

The highland that rises over the headwaters of Elands river consist of 

strata of the Pretoria and Karroo systems, dipping gently westward or 

southwestward; but the uplands maintain their generally level skyline, 

which bevels the gently dipping strata in a manner highly suggestive ot 

peneplanation in a cycle of long continued erosion anterior to the present 
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cycle. The features just mentioned were seen during an excursion under 

the direction of Mr A. L. Hall, of the Transvaal Geological Survey, from 

Johannesburg to the Duivels Kantoor and back, by the railway line be- 

tween Pretoria and Delagoa bay. ‘The Duivels Kantoor, or Devil’s shop, 

is a promontory in the bold escarpment by which the highlands are here 

terminated eastward; it lies a few miles south of the deep valley of the 

Elands river and is reached by a wagon road from Godwan station. 

From its edge one overlooks the lower land, which is elaborately dissected 

in deep weathered granite and in which Barberton les. A general idea 

of the form of the escarpment is given in figure 11, looking southward. 

The determining stratum is the Black Reef quartzite, dipping gently 

Figure 11.—View Southward along the Escarpment of Black Reef Quartzite overlying 

Granite. 

The view is as seen from the Duivels Kantoor, in the northeastern part of the Transvaal. 

westward, and here much thicker than where we saw it between Johannes- 

burg and Vereeniging. The overlying dolomite is worn into rounded 

hills next farther west; then comes another escarpment of somewhat 

greater altitude, but of less pronounced form, determined by certain re- 

sistant quartzites of the Pretoria (or Potchefstroom) system; and thus 

the full altitude of the High Veld is reached. A part of this higher 

escarpment is shown on the right in figure 11. Where Elands river flows 

eastward across these west-dipping quartzites, there are two waterfalls, 

and here the grade of the railway is so heavy from Waterval Boven to 

Waterval Onden (Above the Falls to Below the Falls) that a toothed 

strip is added between the rails, into which a cogwheel under the engine 

fits. Some members of our party made frequent mention of certain sup- 

posed faults by which the descent from the interior highland to the ocean 

on the east is supposed to have been effected ; but when the profile of the 
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descending slope is drawn on true scale a very gentle warping without 
faulting seems to satisfy all the requirements of the case. 

Still farther north, where our route led from Salisbury on the highland 

to Beira on the coast, we saw at Umtali, on the border of Rhodesia, a late 

mature topography apparently eroded below the level of the Salisbury 

highland by rivers that have a comparatively short course to the sea. On 

passing Umtali we descended rapidly along the valley of a stream which 

flows almost directly to the coast and whose young headwaters appeared 

to be actively encroaching upon the broad valley floor in which Umtali 

lies. The features at the divide between the mature and the young val- 

ley would have afforded an admirable subject for study on the ground 

during our nine-hour stop there; but, as no one seemed to have taken note 

of them before, our time was spent chiefly in a walk to one of the neigh- 

boring hills, where we had a general view of the surrounding country, 

and the statement here made regarding the young headwaters is based 

only on what was seen from our train running fast down grade in the late 
afternoon. 

Important as may be these several examples of marginal dissection by 

the rivers of Natal and the eastern slope generally, and impressive as 

may be the example of central dissection by the Zambesi, it remains true 

that the highland peneplains are still undissected over large areas, and 

that their streams do not usually follow valleys in the ordinary sense of 

that word, but flow through broad shallow depressions which represent the 

form assumed by valleys in their extreme old age. 

ORIGIN OF THE VELD 

Peneplains are normally developed as lowlands with respect to the 

general baselevel of the ocean surface. Such an origin may be plausibly 

suggested for the peneplain of the Veld. It then becomes necessary to 

conceive of the whole region of the South African highland as having 

stood, without disturbance, at a lower level than now through the geo- 

logical ages required for its widespread erosion, and to imagine that it 

was afterward broadly elevated to its present highland altitude. In con- 

sequence of such elevation its rivers would proceed to intrench them- 

selves beneath its highland surface; and inasmuch as their intrenchment 

is not yet complete, it must under this explanation be supposed that the 

broad uplift of the region took place at a geologically modern date. 

Another explanation has, however, been lately suggested by Passarge 

for high-standing plains of erosion. He conceives that an extensive arid 

region, from which rivers do not flow to the sea, may be slowly reduced 

to a peneplain of small relief, or. even to a plain, at an altitude entirely 
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independent of the general baselevel of the ocean, and that such a plain 

might afterward be dissected if its rivers were increased in volume by a 

change to a more humid climate or if a warping of the region should give 

it easy drainage to the sea. Passarge indeed instances the peneplain of 

the Kalahari, which seems to be in a general way confluent with that of 

the Veld, as an actual example of arid leveling—that is, of long continued 

erosion under arid conditions—at its present altitude. His opinions on 

this point are set forth in the second and third articles given under his 

name in the list of references at the end of this paper. I have recently 

presented some general considerations with respect to this problem in an 

article entitled ““The geographical cycle in an arid climate.” 

If we accept Passarge’s explanation, the highlands of South Africa 

need not be regarded as having been elevated since they were worn down 

to small relief; they may be interpreted as having been produced at essen- 

tially the same altitude as that in which they stand today. The dissec- 

tion which they are now suffering, particularly around the margins, 

should not be looked upon as the result of river revival by elevation, but 

of river extension by change of climate, or (especially on the east) by 

some downward tilting or warping of the marginal region which would 

aid the escape of its rivers to the sea. It thus becomes an interesting 

problem to inquire if any critical and distinguishing features can be dis- 

covered by which the origin of the South African highland in one or the 

other of these two ways may be demonstrated. 

There can be no question that much exploration is needed before a final 

demonstration of either normal baseleveling or of arid leveling can be 

reached. In the meantime the following suggestions are offered for 

consideration. 

THE VELD REGARDED AS A NORMAL PENEPLAIN UPLIFTED 

If the highland of the Veld be regarded as a normal peneplain, now 

evenly uplifted, it should possess well developed river systems, more or 

less fully revived in consequence of elevation, and it should be sur- 

rounded on its ocean border by a coastal plain whose marine strata would 

contain part of the material removed from the peneplain during its 

degradation. The Orange and other river systems of the Veld are there- 

fore expectable features of the Veld, according to this theory; but the 

pans or undrained hollows of the Veld are against it, and the general ab- 

sence of marginal marine strata proves that a broadly uniform elevation 

of the region did not take place. The only approach to a coastal plain is 

found along the part of the ocean border in Natal. 
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If the original low-lying peneplain were more or less uplifted by warp- 

ing and faulting, so that a large central area might reach a considerable 
altitude, while the marginal areas might remain either quiescent or even 

suffer depression beneath the sea, no coastal plain of marine strata would 
be expected around the resulting continental border. The uplifted high- 

land area would during and after elevation suffer dissection by its revived 

river systems, particularly in those marginal areas where the slope of the 

river courses was increased by the warping. Over the more evenly up- 

lifted highland there might be for some time little indication of uplift 

in the way of stream dissection; for a number of examples of uplifted 

peneplains may be cited where, although more or less dissection has taken 

place along the middle and lower courses of the revived rivers, the upper 

courses still flow essentially on the upland level as if they had not yet 

received any intimation of revival. Nevertheless, in the case of so large 

an area as that of the Veld, it is difficult to imagine an uplift to proceed 

with such perfect equability as not to disturb the delicate relation that 

must have previously existed between the well graded rivers of the pene- 
plain and the gently sloping surface which they drained. Had there 

been here and there ever so gentle a warping, the rivers would have had 

to incise their channels beneath the plain where their slopes were in- 

creased, and would have had to aggrade the plain where their slopes were 

decreased, thus reestablishing the relation that warping had disturbed. 

Yet no distinct examples of locally incised rivers or of broad alluvial de- 

posits were noticed during our journey of over 2,000 miles across the 

Veld, unless it may be that certain shallow valleys near Bulawayo are thus 

to be interpreted, and that the heavier local sheets of waste which we saw 

at a few places should be explained as the result of local down-warping, 

instead of being regarded as due to long-period weather variations, as has 

already been suggested; but these deposits are at most of small extent. 

As a rule, the absence of incision and of deposition would seem to dis- 

prove the occurrence of warping since peneplanation, and thus to render 

broad elevation also rather improbable. 

It might, however, be suggested that the elevation of the region took 

place, with more or less warping, so long ago that later erosion has again 

smoothed it out to a new peneplain; but in that case one might well ex- 

pect that the dissection of the peneplain as a whole with respect to present 

sealevel should be more advanced than it is. Indeed, it is a necessary 

corollary of the moderate amount of dissection that the Veld as a whole 

exhibits with respect to present baselevel than any elevation that it has 

suffered since peneplanation can not have taken place at a very remote 

date. 
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In so far as I have been able to gain information as to the dissection 

of the plain around its margin, it is of a kind that is equally consistent 

with the central up-warping of a former low lying peneplain, or with the 

marginal down-warping of an extensive area of arid leveling. The head- 

waters of various rivers that rise in the southern part of the Veld and flow 

southward across the Karroo and through gaps in the Cape Colony ranges 

to the southern coast seem to have eroded normal valleys of moderate 

depth beneath the highland. The retrogressive headwaters of the east- 

ern slope have been described in previous sections as energetically occu- 

pied with the capture of quiescent headwaters from the Orange River 

system. But this is also just what might have been expected under the 

supposition of marginal down-warping after extensive arid leveling. It 

is, of course, possible that the fuller description of the lower course of the 

Orange river may give some light on this obscure point. It is known 

that falls occur in the lower course of the river, as already mentioned ; but 

the relation of the falls, and of the gorges that are presumably associated — 

with them, to the uplands and highlands is not yet made out. 

There is, however, one decisive test which, when applied, would suffice 

to determine whether the Veld and the associated highlands—that is, the 

great interior mass of South Africa—has suffered a change of altitude 

with respect to sealevel since it was reduced to its present small relief. 

This test is the occurrence of indisputable marine strand lines around 

the continental margin. Such marks of a former seashore are reported 

by Schwarz as occurring along the southern coast in the neighborhood of 

Port Elizabeth at altitudes of from 200 to 400 feet. A sea-cut bench 

at that altitude is described as being “covered with undoubted marine 

shingle . . . sometimes associated with shell-deposits characterized 

by a large Petunculus” (c. 74). As to the occurrence of similar high 

level sea margins in Natal where they would be more directly applicable 

to the problem in hand, I have no information. ‘They should be sought 

for, inasmuch as it is evident that they bear critically on the conditions 

under which the erosion of the Veld was accomplished. But it should 

be pointed out in this connection that the various “plateaus” or evenly 

eroded uplands of subaerial origin, now more or less dissected by rivers, 

which are reported in association with the Cape Colony ranges, are not 

decisive witnesses in this respect; for they may have been eroded at their 

present altitude with respect to a distant shoreline before the sea was 

brought in to its present position by down-warping or down-faulting of 

the lost borderland of the continent. 



THE VELD AS A PLAIN OF LEVELING 439 

The possibility of arid leveling may now be considered in relation to the 

Veld. 

THE VELD REGARDED AS A PLAIN OF ARID LEVELING 

If the highland of the Veld be regarded as part of a region of arid 

leveling essentially at its present altitude, the whole region must surely, 

while the processes of leveling were going on, have had a much larger 

continental area than that of South Africa at present; for the theory of 

arid leveling at altitudes independent of the general baselevel of the ocean 

necessarily presupposes that the leveling processes acted over an area so 

large that the headward erosion of outflowing, peripheral rivers could not 

make itself felt. If the area concerned were small, the capture of the 

interior drainage systems by the peripheral rivers would permit the gen- 

eral degradation of the arid area with respect to normal baselevel before 

it could be leveled at some independent altitude, and thus only an ordi- 

nary peneplain would be produced. The highland of Tibet may be ad- 

duced in illustration of this principle. Before the mountains and basins 

of that lofty interior region can be worn down to a continuous rock floor 

of nearly level surface, the headwaters of the steep outflowing Indian 
rivers will have retrogressively gnawed into the plateau country and cut 

it to pieces, preparatory to reducing it to a normal lowland but little 

above sealevel, always provided that some new mountain-making disturb- 

ance does not invade the region and thus introduce a new cycle of erosion 

under different conditions of high and low land from those now prevailing. 

It is therefore necessary, if we accept the theory of arid leveling, to 

regard the Veld as only a large remnant of a once much larger highland 

whose marginal parts have been warped or faulted down beneath sealevel. 

This aspect of the problem will be considered in thé next section. 

The large and well ordered Orange River system, already signalized as 

very appropriate to an uplifted peneplain, is hardly consistent with the 

conditions of arid leveling; for the later stages of an arid cycle are 

thought to be characterized by the disintegration of the larger drainage 

systems that might have existed during the maturity of the cycle. How- 

ever, the occasional interruption of the actual drainage system by shallow 

depressions or “pans” favors, or at least permits, the explanation of the 

Veld by arid erosion, and if further study of the pans show them to be of 
eolian origin, it may come to be concluded that the occurrence of a large 

_ normal drainage system on the Veld today is the result of the coalescence 
and slight modification of many formerly independent drainage systems, 

in consequence of a change from a hypothetically more arid climate of 

former times to a presumably more humid climate of recent times. 



440 W. M. DAVIS—OBSERVATIONS IN SOUTH AFRICA 

Passarge places much emphasis on the abrupt transition between hill 

slope and plain surface as a feature explicable only on the supposition of 

erosion under an arid climate. We saw several rather striking examples 

of this kind in the district of the Matopos near Bulawayo and also along 

the eastern border of the Kalahari region, which we passed on the rail- 

way, and were disposed to regard Passarge’s explanation of them as cor- 

rect; but it does not follow that, because the erosion of these plains was 
carried on under an arid climate, they were therefore developed inde- 

pendent of normal baselevel. ‘There are several arid regions in the world 

close to the seacoast where erosion is proceeding today with respect to 

the ocean as a baselevel, and it does not seem inconceivable that the ero- 

sion of the Veld, even under a more arid climate than that of today, may 

have been accomplished by one or more river systems which, when they 

had water to run, flowed to the sea, and that the present altitude of the 
region has been gained by later elevation. 

A pertinent suggestion offered by Chamberlin is as follows: Conti- 

nental quietude being assumed, it then follows that, even if the climate 

of South Africa had long been dry enough to permit the arid leveling of 
the Veld, the contemporaneous climate of the equatorial belt must have 

been moist enough to supply outflowing rivers; and these would have 

produced a low-lying peneplain by normal processes in the same period 

that sufficed for the production of the high-lying Veld by arid processes. 

The equatorial belt of Africa is, however, not a lowland but a highland, 

and its chief river, the Kongo, has falls near its mouth. Relatively recent 

uplift is thus indicated with a great degree of probability in the Kongo 

basin, the fundamental postulate of continental quietude is thereby con- 

tradicted, and the probability of uplift in South Africa is greatly in- 

creased. ‘The only escape from this conclusion seems to be a change of 

climate sufficient to make even equatorial Africa arid; but this goes be- 

yond the bounds of reasonable occurrence. The peneplanation of the 

Veld at its present altitude consequently seems improbable. 

It remains, however, to consider one aspect of the matter which may 

eventually, when the more complete history of South Africa is worked 

out, come to be favorable to the supposition of arid leveling, namely, the 

former greater extension of the continent. 

THE FORMER GREATER EXTENSION OF SOUTH AFRICA 

It has been frequently suggested that South Africa once possessed a 

greater land extension to the east, south, and west. There appear to be 

many facts in favor of this view. If the continent were once larger, the 

area of the present highlands must then have been drier than now, and 
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under such conditions the peneplanation of the highlands by the processes 
of arid erosion might well have taken place. Since then the depression of 
the outer area would have brought the sea in to the present coastline and 

would have at the same time given both a more humid climate to the re- 

maining highlands and an effectively lower baselevel to their rivers, and 
thus the dissection of the highland, now in progress, would have been 
initiated. The evidence of the former greater extension of South Africa 
now to be presented, as the first step in this series, may not be regarded 

as absolutely conclusive, but it is certainly highly suggestive and desery- 
ing of further study. 

First, in regard to the heavy sandstones of the Cape system: ‘I'he 

source of these sediments is not surely known, but the curious analogy 

already pointed out between the folded structure of the Cape Colony 

ranges and the folded structure of the Alleghenies in the eastern United 

States tempts one to think that the sediments of the Cape system may 
have come, in part at least, from the south or beyond the border of the 

present continent. In the Alleghenies, as in the ranges of southernmost 

Africa, a heavy series of stratified rocks has been pushed into parallel 

folds over part of their area, while the remaining area of the series still 

preserves its original horizontality with insignificant modification in an 

adjoining plateau, overturned folds and overthrust faults in both of the 

mountain belts being directed toward the plateau area. In the Alle- 

ghenies the source of the sediments was demonstrably on that side of the 

folded belt which lies away from the plateau area, and if this analogy 

has any value the source of the sediments in the South African ranges 

should also be on the side away from the plateau—that is, in a former 
land, now submerged in the ocean to the south of the present continent. 

A second point to be considered concerns the geographical conditions 

prevailing during the deposition of the heavy series of strata of the Kar- 

roo system, certainly of great thickness in its area of greatest accu- 
mulation. ‘The entire series is free from marine sediments; it begins 

with the remarkable Dwyka glacial formation, and then continues as a 
great series of continental deposits, containing fossils of land plants and 

land animals. The stratified beds of the Karroo system, like so many 

other continental deposits, have been explained as of lacustrine origin, 

but they are much more plausibly regarded as of mixed lacustrine and 

fluviatile origin. Their sediments imply a vast erosion from the con- 
temporaneous higher peripheral areas and an accompanying slow depres- 

sion of the central area or basin of deposition. ‘There is little probability 
that highlands then existed next north of the present area of the Karroo 
system, for in that district the older Waterberg sandstones (presumably 

XXXVIII—Bouuu. Gon. Soc. AM., Vou. 17, 1905 
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equivalents of the Cape system) still he horizontal. 'To the northwest 

and west the older rocks are disturbed and highlands may well have ex- 

isted thereabout in Karroo time; but it is also probable that the Karroo 

basin was inclosed by higher land to the southeast, where the Indian 

ocean now stretches; for, as has already been pointed out, the oblique 

stretch of coast, trending northeast-southwest, distinctly bevels off a 

former greater extension of the continent in that direction. Indeed, in 

so far as this reconstruction of the physiography of Karroo time is valid, 

it warrants the comparison of the Karroo strata with the continental 

deposits now accumulating in the Tarim basin of eastern Turkestan or 

with the less distinctly inclosed deposits of western Turkestan. The 

change from that time to the present must therefore involve a consider- 

able reduction of continental area. It may be briefly pointed out that 

the present relation of the Karroo formation in the Veld to so much of 
its original surroundings as are now visible is such as would obtain in a 

rather late stage of the development of a great continental basin, when 

the inclosing highlands and the accumulated basin deposits are both cut 

across ly a nearly level plain of erosion, which passes somewhat below the 

uppermost of the basin strata, and hence all the more below the tops of 

the inclosing highlands; but so great a part of the rim of the Karroo 

basin is now lost that speculation about it can not lead to any definite 

conclusion. 
Still further, the continent seems to have been larger than now when 

the Cape and the Karroo systems were deformed as well as when they 

were accumulating. The most manifest evidence of this statement is to 

be found along the oblique northeast-southwest stretch of the coast in 
eastern Cape Colony and southern Natal. Here the sea cuts off the east- 

ern ends of several east-and-west members of the Cape Colony ranges, 

part of the relatively undisturbed basin sediments of the Karroo system, 

and the southern end of the north-and-south structures of Natal. The 

rest of the coast of Natal as well as the southern coast of Cape Colony 
present less apparent, but hardly less certain, evidence of a former ex- 

tension seaward, for their structures are repeatedly truncated by the sea 

in such a fashion as to show a loss of land area. On the southwest the 
general increase in altitude of the Table Mountain sandstone, as one 

proceeds from the north-south Cedarbergen range toward the Atlantic, 

makes it very improbable that the land terminated at the present coast- 

line when the deformations of the Cape system took place. 

Thus it appears that possibly during the time of accumulation of the 

formations of the Cape system, probably during the time of accumula- 

tion of the formations of the Karroo system, and certainly during and 
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after the time of deformation of these systems, South Africa had a 
greater extension on the east, south, and west than it has now. 

Fully as important as any of the preceding considerations are the 
inferences as to a former greater extension of South Africa, based on the 
distribution of fossil and recent plants and animals, as discussed by 
various geologists and biologists; but this aspect of the problem will not 
be further stated here. 

In view of all these suggestive inferences, it is at least highly probable 
that the Veld was formerly bordered on the east, south, and west, as it is 
still on the north, by a large extent of land. Thus surrounded, the cli- 
mate of the region would have been drier than it is now. It then seems 
possible that the combination of these two conditions, greater area and 
drier climate, both of which are essential to the accomplishment of arid 
leveling independent of normal baselevei, along with the third essential 
of a long undisturbed quiescence, may have sufficed to produce the high- 
land peneplain in about its present altitude by the processes of arid 
erosion, and that the dissection which is now beginning may be the result, 
not of the elevation of the Veld itself, but of a down-warping of its bord- 
ers, with the accompanying change to moister climate, whereby many 

formerly interior drainage systems might have been given free and steep 
discharge to the sea. 

It next remains to be seen whether the date at which such down- 

warping could have taken place is consistent with the relatively moderate 

amount of dissection that the Veld has since then suffered. 

DATE OF ORIGIN OF THE PRESENT COASTLINE 

The occurrence of Cretaceous strata with marine fossils along the 

southern and eastern coasts shows that those parts of the continent at 

least lay close to or a little below sealevel in Cretaceous time. Hence, if 

the interior highland was eroded at its present height as a part of a larger 

continental area, the rest of which has been bent down so as to bring the 

sea closer to the area of the existing highland than it was originally, the 

diminution of size must have taken place at least as long ago as early 

Cretaceous time. As a result, the eastern border of the highland must 

have been exposed to active retrogressive erosion all through the Tertiary 

time. If, on the other hand, the highland owes its present altitude to 

uplift after normal peneplanation, the date of uplift may be associated 
with the movement by which the marine Cretaceous formations were ex- 

posed along the eastern and southern coasts; and this movement may 
have taken place in any part of post-Cretaceous time except the most 

recent. The question now to be determined is whether the more ancient 
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or the less ancient date for the origin of the eastern and southern coast- 

line accords better with the amount of erosion that has since then been 

accomplished on the coastal slopes. 

CONCLUSION AS TO THE ORIGIN OF THE VELD 

The alternatives thus presented are clearly enough separated as far as 

' their mental conception is concerned ; but, in our present ignorance of the 

rate at which retrogressive erosion goes on, it seems hardly possible to 

make choice between the two possible conditions under which the plana- 

tion of the Veld took place. If a comparison of the Veld with the Ari- 
zona plateaus is legitimate, the result of the comparison would be in favor 
ot a later date than Cretaceous for the initiation of the eastern escarpment 
or continental slope from the Veld to the Indian ocean; for if a wide- 

spread erosion, reducing a great extent of country to a lowland (afterward 

elevated to plateau altitude), took place in Arizona in post-Hocene time, it 

would be expected that a great reduction of a highland would have taken 

place in Natal in both Cretaceous and Tertiary time. It is true that the 

rocks are not the same in the two regions; but, as far as the comparison 

enables one to judge, the erosion of the eastern escarpment of the Veld is 

less than might be expected for the work of much of Cretaceous and all of 

Tertiary and post-Tertiary time. For this reason, as well as for that 

based on the features of the Kongo basin, it seems improbable that the 

erosion of the Veld was accomplished by the processes of arid leveling at 

its present altitude. It is, however, still conceivable that the Veld is the 
product of arid erosion while the continent stood at a less altitude than 

that of today, and that the arid plain has been elevated and its discharg- 

ing marginal rivers have been revived in the manner described for the 

case of a normal peneplain. No decisive choice seems possible at present 

among these baffling alternatives. 

CONTINENTAL ANALOGIES 

The preceding paragraphs suggest a brief reference to a favorite topic 

among geographers, namely, the greater or less resemblance between dif- 

ferent continents, which has often been taken to reveal something of the 

plan of continental construction or even of terrestrial deformation. Anal- 

ogies of this kind were pointed out long ago, before much was known of 

geological structure. They were then based chiefly on continental out- 

line, with a brief supplement of gross continental topography. With the 

progress of geological study, some of these analogies have gained support, 

others have been shown to have little or no foundation, while some new 
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analogies, not previously suspected, have been brought to light. Among 

those which find support from the facts of geological history is the anal- 

ogy between North and South America, where a significant number of 

symmetrically placed subcontinental areas appear to be of rather similar 

geological development. Indeed, it may be fairly pointed out that the 

chief contrasts between these two typical continents do not result so much 

from differences in their geological constitution as from differences in 
their position with respect to the climatic belts whereby the South Amer- 

ican analogue of the frozen northern parts of North America lie within 
the torrid zone, and whereby the South American analogue of tropical 

Central America projects far into the inhospitable belt of the south tem- 
perate zone and has glaciers on its shores instead of coral reefs. Among 

the new analogies that geology has brought to light is that most striking 

one between Hurasia, taken as a whole, and North America; but here the 

repetition of similar features is symmetrical right and left, about an 

Atlantic axis. It is from this analogy that one finds the best means of de- 

termining that Europe and Asia should not be regarded as two separate 

continents, although they certainly should be regarded as two “grand 

divisions” of the lands; for on matching the corresponding parts of the 

questionable single or double continent of Europe and Asia with the cor- 

responding parts of the unquestionably single continent of North Amer- 

ica it is found that Europe matches only the eastern part of North 
America, and that a large part of Asia is needed in supplement before the 
western part of North America finds its analogue. In all such compari- 

sons the unlikenesses are not to be overlooked. They are numerous and 

striking in the analogy just mentioned between North America and 

Kurasia; but the likenesses, not merely in outline, but in geological his- 

tory and structure, are still more striking and give strong support to the 

possibility of their resulting from a similar series of terrestrial processes. 

Among the analogies of outline which find no support in geological 
structure and history is the one between South America and Africa. The 
elements of likeness, long ago pointed out, are that both these continents 

become narrower toward their southern extremity, to the east of which 

lies a large island. The broad, blunt termination of Africa is thus likened 
to the tapering southern end of South America, and the large subconti- 

nental island of Madagascar is matched with the Falkland Island group. 

There is nothing in South Africa to parallel the lofty and modern chain 
of mountains that forms the border of South America on the west, nor 

with the extensive plains of later geological formations that in South 
America slope toward the eastern coast. There is nothing in southern 

South America to compare to the long undisturbed highland of the Veld, 
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eroded on Mesozoic or older rocks; nothing to parallel the well defined 

east-and-west ranges of Cape Colony compressed and folded in Mesozoic 

time and since then little disturbed. South America has gained breadth 
by relatively modern growth; South Africa has lost breadth by relatively 

modern marginal submergence. 

The result of all this is that continental homologies should no more be 

based merely on present outline and gross configuration than should 

etymological analogies be based on the present appearance of words. The 

establishment of a historical correspondence is necessary in both cases 

before any real analogue can be accepted. ‘The assumption that South 

America and South Africa are analogous continents is on a par with the 

assumed etymological relationship between carbon and charred bone. On 

the other hand, the search for continental analogies based on similarity 

of development may bring to light close relationships that would be as 

little suspected from outward appearance as would be the consanguinity 

of such words as pecuniary and fee. 
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EXPLANATION OF PLATES 

PLATE 47.—Gorge of Buffels River and Base of Witteberg Range 

FIGURE 1.—Entrance to the gorge of Buffels river, south of Laingsburg, looking 

south. 

The Witteberg series is here bent into an unsymmetrical anti- 

cline, the axis of which crosses the river near its farthest 

point here shown; the strata on the farther side dip gently 

southward; those on the nearer side are about vertical. 

Greatly distorted strata were seen on the left wall of the 

notch, just below the entrance (see page 390). 

FIGURE 2.—Northern base of the Witteberg range, just above the gorge of 

Buffels river, looking southeast. 

The weaker upper members of the Witteberg series here form 

foothills. The Dwyka tillite forms a ridge on the left, not 

shown in this view (see page 391). 

PLATE 48.—Deformed Witteberg Series and cobble-covered Terrace 

FIGURE 1.—Greatly deformed Witteberg series, on east wall of lower gorge of 

Buffels river, south of Laingsburg. 

This view, which is looking northeast, occupies the central part 

of figure 5 (see page 392). 

FIGURE 2.—Cobble-covered terrace or planation surface, southwest of Laings- 

burg, looking south. 

This shows the Witteberg range in the background. The vyal- 

leys of Buffels river and its tributaries are now from 300 to 

500 feet below this terrace (see page 397). 

PLATE 49.—T'able Mountain Sandstone and Matopos 

FieureE 1.—Table Mountain sandstone in the southern part of Cedarbergen 

range. 

The view looks east from the upper valley of Berg river. The 

valley is worn down on the weak axial beds of a north-south 

anticline (see page 395). 

FiecuREr 2.—Group of Matopos, southwest of Bulawayo. 

This is a disintegrating granite knob, surmounting a widespread 

plain of erosion (see page 429). 
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« PLATE 50.—Dwyka Tillite and Witteberg Notch 

Fiecure 1.—A weathered slope of Dwyka tillite, near Matjesfontein. 

The sheet of tillite slopes to the left and weathers in spiked 

outcrops on a faintly developed schistosity transverse to the 

sheet. In the distance, the west end of a synclinal ridge of 

overlying Ecca sandstones (see page 403). 

FiguRE 2.—One side of the poort, or notch, of Witteberg river, southwest of 

Laingsburg. 

The notch is in a nearly vertical sheet of Dwyka tillite, looking 

east. The attitude of the sheet is indicated by a layer of 

conglomerate included in it, near the left margin of the view, 

as well as by the attitude of bedded shales in the adjoining 

valley. The transverse schistosity is here well displayed by 

weathering (see page 404). 

Piate 51.—Dwyka Shales and Dwyka Tillite 

IiGURE 1.—Vertical Dwyka shales. 

The shales are included between heavy sheets of tillite south- 

west of Laingsburg, looking eastward. The white blocks are 

fragments of Witteberg quartzite from the terrace or planation 

surface which here truneates the vertical Dwyka (see plate 

A8, figure 2, and page 405). 

Figure 2.—Characteristic exposure of Dwyka tillite. 

The exposure is in a ravine north of Ngotsche, Vryheit, Natal 

(see page 407). 

PLATE 52.—Eroded Valleys and Ridges and glaciated Boulder 

Figure 1.—Ridges and valleys eroded on nearly vertical sheets of Dwyka tillite 

and shales. 

The view is southwest of Laingsburg, looking west-northwest. 

The valley on the left is eroded on the basal shales; the valley 

on the right foliows a weaker belt of tillite between two 

harder belts. The continuity of these structural features 

miy be inferred from the continuance into the distance of the 

features of relief dependent on them. The poort, or notch 

(shown in plate 50, figure 2) is cut through the middle ridge 

of this view where the road from the southern valley passes 

- through to the northern valley (see pages 397 and 404). 

Figure 2.—A glaciated boulder of Barberton slate. 

The boulder is in a ravine north of Ngotsche, Vryheit. ‘The 

hammer handle is half a meter long (see page 408), 

KXXXIX—BuLL. Grou. Soc. Am., Vou. 17, 1905 
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PLATE 55. Dwyka Tillite and glaciated Barberton Slates 

Vieure 1.—Contact of Dwyka tillite, left foreground, against a glaciated sur- 

i face of Barberton slates. 

| This exposure is in a ravine north of Ngotsche, Vrvheit, looking 

| northwest. The inclination of the surface of contact is an 

original feature, not due to subsequent tilting. The glacial 

| striations on the slates descend to the left; they are faintly 

seen because the sunshine came in the same direction. Penck 

| is standing on the upper ledge and Molengraaff to the right 

below (See page 407). 

| FIGguRE 2.—A glaciated surface of Barberton slates overlaid by Dwyka tillite. 

This exposure is in a ravine north of Ngotsche, Vryheit, looking 

north. Penck stands on the Dwyka tillite, Molengraaff stands 

across the contact, and Hobson is on the Barberton slates (see 

page 407). 

PLATE 54-—Glaciated Diabase 

FIGURE 1.—Deeply furrowed glaciated surface of diabase. 

The Dwyka tillite has recently been stripped from the diabase. 

The view is on the Vaal river, near Riverton, 16 miles north 

of Kimberley, looking east-northeast. The ice-movement was 

toward the foreground. Some of the tillite remains in the 

right-hand furrow. From a photograph by Professor R. B. 

Young, of Johannesburg (see page 412). 

FIGuRE 2.—Glaciated surface of diabase. 

The picture is from the same locality as the preceding view. 

The ice-movement was toward the background. <A pateh of 

tillite remains on the diabase at the farther end of the ledge. 

From a photograph by Professor R. B. Young, of Johannes- 

burg (see page 412), 
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FIGURE 1.—ENTRANCE TO THE GORGE OF BUFFELS RIvEeR, SOUTH OF LAINGSBURG, LOOKING SouTH 

FIGURE 2.—NORTHERN BASE OF THE WITTEBERG RANGE, JUST ABOVE THE GORGE OF BUFFELS RIVER, 
LOOKING SOUTHEAST 

GORGE OF BUFFELS RIVER AND BASE OF WITTEBERG RANGE 
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FIGURE 1.—GREATLY DEFORMED \ITTEBERG SERIES, ON EAST WALL OF LOWER GORGE OF BUFFELS 
RIveR, SOUTH OF LAINGSBURG 

FIGURE 2.—COBBLE-COVERED TERRACE OR PLANATION SURFACE, SOUTHWEST OF LAINGSBURG, LOOKING 
SOUTH 

DEFORMED WITTEBERG SERIES AND COBBLE-COVERED TERRACE 
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FIGuRE 1.—TABLE MOUNTAIN SANDSTONE IN THE SOUTHERN PART OF CEDARBERGEN RANGE 

FIGuRE 2.—ONE OF THN MATOPOS, SOUTHWEST OF BULAWAYO 

TABLE MOUNTAIN SANDSTONE AND MATOPO 





BULL. GEOL. SOC. AM. VOR ii 1905) Fe. o0 

FIGURE 1.—A WEATHERED SLOPE OF DWYKA TILLITH, NEAR MATJESFONTEIN 

FIGURE 2.—ONE SIDE OF THE PoORT, OR NOTCH, OF WITTEBERG RIVER, SOUTHWEST OF LAINGSBURG 

DWYKA TILLITE AND WITTEBERG NOTCH 
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FIGURE 8.—A GLACIATED BOULDER OF BARBERTON SLATE 

ERODED VALLEYS AND RIDGES AND GLACIATED BOULDER 
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Ficurm 1.—Conract oF DwykKA TILLITE, LEFT FOREGROUND, AGAINST A GLACIATED SURFACE 
OF BARBERTON SLATES 

FIGURE 2.—A GLACIATED SURFACE OF BARBERTON SLATES OVERLAID BY DWyKA TILLITE 

DWYKA TILLITE AND GLACIATED BARBERTON SLATES 
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FIGURE 2.—GLACIATED SURFACH OF DIABASE 

GLACIATED DIABASE 
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Leen ee ARNOLD—-RECONNAISSANCE OF THE OLYMPIC PENINSULA 

INTRODUCTION 

During the months of June and July, 1904, the writer, under the 
direction of Dr William H. Dall, made a reconnaissance of the coast of 
the Olympic peninsula, Washington, from Port Angeles, on the south 

shore of the strait of Juan de Fuca, to Grays harbor, on the Pacific. 

Chester W. Washburne, of Eugene, Oregon, and Russell G. Wayland, of 

Seattle, assisted in the work. The trip was primarily undertaken for the 
purpose of collecting the fossils and working out the stratigraphy of the 

Tertiary rocks of the region; in addition to this, however, notes were 

made on the other important geologic features of the country traversed. 
This paper embodies an outline of the results of the reconnaissance. 

Mr J. 8. Diller, of the U. S. Geological Survey, visited the region of 

Clallam bay in 1892 to investigate the coal deposits there, and Professor 

Henry Landes and a party consisting of Messrs Charles Landes, Charles 

A. Ruddy, and 8. H. Richardson, made a hurried reconnaissance trip in 

1902 over practically the same route as that taken by the writer, but 

neither Diller nor Landes published any notes on the region. It was 

through information furnished by Professor Landes that Doctor Dall was : 

induced to send the writer into the country in 1904. 

Previous LITERATURE 

Probably no other territory of equal extent in the United States has 

received as little attention from the explorer or geologist as has the Olym- 

pic peninsula, and as a result the literature directly concerned with its 

geology and natural aspects is confined, so far as the writer is aware, to 

four papers. | 

Mr 8. C. Gilman,* a civil engineer who visited a considerable portion 

of the region in 1895, has given us a fairly accurate map and a good gen- 

eral description of the peninsula, especially the central mountainous parts. 

Dodwell and Rixon,t the forestry experts who examined the Olympic 

forest reserve, give some notes of interest to the geologist in addition to 

their technical report on the forest conditions. 

Some observations on the geology of the southwestern coast of the 

peninsula are also included by Mr H. S. Conard in an article on “The 

Olympic peninsula, Washington.” { 
In addition to the above, the writer has published papers on “Coal in 

*S. C. Gilman: The Olympic country. National Geographic Magazine, vol. 7, 1896, 

pp. 133-140, pl. 16. 
; Arthur Dodwell and Theodore F. Rixon: Forest conditions in the Olympic forest 

reserve, Washington. Professional paper, U. S. Geelogical Survey, no 7, 110 pages, 20 

plates, 1 map, 1902. 

¢ Science, N. S., vol 21, no. 532, March 10, 1905, pp. 392-393. 
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Clallam county, Washington,”* and “Gold placers of the northwestern 
coast of Washington,’”’+ in the former of which a brief outline of the 
geology of the region is included. With the exception of the very brief 
references mentioned, nothing has been written concerning the geology or 
mineral resources of this extensive and interesting territory. 
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FiGurRE 1.—Sketch Map of Coast of Olympic Peninsula, Washington. 

Showing the principal geologic formations of the northern and western portions. 

For detail of northern coast and explanatory legend see figure 2. Topography from 

Coast and Geodetic Survey ; Geology by Ralph Arnold, 1904. 

LOCATION 

The Olympic peninsula occupies an area of about 8,000 square miles, ap- 

proximately 80 miles east and west by 100 miles north and south, in the 

* Contributions to Economic Geology for 1904. Bulletin no. 260, U. S. Geological Sur- 

vey, 1905, pp. 413-421. 

T Lbid., pp. 154-157, fig. 11. 
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northwestern part of the state of Washington. As implied by the name 
“peninsula,” this body of land is almost completely surrounded by water, 

the Pacific ocean bounding it on the west, the strait of Juan de Fuca on 

the north, Admiralty inlet, Hood canal, and other portions of what is 

popularly known as Puget sound on the east, and Grays harbor and the 

Chehalis river on the south. It embraces the whole of Clallam and Jef- 
ferson and portions of Chehalis and Mason counties. Cape Flattery at 

the northwestern corner and Port Townsend at the northeastern are its 

most commonly heard place names. 

TOPOGRAPHY AND PHYSICAL FEATURES 

THE OLYMPIC MOUNTAINS 

The natural and commercial development of the peninsula is dominated 

by the Olympic mountains—a rugged group, occupying with their foot- 

hills the greater part of its territory. The higher mountains* are Alpine, 

with sharp spires and serrate ridges from 6,000 to 8,000 feet high, cul- 
minating in mount Olympus, with an altitude of 8,200 feet. They form 

a circular area 40 miles in diameter in the east central part of the 

peninsula and are characterized by glacial sculpture, precipitous slopes, 

and abundance of high barren and prairie land. 

West of the region of high mountains the ridges rise to approximately 

a plane surface that slopes gently seaward from an elevation of about 4,500 

or 5,000 feet. This surface truncates the deformed strata of the Solduck 

region and probably represents a peneplain. 

The following paragraph, descriptive of the Olympic mountains, is an 

abstract of an article by Chester W. Washburne, now in course of prepara- 

tion, which will appear in a more extended report on the geology of 

western Washington. 

The drainage of the region is radial, the radial pattern being very per- 

fect about the borders of the higher mountains, while within the moun- 

tains it is less perfect. The streams of the peninsula are arranged much 
like the spokes of a wheel, of which the region of high mountains is the 

hub. This pattern could have one of three possible origins: First, the 

drainage was initiated on a volcanic accumulation about a center; second, 

the drainage was initiated on the domed surface of Tertiary strata, which 

has since been removed by erosion; third, the drainage was initiated on 

the domed surface of a peneplain. By all of these hypotheses the streams 

are consequent to some imaginary surface of double curvature. ‘The first 

* See topographic map accompanying Professional paper, U. S. Geologic Survey, no. 7, 

“Worest conditions in the Olympic reserve, Washington,” by A. Dodwell and T. F. Rixon. 
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FIGURE 1.—VIEW LOOKING HAST ALONG STRAIT OF JUAN DE Fuca JuSY® EAST OF 
GETTYSBURG 

Showing the general shore conditions where no bluffs skirt the coast. Photograph by 
Chester W. Washburne, 1904 

FIGURE 2.—CHARACTERISTIC MOSS-COVERED EXPOSURE OF SOFT OLIGOCENE-MIOCENE SHALE 

Locality is between Crescent bay and Gettysburg; Pillar point to the west in the distance. 
Photograph by Chester W. Washburne, 1904 

GEOLOGIC FEATURES OF COAST OF OLYMPIC PENINSULA, WASHINGTON 
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is disproved by the absence of extensive volcanic material. Choice be- 

tween the second and third hypotheses is not wise at this time, but there 

are fewest difficulties in the acceptance of the third hypothesis, that the 

drainage results from the doming of a peneplain. 

THE COASTAL REGION 

The coastal region of the peninsula consists essentially of an elevated 

terrace. Into this the encroaching waters of the ocean and strait have 

eaten their way, forming precipitous cliffs along the shore. With the ex- 

ception of low stretches between Tree bluff and Pillar point and in the 

immediate vicinity of Clallam and Neah bays, the platform varies in ele- 

vation from about 50 to 250 or 300 feet. The Terrace is by no means 

level, being cut by numerous streams and only in a general way conform- 

ing to a plane surface. Prominent ridges rise above the general level of 

the terrace, notable examples being that between Freshwater and Crescent 

bays and that between the mouths of the Pysht and Clallam rivers. The 

western border of the peninsula is also a terrace which, in some places, is 

over 200 feet in altitude. In occasional regions along the ocean, however, 
lowlands skirt the shore, as, for instance, at the mouth of Queets river. 

From Point Greenville to Grays harbor the border land is all low. 

Figure 1 of plate 55 illustrates the usual conditions where no bluffs 

skirt the shore. Timber comes down to high-tide level and the beaches 

are strewn with huge logs which have been undermined and finally washed 

loose where the sea has cut into the timbered terrace region. 

The coast traversed presents an unusual number of interesting 

physiographic features, mostly those resultant from an encroaching sea. 

A wave-cut platform skirts nearly the whole shoreline from the vicinity 

of Freshwater bay to cape Flattery and thence down the coast to point 

Greenville. Its surface is approximately horizontal and is usually largely 
exposed at low tide, in some places extending out over half a mile from 

the shore (see plate 55, figure 2, and plate 58, figure 1). 
In certain localities along the strait of Fuca where the terrace trun- 

cates, soft shale interbedded by occasional hard thin layers of sandstone, 

the latter, in fragments varying from cobbles to blocks of considerable 

size, forms a most effective protecting cover of shingle over large areas of 

the platform. Even where the rocks of the coast form extremely resistant 

cliffs, the waves have made their impression, the result often being a nar- 
row terrace with a cave or niche cut into the base of the cliff. An excel- 

lent illustration of this latter phenomenon is exhibited at the mouth of 
the Pysht river and is shown in plate 56, figure 1. At the base of the 

island in figure 2, plate 56, is another example of a wave-cut niche. 
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Along the ocean front of the peninsula from cape Flattery south to 

point Greenville the wave action is more intense and the resultant terrace 

more pronounced. The terrace is nearly 2 miles wide in the region of the 

Bodelteh islets, at the mouth of the Ozette river, its surface studded with 

small islands and sharp rocks, the latter often exposed at low tide but 

covered when the tide is in. It is this island and rock-studded terrace 

which has been responsible for so many wrecks and which inspires the 

navigator with such dread of the western coast of Washington. Islands 

of all sizes and in all stages of development, from partially isolated 

promontories (see plate 57, figure 1) to the typical rock-bound forms, 

are found here. Destruction island is the largest of the true islands along 

western Washington. 

The shoreline conditions along the eastern end of the strait of Fuca 

are decidedly unlike those of the portion of the coast just described. 

From the vicinity of Freshwater bay eastward to Port Townsend the coast 

consists of steep bluffs of more or less incoherent Pleistocene deposits 
from which two prominent and interesting sand spits extend into the 

strait. Both spits are long and narrow and bowed, although extending in 

a general way parallel to that part of the coast on which they are de- 

veloped. Both protect navigable bays on their mner sides. The spit at 

New Dungeness is particularly noteworthy because of its form, the main 

spit having a secondary one developed on its inner side (see figure 2). 

These spits are due to the strong tidal currents which flow through the 

adjoining strait, sometimes at the rate of 5 or 6 miles an hour. 

Owing to the heavy precipitation on the peninsula (Neah bay, in the 

northwestern corner, having the maximum mean annual rainfall for the 

United States), many rivers rise in the central portion of the Olympics 

and descend through deep, precipitous canyons to the more nearly level 

border lands, and thence out into Puget sound, Fuca strait, or the Pacific 

ocean. These rivers are navigable only for canoes, and for these only in 

the lower channels, but they offer an unlimited field for the development 

of cheap power. 

Flowing northward to the strait are the Dungeness, Elwha, Lyre, Hast 

and West Twin, Pysht, Clallam, Hoko, and Sekiu rivers, besides numer- 

- ous smaller rivers and creeks, while the western portion is drained by the 

Ozette and Quillayute rivers and the latter’s tributaries, the Dickey, 

Soleduc, Bogachiel, and Calawa. Farther south, and also draining not 

only the western but the southern flanks of the Olympics, are the Chah- 

latt, Hoh, Queets, Raft, and Quinaielt rivers. Three important inland 

bodies of fresh water are found on the flanks of the range adjacent to the 
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FIGuRE 1.—WaAVE-cUT NICHE AT BASE OF CLIFF, VILLAR POINT, LOOKING WEST 

Photograph by Professor Henry Landes, 1902 

FIGURE 2.—THE BEGINNING OF AN ISLAND 

Showing an isolated portion of the old terrace of basalt and basalt tuff, with wave-cut niche 
at base, eastern end of Crescent bay. Photograph by Professor Henry Landes, 1902 

GEOLOGIC FEATURES OF COAST OF OLYMPIC PENINSULA, WASHINGTON 
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coast covered by the reconaissance. These are lake Crescent, situated at 

an elevation of 550 feet in the foothills 7 miles inland from Port Cres- 

cent ; Ozette lake, which lies in the lowlands of the central western portion 

2 miles from the coast, and Quinaielt lake, about 20 miles inland from 

the mouth of the Quinaielt river. 

The whole country below timberline, which in this region is at an 

elevation of approximately 5,500 feet, is heavily timbered with hemlock, 

cedar, spruce, fir, etc. Between the larger trees is a dense undergrowth of 

devils club, sallal, brakes, ferns, and vines, which offers an almost im- 

penetrable barrier to ordinary progress. 

The country is sparsely settled, the few settlements being located in the 

lowlands flanking the mountains, and all, with two or three exceptions, 

being situated on the coast. Excluding several short logging roads, no 

steam transportation is carried on in the northwestern part of the 

peninsula, all of the freighting being done either by pack animals, wagons, 

or the steamers which ply between Seattle and the ports along the strait. 

GEOLOGY 

THE OLYMPIC MOUNTAINS 

Previous knowledge of the region.—Little is known of the geology of 

the central portion of the Olympics because of the inaccessibility of this 

inner country. Mr Gilman,* in referring to the Olympic country in 

general, says: 

“The country rocks of the mountains are syenite, gneiss, quartzite, proto- 

gene, crystalline and chlorite schists, slate (hard black flinty to soft green 

tale), shale, sandstone, trap and basalt.” 

Dodwell and Rixon,+ who examined the Olympic forest reserve, say that 

“no granite (except a few boulders), slate or porphyry has thus far been 

discovered on the reserve.” 
No sign of vulcanism, either in the rocks or in the pebbles of the 

Quinaielt or Queets rivers, was seen by Mr H. 8. Conard, who visited the 

southwestern portion of the range in 1902. 

Probable composition—From evidence obtained by the writer along 

the western end of the peninsula and by Mr Chester W. Washburne in the 
Soleduc River canyon south of lake Crescent, it appears probable that at 

* National Geographic Magazine, vol. 7, 1896, p. 1388. 

+ Professional paper, U. S. Geological Survey, no 7, 1902, p. 19. 

= Science, N. S., vol. 21, March 10, 1905, p. 392. 
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least the greater part of the Olympic mountains is composed of a hard 
gray sandstone, certainly pre-Oligocene and probably Cretaceous in age. 

THE COASTAL REGION 

Geologic formations—The formations involved in the geology of the 

coastal region of the Olympic peninsula include serpentine, old diabase or 

greenstone, metamorphosed sandstone and quartzite, probably of Jurassic 

age; 6,000-+ feet of gray sandstone with minor quantities of carbonaceous 

shales, supposed to represent the lower part of the Puget group and of 

Cretaceous age; 1,200-+ feet of basalt and basalt tuffs of Eocene age; 

15,000 feet of Oligocene-Miocene conglomerate, sandstone, and shale; 

2,260 feet of Plocene conglomerate, sandstone, and shale, and at least 

300 feet of Pleistocene till, clay, and gravel. In addition to this, the 

Oligocene-Miocene breccia contains large quantities of angular fragments 

of hard black slate, indicating a probable widespread formation of this 

type of rock somewhere in the general region. Nothing is known of the 

age of the slate except that it is pre-Oligocene. | 

Supposed pre-Cretaceous.—The supposed pre-Cretaceous rocks of the 

territory examined were confined entirely to the coast south of cape 

Flattery, the most important areas occurring at Portage head, 8 miles 

south of the cape, Point of the Arches, 34 miles still farther south, and 

in the region from Point Greenville south to within a few miles of Grays 

harbor. The types of rock composing this old series embrace old dia- 

base or greenstone, serpentine, quartzite, conglomerate, etcetera. These 

are much fractured and faulted and are occasionally cut by quartz veins, 

some of which, in the Point of the Arches complex, are said to carry small 

amounts of gold and silver. An interesting fact in relation to the con- 

glomerate and serpentine in this same locality is the occurrence in them 

of a high grade petroleum. Where freshly exposed, both the conglomerate 

and serpentine give off a most nauseating odor, like that of benzine or 

some other allied product. ‘he occurrence of the oil is made the more 

interesting when it is known that no shales or other possible oil-producing 

rocks outcrop in the immediate vicinity, although shales of probably 

Oligocene or Miocene age are found something over a mile south of the 

serpentine. 

Supposed Cretaceous——The rocks supposed to be Cretaceous in age, 

the correlation being based on their stratigraphic position and lithologic . 

character, are also confined to the western coast of the peninsula. They 

extend over most of the territory from 144 miles south of Point of the 

Arches to 1 mile north of cape Elizabeth, and consist almost entirely of a 
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coarse gray sandstone, with occasional zones of black shale and rarely a 

little conglomerate. The thickness of the formation is probably over 

5,000 feet, although, owing to its complex structure, this is only a very 

rough approximation. The series is characterized by calcite veins, which 

are abundant in nearly all of the exposures. The shales carry some lgnite 

at two or three places, at one locality in particular the coal being used 

locally for domestic purposes. Indications of oil.are also very noticeable 

in a soft gray sandstone, which may belong to this series, outcropping in 

a canyon about a mile north of Point of the Arches. This oil has a 

similar odor to that found in the serpentine and conglomerate a mile or 

so to the north and may be derived from the shales associated with the 

sandstone. Indications of oil are also said to have been discovered in the 
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Showing the relations of the Eocene basalt, fossiliferous Eocene basalt tuff, and the 

fossiliferous marine Pleistocene. 

sandstones and shales south of the mouth of the Quillayute river and at 

one or two other localities between the Quillayute and cape Elizabeth. 

Eocene: Crescent formation.—The oldest formation of definitely 

known age on the Olympic peninsula is a 1,200-foot series of black basalt 

and greenish basalt tuffs and tuffaceous sands found in the vicinity of 

Port Crescent and here designated the Crescent formation. It comprises 

the region immediately west of Crescent bay and a prominent ridge ex- 

tending eastward from the latter to Freshwater bay. Venericardia 

planicosta Lamarck, Turritelia wvasana Conrad, and other characteristic 

fossils found in the tuff indicate the Eocene age of the series and its 

general contemporaneity with the Tejon of California. 

The basalt occurs in two thick sheets, an upper and a lower, each of 

which may represent several surface flows. Between the two basalt sheets 

and intimately associated with the top of the lower is a series of roughly 

bedded fossiliferous tuffs. Figure 3 illustrates the relations of the differ- 
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ent beds as they occur at the eastern end of Crescent bay, while figure 2, 

plate 56, shows a characteristic exposure of the formation at tide level 

in the same region. In the region of Crescent bay the lower basalt has 

an exposed thickness of 200 feet, while the tuffs and upper basalt sheet 

each show approximately the same. ‘The Freshwater Bay section gives 

basalt and coarse massive basalt tuff 600 feet, thin bedded green tuff 375 

feet, and black vesicular basalt 200 feet. The base of the Crescent forma- 

tion is not exposed, so that the subjacent rocks are unknown. The over- 

lying sediments consist of coarse conglomerates separated from the basalt 

by an erosion interval. Faults define the contact between the Crescent 

formation and the Clallam formation (Olgocene-Miocene) adjacent. 

These basalts and tuffs are the only rocks of igneous origin found along 

the whole length of the northern shore of the peninsula. ‘aking into 
consideration the volcanic activity which prevailed during the Hocene in 
the Cascade range, only a comparatively short distance away, this single 

and rather limited occurrence of eruptives seems rather remarkable. The 

paucity of igneous rocks, however, may possibly be accounted for, at 

least along the northern coastal border of the Olympics, by the fact that 

formations younger than the basalt are the only ones exposed, and it is 

possible that some of these newer rocks are underlain by the Hocene basalt 

series. 

Oligocene-Miocene: Clallam formation.—Resting unconformably upon 

the Eocene and older rock of the Olympic peninsula is a series of con- 

glomerates, sandstones, and shales rich in fossils and extensive in occur- 

rence. The formation is well exposed in the region between Clallam bay 

and Pillar point, to the east, and for that reason is here named the 

Clallam formation. According to Doctor Dall, the fossils of the forma- 

tion indicate that the basal portion of the series is Oligocene in age, while 

the upper part is certainly Miocene. Since the separation of the two 
members will necessarily have to be made on paleontologic grounds and 

will require a more detailed study of the material in hand than time has 

yet permitted, the term “Oligocene-Miocene series” will be used tem- 

porarily to designate the age of the beds. A portion of the formation is 

unquestionably the equivalent of the Astoria sandstones and shales occur- 

ring at the mouth of the Columbia river, 130 miles farther south. 

All of the pre-Pleistocene deposits along Fuca strait from Freshwater 

bay to cape Flattery, with the exception of the Eocene basalts and tuffs 

of Crescent bay and the Pliocene conglomerate and sandstone of the 

Clallam Bay-Hoko River region, belong to the Oligocene-Miocene series, 
and at least the greater part and possibly the whole of the thick series of 
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conglomerates, sandstones, and shales exposed in the Cape Flattery prom- 

ontory, and also the sandstones and shales exposed in the hills south of 

the Bogochiel river, come under the same head. The thickness of this 

series as exposed in sections along the strait, which, by the way, virtually 

parallels the strike of the beds for most of the distance from Freshwater 

bay to Neah bay, is about 3,650 feet. The Waatch-Neah Bay section, 

which cuts directly across the strike of the great Cape Flattery mono- 

cline, exposes approximately 15,000 feet of conformable strata, most and 

possibly all of which may be Oligocene-Miocene. 3 

The conglomerates of the series are usually quite coarse and hard and 

consist of pebbles and cobbles of quartzite, jasper, black slate, and occa- 

sional granitics. They are found mostly at the base and near the top of 

the series along the straits and in, the middle of the series on the Cape 

Flattery promontory. The zone of conglomerate in the middle of the 

Cape Flattery section may be the equivalent of the basal conglomerates of 

the series as developed unconformably above the Eocene around Crescent 

bay. If so, the sandstones at the base of the Cape Flattery section are 
older than any of the Oligocene-Miocene beds exposed on the strait. The 

base of the Cape Flattery section is unknown, as the lowest beds exposed 

in the section are separated from the subjacent rocks by a fault. 

The sandstones of the Clallam formation are for the most part thin 

bedded, hard and resistant to erosion, and are extremely fossiliferous in 

certain localities, notably east of Clallam bay. They are found at the 

base and near the top of the Cape Flattery section and below the upper 

conglomerates east of Clallam bay. 
The shale of the Oligocene-Miocene occurs principally in the middle of 

the formation along the strait. The lower part of the shale is thinly and 

plainly laminated, but higher up becomes almost massive clay. Figure 

2, plate 57, shows a characteristic exposure of the laminated shale. The 

overthrusting of the beds exhibited at this particular locality is very un- 

usual, as the strata along this portion of the coast ordinarily lie in low 

simple folds. The shale is gray in fresh exposures, but becomes more or 

less oxidized upon exposure. Sandstone dikes, probably derived from in- 

terbedded sandstones, cut the shales in the region east of the mouth of 

the Pysht river, and near Gettysburg hydrogen sulphide gas was noticed 

escaping from cracks in the shale along the beach. Figure 1, plate 58, 

illustrates the ramification of one of the dikes, while figure 2, plate 55, 

shows a characteristic beach formed by the truncated beds of the soft 

clay-shale. Fossils are abundant and beautifully preserved throughout 
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FIGURE 1.—NATURAL ARCHES IN SANDS'TONE 

At this locality the sea is rapidly encroaching on the cliffs south of the mouth of the 
Quillayute river. Photograph by Professor Henry JLandes, 1902 

FIGURE 2.—OVERTHRUST IN OLIGOCENE-MIOCENE SHALE, % MILE WEST OF GETTYSBURG 

A characteristic exposure of the shales. Photograph by Chester W. Washburne, 1904 

GEOLOGIC FEATURES OF COAST OF OLYMPIC PENINSULA, WASHINGTON 
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FOSSILS OF THE CLALLAM FORMATION 463 

the finer sediments of the series, at least two distinct horizons being 
recognized. 

At least five recognizable faunas have so far been found in the Clallam 

formation. 'The oldest comes from the lowest clay-shales of the series and 

is characterized by such species as the following: 

Fossils from the Clallam formation 

List of fossils from the lower clay-shale (Oligocene) 

Leda sp. 

Pecten clallamensis Arnold. 

Pecten waylandi Arnold. 

Phacoides acutilineatus Conrad. 

Nucula sp. 

Solemya rubroradiata Conrad. 

Tellina sp. 

Dentalium substriatum Conrad. 

Fusus sp. 

Marginella or Erato sp. 

Natica, sp. 

Perissolax sp. 

Aturia cf. ziczac Sowerby. 

List of fossils from the second horizon or massive sandstone 

Above the clay-shale horizon is a series of medium bedded to fine mas- 

sive sandstones in which are found fauna apparently transitional from 

the clay-shales to the coarse sandstones. 

yielded the following fauna: 

Cytherea cf. vespertina Conrad. 

Leda sp. 

Nucula sp. 

Phacoides acutilineatus Conrad. 

Solemya rubroradiata Conrad. 

Tellina (Angulus) sp. 

Thracia cf. trapezoides Conrad. 

This sandstone horizon has 

Cylichna petrosa Conrad. 

Dolium petrosum Conrad. 

Fusus sp. 

Natica sp. 

Perissolax (?) sp. 

Pleurotoma sp. 

Scala sp. 

List of fossils from the third horizon or Miocene sandstone 

Still a third fauna, later than the last, is represented by the following 

species found immediately east of Clallam bay: 

Area sp. 

Chione (aff.) temblorensis Anderson. 

Cytherea cf. vespertina Conrad. 

Pecten fucanus Dall. 

Pecten propatulus Conrad. 

Tellina arctata Conrad. 

Fusus oregonensis Conrad. 

Natica sp. 

Sigaretus scopulosus Conrad. 
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List of fossils from near the top of the Clallam formation 

The fourth fauna is that found in sandstone layers interbedded with 

conglomerates in the upper part of the formation, and is: 

Chione aff. temblorensis Anderson. Tellina sp. 

Mactra sp. Crepidula prerupta Conrad. 

Mytilus aff. mathewsonii Gabb. Dentalium substriatum Conrad. 

Panopea generosa Gould. Fusus sp. 

Pecten fucanus Dall. Scala (Opalia) sp. 

Phacoides acutilineatus Conrad. 

List of fossils from the equivalents of the upper beds of the Cape Flattery 

) section 

The fifth fauna of the Oligocene-Miocene is that found at the mouth of 

the Sekiu river in beds the equivalent of the uppermost strata of the Cape 

Flattery section. The relation of this fauna to those just given is some- 

what problematical, although it appears quite likely that the former is 

younger than most of the latter. 

Cardium aff. quadrigenarium Conrad. Cancellaria sp. 

Leda sp. Cylichna sp. 

Mactra sp. Dentalium sp. ; 

Nucula sp. Fusus sp. 

Tellina aff. bodegensis Hinds. Natica sp. 

Yoldia sp. 

Correlations.—Correlations between the different fossiliferous locali- 

ties of the Oligocene-Miocene series over the whole of the Peninsula and 

Puget Sound region are comparatively easy, as are also correlations with 

certain of the Oregonian faunas such as those of the Astoria shales and 

sandstones, but when it comes to making direct correlations with the 

Californian or Alaskan faunas much difficulty is encountered. One of 
the greatest surprises the writer had in all of his work along the straits 

was his inability to find the characteristic upper Miocene fauna of the 

Sooke beds which are so well developed only 15 miles to the northward on 

Vancouver island. With an almost unbroken series of Miocene faunas 

one would certainly expect to find the Sooke species somewhere among the 

lot, but such was not the case and no plausible explanation of their 

absence has so far presented itself. 

Coal in the Clallam formation.*—Coal occurs in the sandstones east of 
Callam bay in the upper part of the Oligocene-Miocene series and in the 
base of the same series in the vicinity of Freshwater bay. Three well 

* Bulletin no. 260, U. S. Geological Survey, 1905, pp. 413-421. 
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defined layers, 12, 22, and 36 inches in thickness, are exposed in the first 

locality, while in the second 28-inch and 56-inch beds are said to occur. 

The coal is a hard, glossy black lignite and is, according to Mr Campbell, 
well adapted for gas-producer engines. 

Plhocene—Quinaielt formation—The Pliocene has a very limited 

development on the Olympic peninsula, only two areas of importance 

occurring on its coasts. The more important of these is a great syncline 

between capes Elizabeth and Greenville through the trough of which the 

Quinaielt river empties into the sea. The formation in which this syn- 
cline is developed is therefore named the Quinaielt. The Quinaielt con- 

sists of over 2,200 feet of conglomerates and shales, with minor quantities 

of sandstone. ‘The conglomerates are developed north of the river, while 

the shale, with some underlying sandstone, occurs south of it. Owing to 

the fact that faults hmit the syncline on both sides, it was impossible to 

determine positively which facies of the formation, the conglomerate or 

the shale, was the older. However, it appears most likely that the latter 

represents the basal portion of the formation. ‘The beds contain well 

preserved marine fossils and the conglomerates in particular considerable 

quantities of almost unaltered wood and bark of trees, often in large 

fragments. 

Fossils from the Quinaielt formation—The following fossils, which 

locate the formation in the lower Plocene and indicate its contempo- 

raneity with the Purisima formation of central California, were obtained 

at the mouth of Quinaielt river, at various horizons throughout the series. 

Terebratalia cf. occidentalis Dall. Chrysodomus aff. tabulatus Baird. 

Leda sp. (short and smooth). Cylichna sp. 

Lima ef. hamlini Dall. Margarita sp. 

Macoma sp. Natica clausa Broderip and Sowerby. 

Mactra sp. Opalia cf. borealis Gould. 

Pecten hastatus var. hericius Gould. Pleorotoma perversa Gabb. 

Solen sicarius Gould. Priene aff. oregonensis Redfield. 

Tapes cf. staleyi Gabb. Purpura canaliculata Duclos. 

Thracia trapezoides Conrad. Purpura crispata Chemnitz. 

Yoldia cf. cooperi Gabb. » Purpura saxicola Valenciennes. 

Anachis sp. Solariella peramabilis Carpenter. 

Beds of concretionary sandstone and gray shale, the equivalent of a por- 

tion of the Quinaielt, outcrop to the northward at the mouth of the Raft 

river. Another area of Pliocene also occupies the territory from Clallam 

bay westward to the Hoko river. The Pliocene here rests unconformably 

upon the upturned and eroded Clallam formation (see figure 4) and con- 

sists largely of conglomerate. In the cobbles and boulders of the con- 
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glomerate are numerous well preserved Miocene fossils, similar to those 

found at the mouth of the Sekiu river (see list). The maximum section 

exposed in the Clallam Bay-Hoko River Plocene area is only 240 feet 

thick, but this probably represents only a part of the formation. 

Pleistocene—General character of the deposits—The Pleistocene de- 

posits of the region under discussion consist of till, clay, sand, and gravel, 

mostly incoherent but sometimes locally firmly cemented by iron oxide 

(see plate 58, figure 2). They extend from Port Townsend along the 

strait to the region about Gettysburg and from Portage head to a short 

distance south of point Greenville, on the Pacific Ocean side. In the 

vicinity of Port Angeles and eastward to Port Townsend the Pleistocene 

is between 200 and 300 feet thick; its lowest member till, the rest of the 

FIGURE 4.—Section of small Promontory on Coast 2 Miles West of Clallam. 

Showing unconformity between the Miocene and Pliocene. 

formation roughly stratified sand and gravel. This till is probably the 

equivalent of Willis’s Admiralty till of the Puget Sound country. The 
top of the till, which is largely a stiff blue clay, is often marked by springs. 

In the vicinity of Freshwater bay these springs are large and exceedingly 

numerous, and are said to have been used by the early navigators in stock- 

ing their ships with water; hence the name of the bay. 

The maximum development of the Pleistocene on the western side of 

the peninsula is in the region about Yellow banks, 6 miles south of the 

mouth of the Ozette river, where the deposits of sand and gravel attain a 
thickness of over 125 feet. The marine origin of at least a part of the 
Pleistocene deposits along this part of the coast is attested by marine 
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Ficgure 1.—SANbDStONE DIKE IN soF? OLIGOCENE-MI0CENE SHALE 

Three-fourths of a mile east of East Twin river. Photograph by C. W. Washburne, 1904 

Figure 2.—BouLDER OF PLEISTOCENE GRAVEL ON BeEacu sourH oF Mourn oF Qurrrs River 

This gravel is firmly enough cemented by iron oxide to be considered a true conglomerate, 
Photograph by Professor Henry Landes, 1902 
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GENERAL GEOLOGIC STRUCTURE A67 

fossils, which are found in fine stratified sands 35 feet above tide level 

near Point of the Arches. 

Gold in the Pleistocene gravels.*—In certain localities the Pleistocene 

deposits which constitute or cap the bluffs from near Portage head south 
to Yellow banks carry small amounts of gold, platinum, and iridosmine. 

By a process of wave action these metals have been concentrated on or near 

the bedrock at the base of the bluffs, sometimes in quantities of economic 

importance. ‘The gold and other precious metals in these beach deposits 

are always associated with magnetite and garnet sand, although the places 

richest in the “indicators” are often barren of the gold in paying quan- 

tities. 

Mining has been carried on in the region since 1894, and during this 

period at least $15,000 has been taken from the Shishi Beach placers be- 

tween Portage head and Point of tlie Arches alone. Besides the Shishi 

Beach workings, there are paying claims being worked intermittently 2 

miles north of the mouth of the Ozette river, and at Yellow Banks, 6 

miles south of the mouth of the same river. The mining is carried on 

principally by the sluice-box method, although where the water supply is 

limited, as at the locality 2 miles north of the Ozette, rockers are used. 

GEOLOGIC STRUCTURE IN GENERAL 

As indicated by the exposures along the coast, the structural lnes in 

the region from Port Angeles to Gettysburg average approximately parallel 

to the trend of the Olympics, north 70 degrees west, south 70 degrees east ; 

those in the Gettysburg-Clallam Bay territory almost perpendicular to 

this, or a little east of north, and those in the Clallam Bay-Cape Flattery 

stretch north 30 degrees west, south 30 degrees east, or again parallel 

with the ridges which extend along the coast in this region. A syncline, 

with its southern limb resting against the sandstones south of lake Cres- 
cent and its northern one truncated by the waters of the strait of Fuca, 

is the major structural feature of the Port Crescent-Gettysburg region. 

From Gettysburg westward to the mouth of the Pysht river the structural 

features are not pronounced, the rocks in general, however, having a west- 

ward dip. <A rather broad syncline, with its axis extending in a northeast- 

erly-southwesterly direction, occupies most of the territory between the 

Pysht river and Clallam bay. This syncline is complicated in its south- 

eastern portion by sharp local folding and some faulting. The region 

between Clallam bay and cape Flattery is formed by a great northeast- 

* Bulletin no. 260, U. S. Geological Survey, 1905, pp. 154-157. 

XLI—BuLL. GEOL. Soc. Am., Vou. 17, 1905 
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dipping monocline, the beds of which appear to have a total thickness of 

over 15,000 feet. 

South of the Clallam Bay-Cape Flattery monocline is the western ex- 

tension of the axis of the Olympic mountains. The structure in the 

region about this line of disturbance is quite complex, but as one goes 

away from it toward the south the structure becomes simpler. Several 

determinable folds with northwest-southeast axes were noted along the 

coast between the Ozette and Hoh rivers, and in the vicinity of the mouth 

of the Quinaielt there is a very prominent syncline developed in the 

Pliocene, with its axis parallel to those just mentioned. 

A great uplift in the Olympic Peninsula region appears to have taken 

place at or near the close of the Miocene epoch, and still another lesser one 

during the late Pliocene. That orogenic movements are still taking place, 

or have occurred since the deposition of the Pleistocene, is evidenced by 

the very gently folded and tilted clays, sands, and gravels in the vicinity 

of Port Angeles. 
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INTRODUCTION 

The title of the paper presented at Ottawa is “Hawaiian Notes.” 
These naturally grouped themselves into three parts: First, the facts 

observed in Oahu, particularly about Diamond head; second, the further 

study of the supposed caldera at Mokohea; and, third, the latest eruption 
from Kilauea. For publication I have thought best to offer the two 

brochures relating to Diamond head and Mohokea, which supplemen:z 
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papers previously published in the Bulletin. The third topic will be 
treated elsewhere. 

DIamMonp HEAD 

This is a well formed, secondary crater, adjacent to Honolulu and so 

conspicuously situated that it is familiar to all travelers. Since the pub- 

lication of my paper on the geology of Oahu several geologists have visited 

it and published their observations. As these represent divergent views, 

I took the pains to reexamine the locality in my last visit, in 1905, and 

present herewith both the abstracts of the statements of others and the 

results of the latest investigation. . 

As to the cone itself, I stated that 

“The structure of the. cone is typical of its class—a broad, shallow, saucer- ~ 

shaped crater, with layers dipping toward the center inside, and outside out: 

wardly in every direction at angles of 30 to 35 degrees. It would seem that 

the mud was forced directly upward from the center, the surplus flowing over 

the outside of the cone in every direction, and after the supply had ceased to 

come the inner portions fell back toward the vent. The fragments consist of 

every variety of the older basalts, with much limestone, corals, and shells that 

were torn off by the ascencive force of the eruption from the coral reef be- 

neath. The tuff is a palagonite like that of Punchbowl.’’* 

Concerning the succession the following is condensed from page 54.+ 

The order of genesis is: 1. The deposition of the coral reef on an ancient 

lava. 2. The ejection of the tuff in shallow water, bringing up frag- 

ments of the older rocks. 38. The Head was covered by vegetation, much 

as it is now; fragments of the tuff rolled down the steep sides, became 

cemented by lime, whether derived from the pieces thrown up from the 

underlying coral reef or from the coral beach sand blown up by the wind. 

Land shells flourished whose remains are abundant in the talus. 4. Sub- 

mergence from 40 to 200 feet. 5. Emergence to the present level. 
Of the seventeen different periods recognized on the island the follow- 

ing relate to the Head: Number 4, coralline and shell limestones formed 

in later Tertiary age. These were penetrated by several basaltic erup- 

tions. Numbers 5 to 9 and number 10, tuff craters like Diamond head 

were ejected through the calcareous beds. Number 11, decay of the tuff, 

producing soil. Numbers 12 and 14, basaltic ejections. Number 15, 

the accumulation of the calcareous talus-breccia, containing the remains 

of land shells. Numbers 16 and 17, depression and reelevation. 

* Bull. Geol. Soc. Am., vol. 11, 1900, p. 44. 

7Bull. Geel, Soe. Am., vol. 11, 1900. 
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In presenting the views of others it will be proper to commence with 
the publications of Professor Dana. 

Views OF J. D. DANA 

The lava and tuff cones of Oahu were first described in the Report on 
the geology of the regions examined by the United States exploring ex- 

pedition. The observations were made in 1840 and the volume was 

published in 1849. The same description reappeared in “Characteristics 
of voleanoes,’* with additions. 

Accurate drawings of the craters, Mauumae, Kaimuki, Diamond head, 

Punchbowl, and the two Koko heads, with descriptions, are presented. 

Mauumae is said to be a lava flow; Kaimuki is not defined, but all the 

others, including the three salt lake craters, are spoken of as “tufa cones.” 

Diamond head is said to be a “fine example of the typical tufa cone in 

its broad and shallow saucer-shaped crater, with the stratification parallel 

to the bottom of the saucer and to the original outer slope” (page 293). 

Punchbowl is said to be composed of “a yellow to brown, in part resin- 

lustered, palagonite-like rock bearing evidence in its constitution and in 

the dip of the beds that mud-making, warm waters were concerned in the 
disposition; and the brown, in place of red, color is probable evidence 

that the temperature of the water was below 200° Fahrenheit” (page 

292). He remarks that “Diamond head may have been thrown up in a 

single year or less” (page 295), and refers to some notable recent erup- 

tions which had likewise been formed in a very brief time. These were, 

first, Tarawera, New Zealand, where “the eruption was ended and the 

clouds of dust gone in six hours” (page 246). Secondly, in 1883 Kra- 

katoa accomplished its work in thirty-six hours. Thirdly, Baldaisan, in 

Japan, sent forth steam, dust, and possibly lava, in 1888, the action being 

of extreme violence. “In one hour the dust shower had mainly passed, 

and in five hours it had wholly ceased” (page 253). 

Views or W. T. BrigHamM 

Professor Brigham describes and figures Diamond head and its sur- 
roundings.+ There is a cone of tufa whose layers have dips, probably 

comparable with the descriptions of Dana, and the lamine are separated 

by calcareous deposits. They also contain fragments of coral in consid- 

erable quantities, undecomposed and in masses of from two to twenty 

cubic inches. The region adjacent is an elevated coral reef. No lavas 

* Dodd and Mead, publishers, 1890. 

+ Memoirs Boston Soc. Nat. Hist., vol. i, 1868. 
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have issued from the cone, but there is a figure showing how the tufa in 
one locality has been altered by contact with a heated stream of basalt 
flowing out of it. One can recognize the actual conditions in the view 

taken of the cone from Koko head, there being the central cone, the sur- 

rounding limestone, and the later basaltic flow from Kupikipikio. 

Views oF C. E. Durron 

Captain Dutton writes as follows about Diamond head :* 

“It is composed of cinders and tuff, and is in fact an immense cinder cone. 

Within it is a very large crater, more than a mile across. Its rim is a sharp 

edge which forms a complete circle, and though higher in some portions than in 

others, it is nowhere broken down. . . . ‘The outer flanks of the cone are 

scored upon all sides with little ravines, which give it the aspect often pre- 

sented by the fronts of the Bad Lands cliffs of Dakota or of the plateau 

country. The cone is situated close to the sea which washes the foot of its 

southern slope. AS we pass around the flank we find a mass of strata com- 

posed of consolidated coral sand, which is strongly cross-bedded. The highest 

visible exposure of this ‘coral rock’ is about 200 feet above the sea. That it 

formed once a wave-washed beach just beneath the surface of the ocean is 

self-evident.” 

He then speaks of its age as very much more recent than that of the 

mountains of the Koolau range, and also mentions its similarity to 

Punchbowl and Koko head. 

NorEs ON THE TERTIARY GEOLOGY OF OaHu, BY W. H. DALL ~ 

These notes were appended to my paper on the geology of Oahu cited 
above. Doctor Dall examined the lower slopes on the south and east sides 

of the Head, not ascending it more than 100 feet. “The conclusion to 

which I came,” said he (page 58), “was that the whole mass of Diamond 

head had been slowly deposited in comparatively shallow water and grad- 

ually elevated without being subjected to notable flexure. ‘The ejection 

of material at first must have been intermittent, with long quiescent 

periods to enable the shore to have been repopulated with mollusks and 

corals. The later layers may have been more frequently ejected, as indi- 

cated by the absence of perfect fossils, or of any fossils, by the thinner 

calcareous and the heavier tuffaceous layers.” 

Also on page 60: 

“To sum up, it is concluded that the reef-rock of Pearl Harbor and Diamond 

Head limestones are of late Tertiary age, which may correspond to the Plio- 

cene of west American shores, or even be somewhat earlier, and in the local- 

* Fourth Annual Report of the U. S. Geol. Survey, 1884, pp. 217-218. 
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ities studied there was no evidence of any Pleistocene elevated reefs whatever. 
It is probable that Oahu was land, inhabited by animals, as early as the 
Eocene.” 

The determination of the geological age of Oahu was the main object 
of Doctor Dall’s paper, and no one has since dissented from his conclu- 
sion. His judgment of the age of the fossil shells can not be called in 
question. Objections have been made to his view of the structure and 
origin of Diamond head. Should it be proved that some of the objec- 
tions have been well taken, the correctness of his main contention re- 
mains unaffected. 

The first reference to Doctor Dall’s views came from Dr S. E. Bishop, 
a resident of Honolulu, a gentleman conversant with meteorological and 

volcanic phenomena, at one time assistant on the government trigonomet- 
rical survey of the islands. His observations on the atmospheric appear- 

ances produced by the eruption from Krakatoa in 1883 led to the ac- 
cepted use of the term “Bishop’s ring” (cercle de Bishop). His paper 

was published in the American Geologist.* 

“BREVITY OF Turr CoNE Eruptions,’ By 8. E. BisHop 

The foregoing is the title of Doctor Bishop’s paper. ‘The main con- 

tention therein presented is that a volcanic cone like Diamond head 

“could have been created only by an extremely rapid projection aloft of 

its material, completed in a few hours at the most, and ceasing suddenly 

and finally.” 

The first proof of this proposition is the extreme regularity of the 

elevated circular rim of the cone. ‘Two-thirds of the elevated perimeter 

represents nearly a complete circle about 5,000 feet in diameter, and 

- most of it is about 450 feet above sealevel. The tuff has uniform qua- 

quaversal layers dipping outwardly about 35 degrees, but less upon the 

inside, pointing toward the center. The southwest angle reaches the 

height of 762 feet, because the strong trade wind deflected the lofty jet 

of tuff to leeward and piled it up disproportionately. 

The second evidence of the brevity of the eruption is derived from an 

arithmetical computation of the time required to deposit the actual mass 
of the cone by a fountain of adequate height to deliver its ejecta upon 

the existing rim of the bowl. ‘The total mass is thirteen billion cubic feet 

of tuff. This could. have been discharged by a fountain with 875 feet of 

velocity per second, raised to a height of 11,925 feet in two hours’ time. 

This is given as an approximate estimate only, and he is disposed to in- 

*Vol, xxvii, 1901, p. 1. 
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crease the velocity and reduce the time, with a sectional area of 5,000 

ieeh, | 

These statements of the symmetry of the cone and of the time re- 

quired for the deposition of the mass are thought to forbid any other 

conception of formation. A very good map of the Head and immediate 

surroundings accompanies this paper. 

WRITER'S STATEMENT AT THE ALBANY MEETING 

At the Albany meeting of the Geological Society of America I pre- 

sented briefly the antagonistic views of Doctors Dall and Bishop and 

requested the opinions of the fellows present as to the proper position to 

be taken in the controversy. No one offered any suggestion.* 

Doctor DALL’S REPLY TO Doctor BISHOP 

Doctor Dall comments on this paper in the American Geologist for 

June, 1901,+ practically as follows: 1. Diamond head as described by 

Doctor Bishop does not exist. 2. The observations previously stated are 

reaffirmed. 3. The inferences are submitted to the criticism of experts. 
4. The tuff is underlaid by limestone carrying Chama and Ostrea, and 

in the middle part of the cone there are horizontal layers of compacted 

coral sand out of which the calcareous snowy crusts have been bleached. 

ARCHIBALD GEIKIE’S COMMENT 

In his text book of Geology,{ Sir Archibald Geikie refers to Doctor 

Bishop’s paper thus: “On the transient character of the volcanic action 

in the case of tuff cones, see Bishop, American Geologist, vol. xxvil 

(1901), page 1.” 

He also compares the action of Diamond head to the eruption of Monte 

Nuovo, near Naples, in 1538, when a tuff cone was formed in twenty- 

four hours. I have myself ascended the sides of this cone, which has 

the altitude of 489 feet, and is about one and a half miles in circum- 

ference. The larger part of the famous Lucerne lake was filled with 

the stones, scoria, and ashes ejected in 1538. Among the fragments 

ejected were pieces of Roman pottery and marine shells, which happened 

to be situated in the path of the ascending outburst. I have been in the 

habit for the past forty years of using in my lectures the history of Monte 

* Bull. Geol. Soc. Am., yol, 12, p. 462, 

+ Vol. xxvii, p. 386, 

PVol. dt, ph S26, 
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Nuovo to illustrate the formation of tuff cones, emphasizing the brevity 

of the process, the stratification of the material (double quaquaversal), 
and the lack of any disturbances in the adjacent territory. The temple 

of Pluto was partly covered by the debris, but its level has not been 

affected, as it would have been if the cone had been formed in the manner 

suggested by L. von Buch and Ehe de Beaumont. They believed that 

the conical shape proceeded from an upheaval or swelling of the ground 

around the vent from which the materials issued. 

Dr J. C. BRANNER’S STATEMENT 

Doctor Branner comments on the tuff and talus of Diamond head.* He 

finds present an extensive mass of talus overlying calcareous sand, both 

lying at an angle of 30 degrees; and the talus contains land shells. He 

thinks Doctor Dall must refer to that talus when he says the tuffs overlie 

the caleareous beds. He believes the tuffs were land deposits and did not 

come from beneath water level. Doctor Dall in his replyt calls attention 

to the fact that Doctor Branner did not see the region farther around the 

cone upon which he had based his conclusions, and that the lmestones 

carrying the fossils (marine) could not have been a suberial formation 

(blown sand). Doctor Dall evidently would not disagree with the 

statements about the relative positions of the blown sand and the talus 

. carrying the land shells, as both authors examined the same quarry. 

Dr WHITMAN CROSS’'S STATEMENT 

Doctor Cross remarks as follows :{ 

“The view of Doctor Dall that the whole mass of Diamond head had been 

slowly deposited in comparatively shallow water and gradually elevated with- 

out being subjected to notable flexure seems to the writer incorrect for various 

reasons, some of which have been pointed out by Dr J. C. Branner and Dr 

S. E. Bishop.” 

The subject was referred to incidentally in speaking of Doctor Dall’s 

determination of the Pliocene age of the rocks in a part of Oahu. 

THE LATEST ViEWS oF Doctor DALL 

Several letters have passed between Doctor Dall and myself concern- 

ing the special features of Diamond head. Explanations more explicit 

than those here printed have been given, and in 1905 I endeavored to visit 

* Amer. Jour. Sci., vol. xvi, 1903, p. 306. 

+ Amer. Jour. Sci., vol. xvii, p. 177. 

~ Journal of Geology, vol. xii, p. 519. 



476 C. H. HITCHCOCK—GEOLOGY OF DIAMOND HEAD, OAHU 

the precise localities which he investigated and on which he based his 

conclusions. He was accompanied by Professor Edgar Wood, of the 

normal school at Honolulu, who kindly pointed out to me the route taken 

and the ledges examined. They did not visit Kupikipikio nor ascend 

the cone of Diamond head, but skirted its eastern base, from whence it 

was possible to see the white patches on the outer cliffs which simulated 

ledges of limestone. JI sent an account of my explorations and conclu- 

sions to Doctor Dall, and received from him the following letter, which 
is published with his sanction: 

“WASHINGTON, D. C., August 29, 1905. 

“DEAR PROFESSOR: I received yours of the 22d instant this morning, and 

was much interested in and gratified by it, as it seems to me that it leaves 

hardly any unsettled points of importance in which I can not agree with your 

conclusions. There are one or two questions of interpretation, perhaps, to be 

presently referred to. You have been able, by reason of your more extended 

explorations of the cone at the Head, to decide several questions I had to 

leave open. 

‘Doctor Bishop’s idea is, as I understand, that Diamond head was the 

product of a single outburst of activity, by which he may include the inter- 

mittences which usually accompany the activity of a vent forming a cone 

through the deposit of matter expelled at short intervals during a relatively 

short period of time, say within a year or two. The impression I got was 

that the cone was the product of small eruptions, with intervals between long 

enough for coral sand beaches to form or sand to be deposited by wind on the 

surface of ejected matter, so that there would be a certain alternation of 

deposits; also that this action, in part at least, took place near sealevel, with 

some subsequent elevation. | It seemed to me that the differences between the 

Punchbowl (with little or no lime to be leached out) and Diamond bead 

(so to speak, saturated with lime) was due to somewhat such a difference in 

method of formation. I can not otherwise account to myself for the abun- 

dant presence of lime nearly throughout the Diamond Head cone. Does it 

not seem, if the Bishop hypothesis be correct, as if the fragmentary lime 

constituents dislodged by eruption must necessarily be concentrated in the 

lower layers, so that, the vent once formed, there would be practically no 

source for fragmentary lime rock for the upper ones? If not, why do we not 

find fragmentary lime rock distributed through the iayers of the Punchbowl 

and other deposits of the volcanic hills behind Honolulu? That is the way I 

summed it up, that in order to keep the supply of lime going there would 

have to be, in the case of Diamond head, quiescent periods when it could 

accumulate over or about the vent either from the sea or through the agency 

of wind. Now down by the sea I found, as I thought, some thin, continuous 

layers of lime rock on which were fossilized some corals, chamas, etcetera, 

where they grew. I recognized the exudatory character of the sheets of lime 

I saw on the cliffs above, but I took those near the sea to be sedimentary. If 

in this I was mistaken, and they were also due to exudation, it does not alter 

the general conditions very much. There must have been a source for the 

lime somewhere, and after the vent was cleared, subsequent supplies must 
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have come from the only possible source, direct or indirect, namely, the sea 

sediments and beach sand. There seemed to me to be in that cone altogether 

too much lime to be derived merely from the crumbling of the walls of the 

vent after the latter became fully established. 

“T think the marine fossils I got around Diamond head and at Pearl har- 

bor were indubitably Pliocene, at least they are not (so far as yet known) 

represented in the present fauna. Yet here we are met by the difficulty that 

the Hawaiian marine shells are very imperfectly known. Still, there can be 

no doubt that some of those I found are extinct; it is only the proportion 

which for the present must remain uncertain. As for the land shells in the 

rock at the quarry north of the road, before we turn the corner of the island. 

I did suggest that they might be Pliocene, but without dogmatism. as a de- 

cision on this point must depend on an expert and minute knowledge of the 

species, which I can not claim. They seemed to me wind blown, and the 

limestone, in which they were, to be subaerially deposited and solidified by 

the percolation of rainwater. This is a process which might continue indefi- 

nitely, the shells in upper layers being much younger, geologically, than those 

below, and much would depend on an exact stratigraphic correlation of the 

fossils. I found no Amastras; the others you mention are all old types which 

might go back to the Eocene without violating precedent. I should be much 

interested to see your series.” 

OBSERVATIONS MADE IN 1905 

Returning now to the discussion of the observations made in 1905, it 

is needful to recall the general structure of Oahu. It has two ranges of 

basalt parallel to each other, separated by a sloping plain. The ranges 

are Kaala and Waianae on the southwest and Koolauloa and Koolaupoko 

on the northeast, the last being 37 miles long. Jaala is the oldest and is 
supposed to have been the only dry land for a long period. Koolau came 

into being later, as its discharges have covered up the eroded eastern out- 

line of Kaala. Each basaltic mass represents an independent center of 

volcanic action, whether originating at the bottom of the ocean or arising 

from low Tertiary land. The profuse rainfall due to the impingement 

of the moist vapors brought by the trade winds on the highlands, has ex- 

cavated numerous canyons and amphitheaters on both sides of Koolau, 

but with much greater erosion on the most exposed portion, looking 

northeasterly. For part of the way the erosion has reached the center of 

the range, where the sheets are disposed in an anticlinal fashion. On the 

opposite side the canyons, at first conspicuous, east of Honolulu are less 

prominent, and for a time it was believed that there was a gradual slope 

from the crest of the range to the valleys leading both northeast and 

southwest from the highest point of the plain. Now that the region has 

been better explored, it is found that there are deeply incised canyons 

along the whole southwestern slope of Koolau in the upper reaches. ‘The 
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drainage is collected into Pearl river on the south, and reaches the sea at 

Waialua in several guleches on the north. It would seem that this inter- 

montane plain must represent about the original surface of the lava 

flows, in which the gorges are few but very deep. As the surface seems 

to consist of soft clayey material, one would expect it to consist of sedi- 

mentary or at least ashy volcanic beds of the Tertiary. On examining 
the walls of the canyons the rock is made up everywhere of the spherical 

and elliptical nodules so characteristic of the Hawaiian basalts. They 

have been exposed so long to the elements that decomposition has 

reached the lowest depths accessible. | 

That part of the western slope of Koolau that is best known shows 

numerous secondary volcanic cones, scoriaceous, basaltic, and tuffaceous. 

Some are parasites on Koolau and others lie in the lowland. Scori- 

aceous ejections have been noted at the Pali, west of it, and near Tantalus ; 

and perhaps the so-called ashes from Tantalus, the pond east of Kakea, 

and Punchbowl! should be ranked in this category. Secondary basaltic 

ejections are recognized in Aliamainu, Aliapakai (Salt lake), near 

Moanalua; nephelite dikes on Punchbowl, Palolo, and Kupikipikio, the 

craters Mauumae and Kaimuki. For topographical reasons the interest- 

ing nepheline basalt of the Moiliili quarry seems connected with small 

craters lying east of Rocky hill. 

All these secondary ejections named were contiguous to one another, 

and there is no attempt to specify the many others lying east of the 

region of Diamond head and west of Salt lake. 

There remain the tuff cones, which mostly occupy a zone makai (that 

is, toward the sea) of the basaltic ejections. ‘These are Makalapa, the 

two salt craters, Punchbowl, Diamond head, and the two Koko heads. 

From statements already made, these are clearly allied to the palagonite 

of Italy, a tuff brownish yellow in color, with a resinous luster, com- 

posed of the fragments of the earlier basalts, marine limestones, with 

corals and shells, hydrous and discharged at a temperature less than that 

of the basalts. ‘These characteristics would seem to point to a sub- 

marine origin, while the basaltic cones, possibly coeval with them, accu- 

mulated around terrestrial vents. Diamond head is therefore a typical 

tuff cone, made of very hot mud, originating beneath the sealevel. 

Tuer TERTIARY LIMESTONES 

All the igneous ejections, both the original Koolau basalt, the second- 

ary scorias and basalts, and the tuff cones, have come up through a Ter- 

tiary, probably Pliocene, platform. This conclusion appeared first in 
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the suggestions of Dr Alexander Agassiz* as to the limestones of the Fiji 

islands, with the concurrent determination of age derived from a study 

of the mollusca of the limestones by Dr W. H. Dall, compared with the 

existing fauna. 
It was my good fortune to be able to glance at these Fijian deposits 

while studying the Hawaiian phenomena, and to be satisfied of the essen- 

tial unity in age of these Pacific groups of islands. Hence in my paper on 

the geology of Oahut I considered the Pearl River series to be of Tertiary 

age, consisting of marine deposits, decayed rock, limestones, clays, pebbly 

layers, secondary volcanic products, ashes, and solid basalts fully 1,000 

feet thick. Very fortunately Doctor Dall visited Oahu just as I was 

leaving and made comparisons of the shells found in the earthy deposits 

with those now living. Some species of Conus, Purpura, Chama, and 

Ostrea are apparently extinct. Hence it is as proper to call the Hawaiian 

beds Pliocene as those of Fiji. Doctor Dall’s views on this subject are 

embodied in a letter published elsewhere in this communication. 

The Phocene area of Oahu coincides very nearly with the lowland 

tracts utilized for the cultivation of the sugar-cane and sisal, from Bar- 

bers point to Koko head. Smaller patches appear at Waianae, Waialua, 

at the Kahuku plantation, Laie, and other places on the northeast coast. 
This distribution suggests the existence of a large low island or shoal prior 

to the ejection of one or both of the great basalt ranges. If so, why was 

there not also a submarine Pliocene or older foundation for the whole 

archipelago? ‘This would not render it necessary to abandon the notion, 

so constantly repeated, that the beginnings of land correspond to sub- 
marine volcanic eruptions. 

Limestone is common over the whole plain between Ewa and Koko 

head, not merely at the surface, but in the artesian borings.{ A locality 

of interest is just northeast of Diamond head, where Doctor Dall found 

fossils referable to the Pliocene. J went over the ground last summer 

under the guidance of Professor Edgar Wood of Honolulu, who showed 

me the ledges from which Doctor Dall obtained his speciinens. Proceed- 

ing farther east, the promontory of Kupikipikio was found to consist of 

basalt, both in dikes and as a boss. 

The dikes cut the limestone as illustrated in plate 61, figure 2, and 

plate 62, figure 1. Figure 2, plate 61, shows a black ledge of basalt next 

to the water, with limestone behind it higher up. The black stones to the 

* Amer. Jour. Sci., IV, vol. vi, p. 165. 

7 Pp. 31-34. 

t Bull, Geol. Soc. Am., vol, 11, p. 28 et seq, 
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right are of basalt. Above the limestone there is some ash before reach- 

ing the house. Figure 1, plate 62, shows a ledge of limestone in the 

midst of the ash, while beyond are the basaltic fragments detached by 

weathering from the boss. The locality is a field east from the house 

shown in figure 2, plate 61. The ash was spoken of in my Oahu paper 

(page 45) as being like the Diamond Head tuff. The tuff and the ash 

merge into each other at Kupikipikio, and the latter is also extensively 

spread along the road passing around the north side of Diamond head. 

Both probably came from the Kupikipikio ejection. 

The limestone is 505 feet thick in the Campbell well on the seashore 

~ at the southwest corner of Diamond head, beneath 270 feet of the tuff.* 

It is thicker here than in any other of the wells of the Honolulu plain. 

The limestones, earths, and upper basaltic masses le entirely to the south- 

west of Koolauloa. Wells sunk near the Makiki reservoir to the depth 

of 200 feet or more upon this basalt failed to discover any limestone, 

whence it is inferred that the Tertiary series, penetrated by nearly all 

the artesian wells in the vicinity of Honolulu, represents a later age, 

consisting of the coral reefs built upon the volcanics. 

THE BLACK ASH 

Considerable labor has been expended in determining the sources of 

the black ash about Honolulu, and it was concluded that it came from 

several craters, notably Punchbowl and Tantalus, as well as from Koko 

head, Diamond head, and Makalapa. A better knowledge of the condi- 

tions about Diamond head leads to the belief that the ash on its east- 

ern side came from Kupikipikio. Since my earlier visit a good road 

has been constructed around the Head, and it has been possible to exam- 

ine all the rocks with greater care and precision. ‘There are beds of this 

ash cut by the road on the northeast and north sides of the Head, sloping 

toward the east. A part of the material has changed its color from black 

to reddish, due to weathering. It is generally much finer grained than 

the ash about Honolulu. It has not been observed about Diamond head 

elsewhere than on the Kupikipikio side, where it would have naturally 

fallen if ejected from the latter opening, being carried by the prevailing 

winds so as to fall upon the slope of the former. So also had the ma- 

terial come from Diamond head we should expect to find some remnants 

of it at least upon the leeward side. The position of Kupikipikio may 

be better understood by noticing the dark promontory in the distance in 

* Op cit. op. 9283 
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the photograph (see plate 61, figure 1), taken from high up Diamond 
head, showing the eastern rim of the crater. 

PUNCHBOWL AND DIAMOND HEAD COMPARED 

The structure of Punchbowl is like that of Diamond head. It is 

mostly composed of tuff, much of which on the side toward the city has 

its seams filled with calcite. In the quarry below the reservoir both cal- 

cite and zeolites are found, and an occasional piece of basalt. A photo- 

graph (see plate 62, figure 2) shows the relations of the tuff to the 

black ash. The person in the foreground stands upon the decayed upper 
layer of the tuff. He is looking into the excavated part of the quarry. 

Behind him are the thick layers of black ash. The hill in the back- 

ground is Punchbowl. The phenomena prove that the black ash overlies 

the tuff, and that a long interval must have elapsed between the ejection 

of the two materials, because the inferior one has been weathered. It is 

probable that the first material came from beneath the sea, while the 

later ash, though issuing from the same vent, did not come in contact 

with water, and with it came another basalt, that on the summit of Punch- 

bowl and in the dikes radiating from it. The extent of the tuff to the 

southwest is shown in the well boring at the Queens hospital, where 47 
feet of it is reported underlying 13 feet of lime sand and 10 of black ash. 

_ The Tertiary is well shown in a cutting near by on Vineyard street, 15 

feet of sand with shells being exposed beneath the black ash. 

Similar relations of the tuff, soil, and ash have been observed near 

Moanalua, where the tuff has been covered by an ash in which may be 

seen upright trunks of trees.* On Fords island, in Pearl River lagoon, 

a thin layer of ash has been found intercalated in limestone.t Rather 

than assume the ashes to have been erupted simultaneously in the Hono- 

lulu district, it may be better to say that similar eolian materials have 

been discharged at intervals through an unknown part of Tertiary time. 

Doctor Dall has noted the greater abundance of limestone in Diamond 
head, where the tuff is fairly saturated with it, than in Punchbowl. A 
walk up the southwest slope of Punchbowl! will satisfy any one that the 

seams are as fully filled with this mineral as in the northern part of 

Diamond head, and in the quarry it is not wanting, accompanied with 

zeolites. ‘The appearance of this calcareous incrustation is shown in 

the photograph (plate 63) of veins, filling seams, on the road on the 

east side of Diamond head. The conchoidal fracture of the larger 

blocks is coated with calcareous incrustations, and the vertical scams are 

* Geology of Oahu, pl. 6, fig. 2. 

TOD eit, p..o2. 
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largely composed of the same material. It was stated above that over 

500 feet of limestone underlies the south end of Diamond head, and only 

30 feet in the well at the Queens hospital adjacent to Punchbowl. As 

the volcanic ejection brought up the underlying rock, Diamond head 

should show very much more of it than Punchbowl. It is also on the 
seashore adjacent to the reef from which come quantities of eolian cal- 

careous sand. Punchbowl is half a mile distant from the seashore, and 

therefore would not be expected to be supplied so abundantly with blown 
sand. 

An examination on the inwardly dipping layers near the highest point 

of Diamond head reveals a very liberal supply of limestone. It was here 

that I found coral and shells in 1883. The photograph in plate 61, 
figure 1, shows the abundant supply in the layers of tuff in the fore- 

ground on the right-hand side. The standpoint is quite near the sum- 

mit, and the view was taken to show the rim of the cone, the interior, 

and the black promontory of Kupikipikio in the distance. 

In this connection it is proper to advert to the abundance of limestone 

in the inside of the crater at Salt lake. Not merely are the fragments 

abundant, but the original reef itself must be present.* The western 

Koko head is equally prolific with hmestone blocks, though from a hasty 

examination I am not prepared to say that the original ledge ean be de- 

tected. The limestone has not been seen in the lowest part of the inside 
of Diamond head, but there is a pond there entirely dry except after 

heavy rains. This is shown in plate 60, figure 2, and plate 61, figure 1, 

shows the character of the erosion on the west side of the Head. 

THE TALUS-BRECCIA DEPOSIT WITH LAND SHELLS 

At the southern base of Diamond head, at a quarry not far from the 

terminus of the electric road (1905), is an extensive excavation in a 

talus-breccia of tuff with a calcareous cement. This carries shells of 

Lepachtinia, Helicona, Pitys, Succinea, Pupa, and Helix lamblata, as 

heretofore reported. A similar deposit may be found skirting the base 

of the cone, probably on every side as well as in the inside, but it is seen 

to the best advantage where the new road has cut into it between the 

quarry and the lighthouse. Near the lighthouse the specimens of shells 

are particularly abundant because of the greater magnitude of the ex- 

cavations. ‘To the list given above may be added Amastra and Endo- 

donta, and Professor G. H. Perkins found in addition, lower down the 

cliff, the remains of crustacea. Mr C. Montague Cooke, of the Bishop 

Museum, has discovered additional localities of these shells upon Rocky 

* Geology of Oahu, p. 38. 
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EXPOSURE OF TUFF, DIAMOND HEAD 

Showing calcareous veins and inerustations. Exposure is on the road at the east 
base of Diamond Head 
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hill and in Manoa valley, scattered among the uncemented talus blocks 
of that region, and in the surface soil. The geological age of all these 

localities must be the same. The list of them, including a few collected 
by Mr Cooke and identified by him, is as follows: 

’ - Lepachtinia, five or six species; several of Amastra; Tornatella, two 

species; Pupa; Endodonta, two species; Helicina, one species; Succinea. 

Mr Cooke speaks of them as “subfossil.” It remains to be determined 

whether any of the species are extinct. 

This talus-breccia must be newer than the date of the eruption of the 

tuff, because it is the same material, detached from the cliff by gravity 

after consolidation. The cementing substance may be either fragments 

of lime in the tuff or blown sand from the seashore; and there must have 

been quite an interval between the ejection of the tuff and the presence 

‘of the animals, because the base rock must have suffered disintegration 

‘so as to allow the growth of herbs and small trees and the migration 

hitherward of the Mollusca. ‘This interval was probably the same as the 

one indicated at the Punchbowl and at Moanalua. 

It is highly probable that these shells represent a late stage of the 

Pliocene, partly because they seem to be older than the existing hand- 

some species of Achatinellide and partly because of the presence of a 
marine deposit overlying the quarry mentioned above. ‘Two views of the 

origin of the Achatinella have been promulgated—the first, that of 

Professor Pillsbry, that it has come from a type analogous to Limnea, as 

determined by anatomical characters; the second of a derivation from 

Bulimulus, because of conchological peculiarities. 

THE LATEST SUBMERGENCE AND REELEVATION 

It would seem as if there must be evidence of the submergence of Oahu 

after the accumulation of the talus-breccia to the depth of 250 feet. The 

relation of the deposit to the talus-breccia may be seen at the quarry, 

where at the altitude of about 40 feet there is a red earth with many 

marine remains directly overlying the talus-breccia. Beside the’ mol- 

‘lusca, there are corals and remains of fish. This is the only place where 
the relations of these shells to the talus-breccia is clear. What seems to 

be the same material rises to 200 feet at the north base of Diamond head 

and also at lower levels. I do not recognize anything like a shoreline, 

but the marine shells are frequent. Near Doctor Wood’s summer house, 

near Kupikipikio, are Cypreas and Turbo, both shells and opercula. 

The surface is strewn with rough blocks. The shells are seen when the 

lava fragments are thrown to one side in a very red earth, the residuary 

remains of the Kaimuki lava. 
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A study of the fields at the Waialua plantation gives related results. 

The cultivated tracts seem like aqueous and residuary deposits, utilized 

to the height of about 300 feet. I found shells and opercula of the 

marine gastropods in numerous localities and Melanias up to 250 feet 

altitude. I had no opportunity to see these remains in any excavations ; 

they all lie on the surface of the ground. 
I think a little search will prove the existence of seacliffs toward 

Kaena point, to the west of Waialua. Looking from the railroad train, 

there seems to be three wave-cut terraces in the basalt, the highest one at 

about the level of the shells picked up from the sugar fields. ‘The excava- 

tions may not be strongly marked, as it is presumed that the time of the 

submergence was brief; but it seems evident that there must have been a 

very recent depression of the island to the depth of 250 feet, very likely 

in the Pliocene. If so, the age of the smaller land shells in the talus- 

breccia will be established. As has been remarked, it would seem neces- 

sary for as long a period as that to have elapsed to account for the devel- 

opment of the Achatinellide. 

RELATION OF THE BASALTIC EJECTIONS TO DIAMOND HEAD 

- The question has arisen, What is the relation of Kaimuku to Diamond 

head? In my geology of Oahu (page 75) I have referred to the meeting 

place of the two rocks, the basalt apparently overlying the tuff. The 

road now passes near the line of junction of the two rocks. It looks as 

if the basalt had affected the tuff, the former pressing against the latter 

and the two interlocking. 

If Kaimuki is related to the dike at Kipikipikio, it is later in origin 

than the tuff; or if the similar rock at Punchbowl is considered, the 

basalt is the newer, as it lies in the throat of the vent, adjacent to the 

black ash, which is confessedly the newest volcanic product. The basalts 

would seem to have been erupted later than the tuff, after the land had 

risen, because the material is neither fragmental nor hydrous. They are 

later than the limestones which they have cut through. 
Some of the artesian wells show the presence of a thin basalt inter- 

calated in limestone or earth, thus indicating an earlier eruption. 

CONCLUSIONS 

1. Diamond head is a tuff cone thrown up explosively from beneath 

the level of the sea, and is to be compared with the Monte Nuovo, near 

Naples. 
2. It was ejected through fossiliferous limestones of Tertiary age, 

probably Pliocene. 
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DEFINITION AND EXAMPLES 

At the New York meeting* of the Society I gave some account of a 

singular depression on the southwest slope of Mauna Loa, calling it a 

caldera. My information concerning it came primarily from descrip- 

tions of the topography. given by Mr J. S. Emerson, of the Hawaiian 
Trigonometrical Survey, which form ‘the basis of the official map of 

Hawaii published in 1901. Mr Emerson had read a paper on the subject 

before the Social Science Association of Honolulu in October, 1895, 

which was published in the American Journal of Science in December, 

1902, under the title of “Some characteristics of Kau.” During the past 
summer (1905) I have visited the locality, and now proceed to describe 

the ascertained facts and to draw certain conclusions therefrom. 

A caldera is conceived by Captain C. E. Dutton, who proposed the 

name, to be an immense depression “formed by the dropping of the 

mountain crust which once covered a reservoir of lava.” The pits of 

* Bull. Geol. Soc. Am., vol. 14, p. 8. 

XLILI—BuLL. Grou. Soc. AM., Vou. 17, 1905 (485) 
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Mokuaweoweo and Kilauea on Hawaii, Haleakala on Maui, and Crater 

lake in Oregon are cited as examples. 

LOCATION AND PECULIARITIES OF MOHOKEA 

The Mohokea depression is situated in Kau, in the southwestern part 

of the island of Hawaii, to the north of the harbor of Honuapo, which at 

present is the end of the sea voyage for those who skirt the leeward side 

of the great island on the way from Honolulu to Kilauea. There is a 

line of stages from Honuapo to the volcano, rising gradually for a dis- 

tance of 30 miles to the altitude of 4,040 feet. Hilea, about 4 miles from 

the seaport, is the best point from which to traverse the depression. It is 

the residence of the head overseer of the sugar plantation, who very kindly 

accompanied me to the principal points of interest in the caldera. From 

the house, situated upon lava, the road ascends a steep hill covered by 

voleanic ashes to about 1,200 feet altitude, and thence another thousand 

feet to Makawao, where the soil seems to have originated from rock de- 

composition. This hill is on the southeast side of Kaiholena, the highest 

elevation in the district. 

Mauna Loa is an elongated dome 13,650 feet in height, sloping grad- 

ually to the sea or to an intersection with an adjacent volcano. On the - 

northwest side, next to Hualalei, the base is 4,500 feet; on the northeast 

side, next to the extinct Mauna Kea, at the sheep ranch Humuula, the 

col is 6,600 feet; on the southeast side, next to Kilauea, the base is about 

3,800 feet. The slopes to the sea at Hilo and South cape are gradual 

for distances of 30 miles. The mass of Kilauea is often regarded as 

being on the flank of Mauna Loa, because the discharges from the latter 
cover up much of the former. J ilauea is as well defined a caldera, with 

its own periods of eruption, as Mokuaweoweo. The locations of the 

eruptions from Kilauea range from Nanawili, in Puna, on the east, to 

Punuluu on the west, which is on the seashore only 3 miles from Hilea. 

A very conspicuous fault extends 20 miles long from Kohaualea westerly 

to near the flow of 1823. The land makai (shoreward) of this fault has 

dropped down 1,100 feet. A somewhat similar but more irregular es- 

carpment may be traced from near Kapapala to Waiohinu, 17 or 18 miles 

in length, but is on the south slope of the mass of Mauna Loa. The 

caldera of Mohokea has this escarpment for its southern boundary. It is 
an elliptical depression, 6 miles long northwest and southeast, and 5 

miles wide northeast and southwest, but truncated by the escarpment 

named. It has been hollowed out from the basaltic sheets of Mauna Loa. 

The total area is about 30 square miles. 
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Mohokea differs from the other calderas in three respects: 
1. It is not inclosed on all sides, so as to be properly a pit. It is open 

on the makai side. | 

2. There have been several flows of lava from it on the open side. 

(a) From the broadest part, between Puu Enuhe and Makawao. It is 

of aa, and has flowed down to the sea between Punuluu and an older 

similar stream toward Honuapu. It is evidently comparatively recent, 

though not recognizable in the legends of the oldest inhabitant. It can 

not have been active less than two centuries ago. (b) A small aa flow 

starts from the cliff on the west side of the gulch flanking Makawao on 

the west. It does not reach quite to the stage road at Hilea. It is very 

ehrysolitic and has issued from under the later pahoehoe which overlies 
the yellow ash in the immediate neighborhood. (c) Another aa stream, 

still farther west, is about one mile wide where it crosses the road. It 

issued from the cliff on the west side of Makawao, but from between two 

spurs of the older pahoehoe. Following this the road traverses a mile of 

pahoehoe before coming to (d), the last aa flow, one and a half miles 

wide, reaching to a short distance east of the sugar mill at Honuapo. 

The older aa streams are covered by large kukui trees (Cordia), with 

their characteristic lighter yellow green color, rendering them conspicuous. 

3. The greatest peculiarity in Mohokea consists in the presence of two 

parallel lines of faulted blocks running northwest from the southeastern 

edge. The one on the east is known at Puu Enuhe, rising precipitously 

along the edge of the cliff to the height of 2,327 feet. This is the most 

conspicuous of all the blocks and is the one most like the buttes of the 

Rocky Mountain region. The ridge behind the outer block falls away 

gradually for nearly 3 miles, and then rises again abruptly to Kulua, 

only to fall away again as at first, and reaches nearly to the innermost 

wall of the caldera. Viewed from a distance on either flank, the ridge 

resembles a huge worm with a great head and a swelling near the caudal 

extremity. This resemblance caught the attention of the early Ha- 

waiians, who recite an interesting legend respecting its origin.* 

To the west of Puu Enuhe lies a valley one and a half miles wide. 

It is inhabited by Hawaiians who exhibit characteristic features of the 

life of the olden time. They are highlanders as contrasted with low- 

landers. On the west side the valley is flanked by stupendous blocks, of 

* Very long ago there lived here a charming maiden with three brothers. Among her 

visitors was one possessing great attractions, who always came after dark and left 

before daylight. The brothers found that their sister loved this visitor, and they had 

suspicions that he was more than mortal. In order to satisfy themselves they seized 

hold of him just as he was leaving, and compelled him to remain with them. As soon 

as daylight came he was changed into this enormous worm. He was evidently one of 

those deities who could not retain the human form in the presence of mortals after 

daylight. 
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which the first is Makawao, estimated to exceed 3,500 feet in height. It 

is hardly separated from Pakua, which is not represented on figure ,a 

map of this district copied from the government map of Hawaii, 1901. 

A broader notch separates Pakua from Kaiholena, 3,824 feet high. 

There are five blocks in this row, into the last of which a tunnel has been 

driven two hundred feet in quest of water for irrigation. The east side 

of this line of blocks is quite precipitous, representing the place of a 
fault. Both the lines of blocks have been elevated, as indicated on the 

map, their altitudes being greater than that of the adjacent territory. 

The lowland between the elevated blocks and the east side rises gradually 

to the steep wall behind, toward Puu iki. The land is not cultivated for 

most of the distance, and is covered by the original forest of tree-ferns, 

ohias, and other hardwood trees, similar to those seen on the volcano 

road in Olaa. On the west side of Pakua may be seen the bed of a moun- 

tain torrent, usually dry, but often too full of water to be safely forded. 
This skirts the eastern border of another lowland area like those already 

mentioned, save that it is cultivated and used for pasturage. It is over 
a mile wide and has a floor of fresh looking pahoehoe, sloping gradually 
to the edge of the frontal escarpment, about 1,200 feet high. Eruptions 
of aa have proceeded from this edge along the whole width of the caldera. 

The Enuke and Kaiholena ridges are higher than the slopes of the 

Mauna Loa basalt opposite them, of which it is supposed they once formed 

apart. Hence the lowland depressions can not be regarded as the results 

of canyon erosion; they probably were depressed, while the blocks were 

elevated. Following the definition of the caldera, it may be said that 

portions of the mountain crust were dropped, while other sections were 

elevated. Its development was arrested. The making of the caldera 
was incomplete. Possibly the great size of Mohokea, comprising 30 

square miles, while Haleakala is only 19, may have militated against the 

thorough fusing of the entire bulk. 

MOoHOKEA COMPARED WITH HALEAKALA 

For a further understanding of a caldera, reference should be made to 

Haleakala on Maui. This pit has an area of 19 square miles and the 
shape of an elbow. It is 4 miles across from the outer to the inner angle. 

The greatest length, toward (east) Kaupo, is 7.48 miles. Toward 

Koolau (north) the distance is 6 miles. The greatest width is 2.37 
miles. The depression is 2,000 feet deep, with many small craters in- 

side—up to 760 feet in altitude—so it is a true caldera. The north arm 

is called Koolau gap; the east arm is called Kaupo gap. There is a grad- 
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ual descent from the axis connecting the outer to the inner angles of the 

elbow in both directions. Where the outermost edges of the two arms are 

reached there is a more rapid descent, commencing with 6,500 feet at 

Koolau and 7,600 feet at the Kaupo gap. 

The similarity between the Mohokea and Haleakala calderas consists 

in the presence of steep escarpments at the lower edges of the floor, and 

both are unlike the typical examples (Kilauea), in that they are open on 

one side, not encircled by a cliff. Haleakala could be conceived of as 

consisting of two smaller calderas united along the axis of the elbow; 

or it might be imagined as formed by the splitting of the mountain and a 

separation of the two parts, the space between being filled by later dis- 

charges. 
The gaps are each continued in broad valleys to the sea. Koolau 

merges into the Keanae valley, reaching the sea at the village of that 

name, 9 or 10 miles long. This valley is now crossed transversely by an 

aqueduct fully 1,200 feet above the sea, carrying water for irrigation pur- 

poses to the sugar plantations of central Maui. The Kaupo gap extends 

to the sea in a similar manner, taking its name from the locality. These 

two streams of lava are larger than any now known elsewhere in the 

archipelago. If the lava should accumulate enormously in Kilauea, and 

one stream flow south to Punaluu and the other break through the bar- 

rier to the edge of Puna and thence to the sea, the topography of the 

caldera and its outflows would be very suggestive of Haleakala. 

Two views of Haleakala are presented. Plate 65 is a restoration—an 

attempt to show the appearance of the caldera as if one were situated in 

a balloon a thousand feet above the highest point. It is reduced from a 

painting by E. Bailey, based upon W. D. Alexander’s early map. Plate 

66 is a photograph of the south wall of Roupe, with views of some of the 

smaller craters inside the pit. 

PHASES IN THE DEVELOPMENT OF HAWAIIAN CALDERAS 

It is easy to speculate on the relations of the several Hawaiian 

calderas. 

At first there is a simple crater discharging lava from the summit of a 

dome. 

Secondly, the lava is not produced in sufficient quantity to flow over 

the margin ; the opening is sealed, and then the outermost crust breaks up. 

The crust is too vast to be absorbed; blocks of it will be elevated; other 

sections will be absorbed, and the outer wall on the makai side may give 

_way. There will be discharges on the lower side. This may be the 
Mohokea stage. 
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Thirdly, all the segments of the crust fall into the reservoir beneath : 
vertical walls encircle a pit. This is the stage of Kilauea and Mokua- 
weoweo. | 

Fourthly, the caldera with encircling walls is formed, but the lower 

walls give way. Great rivers of lava flow to the sea. As the fires die 

down several small craters are developed on the principal floor. This is 
Haleakala. 

Fifthly, the eruptions of the smaller craters like Halemaumau multiply 

and the whole pit is filled. The caldera is smothered, the smaller craters 

continue to-be developed until the internal reservoir is exhausted. This 
is the Mauna Kea stage. 

I could count twenty-four craters of small size visible from its summit, 

and the government map delineates between 75 and 80 of these cinder 

cones above the contour of 6,500 feet. Most of them represent the latest 

stages of the volcanic life of Mauna Kea and not improbably the filling 

of a now concealed caldera. 

VoLcANic ASH OF HAWAII AND ITS SOURCE 

The district of Kau between Puna and Kona is proverbially dusty. 

The floor is of modern lava, covered over an area of 300 square miles with 

a light yellowish dust. Mountain torrents have washed away some of it, 

revealing basalts just beginning to disintegrate; that which remains is 

very loose, easily moved by: wind or water. In the older days the natives 

enjoyed jumping from a high bank into the dust, just as they might leap 
from a bluff into the water. Of course this material is badly cut down 

by teams along the roads. It is utilized for the growth of sugarcane 

everywhere that plantations exist on the west side of Kilauea. These 

soils are free from rocks and are very deep, so that a crowbar or cane 

may be readily thrust down its whole length, just as would be true of 

large piles of wood ashes in a dry country. Neither is there anything 

adhesive in this dust when wet. No part of it adheres to one’s shoes 

when walking over it in time of rain. 
These soils suffer badly from drought. Extensive fields will be 

parched and clouds of dust will be very annoying, even imparting a red- 

dish yellow tint to the sky. When the rain comes in torrents much dam- 

age will be done to the land by the cutting of trenches and the trans- 

portation of earth. The dry and wet periods are registered in the varied 

and irregular length and diameter of the joints of the sugarcane stalks. 

In the season of drought much pains are taken to prevent the starting 

of fire in the grass, as it spreads long distances beneath the surface, be- 
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cause the spongy nature of this ash will allow the access of air to support 

the combustion. 
It is often dangerous to traverse the forests above the plantations on 

horseback, because the animals unexpectedly plunge into unseen deep 

holes and break their legs. Surveyors find it impracticable to carry sup- 

plies to their workmen by direct routes over these soils and necessarily 

make wide detours. 

In traveling from Kilauea southwesterly through Kau this ash first 

appears in small isolated areas 4 miles from the volcano, and then in- 

creases in amount and importance, and is more noticeable about the 

“Halfway House.” Between this and Pahala certain piles of it, as at 

the level of 1,800 feet, resemble terraces. It is the material supporting 

the Pahala sugar plantations. It has been covered at various places in 

Kau by flows of pahoehoe. An isolated hill of this sort near the tram- 

_ way a mile or more northeast from Punaluu harbor is conspicuous. As 

a rule, the lands near the sealevel have either lost this ash by rain erosion 

or it is covered by the later lava flows. Most of the peaks in the Mohokea 
area are capped by the ash, though it is recognized most abundantly near 

the southeast margin. 

The promontory called Kahuku point, South Cape, and Ka Lae is like- 

wise covered by this ash, and has attained the thickness of 10 feet, sepa- 

rated into two parts by a thin seam of earth. The late eruptions of 1868 
and 1887 destroyed the continuity of this deposit between Kahuku and 
Kona. ie 

Mr Emerson has discussed the problem of the source of the aerial erup- 

tion, and the writer has referred to the same question in a paper on the 

volcanic phenomena in Hawaii.* 
King Umi’s road is referred to as giving evidence of the presence of 

those ashes for three and a half centuries. He occupied a tract of land 

between Mauna Loa and Hualalei, where some of the edifices constructed 

by him were figured by Admiral Wilkes and are still to be seen. The 

road ran north and south, parallel to the shore of Kona, 7 or 8 miles 

distant, to a natural amphitheater on the southern slope of Puu o Keo- 
_ keo, where immense crowds of Hawaiians gathered to witness the cock 

fights. The pens still stand as they were in Umi’s day. ‘The road over 

this ash is said to be only two or three feet wide. If a mule traversing 

this path deviated but a few feet on either side he would sink down to his 

girth and flounder helplessly. Ifa shower of pumice or lapilli had fallen 
since the days of Umi, the road and the pens would have been swept away 

or covered up. Hence we must regard the ash deposit as the latest forma- 

tion of the neighborhood, though still several centuries old. 

* Bull. Geol. Soc. Am., vol. 12, p. 83. 
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Mr Enierson’s final conclusion is that we must seek for the source of 
the ash in the district where it abounds. Considering the shape of our 
supposed caldera, he thinks the ashes must have proceeded from some 

part of it. This was the “source of the stupendous explosions or series 

of explosions which has rescued Kau from being a waste of unproductive 
rock and transformed it to so large an extent into a land of pastures and 
plantations.” 

I have already treated of this question in the paper already cited, 
looking to Mokuaweoweo as the probable source of this and other local- 
ities of ash on Hawaii. What is conceived to be the same duplex deposit 

is recognized at Puakala on the south flank of Mauna Kea, at Hilo, all 

through Olaa, as well as in Kau and Kona. I have the past year discov- 

ered the same deposit on the north side of Mokuaweoweo a dozen miles 

west of Humuula sheep station, so that now the great crater has been 

proved to be encircled by this light, fine grained material. ‘Fhe absence 

of it about Kilauea, Puu o Keokeo, and on the north slope of Mauna 

Loa is occasioned by its removal by the later historic discharges of lava. 

It would not be found near the central vent because the heated air would 

carry the particles many thousand feet in the air, whence they would de- 

scend miles away from their place of origin. The fact that the Mohokea 
caldera is covered by the ashes is evidence that they came from a distant 

vent. Had the eruption been in the midst of the depression, we should 

look for them in an encircling belt, if not upon the southwest side almost 

exclusively, where they were deflected by the trade winds. 

ORDER OF EKVENTS IN THE HISTORY OF MOHOKEA 

Several events can be clearly discriminated in the history of the Moho- 

kea caldera. 
1. The formation of the cone of Mauna Loa. This is really composite, 

but may be treated as a unity for convenience. Basalt came from below 
and flowed over the edge of the primeval crater till the whole dome, 

75 by 53 miles in the two diameters and 13,650 feet altitude, had been 

formed, composed of millions of layers gradually superimposed upon one 

another. The altitude must have been even greater, so as to allow for 

the falling in of the surface to develop the caldera of Mokuaweoweo. 

2. After the material ceased to flow over the surface, two styles of 

eruption commenced or continued to be manifested—those high up, 
allowing streams of molten lava to flow away quietly, and those starting 

from comparatively low levels, discharging with violence. The base of 
the cone was filled by these ruptures of the basaltic sheets and the dis- 
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charge of streams of melted lava. The irregularities of the southern 

edge of the cone from Kilauea to the South cape were produced at this 

time. Mohokea was the most important of these displays. The three 

intermontane valleys sank down in the usual style of the breaking of the 

superior crust from a caldera. Perhaps, because of the great size of the 
pit, all the fragments could not be absorbed by the inner fiery fluid; two 

rows of blocks were crowded up, and the work of fracture ceasing, the 

great masses of rock were elevated and held in position. It is to be noted 

that the faults are at right angles to those running seaward from the 

apex of Mauna Loa. This agrees with the theory of W. L. Green, that 

the discharges of the lava from the interior of the cone always take place 

at the intersection of the cross-fissures. Very much lava flowed away at 

this time, including the three valleys mentioned and the crust adjacent 

as far as to Kapuna. 

3. Two great eruptions, separated by a long interval of time, threw 

out into the atmosphere enormous clouds of ashes. The intermediate 

period was long enough to allow of the invasion of plants over the sterile 

area of silt. Because of the occurrence of this ash entirely around the 

circumference of Mauna Loa, it seems most likely that the vent was at 
Mokuaweoweo. A gigantic cloud of steam carrying dust ascended miles 

into the air; the cloud rose above the trade winds and spread out on all 

sides, while the particles too heavy to be carried great distances fell to 

the ground. Three recent eruptions of a similar nature are on record— 

from Krakatoa in 1883, from Tarawera in 1886, and during the present 

year at Vesuvius. I have estimated that 2,000 square miles of the island 

of Hawaii were covered by these ashes. ‘These are preserved, but they 
must have been strewn much beyond these limits and lost in the sea. 
Could any one have observed the skies at this time he would have seen 

repeated the sky glows, the Bishops rings, and the green sun. This must 

have been an explosive eruption—a style of discharge denied to Hawaiian 

volcanoes by the early writers. 
4. Several flows of Pahoehoe will be described presently overlying the 

ash, some of them from the Mohokea depression itself. 
5. More or less connected with them are several discharges of aa. 

6. Last of all, I should not fail to recall the disastrous earthquakes of 

1868, whose epicentrum lay in the vicinity of this caldera. No more 
severe shocks have ever been experienced since the country has been set- 

tled by people of European descent. The quakes were observed at Kona, 

Kahuka, Waiohinu, Kau, Kilauea, and Hilo. All were severe, but the 

greatest devastation was wrought in the vicinity of Mohokea. Can it be 

that the seat of the seismic disturbances lay beneath Mohokea? The 

XLIV—BuLL. Grou. Soc. AM., Vou. 17, 1905 



A94 C. H. HITCHCOCK—-MOHOKEA CALDERA 

chief discharge of lava was on the flank of Mauna Loa several miles 

west of Mohokea, and there was another from Kilauea in the opposite 
direction. 

ERUPTIONS OF LAVA FROM THE LOWER LEVELS © 

The Mauna Loa flows may be classified by the altitudes at which the 

discharges take place. First, those from the upper part of the dome, as 

those of 1843, 1852, 1855, 1859, 1880, 1889, and 1899, starting. from 

9,000 to 11,000 feet above the sea. ‘They are strongly characterized by 

a hydrostatic connection with the central pit at Mokuaweoweo. The lava 

comes from the extreme depth under the ocean to the caldera, and after 

two or three days’ stay at the summit it breaks out quietly on the side of 

the mountain, and may flow to the sealevel in the course of several 

months. The other class, as represented by the flows of 1868 and 1887, 

shows first the same supply of lava at the summit, but breaks out low 

down, 3,000 or 6,000 feet above the sea, with violent earthquakes, those 

lowest down being the most frightful, and the lava issues tumultuously 

through long fissures. I can now add quite a number to the list of those 

that have issued from the lower level. ‘They were prehistoric, so that it is 
impossible to connect them with manifestations in Mokuaweoweo. 

In this class I will include several undefined aa eruptions east of Pa- 

hala. The first poses on the government map as having been erupted in 

1823, and is quite near Kilauea. As there represented, I think it is made 
up of three eruptions. The first, prehistoric, 9,300 feet above the sea, 

near Puu ula ula, well’ shown on E. D. Baldwin’s unpublished survey. 

This probably was of the first class, originating high up. The second 

part must have been of the kind originating low down, starting near the 
line between the Mauna Loa and Kilauea areas, at an elevation of more 

than 3,000 feet. A macadamized road now crosses it diagonally for as 

much as 6 miles, and it is certainly of prehistoric age. It has moved 

southwest with very little fall. The third part originated from Kilauea 

in 1823, and is probably the only area that came to the surface at that 

time. It was visited by Reverend Mr Ellis in 1823 and is described in 

his journal.* 

The second mention is that of one or more ancient flows between the 

Halfway House and Pahala. Some of them cover the yellow ash beds, 

others are much older, or at least they had their day before the deposit 

*I have been unable to discover from whence the compilers of the map could have 

derived the theory of the connection between the upper eruption of Mauna Loa and 

that from Kilauea in 1823. None of the Survey officers, past or present, can state 

whence the information was obtained. 

Se 
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of ash. Some of the recent exposures show a beautifully smooth pahoe- 

hoe, which when protected by an earthy covering really recall, by their 

freshness and smoothness, glaciated surfaces in more northern climes. 

Mr Mann, one of the lunas at Hilea, told me he had seen five different 

lava flows belonging to this later period to the east of Pahala. ‘I‘hey have 

a thickness of 28 feet. This is in the vicinity of the mud flow of 1868. 

Thirdly, extensive aa flows, which have originated in the depressed 

area of Mohokea east of Puu Enuhe. 
The fourth eruption is aa from between Puu Enuhe and Makawao. 

The fifth eruption is made up of at least three aa flows and the later 

pahoehoe between Hilea and Hanuapo. 

In the sixth area there are some undetermined factors. Undoubtedly 

there were discharges on the Kahuku promontory between Honuapo and 

the 1868 flow, but we are sure of those of 1868 and 1887, which have 

been fully described. Farther north I observed from the steamer half a 

dozen of these short flows, of very modern aspect, before reaching Cape 

Honumalo. Here commences the steeper slopes of the Kona district for 
a distance of 60 miles. Much of the way the 1,000-foot contour is only 

a mile back from the shore, and it rises nearly as rapidly to 3,000 and 

4,000 feet. I observed fresh black lava flows at Hoopaloa, Naupoopoo, 

and Kailua. It was dark as I sailed from Hoopaloa to Naupoopoo, so it 

was not possible to say what number of flows might exist between those 
two localities. Most of this bluff belonged to the sheets originating from 

Mauna Loa. ; 

HUALALEI 

After reaching the Hualalei district the land slopes more gradually 

to the sea, and the finest of all our illustrations of the low level eruptions 

is the only eruption from Hualalei of which we have an historic record. 

It started from the level of 1,800 feet and-flowed to the sea in 1801, 

spreading out very much laterally. ‘The distance between the extreme 

points on the shore exceeds the length of the flow. Three other very dis- 

tinct earlier but prehistoric flows are delineated on the north side of 

Hualalei, starting from points 3,700 to 6,000 feet above the sealevel. 

As Hualalei reaches only to 8,269 feet, at least the highest of these flows 

may belong to the other variety of discharges. 

Hualalei was visited by Menzies, the botanist, in 1794, as stated in the 

narrative of the voyage of Vancouver. The same gentleman made the 

attempt to climb Mauna Loa, but for some unknown reason the historian 

has not had this later report of Menzies printed. There is an excellent 
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sketch of the summit crater of Hualalei, with a brief description of the 
ascent, in the Vancouver narrative. It seems clear, therefore, that there 

have been many eruptions from the lower levels of the Mauna Loa dome 

on the south and southwest sides. Whether any or all of them had 

direct connection with Mokuaweoweo, like those of 1868 and 1887, can not 

be known, but the description of Mohokea sustains the early formed im- 

pression, that it represents an independent caldera. 

7 e 
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AREA DEFINED 

That portion of the province of Quebec which has been affected by the 
Appalachian uplift hes wholly to the south of the Saint Lawrence river. 

It comprises two somewhat distinct parts, the mountainous region of the 

Gaspé peninsula along the lower Saint Lawrence and the hilly country 
from the Chaudiere river to the international boundary line between the 

province of Quebec and the states of Maine, New Hampshire, and Ver- 

mont. ‘The interval between the two portions is marked only by a sub- 

sidence in the Appalachian hills southeast of the city of Quebec. 
The second of these two areas is commonly designated as the “Hastern 

townships.” Being less easily accessible, on account of its hilly character 

as well as its position, and also less desirable otherwise for settlement, 
this region was not surveyed until some thirty years after the cession 

of Canada to England. It was then divided into townships approx- 

XLV—BULL. GHOL. Soc. AM., Vou. 17, 1905 (497) 
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imately square, and it was further subdivided into ranges and lots, ac- 

cording to the English method, instead of being formed into seigniories 

and parishes, after the old French mode of survey. 

GEOGRAPHY OF THE REGION 

The general trend of the hills of the eastern townships is a northeast- 
erly one, conforming to the direction of the Appalachian folding, the 

successive ridges growing higher as they are more remote from the Saint 
Lawrence valley. The principal rivers, such as the Yamaska, Saint 

Francis, Nicolet, Becancour, and Chaudiere, cross these hills about at 

right angles to their course and drain the region into the Saint Lawrence. 

The tributaries of these rivers take their direction from the Appa- 

lachian folds and generally flow in either northeast or southwest courses: 

The tributaries are therefore subsequent to the Appalachian hills, while 

the main rivers are either antecedent to the later stages of that uplift or 
have been superposed upon these older rocks by the extensive denudation 

of the region; hence the tributaries are commonly much younger than 

the main rivers. From these facts and also since the course of chief 

glacial action has been parallel to the valleys of the principal rivers and 

transverse to the tributaries, it results that many of the latter empty 

into the former by falls and rapids. ‘The water which these furnish has 
given rise to several manufacturing centers, as the city of Sherbrooke, 
where the Magog falls into the Saint Francis, and the town of Windsor 

Mills, at the junction of the Wattopekak with the same river. The prin- 

cipal rivers thus give cross-sections of the region, while the tributaries . 

usually afford much less information regarding the underlying rock. 

GENERAL GEOLOGY 

With the exception of a few small outliers of Devonian, the sedimentary 
rocks of the Eastern townships are now considered to be pre-Silurian in 
age. Silurian strata occur a short distance to the north of the district 

in question and small outliers may be found within it, but thus far none 

have been definitely determined. ‘To the Cambro-Silurian have been 

assigned certain of the limestones, the calcareous and ferruginous slates ; 

to the Cambrian, part of the quartzites, graywacke, and clay slates; 

while similar rocks, with the exception of the clay slates, are referred to 

pre-Cambrian, as well as the large areas of slate characterized by the 
presence of chlorite and epidote. 

Igneous rocks are found to underlie the earliest sediments, to be inter- 

calated among them, and to be intrusive through even the latest. 
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Altered volcanics of both acid and basic types are the oldest, while 

closely associated with them are large areas of stratified rock which are 
thought to be in part at least. much altered tuffs. Serpentines occur 

among the earliest sediments and probably also cut others of somewhat 
later age. The diabases and later gabbro-diorites, which are closely asso- 

ciated with the serpentines in position, as well as the granites, which lie 

to the southeast of the Appalachian ridges, and the syenitie rocks of the 
Monteregian hills to the northwest, are later in age than any of the sedi- 

ments. Still later than these are the dikes of camptonite, diabase, and 

bostonite which cut any of the rocks already mentioned and are them- 

selves little altered in character or disturbed in position. 

Extreme metamorphism has obscured or totally obliterated much of the 

fossil evidence which the sedimentary rocks might otherwise have fur- 

nished, while such fossil evidence as remains is rendered less useful for 

precise correlation by the peculiar conditions under which these sediments 

have probably been deposited. ‘They have accordingly been designated 

in geological nomenclature as the Quebec group.* The group of rocks 

thus named by Logan and Billings was considered by them to be equiva- 

lent to the calciferous and chazy formations in part. Subsequently, 
however, Selwyn and Ells distinguished within the area assigned to the 

Quebec group the measures now mapped as pre-Cambrian, showed much 

of the supposed Silurian to be Cambro-Silurian, and classed the areatet 
part of the remaining rocks as Cambrian. 

The pre-Cambrian comprises three main ridges, which are the prin- 

cipal physiographic features.of the eastern townships, namely, Sutton 

mountain, Stoke mountain, and the Boundary Line hills. These ridges, 
which are roughly parallel, run in a northeasterly course, as determined 

by the Appalachian folding, and are themselves about 25 miles apart 

between the Saint Francis and the Chaudiere rivers. 

PREVIOUS GEOLOGICAL RESEARCH 

The rocks composing the ridges just referred to were named argillites, 

sandstones, chloritic and nacreous schists, and slates, in the first investiga- 

tions of the Geological Survey under Sir W. HE. Logan and Dr T. S. 

Hunt. In stratigraphical arrangement these ridges were supposed to be 

synclinal troughs which had resisted denudation better than the interven- 
ing strata. 

This view was first questioned by Hunt on stratigraphic grounds, and 

later by Selwyn, both on stratigraphic and lthologic evidence. Doctor 

* Sir W. E. Logan: Geology of Canada, 1863 and later. 
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Selwyn reached the conclusion that these folded ridges were anticlines, 

not synclines, and held that the rocks composing them were older than 

the Quebec group and consequently formed no part of it. The results 

of the subsequent investigations of Doctor Ells substantiated this view. 
The first igneous rocks recognized in the Eastern townships were the 

granites of Stanstead and Megantic, the syenitic rocks of Monteregian 
hills, Brome and Shefford, and the Gabbro-diorites of Brompton, Orford, 

and Ham. ‘These were described at some length in the Geology of Can- 
ada, 1863, and had been previously discussed by Hunt. 

Both Hunt and Logan regarded the serpentines as altered sediments 

and correlated them stratigraphically with the dolomites, in view of their 

magnesian contents. Doctor Selwyn seems to have been the first to point 
out the probable origin of the serpentines, and also suggested that the 

stratigraphic questions then under discussion were complicated by the 
fact that some of the other highly metamorphosed rocks were in reality 

disguised volcanics. A suite of specimens of doubtful rocks submitted 

by him to Dr F. D. Adams* proved the serpentines to be altered igneous 
rocks generally of the peridotite class, the so-called diorite to be diabases 

and allied rocks, and some of the other highly altered rocks of the region 

to be of sedimentary origin. 
The reexamination of the areal geology of the district which was 

necessitated by this information was entrusted to Dr R. W. Ells, the 

results of whose investigations appear in the annual reports of the years 

1886, 1887, and 1894, and in the maps which accompany them. 

In these maps the crystalline belts of Sutton and of Stoke mountain 

are represented as pre-Cambrian in age, and an area along the inter- 

national boundary line is included in the same horizon. The sediments 

intervening are assigned to the Cambrian and Cambro-Silurian, with 

the exception of some very minor areas, which, as has been said, were 

found to have been occupied with remnants of Devonian and possibly 
of Silurian measures. ‘The serpentines are included with the igneous 

rocks and the occurrences of “diorite’ are shown tc be more numerous 
than appeared in the earlier maps. ‘The great body of the pre-Cambrian, 

however, remained among the sedimentary rocks. 

Besides these investigations a few independent papers have been pub- 
lished on the region. 

In 1876 Sir J. William Dawson discussed the mode of entombment of 

certain fossils, referring especially to localities in the Eastern townships. 

Some of the occurrences of fossils thus mentioned are of essential im- 
portance to these investigations. 

* Annual Report, Geological Survey of Canada, 1880-1881-1882. 
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In 1879 Dr T. Sterry Hunt discussed the structure of the region in 
the American Geologist, under the title “The Quebec Group in Geology.” 

In 1882 Dr A. R. C. Selwyn first outlined his views of the structure 

and general lithology of the Quebec Group in an address before the Royal 
Society of Canada.* 

In 1902 the present writer showed that important parts of the pre- 

Cambrian are composed of volcanic rocks which by their extreme altera- 
tion had been previously mistaken for sediments. Their relation to 

other occurrences of similar rocks in the Appalachians was suggested and 
their place in the series described by the late G. H. Williams was pointed 
out. t 

e THE PRE-CAMBRIAN COPPER-BEARING VOLCANICS 

The physiographic structure of the Eastern townships, it has been 

said, depends on three ridges of pre-Cambrian rock which are in the 
form of rather narrow belts about 25 miles apart, running parallel to the 

axes of the Appalachian mountains. These ridges which appear above 

the intervening sediments and later intrusives are the crests of once 
buried mountain ranges, now partially uncovered. Here and there out- 

lying remnants of sedimentary rock still rest on them. 
One of the belts appears for only a relatively short distance along the 

boundary line between the province of Quebec and the state of Maine. 

It occurs in the townships of Emberton, Chesham, Clinton, Woburn, 

Ditchfield, and Spalding. From its proximity to the lake of that name, 

it may be designated the Lake Megantic area. 

The second crosses the Saint Francis river between the city of Sher- 

brooke and the village of Lennoxville, and is commonly referred to as 

the Ascot or Stoke Mountain belt. It may be traced from the foot of 

Owlshead mountain and lake Memphremagog, through parts of the town- 

ships of Stanstead, Hatley, Ascot, Ascot Corner, Stoke, Dudswel!, Wee- 

don, and Stratford. The similar rock at the Gilbert River gold mines, 

in the seigniory of Delery, on the east side of the Chaudiere river, un- 

doubtedly belongs to this belt. 

The third of these belts, which crosses the Saint Francis river near the 

town of Richmond 25 miles northwest of the last, is generally known as 

the Sutton Mountain belt. This is the largest and longest of the three, 

as far as is at present known. While the Stoke belt is nowhere more than 
5 miles in width, that of Sutton is quite 20 miles wide at the Vermont 

* Transactions of the Royal Society of Canada, 1882. 

+ Transactions of the Canadian Mining Institute, Montreal, March 12, 1902. 

American Journal of Science, July, 1902. 
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boundary line. It has a considerable development in the counties of 
Sutton, Brome, Shefford, Richmond, Wolfe, Arthabaska, Megantic, 

Beauce, Dorchester, and probably extends also into Bellchasse and Mont- 
magny—that is, to a point at least 140 miles from the boundary of the 

state of Vermont. 
The rocks of the Sutton Mountain area were described by Logan* as 

“chloritic, micaceous and epidotic rocks. Towards the province line,” he 

continues, 

these are of a slaty character and various shades of color, from dark bluish- 

green or blackish-green to ash grey. The green bands are more abundant than 

the grey, and both have occasionally a talcoid lustre. The grey bands appear 

to derive their color from a large amount of very fine grains of quartz which 

are uniformly mixed with chlorite. These beds often contain certain nodules 

of white granular quartz, and crystalline pistachio-green epidote sometimes 

several inches in diameter, and frequently elongated in parallel directions. The 

two minerals are often in separate nodules, but as often are intermixed; in 

the latter case the epidote is generally within the quartz. In the grey bands, 

fine blackish-green lines of chlorite often run parallel to one another, but 

these are contorted by the nodules of quartz and epidote, with which orthoclase 

feldspar is sometimes associated. 
Radiated actinolite often occurs in the rocks together with asbestos in short 

parallel veins, which are found cutting the epidote in the direction in which 

the nodules are elongated, and occasionally between the layers of slate. Crys- 

tals of specular and magnetic oxide of iron are abundant in the chloritic and 

epidotiec bands, the magnetic species being more frequent where the chlorite 

prevails. 

Near the Saint Francis, nodules of an epidotic character are richly dis- 

seminated through the chief part of these chloritic strata, some of the nodules 

being six, eight and even ten inches in diameter. Some of the bands hold small 

portions of finely granular quartz which occasionally swell into beds of white 

quartzite of some importance, while many of the strata assume the aspect of 

fine quartzose curglomerates or coarse sandstones with a chloritie base. 

Regarding the rocks of the Stoke belt, Logan writes :} 

The rocks of this group here at the base of Owls Head mountain, branching 

off from a range of hills which come up from Vermont into Canada, take a 

northeasterly direction, and crossing Memphremagog lake run from the town- 

ship of Stanstead through Stoke to Weedon, and constitute the Stoke moun- 

tains, which are bounded on each side by more recent strata just mentioned. 

The average breadth occupied by the Quebec group in these hills seldom 

exceeds 2 or 3 miles, except in Ascot and Stoke. On the Saint Francis in the 

former township, through the influence of these undulations, the Quebec rocks 

have a transverse measure of 7 miles extending from the vicinity of Lennox- 

* Geology of Canada, 1863, p. 246. 

+ Geology of Canada, p. 252. 
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ville to the northwest corner of the township, and in Stoke they present two 

parallel ranges included in a breadth of about 5 miles. 

In this range of hills the strata consist chiefly of chloritic rocks in harder 

and softer bands, the softer and more schistose constituting chlorite slates, 

while the harder may be termed chloritic sandstones. With these are as- 

sociated) micaceous and nacreous slates often presenting a very, quartzose 

character, and thin layers of agalmatolite of a somewhat fibrous texture are 

sometimes. met with. Some of the micaceous and nacreous slates are very 

fine grained, and on the south side of the range afford excellent whetstones and 

hones. Many of the whetstone beds appear to be micaceous slates passing into 

argillite. Some bands of the slate are studded with chloritoid, and in Sher- 

brooke they enclose a bed of blood-red Jasper, passing into a Siliceous, red 

hematite, and another of a somewhat siliceous conglomerate. 

In the same neighborhood the nacreous slates are marked by the occurrence 

of copper pyrites, containing a little gold and silver, in a gangue of white 

quartz running with the stratification. The chloritic slates are often marked 

by iron and copper pyrites; and on Haskell hill on the eighth lot of the eighth 

range of Ascot, a band of slate five feet wide, holds such a quantity of copper 

ore as to give promise of a profitable mine. 

Selwyn suggested that slates might be volcanic as well as sedimentary, 

but subsequent reports added nothing to the lithologic description of these 
rocks. 

The rocks of these belts consist of two. parts, one of which is stratified 

and the other unstratified. The latter is a volcanic rock, finely crystal- 

line and of both acid and basic phases. Quartz porphyry and andesite 

or diabase would originally have been the extreme types. Some of basic 

phases are altered to serpentine and all have been highly metamorphosed. 

It is only by very detailed field study, together with microscopic exami- 

nation, that the volcanic character of some of these rocks has been 

ascertained. 
Associated with these are stratified rocks of similar material, but which 

_have an original clastic structure. Part contains bands of nearly pure 
chlorite, abundant quartz veins, and much iron ore. These are thought 

to be stratified tuffs, while other rocks, generally more siliceous, as chlo- 

ritic sandstones and graywackes, are probably true sediments. 

Although highly altered, the volcanics of this series show their original 

characters in localities in which the deformation has been least. The 
acid phase of the rock is largely a quartz porphyry. A specimen from 

the hanging wall of the Silver Star mine at Suffield is light gray in color, 

and on the weathered surface the quartz phenocrysts are quite conspic- 
uous. Owing to the bleaching of the base, the rock has commonly been 

mistaken for quartzite or a species of sandstone. The following is an 

analysis by Mr M. F. Connor, of the Geoiogical Survey of Canada, of a 
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specimen of the essentially similar rock from the quarry at Sherbrooke, 
which furnishes road metal for the streets of that city: 
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The large amount of COz shows the rock to be too far altered to be 

satisfactorily classified according to the quantitative classification. 
Neglecting CO,, however, the following is the norm: 
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In the thin-section it is found to be a porphyritic rock with a finely 
crystalline base, which contains phenocrysts of quartz and feldspar. The 

latter are both orthoclase and plagioclase, the former being the more 

abundant. 
Small rod-like bodies of colorless mica are present in the rock, as well 

as irregular areas of a rhombohedral carbonate which is apparently dolo- 
mite. 

Near Lennoxville, on the line of the Canadian Pacific railway, the rock 

becomes a granite porphyry, differing from the rock just described chiefly 

in the more advanced character of its crystallization. Farther eastward, 

where this belt is somewhat wider, the central portion becomes still more 

coarsely crystalline and passes from quartz porphyry at the margin to 
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granite porphyry, and finally to a porphyritic granite toward the interior. 

The latter is the rock of Bald peak and of other principal hills of the 

central portion of the Stoke Mountain area, as well as a part of the pre- 

Cambrian of Weedon. The basic portion is less well preserved, and its 
original characters can not be as precisely determined, as there are prob- 

ably no original bisilicates now present. The decomposition products 

and traces of the original structure indicate that the rock had, in some 

eases at least, the characters of diabase, while in others it was probably 

a porphyrite or andesite, rich in ferromagnesian constituents. Areas of 

serpentine are occasionally found within the district occupied by this rock 

which pass by sharp transition into hornblende porphyrite. While the 
alteration to serpentine seems to be complete, no part of the orginal 
rock being left, the serpentine has a somewhat different appearance from 
that derived from the olivine-rich rocks of the larger serpentine areas of 
the adjoining district. It is distinguished by the “grating” or “bar” 
structure of serpentine derived from hornblende or augite instead of the 

“mesh” forms resulting from the alteration of olivine. Small seams of 
asbestos occur in this serpentine, but although several of the areas have 
been prospected, no important deposit of that mineral seems to have been 

found in them. 
The acid and the basic phases of these volcanics are, however, products 

of separate irruptions, but are due to sharply defined magmatic differen- 

tiation. This is well shown in several of the streams which drain the 

southern part of Stoke mountain, notably on Rowe’s brook. The rocks 

may be considered as products of a single flow or of one flow for each 
bolt. In the Sutton belt and, so far as is known, in the Lake Megantic 

area also, there is evidence of no later volcanic action. In the Stoke 

belt, however, later dikes occur somewhat frequently, but they are chiefly 

of the camptonite and diabase classes. They cut the adjacent Trenton 

sediments, and so belong to a series of rocks to be described later, rather 

than to those of the present class, as they are not of pre-Cambrian age. 
The pre-Cambrian volcanics are apparently closely related to those of 

South mountain, Pennsylvania, and other known localities to the south- 
ward, and form a link of the more westerly of the two chains of early 

volcanics that were described by the late G. IH. Williams.* 

POSSIBLE PRE-CAMBRIAN SEDIMENTS 

Of the stratified rocks which are most closely associated with the vol- 

canics referred to above the extremely chloritic portions are probably 

* Journal of Geology, January, February, 1894. See also ‘“‘Ancient volcanics of South 

mountain,” by F. Bascom, Bull. U. S. Geol. Survey, no. 136. 
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ancient tuff beds, or at least are composed of fragmental: voleanic: ma- 

terial, and so are pyroclastic rocks. In the present degree of. alteration 

they do not differ essentially from certain portions of basic rocks just 

described. Besides, these are siliceous rocks, quartzites, graywackes, and 

chloritic sandstones, which are possibly true sediments. With them are 
frequent beds of dolomite, the origin of which seems a matter of doubt. 

The rock is frequently found resting on a basic trap, filling pit-holes and 

interstices within it and inclosing fragments of it. In other cases the 

rock passes by rather gradual transition into quartzose dolomite in masses 

of considerable extent. At the Eustis mine the portion of the country 

rock known to the miners:as the “green rock” is of this type. Even in 

thin-sections small areas of dolomite appear, sometimes inclosing small 
quartz crystals and indicating the secondary nature of the dolomite. 

Certain of the micaceous chloritic slates-also contain. sufficient. amount 
of dolomite to cause a slight effervescence with hydrochloric. acid. when 
heated. 

Along the Saint Francis river the Sutton belt is some 7 miles in its 
extreme width, including nearly 2:miles of recognized Trenton measures 

within it. A detailed study shows the voleanics at the base. with dolo- 

mite, quartzite, and gray mica-chist, in ascending order. Within the | 

dolomite are certain peculiar inclusions of a bluish gray limestone-which 

has been largely crystallized by intense regional metamorphism. - One of 

these inclusions, however, contains fossil evidence of its Calciferous-Chazy 
age. It is therefore demonstrated that in this part at-least the. Sutton 
Mountain belt contains no pre-Cambrian clastics. 

The following is the section referred to crossing the pre-Cambrian: near 

Saint Francis river. 
The line of section* extends between lots 10 and 27, in range 12, in the 

township of Cleveland, and is about a mile and a half east. of Saint Fran- 
cis river and approximately parallel to it. The direction of the section 
is north 38 degrees west, magnetic. 'The adjacent rocks at both north 

and south have been recently mapped in the reports of the Geological 

Survey as Cambrian, the black limestone number 3 of. the section as 

Trenton, and the rest as pre-Cambrian. 

_ * This locality was considered by Logan to furnish the key to the structure of the 

Quebec group. Hither he returned after severing his connection with the Geological 

Survey, and spent four seasons in making a detailed map of the district for several 

miles on either side of this section. This map, which seems to have been ready for 

engraving at the time of his death, was unfortunately never published. 
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Their distribution can be seen by the accompanying map (figure 1). 

The contacts of the sedimentary rocks with one another in this section 

are of the nature of transitions, suggesting that no marked dislocation 
or important time-break occurs between them. ‘The graphitic limestone 

passes upward into mica-chist by an almost insensible gradation, as can 

be well seen along either bank of Saint Francis river. Still better evi- 

dence is to be found in the banks of Eddy brook, a small stream in the 

village of Melbourne, which has cut a postglacial gorge near its outlet 

into the Saint Francis river. Here in a height of about 30 feet the rock 

passes from typical black limestone in the bed of the stream to dark 

mica-schist at the top of the northern bank. 'The mica-schist can be seen 

in several places to pass gradually into micaceous dolomite, and the latter 

into quartzite. It accordingly seems justifiable to conclude that the sedi- 

mentary rocks of this section belong to a single cycle of deposition. 

The igneous rocks are older than the sediments. All the rocks north 

of the black limestone, number 4 to number 9, dip toward the northwest, 

and those on the south side of the limestone, numbers 1 and 2, dip in the 

opposite direction, or about southeast. The limestone thus apparently 
forms the axis of an anticline, and so must be the oldest of the stratified 

of the section. This is the view of the structure that was held by Logan, 
while Ells considers the limestone to be of much more recent formation 
than the other rocks of the section, and to have been brought into its 
present position by “an intricate system of folding and faults.” The 
former placed all these rocks in the Quebec group of Calciferous-Chazy, 
while the latter regards the limestone as lower Trenton and all the other 
rocks as pre-Cambrian. 

It is an apparent fact that the dolomite schists do not belong to the 
pre-Cambrian, for they carry crinoid stems and other fossil evidences of 
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their Calciferous or Chazy age. The fossils, which are referred to by 
the late Sir William Dawson in an article entitled “On Paleozoic fossils 

mineralized with silicates,”’* occur in lot 14, range x11, of the township 

of Cleveland, about 300 yards east of the Healy schoolhouse. 

In this article the fossils were referred to as of Lower Silurian age, 

and the genera Stenopora and Ptilodictya are mentioned, but no more 
definite description seems to have been yet published. 

1 MILE 
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A Limestone, Trenton. 

B Mica schist, No.4 ee Pre-Cambrian 
C Dolomite , No:5. fexcept within line D-D’. 

Fossils. 

A Strike, Dip 40° 

Fiaure 1.—Lots 18, 14, 15, Ranges XII and XIII, Township of Cleveland 

The importance of this occurrence of fossils seems to have been lost 

sight of in the more recent maps of the Geological Survey, for it has been 
erroneously connected with the black limestone (number 13 in the above 
section), which has long been known to be fossiliferous and which lies 

three-quarters of a mile distant. ‘Thus, in the Sherbrooke and the Mon- 

treal sheets of the Eastern Townships map,t+ the locality of these fossils 

is included in the Trenton area by a peculiar indentation, D-D’ (figure 1), 

in the part colored pre-Cambrian, the boundaries of which are thus made 
to cross the actual stratification of the rocks. The part of the dolomite B 

immediately surrounding the locality of the fossils and the intervening 
mica-schists are accordingly colored Trenton in lots 13, 14, and 15, while 

* Quarterly Jonrnal, Geological Society, London, Eng-, February, 1879, pp. 60-62. 

¢ Geological Survey of Canada, 1886-1894. 
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they, B-B, are elsewhere mapped as pre-Cambrian in either direction 

along the strike. 
The black limestone (number 3) seems to be ‘iite as highly folded 

and contorted as the older rocks of the section. On the whole, there ap- 

pears to the writer no reason to believe that there was any great time- 

break in the deposition of the sedimentary rocks of this section, or that 

they are not products of a single cycle of deposition. 
The order of deposition of these rocks appears to be as follows, in 

ascending order: 
1. Black limestone, with black mica-schist as its marginal or shallow- 

water equivalent. 
2. Quartzite, quartzose, and micaceous dolomites, which were chiefly 

deposited in the northern part of the section and barely extend to the 

northern side of the present exposure of the black limestone. 

3. Gray mica-schist covered the entire trough between the pre-exist- 

ing igneous ridges. The gray schists probably owe their greater 

thickness toward the northern end of the section to the fact that the 

Cambro-Silurian transgression came from the north and possibly also to 

isoclinal folding. 

As it thus seems certain that the Sutton series contains no pre-Cam- 
brian clastics in the vicinity of Saint Francis river, it is consequently 

possible, if not probable, that all the clastic rocks of this series, through- 

out the district, are altered members of the Quebec group, as in this 

section. 

The volcanics are the oldest rocks of the region, and from their litho- 
logic resemblance to the pre-Cambrian rocks of Pennsylvania and other 
parts of the Appalachians they are thought to be of that age. However, 

there is as yet no direct proof of this. 

The overlying sediments are always much altered. In some cases the 

alteration would seem to indicate that these sediments are older than the 

comparatively unaltered rocks of the basins between the metamorphic 
ridges, but in other cases they can be traced continuously to rocks of 

undoubted Cambro-Silurian age. While the different degrees of alter- 

ation may in all cases be due to differences of position or of susceptibility 

to metamorphism of the various rocks, it is not necessarily the case. Ac- 

cordingly the question of the existence of pre-Cambrian sediments in the 
Hastern townships must yet remain an open one.* 

THE SERPENTINES AND DIABASES 

A little to the east of the Sutton ridge and parallel to it there is a 

* J. A. Dresser: American Journal of Science, January, 1906. “A study in the 

metamorphic rocks of the St. Francis valley, Quebec.”’ 
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series of irregular hills which are instrusive through most of the other 

rocks of the region, generally Paleozoic sediments. They occur notably 
in the counties of Brome, Sherbrooke, Richmond, Wolfe, Megantic, and 

probably in Dorchester, and are likewise known to reappear in the Gaspé 

highlands. Among them are the Bolton mountains, Owls head, Orford, 

Ham, and Adstock mountains. The rocks composing them are serpen- 

tines, diabase, gabbro-diorites, with frequent or smaller masses of horn- 

blende granite and occasionally much smaller bodies of porphyrite. Of 

these rocks the serpentine seems to be in all cases the oldest, being cut 

by intrusions of the other, and probably it is older than the paleozoic 

sediments. ‘The diabases and gabbro-diorites, which are phases of the 

same magma, form the greater part of all these hills. They are later in 

age than the serpentines through which they are commonly intrusive. 

The hornblende granite in some instances is distinctly intruded through 
the serpentines, but in one case at least, the Big Ham mountain, it seems 

unmistakably to have been differentiated from the parent magma of that 

rock in situ. . 

The porphyrite is of limited occurrence, but at Shipton pinnacle, where 
it is best seen, it seems to cut the serpentine. It generally occurs as the 

matrix of a band of breccia seldom exceeding 300 yards in width that is 

frequently found along the southern edge of the serpentine belt. As far 

as it has been studied, it is found to be a quartzless porphyrite containing 

a little hornblende as the only ferromagnesian constituent. ; 

Mount Orford (2,860 feet) is the best known as well as the largest of 

the gabbro-diorite and diabase hills. It has an area of not less than 20 
square miles and an average height above the surrounding country of 

1,000 feet. It comprises two main divisions which give the following 

cross-section, measured westward along the line of the Canadian Pacific 
railway near Miletta: Diabase or gabbro-diorite, 7,837 feet; graywacke, 

165 feet; serpentine, 577 feet; sandstone, 82 feet; serpentine, 1,567 feet. . 

This section is bounded by sedimentary rocks on either side. The rock 

of the first and greater mass is a uniform green color and shows gray 
grains on a freshly broken surface. Quartz veims are common, and the 
joint, plants and seams are often studded with small quartz crystals. 

Patches of epidote sometimes as much as a foot in diameter are numerous. 

The texture of the rock becomes finer toward the outer edge and also 

toward the top of the mountain, where the cooling of the igneous mass 

has taken place more rapidly. 

In thin-section this rock, which is exceedingly altered, shows plagio- 

clase feldspar with aggregates of the pyroxenic decomposition products, 

whose relation one to another indicates that the rock had the structure 
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of a diabase. In the coarse and central parts of the mountain the min- 

eral olivine appears. The rock has the mineral composition of diorite ; 

but the hornblende is secondary and the rock therefore becomes a gabbro- 

diorite. The two rocks are apparently differentiation products of a 

single volcanic output.* 
Analyses by Huntt show the ehingnsition of the altered gabbro-diorite 

and diabase mass under the head of diorites to be as follows: 
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Owls head (2,465 feet) is situated on the west side of lake Memphre- 

magog, 16 miles south of mount Orford, which stands at the northern 

end of the same lake. The level of this lake is about 682 feet above 

sealevel. 

The rock at the eastern base along the lake shore is a common basic 

phase of the pre-Cambrian volcanics. On the west side the adjacent 

rocks are sedimentary. Between these the mass of the mountain has 

been intruded. It consists, as far as yet known, of extremely altered 

diabase, which was first determined by Doctor Adams. Sugarloaf, the 

name by which a continuation of the Owls head mass toward Orford is 

generally known, has been also shown by Doctor Adams to be similar in 

composition. { 
Besides Orford, Owls head, and Sugarloaf, there are several hills along 

this line, presumably similar in character. ‘These are Hogs back, be- 

tween the two mountains last mentioned; Hawk and Bear mountains at 

the south of Owls head, and Carbuncle aa other hills at the north of 

Orford. So far as known, these hills are similar to Orford and Owls 

head in general structure as well as in the character of the rocks com- 

posing them. Fifty miles to the northeastward from Orford, Big Ham 

* J. A. Dresser: American Geologist, January, 1901. 

+ Report Geological Survey of Canada, 1853, al. 

t Report Geological Survey of Canada, 1880-1881-1882, part A, appendix. 
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mountain appears as the next prominent point along the serpentine belt, 

although that belt is almost continuous throughout the distance. The 
mountain rises 1,400 feet above the neighboring land, or 2,400 feet above 

mean. sealevel. 

This mountain, as far as known, is a mass of much altered diabase. 

Near the eastern edge of the summit the diabase passes into a rock in- 

termediate between hornblende granite and diorite, which may be tenta- 

tively classed as a granodiorite. The transition is a rather sharp one, 
a distance of a few yards only separating typical specimens of the two 

rocks. The granodiorite seems to form only a small body, and is prob- 
ably the residual filling of the neck of the voleano which gave rise to the 
mass of the mountain. 

Moose mountain, in the township of Cranbourne, beyond the north- 

eastern limit of this map, is thought to belong to this series, although 
there is not much definite evidence concerning it yet available. A spec- 

imen from a spur of the mountain in the township of Frampton is a 
porphyrite—a not uncommon marginal phase of these rocks—and as 
Doctor Ells reports the mountain to be intrusive in its relation to the 
sediments of the district, it may apparently be safely correlated with the - 

present series. 

Rocks very similar to those of Orford have been described from Adstock 
mountain, and also from the township of Potton, by Dr F. D. Adams.* 

Doctor Adams found a specimen from the summit of Adstock to be a 
diabase, and one from another part of the same mountain to be a diorite, 

both being much altered rocks. Concerning the latter he writes: 

It is rather coarsely crystalline, massive, and of a grayish-green color, and 

is composed ‘of hornblende and plagioclase. The hornblende is green, or, in 

some places, brownish in color, and is distinctly pleochroic. . . . It is 

often twinned. Much of the hornblende is decomposed to chlorite. In man) 

cases the alteration appears to pass through an intermediate stage in which 

the hornblende assumes a very finely fibrous appearance. The fibers are gen- 

erally approximately parallel, but do not as a general rule extinguish simul- 

taneously. Individual fibers can often be seen to have an extinction inclined 

at a small angle to their longer axes. Some of these fibrous grains show a 

distinct biaxial figure. The plagioclase is dull from incipient decomposition, 

but generally shows well defined polysynthetic twins, of which two sets are 

frequently present crossing one another. Although the two minerals have 

interfered with each other in crystallizing both show good crystal forms. 

The feldspar is perhaps upon the whole the better crystallized of the two. The 

fibrous hornblende is found everywhere to be mixed with chlorite. 

* Op. cit. 
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The igneous origin of the serpentine was also first pointed out by 

Doctor Adams in the same publication. In a specimen from Melbourne 

the rock was found to be wholly reduced to serpentine, with the exception 

of a few grains of bastite or-other mineral derived from rhombic pyroxene. 

In specimens from townships of Ham remnants of the primary olivine 

were also found. 
The following analysis of serpentine of the Eastern townships are taken 

from the Geology of Canada, 1863: 
Orford. Ham. Bolton 

SHU OS Uke ee Er ee et 40.30 43.40 ; 43.70 

MEAP R OSI ANS oo ice sin Bae e ole a ee 39.07 40.00 40.68 

Mlcleeloxidey o. 2 -4.0)s wee ce aoe .20 an Men fae 
HEEPOUS! ITORY 63 24 /s,0 2 wcleleie s oes 7.02 3.60 3.51 

POU ELOISE et apctn Sea a: ole. ovel Susie save ereareie 13.14 13.00 12.45 

100.00 100.00 100.34 

Hornblende granite also occurs within this belt and is commonly in- 
trusive through the serpentine. In other parts it seems to form an acid 
portion rather sharply differentiated from the magma of the parent rock 

of the serpentine. It has been described by Doctor Adams* as composed 

esentially of quartz, orthoclase, plagioclase, and hornblende, with a little 
titanic ore. It is also noted as showing a peculiar alteration of the horn- 

blende. Where this mineral comes in contact with the quartz it displays 
a development of fibrous forms terminating in tufts of fine needles run- 

ning into the quartz; opposed to this marginal facies when in contact 

with quartz, hornblende displays an ordinary even edge when in contact 
with the fieldspar. 

Dikes of this rock in cutting the serpentine are considered by miners 

to be indicative of the occurrence of the good asbestos. Whether the 
fracturing of the serpentine accompanying the intrusion of the granite 

has in any way furnished lines of weakness for the formation of asbestos 

veins has not yet been established. 

Serpentine apparently quite different in origin occurs at several places 

within the porphyry-andesite belt already described. Here within a dis- 

tance of 10 to 20 feet well exposed rock may be traced from a quartz 

porphyrite to serpentine carrying narrow veins of asbestos. Such occur- 

rences are found in the townships of Ham, Leeds, and several other places 

within the volcanic belt. So far as yet known, none of these are of large 

extent. That in Leeds is probably half a mile in length. The importance 

lies, however, in showing the range of magmatic differentiation, and con- 

* Op. cit. 

XLVI—BULL. Gout. Soc. AM., Vou. 17, 1905 
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sequently that the quartz-porphyry and serpentine are differentiates of a 

single original magma. As these are the extremes of chemical composi- 

tion among the various rocks of the region, the probability of all being 

differentiation products of a single primary magma is quite apparent. 

THE GRANITES 

The granites of the Eastern townships occupy six principal areas, none 

of comparatively great extent. They form the granite masses of Stan- 

stead, Hereford mountain, Big Megantic mountain, Little Megantic 

mountain, a small area on the east side of lake Memphremagog, and 
another near Danville. There are probably numerous other small occur- 

rences in this district, but it is noticeable that all of the granites lie to 

the south of the volcanics of the Sutton ridge. 

None of the granite bodies have as yet been studied in detail, but all 

are believed to be intrusive through Lower Silurian sediments, and are 

thought to be of late Devonian age. The extensive quarries at Stanstead 

have made the economic importance of that occurrence well in the prov- 

ince of Quebec, where Stanstead granite is largely used for structural pur- 

poses. A specimen of this granite has been described by Dr F. D. 

Adams,* and shown to consist essentially of orthoclase, quartz, and biotite, 

with accessory amounts of microcline and plagioclase and secondary mus- 

covite and epidote. 

Of Hereford mountain nothing definite is known, save that its prox- 
imity to Stanstead and the generally similar appearance of the rock in the 

hand specimen suggest its close relation to that body. Its contact with the 
sediments is undoubtedly intrusive. 

Even less is known of the Big and the Little Megantic mountains. 

The material in the talus slopes of the former is a very acid granite. 

The granite from Scotstown contains pyroxene, in addition to biotite 

and muscovite, as ferromagnesian constituents. 

The granite near lake Memphremagog is also of the type of that of 

Stanstead. 
Near Danville there is a small body of granite whose relations to the 

surrounding rocks have not been ascertained, nor has it received any 
detailed study. Biotite is the only dark constituent that is noticeable in 

the hand specimen. It is stated in the Geology of Canada (page 811) 

that it furnished part of the material for the Grand Trunk Railway bridge 

which crosses the Nicolet river in the vicinity. 

* “Description of a series of thin sections of typical rocks,” by Frank D. Adams, 

Ph. D., F. G. S., Montreal, 1896. 
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The granite from the quarries at Stanstead shows an incipient cata- 

clastic structure in the microscopic section, and in the mass a somewhat 

distinct foliation, known by the quarrymen as the “rift.” This structure 

is apparently due to dynamic metamorphism and shows the granites to 

have shared in the folding of the Appalachian uplift, and consequently 
to have been intruded before that movement had entirely ceased. As 

dikes of adjacent granite masses cut Devonian (Lower Helderberg) 

strata on the shore of lake Memphremagog, these intrusives are thought 

to be of late Devonian age. 

THE LATER DIKES 

A series of dikes of much later age than any of the rocks hitherto de- 

scribed is widely distributed throughout the region. 'They are compar- 

atively fresh in composition and little disturbed in position. Campton- 

ite, diabase, and bostonite are the chief rock types represented among 

them. 

A camptonite at Richmond was found by the writer* to consist of 

hornblende and plagioclase, with accessory magnetite and apatite. A 

little leucoxene and small aggregates of chlorite, serpentine, and calcite 
indicate that some degree of decomposition has already begun in the 

rock. 

The hornblende is brown in color and shows the extinction angle, 

t/\£, was observed to be as high as 17 degrees. 

This dike, which is about three feet wide, cuts lower Trenton limestone, 

which had been greatly folded and distorted prior to the injection of the 

dike. One or two other smaller dikes occur in the vicinity, and a small 

hill near by is thought to be underlain by some igneous rock. 

In the vicinity of Sherbrooke, 25 miles south of this locality, dikes are 

known to occur in several localities. 

Near the line of the Canadian Pacific railway, in the northern out- 

skirts of the village of Lennoxville, there is a camptonite dike very sim- 

ilar to the above. It cuts both pre-Cambrian volcanics and Trenton 

slates. 
At the Howard mine, Ascot, a dike of olivine-diabase cuts pre-Cambrian 

eruptions. 

In a paper entitled “Camptonites and other intrusives about lake 
Memphremagog,”*} Mr V. F. Marsters discusses a large number of dikes 
in the Lake Memphremagog basin, distinguishing the granites, etcetera, 

* J. A. Dresser: A hornblende lamprophyre dyke at Richmond, Province of Quebec. 

Canadian Record of Science, Montreal, January, 1901. 

+ American Geology, July, 1895. 
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connected with the intrusions off McGoons point, already mentioned, 
from Camptonites and allied dike rocks. 

Between Roxton, in the county of Shefford, and Saint Nicholas, in 

the county of Lotbiniére, a distance of more than 100 miles, there are 

several occurrences of intrusive rock in lower Paleozoic strata. It is 

little known except in connection with copper deposits in the region, 

which it seems invariably to accompany. It is found at Roxton, Acton, 

Upton, Durham, Wickham, Drummondville, Nelson, Saint Flavien, Saint 

Apollinaire, and Saint Nicholas, and seems to form a series of dikes in a 

comparatively narrow belt throughout this distance. The dikes vary in 

width from a few inches to a thousand feet, or even more, and run parallel 

to the length of the belt in which they occur—that is, in a northeast- 

southwesterly direction. 

At Roxton there is an intrusive, a light colored rock of the trachyte 

class, but in most of its occurrences the intrusive is a diabase, and is com- 

monly amygdaloidal. 

The largest exposures are at Saint Flavien, Nelson, and Drummond- 

ville. At Saint Flavien the intrusion is nearly a quarter of a mile wide 
and appears to be a wide dike, extending for a distance of about a mile 

through the country. Similar rock appears at Saint Apollinaire, 7 miles 

distant. | : 
These are the principal rock exposures. It is a level district, covered 

with a heavy mantle of drift. The rock is amygdaloidal in many parts, 

the amygydules being most commonly filled with calcite; but sometimes 

epidote and chlorite or quartz form the filling material. Copper fre- 
quently occurs in this rock, as at Roxton, Nelson, and Wendover, near 

Drummondville. In other places, as at Acton, Upton, and Wickham, 

‘the copper occurs in the ektomorphic contact zone of the inclosing rock. 

The exposure at Nelson is smaller than that at Saint Flavien, while that 
at Drummondville is apparently quite as large. 

It is thus described by Logan:* 
The greenish sandstones on the Saint Francis are intersected by several 

dikes of diorite, the courses of which are in a general way down the stream. 

The rock of the fall at Drummondville appears also to be a diorite and is of a 

gray or greenish color; it probably belongs to the stratification and is not 

known to have any connection with the dikes. It has a breadth of about half a 

mile, and some parts are porphyritic from the presence of small crystals of 

light, greenish fieldspar, while others are amygdaloidal, holding small portions 

of a light and calespar and occasional nodules of agate. Much of it bears the 

aspect of breccia, in which fragments of the diorite are held together by a close 

grained but highly crystalline calcareous cement, approaching in color\ the 

* Geology of Canada, 1863, p. 248. 
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general mass of the rock. The rock bears a resemblance to that of Saint 

Flavien, of which it may be a continuation, and like it is highly cupriferous. 

So far as yet examined, some half dozen specimens, the diorite of the 

above description proves to be a fine-grained diabase. ‘The diabase forms 

two bands crossing Saint Francis river here, one having a width of a 
quarter of a mile and the other of about 50 feet. The distance between 
them is rather more than a quarter of a mile and is occupied by very dark 

graphite limestone and greenish gray sedimentary slates. What appears 

to be devitrified glass was found along the contact of the diabase and the 

latter rock. These rocks have been here mentioned under the head of 

“Later dikes” because of their lithological similarity to known dikes and 

the absence as yet of satisfactory proof that they are not themselves also 

of that class. This entire series offers an excellent field for an interest- 

ing and important detailed investigation. 

Tur MONTEREGIAN HILLS 

This name, which has now gained general currency in geological nomen- 

clature, was proposed by Dr F. D. Adams in 1903* to designate a series 

of volcanic hills which crosses the Saint Lawrence valley in the south- 

western part of the province of Quebec. These hills, which are eight in 
number, are of volcanic origin, either stocks or laccolites. They owe their 

present relief to differential erosion, and consequently are hills of the 

butte type. 

Six of the eight hills form a nearly east and west line, standing about 
10 miles apart. In order from west to east, they are mount Royal, at the 

foot of which stands the city of Montreal (Mont Royal) ; Montarville 

or Saint Bruno, Beloeil or Saint Hilaire, Rougemont, Yamaska, and 

Shefford. The remaining stand at the south of this line, Brome being 
214 miles from Shefford and mount Johnson 6 miles from Rougemont. 

The lithological characters of these hills are such as to show them to 

be a distinct petrographical province, and to bear little, if any, relation 

to the rocks hitherto described in this article. In every hill there is a 

large development of essexite, which frequently passes into theralite, and 

in every one which has been studied in detail an alkali syenite, such as 

nordmarkite, pulaskite,, or nepheline-syenite. Their general features 

may be presented in the following summary form: 

Mount Royal has an area of about 2 square miles and attains an eleva- 

tion 769.6 feet above mean sealevel. The altitude of the Grand Trunk 

* Journal of Geology, volume xi, no. 3, “‘The Monteregian hills, a Canadian petro- 

graphic province.” 
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railway at Bonaventure depot, Montreal, at the base of the mountain, is 
48.33 feet. 

The mountain consists of two distinct intrusions, the first and larger 

being essexite, the second nepheline-syenite. In structure it is thought 

to be a volcanic neck, probably with laccolitic offshoots. It has may dikes 
and sheets of bostonite, camptonite, tinguaite, and allied rocks. 
A breccia near by has an ash rock for its matrix and contains, among 

other included fragments, some blocks of Devonian age. 

It is now under investigation by Professors Harrington and Adams. 

The area of Montarville, or Saint Bruno mountain, is approximately 

2.64 square miles. The average of several aneroid readings shows its 

altitude to be 563 feet—that is, 466 feet above the Grand Trunk Railway 

station of Saint Bruno. , 
It consists of a single intrusion and is composed entirely of essexite 

except for a small area of half an acre. This is occupied by a rock of the 

pulaskite type, which has been formed by differentiation in situ from the 
essexite magma. A few dikes of camptonite are found.* 

Beloeil, or Saint Hilaire mountain, has an area of some 4 square miles 

and an altitude of 1,437 feet above sealevel, or 1,350 feet above the rail- 

way near its base. It consists of a single intrusion, differentiated to 

form essexite and a nepheline-rich syenite. The former rock makes up 
the greater part of the mountain. 

A few dikes of camptonite are to be seen. T 

Rougemont occupies about 6 square miles and reaches a height of 1,400 

feet, or 1,250 feet above the surrounding plain. As far as yet known, it 

consists of one intrusion of essexite. No dikes are known. | 

Mount Johnson, the smallest of the series, has an extent of .422 of a 

square mile. Its altitude is 875 feet, giving it an elevation of 720 feet 

above the neighboring village of Saint Gregoire. It is a volcanic neck, 

differentiated from a core of essexite to a rim of pulaskite, with an 

intermediate phase (andose).{ 

There are only a few dikes. 

Yamaska hill covers some 514 square miles. It greatest altitude is 

about 1,500 feet, nearly 1,300 feet above the surrounding country. 

It has been found to consist of a single intrusion which has differen- 

tiated in situ into rocks of the essexite-nepheline-syenite series. Dikes are 
few.§ 

Shefford mountain occupies nearly 9 square miles and rises to a height 

of 1,600 feet above sealevel, or 1,200 feet above the surrounding country. 

* J. A. Dresser: Summary Report, Geological Survey of Canada, 1905. 

+ O. H. Le Roy: Summary Report, Geological Survey of Canada, 1901. 

t F. D. Adams in Journal of Geology, vol. xi, no. 3. 

2G. A. Young: Summary report, Geological Survey of Canada, 1903. 7 



MONTEREGIAN HILLS 519 

It consists of essexite, nordmarkite, and pulaskite, the first comprising 

about half of the mountain. Hach rock is the result of a separate intru- 

sion. Dikes are very numerous and belong to the bostonite-camptonite 

series. ‘he mountain is a laccolite.* 

Brome mountain is 100 feet lower than the neighboring mountain of 

Shefford and occupies about 30 square miles. 
It consists of essexite, alkali-syenite, and a small body of tinguaite. It 

has been formed by two or possibly three separate irruptions and is prob- 

ably part of the laccolite of Shefford, which is only 244 miles distant. It 

has very few dikes.t+ 

CHEMICAL ANALYSES oF Type Rocks FROM THE MONTEREGIAN HILLS 

The following are analyses of rocks from the Monteregian hills: 

I II III IV Vv Ayal AGE VIfl IX 

SiO,.....48.69 48.85 53.15 44.00 65.438 61.77 57.44 59.96 55.68 

ALO... 10.91 ) 19:38" 17:64 27.73: 36:96 18.05 1948 19.12 20:39 

Fe,O;... 3.09 4.29 3.10 2.36 1.55 LSP! 1.69 1.85 2.10 

em root. 4.65. 3.00. . 1538 1.75 270 .° 4.78 1.95 
meOrs) 1 306.200 2.94 230 186 164 1.46 65 .80 
G70-..- 730° 798 ~ 5:66 13.94 Gy (SO). MOG: “eee ie 
MeO... 05 «544 500 2996 5.95 688 648. 698 9,8 
oO... 256 Ol, 3110 ADI): BIS) | Bi2d  AO8r ~e4iSiy yan 
ire, 247 152). 1:90 16 An ae 1G 66 60 
Raat), 41,23 65 20 02 15 60 14 .06 
MnuOiicc. | 15 19 AG 08 40 08 25 49 al 
oh. a AG ial Wake =A (1 SRT mainte mid ckr sg) Wala) 
mews, 95 681.10 80 82° 26. “POR AMO) sO 

99.36 100.02 99.84 100.01 99.78 99.97 99.69 100.17 99.83 

I. Essexite (EHssexose) Mount Johnson. 

II. Essexite (Andose) Mount Johnson. 

III. Essexite (Akerose) Shefford. 

IV. Essexite (Hessose) Brome. 

V. Nordmarkite (Nordmarkase) Shefford. 

VI. Nordmarkite (Nordmarkase) Brome. 

VII. Pulaskite (Laurvikose) Mount Johnson. 

VIII. Pulaskite (Laurvikose) Shefford. 

IX. Tinguaite (Laurdalose) Brome. 

GENETIC RELATIONS OF THE IGNEOUS RocKsS 

A better knowledge of the igneous rocks of the Eastern townships, 
especially of the granites and diabases, is necessary before their genetic 

* J. A. Dresser in American Geologist, October, 1901, and in Geological Survey of 
Canada, 1899, part L. 

7 J. A. Dresser in American Journal of Science, May, 1904. 
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relations can be satisfactorily discussed; yet certain general relations 

may now be deduced, and these conclusions, it is hoped, may be amplified 

and more precisely applied at some later time, when all the rocks in ques- 

tion have become better known. 

In general terms it may be said that those rocks of a definite district 

belong to the same province,* whose phases in their nearest approach to 

one another do not differ more widely than the various differentiates of 

any single mass. Thus the porphyry-andesite series differs in its acid 

phase from the granites, as far as the latter are known, chiefly in degree of 

crystallization, not in composition. ‘The more basic phase of the old 
volcanics, as has been shown, passes into a rock which has altered into 

serpentine by differentiation in situ. Hence this oldest group seems to 

form a connecting link between the granites on one hand and the diabase 
serpentines, etcetera, on the other, while the hornblende granites similarly 

connect the diabases and normal granites. Accordingly, those three 

groups form part of a single petrographic province, according to the 

definitions quoted above; but the Monteregian rocks appear more distinct 

throughout the quite extensive range of variation within themselves. The 
individual hills differ from one another in a comparatively small degree; 

also their distinctive characteristics are not found in any measure in the 

other groups of rocks mentioned. Should a detailed study of the granites 
show that within them are differentiated portions of more basic rocks— 

for example, should nepheline syenite be found in association with them, 

as it has been found in some cases in the Hastings district by Doctors 

Adams and Barlow,} they would then appear as an acid extreme toward 
the east of the Monteregian series. But this has not been done, nor is 

there at present any valid reason for expecting such phenomena to be 
found. While the Monteregians appear at regular intervals at upward of 

10 miles across the plain, no rocks of a consanguineous type have been 

found to the east of Shefford mountain, although a careful examination 

has been made in that direction throughout the district wherever igneous 

rocks are known to occur. In the later dikes an indication of rocks of 

the Monteregian type exists; for while it is conceivable that almost any 
rock might be differentiated in small amounts from almost any magma, . 

it is the most common relationship to find camptonite and bostonite types 

differentiated from highly alkaline magma such as that of the Montere- 

gian rocks; but the wide distribution of these dikes and their relatively 
small amount make them less important factors in considering the limits 

2 rE OS: Washington: “Petrographic province of Essex county, Massachusetts.” 

Journal of Geology, vols. vi and vii. 

+ Summary Report, Geological Survey of Canada, 1898. 
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of the petrographic provinces. Thus, while camptonites and bostonites 
may occur in many places to the east of the Sutton Mountain anticline 

and diabase far to the west of it, as Drummondville or Saint Flavien, they 

rather illustrate what Professor Pirsson * has recently called the progres- 
sion of rock types than the extension of the boundary of either of the two 
distinct groups of rocks mentioned. It would therefore seem that the 

rocks of the Monteregian hills differ from the other rocks described in 
this article more widely than any of those from one another—that is, 

that the difference is a generic rather than a specific one; hence the rela- 
tion could be best defined as that of two contiguous provinces rather than 

as parts of one province, even in the larger sense. 

The study of the consanguinity of rocks tends toward the hypothesis 

that the interior of the earth may be regarded as containing a single 

magma of uniform character which by process of differentiation within 
the crust of the earth, or during the process of extrusion, or during the 

process of cooling after extrusion gives rise to all classes of igneous rock. 

This is the extreme view of the origin of different species of igneous 

rocks by the process of differentiation. Partly in opposition to this is 

that known as the assimilation theory, which supposes igneous rocks to 
owe many of their present differences to the older rocks with which they- 

have come in contact and by which they have been modified. This 

theory could scarcely receive, under any circumstances, such wide apph- 

cation as that just assigned to the differentiation theory, namely, that all 

rocks have come from a universal common magma and are differentiated 

only by the rock materia] with which they come in contact; nor could it 

be counted a directly essential character in large extrusive volcanic out- 

puts; but in consideration of intrusive rocks where the invading lava may 

for long periods of time have been slowly taking in and dissolving the 

surrounding rock material, the process of magmatic stoping+ may have 

made the assimilation factor an important one in the modification of 

igneous rocks. 
The Monteregian hills are all intrusive and are comparatively small 

igneous masses; they have penetrated strata of different mineralogical 

and chemical composition. Thus the Hudson River mudstones, Trenton 

limestones, the graphitic limestone, and black slates of the Farnham and 

Phillipsburg series, as well as the quartz mica-schists of the Sillery, have 
been penetrated by these rocks without producing any material change in 

the rocks themselves beyond a generally well marked endomorphic con- 

* American Journal of Science, July, 1905. 

+ Dr R. A. Daly: “On the mechanics of igneous intrusives.” Am, Jour. Sci, 1903; 

ibid., August, 1905. 
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tact zone. Moreover, the sedimentary rocks through which the granites 

and the diabase series have been intruded are generally very similar to 

those surrounding the Monteregian hills; in fact, the Hudson River shales 

are the only rocks of the latter region not found in the former. Hence it 
would seem that, whatever the cause may be of the primary magmatic 

differentiation, the magma which gave rise to the Monteregian hills was 
primarily different from that which produced the other-rocks discussed, 

with the partial exception already mentioned, of the later dikes. 

SUMMARY 

In summary it may be said that the rocks of southeastern Quebec 
present two petrographical provinces, and their differences are due to 

primary differentiation—that is, to differences in the original magmas. 

I. (a) Porphyry-andesite series, extrusive and probably of pre-Cam- 

brian age. 

(6) The diabase-serpentine group, inclusive in a large measure, rang- 
ing in age from early Cambrian to late Silurian. 

(c) The granites, intrusive, late Devonian age. 

(d) Between these and the next province, in a measure bridging over 

the gap between them or at least indicating that the Bae limit of 

each has been reached, are the later dikes. 

II. The second province comprises properly only that unique group, 

the Monteregian hills. . 

ADDENDUM 

For the completion of the investigation which has been briefly outlined 

in this paper a large amount of field and laboratory work is yet necessary, 

much of which has an economic importance that is not less than its value 

to pure science. The later dikes are very little known, and yet the 
occurrence of important deposits of copper in the northern part of the 
district occupied by them has been known for fifty years. The granites 

are a geologic unit concerning which we have very little knowledge and 

of which correspondingly little use is made, while the pyrrhotites of the 
diabase series promise economic results perhaps no less important than 

the asbestos and chromic iron deposits, which also await detailed petro- 
graphic investigation. 
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INTRODUCTION 

The general excellence of the Virginia granites as a building and mon- 

umental stone is well established in the commercial world. Notwith- 

* The writer is indebted to Dr H. Ries for taking the photographs from which the half-tone 

of this paper were made. 
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standing this fact no published account of the geology of these rocks has 

been made, so far as the writer is aware. A part of two seasons has been 

devoted by the writer to a study of the Virginia granites in the field and 

in the laboratory, and it is with the hope of contributing to the knowl- 
edge of the geology of these rocks that prompted the preparation of this 

paper. 

THE VIRGINIA PIEDMONT REGION 

GEOLOGY 

The Piedmont province in Virginia forms a part of the eastern crys- 

talline area which extends southwestward from New York to northern 

central Alabama. It extends eastward from the Blue ridge to the western 

margin of the Coastal plain, and it widens southward. Lack of system- 

atic study of the Virginia Piedmont region forbids more than a general 

description of its geology at this time. ‘The rocks composing the region 

are the oldest in the state, and, excepting the areas of Jura-Trias, they 

are all crystalline. Rogers mapped the crystalline rocks of the region as 

Archean, but more recent studies reveal the fact that a part of them are 
as late as Ordovician in age. 

The rocks comprise sedimentary and igneous masses so greatly altered 

from metamorphism that many of them bear but slight resemblance to 

the original masses. The region is made up of a complex of schists, 

gneisses, and granites, with, in places, minor interfoliations of slates, 

quartzites, and limestones. This complex is further intersected by intru- 

sions of basic eruptive rocks belonging, so far as they have been studied, 

to the diabasic, dioritic, and gabbroic types. To the east of Danville, in 

the extreme southern part of the region, is an area of altered andesite 
which extends into North Carolina and is regarded as pre-Cambrian 

In age. 

Over the eastern, northern, central, and southern parts of the Pied- 

mont are areas of Jura-Trias shale, sandstone, and conglomerate. The 

northern and eastern areas of these rocks are quite extensive. 

DISTRIBUTION OF THE GRANITES 

The granites are limited to the crystalline area described above and 
comprise both massive and schistose types. The schistose granites or 

gneisses have very wide distribution throughout the Virginia Piedmont, 

forming one of the dominant rock types. The principal areas of pro- 

ducing massive granites are distributed in a north-south direction near 

the eastern border of the Piedmont plain. They include (1) the Peters- 

burg area, (2) the Richmond area, and (3) the Fredericksburg area. 
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In addition to these there are several minor areas, chief among which are 
those of Fairfax, Prince Edward, Fluvanna, and Goochland counties. 

The massive granites will be described under the following types: The 
Richmond-Fredericksburg, light gray; the Richmond-Fredericksburg, 
dark blue; the Fredericksburg, light gray; the Falls Church and Annan- 

dale types, and the Unakite type. 

MINERAL COMPOSITION OF THE GRANITES 

Conforming with well known granites elsewhere, the Virginia rocks 

are mixtures of feldspar and quartz, with biotite as the third essential 

component, in the most important areas. Muscovite in subordinate 

amount usually accompanies the biotite in all the granitic areas of the 
state, and it becomes a principal component, replacing biotite in the 

granite of the Hazel Run area west of Fredericksburg. Hornblende is 

an important constituent in only a part of the granites of the Falls 

Church area southwest of Washington, and it is almost unknown in the 

granites of the other areas. It is essentially absent from the most 

economically important granites of the state. 

In the unique variety of granite known as unakite, occurring near 

’ Luray, in Page and Madison counties, in the Blue ridge, and near T'rout- 

dale, in Grayson county, epidote is a principal constituent and the ferro- 

magnesian silicates nearly or entirely fail. The epidote is wholly a 

secondary constituent. 

The dominant species of feldspar in the Virginia granites is usually 

orthoclase, though in many instances microcline or plagioclase may equal 

or even exceed orthoclase in amount. One of the most striking features 

in the mineralogical constitution of these rocks is their usual richness in 

both microcline and plagioclase, especially the latter. Both of these 

feldspars, however, are subject to much variation, and in a few thin- 

sections examined their poverty was a noticeable feature. It seems prob- 

able that a part of the microcline in the Virginia rocks has developed in 
part from orthoclase by pressure metamorphism. 

Besides the above minerals, there occur apatite, zircon, sphene, magne- 

tite, and occasionally some other minerals. 

KINDS OF GRANITE 

Conforming with the granites of the southeastern Atlantic states in 

general, the granites of Virginia vary in structure from massive to 

schistose, and in texture from even-granular to porphyritic rocks. On 

this basis three types of the rocks are distinguished: (1) Massive even- 
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granular granites, (2) porphyritic granites, and (3) schistose granites 

or granite-gneisses. The granite-gneisses were derived from the massive 

granites, from which they principally differ in the pronounced schistose 

structure secondarily induced by dynamic metamorphism. 

Based on mineral composition, the Virginia granites are divisible into 

the following leading types: (1) Biotite granite, which usually carries a 
_ little muscovite in addition to the biotite, and under which a majority of 

the granites of the state may be grouped, including the Richmond- 

' Petersburg areas, and most of the Fredericksburg area; (2) muscovite 
granite, of which the Hazel Run area one mile west of Fredericksburg 

is the only typical representative yet known; (3) hornblende-biotite 

granite, represented by a part of the granites occurring southwest of 

Washington, in the Falls Church area in Fairfax county; and (4) epidote 
granite, unakite, of which there are only two known localities. 

In addition to these, pegmatite, coarse crystallizations of quartz and 

feldspar with subordinate mica, in dike-like form, abundantly penetrate 

the finer granites and associated crystalline rocks over much of the Pied- 

mont region. Aplite is represented only in the granite of the Richmond 
area, and here principally on the western border of the Richmond basin, 
near Midlothian. 

EVEN-GRANULAR GRANITES 

INTRODUCTORY STATEMENT 

The granites distributed along the fall-line in the eastern part of the 
Piedmont region in the vicinity of Richmond, Petersburg, and Fred- 

ericksburg are the most important economically im the state and they 

best illustrate the types of mica-granite. Three types are here repre- 

sented based on differences which are best brought out under the indi- 
vidual descriptions below. The three types are: (1) The Richmond- 

Petersburg light gray, (2) the Richmond-Fredericksburg dark blue gray, 

and (3) the Fredericksburg light gray. | . 

To these, two additional types must be added from other parts of the 
state. These include the Falls Church dark gray hornblende-biotite 

type and the yellowish green and pink epidote type known as unakite. 

PETROGRAPHY OF THE GRANITES 

The Richmond-Petersburg light gray granite——This type of granite 

has been quarried for many years in the vicinity of Richmond and Peters- 

burg. It extends over parts of three counties, namely, Dinwiddie, Ches- 

terfield, and Henrico. It is a biotite-granite, frequently containing a 
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little muscovite, and it consists of anhedra which range in size from 

1 to 5 millimeters. Variation in the size of anhedra here given is a 

noticeable feature of this type in the quarries opened around the cities 

of Richmond and Petersburg. The principal minerals are quartz, ortho- 

clase, microcline, plagioclase near oligoclase, biotite, a little muscovite, 
sphene, magnetite, apatite, and zircon. The usual alteration minerals 

occur, chief among which are chlorite, epidote, muscovite, and kaolin, 

These are the normal minerals in granite. 

Rutile needles are abundant in some of the quartz. Granophyric inter- 

erowths of the quartz and feldspars are very abundant in the thin- 

sections studied, indicating overlap in the period of formation of these 
minerals. The quartz intergrowth is not restricted to any single species 

of feldspar, but it seems to be of about equal development in the ortho- 

clase, microcline, and plagioclase. Orthoclase is usually the dominant 

feldspar, but microcline or plagioclase may either equal or even exceed it 

in amount. An important feature in the mineral composition of these 

rocks is the nearly constant-large amount of plagioclase present. It 

occurs in large stout laths and is always characterized by the polysyn- 
thetic twinning striz in basal sections. Extinction angles measured 

against the. twinning strie usually indicate a plagioclase near oligoclase. 

Twinning on the Carlsbad law is very common among the feldspars, both 

in thin-sections and in hand specimens of the rock. Microperthitic inter- 
growths of the feldspars are freely developed in most of the thin-sections 
studied. Many of the larger feldspars are micropoikilitic, the inclosures 

consisting of quartz and feldspars. 

Biotite is the third essential constituent; it is deep brown and strongly 

pleochroic. It is distributed through the rock in single long and stout 
shreds and as small aggregates. This constituent is subject to some 

variation, both in size of shred and in amount, the rock becoming, accord- 

ing to quantity, either lighter or darker in color. Under the microscope, 

numerous inclusions of the older minerals are seen in the biotite, among 

the most important of which are zircon, apatite, and magnetite. In a 

majority of the thin-sections a little primary muscovite is intimately 

associated with the biotite, occasionally as parallel growths, and, at 

times, the two micas penetrate each other, always preserving sharp and 

clear-cut boundaries. Much chlorite occurs as an alteration product of 

the biotite. Epidote, while not abundant, is usually present in many of 

the sections, always as an alteration product from the interaction of the 
biotite and feldspars, and is associated with the biotite. 

Titanite is present to a limited extent in many of the sections, mostly 

as irregular grains and aggregates, but sometimes as wedge-shaped crys- 



528 TT. L. WATSON—LITHOLOGICAL CHARACTERS OF VA. GRANITES 

tals. The color varies from nearly colorless to reddish brown, with notice- 
able pleochroism in the deeper colored ones. 

The other accessories present no special interest from their usual 
occurrence in granites. 

Pressure metamorphic effects are clearly defined in all the thin-sections 
of this type of granite. They are more strongly marked in the granite 

from the Petersburg part-of the area than that from the Richmond por- 

tion. As seen under the microscope, the pressure effects are shown in an 

optical disturbance of the quartzes and feldspars, more marked in the 
former, in the form of a wavy or undulous extinction; in a fracturing of 

the quartz and feldspar, which is quite strongly developed in some of the 
plagioclase individuals of thin-sections from the Petersburg area; and, 

lastly, in peripheral shattering or granulation of the larger quartz and 

feldspar individuals in the granite from the Petersburg area; also, in 

several instances biotite shreds were noticed broken across, and in still 
other cases the folia were markedly curved or bent. 

At the Netherwood quarry, several miles west of Richmond, this type 
of granite is typically shown, and in some of the largest quarried blocks 

dressed up during the sumer of 1905 a distinct schistosity was discern- 
ible. As a rule, however, the rock from this quarry and from the Rich- 

mond area in general belonging to this type appears massive. In the 

Petersburg part of the area the dynamic effects are the most pronounced 

in thin-sections of this type of granite and a tendency toward a rough 
parallel arrangement of the minerals or schistosity is shown on close ex- 

amination of the rock in nearly every opening. 
The Richmond-Fredericksburg dark blue granite-—This type does not 

differ essentially in mineralogy from the light gray type described above, 

although the two bear no resemblance to each other in hand specimens. 

The dark blue is much more finely crystalline, the anhedra averaging less 

than 0.5 millimeter. The biotite is very uniformly distributed through 

the rock in minute irregular shreds which impart the pronounced dark 
blue color to the granite. Like the light gray type, this is a biotite granite 
containing a very little muscovite associated with the biotite. Plagio- . 

clase and microcline, in quantity and occurrence, characterize equally the 

dark blue type as the light gray. 7 
Microscopically the two types are unlike in the degree of pressure 

effects indicated. The dark blue granite is entirely massive, and the only 
effects of pressure metamorphism discernible in the thin-sections is that 
of undulous extinction of, and occasional fractures in, the quartz. In the 

Fredericksburg portion of the area the rock is a shade darker in color 

than most of the same type in the Richmond area. The texture is the 
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same from the two areas, but in those quarries opened in the vicinity of 

Richmond, there is perceptible variation in the degree of color. 

The Fredericksburg light gray granite.—This type occurs about one 

mile west of Fredericksburg, on Hazel run, and consists of anhedra 
averaging about 2 millimeters. It is essentially a muscovite granite, 

containing quite a sprinkle of closely associated biotite with the muscovite. 

It somewhat resembles the Stone Mountain light gray biotite-bearing 

muscovite granite of Georgia. An occasional crystal of red garnet is 

observed in the rock. 
The effects of dynamic metamorphism are manifested in the rock in a 

thinly foliated structure which is only discernible on close examination. 

Thin-sections show quartz, orthoclase, microcline, plagioclase, muscovite, 

biotite, apatite, rutile, and zircon. The principal secondary minerals are 

chlorite and muscovite. Muscovite is partly primary and partly secondary. 

Microcline and plagioclase are in large amount. Intergrowths of the 
feldspars, and of the feldspars with quartz, are quite frequent. Micro- 
poikilitic structure in the larger feldspars is strongly indicated. Partial 

orientation of the mica along parallel directions; an occasional bent and 
broken muscovite shred; fractured quartzes with wavy extinction, and 
the perfect granulations of the quartz feldspar individuals and the in- 

terstices filled in with the fine mozaic of the two minerals are pressure 
effects plainly marked in the thin-sections. 

The Falls Church types.—The granites in the vicinity of Falls Church, 

Fairfax county, are of two varieties. One is a medium to finely crystal- 

line rock and contains dominant biotite with some muscovite as the third 

essential component. The ratio of muscovite to biotite is variable, and 

while muscovite may be considerable in a few instances, the granites of 
this area contain dominant biotite. The other, a light and dark speckled 

rock, is a fraction more coarsely crystalline and is a hornblende-biotite 
granite. It is the only representative of a hornblende granite* yet found 
in the state and it is somewhat closely allied with quartz-diorite. It is 

closely associated in the field with diorite masses on the one hand and with 
foliated mica-granites on the other. The associated diorites are partly 

altered to metadiorites. 
Petrographically it more properly belongs with the grano-diorites, dif- 

fering from the diorites proper in increased quartz and potash feldspar. 
Thin-sections show quartz, plagioclase, orthoclase, green and brown horn- 

blende, biotite, apatite, rutile, and the secondary minerals epidote, sericite, 

* Hornblende syenite occurs at several localities in the state, but no recognition is taken of 

this rock in this paper. The boundaries of the syenite areas are unknown at present, but it is 

possible that future study will reveal increased quartz in sufficient quantity to differentiate a 

part of the rock of these areas as a hornblende granite. ; 
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garnet, chlorite, and kaolin. Hornblende is one of the most abundant 

constituents and at times it completely incloses shreds of the biotite. 

Microcline does not occur. Plagioclase is probably slightly more abund- 

ant than orthoclase. Metamorphic effects are indicated in the optical 

disturbance of the quartz and feldspar; in fractures crossing the quartz; 
in curved and bent lamelle of a part of the plagioclase, and in the marked 

distortion of the cleavage angle of the hornblende. 

The Annandale type-——This type is a medium gray and medium tex- 

tured massive biotite-granite, intermediate in texture and color between 

the Richmond light gray and dark blue types. It is mineralogically 

similar to the Richmond types. Orthoclase is the dominant feldspar. 

Considerable microcline is present, but plagioclase is less abundant than 

elsewhere. Quite a sprinkle of idiomorphic sections of garnet is noted. 
Crushing effects are somewhat strongly marked in the thin-sections in 

the partial granulation of the quartz and feldspar, with the fine mosaic of 

the two minerals filling the interspaces of the unmashed portions of these 
minerals. | 

Unakite-—This type of rock derives its name from the Unaka moun- 
tains in western North Carolina and eastern Tennessee, where the rock 

was first observed and described.* Until very recently, knowledge of it 

was limited to a single locality in Virginia, namely, at Milams gap, in 
the Blue ridge, near Luray, but it has been noted near Troutdale, in 

Grayson county.t The mineral composition of the rock from the Virginia 
and North Carolina-Tennessee localities places it among the granites, with 

epidote as an essential constituent, but, according to an analysis by 

Phalen{ of specimens from Milams gap, the rock is relatively basic for 
a granite. 

The rock is a moderately coarse but irregular crystallization of red 

feldspar, quartz, and green epidote. Irregular crystallization of the rock 

is shown in the variation of masses composed of more than two-thirds of 

the red feldspar through all gradations to masses composed of quartz and 

epidote without feldspar, epidosite (see Phalen, page 312). Thin-sections 

of the unakite from Milams gap show epidote, orthoclase, quartz, iron 
oxide, zircon, and apatite. The epidote is secondary,§ replacing pyroxene 

and feldspar, both plagioclase and orthoclase. 

The unakite-bearing rock at Milams gap is, according to Phalen, a 

hypersthene akerite (hypersthene-quartz-diallage-syenite) ,a coarse grained 

dark grayish green aggregate of essentially feldspars and black pyroxenes. 

*F,. H. Bradley: Am. Jour. Sci., 3d series, vol. evii, 1874, pp. 519-520. 

+Thomas L. Watson: Am. Jour. Sci., vol. xxii, 1906, p. 248. 

~ W. C. Phalen: Smithsonian Miscellaneous Collections, vol. xlv, 1904, pp. 306-316. 

2'W. C. Phalen: Op. cite 

a 
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Thin-sections of the syenite reveal the following minerals: Orthoclase, 

plagioclase, orthorhombic and monoclinic pyroxene, quartz, microcline, 

iron ore, apatite, and zircon, with the alteration products epidote, chlorite, 

and sericite. Hornblende is essentially absent in the thin-sections. Phalen 

regards the unakite as having originated from the akerite by hydromet- 

amorphism aided by dynamic disturbances. 

_ The following analyses of the unakite and the unakite-bearing rock— 

akerite—are quoted from Phalen (page 313) : 
Unakite, Hypersthene akerite 

Milams gap. Milams gap. 
Phalen, analyst. Phalen, analyst. 
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PORPHYRITIC GRANITE 

Unlike the crystalline region of North Carolina and Georgia, porphy- 

ritic granites are but scantily developed in the Virginia area. The best 

developed and most typical area in the state is that bounding the eastern 
margin of the Richmond coal basin near Midlothian, 13 miles west of 

Richmond and extending for a north-south distance of about 20 miles. 

This marks the western limits of the even-granular granite quarried 

around Richmond and Petersburg. Both are biotite granites and only 

differ from each other texturally. 

The rock in the vicinity of Midlothian is a coarse porphyritic biotite 

granite, the porphyritically developed mineral of which is potash feld- 

spar. The phenocrysts are of large size, 2 or more inches; idiomorphic 

in outline and contain biotite inclusions; often twinned on the Carlsbad 

law, and are in part orientated in a general northeast-southwest direction 

from flowage of the rock. The porphyritic texture, with variations, is 

traced as far north as Gayton, in Henrico county, and as far south as 

* Including TiOg. 
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Winterpock, in Chesterfield county. The evidence seems quite clear that 
the porphyritic granite underlies in part the eastern portion of the Rich- 

mond coal basin, but its relations to the crystalline rocks on the west can 

not be stated, since the line of contact is concealed beneath the cover of 

Newark cocks of the coal basin. 

GRANITE-GNEISSES 

Qneisses of granitic composition make up one of the principal rock 
types in the Virginia Piedmont complex. Many of these gneisses were de- 

rived from original massive 
granites, and they are invariably 

of the mica type. In mineral 

composition the granite-gneisses 

are essentially identical with the 

LOS ‘| massive granites, except that 
REE hornblende is associated with 

biotite in the Richmond and 

Fredericksburg areas. In some 
of the slides hornblende is 

largely in excess of the biotite. 
The gneisses differ from the 

granites principally in_ the 

banded structure induced in the 
former through the action of 

pressure metamorphism. The 

bandifig may be fairly regular, 

oy «but, as a rule, it is quite irreg- 
Pegmarize )~ y| ular; in either case the bands 

oF are composed of alternating ones 
of light and dark colored min- 

erals. The individual bands 

Figure 1.—Contact of Hornblende-biotite Gneiss with May Vary much in thickness. 

Snare: Between the entirely massive 
At McGowan quarry south of Richmond. Granite granite and the typical egranite- 

cuts directly across schistosity of the gneiss; the : “5 . 

pegmatites conform with the schistosity. gneiss intermediate grades of 

_ schistosity are easy of differ- 

entiation over parts of the Virginia area. This undoubtedly means that 

in some of the areas a less schistose granite may grade into a more 

schistose one. In other areas this interpretation is not possible, for the 

massive granites are sharply defined structurally from the schistose ones, 

and in all cases where contacts were found it was entirely clear that the 

Gramre-Girel3s 

\ 
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IX 
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massive rock was younger and had been intruded into the schistose rock. 

The evidence for this is discussed elsewhere in this paper. 

THE RICHMOND-FREDERICKSBURG GNEISS 

This is the oldest of the acid rocks in the Richmond-Fredericksburg 

areas and it is invaded by both the light gray and dark blue massive 

granite. Figure 1 shows the relations between the dark blue granite and 

the gneiss at the McGowan quarry, south of Richmond. Similar rela- 

tions obtain in the quarries 3 miles north of Fredericksburg. The period 

of deformation inducing the 

schistose structure in the gneiss 

antedates that of the intrusion 

of the massive granite, as evi- 

denced by the massive granites 

eutting across the schistosity of 
the gneiss and by inclusions of 

the gneiss in the granites which 
preserve perfectly the gneissic 
structure. \2\ Blue Vie 

The rock is a hornblende- ae Granire. 
biotite gneiss of medium text- 2 
ure and irregularly banded. 

The principal minerals are 

quartz, orthoclase, plagioclase, 

hornblende, biotite, sphene, and 

apatite. Chlorite occurs as an 

alteration from biotite. The 

principal features to be noted 
in the composition of the gneiss 

cn De (1) The [soe cues of essen- Locality Netherwood quarry. Inclusions of the 
tial hornblende, which greatly older gray granite are shown in the blue granite. 

exceeds biotite in amount in “*°—* 
some of the sections; (2) the absence of microcline—a mineral always, 

present in the massive granites; and (3) the presence of much plagio- 

clase, which is the dominant feldspar in a few sections and nearly or quite 

equals orthoclase in amount in others. 

Figure 2.—Contacts between the Gray and Blue 

Granites. 

STRUCTURAL RELATIONS OF THE GRANITES IN THE RICHMOND- 

FREDERICKSBURG AREAS 

TYPES 

Three types of rocks of granitic composition are represented in the 

Richmond area; two are massive granites ; the third is a schistose granite 
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or granite-gneiss. The two massive granites are designated above as the 

light gray granite and the dark blue granite. Three periods of intru- 

sions are accordingly represented in the following order, beginning with 

the earliest: (1) The granite-gneiss, (2) the Richmond-Petersburg light 

gray granite, and (3) the Richmond-Fredericksburg dark blue granite. 

This succession is plainly indicated in the field and is further confirmed 

by microscopic evidence. | 

CONTACTS 

The numerous quarries worked in the vicinity of Richmond afford 

excellent opportunity for studying the contacts between the fresh granites 

of the three types named above. As noted in the description detailed 

above of the three types, the difference in color, texture, and structure 

render them easy of differentiation. From the large number of contacts 

examined not one has shown the presence of contact minerals. Several 
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Fieure 3.—Relations of the Blue to the Gray Granite. 

As shown at the Netherwood quarry west of Richmond. Scale, 1/ = 159’. 

of the contacts show inclosures of the older granite in the newer one. 

At one of the contacts between the light gray and the dark blue granites 
in the Netherwood quarry the younger or dark blue granite contains 

numerous irregular and varying size fragments of the hight gray granite, 

as shown in figure 2. Again, other exposures in the same quarry reveal 

the true relations of the two granite types. As shown in figure 3, the 
dark blue granite invades the gray granite in two separate, nearly vertical 

dike-like arms. Figure 2, plate 69, is from a photograph of one of the 

arms of the dark blue granite showing jointing of the rock. The same 

relation of these two types is equally well shown in the dark blue granite 

penetrating the light gray granite in the Philadelphia quarries at the 

head of the settling basin near Richmond. 



BULL. GEOL. SOC. AM. VOEZ dif 19055) PE169 

ye 

Figure 1.—McGowan GRANITE QUARRY, SOUTH OF RICHMOND, VIRGINTA 

Showing sheeting from horizontal jointing approximately parallel to the surface 

Figure 2.—VERTICAL AND HORIZONTAL JoInrtInG, NETHERWOOD GRANITE QUARRY, WEST OF RICHMOND 

GRANITE QUARRIES IN VIRGINIA 





CONTACTS, APOPHYSES AND INCLUSIONS 30 

At the McGowan quarry, several miles south of Richmond, and the 

Cartright and Davis quarries, 3 miles north of Fredericksburg, contacts 

between the granite-gneiss and the dark blue granite are beautifully 

shown. At both places the granite cuts directly across the schistosity of 

the gneiss, as shown in figure 1. Plate 72, figure 2, is from a photograph 

of an inclusion of the gneiss in the blue granite. It is entirely clear that 

the period of intrusion of dark blue granite was subsequent to the period 

of deformation producing the schistose structure of the granite-gneiss. 

APOPHYSES 

At the Cartright and Davis quarries, 3 miles north of Fredericksburg, . 

the sloping floor of the granite-gneiss in one of the openings contains 

numerous large and small dikes or tongues of the dark blue granite pene- 

trating the gneiss. These have the same texture, color, and composition 

as the parent mass and they conform in part with the schistosity of the 

inclosing gneiss and in part cut directly across it. Similar conditions 

obtain at the McGowan quarry, several miles south of Richmond. The 

Fredericksburg quarries furnish the best illustration of granite tongues — 

penetrating from the parent mass into the inclosing rock. ; 

INCLUSIONS 

The inclusions are of two kinds: First, those which correspond in 
composition and otherwise with the inclosing rock and plainly represent 

fragments of the country rock torn off during the intrusion of the granite 
containing them. In the Richmond-Fredericksburg areas the dark blue 
granite in some of the quarries contains inclusions of the massive light 
eray granite (figure 2) and of the gneiss (plate 72, figure 2). The 

foliation of the gneiss is entirely preserved in the inclusions of the rock. 

No appreciable metamorphism was observable in the contacts of the 
country rock and the inclusions. 

The second type of inclusion is a massive basic segregation from the 

magma. It consists of dominant biotite, a little feldspar and quartz, and 

of variable sizes and shapes. Where observed, a tendency toward an 

elliptical or much elongated mass is shown. The composition of these 

bodies entirely comports with that of the inclosing rock, granite, except 

that biotite is very largely in excess. These basic inclusions are abund- 

antly developed in the hornblende-biotite granite of the Falls Church area, 

where they assume very large dimensions in many cases. The Richmond, 
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Petersburg, and Fredericksburg granites show comparative freedom from 
them, and usually they are of very small dimensions. 

THE APLITES AND THE PEGMATITES 

The aplites are only occasionally met with in the Virginia granite 
areas. ‘They have been noted by the writer only in the Richmond granite 
area. A banded aplite-pegmatite of small dimensions, shown in figure 4, 
penetrates the dark blue granite of the McGowan quarry south of Rich- 
mond. In the vicinity of Midlothian, 13 miles west of Richmond, the 
porphyritic biotite granite is cut by a number of small aplite dikes. 
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Fiaure 4.—Banded Aplite-Pegmatite 

Intersecting the Blue Granite. 

McGowan quarry, south of Rich- 

mond. Scale, 1” =5/; 

forms of the garnet. 

Where these have been observed they are 

plainly of an intrusive nature, cutting the 

granite proper and not the inclosing gneisses. 

‘Pegmatites are abundantly developed in 

the Richmond-Fredericksburg areas and at 

times are of large size. Only in one or two 
instances do they seriously interfere with 

quarrying operations. They are of granitic 

mineralogy, without the occurrence of un- 
usual or rare minerals noted in them, and 

they cut alike the granites and the gneisses. 

They consist of coarse aggregates of feld- 
spar and quartz, with more or less black bio- 

tite and a little muscovite. In the Fred- 

ericksburg quarries of dark blue granite, 
where the pegmatites are particularly abun- 

dant, massive granular magnetite and large 

and small perfect red crystals of garnet are 
not infrequent constituents. The dodeca- 

hedron and trapezohedron are the commonest 

The feldspar exhibits a variety of colors, from 
white opaque and pink to a decided medium green, the former two being 

- the commonest shades. 

cline under the microscope. 
The numerous quarries in the Richmond area afford excel- these veins. 

Thin-sections show both orthoclase and micro- 

An acid plagioclase is present in some of 

lent opportunity for studying the pegmatites and some interesting data 

have been obtained bearing on their comparative age relations. 

It has been shown above that there are three granites, including the — 
granite-gneiss in this area, representing as many periods of intrusion. 

The order of these intrusions, beginning with the oldest, has been shown 
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APLITES AND PEGMATITES 537 

to be: (1) Granite-gneiss, (2) Richmond-Petersburg light gray granite, 

and (3) the Richmond-Fredericksburg dark blue granite. As shown in 

the accompanying figures, sketched from quarry openings in the field, 

the granite mass of each intrusion was accompanied by the formation of 

pegmatitic material. Some of the pegmatites intersecting the dark blue 

granite which represents the latest of the granite intrusions also pene- 

trate the light granite, and in some cases the earliest of the intrusions, 

granite-gneiss. ‘These conditions are well illustrated in figures 1 and 5, 

which show that the latest formed pegmatites intersecting the dark blue 
granite also extend into and intersect respectively the granite-gneiss and 

LS 
- 

al Ae 

is Gray Granite \ 
Sr 

POON GA ey, I aN 

Fieure 5.—Contact between Blue and Gray Granite. 

Netherwood quarry, west of Richmond. The same pegmatite cut- 

ting both granites is shown. 

the light gray granite; also figure 1 shows that a pegmatite which char- 

acterized the earliest period of intrusion, granite-gneiss, is abruptly cut 
off by the intrusion of the dark blue granite into the granite-gneiss. It 
will be observed from the figure that where the pegmatite is cut off by 

the dark blue granite it is equally as wide as in any other portion of the 

dike, traced for some distance in the exposed granite-gneiss. Moreover, 

those pegmatites which belong to the latest period of intrusion and which 

intersect the dark blue granite are found intersecting each other in such 

manner as to indicate earlier and later formation. Figure 6, which 

shows this, also shows that the oldest or intersected pegmatite is faulted 
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along the youngest or intersecting pegmatite. There is no evidence for 

regarding this relation of the pegmatites as due to branching, but the 

facts all support faulting as the cause. | 

Those pegmatites which intersect the granite-gneiss in some cases 

follow the schistosity, as in figure 1, and in other cases they cut across the 

-schistosity, as in figure 7. Plate 71, figures 1 and 2, are from photo- 

Figure 6.—Faultied Pegmatite intersecting Blue Granite. 

The Donald quarry, west of Richm°nd. 

graphs of pegmatites cutting the dark blue granite in the quarries at 

Fredericksburg and Richmond. 
Where observed, the pegmatites are sharply defined from the inclosing 

rock; parallel banding to the walls does not occur; their composition is 

essentially similar to that of the inclosing granite, and all of them are 
entirely massive, without any evidence of pressure metamorphism shown 

in them. ‘This last feature, massive character, has an important bearing 

on the question of the relative periods of formation of the pegmatites 

and that of the granite-gneiss which they intersect. In case the gneiss 

represents an original massive .granite, which seems reasonably sure, it 
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Ficgure 1.—PEGMAtTItE DIKE 

Cutting blue granite in Davis quarries, 3 miles north of Fredericksburg, Virginia 

Figure 2.—PEGMATITE VEINS CUTTING GRANIVE, DONALD QUARRY, WEST OF RICHMOND 

PEGMATITE DIKES AND VEINS 





JOINT SYSTEMS 539 

must follow that the massive pegmatites which characterize it must have 

formed after the period of deformation which induced the banded or 
schistose structure in the gneiss. Again, this series of pegmatites must 

have formed prior to the periods of intrusion of the light gray and the 
- dark blue granites, as shown in fig- 

ure 1. 

JOINT SYSTEMS 

GENERAL CHARACTER 

The Virginia granites are inter- 

 sected by three systems of joints—a 
vertical set, a diagonal set, and a 

‘horizontal set. These may be widely 

spaced or closely spaced. Usually 
= the spacing is sufficiently wide toad-  Fieure t— Pegmatite cutting across the Schis- 

: 2 : : tosity of the Granite-gneiss. 
mit of dimension stone being quar- 

ried. The vertical set of joints is 

usually more strongly developed than the diagonal, and in some of the 

granite-masses both sets occur. 

Measurements of the strike of the joint-planes made in the quarries can 
be summarized as follows: Two sets of joints whose planes lie in the 
northeast and northwest quadrants respectively and compose the major 

jointing, and two minor sets striking east-west and north-south. Strike 

of the joint-planes in the northeast and northwest quadrants shows the 
limits of variation to be north 5° east or west to north 80° east or west. 
Only a few of the planes strike east-west and north-south. 

The inclined joints are less abundant than the vertical ones, and they 

dip at angles varying from 20 to 82 degrees. The dips are toward the 
northeast, east, and southeast, northwest and southwest. On plate 69, 

figure 2, and plate 70, figures 1 and 2, are shown the two systems of 

vertical and inclined joints. Some movement in the granite masses since 

the formation of the joints is indicated in the development of slickensides 

on the joint surfaces. Polished and striated surfaces are fairly 
abundant. : 

Sse 
Oras 

Middendorf quarry, west of Manchester. 

HORIZONTAL JOINTS 

Joints which approximate horizontality in position are strongly devel- 
oped in the granites of Virginia and of the southern States in general. 
Careful observation over the southern region by the writer has developed 
two characteristics of this set of joints: 

XLIX—BULL. Grou. Soc. AM., Vou. 17, 1905 
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(1) The visible joints that lie entirely or approximately in the hori- 

zontal plane are a surface feature, becoming less emphasized with depth 
and are not observed in the lower portion of the rock in some of the deeper 
quarries. Asa rule, the planes separate the rock into thinner sheets at or 

near the surface and into thicker sheets on depth. 

(2) The joints of this set are developed parallel to the granite surface. 
In the flat surface exposures of granite this set of joints lie entirely in 

the horizontal plane. In the gently arched exposures the joints observe 

approximately the same degree of curvature as that of the granite surface, 

and in the steep domes the joints are correspondingly steep, observing 
parallelism with the doming surface. 

In the opinion of the writer, the above facts indicate weathering as the 
cause of this set of joints; exfoliation to be largely attributed to temper- 

ature changes.* Curved joints undoubtedly exist in some granite masses 

below the exfoliating surface and, as Merrill says, are “the result of 

torsional strains and once existing are lines of weakness which become 

more and more pronounced as weathering progresses.” t 

Doming granite masses do not occur in the Virginia area and the joints 
belonging to the above class are practically horizontal. Plates 

69, 70, and 72, reproduced from photographs taken in the Virginia quar- 

ries, show a strong development of horizontal jointing. 

*@G@. P. Merrill: Rocks, rock weathering and soils, 1897, pp. 180-184. 

} Ibid., p. 245. 
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Figure 1.—Coox’s GRANITE QUARRY, NORTH OF PETERSBURG, VIRGINIA 

Showing horizontal jointing parallel to surface 

Loge 

Pe eS es 

Figure 2.—INCLUSION OF GNEISS IN BLUE GRANITE AT McGowan QUARRY, SOUTH OF RICHMOND 

GRANITE QUARRY AND GNEISS INCLUSION 
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GEOLOGIC MAP OF BIGHORN MOUNTAIN 

By N. H. Darton. 
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542 N. H. DARTON—FISH REMAINS IN ORDOVICIAN ROCKS 

INTRODUCTION 

The purpose of this paper is to announce the discovery of fish remains 

in rocks of Ordovician age in the Bighorn mountains and to describe the 

character and relations of the rocks in which they occur. There will be 

» added a few statements regarding the similar occurrence of fossil fish in 

the Ordovician sandstone near Canyon City, Colorado, announced by Mr 

C. D. Walcott in 1892+, and a brief review of our knowledge of the 
Ordovician geology of the Northwest. 

GENERAL GEOLOGY OF THE BIGHORN UPLIFT 

GEOGRAPHY 

The Bighorn mountains are an outlying portion of the Rocky Mountain 

range, extending from north-central Wyoming into the south-central por-' 

tion of Montana. They rise abruptly out of the Great plains, which have 

an altitude of 4,000 to 5,000 feet, to altitudes which range from 10,000 to 

slightly over 13,000 feet in the higher mountain summits. The portion 

of the range to which the term Bighorn mountains is applied trends north- 

northwest in the northern portion of its course and nearly due north and 

south in the southern portion, where it joins a high east-west range 

known as the Bridger range and Owl Creek mountains. 

The Bighorn mountains end at the north at the canyon of Bighorn 

river, beyond which the same uplift is continued in the Pryor mountains, 

a range of moderate elevation, which extends but a short distance. West 

of the Bighorn mountains there is a wide area of plains known as the 
Bighorn basin, which extends to the foot of the Shoshone mountains on 

the west and the Bridger range and the Owl Creek mountains on the 

south. 

STRUCTURE 

The Bighorn mountains are due to a great anticline of many thousands 

of feet uplift, which has brought a thick series of Paleozoic and Mesozoic 

sedimentary rocks high above the adjoining Great plains. Owing to the 

deep erosion of the crest of this uplift, the mountains present a central 
nucleus of pre-Cambrian granites, with the sedimentary rocks on the 

flanks of the mountains and constituting plateaus at either end. ‘The 
region is one of exceptionally fine exposures, which afford a rare oppor- 

tunity for study of the stratigraphic relations and variations. Most of 

the rocks are hard, and streams flowing out of the central mountain area 

have cut deep canyons and gorges, in the walls of which the formations 

~ Bull. Geol. Soc. Am., vol. 3, pp. 153-172, pls. 3 and 5. 
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are often extensively exhibited. The structure presented locally is usually 

that of a monocline dipping toward the Plains on the east side and the 

Bighorn basin on the west. The oldest sedimentary rocks usually are at 

the base of a ridge facing the interior granite area, and each higher 

stratum passes beneath a newer one in regular succession outward toward 

the margin of the uphft. In figure 1 there is given a cross-section show- 

ing the general structure in the higher portion of the uplift. 
In this section the anticline has steep sides, especially on the west, but 

in places the steeper dips are on the east side, and in some portions of the 
uplift they are gentle on both sides. In the northern portion of the area, 

where the strata cross the arch, the crest of the uplift is nearly flat. 

RSS SS 
4 

NAGS 
s 4 

SN 4 

a? 

FIGURE 1.—Typical Section across the Bighorn Mountains. 

Showing the general structure in the higher portion of the uplift. C, Deadwood for- 

mation (Middle Cambrian) ; O, Bighorn limestone; LC, Madison limestone (Lower Car- 

boniferous) ; UC, Amsden and Tensleep formations (Upper Carboniferous) ; R, Red beds; 

M, Sundance (Jurassic) and Morrison; Cl, Cloverly sandstone; Co, Colorado group; P, 

Pierre shale; F, Parkman sandstone (Fox Hills?). 

Several great faults break the monoclinal slopes, and in the southern por- 

tion of the range a great dislocation extends for many miles along the 

higher portion of the mountain, parallel to the strike of the uplift and 
near its crest. 

ROCKS 

The sedimentary formations consist of a series of thick sheets of sand- 

stone, limestone, and shales, all essentially conformable in structure, 

although lacking some members of the geologic succession. Quaternary 

deposits of glacial origin he on the granites in the highlands, and fluvia- 

tile gravels and sands are on terraces overlapping the older sedimentary 

rocks on the Plains. The stratigraphy presents many features of simi- 

larity to the succession of rocks in the Rocky mountains of Colorado and 
Wyoming and the Black hills, but it possesses numerous distinctive local 

features. The following is a list of the formations which are exhibited 

in the uplift, with a generalized statement as to thickness, characteristics, 

and age. The broader features of distribution are shown in the map 

(plate 73). 
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Generalized Section in the Bighorn Mountains 

Formation. 

De Smet forma- 
tion. 

glomerate. 

Laramie? 

j Kingsbury con- 

1 

| Piney formation... 
L 

Parkman (Fox Hills?) 
sandstone. 

Pierre shale...........008 

Colorado formation.... 

Cloverly formation..... 

Morrison formation.... 

Sundance formation... 

Chugwater formation. 

Tensleep sandstone... 

Amsden formation..... 

Madison limestone.... 

Bighorn limestone...... 

Deadwood formation.. 

GEAMIGC cise ede: 

Character and age. 

Gray sandstone and carbonaceous 
shales, with lignite deposits. 

Local conglomerate of central-eastern 
district. 

Brown and gray sandstones and 
shales. 

Soft, buff, massive sandstone with 
harder darker coneretions. 

Dark gray shale with concretions....... 

Gray shales, thin brown sandstones 
below, hard fine gray sandstones 
(Mowry beds) in middle part, con- 
eretions with Prionocyclus, etcet- 
era, at top. 

Buff, coarse massive sandstone below 
with light-colored shales and some 
sandstones above. 

Massive shales, greenish-gray, buff, 
maroon, with thin sandstones. 

Soft sandstones overlain by greenish- 
gray shale; several hard fossilifer- 
ous layers near top and bottom. 

Red shales and soft sandstone, thin 
limestone layers near top and bot- 
tom, and gypsum deposits. 

Massive buff to gray sandstone, cal- 
careous near top. 

Red shales or sandstone at base, over- 
lain by fine grained white lime- 
stone, cherty near top. 

Light colored limestones, very mass- 
ive near top. 

Mostly hard massive limestones with 
streaks of silica, overlain by series 
of softer purer limestones with 
local shaly limestones, 0-30 feet of 
white sandstone at base. 

Feet. 
Slabby limestones with flat- 

pebble limestone conglom- 
erates, sandy to southeast... 200 

Green shale with sandstone 
LAVON So ses tes Gisccsdeswastuess cat cwewsee 300-600 

Brown massive sandstones.... 0-400 

Gray and red of various kinds, pene- 
trated by diabase and other dikes. 

Average 
thickness. 

Feet. 

0-2,000 

2,000-3,000 

300- 500 

1,200-3,500 

1,250-1,500 

80- 200 

150- 300 

250- 450 

700-1,300 

30- 150 

200- 350 

700-1, 100 

250- 3u0 

900-1,150 

eee eeeeetssreesoeres 
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Age. 

5,000+| Upper Cretaceous (and 
Eocene ?). 

Upper Cretaceous (and 
Hocene ?). 

Upper Cretaceous (and 
Kocene ?). 

Upper Cretaceous. 

Upper Cretaceous. 

Upper Cretaceous. 

Upper and Lower Creta- 
ceous (Dakota-Fuson 
Lakota). 

Lower Cretaceous? 

Jurassic. 

Triassic? and Permian. 

Carboniferous (Penn- 
sylvanian). 

Carboniferous (Penn- 
sylvanian and Mis- 
sissippian ?). 

Carboniferous (Missis- 
sippian). 

Ordovician (lower 
member’ Trenton), 
upper member Rich- 
mona). 

Middle Cambrian. 

Archean or Algonkian. 

ORDOVICIAN OF THE BIGHORN MOUNTAINS 

GENERAL RELATIONS 

As indicated in the above table, the Ordovician representative in the 

Bighorn mountains has been designated the Bighorn limestone,* and 

* Bull. Geol. Soc. Am., vol. 15, 1904, p. 395. 
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probably it is the most conspicuous sedimentary formation in these moun- 

tains, for its hard, massive limestone outcrops in long high escarpments 

surmounting the slopes of Deadwood rocks. To the north its thickness 

averages about 300 feet, including an upper series of about 100 feet of 

softer, thinner bedded limestone and a basal white sandstone, which have 

been included in the formation mainly on account of their Ordovician age. 

In the southern portion of the uphft the formation thins out and is 
absent, but it reappears in the northern and western portions of the 
Bridger range.* | j 

The principal exposures of the Bighorn limestone are in the lines of 

cliffs which face inward on the higher slopes of the limestone front ridge 
of the mountains, and it caps some of the highest divides in the Bald 

Mountain region. It is also a prominent feature in the numerous deep 

canyons leading out of the mountains, especially along Bighorn, Tongue, 

and Little Bighorn rivers and Shell, Lodge Grass, Wolf, Goose, Rapid, 

’ Paintrock, Tensleep, Canyon, Otter, Beartrap, and Crazy Woman creeks. 

Along either side of the higher part of the uplift the outcrop of the forma- 
tion usually is narrow, but in the Bald Mountain region, where the strata 

lie more nearly level, some wider areas are exhibited. It caps the main 

divide north of Bald mountain and occurs on either side of the upper 

portion of Tongue River valley. In the high plateau between Tongue 

river and Shell creek it is largely covered by Madison limestone. In 

Hunt mountain the formation presents to the west a high, straight escarp- 

ment, which is visible from far out in the Bighorn basin. The formation 

is cut out for short distances by the great faults at various points along 

the uplift, so that it does not reach the surface. Its outcrop area is 

shown in plate 73. 

CHARACTER 

The massive limestone which constitutes the greater part of the forma- 
tion is a rock usually of light buff color, somewhat darker when weathered, 

filled with a coarse mat or network of irregular, silicious masses, mostly 

from one-half to 1 inch in diameter. On weathering this silicious ma- 

terial stands out a half-inch or more on the rock surface as a ragged net- 

work, the purer rock between having been dissolved. The nature of this 

weathered surface is shown in figure 1, plate 76. This feature and the 

very massive bedding are characteristic. It is owning to the softness of 

the underlying Deadwood shales and the hard, massive nature of the Big- 

horn limestone that the latter forms high cliffs with a talus of huge blocks 

* The first notice of Ordovician in the Bighorn mountains was in a paper by C. E. 

Beecher, Am. Geologist, vol. xviii, 1896, p. 32. 
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of the limestone on the slopes below. In plate 74 are shown some prom- 
inent outcrops of this member. In the canyons there are close, high 

walls where the streams cross the formation, and a vertical cliff as the 
rock rises in the slopes. 3 

The upper portion of the formation consists of limestones softer and 

purer than those below, the bedding is thinner, color whité to gray, and 

parts of the rock are very compact or fine grained, often resembling 

lithographic stone. There is considerable variation in the local features 

of this member, and its thickness varies from 75 to over 100 feet. In its 

basal beds corals occur, often in great abundance, especially along the 

central side of the uplift. In the greater part of the area there is in- 

cluded, a short distance above the coralline beds, a layer of hard, massive 

limestone with network of silica, similar to the great lower member of the 

formation, but less marked in character and only from 15 to 25 feet thick. 

Some shale and sandy limestone beds are also included. On the south 

branch of Rock creek the upper member of the formation is an impure, 
thin bedded, gray limestone which weathers to a reddish clay and contains 

large numbers of fossils of the Richmond fauna. 

The basal sandstone of the formation is a distinct member separating 

the massive Bighorn limestone from the limestones and shales of the Dead- 

wood formation. It is most extensively developed in the northern central 
portion of the uplift, where its thickness usually is from 25 to 30 feet. 

The rock is a moderately coarse grained, massive sandstone, mostly of 

light gray color. It thins to the northwestward and is absent at some 

localities in the vicinity of Shell creek and Little Bighorn river. It also 
thins south of latitude 44 degrees and finally ends with the termination 

of the Bighorn limestone a short distance north of Cheevers, a ranch 10 

miles southeast of Bigtrails, excepting a small area on the West fork of 

Powder river, 12 miles farther southeast, where it has a thickness of 4 

feet. 

THICKNESS 

North of Powder river the Bighorn limestone rarely varies materially 
from 300 feet in thickness, but in some localities the amount is slightly 

greater, notably in the lower part of Shell Creek canyon, where there are 

two beds of massive silicious limestone in the upper series. In Beartrap 

canyon (due west of Mayoworth) and the ridges southwest the formation 

shows rapid decrease in thickness, and finally it thins out southeast of 

Bigtrails, where the Madison limestone lies directly on the eroded surface 
of the Deadwood formation. In an outlying knob 8 miles southeast of 

Bigtrails the limestone is 25 feet thick and separated from the Deadwood 
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Figure 1.—Typicat CLIFFS OF MASSIVE BEDS OF BIGHORN LIMESTONE 

On east slope of Bighorn mountains, west of Buffalo, Wyoming. Deadwood shales under talus in slopes to left ; 
Madison limestone in ridges to right 

Figure 2.—R1DGE OF RIGHORN LIMESTONE 

On east slope of Bighorn mountains, west of Sheridan, Wyoming. Slopes of Deadwood beds to left; granite on 
extreme left ; Madison limestone to the right 

EXPOSURES OF BIGHORN LIMESTONE 





THICKNESS AND STRATIGRAPHIC RELATIONS 5A7T 

beds by a few feet of white quartzitic sandstone, the basal member of the 
formation. The characteristic massive limestone, with silicious network, 

reappears in the Bridger range west of Deranch, at first thin, but gradu- 

ally thickening to 40 feet on branches of -Buffalo creek southeast of 

Thermopolis, and to 50 feet or more in the upper canyon of Bighorn river. 

STRATIGRAPHIC RELATIONS 

The Bighorn formation lies unconformably between Middle Cambrian 

and earlier Carboniferous beds and includes near its upper part an un- 

conformity representing a long period of later Ordovician time. These 

unconformities present no perceptible discordances in dips. The basal 

contacts, especially at the base of the white sandstone, are well exposed, 

but show mainly only a sharp change in materials. In a few cases there 

are slight local irregularities apparently due to channeling. The subjacent 

beds are Deadwood (Cambrian) limestones, but none of this material is 

discernible in the Bighorn sandstone. Where the sandstone is absent and 

the massive Bighorn limestone overlaps Deadwood limestone there appears 

not to have been local uplift and truncation of the sandstone, but simply a 

thinning out of the sandstone against the margin of a channel, or coast- 

line, which is overlapped by the massive limestone. The contact between 

the massive limestone and the overlying thin bedded limestone (Rich- 

mond) unfortunately was not found sufficiently well exposed to afford 

information as to the precise relations. Judging from their distribution, 

the Richmond beds lie in shallow basins on an eroded surface of the 

massive limestone. The Bighorn-Madison contact is often exposed, but, 

although the hiatus represents all of Silurian and Devonian time, neither 
channeling nor fragmental products were observed, and usually it is not 

possible to discern the plane of contact. In a few places there appears to 

be a sudden change from one limestone to another, especially where the 

basal Madison beds are darker gray and slightly sandy. 

The disappearance of the Bighorn formation to the southeast was ex- 

amined with care, and, while there is some thinning of all the strata, the 

principal diminution of thickness clearly is due to erosion from the top 

down. Even in this part of the region neither discordance of dip nor 
channeling of the surface of the Bighorn limestone was perceptible, and 
there was no evidence of fragmental products in the overlying Madison 

limestone. It was seen, however, that at first the top bed of the massive 

Bighorn limestone was rapidly diminishing in thickness, and after it was 
gone the next thick stratum became thinner and thinner, and finally 

ended, so that Madison limestone came down onto Deadwood upper lme- 
stones, as shown in plate 75. The basal Bighorn sandstone thinned 
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out before the ending of the massive limestone. In the southward con- 

tinuation of this increased unconformity it was found that finally in 

the vicinity of the heads of branches of Buffalo creek west of Houck the 

Deadwood limestones are eroded off and for a short distance the Madison 

limestone lies on the Deadwood shales. The supposed relations are shown 

in figure 2. Farther west in the Bridger range the Ordovician limestone 

comes in again, presenting relations similar to those in the Bighorn 

mountains, but without the basal sandstone so far as observed. Probably 

the Bighorn formation originally extended over the portion of this eroded 

area now included in the Bighorn Mountain uplift, and its present 

absence here is entirely due to erosion. ‘The overlap apparently is due to 

locally increased uplift in post-Ordovician times at the north end of an 

anticline which involved the southeast corner of the Bighorn mountains 

MADISON 
ae 

PSaaneee 
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FIGURE 2.—Ideal Section showing stratigraphic Relations in southern Part of Bighorn 

Mountains. 

and probably extended from the Laramie range. The original position 

of the shoreline of the Bighorn limestone to the south is not known. 

INVERTEBRATE FOSSILS 

The greater part of the Bighorn limestone yields but few fossils. Frag- 

ments of maclurinas and corals appear occasionally in the lower massive 

beds, and, as above staed, some beds of limestone near the base of the upper 

series contain corals in most localities. ‘The principal species is a variety 

of Halysites catenulatus (gracilis), or chain coral, which often occurs in 

large numbers. The locality at which fossils were observed to be most 
abundant in the lower limestone member is on the top of Medicine-moun- 
tain, a high peak 5 miles northwest of Bald mountain, in beds about 100 

feet, above the base of the formation. The following forms from this place 

were determined by Mr E. O. Ulrich: Streptelasma sp. undet., Protarea 

n. sp. (massive), Plectorthis plicatella ?, Dinorthis pectinella ?, D. 

subquadrata ?, Rhynchotrema capax ? var., Oxydiscus sp. undet., Liospira, 

sp. undet., Z'’rochonema sp. undet. (near 7’. robbinsi), Holopea excelsa ?, 

and Huroma sp. undet., a lower Galena-T'renton fauna, as nearly as can 

be ascertained. 
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EXPOSURE OF MADISON LIMESTONE ON DEADWOOD FLAGGY LIMESTONE 

On Deep creek, 7 miles southeast of No Wood, Wyoming, in southwestern portion of Bighorn mountains 

The man’s hand is on the econtaet 
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From the upper beds of the formation, at a point about 5 miles east of 

Bald mountain, the following fossils were collected: Streptelasma n. sp. 

(with trilobate calyx), Calapecia sp. undet., Favosites sp. undet., Stroma- 

tocervum ?n. sp., Dalmanella testudinaria var., Lepteena unicostata, and 

Rhynchotrema capax. These were determined by Mr EH. O. Ulrich, who 

regards them as of Richmond age. 

Near the divide at the head of Cedar creek the upper member of the 

formation was found to be about 160 feet thick, and in the upper beds of 

this member the following forms were found: Leptena unicostata, Stro- 
phomena fluctuosa, Dinorthis subquadrata (coarsely striated form), Rhyn- 

chotrema capax. In the middle beds are Halysites gracilis (abundant), 

Streptelasma sp. undet., Diplotrypa westom, Dalmanella testudinaria var. 

(D. meeki, W. & S.), and Zygospira n. sp. (without radial plications). 

In the lower beds of the upper member, a short distance above the top 

of the thick massive limestone member of the formation, were the follow- 

ing fossils: Streptelasma n. sp. (with trilobate calyx), Dalmanella tes- 

tudinaria var., Rhynchotrema increbescens ?, Trochonema umbilicata ?, 

Trochonema sp. undet., and Cyrtoceras sp. undet. (near C. lysander). 

All these forms are of Richmond age. 

A complete section of the Bighorn limestone is well exposed in Wolf 

Creek canyon. Lying on the basal sandstone are about 200 feet of massive, 

cream-colored, silicious limestone, typical of the lower portion of the 

formation. This is overlain by the top member of purer, softer limestones 

in part very fine grained and yielding Rhinidictya, Dicranopora near 

fragilis, Ptilotrypa obliquata, Pachydicta sp. undet., Prinutia sp. undet., 

and numerous corals, a fauna of approximate Richmond age. On Big 

Goose creek similar rocks are found, 160 feet of massive limestone lying 

on the basal sandstone and containing only a few maclurinas and coral 

fragments. This is overlain by the top member, comprising 10 feet of 

fine grained cream-colored limestone, 42 feet of massive, hard, light 

cream-colored limestone, in part sandy and with small calcite geodes, 4 

feet of coarse grained limestone filled with corals, including Halysites 

gracilis (small-meshed form) and Columnaria thomu Hall (like C. 

alveolata Goldfuss, but with separate corallites), 6 feet of sandy and pure 

limestone layers alternating, and 40 feet of hmestone, mostly soft, slabby, 

and fine grained. Next above are 135 feet of massive cream-colored lime- 

stones, cherty in lower part, belonging entirely or in greater part to the 

Madison limestone, but containing only a few indeterminate coral frag- 

ments. 

On South fork of Rock creek, 12 miles northwest of Buffalo, large num- 

bers of fossils are weathered out of the reddish clay, due to the weathering 
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of the uppermost limestone beds of the Bighorn formation. The fossils 

obtained at this locality, as determined by Mr E. O. Ulrich, are as fol- 

lows: 

Streptelasma rusticum Billings. 

Streptelasma cf. robustum Whit- 

eaves. 

Streptelasma n. sp. (with trilobate 

calyx). 
Lindstromia n. sp. 

Favosites asper D’Orbigny. 

Proboscina (near Frondosa, Nichol- 

son). 

Monotrypella quadrata Rominger. 

Batostoma manitobense Ulrich. 

Bythopora striata Ulrich. 

Leioclemella sp. undet. 

Rhinidictya sp. nov. 

? Goniotrypa lateralis Ulrich. 

Sceptropora facula Ulrich. 

Plectambonites n. var. or sp. (near 

sericea). 

Leptena nitens Billings 

i 

Strophomena n. sp. (between WS. neg- 

lecta and NS. planodorsata). 

Dalmanella meeki Winchell and 

Schuchert (? Miller). 

Dalmanella tersa Sardeson. 

Dinorthis n. sp. (distinguished from 

D. subquadrata by its coarse ribs) 

Hall. 

Plectorthis whitfieldi Winchell (small 

variety). 

Rhynchotrema per lamellosa Whit- 

field. ; 

Rhynchotrema n. var. of increbescens 

Hall. 

Lophospira (cast) sp. undet. 

Cylora depressa ? Ulrich. 

Eurychilina manitobensis Ulrich. 

Primitia lativia Ulrich. 

Schmidtella sp. undet. 

From extensive exposures of the top member of the Bighorn limestone 

near the head of Lee creek, 14 miles east-northeast of Tensleep, Mr 

Ulrich obtained the following species: Halysites gracilis, Columnaria 

alveolata, C. halli var., and Calapecia resembling huronensis and anticos- 
tiensis, an association regarded as Richmond. At a horizon 5 feet lower 

the following species were collected: Streptelasma rusticum, Leptena cf. 
nitens, Rhynchonella ? argenturbica ?, Inospira cf. micula, Lophospira 

acuminata, Helicotoma cf. marginata, and a small Straparollus-like shell, 

a Richmond faunule. About 50 feet lower in the same vicinity there was 

found in the massive limestone member a Platystrophia of new species, 

but believed to be the same as one found in the Trenton limestone of 

Tennessee. 

OCCURRENCE OF THE FISH REMAINS 

The fossil fish were discovered in the basal sandstone of the Bighorn 

mountains, in August, 1905, at various points in the south-central portion 
of the uplift. They were first observed in outlying buttes on the head of 

the main or south prong of Red fork of Powder river, 23 miles slightly 
south of west of Mayoworth post-office, in the southern portion of Johnson 

county, near the line of Bighorn county. This locality is near the crest of 
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the Bighorn mountains. They were also found to occur at frequent in- 

tervals southward for the next 7 miles to the southern margin of the Big- 

horn formation, which is on the headwaters of another branch of Powder 

river, 15 miles northwest of Barnum post-office, in the southeastern por- 

tion of Bighorn county. | 
The relations at the locality first mentioned above are shown in the 

following section: 

ais LIVES ON: & 

ISH BEARING SANDSTONE 

a DEADWOOD EORMATION 

— 
—— <= —— 

Figur 3.—Oross-section of Butte near Summit of Bighorn Mountains, 23 Miles West of 

Mayoworth, Wyoming. 

The sandstone at this locality is from 6 to 8 feet thick, and it outcrops 

frequently. It is moderately coarse grained, varies from hard to soft, is 

massive, and in part shows considerable cross-bedding. Its color varies 

from dirty buff to light gray, and many of the weathered portions are 

brownish. Some portions appear oolitic, owing to concretionary growth of 

the sand grains. The contacts above and below are sharp, but with no 

marked evidence of unconformity. The underlying beds are Deadwood 

limestones and shales, the former containing flat pebble conglomerate of 

intraformational type. A short distance below the contact fossils occur, 

consisting mainly of Dicellamus politus in large numbers and a few 

trilobite fragments, apparently Ptychoparia owenu, which are characteris- 

tic of the Middle Cambrian. 'The overlying massive limestone is typical 
Bighorn limestone, containing occasional maclurinas and corals. There 

can be no question as to the stratigraphic position of the fish-bearing sand- 

stone below this limestone, for the superposition is plainly exposed here 

as well as at many localities northward. 'The Bighorn limestone is here 

only about 40 feet thick, or one-eighth its thickness in its maximum de- 

velopment in the northern portion of the Bighorn uplift. As explained 

above, the diminished thickness apparently is due somewhat to thinning 

of the original deposit, but mainly to the absence of the upper portion 
removed by erosion prior to Carboniferous time. The overlying Madison 
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limestone of Lower Carboniferous age lies unconformable upon it, but 
without any marked erosional features. 

AGE OF BIGHORN FORMATION 

The paleontological evidence, as above presented, indicates that the 

massive limestone constituting the greater part of the Bighorn limestone 

is of Trenton age, but it probably represents only the earlier part of the 

Trenton limestone of other regions. The fish-bearing sandstone is cor- 

related with the Harding sandstone of Colorado, which, as will be shown 

later, is believed to represent the Black River limestone, so that it is in 

practically conformable succession with the massive limestone. The upper 

limestone member of the Bighorn formation, apparently not everywhere 

present, is of Richmond age or separated from the massive limestone by a 

‘hiatus representing later Trenton, Utica, Eden, and Lorraine time, and 

perhaps also the earliest part of Richmond time. According to present 
ideas the later Richmond represents the last of Ordovician time, so that 

the hiatus above the Bighorn limestone when the Richmond representative 
is present is equivalent to Silurian and Devonian times. The unconform- 
ity between the Bighorn and Deadwood formations represents the Upper 

Cambrian and a long period of early Ordovician, comprising Beekman- 

town, Lower Magnesian, and Saint Peters. 

ORDOVICIAN IN OwL CREEK MoUNTAINS 

The Bighorn limestone, which is so conspicuous in the northern portion 

of the Bighorn uplift, appears extensively in the Owl Creek mountains, 

but with diminished thickness. Near the canyon of Bighorn river, which 

is at the east end of the range, the thickness is only 40 feet, but in the 
vicinity of Phlox mountain, 30 miles west, and Owl Creek canyon it is 

over 150 feet thick, and in the vicinity of Crow creek, at the south end of 

Shoshone mountains, it is about 100 feet. The formation outcrops con- 
tinuously around the higher central area of the Owl Creek uplift and west- 

ward along the South fork of Owl creek to a point 3 miles west of longi- 

tude 109 degrees. It outcrops again on the slopes adjoining the Crow 

Creek canyon and the upper portion of West fork of Muddy creek and in 

Bighorn canyon. The most prominent exposures are in the great south 

and west facing escarpment of Phlox mountain, where its cliffs are nearly 

150 feet high. 
The formation consists almost entirely of a massive limestone, usually 

of light buff color, somewhat darker when weathered, filled with a coarse 

mat or network of irregular silicious masses, mostly from one-half to 1 

inch in diameter. On weathering, this silicious material stands out a 
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Figure 1.—WEATHERED BiGHORN LIMESTONE SHOWING CHARACYTERIS©IC NEPWORK OF SILICA 

The area in view is about 4 by 5 feet. Photograph by C. D. Walcott 

Figure 2.—BiGHORN LIMESTONE IN CANYON OF Owl CREEK, NEAR LONGITUDE 109° 

View is taken looking down the canyon. The limestone constitutes the high cliff on the right, 

The smaller cliffs are Madison limestone 

EXPOSURES OF BIGHORN LIMESTONE 
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half-inch or more on the rock surface as a ragged network, the purer rock 

between having been dissolved. This feature and the very massive bedding 

are as characteristic here as in the Bighorn mountains. In the canyons 

the formation gives rise to steep walls, presenting almost continuous out- 

crops of the formation, a feature strikingly exhibited in Owl Creek canyon 

as shown in figure 2, plate 76. Here the massive limestone is overlain by 
20 feet of white, broken limestone capped by a 20-foot massive bed similar 

to the thick limestone below. At the top of the formation there are a few 

feet of sandstone and shale, which are directly overlain by Madison lime- 

stone. In places the upper beds weather to a reddish tint, strongly sug- 

gestive of the member of Richmond age, which occurs in the northern 

portion of the Bighorn uphft. In figure 1, plate 77, is shown the basal 

contact of the massive limestone with the Deadwood shales, the top Dead- 

wood limestone being absent. 

Very few fossils were found in the Bighorn limestone in the Owl Creek 

mountains, and these were fragments of maclurinas and corals similar to 

those in the Bighorn mountains. 

ORDOVICIAN IN NORTHWEST WYOMING AND MONTANA 

West of the Bighorn basin lie the Absaroka and Shoshone mountains, 

consisting of Tertiary rocks, mainly igneous, which cover the older forma- 

tions. In an outlying range known as Cedar and Rattlesnake mountains, 

west of Cody, the lower Paleozoics appear and the Bighorn limestone is 

present. It has been studied by Mr C. A. Fisher,* who states that the 

thickness is 150 feet and the formation presents its usual character and 

stratigraphic relations, excepting that the reticulating network of silica 

on the weathered surface of the rock are less pronounced than in the Big- 

horn mountains. The upper portion of the formation consists of thin 

bedded limestone not sharply separable from the overlying Madison lime- 

stone. Outcrops occur in canyons of the Shoshone river, Clark fork, and 
Pat O’Harra, Little Rocky, Bennett, and Line creeks. 

On the east slopes of the north end of the Absaroka range there is an 

extensive development of Paleozoic rocks, which has been described by Mr 
Arnold Hague in the Absaroka folia.t On the Cambrian (Gallatin lime- 

stone) lies the Jefferson limestone, which is classed as Silurian, but no 

satisfactory paleontologic evidence of its age was obtained. From the 

descriptions given in the folio this limestone appears not to closely re- 

semble the Bighorn limestone exposed lower down Clark fork and in 

*C, A. Fisher: Geology and water resources of the Bighorn basin, U. S. Geol. Survey, 

Professional paper no. 53. 

+ U. S. Geol. Survey, Geologic atlas of the United States, folio no. 52, 1899. 
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Shoshone canyon 30 to 35 miles east and south. Another dissimilar 

feature in the section also is the presence of an overlying limestone 

(Three forks) containing Devonian fossils. The Jefferson limestone ex- 

tends along the various ranges of the Rocky mountains in central Mon- 

tana, lying between the well defined Middle Cambrian limestone and 

Devonian limestone or shales (Three forks) and having a thickness of 

from 150 to 300 feet. Its color is dark, the bedding mostly massive, con- 

stitution a dolomite, and the lower beds give rise to a prominent ledge or 

cliff. In the Absaroka range, as described in the folio above cited, a few 

poorly preserved fossils were found in the lower beds of the Jefferson 

limestone, but they appeared to be species which “might occur high in the 
Cambrian or near the base of the Silurian (Ordovician). In the same 

way, at other localities, the species procured from near the summit of the 

terrane are such as possess a wide vertical range and might be found as 

low as the Silurian, but at the same time are known to occur elsewhere 

with typical Devonian species.” It has been suggested that the Jefferson 

limestone may comprise a continuous series of sediments from Cambrian 

to Middle Devonian in age, but in the absence of positive paleontologic 

evidence its stratigraphic range can only be surmised. Perhaps a close 

examination will reveal unconformities representing long time intervals. 

However, it is possible or even probable that the Jefferson limestone in- 

cludes the Bighorn limestone in whole or in part, and Ordovician fossils 

will be found in it in some portions of Montana.* 

ORDOVICIAN IN WESTERN WYOMING 

During the examination of the Owl Creek Mountain region a few 

observations were made on the east slope of the Wind River range, where 

the Bighorn hmestone was seen occupying its usual position between 

Deadwood and Madison formations. No detailed study was made nor 

fossils obtained, but the limestone is 200 feet thick and presents its usual 

characteristics. Undoubtedly it is the same limestone that yielded 

* Descriptions of the Jefferson limestone are given in U. S. Geol. Survey folios 1, 24, 

30, 52, and 56; Bulletins no. 110, pp. 25-29, and no. 139, pp. 37-38; Highteenth Annual 

Report, part iii, pp. 468-470, and Twentieth Annual Report, part iii, pp. 287-289. 

+ In a preliminary examination of the Wind River range in 1906, I found the massive 

silicious limestone member of the Bighorn formation west of Lander about 100 feet thick 

and underlain by a thin bed of sandstone, partly calcareous, which contains large num- 

bers of fossils. These have been determined as follows by Mr E. O. Ulrich: 

Receptaculites oweni, Hall; Streptelasma cf. profundum, Conrad, and corniculum, 

Hall; Ramose bryozoan, agreeing in general aspect with Callopora multitabulata, Ulrich ; 

Plectambonites sericeus var.; Dalmanella testudinaria var.; Strophomena n. sp. near 

S. suleata, Verneuil, and 8S. fluctuosa, Billings; OCtenodonta cf. levata, Hall; Cyrtodonta 

ef. rotulata, Ulrich; Psiloconcha n. sp.; Archinacella cf. A. deleta (Sardeson) and A. 

subrotunda, Ulrich; Protowarthia cf. cancellata (Hall); Lophospira near L. elevata, 



WESTERN WYOMING AND BLACK HILLS 555 

_ Halysites catenulatus to Comstock in 1873,* for its features and relations 

accord with the descriptions. A thickness of 150 feet was reported west 

of Camp Brown. Professor Comstock, however, classified the formation 

as Niagara on the old supposition that the Halysites was characteristic 

of that age. Some observations as to the extent of this formation in the 

Wind River range and some other ranges west and northwest were made 

by Professor St. John, of the Hayden survey.t In the Teton region the 

same formation is described by this observer (page 480, Eleventh Report) 

as follows: 

“Niagara: Heavy bedded, buff, magnesian limestone, usually weathering in 

castellated exposures 400 feet and less to 600 feet. In the southwest occurs 

a local development of light colored, rough weathered quartzitic sandstone 50 

feet or more in thickness, apparently occupying the place of the dolomite lime- 

stone. Also local developments of drab shales, 100 feet more or less, occur in 

this horizon.” 

On the map of “Part of central Wyoming” in the atlas to the Twelfth 

Hayden Report the formation is included in beds designated “Calciferous 

series,’ which ends near the southeastern termination of the Wind River 

range at a point about 4 miles north of Sweetwater river. 

ORDOVICIAN IN THE Buack Hitis UPnLirr 

The Ordovician is represented in the Black Hills uplift by a formation 
known-as the Whitewood limestone. This has a thickness of 80 feet in | 

the vicinity of Deadwood, in the northern Black hills, but it thins rapidly 

to the southward and disappears near Elk creek on the east side and at the 

head of Rapid creek on the west side of the hills. The rock is hard, mass- 
ive, somewhat silicious, and ordinarily of buff color with brownish spots 

or mottlings. It contains large Endoceras, Maclureas, and corals of Tren- 

ton age. It appears prominently in the Nigger Hill and Bear Lodge 

uplifts, with a thickness averaging 60 feet. The manner in which the 

formation thins out in the middle and southern portions of the Black 

Ulrich; Trochonema umbilicatum, Hall; Hyolithus cf. baconi, Whitfield; Chiton cana- 

densis, Billings; Orthoceras near O. Olorus, Hall, and O. nicolletti, Clarke; Actinoceras 

ef. remotiseptum, Clarke (septa less distant). 

Mr Ulrich regards this fauna as of late Black River or early Trenton age, indicating 

equivalency with the basal sandstone of the Bighorn formation in the Bighorn mountains 

and with the Harding sandstone near Canyon City, Colorado. 

* Report upon the Reconnaissance of Northwestern Wyoming, made in the summer of 

1873, by William A. Jones (War Department), 43d Congress, Ist Session, H. R., Ex. 

Doc. 285, Washington, 1874, p. 112. 
+ Twelfth Annual Report of the U. S. Geol. and Geog. Survey of the Territories for 

1878, part 1, Washington, 1883, pp. 173-269, and Eleventh Report of the U. S. Geol. and 

Geog. Survey of the Territories for 1877, Washington, 1879, pp. 325-508. 
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Hills uplift has not been ascertained. Possibly there is a general thinning 

of all the strata, but it is probable that there is simply a beveling off by 

pre-Carboniferous erosion, so that the lowest layer extends farthest south. 

Whether the formation was originally deposited in the southern Black 

Hills region and subsequently removed by erosion or whether its absence 

is wholly due to non-deposition is not ascertained. In its upper and lower 

contacts the only evidence of unconformity which the formation presents 

is the abrupt change of materials. In the Deadwood region there is, at its 
top, a small thickness of greenish shales in which no fossils have been 

found. These shales give place abruptly to the basal limestone (Engle- 

wood formation) of the Pennsylvania division of the Carboniferous (see 

figure 2, plate 77). The Whitewood limestone lies unconformably on the 

Middle Cambrian, overlapping to the south and west onto lower beds than 

those on which it hes near Deadwood. 

ABSENCE OF ORDOVICIAN IN LARAMIE MOUNTAINS 

No evidence of the existence of Ordovician rocks is presented in any 
portion of the Laramie mountains, including also the Casper and as- 

sociated ranges. There are frequent exposures in which Carboniferous 

rocks lie directly on the granites and schists, although in the northern 

portion of the district there is an intervening sandstone which may be 

either Carboniferous, Cambrian, or even Ordovician. No fossils were 

found, but from its character and relations it is supposed to be Carbon- 

iferous, probably Pennsylvanian. 

ABSENCE OF ORDOVICIAN IN HARTVILLE UPLIFT 

In the Hartville uplift lying between the Laramie range and the Black 

hills the limestones of the Mississippian division of the Carboniferous lie 
on Algonkian rocks, and Ordovician, as well as Silurian, Devonian, and 

Cambrian, are absent. 

ORDOVICIAN IN HASTERN COLORADO 

GENERAL EXTENT AND RELATIONS 

Along the east slope of the Rocky mountains there is a nearly general 
overlap of Upper Carboniferous deposits onto the pre-Cambrian rocks, 

but a few small areas of earlier Paleozoic rocks appear. These areas are in 

the embayments west of Colorado Springs, west and north of Canyon City, 

and in Perry park. The Ordovician rocks exposed consist of limestones 

and sandstones usually lying on a thin mass of Cambrian sandstone, or 
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Figure 1.—BigHorn Limestone on Deapwoop Suan, Own Crerk Canyon, 2 Mines Wesr or Lone. 109° 

Upper half of section is Madison limestone. South end Shoshone mountains in distance to right 

Figure 2,—Wuirewoop Limestone IN Quarry ON Wurrewoop Creek, 2 Mines Norrn or DeEaDwoop 

All below the wis Whitewood limestone, above which are green shales and then Parhasapa (car- 
boniferous) limestone. Photograph by T. A. Jaggar, Jr. 

EXPOSURES OF BIGHORN AND WHITEWOOD LIMESTONES 
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Freure 1.—Orpovic1an Rocks on East Stopr or Rocky Mounrains Nortuwesr or Canyon City, CoLorapo 

Looking north. Granite to left, Harding sandstone in quarry, slopes of Fremont limestone, Millsap 
limestone, and Red beds to right. Photograph by C. D. Walcott 

Fre@urn 2,—HARDING SANDSTONE LYING ON GNeEISS West or Canyon City, CoLoRaDo 

The man’s feet are on the contact. Photograph by C. D. Walcott 

EXPOSURES OF ORDOVICIAN ROCKS AND HARDING LIMESTONE 
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quartzite, and sometimes they overlap on the granite and gneiss. The 
overlying formation, separated by unconformity generally, is the Millsap 

limestone of Lower Mississippian age. 

In the region about Canyon City the Ordovician is represented by the 

Manitou limestone, Harding sandstone, and Fremont limestone. These 

have been described in detail by Mr C. D. Walcott* mainly in connection 

with the occurrence of fish remains, and by Dr Whitman Cross in 

describing the region northeast of Canyon City which is-included in the 
Pikes Peak folio. I have made a detailed examination of the outcrops 

west and southwest of Canyon City. 

MANITOU LIMESTONE 

This limestone is extensively exhibited in Oil Creek valley, Garden 

park, a few miles north of Canyon City, where it consists of fine grained 

pink or reddish. dolomite less than 100 feet thick. It also occurs in the 

Manitou region, where it contains Ophileta, Camerella, and other char- 

acteristic Ordovician fossils. It often is underlain by cherty, reddish 
limestone and sandy beds containing Cambrian fossils. 

HARDING SANDSTONE 

This formation consists mainly of fine, even grained, granular sand- 
stone in alternating bands of light-gray and pinkish or variegated colors, 

with a few bands of dark-red or purplish sandy shale, having a maximum 

thickness of about 100 feet. The lower part is sometimes calcareous and 

develops into a thin, fine grained dolomite. This formation contains the fish 

remains at the Canyon City locality. In Garden park the sandstone rests 

with apparent conformity on the Manitou lmestone, but to the southeast 

it overlaps on the basal sandstone, and near Canyon City on the gneiss, 

as shown in figure 2, plate 78. At Canyon City the formation is 86 feet 

thick, and consists of gray, reddish, and purplish-brown sandstone and 
shales, with many fossils of early Trenton age. A small outlier of sand- 

stone, apparently of this formation, underlying the Millsap (Carbon- 

iferous) limestones in the slopes west of Beulah, is mapped by Gilbert in 

the Pueblo folio. 

FREMONT LIMESTONE 

Overlying “the Harding sandstone with apparent conformity there 
occurs a bluish-gray or pinkish dolomite of uneven grain, sometimes 

arenaceous, which gives rise to very rough weathered surfaces.” Its 

* Bull. Geol. Soc. Am., vol. 3, pp. 153-167. 

LI—Butu. Grou. Soc. AM., Vou. 17, 1905 
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thickness in Garden park is about 100 feet, but increases southward to a 

maximum of 270 feet near Canyon City, partly through the development 

of an upper fossiliferous member. In Garden park it is characterized 

especially by the coral Halysites catenulatus, and also contains a molluscan 

fauna like that of the Upper Trenton in New York. It appears to be 
restricted to a small area in Garden park and vicinity and a narrow out- 

crop extending southward past Canyon City. 

These formations all disappear a short distance southwest of Canyon 
City by overlap of later deposits and faulting, but two small outlying 

areas of Harding sandstone overlain by Fremont limestone were found, 

one near the road 4 miles southwest of Canyon City and another at the 
foot of the mountain on one of the branches of Chandler creek, 7 miles 

nearly due south of Canyon City, the latter containing fish remains. 

RELATIONS IN GARDEN PARK REGION 

The Ordovician limestones and sandstones are extensively exposed on 

the\ west side of Oil creek, north of Garden park, a few miles north of 
Canyon City. At the base is Manitou limestone with a basal cherty and 

quartzitic portion of Cambrian age lying on the granite and gneiss. Next 

follows the Harding sandstone, surmounted by long slopes of Fremont 

limestone. So far as observed, this sequence is general for an extensive 
area about Garden park. In portions of the area faults cut out some, or 

all, of the beds. On the granite slopes east of Oil creek numerous small 
outliers occur. The Manitou limestone is here 100 feet thick, and con- 

sists of fine grained pink or reddish dolomite with Ordovician fossils. 

Cherty limestone at the base yields fragments of the trilobite Ptychoparia 

of Cambrian age. The Harding limestone consists of fine and even 

grained saccharoidal sandstone in alternating beds of light-gray or pink- 

ish and variegated colors, with a few bands of dark-red or purplish sandy 

shale. The maximum thickness is about 100 feet. The lower part is 

sometimes calcareous and locally develops into a thin, fine grained dolo- 

mite. It is succeeded with apparent conformity by the Fremont limestone, 

which is a bluish gray or pinkish dolomite of uneven grain, sometimes 
sandy, weathering to very rough surfaces. Its thickness is about 100 feet, 
and it is especially characterized by the occurrence of chain coral (Haly- 

sites catenulatus), which often occurs in masses 2 feet in diameter. It 

also contains other fossils of Upper Trenton age. 

The Fremont limestone gives rise to long sloping plateaus on the west 

side of Oil creek north of Garden park. At the north end of the park the 
Fremont limestone is overlain by 30 feet of Millsap limestone in a narrow 

outcrop about 114 miles long. 
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Southeast of Garden park lie Sixmile, Eightmile, and Cemetery parks, 

valleys which mark the eastward and northeastward extension of the 

Fountain Red beds across the north end of the Front Range anticline. 

On the north side of these parks are slopes of Ordovician limestones and 

sandstones, comprising Manitou and Harding, with Fremont as far east 

as Hightmile creek, northeast of which the Fountain formation hes di- 

rectly on the Harding sandstone. Outliers of Manitou limestone occur at 

intervals high on the granite slopes north. Three miles southwest of 

Garden park is Shaw park, underlain by a zone of Fountain Red Bed 

outcrops which extend southward to Arkansas river west of Canyon City. 
On the west side of this zone the Ordovician limestones and sandstones 

extend far up the mountain slopes, while on the east side is a hoghack of 
Dakota sandstone. At the north end of Shaw park there is a prominent 

fault, which crosses Wilson creek nearly at right angles and brings for- 

mations from Ordovician to Cretaceous into contact with the pre-Cam- 

brian rocks. 

RELATIONS WEST OF CANYON CITY 

In the mountain slopes and hogback west of Canyon City there is pre- 

sented the southward extension of the formations of the Garden Park 
area. The formations all dip steeply to the eastward, and there are 
numerous exposures of all the beds. The high mountain range west, con- 

sisting of granite and gneiss, is traversed by Arkansas river in a deep 

ridge the Ordovician rocks are extensively exhibited (see figure 1, plate 
78). TR Oe % 

On the mountain road 414 miles northwest of Canyon City the Manitou 
limestone lies directly on the granite. It is 10 feet thick and contains 

bands of chert. Next above is characteristic Harding sandstone, pink and 

buff, except at the top, where there is a characteristic succession of red- 
dish shales. The Fremont limestone appears with its usual characteristics, 
and apparently also the Millsap limestone, although no Carboniferous 

fossils were observed at this place. The upper portion of the Millsap 

limestone presents a very irregular contact with conglomerate beds at the 

base of the Fountain Red beds. In the vicinity of Harding’s quarry, 2 

miles northwest of Canyon City, the Manitou limestone is seen to‘ have 

disappeared, and it is not found again in the extension of the beds south- 

ward. The following detailed section in this vicinity was made by Mr 

C. D. Walcott :* 

*C. D. Walcott: Discovery of a vertebrate fauna in Ordovician strata. Bull. Geol. 

Soc. Am., vol. 3, 1892, pp. 155-157. 
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Geologic Section of Fremont Limestone and Harding Sandstone near Hard- 

ing’s Quarry, northwest of Canyon City, Colorado 

Fremont limestone: Feet 

Compact, hard, light-gray limestone, breaking into angular frag- 

ments, but with a band of purple and gray calcareo-arenaceous 

shale at the base, containing a large Trenton fauna............. 45 

Dark - reddish- Drow SAMOSHOME, ve caquda- ces sce ces ece ster cs ese caee 10 
Hard, compact, light colored limestone, with fossils............... 45 

Gray, silicious, magnesian limestone, somewhat ferruginous in lower 

portion ; weathers locally to reddish friable rock, except that near 

base limestone weathers into rough irregular cliffs with many 

caverns and holes; corals and other fossils...................-. 170 

Red and purple fine grained, argillaceous, arenaceous shale; fish- 

PlAtenmraAgcmMents (See plate 79). c/s stevia 3 se cle oles eteia eas Seen see we 2-4t 

Harding sandstone: 

Coarse purplish sandstone in several layers with gray layers above. 11 

Gray and buff sandstone.............. SrA ah ieee arate POR LT ace Ae ape Rl 7 

Fine grained, argillaceous, arenaceous shale...................... 3 

Massive gray and reddish sandstone with thin, irregular beds of 

reddish-brown, sandy shale in lower portion; numerous fish re- 

HUAN SMI eet cov pt mice vcticsel ease ai Sete he) Bike Sere oi eda we ee ave, diwhorsieie) a cafe alata 's 20 

Reddish-brown, sandy shales, partly calcareous in some layers; fish 

plates and other’ fossils abwumdant. .3..0.0 6 <6 sass e Hac wee cui eies 7 

Compact, thinly bedded, reddish and gray sandstone passing into a 

gray and more massively bedded, somewhat friable, sandstone 

that changes at 25 feet up into a purplish tinted, somewhat coarse, 

friable sandstone; dip 40 degrees. ........... ccc cece ccc eecceees 33 

Coarse Nt oht-eray ~ SAMEStONE a eves de ocis sere # Oe Blaise wlelols shat. dié'e oretee 6 5 

Granite. 

Overlying the Fremont limestone are 15 to 30 feet of impure variegated, 

banded limestones, with interbedded sandstones and argillaceous beds 

containing Mississippian fossils. ‘The unconformity between the two 

limestones—a hiatus representing Silurian and Devonian time—is not 
marked by discordance of dip nor by any noticeable erosion features. On 

the north side of Arkansas river, at the mouth of the Royal gorge, the 

Ordovician beds are well exposed, lying on granite and gneiss and dipping 

steeply eastward. There is a basal conglomerate merging upward into 

hard gray to pink sandstones, in part coarse grained, 100 feet or more in 

thickness. These are succeeded by 80 feet of reddish-brown shales and 

thinly bedded sandstones, 70 feet of gray to pink sandstones (mostly soft 

and massive), 8 feet of red shales, 30 feet of gray to pink sandstones 

(mostly massive), followed by a talus-covered interval of about 100 feet, 

east of which appear ledges of Fremont limestone merging upward into 
a few feet of gray sandstone. The latter is overlain by the basal red con- 
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glomerate of the Fountain formation. On the opposite side of Arkansas 

river the Harding sandstone is about 200 feet thick and is overlain by 

about 100 feet of limestones, in part sandy, capped by a 20-foot bed of 

light-gray sandstone. On the irregular upper surface of the latter lie 

coarse conglomerates at the base of the Fountain formation. Both the 
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FIGURE 5.—Sketch Map of Manitou Embayment, west of Colorado Springs, Colorado. 

Harding sandstone and the Fremont limestone end a short distance to 

the south on Grape creek, the sandstone terminating at a point about 

three-fourths of a mile south of Arkansas river. The Fountain forma- 

tion also thins rapidly, and at a point a mile south of the river is only 

about 250 feet thick. 

—” 



BULL. GEOL. SOC. AM. VOU 171905, PE. 78 

EXPOSURE OF THE SHALE MEMBER LYING BETWEEN HARDING SANDSTONE AND FREMONT LIMESTONE 

T'wo miles northwest of Canyon City, Colorado. Photograph by C. D. Waleott 
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On the east side of Grape creek, just above its mouth, there are nearly 

continuous exposures from the granite to the “Dakota” sandstone. At the 

base are about 150 feet of massive gray Harding sandstones, pinkish in 

their upper portion. These are succeeded by about 50 feet of soft gray 

sandstone, with some layers, 50 feet of limestone (Fremont), 10 feet of 

red sand and sandstone, and about 900 feet of Fountain Red beds. 

FisH REMAINS AND ASSOCIATED FOSSILS NEAR CANYON CITY 

HARDING QUARRY LOCALITY 

The fish remains obtained by Mr Walcott, near Canyon City, in 1890, 

occur in the Harding sandstone, which is closely similar in appearance to 

the fish-bearing sandstone of the Bighorn formation, as described on a 

previous page. ‘he principal locality is at Harding quarry, which is on 

the mountain slope 2 miles west of Canyon City, where the section above 

described was measured. Here the Harding sandstone lies directly on the 

gneiss, as shown in plate 78. ‘The vertical range of the fish remains 

is from about 20 feet above the base of the sandstone to its summit, 66 

feet higher, and a few occur in the overlying shale (see plate 79). The 

remains are most abundant in a reddish sandy shale that occurs in irreg- 

ular bands at several horizons in the sandstone, but they are also irreg- 

ularly scattered through the latter. The fish fauna includes fragments 

of a Placoderm closely allied to Asterolepis, numerous scales of the 

character of those of Holoptychius, and what is considered to be the calci- 

fied chordal sheath of a form allied to the recent Chimera monstrosa. In 

the sandstone occur numerous remains of invertebrates comprising 11 

general and 19 species, which are “of the type of the basal Trenton of 

the New York section.” In the Fremont limestone which overlies the 

thin shale member at the top of the Harding sandstone there is a large 

and varied fauna which, at a horizon 3 feet above the base, contains 34 

genera and 55 species. At a horizon 180 feet higher 33 genera and 57 

species occur. “These faunas are respectively of the types of those of the 

Lower and Upper Trenton faunas of the New York section.” 

The character of the fauna at the lower horizon is shown by Receptacu- 

lites owent, Halysites catenulatus, Columnaria alveolata, Strophomena 
alternata, Streptorhynchus filitextum, S. sulcatum, Orthis biforata, O. 

flabellum, O. subquadrata, O. tricenaria, Khynchonella capax var. incre- 

bescens, R. dentata Hall, Ambonychia bellastriata Hall, Modiolopsis 

— plana Hall, Murchisoma tricarinata Hall, Cyclonema bilex, Bellerophon 

bilobatus Sow, Endoceras proteiforme Hall, Ormoceras tenuifilum, O. 

crebriseptum, Orthoceras vertebrale Hall, O. multicameratum Hall, Gom- 

phoceras powersi James, Asaphus like A. platycephalus, Illenus crasst- 
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cauda, and I. millert. Of these 11 species pass up into the fauna 180 
feet above. 

MANITOU REGION 

At Manitou and for some distance northward and in the Trout Brook 
valley (Manitou park) Manitou limestone underlies the Fountain Red beds. 

On Trout brook this limetsone has yielded distinctive Ordovician fossils. 
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FIGURE 6.—Map of a Portion of the Northwest, showing Distribution of Ordovician. 

Throughout this area it is underlain by Cambrian sandstone. Near 
Manitou there are several hundred feet of limestones, of which the lower 

portion is Manitou, while the upper members, according to A. W. Grabau,* 

*G. H. Girty: Carboniferous formations and faunas of Colorado. Professional paper, 

U. S. Geol. Survey, no. 16, 1903, p. 168. 
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contain Mississippian fossils. This limestone caps the sloping ridges west 

and south of Manitou and appears extensively in the intervening canyons, 

especially in Williams canyon. Its outcrop, together with that of. the 

underlying sandstone, is terminated by overlap of the Fountain formation 

a mile north of Glen Eyrie, but it reappears in the small embayment west 

of Monument park. In this latter outlier there are exposed, lying on the 

granite, 30 feet of dark-gray, coarse sandstones, thin bedded and glau- 

conitic at the top, overlain by 20 feet of bright-red, sandy limestone with 

Cambrian fossils, and by 50 feet of massive, pure, fine grained, light-gray 

limestone. On this limestone, which apparently is Manitou, lies an im- 
pure limestone varying from gray to buff in color, with a heavy breccia at 
its base, the latter probably marking an unconformity. The limestones 

are cut off by a fault, bringing down the Morrison and overlying “Dakota,” 

but a short distance to the north and south the Fountain Red beds are 

exposed lying directly on the granite. 

Doctor Peale gives a section of the exposure of Manitou limestone and 
associated formations on Camp creek, at Glen Eyrie,* which has 30 feet 

of limestones, mostly red, believed to be of Ordovician age, separated from 

the granite by 50 feet of sandstones. 

DEADMAN CREEK 

On Deadman creek, 6 miles south of Perry park, a small outlying area 
of Lower Paleozoic rocks has been investigated by Mr Willis T. Lee.t+ 
The rocks are cherty limestones in layers interstratified with red clay, 

overlying a few feet of deep-red quartzite of supposed Cambrian age. The 
fossils obtained were examined by Doctor Weller, who found the best pre- 

served speciemns to be Dalmanella testudinaria of Ordovician age. 

PERRY PARK 

A second exposure of this limestone, with similar characters, occurs in 

the southern portion of the Perry Park embayment at the head of the 

easternmost prong of West Plum creek, as noted by Doctor Peale, of the 

Hayden survey. Mr Lee found no fossils at this locality. 

RESUME 

In figure 6 there is indicated the area of outcrops of the Ordovician in 

a portion of the Northwest, and also the probable underground distribu- 

tion of rocks of that system. We have little or no light as to the extent of 

the area of original deposition, for all of the region, at least south of 

* A. C. Peale: Geology of the South Park division. Seventh Annual Report, U. S. 

Geol. and Geog. Survey of the Territories, 1874, p. 201. 

+ W. T. Lee: Geology of the Castle Rock region, Colorado. Am. Geologist, vol. 29, pp. 

96-97. 
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latitude 45 degrees, was subjected to erosion during Silurian and later 

times, which may have resulted in the removal of Ordovician rocks in all 

the area in which they are now absent. At no locality has there been 

observed evidence of an original margin of the later Ordovician, either 

by shore deposits or conformable overlap of deposits of the next succeed- 
ing system (Silurian). The thinning and absence of the Ordovician 

rocks and overlap by Carboniferous rocks is in itself no evidence at all, 

because a great thickness of sediments could have been removed in 

Silurian-Devonian times, especially along zones of increased uplift. The 
thinning out of the Bighorn formation in the southeastern portion of the 

Bighorn mountains apparently is due to the latter cause. 

From the foregoing it will be seen that the various maps which have 

been prepared showing “land areas in Ordovician” times are misleading 

in the region to which this paper relates. Evidently in much of the 
region described there were land surfaces in early Ordovician (pre- 

Trenton) time, for the sandstones underlying the Bighorn and Fremont 

limestones usually lie unconformably on earlier deposits and show shore- 

line features. They are widely overlapped by the succeeding limestones, 

the products of deeper water deposition, but the extent of this deep water 
is an unsolved problem, for no evidences of its shores have been found. 

In the central Colorado region at least, the sandstone (Harding) conform- 

ably overlies and in places overlaps a somewhat earlier Ordovician lime- 
stone (Manitou), which indicates that in places there were deeper or 

quieter waters preceding those which deposited the sandstone. 

It appears probable that the Ordovician rocks west of Colorado Springs 
and near Canyon City are projections from an extensive area underlying 

the plains region eastward, as suggested in figure 6. If this exists, its 
western edge has been eroded and buried beneath the Red Beds-Granite 

overlap, excepting in the old embayments where protected from erosion. 

We have but few data as to the rocks and geologic history of the later 
Ordovician. The limestones which represent the Richmond occupy an 

area of considerable size in the central and northern portions of the Big- 

horn mountains, and are separated from the underlying limestone of 

Trenton age by a hiatus representing a long interval of time. They may 

have been deposited extensively in the Northwest and later mostly re-— 

moved by the widespread post-Ordovician erosion, or, on the other hand, 

may have been only laid down in restricted basins. Apparently all of the 
area treated in this paper was a land surface during the interval between 

Trenton and Richmond times, although there may have been some local 
areas of deposition in which the rocks now are buried, or from which they 

may have been removed, prior to Richmond deposition. 
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INTRODUCTION 

The sedimentary formations of the earth’s crust fall readily into two 

great stratigraphic groups, the marine and the non-marine, which in 

their essential characteristics are strongly contrasted and which in the 

analysis of sedimentary series must be carefully differentiated. In spite 
of the practice to the contrary, stratigraphers will admit that only marine 

deposits are suited to furnish the record for a complete time scale, and 
that consequently the standard column of any region should be based 

on marine deposits only. Where, as is often the case, the column 

selected as a standard contains non-marine members, the column is im- 

perfect as long as these are retained. Thus the standard Cretacic column 

of North America is impaired by the retention in it of the non-marine 

Dakota and Laramie formations, and until recently the standard Triassic 

section of Germany was practically useless, as it contaimed only one 

marine member. The substitution of an extensive series of marine 

members for the Bunter Sandstein and Keuper has given us a perfect 
standard of comparison, such as is hardly equaled by that of any other 

of the geological systems. 

Non-marine sediments, however, while not serviceable as members of 

a standard time scale, are still of great stratigraphic importance, since 

they furnish us with records of physical changes not determinable from 
the deposits of the marine series; but as long as non-marine sediments 

were regarded as lake deposits only, their true significance was over- 

looked. Now that-stratigraphers recognize that non-marine deposits are 

oftener than not of fluviatile or xolian origin, their real meaning becomes 
more and more apparent. 

The two types of sediment are distinguished from each other not only 

by their fossil content, but also, and almost as easily, by their physical 

characters, especially the larger ones. The most striking difference of 
all lies in the manner in which the successive members of either series 
are related to each other. In the following discussion the distinguishing 
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characters of the marine and the non-marine series will be separately 

treated in the order indicated. 

CLASSIFICATION OF TYPES OF OVERLAP 

The types of overlap of sedimentary strata may be classified as follows: 

A. Irregular or discontinuous overlap. 
B. Regular continuous or progressive overlap. 

1. Marine. 

a. Transgressive. 

b. Regressive. 

2. Non-marine. 

c. Fluviatile. 

IRREGULAR OVERLAP 

Under this term we may comprise all overlap of concordant sediment- 
ary formations, of any type, which does not proceed regularly in a given 

direction. All overlaps of strata due to sudden inundations rather than 

regular invasions belong here; also overlaps due to temporary deposition 

from any cause, as eolian sediments. Generally this kind of overlap im- 

plies some erosion of the underlying concordant formations, thus pro- 

ducing a disconformity. A change of method of deposition may also 
produce this kind of overlap, as the overlap of the marine Paleozoics 

along the Front Range region by the non-marine Red beds. 

PROGRESSIVE OVERLAP 

Under this term are included the types of overlap due to a regular 

progressive onward movement of the zones of deposition, whether the 

direction of that onward movement is landward, as in a regularly trans- 

eressing sea,* or seaward, as in a regularly retreating seashore, and the 

regular progressive spreading of zones of deposition, as in a growing sub- 

aerial fan or dry delta. ‘The first two cases constitute the marine trans- 

gressive and regressive; the third the non-marine fluviatile type of pro- 

gressive overlap. The lake delta may be considered as a local phase of 

spreading river deposits. 

PROGRESSIVE OVERLAP IN MARINE SERIES 

The subject of progressive overlap of marine strata may be conveniently 
discussed under the following headings: 

1. Transgressive overlap. 

* This is overlap as defined by Geikie. Text Book, 3d ed., p. 618. 
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2. Regressive overlap. 

3. Compound regressive and transgressive overlap. 

TRANSGRESSIVE OVERLAP 

When the sea regularly advances upon an old land surface from which 
there is a continued supply of detrital material, a steadily advancing 

shore zone of pebbles or sand will be recorded in the sedimentary series 

which is forming in the transgressing sea. At any given stage in the 

process a shore deposit of coarse clastics, derived from the old land sur- 

face, will form for some distance out, grading seaward into a deposit of 

finer shore-derived material. In proportion to the distance from the 

shore the fineness of the material will increase, and at the same time 

material derived from organic deposits, such as coral reef sands or shell 

formations, will accumulate in the regions of purer water. With pro- 

gressive slow advance of the sea, the supply of detritus being uniform, 
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FIGURE 1.—Diagram Illustrating Progressive (Transgressive) Overlap. 

the coarser shore clastics will be spread farther up on the old land, while 
at the same time the zone of offshore deposits will migrate in the same 

direction and approximately at the same rate as the shore itself. As a 

result, the offshore deposits of a later period will come to rest on the 

shore deposits of an earlier period, and if the transgression has been a 

uniform one, on a uniform old land surface, with a uniform supply of 
detritus, a vertical section of such a series of successive deposits will 
show an upward gradation from coarse to fine comparable to the similar 
gradation in texture of the deposit of a single period from the shore 

seaward. At the same time there will be a continuous basal bed of 
coarse clastics spread immediately above the old land surface within the 

zone of transgression, this continuous bed being made up of the shore 
ends of the successive units of the series formed during the successive 

periods of the transgression. The basal bed will be essentially a lithic 

unit, resting everywhere unconformably upon the old land surface, and 
it will be succeeded upward by strata of similarly uniform lithic charac- 
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ter in most of the sections. But it is evident from a consideration of the 

mode of its formation that the age of different portions of this basal bed 
varies, becoming progressively younger in the direction of transgression. 

The following diagram will illustrate this principle: 

The series of successive strata, 1 to 7, is deposited at A during the 

period of transgression of the sea from A to B, and therefore it consti- 

tutes the depositional equivalent of the time interval occupied by the 

transgression, which may be assumed to have proceeded at a uniform 
rate. It is evident that the basal sand or conglomerate bed 1-8 is not 

of the same age throughout, but rises in the scale progressively, until 

at B it is equivalent in age to bed 7 at A. The same thing is true of 

bed 2’-9, a finer bed which directly succeeds the basal bed, and which 

like it rises in age in the direction of transgression. It is clear that two 

sections of this series, taken the one nearer the shore than the other, as at 

C and A, will have the same lithic succession from the base upward; but 
section C will begin very much higher in the scale than section A, and 

the corresponding lithic units of the two sections will be of different age. 

APPLICATION OF THE PRINCIPLE OF TRANSGRESSIVE OVERLAP IN THE 

SEDIMENTARY SERIES 

| 

THE BASAL PALEOZOIC SERIES 

General character of the overlap.—Wherever the Paleozoic rocks are 

found to rest unconformably on the pre-Cambrics, a comparison of sec- 

tions shows a progressive overlapping of the successive formations, each 

of which rests, with a basal sand or conglomerate bed, on the eroded 

surface of the pre-Cambric old land. Some of the more typical exam- 
ples of this may now be cited. 

Newfoundland.—A comparison of the following sections from Trinity 

and Conception bays, Newfoundland, will show the character of the basal 

transgression. At Trinity bay, Smith sound, the Lower Cambric (Etche- 

minian of Matthew) is represented by 811 feet of fossiliferous shales, 

with some limestones carrying the Holmia broggert fauna. Almost 350 

feet below the top of the Etcheminian is a brick red and pinkish lime- 
stone stratum, 27 feet thick, and rich in Holm brogger, Hyolithes 

princeps, and other fossils. This is the Smith Point limestone of Wal- 

cott, which has been recognized in Conception, Saint Marys, and Placen- 

tia bays. In Conception bay, at Manuels brook, this limestone when 

found rests directly on the basal conglomerate, which has a thickness of 

35 feet, and in its basal portion contains boulders of the underlying 
gneiss up to 6 feet in diameter; but upward it changes to fine sand. 
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If the correlation of the Smith Point limestone of the two sections 

is correct, and if the sections contain no unrecognized faults or erosion 

planes, we have here a case of progressive encroachment of the sea, appar- 

ently from the west eastward, though, of course, the basal gneiss of the 

Manuels Brook section may represent an old reef or island in the Cambrie 
sea, which was gradually covered by encroachment from all sides. The 

difference in deposition, however, between these two points is about 300 

feet of basal beds, the basal conglomerates of the eastern section being 

equivalent to the shales 300 feet above the base in the western section and 

not to the basal beds there. The following diagram illustrates this point: 
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F1IGuRD 2.—Comparison of Section at Smith Sound and Manuels Brook, Newfoundland. 

New Brunswick.—In this district the Cambric rocks have long been 
included under the general term of the Saint John group, from their 
typical exposure in the region about Saint John, New Brunswick. Mat- 
thew has subdivided the series as follows :* 

Feet 

Division 3. (Bretonian) at Straight shore, Portland.................. 700 

Division 2. (Johannien) at Kings square, Castleton..................- 1,000 

Division 1. (Acadian) at Alms house, Simonds....................-06. 650 

POG sass Ge Eek ok See SRG re as aie area RI ao ects se lace ee 2,350 

“The coarser sediments found at the base of the Saint John group are largely 

derived from those older rocks, chiefly the Huronian (Algonkian), and the line 

* Tllustrations of the fauna of Saint John group. 
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of division between it (the Saint John group) and the Huronian (Algonkian) 

is marked by conglomerates of mechanical origin which show no trace of the 

hardening process by which the Huronian conglomerates and breccias have 

been so firmly cemented.’’* 

The Acadian represents the lower part of the Middle Cambric and 
begins with the Saint John quartzite, which is succeeded by the Pro- 
tolenus zone, and this in turn by the Paradoxides zone. Beneath the 

» Saint John quartzite is a series of red and green sandy shales 150 feet 
thick, below which les the red basal conglomerate. Both the red shales 

and the conglomerate are referred to the Etcheminian or pre-Saint John 
terrane. ‘This terrane is fully developed at Hanford Brook, Saint Mar- 
tins, some 30 miles north of east of Saint John, where it is 1,200 feet 

thick. Here it begins with a coarse purplish red conglomerate 60 feet 
thick, which rests upon amygdaloidal greenstones of an older (Cold- 
Brookian) series, and passes upward into sandstones and flags some 300 

feet thick, followed by a second conglomerate 35 feet thick, which in 
turn is followed by shales and sandy shales to the top of the series. 

It is evident, then, that we have here an overlapping series, with a 

basal conglomerate in each case, that of the Saint John region, however, 

being equivalent, not to the basal bed of the Etcheminian series of the 

Hanford Brook section, but to the shales of the upper division of that 
series. : 

In Cape Breton island the Lower Cambric or Etcheminian strata were 

found by Matthew to have a thickness of 3,000 to 5,200 feet at Mira 

bay, on the eastern coast. ‘Twenty miles farther west, on East bay (Bras 

d’Or lakes), only 500 feet of Etcheminian occurs. Both sections show 

a basal conglomerate resting on older rocks, succeeded in both cases by 

Middle Cambric strata, at the base of which an erosion interval is indi- 

cated in some other sections. 

On the East Bengal road the lower Etcheminian is 3,200 feet thick, 

decreasing on the West Bengal road to 1,300 feet, and to 270 feet at 

Dugald brook, on East bay. The upper division likewise increases from 

2,000 feet on the East Bengal to 1,700 feet on the West Bengal road, 

and to 230 feet at Dugald brook. The increase of the lower beds west- 

ward appears to be due to progressive overlap of the beds, while the 

greater thickness of the upper beds in the eastern section, when taken 

in connection with the heavy conglomerate which lies at the top of the 

series in the west, seems to suggest retreatal features of the type more 

fully discussed later on. Of course here, as in all the sections of dis- 
turbed areas, the possibility of the existence of faults and folds must be 

*Matthew: Fauna of Saint John group, pt. 1, 1882, p. 87, 
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taken into consideration, since we can never be absolutely certain of the 

accuracy of the sections made in such regions. The general correspond- 

ence of the facts to the requirements of the theory seem, however, to sug- 

gest that the correlations as here given are correct. 
In comparing the Myra valley section with the Lower Cambric strata 

of eastern Newfoundland (811 feet at Trinity bay, 80 to 100 feet at 

Manuels brook, or even the greater thickness of 1,200 feet at Hanford 

brook), the discrepancies are such as can not readily be accounted for by 

differential rate of deposition. In respect to the Trinity and Conception 

Bay sections, it has already been shown that the difference is in part 

accounted for by progressive overlap, and the progressive disappearance 

of the lower members. But this is not altogether the case, since there is 

a difference of nearly 300 feet in the beds above the Smith Point lime- 

stone. This, however, is accounted for in the Manuels Brook section by 

an erosion interval, as shown by the conglomerate at the base of the next 

succeeding Middle Cambric, the pebbles of this conglomerate being de- 

rived from the underlying Etcheminian. In the Smith Sound (Trinity 

Bay) section, however, deposition appears to have been continuous from 

lower to middle Cambric time, since no erosion interval is recorded. 

Walcott, moreover, correlates the basal 130 feet of the Middle Cambric 

of this section with the Protolenus beds of New Brunswick. If this 

correlation is correct, the eastern Newfoundland section represents only 

the upper part of the New Brunswicktown (Hanford Brook) section. 

The same reasoning would lead us to regard both the eastern Newfound- 

land and New Brunswick sections as representing only the upper part of 

the sections shown in eastern Cape Breton. This conclusion is, of course, 

based on the supposition that no very pronounced unrepresented interval 

occurs at the top of the Etcheminian in either the eastern Newfoundland 

or the New Brunswick section. 

Northern Appalachian area.—In eastern Labrador and western New- 

foundland Lower Cambric strata rest with basal conglomerates and sand- 

stones (often arkoses) upon the gneisses and other pre-Cambric rocks. 

They pass upward into shales and limestones, of which over 1,700 feet 

are exposed at Bourne bay, Newfoundland. ‘The fauna of these beds is 

the typical Olenellus fauna of the Appalachian province. Upward these 

strata are succeeded by nearly 1,500 feet of limestones, with some shales - 

and a quartzite near the base, all of unknown age, while above there is 

400 feet of limestone carrying a lower Ordovicic fauna. At Canada bay, 

Newfoundland, 2,500 feet of conglomerates, shales, and igneous rock 

form the base of the Cambric series and are succeeded by nearly 3,000 
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feet of limestones, shales, and intercalated sandstones carrying the Ole- 

nellus fauna.* 
In northern Vermont the Lower Cambric consists of over 2,000 feet 

of limestones and shales with the Olenellus fauna, but the base of the 

series is not exposed. Southward, in the slate belt, the maximum thick- 

ness of the Lower Cambric is estimated by Dalet to be 1,400 feet, at 

Hebron mountain. The base is not exposed and the upper part is 

formed of quartzite and sandstone ranging in thickness up to 100 feet. 

Then follows 1,000 to 1,200 feet of Lower Ordovicic, the Middle and 

Upper Cambric series being apparently absent.{ On the flanks of the 

Green mountains the basal Cambric beds are sandstone, resting uncon- 

formably on the pre-Cambric gneiss. These are the granular quartz of 

the Vermont geologists, which were long ago referred to the Potsdam on 

account of their position. The thickness of the quartzite is estimated 

at from 800 to 900 feet,§ and about 470 feet of the overlying Stock- 

bridge limestone is also referred to the Lower Cambric.|| This makes a 

total of 1,370 feet for the maximum of the Lower Cambric in the Green - 

Mountains section. Compared with the Highgate Springs section, the 

base of the Green Mountains section seems to be considerably higher in 

the column, since in the northern Vermont section the basal beds are not 

shown. Walcott has suggested that the great mass of argillite east of 

the Vermont Central Railroad track in the Georgia section may be older 

than the limestone at the base of the section.{ If this is the case, the 

Vermont section becomes more than double the thickness now assigned 

to it. In any case it is likely that the basal granular quartz of the Green 

Mountains is the time equivalent of the upper portion of the limestones 

of northwestern Vermont. 

Southern Appalachian area.—The Hardyston quartzite of New Jersey 

represents the basal member of the series in the northern part of the 

southern Appalachians. It rests on the pre-Cambrics of the Highlands 

and varies from a few feet to over 200 feet, probably owing to the irreg- 

ularity of the pre-Cambric floor.** It is often feldspathic and occasion- 

ally a conglomerate. It frequently grades up into the overlying Kit- 

tatinny limestone, which has an estimated thickness of from 2,700 to 

* Murray: Geological Survey Rept. of Newfoundland, 1864. 

+ Nineteenth Ann. Rept. U. S. Geological Survey, pt. iii, p. 178. 

{This appears to be true of the Middle Cambric in the northern Vermont region, 

though coarsely conglomeratic limestones with Upper Cambriec fossils occur here. On 

the whole it seems that the northern Appalachian trough was dry land during Middle 

Cambric time, the sea returning only in Upper Cambric time. : 

§ Pumpelly, Wolf, and Dale: Monograph 23, U. S. Geological Survey, 1896, p. 190. 

|| Dale: Fourteenth Ann. Rept. U. S. Geological Survey, 1895, p. 541. 

{ Bulletin 30, U. S. Geological Survey, 1886, p. 19. 

** Weller: Paleontology of New Jersey, vol. iii. 
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3,000 feet, and is mostly Cambric in age, though the upper beds carry 

an undoubted Beekmantown fauna. No Middle Cambric fossils have 

been recognized in this hmestone, but an Upper Cambric fauna occupies 

at least the upper third, exclusive of the portion referable to the Beek- 

mantown. In Pennsylvania a basal Cambric sandstone has been ob- 

served in a number of localities resting upon the pre-Cambrics. In the 

Cumberland valley this bed, known as the Reading quartzite, is probably 

near the horizon of the Hardyston quartzite, while the Cumberland lime- 

stone is in general the equivalent of the Kittatinny. The latter is sepa- 

rated, in New Jersey, by an erosion interval from the Trenton which 

follows it; its upper limit is therefore not of the same horizon every- 
where. Whether or not the same is true of the Cumberland has not 

been ascertained. The basal sandstone is well shown at the Chickies 

(Chiques) rock on the Susquehanna above Columbia (Lancaster county), 

from which locality it takes its name. From the occurrence in it of 

Scolithes it was formerly referred to the Potsdam by Lesley.* At EKmigs- 

ville a typical Olenellus was found in the sandstone.t Its thickness is 
estimated at 1,300 feet, though this may be excessive.[ It is succeeded 

by 1,500 feet of limestones, the upper portion of which carry Ordovicic 

fossils. | 
At Balcony Falls, Virginia, 300 feet of sandstones and slates, with a 

basal conglomerate bed, form the basal Cambric series (Chilhowee), 

throughout most of which fossils of the Olenellus series occur. At 

Monterey and along the Blue Ridge mountains over 4,000 feet of quartz- 

ites, sandstones, shales, and mottled limestones occur, containing the 

Olenellus fauna. ‘These are overlain by the Shenandoah limestone, the 

lower part of which is Middle and Upper Cambric. At Harpers Ferry 
the Chilhowee series is subdivided as follows :§ | 

Feet 
Shenandoah limestone. 

Chilhowee series: 

Antietaia: SAMdStOne\ fs < wsd)e se sisie > wee mye eee ie ieiens eee a oe ee 500 

Harpers shale 25. oes. ike cae eae ee oe ee ee 800 to 1,200 
Weverton ‘samdstone: .siiccds ew sh awk en eelowioe. a eee ie Bee = 100 to 900 

Loudon formation—slates, sandstones, conglomerates, and lime- 

Stone—MaxIMUM “oi ia de asalb s ov oe we soe mee ee ces fe we 6 eh 800 

Unconformity. 

Catoctin schist (Algonkian). 

Total ‘Chilhowee: s.) es 065 S864 Sa des oh ie ee eae eis eee se 3,400 

* Lesley : Second Geological Survey of Pennsylvania, vol. x, 1885, pp. 16-17. 

+ Walcott: Loc. cit. 

} Bascom: Bull. Geol. Soc. Am., vol. 16, p. 298. 

2 Harpers Ferry folio. 
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In the region about Knoxville, Tennessee, the Shenandoah becomes 

known as the Knox dolomite and has a thickness of 3,500 feet. Beneath 

it, southeast from Bays mountain, is from 8,000 to 9,000 feet of shales 

and limestones, with occasional sandstone members, which are especially 

prominent toward the base, where extensive conglomerates occur.* 

The series comprises: 
Maximum 

thickness 

Feet 

PERROMARCGLOUIIEEY aan cis bcs co 6 bs cial claceoiele mM atdictelanttd’ele siete ewe le ase eles els 6s 3,500 

Per MnEIBIRI ELON SUTED Lip rake ats ve sais foe, bots ave, abet cee Cetra ee Mie aioe @ oho Cid ale sie.c 550 

eae ESR Cm MEINE SCOTION y.5. «6 esis oie. 0 op'bp0rtes 9 eceridhalie:evelle, o ebeye e elatlehevela se, shanetene) eelere 500 

Berea GRAMMES EN ti CB ay oars orcranc: ©) osske: eal aila ol taro: s ego die slola aim cote tatate alia Sterolage:s ois sfginie ass 220 

PREP SO MITT SEOMEM cielo ec) «sai bs oss on oi viele Slaves a wise ateier Diels Gia eialeveiesa.a/e alee « eyane 450 

PPM IMLIOM: (SHALES). . bans cee cee ons eee eee Cee were wewsnitesacaees 250 

~’ Rome sandstones ............ nsf a eR coh osick AE dar sees WL SS a nem meena cate atone reve aca oi 8 See 700 

(SESS EE LITRES ROIS RG SN ee nee neg eg ee eee een 300 

ERS ROUMMES OVER See fora ogo ag 05) .0 Gah Oats) Sia cue ot 0) Sad aleeeh ot Goin Seep orbs 66 veld nels dieleeas « 1,100 

eR SRI SCONE one o rey cio, oy aise) Sie csi eo e%e S aieds dis «8/4. Sioalions =m aepmaleyeuatape 500 

IRM SORE ao oa as wile ace G80 0.)6iin.seiseon 8, 6 pres tue, wien, d>mynien sna ab saunas 300 

Pa SETI EIT Oe alr cab oire, aicar aise “aie Sede) oi'sign, 6.0m, we) wisei"s, 6) 65,0) 0 @ r'se'e is a) ac arhe's apeyeie mye 500 

Susana DRESS MCOMECTILE eda fe rte ois fo alfa hie) Gia. eval) ep 1h oye) 6 a(6 woe. whim, Ow ew. ei a) ot areoee a ales Shs ete 800 

Pia eieemCOMPIOMETE AUC. a5 a. siccwlcja eels 6 dsr cues bes ce dee ene welsiewocieensane 1,600 

Sandrock shale (with Starrs conglomerate lentils farther southwest).. 1,000 

Bice tect Ce MI ONVECE Vererinc tretee soles cre goed ote si'sievevaré 0 Goa lelelee avetioie cg 6 © wiavers 8,820 

Farther to the northwest} all the formations between the Rome and 

the Knox dolomite are represented by the Conasauga shale series, with a 

thickness of from 600 to 800 feet. This may be a nearer-shore forma- 

tion, and the diminished thickness from 1,280 (minimum) or 2,770 

(maximum) to 600 or 800 feet may be due to a rise of the top of 
the sandstone member underlying, which, from lithic similarity, is here 

also called Rome. Owing to the non-exposure of the base, the exact 

relation of these beds to the underlying pre-Cambric land surface can not 

be determined. In western Virginia{ all the members above the Rome 

formation are shown with slightly increased thickness. The lowest 

formation is the Russell sandstone, 1,400 feet thick, but without ex- 

posure of the base; so we do not know whether the Russell is a basal bed 

or whether the lower beds are concealed. Since these beds are along the 

strike of the strata, as shown in the Knoxville folio, it seems probable 

that they are of the same age, and that hence the equivalent lower beds 

occur in the embed of this region. 

* Keith: Knoxville folio. 
+ Briceville folio. 

t Rome, Tazewell, Bristol, Estillville, Morristown, and Briceville folios. 
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Southeastward from western Virginia, the Rutledge, Rogersville, and 

Marysville formations are replaced by the Honaku limestone, a siliceous 
limestone aggregating perhaps a thousand feet in thickness. 

The foregoing sections demonstrate that the transgression of the 

Cambric sea, in which the strata now preserved accumulated, was toward 

the northwest in the southern Appalachians. 

South central section.—In Oklahoma and Indian Territory the Wich- 

ita and Arbuckle uplifts have exposed the basal Paleozoics. Here the 
basal sandstone member, sometimes wanting, is the Reagan sandstone, 

varying up to 500 feet in thickness. It is succeeded by the Arbuckle 
limestone, over 4,000 feet thick, of which perhaps the lower 1,000 feet 

are Cambric.* The following basal section occurs in the Arbuckle moun- 

tains : 

Ordovicic - 

Simpson Formation 

Feet 
Greenish shales and thin crystalline and shelly limestones, interstratified 

with a number of beds of sandstone, one of which, near the middle 

of the formation, is from 100 to 200 feet thick. The lower division 

carries a fauna similar to the Chazy of New York and Canada, while 

the fauna of the upper division is closely related to that of the upper 

Stones River group of Tennessee and Kentucky and the Stones River 

formation of the upper Mississippi valley. Thickness...... 1,200to 2,000 

Slight erosion disconformity and local deposits of pure sand. 

Cambro-Ordovicice 

Arbuckle Limestone 

Feet 
Thinly bedded shaly limestones, with sandy beds at the top, grading 

down into light blue and white limestone and cream colored to white 

crystalline dolomite, with occasional thin shaly strata and occa- 

sional siliceous and cherty beds. The age of the formation varies 

from Middle Cambrie to Lower Ordovicic, including the whole of 

the Upper Cambric and the Beekmantown formations. “From the 

base of the formation upward to the top of the Middle Cambrian the 

rocks are composed of thin bedded and in part intraformational 

conglomerate and shaly limestones.” This comprises several hun- 

dred feet, while the Upper Cambric includes about 700 feet of 

strata.t Ulrich holds that an erosion interval occurs at the top 

of the Middle Cambric, but the evidence given for that is not con- 

clusive. In the upper 1,250 feet fossils of the Beekmantown 

Horizon! occur, :; ‘Pinickmessis i ace ed tie ice  eiaeiel= oes ere 4,000 to 6,000 

* J. A. Taff and E. O. Ulrich: Professional paper no. 31, U. S. Geological Survey. 

+C. N. Gould: Geology and water supply of Oklahoma. U. S. Geological Survey 

Water Supply paper no. 148. 
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Camorie. 

Reagan Sandstone 

Feet 
Caleareaus sandstones, thin bedded and laminated, grading downward 

into clays and greensands, with coarser sands lower down, which 

pass downward into quartzites and arkose conglomerates of poorly 

assorted granitic material. At the top of the sandstone and in the 

shaly and calcareous strata for several hundred feet above the 

sandstone (basal part of Arbuckle), fossils of Middle Cambric age 

occur. ‘The thickness averages 300 feet, but varies from almost 

PAT OR EIMNIIE QMNU OMue vers, coc 5: sia! sa''aonssshianes sei A piraceds’ ef SG aae clones cas. toes) eras Sho elias. sv ehe) a. 500 

Great unconformity, with irregular erosion surface. 

Granite and porphyry. 

The occurrence of Middle Cambric fossils in the Reagan sandstone 

marks the beginning of the time of sedimentation as Middle Cambric 

and probably as the early portion of that period. There is, then, an 

overlap from the southeast, where the basal sandstone and a considerable 

part of the limestone is of Lower Cambric age. 

In the Ozark region the following section of the basal Paleozoic rocks 

is exposed :* 
Feet Feet 

© za: POAC MME S LOMO T i a.0.4,/0.6 3, 6.2. v0.4 5.ah4,0 'aeuevbiw 44 «whey tiebee 0 to 150 

ea eem pen Ctyctal City sandstone .-- 2... 2.-2.- 2420-22 -2-7-x 0 to 200 

3 2 i Hetrensony Wik ye WMIMEStONE: 6. a. als sc soins viola aie ese 50 to 250 

salle eeiwounidenx(foemation !....-.-¢4.ees))-4-42-s0e0. 70 to 225+ 
i e ee Gasconade limestone ........... Nese eee eh tieeletersletttare 450 to 650 

s i—_ EAA SW ROUT ACOs vayeke oie, anete Seh06. o ites erecg ee ahaa te) © 0 oukletae 0 to 120 

E 5 Bommeterre TiMeStOWe oe. keels we cles wes sicee ee 200 to year 

= ice VIGEEESSAMUSEOME: 2.5) cc seis ee ere eis so aoe 6 censlos 0 to 300 

Great unconformity. 

Archean granites and porphyry. 

The La Motte sandstone constitutes the basal formation of this section 

and was formerly identified as Potsdam sandstone. It is frequently a 

coarse grit or conglomerate near the base, the pebbles being quartz or 

granite and porphyry, and in the Saint Francis Mountain region a con- 

glomerate of porphyry pebbles lies at the base of the formation. Upward 
the La Motte becomes more thinly bedded and flaggy, and calcareous 

beds make their appearance, the transition to the overlying Bonneterre 
being gradual. The sandstone may disappear altogether, probably along 

* Bain (H. Foster) and Ulrich (H. O.): The copper deposits of Missouri. Bull. no. 

267, U. S. Geological Survey. 
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more elevated portions of the old land surface, which, being kept free, 

on subsidence, from sand accumulations, received directly the deposits 

of the limestones, which thus overlap the basal sand. 

The Bonneterre beds are granular, highly magnesian limestones, often 

with chlorite in the basal portion. The contact with the underlying 
formation seems to be a gradational one, indicating continued subsidence, 

and therefore advance of the sea. The shaly portion contains Lingulepis 
cf. lamborm, together with some other fossils, which are regarded as fix- 
ing the age of this bed as probably Middle Cambric. 

An erosion interval is believed by Ulrich to separate this formation 
from the next overlying Elvins formation, though the evidence is meager. 

It consists of an irregularity at the top and the presence of one or more © 
beds of limestone pebbles. The Elvins formation is Upper Cambric, 
according to its fossils. It consists of shales, shaly limestones, and more 

‘or less earthy dolomites. Locally the contact with the overlying Potosi 

group appears to be disconformable, but in other cases there seems to be 

a gradation upward into the Potosi. 

The Potosi is on the whole a shallow-water and perhaps in part conti- 
nental deposit with conglomeratic layers, sun-cracked beds, and local 

erosions. ‘The lower beds are dolomitic limestones, while sandstones of a 

more or less lenslike character occur in the middle portion, sometimes 

amounting to beds of considerable extent and uniformity (Roubidoux 

formation). Upward the series is again terminated by a dolomitic lme- 

stone (Jefferson City limestone), which in turn is succeeded by the 

Crystal City sandstone, with occasionally an erosion disconformity be- 

tween the two. The Joachim limestone, however, which overlies the 

Crystal City sandstone, forms a continuous depositional series with it. 

While the significance of the basal section appears to be marred by the 

occurrence of planes of erosion disconformity, it seems nevertheless true 

that the basal sandstone in this section has risen until it probably lies 

nearer the top than the bottom of the Middle Cambric series. There 
seem. to have been elevations in the Ozark dome at stated intervals, which 

caused partial retreat of the sea, followed by a readvance. This is the 

meaning of the numerous intercalated sandstone beds. 
The Upper Mississippi area—Subdivisions.—In eastern Wisconsin the 

subdivisions of the basal Paleozoic are, according to Chamberlin, as fol- 

lows :* 

* Geology of Wisconsin, vol. 2, p. 295. 
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Lower Magnesian. Feet 

Saint Croix series. ; 

SVITEICOTE SATIOSLOUG: _ oc:)acie sects hedeloita els ctaie retail oels © a0) aie) 5 «6 ele o/s oe awe ate 35 

5. Mendota limestone (including shale and sandstone)...........-.---- 60 

4. Sandstone (calcareous) .........ce cece seer rcs cre csc cr seers ccccces 155 

3. Bluish shale (calcareous) ......---2esseececccrrerseescecercccccees 80 

2. Sandstone (slightly calcareoUS) ........ cece cere cere e eer eeeerres 160 

1. Sandstone (very coarse, nON-CalCATEOUS) ...... eee e eee ee eee ee re ecee 280 

CRANE PVT PEN 2. 4 On aee cep cc et ahebe fad peNaneles meehel are Ohne ekwri ate” Bks eierae/ ea. «0/978 770 

Northward the lower members disappear by overlap of the higher. 

The Mendota bed (number 5) is the fifth Trilobite bed of Owen, with 

Dicellocephalus minnesotensis, D. pepinensis, Lingula aurora, and L. 

mosia. | 

The section at the Saint Croix Dalles has been studied in great detail 

by Berkey.* He recognized the following subdivisions: 

Shakopee dolomite. 
New Richmond sandstone. 
Oneota dolomite. 

Magnesian 
series ( Hall 

and Sarde- | Jordan sandstone. ) 
son). Saint Lawrence Seal ane ie 

3. Franconia sandstone (100 feet). | . . 
( Obolella politafGreensands ene eee 

Basal sand- | 2. Dresbach | zone. and shales. [ (Winchell) 
stone series shales(150 4 Laie. BOE Calcareous and | ; 
(modified 4 feet). Jp eae pyritiferous 
from Nor- nzformis zone. shales. J 
ton). 1. The lowest formation of this series is not exposed in the Dalles 

area, but it includes the lowest sandstone beds and possibly also 
3 the ‘‘ Hinckley sandstone” (0 to 1,000 feet). 

The Jordan sandstone of this section is correlated by Winchell with 

the Madison sandstone of Wisconsin. At the Dalles of the Saint Croix 

it contains a considerable fauna, listed by Berkey,+ including Dicello- 

cephalus osceola. The Saint Lawrence shales are correlated with the 

Mendota beds of Wisconsin (fifth trilobite bed of Owen), and include, 

besides a considerable fauna,{ Dicellocephalus minnesotensis and D. pep- 

imensis Owen. The Franconia, or third trilobite bed of Owen, contains 

a rich trilobite fauna,$ and so does the Dresbach, though this fauna is 

quite distinct from that of the overlying bed. The species here agree 

more closely with those of the Potsdam of New York, with which Hall 
and Sardeson correlate this and the Franconia sandstones. The thick- 

ness of this basal series at Minneapolis is nearly 1,550 feet. | 

* American Geologist, vol. xx, p. 377. 

+ Ibid., vol. 21, p. 270. 
t Berkey: Loc. cit., p. 271. 
§ Berkey: Loc. cit., p. 272. 
|| Hall and Sardeson: Bull. Geol. Soc. Am., vol. 3, p. 338. 
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Lake Superior sandstone.—This formation is generally referred to the 

Upper Cambric and correlated with the Potsdam of New York and the 

Saint Croix of the upper Mississippi valley. From a considevation of the 
facts furnished by the preceding sections, the progressive advance of the 

Cambric sea over the North American continent has become apparent. 

The advance was comparatively gradual, progressing through most of 

Cambric time and not reaching the upper Mississippi valley until the end 

of that period. It is therefore most likely that the basal beds of the Lake 

Superior region mark a higher level than those of the Saint Croix area, 

and their correspondence to the lower Magnesian series is not improbable. 

In fact, from their position it seems that they are more readily referable 

to the Lower Ordovicic than to the Upper Cambric. The section of this 
region is, however, complicated by the retreat and readvance of the Ordo- 

vicic sea, of which the Saint Peter sandstone is the record. This will 

be more fully discussed under another section of this paper, and there- 

fore the consideration of the equivalency of the basal sandstone of the 
Lake Superior region is deferred. A few local sections, however, may 

be added here, to show that in places at least this sandstone is much 
higher even than basal Ordovicie. 

Encampment d’Ours.*—On this island in the south channel (Lake 
Huron). the base of the section is formed by the quartzites and slates of 
the Huronian series, upon which rest unconformably 100 feet or more 

of light colored soft, sometimes conglomeratic, sandstone. This is suc- 
ceeded conformably by 60 feet of shales and limestones. The lower beds 

of this series are “prevalently arenaceo-calcareous shales of a dusky green 
or bluish color.” They contain the following species: 

Species of the lower Bed Range Elsewhere 

Camarotoechia plena Hall............... Chazy. 

Rafinesquina alternata (Conrad) small var.Chazy to Richmond. 

Cyrtodonta huronensis Bill............06- Stones River to Trenton. 

C:SUDUTUNCELO Sov. eek Oe eee ea ee 

Vanuxemia inconstans Bill............... Black River to Trenton. 

Mhatheria. tener IB see ote ee eee eee Trenton. 

Liospira eugenia (Bill. )255 50.03.20 oe Black River. 
Orthoceras multicameratum Emmons..... Stones River to middle Trenton. 

O. granulosim Momingers o. cn. ae ewe we 

Stictopora ramosa Tall 2 ose .b. acc ciles ww es Stones River. 

Callopora ramosa (D’Orbigny) .......... Lorraine. 

Columnaria cystoceras, etcetera. 

* Rominger: Report on Paleozoic rocks of Upper peninsula of Michigan. Michigan 

Geological Survey, vol. i, pt. III, 1873, p. 64. 
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This fauna is clearly of early Trenton (Black River) or Chazy age— 

a fact which makes the underlying sandstone more nearly equivalent to 

the Saint Peter of Minnesota (transgressional portion; see beyond) than 

to any part of the basal sandstone series of the Upper Mississippi region. 

On Sulphur island higher strata rest upon the Huronian quartzites 

without the intervention of the sandstones.* This, as suggested by 

Rominger, very likely represents a submerged reef or mound of the Bara- 

boo type of Wisconsin; but this does not seem to be the case in the En- 

campement d’Ours section, where a great thickness of strata, comparable 

to the basal Superior sandstone, succeeds the Huronian. There can be 

little question that at this portion of the shore the Middle Ordovicic 
strata overlapped the Cambric and rested with a basal sandstone on the 

pre-Cambric. The reference of this bed to the Cambric is clearly 

erroneous. 

On the island of Lacloche (Cloche island) a similar reddish, greenish, 

and whitish sandstone, from 20 to 30 feet thick, rests on the pre-Cambric 

erystallines. It passes upward into arenaceous dolomites and limestones 

with an abundance of fossils, which first appear in the upper layers of 
the sandstone and which clearly establish the age of the formation as 
Black River. The probable identity of this sandstone and that on Saint 

Joseph and Encampement islands with the Saint Marys sandstone of 

Sault Sainte Marie was early pointed out by Logan, who considered it 

improbable that these sandstones are the equivalent of the Potsdam of 

New York. 
From a number of localities a siliceous dolomite varying up to 100 

feet in thickness has been recorded as lying above the Superior sandstone; 
this formation, named the Hermansville limestone by van Hise and 

Bayley,{ is generally regarded as of Beekmantown age, though the evi- 

dence for this is by no means conclusive. In the Iron Mountain region 
Upper Cambric fossils are recorded from the basal sandstone, but this 

does not prove that the basal sandstone of Marquette and the pictured 

rocks is of the same age. In fact, from their position with reference 
to the transgression of the Cambric sea, these more northern sandstones 

must be regarded as of later age than that of the Menominee district. 
If the Hermansville limestone (Auxtrains formation would be a better 

name, from the more typical exposure on that stream) proves eventually 

to be Beekmantown rather than Chazy (that is, Upper Stones River or 

Lowville), the late Cambric or early Ordovicic age of part of the Superior 

sandstone must be conceded. In that case, however, the basal sandstone 

of Sault Sainte Marie and eastward is of much later age, belonging to 

* Rominger: Loc. cit. 

+ Menominee folio. 
LIV—BuLL. Grou. Soc. AM., Vou. 17, 1905 
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- post-Saint Peter time, the great Saint Peter hiatus separating it from the 
basal sandstone of Cambric age. 

Western Adirondacks and Canada.—Along the western flanks of the 

Adirondacks the Lowville (upper Chazy) overlaps the preceding forma- 
tions and rests with a basal sandstone upon the crystallines. This sand- 

stone grades upward through a calciferous sandrock into the purer lime- 

stone. ‘The calciferous member has been compared with the Calciferous 

or Beekmantown of the Mohawk and Champlain valleys, with which it 
agrees in lithic character; but it is evidently a much higher member of 

the Ordovicic series. This basal bed is traceable northward to the 
Frontenac axis, on the west side of which, as at Kingston, Ontario, it is 

a well marked basal sandstone—the Rideau. ‘This sandstone was for- 
merly regarded by Canadian geologists as Potsdam, and the overlying 

formation has been referred to the “Calciferous” (Beekmantown), with 

which it agrees in lithic character. The occurrence in these overlying 

beds of Black River fossils, however, proved this correlation to be 

erroneous, and Ami suggests that the basal sandstone bed may be the 

shore equivalent of the Chazy. Wilson,* on the other hand, thinks it is 

the basal arenaceous member of the lower Black River; and this is prob- 
ably more nearly in accord with the facts. 

In this section and elsewhere in Canada the Trenton limestones (Black 

River) have been found to rest in places directly upon the crystallines 

without intervention of basal beds. This fact, as in the case of Sulphur 
island, is probably to be explained by assuming a slowly submerged island 

or reef of small extent, from which, in the deepening sea, the siliceous 

clastics would be removed by the agitated waters. 

On the whole, it may be confidently asserted that it is extremely im- 

probable that Potsdam or other Upper Cambric formations occur in 

Ontario west of the Frontenac axis or east of the Sault Sainte Marie, and 

that the basal sandstone in all this region is therefore of later age, prob- 

ably in most cases of late Chazy or early Trenton. 

East of the Thousand islands the Potsdam sandstone of New York has 

been traced northward to the Ottawa, and then eastward past Montreal, 

along the Saint Lawrence. In some localities along this line the fossil- 

iferous limestones of the Beekmantown overlap the basal sandstone and 

rest directly upon the crystallines. In typical exposures the Potsdam 

grades up into the Beekmantown or Calciferous, the fossils of which are 

types found near the middle of the Beekmantown of the Champlain valley. 

At Prescott and Maitland nearly 80 feet of limestones, shales, and sand- 

stones overlie the Potsdam, and the lower portion of this series carries 

* A. W. G. Wilson: Canadian Record of Sciences, vol. ix, 19038, p. 132. 
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Scolithes canadensis. The section terminates with a concretionary bed, 

which at Grenville, where these fossiliferous beds rest directly upon the 
erystallines, is followed conformably by Chazy. Unless there is an un- 

recognized hiatus here, the Calciferous of this section represents only the 

uppermost Beekmantown of the Champlain valley, where this formation 

has a thickness of 1,800 feet, according to Brainard and Seeley.* If this 

is the case, then the Potsdam of this series, since it forms a continuous 

series with the Beekmantown beds overlying, is also of Beekmantown age; 

for it is hardly conceivable that under apparently uniform conditions 

1,800 feet of limestones should accumulate in the Champlain valley, while 

less than 100 feet accumulated in the Ottawa region. Even if a hiatus 

exists between the Beekmantown and Chazy of the Ottawa River sections, 

we can still regard the Calciferous and Potsdam of these sections as above 

the base of the Beekmantown of the Champlain valley, since the fauna is 

more comparable to that of the later Beekmantown of the Champlain 
valley. If this deduction is sound, it leads us to question the Cambric 

age of all the Potsdam of the Ottawa river and the Riviere du Nord. The 

fossils found in this basal sandstone are the worm tube Scolithes cana- 

densis, and the peculiar tracks called Protichnites, besides Lingulepis 
acuminatus, Ophileta compacta, Pleurotomaria cf. lawrentina, and frag- 

ments of Orthoceras. The species of gastropods are also characteristic of 

the Calciferous of these regions, in which formation also occurs a species 

of Scolithes. Lingulepis acuminata is not strictly a Cambric fossil, for 

the species is found to range up into the Beekmantown at Whitehall, 

New York, and in Saint Lawrence county. Ophileta compacta also 

occurs in the upper beds of the Chateaugay section in what is considered 
typical Potsdam sandstone, associated with Lingulepis acuminata, Dicel- 

locephalus sp.?, and Ptychaspis sp. ?+ 

One hundred and fifty miles up the Ottawa from Grenville, at the 
Allumette rapids, near Pembroke, the Chazy rests with a basal conglomer- 
ate upon the gneiss, and at Saint Ambroise the Trenton rests upon the 

erystallines with only 20 feet of sandstones intervening. This sandstone 

has been referred to the Potsdam, but it is more probably referable to the 

lower Trenton. 
Basal Paleozoic beds of the Rocky Mountain region.—Wherever the 

Paleozoics are exposed in contact with the crystallines, a basal sandstone 
or conglomerate forms the base of the series. In a number of localities 
this basal sandstone (Sawatch quartzite) carries a Dicellocephalus fauna, 

as in Gunnison county (Crested Butte), at Aspen, the Eagle river and 

* Bull. Amer. Mus. Nat. Hist., vol. iii, 1890, no. 1, pp. 2, 3. 

* Walcott: Correlation papers, Cambrian, p. 343, 347. 
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Tenmile districts, at Leadville, and elsewhere. At Manitou park 100 feet 

of sands lie between the fossiliferous Ordovicic limestones and the 

granite. In the upper bed of this sandstone series Lingulepis and Obolus 

have been found, on the strength of which discovery these sandstones are 

referred to the Cambric. At another point in the Park the thickness of 

this series is 86 feet, while in still another section 40 feet of sandstone 

intervene between the granite and the Ordovic limestone. 

The section at Perry park was examined by the writer. On the granite 
lie about 100 feet of sandstones, with some cherty limestones, followed 

by a thin bed of brecciated rock in which the fragments are limestone and 
chert. ‘This is immediately succeeded by a cherty limestone carrying 

Carbonic fossils and referable to the Milsap limestone of Cross. The 
brecciated bed may indicate a line of disconformity, which would justify 

the reference of the basal sands to the Upper Cambric. On the other 

hand, the bed referred to shows no evidence of so extensive an erosion 

interval as would be necessary to make the basal bed Cambric. There 

seems to be no valid reason why we should not return to the earlier view, 

namely, that these basal beds are also Carbonic, resting by overlap 
directly upon the granite. If this is the case, this sandstone is probably 

not continuous with the basal sandstone of Manitou, the overlap being of 

the irregular instead of the progressive type. 

Another section was examined by the writer in Williams canyon, near 

Manitou Springs, and a detailed analysis of the beds was made. The 

basal portion was also examined in Queens canyon. In both cases lime- 
stones with Ordovicic fossils were found a short distance above the basal 

sandstone, of which there are 48 feet in Williams canyon and less than 

half that amount in Queens canyon. At Canyon City, Walcott found the 

Harding sandstone resting unconformably on the Algonkian gneiss and 

miscaceous schist. The base is a 5-foot bed of coarse light gray sand- 

stone, followed by sandstones becoming gradually more reddish and 

purplish and containing a Lower Trenton molluscan fauna. With these 

occurs the remarkable fish fauna characteristic of this formation.* Else- 
where in this region, however, Lower Ordovicic limestones and basal sand- 

stones referred to the Cambric occur below the Harding. 

The basal sandstones of the Front range, except in such cases as the 

Harding sandstone, are generally regarded as of Upper Cambric age. 

That some of these sandstones are of later age than Cambric, representing 

the continuous encroachment of the sea into Ordovicic time, can hardly be 

questioned. In fact, from the character of the few fossils found in the 

limestones immediately overlying, there is some reason to believe that in 

* Walcott: Bull. Geol. Soc. Am., vol. 8, 1892, pp. 153-172. 
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the Manitou Springs region the basal sandstone is Lower Ordovicic rather 
than Cambric. That continued encroachment of the sea caused the over- 

lap of the Ordovicic is shown in a number of cases along the Front range. 

In the Sangre de Cristo range the Arkansas sandstone of Carbonic age 

overlaps the Lower Paleozoics, resting for the most part directly on the 

granite foundation of the range. This case, however, is probably not an 

example of progressive overlap, but of the irregular type. 

Foreign examples.—The basal Paleozoic section of the north of Scot- 

land furnishes a record of nearly continuous subsidence, and therefore of 
progressive advance of the sea on the land of that period. Resting un- 

comformably on the pre-Cambric Torridon sandstone is a basal conglomer- 

ate with pebbles up to an inch in diameter, made of the underlying ma- 

terial. This passes upward into cross-bedded sandstones and arkoses, 

which in turn grade upward into the “pipe rock,” a fine quartzite pene- 
trated by numerous worm tubes (Scolithes sandstone, Eriboll quartzite). 

These basal clastics, probably in part non-marine, are from 450 to 600 

feet thick, and are succeeded by mudstone, the so-called Fucoid beds, in 

which calcareous sediment first appears. This is the beginning of the 

granular dolomite which becomes most characteristic of the upper beds. 

The dolomites, with a thickness of perhaps 1,500 feet (calciferous sand- 
rock or Durness limestone series of Scottish geologists), ranges in age 

from Cambric to Lower Ordovicic. The calcareous beds bear evidence 
of accumulating in quiet water, yet there is near the middle of the series 

a cross-bedded sandstone, which indicates an interruption and temporary 

return of shore or dry land conditions, after which offshore sedimentation 

again took place in this region. 
This section, then, indicates that a progressive subsidence took place 

(interrupted by the interval referred to), and that hence we must look 

somewhere for successive overlapping of the beds and the rise of the 

basal clastics in the series. The record of overlapping has been destroyed 

by erosion in the northern area, but in Wales we still find traces of it. In 

southern Wales the basal beds of the Cambric are conglomerates, sand- 

stones, and shales, with lower Cambric fossils, and 1,570 feet thick 

(Caerfai group). They are succeeded by 1,800 feet of sandstones and 

slates, with mid-Cambric fossils (Solva group), and higher still by 750 
feet of shales and grits, with Paradoxide daudis and P. hicksi (Mene- 

vian). These are followed by the Lingula flags (2,000 feet), and are 

later succeeded by the Tremadoc slates (1,000 feet), which are regarded 

by British geologists as forming the top of the Cambric, but are classed 
by continental geologists with the basal Ordovicic. There is a record of 
subsidence here, but the subsidence is not so marked, nor is the shore zone 
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removed to the extent shown in northern Scotland. The deposits here, 

aggregating 7,000 feet in thickness, are terriginous throughout. In 

western England the Cambric beds have a more offshore character, con- 

sisting of basal sandstones, followed by calcareous beds and by the Dicty- 

onema and Shineton shales. There are some intercalated conglomerates, 

and the thickness of the series is much less than in Wales, thereby indi- 

cating some oscillating conditions. On the whole, however, there seems 
to have been a steady advance of the sea westward. 

In northern Wales the lowest Cambric beds are the Llanberis slates, 

3,000 feet thick, and the Harlech grits, a continental formation 6,000 

feet thick. This is followed by 225 feet of Menevian, and then by 3,100 
feet of the Lingula flags (Upper Cambric), which in turn are succeeded 

by the Tremadoc (1,000 feet). The Llanberis slates rest upon quartz 

felsite, and have furnished Conocoryphe and Hyolithes. They are most 

probably to be classed: as Middle Cambric, which fixes the transgression 

as of that data in north Wales. The transgression reached Anglesea, in 
northwestern Wales, toward the close of Cambric time; for here the pre- 

Cambric crystallines are succeeded by basal quartz-jasper conglomerates 

of Tremadoc age,* all the earlier beds having come to an end and being 

overlapped by the highest of the series. The fossiliferous Tremadoc beds 
pass upward into beds with Arenig fossils.t The basal conglomerate thus 

rises in the scale, until from Lower Cambric in southern Wales it has 

become uppermost Cambric in northwestern Wales. 
In Scandinavia the basal Cambric is the Fucoidal sandstone, which 

appears to represent a reworked continental deposit, as indicated by the 
presence of the “drei-kanter.” This sandstone is probably not of the 

same age throughout, but represents higher and higher horizons toward 

the old land, though still holding its place as a basal bed resting directly 
upon the crystallines.{ It represents, in other words, a basal clastic of a 

transgressing sea. 
The well known fact that the lowest Cambric deposits of Bohemia are 

of Middle Cambric age may be cited as another example of the overlap of 

higher on lower formations in a continually transgressing sea. The basal 
beds resting directly upon the pre-Cambrics are coarse conglomerates and 

* Hughes: Quart. Jour. Geol. Soc., vol. xxxvi, p. 237; xxxviil, p. 16. 

+ Professor Hughes, in his second communication, refers the species of Orthis found in 

the sandstones above the basal conglomerate, which he formerly identified as O. caraus- 

sii, an Arenig or Tremadoc species, to O. hicksti, a Menevian species, making the two 

types con-specific. On the strength of this, he suggests the possible Menevian age of the 

basal Cambric beds of Anglesea. Since they are, however, followed without break by 

typical Arenig strata, and since the species of Orthis found is a typical Tremadoe and 

Arenig species, even though considered only a variety of the Menevian O. hicksti, the 

reference of these basal beds of Anglesea to the Tremadoc is probably correct. 

tSee Nathorst: Sveriges Geologi, p. 145. 
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sandstones, the age of which is regarded as that of the Paradozides 

elandicus zone—that is, some distance up in the Middle Cambric. 

THE BASAL MESOZOIC SERIES 

The Central area—At the beginning of Mesozoic time the North 

American continent was mostly dry land. Transgression of the sea 

began in Jurassic time in the Mexico area, and progressed northward 

and westward, with some oscillations, to southern Colorado and Ne- 

braska, and possibly to southern Dakota, when a period of extended 

retreat was inaugurated, as recorded in the Dakota sandstone. The 

record of the advance is embodied in the basal sands of the Comanche 

series of Texas and the states immediately to the north. The progressive 

advance of the sea and the resultant rising of the basal sandstone in the 

scale have been discussed in detail by Hill, who divides the series as 

follows :* 
Buda limestone. 

Denison formation. 

Fort Worth formation. 

Preston. 

We ashita oie ian SRS 

Comanche Peak. 

Walnut. 

Edwards formation. 

Fredericksburg............ 

Paluxey. 

MEOH aee ues ye cette 5d ee ae joe Rose. 

Travis Peak. 

In central Mexico the Comanchean series is composed mainly of lime- 
stones which succeed the Upper Jurassic Aucella beds with perfect con- 

formity and continuity of deposition. The Jurassic beds, however, rest 
unconformably upon the earlier formations, with a basal sand and con- 

glomerate.t 
On the tropic of Cancer the basal bed has risen into the base of the 

Comanchean series, the overlying beds changing progressively through 

arenaceous and calcareous clays to limestones (Tehuacan limestones). 

From this point northward to Texas and into Indian Territory the basal 

bed rises progressively in the series, but with several retreatal movements, 

which will be referred to more fully below. The general advance, how- 

ever, is indicated by the change in character and thickness of the forma- 

tions. Thus, at Austin, Travis Peak beds are over 800 feet thick, and 

*R. T. Hill: Twenty-first Ann. Rept. U. S. Geological Survey, pt. 7, p. 115. 

+R. T. Hill: Am. Journal of Science, vol. xlv, 1893, p. 311. 
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begin with basal sands and conglomerates. More than two-thirds of the 
formation is limestone, and it is succeeded by 600 feet of Glen Rose lime- 

stone, the Paluxy being undeveloped as a sandstone. At Twin mountain, 

in Erath county, Texas, the Glen Rose is a slightly siliceous limestone 

5 feet thick, and is inclosed between 115 feet of basal sands and conglom- 
erates and 190 feet of Paluxy sands. At Decatur, Wise county, nearly 

100 miles northeast along the strike from the preceding locality, the 

merest trace of the Glen Rose limestone appears between 200 feet of basal 
sand and 125 feet of Paluxy. This indicates the uniform thinning north- 

westward of the formation, largely by disappearance through overlap of 
the basal members. The age of the basal bed at the localities of the last 

two sections is clearly Glen Rose, though, as will be shown later, it is 

nearer the middle than the upper part of the formation. 
Along the Texas-Indian Territory line the Trinity beds have disap- 

peared by overlap of the Fredericksburg. Here the basal bed is known as 

the Antlers sands, and, though spoken of as Trinity by Hill, clearly be- 
longs in the Fredericksburg, since the overlying limestone (the Goodland) 

is only 25 feet thick, whereas the Comanche Peak and Edwards lime- 

stones, which it represents, are 350 feet thick in the Austin region and 

approximate 700 feet on the Rio Grande. In western Texas, in New 

Mexico, and in southern Kansas,* the upper Fredericksburg beds are 

represented only by shore-derived clastics. In southern Kansas they are’ 

the plant-bearing Cheyenne sandstone, which rest directly upon the Red 

beds (Permian) and have a thickness of 65 feet. They are followed by 

the Kiowa shales, with Gryphxa corrugata, which have been found to ex- 
tend northward into southern Colorado, where they overlie the Morrison 

formation.t It is not impossible that this horizon or a somewhat higher 
one will be traced north as far as the Black hills, where a thin limestone 

band holds the proper position. As will presently appear, only the lowest 

Washita beds are deposited over this more northern area, the Dakota 

regression beginning in early Washita, if not actually at the beginning of 

Washita time, and continuing throughout that epoch. 
The West Coast transgression.—Marine Mesozoics are found in various 

parts of the Pacific coast province of North America. The series begins, 

as far as we know, with Lower Triassie, though the lowest Triassic (lower 

Brahminic) has not yet been found. In the Meekoceras beds of the Aspen 
Mountain, upper Brahmanic and lower Jakutic horizons are known, the 

former (with Meekoceras, Aspidites, Pseudosageceras, Ophiceras, Propty- 

chites, etcetera) occupying the lower 700 feet and resting upon Carbonic 

* Prosser: Geological Survey of Kansas, vol. ii, p. 96. 

+ Stanton: Science, n. s., vol. xxii, p. 756. 
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strata. Higher up in the series occurs Pseudomonotis pealei, represent- 

ing the lower Jakutic stage. Less than 30 miles east, in the Salt River 
range of Idaho, the Pseudomonotis pealet beds rest on limestone with 
Productus multistriatus,* thus indicating an eastward overlap. 

In the Humboldt mountains of Nevada the Star Peak group of more or 

less arenaceous limestones, which represents the middle and upper Mus- 

chelkalk horizon (Anisic and later), rests on the metamorphic Koipato 
formation. If no lower horizon is observed in the Star Peak series, an 

eastward overlap is indicated, since the Meekoceras beds are present in the 
Inyo mountains of eastern California. 
A typical case of overlapping of formations due to the encroachment of 

the sea exists in the Shasta-Chico series of Oregon, Washington, and 
British Columbia. The series rests unconformably upon an old land sur- 

face composed of more or less metamorphosed strata, ranging in age from 

Paleozoic to Jurassic and complicated by igneous intrusions. A basal 

sand or conglomerate is generally present and sometimes seems to grade 

downward into the rocks of the old land, owing to the apparent slight 

rearrangement of the disintegration soil formed by the decay of the 

erystallines. ‘The Lower Shasta or Knoxville beds extend north to the 
Shasta county line in California, where they are overlapped by the Upper 
Shasta or Horsetown beds, which extend 125 miles beyond the Knoxville. 

In this distance the higher beds of the Horsetown progressively overlap 

the lower ones. Where the Horsetown beds come to an end, the Chico 

overlap them, resting unconformably on the metamorphics. “The sub- 
sidence continued until the sea reached the western base of the Sierra 
Nevada, near the fortieth parallel, and all or nearly all that part of 

California north, northwest, and west of Lassen peak, as well as almost 

the whole of Oregon, was beneath its waters.’ + 

Foreign examples——The Hils of Germany has long been recognized as 

a typical basal formation of the transgressing sea of early Neocomian 

time. This formation consists of a series of clays, with sandstones and 

conglomerates at the base. They rest, with an hiatus, on various members 

of the upper Jura from Kimmeridgian to Purbeckian, containing peb- 

bles and worn fossils of these in the basal bed. The age of the basal bed 

of the Hils varies, ranging from lowest Neocomian to post-Wealden, as 
shown by the succeeding fossiliferous clays in the various localities. This 

rise of the basal bed in the column marks the progressive advance of the 

Neocomian sea over central Europe. 

A comparison of the English and Irish Cretacie brings out an interest- 

* A. C. Peale: Bull. U. S. Geological and Geographical Survey, vol. v, no. 1, p. 121. 

+ J. S. Diller: Bull. Geol. Soc. Am., vol. 4, p. 27. 
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ing correspondence in the lithic character of the sections when read from 

the base upward; but this correspondence is not paraliel in synchronous 
formations, for the base of the Irish Cretacic is much higher than that of 

the English. The following sections will illustrate this point: 

KE England 
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FIGURE 3.—Diagrammatic Comparison of Irish and English Cretacic. 

In England the basal formation is the lower Greensand (Aptian), 
which rests on the non-marine Wealden, and is a glauconite and clay 

formation with basal conglomerates. The corresponding lithic bed in 

Antrim county, Ireland, is the Cenomanian, which rests on Lias and 

Rhaetic. The distance is from 300 to 400 miles, in which interval the 

lower Greensand and Gault have disappeared by overlap, bringing the 

Cenomanian directly on the old land surface. During the advance, how- 

ever, the deepening of the English area, and above all the removal of the 
coast, permitted the deposition of chalk in that region, so that the 

Cenomanian of England is a chalk, though it still contains Greensand 

and marl. It is the Lower Chalk of the British geologists. The corre- 

sponding lithic bed of Ireland—that is, the Lower Chalk of Ireland, 

lithically considered—is lower Senonian. Between this and the basal 

Lower Greensand (Cenomanian of Ireland, Aptian of England) is a 

glauconitic sand, clay, and marl formation, which in England is the Gault 

or Upper Greensand (Albian), while in Ireland it is the Turonian, and 
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m part perhaps Upper Cenomanian. The Turonian, or Middle Chalk of 

England, is already a pure white chalk, a lithic characteristic attained in 

Ireland only in the upper Senonian. Thus a regular and progressive ad- 

vance of the sea from southeast to northwest is indicated, with a corre- 

sponding change in lithic character as the sea advanced. | 

The Nubian sandstone of North Africa and Asia Minor appears to 
present another case of a lithic formation rising progressively in the time 

scale. It is the basal sandstone of the Cenomanian and later trans- 

gression, and is probably, in part at least, a non-marine deposit reworked 

by the advancing sea. In mount Lebanon, where this sandstone is 1,600 

feet thick, it is succeeded by Turonian strata, while in the Lybian desert 

Senonian chalk follows it, making the age of the sandstone itself prob- 

ably Turonian. 

PROGRESSIVE OVERLAP AND THE BLACK SHALE PROBLEM 

Wherever the relief of the land has been reduced to the condition of 
a peneplain, the rock surface of the old land becomes mantled with the 

products of subaerial decay. Prolonged exposure to this process results 
in the complete disintegration of the mineral constitutents of the rocks, 

and in the removal, by solution, of all soluble portions. When the rock 

of the old land surface is a limestone, only the finest residual clay soil 
will remain behind. The surface of a peneplain is preeminently char- 
aeterized by obstructed drainage conditions, and this character is the 
more pronounced the more closely the surface of the peneplain approaches 
that of an actual plain; hence swampy conditions may be regarded as 
normal to the peneplain surface; and this brings us to the conclusion that 
the residual soils of such an area must be highly tinged with the carbon 

of the decaying vegetation. On old limestone surfaces, the clay becoming 

thus highly stained with carbon and the residual soil of limestone regions 

being exceedingly fine in texture, it follows that the resultant deposits 

from such areas of decomposition will be a fine and uniform grained 
black clay rock. When the sea encroaches upon such an area of residual 
soil, the basal formation of the resulting series of deposits will be a 

black shale, succeeded upward generally by calcareous members, since 

the shale itself constitutes the finest clastic of shore-derived origin, and 

any further deposits must be sea-derived—that is, organic or chemical 
precipitates. It is by no means implied that all black mud deposits origi- 

nate in this manner. The black muds of the protected lagoons and mud- 
flat areas of our coasts owe their color and carbonaceous character to the 

growth and decay of the sea grasses (Zostera, etcetera) and the animals 
living buried in this mud. The black shales of the Ohio Upper Devonic 
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probably owe their color to the presence and innumerable minute spores of 

Rhizocarps, Protosaluima huronensis; and the black muds of partly in- 
closed basins like that of the Black sea are deep-water deposits, where in 
the denser lower portions of the water H,S is generated in great quantity 

by the activities of sulpho-bacteria.* 

If we now set out to interpret the black shale so characteristic of the 
mid-Paleozoic of the interior region of North America by the light of the 
facts gained from a study of modern black mud deposits, we are con- 

fronted by evidence which points to one or more of the causes cited as 
probably operative in the production of this deposit. That portions of 

this shale are due to deposition in a relatively inclosed area, under con- 
ditions similar to those existing in the Black sea at the present time, 
seems probable, since some of these shales in the Portage formation of 

New York are especially rich in iron sulphide, and are further character- 

ized by the presence of a dwarf fauna, such as is found to be buried in 

the black muds accumulating in the Black sea today.t But it by no 

means follows that all the Black shale of eastern United States was depos- 

ited in this manner; indeed, the evidence does not admit it even as a 

tentative assumption. 'The facts are best set forth by a review of the 

sections in which the Black shale holds a significant position. 
Beginning in the westernmost area of its development on the Missis- 

sippi, we find a significant series of sections which may form the basis 

for the interpretation of the southern shale deposits. The following sec- 

tion was studied by the writer at Louisiana, Missouri, the northwestern- 

most point of appearance of the so-called Devonian Black shale: 

Section at Louisiana, Missouri 

Feet 

Louisiana limestone-—Compact limestone or calcilutyte resembling litho- 

eraphice PimeStOme: cee. hace’ See eects s ersteteNe eo eatere nce neteC cme hesteltel )toe roe neem 50 

Immediately below this limestone is a bluish gray arenaceous mud rock, 

resembling the unweathered Chonopectu$ sandstone of the Burling- 

ton section; when weathered it has all the aspect of that sandstone 1 

In one locality the lower part of this lower bed is more argillaceous, 

containing a fairly rich Kinderhook fauna, with Spirifer marionensis 

and Productella concentrica predominating. This shale passes 

downward without any perceptible break into black fissile rusty 

shale, resembling in all respects the Genesee shale of New York or 

the Black shale of Ohio, with which, on this account and on account 

of its position, it has been identified...............2...2.28. ws eee 4 

* Andumow: La Mer Noir. 
+ See Clarke: Naples Fauna, pt. ii, Mem. 6, N. Y, State Museum. Also F. B. Loomis: 

Rept. State Pal., 1902. 
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Page 

Where the one-foot bed below the Louisiana limestone retains its sandy 

character throughout, the change from it to the underlying black 

Shale is abrupt in color and texture, but there is no indication of 

discontinuity of deposition; the Black shale and the overlying beds 

represent one depositional series. 

Below the Black shale, and apparently conformable with it, is a brown, 

much decomposed limestone of arenaceous texture................. % 

This passes downward conformably into a fine grained buff siliceous 

limestone. The thickness of this bed varies in different sections 

HARON PR ee Maret Tet eat tiete) aeaee eh evsie ore Cobia oe 6 POU ehelb alee bale we 4 to 10 

Underlying this with a somewhat irregular contact is a fossiliferous lime 

rock with corals and Stromatoporoids indicating its Silurie age. 

Although the contact between the brown fine grained limestone and 

the coarse coral limestone is somewhat irregular, there is no direct evi- 

dence of a stratigraphic break here. The irregularity is not more striking 
than that often found between successive tiers of limestones, where solu- 

tion along the contact lines will necessarily produce minor irregularities. 

Moreover, the lower limestone retains its thickness and character in all 

the sections examined, while the upper brown limestone varies in thick- 

ness from place to place. No bedding planes are visible in this brown 

limestone, and the bedding planes of the overlying shale are apparently 

conformable with its surface. Nevertheless, it seems as if the line of 

stratigraphic unconformity (disconformity) is to be sought at the base 
of or within the Black shale. This deposit is entirely unfossiliferous, 

but passed upward into a bed with Kinderhook fossils. 

At Burlington the Louisiana limestone is underlain by 25 feet of the 

Chonopectus sandstone, and about 120 feet of a similar but more argilla- 

ceous rock, which probably rests upon the Devonic limestones. There is 
nothing at Louisiana to represent this series, except the 1 foot of rock 
of the Chonopectus sandstone type and the Black shale. It is true that 

the Louisiana limestone and the overlying Hannibal and Choteau beds 

form a greater thickness of rock below the Burlington formation at 

Louisiana than at Burlington, but it is also true that the fauna of the 

Louisiana limestone, as far as it is known, is a higher fauna than that 

of the Chonopectus and lower beds. While the base of the Louisiana 
limestone may not be and probably is not synchronous in the two locali- 

ties, yet it seems nevertheless to be the fact that deposition of the Kinder- 

hook began in the Burlington region before it reached the Louisiana 

region. Thus there appears to have begun a southward transgression 

of the sea in lower Kinderhook time, and the Black shale of the Louisiana 

section seems to be the basal bed of the series in that locality. 
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That this shale is not a deep-water deposit seems evident from its 
position at the base of a transgressive series of deposits. It seems more 
in accord with the facts to consider it a slightly reworked residual soil, 

which had accumulated on the old limestone land surface, probably at 

the summit of a decomposed mass of limestone, of which the brown bed 
of variable thickness is the consolidated record. 

A section studied by Weller near Springfield, Green county, south- 

western Missouri, and one in northern Arkansas has a significance in this 

connection. The first of these is as follows: 

Saint Joe limestone—Burlington. Feet 

Kinderhook, consisting of 

Pierson limestone, a fine grained, buff colored limestone with 

upper Choteal faunas oo 2.6 ec 8 oben eee oe eee 3 to 10 

North View sandstone, -lithically identical with the Vermicular 

or Hannibal sandstone of the Mississippi section, but having a 

fauna similar to that of the upper yellow sandstone of Burling- 

110) 0 ek nr eee ane premiera OR re Bee aN AIR PAE OG 2 5S 10 to 90 

Phelps sandstone, carrying numerous black phosphatic nodules 

and fragments of worn fish teeth, identified as Devonic........ Oto 4 

Sac limestone, a hard bluish gray compact limestone, with a 

Choteau: fawiae c's ue ek masta Se eee 6 ook ee ee 1 to 18 

Hureka (Noel) black shale, with Kinderhook fossils............ 0 to 4 

Disconformity. 

Magnesian limestone (Ordovicic). 

Weller correlates on faunal basis the Sac limestone with the upper 
yellow sandstone overlying the Louisiana limestone in the Burlington 

section, or the Hannibal sandstone and Choteau limestone of the north- 

eastern Missouri sections. Accepting this correlation as the true one, we 

find that the overlap southward has brought the black basal shale (Hureka | 

or Noel) into the upper part of the Kinderhook formation. This is 

borne out by the fossils of the Black shale, which are later than the 

Chonopectus horizon. It must be remembered, however, that the north- 

east Missouri sections are on the flanks of the Ozark uplift, and that the 

transgression there may have been a local one. If that is the case the 

total southward overlap is actually greater, since in the absence of the 

Ozark uplift the actual base of the section would be lower than it is in 
northeastern Missouri, and hence the rise of the basal black shale would 

be from a lower position than now in the northeast to the indicated posi- 

tion in the southwest of the state. 

In northern Arkansas the Hureka, or Noel black shale, represents the 
same facies of sedimentation as in southwestern Missouri, and, as in that 

section, contains fossils showing its age to be younger than that of the 
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Chonopectus sandstone of Burlington. It rests on the eroded lower 

Magnesian limestone (Ordovicic) and varies in thickness from a few 

inches to 70 feet. It is not always black, but sometimes greenish or 

yellowish, and has thin limy members toward the top. It is immediately 

succeeded by the Saint Joe limestone (Burlington), into which it is 

often seen to grade. The connection between the two is an intimate one 

and represents continuous deposition. ‘This fixes the date of the Eureka 

(Noel) shales of Arkansas as latest Kinderhook and shows an overlap 
from the base of the Choteau to the base of the Burlington, during the 
transgression of the Kinderhook sea from southern Missouri to northern 

Arkansas. Here the basal black shale takes the place of the basal 
sandstone of the basal Paléozoic sections; but, like that sandstone, this 

basal shale rises in the scale with the progress of the transgression. It 
is hardly questionable that the Black shale represents the reworked 
residual soil of the old land of Ordovicic lmestones in the Missouri- 

Arkansas section. The shale rests unconformably on various members of 

the Lower Paleozoic limestones, and in each case derives its mineral 

character from the bed underlying. According to Ulrich, the shale is 

found resting only on the Key sandstone (Saint Peter), or the mag- 

nesian limestone of earlier age (Yellville formation). Where the Black 

shale is not developed, another formation, the Sylamore, often lies be- 

tween the Saint Joe and the underlying Ordovicics (Polk Bayou lime- 

stone). The Sylamore formation consists of a shale with a maximum 

thickness of 15 feet, succeeded by a sandstone of coarse rounded quartz 

grains containing phosphate nodules. The shale is sometimes black and 
then resembles the Noel shale, with which it is generally correlated. 

Ulrich, however, insists on the Devoniec age of this rock, on the strength 

of some fragmentary fish remains (a mandible doubtfully referred to 

Dynichthys) which indicate that age, and of some invertebrate fossils 

“which tend to corroborate this view.” The fossils recorded are “a 

small Lingula that may be the same as L. spatulata of the Genesee shale 

of New York, and some conodonts.” If this view is correct, there is 

a pronounced hiatus at the top of the sandstone, for the whole Kinder- 
hook formation is wanting. The phosphatic pebbles of the Sylamore are 

sparingly represented in the basal portion of the Saint Joe, which is inter- 

preted by Adams and Ulrich as the result of reworking. Ulrich states 

that “the Sylamore formation impresses one as the waste of a near-by 
shore, and thus agrees, not only in its faunal and physical character, but 

also in its origin, with the Chattanooga formation as developed in 

middle Tennessee.”* The Noel shale, on the other hand, is correlated 

* George Adams and E. O. Ulrich: Professional paper no. 24, U. S. Geological Survey. 
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by Ulrich with the base of the Tullahoma formation of middle Ten- 

nessee. That the hiatus recorded or believed to exist between the Syla- 

more and Saint Joe is equivalent to the whole Kinderhook may be 

doubted. The evidence on which to base the reference of the Sylamore 

to the Devonic is altogether too meager; it is far more likely that this 
formation represents a basal bed of Kinderhook age, possibly in part 

continental, and that it is in general equivalent to the Noel shale, as held 
by earlier writers. 

Whatever the age of the Sylamore, the relationship of the Black shale 
(Hureka or Noel) to the overlying and underlying formations is clear. 
It represents a basal bed of an advancing sea, and progressively rises in 

the scale southward from middle Kinderhook to uppermost Kinderhook 
or lowest Burlington. That this basal bed is such a fine grained rock 
can only be explained by the assumption that the land was very low, and 
that the residual soil covering it was clay mixed with much carbonaceous 
material. In other words, the Noel shale can only represent the re- 
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Ficgurn 4.—Diagrammatic View of the Relationship of the Black Shale of southern 

Missouri and northern Arkansas to the overlying Formations. 

worked residual soil of an old peneplain surface which was slowly sub-. 
merged beneath the advancing Mississippian sea. ‘Taken in connection 
with the position of the Black shale at the base of the Louisiana lime- 

stone in northeastern Missouri, we see that the transgression went on 

through the entire Kinderhook. 

There seems to be no valid reason for considering that the Black shale 
of northeastern Missouri had a different origin from that of south- 

western Missouri; and if the Noel shale represents the basal bed of a 
transgressing sea in southern Missouri and northern Arkansas, there is 

no reason for regarding the Louisiana Black shale as having a different 

meaning. A significant fact in this connection is the similarity in the 

general lithic character of the section in northeastern and southwestern 
Missouri. In the northwestern section the shale is succeeded by the 
compact Louisiana limestone; this by the Hannibal sandstone or vermic- 
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ular sandrock, and this by the Choteau limestone. In the southwestern 

section the Black shale is also succeeded by a compact limestone (the 
Sac), followed by a vermicular sandstone (the North View, identical in 

character with the Hannibal, and formerly identified with it by the 
Missouri geologists) ; and finally by a fine grained buff limestone (Pierson 

hmestone) representing the Choteau of the northeastern section. In 

actual age the Sac, North View, and Pierson of the southern section are 

equivalent to the Hannibal and Choteau of the northern one. This 
similarity of lithic succession strengthens the case and makes it prac- 

tically certain that we have in the Black shale of the Mississippi valley 
a basal bed of a transgressing sea, and that the age of this basal bed, as 

in the case of basal sandstones, varies from place to place, rising south- 
ward in the series. Compare figure 4.* 

With this demonstrated example before us, we may next consider the 

Black shale of the southern Appalachians, which is universally regarded 
as of Devonic age in all of its exposures. Ulrich has recently restated 

his convictions in this matter by proposing to apply the name Ohio shale 

to this formation wherever found. Even if this shale represented only 
Devonic beds in its different outcrops, the fact remains, and is recognized 

by Ulrich, that it does not represent the same portion of the Ohio series 

in all its exposures. That part generally known as the Chattanooga 
shale is regarded by Ulrich as representing the upper part of the shale 

in Ohio, and to call this small portion by the name of the whole is at 

least a questionable proceeding. 
The Devonic age of the Chattanooga shale may, however, be seriously 

doubted. The establishment of this age is not based upon fossils; for 
those found—a few Lingulas, doubtfully referred to L. spatulata of the 
Genesee, and some Conodonts—are wholly inconclusive. Ulrich himself 

says: 

“Although there is little besides stratigraphic position and lithologic char- 

acters on which to base the reference of this black shale to the Ohio formation, 

it is so referred with the utmost confidence. In every feature this [Hardin 

County] shale is practically identical with many of nearly a hundred exposures 

of this formation examined by the writer in Kentucky, Tennessee, and Ohio. 

From lake Erie southward to northern Georgia and westward to this district 

the Ohio shale is remarkably constant in its lithologic characters. Despite this 

constancy this formation has received a number of names. The name Ohio 

shale, proposed by Andrews, the oldest of the geographic names applied to 

this formation, is here adopted.” 

* Compare this similarity of succession with that found in the chalk of England and 

Ireland, cited above. : 

+ Professional paper no. 36, p. 25. 
LV—BuLu. Grou. Soc. AM., Vou. 17, 1905 
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According to this reasoning, based wholly on lithic characters, the 

Marcellus and Genesee shales of western New York should be regarded 

as synchronous, and both should be identified with the Rhinestreet or 

any other of the black shales of that region; for “in every [lithic] 

feature this . . . [Marcellus] shale is practically identical with 
many of nearly a hundred exposures . . . [of black shales of vary- 

ing horizons] examined by the writer.” 

The Chattanooga shale in the region of the Columbia quadrangle in 

central Tennessee is described as having generally at the base a thin bed 

consisting largely of calcium phosphate and forming the source of the 

Tennessee black phosphate. In many cases these phosphate nodules 
surround minute coiled shells derived from the underlying Ordovicic 

limestones. This phosphate bed passes by gradation laterally into a bed 

of coarse sandstone or conglomerate containing varying amounts of 

phosphate and much water-worn material, together with some unidenti- 
fied fish bones. Sometimes, toward the southwest, the phosphate is re- 
placed by a fine grained gray or black sandstone, with a maximum thick- 

ness of 12 feet in Hardin county (Hardin sandstone). Where the Chat- 

tanooga formation rests on the Clifton or on the Fernvale formation 
(limestones), it is always a black shale at the base. The Maury green 
shale is generally found at the top of the Chattanooga formation. It 

varies from a few inches to 4 or 5 feet in thickness in central Tennessee, 

though it does not exceed 2 feet in the Columbia quadrangle. It con- 

tains lime phosphate and Greensand grains, which are the cause of the 

color. ° 

“Rarely, as in the upper part of East fork of South Harpeth creek, the green 

shale is absent or not distinguishable, and in these cases the black shale seems 

to pass very gradually into the overlaying green shale * which constitutes the 

base of the full Tullahoma section.” } 

_ The Tullahoma formation of shales passing up into cherty limestones 
is from 200 to 500 feet thick and is believed by Ulrich to represent the 
whole of the Waverly of Ohio; but it is probably more correctly regarded 

as representing only the upper part of that formation, which in southern 

Ohio is considerably over 600 feet thick.t There is no recorded evi- 

dence from fossils which would establish the equivalency of the Tulla- 
homa to the whole of the Waverly, since fossils are extremely scarce in 
the Tullahoma of Tennessee. Apparently the correlation is based on 

position alone, as the formation succeeds the black shale, which is on a 

*'The italics are the present writer’s. 
+ Columbia folio, p. 3. 

+ Harrick: Bull. Geol. Soc. Am., vol. 2, p. 40. 
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prior grounds considered by Ulrich to be Devonic, and is followed by the 
Saint Louis limestone series. Of course if we regard the black shale as 

Devonic, then the fact that it grades up into the Tullahoma indicates 

that the base of the Tullahoma is basal Mississippian; but until more 
convincing evidence is brought forth of the Devonic age of the black 

shale and the basal Mississippian age of the Tullahoma, the more normal 
interpretation is that both are above the base of the Mississippian—ap- 
proximately of upper Kinderhook or lower Osage age. 

Foerste has recorded the frequent presence of sandy and earthy layers 

at the base of the Black shale in the most eastern exposures on the Cum- 

berland river, these layers being phosphatic.* This basal portion usually 

varies between 2 and 3 feet, but thicknesses of even 6 feet are found 

locally. Sometimes it is replaced wholly or in part by greenish more 

clayey layers. In this sandy layer occur weathered out fossils of the 
underlying Ordovicic rocks. Foerste has also recorded traces of Chonetes 

and other fossils in the fine grained rock immediately above the Black 

shale, south of Rockdale. He considers that the beds containing these 

fossils may be of Waverly age. In regard to the contact between the 

black shale and the Waverly, he says: 

“In the gulley southeast of the Oliver Williams house the base of the section 

consists of a dark, sandy, partly conglomeratie rock 18 inches thick. Both the 

Black shale and the phosphate rock are absent. Immediately above the con- 

glomeratic rock occur 11 inches of light green clayey rock containing purple 

brown phosphatic material, both in the form of small irregular particles and 

of nodules. Above this are found 8 inches of crinoidal greenish rock, with 

fish teeth. At the ‘Big hill,’ immediately westward, on the road to Waynesboro, 

the entire Black shale section is absent. 

“The purple brown phosphatic material found immediately above the con- 

glomeratic, sandy rock at the Oliver Williams locality resembles the material 

forming the phosphatic nodules at the top of the Black Shale section in most 

parts of Tennessee and Kentucky. The fish teeth appear to belong to the same 

formation as the bed from which the phosphatic material was obtained. The 

greenish clay material, however, belongs to the Waverly horizon, so that the 

base of the Waverly appears to contain material derived from the eroded top 

of the Black Shale bed. The crinoidal material is unquestionably of Waverly 

age. The fine grained but not fissile rock in the old Sawmill hollow may also 

be of Waverly age, since species of Chonetes of the same general form are 

rather common at the base of the Waverly section in the northern part of 

Giles county. The dark color of the rock may be due to the carbonaceous 

material received from the denuded Black shale of this area, while the more 

sandy character may be due to material washed in from some other source by 

the Waverly sea. The gradual passage of the black rock upward into the 

* A. F. Foerste: Silurian and Devonian limestones of Tennessee and Kentucky. Bull. 

Geol. Soc. Am., vol. 12, 1901, p. 427. 

t Loc. cit., p. 428. 
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greenish rock, as already described, is also favorable to the view that the black 

rock, without good fissile cleavage, may be of Waverly origin. In case these 

observations are correct, the absence of the Black shale at the ‘Big hill’ may be 

due, not to original lack of deposition, but to subsequent erosion.” 

Foerste raises the question whether the observed thinning of the 
Black shale toward the Cincinnati dome may not be due to a “marked 

development of the southern end of the Cincinnati anticline at the time 

of the deposition of the Black shale and the base of the Waverly.”* In 

other words, he believes that less shale was deposited on the rising por- 

tions of the dome. It may also be interpreted as resulting from the 

washing of the residual soil from the higher into the lower places; and 

this readily accounts for the absence of the shale in many places not as 

due to erosion prior to the deposition of the Waverly and the occurrence 

of a disconformity, which such a fact would imply, but as the result 

of the washing of the original soil from the higher parts, on the en- 

croachment of the lower Mississippian sea. This explanation is further 
suggested by the fact that within short distances in all directions the shale 

reappears. In general the coarseness of the material increases from the 

northeast to the southwest. Regarding the physical conditions under 

which the shale was deposited, Foerste says :} 

“In the case of the Black shale, the evidence of land conditions or of fresh- 

water conditions is more favorable. At many points through its entire extent 

it has retained remains of land plants. Its strongly carbonaceous character, 

which gives rise to the black color of the shales, does not necessarily indicate 

the presence of land plants, although the presumptive evidence is in favor of 

this view. At various localities the remains of animals have been preserved 

in this shale. 

“The base of the Black shale is often decidedly earthy and is often also 

phosphatic. It is well known that the base of the Black shale is in many 

parts of southern Tennessee sufficiently phosphatic to be worked as a phos- 

phate rock. One of the theories of the accumulation of the phosphatic ma- 

terial at this horizon is that it was derived from the phosphatic material in- 

cluded in the shells of the underlying Silurian and Ordovician rocks; that it is 

an accumulation in one sense of residual material. 

“This sandy base of the Black shale occasionally incloses fossils derived 

from the underlying formations. The sandy material itself is probably of 

residual origin. It may represent a residual soil, but the evidence is again 

inconclusive. 

“The fissile black shale is composed of particles so light that they could have 

easily been blown by the wind. The remarkably fine grained character of the 

fissile shales, the entire absence of coarser material except at their base, and 

their remarkably wide geographical distribution suggest that they may pos- 

sibly consist of wind-blown particles, derived perhaps from many strata, from 

* Loc. cit., p. 429. 

+ Loc. cit., pp. 430, 431. 
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points far distant from one another. The absence of coarse detrital material 

suggests that the region of deposition was practically fiat. The preservation 

of fragments of land plants indicates that it was probably a region of marshes. 

It may be imagined that the same particles traveled in many directions before 

finding a final lodgment. Marshes at one point may have dried up, and the 

material accumulated in it may have again turned into dust, thus permitting 

the frequent shifting by the wind of the materials which now form the shale.” 

Safford records the occurrence of thin seams of bituminous matter 
from an eighth of an inch to an inch in thickness. “The bitumen of these 
shales is hardly an asphaltum, being generally, perhaps, more like the 

bitumen of cannel coal.”* Petroleum also oozes from the shale in a 

few places and can be readily distilled from it. 
In Wayne county, south central Tennessee, the following section was” 

made by Safford at T. A. White’s mill, on Buffalo river, a few miles below 
the mouth of Green river: 

Feet 

(4) A thin bed of gravel (water-worn pebbles) on top, with some loose, 

angular chert. The gravel is found at the top of all the high ridges 

in this region. Specimens of Lithostrotion canadense (not water- 

worn) are also found loose on the surface. 

(3) Siliceous group: 

Rocks concealed, surface covered with small, angular, cherty masses, 
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(2) Black Shale group: 
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(1) Meniscus limestone (Niagara) : 

Gray, mostly crinoidal limestone; contains the characteristic 

Haplocrinus hemisphericus immediately below the sandstone; 
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In eastern Tennessee (McMinnville folio) the Chattanooga Black 
shale rests on the Chickamauga limestone (Ordovicic) and has a thick- 

ness of from 10 to 30 feet. It consists mainly of highly carbonaceous 

non-fissile shale. The upper stratum, about 2 feet in thickness, is 

generally bluish green, somewhat sandy, and contains a layer of smalJ! 

phosphatic concretions an inch or less in diameter. “It seems probable 

that this upper greenish layer of shale represents an ancient ash bed, 

the material of which was ejected from a volcano and transported a long 

*J. M. Safford: Geology of Tennessee, 1867, p. 334. 
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distance from its source, partly by winds and afterward by currents, 

when it had fallen on the surface of the sea which then covered this 

region.”* Small concretions of iron pyrites occur in the shale. 

The shale is here overlain by from 150 to 225 feet of the Fort Payne 

chert. This begins usually with heavy beds of chert at the base, with only 

a little limestone or shale, passing upward gradually into purer limestone 
and “without abrupt transition into the Bangor limestone above.” This 

series is from 700 to 800 feet thick. The Fort Payne chert is very 
fossiliferous, and is the “siliceous group” of Safford, which he divided 

into a lower, or Protean (Lauderdale, McCalley), and upper, or Litho- 

strotion (Tuscumbia, McCalley). Ulrich makes the Tullahoma of 

central Tennessee and the Fort Payne of eastern Tennessee equivalent, 
and correlates both with the Kinderhook and Osage of the Mississippi 
valley. There is here an inconsistency, for the upper part of the Fort 

Payne (Tuscumbia) is clearly of lower Saint Louis age, as shown by the 

abundance of Lithostrotion canadense (= L. mamuillare). 

Stevenson considers that the upper part of the Fort Payne is unques- 

tionably Tuscumbia, but he also says:t 

“Tt is dificult to determine, by means of available observations, whether or 

not the Fort Payne of the extreme southeasterly areas embraces any Tuscum- 

bia. For the most part the features are those of the Lauderdale (Logan), 

there being an almost total absence of limestone in the upper part; but in 

Calhoun county of Alabama, very near the extreme southeast exposure, one 

finds the Tuscumbia clearly present. One may conjecture that as the Lauder- 

dale is practically without limestone nearer the shore line the Tuscumbia 

would undergo the same change, so that the thin Fort Payne on the border 

would represent both. This is in accordance with the conditions in this 

region, aS each of the Mississippian formations apparently overlaps its prede- 

cessor.” ; 

Nor is the Protean, or Lauderdale, the equivalent of the whole Tul- 

lahoma (as defined by Ulrich—that is, = Kinderhook-Osage) ; for, ac- 

cording to Safford :{ 

“This lower, or Protean, member of the Siliceous group, is, in general, 

equivalent to the divisions of the Lower Carboniferous limestone lying below 

the Saint Louis limestone. It is, perhaps, more especially the equivalent of the 

Keokuk limestone; it contains, however, some Burlington forms.” 

He lists the following species from this member: § 

Spirifer imbrex Hall. “Occurs immediately above the Black shale below 

Huggins’s mill, near Manchester, in Coffee county, associated with Productus 

* Hayes: McMinnville folio. 

+ J. J. Stevenson: Lower Carboniferous of the Appalachian basin. Bull. Geol. Sec. 

Am., vol. 14, 1903, pp. 14-96. 
{ Safford: Loc. cit., p. 342. 

.@Ibid.: Loc. cit. pp. 342, 343. 
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semireticulatus; also in the same horizon at White’s Creek Springs, and near 

Colonel Robinson’s, on the Middle fork of Cold water, in Lincoln county.” 
Spirifer subequalis? Hall. 

Spirifer tenuicostatus Hall? 

Spirifer suborbicularis Hall. 

Spirifer subcuspidatus Hall [Syringothysis texta]. 

Spirifer lineatus Martin. 

Orthis [Rhipidomella] michelini L’Eveille. 
Platyceras equilatera? Hall. 

Granatocrinus granulatus Roemer. 

Agaricocrinus americanus Roemer. 

Actinocrinus conicos Cassedy and Lyon. 

Actinocrinus nashville Troost. 

Actinocrinus (Batocrinus) magnificus Cassedy and Lyon. 

Actinocrinus (Dorycrinus) gouldi Hall. 

Cyathocrinus stellatus Hall. 

Forbesiocrinus meeki Hall. 

Forbesiocrinus saffordi Hall. 

Ichthiocrinis tiareformis Troost. 

Commenting on these, he says: 

“Most of the above species occurring out of Tennessee are Keokuk forms. 

Spirifer imbrex and Orthis michelini are found in the Burlington limestone; 

Spirifer subequalis and S. tenuicostatus are Warsaw forms, and the latter 

also Keokuk.’’* 

The thickness of the Lauderdale in its typical development in Ten- 

nessee is 250 to 300 feet, but it decreases southward, undoubtedly 

through the failure of the lower beds. The Tuscumbia, the equivalent 

of the Saint Louis limestone of Missouri geologists, has a maximum 

thickness of 250 feet. Safford holds that the lower member (Lauder- 

dale) thins away southward. He says: © 

“In the southern part of the state, at certain points, the member is cherty, 

erinoidal limestone, resembling the Lithostrotion bed above. In fact, going 

southward, the lower member becomes thin, and below Huntsville on the 

anticlinals of Alabama, the two members, in my opinion, become one bed, 

characterized throughout by Lithostrotion canadense.”; 

In a foot-note he adds: 

“A little below Gadsden, in Alabama, I have seen a number of specimens of 

this coral [LZ. canadense] in an outcrop of the-Siliceous chert, very near the 
Black shale.” Lag! 

* Ibid.: Loc. cit., p. 343. 

j Ibid.: Loc. cit., p. 340. 
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Except where an erosion interval is responsible for the thinning away 

of the Fort Payne or Siliceous group, we must assume that the thinning 

is due to the failure of the basal members which are overlapped by the 

higher members. All the descriptions indicate a passage of the Fort 

Payne into the overlying lower Bangor, or its equivalent, the Floyd 

shale. Where the Fort Payne is represented by less than 100 feet, this 
thickness must represent the upper, or Tuscumbia, portion, unless an 

erosion interval has removed a part of the upper portion before the depo- 
sition of the Bangor. As already noted, however, such a disconformity 

has not been recognized. It may, of course, be true that the Fort Payne, 

recognized by its lithic character, has not the same position everywhere, 

and that the lower Bangor of the southeast may represent a part of the 
Tuscumbia farther west. However that may be—and the point can 

only be settled by a careful examination of the sections—the fact remains 

that the Lithostrotion bed in many places is close to the Black shale, 

and in fact lies directly upon it. . 

In the McMinnville quadrangle the base of the Fort Payne, which 

varies from 150 to 225 feet, is probably of Keokuk age. 
Southeastward, in the Sequatchee valley, the Chattanooga (12 to 25 

feet thick) is succeeded by only from 60 to 80 feet of the cherty Fort 

Payne, which here represents the highest part of the group, or the Saint 

Louis horizon, unless there is an erosion break at the top or the top is 

here lower than elsewhere. It is described as passing upward into the 

Bangor limestone.* : 
In the type region, in the Tennessee valley, near Chattanooga, Ten- 

nessee, the shale is from 10 to 25 feet thick, while the overlying Fort 

Payne is reduced to from 60 to 150 feet in the western region and from 

50 to 75 feet in the southeastern region. As before, if the section here 
is complete, the Fort Payne can only represent the Saint Louis horizon. 
Above it comes the Floyd shale in the eastern, nearer shore section, and 

limestones in the more western, offshore district. The Floyd shale of the 

eastern section is later replaced by limestone of the type of the Bangor, 

but the equivalent of only the upper Bangor of the sections farther west, 
the Floyd shale itself being the equivalent of the lower Bangor. 

A remarkable condition is found in the Chilowee mountain area. Here 
the Chattanooga shale ranges from 6 to 30 feet in thickness, and is suc- 
ceeded by the Grainger shale. It “comprises flaggy sandstones, sandy 

shales and sandstones, with white sandstone and red and brown sandy 

shales at the top; and this series is present throughout.”+ The lower 

* Sewanee folio. 

} Loudon and Knoxville folios. 
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sandy beds are fossiliferous, containing fenestelle, lingue, and brachio- 

pods. The age of these shales in this section has not been determined. 

They are, however, classed as Devonic, together with the Black shale, 

though from what is known of these deposits farther northeast their age 

is, at least in part, lower Mississippian. The thickness of the formation 

is 1,100 feet. It is succeeded by the Newman limestone, which includes 

100 feet of massive blue limestone at the base, followed by 500 feet or 

more of gray calcareous shale and shaly limestone. The basal portion 

is highly fossiliferous, containing crinoids, corals, and brachiopods. It is 
succeeded by the Lee conglomerate (Pottsville). Northwest of Chil- 

howee, some 30 to 35 miles, in the Walden ridge, the Newman limestone, 
700 feet thick, rests directly on the Chattanooga shale, which is here 80 

feet thick and rests disconformably on the Rockwood. The Newman is 

here mainly a marine limestone, with chert nodules in the base. Its age 

is Saint Louis and it is succeeded by the Lee conglomerate. Northeast- 

ward, in the Clinch mountains of northeast Tennessee and southwest 

Virginia, the Grainger shale and Black shale are both well developed.* 

At Big Stone Gap, Virginia, the Black shale, which is at least 500 feet 
thick, rests on sandstones of late Helderbergian age.t 'The Black shale 

contains an abundance of Lingula ligea and Schizobolus concentricus, 

both late Devonic species. The age of the base of the shale in this place 

is therefore Upper Devonic. Professor Williams studied the section at 
Big Stone Gap in great detail, and he found “that the following arena- 

ceous shales and sandstones began as very thin intercalated sheets, thin 
as paper at first, far down in what, to the casual observer, appeared to be 

pure black shale.” f 
Farther eastward, at Big Moccasin Gap, Virginia, the following section 

was made by Williams and Kindle:§ 
Feet 

ieemimestone angesnate CMISSISSIPPIAN) 2.5... eerste sesccc er eccaves 

6. Soft yellowish clay and crumbling sandstone .............0-2-2eeeees 100 

5. Hard, drab colored sandy shale and sandstone ............++2---00- 40 

4, Conglomerate bed near top of 3 feet.. ) 60 

3. Hard, bluish gray to drab sandy shale ( SORES aes me! me? ny as 

2. Black shale, varying to gray, and much crushed and folded.......... 150 

1; Tough quartzitic fine grained sandstone ...........cccccccccscccvce 75 

“In the Estillville folio, 2 is called the Chattanooga Black shale, and 3 to 6 

are assigned to the Grainger shale. The lowest fauna obtained from the sec- 

tion is from the lower part of 3, about 20 feet above the Black shale.” 

* Hstelville folio. 

+ Williams and Kindle: Bull. U. S. Geological Survey, no. 244, p. 28. 

' £ Williams: Southern Devonian formations. Am. Jour. Sci., vol. iii, 1897, p. 389. 

§ Williams and Kindle: Loc. cit., p. 30. 
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The following species are listed :* 

[c, common; 7, rare.] 

Zaphrentis sp. (r). P. cf. wortheni (c). 

Crinoid stems (c). P. sp. (7). 

Fenestella sp. (7). Camarotechia sp. (r). 

Lingula gannensis (r). Spirifer cf. marionensis (c). 

Orbiculoidea sp. (c). Reticularia pseudolineata (c). 

Chonetes sp. (r). Syringothyris carteri (r). 

Productus cora var. (1r). Athyris lamellosa (c). 

P. cf. semireticulatus (r). Conularia sp. (r). 

Forty feet higher another rich Kinderhook, or early Burlington 

fauna was found, including Sypiriferina cf. solidirostris, Palzoneilo 

perplana, P. sulcatina, Nuculana spatulata, Pleurotomaria stulta, Prole- 

canites greent, Pheethonides, and others. Thirty to forty feet higher still 

the fauna is still more characteristically lower Mississippian, for such 

species as Lingulodiscina newberryt, Spirifer keokuk, Sphenotes flavius, 
Paleoneilo bedfordensis, and Conularia newberryi occur, most of them 

common, besides many others not determined specifically.t 

The sandstone number 6 of the section afforded Productus cora and 

Camarotechia contracta, both common. 

At Hicksville, Bland county, Virginia (Pocahontas folio), the Black 

shale, here called Romney, has an estimated thickness of from 400 to 

600 feet and rests upon sandstone with an Oriskany fauna. It contains 
Schizobolus truncatus, Palzoneilo brevis, and Goniatites, which occur 

100 feet above the top of the Black shale; and, higher still, the Kimber- 
ling shales and sandstones have yielded a rich Chemung fauna. The 

Black shale has here descended in the scale and apparently represents 
Portage time. Still farther northeast, at White Sulphur Springs, West 
Virginia, the Black shale, resting on Oriskany sandstone, is succeeded 

by sandy and green shales with a Buchtola speciosa or Naples (Portage) 
fauna, followed, 300 feet above the Black shale, by a Chemung fauna. 

At Covington, Alleghany county, Virginia, 20 miles from the last 

section, and at Hot Springs, Bath county, Virginia, the Black shales 
carry in the lower part Marcellus species, though associated with species 
of late Devonic time. Williams holds that the Black shales began to 

be deposited here while the Onondaga fauna still continued in the more 
central area. The evidence for this seems hardly conclusive. At Coy- 
ington, Virginia, the Black shale is underlain by a greenish shale with 

Schizophoria striatula, Atrypa spinosa, Ambocelia umbonata, and 

* Ibid.: Loc. cit., p..30. 
¢ Ibid.: Loe. cit., p. 31. 
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Phacops rana. This is a Hamilton or later fauna, and although the 

fauna of the Black shale includes Leiorhynchus limitare and Agoniatites ~ 
vanuxemt, both of them typical Marcellus species, the fauna as a whole 

is certainly Upper Devonic (Naples-Portage), as stated by Williams. 

The same thing may be said of the Hot Springs section; for here the 

Buchiola speciosa fauna is abundant only 70 feet above the Black shale, 

60 feet of the interval immediately below the shales with this fauna being 

concealed. In the 9 feet of white or cream colored shale immediately 

over the Black shale occur Orbiculoidea doria, Bellerophon leda, and 

Styliolina fissurella, besides others unidentified specifically. The Black 

shale itself contains Orbiculoidea doria, Styliolina fissurella, and ques- 

tionably identified Chonetes cf. coronatus, and Anoplotheca cf. acutipli- 

cata. ‘The evidence adduced, then, points to an early Upper Devonic age 

of the Black shales at Hot Springs, rather than a lower Middle Devonic, 

as advocated by Williams. The Black shale is 10 feet thick and rests 

upon Oriskany (?) sandstone. 

In Allegany county, Maryland, the Black shale forms the base of the 

Romney formation, which has a thickness of about 1,600 feet. Here the 

shale is clearly of the age of the Marcellus of New York, and in part 
it also represents the Onondaga. This portion of the formation rests 

upon the Oriskany and has a thickness of about 500 feet. The upper 

1,100 feet of the Romney contains a typical Hamilton fauna.* Hastward 

from this, in Washington county, the Hamilton division of the Romney 

overlaps the Marcellus, which is only sparingly represented. t 

We have here clear evidence of a continued southwestward progression 

of the encroaching sea, and a corresponding progressive overlap of the 
higher formations southward. In all cases a basal black shale occurs, 

rising in the scale from Marcellus or lower in the north to uppermost 
Devonic and, as indicated in Big Moccasin Gap, to Lower Carbonic. 

At Irvine, Kentucky, the Black shale again lies high up in the series, 
for here it has intercalated in its upper part calcareous and ferruginous 

concretionary sheets which carry undoubted Lower Carbonic fossils. 

These occur in the sections before the Black shale loses its characteristic 

expression. f 
In the London quadrangle of central Kentucky the Chattanooga shale 

rests on Devonic limestones with an erosion interval. It has a thickness 
of 150 feet, is very black and bituminous. It is succeeded upward by 

a light blue clay shale and argillaceous sandstone, the shale abounding 
in light blue or drab ironstone concretions. Many siliceous concretions 

* Prosser: Journal of Geology, vol. xii, p. 361. 

+ Ibid.: Loc. cit., p. 362. 
t Williams: Amer. Jour. Sci., vol. iii, 1897, p. 398. 
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occur. Upward it passes into sandy shale and argillaceous sandstone. 

- The thickness averages 350 feet, and it is succeeded by the Newman 

limestone, 100 to 250 feet thick, and the Pennington shale, which is 
occasionally absent. Above this is a great erosion break, followed by 

Pennsylvanian sandstone. The shale above the Black shale is referred 

to the Waverly, of which it probably constitutes the upper portion only. 

As at Irvine, the transition from the Black shale to the overlying beds 

is probably a gradual one. 

Taken together with the section at Chilhowee mountain, Tennessee, 

where the Grainger shale, 1,100 feet thick, separates the Black shale 

from the Newman limestone—and with the section in Walden ridge, 

30 miles northwest, where the Newman limestone rests directly on the 

Black shale—it becomes apparent that a ridge of land extended south- 

eastward, approximately along what is now the Walden ridge of Ten- 

anal ee 2 Welw man 
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FIGURE 5.—Diagram of Cumberland Ridge showing Relationship of interior Sea to oceanic 

Channel. 

nessee and the Cumberland mountains and westward in Kentucky, separat- 

ing the interior basin from a channel to the east of this ridge. Whether 

this channel was in direct communication with the Atlantic to the south 

or whether it represented an encroaching arm of the sea from the north 

is a matter for further investigation. The sections given so far indicate 

that the latter condition obtained, since the formations overiap pro- 

gressively southward along this channel. West of this barrier the Missis- 

sippian sea was slowly encroaching southward and eastward, as shown 

by the overlapping beds, until in Saint Louis time the barrier became 

submerged and the Newman limestone was spread uniformly over the 

whole area. The relationship of the interior sea to this channel and 
to the formations accumulating in each is shown in the accompanying 

diagram. 

In the region about Rome, Georgia,* the Frog Mountain sandstone 

rests unconformably on the Rockmart and other formations in the south- 

west area and in the adjoining Fort Payne quadrangle. “It consists chiefly 

of white quartzitic sandstone and yellow porous sandstone, the latter prob- 

* Rome folio. 
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ably containing feldspar. It also contains some sandy shales.” The age 
is Oriskany, as shown by the occurrence of some poorly preserved fossils. 
It has a thickness of 1,200 feet and over. On the north side of the 

Coosa valley the Armuchee chert replaces the sandstone with a thick- 
ness of 50 feet. The chert is bedded and contains fossils similar to those 

of the Frog Mountain sandstone, of which it probably represents an off- 
shore deposit. 

There is a marked time break and erosion interval above these forma- 

tions, followed by the Chattanooga Black shale. This consists of two 

divisions. The lower, with a maximum thickness of 40 feet, but de- 

creasing to 1 or 2 inches in places, is jet black and rests on the 

Armuchee chert or directly on the Rockmart sandstone. The upper 

member consists of blue or greenish clay shales, usually with phosphatic 

concretions, which are generally perfectly round, when small; but when 

sometimes they reach a diameter of a foot or more, they are oval. The 

green color of the formation is due to the presence of glauconite. This 

upper member varies from 1 to 3 feet in thickness and apparently repre- 

sents the Maury shale of central Tennessee. The Chattanooga is suc- 

ceeded by the Fort Payne, from 20 to 200 feet thick, and this by the 
Floyd shale, 2,000 feet or more in thickness, or by the Bangor lime- 

stone. 

At the base of the Black shale opposite Rome, Georgia, a few fossils 

have been found suggestive of Hamilton age, but the evidence is scarcely 

conclusive.* 

Summing up the facts so far determined, it becomes apparent that 
there is in the interior area a progressive overlapping of the Mississippian 

formations southward and eastward, beginning in Kinderhook time and 

continuing, practically without interruption, throughout that epoch; for 

Mississippian strata are wanting in central Texas, where the mid-Car- 

bonic strata rest directly and unconformably on earlier Paleozoics. A 

southward transgression also took place in the area east of the old Cum- 
berland land ridge, which was eventually submerged in later Saint Louis 

time. Whether or not land conditions existed throughout the southern 

parts of the Gulf states is not determinable from the data at hand. 

Nearly everywhere resting directly on the surface of the slowly sub- 

siding old land lies a bed of highly carbonaceous shale. In its basal 

portion, in many localities, it contains fossils weathered out of the under- 

lying Ordovicic strata. Sometimes it is replaced by a sandstone or 

conglomerate ; sometimes it carries worn fish bones; in many places, too, 

it carries remains of land plants. Several. observers have been struck 

* Schuchert: American Geologist, vol. xxxii, p. 152. 
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by the resemblance of this basal shale to an old residual soil, though Hayes 

believes that in some areas the old-land surface was scoured by ocean cur- 

rents before the deposition of the shale.+ Where detailed observation 

has been made the shale is said to pass upward into the overlying beds. 

Though Ulrich has marked an unconformity at the top of the shale 

in central Tennessee, he has so far failed to substantiate it by evidence. 

Fossils are found in this shale in the northern areas indicating that its 

age is late Devonic. Conodonts and the spores of freshwater Rhizocarps 

are among the most characteristic fossils found, and the former occur . 
in many southern exposures of the shale. Zittel and Rohen have clearly 

shown that these organisms are referable to cesophageal teeth of annelids. 

Such organisms are today very characteristic of the muds and sands 

of shallow shores and lagoons. The few marine fossils found in the 

southern exposures west of the Cumberland ridge are either inconclusive 

as to the age of the shale in that region, or, as in the Noel shale of 

Missouri and Arkansas, they mark the age as Mississippian. From all 
this it appears that the Black shale of southern United States is a basal 
deposit—a residual soil of an ancient peneplain, very fine and very car- 

bonaceous, and the result in many places of the solution of calcareous 
strata. This soil was worked over by the transgressing Mississippian 
sea, which rearranged it, washed it from the higher points, and collected 

it in greater thickness in the depressions of the old peneplain. As the 
water deepened, deposition of calcareous shales or of limestones followed, 
the transition being a perfect one—sometimes gradual, sometimes abrupt. 

If the view that the Black shale is the shore deposit of the sea, which 

farther out deposited calcareous strata, is not accepted, a serious diffi- 

culty confronts us; for if we assume, with Ulrich and others, that after 

the deposition of the Black shale the sea retreated, and then readvanced, 

we must account for the absence at the base of the calcareous strata of 

a shore facies; for, surely, if the strata were successively deposited one 

by one, each later overlapping the preceding one, the point of contact 

between these strata and the Black shale, which point, at the time of 

deposition of that stratum must have been the shore, should show some 

evidence of that fact in the coarser clastic character of the strata and in 
their inclusion of some fragments of the Black shale surface of the old- 

land. That no such evidence is found clearly proves that the Black 

shale represents the shore facies of each succeeding limestone or calcareous 

shale stratum, and that it is hence not of uniform age throughout, but 

varies from place to place. If we accept this view—and there seems to 

7 C. W. Hayes: The Tennessee phosphates, Seventeenth Ann. Rept. U. 8S. Geological 
Survey, pt. vi, p. 610. 
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be no escape from it—the name Ohio shale, adopted for a black shale 

of Upper Devonic age, which was probably deposited at the mouth of 

a great river, is not applicable to the Black shale of the southern Ap- 
palachians ; but the name Chattanooga shale may be applied, if it is dis- 
sociated from the idea of any definite age relations. 

It may be recalled in conclusion that stratigraphers have not hesitated 

to consider the base of the Black shale as rising in the scale through the 
Devonic, but they have been reluctant to carry it higher than that horizon. 

Williams alone of recent wuiters has suggested that the Black shale did 

continue on into the Mississippian; but he, also, has considered the basal 

portion in all exposures as Devonic. The evidence to the contrary is, ' 

however, so overwhelming, and the explanation here set forth accounts 
so perfectly. for all the observed phenomenon, that the old assumption 

of the synchroneity of the different parts of this formation can no longer 
stand, since it has no basis in fact. 

STATEMENT OF THE PRINCIPLE OF THE REGRESSIVE OVERLAP 

This term is applied to the arrangement of strata produced by a re- 
treating sea, the result either of a progressive elevation of the sea bottom 

or of stationary conditions with a continued supply of detritus. A slow 

rate of subsidence of the sea bottom, with an excessive supply of detritus, 

such as might result through a change in the climate from dry to moist, 

would have essentially similar results. 

A slowly retreating sea will carry the shore zone seaward—that is, in 

the direction of retreat. As a result, the shore detritus will be carried © 

farther out with reference to the original position of the seashore. In 

other words, the various belts of shore-derived detritus will migrate in 

the direction. of shore retreat and at approximately the same rate. The 

migrating belts of shore detritus will thus pass successively over areas 

of formerly deeper water, and hence over areas of offshore deposition. 
If the retreat'is a gradual one, the upward gradation from offshore to 
nearshore deposits, or in general from fine to coarse deposits, will be a 
gradual one. In any case, however, the result will be the formation of 

a conglomerate or sandstone of emergence* or a retreatal conglomerate or 

sandstone bed. Since, however, during the retreat offshore deposits are 

continually forming at a distance from shore, we may consider that in 

' * A. Rutot: Les phénoméne de la Sedimentation marine, Bull. du Musée Royal d’Hist. 

Nat. d. Belgique, ii, p. 41, 1888. I am indebted to Dr A. C. Lane for calling my atten- 

tion to this author, who has treated some of the principles here discussed. The refer- 

ence came too late to be made use of in the body of the paper. Reference should also 

be made to Dr A. W. G. Wilson’s paper, in Can. Ree. Sci., July, 1903, vol. 9, no, 2, this 

author also recognizing the bearing of these principles. 
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the region unaffected by the shore detritus, even during the retreat, a 

continuous and uniform, or nearly uniform, series of deposits is accumu- 

lating. Even within the outermost zone affected by the retreat—that 

is, the region reached by the shore detritus at the end of the regressive 

movement—continuous deposition of offshore sediments is accumulating, 

until near the end of the movement, when shore detritus will replace the 

more open-water sediment. It thus becomes apparent that an additional 

series of strata is forming in the offshore district of which there is no 
representation in the nearer-shore area. When the retreat is a slow 

one a considerable amount of sedimentation may result in the offshore 

area. If the retreat of the sea is rapid, a relatively small amount of 

sedimentation records it. In any case the amount of sedimentation in 

any area over that of another area in the line of retreat becomes a meas- 

ure of the interval occupied by the retreat of the sea from one to the 

other point. This implies, of course, that the amount of sedimentation 

FIGURE 6.—Diagram showing Planes of Sedimentation and Relationship of Seashore Bed. 

measured in each sectionbegins at the same datum plane—that is, the plane 
of sedimentation at the beginning of retreat. It becomes, furthermore, 

apparent that the retreatal sand or conglomerate bed is not of the same 

age throughout, but rises in the scale seaward. Hence, if the gradation is 

a gradual one, the retreatal bed will grade down, near the old shoreline, 

into and may contain the fossils of a bed very much older than the bed 

into which it will grade at a distance from the old shore; for during the 

period of retreat a considerable space of time has been consumed and a 

certain amount of sediment has collected at the point eventually reached 

by the farthest retreat. The relationships of the beds are indicated in the 
diagram, figure 6. 

In this diagram each bed from a to d was in turn laid down during the 

retreat, each later bed reaching to a less extent upon the old shore and 

each bed ending in a sand member. Thus bed 0 does not extend as far 

as bed a, nor ¢ as far as 0, but each ends landward in a sand facies; and 

these sand ends together constitute a more or less continuous bed of sand 

passing diagonally across the beds a-d. It is evident that the thickness of 

~ the beds a-d at the point B is a depositional measure of the time consumed 
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in the retreat of the sea from A to B; and that the retreatal sandstone 

bed z-y is of much later age at B, where it represents bed d, than at A, 

where it represents bed a. If this retreatal bed contains fossils in its 

basal portion, they will be fossils of successively higher formations when 

traced from A to B. 

Where the land is sufficiently elevated during this retreat of the sea 

stream erosion will set in and the material left by the retreating sea 

may be removed by this process. Furthermore, since elevation of the land 

is responsible for the retreat of the sea, the streams coming from the 

higher land will have their slope, and hence their velocity, accentuated. 

As a result, more detrital material is carried down, and where erosion is 

not going on deposition of land-derived detritus will take place. Thus 

pebbles derived from the old-land or from old conglomerates may be 
carried out for great distances over the emerging coastal plain. Wind 

deposits of assorted sands with rounded and pitted grains will likewise 

accumulate on this plain; and remains of land plants and of land and 

fresh-water animals may be buried in these sands. These sands, being 

wind or river deposits, will often show cross-bedding and wind ripples. 

Examples of regressively overlapping or, better, off-lapping formations 

are frequently met. Since, however, in the most typical cases available 

for investigation the conditions are complicated by the structures result- 

ing from the readvance of the sea, a brief account of these complicated 
phenomena may first be given. 

CoMPOUND REGRESSIVE AND 'T'RANSGRESSIVE OVERLAP 

STATEMENT OF THE PRINCIPLES 

After the retreat of the sea and the washing seaward, during this re- 

treat, of the land-derived detritus, a period of readvance, we may assume, 

invariably sets in, because stationary conditions in nature, if they ever 

occur, are so rare as to be negligible. 

The readvance will, of course, have all the characteristics of a first 

' advance, except that the material of which the basal bed of the read- 

vancing series is formed is that of the retreatal bed deposited during the 

regressive movement and the river deposits and sand dunes accumulated 

on the recently emerged coastal plain. Thus the retreatal sands and 

pebbles will be reworked by the advancing sea and incorporated in the 

progressively overlapping beds of this readvance as a basal or shore facies. 

If the deposit by wind and streams on the emerged coastal plain was a 

heavy one, the advancing sea will work over only the upper portion, 
leaving the middle and lower portions undisturbed. Thus the resulting 
bed may be a wholly non-marine deposit in the middle, and yet grade 

LVI—Buuu. Grou. Soc. AM., Vou. 17, 1905 
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downward into a marine series belonging to the lower and upward into 

a marine series belonging to the upper formation. Such a sandstone will 

occupy a stratigraphic gap which widens progressively toward the shore; 

for it was this region that the retreating sea first laid bare, and it is this 

region that the advancing sea covers last. Thus the time interval repre- 

sented by the top and the bottom of the sandstone formation widens more 
and more toward the shore of the period, while seaward it decreases until 

it finally dies away, and with it, generally, the sandstone. These relation- 

ships are expressed in the following diagrams: 

A B 

Sh —— i i 
————— = 

—— == js ==] lq 

FicurE 7.—Diagrammatic Illustration of FiGguRE 8.—Diagrammatic Illustration of 

compound Overlap; actual relationship. compound Overlap; showing the hiatus. 

Figure 7 represents the conditions as they will actually appear after 

a period of combined retreat and readvance. Beds a to d are deposited 

during the retreat of the sea; beds e to 7 during the readvance. 2-y is 
the retreatal sandstone reworked by the advancing sea and made into a 

basal bed. At A it fills the interval between a and 7; at B it forms the 

dividing line between d and # and is no more than the basal part of bed e, 

the stratigraphic break of A having disappeared entirely. At B, then, the 

_ sandstone z—y is wholly marine and inay contain fossils intermediate be- 

tween those of d and f, or the fosssils of the deeper-water bed e, farther 

out. This relationship is expressed in figure 8, where the widening gap 

from y to z—«’ represents the increasing time interval comprised within 

the sandstone member. It need hardly be said, that in nature the beds of 

the lower and upper series will be so nearly parallel as to seem abso- 

lutely so. 
It is evident that such a retreatal-transgressive sandstone can not serve 

as a horizon marker, since it not only varies in age in different localities, 

but also includes within itself a hiatus which widens progressively toward 

the source of the material. 

: APPLICATION OF THE PRINCIPLES 

The Saint Peter sandstone.*—Although there are numerous examples 
of retreatal-transgressive beds, only two cases, the Saint Peter sandstone 

*C, P. Berkey: Paleography of Saint Peter time, Bull. Geol. Soc. Am., vol. 17, pp. 

229-250. 
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and the Dakota sandstone, have so far been worked out in any detail. 

These will be sufficient, however, to illustrate the foregoing principle. 
The Saint Peter formation is typically developed in the upper Mis- 

sissippian region. In Minnesota it is a friable quartz sandstone of ex- 

treme purity in most cases. An analysis of material south of Saint Paul 
give :* 

SN mene ede otat aa cua crete: or cba aver dale eeta sie eh ole 'd oSle ave ebb e weld’ d S ongialy 99.78 

NBAOS ob vie5 tire ae as Ee eC oe a trace 

Mier O) Deremee eee enacts ot 5) =, oreo oy Seas oat: cai ac! clav.ole a6 =) eA waved Elsa v oles Race trace 

Sometimes, however, impurities in the form of kaolin or iron stain 

occur. The sandstone is mostly of a white color. “This white color is 

due to the condition of the surfaces of the grains; they are worn simply 

to a dead finish—not polished, as can readily be seen by immersing them 

in water, when they become limpid.”+ In texture the sandstone is some- 

what coarser in the bottom than in the middle and upper beds, but no 

conglomeratic texture is known. In Wisconsin, however, dolomitic pebbles 

from the underlying rock are included in its base, this being also more 

or less eroded.{ The occurrence in the upper portion of Hormotoma 

gracilis (Hall) and Lophospira perangulata (Hall) shows its close rela- 

tion to the overlying Stones River beds, with which it is perfectly con- 
formable. | 

One of the most striking features of this formation in Minnesota is 

the fact that its base is perfectly conformable with the underlying Lower 

Magnesian limestone (Shakopee), while its top is also perfectly con- 

formable with the overlying Stones River formation. “Nowhere,” say 

Hall and Sardeson,§ “is there any indication, however slight, of an 

unconformity [between the Saint Peter and the overlying rock]. The 
transition zone of a green shaly calcareous sandstone shows the steady 
oncoming of the Lower Silurian [Ordovicic] sea. . . . The Saint 
Peter has a thickness varying from 75 to 164 feet in Minnesota. It 
rests, as noted, conformably on the Lower Magnesian or Shakopee 

dolomite, which, with the New Richmond and Oneota, is, as shown by 

Berkey and others, a normal depositional successor of the late Cambric. 

The thickness of the lower Magnesian (Oneota to Shakopee) varies from 

105 to 260 feet, and the fossils show it to be of basal Ordovicic age. 

The beds overlying the Saint Peter are 32 feet thick] and are conform- 

* Hall and Sardeson: Bull. Geol. Soc. Am., vol. 3, 1892, p. 351. 

7 Hall and Sardeson: Loe. cit., p. 351. 
<7. C. Chamberlin: Geology of Wisconsin, vol. ii, 1877, p. 287. 

Silecy, Cit. ps. O55: 
|| Hall and Sardeson: Loe. cit., p. 368. 

{ Winchell and Ulrich: Paleontology of Minnesota, vol. ii, introduction. 
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ably succeeded by the Black river. This and the fossils found in them 

show these beds to be the highest Stones River (Chazy) and equivalent to 

the Lowville or Birdseye of New York. In the Champlain valley the 

Beekmantown is at least 1,800 feet thick,* while the Chazy is nearly 900 

feet thick on Valcour island,+ the lowest beds not being shown. 

It thus appears that the Saint Peter sandstone of Minnesota fills the 
interval represented in the lake Champlain region by the deposition of 

over 1,500 feet of Beekmantown dolomites and more than 800 feet of 

Chazy limestones. Its perfect conformity with the overlying and under- 

lying beds proves that this great hiatus lies within the sandstone itself. 

In eastern ‘Tennessee the Knox dolomite has a thickness of about 4,000 

feet, of which the upper half, if not more, is basal Ordovicic. It is 

succeeded by the Maclurea limestone (Chazy, with Maclurea magna), 

which has a maximum thickness of 600 feet, and this is followed by 

several hunderd feet of upper Stones River. In central Tennessee the 

Stones River group is 360 feet thick, at Cincinnati 500 feet, and in central 

Kentucky about 375 feet. In all these cases it is underlain by a repre- 
sentative of the Saint Peter sandstone.{ 

In the Arbuckle mountains of Indian Territory the upper 1,250 feet 

or more of the Arbuckle limestone are of the age of the Beekmantown of 

New York—that is, basal Ordovicic. A slight erosion interval and some 

beds of pure sand separate this formation from the overlying Simpson 

series, which has a maximum thickness of 2,000 feet. It includes at 

least one heavy bed of sandstone near the center. The fauna of the lower 

half of the formation (below the sandstone) is that of the Chazy of 

New York, while that of the upper half is similar to the fauna of the 

upper Stones River of central Tennessee or of the Stones River beds 
lying between the Saint Peter and Black River, in the Minnesota area. 

It thus becomes clear that in the Arbuckle Mountain area as well as in 

eastern Tennessee the whole or nearly the whole of the basal Ordovicic 

(Beekmantown) was deposited while the sea retreated from the Lake 

Superior region. That the Arbuckle region was also laid bare toward the 

end of this retreat is shown by the erosion plane between the Arbuckle 

and Simpson formations. During the readvance of the sea the lower 

Chazy beds were laid down in the Arbuckle region, but, as before noted, 

they thin away northward. This thinning away of basal beds continued 

throughout the period of advance, until only the upper 32 feet of Chazy 

(Upper Stones River) were deposited in the Minnesota region. Thus the 

* Brainard and Seeley: Bull. Am. Mus. Nat. Hist., vol. iii, 1890, pp. 2, 3. 

+ Brainard and Seeley: Ibid., vol. viii, pp. 305-315. Bull. Geol. Soc. Am., vol. ii, 

1891, pp. 293-300. 
$ Winchell and Ulrich: Loc. cit., p. xclv. 
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break included within the Saint Peter sandstone of Minnesota is equiva- 
lent to the upper thousand feet of the Arbuckle plus the lower 1,900 feet 

or more of the Simpson formations, since this latter formation is followed 

by beds with a Black River fauna (lower Viola limestone). These rela- 
tionships are graphically shown in the following diagram: 

"TAY? P TY 

FIGURE 9.—Relationship of the Arbuckle and Simpson and the Stones River and Mag- 
nesian Formations, and position of the Saint Peter Sandstone. 

In the Nittany valley of Pennsylvania* (Center county) the Beekman- 

town consists of nearly 2,500 feet of limestones, sometimes brecciated, 

often dolomitic and with siliceous sands at the base. Ophileta complanata 

occurs about 200 feet above the exposed base, but the lowest beds are not 

shown in this section. ‘Toward the middle occurs Asaphus marginalis 

and Ribeiria calcifera, and toward the top of the series Bathyurus ampli- 

marginatus, Maclurea affins, Liospira strigata, Protowarthia rossi, and 

Dalmanella subequata gibbosa. This fauna, as remarked by Collie, is an 

Upper Beekmantown fauna. 

The fossiliferous beds are succeeded by 2,335 feet of “. . . com- 

pact yellowish gray and drab dolomitic limestone frequently thin bedded 

and laminated, alternating with numerous thin beds of dark limestone, 

weathering to a light gray color. Nodules of chert occur frequently, and 

in such occurrence the rock tends to be arenaceous.” ‘This is also referred 

to the Beekmantown by Collie, but may be of later age. It is followed 

by 235 feet of carbonaceous crystalline black limestone alternating with 

gray limestone and containing Leperditia fabulites, Protorhynchula 

ridleyana, and other fossils of Upper Stones River age. Succeeding this 

are 93 feet of Black River and 603 feet of Trenton lmestone. 
Since the fossiliferous horizon below the 2,335 feet of unfossilif- 

erous (?) beds is upper Beekmantown and the first fossiliferous horizon 

is Upper Stones River (Upper Chazy), the lower Stones River, or Chazy 

proper, seems to be represented by this unfossiliferous (?) horizon. If, 

then, this series is taken from the Beekmantown and added to the Chazy, 

we have 2,500 feet—of the former and 2,500 feet (++) of the latter, a 

* George L. Collie: Ordovician system near Bellefonte, Pennsylvania. Bull. Geol. Soc. 

Am., vol. 14, pp. 407-420. 
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division which agrees more fully with the Arbuckle Mountain section. 

Comparing with this the Mohawk River section, 250 miles to the north, 

we find a striking discrepancy. In the Mohawk section less than 500 feet 

of Beekmantown rest with a basal conglomerate upon the Adirondack 

gneisses, and is followed after an erosion interval by at the most 30 feet 

of Lowville (= Upper Stones River or Upper Chazy). This is conform- 
ably succeeded by the Black River and Trenton limestones. 

It is evident that we have here much the same relationship that exists 

between the Upper Mississippi region and the Arbuckle Mountain section ; 

only, in the case of the eastern section, no sands were deposited during 

the period of retreat, and hence none during the advance. While the 
Beekmantown of the Mohawk valley is probably not lowest Beekmantown, 

and although some erosion went on, during the retreat of the sea, in the 

exposed area, nevertheless it seems not unlikely that at least 1,000 feet of 
Beekmantown were deposited in central Pennsylvania during the period 

of retreat, while, if the reference of the “barren” beds to the Chazy is 

correct, nearly 2,500 feet of limestones were forming in Pennsylvania 
during the readvance. If the barren beds are Beekmantown, the amount 

of deposition in Pennsylvania during the readvance would only be about 

200 feet, which amount agrees more nearly with the rate of deposition 

shown in the Arbuckle region during the Saint Peter advance. 

The case here set forth takes account only of the greater movements 

and their results. That there were minor movements is shown by the 

several sandstones intercalated in the Simpson formation of the Arbuckle 

mountains and in the Ozark series of Missouri. ‘These, however, did not 

alter the main course of events to any perceptible degree. 

The Dakota Sandstone problem.—The Dakota sandstone presents 

another interesting problem of a retreatal sandstone worked over by a’ 

readvancing sea. As already noted, the marine sedimentation at the end 

of Fredericksburg or the beginning of Washita time extended northward 

as far as central Colorado. On the Purgatoire river, where the Dakota is 

100 feet thick, it is underlain by 50 to 100 feet of dark shales and shaly 

sandstones similar to the Dakota and carrying in the shaly portion 

Inoceramus comancheanus Cragin. Pholadomya sancti-sabe Roemer. 

Trigonia emoryi Conrad? Protocardia texana Conrad. 

Cardium kansasense Meek. Leptosolen conradi Meek. 

Cyprimeria sp. Tapes sp. 

This rests on 15 to 60 feet of coarse gray cross-bedded sandstone, which 

in turn rests on the Morrison beds.* Similar conditions exist in 

Oklahoma and New Mexico. 

* Stanton: Journal of Geology, vol. xiii, 1905, pp. 657-669. 
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At Two Buttes uplift, in southern Colorado, the shales beneath the 

Dakota furnish further 

Gryphea corrugata Say. Pachydiscus brazoensis (Shumard). 

_and others. The beds appear to rest directly on the eroded surface of the 
Red beds. 

On the Cimarron, in western Oklahoma, the fossiliferous Comanche 

beds beneath the Dakota are dark shales, with layers of brown flaggy 

sandstone and bands of somewhat calcareous sandstone 50 to 60 feet 

thick. They contain 

Gryphea corrugata Say. Protocardia multilineata Shumard. 

Ostrea subovata Shumard. Pholadomya sancti-sabe Roemer. 

O. quadriplicata Shumard. Anchura kiowana Cragin? 

Plicatula incongrua Conrad. Turritella seriatim-granulata Roemer. 

Inoceramus comancheanus Cragin. Hamites fremonti Marcou? 

Gervilliensis invaginata White. Pachydiscus brazoensis (Shumard). 

Trigonia emoryi Conrad. 

Below these beds, and resting with apparent disconformity on the 

Morrison, are coarse cross-bedded sandstones with irregular bands of 

pebbles, varying from 4 to 15 feet in thickness. 

This horizon with Gryphza corrugata was traced westward to about 

30 miles east of Folsom, New Mexico. At Tucumcari 60 feet of fossil- 

iferous shales and sandstones underlie the Dakota, and at Canyon City, 

Colorado, 85 feet of these shales and thin bedded sandstones underlie the 

Dakota, and are separated from the Morrison by 35 feet of massive gray 

sandstone with bands of fine conglomerate near the top. 
These beds are correlated with the Kiowa and Mentor beds of Kansas 

(Stanton). Regarding the age of these beds, Cragin* considered that 

they “represent a group of sediments intermediate between the Fredericks- 

burg and Washita division, and one which, as a meeting ground of the 

faunas of these two divisions, can not satisfactorily be referred to either.” + 

Hill,{ on the other hand, holds that the beds “represent the modified, 

attenuated northern portion of the Washita division, and probably a 

portion of the Fredericksburg division of the Comanche series of Texas.” 

Though there is a difference here as to the classification of the “Kiowa 
division,” as Cragin proposed to call it, there is unanimity in regarding 

it as representing the border line of the Fredericksburg and Washita. 

At Marquette, McPherson county, Kansas, the following sections oc- 

curs :§ 

* American Geologist, vol. xvi, pp. 357-386. 

Fubids: Loc. cit, p. 3883 

¢t Am. Jour. Sci., 3d ser., vol. 49, pp. 205-235. 
§ C. N. Gould: American Geologist, vol. 25, pp. 35, 36. 
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10. Dark brown to black sandstone, forming prominent escarpments, very 

fossiliferous in a layer 1 to 2 feet thick in the middle of the ledge. 8 

The fossils are listed by Gould.* 

9. ‘Soft yellows sandstome yin ool. ok eat hese kee ee eee eee 2- 

8. Hard massive gray and yellowish sandstone................e+eeeee 4 

i. Yellowish and jbluish shalese ic ..44 oh ae cee Le 16 

G6. Rather hard «yellowish sandstone... : <6... <<. ¢s528s645.-sn8 eee 8 

5. Bluish to yellowish paper shales, very like Kiowa, with selenite and 

cone-in-cone gypsum ; contains layers of soft yellow sandstone with 

dicotyledonous leaves: ..%.'0. sees Sale Oe aa Cee ee eee 40 

4. Two six-inch ledges of very fossiliferous limestone separated by 

SHAL]S) 5). Scan eueieeens eee ae Se Soke cle ae Sic OM ERI oe 3 

The fossils are listed by Gould.+ 

3. Shales like the Kiowa, with iron pyrites, selenite, and cone-in-cone 

SYP SUN Sie) 2.6. escia de eos s! a ae BENS Ale. anc 6 GER a ee eee 20 

2. Gray to yellowish sandstone, with much lignite and crushed plant 

material in places; very like Cheyenne... ..4.0.2¢2 40 neeeee 4 

‘Potal'Comanche-Dakota. 22 v0. 24 cies on stance ene ee eee 105 

Disconformity. 

1. Permian shales, red, blue, green, ete. 

The sandstone number 10 has all the appearance of the Dakota sand- 
stone and hes 50 feet above the stratum in which the first disotyledonous 

plant remains are found. Lithically this entire series belongs in the base 

of the Dakota. Similiar conditions exist at Mentor, 20 miles northeast, 

but the exposures are not so satisfactory. 

The fauna of both the lower and upper beds is that of the Kiowa shales. 

In the typical section this comprises 125 to 150 feet of bluish gray paper 

shale, becoming more arenaceous upward. Interspersed throughout the 

formation are layers of hard gray limestone, soft sandstone, and pebbles. 

Gypsum occurs throughout and the shales are fossiliferous. The fauna 

as listed by Cragin{ contains 51 species of intertebrates and 13 species 

of vertebrates. _ 
The base of the Kiowa shales of Kansas is formed by the Champion 

shell-bed, a thin stratum of shell conglomerate commonly less than a 

foot in thickness and rarely more than a foot and a half. Gryphexa hill 

is the only fossil found in it in some localities, but elsewhere a consider- 

able number of species have been found. Of 36 species listed by Cragin, 

22 pass upward into the Kiowa shale, the remainder apparently not 
occurring above the shell-bed. Among these latter is Gryphza hilli, which 

* Ibid., p. 37. 

* Loe. elt., pp. 36, 37. 

{ American Geologist, vol. xvi, 1895, pp. 372, 373. 
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is an abundant and characteristic fossil of the Comanche Peak and 

Walnut beds (Fredericksburg) of Texas. A number of other charac- 

teristic species of this bed do not occur above the Fredericksburg horizon 
in Texas. On this account Cragin thinks that . . . “the Champion 

shell-bed should be referred to the Fredericksburg division and perhaps 

to a horizon not higher than the middle of that division.”* 

The Champion shell-bed is underlain by the Cheyenne sandstone, which 

rests disconformably on the Red beds. It consists of soft variegated 

grayish or yellowish cross-bedded sandstones in the lower part, with peb- 

bles of quartz, clay granite, etc., smoothly water-worn and ranging in 

size up to a hen’s egg. They are often seen in pockets on the Red beds. 

Lignite and other carbonaceous matter also occurs here. The upper part 

consists of alternating vari-colored sandstones, sandy shales, and hard 
argillaceous shales. The total thickness ranges from 50 to 100 feet. From 
the upper part of this sandstone dicotyledonous plants of the genera 

Rhus, Sassafras, Sequoya, etc., are obtained. No animal remains have 

been recorded from this formation, which is probably entirely of conti- 
nental origin. 

In the Arbuckle mountains of Indian Territory the Cretacic beds 

rest on a nearly flat floor of older rocks. The base consists of approxi- 

mately 240 feet of sands, with local conglomerates at the bottom. They 

are succeeded by the Goodland limestone, 20 to 30 feet thick, and a nearly 

pure limestone formation. Above this le the Kiamitia clays, Caddo 

hmestone, Bokchito formation, and Bennington limestone, aggregating 

nearly 840 feet in thickness. The upper beds are slightly eroded and 

succeeded by the Silo sandstone, which is in part at least of Dakota age.t 

The Goodland limestone is correlated with the entire Fredericksburg— 

that is, Walnut, Comanche Peak, and Edwards—while the underlying 

sands are called Trinity. This correlation is no doubt just as erroneous 

as was the former reference of the Cheyenne sandstone to the Trinity. 

The fact that a lower Cretacic formation is a basement sand does not 

make it Trinity in age, since basement sands can be of any age. The 

combined thickness of the Comanche Peak and Edwards (the Walnut is 

only a phase of these limestones) on the Rio Grande is in the neighbor- 

hood of 700 feet, while in Mexico it is still greater. This shows clearly 

that the Goodland limestone can represent only a part—that is, the upper 

- part, though probably not the highest part—of the Fredericksburg, and 

that the so-called Trinity sands are really basal sands of Fredericksburg 

* Cragin: Loc. cit., p. 371. 

f Taff: Professional paper no. 31, U. S. Geological Survey, Tishomingo and Atoka 

folios. 
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age which have overlapped the Trinity. Here, as in the case of the 

Cheyenne sandstone, the simple application of the principle of progres- 
sive overlap will give the right solution of the problem. | 

The Kiamitia clay is equivalent to the Kiowa shales of Kansas, both 

being at the Fredericksburg-Washita boundary. The Caddo, Bokchito, . 

and Bennington formations, however, are later Washita beds. Here, 

then, we have clear evidence that the Dakota retreat, beginning in central 

Solorado and Kansas at the commencement of Washita time, reached 

the Arbuckle Mountains region only toward the middle of that period, 

after nearly 700 feet of additional strata had been deposited in this more 
southern region. 

It is not at all improbable that while the Kiowa (Kiamitia) clays were 

_ forming the upper Edwards limestone of southern Texas and Mexico was 
still being deposited. 

In northern Texas the Washita division is about 500 feet thick and 
consists of clays, marls, and some limestone beds, the whole resting con- 

formably on the Goodland limestone. At the base lie the Kiamitia clays 

with Gryphxa corrugata, while the top is formed by the Grayson marls, 

which are apparently conformably succeeded by the Dexter sands of the 

Woodbine (Dakota). In the Austin region the corresponding deposits 
(Georgetown, Del Rio, and Buda) are chiefly limestones, some of them 
even chalk of foraminiferal origin; hence it is not surprising to find 

the series much thinner in that section. The top of the section, more- 
over, is here marked by an erosion interval, and hence the whole of the 

Buda (elsewhere 100 feet thick) is not shown. ‘This erosion interval is 

important as indicating the extent to which the Dakota retreat took 

place, the Austin region being lifted into dry land. 

The Dakota of Texas is known as the Woodbine. In the northern 

section it is at least 600 feet thick, at Denison about 500 feet, and at Fort 

Worth about 300 feet. Near Waco it has thinned to 45 feet, and on the 

Brazos it has disappeared altogether. Hill states that it apparently rests 

unconformably on the Grayson marls and Main Street limestone of the 

Denison beds of the Washita division. “The upper beds pass by in- 

separable transition from sands into sandy clays and finally into the 

bituminous clays of the Eagle Ford formation. This transition is so 
gradual that no exact line of separation can be drawn between the Wood- 

bine and Eagle Ford formations. The parting is arbitrarily established . 

at the zone of Hxogyra columbella, which is considered as the top of the 

Woodbine formation.”* The disconformity at the base of the section 

can not be great, if it exists at all. Of course, the emergence at the 

*R. T. Hill: Twenty-first Ann. Rept. U. S. Geological Survey, pt. vii, p. 296. 
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_ beginning of Woodbine deposition (Dexter sands) would allow a certain 

amount of erosion, probably by the streams which later spread out the 

Dexter sands. The presence of dicotyledonous plants and the absence 

of marine organisms indicate that these sands were spread by streams. 

Sometimes a clay marks the transition from the Grayson marls. The 
presence of glauconite in the lower beds suggests that at first they were 

deposited in a shallow sea, and that only during the progress of deposition 
of the sands did emergence occur. If this is the case, there can be no 
serious break between the Grayson marls and the basal Dexter sands, 

and from the description of the sections there appears to be none. False 
bedded structure is a characteristic feature of these sands, whose thickness 

is approximately 160 feet. 

It was apparently during this period of emergence that the erosion at 
Austin took place. This is believed to be the case, because the succeeding 

beds of the Woodbine (Lewisville beds) carry a marine fauna, and hence 

mark the readvance of the sea. The Lewisville beds consist of laminated 
lignitic sands and clays, interstratified with brown sands, ferruginous 

sandstones, and argillaceous shelly sandstones, aggregating 100 feet. The 

fauna of this bed, listed by Hill,* is peculiar, in that it is unknown above 

or below this horizon. ‘This indicates a considerable period to have 

elapsed before the readvance of the sea took place. The higher beds of 

the Woodbine are sands and clays, often fossiliferous, and pass upward 

into the overlying Eagle Ford formation. 

The Eagle Ford formation of Texas is essentially a bituminous clay. 

It rests directly on the Buda limestone in central Texas, having there 

become a flaggy argillaceous limestone. The thickness of the formation 

varies considerably, from 250 feet on the Rio Grande to 600 feet in north- 

ern Texas, with varying thicknesses at other points. In the Austin region 

it is only 30 feet thick, but here only the upper beds of the formation rest 

upon the post-Buda erosion plane. 

In southern Kansas the typical Dakota sandstone is followed by lignitic 

sands, bituminous shales, and saliferous and gypsiferous shales with 

marine fossils, followed by 350 to 400 feet of shales and limestones with 

the typical fauna of the lower Colorado or Benton group, Inoceramus 

labiatus predominating. 
In the Front Range region of Colorado these shales (Benton) vary in 

thickness from 500 to %00 feet, while farther north, in the Bighorn 

Mountains they increase to 1,300 feet, and in the Black Hills to 1,600 

feet. Throughout most of the region the characteristic fauna with 

SE Woe, cit:, p. 314. 

7 N. H. Darton: Bull. Geol. Soc. Am., vol. 15, pp. 379-448. Professional paper no. 32, 

U. S. Geological Survey. 



626 A. W. GRABAU—TYPES OF SEDIMENTARY OVERLAP 

Inoceramus labiatus begins from 200 to 500 feet below the top of the 
series, In an impure limestone averaging 50 feet in thickness. This lime- 

stone (the Greenhorn) apparently represents the successful accomplish- 

ment of the post-Dakota marine invasion, the underlying shales, except 

in the southern area, showing little if any evidence of marine occupation. 

In fact, it is not improbable that 800 to 900 feet of the Lower Graneros 

shales and included sandstones of the northern region are chiefly of non- 

marine origin, representing the continued deposition of fine material 

during the period of continued southward retreat and early advance of 

the sea. This would explain the increase in thickness northward of the 

Graneros shales. The only fossils recorded from these shales in the 

northern region are dicotyledonous plants and fish scales. 

The Carlisle group overlies the Greenhorn (Inoceramus labiatus) 
limestones and constitutes the upper member of the Benton division. 
This group consists mostly of clays, with some limestones and sandstones. 

It is as a whole not very fossiliferous, but certain beds are characterized 

by Prionocyclus wyomingensis and Prionotropis woolgart. 

The Eagle Ford beds are succeeded by the Austin chalk with a thick- 

ness of 600 feet in central Texas, but 1,500 feet on the Rio Grande. In 

Colorado this series is represented by the Niobrara formation, with 
Inocoramus deformis and Ostrea congesta. This is 700 feet thick in 

southern Colorado, where it rests on about 200 feet of Benton, North- 

ward, in the Black hills, where the Carlisle has a thickness of from 500 

to 700 feet, the Niobrara is only about 200 feet thick, thinning to 100 

feet toward the northwest. 

Above the Niobrara comes a great thickness of clay shales, the Pierre. 

These have a recorded thickness of 4,000 feet in southern Colorado, in- 

creasing to over 7,000 feet in the Denver region, but decreasing to 2,700 

feet in the Bighorn mountains and to 1,200 feet in the Black hills. Beds 

of sandstone become intercalated in the thicker sections, as at Denver, 

where a bed of sandstone from 100 to 350 feet thick occurs near the 

middle. The succeeding Fox Hill beds, which are mainly sandstones,. 

have an average thickness of 300 feet or less, though increasing to 1,000 

feet in the Denver region. Marine fossils occur, together with plant 

remains, the whole series grading up into the great non-marine Laramie 

formation. 
In the northern region the Austin chalk grades up into the Taylor 

marls and Eagle Pass or Navarro formation. These are the Hzogyra 

ponderosa beds. The Taylor marls are about 700 feet thick in southern 

Texas, and 600 feet in central Texas. The overlying Navarro has a 

thickness of 4,300 feet on the Rio Grande and consists mainly of sand- 
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stones with beds of clay and glauconite and with several coal seams about 

1,200 feet above the base. Marine fossils occur almost throughout the 

series, but Laramie plants have been found in the neighborhood of the 

coals. 

The interpretation of these sections in the ight of the principles dis- 

cussed shows us that the Dakota sandstone represents the deposits be- 
tween the retreat and readvance of the sea. The retreat, as we have seen, 

began in Washita time, almost at the beginning of that period. The Wash- 

ita division itself is the depositional equivalent of the retreatal Dakota 

sandstone, and hence the lower Dakota is actually of Washita age—of 

lowest Washita in the northern and of highest Washita in the southern 

area. The retreat of the sea was considerable, as shown by the uncon- 

formity between the Buda and the Eagle Ford and by the thinness of the 

latter. With the readvance of the sea, a new fauna, an immigrant from 

Kurope, came in; and as the sea continued to advance, the continental 

sands of the Dakota-Woodbine Graneros were reworked and incorporated 

as basal deposits of later Cretacic age. ‘The Upper Dakota sandstone is 

thus of Eagle Ford-Benton age, the return of the sea being finally accom- 

plished in mid-Benton time. 
From this it appears that the Dakota sandstone can not be included as 

a time element of the standard scale, since it represents different time 

in different localities. This consideration also suggests that the Washita 

be made the base of the Middle Cretacic, the classification being ap- 

proximately the following: 
Marine. Non-marine. 

Upper Cretacic-Montanan Lares ae Laramie. 

Austin. 
Coloradoan Eagle Ford. 

Unrepresented interval. 
Washitan. Dakota. 

Lower Cretacic-Comanchean 

Mid-Cretacic | 

Fredericksburg. 
Trinity. 

If two systems are to be made from the present Cretacic, the Comanchic 

system would end with the Washitan, and the Cretacic begin with the 

Coloradoan, the unknown base of which must be looked for in southern 

Texas or in Mexico. 

NON-MARINE PROGRESSIVE OVERLAP 

EXPLANATION OF THE TERM 

This term is applied to the large structure normally produced during 

the formation of a great fan or subaerial delta from the wash carried by 
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the streams from the mountains and deposited on the plains adjoining. 
Such a subaerial fan will, of course, grow year by year; and in so growing 

the latest deposits, whether derived from the mountains or whether 

obtained through the reworking of the previously deposited portion, will, 

as a rule, extend farther out on the plain than did the deposits of previous 

periods. In other words, each later formation will overlap the previous 
ones by a margin commensurate with the increase in the size of the fan, 

and beyond the margin of the previously formed bed it will come to rest 
directly on the floor of the plain. This overlapping of later formed over 
earlier beds will, of course, be progressive, if the growth of the fan is 

continuous. The essential point of difference between this type of overlap 
and that formed in a transgressing sea is that in the subaerial fan the 

formations will overlap one another in the direction away from the source 

of supply of the material; while in marine progressive overlap (trans- 

gressive) the overlap is toward the source of supply of the material. The 

following diagrams will illustrate this difference, the source of supply in 

each case being on the left. 

Source of Supply Source of Supaly . 
—_ 7 

FIGURE 10.—Non-marine progressive Overlap. Figure 11.—WMarine progressive Overlap. 

The coarsest material of the subaerial fan will, of course, be deposited 

near the head of the delta. Finer material may be carried out for 

hundreds of miles across such a delta, as is plainly shown by the delta- 
plains of the Indus, Ganges, and Yellow rivers. Occasionally pebbles 
well rounded may be carried out to great distances, and this is especially 

true of the well rounded pebbles derived from older conglomerates. When 

the surface of the delta has become very flat, drainage obstructions may 
take place, in which case swamps and deposits of carbonized plant remains 

will form. Thus a fossil delta of this type may include coal seams, the 

tops of which may again be eroded or covered with a moderately coarse 

river deposit. 
Another type of non-marine overlap is that connected with a retreating 

seashore, in which case the overlapping of the non-marine beds will be, 
not on the old’plain surface, but on previously deposited and all but con- 

temporaneous marine beds. Along the border line the two, marine and 
non-marine, will blend, and it will appear as if the non-marine overlies 

———- 
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the marine, though in reality it is more a replacement of the one by the 

other. The following diagram will make this clear: 

Ficurp 12.—Overlap Relation of marine and non-marme Beds. 

EXAMPLES OF NON-MARINEHE PROGRESSIVE OVERLAP 

Chemung-Catskill—aA typical example of the last described type of 

overlap is seen in the case of the Catskill and Chemung formations of 

New York and the northern Applachians generally. Here the non-marine 

Catskill begins in Portage time as the Oneonta, and is gradually but 

progressively pushed westward and northwestward until it has reached 

the very summit of the Chemung. ‘Thus in the Ithaca region the red 

sedimentation of the Catskill type does not begin until upper Chemung 

time. In the Olean region farther west it begins in the Cattaraugus beds 

above the Chemung (Devono-Carbonic transition). Thus, while the 

Chemung is fully developed in western New York, it is absent in eastern 

New York and Pennsylvania, where the Catskill type of sedimentation 

alone occurs. Between these two points both are seen, the non-marine 

always overlying the marine. This relationship is shown in the following 

diagram : 

FIGuRE 13.—Overlap Relation of marine Chemung and non-marine Catskill Beds. 

The Pocono.—This is the lowest of the Appalachian Lower Carbonic 

formations and represents the continued non-marine sedimentation from 

the Appalachians northwestward to the western Pennsylvania region. 

The original easternmost extension of this formation, as of the preceding 

and succeeding non-marine formations, has been removed by erosion; so 

that we find at the present time only portions which originally were 

accumulated at some distance from the highland which furnished the 

material. 
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That the Pocono is non-marine is shown by the absence of fossils, ex- 

cept as noted below. The fact is further indicated by the relationships 
of the strata, which conform to the non-marine type of overlap. The 

source of the material of this formation was in the Appalachian old- 

lands on the southeast, as is shown by the decreasing coarseness toward 

the northwest, and by the fact that no land capable of furnishing the 

material of this rock existed in Ohio, western New York, or Canada, 

which were extensively covered, at the time of the formation of the 

Pocono, by marine Devonic strata, many of them limestones. The char- 

acters of this formation will be best shown by two sections from the 

eastern area. 

I. Section of the Pocono in the Northern Anthracite Fields, in Wayne County, 

Pennsylvania, about 10 Miles South of the New York Line.* 

Feet 
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Beds 1 to 3 are regarded by White as transitions from the Catskill. 

IL. Section at Pottsville. t 
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On the Susquehanna the formation is 2,000 feet thick. It becomes 

coarser toward the southeast, the pebbles in Maryland being sometimes 

* Stevenson: Lower Carboniferous of the Appalachian basin. Bull. Geol. Soc. Am., 

vol. 14, 1903, p. 18. (Slightly altered.) 

I. C. White: Second Geol. Survey of Pennsylvania, G 5, 1881, p. 56. 

+ Stevenson: Loc. cit. 
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three-fourths of an inch in length or over. In this region* interbedded 
fossiliferous shales occur, showing the proximity of the sea and its occa- 

sional invasion of the growing Pottsville fan. In Huntingdon and Bed- 
ford counties, Pennsylvania, where the thickness of the formation is from 

1,100 to 1,200 feet, and where it is mostly sandstone, a shaly layer with 
marine fossils (Spirifer, Rhynchonella, and productoid forms) has been 

discovered 400 feet above the base of the series. This and the Maryland 
sections are about in a line parallel to the front of the growing fan, as 
shown by the correspondence of the thickness. 

In tracing the Pocono northwestward, we find that in the northwestern 

part of Lycoming county, Pennsylvania, it consists of 665 feet of current- 
bedded sandstones, with a one-foot seam of coal lying 80 feet above its 
base. In the northwest of Lycoming county its thickness is reduced to 

350 feet and it is still a current-bedded sandstone. In Potter county, 

Pennsylvania, we have 330 feet of sediments, with a thin layer of coarse 

sand or conglomerate, the Shenango, at the top. Westward from this the 

pebbles become flat, like those of the underlying Chemung sandstones. 
In McKean county, Pennsylvania, the Pocono is not much over 200 feet 

thick, the Shenango being 40 feet. In most of these northwestern sections 
intercalated strata with marine fossils show the presence of the Waverly 

sea, which laved the front of the great Pocono fan and into. which its 

edge dipped. Downward these beds grade into fossiliferous Lower Car- 

bonic strata, which are the contemporaneous deposits of the eastern end of 
the Waverly sea. The margin of this sea was gradually pushed westward 

by the growing fan, as shown by the character of the deposits. 

If we glance for a moment at the contemporaneous marine deposits of 
the Ohio-Michigan area we find that the coarseness of the material 
decreases toward the northwest. Many sandstone beds, like the Berea, 

die out in northern Michigan, while beds like the Logan change from 

conglomerates to sandstones. This indicates the Appalachian source of 

the material, even of the marine deposits, showing that the streams which 
built the subaerial fan also supplied the material for the bordering marine 

strata. 
In the summary given by Stevensont of the Pocono, the vital fact is 

brought out that the thinning of the Pocono in northwestern Pennsyl- 
vania and in West Virginia is due “apparently in part” to “loss of the 

lower beds.” The significance of this fact is best stated in Professor 

Stevenson’s own words: 

“The Pocono of Pennsylvania, Ohio, Kentucky, and Virginia has been re- 

garded by most geologists as Lower Carboniferous throughout. The Pocono of 

* Maryland Geological Survey, Garrett county, p. 168. 

+ Stevenson: Loc. cit., pp. 39, 40. 

LVII—Boutu. Grou. Soc. Am., Vou. 17, 1905 
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the eastern outcrops in Pennsylvania has been accepted as the equivalent of 

that in the western counties, as though the westward decrease were due merely 

to lessened thickness in each of the subdivisions. It must be clear, however, 

that the loss in thickness is due very largely to disappearance of the 

lower members of the section, as is the case also southward from central 

Kentucky and southern Virginia, so that in Alabama and much of Tennessee 

only the uppermost beds remain. A new correlation appears to be necessary.”* 

The general change in the character of the sediments from conglom- 

erates and coarse sandstones in the east to shales in the west is also 

emphasized by Stevenson. The relationships of these deposits may be 

expressed in the following diagram: 
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FIGURE 14.—Relation of Waverley and Chemung Formations to the Pocono and Catskill. 

The Mauch Chunk.—The Mauch Chunk period of Appalachian history 
seems to have been a period of more stationary conditions, accompanied by 
some subsidence, as shown by the fact that fine sediments characterize 

the formation throughout, and also by the presence of extensive marine 

limestones. In the northern Appalachians heavy non-marine sediments 

still accumulated.. Thus in the type region 2,168 feet of red shales, with 

some sandstones in the upper part, constitute this formation. A little 

north of Mauch Chunk, Pennsylvania, the formation of this name has a 

thickness of 3,342 feet and consists almost wholly of red shales. 

In the Broad Top region of Huntingdon county, Pennsylvania, the 
basal part of the Mauch Chunk consists of 141 feet of shales and sand- 
stones, followed by 49 feet of limestone (Greenbrier), and this by 910 
feet of sandstones and shales. In northeastern Lycoming county, 30 
miles from Mauch Chunk, the base of the formation consists of 120 feet 

of shales, followed by 75 feet of marine limestone and 150 feet of shales. 

In northwestern Lycoming county the basal beds have been reduced to 
80 feet, while the upper beds are only 20 feet thick, the intervening lime- 

stone measuring 50 feet. In Potter and in McKean counties only the 
upper beds are present, decreasing from 70 feet in the first to 50 feet in 
the second, and finally dying away westward as a coaly black shale. 

Southward from the type region of non-marine sedimentation the 
marine phase thickens. Thus on the Potomac, in the Maryland Alle- 
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ghenies, the formation is 1,107 feet thick and consists at the base of 227 
feet of Greenbrier limestone resting directly on the Pocono, followed by 

800 feet of shales, mostly red. Southward, in Pendleton county, West 

Virginia, the Greenbrier limestone at the base is 325 to 400 feet thick, 

and is followed by gray and brown sandstones and shales and red shales 

(Canaan shales), with a thickness of 1,250 feet. These shales, however, 

are in all probability only partly non-marine. 

The Mauch Chunk thus seems to present two periods of non-marine 
fan-building separated by a period of partial subsidence. Non-marine 

(fluviatile) sedimentation appears to have been continuous in eastern 

Pennsylvania throughout. In both periods the greatest accumulation of 

non-marine sedimentation was in the east, and the members overlapped 

westward and northward. A diagrammatic section will make this clear. 

FiGuRH 15.—Relation of the Upper and the Lower Mauch Chunk and the Greenbrier. 

The upper Mauch Chunk fan represents the recovery of the land after 

the Greenbrier subsidence. With this recovery corresponds the presence 
of coarser sands in the upper Mauch Chunk in the eastern region, where 

non-marine sedimentation was uninterrupted. That the land was low 

and streams sluggish is indicated by the fact that the surfaces of the beds 

are marked by ripple-marks, sun-cracks, rain-drop impressions, and foot- 

prints of vertebrates—all signs of floodplain deposits. 

The fossils of the Greenbrier in southern Pennsylvania and Maryland 

correspond to those of the Maxville of Ohio. The Maxville is separated 
from the Logan by an interval of erosion, which may correspond to early 

Mauch Chunk sedimentation in the east; for the beginning of a new fan 

on an older one indicates either an increased supply of detritus or a period 

of elevation. The fineness of the lower Mauch Chunk is, perhaps, more in 

harmony with the theory of a renewed elevation of the region, which in 
the western area permitted the post-Logan erosion. A part of the upper 

non-marine Pocono probably also suffered erosion during this time. It 

may perhaps be further surmised that the change indicated was not due 

to an elevation in the east, but rather to an elevation of the western region, 

which gave the surface of the Pocono fan so gentle a slope that the 

streams no longer were able to carry to this western area the detritus 

derived from the east; and so they dropped it nearer the source, building 
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up a new fan, but this time of fine materials. However this may be, the 

presence of the Greenbrier limestone shows a widespread subsidence, and 
the fossils of this limestone show that this took place at the beginning of 

Chester time. 
It seems likely that the post-Logan elevation, which in Michigan was 

accompanied by the formation of gypsum beds (lower Grand Rapids), 

gave an impulse to the southeastward transgression of the Mississippian 

sea, and that during this period the Cumberland ridge above outlined was 
finally submerged. ‘The elevation was felt in the Mississippian valley, 
since a pronounced line of erosion exists at the top of the Warsaw, which 

is followed by only the highest Saint Louis limestone, resting with a basal 
breccia on it. Southward in the Mississippi region this interval becomes 
less; and southeastward, in the southern Appalachians, it disappears 

altogether, the Saint Louis and succeeding Chester beds being of great 
thickness. Since this seems to be the case, the Greenbrier-Maxville re- 

advance apparently came from the southeast, where continuous deposition 

was going on. The readvance reached the Iowa-Mississippi region and 

northern Kentucky in Saint Louis time; but central Ohio, Michigan, and 

Pennsylvania only in Chester time. This explains the greater thickness 
of the Greenbrier in Maryland and West Virginia. 'The retreat of the sea 

after the temporary advance into Pennsylvania was followed there by the 

formation of the upper non-marine Mauch Chunk fan, but transgressive 

movements seem to have continued over the southern Appalachian region. 
The Pottsville—The Pottsville of the Appalachians represents even a 

better case of non-marine progressive overlap than either of the preceding 

examples. The series has been worked out in great detail by the Pennsyl- 

vania geologists, and the relationships of the beds to each other have been 

fully discussed by Stevenson,* and, with special reference to the overlap 

shown by them, by David White.t 
One of the pronounced characteristics of the Pottsville is the well 

known abundance of conglomerates and coarse cross-bedded sandstones. 

Coal beds and layers of coal plants are common, but marine fossils are 

rarely found. As has been convincingly demonstrated by Stevenson and 

David White, the lowest beds of the series—that is, the Pocahontas divis- 

ion—is found only in two areas, and those the most easterly of the series. 

The first is in the type region of central eastern Pennsylvania, and the 

other is in southwestern West Virginia and adjoining Virginia. The 

next higher series, the Raleigh-Bon Air (middle Pottsville), is especially 

well developed in the southern Appalachians, where it extends through 
Alabama, eastern Tennessee, Kentucky, and West Virginia. In eastern 

* Stevenson: Loc. cit. 

+ David White: Bull. Geol. Soc. Am., vol. 15, 1904, pp. 267-282. 
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Pennsylvania the overlap was not very great at this time. The next 

higher division, the Sharon (Sewell), extended into western Ohio and 
northwestern Pennsylvania, while the higher beds, the post-Sharon, ex- 

tended still farther. The following diagrams, copied from David White’s 
papers, show these relationships: 

FicuRES 16 I-III.—Relations of Pocahontas (A), Raleigh-Bon Air (B), Sewell (GC), and 

post-Sharon (D), mterpreted as overlapping marine series (according to White). 

White assumes that this transgression was that of a water body trans- 

gressing northwestward, and he so labels it. At the same time he recognizes 

the fact that most of the formations are either conglomerates or coarse 

sands, and that these various clastics rest in most cases directly on marine 

limestones or shales. He further recognizes erosion in this region preced- 

ing the advent of the Pottsville sediments. 

The material of the Pottsville beds shows that they were derived from 

disintegrating crystalline material. Their coarser and more undecom- 

posed character in the Appalachian region indicates this to have been the 

source of the material. The utter want in the northwestern region of 

any area which could have supplied this material makes this conclusion 

unassailable; for, as has already been stated, the successive beds lie on 

either marine limestones or shales or on finer non-marine sediments. 

These must have constituted the shore at successwe periods of transgres- 

sion if a Pottsville sea transgressed northwestward, and they should have 
constituted the source of the material of the Pottsville beds. Such is not 
the case, as is well known; for the pebbles of the conglomerate are quartz 

pebbles and the sand is composed chiefly of quartz grains. 
We are, then, compelled to consider the crystallines of the Appa- 

lachians as the source of the material of these beds. These beds, there- 

fore, overlap away from the source of supply, and hence they can not, by 

any manner of reasoning, be referred to marine or even lake deposits. 
To refer them to either is to ignore fundamental principles of deposition ; 

yet all or nearly all writers have thus referred them in the past. 
A significant fact in connection with the recognition of these beds as 

river deposits is the remarkable rounding of all the pebbles of the conglom- 

erates. This rounding explains their removal so far from their place of 

origin, for perfectly round pebbles can be rolled hundreds of miles by 

streams. It also shows that they have been subject to an enormous 
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amount of river wear. Of course, the accumulation of these pebbles is 

the result of continued selection by the rivers of the most rounded peb- 
bles. Since such rounding implies, as above stated, a very long period 

of river wear, it is not surprising that only quartz pebbles survived the 
ordeal. Pebbles of more destructible material were ground to sand or 
decomposed during the process. Thus the remarkable purity and round- 

ness of the quartz pebbles of these conglomerates, so entirely inexplicable 

on the hypothesis of a transgressing sea, is exactly what might be ex- 

pected in the case of extensively transported river material. 
Since the latest Pottsville beds are overlapped by the Kanawha in 

' northern Ohio, it is more than probable thatthe Pottsville is entirely 
absent in Michigan and other western areas, except where represented by 

equivalent marine strata. ‘Thus the Saginaw formation of Michigan and 

the Mansfield of Indiana and the Mississippi valley is most certainly post- 

NW 
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Ficurp 17.—Diagram illustrating Relationships of Members of Pottsville Formation. 

Diagram is based on the theory of non-marine progressive overlap (fluviatile). 

Pottsville, limiting that formation according to the standard of the 
typical Pottsville area. The Saginaw formation of Michigan is indeed 
now recognized as probably of the age of the Mercer group, which in turn 
is correlated by White with the later Kanawha. This and the later coal- 

bearing beds of eastern United States also show evidence of non-marine 
progressive overlap. They appear to be the remnants of one or more 

series of fans built out from the Appalachian highlands by streams flow- 

ing northwestward, the later members of each fan overlapping the earlier 

ones of the same series. ; 
Other examples.—Non-marine series, overlapping away from the source 

of supply, and therefore of fluviatile origin, are to be found in other 

formations of North America. Among them may be mentioned the 

Upper Silurics of the Appalachians, the Laramie, and the non-marine 

Tertiaries of the Great Plains region. The Potomac and Newark forma- 
tions will probably also show this type of structure when they are studied 

in greater detail. Wherever it is found, the fluviatile origin of the strata 

involved is established by it beyond contravention. 
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PHYSICAL DEVELOPMENT OF CENTRAL ASIA 

The beginnings of central Asia, as part of the Great continent, lie far 

back in the Tertiary period, during a time when mother Harth was in 

travail, giving birth to her last-born, the new order of continental and 

organic forms. In the throes of the contracting terrestrial crust there 

had been slowly born great mountain masses, ranges whose ice-capped 

giants now mark the boundary between north and south, extending half 

way round the earth, through the Pyrenees, ae and Himalayas 

to China. 

The Eurasian continent was born, but in its infancy a great sea ex- 

tended from the Atlantic through the Mediterranean to southeastern 

*The subject-matter of this address is the outcome of a careful analysis of some of the results 

of my expedition of 1904, under the auspices of the Carnegie Institution of Washington. 

For the ability to use the pottery of the different cultures as characteristic fossils, I am 

indebted to the profound knowledge of ceramics of Dr Hubert Schmidt, the archeologist of 

the expedition. 

In the physiography my son, R. W. Pumpelly, who made the surveys and studied minutely 

the natural records in the shafts, has contributed not only most of the observed data, but 

also some of the fundamental deductions. 

LVIII—BvuLu. Grou. Soc. AM., Vou. 17, 1905 (637) 
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Asia. Later, during the middle Tertiary, this connection was broken, 

leaving a great interior sea called the Sarmatic, which once extended 
from Austria to beyond the Aral. 

In the progressive development of land and climate, during Pliocene 

or late Tertiary time, this sea in turn broke up into separate land-locked 

basins of fresh and brackish water, the deposits and faunz of which are 

designated as belonging to the Pontic stage. , 
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FieurE 1.—Arid Regions and closed Basins of Asia. 

From Elisée Reclus ‘‘The Earth and its Inhabitants.” 

In these changes we see the evolution of central Asia as an interior 
region. Differentiated from the periphery of the continent by moun- 

tains that intercepted the moisture from the ocean on the south, and 

otherwise climatically at a disadvantage on account of its geographical 

relation to the laws of atmospheric circulation, this vast region entered 

upon an independent course of development. 
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When this inner continental area ceased to send its waters to the ocean 
it was predestined to a course of evolution whose progress must inevita- 

bly culminate in the desert-waste conditions ruling there today. 

Hach of the geological periods mentioned had its characteristic land 

and water organic life, among which were prophetic ancestral forms in 

the genealogy of the mammals of today. 

The cause of this differentiating evolution is as simple as it is fate- 

fully majestic in its progress. ‘The moisture, carried by the high cur- 

rents of air in their course from the equator to the pole, is largely 

condensed in rising over the great altitudes of lofty mountain ranges. 

To the north of the highlands the plains receive but a slight annual 

precipitation, and this is so distributed in the seasons as to produce the 

minimum of vegetation in respect to the amount of precipitation received 

during the year. 

Under these conditions a forest growth is impossible and the surface 
must be more or less grass-covered or bare, according to the amount of 

effective precipitation, which in turn may perhaps have varied during 

different periods with a possible varying in height of the intercepting 

mountains. 

Under such conditions the region would vary in character between 

semi-arid and arid. 
Whether semi-arid or arid, the hot air, rising from plains barren of 

vegetation and heated by the sun of spring and summer, prevents local 

rainfall, and the residuum of moisture that escaped condensation on the 

mountains is carried on to the colder regions of the north. It is only 

during the winter that this residuum is precipitated on the plains as 
snow, and even this melts away by March, awakening to life a varied 

desert flora, which in turn vanishes under the burning April sun. 

Thus, excepting the relatively ineffective winter snows, the whole of 
this vast inner continental region receives waters only from the precipi- 
tation over the high mountains that separate it from the peripheral zone, 

and from such mountains as rise sufficiently high within its own area. 

Central Asia from the western border of Manchuria to the western 

end of the Black sea is a series of great and small land-locked basins. 

From these no water flows to the ocean, excepting that which the Black 

sea loses through the canyon of the Bosphorus, which was not opened to 

the Mediterranean until the present geological epoch. 

This great land-locked area is divided into two basin systems: one is 
the higher-lying Gobi on the east, inclosed on the west between the moun- 

tain masses of the Kwenlun and Tienshan. 
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The western system of land-locked basins covers a great part of west- 
ern Asia. Extending west from the Tienshan ranges, it is limited on 
the south by the Persian plateau and the Caucasus and on the north by 
the low Siberian elevation that forms the water divide toward the Arctic 
ocean. On the west, from a hydrographic, but to a lesser extent from a 

climatic point of view, this system includes the Black sea, with the areas 

drained by the Volga, Don and Dneiper (a large part of Russia), and by 
the lower Danube. 

The Persian plateau itself forms an independent high-lying system of 
arid land-locked basins. 

Of this great western system a part near the Caspian sea lies below 
the level of the ocean. A large part of the whole system is so situated 
in reference to the barriers that separate it from the oceans that, given 
a sufficient quantity of water and the closing of the Bosphorus channel, 
there would: be a land-locked sea several hundred feet deep and larger 
than the Mediterranean. It is potentially a sea, of which the Black sea, 
Caspian, and Aral remain as three larger residuary bodies of water. 

This is due to climatic conditions, under which the precipitation over 

the region, together with the water brought by the streams from without, 
is offset by the intense evaporation over the heated arid surface. 

With a sufficiently long-continued inflow of water in excess of evap- 

oration and a restoration of the barrier at the Bosphorus, the Black sea 
and the Caspian would coalesce and, after extending to include the Aral, 

would rise till an overflow should be reached, either into the Mediter- 

ranean or into the Arctic ocean, and our potential sea would become a 

reality. 
If, on the other hand, there should exist a sufficiently long-continued 

condition, in which evaporation should be in excess of inflow of water, 
then a time would come when, instead of a sea, there would be only a 

region of barren deserts. 

Our basin is, therefore, potentially both a sea and a desert. At present 

the two controlling factors—water and evaporation—are about in a state 

of equilibrium. 
The existing residuary seas are therefore, in the rising and lowering 

of their surfaces, gauges recording the cyclical climatic changes as they 

occur over the great catch-basins that supply them with water. 

Of these catch-basins the northern and western ones are the great 

hydrographic systems of European Russia and the smaller river systems, 

chiefly of the Caucasus. The rest lie almost wholly in the lofty moun- 

tain chains that stretch with increasing height and area as they go east- 

ward to high Asia. The vast masses of snow and ice constantly accumu- 
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lating on these heights feed perennially the few larger and countless 

smaller streams that flow toward the central basin region. Without 

these, Turkestan would be an absolutely desert and practically lifeless 

region. 

I imagine that the general trend of climatic conditions over the cen- 

tral continental area was from the beginning toward aridity. The 

mountains that separated it from the ocean were of slow growth, and 

mountains of moderate altitude are compatible with a moderate amount 

of precipitation over the interior region beyond them. The grassy 
plains of Mongolia and of our central western states are illustrations of 

this. 

The early condition of Turkestan and northern Persia during much 

of Pliocene time may well have been one in which at first forests existed, 

at least on the piedmont hills and plains, while the rest of the region, 

that was not still occupied by the residuary seas, consisted of broad, 

grassy steppes extending to Europe and of interior areas of deserts. 

Parallel with the growing elevation of the moisture-intercepting 

mountains progressed the regional desiccation. ‘The progressive effect 

of this would be continued shrinkage of the water areas, conversion of 

much of the central plains into deserts, narrowing of the grass-covered 
zones toward the mountains, and change in the character and extent of 

the forested areas. 
After the Miocene sea had been shut off from the ocean, it dried up, 

as is shown in the Sarmatic strata by the widespread deposits of gypsum 

and salts resulting from the evaporation or the saline waters. ‘That the 

basin was reoccupied more than once by a more or less extensive land- 
locked sea is shown in successive formations characterized by changes in 

organic forms and by old beach and water lines. 

There is little doubt that these expansions of the water area record 

the climatic changes that mark the advent and phases of the glacial 
period. An effect of these changes, which were of mundane extent, was 

doubtless an increase of precipitation over a larger part of the central 

region. 
In the Glacial period a large part of Russia west of the Ural moun- 

tains was covered to a depth of several thousand feet by ice, a large part 

of which in melting went toward filling the central basin. Our explora- 
tion in 1903, as shown in the reports of Professor Davis and Messrs 

Huntington and R. W. Pumpelly, have proved the existence of several 

successive glacial epochs in the mountains of high Asia during the 
.glacial period, and that glaciers existed on a greatly extended scale 
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throughout the mountains bordering the great basin on the south and 
east. 

Kach of these epochs of glacial expansion must have had its echo in a 

corresponding expansion of the water area and in a reaction on the 
climate of the basin region itself, in the direction of local precipitation 

and amelioration of the desert conditions. 
During the glacial and interglacial phases of the Glacial period there 

must have existed a continuity of broad and perhaps alternately tundra 
_ and grass-covered steppes along the whole length of central Asia into 

Europe. 

The great “Central” basin system resembles the ocean in that it is the 
sink into which all the solid and dissolved products of the destruction 
of the surrounding country are brought. In the ocean all such detritus 
is classified by gravity, wave action, and currents, which distribute the 

graded material over wide areas. On the dry surface of the desert 
plains this classification and distribution is begun by the rivers and 
finished by the winds. 

While in the ocean the sand is deposited to become stratified beds of - 
sandstone, and the clays to form ultimately beds of slate, in the arid 
basin the sand accumulates in moving hills and the finest silts are borne 

off by the winds to form the remarkable and economically important 

deposits of loess. 
We have seen that the lofty mountains intercept most of the moisture 

brought by air currents from the ocean, and that the fiery column of air 

rising from the heated barren plains prevents precipitation except in 
winter; but there is a zone between the deserts and the mountains on 

which sufficient moisture falls in spring to nourish the grasses of a semi- 
arid region. In Mongolia, where the intercepting mountains are low, 

the zone is broad. In Turkestan it is narrow or in places now almost 
wanting. During the cold Glacial period it was wide. 

I will ask you now to consider this central region as an organic whole. 
Imagine yourselves, if you please, looking down over this great ex- 

panse and, foreshortening space and the vista back through untold cen- 
turies, able to view the successive phases of its life during a short period 

of geological time. 
First, you are in the Glacial period. On the south you see the mite 

mountains, from the Caucasus to China, covered with snow and, on the 

higher masses, great domes of ice and far-reaching glaciers. 
Far away in the northwest you see the cap of continental ice spread 

thousands of feet thick over nearly all of European Russia. Between 

these limits your sight wanders over the blue waters of a sea greater 
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than the Mediterranean and fed by the larger rivers that flow from the 
snow and ice capped regions. 

You see the rivers building great deltas where they enter the sea, 
while above these they spread their silts far and wide over the aggrading 

plains. 
Remember that while you look, in your time-perspective millenniums 

are as seconds. Even now the Glacial period has passed and the reac- 

tion has begun, and you see the beginning of a general trend toward 

desolation. The ice-cap is gone from Russia and the great glaciers on 

the southern mountains are diminishing in extent. Evaporation is now 

more rapid than inflow of water, and the sea is shrinking and breaking 

up into smaller basins. With each lapse of thousands of years you see 

the larger rivers grow smaller, while many of those coming from the 
southern mountains fail to reach the receding sea. Those great gyrating 

columns that are coursing the surface of the earth show that the dried 
silts have become the prey of the winds. 

And now, if you will look closer, you will see at their work all the 

controlling agencies that are the life of the great geographic organism 

that we call an arid inner-continental region. You observe that the 

floodplains and deltas and the drying beds of seas are covered with 

dried silts of clay, sands, and gravels. 
The winds are working these over and classifying them according to 

size of grain. The finest material is easily lifted and carried afar, and 

it is this that forms those massive yellow clouds that are darkening those 

plains in their progress, and those gyrating columns—vortices in the 

heart of the sweeping whirlwind. 
Of the coarser silts the winds move only the sands, and these only 

slowly, along the surface of the plain where you see them, forming great 

seas of sand waves or dunes, in places more than 100 feet high. These 
waves progress as each high wind, lifting sand from the windward side, 

deposits it on the lee side. As the winds vary in direction during the 
seasons, so does the progress of the dust and of dune waves. But it is 

an important fact for us. that both dust and dunes make an absolute 
progress during the year in the direction of the predominant winds. 

Watch those columns and clouds of dust; as the wind falls, they disap- 
pear, settling on the surface to wait to be borne on the wings of the next 
-wind-storm. | 

Look now toward the grass-covered plains bordering the deserts; no 

-clouds rise from these; on the contrary, the volumes of dust that fall 

here, fall to remain under the protecting vegetation; the grass is nour- 

ished perennially by the dust, and under this reciprocal process the sur- 
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face rises slowly during the centuries to form great thicknesses of the 
soil we call loess. 

Look back again over the region; while the sand from which was sepa- 

rated the dust you have just seen deposited to form loess lags still scores 

of miles behind in its advance, you see the grassy plains bordered by a 
sea of high and older sand dunes. They, too, have been arrested in their 

overwhelming progress by the slight growth of grasses and plants that 

are compatible with a soil of sand, under the slight precipitation near 

the border zone. Both the loess and the dunes grow continually in 
height. 

You have seen a cycle of geological activity quite different from that 
which takes place on the periphery of a continent where the silts are 

distributed by ocean currents over great submarine areas. 
Here, on the contrary, the waste from the degrading mountains, which 

was spread by rivers over the plains, is returned by the winds to pile up 
on the piedmont zone, and this is obviously true not only of the solids, 

but of the soluble alkaline and earthy salts as well. 
All this conforms strictly to Richthofen’s theory, that loess is a product 

of deflation of desert surfaces, wind-borne till it found protection on the 
grass-covered zone. Here, however, we see that water intervened as an 

earlier transporting agent, and that evaporation, on the plains, restored 
to the fine silts the salts that had been leached out. That loess may 

form without the intervention of water we have seen in the extensive 

deflation of rocks on the high deserts of the Pamirs. 
Let us return to your panorama; it is still that of many thousand 

years ago, and the grassy steppes across all central Asia teem with herds 

of wild ruminants and horses and other animals that during early 
glacial and interglacial time were common to the Hurasian continent. 

I will ask you to look, at the same time, toward the edge of the plains. 
At short intervals you will see streams emerging from the mountains 

through canyons onto the plain, where they spread out evenly over large 

fan-shaped deltas that slope radially outward from the apex at the 

canyon mouth. These are the delta oases, of which I shall. have more 

to say. 

Casting your eye along the southern border of the plains, from the 

Caspian sea eastward you see grassy loess-plains fringing the southern 

mountains and filling out the great embayments between the spurs of 

the Tienshan ranges in the east. But everywhere both these plains and 
the deltas are hemmed in by the sea of dunes. . 

During your foreshortened time scale your present glance sees the 

effects of later climatic oscillations. It is perhaps a period of diminish- 
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ing regional precipitation ; the zone of vegetation narrows, the scant pro- 

tecting plant life disappears from the dunes, and they advance over the 

edge of the loess belt and encroach also on the shrinking delta-plains. 

With a period of renewal of precipitation vegetation resumes its former 

area and the loess deposits expand over the dunes. 

The processes which we have reviewed have been operating with fluc- 

tuating intensity since Tertiary time. 
The maximum of intensity existed probably as a consequence of the 

Glacial period. 
Glacial epochs were accompanied by swollen rivers with broad flood- 

plains, expansions of the seas with extensive marshes, and by great extent 

of loess steppes. 
During interglacial epochs the conditions were reversed; and after 

the last Glacial epoch there began the general trend toward the present 

condition of aridity—a trend that was interrupted by oscillations, in 

some of which the aridity may have exceeded that of today; a process 

in which the seas, while responding to the oscillations, have in the main 

shrunken gradually to the volumes compatible with the present equili- 

brium between precipitation and evaporation. 

Parallel with this progress toward aridity, under the diminished pre- 

cipitation and lessening to disappearance of the ameliorating climatic 

reaction of the once expanded water areas, was the shrinkage of the loess 

zones. ‘The grassy steppes, which had once teemed with life and per- 

mitted the distribution of ruminants and the horse across all Asia to 

Europe, gradually became broken up into disconnected areas by the in- 

creased intensity of desert conditions. 

The expanding deserts cut off the connection between the faune of 

southern Turkestan and Persia on the one hand and those of Europe on 

the other, and allowed the evolutions of regional varieties; and there 

must have been a similar reaction upon the distribution of man. 

After this, a continued progress toward extreme aridity advanced the 

desert sea of sands till its dune waves, rolling ever nearer to the moun- 

tain, completely submerged long stretches of the narrowed loess zone 

between the now restricted deltas at the mouths of mountain streams. 
The teeming herds of ruminants and horses disappeared over vast areas, 

and life was restricted to the mountains and to the borders of the few 
remaining streams and the deltas. 

When this stage had been reached, in early prehistoric time and long 

before the introduction of irrigation, the condition of southern Turk- 

estan and northern Persia may be summed up as one of deserts relieved 
only by oases on the deltas at the mouths of streams emerging from the 
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mountains, or where larger rivers died out on the plains or entered the 
shrunken seas. 

Toe KuRGANS HXCAVATED IN 1904 

The delta oases have been the home of man from early prehistoric 
time till now, throughout Turkestan and northern Persia. It was on one 
of these, at Anau near Askabad, 300 miles east of the Caspian, that I 
made in 1904 the excavations and physiographic studies, some results of 

which are the subject of this address. In the center of the delta oasis 

stand two hills, a half a mile apart, and the ruined city of Anau one 
mile from both. 

These hills, or kurgans, consist of layers, the remains of human occu- 

pation—culture strata, we call them—that have accumulated during 

thousands of years of habitation. 
They are the time-wasted, wind-and-water-carved remnants of long- 

forgotten cities. Together with the neighboring ruined citadel, they 
represent an almost continuous series of successive cultures whose local 

beginnings seem to antedate the dynastic remains of Egypt. 

My shafts showed that these culture strata extend to a depth of 20, 

and in some cases to 28, feet below the level of the plain which has 
grown up around them. 

Our excavations showed that the northern kurgan, which is 60 feet 
high from its base below the plain, is the older, and that the southern 
kurgan was not started till after the abandonment of the northern ‘one; 

it has now a height of 72 feet above its base; and after this was aban- 
doned the city of Anau started, and lasted till the middle of the last 

century, having grown to a height of 38 feet, of which 15 feet are below 
the level of the plain. 

To try to find out why two kurgans, starting thousands of years apart, 

should have been buried to the same depth, I sank a series of over 20 
shafts, both through the heart of the hills and on the plain. 

I have time to give only such brief statements of the interesting re- 

sults obtained from these shafts as bear directly on the subject in hand. 

CULTURE SUCCESSION 

To aid in this brief description of these ancient sites from an arche- 

ological standpoint, I have represented the leading results on the 
diagram shown in figure 2. There are present six successive cultures 

of distinct populations, giving a section from the present time down 
through the historic, the iron and copper stages, into the Stone age. 
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These are represented in 170 feet of culture strata still remaining out 

of an original aggregate thickness that has been much diminished by 

wind and rain. 
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Figurse 2.—Diagram of the Successive Cultures at Anan 

Tand II, north Kurgan; III and IV, south Kurgan; V, city of Anan. 

In the diagram the three sites are represented one above the other, 
and intervals are left between them to represent the height each kurgan 

is estimated, as I will show, to have lost in the long lapse of time. 

Already the oldest of these cultures appears here with a well developed 

pottery made by hand and a stock of geometrical designs which they 
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painted on certain classes of vessels. They had the art of spinning; 
and they baked, in bottomless bake-oven pots, bread made from material 
ground on mealing stones. They made knives flaked from flint, but 
they had no axes, spear heads, nor arrow points of stone, nor yet arti- 
ficially formed sling-stones. They were hunters, and such weapons as 
they used must doubtless have been spears or arrows with points hardened 
in fire or tipped with bone. 

In view of the importance that attaches to the question of the origin 

of our domesticated animals, I collected systematically, foot by foot from 

the bottom, all the bones of animals found in the older two cultures— 

that is, in the whole height of the north kurgan—and submitted nearly 

half a ton of these to Doctor Duerst, comparative anatomist and arche- 
ological osteologist at Ziirich. He finds that during the growth of the. 

lowest 8 or 10 feet of the kurgan the inhabitants knew only wild animals, 

and that out of these they domesticated the ox and the sheep, of which 

latter animal they in the course of many centuries established suc- 

cessively three breeds. He was able to trace the progressive changes in 
texture of bone substance and in the character of horns during the many 

centuries of progressive domestication. They appear to have domes- 

ticated the horse, too, but they imported an already domesticated pig 

and goat from Persia. 

I will add that of these Doctor Duerst identifies assuredly one of the 

breeds of sheep and the pig with the domestic “turbary pig” and “tur- 
bary sheep” of prehistoric Europe, where the earliest remains of these 
animals found in the pile dwellings and other sites show that they arrived 
there already domesticated. 

This is, therefore, the first discovery of the origin of domestication, 

and of the region from which the world derived the greater number of 

its useful animals. 

This people was suddenly supplanted by a new one, with an entirely 

different pottery, still hand-made, but more developed, and with a dif- 

ferent stock of painted ornamental geometric designs. 

They had also the art of spinning, and all the indications are that 

they made their bread in the same way as their predecessors, and used 

flint knives. With them there appears the camel, probably the Bactrian 

two-humped variety, and a limited use of pure copper. While they made 
knives of flint, they, too, had neither axes nor spear or arrow points of 

stone or metal. . 
No succeeding civilization occupied this kurgan. The next arrivals 

started the neighboring settlement, which became the south kurgan, 
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and which, under their peculiar civilization, lasted enough tens of cen- 

turies for their remains to accumulate to a height of 60 feet. 

They brought with them the potter’s wheel and their own technique 

in pottery; and they had a full knowledge of the use of copper, and a 

knowledge of lead, which for some purposes they alloyed with copper. 

But they did not know bronze. Out of 23 objects analyzed by Professor 

Gooch, a ring and a small implement contained under 6 per cent of tin; 

a dagger, 1.58 per cent; another small object, 1.65 per cent. Hxcepting 

these four, all the others, including two daggers, two spears, an arrow 

point, a sickle, and a razor-shaped implement, were without a trace of 

tin. 

All of the three cultures that I have mentioned had in common a 

remarkable burial custom: they buried children, and only children, under 

the floors of the houses, in a contracted position. 
This people was finally succeeded by one in a low stage of culture, to 

judge from their coarse hand-made pottery; and they, in turn, were 
supplanted by a people who brought in the use of iron and a different 

pottery. 

Neither these nor the barbarians who immediately preceded them 

buried their children in the houses. The old order of related peoples 

and cultures was gone, and one showing wide connections was estab- 

lished. 

After this iron culture had left the south kurgan, the city of Anau 

was founded, and a modern system of artificial irrigation was introduced 

soon after the beginning of our era. 

RELATION OF THE CULTURES TO THEIR ENVIRONMENT 

It is to the relation existing between these cultures and their environ- 

ment that I beg now to call your attention. 

You have seen how, with the slow trend of chmatic change toward 

aridity, life-sustaining areas became gradually restricted to the desert- 

bound delta oases at the mouths of streams issuing from the mountains. 

I will now describe the manner of growth of these deltas and the rela- 

tion of this growth to that of the culture strata, as we call the accumu- - 

lated layers of the debris left by successive generations and by super- 

imposed civilizations. 

The first information obtained in this direction was from the shafts 

sunk at and near the south kurgan and shown on figure 2. We were 

fortunate in finding in these the data for calculating the relative rates 
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of growth of the sediments in aggrading the delta on the one hand and 

of the culture strata on the other. 
By referring to the annexed profiles through the south aie you 

will see that a low plateau extends out from the main and high part of 
the kurgan. Now, while shaft C, sunk to the bottom through the heart 

of the high part, passes uninterruptedly through culture strata, shaft D, 

in the projecting plateau, after sinking through culture strata, enters 

natural sediments, below which it passes again through culture strata till 
it finds the base of culture at the same level as under the main body of 

the kurgan in shaft C. 
As we recognize geological horizons by their characteristic fossils, so 

here we recognize the cultures to which these strata belong by the very 

characteristic pottery in which they abound. We find interbedded in the 

natural sediments in shafts E and F a layer of wash containing frag- 

ments from the same lower culture that was cut in shaft D. After the 

deposition of this pottery the natural sediments grew 19 feet in height, 

submerging the settlement and rising to the level at which it is covered 

by culture strata in shaft D, which is 16 feet below the beginning of the 

pure iron culture. 
Now, the evidence in shaft C is that the main body of the kurgan grew 

uninterruptedly from its base 52 feet, to reach there the level, 16 feet 

below pure iron culture. If we assume that these 19 feet of sediments 

began to grow contemporaneously with the founding of the kurgan, the 

relative rates of growth would be 52/19 = 1: 2.733. 

It is possible, however, that the whole thickness of the 7 feet of sub- 

merged culture strata contributed to the layer of “wash” with pottery in 

shafts K and F; therefore, if we subtract these lowest 7 feet of culture 

strata shown in shaft D from the 52 feet in the main body of the kurgan, 
we have the rates: 45/19 = 2.368; say, 2.37. But, everything consid- 

ered, it would seem proper to take 1: 2.5; that is, 1 natural sediments 
to 2.5 culture strata as the relative rates of growth. 

This ratio being obtained from the parallel accumulations of a con- 

siderable period of time has, as we shall see later, for our purpose both 
an archeological and geological value. 

After the sediments had reached the height shown in shaft D, there 

came a change, and this part of the plain was dissected; for, a little 

farther eastward in shaft B, we find a new series of sediments marking 
a renewed aggrading. 

Now, when this new growth had reached the level indicated by a dot 
below the letter P, in shaft B, it received fragments of the pottery pecu- 
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larly characteristic of the uppermost or iron culture of the kurgan; 

and from this level it continued to grow upward a further 7 feet, after 

which irrigation was introduced. Now we have archeological and strati- 
graphical evidence that the introduction of artificial irrigation was about 

contemporaneous with the founding of the city of Anau and the aban- 

donment of the south kurgan. 

Our ratio, 1 to 2.5, is equivalent to a growth of 17.5 feet of culture 

strata between the time of deposition of the iron-culture pottery in shaft 
B and the apparently contemporaneous ending of the life of this culture 

and the beginning of irrigation, while there are only 4 feet of iron 

culture now standing on the top of the kurgan. The great deforma- 

tion that this hill has suffered is evidence that it has lost a considerable 

amount of its original height, and it is likely that the difference between 

the 17.5 feet of iron culture required by our ratio and the 4 feet now 
standing is a proximate measure of that wastage. I have therefore, in 

the column of cultures, added this 1314 feet to the present thickness of 
culture strata of the south kurgan; and since the time of abandonment 
of the north kurgan is separated from us by nearly three times as many 
centuries as that of the south kurgan, I have added to it 30 feet to rep- 

resent the culture strata wasted by wind and rain. 
Let us turn now to the shafts at the north kurgan. Here in shaft I, 

200 feet west of the kurgan, we found a wall and hearths and lower- 

_ culture pottery at a depth 8 feet deeper than the base of culture in the 
kurgan. The conditions showed that the settlement was started on the 

side of a valley which had dissected the delta-plain. Several hundred 
feet farther west, in shaft II, we could trace the progress of refilling of 

the valley, for, at the same level as the deep culture in shaft I, we found 

here pottery of the lower culture. This pottery characterized the up- 

ward growth of the strata during 8 feet. At this level the association 

of upper-culture pottery, charcoal and bones, as well as their conditions, 

indicate that the aggrading had ceased. 

The sediments above this pottery seem to belong to the latter ag- 

grading, which submerged the early culture at the south kurgan. 

CHANGE-PRODUCING AGENCIES 

Let us now consider the agencies that have been active in these pro- 

cesses of cutting down and rebuilding. They form one of the most in- 

teresting illustrations of the law of compensation in the grand cyclical 

action of forces that have modeled the relief of the surface of our planet. 
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A great mountain range, several hundred miles long, forms the 

sharply defined southern edge of the desert plains of eastern central 

Asia. It rises everywhere abruptly from this plain to a height of from 

5,000 to 10,000 feet, and its height is sufficiently great to cause it to 

receive abundant precipitation and a heavy covering of winter snows. 
Within this mountain system the trunk valleys, after following a 

longitudinal course, turn sharply and, cutting through the border range 

and piedmont hills, debouch their waters onto the plains. 
The mountain masses, lacking the protection of a heavy forest growth, 

are subjected to rapid disintegration and decay, and the resulting detri- 

tus is carried by the torrential rivers down to the plains. 
In a coastal region these waters would flow onward to the ocean and 

the silts they had brought from the mountain would ultimately complete 
the same course, to be deposited at the mouth of the river, to form there 

a submarine delta; but in an arid “central” region, such as is Turkestan, 

the conditions are different. The precipitation is confined to the moun- 

tains, and on leaving these the rivers immediately spread out in a region 

of rapid evaporation, where there is no compensating rainfall, for the 

valley ends at the mouth of the mountain gorge. 

Thus all the coarse and fine materials brought by the torrential rivers 

from far and near in the mountains are deposited within a zone along 

the edge of the plain at the base of the Kopet range. The rock-mass of 

the mountains is therefore being continually removed and loaded onto 

this long zone. : 

Now two connected phenomena result from this process: on the one 

hand, the zone of deposition is continually and proportionately sinking 

under the increasing load, and on the other hand the mountains are con- 

tinually rising to maintain their height. 

The strain established in the rigid crust between the sinking zone of 

deposition and the rising mountain range finds relief in the development 

of fractures along the range, as well as others which permit a differential 

uplifting of great block-masses. The evidence of this compensatory 
maintenance of hydrostatic equilibrium is strikingly recorded both in 
the Kopet range and in the zone of deposition. All along the range the 

lines of fracturing are visible on a large scale in well developed faultings, 

and the border of the alluvial plain is bent sharply upward, having been 

dragged up by the rising mountains. 

Deep longitudinal valleys are carved by erosion along the lines of 
weakness offered by these fault-planes. On the mountainward side of 
the valley rise the older rocks of the range, while on the other is a steep 

LIX—BuLL. GEOL. Soc. AM., Vou. 17, 1905 
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wall, formed often by the basset edges of beds of conglomerate which are 

the up-bent representatives, near the mountains, of the alluvial strata 
of the plains. 

On the other hand, the ae of the zone of deposition is proved in 

the deep artesian well southeast of Askabad. This boring remained to 
a depth of over 2,200 feet in a pure delta formation, and was still in this 
when boring was stopped, at a depth of about 1,400 feet below the level 
of the ocean. 

The delta is broadly divided into three zones of deposition: That of 

quickly dropped coarse detritus at the apex; the main body of the delta, 

the rapidly descending broad surface of which receives sediments from 
the overflow during the floods; and the outer, more or less flat, border, 

which receives both the finest material and any of the silts that escape 

with the water that in flood-time finds its way, to be lost beyond on the 

bordering plain. 
This bordering zone belongs not only to the delta, but to the desert as 

well; and it is here that is waged the eternal struggle between the desert, 

with its breath of fire and its overwhelming sea of sand on the one hand 

and the life-bringing waters on the other. 
The sands from the desert encircle the whole delta with a wall of 

great wave-like dunes. That they do not bury it is due chiefly to the 
slight growth on them of grasses that arrest the action of the wind, 

while the smaller amount of sand that reaches the delta is distributed by 

the aggrading waters. 

The delta streams maintain channels through these dunes, by which 
the excess waters of the floods find their way, to spread out among - 

dune-locked depressions, where on evaporating they leave their clay 
sediments to form the takyrs or adobe flats. 

The continued process of aggrading on the three zones of the delta 
is, therefore, of a complex nature and dependent on varying factors: 

At the apex, there remains the greater part of the coarsest material, 

boulders, cobble, gravel, and coarse sand; the middle zone receives in 

overflow much of the finer silts, while the rest of the finest silts aceumu- 

late on the lowest slopes as far as the dune-barrier ; and here, too, as well 

as beyond in the dune-locked depressions, are deposited the coarse and 

fine sediments rolled along its bottom or carried in suspension by the 

stream. 

Parallel with the contribution from the mountains is that from the 

boundless desert on the north. As we have seen, a part of the sand from 

the desert is distributed and assimilated by the living delta. Besides 

this the desert whirlwinds come laden with fine dust, and where this falls 
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on the delta it remains 

caught in the vegetation 

and it, too, enters as a 

loess constituent into the 

delta structure. 

Of the two essential fac- 

tors—mountain-rising and 

precipitation—we may, I 

think, take the rising of 

the mountains to average a 

constancy adequate to the 

maintenance of a relatively 
constant grade. On the 

other hand, we will prob- 
ably be right in dealing 

with considerable periods 

of time, if we assume that 

precipitation is a factor of 

more varying intensity. It 

is evident that, other 

things remaining equal, 

the amount of detritus 

brought from the moun- 

tains will be proportionate 

to the amount of precipi- 

tation to supply the vol- 

ume of water needed to 

move it. 

After this detritus 

emerges from the moun- 

tains, the manner in which 

it builds up the delta de- 

pends largely on the rela- 

tion between the secularly 

maintained volume of 

water and the established 
erade. 

The tilting of the edge 

of the plain favors ero- 
sive action and deepen- 

ing of the channels of 
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watercourses across the deltas. Such a channel having been established 

across a delta, all the material that is not dropped on account of its 

coarseness at the apex near the mountain is carried onward. Where the 

floods can overflow the banks, they deposit silts 

On the other hand, with a sufficient diminu- 

tion of precipitation and of inbrought silts, 
II. Second culture. mountain-rising remaining constant, the stream, 
™ 

N 83 : on the general surface; but the greater part of 

Nj 33 8 the detritus carried goes to the gently inclined 

Ns ae and dune-barred foot-plain of the delta, where 

= EE 33 : it spreads out, forming an alluvial plain around 
WB ay =« the lower slope of the fan. We may call the 

5 x Sige . . . 

s Bits cies # upper edge of this aggrading plain the grade- 
f mH Dei e 45. 2D : : 

oe Ba ors es © contour line of alluvial shore. The mouth of 
S ose : ; 

Ae & = the valley will always be at this shoreline and 
0 v 5 i . 

Ze By Ss S83 move with it upstream or downstream. 
Zs v 4 s OFS ou 0 7 
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pretation of the facts observed in the shafts at 

Anau in their bearing on the history of the 
prehistoric settlements. 
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Figure 6.—Tentative Correlation of Human and Physical Evente during Quaternary and Recent Time. 
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The information obtained in the shafts is brought together in figure 5, 

in which the essential facts are represented correctly in the vertical scale, 

while in the positions of the valley walls are necessarily idealized. 
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During a dry period preceding the founding of the north kurgan, a 

valley had been cut in the delta-plain, the surface of which dated from 

Figure 7.—Artesinn Well at Askabad. (From the record of boring given in J. Walther’s ‘‘Gesetz des Wustenbildung. ) 

loess-forming time. 

Then came a period of increased precipitation, 

during which the valley was refilling during the life 

of the oldest culture and into that of the second. 

During part of the second culture—the latter part 

of the life of the north kurgan—there recurred a dry 

period during which the valley was reexcavated. 

When, under renewed precipitation, it began to refill 

again, the south kurgan was started on the west side 

of the valley, on the orignal loess-plain. This 

growth of sediments continued till it rose higher than 

the previous aggrading, overflowing not only the ter- 

race of this and the general plain, but also a part of 

the earlier culture of the growing south kurgan; and 

it continued to grow until the flourishing period of 

the life of this kurgan was drawing to a close, at a 

height of 52 feet above its base. 

Then followed again a change to dryness, causing 

the reexcavation of the valley and lasting through the 

hfe of the supposed barbarian occupation. 

Again a reverse change caused the refilling (shaft 
B) that followed, which lasted till the introduction 

of irrigation, and this period of refilling coincided 

with the life of the Iron culture. 

The coincidence is thus very marked between the 

founding and growth of cultures and the conditions 

of precipitation that permitted the aggrading of this 

part of the delta; and equally well marked is the 

relation between the dry periods and the disappear- 

ance of cultures. 
In the accompanying table, figure 6, R. W. Pum- 

pelly has attempted to correlate the march of human 

and physical events during Quarternary and recent 

time. 

The record in the Askabad well (figure 7) is very 

interesting, for it gives a section extending 2,300 feet 

down in the zone of deposition and depression. 

Belay the upper 60 feet, with the exception of layers of coarse material 

aggregating less than one-tenth of the volume, it consists uniformly of a 
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brown loam, which indicates clearly that loess-dust enters into it as an 

important constituent. Of the upper 60 feet, 50 consist of more or less 

coarse material in which the brown loam is absent. 

The conditions that permitted the forming of these great thicknesses 

of brown loam were apparently those belonging with a greater amount 

of both general and local precipitation. They ‘presuppose, I think, a 
degree of moisture that does not now obtain, under the influence of 

which there was a perennial growth of grass sufficient to allow the 

growth of intimately mixed alluvial silts and loess-dust. 

Of the upper 60 feet of this column, 50 feet consist of more or less 

coarse material without brown loam, and I imagine that the top of the 
brown loam at —60 feet in the well is proximately contemporaneous with 

the similar material under the north and south kurgans, and that its 

greater depth may roughly correspond to the depth to which degradation 

extended before the refilling of the valley occurred, during which the 

north kurgan was started. 

_ The absence of the brown loess-dust constituent, both from the upper 
60 feet in the well and in the sediments deposited at Anau after the 

starting of the north kurgan, points, I think, to a diminished precipita- 

tion over the piedmont zone; that is, diminished sufficiently to cause a 

deficiency in the growth of grass required to retain the loess-dust. 

When we compare, further, the upper 60 feet in the well with the 
whole of the column below, we see that there is evidence of a great 

change from a long-continued different condition; and when we consider 
together the apparent decrease in vegetation indicated by the absence 

of the loess constituent, and the evidences, both geographical and arche- 

ological, of regional desiccation, the change would seem clearly to have 

been toward aridity. The successive degradation and rebuildings re- 

corded in our shafts show that this period was one of fluctuating 

climate—a time in which the periods of greater precipitation affected 
the mountain regions without causing local rainfall, after winter, on the 

zone of deposition. 
The time needed for the accumulation of the observed 2,300 feet of 

sediments in the Askabad well can be estimated only in geological 

chronology. It doubtless extends well back in the Pleistocene period, 

and it is not unlikely that the conditions shown in frequent recurrences 

of coarse cobble-beds between the depths of 500 and 900 feet mark the 
last great glacial advance. 

Looking on the loess-forming condition shown below —60 feet as 

typical of the piedmont plains of southern Turkestan generally and 
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probably of northern Persia as well, we see correspondence with the con- 

ditions that permitted the existence of the herds of ruminants and horses 

that in Pleistocene time ranged from Mongolia to southeastern Europe; 

and that these animals existed in a wild state at Anau at the time when 
the north kurgan was settled is proved by Doctor Duerst’s study of the 

bones collected during our excavations. 

INTRODUCTION OF IRRIGATION 

If we look at the present climatic conditions ruling throughout 
Turkestan, we find that irrigation is now almost everywhere essential. 
The only exceptions are the high valleys and the piedmont borders of 
the more lofty ranges. 

At a few points, as near Samarkand, grain is planted on the mere 
chance of there coming once in two or three years enough rain to mature 

a scanty crop; but along the piedmont plain of the Kopet range there 

is no local precipitation after March. 
The arid extreme of the climatic fluctuations, which coincided with 

the disappearance of the different cultures of the kurgans and seem to 

have caused these interruptions, were very probably less dry than is now 
the case, but they were doubtless sufficiently severe to render the pre- 

viously practiced system of agriculture useless for the maintenance of 

population and of domestic animals. 

Not until the introduction of the artificial distribution of water was 

it possible thenceforth to maintain a continuity of civilized life. 

The introduction of irrigation reversed the order of the delta-building 

processes. By bringing all the water under control through the season 

in which it carries sediments and distributing it evenly over the delta, 
the aggrading shoreline was kept back at the apex, instead of receding 

toward the desert, and the delta was continually built up over its whole 

extent. That this has been the case ever since irrigation began is shown 

by the fact that since the first layers of irrigation sediments were depos- 

ited over the old channel shown in shaft B, there has been no recurrence 

of dissection. 
Had irrigation not come to the rescue, the aggrading shoreline would 

have receded desertward and the prolonging channels would have car- 

ried the sediments onward to form barren takyrs, or mud-flats, on the 

dune-covered plain. 

Since the greater part of the fine sediments brought from the moun- 

tains is now retained on the delta, the rate of growth of the irrigation 



INTRODUCTION OF IRRIGATION 661 

formation is more rapid than was that of the natural sediments observed 

in the shafts. At present our only way of estimating this rate is by 

comparison with that of the accumulation of culture strata. Both the 

city of Anau and the irrigation formation started on the natural surface 

of the delta; and, while in the city the culture strata have grown to a 

height of 38 feet, the irrigation formation has risen on either side to a 

thickness of 15 feet, which would give a ratio of 1 of irrigation to about 
2.5 of the culture strata of the city of Anau, which accumulated more 

rapidly than those of the kurgans. 

CHRONOLOGY 

The greatest interest centers, naturally, in the problem of the age of 

these different cultures, and in their relation to the origin of Western 

civilizations, if any relations may be shown to exist. 
The wide geographical separation between Anau and the fields of 

Western cultures and the paucity of objects found by us that recall in a 

definite manner similarities to objects of external civilizations surround 

the subject with the greatest obstacles. 
Any treatment in the direction of proximate dating of any one of 

the cultures of Anau or advancing a general chronological scheme can be 
at the best only tentative and can serve only as a working hypothesis. 

Such a working hypothesis has gradually formed itself in my mind 

and is developed in the following pages. 

To begin with, I assume— 
First, that distinctive pottery, peculiar to a culture throughout our 

successively superimposed earth layers, is evidence of corresponding 

continuity of that culture. 
Second, that since it is a fact that throughout the lives of our sites 

at Anau the towns were built only of air-dried bricks, the secular rate of 

growth of culture strata can be taken as proximatively uniform. 

Third, that two separate sites, whose cultures are characterized by en- 

tirely different and peculiar potteries, can not exist contemporaneously 

for centuries in close proximity to each other without such an inter- 

change of pottery as would come to light during the excavation. 

This is applying to archeology the rules of geological reasoning. 

We know the thickness of the strata of each of the cultures of the 
three neighboring sites and we know the aggregate existing thickness of 

the cultures of each of the sites. 
If we take the duration of each culture to be proportionate to the 

thickness of its accumulated strata, the duration of the entire series will 
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be represented by the aggregate existing thickness of all the strata plus 

any time-gaps between different cultures and minus any overlaps of the 

cultures of the neighboring sites. 

In figure 2 I have arranged in one column all the cultures of the two 
kurgans and the city. In doing this I have represented the two time-gaps 

already mentioned by the equivalents in culture growth, obtained by 

using the ratio of 1 sediments to 2.5 culture strata, as already mentioned. 

Having established in the column the deduced aggregate thickness of 

the culture strata, the next step is to find means of determining the sec- 
ular rate of growth. This would be a relatively simple matter if our 
column represented culture sites on the Mediterranean, for in that case 

there could not fail to be many objects scattered through it that could 

be easily dated in the light of Western archeology. 
In remote Transcaspia it is different. ‘The evidence must, in the first 

line of reasoning, be internal, and in the present state of our work we 
have few data of approximate value. 

In the shafts sunk in the city of Anau there was found glazed pottery 

continually down to a level of 5 feet above the bottom of culture. Now 

no authenticated finds of this ware had occurred in the kurgans, except- 
ing in the surface debris of the uppermost strata of the south kurgan, 

where they might owe their presence to having been left on the former 

surface at any much later time. 
In the main part of the ruined city of Ghiaur Kala, in Old Merv, frag- 

ments of glazed pottery were found by us down to a depth of 2014 feet, 
where they were associated with Sassanide coins of the third century 

A. D., and below which depth they were not found. 

On the strength of this evidence, glazed pottery would seem to have 

been introduced into Merv not earlier than the third century A. D.; and 

since, in so far as the evidence of the three shafts in Anau city goes, it 

first appears there at 5 feet above the bottom of culture, we may assume 

that its introduction into Anau, which was also under Persian rule, was 

no earlier. 
Its appearance at Anau is accompanied by a change in the ordinary 

pottery, slightly glazed light greenish ware partially superseding the 

hard-baked red ware of the lower five feet. 
It would seem proper to ascribe these innovations to some important 

historical event. Now the mullahs told me that Anau was fortified by 

Nu-shirvan (Chosroes I), whose reign, 531-579 A. D., was the most 

brilliant period of Sassanian rule. In 557 he made his campaign against 

the Hephtalites (White Huns) and strengthened his outposts against the 
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attacks of these nomads of the northeastern plains, and it was probably 

at this time that he fortified Anau. 

I think we shall be on the safe side in dating the introduction of 

glazed ware in the middle of the sixth century A. D., and in assuming 

that it was introduced into Persia from its home in Mesopotamia. 
There are 33 feet of culture strata overlying the lowest appearance of 

this ware, and these ceased to accumulate in the middle of the nineteenth 

century A. D. This would give a rate of 214 feet per century. That 

this is not making the rate unduly slow appears from another compar- 

ison. ‘The superb mosque at Anau was built in 1444, as stated in the 

Kufic inscription of its facade. Its floor stands 9 feet lower than the 

top of the culture strata of the city, which would give a rate of 214 feet 
per century. If we apply the rate of 214 feet to the whole of the 38 

feet, we obtain the middle of the fourth century A. D. for the date of 

the founding of the city. 
The culture strata of the city are of very loose texture; those of the 

upper, or iron, stage of the south kurgan are considerably less so, while 

the rest of the south kurgan and all of the north kurgan are very closely 

compacted. I have for this reason taken a rate of 214 feet per century 

for the period between the top of the copper culture and the founding of 

the city of Anau and 2 feet for the rate from the end of the copper stage 

of the south kurgan back to the founding of the north kurgan. 

Using these rates, we may establish tentatively the following approx- 

imate dating of the essential events: 3 

LE QUT TA OLE WANES TD lee et eae cn oe ee about 370 A. D. 
HeiamméToror Irom culture. 22... eee eh el. in fourth century B. C. 

Founding of south kurgan and introduction of the pot- 

NEES Wel: hays SE We eg ee ae ieee OEE we about 3750 B.C. 

Base of upper (aeneolithic) culture of the north kur- 

DEL. sg dio Oke ene cee eae Oe Sa ERR ne EMEP about 6000 B. C. 

First domestication of animals, beginning with the 
lone-horned ox out of Bos namadicus. ....2..605%% about 8000 B. C. 

PL OMMMOMMN Se On eTOR MI: KUL OA, 203 oc. ew ae ece,s tie olele wie Seles about 8250 B. C. 

The deduction that the plain below the alluvial shoreline has aggraded 

at least 65 feet during the past 10,000 years has an important bearing 

on the limitations of archeological discoveries, not only in Turkestan, but 

also in all aggrading regions of a similar character. 

It is evident that within the zone of continuous aggradation any sites 

older than the north kurgan must be buried out of sight unless they had 

been occupied long enough to rise to a height of at least 65 feet. 
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It will be interesting also to make a tentative application of the 
chronological data given in the tables to the strata of alluvial growth 

penetrated in the Askabad well. | 

The rate of growth of the delta alluvium is 0.8 feet per century as 

compared with culture strata at 2 feet per century. 

An inspection of the record of the boring reproduced on figure 6 will 

show that between the depths of 500 feet and 1,680 feet the strata of 
sediments coarser than silts are of the coarsest kinds—large cobble—the 

long interval between 500 feet and 1,680 feet differing in this respect 

wholly from the rest of the column, both above and below. 

There can be little question, I think, that the extremely coarse charac- 
ter of these beds and the frequency of their occurrence in this part of the 
column indicate for this interval a correspondingly long period of in- 

creased precipitation, during which the swollen streams were enabled to 
carry the coarsest constituents of their load farther down their channels, 

while lateral overflow spread much of the finer silts over the delta-surface. 
It is likely that this part of the column records some of the phases of 

the Glacial period. It is also possible that the sediments between 320 
and 1,820 feet grew more rapidly than those of the rest of the column, 

and that our deduced ratios are applicable only to the upper 320 feet, 
or to the growth of the last 40,000 years. 

TURKESTAN AND [RANIA, A REGION OF INDEPENDENT ETHNIC AND 

CULTURAL EVOLUTION UNDER ISOLATION, DATING FROM PREGLACIAL OR 

INTERGLACIAL TIME 

In considering the observed data of the earliest of the Anau cultures 

in their ethnographic relations, one must be struck by a singular fact: 

They had none of the usual weapons of offense and defense; the cores 
from which they made the abundant flint knives arouse our wonderment 

at the absence of the arrow-points, spear-heads, and axes found in almost 
all advanced Stone Age and neolithic settlements, as well as of maces 
and artificially formed sling-stones. Now axes, spear-points, and arrow- 

points of stone are, throughout the rest of the world, everywhere abun- 

dant where primitive man has existed, and in the improvement in the 
manner of their fashioning they serve to mark off the long stages in the 

slow development of primitive human culture. 
The evolution of these implements from the almost natural shape to 

highly finished forms, specialized for different uses, was exceedingly 

slow. This has been proved at several points in Europe, where they 

have been found in strata of different epochs of the Glacial period and 
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intimately associated with undoubtedly contemporaneous animals of 

those epochs, and in all cases the progress in time is paralleled by the 
improvement in workmanship. 

So true is this considered to be, that in studying these successive 

stages, glacial and interglacial, in Kurope, of the Glacial period, the evo- 

lution of forms and of workmanship in the stone implements, when such 

are found, is only second in value to the bones of those animals with 

which the implements are associated and which mark the long oscillation 

between subtropical and arctic climates. 

The early use of stone as a tool and the slowly developing inventive 

faculty at last rendered possible the manufacture of finely formed axes 

and spear and arrow points. These were acquisitions that stood casually 

and first in human development, in the same order with the discovery of 

the use of metals, powder, and steam. 
It is not conceivable that a people who had once possessed this acquisi- 

tion arid had used axes and arrow-points and spear-points of stone could 
have lost the advantage these offered. This would be still more remark- 

able in the case of our Anauli, who, though settled in communities, still 
hunted wild animals and who had quartzite close at hand, as well as the 
flint of which are found the knives in such abundance and the cores from 

which they were flaked. 

I see no way of accounting for the absence of these forms of imple- 

ments and weapons except on the hypothesis that the ancestors of this 

people had become absolutely isolated from the rest of mankind at a 

period so remote as to be before the invention of these forms and perhaps 
even before the use of stone as a tool. 

And they must have remained without contact with peoples among 

whom these implements and weapons were in use. 

The next and necessary deduction under this hypothesis is that the 

whole of their culture is autochtonous, in the sense that it received no 

impulses from outside the people or circle of peoples so isolated. 

It presupposes an early separation of a great inner continental region 

from the rest of the inhabited world. 
I imagine that the cause of this separation is to be sought in one of 

the stages of the Glacial period, when the region, considered as a whole, 

became isolated as far as human intercourse was concerned. Moreover, 

after this it probably took a long time for the reaction from the condi- 

tions induced by the ice-epoch to make much progress in breaking up the 
continuity of the loess-steppes and to widen the distance between hab- 

itable areas. 
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The reaction did not begin until the inflow of water became insuffi- 

cient to maintain the inland sea at its maximum of expansion. After 

this came the change to segregation of communities, first into larger 

groups of loosely connected units, then the breaking up of these into 
smaller groups. 

Within the wider limits of the region more or less intercourse could 
exist between the delta oases on some stretches along the piedmont belt, 

and often still more easily between those on opposite sides of relatively 
low mountain ranges. The essential condition was a sufficient frequency 

of springs or streams to permit travel on foot. 

Under such conditions, continued through thousands of years, the 
related peoples becoming isolated, in oases and oasis groups, would dif- 
ferentiate, each evolving its own culture along lines influenced by in- 

herited traditions, environment, and racial character. 

The development would in general, on account of the isolation, be 

peaceful, and, while alone and uninterrupted, would lack the benefit of 

acquisition of the new factors that come with intercourse with unrelated 

peoples. 
The growth of population on these restricted areas was necessarily 

accompanied by evolution in social organization. We find the people 

living in towns, and the long continuance of life under individual town 

government, practically without external relations, while developing 

great individuality, must have given the many peoples thus situated cer- 

tain fundamental political characteristics common to all. 
In the same way, in so far as the physical environment was similar, 

certain classes of customs, arts, and occupations must have evolved along 

similar lines. 
In so far as the peoples of larger or minor groups of oases differen- 

tiated from the same stock or from the same language stock, their lan- 

guages would retain traces of the original generalized speech. 

All these are ethnographic data to be carefully searched for in sifting 
and analyzing the results of future investigations. 

It is certain that during this physiographic condition of the region 

in question, before the domestication of the horse and camel, there could 

be no movement of population, nor of organized bodies of men, nor of 

individual across the broader-limiting deserts or waterless steppes. 

There are, however, several data among our finds from this earliest 

Anau culture which show that a certain amount of intercourse existed 

with other parts of the oasis-world. Turquoise beads, which occur as 

burial gifts with the skeleton of a child, must have come from Persia, 
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where it is known both to the south of Anau and farther eastward on 

the plateau. 

Again, the importation I have mentioned, of an already domesticated 
pig and goat, of which the wild forms exist in India and Persia, indi- 

cates a relation with at least eastern Persia or Afghanistan; and the 

possession of domesticated animals on other oases shows that the peoples 

of other parts of our oasis-world had passed the line that is held by many 
to mark the transition from barbarism to civilization. 

It is hardly conceivable that, if the peoples of these distant oases had 
known the art of making, from stone, axes and points for arrows and 

spears, this knowledge would not have been imported with the turquoise, 
the pig, and the goat into Anau. 

We have at present no means of knowing how the earliest culture of 

our settlements at Anau stands in relation to the generalized cultures of 

central Asia before the segregation into isolated communities, for there 

have been made no other systematic excavations anywhere to discover 

traces of the older civilizations. 
The constituents of the earliest culture found at Anau presuppose an 

evolution during many thousand years. How slow it must have been is 

shown by the almost unvarying character of its pottery during the two 

millenniums of its existence at the north kurgan. 

When we compare this culture with the two succeeding and intruding 
ones, we find both differences and points in common. Fach has its own 

peculiar technique in pottery and scheme of design in painted decoration. 

All three have in common a rectangular construction of houses of air- 

dried bricks, with doors swinging on pivot-stones; the same spindle 

whorls, the same bottomless bake-oven pots, the same mealing stones; 

and through it all there persists the same custom of burying children 

under the house floor in a contracted position. The differences are due 

to independent culture evolution in separate oases of one or of several 

groups. But the points in common date from an earlier stage in the 

forming of groups and presuppose beyond doubt a long period of dwell- 

ing in houses and of knowledge of the potter’s art and of spinning, and, 

if we may judge from the mealing stones, possibly some form, however 

primitive, of agriculture. 
Of these the peculiar burial custom and the mealing stone probably 

date from a still earlier and regionally more generalized culture. Per- 

haps we may say the same of the bottomless bake-oven, for it exists in 

use today far and wide over Transcaspia and northern and eastern 

Persia. The earliest acquisitions are often the last to be lost. 
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We are thus carried back two stages in the progress of differentiation 
of oasis groupings beyond the founding of our earliest culture at Anau; 
and I think most modern ethnologists will agree that this means periods 
of thousands of years. But, however far back this may go, the time 
interval must have been many times greater that elapsed between the 
culture that built houses, had the art of spinning and a developed tech- 
nique in pottery and design, and that remote and generalized stage of 
paleolithic humanity in which the stone arrow-point and axe were un- 
known. 

All this points to a regionally widespread autochthonous culture evolu- 

tion, which owed its generic character to its early regional isolation and 

its differentiations to the segregation into oasis groups imposed upon it 
by the regional progress of desiccation. 

In this respect it is a unique ethnographic province and stands in 

strong contrast on the one hand with the West, where early man could 
move throughout Europe, Africa, and Asia Minor, and with northern 

Asia and the Americas. 

ORIGIN OF AGRICULTURE AND OF ORGANIZED SETTLED SOCIETY 

With the gradual shrinking in dimensions of habitable areas and the 
‘disappearance of herds of wild animals, man, concentrating on the oases 
and forced to conquer new means of support, began to utilize the native 

plants, and from among these he learned to use the seeds of different 

grasses growing in the dry land and in the marshes at the mouths of 

larger streams on the desert. 
With the increase of population and its necessities, he learned it plant 

the seeds, thus making, by conscious or unconscious selection, the first 

step in the evolution of the whole series of cereals. 
For a long time the rainfall was doubtless sufficient to ripen grains, 

as it still is in some of the valleys of Ferghana, and in some years even 

at Samarkand. 
‘Later, experience taught the need, and some simple method, of arti- 

ficial watering, and in this acquisition lay the germ of agriculture and 

of the conquest of the arid regions of the globe. 
In Asia it rendered possible the civilizations of Elam and Meso- 

potamia. All the really great prehistoric cultures were developed in 
arid regions—all of those of which we have knowledge, and perhaps 

others of which we have not yet found the remains, in Mongolia, Arabia, 

and the Sahara, while in America we have an instance in Peru. The 
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fertile loess on the semiarid borders of such regions and the equally 

generous soil of the delta oasis were the foundation on which the inde- 

pendent cultures of village communities were built up. Only later, 

when the knowledge thus obtained could be applied to the utilization of 

great rivers in turning wide deserts into gardens, was it possible to ren- 

der populous great countries under the centralized power that constituted 

empire. 

This stage was never fully reached in central Asia and northern Persia. 

The countless isolated oases, even under Chaldean, Persian, and Arab 

dominion, never advanced really much more than nominally beyond the 

feudal stage. 

If the hypothesis outlined in the last pages be well founded in its 
essentials, it follows that where we find among the acquisitions of the 

earliest of the cultures at Anau resemblance to those of neolithic cultures 

in the West, such similarity can not be due to importation from the 

Western spheres. If they are not due to coincidence, these acquisitions 

must be considered as having originated in our oasis world, and to have 

been transported beyond its limits after the domestication of the horse, 

or of the horse and camel, rendered extended intercourse possible. 

Among such acquisitions we must include a knowledge of copper and 

lead and I think also the art of spinning. 
We have seen the birth of the great inner-continental region of the 

Eurasian continent. We have seen that from the very conditions of its 

birth it was predestined to a definite course of life history peculiar to its 

kind, and, treating it as an organic whole, we have seen this course 

toward ultimate desolation temporarily modified by the climate of the 

Glacial period. 
What I wish particularly to emphasize is the conception that, in the 

intervention of the Glacial period and its reaction on the inner- 

continental conditions, we must see the initial—the motiving—factors 

in the evolution of the intellectual and social life of man. 

Shut off from the periphery of Asia and from the other continents 

while still in a low stage of savagery, we see him gradually broken up 
into smaller groups, which are forced into isolation on, in the main, 

continually diminishing, habitable oases; and we see on these the growth 

of differentiated, but fundamentally related, cultures. Lastly, and most 

important of all to us, we see here man under the spur of Necessity, 
the relentless goddess of evolution, building in village communities, in 

LX—BUuLL. Grou. Soc. AmM., Vou. 17, 1905 
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agriculture, and in the essential industries the foundation of civiliza- 

tions, to the reaction of which upon cultures evolved in the oases of the 
Sahara, and on the Nile, and in Mesopotamia we owe the framework of 
modern Western civilization. 



BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 

VOL. 17, PP. 671-785, PLS. 80-84 MARCH 30, 1907 

PROCEEDINGS OF THE BIGHTEENTH ANNUAL MEETING, 

HELD AT OTTAWA, CANADA, DECEMBER 27, 28, AND 29, 

INCLUDING PROCEEDINGS OF THE SEVENTH ANNUAL 

MEETING OF THE CORDILLERAN SECTION, HELD AT 

BERKELEY, CALIFORNIA, DECEMBER 29 AND 30, 1905 

Herrman Le Roy Farronwizp, Secretary 

CONTENTS 

Page 

Session Oly CGnesday. WECCMIDER ZT. jets us oc ccc ete a oie dee a dia ecale alee eeehieiwls 672 

FRE MOREA O lesb OM © OUINCH Ms. ccc et cfc tots esac oe ee se alicl'e.o sds al ells ehSiteslet shot nes Se ee Rp 673 

SCCRC HAAR SHEE CTO GUE tate lates Wess 5 loro teers Siar Sea earth ads whee ae aay MERON 673 

MMS AS UES TOW OL bis Sic selatshe cee wei le anced oe elbin Cewieiersiee abe eit wipes Ar ree, 675 

CHUL O Te Seat MOlsta Mey aoa ay cavern ated IR acarah ed & Gre) Orage Cate RU eR aS eRe aes 677 

FO ISAVTAL AEST TO OTHE Ai tcde Sos) oh ea in. S cp apsbeleter ot amen anal bisce abeel She. acareualers eae ieee 679 

Set O Mee Olay Ol COIES Wee. 6 eck lalis era ks sone lava tall Gini eiahe Bla; hele .glatle LARSEN ie 679 

ES CELOMM OME HE HOWE Sa iisnnielsc ccs sm yotoleceng de, oie loaders goes wie lee aie Ree Geta eee eee 680 

MME OMMET Gy £On COMSUUGIEIOM! 2:< <0) cie tenet, sus yeyelece os Goal dis(elle Seabals G abetuule ek see: 681 

Memoir of George H. Eldridge [with bibliography]; by Whitman Cross. 681 

Memoir of Albert A. Wright [with bibliography]; by Frank A. Wilder. 687 

Chemical evolution of the ocean [abstract]; by Alfred C. Lane...... 691 
Dike of mica-peridotite from Fayette county, southwestern Pennsy]l- 

WeNOeL [BIOSIS Joni Sik Vin eNOS RG Ceo Anos Entbe mond acce 55 ou ce 691 

Occurrence of the diamond in North America [abstract] ; by George F. 

TECUSNM VARIA PRAROE dm oleae ooh aR Reh yr Eells 7) Re a Cn Rie ee CR A Ue a cate 692 

Nepheline syenite in eastern Ontario [abstract]; by Frank D. Adams.. 695 

Geologic reconnaissance map of Alaska [abstract]; by Alfred H. 

HES TE CO SE Yel cy UO Meee Pee holes alo TaM ct onswairetab eS GUS 4 hoi GRBs EMR Minna aha src ay a eaten 695 

Sessioniof Wednesday evening, December 27. 2.5.5.0... ceases nee cee Sees 700 

SESSIONVOECMMULSO AN nO CCOMMIGI Si aicls ccveseraie ie ol foidhs siievale ga wale aia cldaans diecclete 700 

Sixteenth annual report of the Committee on Photographs........... 700 

Resolution concerning International Geological Congress. ............ 701 

Drumlin structure and origin [abstract]; by H. L. Fairchild......... 702 

Drumlins of Michigan [abstract] ; by Israel C. Russell............... 707 

The Lefroy, a parasitic glacier [abstract] ; by William H. Sherzer.... 707 
Origin of the massive block moraines in the Canadian Rockies and 

Selkinke abstracts) py. William Ele SNEEZE: ca). ecuecrret stele eteed chee ,. 708 

Glaciation of Manhattan island [abstract] ; by Alexis A. Julien....... 708 

Session of Thursday evening, December 28............. cece cece cece eens 709 

LXI—Buuut. Grou, Soc, AM., Vou. 17, 1905 (671) 



O72 PROCEEDINGS OF THE OTTAWA MEETING 

Page 

Session of Priday,. December: 29) ois... 20)... Uke one oben es eee 709 

AUCItINE “COMMITEE SEEVOTG e.)s. as = os Sek 5 ots Sie ee ne eee eee 709 

Geology of Ottawa and its environs [abstract] 5; by HM. Amit eee 710 

Glacial history of Nantucket and cape Cod [abstract] ; by J. H. Wilson. 710 

Geology and paleontology of northern Canada [abstract]; by H. M. 

PRT: ei hicl tater el eae Bete ee Men Pe lg ho co patil ia RCW Ue AO oer NO (Ct nr TAisl 

Gilbert gulf (marine waters in Ontario basin) ; by H. L. Fairchild... 712 

Discovery of the Schoharie fauna in Michigan [abstract]; by A. W. 

Greiner ne 718 

Calabrian earthquake of September 8, 1905 [abstract]; by William H. 

RODS E 20s 5 eS MS ee hag aha need Ge Goa Sond tl ate cae MAUENG) RN Re C RT cn errr 720 

Voleanic craters in the southwest; by Charles R. Keyes.............. i211 

Red beds in the Laramie Mountain region [abstract ;] by N. H. Darton. 724 

Tertiary terranes in New Mexico [abstract] ; by C. R. Keyes......... 725 

Quaternary history of the upper Mississippi valley [abstract]; by 

Warren: Up ein)s .co02 sek bes wis tacdoe Ohace eisore se ueteuauy & kcte ie Ole leet er 725 

Distribution of drumlins and its bearing on their origin [abstract] | OM 

Franke Bo Pa valor sig oiecsl ce eh eevee sae ane ete aisee arene geen al pee 726 

Geological map of Connecticut, 1905 [abstract] ; by H. E. Gregory. ... 727 

Reesolwtion: Of WAI co lial e okicae ayo) 6 aero gn a. cries) eette 4 ene ale Ut ct oka nen er (27 

Register of the Ottawa meeting, 1905: 2.2 . 20.06. cee ees ee 728 

Session of the Cordilleran Section, Friday, December 29, 1905........... (28 

Tehachapi valley [abstract]; by Andrew C. Lawson. ..-.. .22ceecee 729 

Igneous rocks of the northwestern Black hills [abstract]; by W. S. 

Mameiier Smithy (eso 0/28: cee elateiterose Gs) anes eho ye teenies! Se fo the ie Ae 729 

Pleistocene phenomena in the Mississippi basin; a working hypothesis 

fabstraiet|/5: DbyjaWe eG: Went 5 oye re 2 oir etree ete cleats tele) 2a) eee 730 

Session of the Cordilleran Section, Saturday, December 30............... 730 

Exceptional nature and genesis of the Mississippi delta [abstract] ; by 

Bs Ws eb ion i she te Se a CS 0s rrr 731 

Register of the meeting of the Cordilleran Section...................... 4 

Aeccessions to the Library from July, 1905, to October, 1906; by H. P. 

CUSHTID Se eie Fo lah ES EHO Re es ca AS Samara De fo os 733 

Officers and Fellows of the Geological Society of America................ 743 

Index’ to; volume Te oie. ERR aie kl ahs Sela wie stance io eine an 755 

fw 
SESSION OF WEDNESDAY, DECEMBER 27 

The Society was called to order by the President, Raphael Pumpelly, 

at 10.10 o’cock a m, at the Normal School, where all the sessions were 

held during the meeting except the evening session of this day. 

By vote of the Society the address of welcome and response were post- 

poned to the afternoon. 
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The report of the Council was called for, and was presented by the 

Secretary, in print, as follows: | 

- REPORT OF THE COUNCIL 

To the Geological Society of America, 

im Highteenth Annual Meeting Assembled: 

The stated Annual Meeting of the Council was held at Philadelphia 
conjointly with the meeting of the Society. It has been unnecessary to 

hold any special meeting, but some routine business has been done by 

correspondence. 

The following reports of the officers give the details of administration 

for another prosperous year, the seventeenth, in the history of the Society. 

SECRETARY'S REPORT 

To the Council of the Geological Society of America: 

Meetings.—The record of the Philadelphia Winter Meeting, 1904, will 

be found in the closing brochure of volume 16 of the Bulletin. 
~The adoption of the constitutional amendment relating to summer 

meetings gives the Council and Society lberty in the matter of summer 

meetings. 

Membership.—Since the last publication of the list of Fellows, the 
names of two Fellows have been removed by death—George H. Eldridge 

and Albert A. Wright. The names of 15 new Fellows have been added to 

the list and one removed by resignation. ‘This makes the present enroll- 

ment 271, or 12 more than at the last printing. Sixteen nominations are 

now before the Society and several candidates are awaiting action by the 

Council. 

Distribution of Bulletin—At this date 446 pages of volume 16 have 

been distributed and the remaining brochures are approaching completion. 

The irregular distribution of the Bulletin during the past year has been 

as follows: Complete volumes sold to the public, 33; sold to Fellows, 25. 

Brochures sent to supply deficiencies, 38; sold to the public, 34; sold to 

Fellows, 22. One copy of volume 15 has been donated and 3 copies bound 
for use of the officers and the Library. One complete set of the Bulletin 

volumes has been sold to a library and one set to a Fellow. 

Bulletin Sales—Receipts from the sale of the Bulletin during the past 
year appear in the following table: 
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Receipts from Sale of Bulletin, December 1, 1904, to December 1, 1905 

Complete volumes. Brochures. 

. Grand 
; total 

Public. | Fellows.| Total. Public. | Fellows. | Total. 

Volume 1 $10 00 $9 OO! S19" 00. . ce $0 65 | $0 65 | $19 65 
Volume 2 5 00 9 00 14 00 $0) SUH 50 14 50 
Volume 3 3. 00 8 00 13 00 Do Omer teucik slew te 2 45 15 45 
Volume 4.. 5 00 7 00 12 00 SOAR eee 3 80 12 80 
Volume 5b.. 5 00 8 00 13 00 ba: oe Lary Ta ee Se 1 45 14 45 
Volume 6. 5 00 12 00 17 00 LOOM Vo es 1 00 18 00 
Volume 7 5 00 4 00 9 00 ab 200 iD a2 10 72 
Volume 8.. 5 00 4 00 9 00 a5) 40 65 9 65 
Volume 9Q.. 5 00 4 00 9 00 45 50 95 9 95 
Volume 10.. 5 00 4 00 OOO eee ee 20 20 «. 9 20 
Volume ll.. 15 00 4 50 19 50 3 05 45 3190 23 00 
Volume lz.. 19 95 4 00 23 95 fate inn 1 20 1:20 25 15 
Volume 18.. 10 00 4 50 14 50 8 50 410) 12560 2. 10 
Volume 14.. 50 00 4 50 54 50 Lith 2 19 5 45 59 95 
Volume 15.. 210 00 450| 214 50 6 65 3 00 9 65 | 224 15 
Volume 16.. TOS OOH Nees wae. 195 00 Gogo eee 65 | 195 65 
Volume 17.. PONOO |Past Mesh 1b 00 2 eee ee ae 15 00 

$569 95 | $91 00 | $660 95 $29 45 | $13 97 | $43 42 | $704 37 
Index <cs. = 4 50 2 25 Oa || Coke. Mop Se 6 75 

$574 45 | $93 25 | $667 70 $29 45 | $13 97 | $43 42 | $711 12 

Receipts: tor the discal year <*>: ret Rene ee ee tee $711 12 
Previous receipts, to December 1, 1904.................... 8,154 97 

Total receipts-toldate s...0 hn S ee ee ome oe $8,866 09 
Charged and: uneollected: ia.) ioe ht ie ee 29 10 

Total Bulletin sales to date......... 0.0... 000 cee eee $8,895 19 

The bills for volume 16 to regular subscribers have not been sent, and 
the above table includes for this volume only the payments in advance. 
Hachanges.—The exchange list includes one more address than last 

year, three being added, two dropped, and one transfer made. The 

revised list will be found in the closing pages of volume 16. 

Expenses.—The following table gives the cost of administration and of 

Bulletin distribution from the Secretary’s office during the past year: 

EXPENDITURE OF SECRETARY'S OFFICE DURING THE FISCAL YEAR ENDING NOVEMBER 

30, 1905 

Account of Administration 

Postave and teleoranmisic oo. ce sss excised ce Oe ae we er eee $29 76 
BC PreEssa re oi hist ales Al arans eNar ete alaa\ tas Gg aielee she RR Reenter cei Matha 5 13 
Printing (including stationery) i. 22) bn... ce ee eee ie rds wee cen 110 74 

Potal oi3 Me COIN Pee ce Fe eee EN RS Ac i cee ee .. $145 63 
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Account of Bulletin 

> DIRECTS, Es 2 hee RE De ane ec a rr $130 10 
Passa erAMC MIP ers mani ee As als ye Giese Gicls cee aa 66 87 
Marappine material..... 2i..66-.26. «sees ae tala ke eS Sea EMER 50 
Addressograph links....... FA ha en ee a 56 
Binding three copies volume 15. Ee Se ohhceed 2 eee eee ae ee 3 00 
Bulletin advertising, Moore’s catalogue...... ..... sees 15 00 
Sollection of checks’... 3. .6....40¢60000880 4 A oe BB ere os iee as aha 33 

ST ale eerie oA eters en nate PR NE MOR, RIE Sc PBS oe cys eee whale on 219 33 

Rotaltexpensesifor the years... *2.ck2 2 2. Te. 9. Mas tySc oat piers $364 96 

Respectfully submitted. 

H. L. FAIrRcHILD, 

Secretary. 
Rocuester, N. Y., December 10, 1905. 

TREASURER’S REPORT 

To the Council of the Geological Society of America: 

The Treasurer herewith submits his annual report tor the year ending 
December 1, 1905. 

Four (4) Fellows were liable to be dropped from the roll for non-pay- 
ment of dues, in accordance with section 3, chapter 1; five (5) were delin- 

quent for two years, while thirty-one (31) were still delinquent for this 

year on December 1, 1905. Since December 1 five (5) of them have 

paid, leaving only twenty-six (26) delinquent for 1905, and only two 

Fellows liable to be dropped at the present date (December 15). 
Seven (7) Fellows—J. A. Bownocker, R. W. Brock, M. 8S. W. Jefferson, 

B. L. Miller, A. H. Purdue, 8. Shedd, and Lewis G. Westgate—have en- 

rolled for life by the payment of the one-hundred-dollar fee, thus increas- 

ing the total number of Life Commutations to seventy-five (75) to date. 

The Permanent Publication Fund (only the interest of which can be 

used for current expenses of publication) has been increased during the 

year from $8,300 to $9,300 by the purchase of 10 more shares of stock 

in the Ontario Apartment House Company of Washington, D. C. This 

purchase was made upon the advice of the Treasurer and Doctor Em- 

mons, two of the three members of the Finance Committee, since Doctor 

Walcott, the president of the Ontario Company, declined to advise the 

committee. The Treasurer has no doubt that the investment is a safe 

one, and that it will, like the other investments of the Society in this class 

of securities, continue to yield a 6 per cent annual dividend. 

The item of annual interest from these investments ($448), together 

with the interest on monthly balances ($65.64), received on account of 

deposits in the Rochester Security Trust Company, thus continues to grow 
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and practically offset the loss in fees from deaths and resignations, so 

that the financial affairs of the Society are in a satisfactory condition, 

as may be seen from the receipts and disbursements for the past year 

exhibited by the tabular statement on the preceding page. 

The securities now owned by the Society (all of which are deposited 

in the fire and burglar proof vaults of the Bank of the Monongahela 

Valley at Morgantown, West Virginia) are as follows: 

On Account of Publication Fund 

March 17 and 25, 1898, two Texas and Pacific Railroad first mortgage 5 per 
META ORCS COSti ply Digi, 205-6.0.9) aki a i nea Nii dc haba wie Se gtiabat arb ae Glare $2,000 

February 6, 1901, 10 shares of the capital stock of the Iowa Apartment 
House Company, Washington, D. C., cost $1,000....... Lee rani: ha 1,000 

April 1, 1903, 20 shares of the capital stock of the Ontario Apartment 
Mouse Company, Washington, D. @., cost $2,000... 2.9.0.2 222). eee. 2,000 

May 5and September 27, 1895, 3 first mortgage 6 per cent bonds of the 
Kingwood, Tunnelton and Fairchance railroad, cost $304......... eet ae 300 

April 11, 1904, 3 second mortgage 5 per cent bonds, United States Steel Cor- 
POL AENON A COSG per oO ONO ay 2 vices. res ews cred baehety | Ga leach 2 ats Uy ucne epee pera a to ave 3,000 

May 12, 1905, 10 shares of the capital stock of the Ontario A partment House 
Sempany,, Wwashingtom, 1): C., cost Si000.. 5.02602). ese. wets so. oe 1,000 

Total cost, $8,646.50; total par value........ ENA ee a ees Sata aa $9,300 

The Texas and Pacific and United States Steel bonds are quoted on the New 
York Exchange at 123 and 963, respectively, at the date of this report. 

Respectfully submitted. 

I. C. WHITE, 

MorGaNntTown, W. VA., Treasurer. 

December 15, 1905. 

EX\piror’s REPORT 

To the Council of the Geological Society of America: 

The Editor regrets to have to report again inability to close the annual 

volume before the Winter Meeting, owing to the tardiness of members in 

handing in their papers. ‘The last galleys, and even the illustrations of 

one paper, were not in the Editor’s hands before the middle of December. 

At this writing all papers are in pages, the last page being 670. The 

Proceedings Brochure, now in galleys, will add something over 100 pages. 

From this it will be seen that volume 17 will probably be the largest ever 

issued by the Society. It is copiously illustrated with over 80 half-tone 

plates and many text figures. 

The Bulletin is certainly appreciated by the members as a medium of 

publication, the demand for space in its pages steadily growing as time 

goes on. 

The foregoing was the Editor’s report to the Council on December 20, 

1906. It has seemed to him wise to append the facts concerning volume - 
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1% as well as volume 16, and thus bring the statistical information down 

to date, rather than to wait for another year to pass. 

In text volume 17% is the largest ever published by the Society, I 

will be seen from the data given below that its cost is proportionately 

large. It contains 785 pages, 84 plates, and 96 text figures. 

ee Vol. Ws | Vol, 12. ‘| Vol: 13. | Vol. 12 | Vol. 15. | Voll aeaevioln 

pp. 544. | pp. 651. | pp. 538. | pp. 583: | pp. 609. | pp. 636. pp. 636 pp. 785 
pls. 26. | pls. 58. | pls. 45. | pls. 58. | pls. 65. | pls. 59. pls. 94 pls. 84 

Letter-press......... $1,465 14 | $1,815 56 | $1,445 73 | $1,647 12] $1,657 50] $1,661 21 | $1,817 03 | $2,087.98 
Illustrations ........ 200 40| 37368] 41480] 47727] 481 21 45776| 706 97 608.68 

$1,665 54 | $2,189 24 | $1,860 53 | $2,124 39 | $2,088 71 | $2,118 97 |$2,524 00 | $2,696.66 

Average per page $3 23 $3 36 $3 45 $3 64 $3 43 $3 33 $3 96 $3.37. 

Attention is called to the fact that in presenting the analyses of the 

contents of volumes a change has been made in the divisions of the 

subject-matter. It is believed that the new classification will be found 

more satisfactory than the one previously used. The analyses now in- 

clude volumes 1 to 6, thus making the entire series complete. 

Classification 

o 

Pall) es Se aS SSeS ss estes iy es me 

SB) 2) See e822) 22/22] 2) 4) 8 
Oe S| Oe Brea Seu 8 ee Toul Sei a 

_ &|.2 Dist] Sa) Wan) Ma) Selo mile) o| B 
Volume.| = SA ay NS asa BLT Sale a Silas S | as ) otal 

D2 ee Wie Bs) Re a SS & Si ||c= ae 
~ |o%!S = NN cas 3S S| 
= acho KM cian one Meee eee NN NE@ Rc ou Sh ek 

Number of pages. 

Leer TEL GY Sy SesiC7 92 18 83 44 Ub ence 60 + 4 | 593-++ xii 
2 56 | 110 60 | 111 02 | 168 47 s) ay) 1 7 | 662+ xiv 
3 56 4] 44) 41 oe | Los 1-104 ieee 61 | 15 1 | 641+ x11 

25 | 134 38 74 52 52 LA ee AZ | 32 2 | 458+ xii 
iy pap onees’ 1387) 135 70 | 54 28 Ola OW 71 | 14 9 | 665+ xii 
OL 60 | 111 7o | 39 a 99 Jibei anes 63 | 25 4 |} 988+ x 
Pee tsacete 38 THe LOon i as 40 Zier + 66 | 28 | 18 | 568+ x 
Sie ce 34 50 98 5) 43 67 58 14 79 8-|....| 446--x 
oD) Seed ZR ORF Wil iea to) ul law are +4 28 64 16 64 | 12 |....| 460+ x 

iO) ie ee BO) woolly, DOM sie) OO MG l@s 28 84 | 27 | 17 | 584+ xii 
Ie Meta es | 69 | 110 Aull 10 54 oles 7 71 | 60 |} 46 | 6514+ xii 
ea ta ole igh) 39 dd5 | 53 24 98 9) 5) 70 2 |....| 5388+ xi 
Deh ee 125 i, 13 24 Zo LNG) eee 4 || 165 | 32 | 29 | 583-4 xil 
TE eect 48 47 48 OO | Som SS ny eee! 80 | 14 1 | 609+ xii 
INS aN 26 | 124 3 94 DOM DOW Maye eaten. (ieee s 3 | 636-+- x 
RO eae 64 | 111 783) BOa) 1025) Ail LOU axe yee 67 | 22 | 15 | 686+ xii 
1c vee 49 | 161 41 | 84] 47 | 294 De ANG es ‘gl 9 | 2 | 785 =— xiv, 

Respectfully submitted. 

JOSEPH STANLEY-BRowN, 

New York, March 15, 1907. Editor. 
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LIBRARIAN’S REPORT 

To the Council of the Geological Society of America: 

The accessions to the library received during the past twelvemonth 
have been duly catalogued and acknowledged and the list of accessions 

up to July 1, 1905, prepared and forwarded to the Secretary for incor- 

poration in volume 16 of the Bulletin. 

The library now contains some 2,800 numbers, which is an average of 

about 200 numbers annually since brary material first commenced to 

accumulate. At present the increase is slightly in excess of that figure, 

owing mainly to an increase in the number of contributing exchanges. 

The amount of material donated by Fellows shows a steady annual de- 

crease. If it is desirable that the library should contain a full representa- 
tion of the writings of its members, then it should be stated that at the 

present time it falls far short of so doing, and in increasing annual 

amount. 

Tt has never been feasible for the Society to exchange publications with 

state surveys, but it was thought that the officials of such surveys who are 

Fellows of the Society would see to it that sets of their publications reach 

the library shelves. They do so, but in diminishing number. The Libra- 

rian does not understand it to be part of his duties to solicit gifts to the 

library ; but he wishes to call attention to the fact that only a small per- 

centage of the annual output of state survey reports reach the library. 

The expenses of this office for the past year are as follows: 

INOS OOERAYCEY, Bn Gt SER eee A on ee RRR RRA oe $1 76 
MROPEMTESSEO MANGES Jia. cyain Gees elegsle ae lato ai v4. ae,y ap eicdn, ool ands oot 50 
ROY GIGTE RACINE Wie aoe Real: 2 ree nnna Re re gemma Liat aan 6 00 

$8 26 

Respectfully submitted. 

H. P. CusHINne, 

CLEVELAND, OHIO, December 1, 1905. Inbrarian. 

On motion of the Secretary, it was voted to defer the consideration of 

the Council report until the following day. 

As the Auditing Committee to examine the accounts of the Treasurer, 

the Society elected W. H. Sherzer and F. D. Adams. 

BLECTION OF OFFICERS 

The result of the balloting for officers for 1906, as canvassed by the 

Council, was announced by the President, and officers ‘were declared 

elected as follows: 
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President g 

I. C. Russett, Ann Arbor, Mich. 

First Vice-President: 

W. M. Davis, Cambridge, Mass. 

Second Vice-President: 

HK. A. Smiru, University, Ala. 

Secretary : 

H. L. Farrcow1xp, Rochester, N. Y. 

Treasurer : 

I. C. Waiter, Morgantown, W. Va. 

Editor: 

J. STANLEY-Brown, Cold Spring Harbor, Long Island. 

Labrarian: 

H. P. Cusutne, Cleveland, Ohio. 

Councillors: 

A. C. Lane, Lansing, Mich. 

Davip WHITE, Washington, D. C. 

ELECTION OF FRELLOWS 

The Secretary announced that the candidates for fellowship had _re- 
ceived a nearly unanimous vote of the transmitted ballots, and that 

Fellows were elected as follows: 

SypNEY Hoparr Baty, A. B., Washington, D. C. Assistant Geologist, U. S. 

Geological Survey. 

JOHN MASON BoutTwELtL, A. B., S. B., M. S., Washington, D. C. Geologist, U. 8. 

Geological Survey. 

AMOS PEASLEE Brown, B. 8., EH. M., Ph. D., Philadelphia, Pa. Professor of 

Mineralogy and Geology, University of Pennsylvania. 

FREDERICK G. CLAPP, S. B., Washington, D. C. Geologic Aid, U. S. Geological 

Survey. 

HERDMAN FITZGERALD CLELAND, A. B., Ph. D., Williamstown, Mass. Professor 

of Geology, Williams College. 

REGINALD ALDWORTH Daty, A. B., A. M., Ph. D., Ottawa, Canada. Geologist for 

Canada on the International Boundary Commission. 

EDWIN CLARENCE ECKEL, B. S., C. E., Washington, D. C. Assistant Geologist, 

U. S. Geological Survey. 

EpwWARD MARTIN KINDLE, A. B., M. 8., Ph. D., Washington, D.C. Assistant Geol- 

ogist, U. S. Geological Survey. 
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JOHN DueER Irvine, A. B., A. M., Ph. D., South Bethlehem, Pa. Assistant Pro- 

fessor of Geology, Lehigh University ; Assistant Geologist, U. S. Geological 

Survey. 

ALBERT PETER Low, B. S., Ottawa, Canada. Geologist, Geological Survey of 

Canada. 

RupoLPH RUEDEMANN, Ph. D., State Hall, Albany, N. Y. Assistant State 
Paleontologist. 

ELIAS HowArpD SELLARDS, B. A., M. S., Ph. D., Lake City, Florida. Professor of 

Geology, ete., in University of Flortda. 

FRANK ALONZO WILDER, A. B., Ph. D., Iowa City, Iowa. VProfessor of Economic 

Geology and Mineralogy, University of Iowa, and State Geologist. 

IrA ABRAHAM WILLIAMS, B. Se, M. Se., A. M., Ames, Iowa. Teacher, Iowa 

State College. 

JOSEPH EDMUND WoopMa\N, S. B., A. M., S. D., Halifax, N. S. Assistant Pro- 

fessor of Geology and Mineralogy, Dalhousie University. 

GEORGE ALBERT YOUNG, B. A. Se., M. Se., Ph. D., Ottawa, Canada. Geologist, 

Geological Survey of Canada. 

AMENDMENT TO CONSTITUTION 

The Secretary announced that the transmitted ballots on the proposed 

changes in Article VI of the Constitution, as canvassed by the Council, 

showed an affirmative vote in excess of three-fourths of the total member- 

ship of the Society, and were therefore adopted as follows: 

Change Article VI, Meetings, section I, by dropping the matter in italics in 

the following quotation : 

I. “The Society shall hold at least two stated meetings a year—a summer 

meeting at the same locality and during the saine week as the annual meeting 

of the American Association for the Advancement of Science—and a winter 

meeting. The date and place of the winter meeting shall be fixed by the Coun- 

cil, and announced by circular each year within a month after the adjournment 

of the sununer meeting. : 

And by making insertions so that the section shall read as follows: 

I. The Society shall hold at least one stated meeting a year, in the winter 

season. The date and place of the winter meeting shall be fixed by the Council, 

and announced each year within three months after the adjournment of the 

preceding winter meeting. 

99 

The President called for the necrology, and memoirs of deceased Fel- 

lows were presented as follows: 

MEMOIR OF GEORGE H. ELDRIDGE* 

BY WHITMAN CROSS 

In the death of George Homans Eldridge, which occurred on June 29, 

1905, at Washington, D. C., American geology lost one of its most enthu- 

* This memoir was not read, oy account of the author's absence, but is here inserted in 
its proper place. ; 
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siastic and devoted workers. Those who were fortunate enough to know 
him mourn his untimely end, both because of the promise, which can not 

now be fulfilled, of further important contributions to knowledge and of 
the loss of a friend of singularly attractive and lovable personality. 

Eldridge possessed many traits worthy of all admiration, and it is befit- 

ting to place in the records of this Society a tribute to his memory, both 
as a geologist and as a man. 

The subject of this sketch was born in Yarmouth, Massachusetts, 

December 25, 1854, the son of Ellery and Sarah (Matthews) Eldridge. 

His early education was first in the public schools of Yarmouth and later 

in the Boston Latin School, whence he went to Harvard eg grad- 
uating in the class of 1876. 

There is nothing in the statements I have seen concern tg Eldridge’s 
boyhood to indicate a special predilection for scientific studies; but it is 

of record that he was greatly interested in the military trainee given to 

the Latin School pupils, and he rose from the ranks of the cadets to 
become lieutenant colonel at graduation. This love of the military work 

and discipline led him to organize a company of Harvard students, of 

which he became captain. ‘There can be no question in the minds of all 

who have known Eldridge’s energy and persistence that the boys under his 

command got a good insight into the meaning of military discipline, and 

that they received a training that was good for them. 

Not long after graduation from Harvard the estate left by Eldridge’s 
father became much involved, through no fault of his, and he resorted to 
teaching as a means of support. He was first located at Mount Vernon, 

New Hampshire (1876-1877), and for two years (1877-1879) at Nahant, 

Massachusetts, as principal of the High school. While at Nahant he 

passed examinations qualifying him to teach in the Boston Latin and 

other high grade schools of the Boston system, but at this point circum- 

- stances transpired which turned him to his life work in geology. 
While it does not appear that Eldridge had specialized in geology in 

his university studies, he had availed himself of the opportunity afforded 
by the summer school of geology conducted by Professor Shaler at Cum- 

berland Gap, Kentucky, in connection with the State Geological Survey. 
Eldridge was a member of that school, both in 1875 and 1876. A general 

fondness for natural science may be inferred from the courses of public 
lectures given at Nahant, and that the trend of his interest had been 

turned toward geology is shown by the fact that, while teaching at 

Nahant, Eldridge was taking private instruction in geology from Pro- 

fessor Shaler. 3 
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The opportunity to take up the profession of geologist came through 

the demand for young men to study the mining industry of the country 

in connection with the Tenth Census. That undertaking was placed in 

charge of the newly formed U. 8. Geological Survey, and the study of 

the iron and coal industries was assigned to Professor Raphael Pumpelly. 

He applied to Professor Shaler to recommend assistants. Eldridge was 

one of those chosen, and in the summer of 1879 he entered upon that 
work. He was assigned to study the deposits of the baser metals in the 

southern Appalachian region and also the coal fields of northern Montana. 
The results of this work were published in the Census report, as cited in 

the appended bibliography (1, 2). 
About the time that the Census work was completed the Northern 

Transcontinental Survey was organized to examine the mineral resources 

along the route of the Northern Pacific railroad. This survey was placed 

in charge of Professor Pumpelly, and Eldridge was naturally one of the 

first to be employed. He was engaged in this work for about four years, 

studying especially the coal fields of Dakota and Montana. Owing to the 

abandonment of the Survey in 1884, much of Eldridge’s scientific work 
of this period never came to publication. The discussion of Montana 

coal fields in the reports of the Tenth Census embodied much of this 
information. 

From the summer of 1884 until his death Eldridge was connected with 

the U. S. Geological Survey. For the first six years of this period his 

field of work was in Colorado, as assistant to S. F. Emmons. It was as 

his colleague during these happy years that the writer of this sketch came 

to know Eldridge and to love him for his many noble and attractive traits 

of character. 
The principal results of Eldridge’s Colorado work, under Mr Emmons, 

appear in the Anthracite-Crested Butte folio (10) ; in the monograph on 
the Geology of the Denver basin (15), and in a sketch of the complex 
stratigraphy and structure of the foothill belt about Golden (6). 

The study of the Cretaceous in Colorado and Montana led Eldridge 
to propose the union of the Fort Pierre and Fox Hills as the Montana 

formation or group (5). 

In 1890 Eldridge investigated the first productive oil field of the west- 

ern Cretaceous at Florence, in Colorado, and wrote an account which has 

served to direct the work of development in that interesting field (7). 
In 1891 Eldridge was given independent work, and his first assignment 

was to the investigation of the phosphate deposits of Florida. That this 

study was never completed was not the fault of the geologist; the exi- 

gencies of Survey work led to his repeated assignment to investigations 
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deemed of more urgent importance. With each postponement of this 

study the amount of development in the phosphate area increased greatly, 

so that the field work was never completed. In fact, the last visit to the 

Florida phosphate diggings was made by Eldridge only a few months 

before his death. A preliminary report was published in 1893, giving a 

summary of his observations to that time (8). 

The great energy and endurance possessed by Eldridge, as well as his 

ability to grasp the broad features of geology in a new country, led to 

several assignments in reconnaissance work. In the seasons of 1893 and 

1894 he was engaged in surveys of this character in northwestern Wyo- 

ming and northeastern Idaho. 'Two valuable reports were the results of 

this work (11 and 12). 

Again, in 1898, with the beginning of Alaskan exploration by the Geo- 
logical Survey, Eldridge was called on for genuine reconnaissance work. 

He was placed in charge of the work of several parties, and himself con- 

ducted one of them through a wild and quite unknown territory north of 

Cooks inlet, within which is Mount McKinley, the highest point in North 
America. It is believed by his friends that the exposure and strenuous 

exertions of this season’s work seriously impaired Eldridge’s vitality. It 

was too much for a man of 44 years to undergo without lasting injury. 

His reports appear in the Survey publications cited in the bibliographic 

hist (16 and 17). 

In the summer of 1899 Eldridge was assigned to the comprehensive 

study of the asphalt and bituminous rock deposits of the country. His 

investigations were carried on in many states and concerned deposits of 

various characters. The field work occupied more than a year’s time and 

the report is really a monographic discussion of a class of deposits which 

had previously received scarcely any attention. This is probably the 
most important single contribution to science made by Eldridge (18). 

Soon after the completion of the asphalt report the investigation of — 

important oil fields in southern California, in a region of much structural 

complexity, became a matter of great interest, and it was entrusted to 

Eldridge. After a vast amount of labor, which was rendered doubly 

difficult by the rapid development of the oil fields, he had nearly com- 
pleted his report on some important sections of the district when attacked 

by his last illness. It is to be hoped that some part of the material may 

appear under the name of the man whose career has unhappily been cut 

short before he could complete his work. A preliminary statement con- 
cerning the field was issued in 1903 (21). ; 

The last fruit of Eldridge’s wide experience was dictated from his bed 

of suffering not long before the end. It was a summary of his views 
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regarding the origin of vein asphalt, one of the singular phenomena in- 

vestigated some few years ago (22). 

The illness which terminated this career, with its promise of still 

higher achievements, seems to have begun in the autumn of 1904. After 

several months of uncertainty as to its nature, it became evident that an 

operation .was necessary to remove an internal growth of problematic 

character. ‘The relief afforded by the operation was not lasting, and with 

the renewal of the sarcomatous growth the end was inevitable. Almost 

to the last the patient exhibited his customary cheery courage and had 

faith in his ultimate recovery. 
The scientific work accomplished by Eldridge was of the highest order 

in many respects. He was not much given to theorizing, choosing to stick 

close to the firm ground of established fact. His investigations were 

characterized by thoroughness and by infinite patience in the accumula- 

tion of facts bearing on his problem. His aim seemed to be to exhaust 

the subject so far as time and conditions would permit. ‘T’o ascertain 

and make known the exact truth was his ambition. As a result of fidelity 

to this high ideal, he gathered a vast store of information in each of his 

more important investigations, and in that it was not granted him to 

utilize a great part of this knowledge to the full, in mature and well con- 

sidered discussion, must be a source of keen and lasting regret. 
While an adequate tribute to the estimable personality possessed by 

Eldridge, such as his friends may desire to see put on record, is perhaps 

not in place in this publication, this sketch would be far from satisfactory 

without some appreciative notice of the traits which endeared our friend 

to all who were privileged to know him. Lis was a character such as all 

admire, and to know the possessor was to love him; blessed with a fine 

physique and great strength, Eldridge seemed always in high spirits and 

overflowing with good cheer. The power to brighten with his presence 

was felt by all with whom he came in daily contact, and among all ranks 

of the great organization to which he belonged his death caused the feel- 
ing of personal loss, even to many who could not claim direct acquaint- 

ance. A fund of anecdote in illustration of this influence for good might 

be cited. 
For many years physical strength and great power of endurance stood 

Eldridge in good stead in trying circumstances. Professor Pumpelly 
tells in a personal letter how, during his work for the Transcontinental 
Survey in Montana, Eldridge rose from his bed after a severe attack of 
typhoid fever, and, in spite of his physician’s orders, proceeded with the 

task assigned him to find and explore certain coal beds in an undeveloped 
district. It was early winter and severe snow-storms had driven out rail- 
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road surveyors and others, who told Eldridge that the locality he sought 

to reach was inaccessible; but he continued his journey, found the coal 

buried under heavy snow-drifts, opened and sampled it, and returned in 

safety. In the writer’s own experience with Eldridge in the field, there 

have been many illustrations of his phenomenal endurance and grim 

determination—a combination of qualities making it a hopeless task for 

one of average powers to compete with him in many undertakings. When 

engaged in the preparation of reports Eldridge has been known to work 

without sleep for nearly 48 hours and seem to suffer no ill effects. 

A good comrade and loyal friend, Eldridge was also a beautiful exam- 

ple of the devoted son. His aged and infirm mother found with him 

during her declining years a home of many comforts, such as could be 

supplied only by cheerful sacrifices. Soon after the death of his mother 

Eldridge was married to Miss Jessie Newlands, of San Francisco, who 

survives him. 

Eldridge was a man of much modesty, never putting himself forward 

except as a duty. His ideals were those of the Christian gentleman, and 

hence his influence for good was always felt by those within his sphere of 

life. Many will join in the tribute of his old instructor and friend, the 

late Professor Shaler, who wrote of him: 

“He will remain with me as the type of the strong, well-balanced man; 

brave, steadfast, patient in his duties, ever friendly with his neighbor, helpful 

with his friends—I feel that my contacts with him served to ennoble my life.” 

List OF PUBLICATIONS 

(1) Montana coal-fields, Tenth Census of the United States, 1879-1880, vol. 

xv, 1886, pp. 739-757. 

(2) The industries of the base metals (lead, zinc, and copper) in the census 

year. Tenth Census of the United States, 1879-1880, vol. xv, 1886, pp. 

809-830. 

(3) On some stratigraphic and structural relations of the country about Den- 

ver, Colorado. Mining industry (Denver, Colorado), vol. iii, no. 3, 1888, 

pp. 24-25; no. 4, pp. 33-35; no. 5, pp. 44-45. 

(4) On some stratigraphical and structural features of the country about 

Denver, Colorado. Proceedings of the Colorado Scientific Society, vol. 

iii, 1888, pp. 86-118. _ 
(5) Some suggestions upon the method of grouping the formations of the 

Middle Cretaceous and the employment of an additional term in its 

nomenclature. American Journal of Science, vol. xxxviii, October, 1889, 

pp. 313-321. x 

(6) On certain peculiar structural features in the foothill region of the Rocky 

mountains near Denver, Colorado. Bulletin of the Philosophical Society 

of Washington, vol. xi, 1892, pp. 247-274. 
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(8) A preliminary sketch of the phosphates of Florida. American Institute of 

Mining Engineers Transactions, vol. xxi, 1893, pp. 196-231. 

(9) Artesian wells of eastern Dakota. Compte Rendu, International Congress 

of Geologists, 5th session, 1893, p. 318. 

(10) Anthracite-Crested Butte folio, Colorado (in conjunction with S. F. 

-Emmons and C. Whitman Cross). Geologic Atlas of the United States, 

folio 9, U. S. Geological Survey, i894. 

(11) A geological reconnaissance in northwest Wyoming. Bulletin no. 119, 

U. S. Geological Survey, 1894, pp. 72. 
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(13) Occurrence of uintaite in Utah. Science, new series, vol. iii, 1896, pp. 

830-832. 

(14) The uintaite (gilsonite) deposits of Utah. 17th Annual Report, U. S. 

Geological Survey, pt. 1, 1896, pp. 909-949. 

(15) Geology of the Denver basin in Colorado (in conjunction with S. F. 

Hmmons and C. Whitman Cross). Monograph no.’ 27, U. S. Geological 

Survey, 1896, pp. 556. 

(16) Report of the Sushitna expedition (in conjunction with Robert Mul- 

drow) ; the extreme southeastern coast; the coast from Lynn canal to 

Prince William sound; the Sushitna drainage area; maps and descrip- 

tions of routes of exploration in Alaska in 1898, with general informa- 

tion concerning the territory. Special Publication of the U. S. Geologi- 

cal Survey, 1899, pp. 15-27, 101-102, 103-104, 111-112. 

(17) A reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 

1898. 20th Annual Report, U. S. Geological Survey, pt. 7, 1900, pp. 7-29. 

(18) The asphalt and bituminous rock deposits of the United States. 22d 

Annual Report, U. S. Geological Survey, pt. 1, 1901, pp. 209-464. 

(19) The petroleum industry of California. Engineering and Mining Journal, 

vol. 73, 1902, p. 41. ; 

(20) Origin and distribution of asphalt and bituminous rock deposits in the 

United States. Bulletin no. 213, U. S. Geological Survey, 1903, pp. 

296-305. 

(21) The petroleum fields of California. Bulletin no. 213, U. S. Geological 

Survey, 1903, pp. 306-321. 

'(22) The formation of asphalt veins. Economic Geology, vol. i, no. 5, March- 

April, 1906. 

MEMOIR OF ALBERT ALLEN WRIGHT 

BY FRANK A. WILDER 

Albert Allen Wright, a Fellow of this Society since 1893, died at Ober- 

lin, Ohio, on April 2, 1905, after an illness of a single day. While his 

health had been somewhat impaired for some time before his death, he 

was not greatly hindered in his activities as a teacher and investigator till 
the day before his death. 

LXII—BuLL. GEOL. Soc. Am., Vou. 17, 1905 
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Professor Wright was born at Oberlin, Ohio, in 1846, and was inti- 

mately identified with the interests of that community, both town and 

college, during his entire lifetime. He was graduated at Oberlin in 

1865, and, as a number of scientists have done whose names appear on the 

roll of Fellows of this Society, he filled out his studies by a course in 

theology. A degree in theology was given him by Oberlin in 1870, after 

three years of study at Union and Oberlin seminaries. After two years 

of teaching, he entered Columbia School of Mines and was graduated 

from this institution in 1875. In later years his education was broadened 

by extended travels in regions of geologic interest in Europe and America. 

In 1874 Professor Wright was married to Mary Bedortha, and some 

time after her death, to Mary P. B. Hill, in 1891. A daughter from his 

first marriage survives him, and a son from his second. 

Before he had completed his course at Columbia he was called to the 

chair of geology and natural history in Oberlin College, a position which 

he held for 30 years. He directed the development of the work in 

zoology and botany till separate departments were formed for these 

sciences, and retained for himself the work in geology, which best fitted 

his taste in teaching and research. All of the departments of natural 

science in Oberlin, however, show his capacity as an organizer and owe to 

him in a large measure their present development. | 

The greater part of his energies were spent in the class-room and labo- 

ratory, where he served as a faithful guide to hundreds of students, many 

of whom, on account of his leadership, devoted themselves in later life to 

scientific pursuits. His capacity as a man of affairs was recognized by 

the community in which he hved, and it looked to him to solve its prob- 
lems in municipal engineering, or at least to suggest the lines along which 

solutions might be hoped for. The systems of city water supply and 

sewerage in Oberlin are wholly his work. After a thorough study of local 

topography and drainage, he directed the installation of what is regarded 

in Ohio as the model equipment of the state. He secured for the town 

perfect sanitation and an abundant and pure supply of water at an ex- 

pense far below that estimated by capable engineers. 

To the persistence and patience of Professor Wright, the cooperative 

topographic survey now being made in Ohio is due. At first, he labored 

toward this end almost without assistance. When President of the 

Ohio Academy of Sciences he brought the matter forward in an address. 

Few came to his aid, but he persisted in circulating his address, in 

writing letters, and in speaking on the subject on all suitable occasions. 
His system of instruction gradually developed a demand for topographic 

work. In spite of his untiring efforts, he saw his measure defeated at 
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Columbus. He began again, however, as though he had received no 

rebuff, and in the end his perseverance was fully rewarded. His efforts 
were made, not as an officer of the State Geological Survey, but as a pri- 

vate citizen, eager to advance a cause which he regarded as good. His 

papers urging topographic work have proved helpful in presenting the 

matter of topographic mapping to the legislatures of a number of states. 

Professor A. A. Wright possessed in a very large measure the scientific 

spirit. He was careful and deliberate. He was slow in forming judg- 

ments, yet persistent in accumulating material on which a rational judg- 

ment could be based. With such a temperament, it is not surprising that 

his contributions to the science to which he was devoted are of the highest 

order in quality. They might have been notable in quantity had he not 

sacrificed any desire for personal distinction to the welfare of the college 

to which he gave such a full measure of his time. His more important 

geological work has to do largely with his native state. In 1874 he began 

field work on the lake ridges of Lorain county. His published results 

were valuable, and left nothing to be added concerning the surface feat- 

ures of this portion of Ohio. In 1893 he reported on the ventral armor 

of Dinichthys for the Ohio Survey, and, aided by excellent specimens 

secured in Lorain county, he was able to supplement and to modify in a 

number of important particulars the descriptions of Newberry. His re- 

ports of certain coal beds in Ohio and on drift and glaciation in New 

Jersey are represented by a number of titles in geologic magazines, in the 

bulletins of this Society, and in the Proceedings of the Ohio Academy 

of Sciences. At the time of his death he was at work with thin-sections 

of bryozoans, and hoped to be able to add something of value to the lim- 

ited literature on these difficult organisms. 

Professor Hall, a colleague of Professor Wright for years, sums up his 

life most justly : 

“Outside of Oberlin, he might have made a much larger reputation as an 

earnest investigator and sound reasoner upon scientific topics, and as a master 

of an unusually clear and chaste literary style, if he had been willing to take 

a larger place in the scientific assemblies of his time. He might have written 

books which would have proved helpful to the thought of his time, especially 

as bearing on the interpretation of science. AS a teacher, he might have 

attracted larger classes and might have made a superficial impression on a 

larger number of pupils, if he had cared to make more parade of his learning. 

But he chose to do his work quietly, with no desire to do anything that should 

dazzle, but with a fixed purpose to do everything in the most thorough and 

faultless manner. The true scientific spirit mastered him as it has mastered 

few minds in his generation, and, slender as might seem his technical training, 

it made it impossible for him to approach any topic without the most pains- 

taking and careful investigation, seemingly without the least prejudice as to 

the outcome of his research.” 
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It is not strange, therefore, that his life proves a constant light to the 
considerable number of his students who have chosen for their life work 
some form of scientific pursuit. 
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Following the reading of the memoirs the Secretary presented letters 
from several Fellows who were unable to attend the meeting, but had sent 

their greeting; and Mr H. M. Ami, chairman of the local committee of 

arrangements, made announcements relating to the evening sessions and 

the social functions. 
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The President declared the scientific program in order. The first 

paper presented was the following: 

CHEMICAL EVOLUTION OF THE OCEAN 

BY ALFRED C. LANE 

[Abstract] 

If there is any value in the numerous attempts, by Joly and others, to esti- 

mate the age of the earth from the accumulation of some salt in the ocean, 

there must have been a progressive change in the chemical character of the 

ocean, which might possibly be detected in comparing the waters buried in 

undisturbed sediments of various ages. 

The paper applies this test to the deepest waters known from various geo- 

logical horizons in the Lower Michigan and Lake Superior basins. Both basins 

are aS permanent and free from recent igneous disturbance or faulting or 

inverted siphon circulation, etcetera, as are readily found. 

The proportions of many ions are likely to be changed by reactions after 

burial. The ratio of chlorine to sodium seems to be among those least change- 

able, thus: This ratio is in sea water 25,440 (trillion tons) to 14,151 (trillion 

tons )=1.77, while in the river waters delivered each year it is 84 (million tons) 

to 157 (million tons). Whence, winless there ‘s some large source of chlorine 

apart from sodium or precipitation of sodium apart from chlorine, n years ago the 

ratio must have been about R= (25,440—.000,084m7) /(14,151—.000,1577). For 

instance, we have from the Upper Subcarboniferous of Big Rapids R= 2.14, 

n = 20 million years; similarly from the Berea grit at Bay City 45 million years; 

from the meso-Devonian at Alma 49 million years; from the Silurian at 

Manistee 65 million years; from the Upper Keweenawan at Freda 72 million 

years; from the Tamarack mine, Lower Keweenawan, 89 million years. These 

figures suggest some agreement with the hypothesis, but a more careful exami- 

nation reveals serious difficulties, as is more fully presented in the paper. 

The paper was discussed by J. F. Kemp, A. P. Coleman, and the 

author. 

The second paper was 

DIKE OF MICA-PERIDOTITE FROM FAYETTE COUNTY, SOUTHWESTERN 

PENNSYLVANIA 

BY J. F. KEMP 

[Abstract] 

The dike occurs on the surface and in the coal mines on Middle run, a tribu- 

tary of the Monongahela, in the Masontown quadrangle. It cuts the Carbon- 

iferous to and above the Waynesburg coal seam and reveals eruptive rocks in a 

hitherto: unsuspected region. The petrographic details were briefly given and 

comparisons were made with other similar occurrences. The full paper will 

be published elsewhere. 

The author replied to questions by A. C. Lane. 
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The last paper of the morning session was 

SAPPHIRE ; ITS OCCURRENCE AND ORIGIN 

BY W. H. COLLINS* 

Remarks were made by T. L. Walker. The Society adjourned for the 

noon recess. 

At 2.30 o’clock p m the Society reconvened and an address of welcome 

was given by Dr Robert Bell, Acting Deputy Head and Director of the 

Geological Survey of Canada. A brief response was made by President 

Pumpelly. 3 

Announcement was made that from 4.30 to 7.00 o’clock p m Dr and 
Mrs Robert Bell would receive the Fellows of the Society at their home. 

The scientific program was resumed, and the following paper, in the 

absence of the author, was presented briefly by J. F. Kemp: 

OCCURRENCE OF THE DIAMOND IN NORTH AMERICA 

BY GEORGE F. KUNZ 

[Abstract] 

The great advance in the prices of diamonds within a few years past, to- 

gether with the fact that the demand for diamonds has become so large in this 

country, has stimulated interest in the question of the possible discovery of 

diamond mines in the United States. This whole subject has been treated of 

in some detail in a bulletin by the writer to the U. S. Geological Survey, now 

about to be issued. Diamonds have been found at various points in our ter- 

ritory, though never of large size or in any abundance; but the facts are of 

much interest as they are here gathered and presented. 

There are four regions where diamonds have been met with in the United 

States. These are: (1) the Pacific coast, chiefly along the western base of the 

Sierra Nevada, in the central counties of California, associated with gold in 

the cement gravels; (2) along the line of the moraine of the ancient ice-sheet 

of the Glacial epoch of geology, in Wisconsin, Michigan, Indiana, and: Ohio; 

these have been transported from an undiscovered source somewhere in Can- 

ada; (3) a few only in central Kentucky and Tennessee; (4) the Atlantic 

states from Virginia to Alabama, chiefly along the eastern base of the Appala- 

chians, in what is known as the Piedmont region. The actual place of the 

origin of the diamonds is in all these cases unknown. Those of the Pacific 

coast and the Atlantic states have been derived by erosion from the adjacent 

mountain ranges, but the original sources have never been discovered. 'Those 

of the northern drift have come from beyond our borders, in Dominion terri- 

tory, and their exact source is entirely a matter of speculation. The few occur- 

* Introduced by T. L. Walker, 
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rences in Tennessee and Kentucky are not as yet definitely traceable, even in 
theory. All have been found in loose and superficial deposits and all accident- 
ally; most of those in the Atlantic and Pacific regions have been found in 
washing for gold. 

Historically, the first diamond recognized in the United States appears to ’ 
have been found in 1830, in central Indiana; it came finally into the hands of 
the well known artist, the late James W. Beard, who wore it for over 50 years. 
No others appear to have been found in this region until within the past 

quarter century, when several were obtained in the glacial drift, and their 

peculiar transported character began to be understood. 

The finding of diamonds in the gold washings of northern Georgia goes back 

by local tradition to the “forties,” but definite records of such discoveries do 

not begin until some years later, when a few were found in North Carolina. 

The largest stone ever obtained in the United States, the celebrated Dewey 

diamond, of 2354 carats, was found in 1855, by a laborer while digging in a 

bank, at Manchester, Virginia, nearly opposite Richmond. Two have been met 

with lately in Alabama, and there may be in all twenty or twenty-five diamonds 

known from the southern Atlantic states. 

The first diamond in California was recognized in 1849, soon after the dis- 

covery of gold, but no particular accounts are on record until 1853. Altogether, 

some 200 small diamonds have been reported from this State, most of them 

from the four counties of Amador, Butte, El Dorado, and Nevada; the last named 

has yielded only a few, but one of these is the largest known from California, 

a Stone of 7% carats. All have been discovered in connection with gold- 

mining, and most of them in the hard “cement” gravel, overlain and com- 

pacted by beds of lava or volcanic tufa. Of late years but few have been 

obtained, though many fragments appear in the sluices; but the general use of 

hydraulic mining and stamp mills causes any diamonds that may exist to be 

either swept away and buried in the debris or else crushed into bits by the 

stamps. This seems very regrettable; but the amount of diamonds that might 

be saved by the use of other methods would not probably compensate at all for 

the cost of installing different processes from those now employed. Notwith- 

standing this, it is stated that two companies have been formed for the pur- 

pose of searching for diamonds in Amador and Butte counties. 

The diamonds of the northwestern drift began to attract attention about 

fifteen years ago, when several in succession were found in Wisconsin; some 

of these had been picked up years before and kept as curiosities, without knowl- 

edge of what they were. Professor W. H. Hobbs, of the State University at 

Madison, made a very careful study of these occurrences and established clearly 

their glacial origin. Then one was found under similar conditions at Dowagiac, 

Michigan, in 1894, and another soon after near Cincinnati, Ohio. Within a few 

years past several small stones have been encountered by local gold-washers in 

the streams of Brown and Morgan counties, Indiana. These likewise are in or 

associated with the drift moraine, as doubtless was also the first one from 

this region, found, as above stated, as far back as 1830. A few small stones 

were also noted from this section in 1878 by the late Professor HE. T. Cox, then 

state geologist, who first recognized their glacial derivation. 

The number. of diamonds accidentally found in these drift deposits—now 

some 25 or 30—shows that hundreds or even thousands of them must be lying 
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imbedded in the vast mass of morainal material that stretches across these 

states. From this fact it is evident that, wherever the source may be where 

they naturally occur, they must exist in considerable abundance. There must 

probably be, therefore, a diamond field in Canada that may be important if it 

can be found, although, from the small or very moderate size of the stones 

known, it cannot compare in any degree with the wonderful mines of South 

Africa. Under the direction of Doctor Ami a number of surveying parties 

along the line of the new Transcontinental railway, from Quebec to Winnipeg, 

are now on the lookout through all the region north of the Great lakes. But, 

on the other hand, the source may be farther north, in the unexplored wilder- 

ness of Ungawa. This is the view taken by Professor Hobbs, of Wisconsin, 

based on a careful study of the glacial striations left on the rocks, indicating 

the direction of ice-movement. 

Some years ago there was for a time quite an interest in the suggestion of 

a possible diamond field in Hlliott county, Kentucky. Certain igneous dikes 

in that region were found to resemble the rock in which the diamonds occur 

at Kimberley, in South Africa, and to contain some similar associated min- 

erals, such as pyrope garnets (‘Cape rubies’), etcetera; but careful examina- 

tion failed to find any diamonds whatever. Recently the matter has been taken 

up again, and proposals have been made for extensive operations; but the fact 

remains that the first diamond has yet to be discovered, and there seems to be 

no warrant for undertaking such enterprises. W. C. Phelan, geologic aid of 

the U. S. Geological Survey, visited Elliott county, Kentucky, and spent con- 

siderable time in the preparation of an economic bulletin of the Canova quad- 

rangle. Although he located a new dike, he was unsuccessful in finding the 

diamond itself. Notwithstanding that statements were current in the adjoin- 

ing city of Grayson that diamonds had been found, yet he could not substan- 

tiate the finds. 

Professor J. F. Kemp has located a similar dike, penetrating a coal vein in 

Fayette county, southwestern Pennsylvania, which he is describing at this 

meeting. Although the coal seam was entirely ruined by the penetration of the 

peridotite for a distance of some 20 feet, diamonds were not found. Professor 

Kemp at this meeting gives the petrographic depths of this occurrence on Mid- 

dle run, a tributary of the Monongahela, in the Masontown quadrangle. 

The paper was discussed by Robert Bell, A. C. Lane, J. M. Clarke, 

A. P. Coleman, H. M. Ami, A. P. Low, and J. F. Kemp. 

The second paper was 

IGNEOUS ROCKS OF THE EASTERN TOWNSHIPS OF QUEBEC 

BY JOHN ALEXANDER DRESSER* 

Remarks were made by G. O. Smith, with reply by the author. The 

paper is published as pages 497-522 of this volume. 

* Introduced by Dr F. D, Adams, 

a 
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The third paper was 

NEPHELINE SYENITEH IN EASTERN ONTARIO 

BY FRANK D. ADAMS 

[Abstract] 

The paper presents briefly some of the results of a detailed study of the 

occurrences of nepheline syenite in the townships of Monmouth, Glamorgan, 

and Methuen, in the province of Ontario. The character of the various differ- 

entiation products of the syenite magma are considered and the relation of the 

group to the granite bathylites and to the intrusive rocks of the region are 

discussed. 

Remarks were made by A. C. Lane, R. A. Daly, and the author. 

The fourth paper was 

ORIGIN OF THE SUDBURY ORE BODIES 

BY ALFRED E. BARLOW* 

The paper was discussed by A. P. Coleman, J. F. Kemp, Robert Bell, 

A. C. Lane, and the author. 

The next paper was presented by title: 

BIBLIOGRAPHY OF THE GEOLOGY, MINERALOGY, AND PALEONTOLOGY OF 

BRAZIL 

BY JOHN C. BRANNER- 

The following paper was read: 

GEOLOGIC RECONNAISSANCE MAP OF ALASKA 

BY ALFRED H. BROOKS 

[Abstract |+ 

Contents 

“ Page 

AVEO GUICEION rey aia cu cdel cl tree coke wre: cialis) euiclieh atte revalacaivens Geese le PAN Seg) A aR CS an ER MO Pace etre ADS 695 

Strahsraphicsswbdivisions and their GEScriptioniy.e «9 spss cpelele c)le clea = ele et elie ole) © eile oie 696 

(Hovereyay lees rikoy av a cea) 0 VN) Saha en 3 tered ey le one Rca MOTE lee etn beneliire cltetiod earner aM ye WEE TPO ler eNOS 698 

SPRULCTIILC ae cea CE st STN Rass a, Stroh errs oliep ital oueh ok tia Shah ple eae aN S Tah cha setetoe eels Mae A ostapeettctel ou sire 699 

INTRODUCTION 

Though geologic observations in Alaska can be said to have begun with the 

work of Stellar, the naturalist, who accompanied Bering on his ill-fated voyage 

in 1741, it is only in the past decade that systematic surveys have been made, 

* Introduced by H. M. Ami. 

7 The geologic maps and sections described in this abstract will appear as illustrations 

to a paper now in preparation entitled ‘‘The geography and geology of Alaska ;’”’ profes- 

sional paper, U. S. Geological Survey, no. 45. 
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and as yet even reconnaissance mapping has been carried over only about one- 
fifth of the territory. Those familiar with the conditions met with by the 
geologist in this field need not be reminded that they are by no means favor- 
able, and this will account for the rather meager results of some of the ex- 
plorations. It appeared desirable to gather the very incomplete data and to 
attempt to outline the areas of some of the larger stratigraphic subdivisions, 
and this has been done on this map. The blanks in the map represent unsur- 
veyed areas, yet the colored parts do not by any means indicate results of 
equal reliability. Areas like the Seward peninsula and the Copper River basin 
have been surveyed in considerable detail, while others, like the Kuskokwim 
and Tanana valleys, have been covered by only the most hurried reconnaissance 
work. 

STRATIGRAPHIC SUBDIVISIONS AND THEIR DESCRIPTION 

Ten stratigraphic subdivisions have been made; seven are sedimentary, two 
igneous, and one metamorphic. The so-called Pelly gneisses include gneisses 
and crystalline schists, as well as more massive intrusives, and possibly some 
sediments, which may in part be Archean, but very likely are, for the most 
part, deformed igneous rocks of a later date. A group of highly altered sedi- 
ments, embracing many different formations, and probably chiefly Paleozoic, 

occupies the largest areas in the province. . The areas of Silurian are small, 

because it is only where fossils have been found that they could be differ- 

entiated from the other metamorphic terranes. The incomplete data has made 

it necessary to throw the Devonian and Carboniferous into one group. In 

most of the field it has been found impossible to make any subdivisions in the 

Paleozoic which are included in the metamorphic group. 

Though all the subdivisions of the Mesozoic have been recognized in Alaska, 

the data are too fragmentary to permit of mapping them separately, and only 

two groups are recognized. The one embraces the Triassic and Jurassic, as 

well as the undifferentiated Mesozoic, and the second the Cretaceous. 

The Tertiary, undifferentiated on the accompanying map, is almost entirely 

Kocene, for Miocene and Pliocene beds have been found at a few localities. 

The Quaternary coloring has been extended to only the larger areas. Most 

of the rivers, except those that traverse the Coast range, are bordered by 

Pleistocene silts and gravels. 

Of the intrusives the scale of the map permitted the representation of only 

the larger stocks, and even these have been omitted in the Archean areas where 

the gneisses and igneous rocks ave not always easily differentiated. The dis- 

tribution of the larger areas of the recent and Tertiary volcanics is shown 

throughout the regions surveyed. 

It has been impossible to avoid the crazy-quilt effect due to the fragmentary 

data, yet some of the larger features of the geology are well illustrated. The 

general northwest trend of the western cordillera continues into Alaska to 

about the one hundred and forty-eighth meridian, where it bends abruptly to 

the west and southwest, as if to meet the northeastern extension of the Asiatic 

continent. That this is but a topographic reflecion of the dominant structural 

lines is well illustrated on this map, where you will note that there is a marked 

change of strike along the central meridian of Alaska. This line, in fact, 

marks the transition from the American to Asiatic trend of bed-rock structures. 
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Keeping this fact in mind, it will be possible to trace the stratigraphic subdi- 

visions even on this very incomplete map. 

A belt of metamorphic rocks striking parallel to the Pacific coastline has 

been traced northwestward through the panhandle and appears to find its ex- 

tension in the Chugach mountains and in Prince William sound. In south- 

eastern Alaska this belt includes various terranes, varying in age from Silurian 

or older to the Permian, with possibly some Triassic. Some Cretaceous beds 

are found infolded with it. It is cut off from the Paleozoic rocks of British 

Columbia by the broad belt of intrusives which make up the Coast range. At 

the westward extension of the belt Mesozoic beds overlap its inland margin. 

These Mesozoic beds are continued to the southwest, forming the country rock 

of the Alaska peninsula. 

A second belt of metamorphic sediments is traceable through inland Alaska. 

This includes highly altered rocks, ranging from Silurian or older to Devonian. 

This zone ends in the Kuskokwim valley, where a broad belt of Cretaceous sedi- 

ments mantels the metamorphic terranes. This belt is broken by an area of 

gneissoid rocks, but these, though first assigned to the Archean, are now be- 

lieved to be largely altered intrusives. The metamorphic rocks appear again 

in the Seward peninsula and in northern Alaska and here constitute a third 

belt. ee ee | 

Little is known of the geology of the Rocky mountains of Alaska, except along 

the one hundred and fifty-first meridian, where Schrader’s studies have shown 

them to be made up of closely folded Paleozoic terranes. 

A belt of Permian beds, made up of slates and limestones, has been identified 

along the Seward margin of the Coast range and in the Copper River basin. 

Devonian beds are widely distributed, but the largest areas occur in the 

Yukon-Tanana region, where they are chiefly limestones and volcanics. 

The Mesozoic period is represented by the Jurassic and Triassic rocks of the 

Copper River region, the Alaska range; also by two broad belts of Cretaceous 

rocks, one of which stretches northeastward from Bering sea to where it over- 

laps on the Paleozoic terranes near the southern front of the Rocky mountains, 

and the other stretches east and west across northern Alaska. The Tertiary 

period is represented chiefly by Hocene beds, which occur in broken areas along 

the seaward margins of the province. In the Yukon basin Eocene beds are 

found far inland, close to the international boundary. These are probably of 

lacustrine origin. 

Intrusive rocks, among which granitic types dominate, are very abundant in 

southeastern Alaska. A broad belt of granitic rocks forms the backbone of the 

Alaska peninsula, and smaller rocks occur in the mountains to the northeast. 

All of these intrusives appear to be of Middle or Upper Jurassic age. The 

smaller masses of granite, so abundant in the Kuskokwim valley and found in 

the Seward peninsula, are probably of Tertiary age. 

Recent and Tertiary voleanic rocks are widely distributed, and in the Alaska 

peninsula, Mount Wrangell region, and in the Bering sea littoral cover large 

areas. 

The general stratigraphic succession in Alaska, so far as determined, is as 

follows: Some gneisses and crystalline schists have been provisionally referred 

to the basal member of the succession. These are succeeded by a great com- 

plex of metamorphic sediments, intruded by many igneous rocks whose age - 
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and stratigraphic relations are often undetermined. Though these metamor- 

phic beds have been subdivided into many formations, many of these are ill 

defined, and much more detailed evidence-will be required before a definite 

statement as regards the succession can be made. Some of the lower members 

of this great complex have yielded Ordovician and Silurian fossils, while in 

some of the upper beds Devonian fossils have been found. In the Yukon basin 

and in the panhandle there appears to be an unconformity near the base of 

the Devonian, below which the rocks are much more highly metamorphosed. 

The older and more crystalline sediments are probably Silurian, Ordovician, 

Cambrian, or possibly pre-Cambrian. The metamorphosed clastics of south 

eastern Alaska include Devonian and Carboniferous, and elsewhere in the 

province Devonian and Carboniferous terranes have been found. 

Triassic beds have thus far been recognized only in the Copper River basin 

and in southwestern Alaska, while the Jurassic occurs in this district and also 

at cape Lisburne, in northern Alaska. The lower Cretaceous is widely dis- 

tributed and includes the youngest beds known to have suffered any consider- 

able metamorphism. It appears that the unconformity separating the upper 

and lower Cretaceous horizons was of considerable extent. The upper Cre- 

taceous occurs in the Yukon basin, in southwestern and southeastern Alaska, 

as well as north of the Rockies. 

Of the Tertiary horizons. the Eocene coal-bearing beds are the only ones 

which have been found widely distributed, and these occupy no considerable 

areas. Miocene and Pliocene beds appear to have relatively small development. 

The Pleistocene is represented throughout the province by gravels, sands, and 

silts, and in the regions which have been occupied by ice by various forms of 

glacial deposits. 

CORRELATION TABLE, 

On the table I have indicated the stratigraphic succession in four of the best 

known districts and suggested certain correlations between them. 

In southeastern Alaska the basal member consists of phyllites and crystal- 

line limestones, in part at least of Silurian age. These are succeeded by 

crystalline limestones and slates of Middle Devonian age. The next horizon 

is a chert and limestone series, carrying lower Carboniferous fauna and rest- 

ing unconformably on the older rocks. These are succeeded by a complex of 

phyllites and greenstones, with some limestones, in part at least of Permian 

age. A heavy conglomerate series, resting unconformably on the Paleozoic 

rocks, represents the oldest Mesozoic of this province, and is probably 

Cretaceous. These are unconformably overlaid by a soft sandstone and shale 

series, in part of upper Cretaceous, in part of Hocene age. 

The extensive basalt flows have been provisionally assigned to the Miocene, 

while the Pleistocene is represented by silts, sands, and gravels, as well as by 

glacial drift. 

Highly metamorphosed schists and limestones form the oldest sediments of 

the Copper River region, and are of pre-Devonian age. These are uncon- 

formably succeeded by a massive conglomerate and slate series, associated 

with voleaniec rocks which have been provisionally referred to the Devonian. 

The Carboniferous is represented by a lower member, made up of heavy 

crystalline limestone, and an upper consisting of many thousand feet of lime- 

stones, shales, and voleanics. These are overlaid by a volcanic and limestone 
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group. of Triassic age, and on these the Kennicott formation rests uncon- 

formably. The Tertiary in this district is represented by some small areas 

of lignite-bearing Eocene sandstone, and by a great thickness of volcanics, the 

latter merging with those of recent date. 

The succession in the Yukon region has not yet been well determined. It 

appears that the so-called Birch Creek schists form the oldest sediments, and 

these may rest on an older gneissic complex. Within the schistose series occur 

beds of crystalline limestone. In some areas at least a massive limestone ap- 

pears to form a higher member of the metamorphic series, but this is not 

definitely established. A great thickness of greenstones, with which are inter- 

calated some Middle Devonian limestones, form the next higher group, resting 

unconformably on the older and more highly metamorphosed rocks. In some 

parts of the basin a massive Carboniferous limestone forms the next higher 

member of the succession. 

The Lower Cretaceous is represented by some calcareous sandstones and 

black slates. As in southeastern Alaska, the upper Cretaceous and Eocene ap- 

pear to be represented by an unbroken succession of sandstones and snales. A 

formation made up of sands, clays, and gravels has been provisionally referred 

to the Pliocene. 

In northern Alaska Schrader found a series of schists forming the basal 

member of the succession, and this overlaid by a massive crystalline limestone. 

The latter, on the evidence of a few obscure fossils, has been tentatively as- 

signed to the Silurian. Both Devonian and Carboniferous beds have been 

found in this region, but the stratigraphic succession is obscure. 

Lower Cretaceous rocks overlap the Paleozoics, both north and south of the 

range, and on the Arctic slope are succeeded unconformably by Eocene beds. 

These in turn are overlaid by Pliocene silts. 

STRUCTURE 

The parallelism between the bed-rock structures, the mountain ranges, and 

the shoreline has been pointed out. In southeastern Alaska the dominant 

structures trend northwest and then, near the one hundred and fifty-first merid- 

ian, swing west and south. 

Three sections are presented to indicate some of the larger structural 

features. The first reaches from Controller bay, through the Chugach and 

Wrangell mountains, to the international boundary. On the coast of the section 

are indicated the closely folded Tertiary beds, resting unconformably on the 

metamorphic sediments which make up the Chugach mountains. These latter, 

which are probably in part Paleozoic, are intensely deformed. They are 

separated by a fault from the broad syncline which makes up the Wrangell 

mountains. The basal beds in this syncline are Carboniferous, which are over- 

laid unconformably by Mesozoic sediments, and these in turn are capped by 

Tertiary and recent lavas. Another fault cuts off the northern area of the 

syncline from a broad belt of closely folded Mesozoic sediments. North of the 

Pleistocene silts, which floor the Tanana valley, the section traverses a belt 

of schists with which are closely associated some gneissic rocks. A section 

across the Alaskan range indicates a broad synclinorium of Mesozoic rocks 

(chiefly Jurassic) resting unconformably on Devonian limestone on the west, 

which in turn rests on phyllites and cherts, which have yielded some Ordovician 
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fossils. The section in northern Alaska indicates two anticlinal axes, with 

sharp flexures and faulting, separated by a broad syncline. In the southern 

anticline the basal schists and a Silurian limestone are exposed. The structure 

in the northern anticline is complicated by extensive faults. These Paleozoic 

rocks are succeeded by gently folded Cretaceous rocks on both flanks of the 

range. On the north the horizontal Tertiary sediments rest on the Cretaceous 

beds. 

Remarks were made by T. A. Jaggar, a visitor. 

The last paper of the day was 

COAST RANGE OF SOUTHEASTERN ALASKA 

BY FRED EUGENE WRIGHT 

SESSION OF WEDNESDAY EVENING, DECEMBER 27% 

At 8.30 o’clock the Society met in formal session in the parlor of the 

Russell House, and the President of the Society, Raphael Pumpelly, 
delivered an address entitled 

INTERDEPENDENT EVOLUTION OF OASES AND CIVILIZATIONS 

The address is printed as pages 637-670 of this volume. 

Following the presidential address a “smoker” was given by the Logan 

Club of Ottawa to the Fellows of the Society. 

SESSION OF THURSDAY, DECEMBER 28 

The Society met at 10.00 o’clock a m, President Pumpelly in the chair. 

The Council report was taken from the table and was adopted without 

debate. 

The report of the Photograph Committee was presented, as follows: 

SIXTEENTH ANNUAL REPORT OF THE COMMITTEE ON PHOTOGRAPHS 

During the year 1905 there has been but little change in the collection 

of photographs belonging to the Society. No new views have been ob- 

tained, but through the kindness of the Director of the Geological Survey 

about 100 old prints have been replaced by new ones, which are printed 

in a superior manner and mounted on muslin. By this means the bulk of 

the collection has been considerably diminished. 
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The photographs are now stored in glass cases in my office, in the build- 

ing of the Geological Survey, Washington, convenient for reference. 

Several members of the Society have obtained prints for use in reports 

and text books, and it is believed that there ought to be a very much wider 

use of the photographs for this purpose. It is expected that during the 

coming year a large number of new photographs will be added to the 

collection, selected from the vast number of views which have been taken 

by members of the Geological Survey during the past few years. Contri- 

butions for the collection are desired, but care should be taken that they 

are views of general interest and illustrate geologic phenomena rather 

than scenery. A high technical standard is also required. 

Respectfully submitted. 

N. H. Darton, 

Committee. 

The report was adopted, and the usual appropriation of $15 for the use 

of the committee was voted. 

RESOLUTION CONCERNING INTERNATIONAL GEOLOGICAL CONGRESS 

The following resolution was presented from the Council and adopted: 

“Resolved, That the Geological Society of America gives expression to the 

sincere feeling that it would be highly appropriate and desirable to hold the 

International Geological Congress in Ottawa in 1909.” 

Several announcements were made: By 8S. F. Emmons and the Secre- 

tary, relating to the meeting of the International Geological Congress in 

Mexico in September, 1906; by H. M. Ami, with reference to the evening 

program; by J. F. Kemp, with reference to the annual dinner, and by 

the Secretary, stating that a local photographer would take a photograph 

of the Fellows at the close of the morning session. 

The scientific program was taken up, and the first paper read was 

GEOLOGICAL SECTION ACROSS THE CORDILLERA ON THE INTERNATIONAL 

BOUNDARY LINE (49TH PARALLEL) 

BY REGINALD A. DALY 

Remarks were made by A. H. Brooks and G. O. Smith. 

The second paper was by the same author, and entitled 

THE OKANAGAN COMPOSITE BATHOLITH OF THE CASCADE MOUNTAIN 

SYSTEM 

BY REGINALD A. DALY 

The paper was discussed by A. C. Lane, A. P. Coleman, J. D: Irving, 
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J. H. Kemp, Fo. Wight, G. O. Smith; hh. W. Brock. A. daaeame 
visitor), and the author. 

The paper is printed as pages 329-376 of this volume. 

The third and last paper of the morning session was 

RECENT OHANGES OF LEVEL IN THE YAKUTAT BAY REGION, ALASKA 

BY RALPH S. TARR AND LAWRENCE MARTIN 

Remarks were made by A. E. Coste (a visitor), W. H. Sherzer, and 

A. H. Brooks. 

The paper is printed as pages 29-64 of this volume. 

The Society adjourned for the noon recess, and reconvened at 2.15 

o’clock p m. 

Remarks were made by T. L. Walker relating to the place of meeting 

of the International Geological Congress in 1909, and inquiring as to the 

purport and effect of the resolution adopted at the morning session. 

The scientific program was resumed, and the first paper was the fol- 
lowing : 

OBSERVATIONS IN SOUTH AFRICA 

BY W. M. DAVIS 

Remarks were made by David White, with reply by the author. The 

paper is printed as pages 377-450 of this volume. 

The second paper was | 

DRUMLIN STRUCTURE AND ORIGIN * 

BY H. L. FAIRCHILD 

[Abstract] 
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INTRODUCTION 

The paper was a brief description, aided by maps and lantern slides, of im- 

portant drumlin features found in central New York, and a concise statement 

of conclusions relating to the origin of drumlins. 

* By permission of the New York State Geologist. 
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DISTRIBUTION 

Typical drumlins or drumlin ridges are the most emphatic of a variety of 

forms produced by the rubbing action of the ground-contact ice under thrustal 

motion. On the one hand these forms shade off into indefinite flutings or 

moldings of the drift, and on the other hand are represented by scoured or 

rounded rock hills (drumloids). The requisite conditions for production of 

distinct drumlins do not seem to have been commonly fulfilled, as vast areas 

of glaciated territory seem never to have been subjected to the drumlinizing 

movement of the ground-contact ice. 

The land surface included in the drumlin area of New York is a belt about 

35 miles wide, bordering the south side of lake Ontario, and about 140 miles 

long (from Niagara river to Syracuse), with a total area of about 5,000 square 

miles. At least half of this area carries numerous well developed drumlins. 

An eastward extension of the area swings around the east end of lake Ontario 

as a belt 5 to 10 miles wide, reaching past Watertown into the Saint Lawrence 

valley. 

The New York drumlin area probably includes not less than 10,000 drumlin 

crests, of which at least 6,000 are indicated on the topographic sheets. On the 

216 square miles of the Palmyra quadrangle an actual count shows 955 indi- 

cated on the map. Probably hundreds of minor ridges are beneath the recog- 

nition of the contour. lines, with 20 feet interval. 

ORIENTATION 

The longer axis of the drumlins indicate the direction of the latest vigorous 

movement of the ice-sheet in their locality, and their variant directions through- 

out the New York area prove a radial or spreading flow of the ice-mass during 

the stage of waning which is represented by the drumlin formation. The 

angular directions cover nearly a half circle. Hast of lake Ontario they point 

east—that is, they were shaped by a movement of the ice from the west. Pass- 

ing westward around the south side of Ontario the directions of the drumlins 

gradually shift to southeast, then to south, and in western New York to south- 

west. 

The axial direction is not always uniform along the same meridian, but 

records any change in the direction of the ice movement due to the topographic 

control over the waning edge of the ice-sheet in its different positions. A 

confirmation of this genetic relation between drumlin attitude and ice-flow 

direction is found in the Pulaski region. As we pass eastward around Mexico 

bay we find the direction toward which the drumlins point changes from 

southeast to east; but passing on 10 miles to the north we find the drumlins 

pointing southwest, or at right angles to those near Mexico. These varied 

directions represent ice-flow movement during successive stages of the waning 

ice body. 

RELATION TO TOPOGRAPHY AND ROCK STRATA 

The most massive development of drumlins is on the low Ontario plain north 

of the Finger lakes and mainly under 500 feet altitude. They are comparatively 

absent on the higher ground which faced toward the ice body. This dominant 

drumlin area is underlain by the Cayugan (Salina), Niagaran, and Oswegan 

LXIII—Buuu. Grou. Soc. Am., Vou. 17, 1905 
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(Medina) strata, which consist of about 3,000 feet of shale, between 200 and 
300 feet of limestone, and 400 or 500 feet of sandstone. The predominance of 
shale in the outcrops from whence the ice obtained its rock debris supplied a 
burden of unusually clayey and adhesive drift, and it seems probable that the 
adhesive and plastic character of the subglacial drift was a contributing factor 
to the remarkable development of close-set drumlins. 

ForM AND SIZE 

The several types may be distinguished as the mammilla or dome, the oval, 
the slender oval or short ridge, and the linear or attenuated ridge. The two 
latter forms include the great majority of the New York drumlins. The dome 
form is rare in New York. It is an important fact that the different types are 
not intermingled. Of the ridge form there are two extreme varieties. A large 
form constitutes broad, low swells or rolls, which may not be recognized as of 
drumlin nature and are often overlooked by the map contours. These low, 

broad moldings of the till are the common form over the surface of the 

Niagara-Genesee prairie. The small variety of the long ridges is abundantly 

displayed in the Clyde-Savannah district, where between the major drumlins 

or on their sides lie a secondary or minor order of ridges, often not larger than 

a railway embankment. These small, attenuated ridges characterize the 

frontal border of the drumlin belt when faced by a moraine. 

The limit to the height of drumlins seems to be about 180 to 200 feet. At 

some point in the upbuilding process the growth is antagonized by an eroding 

or leveling tendency and a balance is struck between the opposing forces which 

limits extreme height, and which apparently results in the production of 

multiple ridges of moderate size instead of one huge ridge. 

COMPOSITION AND STRUCTURE 

The New York drumlins are composed of compact till. Only two instances 

have been found of water-laid drift distinctly within the drumlin mass. The 

deeper layers are more compact than ordinary sheet till and the included 

stones of all Sizes are more generally abraded. 

Along the south shore of lake Ontario a score of drumlins, some of large size, 

are dissected to their core by wave erosion. More than half of the cliffs show 

undoubted concentric foliation, and in several it is surprisingly distinct. In 

cross-section view the layers near the base are only slightly arched, and the 

arching increases toward the top, where the layers are parallel with the profile. 

In the different sections it is found that the exposed foliation has the direc- 

tions corresponding to concentric layers. The constructional origin of these 

drumlins is beyond question. 

Between Palmyra and Syracuse the foundations of the drumlins are Salina 

shale, the soft red and green beds known as Vernon. Some of the low ridges 

are probably composed entirely of the shale, with a veneer of drift. On the 

parallel of Baldwinsville all the drumlin-like forms east of Seneca river are 

composed of the red shale and are not drumlins, but rocdrumlins.* The hills of 

Vernon shale (hardened clays, without evident bedding, and easily decom- 

posed) which stood within the zone of drumlin formation, in conflict with the 

rubbing ice, were more easily shaped into the drumlin form than other rocks; 

* The Celtic word for rock is used as a prefix. 6 
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but when given that shape they resisted the ice impact better than harder 

rocks, as the product of the ice rubbing was a lubricant and plastic paste, 

essentially like clayey till in its mechanical properties. The shale hills were at 

first compliant, and then resistant to the ice. They became drumlins in effect, 

though not in origin, being erosional forms, not constructional. 

The shaping of hills of the softest rock instead of leveling them is an 

evidence of erosional weakness of the ice in the drumlin belt. Vigorous abra- 

sion of hard rocks would not be consistent with drumlins in the same locality. 

RELATION TO MORAINES AND TO GLACIAL LAKES 

During the stage of ice waning represented by the dominant drumlin area the 

ice-front was swept by vigorous rivers on the higher ground and was faced by 

lakes on the lowest ground. The drumlins reach up to the north side of the 

drainage channels in good strength, but they fade out into attenuated forms in 

the areas where the ice-front was not swept by streams, and where consequently 

the drumlin tracts are fronted by moraines. These moraines represent only the 

superglacial and higher englacial drift, carried to and dropped at the ex- 

treme edge of the ice, while the drumlins were forming at the same time from 

the subglacial and lower englacial drift beneath the ice-sheet, in the rear of 

the moraine. 

Theoretically the moraines should be weak where the drift was largely left 

in drumlin form, and the facts seem in accord. 

FORMATION ; MECHANICS 

The idea that drumlins represent overridden moraines, or are erosional in 

origin, may be true of some drumlins, but certainly is not true of the majority 

of New York drumlins, which were constructed or built up by a plastering-on 

process. 

In the mechanics of drumlin construction three sets of factors are recog- 

nized: (a@) factors pertaining to the ice itself; (b) those relating to the drum- 

lin-forming drift; (c) the external influences of topography and climate. 

The dynamie factors pertaining to the ice body (a) include: (1) vertical 

pressure; (2) horizontal pressure; (3) vigor and velocity of flow; (4). differ- 

ential flow; (5) plasticity. 

The factors relating to the drift (0) are: (1) volume of the drift; (2) posi- 

tion of the drift; (3) quality of the drift. 

The factors of external control (c) are: (1) general land slope; (2) minor 

features of the topography; (3) temperature and water supply. 

The building up of the drumlins is coincident with the rubbing off or shaping 

effect. As masses, the hills were built by accretion of the drift, but the convex 

forms are due to the erosional factor. The whole process may be compared to 

the work of the sculptor on a clay model—a plastering on and rubbing away. 

The accretion is due to the greater friction between clay and clay than between 

clay and ice. The hills of accretionary drift resisted the ice impact and rasp- 

ing effect in the same manner as did the hills of shale. The form possessed by 

both classes of hills is that which opposed the greatest resistance to removal 

by the ice or the least resistance to the overriding movement of the ice. 

The drumlins were shaped by the sliding movement of the lowest ice, that in 
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contact with the land surface. This fact implies that the whole thickness of 

the ice-sheet participated in the motion. Such motion was not due to gravita- 

tional stress on the ice over the drumlin area, but to effective thrust on the 

marginal ice by the gravitational pressure of the rearward mass. As the 

margin of the ice-sheet thinned by ablation, there came a time when the drift- 

loaded ice in contact with the ground was subjected to less vertical pressure 

and to relatively greater horizontal pressure by the deep ice in the rear, and 

was pushed forward bodily. In this fact is believed to lie the key to drumlin 

formation. 

The combination of conditions requisite for effective thrust movement over a 

belt of country and for considerable time may be rare, and it does not seem 

so strange that drumlins are uncommon features when we consider the variety 

of dynamic factors which are concerned directly or indirectly in drumlin forma- 

tion. 

It may be assumed that wherever the ground-contact ice had a vigorous 

movement of some duration it should be indicated by the molding of the 

ground surface, specially where this is comparatively level and composed of 

drift or soft rocks. The absence of drumlinizing of the drift surface may be 

assumed as indicating lack of movement of the ground-contact ice. Well 

marked drumlins are not found on the high ground east of Seneca lake, nor on 

the low ground east of Syracuse. The explanation seems to lie in the relation- 

ship of the larger topography to the movement of the ice-sheet. When the 

glacier was deep over the Finger Lakes region the bottom of the ice in the 

drumlin area was probably quiescent and served as a bridge over which the 

upper ice moved, the repose of the lower ice being due to the opposing land 

slope and to the large volume of drift which the ice had incorporated. Over 

the nearly level area north of the Finger lakes the waning of the ice-sheet 

finally brought the ground-contact ice under horizontal thrust; but in the 

adjacent district of low ground northeast and east of Syracuse we have an ex- 

ample of the non-motion of the bottom ice. The almost bare hills of soft 

Vernon shales in the district of Canastota have not been subject to rubbing 

action of ice in any direction. The surface would have been sensitive to any 

ice movement, but the deeply buried ice was stagnant and the shallow ice was 

not subjected to push by any thicker ice on the northward. 

In the balancing and adjustment of the several dynamic factors in the drift- 

burdened ice, the two opposing forces of rigidity and plasticity seem to*be the 

most important. The existence of the drumlins implies that the depth of the 

ice and the vertical pressure were so moderate as to allow the plastic ice to 

override and to adapt itself to the hills, while at the same time the whole sheet 

of ice was sufficiently rigid to accept horizontal thrust. 

The paper was discussed by R. S. Tarr, I. C. Russell, A. P. Coleman, 

W. M. Davis, and W. H. Sherzer. The full paper, with ample illustra- 

tions, will be printed as a bulletin of the New York State Museum. 
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The third paper was 

DRUMLINS OF MICHIGAN 

BY ISRAEL C. RUSSELL 

[Abstract] 

Studies of a drumlin area in the northern peninsula of Michigan, a brief 

report concerning which was presented at the last winter meeting of this 

Society, have been continued and additional facts obtained that strengthen 

the conclusion previously advanced in reference to the drumlins referred to 

having been produced by ice erosion of a previously deposited till sheet. 

A contour map of a characteristic group of drumlins was exhibited, which 

illustrated one of the several classes of irregularities presented by the drum- 

lins of Michigan. In certain instances they depart from the normal shape 

and have a straight, steep slope on one side. Drumlins showing this asym- 

metry are thought to have been complete and symmetric in form at one time, 

but later were partially removed by ice erosion. In the case of one of the 

examples represented on the map referred to, about one-half of a drumlin, cut 

parallel with its longer axis, appears to have been removed. 

Attention will also be invited to the smooth surface coneave troughs which 

occur between adjacent drumlins, and in numerous instances are as character- 

istic features of drumlin topography as the similarly smooth, convex hills 

they separate. Such “drumlin troughs” are thought to furnish criteria for 

recognizing the effects of ice erosion in moraine and till covered regions, where 

the correlative convexities are absent or but poorly defined. 

Certain of the drumlins of Michigan are composed of sandy till which is 

without foliation, while other examples consist of definitely laminated clayey 

till. The foliation appears to be due to pressure, and is present or absent 

according to the nature of the material. 

The fourth paper was 

| THE LEFROY, A PARASITIC GLACIER 

BY WILLIAM H. SHERZER 

[Abstract] 

At the head of the Lake Louise valley, Canadian Rockies, lies the Victoria 

glacier, which receives from the southeast a tributary somewhat over a mile in 

length and from one-third to one-half mile in width. This tributary proves 

to be double, the Lefroy being superposed on the Mitre and moving across it at 

right angles. The parasitic Lefroy is formed from the ice and snow ava- 

laneched from the eastern shoulder of mount Lefroy, and carries across the 

Mitre the ground morainic material manufactured beneath the hanging glacier 

on mount Lefroy. This material is dumped on the eastern margin of the 

Mitre glacier, by which it is delivered to the Victoria as though it had come 

from mount Aberdeen. The discovery of this relation of the Lefroy to the 

Mitre glacier explains the direction of the dirt zones, the presence of the 

ground morainic material in the right lateral of the Victoria, and its arrange- 
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- ment in ridges parallel with the side of the glacier. It shows, further, that 

two glaciers may occupy the same region at the same time, nourished differ- 

ently, with different structure, direction, and rate of motion, and accomplish- 

ing different geological results. 

The ‘full paper is published in the reports of the Smithsonian Institu- 

tion. 

The fifth paper was by the same author, entitled 

ORIGIN OF THE MASSIVE BLOCK MORAINES IN THE CANADIAN ROCKIES AND 

SHLEIRKS 

BY WILLIAM H. SHERZER 

[Abstract] 

In the five most accessible valleys along the line of the Canadian Pacific 

railway, the heads of which are still occupied by glaciers, there occurs a pecu- 

liar type of moraine, composed of massive angular blocks, remarkable for the 

scarcity or absence of fine material. They differ markedly from the moraines 

of older date and also from those of more recent formation. In the case of 

three of the glaciers there: are two such moraines, and in the other two the 

double character is indicated. ‘The blocks composing them were carried either 

on or in the ice and were not pushed along ahead or beneath it. They show no 

signs of water action by which the finer materials could have been removed. 

The various possible theories of their origin have been considered, and the 

conclusion reached that a double seismic disturbance affected the entire region, 

by which the glaciers became loaded with coarse fragments of the overtowering 

cliffs. If the theory proves sound we have a means of correlating the position 

of the main trunk glaciers, which were favorably situated, for determining 

their actual and relative amount of recession since the time of the disturb- 

ances. 

Remarks were made by R. 8. Tarr. The paper is published in full in 
the reports of the Smithsonian Institution. 

The sixth paper was read by title: 

GLACIATION OF MANHATTAN ISLAND, NEW YORK 

BY ALEXIS A. JULIEN 

The character and extent of plucking action by the continental glacier upon 

the crystalline schists are shown by jagged, broken surfaces covered by till, 

fractured slabs often hardly displaced, and angular transported boulders. 

Semi-lunar grooves are found on the limestone, and the pitting of surfaces on 

rounded hummocks are referred to the same action. Abundant channels and 

troughs are attributed to erosion by subglacial running water, connected with 

moulins through crevasses in the ice-sheet. A new hypothesis is advanced to 

account for the pot-holes found in vicinity of the island. A sudden bending 

southward of the directions of glacial furrows, their southward curvature, 
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and peculiar asymmetric form, are presented in evidence of a strong slope of 

the general surface to south-southwest at the time of its subsidence during the 

glacial movement. The undercutting of joint planes facing the northeast has 

created an unusual feature in topography. 

The seventh and last paper of the day was read by title: 

GLACIAL PHENOMENA OF THE SAN JUAN MOUNTAINS, COLORADO 

BY ERNEST HOWE AND WHITMAN CROSS 

The paper is printed as pages 251-274 of this volume. 

SESSION OF THURSDAY EVENING, DECEMBER 28 

In the assembly hall of the Normal School, at 8.15 o’clock, a public 

lecture, complimentary to the citizens of Ottawa, was given by Dr John 

M. Clarke, State Geologist and Director of Science, New York State; the 

subject was 

CONSERVATION OF NIAGARA FALLS 

SESSION OF FRIDAY, DECEMBER 29 

The Society met at 9.30 o’clock a m, President Pumpelly in the chair. 

The following resolution, offered by A. C. Lane, was passed by majority 

vote, after discussion : 

“Resolved, That the Council, if after consideration they find it wise and 

feasible, employ an expert stenographer to report the discussions in the meet- 

ings of the Society, such parts thereof to be published after revision by the 

speakers as the Committee on Publication and the speakers may deem wise.” 

AUDITING COMMITTEE'S REPORT 

The Auditing Committee reported that the accounts of the Treasurer 

had been found correct, and the report was adopted. 

Professor I. C. Russell suggested that the preparation of a geologic 

map of North America would be appropriate work for the International 

Geological Congress. It was voted to appoint a committee to take the 

matter in hand. The President subsequently named as such special com- 
mittee I. C. Russell, C. W. Hayes, F. D. Adams, and J. G. Aguilera. 

The Secretary announced some details of the arrangements for the 

annual dinner, to occur in the evening, and the program of papers was 

taken up. 
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The first paper presented was 

| GEOLOGY OF OTTAWA AND ITS ENVIRONS 

BY H. M. AMI 

[Abstract] 

For the visiting geologists a series of lantern views were projected, showing 

the geologic features about Ottawa; the stratigraphic succession, Archean 

erystallines, Potsdam, Beekmantown, Chazy, Birdseye, Black River, Trenton, 

Utica, Lorraine, Medina, and the Pleistocene deposits. The faunas of the sedi- 

mentaries were briefly considered. 

The second paper was 

NOTES ON ARCTIC GEOLOGY 

BY ALBERT P. LOW 

Remarks were made by W. M. Davis and the author. 

The third paper was 

OLDEST PRE-CAMBRIAN ROCKS 

BY C. K. LEITH 

The paper was discussed by A. C. Lane, A. P. Coleman, and Arthur 

Keith. It is published in a bulletin of the U. S. Geological Survey. 

The Society adjourned for the noon recess, and reconvened at 2.30 

o'clock p m, with S. F. Emmons in the chair. 

The first paper of the afternoon session was 

GLACIAL HISTORY OF NANTUCKET AND CAPE COD 

BY J. H. WILSON* 

[Abstract] 

Late Wisconsin ice-sheet occupied this region with two distinct lobes. First. 

Nantucket lobe, with three stages: a, Nantucket stage; b, Cape Cod stage; e, 

Cape Cod Lake stage. Second. Long Island lobe, with two stages: a, Marthas 

Vineyard—Block Island stage; 0, Elizabeth Islands—Fishers Island stage. The 

Nantucket lobe is shown to have come probably from as far as Newfoundland, 

and to have extended at least 150 miles out to sea. Reasons for this are 

numerous. Especially notable are: character 6f transported material, evi- 

dences of glacial erosion over the area concerned, direction of motion of ice, 

and character of the interlobate moraine. 

* Introduced by A. W. Grabau. 
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The following topics are discussed in detail: 

Nantucket; preglacial formations; interglacial formations; the Sankaty 

Head deposits; the late Wisconsin ice-sheet; the four zones (marginal): 1, 

kame hills; 2, fosse; 3, ice-contact slope, and, 4, apron plain. Detailed descrip- 

tion of these and tracing of ice-contact slope; peculiarities of Miacomet valley ; 

postglacial deposits and changes in elevation ; associated phenomena of Marthas 

Vineyard and Block island. 

Upper cape Cod and associated phenomena of Elizabeth islands and Fishers 

island. 

Cape Cod lake (third stage of Nantucket lobe) ; lower cape Cod; the sand 

plains of Eastham, Wellfleet, Highlands, and Truro; the morainal dam; the 

cols or outlets, the three stages of the lake: 1, Wellfleet; 2, Highlands; 3, 

Truro; summary. 

The paper has been published as volume i, Geological Series, Columbia 

University Press. 

Remarks were made by A. C. Lane. 

The second paper was 

ICH BORNE SEDIMENTS IN MINAS BASIN 

BY J. A. BANCROFT* 

In absence of the author the following paper was presented in abstract 

by W. M. Davis: 

GEOLOGY OF THE LOWER COLORADO RIVER 

BY WILLIS T. LEE 

Comments were made by Professor Davis. The paper is printed as 
pages 275-284 of this volume. 

The next paper was 

CRETACEOUS SECTION IN THE MOOSE MOUNTAINS DISTRICTS, SOUTHERN 
ALBERTA 

BY D. B. DOWLING} 

The paper is printed as pages 295-302 of this volume. 

The following paper was presented: 

GEOLOGY AND PALEONTOLOGY OF NORTHERN CANADA 

BY H. M. AMI 

The paper contains notes bearing on the collection recently obtained by Com- 

mander A. P. Low, of the Geological Survey of Canada, in northern Canada, 

* Introduced by F. D. Adams. 

7 Introduced by H. M. Ami. 
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during 1903 and 1904; the faunas determined and the geological horizons to 

which they are referable, together with correlations of results in previous ex- 

plorations. The paper is illustrated with specimens from Beechy island, Lan- 

easter sound, and other localities. 

The following paper was read, in absence of the author, by J. F. Kemp: 

TYPES OF SEDIMENTARY OVERLAP 

RY A. W. GRABAU 

Remarks were made by H. M. Ami and C. W. Hayes. The paper is 

printed as pages 567-636 of this volume. 

The next paper was 

GILBERT GULF (MARINE WATERS IN ONTARIO BASIN)* 

BY H. L. FAIRCHILD 

That all the shorelines of the extinct glacial lakes in the Laurentian basin 

have now an upward slant in northward directions is a well known fact of 

observation. Another long recognized fact is the occurrence of marine deposits 

of Pleistocene age in the Champlain and Ottawa valleys, a whale skeleton being 

found as far inland as Welchs siding (near Smiths Falls), some 30 miles north- 

west of Ogdensburg. If the tilt is due to northward uplift and not to south- 

ward downthrow, it follows that the altitude of the land surface at any point 

was, during the life of those lakes, as much below the present height as the 

amount of differential uplift. From the above facts and principle it has long 

been recognized that the carrying down of the deformed planes of the ancient 

lakes to horizontality would carry the head of the Saint Lawrence valley far 

below sealevel. The conclusion follows ‘that when the Labradorian ice-sheet 

melted away from the upper Saint Lawrence valley the sealevel waters spread 

westward through the straits at the Thousand islands and occupied the Ontario 

basin; and the studies of Gilbert, Coleman, Spencer, Taylor, and others seem to 

have made the theoretical conclusion a certainty. 

The sequence of events would seem to have been as follows: While the ice- 

body was blocking the upper Saint Lawrence valley the waters in the Ontario 

basin were held up to the level of Rome and forced to outflow to the Mohawk- 

Hudson; but when the ice waned on the north slope of the Adirondacks and 

opened passes lower in altitude than the Rome outlet, the Ontario waters (lake 

Iroquois) were diverted to the northern escape and flowed out to the Champlain 

valley. The rivers draining the sub-Iroquois waters must have washed the 

ice-front, and must have shifted their position to lower and lower levels as the 

ice-front backed away on the north-facing slope. The existence of such ice- 

border or proglacial river channels on the north and northeast flanks of the 

Adirondack massif was determined by Doctor Gilbert some years ago, and the 

* By permission of the New York State Geologist. 
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features have been described by Professor Woodworth for the Mooers quad- 

rangle.* 

Doctor Gilbert had also noted shore phenomena, cliffs and bars, in the dis- 

trict east of lake Ontario which he regarded as the work of the sealevel waters. 

These were subsequently seen by the writer, and in the summer of 1905 these 

supposed marine features were traced with some care from a point on the 

Ontario shore a mile northeast of the hamlet Texas, and about 14 miles north- 

east of Oswego, northward to near Henderson village, through a stretch of 

about 21 miles. 

Throughout this district the cliffs, spits, and bars are well developed, as 

shown in figures 1 and 2. The approximate altitudes of the features are in- 

dicated by the map contours. The spit near Texas is about 16 feet over the 

lake, or 262 feet above tide. The highest bars in the region of Henderson are 

from 310 feet to 320 feet altitude. The lower may not represent the full 

height of the water surface, as they were built out some distance from the 

shoreline and are not very coarse material. The spit at Texas is very coarse 

material and probably is a storm beach; but, taking the features as they lie, 

the rise of 53 + feet in 21 miles of right line distance shows a deformation of 

at least 2.5 feet per mile. 

The bars occur at various levels, beneath the highest one, down to the present 

lake. This is to be expected of the work of marine waters here, because the 

change of level in relation to the land surface was due to continental uplift, 

which was a process sufficiently slow to allow effective wave work at all infe- 

rior altitudes. It might not unreasonably be expected that shore phenomena 

would be found at levels intermediate between the Iroquois beach and these 

supposed marine beaches, which should represent the long pauses in the lower- 

ing of the sub-Iroquois waters while the overflow was cutting the rock chan- 

nels near the north border of the State; but such features do not occur, though 

wave-swept areas of limestone are found.+ In the beaches under discussion we 

apparently have the effects of wave-work at planes of water level much more 

enduring than was possessed by the sub-Iroquois waters with shifting outlets. 

The positive proof that these beaches were made at sealevel would be the 

finding within them of marine fossils. Casual search has not yet discovered 

any fossils of either fresh or salt water. However, the absence of fossils would 

not be conclusive; and even the presence of fresh-water shells might not be 

positive proof against sealevel attitude, as it might be held that the long and 

narrow Saint Lawrence strait and the outflow of copious glacial waters might 

prohibit the inflow of salt water. It seems likely, however, that the strait was 

sufficiently deep (more than 150 over the present river surface) and sufficiently 

wide (many miles after the ice-front backed away) to allow the waters to be- 

come at least brackish. 

Whether the waters which produced these beaches were open to the sea or 

not, they deserve a distinctive name. They are neither Iroquois nor Ontario. 

* J. B. Woodworth: Pleistocene geology of the Mooers quadrangle. Bulletin 83 

(geology 7), New York State Museum, 1905. 

+ In the falling of the glacial waters in central New York from the Warren to the 

Teoauels level, or from 880 to 440 feet, only one pause has been found of sufficient 

endurance to produce conspicuous shoreline features, that of lake Dana at 700 feet. 

although capacious rock canyons were cut in the district of Syracuse. 
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The sealevel attitude is so nearly a certainty that the term “gulf” seems appro- 
priate, and the water is named after Doctor Grove Karl Gilbert, who was the 
first geologist to note the beaches and appreciate their Significance, and who has 
had special interest in and knowledge of the Pleistocene features in the Ontario 

basin. 

After mapping the shore features shown in figures 1 and 2 the plane of the 

water surface was projected northward, and it was calculated that it would 

lie on the highest ground near Clayton, and specially on a hill 4 miles south- 

west of the village. A visit was made to the locality and the shore features 

found precisely as expected. These are shown in figure 3. The “hogback” 

hill carries remarkably strong spits and cliffs, and good bars at corresponding 

levels occur on the east. If the contour of 440 feet on the hill summit is cor- 

rect, then the shore features have an altitude of about 400 feet. Good bars 

are found 3 miles south of Clayton on the 400-foot contour. Two miles south- 

west of the village, on the road to the “hogback” hill, is a hill by the Tiernan 

corners with good spits and cliffs at about 350 to 360 feet, by the map, and 

west of the corners is a gravel plain more than a mile long with map altitude 

of 380 feet. 

On the supposition that the highest shore features represent the work of 

marine waters, we conclude that the total uplift of the land at Clayton has 

been 400 feet since the initiation of the Gilbert gulf. Taking the altitude of 

the water plane southwest of Clayton as 400 feet and the distance to the Texas 

spit as 46 miles, we find the gradient to be 3 feet per mile in direction 6 degrees 

east of north. This suggests that the tilting is steeper toward the north, which 

is confirmed by an examination of the planes. The stretch from Texas to 

near Henderson gives 2.5 feet per mile. The stretch from the latter point to 

the “hogback” hill gives 400 — 315 ~ 25.5 = 3.3 feet per mile. 

It is important to compare these gradients with those of corresponding sec- 

tions of the Iroquois shoreline, which lies nearly parallel and only 5 to 9 miles 

distant on the east. The section from Richland to Adams compares well in 

direction and position with the Gilbert Gulf beach from Texas to near Hender- 

son, and the gradient is 640 — 566 + 17=—4.4 feet. It appears that this is 

nearly twice the tilt of the marine plane. From Adams to Farrs (38 miles 

east of Watertown), but in a direction more northeasterly, the gradient is 

740 — 640 + 14.5—6.9 feet per mile. This also is about twice that of the 

marine plane north of Henderson. The entire distance between Richland 

Junction and Farrs gives, 740 — 566 — 30 miles=5.8 feet per mile, which is 

almost double the grade of the marine plane from Texas to Clayton. Making 

allowance for uncertainty. in the relation of the several datum points to the 

water planes and for the short distances involved, the harmony in the quantita- 

tive relations of the two shorelines is striking. It appears that the deforma- 

tion of the Iroquois shore is just about twice that of the marine shore. In 

other words, one-half of the post-Iroquois deformation occurred in the time 

between the formation of the two beaches, and the other half since the upper 

marine beaches were deserted. This seems disproportionate, as the fall from 

Iroquois to Gilbert gulf was only a downdraining of the lake waters through 

perhaps 230 feet of vertical distance, while the uplift of the land at Clayton 

has been an exceedingly slow movement through 400 feet. We conclude either 

that the draining down of the sub-Iroquois waters covered a very long time, 
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yet forming no beaches, or that the land tilting was much more rapid during 

that time than during the later time. 

Professor Woodworth concludes that the highest marine level is shown at 

Covey Hill, on the northern boundary of the state, at 450 feet altitude. This 

is quite definite, as the higher slopes show only the earlier work of streams 

carrying the sub-Iroquois waters. In 1882 a whale skeleton was found in a 

gravel pit at Welchs siding, north of Smiths Falls, in Ontario, and about 30 

miles northwest of Ogdensburg. ‘The altitude of the gravels has been given as 

440 feet,* and Taylor has told the writer that he estimated the possible upper 

limit of marine work as about 460 feet. The latter point is only a few miles 

south of the parallel of Covey Hill, and the altitudes indicate, what has already 

been inferred from Iroquois and other lake levels in New York, that the iso- 

basal lines in this region trend north of east and south of west. 

Welchs siding is 48 miles from the “hogback” hill and in direct continuation 

of the line from the Texas spit. The uplift between the ‘‘hogback” and Welchs, 

according to the above data, is 1.25 feet per mile. Making all possible allowance 

for the uncertainty in the figures for the water levels, it seems certain that 

the rate of uplift diminishes north of Clayton. The deformation of the eastern 

Ontario region seems to be an irregular warping, with the steepest slopes east 

of the present lake. 

The paper was discussed by H. M. Ami, W. M. Davis, O. C. Lane, J. F. 

Kemp, and the author. 

DISCOVERY OF THE SCHOHARIE FAUNA IN MICHIGAN 

BY A. W. GRABAU 

[Abstract] 

During the past season’s field work a typical Schoharie fauna was discovered 

in northern lower Michigan. The locality is at Mill creek, 4 miles east of 

Mackinae city. The outcrops on the stream are more or less continuous 

from a short distance south of the mouth of the stream to the top of the 

terrace along the base of which runs the highway. The lower beds are mag- 

nesian calcilutytes, followed by calearenytes in which the fauna occurs. Two 

analyses of the rock from different points show: 

fe CAC Oy.ic hi clapeclernaeyels « HOA12 Me COs em eters scl epeelers 41.65 

Pa ORO OE cero esis tea eveteleialte Ye GOTGs Me COs aeriereus ciel te ncreeanere 27.94 

Some of the lowest beds exposed run, however, as high as 94.69 per cent 

CaCO, and 2.93 per cent MgCQ,. 

The outcrops containing the Schoharie fauna are all near the Michigan 

Central railroad crossing. 'The fossils, while not well preserved, on the whole 

are nevertheless characteristic. 

The following ten species were obtained : 

Trochoceras clio; range, Schoharie. ‘ 

Atrypa impressa; range, Schoharie. 

* A. P. Coleman: Marine and fresh-water beaches in Ontario. Bull. Geol. Soc. Am., 

vol. 12, p. 183. 
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Meristella nasuta; range, Schoharie to Onondaga or Hamilton. 

Stropheodonta demissa; range, Schoharie to Hamilton. 

Pentamerella arata; range, Schoharie to Onondaga. 

Rhipidomella alsa; range, Schoharie. 

Stenochisma cf. carolina; range, Onondaga of northern Ohio and falls of 

Ohio. 

Phacops cristata, Schoharie to Onondaga. 

Pretus latimarginatus, Schoharie. 

Dalmanites cf. anchiops, Schoharie to Onondaga. 

No typical Onondaga species occurs in the fauna, but all are typical Scho- 

harie, though a number range up into the Hamilton. There can, then, be no 

doubt that this is a typical Schoharie fauna, and that the beds containing it 

are of Schoharie age, rather than Onondaga, as generally held. These beds 

are overlain by purer calcarenytes of Onondaga age, ranging 96 per cent or 

over in CaCO,. The higher beds are brecciated, forming a typical calcirudyte 

like that of Mackinac island. It is believed that the beds with the Schoharie 

fauna are the lowest of the series, and that the Monroe (Upper Siluric) beds 

underlie them. Since the beds of Mackinac island contain an Onondaga fauna, 

it is evident they can not be lower than those of Mill creek, but the equivalent 

of the higher (brecciated) beds of that locality. Hence there is a decided 

fiattening of the dip, so that beds at 150 feet above the water level at Macki- 

nace island appear on the main coast at the level of the lake. Instead, then, of 

a dip of about 30 feet to the mile, or of 40 feet as it is farther east, the dip 

here is only 15 feet to the mile or even less. 

The matter of the paper will be published in the geological reports of 

the state of Michigan. 

The remaining papers of the program were presented by title, as 

follows: 

LITHOLOGICAL CHARACTER OF THE VIRGINIA GRANITES 

BY THOMAS LEONARD WATSON 

The paper is printed as pages 523-540 of this volume. 

RELATION OF CELESTITE-BEARING ROCKS TO OCCURRENCES OF SULPHUR 
AND SULPHURETTED WATERS 

BY EDWARD H. KRAUS 

NEW SPECIES OF SODA-ALUMINA PYROXENE . 

BY S. WEIDMAN 

ORIGIN OF LEACHED PHOSPHATES 

BY C. H. HITCHCOCK 

GRADED SURFACES 

BY F. P. GULLIVER 

L&IV—Btiu. Grou. Soc. AM., Vou. 17, 1905 
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CALABRIAN EARTHQUAKE OF SEPTEMBER 8, 1905 

BY WILLIAM HERBERT HOBBS 

[Abstract] 

The Calabrian earthquake of September 8, 1905, was the most severe in that 

seismically classical region for more than a century, and its relations to the, 

lineaments of the Calabrian peninsula are most interesting. The losses to life 

and property as reported to the writer by the Ministry of the Interior of the 

Italian Government* were as given in the following table: 

Number ae d Number Property losses 
Province. of eee wounded. in Italian lire. 

DWOSEMIZA IG Coes seas en 47 222 20,500,000 
CatanZaro......c.c.0- BaEBebEO paliabonaanaceda 480 1,598 20,500,000 
IRC CANIN OVE) oocaps docade coves yacbaes 2 57 7,000,000 

529 1,877 48,000,000 

Early in the following October all sections of the afflicted region were visited 

by the writer, and attention was devoted especially to the distribution of dam- 

age to determine the relation of the destructive force of the shocks to the 

topographic features and the geologic structure. 

In Monteleone, a city of 13,000 inhabitants, located near the center of the 

affected region, the buildings along a single street were leveled by the shocks, 

whereas elsewhere in the city all houses remained standing.* The direction 

of this street extended intersected ruined villages in the paese. With the clue 

afforded by this interesting observation, application for further information 

was made at the military headquarters of the forces engaged in succoring the 

afflicted people. General Ferrario exhibited to the writer a large scale topo- 

graphie map of the region, upon which had been plotted the data of detailed 

reports from subordinate commands, and which revealed by spots of two 

different colors, first, the communes which had sustained damage, and, second, 

those which had been largely wrecked and in which there was the direst dis- 

tress. The dense population of Calabria made this map one of very great 

interest, for a network of destructive zones was apparent and had been recog- 

nized by the staff officers. The straight elements of this network were marked 

topographic features and in many instances well-known fault-lines. 

The field work completed, a study of the unusually complete earthquake 

records of Calabria—records extending over three centuries—was undertaken 

at Rome and yielded the following general conclusions: 

First. The same communes have been either repeatedly damaged by earth- 

quakes or have remained unscathed. To each a figure may be assigned to 

indicate in a roughly made scale its relative seismicity. 

Second. The seismically prominent communes are arranged in lines—seis- 

motectonic lines—corresponding in position to those revealed by the damage 

* Through the kind offices of the American Embassador at Rome. 

+ It was afterward ascertained that the houses upon this street had been the first to 

be leveled by the terrible earthquake of 1783. 
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map of the earthquake of 1905, and these lines are prominent lineaments and 

in many cases known faults. 

Third. The communes of highest seismicity lie at the intersections of seis- 

motectonic lines. 

Fourth. Within an area common to the destructive territory of three catas- 

trophic earthquakes (1659, 17838, and 1905) whose “centrums” were widely 

separated, the distribution of damage was essentially the same—the included 

communes maintained the same relative position as regards the damage sus- 

tained. 

From these facts it appears that earthquakes have no centrum as this term 

is ordinarily understood, but in so far as so-called epicenters are positions of 

greatest intensity of shocks, they are numerous and habitual and correspond 

to the intersection of fissure planes projected upon the surface. It also ap- 

pears that shocks of earthquakes below X in the Rossi-Forel Seale are im- 

potent to wreck well constructed buildings at distances of a mile or more 

from the fissure planes. 

When the investigation was about completed there appeared the epoch- 

making work of the Count de Montessus de Ballore* upon the distribution of 

seismicity and its relation to topography and geology—‘‘seismiec geography.” 

Upon a large scale adapted to the methods used, Major de Montessus has located 

the habitual epicenters for all earthquake provinces of the globe. Applying 

the methods discovered in Calabria to the maps of de Montessus, it is found 

that almost throughout the habitual epicenters are the intersections of im- 

portant lineaments. 

A special study has been made of the eastern United States and Canada on 

the basis of data supplied by de Montessus, and it is found that the habitual 

epicenters of this large region are the intersections of the grand lineaments as 

they have already been plotted* with others brought to light by a considera- 

tion of the steep walls of the continental shelf. The full reports are to appear 

as heft 2 of volume viii of the Beitra’ge zur Geophysik, the journal of the 

International Seismological Association. 

GUADIX FORMATION OF GRANADA, SPAIN 

BY WILLIAM H. HOBBS 

This paper is printed as pages 285-294 of this volume. 

VOLCANIC CRATERS IN THE SOUTHWEST 

BY CHARLES R. KEYES 

Several years ago Mr G. K. Gilbert aroused considerable interest among 

scientists by the announcement that he had visited in Arizona a large crater, 

depressed below the level of the plains, about which large numbers of meteoric 

masses had been found. The main hypothesis considered regarding the origin 

of the depression was that of a large meteorite striking the earth at this 

point. The phenomenon is thus described :* 

* Les tremblements de terre, Paris, 1906. 

* Lineaments of the Atlantic border region. Bull. Geol. Soc. Am., vol. 15, 1904, pp. 

483-506, pls. 45-47. 

* Presidential address before Geological Society of Washington, 1896. 
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“In northeastern Arizona there is an arid plain beneath whose scanty soil 

are level beds of limestone. At one point the plain is interrupted by a bowl- 

shaped or saucer-shaped hollow, a few thousand: feet broad and a few hundred 

feet deep; and about this hollow is an approximately circular rim, rising 100 

or 200 feet above the surface of the plain. In other words, there is a crater; 

but the crater differs from the ordinary volcanic structure of that name in 

that it contains no voleanie rock. The circling sides of the bowl show lime- 

stone and sandstone, and the rim is wholly composed of these materials. On 

the slopes of this crater and on the plain round about many pieces of iron 

have been found, not iron ore, but the metal itself, and this substance is 

foreign to the limestone of the plain and to all other formations of the region. 

The features of the locality thus include three things of unusual character 

and requiring explanation: First, the crater composed of non-voleanie rock; 

second, the scattered iron masses; third, the association of crater and iron. 

To account for these phenomena a number of theories have been suggested. 

“More precisely, the locality is a few miles south of the station of Canyon 

Diablo and directly west of Winslow, on the Atlantic and Pacific division of 

the Santa Fe railroad. The locality is known as Coon butte.” 

It is unnecessary at this time to go into further detail of Mr Gilbert’s inter- 

esting discussion. Suffice it to say, while evidences of extensive voleanic action 

are abundant in the region, there are no lava flows or voleaniec materials in 

the immediate vicinity of Coon butte. The fact of the entire absence of vol- 

ecanic materials was the chief reason that the falling star hypothesis appeared 

so attractive. 

There are in northeastern Arizona and New Mexico myriads of volcanic 

cones. Many of these are symmetrical cinder cones; some are low lava cones; 

some are cinder cones with breached craters from which basalt flows extend 

for several miles; some are the centers from which the country has been 

flooded with lava for many miles all around. A number of these volcanic 

vents display evidences of dry explosive action. ‘To one of these special atten- 

tion is called, for the reason that it is similar to Coon butte in every respect, 

as described by Mr Gilbert, except that from the bottom of the crater rise two 

small cinder cones. ‘This locality is known as Crater salt-lake and is in the 

western part of Socorro county, in New Mexico (plate 80, figure 1). The bot- 

tom of the crater is a salt-lake, whence the name. In this respect it also differs 

from the Coon Butte crater. A geological cross-section of the Crater salt-lake 

is represented in the diagram below (figure 1). 

FIGURE 1.—Geological Cross-section of Crater Salt-lake. 

Within the crater of the small cinder cone which rises out of the bottom of 

the lake there was formerly a diminutive lake, which is shown in the accom- 

panying view (plate 80, figure 2). 

The important feature, however, of Crater salt-lake is that it displays a 

stage in its formation that is wholly wanting in the case of Coon butte. Con- 

clusive evidence is here furnished that the craters in plains are the result of 
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VOLCANIC CRATERS IN THE SOUTHWEST Te 

the explosive action of local vulcanism. If they were located anywhere but 

in an arid region, they would always be filled with water. Now they are 

either dry or are salt lakes in the last stage of desiccation. | 

Crater salt-lake lies between 200 and 300 feet below the rim. It is excavated 

from sandstones of Cretaceous age, while Coon butte crater is hollowed out of 

Carboniferous limestones. Crater salt-lake is bordered all around by a broad 

zone of unconsolidated pyroclastic material. From one side also extends a 

narrow basalt flow. 

In the region are other stages of volcano building. There are low volcanic 

cones in which the amount of fine dry material blown out has nearly covered 

up all evidences of disturbances in the indurated strata beneath. Some craters 

of similar cones have also lava flows miles in length. The single basaltic 

stream from Maxwell cone, north of Las Vegas, extends a distance of 30 

miles. From a small crater in the bolson plain lying between the Jicarilla 

and Oscura mountains, in central New Mexico, a lava stream 2 to 4 miles 

wide follows the central depression of the plain a distance of over 50 miles. 

The most majestic of these dry eruptions is mount Capulin, in northeastern 

New Mexico (see-plate 81). This is a lofty cinder cone 2,500 feet high, with a 

crater half a mile across and 500 feet deep. Plate 82 is a view taken from one 

side of the rim, and plate 83 a near view of the central plug of lava at the 

bottom of the crater. A view of other cones in the vicinity as seen from the 

top of the mountain and of the lava fields is shown in plate 84. 

Mount Capulin is far more imposing than Vesuvius. In the fine, light, 

scoriaceous material of which it is mainly composed one sinks knee-deep in 

climbing its steep sides. On the southwest side the crater wall is breached 

and the heavy lava flow extends for many miles around. In the bottom of 

the crater the old plug of solid lava is well displayed. 

Mount Capulin is as fresh in appearance today as is Vesuvius. There is a 

local tradition that the mountain was in action as late as 1812. If this is so, 

it is the latest volcanic eruption in the United States. The twin-cratered 

Sierra Grande, 15 miles to the east of mount Capulin and rising much higher 

(11,000 feet above tide), is reported to still show signs of dying activity, and 

the heat in the craters is sufficient to melt the falling snow. 

From Coon butte, through Crater salt-lake and a host of nameless craters, 

‘to mount Capulin are represented all the stages of dry explosive action of 

voleanic forces. Coon butte stands at one extreme, mount Capulin at the other. 

In Coon butte we find the first stage of voleano construction—a stage rarely 

met with. Crater salt-lake represents a more advanced stage and is equally 

unique. 

The two following papers, which were presented under the title 

Hawaiian Notes, are printed as pages 469-496 of this volume. 

GEOLOGY OF DIAMOND HEAD, OAHU 

BY C. H. HITCHCOCK 

MOHOKBA CALDERA 

BY, Co Ee) ELC COCK 
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ALGONKIAN FORMATIONS OF NORTHWESTERN MONTANA 

BY CHARLES D. WALCOTT 

The paper is printed as pages 1-28 of this volume. 

PALEOGEOGRAPHY OF SAINT PETER TIME 

BY CHARLES P. BERKEY 

The paper is printed as pages 229-250 of this volume. 

CARBONIFEROUS OF THE APPALACHIAN BASIN 

BY JOHN J. STEVENSON 

The paper is printed as pages 65-228 of this volume. 

OVERLAP RELATIONS ALONG THE ROCKY MOUNTAIN FRONT RANGE IN 

WYOMING AND COLORADO 

BY N. H. DARTON 

RED BEDS IN THE LARAMIE MOUNTAIN REGION 

BY N. H. DARTON 

[Abstract] 

During the past season many additional observations were made on the Red 

beds at various localities in central Wyoming, especially in the vicinity of the 

Laramie and Bighorn mountains. One of the most significant features was 

the discovery of a fossiliferous limestone 150 feet below the top of the Red 

beds, containing a Permo-Carboniferous fauna. The locality was on the Big- 

horn river 8 miles north of Thermopolis, Wyoming, on the west slope of the 

Bighorn uplift. The Red beds in this region are nearly 1,000 feet thick and 

lie upon a well defined series of Upper Carboniferous limestones and sand- 

stones. In the basal portion of the Red beds in this vicinity and elsewhere 

Permo-Carboniferous fossils have been obtained in previous seasons. The 

occurrence of this same fauna at the higher horizon leaves only 150 feet of red 

shales which may represent the Triassic. The next succeeding formation is 

the marine Jurassic, which appears to lie unconformably on the Red beds. 

An examination was made of the locality from which Professor Wilbur 

Knight obtained Carboniferous fossils in the Red beds near Laramie several! 

years ago. His collections were made in vicinity of Red mountain, near the 

southern margin of the Laramie basin. It was found that on both sides of 

Laramie mountain the Upper Carboniferous sandstones and limestones in their 

southern extension grade into and thereby give place to a thick deposit of Red 

beds. These, along the Rocky Mountain front, become the Lower Wyoming 

division of Eldridge and the Fountain formation of Gilbert and Cross. The 

Red beds which overlie the Upper Carboniferous limestones northward continue 

unchanged into the region of Lower Wyoming-Fountain red-beds as a distinct 

division, which was recognized by Eldridge as the Upper Wyoming division. 

The upper division has been designated the Chugwater formation. 
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This determination, which I made several years ago and announced to the 
Society, was verified in the region south of Laramie, where we found the lower 
division represented by a thick mass of red grits with occasional beds of 
limestone. It was in the upper portion of this series that Professor Knight 
obtained an extensive collection of Upper Carboniferous fossils, which verified 
the idea that the lower Red beds represent the southern extension of Upper 

Carboniferous limestones and sandstones of the region north. The overlying 

Red beds, which I recognized as the Chugwater formation, are several hundred 

feet thick, and I learned that in these Professor Williston has obtained, from 

near Red Mountain, the remains of vertebrates which are regarded as Triassic 

in age. As from the molluscan remains it would appear that the greater part 

of the Chugwater formation in the region north is of Permo-Carboniferous age, 

there is here an apparent contradiction of the evidence. So the matter stands 

at present, but during the coming season a special investigation will be made 

to obtain additional paleontologic facts. 

TERTIARY THERRANES IN NEW MEXICO 

BY CHARLES R. KEYES 

[Abstract] 

In the general survey which has been taken recently of the Tertiary forma- 

tions of the region much new information has been obtained. The work of a 

generation ago has been adjusted to the new scheme. Some of the Tertiary 

formations are typical fluviatile deposits; others were deposited in water. 

Eocene, Miocene, and Pliocene epochs are represented by depositions. The 

general section is as follows: 
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: Sanita Ie Sand’ Sts scecseh.soncss so eeeweneacceccatenetooeeess soo ‘ 
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Chama clays....... Plscsetachasaasteeesen state cee beeccoees 300s sc 

Chaco Mans isasessceeSeecchens ees sanate somes 12000)* 

Canyon Largo sandstones.........0..-ssccereseeeeees 700 ‘ 
IDOCENM EC vaescsect sce scae esos: oe ‘ ei 

lore on foOrMmlatlOneees-sseeceeresNew sesso tesa ete aetees 300 
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The Tertiary deposits of New Mexico are much wider spread than has been 

supposed. As the period was marked by extensive voleanic action, the lava 

flows and intrusions have important relationships to many of the formations. 

The recent ascribing of a fluviatile origin to most of the Tertiary formations 

of the region is believed to be erroneous, and is due largely to a confusion of 

Quatenary deposits with the more recent Tertiary beds. The discriminating 

criteria of fluviatile formations are discussed in this paper. 

QUATERNARY HISTORY OF THE UPPER MISSISSIPPI VALLEY 

BY WARREN UPHAM 

[Abstract | 

Evidences of preglacial high uplift of this region, as also of all the glaciated 

area of the continent, are noted; and this altitude, continuing nearly to the end 
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of the Glacial period, is regarded as the chief cause of its vast accumulation 

of snow and ice. The several stages of advance or growth of the ice-sheet, 

interrupted by repeated recessions and readvances, are reviewed, as made 

known by their series of till deposits, moraines, and stratified or modified drift. 

Among the peculiar features of the upper Mississippi region are the large 

driftless area lying mostly in Wisconsin, inclosed on all sides by the glacial 

drift; the loess, extensively developed west and south of that area; and the 

falls of Saint Anthony, which, with the gorge extending 8 miles downstream 

to Fort Snelling, give an estimate of the duration of the post-Glacial period as 

about 7,000 years. All the Mississippi valley above the mouth of the Ohio 

is included in this study, but especial attention is directed to its higher part, 

in Minnesota, from lake Itasca to lage Pepin. 

FISH REMAINS IN ORDOVICIAN IN BIGHORN MOUNTAINS, WYOMING, WITH A 

RESUME OF ORDOVICIAN GHOLOGY OF THE NORTHWEST 

BY N. H. DARTON 

The paper is published as pages 541-566 of this volume. 

DISTRIBUTION OF DRUMLINS AND ITS BEARING ON THEIR ORIGIN 

BY FRANK B. TAYLOR 

[Abstract] 

This paper presents a discussion of cértain aspects of drumlins and drumlin 

areas. They are considered with reference to their distribution in the regions 

of Pleistocene glaciation ; in their relation to the larger elements of topography ; 

to the marginal portions of the ice-sheet, and to the successive recessional 

halts of the retreating ice-front. _ 

Drumlin areas occur typically in association with broad basins or lowlands, 

such as our Great Lake basins and the lowlands of Scotland, Ireland, and 

Scandinavia. Certain occurrences of drumlins which are apparent exceptions 

to this rule are briefly considered. Drumlins are usually classed as forms 

made under deep ice. The writer’s studies indicate that while this is true, 

there are certain facts which qualify such a statement. The relation of drum- 

lins to the ice-margin, aS shown by studies in Ontario and western Massa- 

ehusetts, seems to support the view that drumlins are’ submarginal forms, 

made neither at the edge of the ice nor many scores of miles back under it, 

but in a submarginal belt varying roughly from five to 20 miles in width and 

beginning 1 to 5 miles back from the edge of the ice. The elongation of drum- 

lins, or rather the ratio of the horizontal axes, is principally dependent upon 

the velocity of ice movement during their formation. Drumlins are con- 

spicuous by their absence in certain regions which seem in many ways favor- 

able for their formation, namely, in Ohio, Indiana, Illinois, southern Michigan, 

and parts of Ontario. No reason has been given for this peculiarity. Some 

tentative suggestions are made bearing on this point. 
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GHOLOGICAL MAP OF CONNECTICUT, 1905 

BY H. E. GREGORY 

[Abstract | 

A complete and remarkably accurate geological map of Connecticut by James 

G. Percival was issued by the state in 1842. Since that date maps have ap- 

peared in reports and text books—for example, Dana revised 1897, Le Conte 

revised 1903, Brigham 1903, and McGee 1893—which represent the crystalline 

rocks of Connecticut as largely granite and Archean in age. A preliminary 

geological map of Connecticut by Herbert E. Gregory and H. H. Robinson is now 

ready for publication. The map shows practically no granite or other 

unmetamorphosed igneous rock except basalt and diabase. No rock of un- 

doubted Archean age has been shown to occur within the borders of the state. 

LOESS-CYCLE IN TURKESTAN 

BY R. PUMPELLY 

The scientific program was declared closed. 

RESOLUTION OF THANKS 

The following resolution was offered by Professor 8. Calvin and unani- 

mously adopted : 

Resolved, That the Ottawa meeting of the Geological Society of America will 

long be remembered as one of great profit and pleasure to all the Fellows of 

the Society who had the good fortune to be present. For the success of the 

meeting we recognize our indebtedness to local organizations and individuals 

more in number than can here be named. We would especially mention the 

Logan Club and the members generally of the staff of the Geological Survey 

of the Dominion of Canada, whose thoughtful foresight and painstaking 

arrangements for our accommodation and comfort left nothing to be desired ; 

Principal J. F. White, to whose generosity we are indebted for the use of com- 

modious rooms in the Normal School building; their Excellencies the Governor 

General and the Countess Grey, and many citizens of Ottawa, who placed us 

under lasting obligations for gracious courtesies and kindly expressions of 

sympathy with the work for which our Society stands. To each and all who 

have thus contributed to the success of our meeting we express sincere appre- 

ciation and extend grateful thanks. 

President Pumpelly made brief remarks and declared the meeting 

closed. 

No formal session of the Society was held in the evening, but the 

customary annual dinner was given, at the Russell House, at which His 

Excellency the Governor General was present with other guests. 

Following the dinner a reception was given by the Logan Club in the 

Russell House parlors. 
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REGISTER OF THE OTTAWA MEETING, 1905: 

The following Fellows were in attendance at the meeting: 

F. D. ADAMS. 

Josk G. AGUILERA. 

C.K. aprer 

R. G. McConneE Lt. 

H. M. Amt. WitLtraM McINNEs. 

Ropert BELL. G. P. MERRILL. 

R. W. Brock. W. G. MILLER. 

A. H. Brooks. G. H. PERKINS. 

SAMUEL CALVIN. RAPHAEL PUMPELLY. 

J. M. CLARKE. Hernricu RIzs. 

A. P. CoLEMAN. I. C. Russe... 
W. M. Davis. W. H. SHERZER. 

S. F. Emmons. G. O. SMITH. 

H. L. FarRcHip. Ru 8. PARR: 

C. N. GouLp Jo B. TYRRELL. 

C. W. HayEs Ee Wires 

J. F. Kemp Davip WHITE. 

H. B. KtmMMEL A. W. G. WILSON. 

A. C. LANE F. E. WRIGHT. 

RA. DALY A. P. Low. 

J. D: Ipvine. F. A. WILDER. 

G. A. YOUNG. 

Total attendance, 39. 

SESSION OF THE CORDILLERAN SECTION, FRIDAY, DECEMBER 29, 1905 

The seventh annual meeting of the Cordilleran Section of the Society 
was called to order at 10.30 a m, December 29, 1905, in South Hall, 

Berkeley. 
The Chairman of the Section, President W. G. Tight, presided. 

The minutes of the last meeting were read and approved. 

The following officers were elected for the ensuing year: J. C. Branner, 

Chairman; George D. Louderback, Secretary, and W. C. Mendenhall, 

Councillor. 
On the invitation of President Tight, it was resolved to hold the next 

meeting but one at Albuquerque, New Mexico, if arrangements could be 

made to that end by the Executive Committee. 

The following papers were then read and discussed : 
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AFFINITIES AND STAGE OF EVOLUTION OF THE JOHN DAY CARNIVORA 

BY JOHN C. MERRIAM 

THHACHAPI VALLEY 

BY ANDREW C. LAWSON 

[Abstract] 

Tehachapi valley lies on the summit of the southern Sierra Nevada and 

drains to Mohave desert on the one side and to the San Joaquin valley on the 

other, in both cases through steep rocky gorges. The valley is about 12 miles 

long and at its widest part 5 miles or more wide. Its floor is a nearly flat sur- 

face of alluviation and the divide for the drainage is in the middle of this flat 

floor. The paper is a description of this valley and a discussion of its origin 

as a geomorphic feature. Other similar features in the same region are also 

discussed in the paper. 

The paper was illustrated by lantern slides. It was published as 

Bulletin of the Department of Geology, University of California, volume 

4,no. 19. 
MIDDLE KERN RIVER 

BY ANDREW C. LAWSON 

Published as Bulletin of the Department of Geology, University of 

California, volume 4, no. 16. 

The Section then adjourned for luncheon. 

At 2 p m the session was resumed and the following papers were read: 

IGNEOUS ROCKS OF THE NORTHWESTERN BLACK HILLS 

BY W. S. TANGIER SMITH 

[Abstract] 

The igneous rocks of this region belong to two widely separated periods of 

time, the first pre-Cambrian, the second probably post-Cretaceous or Eocene. 

The Eocene (?) igneous rocks form an interesting group of closely related 

types, all of which have probably been derived by differentiation from a com- 

mon, somewhat soda-rich magma. They constitute the laccolithic intrusions 

characteristic of this part of the Black hills, and appear also as associated 

minor masses. 

Brief petrographic descriptions of the more important of these rocks, as 

well as their general relationships, are given in the paper. 

CALCITE FROM TERLINGUA, TEXAS 

BY A. S. EAKLE 

Published in Bulletin of the Department of Geology, University of 

California, volume 5, no. 6. 
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ALTERATION OF SERPENTINE 

BY A. KNOPF* 

Published as Bulletin of the Department of Geology, University of 
California, volume 4, no. 18. 

PLEISTOCENE PHENOMENA IN THE MISSISSIPPI BASIN; A WORKING 

HYPOTHESIS 

BY W. G. TIGHT 

[Abstract] 

The present hypothesis proposes that prior to the earliest ice invasion of the 

Pleistocene the drainage of the upper Mississippi basin was to the northward. 

The early ice movements in occupying this basin were forced to advance against 

the general slope of the basin, and hence the ice-front advanced upon a rising 

plane. This produced frontal impounding of the drainage waters, with the 

development of extensive frontal lakes and accompanying sluggish action of 

the ice-front, poorly developed moraines, extra morainie drift, and sluggish 

movement of the gravel trains from the margin of the ice. .A new outlet to — 

the basin was developed along the line of the middle Mississippi section, which 

became well established as the upper Mississippi drainage developed, with the 

early recession of the ice. Later ice invasions into the basin followed the 

established gradients, developed into extensive lobate forms, produced only 

local and minor frontal lake phenomena, almost no extra-morainic drift, show 

strong morainic development and vigorous action of streams discharging from 

the ice-front. 

The Section then adjourned till next morning. 

SESSION OF THE CORDILLERAN SECTION, SATURDAY, DECEMBER 30: 

The Section was called to order at 10 a m, President W. G. Tight in the 
chair. | 

The following papers were read and discussed : 

CRECENTIC GOUGES ON GLACIATED SURFACES 

BY G. K. GILBERT 

Printed as pages 303-316 of this volume. 

MOULIN WORK UNDER GLACIERS 

BY G. K. GILBERT 

Printed as pages 317-320 of this volume. 

* Introduced by Andrew C. Lawson. 
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EXPLORATION OF THE FPAMWEL CAVE 

BY E. L. FURLONG* 

Published in the American Journal of Science, xxii, 235-247 (1906). 

EXCEPTIONAL NATURE AND GENESIS OF THE MISSISSIPPI DELTA 

BY E. W. HILGARD 

[Abstract] 

This paper discusses the wholly exceptional materials and form of the lower 

delta of the Mississippi river, as observed by the writer in 1867 and 1869, and 

described and discussed in the American Journal of Science in 1871. Follow- 

ing out the suggestions of Lyell and the disputed statement of Humphreys and 

Abbott that the alluvial deposits of the great river are only of slight depth, 

the writer investigated the extreme mouths of the passes, the “neck,” and the 

similar minor, birdfoot-like arms projecting beyond. It became apparent that 

the silty river deposit on these narrow dikes or banks is only superficial, and 

that their resistance to erosion during overflows is due to their being mainly 

composed of tough, inerodable ‘“mudlump clay.” That these mudlumps, 

observed and described by Lyell, are upheavals of the river bottom, and are 

formed of such clay as is deposited outside of the bar, where the turbid water 

of the river meets and is clarified by the saline sea water; also, that the mud- 

lump upheavals occur in the main outlets or passes of the river, as a direct 

result of their being the main outlets. No mudlumps then existed in the South 

pass, but now that it has been artificially made the main channel, mudluwmp 

upheaval has taken and is taking place. Mudlump formation is thus the 

normal mode of progression of the delta of the main Mississippi. 

No such phenomena are known to occur in any other river of the world; 

hence no other river has such birdfoot mouths. The Mississippi delta should 

not, therefore, be longer presented as the type of a normal delta, as is done 

by Russell in his “Rivers of North America.” 

The Section then adjourned for luncheon. 

At 2 p m the session was resumed and the following papers were read: 

INTERREGIONAL ZONES IN THE TRIASSIC OF WESTERN NORTH AMERICA 

BY J. P. SMITH * 

A NEW AMPHIBOLE 

BY W. 0. CALRKT 

NOTES ON PALEOZOIC CHERTS FROM MISSOURI 

BY F. B. LANEY 

* Introduced by John C. Merriam. 

7 Introduced by A. S. Hakle. 

+ Introduced by Andrew C. Lawson. 
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GEOLOGICAL RECONNAISSANCE OF THE COAST OF THE OLYMPIC PENINSULA, 

WASHINGTON 

BY RALPH ARNOLD 

Printed as pages 451-468 of this volume. 

GRAVITATIONAL ASSEMBLAGE IN GRANITE 

BY G. K. GILBERT 

Printed as pages 321-328 of this volume. 

The Section passed a resolution of thanks to the University of 

California for having placed the rooms of South Hall at the disposal of 

the Society for the purposes of the meeting. 

The Section then adjourned. 

ANDREW C. LAWSON, 

Secretary. 

REGISTER OF THE MEETING OF THE CORDILLERAN SECTION 
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WESTFALENS UND DES REG.—BEZIRKS OSNABRUCK, BONN 

. Sitzungsberichte der Niederrhein.—Gesell., 1904, hilfte 2. 

. Sitzungsberichte der Niederrhein.—Gesell., 1905, hilfte 1. 

. Verhandlungen, 1904, hiilfte 2. 

. Verhandlungen, 1905, hilfte.1. 

ACADEMIE ROYALE DES SCIENCES DE BELGIQUE, BRUSSELS 

. Bulletin de la Classe des Sciences, 1905, nos. 1-12. 

. Annuaire, 1906. 

SOCIETE BELGE DE GKOLOGIE, DE PALEONTOLOGIE ET 

D’ HYDROLOGIE, BRUSSELS 

. Bulletin, tome xix, fase. 1-2, 1905. 

BIUROULI GEOLOGICA, BUCHAREST 

MAGYARHONI FOLDTANI TARSULAT, BUDAPEST 

Foldtani Kozlony, xxxv kotet 1-12 fuset, 1905. 

NORGES GEOLOGISKA UNDERSOGELSE, CHRISTIANIA 

Nos. 33-43, 1901-1905. 

DANMARKS GEOLOGISKA UNDERSOGELSE, COPENHAGEN 

ACADEMIE ROYALE DES SCIENCES ET DES LETTRES 

DE DANEMARK, COPENHAGEN 

Oversigt i Aaret, 1905, nr. 2-6. 

Oversigt i Aaret, 1906, nr. 1-3. 

NATURWISSENSCHAFTLICHEN GESELLSCHAFT ISIS, DRESDEN 

Sitzungsberichte und Abhandlungen, Jahrgang 1905. 

ROYAL SOCIETY OF EDINBURGH, EDINBURGH 

Proceedings, vols. xxiv, and xxv parts 1-2. 

Transactions, vols. xl, parts 38-4; xli, parts 1-2; xliii. 

NATURFORSCHENDEN GESELLSCHAFT, FREIBURG I. B. 

Berichte, band xiv, 1904. 

KSL.—LEOP.—CAROL._DEUTSCHEN AKADEMIE DER 

NATURFORSCHER, HALLE 

Nova Acta, bande 82-84. 

Leopoldina, heft 40-41. 

COMMISSION GEOLOGIQUE DE FINLANDE, HELSINGFORS 

Bulletins nos. 15-16. 
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SOCIETE DE GhOGRAPHIE DE FINLANDE, HELSINGFORS 

SCHWEIZISCHE GEOLOGISCHE GESELLSCHAFT, LAUSANNE 

GEOLOGISCH REICHS—MUSEUM, LEIDEN 

. Sammlungen, neue folge, band i, heft 9. 

. Sammlungen, serie i, band viii, heft 2. 

KON.-S xCHISCHE GESELLSCHAFT DER WISSENSCHAFTEN, LEIPSIC 

00. Abhandlungen, math.-phys.-Classe, vol. xxix, nos. 3-6. 

2704. 

2606. 

2664. 

2847. 

2661. 

2797. 

2884. 

. Berichte tiber die Verhandlungen, Jahrgang 1904, heft 4—5. 

. Berichte tiber die Verhandlungen, Jahrgang 1905, heft 1-6. 

SOCIETE GELOLOGIQUE DE BELGIQUE, LIEGE 

. Annales, tome xxxi, livr. 4, 1904. 

. Annales, tome xxxii, livr. 2-4, 1905. 

. Annales, tome xxxiii, livr. 1-2, 1906. 

SOCIETE GEOLOGIQUE DU NORD, LILLE 

>. Annales, tome xxxiii, 1904. 

COMMISSAO DOS SERVICOS GEOLOGICOS DE PORTUGAL, LISBON 

BRITISH MUSEUM (NATURAL HISTORY ), LONDON 

. The Glossopteris Flora. 

. Catalogue of the Tertiary Vertebrata of the Fayum, Egypt. 

GEOLOGICAL SOCIETY, LONDON 

Quarterly Journal, vol. lxi, parts 24, 1905. 

. Quarterly Journal, vol. Ixii, parts 1-8, 1906. 

. Geological Literature, 11-12. 

GEOLOGICAL SURVEY, LONDON 

. Memoir, Summary of Progress for 1904. 

. Memoir, Geological Model of the Isle of Purbeck. 

. Memoir, Soils and Subsoils. 

GEOLOGISTS’ ASSOCIATION, LONDON 

. Proceedings, vol. xix, parts 3-8. 

COMISION DEL MAPA GEOLOGICA DE ESPANA, MADRID 

SOCIETA ITALIANA DI SCIENZE NATURALI, MILAN 

Atti, vol. xliv, fase. 1-4, 1905. 

SOCIETE IMPERIALE DES NATURALISTES DE MOSCOU, MOSCOW 

Bulletin, Année 1904, nos. 2-4. 

K. BAYERISCHE AKADEMIE DER WISSENSCHAFTEN, MUNICH 

Sitzungsberichte, 1904, heft 3. 

Sitzungsberichte, 1905, heft 1-2. 

ANNALES DES MINES, PARIS 

Annales, 6e série, tome vii, livraison 4-6 de 1905. 

Annales, 6e série, tome viii, livraison 7-12 de 1905. 

Annales, 6e série, tome ix, livraison 1-6 de 1906. 
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2641. 

2822. 

2164. 

2352. 

2545. 

2821. 

2053. 

2589, 

2828. 

2804. 

2936. 

2434. 

2805. 

2937-2938. 

2262. 

2263. 

2774. 

2773. 

2768. 

2673. 

2668. 

2879. 

2695. 

2820. 

2866. 

2665. 

2867. 

2806. 

2764. 
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CARTE GEOLOGIQUE DE FRANCE, PARIS 

Bulletin, vol. xv, nos. 100-102. 

Bulletin, vol. xvi, nos. 103—105. 

SOCIETE GEOLOGIQUE DE FRANCE, PARIS 

Bulletin, 4e série, tome ii, fase. 6. 

Bulletin, 4e série, tome iii, fase. 7. 

Bulletin, 4e série, tome iv, fase. 6, 1904. 

Bulletin, 4e série, tome v, fase. 1-5, 1905. 

REALE COMITATO GEOLOGICO D'ITALIA, ROME 

Bolletino, vol. xxxvi, n. 1-4, 1905. 

SOCIETA GEOLOGICA ITALIANA, 4 ROME 

Bolletino, vol. xxiii, fase. 24, 1904. 

Bolletino, vol. xxiv, fase. 1-2, 1905. 

ACADEMIE IMPERIALE DES SCIENCES, ST PETERSBURG 

Memoirs, viiie série, vol. xiv, nos. 1-3, 10. 

Memoirs, viiie série, vol. xvii, no. 5. 

Bulletin, ve série, tome xvii, no. 5. 

Expedition for exhuming a mammoth, vol. i. 

Bulletin, Classe physico-mathematique, tome xvii—xxi. 

COMITE GEOLIGIQUE DE LA RUSSIE, ST PETEBSBURG 

Region aurifére d’lénissei, livr. 5. 

Region aurifére de Amour, livr. 4. 

Memoirs, nouvelle serie, nos. 14—15. 

Bulletin, vol. 23, no. 1. 

RUSSISCH—KAISERLICHEN MINERALOGISCHEN 

GESELLSCHAFT, ST PETERSBURG 

Verhandlungen, zweite serie, band xlii, lief. 1-2. 

Materialen zur Geologie Russlands, band xxii, lief. 2. 

GEOLOGISKA BYRAN, STOCKHOLM 

GEOLOGISKA FORENINGENS, STOCKHOLM 

Forhandlingar, band xxvii, hifte 4-7, 1905. 

Forhandlingar, band xxviii, hafte 1-3, 1906. 

NEUES JAHRBUCH FUR MINERALOGIE, STUTTGART 

Neues Jahrbuch, 1905, band i, heft 3. 

Neues Jahrbuch, 1905, band ii, heft 1-3. 

Neues Jahrbuch, 1905, band i, heft 1-3. 

Centralblatt, 1905, nos. 10—24. 

Centralblatt, 1906, nos. 1-18. 

KAISERLICH—KONIGLICHEN GEOLOGISCHEN 

REICHANSTALT, VIENNA 

Jahrbuch, band lv, 1906. 

General Register der Bande xli-l, des Jahrbuchs. 
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2763. 

2865. 

2319. 

2446. 

2527. 

1456. 

2630. 

2778. 

2532. 

2435. 

2138. 

2697. 

2908. 

2846. 

27153. 

2168. 

2901. 

2765. 

ACCESSIONS TO LIBRARY 

KAISERLICH—KONIGLICHEN NATURHISTORISCHEN 

HOFMUSEUMS, 

Annalen, band xix, nr. 4, 1904. 

. Annalen, band xx, nr. 1, 1905. 

GEOLOGISCHES INSTITUT DER K. K. UNIVERSITAT, 

(c) ASIA 

GEOLOGICAL SURVEY OF INDIA, 

Records, vol. xxxi, part 4. 

Records, vol. xxxii, parts 1-4. 

Records, vol. xxxiii, parts 1-4. 

BUREAU OF GOVERNMENT LABORATORIES, 

IMPERIAL GEOLOGICAL SURVEY, 
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VIENNA 

VIENNA 

CALCUTTA 

MANILA 

TOKYO 

Sadowara, Murotozaki, and Toba geologic sheets, with text. 

Sadowara, Murotozaki, Toba, Shinjo, Suma and Yamaguchi topo- 

graphic sheets. 

(d) AUSTRALASIA 

GEOLOGICAL DEPARTMENT OF SOUTH AUSTRALIA, 

The Crown Lands of South Australia. 

ADELAIDE 

Review of Mining Operations in South Australia during 1904-1905. 

Report on Geological Explorations in the west and northwest of 

South Australia, 4to. 

GEOLOGICAL SURVEY OF QUEENSLAND, 

Reports nos. 196-200 and 202. 

DEPARTMENT OF MINES OF VICTORIA, 

Annual Report of the Secretary of Mines for 1904. 

Bulletin no. 18. 

Memoir no. 3. 

GEOLOGICAL DEPARTMENT OF WESTERN AUSTRALIA, 

Annual Progress Reports for 1904 and 1905. 

Bulletins nos. 15, 18-20. 

GEOLOGICAL SURVEY OF NEW SOUTH WALES, 

Annual Report of the Department of Mines for 1905. 

Memoirs, Paleontology, no. 14. 

Records, vol. viii, part 2. 

Mineral Resources, no. 11. 

ROYAL SOCIETY OF NEW SOUTH WALES, 

Journal and proceedings, vol. xxxviii, 1904. 

NEW ZEALAND GEOLOGICAL SURVEY, 

(e) AFRICA 

GEOLOGICAL COMMISSION, 

Annual Report for 1904. 

BRISBANE 

MELBOURNE 

PERTH 

SYDNEY 

SYDNEY 

WELLINGTON 

CAPE TOWN 
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GEOLOGICAL SOCIETY OF SOUTH AFRICA, JOHANNESBURG 

2717. Transactions, vol. viii, parts 1-3. 

GEOLOGICAL SURVEY OF THE TRANSVAAL, PRETORIA 

(B) FRoM STATE GEOLOGICAL SURVEYS AND MINING BUREAUS 

2553. 

2504. 

2550. 

2950. 

2951. 

2882-2883. 

2952, 

GEOLOGICAL SURVEY OF GEORGIA, ATLANTA 

. Bulletins 11-12. 

GEOLOGICAL SURVEY OF VIRGINIA, BLACKSBURG 

. Bulletin no. 1. 

GEOLOGICAL SURVEY OF OHIO, COLUMBUS 

. Bulletin 7, fourth series. 

- Geological Survey of Ohio, vol. viii. 

GEOLOGICAL SURVEY OF BRITISH GUIANA, GEORGETOWN 

. Report on the Geology of the lower Essequibo and Cuyuni Rivers, 

with map. 

DEPARTMENT OF THE INTERIOR, OTTAWA 

. New Brunswick, South Alberta, South Saskatchewan, Alberta, 

Saskatchewan, and Alienated Lands, map sheets. 

. Mica, its Occurrence, Exploitation and Uses. 

. Asbestos, its Occurrence, Exploitation and Uses. 

. Resource Map and Relief Map of Canada. 

. Homestead Map, Manitoba, Saskatchewan and Alberta. 

GEOLOGICAL SURVEY OF NEW JERSEY, TRENTON 

. Annual Report for 1904. 

GEOLOGICAL SURVEY OF ALABAMA, UNIVERSITY 

. Revised map of the southeastern part of the Cahaba coal field. 

(C) From SCIENTIFIC SOCIETIES AND INSTITUTIONS 

(a) AMERICA 

BROOKLYN INSTITUTE OF ARTS AND SCIENCES, BROOKLYN 

Memoirs, vol. i, nos. 5, 7-8. . 
Cold Spring Harbor Monographs iii—vi. 

COLORADO COLLEGE, COLORADO SPRINGS 

Colorado College Studies, Science series, vol. xi, nos. 839-46. 

SCHOOL OF MINES, UNIVERSITY OF WYOMING, LARAMIE 

lad 
Bulletin no. 7. 

SOCIEDAD GEOLOGICA MEXICANA, MEXICO 

Boletin, tomo 1. 

ESCOLA DE MINAS DE OURO PRETO, OURO PRETO 

Annaes, N. 2-3, 5-6. 

SAN DIEGO SOCIETY OF NATURAL HISTORY, SAN DIEGO 

Transactions, vol i, no. 1. 
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(6) HUROPE 

SCHLESISCHE GESELLSCHAFT FUR VATERLANDISCHE CULTUR, BRESLAU 

2795. 82d Jahresbericht. 

OBSERVATOIRE ROYAL DE BELGIQUE, BRUSSELS 

2881. 

2783. 

2953. 

2954. 

2955. 

2956. 

2889. 

2946. 

2726. 

(D) From FELLOWS OF THE GEOLOGICAL SOCIETY OF AMERICA (PERSONAL 

2957. 

2958. 

2959. 

2960. 

2961. 

2962. 

29683. 

2964. 

2965. 

2966. 

Annales, nouvelle serie, Physique de Globe, tome iii, fasc. 1. 

DANSK GEOLOGISK FORENING, COPENHAGEN 

Meddelelser, nr. 9-10. 

COMMISSION FRANCAIS DES GLACIERS, PARIS 

Rapport sur les Observations glaciaires en Maurienne, ete. 

Etude sur le Glacier Noir et le Glacier Blanc, ete. 

Observations sur l’Enneigement et sur les Chutes d’Avalanches. 

ACADEMIA POLYTECHNICA DO PORTO, PORTO 

Annaes Scientificos, vol. i, nos. 1-2. 

NATURFORSCHER VEREINS ZU RIGA, RIGA 

Korrespondenzblatt, xlviii, 1905. 

(c) ASIA 

TOKYO GEOGRAPHICAL SOCIETY, TOKYO 

Journal of Geography, vol. xviii, nos. 205-210. 

IMPERIAL UNIVERSITY OF TOKYO, TOKYO 

Journal of the College of Science, vol. xx, article 8. e 

Pima wash 

PUBLICATIONS ) 

WHITMAN CROSS 

A New Devonian Formation in Colorado. 

The San Miguel Formation, Igneous Rocks of the Telluride District, 

Colorado. 

The Development of Systematic Petrography in the Nineteenth 

Century. 

An Occurrence of Trachyte on the Island of Hawaii. 

Geology of the Rico Mountains, Colorado. 

Geology of Silver Cliff and the Rosita Hills, Colorado. 

E. V. D’INVILLIERS 

Geological Map of Portion of the New River and Kanawha Coal 

Fields. 

H. L. FAIRCHILD ’ 

Ice Erosion Theory a Fallacy. — 

Cc. H. HITCHCOCK 

The Geology of Littleton, New Hampshire. 

Fresh-water Springs in the Ocean. 

EEE. 
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2967. 

2968. 

2969. 

2970. 

2971. 

2972. 

2973. 

2974. 

2746. 

2975-2976. 

2977. 

2978. 

2831-2832. 

2833-2834. 

2835. 

2836. 

2837. 

PROCEEDINGS OF THE OTTAWA MEETING 

E. 0. HOVEY 

The Grande Soufriere of Guadeloupe. 

J. H. PRATT 

The Production of Graphite in 1904, and twelve other and similar 

separates. 

Cc. D. WALCOTT 

New Term for the Upper Cambrian Series. 

The Cambrian Fauna of India. 

Cambrian Faunas of China. 

(H) FRoM MISCELLANEOUS SOURCES 

A. GIBB MAITLAND, PERTH 

The Salient Geological Features of British New Guinea. 

THE MAZAMAS, ' PORTLAND 

Mazama, vol. 2, no. 4. 

R. J. LECHMERE GUPPY, : PORT OF SPAIN 

The Growth of Trinidad. 

MINING MAGAZINE, SAN FRANCISCO 

Mining Magazine, vol. xi, nos. 4-6. 

Mining Magazine, vol. xii, nos. 2-38, 5; vol. xiii, nos. 1-5. 

PROF. FEDERICO SACCO, TURIN 

I Mollusehi dei Terreni Terziarii del Piemonte e della Liguria. 

ATREUS WANNER 

A new Species of Olenellus from the Lower Cambrian of York 

County, Pennsylvania. 

H. P. CUSHING (donation of duplicates) 

Geological Survey of Indiana, 17th and 21st Annual Reports. 

Missouri Geological Survey, vols. iv—v. 

U. S. Geol. & Geog. Survey of the Territories, 1875. 

U. 8S. Geol. & Geog. Survey of the Territories, monograph xiii. 

U. S. G. G. Survey R. M. R., Geology of the Henry Mts, 
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IsraAEL C. RusseELzt, Ann Arbor, Mich. 
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W. M. Davis, Cambridge, Mass. 
K. A. Smiru, University of Alabama 
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H. L. FarrcHiup, Rochester, N. Y. 

Treasurer 

I. C. Wu1tTe, Morgantown, W. Va. 

Editor 
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FELLOWS IN DECEMBER, 1906 

*Indicates Original Fellow (see article III of Constitution) 

CLEVELAND ABBE, JR., Ph. D., Mount Weather, Va. August, 1899. 

FRANK Dawson ApAms, Ph. D., Montreal, Canada; Professor of Geology in 
McGill University. December, 1889. 

GEORGE I. ADAMS, Se. D., Corps of Mining Hngineers, Lima, Peru. December, 
1902. 

Jos& GUADALUPE AGUILERA, Director del Instituto Geologico de Mexico, City 
of Mexico, Mexico. August, 1896. 

TRUMAN H. AnpricyH, M. E., 1739 P St. N. W., Washington, D. C. May, 1889. 

Henry M. Ami, A. M., Geological Survey Office, Ottawa, Canada; Assistant 
Paleontologist on Geological and Natural History Survey of Canada. De- 
cember, 1889. 

FRANK M. ANnpvERSON, B. A., M. S., 2604 Attna Street, Berkeley, Cal. In Cali- 
fornia State Mining Bureau. June, 1902. 

PuHitiep ARGALL, 728 Majestic Building, Denver, Colo.; Mining Engineer. August, 
1896. 

RALPH ARNOLD, Ph. D., Washington, D. C.; Geologic Aid U. S. Geological Sur- 
vey. December, 1904. 

GroRGE Hatt ASHLEY, M. E., Ph. D., Washington, D. C., U. S. Geological Sur- 
vey. August, 1895. \ 

Harry Foster Bain, M. S., Champaign, Ill., State Geological Survey. Decem- 
ber, 1895. 

RuFrus Matuer Baae, Jr., Ph. D., West Springfield, Mass.; Mining Geologist. 
December, 1896. 

S. PRENTISS BALDWIN, 736 Prospect St., Cleveland, Ohio. August, 1895. 

Sypney H. Batt, A. B., Washington, D. C.; Assistant Geologist, U. 8. Geological 
Survey. December, 1905. 

ERWIN HINCKLEY BARgBour, Ph. D., Lincoln, Neb. ; Professor of Geology, Univer- 
sity of Nebraska, and Acting State Geologist. December, 1896. 

JOSEPH BARRELL, Ph. D., New Haven, Conn.; Asistant Professor of Geology. 
Yale University. December, 1902. 

GEORGE H. Barton, B. S., Boston, Mass.; Curator, Boston Society of Natural 
History. August, 1890. 

FLORENCE Bascom, Ph. D., Bryn Mawr, Pa.; Professor of Geology, Bryn Mawr 
College. August, 1894. 

WILLIAM S. BayLery, Ph. D.. eben Ill.; Assistant Professor of Geology, 
University of Illinois. December, 1888. 

*GEORGE F.. BECKER, Ph. D., Washington, D. C., U. S. Geological Survey. 

JosHUA W. BEEDE, Ph. D., Bloomington, Ind.; Instructor in Geology, Indiana 
University. December, 1902. 

RoBeERT BELL, C. H., M. D., LL. D., Ottawa, Canada; Acting Director of the 
Geological and Natural History Survey of Canada. May, 1889. 

CHARLES P. BEeRKEY, Ph. D., New York city ; Columbia University. August, 1901. 

SAMUEL WALKER Bever, Ph. D., Ames, Iowa; Assistant Professor in Geology, 
Iowa Agricultural College. December, 1896. 

ARTHUR BIBBINS, Ph. B., Baltimore, Md.; Instructor in Geology, Woman’s Col- 
lege. December, 1903. 

ALBERT S. BIcKMoRE, Ph. D., American Museum of Natural History, New York; 
Professor in charge of Department of Public Instruction. December, 1889. 
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Irvine P. BisHop, 109 Norwood Ave., Buffalo, N. Y.; Professor of Natural 
Science, State Normal and Training School. December, 1899. 

JOHN M. Boutwett, M. S., Washington, D. C.; Assistant Geologist, U. S. 

Geological Survey. December, 1905. 

JOHN ADAMS BownocKER, D. Se., Columbus, Ohio.; Professor of Inorganic 

Geology, Ohio State University. December, 1904. 

*JOHN C. BRANNER, Ph. D., Stanford University, Cal.; Professor of Geology in 
Leland Stanford, Jr., University. 

ALBERT PERRY BRIGHAM, A. B., A. M., Hamilton, N. Y.; Professor of Geology 

and Natural History, Colgate University. December, 1893. 

REGINALD W. Brock, M. A., Ottawa, Canada, Geologist, Geological and Natural 
History Survey of Canada; Professor of Geology, School of Mining, King- 

ston. December, 1904. 

ALFRED HULSE Brooks, B. 8., Washington, D. C.; Assistant Geologist, U. S. Geo- 
logical Survey. August, 1899. 

Amos P. Brown, Ph. D., Philadelphia, Pa.; Professor of Mineralogy and 

Geology, University of Pennsylvania. December, 1905. 

ERNEST ROBERTSON BUCKLEY, Ph. D., Rolla, Mo.; State Geologist and Director 
of Bureau of Geology and Mines. June, 1902. 

*SAMUEL CALVIN, Iowa City, Iowa; Professor of Geology and Zoology in the 
State University of Iowa. 

HENRY DONALD CAMPBELL, Ph. D., Lexington, Va.; Professor of Geology and 
Biology in Washington and Lee University. May, 1889. 

MARIUS R. CAMPBELL, U. S. Geological Survey, Washington, D. C. August, 1892. 

FRANKLIN R. CARPENTER, Ph. D., 1420 Josephine St., Denver, Colo.; Mining 
Hngineer. May, 1889. 

ERMINE C. CASE, Ph. D., Milwaukee, Wis.; Instructor in State Normal School. 
December, 1901. 

*T. C. CHAMBERLIN, LL. D., Chicago, Ill.; Head Professor of Geology, Univer- 
sity of Chicago. 

CLARENCE RAYMOND CLAGHORN, B. 8., M. E., Tacoma, Wash. August, 1891. 

FREDERICK G. CLapp, 8S. B., Washington, D. C.; Geologie Aid, U. S. Geological 
Survey. December, 1905. 

*WILLIAM BULLOCK CLARK, Ph. D., Baltimore, Md.; Professor of Geology in 
Johns Hopkins University ; State Geologist. 

JOHN MASON CLARKE, A. M., Albany, N. Y.; State Paleontologist. December, 1897. 

HERDMAN F. CLELAND, Ph. D., Williamstown, Mass.; Professor of Geology, 
Williams College. December, 1905. 

J. MorGAN CLEMENTS, Ph. D., 15 William St., New. York city. December, 1894. 

CoLLIER Cops, A. B., A. M., Chapel Hill, N. C.; Professor of Geology in Univer- 
sity of North Carolina. December, 1894. 

ARTHUR P. CoLEMAN, Ph. D., Toronto, Canada; Professor of Geology, Toronto 
University, and Geologist of Bureau of Mines of Ontario. December, 1896. 

GEORGE L. CoLLiz, Ph. D., Beloit, Wis.; Professor of Geology in Beloit College. 
December, 1897. 

ARTHUR J. CoLuieR, A. M., S. B., Washington, D. C.; Assistant Geologist, U. S. 
Geological Survey. June, 1902. 

*T’HEODORE B. Comstock, Se. D., Los Angeles, Cal.; Mining Engineer. 

*HRANCIS W. CRAGIN, Ph. D., Colorado Springs, Colo.; Professor of Geology in 
Colorado College. 

AusA Rosrinson Crook, Ph. D., Springfield, Ill.; State Museum of Natural 
History. December, 1898. 

*WILLIAM O. CrosBy, B. 8., Boston Society of Natural History, Boston, Mass. ; 
Assistant Professor of Mineralogy and Lithology in Massachusetts Insti- 
tute of Technology. 
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WHITMAN Cross, Ph. D., U. S. Geological Survey, Washington, D. C. May, 1889. 

Garry E. Cutver, A. M. 1104 Wisconsin St., Stevens Point, Wis. December, 1891. 

Epcar R. Cumines, Ph. D., Bloomington, Ind.; Assistant Professor of Geology, 
Indiana University. August, 1901. 

*HENRY P. CusHIneG, M. S., Adelbert College, Cleveland, Ohio; Professor of 
Geology, Western Reserve University. 

REGINALD A. DAty, Ph. D., Ottawa, Canada; Geologist for Canada on Inter- 
national Boundary Commission. December, 1905. 

*NELSON H. Darton, United States Geological Survey, Washington, D. C. 

*WILLIAM M. Davis, S. B., M. E., Cambridge, Mass.; Sturgis-Hooper Professor 
of Geology in Harvard University. 

Davip T. Day, Ph. D., U. S. Geol. Survey, Washington, D. C. August, 1891. 

ORVILLE A. DerRBy, M. S., Sao Paulo, Brazil; No. 80 Rua Visconde do Rio 
Branco. December, 1890. 

*JOSEPH S. DILLER, B. S., U. S. Geological Survey, Washington, D. C. 

EDWARD V. D’INVILLIERS, HE. M., 506 Walnut St., Philadelphia, Pa. Dec., 1888. 

RicHARD FE. Doper, A. M., Teachers’ College, West 120th St., New York city; 
Professor of Geography in the Teachers’ College. August, 1897. 

Noau FIELDS Drake, Ph. D., Tientsin, China; Professor of Geology in Imperial 
Tientsin University. December, 1898. 

CHARLES R. Dryer, M. A., M. D., Terre Haute, Ind.; Professor of Geography, 
Indiana State Normal School. August, 1897. 

*HpWINn T. DUMBLE, 1306 Main St., Houston, Texas. 
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*HDWARD D. Cope, Ph. D. Died April 12, 1897. 

ANTONIO DEL CASTILLO. Died October 28, 1895. 

*JAMES D. Dana, LL. D. Died April 14, 1895. 

GEORGE M. Dawson, D. Se. Died March 2, 1901. 

Sir J. WILLIAM Dawson, LL. D. Died November 19, 1899. 

*WILLIAM B. DwicutT, Ph. B. Died August 29, 1906. 

*GEORGE H. Evpringr, A. B. Died June 29, 1905. 

* ALBERT HE. Foote. Died October 10, 1895. 

N. J. Giroux, C. E. Died November 30, 1890. 

*JAMES Hatt, LL. D. Died August 7, 1898. 

JOHN B. HatcHer, Ph. B. Died July 3, 1904. 

*ROBERT Hay. Died December 14, 1895. 

Davip HoneyMAN, D. C. L. Died October 17, 1889. 
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THOMAS STERRY Hunt, D. Sc., LL. D. Died February 12, 1892. 

*ALPHEUS Hyatt, B. S. Died January 15, 1902. 

*JOSEPH F. JAMES, M. S. Died-March 29, 1897. 

WILBUR C. KnicuHT, B. S., A. M. Died July 28, 1903. 

RaLeH D. Lacore. Died February 5, 1901. 

* JOSEPH LE ContE, M. D., LL. D. Died July 6, 1901. 

*J. PETER LESLEY, LL. D. Died June 2, 1908. 

Henry McCatiey, A. M., C. E. Died November 20, 1904. 

OLIVER Marcy, LL. D. Died March 19, 1899. 

OTHNIEL C. MarsH, Ph. D., LL. D. Died March 18, 1899. 

JAMES H. Mitts, B. 8. Died July 25, 1901. 

*HENRY B. Nason, M. D., Ph. D., LL. D. Died January 17, 1895. 

*PETER NEFF, M. A. Died May 11, 1903. 

*JOHN S. NEWBERRY, M. D., LL.D. Died December 7, 1892. 

*HDWARD ORTON, Ph. D., LL. D. Died October 16, 1899. 

*RICHARD OWEN, LL. D. Died March 24, 1890. 

SAMUEL L. PENFIELD. Died August 14, 1906. 

*HRANKLIN PLATT. Died July 24, 1900. 

*WILLIAM H. Petter, A. M. Died May 26, 1904. 

*JOHN WESLEY POWELL, LL. D. Died September 23, 1902. 

*ISRAEL C. RUSSELL, LL. D. Died May 1, 1906. 

*CHARLES SCHAEFFER, M. D. Died November 23, 1903. 

*NATHANIEL 8S. SHALER, LL. D. Died April 10, 1906. 

CHARLES WACHSMUTH. Died February 7, 1896. 

THEODORE G. WHITE, Ph. D. Died July 7, 1901. 

*GEORGE H. WILLIAMS, Ph. D. Died July 12, 1894. 

*J. FRANCIS WILLIAMS, Ph. D. Died November 9, 1891. 

*ALEXANDER WINCHELL, LL. D. Died February 19, 1891. 

ALBERT A. WRIGHT, Ph. D. Died April 2, 1905. 
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