


5: J 

HARVARD UNIVERSITY 

LIBRARY 

OF THE 

Museum of Comparative Zoology 











/ ^S 7-^3 

PALAEONTOGRAPHICA 

AMERICANA 

VOL. V 

1965-1967 

PALEONTOLOGICAL RESEARCH INSTITUTION 

Ithaca, N. Y. 14850, U.S.A. 





3J - P 
MUS. C 

Ul- 

APR '^^ 

OL 

iBbb 

PALAEONTOGRAPHICA 
AMERICANA 

HA, 
UNIVERSITY. 

Volume V 

No. 34 

1965 



PALEONTOLOGIGAL RESEARCH INSTITUTION 

1964 - 1965 

PRESIDENT  _ AXEL A. OLSSON 

VICE-PRESIDENT DONALD W. FISHER 

SECRETARY-TREASURER   REBECCA   S.   HARRIS 

DIRECTOR   KATHERINE  V.  W.  PALMER 

COUNSEL  ARMAND L. ADAMS 

REPRESENTATIVE AAAS COUNCIL KENNETH E. CASTER 

Trustees 

KENNETH E. CASTER (1960-1966) KATHERINE V. W. PALMER (Life) 
DONALD W. FISHER (1961-1967) WILLIAM B. HEROY (1963-1968) 
REBECCA S. HARRIS (Life) AXEL A. OLSSON (Life) 
SOLOMON C. HOLLISTER (1959-1965) HANS G. KUGLER (1963-1969) 

W. STORRS COLE (1964-1970) 

BULLETINS OF AMERICAN PALEONTOLOGY 

and 

PALAEONTOGRAPHICA AMERICANA 

KATHERINE V. W. PALMER, Editor 

MRS. FAY BRIGGS, Secretary 

Advisory Board 

KENNETH E. CASTER HANS KUGLER 

A. MYRA KEEN JAY GLENN MARKS 

AXEL A. OLSSON 

Complete titles and price list of separate available numbers may be had 
on application. 

For reprint, Vols. 1-6, 8-15, Bulletins of American Paleontology see 
Kraus Reprint Corp., 16 East 46th St., New Yoric 17, N.Y., U.S.A. 

For reprint, vol. I, Palaeontographica Americana see Johnson Reprint 
Corporation,  111  Fifth  Ave.,  New York  3,  N.Y.,  U.S.A. 

Subscription may be entered at any time by volume or year, with average 
price of $16.00 per volume for Bulletins. Numbers of Palaeontographica Amer- 
icana invoiced per issue. Purchases in U.S.A. for professional purposes are 
deductible from income tax. 

For sale by 

Paleontological Research Institution 
109 Dearborn Place 
Ithaca, New York 

U.S.A. 



PALAEONTOGRAPHICA AMERICANA 
(Founded 1917) 

VOL.  V 

NO.  34 

UPPER TERTIAin   ARCACEA OF THE 

MID-ATLANTIC COASTAL  PLAIN 

By 

SAMUEL O. BIRD 

Mary Washington College 
of the University of Virginia 

March 22, 1965 

Paleontological Research  Institution 
Ithaca, New York, U.S.A. 



Library of CoiiiL^ress  Catalog  Caid   Nunilier:   OS  65-1 

MUs. Co/vjp 

I'linfed in United States of Anierira 

Norton Printing Company 



TABLE  OF  CONTENTS 

Page 
Abstract     5 
Introduction        5 
Acknowledgments          5 
Previous  work  on  the  arcids       5 
Procedure        6 
Upper Tertiary stratigraphy of Maryland, Virginia, and 

North   Carolina        7 
Lower  Miocene       7 
Middle and upper Miocene      7 
Upper   Miocene        g 

Vorktown    formation         g 
Duplin   marl        9 

Pliocene          9 
Waccamaw   formation        9 
Croatan   sand        9 

Table   I      10 
Register  of  localities     10 
Localities  not   included   in   statistical  study     10 
Geologic   histor)'    10 
Ecology and stratigraphic relations    11 

Discussion       11 
Findings       11 
Conclusions       16 

Olossary of statistical  terms    Ig 
Equations  for  statistical   analysis      Ig 
Quantitative  morphologic  features  and  significance  levels     19 
Systematic    paleontology       19 

Xuculidae      19 
h'uiula      19 

Nuculanidae     21 
Nuculana   21 
Yoldia     21 

Arcidae     21 
Key to upper Tertiary arcids of Mid-Atlantic Coastal  Plain     2+ 

.heapsis   25 
Striurea     26 
.hiadara      26 

Cunrarca     31 
Lunarca      31 
Noilia      33 

Eontia    33 
Glycymeridae     ;   3g 

Glycymeris      3g 
Bibliography     :  44 
Appendix      46 
Plates      52 
Index      60 

TABLES 

1. Register   of   localities      10 
2. Gastropoda  and  Pelecypoda  species from  localities in Table  1     12 
i.   Typicality   ratings   from   Matrix   1       17 
4. Clusters   formed   from   analysis   nf  Matrix   1     18 
5. Abundance chart  of  Foraminifera   genera   from   localities  in  Table  I  .... 20 
6. Species used  for statistical  analysis of arcids   23 
7. Typicality  ratings of arcid  species  from  Matrix 2   24 
g. Clusters  formed  by analysis of Matrix 2    24 
9. Comparisons of regression coefficients in Anadara   30 

10. Comparisons  of  regression  coefficients  in  Noftia     3g 
11. Comparisons of  regression  coefficients  in   Glycymeris    42 
Appendix       45 

Tables  12,    13,   13a     46 
Tables  14,   19  47 
Tables 20-25  4g 
Tables 26-31  49 
Tables 32-37  50 
Tables  38 ZZ'Z  51 

MATRIX 

1. Match coefficients for localities in Table 1   between 16-17 
2. Match coefficients for 30 arcid species in Table 6  between 22-23 





IIITKR   ILR^IAR^  ARCACEA OK THE MID- 
ATLANTIC COASTAL PLAIN 

SAMI'EI. OSCAR BIRD 

ABSTRACT 

An attempt is made to establish the unifying characters of many 
supraspecific categories of the arcid pelecvpods. The di\erse Arcidae 
is typified by subrhomboidal \alves, sublinear dental plates, and lat- 
eral teeth perpendicular or highly oblique to the hinge line. The sub- 
family Arcinae may be characterized by round, superficial, sinuous 
ribs, and an absence or near absence of crenulations; the Anadarinae 
by flat, well-formed costae and crenulations; the Noetiinae by well- 
formed crenulations and ribs, riblets in the interspaces, and distinct 
vertically striated ligamental area. The family Glycymeridae is char- 
acterized by suborbicular valves, lateral teeth that are subparallel 
to the hinge,  and  prominent crenulations. 

Some representative genera and subgenera are analyzed statisti- 
cally on characters including the ones mentioned abo\'e. The resultant 
grouping of the genera and subgenera produces a classification 
similar to that of Reinhart (1935, 1943). Several subgenera are put 
into synonyrtiv as a  result of the study. 

Species are diagnosed and figured. Selected species are studied 
i|uantitatively to help standardize the nomenclature and to establish 
e\'olutionary trends  and  systematic  relationships. 

Stratigraphic relations in the upper Tertiary of Virginia and 
North Carolina ha\e been ascertained pre\iously on gross aspects of 
faunas with inadetjuate e\'idence for proposed relations. However, 
statistical analysis of large collections supports much of the pre- 
viously established correlation. In the analysis, all identifiable gas- 
tropod and pelecypod species from each of 22 localities are recorded 
and analyzed by the Rogers and Tanimoto method (1960) which is 
here applied to a geologic problem for the first time. In this manner 
the Vorktown formation along the Chowan Ri\'er in North Carolina 
is shoAvn to be approximatel\' e(pii\alent in age to the Duplin marl. A 
sample from the type Vorktown and its correlatives in Virginia and 
North Carolina are relati\'ely older than the Duplin marl and the 
portion of the Vorktown equivalent to it as shown by the clustering 
and by the mean percent of gastropod and pelecypod species ranging 
to the Recent in these respecti\'e clusters. Correlation of the Croatan 
sand and the Waccamaw formation is supported, and the mean per- 
cent (60%) of gastropod and pelecypod species ranging to the Re- 
cent indicates  a  lower  Pliocene  age  for these beds. 
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INTRODUCTION 

This study was imderlakcn to make the arcid pelecy- 
pods of the upper Tertiarx of North Carolina and Virginia 
better known and to establish, if possible, systematic rela- 
tionships betxveen species. Bi\ariate studies of ])Oj)idations 
weve made to help deteiniine these relations and to find if 
stratigrajjhic or geogra])hic trends coidd be foiuul. Repre- 
sentatixe species of arcids were compared by the Rogers- 
Tanimoto method of nudti\ariate analysis (1960) to de- 
termine affinities between genera and subgenera and to 
statistically test the validity of some previously proposed 
su])raspecific categories. 

The relative ages of the deposits were also studied 
(|uantitati\ely by application of the Rogers-Tanimoto 
method, xvhich has general application to geologic prob- 
lems, though the method was originally apjjlied to plant 
taxonomy and classification. Localities studied were ilivided 
iiut) major groups baseil on nuiltivai iate analyses and the 
mean niunber of gastropod and pelecypod s|jecies ranging 
to the Recent in each of these gioiips xvas talcidated. 

PREVIOUS WORK ON THE ARCIDS 

The genus Ana was erected by Linne in 1758. The 
name was applied to many prionodonts and some nucidoids 
liming the 19th Centmy and in a few cases in the 20th Cen- 
ttuy. Lamarck (1818. 1819. 1835) erected the Arcacecs and 
recognized featmes of the family. He includeil foiu' genera 
in the grou]): Cu< nUacd, Area, "Fectinuiilus," and Niicula. 
Ciray (1840) published a series of nomiua iiiida in TJic 
Synopsis of the Contents of the British Miisnnn. which 
included genera of arcids used in more recent works. 
In 1812. 1847, Gray validated his names of 1840 by publish- 
ing types for his genera and subgenera and in 1857 gave a 
classification and brief description of arcids. All genera and 
subgenera included in the 1857 ]japer were referred to the 
family Arcidae which was subdivided into two tribes: the 
Arcaina and the Pectimculina. The Arcaina included the 
more typical arcids and the Pectimculina included Pcctun- 
iiiliis (i.e. Glycyuwris) and Limopsis. Both of these genera 
aie now in separate families of the Arcacea. 

Additional genera and subgenera of the .Arcacea, the 
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teini employed b) Laniarek (ISIS) and most siibseijueiu 
workers for the group, have been added since Gray's time. 
One of the most prolific workers was Conrad, who pub- 
lished important works in which arcids were described: 

1840, 1845, 1863, and 1875. 
Dall (1895. 1898) em])loyed the term Arcacea as a 

superfamily including the Parallelodontidae, Limopsidae. 
and the Arcidae as families. The Arcidae was divided into 
two subfamilies by Dall (1898): Pectunculinae for Glycy- 
mcris and Arcinae for the more typical arcids. Some of the 
genera and subgenera of the Arcinae were subdivided into 
sections and groups, and an attempt to establish synonyms 

for supraspecific categories was made by Dall. 
A classification of the arcids was presented by Reinhart 

in 1935. His paper did not include diagnoses of families and 
subfamilies nor were genera and subgenera defined formal- 
ly, though the main features of some forms were given. The 
value of this work comes from the grouping of forms into 
families and subfamilies. Reinhart's 1943 paper on the 
Tertiary Arcidae of the Pacific slope of North America is 
paralleled by Sheldon's (191()) less ambitious work on the 
East Coast arcids. Sheldon followed the classification of Dall 
(1898)  but omitted the glycymerids. 

In 1938 MacNeil made intensi\e stutlics of the noetic! 
arcids and erected the family Noetiidae lor the group. The 
affinity between some members of the proposed family is 
obscme. Reinhart (1943. p. 76) deleted some forms put 
into the Noetiidae by MacNeil. As a lesidt of the present 
study, the proposed family seems too artificial to be useful, 
more members are deleted, and a subfamily status is re- 
tained for the remaining forms. 

Other im])ortant works in which sjiecies of the Tertiary 
of the Atlantit (Coastal Plain aie made known are those of 
the I-lorida faunas by Mansfield {\9S1. 1937) and by Gard- 
ner (1943) who worked with the Mid-y\tlantic Coastal 
Plain specifically. 

Some important, more general works are by: Nicol 
(1945, 1950, 1953) who studied the glycymerids, attempted 

to establish their ancestry and evolutionary trends, and who 
studied the cuculleaids (1950a, 1954): Arkell (1930) at- 
tempted to ascertain the jjhylogeny of some Jurassic arcids; 
and Newell (1937, pp. 27-30; 1942, p. 25) investigated the 
ligaments of the arcids. B0ggild (1930) studied shell mor- 
phology of the Mollusca and included a section on the 
arcids. From my studies of thin sectioirs on a few representa- 
tives of the group, it appears that the Arcacea may lend 
themselves well to studies of this type and perhaps the 
classification of the group coidd be strengthened by thin 
section analysis. 

Soft-]).u I stuilies ol the .luids h,i\e been largely 
neglected. An important work is that of Heath (1941) 
whidi included some gross soft-]5art morphology (more of 
this kind of observation is needed) . Heath made a detailed 
study of muscles of the \isceral area and included a bibliog- 
raphy in which some pre\ious zoologic studies (largely on 
the circidatory system) are noted. More recently Rost 
(1955) made a less intensi\e study of the sofi-p:nt mor- 

phology; again minor structures are stressed and little is 
reported on major featines such as the natine of the byssus, 
adductor and pedal muscidatiue and ligament. 

Keen (1958) attempted to simimarize the distinguish- 
ing features of the common arcid genera and subgenera of 
the Pacific Coast and in so doing produced a good reference 
for an imderstanding of the group. 

The ecology of the Arcacea is essentially unkno^vn or 

:il  least  unpidilished. 
The stratigraphic iinestigations of the Micl-.'\tlantic 

Coastal Plain have been sinnmaii/ed by Pratt (1941) . 
(Gardner   (1943), and to some extent McLean   (1956). 

PROCEDURE 

To judge the taxonomic value and systematic relations 
of genera and subgenera of arcids and to help with strati- 
graphic into pretations, statistical analyses arc made follow- 
ing the method of Rogers and Tanimoto (I9(J0). This 
niciliod. which was originally designed for use in plant 
taxonomy, is here applied to geologic problems for the first 
time. The Rogers Tanimoto technic|ue is based on princi- 
jjles of Information Theory^ and the inverted factor tech- 
nicpie or Q-method of Stephenson (1936). The inverted 
factor in\olves the accimiidation of cjualitati\e and quanti- 
tati\e data or both fiom an individual or group of indi- 
viduals. Individuals instead of quantitative characters of in- 
dividuals (the more conventional method in paleontology) 
are correlated. 

Both the conventional method of analysis and the 
Q-technique are used in the course of study. In the coir- 
ventional method (R-technique of psychology) information 
is gathered on a series of indi\ iduals of two or more po|)ul.i- 
tions. Data consist of measurcnicnts of characters such as 
height and length. Coiiclation coefficients or regression 
ecjuations are calcidated lor combinations of any two char- 
acters at a time for each sample. Two samples are then 
compared in the typical bivaiiate m.unier using a t-test to 
test the iclalion of two characters from one sample to the 
same   two   characters   of   another   sample.   A   nudtivariate 

'For introduction to Information   Tlicorv sec Vockcv, 1956. 
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;inal)sis loi <|ii.iniit.iu\i' dial .u tcis lias been devised by 
Olson and Miller (1958) . This method also employs a char- 
acter to character correlation. In the present study, bi\ari- 
ate analysis is used on species when (]iiantitati\c data are 
readily available and distinction of two or more species is 
to be tested. 

In the secoinl t\pc ol test (Q-technicpie) , which is used 
here to test relations of siipraspecific categories and strati- 
grajjhic horizons qualitative and c]iiantitative information 
can be combined. For taxonomic study, many characters are 
observed and measured on an inilividual or a groii]) of indi- 
viduals. Numbers of iharai ters arc di\ided into categories 
siK h as shape or class intcr\als. The greater the number of 
matdics between indi\ iihials. the greater the lelatioiiship 
between the entities compared. For stratigia])hit correlation 
study, species are treated as attributes of genera and the 
(iegiec ol lel.iliouship is deleimineil by the number ol 
species in (ommon between the localities being com])arcd. 

The method of arri\ing at the degree of relationshij) 
is different in the .Sokal ami Michener (19.57, which is also 
based on the Q-technicjiie) and the Rogers-Tanimoto meth- 
ods. In the analysis tlerived by Sokal and Michener, coire- 
laiioii coefficients are calculated whereas in the Rogers- 
"Fanimoto analyses a ratio of the number of matches to the 
number of misses is calculated. The method of determining 
(lusters is also different in the two methods. 

In this study, the teini match coefficient is used instead 
of Sy (.sec Glossary of Statistical terms) . and matrices and 
t\picality ratings are presented without the inxerse of the 
log^, (djj) being taken so that these tables can be read more 
easily. Accordingly, the larger the \alue of a match coeffi- 
cient, the greater the relationship of those indi\idiials or 
cases compared. Similarly, the greater the sum of rows and 
columns, the greater the ty|jicalit) rating. This is the in- 
verse of the way information is presented in the jsapei by 
Rogers and Tanimoto; otherwise the analysis is the same. 

UPPER TERTIAR^   STRATIGRAPHY OF 
MARYLAND, VIRGINIA, AND NORTH ClAROLINA 

LOWER MIOCENE 

The beds at Haywood Landing and Siherdale, North 
Garolina. (see register of localities) are considered lower 
Miocene by Druid Wilson (oral commiuiication. 1961). 
Kellum (192(i. p\). 12-11) correlated the deposits at Siher- 
dale with the Tampa formation of Florida. This correla- 
tion was supported by Mansfield (1937. p]}. IS, 19). ^\'il■ 
son discovered an outcrop at Haywcwd Landing and corre- 
lated these with beds at Silverdale. The relation of the 
Haywood Landing deposits and those at Siherdale to the 

'Frent formation, which has been referred to the upper 
Eocene (Miller in Clark. .Miller, ct al.. 1912a. p. 174) and 
to the lower Miocene (Kellum, loc. rit.) . will be discussed 
by P. M. Brown and Druid Wilson in a pajjer in jiiepara- 
tion. 

The lithology of the lower Miocene strata in the 
Siherdale area is gray sand ivith some clay and many 
fossils. Aiindarii (Aiuiddra) sihicrddJeusis (Kellum), 192fi 
and (Uycytneris antcparHis Kellum, 1926 are common and 
characteristic lower Miocene fossils of these localities. 

MIDDLE .\N'D UPPER MIOCENE 

The Chesapeake group in Marxland and X'iigiiiia 
constitutes the surface ex]50sures of the basal middle Mio- 
cene in the area of discussion. The formations are the Cal- 
\ert, Choptank, and the St. Marys. The sediment consists of 
(lay. sandy clay, sandy marl, and cliatomite. 

Cab>crt formntion.—The type locality is Calvert cliffs 
along the west shore of Chesapeake Bay, Calvert Coiintv, in 
Maryland. The cliffs are 100 feet high and extend 20 miles 
from Drum Point to Chesapeake Beach. The complete 
thickness of the beds has nowhere been ob.served (Shattiick 
//( (-'lark. (/ III.. 190 1. p. Ixxi) . The Calvert foimation is 
truncated abo\e by the Cihoptank and other younger for- 
mations. Based on \vell records in Somerset County (south- 
eastern part of Mar\land) the thickness is 300 feet (Shat- 
luck, oj). fit., pj). Ixx-lxxii) . A sam])le of Glyryineris parilis 

(Conrad) , 1812, a characteristic Calvert fossil, from Plum 
Point, Maryland, is studied later in this paper. 

Fhe C^ahert formation extends into Viigiiria as far 
south as Petersburg in Prince George County (Mansfield 
ill Ciardner, 1943, p. 5). The lithology of the foimation in 
X'irginia is essentially the same as in Maryland. 

CJioptank fortiiation.—The type locality is on the north 
bank of the (;hoptank estuary just below Dover Bridge, 
Talbot Cx)imty, in Maryland. The formation lies nn- 
conformably above the Calvert formation. The thickness is 
variable; in the well in Somerset County it is 175 feet which 
is in excess of any surface exposure (Shattuck, op. cil., pp. 
lxx\iii-lxxx) . The lithology is a fine yellow c)uartz sand, 
sandy clay, and in places ledges of indurated sandstone 
occiu'. No Choptank fossils are dealt with in ihis rejjort. 

The C:ho]3tank formation is known in Virginia from 
only two localities. It ap]jarently extends as far .south as the 
Rappahanno(k Ri\cr in Virginia, where it thins and disaj)- 

pears. 
Cahert and Chojjtank ec]uivalents-' have been reported 

-These   deposits   ha\e   been   called   the   Pungo   River   formation   by 
Kimrey   (1964). 
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lioin llic Mil)surl:icc ol se\cral louiuics in Norih Claioliiia 
by Brown (1958) . Their lithology, from well samples, 
has been found to be brown, phosphatic sand, and sandy 
silt, with collophane axeraging 30^^;, but reaching as high 
as 90%   (Brown, op. (it., Table 1) . 

St. Mnrys forinntinii.—The tyjje localit)' is at St. Marys 
City on the St. Maiys River, St. Marys Coimty, Maryland. 
The formation has not been rc|)orted from the east shore 
of Chesajjeakc Bay but is |)resenl in southern Calvert and 
southern St. Marys Counties. The lithology is clay, sand and 
sandy day with some beds locall) inilurated by iron cement. 
The beds rest imconformably on those of the C^hoptank 
formation (Shattiuk. 1901, pp. Ixxxii-lxxxv) . According to 
Sliattue k (op. (it., p. Ixxxix) , the thickness of the formation 
is 280 feet in Somerset County. According to Cooke, el al.. 

(1943, p. 1721), the St. Marys is both middle and ujipcr 
Miocene. 

The St. Marys formation extends as far south as Isle of 
Wight, Southampton, and Nansemond Coimties in south- 
ern Virginia where exposines occm" along the Nottoway 
and Blackwater Rivers (Cilark and Miller, 1912, p. 112). 
The de])osits are similar to those of Maryland: locally glau- 
conite is common. South of the Meherrin River, also in 
southern Virginia, the St. Marys is not well exposed. The 
beds is this area consist of yellow to blue fossiliferous sand. 
Along the Meherrin River, near Emporia in Greensxille 
C^oimty aljout .S3 feet of greenish gray clay with molds of 
fossils has been referred to the St. Marys (Clark and Miller. 
op. cit., p. 15,5) . In Virginia, the St. Marys overlies the Cal- 
\ert uu(onformably excejjt in Sussex, Greensville, and 
Southamjjton Counties, where it rests on crystallines. 

According to Mansfield {ni Ciardner, 1913, |). II), the 
St. Marys has been doubtfully recognized in the northern 
part of Nortli Carolina. The formation has not been 
definitely recognized from the subsurface. 

Sections showing lithology, fossils, and zonation of the 
(;hesa]jeake group in Maiyland are gi\cn in Shattuck, 
(1901. ]ip. Ixxxvi-xc) . 

UPPER  MIOCENE 

Yorktown formation.—The type locality is the bluff at 
V'orktown on the York River in Virginia. The formation 
(named by Clark and Miller, 190fi, p. 19) has been divided 
into two faimal zones (Mansfield, op. cit., pp. 7-13). The 
lower, zone 1, consists largely of mediimi-grained gray to 
bluff sands which rest uncomformably on the St. Marys for- 
mation. Accoiding to Mansfield, this zone is ex]}osed al 
Bellefield ab<jui torn miles west of Yorktown, ^'()rk Countv. 
on the south bank of the York River, and at Kings Mill 

Wharf, |anics Cit\ Count), on llic uoidi bank ol die |anK's 
River. It also crops out along the south side of the James 
River from Cobham Bay north to Claremont Wharf. Mans- 
field included part of the "Murfreesboro stage" of Olsson 
(1917) with this zone. The lower beds at Mmfreesboro, 
Hertford County, North Carolina, are the deposits desig- 
nated as "Mmfreesboro" by Olsson. This name is pre- 
occupied, as noted by Mansfield (op. cit., p. 8) : hence 
Olsson's term is invalid. The lower dejjosits at Murfreesboro 
are the only ones in North Carolina definitely referred to 
/one 1 by Mansfield. It is not clear as to whether the beds 
near Halifax, Halifax Comity, North Carolina, were in- 
tended to be placed in zone 1 or zone 2 b) Mansfiekl. 

Zone 2, as defined by Mansfield, consists of coarse sand 
in its lower portion, which occms at Kings Mill Wharf and 
at \'orktown, where it overlies zone 1 conformably. The 
middle part of zone 2 (the fragmental beds) composed of 
sands, clays, and sliells, is exposed at Y'orktown, according 

to Mansfield. 
Farther soiuh, the localities around Suffolk, Nanse- 

mond County, Virginia, have been inundated by water of 
the city's new reservoir. The localities along the Nanse- 
mond River east of the city are still accessible, however. 
The betls near Suffolk anil the beds at Biggs Farm near 
Franklin, Southhamjjton Comity, Virginia, were regarded 
as the youngest Yorktown in Virginia by Mansfield. 

According to Mansfield, the upper beds at Mmfrees- 
boro, the beds along the Tar River near Greenville, Pitt 
County, Tarrboro, Edgecombe County, and Grimesland, 
Pitt County, North Carolina, and the beds along the Cho- 
wan River represent some part of the upper zone of the 
Yorktown dejjosits. He regarded the beds along the Chowan 
River as the youngest Yorktown deposits. Richards (1950, 
p. 23) also included some deposits along the lower Roanoke 
and Neuse Rivers in Mansfield's zone 2. 

The lithology of the Yorktown formation in North 
(i.uolina is similar to that in Virginia. The western limit of 
the formation in North Carolina is from Weldon to Hali- 
fax, Enfield, Halifax Coimty, Rocky Mount, Edgecomb 
County, and Goldsboro, Wayne County. The westernmost 
Yorktown locality included in this study is Old Sparta 
(locality 10). The southern limit of the Yorktown is near 

New Bern, Craven County, North Carolina. Typical sec- 
tions of the Y'orktown formation were reported by Clark 
and Miller (1912. p. Ifil) and by Mansfield (in Gardner, 
1943, pp. (). 11). 

As a pari of a statistical study of stratigraphic correla- 
tion, Mansfield's zonation of the Yorktown is examined (p. 
27) and is fouiul not to be useful. As defined by Mansfield, 
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ilic ilc)x),sil,s at Claiemoiil, \'imiiiia (loiality 20) . ami the 
lower deposits at Miirfreesboio (lotality 15) belong to zone 
I. At Boykins, Southampton Comity, Virginia, about six 
miles northeast of Murlreesboro, lower and upper /ones 
\\ere obser\ed ami the lower /one (locality 17) probably 
(orrcsjjonds to the lower /one at Miirfrecsboro and is, 
therefore, zone 1 of the Yorktown formation. 

Localities 22 (Yorktown) ami 21 (Kings Mill W'haif) 
would be from zone 2 as defined by Mansfield. The sample 
at Kings Mill Wharf was taken in and above the Cliaiim 

bearing beds and is, therefore, zone 2. Extrapolation from 
Mansfield's statements of distribution of zones 1 and 2 
suggests that localities 18 (Morgarts Beach) and 19 (Court- 
land) , both in Virginia, would belong to zone 2. 

In North Carolina, the u|)per zone at Murfreesboro 
(locality I,')) was defined as zone 2 by Mansfield. The other 
Icxalilies studied, with two exceptions, from North Caro- 
lin.i arc from Mansfield's /one 2. li is not clear as to what 
Mansfield regartled the deposits near Old .Sparta (locality 
10) . Lack of obser\abIe /onation at W'orrels Mill precludes 
])Iating these deposits into one of Mansfield's /ones. 

On the basis of the statistical com|)arisons of the 
faunas of the localities abo\e. Mansfield's /onation does 
not seem to be ap|)li(al)le. However, ih.jt the deposits 
along the Chowan Ri\er are young Yorktown and Duplin 
in age is supported by the statistical studies. 

At places along the Chowan River the \'orktown for- 
mation is represented by a lower blue-gray sand overlain by 
a buff sand. The contact between the layers is irregular. At 
Moimt Pleasant Landing (near Harrells\ille in Hertford 
Comity, North Carolina), where both zones are well ex- 
posetl, the faunas of the two layers are nearly identical. 
Richards (19.')0, p, 23) considered the lower blue-gray layer 
to be Mansfield's zone 1 and the upper bluff-colored layer 
to be zone 2. The fauna of the two color-determined layers 
aie similar to those of oiheis collected along the Chowan 
Ri\ei, all containing the characteristic Koctia (Eoiitin) 
itiroliiirusis Conrad. 

Duplin iiiarl.—'Yhc formation was named from ex- 
jjosures around Magnolia in Duplin Comity, North Caro- 
lisa, by Ball (1898a, p, 338). The foiiiiation consists of 
unconsolidated sand, clay, and much calcimn caibonate; at 
Natural Well the calcium carbonate is 77'5'j, by weight of 
the sediment (Copeland, 19(il, p, 15) . Exposures have been 
reported (Richards, 1950, p|}. 28-30) from localities in 
southern North Carolina including: Magnolia (Du])liTi 
County) , Clinton (Southamjjton County) , Elizabethtown 
(Bladen Ciounty) , and I.imiberton and Fairmont   (Robeson 

C;ounty) . At Naiui.d Well (.Magnoli.i. localiis i>) . the for- 
mation is represented b) three feet of blue-gray sanch mail 
which contains abundant fossils. The Duplin formaticin ex- 
tends into Scjuth Caiolina as far as Ma\s\ille, Sumter 
Comity. 

PLIOCENE 

The onl\ l)eds referajjle to the Pliocene in the area 
mider consideration are those of the Waccamaw foiniation 
and the Croatan sand. The mean percent of the combined 
gastiopod and pelecypod species ranging to the Recent for 
foiu- Waccamaw localities and the two zones of one Croatan 
locality is about 60%. 

]Varcam(ni' form at ion.—The formation was named by 
Dall (1892, ]). 209) for exposures along the Waccamaw 
Ri\er in South Caiolina. In Horry C^oimty, South Carolina, 
the Waccamaw consists of 5-10 feet of fossiliferous blue shell 
marl. The Waccamaw formation in North C^aiolina consists 
of poorly indurated fine cpiartz sand with occasional 
cjuartz and ]jliosphatic pebbles. The thickness of the Wacca- 
maw formation is not definitely known. Miller (Clark, 
Miller, el al.. i9l2a, p. 250) stated that the thickness prob- 
d\A\ does not exceed 20 feet in North Carolina. The forma- 
tion is exposed in North Carolina at Old Dock (locality 2) 
and at Acme (locality 3) , which are typical and richly fos- 
siliferous localities. In this report the faunas of the Walkers 
Bluff (locality 4) and Town Creek (locality 1) localities 
are considered as Waccamaw on the basis of the statistical 
study presented later. 

At Walkers Bluff, the ^\'atcamaw formation consists of 
12 feet of shell marl and sand overlain by three feet of 
coarse loose sand, ^\'hele observed, the formation rests on 
LIpper Cretaceous beds along the Cape Fear River. 

CrodUm .sY//(f/.—Dall (lor. (it.) ])ropo.sed the name 
Croatan for beds along the estuary of the Neuse River. The 
strata ^veie named for the \illage of Croatan, 10 miles below 
New Bern in Craxen County, North Carolina, These beds 
(as represented at localities 7 and 8) are shown to be 
eciui\alent to the Waccamaw (as they were considered by 
Dall) late in this ]japer. Recentl). DuBar and Solliday 
(I9()3) iiaxe studied the Croatan beds in detail. Their 

studies indicate Pliocene age for the beds at localities 7 and 
8. These beds are called the fames City formation by them. 

The Croatan sand lies with miconiormity on the Trent 
formation, which is cjuestionably Eocene or Miocene, where 
the lower contact of the Croatan has been observed. The 
Croatan is overlain by Pleistocene deposits. The maximum 
thickness is 15 feet near James (aty  (localities 7 and 8) . 
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No. 
1. 

in. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

20. 

21. 

22. 

TABLE I 
REGISTER OF LOCALITIES 

Town Creek, Brunswick County, North Carolina. Waccainaw 
formation. Located 4 miles southeast of Winnabow at the Pierce 
Brothers (juarry which is 0.5 mile north of county road connecting 
N. C. 40 and N. C. 87, about 4 miles west of the junction of N. C. 
40  and   the  county   road. 
Old Dock, Columbus County, North Carolina. Waccamaw forma- 
tion. Marl pits along Hallsboro Road and along N. C. 130, about 
1.5 miles north of Old Dock. 
.\cme, Columbus County, North Carolina. Waccamaw formation. 
Marl pit 100 yards west of secondary road from Acme to Delco. 
The pit is 0.5 mile south of the intersection of N. C. 87 and the 
secondary   road. 
Walkers Bluff, Bladen County, North Carolina. Waccamaw for- 
mation. At Milepost 60 on south bank of the Cape Fear Ri\ei" 
8 miles southeast of Elizabethtown. 
Lumberton, Robeson County, North Carolina. Duplin formation. 
East bank of Lumber River 1 mile south of town, 100 yards west 
of U.  S.  74. 
Natural Well, Duplin County, North Carolina. Duplin formation. 
Pit 2.5 miles southwest of Magnolia, on the farm of Mr. .Albert 
Matthews, about 500 yards southeast of farmhouse. 
James City-lower zone. Craven County, North Carolina. Croatan 
formation. At Quarantine Station, west bank of Neuse Ri\cr, 1.5 
miles below James City. 
James City-upper zone, (same locality as no. 7). Separated from 
lower   zone   by   unfossiliferous   mudrock. 
Worrell Mill Pond, Northampton County, North Carolina. York- 
town formation. South bank of Kirbys Creek, 3.75 miles northwest 
of Murfreesboro. 
Old Sparta, Edgecombe County, North Carolina. Yorktown for- 
mation. South bank of Tar River, 1 mile below bridge on N. C. 
42. 
Williamston, Martin County, North Carolina, ^"orktown forma- 
tion. Bank of small creek 2 miles west of town on N. C. 125, 
100 yards south of intersection of N. C. 125 and creek. 
Black R{>ck, Bertie Covmty, North Carolina. Yorktown formation. 
West bank of Chowan River, 1.5 miles east of Black Rock. 
Mt. Cjould, Bertie (.\)unty, Noith Carolina, ^'oiktown formation. 
.At Mt. CJould Landing, 1 mile west of town on the east bank of 
Chowan  River. 
Colerain, Bertie County, North Carolina. Yorktown formation. 
Landing 2 miles east of town on the west bank of Chowan River. 
Murfreesboro-lower zone. Hertford County, North Carolina. York- 
town formation. South bank of Meherrin River, 2 miles above 
bridge on U. S. 258. 
Murfreesboro-upper    zone,     (same    as    locality     15).    Separated 
from lower zone by thin, unfossiliferous clay-sand. 
Boykins,    Southampton    County,    Virginia.    Yorktown    formation. 
South bank of Meherrin River, 2.5  miles  above  bridge on  Va.  35 
about 3.5 miles south of Boykins. 
Morgarts  Beach,  Isle  of  Wight  County,   Virginia.   Yorktown   for- 
mation. South bank of James River, 3 iniles above Smithfield. 
Courtland,   Southampton   County,   Virginia.   Yorktown   forination. 
Sand   pits   just   southwest   of   Hercules   Powder   Company   plant 
about 3  tiiiles southeast of Courtland. 
Claremont, Surry County, Virginia. Yorktown formation. South 
bank of James River, 1 mile north of Claremont. 
Kings Mill Wharf, James Citv County, Virginia. Yorktown for- 
mation. Six miles south of Williamsburg, north bank of James 
River, 100 yards upstream and downstream from the tower at 
the  Camp  Wallace   Military  Reservation. 
Yorktown, York County, Virginia. Yorktown formation. South 
bank of York River, 1.5 miles above town; 200 yards north of 
the  Moore   House. 

LOCALITIES NOT INCLUDED IN  STATISTICAL STUDY 

Longs, Horry County, South Carolina. Waccamaw formation 
From material dug along Waccamaw River bank, 2 miles east of 
Longs. 
Silverdale,   Onslow   County,   North   Carolina,   "rrent   formation." 

Marl  pits on  CJillctte's  farm   10.5  mile  southeast of Silverdale. 

C. Haywood Landing, Jones County, .North Carolina. "Trent forma- 
tion." On east bank of White Oak River, and 100 yards east, 4 
miles northwest of Kuhns. 

D. Willow Green, Pitt County, North Carolina. Yorktown formation. 
Marl pit located on road leading from Willow Green (CJreene 
Co.) to U. S. 267. About 0.13 mile north of swampy stream form- 
ing county  line. 

E. Plum Point, Cahert County, Maryland. Calvert formation. On 
west shore of Chesapeake Bay, about  1   mile north of Plum  Point. 

GEOLOGIC HISTORY 

The basal iijjper Tertiary depasits of this study are 
those marine strata referred to the lower Miocene in Craven 
Comity, North Carolina. The sea witlulrew after deposition 
of the sediments in the .Silverdale, North Carolina, area 
until mid-Miocene time, when the Calvert formation was 
de|JOsited from Maryland to noi theastern North Caiolina 
where Calvert and CJhoptank e(|iiivalcnts have been ideiui- 
lied in the subsurface   (Brown,  19,58, Table  1). .\((<)rdin<' 
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to liiowii, ihcic Mibsui I;KC (Icjjosils were loiineil iiiaiiih us 
thcniital jjiecipitates of phosphates intermixed \vith line- 

sprained elastics in a restricted basin with limited access to 
the ojjen sea. The Choptank formation is sparsely repre- 
sented in \'irginia. The St. .\rar)s formation was dej^osited 
at least as far south as the Mcherrin River in Virginia. The 
formation is not definitely known from surface or siibsm- 
face deposits in North Carolina. During the deposition of 
these three formations comprising the Chesapeake groii]) 
(midille and upper Miocene) the immetliate source aiea 
was low. The clastic seiliments are fine and locally diatoms 
are concentrated to form commercially important deposits. 

The northernmost occmrence of Yorktown beds is 
noiihern Virginia. Southward, the sea covered the northern 
one-third of eastern North Ciaroh'iia during early Yorkio;\n 
lime. No tIe])Osits of older \orktown age are known to be 
piesent south of New Bern, Cra\en County. North Caro- 
lina. The C^ape Fear ,\ich. a broad arch trending uoitheast 
from Wilmington. North (larolina, may ha\e been elexaied 
at this time and theiebx extliuled the sea from soiitheiii 
Noi th Ciarolina. .\ )oinigei phase of the ^■orktown lorma- 
tion is represented b) the beds along the Chowan Rixer and 
at \\'illiamston, North Carolina. The correlati\e Du|)lin 
marl, in southern North Carolina, represents the first ad- 
vance of the sea in that area since upper Eocene or jjossibh 
lower Miocene time. The Cape Fear Arch was then sub- 
merged and remained so dining lower Pliocene time when 
the VVaccamaw formal ion and the Croatan s.uid were de- 
posited. 

ECOLOGY   AND   STRATIGR.VPHIC   REL.XTIONS 

Z)/.sc-!(5.s/o?;.—Faunal lists of all identifiable gastropod 
antl pelecypod species were prepared (Table 2) in order 
to ascertain the stratigraphic positions of the beds at the 
important localities. These lists were statistically analyzed 
by the Roger,s-Tanimoto method (1960) . Match coefficients 
(iMatiix 1) were calcidated by dixiding the nimiber of 
species in common for each of the 22 localities in Table 1 
b\ the total nmnbei of distinct attributes. I-"or example, 
localities 1 and 2 ha\e 22 species in conmion. loialitx 2 has 
51 species, 32 of whiih do not match witii those ol locality 
1. Locality 1 has 29 species, 7 of which do not match with 
those of locality 2. Hence the match coefficient is the total 
niunber of species in common (22) dixided Ijy the total 
number of distinct attribiues (32-f7-f22) or 22/61. The 
total xalue for each localitx is obtained by siunming rows 
and columns in the matrix. The locality with the highest 
value (localitx (i) was taken at the prime node and dusters 
xvere sought between successive members of the typicality 

ratings  (i.e. total values arranged accoicling to rank.   Table 
3). 

C:iusters were allowed to form when the U|( value (the 

ratio of the calcidated distances expressed by match coeffi- 
cients betxveen members of the clusters and the hypothetical 
perfect case in which all distances or match coefficients are 
ecpial) for the cluster being tested was not decreased on 
drojjping the most atypical case from the cluster. (For 
equation used in calculating Ut see Ecjuations for .Statis- 

tical Analyses.) 

/•/Mf//»ffi.—The pelecypod and gastro])od f.iuiia from 
the Dujjlin marl at Natural ^\'ell. North Carolina, is the 
most txpical of those studied, i.e. this locality and horizon 
haxc more species in common with all other localities than 
any other. Locality 6 (Natural A\'ell) and the next most 
tyjiical case, locality 5 (Duplin marl, Lumberton, North 
CJaiolina) occur in clusters 1 and 2 but not in cluster 3 
(Waccamaw and Croatan beds) (Table 4). For purposes 
of correlation, localities 5 and 6 are relegated to cluster 2 
on the basis that the percent of gastropod and pelecypod 
species raging to the Recent at these two localities is lower, 
in keeping with other Miocene faunas in cluster 2, than the 
percent of Recent species in the Pliocene faunas of cluster 
3 (Table 1) . Further, the mean of the match coefficients 
l)ctween the localities of cluster 2 and localities 5 and 6 is 
highei- than for cluster 3 and localities H and 6, xvhen match 
coefficients are based on the maxinuun number of species 
in common, /./■., when the number in conunon is dixidcd by 
the number at the locality haxing the fewer species. 

The Foraminifera of each locality were identified to 
genus and their abundance recorded (Table 5) to help 
determine whether the relationships outlined above were 
the result of age or ecological differences. The interpreta- 
tion of data is based primarily on Lowman's (1949) find- 
ings on the distribution of foraminiferal genera from the 
Gulf of Mexico. The genera from the following localities 
are interpreted as shalloxv shelf (less than 20 fathoms, Shep- 
arcl and Moore. 1955, p. 1539) assemblages: Localities 2-8, 
and 12. The rest, with the exception of 9 and 10, are outer 
shelf. Only two specimens of Foiaminifera were found from 
the sediment at locality 9 (both belonged to the genus 
liobiihis) ; lack of sediment in my collection precluded 
analysis of Foraminifera at locality 10. The Foraminifera of 
localitx () haxc been studied by Charles W. Copeland 
(I9fil) who concluded that the fauna xvas shallow shelf. A 
comparison of the relative abundance of genera at each 
Icjcality gives indication of more refined differences. How- 
exei, the /onation into inner and outer shelf shows that the 
clusters formed are not related  to the inferred depth of 
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TABLE 2 

Gastropoda and  Pelecypoda  Species  from Localities  in Table  1 

opecies 

Localities 

10 11 12 13  1/* 15  16 17 18 19 20 21 22 

R      R 

R    n 

R      R 

CUSS GASTROPODA 

Family Fissurellidae 
Diodora 
D,   griscoma  (Conrad) 

Family Trochidae 
Calliostoma 
C. basicum Dall 
cf.  C. apheliirai Dall 
cf.   C. virpinicum (Conrad) 

Famil;)' Liotiidae 
Arene 

-■■■A.   gemma   (Tuomey 4- Holmes) 

Family Eptoniidae 
Epitoniujn 

■"-cf. 1. antillarum (DeBoury) 
cf,  2-  pratti Gardner 

Family '^ulimidae 
P^uliraa 
cf.   E,  eborea Conrad 
Niso 
cf, 11,  lineata   (Conrad) 

Fandlj' Turritellidae 
Turritella 
T.  duplinensis   (Gardner f; Aldrich) 
cf.  T. alticostata Conrad 
T,   variabilis Conrad 
Vermicularia 

i:-cf.  V.   spirata   (Phillipi) 

Fam.ly Architectonicidae 
Architectonica 
cf.  A.   nupera  (Conrad) 

Family Caecidae 
Caecum spp. 

Family Thaididae 
Ecphora 
E, quadricostata   (Say) 

Family Kassaridae 
Nassarius 
N.   (Ilynassa) arata  (Say) 
N.   (I.) irrorata   (Conrad) 
cf.  N,   (I)  scalaspira   (Conrad) 
N.   (Nassarius)   chov/anensis   (Gardner) 
N.   (N.)  suffolkensis   (Gardner) 

-TJ.   (Hinia)  trivitata   (Say) 

Famil,y Helonf^enidae 
Busycon 

■''■cf.  3.   canaliculatum (Linne) 
-8.  contrarium (Conrad) 

Family Fasciolariidae 
Fasciolaria 
F. sparrovri.  Emmons 
F.   cronlyensis Gardner 
Fusinus 
cf.  F,  eyilis   (Conrad) 
Lirosorra 
L.   sulcosa   (Conrad) 

Family Olividae 
Oliva 

■'•■cf.  0.   litterata  I^marck 
Olivella 

■''■cf. 0. mutica  (Sav) 

-      R      R n    n    n    R    R 

R      C 
-      R 

R 

R      R      R 

R      R      - 

R      -      R 

R      R 

li      C 

R R R 
R p. R 
C _ R 

C       C       -       -       R       C 

-      R      C       A      R      C 



Family Mitridae 
Aurinia 
cf,  A.  rautabilis   (Conrad) 
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TABLE 2   (cont.) 

Localities 

Species 1      2      3      U      5      6      7      8      9        10    11    12    13    IJ*    15    16    17    18    19    20    21    22 

Family Marginellidae 
1-Iarginella 
M.   limulata  Conrad -      C       P.      -      I(      R      -      R      -        _      R      _ 

Family Cancellaridae 
Trigonostoma 
cf, T,  tenera   (Phillippi) --R______ ___ 

R      R 

Family Vermetidae 
Lemintina spp, -      _      C      -      C 

Family Calyptraeidae 
Calyptraea 

■fcf.  C.   centralis   (Conrad) -      R      C      -      R 
Crepidula 

•^'cf.   C,   fornicata   (Linne) CCA-RRRRC __R 
'"<;.  plana Say R      R      _      R      R      _      _      _      _ _      _      R 

Crucibulujn 
C,   costatum (Say) _-r;__c___ ___ 
cf.  C.   pileolum (Lea) --__-R___ ___ 

Family Naticidae 
Polinices 

"P. duplicatus  (Say) ACRCRR---        ---!in__--___ 
Lunatia 

-"-L.  heros   (Say) C       R      R      -      -      R      -      -      li        -      -      -      _      _      R      R      R      C      -      R      R 

Family Cassidae 
Sconsia 
cf.  S. hodgii  (Conrad) -_-_RR___        ____________ 

Family Ficidae 
Ficus 

'F.  communis  Roding -_R______        _______ 

Family Muricidae 
Murex spp. -RR__R___        _______ 
Tritonalia 

*t:f.  T,   cellulosa   (Conrad) _-R______        _______ 
Muricopsis 

■•■^f.  M,  ostrearum (Conrad) _R_______        _______ 
Ptychosalpinx 
P. altilis  (Conrad) _________        _____R_ 
Urosalpinx 

*cf. U,   perrugata _-R______        _____CR 
cf. U.  suffolkensis Gardner _R_______        _______ 
cf. U.  trossula  (Conrad) -_______R        __R__RR 

Family Columbellidae 
Anachis 
cf.   A.   stvliola   (Dall) H      _•'_-_-__        ____R_. 

Family Turridae 
Crassaspi ra 
C.   perrugata   (Dall) -RR____JJ_        ______ 

Family Conidae 
Conus 
cf.   C.  adversarius Conrad -CCRRC---        ______ 

Family Terebridae 
Terebra 

'"•cf,  T.   (Oxyraeris) dislocata Say -RRHCC---        ______ 

CUSS PEL3CYP0DA 

Family IJuculidae 
Nucula 

"■N.   proxira,! _____CCC_        ___RC- 
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TABLE 2  (cont.) 

Localities 

-species 10    11    12    \J     U    IS     ]6    17    18    19    20    21    22 

Family Nuculanidae 
Nuculana 

"W,  (Saccella) acuta  (Conrad) 
Yoldia 
Y.   laevis   (Say) 

-      C      A      A R      C      - R      R 

R 

C       - 

Family Arcidae 
Anadara 

•■■A.   (Anadara) transversa   (Say) 
*"A,   (A.) lienosa  (Say) 

A.   (A.)  carolinensis   (Dall) 
"^A.   (Cunearca)  incon^rua  (Say) 
Arcopsis 

"'■A, adamsi Dall 
Striarca 
S, centenaria Conrad 
Noetia (Eontia) 
N.   (£.)  trigintinaria   (Conrad) 

N.   (E.)  incile   (Say) 
n,   (I.)  plat.yiira Dal] 
N.   (■'.,)  limula   (Conrad) 
II.   (:■;.) carolinensis   (Conrad) 
Glyc:/raeris 

"'■<j,  araericana   (Defranee) 
■■'■O.   pectinata   (Smelin) 

G,   subovata   (Say) 
G. lentiformis (Conrad) 

ACRCCCCCA 
CR---R--- 

R      C 

R      -      R 

R      R      R 

c    c    c    c 

C      R 

C       C 

A       C 

A A A R - A 

;! C A - - - 

-      -      -      -      C       C 

-      C       R      R 

C      -      C      - 

C A      C      C      C      C      C       H      C       K 
-______C- 

C      C 

C      C 

H      - 
R      R 

Family Ostreidae 
Ostrea 
0,   sculpturata Conrad 
0,  disparilis Conrad 

R  R R  R  R 
R  -  - 

-  C 

Family Plicatulidae 
Plica tula 
cf. P. mar?inata jay C       - R      C      R 

Family Astartidae 
.(starte 
A.  ooncentrica Conrad 
A, undulata Say 

-      C C       - R      C      -      - 
-      -      C      C 

c     - 
A       C 

C 

C       C 

Family Pectinidae 
Chlamys s.l. 
C.  eborea   (Conrad) 
C.  virginiana   (Conrad) 
C,  clintonia  (Say) 
cf,   C,  marylandica   (Wagner) 
Aeqxupecten 
A.   (Plafrioctenium) 
A.   (P.)  comparilis   (Tuomey 4 Holmes) 
Lyropecten s.l. 
cf.  L.  jeffersonia   (Say) 
Pseudoamusixim spp. 

R      - 
R      - 
C      R 

R 

C      R      - 
C      -      - 

-      C       C 

Family Anomidae 
Anoniia 

"cf.  A.  simplex  (d'Orbigny) 

Family Crassatellidae 
Eucrassatella 

■**cf. £,  speciosa Adams 
Crassatella 
C. undulata Say R  - -  C  C 

Family Carditidae 
Carditia s.s, 
C. (Carditamera) 

"•K^. (Carditamera) arata (Conrad) 
C. (Cardita) 
C. (Cardita) granulata (Say) 
Cardita  s.l. 

■""Cf,  C.  tridentata   (Say) 
^■'C,  perplana  (Conrad) 

R R R R C 

R C :i R C 

C      ?.      C      H      - 

- R      -      -      -      C 

C      C      C      C      -      - 

- C      -      -      -      - 

R 

R       d 
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TABLE 2  (cont.) 

Localities 

Species 10 11 12 13 U 15 16 17 18 19 20 21 22 

Family Corbiculidae 
Corbicula 
C. densata (Conrad) 

Family Lucinidae 
Lucina 
L. (Callucina) 

"L. (C.) floridana Conrad 
L. (C.) paranodonta (Gardner)- 
L. (Cavilinga) 

'"L, (C.) trisulcata Conrad 
L. (Lucinisca) 
L.   (L.)   cribraria  Say 
L,   (Parvalucina) 

*L.   (P.) multilineata Tuomey & Holmes 
Lucinona 
L,   contracta  (Say) 
Divaricella 

"^.  quadrisulcata   (d'Orbigny) 

Family Ungulinidae 
Taras 
T.   leana   (Dall) 

Family Chamidae 
Chai:vi 

^•C  concreeata 
Kchinochama 

'^cf.  1. arcinella  (Linne) 

Family Cardiidae 
Trachycardium 

■"■cf.  T.  muricstura (linne') 
'••T.  egmontianum Shuttlewort.h 
laevicardium 
L,  sublineatum  (Conrad) 
CerastodernH 
C. laqueata   (Conrad) 

Family Veneridae 
Chione 

*cf.  C.   cancellata   (Linne) 
■■'■C.  latilirata   (Conrad) 
Maorocallista 

■"M.  reposta   (Conrad) 
cf,  M,  emmonsi Gardner 
Dosinia 
D. acetabulum  (Conrad) 
Mercenaria  spp. 
Gemma 
cf.  G.  magna Dall 

Family Mactridae 
Kiactra  sp. 

Family Isocardidae 
Isocardia 
I.  fraterna Say 
Mulinia 
M.  congesta   (Conrad) 
Spisula 

•-TJf.   S.   solidissima   (DillwjTi) 

Family Tellinidae 
Apolymetis 
A.  magnoliana   (Dali ) 

Family'" uonacidae 
Oonax 

■■1).   fossor Say 

Famj.ly Sanfuinolariidae 
Tanelus 

■•'Cf,  T.  plebius   (Solander) 

- R------- ---_R__.--_.. 

CH-R-----        R      ----_-_--__. 
-R--R---- -_--C-___-___ 

- R      R      R      K      -      -      -      -        -      -      C       R      R      -      -      -      R      _      _      -      - 

- -------- -_-----_RR__. 

RR------ --R      ---__-.-__ 

--------- -_---RR-_C--- 

--RRC----        _----_---_-_- 

-R-R-----        ------------- 

--C-?.    --n? _______?.    ___c- 

-CC------ --..__________ 

-CA--:'--- ---_-------__ 

C-C--R--- .-_-.■. ------RR 
CCC-RK--- ------..      --_-R_ 

R-R      R-R--- ---;■'-_--__--_ 

--------R ---_-_R-_____ 
A       C       R       R       R       R       C       R       R -       /:       -       .■.       _       R       R      -       -       R       R       R      _ 

-----R--- -.-______---_ 

--------- --_-__        R__RR__ 

RR-RAAR-A R_---R-RR__R_ 

CCRCR---- _____________ 

----_R.._ ----_________ 

-RRRR---- ___.-----____ 

__R       ------ --_-----___-_ 
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TABLE 2   (cont.) 

Localities 

L'pecies 10    11    12    13     lA     li     It    17    18    10    20    21    22 

Family Semelidae 
Semela spp. 

"Cf,   3,  belli striata  (Conrad) 
Cumin F;ina 
C. medialis   (Conrad) 
Abra 

•"■A. aeqiialis   (Say) 

Family Solenidae 
;''nsis spp. 

Family Corbulidae 
Corbula 
C.  inaequalis Say 

Family Histellidae 
Panope spp. 

Fami.ly Pholadidae 
Bamea 
B. arcuata   (Conrad) 

R      - 

R      R      Fi      R      R      n R     R     n 

C      R      C R      R R      R      A 

R      C 

Symbols:     A - Abundant 
C — Common 
R - Hare 
* - Ranpes to Recent 
- - absent 

Relative abundance  is based  on general impressions of a particular fauna and  is  subject to such bias as unequal sample size, 
selective  collecting  (though  grab  samples were taken to insure  collection of most species), and weighted estimation because of large 
size or uniqueness of form in some  species. 

water at each station. The ihisteis of Tal)lc 1 in general 
I'ollow previous notions of (orrelation in ilic area of study 
and the a^'erage percent of gastropoil and pelecypod species 
lani^ins" to the Recent is distinct for the chisteis. Tiiis evi- 
dence supports the idea of treating members ol the (histers 
as stratiiirapilic  (orrelatives. 

CoucliisHiiis.— ]. The locaHties of chister four (Nos. 9. 
10, 15-22) are (onsidered ap|)roximaiely C(jui\'alent in age, 
and tlie beds are thought to be older than tiiose of chtster 
2 and 3 because: (a) Tliis chrstei lias a lower mean percent 
of gastropod and pelecypod species ranging to the Recent 
tlian the other two clusters. The average percent of species 
langing to the Recent for cluster 4 (21%) is decidedly low 
for upper Miocene beds. However, the average is brought 
clown by localities with sparse faunas. Localities 9. 17, 18, 
21, and 22 have 29";;^ of their species ranging to the Recent. 
This is still low for what would be expected for upper 
Miocene deposits. The percentage suggests middle Miocene. 
(b) The ranges of several sjiecies found in the Clhesapeake 
gioup extend to localities o[ cluster 1 and do not extend 
iiuo the clusteis of yoiniger localities. Slriarcfi rrntcnaria 
((Jonrad) occms at ^'orktown localities 20, 21, and 22, and 
in the Chesapeake group. Lirosoiiia .stilcosiiin (Conrad) and 
PlychosaJpinx iillilis (Conrad) were found at Vorktown 
localities 9, 1,5, 17 and If), 17, and 22, respectively. Both of 
these species are also found in the Chesapeake group. The 

well-known Fjphoni ijiiiKlrnrislitlii (Say) was found at 
localities 15, 17, IS, and 20 and is found in the middle and 
upper Miocene Chesapeake group. Though Glycymcris 

h'utiformis (Conrad) , which is here proposed as the mor- 
phological intermediate and, therefore, intermediate in age, 
between G. parilis (Conrad) of Calvert age and G. ameri- 
cana (Defrancc) of upper Miocene to Recent age, is abun- 
dant at localiiN 17. (i. (iincricdua is sparse in the group of 
localities. Finally, Noctia [Eonliu) incilr (Say) is present 
at localities 18-22: no species of this subgenus are present in 
the other mendiers of cluster 1, but species apparently 
evolved from it are present in the other clusters. A^ (£.) 
incile is restricted to the (Chesapeake group and the lower 
\'orktown. Therefore, it is inferred that cluster 4, the mem- 
bers of w4iich are taken as correlatives because of their 
clustering, is older than the other clusters of this study and 
is pre-Duplin \oi kiown in age. 

2. On the basis of this statistical study, Mansfield's 
faunal zones of the \orktown do not seem to be justified. 
The same conclirsion was reached by McLean (1956) and 
Sabol (HHiO) based on foraminiferal studies. As stated by 
Mansfield (//; Ciaidner, 1943, p. 8) , the beds along the 
Chowan River seem to be younger than most parts of the 
\orktown formation. However, Mansfield's zones I and' 2 
at Murfreesboro (localities 15 and 16, cluster 4) were not 
separable according to this study nor were the deposits at 



MATRIX 1 

Ilatch Coefficients for Localities in Table 1 

Locality no.                2          3 A          5          6          7          8          9        10        11        12        13        U        15 16        17        18 19 20 21 22 

1 .361    .279    .311    .354    .314    .114    .128    .087    .053    .061    .077    .152    .208    .083 .068 .132 .114 .024 .048 .158 .085 
2 .513    .424    .406    .333    .123    .170    .087    .083    .088    .098    .238    .297    .100 .075 .079 .156 .063 .045 .121 .134 
3 .294    .382    .280    .079    .123    .129    .030    .064    .076    .206    .279    .095 .070 .059 .130 .043 .043 .1A7 .127 
4 .467    .236    .081    .098    .085    .108    .118    .075    .200    .229    .O6O .043 .048 .111 .073 .O46 .087 .083 
5 .488    .070    .159    .188    .119    .158    .065    .276    .354    .113 .080 .111 .1^3 .087 .062 .I67 .137 
6 .117    .152    .135    .113    .179    .041    .348    .314    .173 .143 .156 .184 .136 .104 .234 .224 
7 .389    .107    .105    .000    .095    .133    .147    .100 .037 .143 .154 .043 .043 .071 .103 
8 .090    .000    .045    .037    .182    .189    .027 .045 .115 .250 .036 .071 .167 .121 
9 .231    .160    .172    .125    .136    .444 .392 .296 .242 .207 .286 .281 .194 

10 .267    .043     .133    .154    .259 .208 .136 .107 .316 .238 ,1U8 .138 
11 .050    .333    .194    .061 .074 .042 .069 .136 .130 .107 .179 
12 .156    .200    .091 .107 .125 .138 .038 .038 .031 .094 
13 ,432    .119 .105 .086 .158 .152 .147 .128 .244 
14 ,106 .068 .075 .195 .132 .100 .195 .244 
15 ,518 .370 .228 .267 .310 .228 .216 
16 .231 .188 .333 .333 .226 .212 
17 .214 .167 .160 .259 .161 
18 .214 .207 .379 .200 
19 .450 .259 .161 
20 .296 .156 
21 .355 
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localities 17 and 20 (whicli seem best assigned to Mans- 
field's zone I) separable from the other localities in cluster 
four. If retained at all, it is susjo^ested that zone 1 be used 
for the localities in cluster 4 (which includes some of the 
original localities attributed by Mansfield to zones 1 and 2) 
and their correlatives. Zone 2 should be used for beds along 
the Chowan River and their Yorktown equi\alents as indi- 
cated by cluster two. 

3. The suggestion by Mansfield (loc. cit.) that the beds 
at Biggs Farm (near Ciointlantl, Southampton County, Vir- 
ginia) are mucii like those from Natural Well does not 
seem to be justified. Water has filled the ]3it from which 
these fossils were taketi. but pits made near the Hercides 
Powder Company Plant near C^ourtland. X'irginia. (localitx 
19) are in the \icinity. The faiuia from this locality shows 
its alliance with cluster 4 discussed above, and not with 
the fauna at Natural Well. 

4. Cluster 2 includes the Dujjlin beds of Lumbertoti 
and Natmal AV'ell. The more northern representati\es of 
the cluster (localities 11, 13. and 11) are judged to be cor- 
relatives. The reasons for assigning localities 5 and 6 to this 
cluster, rather than to cluster 1, are discussed above. 

The beds at Mt. Ciould, North Carolina, were consid- 
ered to be the youngest Yorktown beds in North Carolina 
by Mansfield (of), cit.. p. 12) . He consideied those at near- 
by Colerain to be a little older. MacNeil (1938, p. 19) 
equated the beds at Lumbciton to those along the Chowan 
Ri\'er but yoiuiger than those at Natmal Well. From the 
statistical study, it seems best to consider all these localities 
equivalent in age. Based on the relatively common occur- 
rence of Glycyuicris aincricnnn (Defranee) , the beds aroimd 
Suffolk (not included in the statistical study) would seem 
to go with cluster 2. Cluster 2 is intermediate in age be- 
tween clusters 3 and 4. The evidence for the intermediate 
position is: (a) The average percent of pelecypod and 
gastropod species extending into the Recent at this group 
of localities is intermediate (44%). (b) Localities 6, ]], 
and 13 have abiuidant pojjulations of G. nmcrhana which 
become more abundant in younger Miocene and Pliocene 
faunas. These populations do not show the variations of 
those observed in localities of cluster 3. G. prctinata, a 
species which is common in some Pliocene localities, is ab- 
sent or rare in localities of cluster 2. Every locality of cluster 
2 contains C. sitbcnHila (Say) : none of cluster 3 contains this 
species, whose known range is Miocene. 

5. The localities of cluster 3 are from the Waccamaw 
formation. Localities 7 and 8, from the Croatan sand, are 
added here because of the high match coefficients they have 
with tlie other members of the clustei when the maximiun 

[possible number of matches is calculated. Also the average 
percent of gastropod and pelecypod species ranging to the 
Recent at localities 7 and 8 supports the addition of these 
localities to cluster 3. 

A lower Pliocene age for the Waccamaw formation and 
the Croatan sand is confirmed. The mean ]jercent of gastro- 
pod and pelecypod species ranging to the Recent in cluster 
3 is 60%. The presence of Noctia (Eontia) platytirn, N. 
(£.) linnila, Glycymeris pcctiuata, and the genus Echino- 
(hdiiia are characteristic of the.se beds. 

6. .\n ujiper lithologic zone of the Croatan sand at the 
James CJily locality is separated from a lower zone by a thin 
unfossiliferous mudrock. In the present studv, faunas of 
these zones coidd not be distinguished, and both are re- 
ferred to the Pliocene. 

7. The foraminiferal faiuias at each locality indicate 
tiiat, with one or two exceptions, those beds north of the 
Chowan River represent deeper water than those along the 
Chowan River and southward at least to the Old Dock, 
North Caiolina, locality   (No. 2) . 

TABLE 3 
Typicality Ratings from Matrix 1 

Rank 

1 

2 
3 
4 

5 
6 

7 
8 
9 

10 

13 

l() 

17 
IS 

19 
20 

21 
99 

Sum of 
[.()(iilily Match Cocffiriciil.s 

6 4.404 
5 1.386 

14 4.248 
9 1.071 

13 4.053 
2 3.994 

15 3.968 
21 3.815 
18 3.78! 
22 3..568 
16 3.556 

3 3.448 
19 3.337 
20 3.313 

4 3.277 
1 3.211 

17 3.165 
10 2.989 
8 2.594 

11 2.515 
7 2.254 

12 1.847 



18 PALAEONTOC.UAPHICA AMERICANA   (V, 34) 

TABLE 4 
Clusters Formed from Analysis of Matrix 1 

1. Localities 1, 2, 3, 4, 5, and 6. Uk=0.007. 
2. Localities 5, 6, 11, 13, 14. U|,=0.013. Locality 12 is added 

here.* 
3. Localities 1. 2, 3. and 1. U,=0.050. Localities 7 and 8 are 

added here.* 
4. Localities 9, 10, and 15-22. Uk=0.001. 

*These localities are tentatively added to the respective clusters 
because of the relatively high match coefficients between the localities 
and the members of the original cluster when the match coefficient is 
formed by dividing the number of species in common by the number 
of species present at the locality having the fewer species. This addi- 
tion to the original clusters is supported by the similarity of the per- 
cent of gastropod and pelecypod species ranging to the Recent for the 
localities added and the members of the original cluster. 

GLOSSARY OF STATlSTICiAL TERMS 

Case—an entity in a matrix, for example, a jjarticular 
species or locality in the two matriies in this paper. 

Cluster, clump—a group of similar cases. 

Distance dij—distance between case i and case j in the 
matrix; indicates degree of similarity of cases i and j, 
where i is the row position and j is the column position. 

dij=;-l0g2   Siy 

Distance Sij—ratio of ninnber of attiilnites in common in 
cases i and j to the number of ilistinct attributes of the 
two cases. Also called match coefficient in this paper. 

Matrix—a series of rows and columns in which each case is 
compared to every other case, as in a mileage chart. 

Match coefficient—same as distance s-,^. 

Q—technique of analysis—a statistical approach in which 
individuals are compared. The comparison may be 
made in at least two ways: (1) calctdation of correla- 
tion coefficient of two individuals at a time (Sokal and 
Michener, 1957 and 1958), and (2) calculation of 
match coefficient (sy) lor two individuals at a time 
(Rogers aird Tanimoto, 1960). In both methods many 

characters (usually 40 or more) are selected and di- 
vided; then comparisons are made on the basis of the 
number of characters in common between all ]}Ossible 
combinations of individuals taken two at a time. 

Prime node—the most typical case in the tyjaicality rating. 

R—techiiicpie of analysi.s—the common statistical ajjproach 
in paleontology in which characters are correlated. For 
example, the cahidation of the regression or correla- 
tion coefficients of height and lcn<>th of n individuals 
of the same species. 

Typicality rating—the characterizing of the cases in which 
the sum of the Sjj and c\j distances for each case (by 
summing along rows and columns) is calculated. In 
this paper the sum of the s^ distances are presented in 
the typicality ratings to facilitate interpretation. Hence 
that case with the highest total is the most typical i.e. 
that case which is most likely to have attributes po,s- 
sessed by all other cases. 

U,<—the ratio of the actual distances between cases (djj) 

calculated and the hypothetically perfect situation in 
which all distances are equal. The method for testing 
for clustering. 

EQUATIONS FOR STATISTICAL ANALYSES 

A. Bivariate analysis: 

Regression   coefficient   or   slope   of   regression   line 
(= tangent of slope angle, hence percent of slope) : 

See Simpson, ct. al., 1960, p. 221. 

t—test for comparison of regression coefficients: 
See Simpson, oj). cit., j). 229. 

B. Multivariate analysis aftei   the method of Rogers and 
Tanimoto   (1960) : 

Sjj—an example to illustrate the cak illation follows: 

*Character        .\ B C D E 

Attribute       abc    abcde    abcdef     abed    abcde 

Case I xoo O O X o o ooooxo X o o o OOXOO 

Case II X o o oooox OOOO X o OOOO OOXOO 

Common      xoo    ooooo    ooooxo    oooo    ooxoo 
Distinct xoo    ooxox    ooooxo    xooo    ooxoo 

Sij=no. of attributes in common=3/6=l/2 
no. of distinct attribiues 

dij=-log, Sij=-log, 1/2=1.0 

Typicality ^ alue (or rating) =sinn or rows and col- 
unms for each, i.e. the stun of n-I distances if there 
are n cases. 

*The character is divided into class intervals or ipialitative as- 
pects as color, shape, and the like. In stratigraphic study, the genus 
is the character and the species the division or attribute. Onlv one 
attribute is permitted per character in morphological considerations; 
but where genera are used as characters, more than one match per 
character  is  possible. 

d« dt 
tE,.  [ (d,) ]=-l/2 ^r, T„[ (d,) ]  log,T„[ (<1,) ] 

tT„  [(d,)] = l/2    (V, d,) 

IJ„   [(d,)] = l-E„ [(cy] 
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E„—Entropy or degree of dispersion expressed in terms 

of  dij 
T„—Normalizing factor 
e„-Iog, n/2   (n-I) 
n—number of cases 
U^—see glossary 

tlhe operation of taking half the sum is not necessary if a par- 
ticular ij and the corresponding ji are considered only once. 

QUANTITATIVE MORPHOLOCIC FEATURES AND 
SIGNIFICANCE LEVELS 

The systematic relationships of species in the genera, 
Atiadara, Kuctia, and Glycymcris, are studied with the aid 
of bivariate analyses. In these studies, the regression coeffi- 
cient of two chaiacters at a time is compared to the regres- 
sion coefficient of the same two characters of another 
sample. (The characters presented were chosen based on 
gra|)hic comparisons of many combinations with subse- 
(pient deletion of closely related or essentially repetitious, 
(in\ilinear, or generic combinations of characters.) The 
compared samples may be considered as drawn froiTi the 
same or from different populations. One of the alternative 
conclusions (drawn from the same or different popula- 
tions) is chosen from the residts of a t-test at an appropriate 
le\el of significance. 

In Noetin (Eoiitia) spp. the level of significance is 
i.iken at 10'^'^,, two-sided. In Glycymcris and A)i(ul(irn a 5"^'^, 
iwo-sided lexel is used. The higher le\el is used for Noctia 

(Eontia) because the species are siiccessional. i.e. closely 
related species in a nearly continuous depositional se- 
tjuence. Howe\er. comparisons of species of this subgenus at 
the 10% and 5"o levels of significance do not gi\e different 
interpretations for the identity of species, but the higher 
level (10%) shows successional relations better because it 
allows smaller chfferences to be considered as significant. 
Hence while no differences may be manifest in a group of 
samples at the 5% level, the 10% level may show differences 

for some samples and none for more closely related samples. 
The following notes pertain to the characters chosen 

which are measiued on a single \alve of one specimen. 

Length (Lt) is the maxinunn anterior posterior dimension. 
Height (Ht) is the maximiuii dorso\entral dimension. The 
\\ idth of the ligamental area (W'l) is measmed along a line 
])eipendinilar to the hinge line from the highest point of 
I he ligamental aiea to the lower limit of the ligamental area, 
riie measiuement is along the slope of the ligamental area 
and is. therefore, not the height of the ligamental area. 
Ligamental area length (LI) is measmed from the anterior 
to  the posterior ends of  the  ligamental  area  and  is  the 

maxinunn \alue of this leatme. The convexity of a valve 
(C/2) is determined b\ an oiuside caliper measiuement 
in which one jaw of the calipers is set on the dental plate, 
and the other jaw is set on the point of maximum gibbosity 
on the \ahe exterior. Hence the actual curvature of the 
valve is not recorded but only its width (thickness of 
an dors). 

Combinations in\ohing adductor muscle scars in gen- 
eral were not found to be of value for characterization of 
species. However, the height of the posterior muscle scar 

(HPM). the maximum value measured dorsoventrally, 
combined with length was found to be useful in species 
of Noctia  {Eontia) . 

Of the measmements of the dental series in\estigated, 
three were foimd to be useful. The distance from the an- 
teriormost tooth to the beak (T.-B) , measured from the 
outermost edge of the anterior tooth to the mid-point of the 
beak, is influenced not only by the length of the anterior 
dental series but also by the height of the ligamental area 
and the height and attitude of the beak. The same is true 
for the distance from the outermost margin of the pos- 
teriormost tooth to the beak (T^-B). The distance from 
the outermost margin of the anteriormost tooth to the out- 
ermost margin of the posteriormost tooth (TjT^) is meas- 
ured on a straight line between the two teeth. The distance 
is influenced by the length of the dental series and by the 
curvature of the series. T2-B-I-T4-B is always greater than 
T.-T^. 

SYSTEMATIC  PALEONTOLOG\' 

Class PELECYPODA Goklfuss,  1820 
Order PRIONODESMACEA Ball, 1895 

Suborder TAXODONTA Neumayr, 1883 

Family NUCULIDAE Adams 

Genus NUCULA Lamarck, 1799 

Nucula proxima Say, 1822 

Plate 1, figures la, lb 

Niuula obtiqua Sav, 1820, Anier. Jour. Sci., vol. 2, p. 40  [noii Lamarck, 
1819). 

A', proxima Say, Say,  1822, Acad. Nat. Sci. Philadelphia, Jour., vol. 2, 
1st ser., p. 270. 

Diagnosis.—SheW sid30\oid to subtrigonal; hinge highly 
arched; anterior teeth more numerous than posterior and 
with larger members, posterior series about one-half as long 
as anterior; resilifer large, producing large edentulous space 
under beaks; anterior muscle scar slightly more ventral than 
posterior muscle scar; external ornament absent except for 
growth lines and faint striae; beaks small; umbos promin- 
ent; inner margin finely denticulate ventrally. 
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TABLE 5 

Abundance* Chart, o£  Foraminifera Genera from Localities in Table 1 

Localities 

Genera 1        2        3        /.        5        6        7 10      11      12      13      lA      15      16      17      18      IQ      20      21      22 

Family Textulariidae 
Textularia 

Family Miliolidae 
Quiuqueloculina 

Family Nodosariidae 
lagena 

Family Buliminidae 
Bull mi na 

Farailv Uvigerinidae 
Anguloperina 
Trifarina 
Uvif^erina 

Family Heterohelicidae 
Bolivina 

Family Polvmorphinidae 
Raphanulina 
Guttulina 
Polymorphina 

Family Honionidae 
Klphidium 
Nonion 
Nonionella 

Family Gassidulinidae 
Cassidulina 

/.      23      19      - 

46       7     45     - 

12      - 

16        2 

7      11      20      50 

6-23 

6      10 

14      15 12 13 

29      - 2 - 

10        6 - - 

6 - - 

4 
11 

2 2 

2       - 

6      36      20 
7        6      10      24 

15 
75 

14 
80 

6 
13 

12 
49 

2 
24 78 18 

4 
12 33 

18 
25 

6 

Family Rotalidae 
Cancris 
Cibicides 
Discorbis 
Eponides 
Ammonia ('Tiotalia") 

25 
1 
n 

Family Orbulinidae 
Glohicerina 
Orbulina 

2 
2 

2-T 
13 

2 

4 

4 
2 

43 

2 
32 

11 

10 
2 - 

37 9 40 
6 9 19 

12 7 

29 
5 

17 

16      10 13 
18 
10 

16 

11      22 4      16 

timber of Specimens ^8       ~       5^      /o       62 

^Abundance  by percent  for each  locality. 

28 
8 

39 32 12 
7 11 12 

10 12 13 

10 

33 

l)isciissio)i.—The striation of the inner ventral margin 
is the product of fine ribbing imder the siuface of the 
shell. The striae show through the external smface of the 
valves, but produce no relief on the exterior. The ostraciun 
is ridged and grooved towartl its lower limit. The extension 
of these undulations produce the denticles on the ventral 
margin. The nacreous layer is concomitantly undulated 
with the ostracum. The undidations fade from the ventral 
margin and disappear dorsally. The innermost laminae of 
the nacreous layer are not undidated. Hence suggestion of 
striations can be seen in exterior (especially) or interior 
views but prochice relief only on the ventral maigin in the 
form of small denticles. 

42     41     66     50     40     60     56     66     81     83 

Say (1822, p. 270) stated that Xiiiiilii j>r()\/iii(i differs 
from A', iniclcus Liniie, 1758, the type species of the genus, 
in being witler and ha\ ing the posterior set ies of teeth more 
regidar and distinct. 

According to Abbott (l!),')!, p. 33!) , N. prox'niid ranges 
from Nova .Scotia to I'lorida. and west to Texas, and is com- 
mon just offshore in nuid. Howe\er, Paiker (i95(), |). 'if7) 
re]jorted that the species is commonly tolletted offshore 
(1.3-50 fathoms)   in the Gulf of Mexico. 

Hypolypc-V. N. C. Cat. No. 3511. 
7?a Hgc—Miocene-Recen t. 
Loailitics.-'Nns. (i, 7, 8. 13. II, 18, 21, 22 (see Register 

of Localities) . 
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Family NUCULANIDAE Stoliczka,  1871 

Genus NUCULANA Link, 1807 

Subgenus SACCELLA Woodring, 1925 

Nuculana (Saccella) acuta (Conrad), 1831 

Plate 1, figures 2a, 2b 

Nucula (iiutii Conrad, 1831, Amer. Marine Conchology, p. 32, pi. 6, 
fig. 1 (non J. de Carle Sowerby, 1840, Geo!. Soc. London, Trans., 
2d ser., vol. 5, pi. 39, fig, 5) ; Conrad, 1845, Fossils of the Medial 
Tertiary of the United States, p. 57, pi. 30, figs. 2; Gardner, 1943, 
U. S. Geol. Sur., Prof. Paper 199-A, p. 19, pi. 1, figs. 1, 2, 4, 5. 

I.Cila acuta Dall, 1898, Wagner Free Inst. Sci., Trans., vol. 3, pt. 4, 
pp. 592,  593. 

Di<tgnnsis.~^\\c\\ .slioiuly ,o;i|>iiio po.steiioi ly, ;mterior 

iiKirgin gently roundetl, |K)sterior margin acute, rostrate; 
liinge arched; teeth chevron-shaped, anterior series of teeth 
subecjiial to jjosterior series; external ornament of numer- 
ous, small, concentric ridges regularly to irregularly spaced: 
beaks tiny, opisthogyre;   inner margin smooth. 

Discussion .—The nearshore and offshore variations 
(>hscr\ed 1)\ Parker (19,5^, pp. .H20, 317) were not definitely 

disiei n.ihic. The sjjecimens collected have the closely spaced 
conccntiit lidges of the olislioie type, however, these ridges 
were more prominent than in the one figured by Parker 
(pi. 2, figs. 8a, b) . The olfshore form is lepoiteil by Parker 
from de])ths of i'i-.'jO fathoms. The range of Recent repre- 
sentatives is from Cape (lod to liie West Indies (Abbott 
1951, J). 338). 

Gardner (192(J. pp. M-20) described sexeial new 
sjjecies of Nuculana from the Alum Bluff groups of Florida. 
Distinction is based on small differences in spacing of the 
concentric. The following s]>ecies of Gardner of lunule and 
escutcheon. The following species of Gardner (1926) aie 
probably conspecific with Nuculana acuta, but lack of ty|je 
niateiial has precluded final judgment: Lcda leptalca, Lcda 
polyi lioii. and Lcda prolcracuta. 

Hxjjotypc.-V. N. C. C:at. No. 3.512. 
/ir(»t;r.—Miocene—Recent. 
Localitics.-Nos. 2, (i, 7. 8, 13. II, 17. 18. 19. 

Genus YOLDIA Mbller,  1842 

Yoldia  laevis (Say).  1824 

Plate 1, figures 3 & 4 

A'lKula lai-vis Say,  1824, Acad. Nat. Sci. Philadelphia,   lour.,  1st ser., 
p. 141, pi. 10,'fig. 5. 

Yuldia lan'is Dall, 1898, Wagner Free Inst. Sci., Trans., vol. 3, pt. 4, 
p.  596. 

Diagnosis.—SheW elongate, small, wiih distinct posterio- 
dorsal fold, gaping anteriorly and posteriorly; hinge gently 
arched: anterior series of teeth subcqual to jiosterior series, 
most membeis che\ ion-shaped: lesililei large, nearly round: 
ornaiiunl ol giowlh lines only; beaks small, siibcentral. 
lilted posteiioih:  inner maii'in smooth. 

Discussion.— YokUu linnitula Say, 1831, of the Pleisto- 
cene and Recent is closely related to Y. laevis. Dall (1898. 
p. 596) considered the two distinct and stated that Y. laevis 

has larger chondio|)hores. smaller and more numerous 
teeth, more pointed posterior end. and less compressed 
escutcheon. 

Hypolypcs.~V. N. C. Cat. Nos. 3513, 3514. 
7?«/(,i^c'.—Calvert-Yorktown Miocene 
Lucalitics.-Nos. 9,  12.  18. 

Suborder PRIONODONTA MacNeil,  1937 

Superfamily ARCACEA Lamarck 

Family   ARCIDAE Lamarck, 1818 

Diai^nosis.—¥x[ui\d\\e or not; inec|iiilaleral: ligament 
usually duplivincular, prosodetic, am])hideli(, o|)isthocletic 
or confined to a pit under the beaks: ligamental are;i orna- 
ment \ariable: pallial line com])lete: adductor muscle scars 
sidjecpial; teeth taxodont, \ariable in shape and orientation, 
rarely parallel to the hinge; dental plate sublinear; costae 
usually present: beaks prosogyre, orthogyre, or opisthogyre; 
crenulations present or absent. 

flrtwge.—Triassic? Jurassic? Cretaceous-Recent. 
Q_ualitativr considcrations.—Ai'ihgning an arcid species 

to a subfamily, without first determining the genus, is dif- 
ficult at the present time. During this study, few members 
of the subfamily Arcinae could be obtained. This group was 
studied mainly by the use of illustrations and descriptions. 
Some of the more typical representatives are included in 
the statistical study of the group which follows on the next 
few pages. Qualitatively, some of the features that have 
been used and some that may be used to separate the sub- 
families are: 

I. Ornamrntation of the li'^nuieutal area.—The Noeti- 
inae are partly characterized by prominent vertical grooving 
on the ligamental area. This feature is by no means re- 
stricted to the group. In some cases, especially in Area, s.s., 

Lunarca, and Noetia, the vertical striae are related more or 
less directly to the taxodont dentition. Extending from the 
teeth onto the lisramental area are ridsjes between which are 
grooves. Vertical ligamental area ornamentation is more 
prominent in the Noetiinae than in other groups and can 
be used to recognize that subfamily. Interestingly, weather- 
ed individuals of species of Anadara have been found with 
prominent striations on the ligamental area. Dilute HCI 
can be used to bring out the vertical striae on unweathered 
specimens. Ajjparently a thin veneer of calcium carbonate 
is .secreted o\er the ligamental area by the mantle at siic- 
cessi\e growth stages. The teeth. ha\ing formed continu- 
ously, assert themselves in  the shell strucliiic to a gic:i(ei 
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degree than the calcification associated with the h^ament. 
As a lesidt, the underlying sliiac caused by teeth aie ex- 
posed on weathering of the siiell. A similar plienomenon 
may be observed in geronlit and weathered indi\i(kials of 
Crlycymeris. Again the striae are apparently related to the 

dentition. 

The chevron-shaped sinfitial markings in the liga- 
mental area of Auadnra seem to be different than the analo- 
gous or homologous stnictine in the Arcinac. In Anadara, 

the (iievions impose a terracing on the ligamental area 
whereas in the Arcinae they seem to occur as actual grooves. 

2. Costae—Thfi natine of the costae seems to be useful 
in separating the Anadaiinae, though some o\crlai) exists 
with the Arcinae. In the Arcinae the ribs aie mainly small, 
touiided, and sinuous, and riblets are commonly j)resent; 
in the Anadarinae the ribs are prominent, flattened, not 
sinuous, aircl riblets are raiely present. 

'i. Crcnulations and .shell strut lure.—Those forms with 
cienulations apparently possess them as a lesult of the con- 
tinuous growth of the ribs. Ventrally, flexing in the area of 
the ribs is present throughout the shell. Sections cut iriore 
toward the dorsal edge of the valve show that the ribs do 
not extend through the entire shell thickne.ss indicating that 
the mantle has secreted an additional amoimt of calciimi 
carboirate so that imdulations exist only at the ventral mar- 
gin in most sjiecies. The Noetiinae and Anadarinae have 
prominent crenulations; the Arcinae do not have any, as a 
rule, and the rii)s in thin sectioir aie sujjcrficial and are 
restricted to tiie outer part of the shell. Flexing of the 
laminae was not obser\ed in the membeis of the Arcinae 
examined   (see Plate 6). 

i. Byssal gupe.—Arca, s.s. and some species of rxnhiiliii. 
s.s. have a ventral gape to make room for the protrusion of 
the strong byssus. Area seems to always possess this feature, 
l)ut Barbalia does not. It, therefore, is not reliable for 
idenlilication. I'urther, if the gape is not large, both valves 
are necessary to observe it. Reinhart (1935, p, 1,')) stated the 
byssal gape is characteristic of the Arcinae, but he included 
forms in the category which do not have the gape. 

Outiiililalii'c ((>ii.siilcrtilio)is.—'Yo test the systematic 
relations of generic and subgeneric categories, 45 characters 
weie selected and measuted (or observed in the case of 
(jualiiative characters) on two tyjMcal species of each of 15 
genera and subgenera of the Arcacea. The species in every 
case were represented by a single, typical, mature individual 
which seemed conspecific with the type. These species are 
listed in Table 6. Illustrations and descriptions were used 
when a species to be studied was not a\ailablc for first hand 

study. The data weie then analyzed by the Rogers and 
Tanimoto (19()0) method. Matrix 2 contains the match 
coefficients of species. In this study linrlititin (liiirlxitia) 
rcei'cana (Reinhart) i^Cucullararca rccx'caiui Reinhart, 
1943) cmeiged as the prime node, i.e. as the most typical 
species of those investigated. This meairs that this species 
has more characters in ccimmon with the other species 
studied than any other in the matrix. The typicality rating 
of the whole grou|) is shown in Table 7. Table 8 shows the 
clirstcis formed by the analysis. A cluster is defined as a 
gioup of individuals which ha\e djj spacings sufficiently 
equal to allow ilie ec|nation U|,= l—En/,,n to become as 

small as desired {i.e. to reach the least random state) . See 
Glossary of Statistical Terms for definitions of symbols. A 
cluster was allowed when upon the elimination of the most 
aty])i(al case, the lesidting U,; \alue \v'as not decreased. 

Conclusions.—\. Cluster 1 shows the Barbatia tribe 
bonded. Some of the generic names are considered distinct, 
otheis not. Those retained as valid are those which have 
characters readily distinguishing them from all others. (If 
a chrstei consists of forms not leadily distinguished, the 
forms c()m|)iising the cluster aie treated as belonging to 
one genus or sidjgenus.) Representative species of the first 
cluster belong to the following supraspecific categories: 
Arcnpsis \on Koenen, 1885; Barbatia. s.s. Cray, 1842; Acnr 

Cray, 1857; Oblitjiunra Sacco. IS98; Calloarra Cray, 1857; 
Cucullaria Conrad, I8()9: Cue ullaearca Conrad, 18f)5. Aear, 
Obliquarca, and Callotirca are included as subgenera of 
Barbatia in keejjing with the general practice of authors 
becau.se they cluster well with each other and with Bar- 
batia. Dall (1898, p. (il5) suggested Plagiarm and I'olyne- 
nia Coniad. 1875 be placed with Calloarca. Cut ullaearra is 
put in synonymy with Barbatia, s.s. Reinhart, 1935, consid- 
ered Cut ulltifarea as distinctly characterized by the large 
byssal gape—a variable featiue. Heath (1941) found no 
anatomical distinction between the Recent species ol Btn- 
htttia, s.s. and Cucullaetirra that he in\estigated. 

2. Clusters 2 and 3, which share several forms, group the 
Anadara tribe. Because fossil species of Anadara Gray, 1847, 
Scapharca Gray, 1847, and Crnntnirca Conrad, 1863 can not 
always be distinguished, it is suggested that forms previously 
assigned to these categories be ])laced luider Anadtna in 
keeping with the law of jjriority. Cranoarra has often been 
considered a subgenus of Btirbatia: no e\ idencc for this sup- 
posed relation w.is established here. 

Cuncarca Dall, 1898 is considered a subgenus of Ana- 
dara because it is obviously closely related in form and 
anatomy   (Heath,   1911)   and  iiiav be identified  from one 
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Match Coefficients   for Thirty Arcid S|itcii'S   in Table  6 

Specimen  no. 2 3 4 5 6 7 U V lU 11 12 13 14 15 16 17 lU 14 2U 21 22 23 24 20 26 27 28 29 30 

2. 
3. 
4. 
5. 
6. 
7. 
e. 
9. 

10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
26. 
2>). 

.475 .160  .216  .111 .153 .153 .160 .125 .153 .205 .104 .125 . 160 .104 .216 . loO .111 .254 .210 .216 .213 .213 . 194 .304 .267 .090 .046 .153 .164 
.153  .104  .111 .125 .104 .216 .125 .13V .267 .250 .153 . 125 .160 .233 .125 .071 .254 .233 .250 .175 .194 .156 .153 .250 .WS .111 .139 .233 

.475  .250 .267 .420 .267 .125 .090 .304 .267 . 153 . 160 .111 .111 .166 .160 .213 . 104 .104 .156 .121 .213 .200 .267 .200 .250 .250 .139 
.131 .216 .205 .205 .125 .139 .304 .250 .216 .104 .090 .lOS .125 .125 .345 . 153 .160 .121 .104 .104 .205 .205 .216 .250 .250 .216 

.551 .205 .267 .363 .267 .304 .267 .153 .153 .267 . 104 .267 .343 . l5o .160 .200 .276 .254 .345 .100 .285 .139 .153 .160 .184 
.343 .250 .304 .233 .343 .233 . 16b .160 .216 .216 .205 . 205 .276 .25f) .250 .276 . 2.54 .345 .233 .324 .200 .168 .265 .250 

.500 .153 . 160 .343 .304 .153 .153 .200 .200 . 233 . 104 .290 .200 .104 .000 .OflO .213 .304 .451 .216 .216 .451 .285 
.139 .139 .:i04 .267 .160 .125 .168 .210 .200 .200 .290 .100 .200 .121 . 104 .194 .304 .267 .160 .216 .343 .265 

.570 .2f,0 .216 .363 .305 .363 .:«)5 .324 .420 . 2.54 .324 .343 .423 .321 .396 . 160 .216 .153 .139 .139 .139 

.21(1 .104 .400 .3C5 . .-)..3 . -MU .304 .451 .345 .324 .205 .396 .400 .370 .153 .216 .139 .139 .153 .164 

.406 .200 .200 . 200 .233 .200 . 20il .400 .210 . 104 .156 .121 .233 .406 .500 .200 .216 .205 .385 
.250 .104 .233 .2W> .104 .250 .345 .216 .267 .121 .130 .233 .343 .305 .153 .200 .304 .216 

.630 .205 .305 .207 .305 .299 .267 .304 .276 .345 .254 .104 .216 .233 .250 .200 .160 

.250 .265 .267 .342 .233 .324 .363 .345 .290 .233 .153 .200 .267 .250 .160 .111 

.500 .420 .324 .290 .305 .420 .290 .290 .3% .104 .216 .lU .090 .153 .233 
.205 .305 .290 .303 .304 .321 .370 .276 . 104 .216 .004 .096 .184 .267 

.420 .290 

.276 

.363 

.267 

.390 

.305 

.304 

.321 

.636 

.321 

.345 

.213 

.321 

.370 

.276 

..370 

.Z13 

.254 

.321 

.762 

.542 

.423 

.345 

.451 

.423 

.2'« 

.345 

. 160 

.139 

.321 

.160 

. 160 

.130 

.104 

.175 

.216 

.216 

.296 

.153 

.139 

.130 

.121 

.194 

.406 

.111 

.111 

.233 

.160 

.111 

. 104 

.121 

.136 

.111 

.216 

.111 

.125 

.296 

.153 

.098 

.066 

.104 

.136 

.166 

.200 

.607 

.139 

.125 

.276 

.153 

.139 

.080 

.066 

.104 

.363 

.365 

.267 

.200 

.200 

.153 

.276 

.168 

.139 

.121 

.138 

.194 

.365 

.475 

.200 

.139 

.365 
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vahe—the li^anient:tl aica lacks the (he\ion inaikiiigs pres- 
ent in A/Kidarii. Also the posterior dental series is coninionly 
shorter tlian the anterior series imlike typical Anadarii. 

3. Noctia (Eo)itia) bonds to the Aiuuluru tribe in clus- 
ter 4. Species oi Noctia ha\e well-fcji mecl costae and cremila- 
tions which anadarids also possess but barbatids lack. How- 
ever, Heath (1911, p. 291) foimd that .V. (£.) pondrrosa, 

the only species of the genus investigated by him, is anatom- 
ically distitrct irom other arcids that he studied. Though 
MacNeil (193S) elc\ated Noctia and genera he considered 
closely related to Noctia to family statirs, the group is treat- 
eel as a subfamily here, as was done by Rcinhart (1943) . 
The relations of forms considered as noetids b) MacNeil are 
debatable. 

4. One species of Lunarca bonds to the Anadara tribe 
(cluster 3) . The true iclatioii of the genus to other arcids 

is a problem: Heath (1911) also found that Lunarca 

{^=Argina oi aiutors, a homonym) did not lit well into one 
of the major arcid groups. For conxeniencc, it is placed 
with the Anadarinae, as is doirc by Reinhart (1913). The 
classification is sii])ported 1)\ the nature ol the costae and 
creniilations. 

5. Sinprisingly, the two s]jecies of Area, s.s. studied are 
atypical. They bonded to no other group throughout the 
study. Hence whethei the genus should be so closely placed 
to Barbatia (^v4iich has been done mainly on the basis that 
both ha\e a strong byssus)  seems open to debate. 

6. The two species of Glycymcris are the most at\])ical 
of all arcids studied, thus supporting the placement of 
Glycymcris into a sejsarate family of the Arcacea. Heath 
stated that the relation of Glycymcris to the other arcids is 
obsciue. 

7. The new genus and subgenera described by Dall, 
cl al. (1938) from Hawaii are not included in the cpiantita- 
ti\e study. Tentatively, it appears that Barbarca, a suljgenus 
of Calloarca, shoidd be sup])ressed. It differs from typical 
Calloarca only in the natme of the periostracum. A barbatia 
was used by Dall as a subgenus of Barbatia fiom which it 
differs in having a smooth rather than ha\ing a fringed 
periostracimi. The natme of the ])ei iostraciun tertainh' 
^vould ha\c little a|)plication among fossils species, unless 
it ccjidd be correlated ^^itil some othei difference. Some of 
the forms assigned to Hawaiarca seem to belong to Cal- 

loarca, but fm ther stuch is needed to show the ti tie position 
of Ball's proposed genus. 

The two subgenera of Anadara proposed by Gray 
(1857, p. 371) , Cara and Rasia, were based on differences in 
the periostracum. As defined, these subgenera have no ap- 

plication ill paleontology and perhaps no moic than spe- 
cific: significance in Recent counterparts. 

Table r> 
Species used for Statistical Analysis of Arcids* 

Specimen No. 

1. Area cf. A. iimboiiata Lamarck, 1819. Recent. 
2. Area wagncria7ia Dall, 1898. Pliocene 
3. Nejetia   (Eontia)   ponderosa   (Say), 1822. Recent. 
4. iV.  (£.)   limiila  (Conrad), 1832. Pliocene. 
5. Lunarca ovalis  (Briiguiere), 1789. Recent. 
6. L. brevifrons bucaruana   (Sheldon and Maury),  1922. 

Recent. 

7. Anadara {Citnearca) inconqrua (Say), 1822. Recent. 
8. A.  (C.)  scalarina  (Heilprin), 1887. Pliocene. 
9. Acar reticulata   (Gmelin), 1791. Recent. 

10. A. reinliarti Effinger, 1938. Oligocene. 
11. Barbatia   (Granoarea)  ?'/rg//;/rtc Dall, 1898. Miocene. 
12. B.   (G.)   propatula   (Conrad), 1843. Miocene. 
13. Arcopsis adamsi D:\U. li'rSa.'B.ecent. 
14. A. solida   (C;. B. Sowerby, I), 1833. Recent. 

15. Barbatia   (Barbatia)   lurida   (G. B. Sowerby, I) ,  1833. 
Recent. 

IT).   /,'.   (/}.)   landcsi  (Weaver and Palmer) , 1922. Eocene. 
17. Barbatia    (Calloarca)    alternata    (G.   B.   Sowerby,   1), 

1833, Recent, 
18. /;.  (C.)   Iconensis Mansfield, 1932. Miocene. 
19. Barbatia   (Cucullacarea)   recveana   (d'Orbignv) ,  1846, 

Recent. 

20. B.  (C.)  inusitata Woodring, 1925. Miocene, 
21. /).   ((.'.)   mississippiensis  (Conrad), 1848. Oligocene. 
22. Barbatia   (Obliejuarea)   dcnicra Woodring, 1925, Mio- 

cene, 
23. B.   (O.)   modiolida Woodring, 1925. Miocene. 
24. Barbatia   (Cueullaria)   taeniata Dall, 1898. Pliocene. 
25. Anadara   (Scapharea)   licnosa   (Say), 1832. Pliocene. 
26. Anadara   (Scapharea)   transversa   (Say),  1822. Recent. 
27. Glycymcris subovata   (Say), 1824, Miocene. 
28. G. amcrieana   (Defiance), 1829. Pliocene. 
29. Anadara    (Anadara)    trilineata   eabarea    (Grant   and 

Gale), 1931. Pliocene. 
30. A.   (A.)   formosa   (G. B. .Sowerby. I),  1883. Recent. 

*The forms in this list are recorded here as they have most 
recently been known in the literature, or as they have been put into 
superspecific categories based on the original definition of that cate- 
gory. Synonyms are not applied here but are in the text where they 
are discussed in relation to the (^uantitati\e analysis made on the 
supraspecific categories. The species name is followed by the epoch 
from which the type was described or also from A\'hich the species is 
best known. The known  time  range  is not given. 
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Table 7 
Typicality Ratings ot AicicI Species from Matrix 2 

Ra)ilt 
1 

2 
3 
4 

5 
6 

7 
8 
9 

10 

II 

12 
13 
14 

15 
16 

17 
18 

19 
20 

21 
22 
23 
2-1 
25 
2fi 
27 
28 

29 
30 

Specimen 

19 
II 
24 
10 
9 

26 

21 
16 
20 
18 
6 

13 
15 

17 
7 

14 

22 
12 
23 

5 
8 

25 
30 
29 

3 
4 
1 

2 
28 
27 

Sitm of 
Miit( Il Coefficients 

8.410 
7.941 

7.925 
7.907 
7.766 
7.718 
7.684 
7.(i8." 

7.642 
7.534 

7.467 
7.462 
7.456 
7.388 

7.263 
7.123 
7.069 
7.0,50 

6.920 
6.778 

6.547 
6.540 
6.1.52 
6.337 
6.058 

6.047 
5.521 
5..377 
5.229 
5.200 

Table 8 
Clusters Formed by Analysis of Matiix 2 

1. Numbers 9, 13-18, 20-24. U,=0.001. The prime node, no. 
19. is added here with the other species of Ciiciillaearco 
(=R(irl)(ilia) . Also specimen   10, which  is most closely 
bonded to specimen 9, is addeil here. 

2. Ninnbers 7, 12, 26, 29, 30. U|,=0.011. 
3. Nimibers (i, 7, 8, II. 26, 29. U,<=O.OIO. 
4. Numl)ers 3.  I, 7, 8, II, 12. 25, 26, 28, 29. Uk=0.020. 
5. Ninnbers I and 2. 

Species that failed to tlustci: 5, 27. 

*KEY TO UPPER  IERTIAR^  /VRCIDS OV MID- 
ATLANTIC COASTAL PLAIN 

1. Gestae superficial, commonly sinuous and roinuled; 
crenidations absent or poorly defined.  (.ARC^INAE)     2 

Costae well dexelopcd, relati\ely stiaight; crenida- 
tions  jjrominent 3 

2. Shell small; muscle scars elevated; ligament in Iri- 
angidar pit under beaks—Arcopsis . . . [Arcojisi.s 
(Ar( opsis)   tuhiinsi] 

Shell large; muscle scars ele\atecl; ligament am|)lii- 
dciic not confined to pit imdci   beaks .  . .Slrimca 

[Striiiria  (Oilenaria] 
3. Shell  not suborbicular 4 

Shell suboibicidar.   (GLYCYMERIDAE)                     17 
4. Ligamental area not or only faintly striated verti- 

cally: riblets rarely present in intcrsj^aces. (ANA- 
DARINAE) 5 
Ligamental area strongly stiiaied \ertically, riblets 

always present in interspaces. (NOETIINAE) — 
Noetia   [EoiUiii)                                                                    12 

5. Ligament   am|)hidetic . . . Anadara 6 
Ligament opisthodetic   .  .  . Lunarcu  [Lunarca ovalis] 

6. Ligamental area with chevron-shaped grooves—/4?(rt- 
iliirn s.s    7 

Ligamental   area   without   chcxron-shaped   grooves 
.   .  .  Aiiadarii    {C.unearcd)   .  .  .   [A)itiihrra   (Cinie- 
(ircii)  inconis^riia] 

7. Costae not multiple 8 

Costae   midti])lc                                                                     11 
8. Costae    numerous,    distinct—Aniulara     (Anadiirn) 

Irniisxiersa 

Costae  few,   jjrominent 9 
9. Shell small, ribs not markedly flattened 
      A.   {A.)   silverdaletTsis 
Shell large, ribs markedly flattened 10 

10. Shell high A.   (A.)   ciirolineiisis 
Shell elongate A.  (A.)  pynpatiiJti 

11. Ribs abimdantly nodose; shell sid3C|iiadrate 

 A.    {A.)    ctiIlici\s/osii 
Ribs sparsely nodose, shell elongate 

A.    (A.)    licnnsii 
12. Costae divided only posteriorly 13 

Costae divided nearly across entire shell 15 
13. Beaks not sidjterminal, lirations present 14 

Beaks subterminal, lirations absent 
 Noetia   (Eoiitui)   iucile 

I I.   Ihnbos not high, shell ihomboidal 

A'.    {E.)    Irigiuti))(iria 
limbos high, shell iiigonal A'.  (£.)  ponderosa 
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15. \'ciural sag present A'.   (E.) Iiiniild 
Ventral sag absent Ifi 

16. Beaks siibcentral in relation to length of shell, an- 
terior teeth not L-shaped               A'.   (£.)   carolincnsis 

Beaks anterior in relation to length of shell, ante- 
rior teeth L-shaped     A'.   (£.)   platyura 

17. Costae with fine striations 18 

Costae without fine striations                                        21 
18. Striations poorly defined, costae indistinct 19 

Striations well defined, costae distinct                        20 
19. Teeth present in centei: shell small, oibicular; liga- 

nienial area with distinit chevron-shaped grooves 
  Clyryiiicris antrparilis 

Teeth absent in center: shell large, high in relation 
to length: chevron-shaped ornament of ligamental 
area pooily de\eloped G. parilis 

20. Teeth large and widely spaced m relation  to size 
of shell    G.   lejitiforniis 
Teeth small and closely spaced in relation to size of 
shell   G. amcricnna 

21. Shell subovate, costae strong (j. subovnta 
Shell trigonal, costae very strong                 G. pcrliiKitd 

*Wherc only one species was studied in a genus, the characters 
are keyed only to the genus. The bracketed species follows the gen- 
eric name. 

Subfamily ARCINAE 

/.)/V/i;/;o,s/i.—Strongly to slightly inetpiilalcral. etpiival- 
vidar or inetjiiivalvnlar; byssiis present, byssal gape strong, 
moderate, or absent: ligament amphidclit. opisihodetic. or 
confined to triangular pit beneath beaks: ligament;d area 
narrow to wide, nearly flat to nearly vertical, ornament 
\ariable; costae often sinuous, lountled. jjooily de\eloped. 
riblets usually present in interspaces: adductor muscle scars 
elevated or not; teeth variable, seldom with well-develo|)ed 
(hevron-shaped members; inner margin seldom crenulate. 

7?fl?(oc.—Cretaceous-Recent. 
DwfMMion.—According to Reinhart {191,'5, ]). II) some 

representatives of the Arcidae are known from the Jinassic 
and possibly the Triassic. The Arcinae are known from the 
Cretaceous. 

Genus ARCOPSIS von Koenen, 1885 
Subgenus ARCOPSIS von Koenen, 1885 

Synonym.—1-ossularca   Cossmann,    1887,   Cat.   illiistre 
tics coquilles fossiles I'Eocene des environs de Paris, vol. 2. 
p. 142. 

i)/rtgnoi/i.—Equivahed, inequilateral, subquadrate: bys- 
sal gape absent; ligament confined to small triangular pit 
under the beaks; ligamental area finely striate \ertically; 
ribs tine, roimded. strongly beaded. sube(|ual   throughout 

\al\es, lending to be straight; anterior and postciior ad- 
ductor muscle scars elevated; ventral crenidations absent; 
beaks subcentral. nearly orthogyre: teeth convergeiu, absent 
under beaks. 

Discussion—Arcopsis (Arcopsis) differs from Acar 
Gray. 1857 mainly in the nature of the ligamental area. In 
Acar, it is strictly opisthodetic and not confined to a pit. 

Type species—Arcn lirnopsis von Koenen, 1885, sub- 
sequent designation Reinhart, 1935. 

/?rt??<ir.—Danian-Ret ent. 

Arcopsis (Arcopsis) adamsi  (Dall),  1886 

Plate 1, figures 7, 8 

Area   (iii-latti   t^onrad,   1845,   Fossils   of   the   Medial    I'ertiary   of   the 
United States, p. 61, pi. 32, fig. 2  (tion Reeve, 1844). 

Barhatia    (Area)    caelata   Conrad,   Conrad,    1863,    .\ca.A.   Nat.   Sci. 
Philadelphia,   Proc.   p.   580. 

Area aJamsi  Dall,   1886,   Harvard  Coll.  Mus.  Comp.  Zoology,   Bull., 
vol.  12,  p. 243. 

Area  {Aear)  adamsii Dall, Smith,  1888, Linnaean  Soc. London, Jour. 
Zoology, vol. 20, p. 499, pi. 30, figs. 6, 6a. 

Barhatia   I Fossularea)   aJamsi  (Dall), Dall,  1898, Wagner Free Inst. 
Sci., Trans., vol. 3, pt. 4, p. 629;  Gardner, 1926, U. S. Geol. Sur., 
Prof. Paper  142-.-\,  p. 28,  pi.  5,  figs.  1-4. 

Areopsis adamsi (Dall), Abbott, 1954, American Seashells, p. 344, fig. 
26b. 

7)/V;g»o,s/,v.—Shell small, subrhomboidal; beaks small, 
orthogyie; musdc stais only slightly elevated; imibos prom- 
inent, slightly iiulincd anteriorly; umbonal ridge sharp; 
hinge line stiaighl. paiallcl to ventral margin; teeth large 
111 relation to shell; costae thin, thickened with large tear- 
shaped nodes where crossed by growth lines; inner margin 
nearly smooth. 

Discussion.—T\\i% species undoubtedly has a witler dis- 
tribution than the three localities from which it was collect- 
ed but because of its small size it would tend to be over- 
looked. Dall (1898, |). (529) reported its occinrente in Dup- 
lin Ckninty (Miocene) , North Carolina, and stated its pres- 
ent range as Ciape Hatteras to Brazil in water from 5-116 
fathoms deep. 

Acar rrlicuhita (Cimelin) , 1791 is similar in sha])e, size, 
and ornament lo Arcopsis (Arcopsis) adamsi, but in Acar, 

the ligament is posterior to the beaks. Also Acar reticulata 

has a shaiper lunbonal ridge, a wider umbonal area, teeth 
continuous under the beaks, and faint striations on the 
inner margins of the valves. 

Dall (1898, j). 629) attribiued the specific name adamsi 
to Shuttleworth by Smith, 1888 (op. cit.) . Dall himself 
briefly described the species (1886, p. 24.3). Because Dall's 
description precedes Smith's, Dall is the author although 
the descrijnion by Dall is not good. 

H\potypes.-V. N. C. Ciat. Nos. .3515. 351(i. 
Ran<>e.—Miocene—Recent. 



26 l*Al.AKONr<)(.kAI'lllCA   /XMKKIOANA    (V,   ,")l) 

J.o((iIil/i;s.—'Nos. 2, 3 and 1 

Genus STRIARCA Conrad, 1863 

Sytionyut.—BrcvKirca  Conrad,   1873. 
/J/V/i;/;av/.t.—Inequivalve, ine(|uilalcral, siil)rli()inhi)idal; 

lii^anicnl aniphidetlc; ligamental area vertically striate: ribs 
rounded, faintly to stron<;;ly developed, somewhat beaded, 
siibecjiial in weight throughout, sinuous; anterior and pos- 
terior adductors elevated; teeth posteriorly anteriorly con- 
tinuous, nearly perpendicular to hinge under beaks, con- 
vergent toward extremities; beaks subcentral, orthogyre; 

crenulations absent or tiny. 
Discussion.—The similarity of Striarra and Arropsis has 

been noted by Gardner (in Stephenson, 1923, p. 109) and 
by Rost (1955, p. 192). The ]3resent writer also observed the 
affinity indepcntlcntly u|)on observation that both have 
vertically striated ligamcntal areas, elevated anterior and 
posterior adductors, and (aiut'llatcd to headed radial ribs. 
The distinguishing featinc is the nature of the lig.mient 
^vhich is (onfined to a pit in Arropsis. 

Type spi'cics.—Arai ifiiliiiimti Say. lcS2l, original des- 
ignation. 

W«?)gr.—Cretaceous-Recent. 

Striarca centenaria (Say),  1824 

Plate 1, figures 6a, 6b 

Area  cnilenaria   Sav,   1824,   .\cad.   Nat.   Sci.   Philadelphia,   Jour.,   1st 
ser.  vol. 4,   p.   138,   pi.   10,   fig.  2. 

Slriarca ciiitcrtaiia (Sav), Conrad, 1863, Acad. Nat. Sci. Philadelphia, 
Proc,  p. 290. 

Area   (Barhatia)   ci'iitiniiria   Say,  Glenn,   1904,  Geol.  Sur.  Maryland, 
Miocene,  p.  391,  pi.  106,  figs,  5,  6. 

Dwg?(o.$/.j.—Shell subcjiiadrate, ventral margin slightly 
indented; beaks small, orthogyre, subcentral; muscle scars 
markedly elevated, extending oblifpiely dorsally to um- 
bonal area; hinge line straight, not jjarallel to ventral mar- 
gin; teeth perpendicular to hinge under beaks and towards 
margins becoming convergent, usually hollowed by weather- 
ing; costae irregular in weight, roiuided, slightly sinuous, 
some interspaces with riblets; inner margin finely marked. 
not truly crenulate; fine striae present inside shell. 

Discii.'ision.—'No representatives of this species have 
been found in the St. Marys formation though lare individ- 
uals have been taken from the Choptank and C;al\ert forma- 
tions. The species is common in the "^'orktown foiination of 
Virginia. It was not collected south of Courtland, Virginia. 
It is not clear why the range is so limited. To my knowl- 
edge, no Striarca has been found in the Atlantic Coastal 
Plain deposits in the interim from Upper Cretaceous to Cal- 
vert time. 

Hypoiypc-V. N. C. Cat. No. 3517. 
Range—Ca\\cil-\orkto\\n Miocene. 
Localitics.-Nos. 19, 20. 21. and 22. 

Subfamily ANADARINAE Reinhart, 1935 

J)ianiiosis.—ShcU slightl)' to slrongly ineipiilateral; 
ecpiixahe or not, when inequivalve left vahe always the 
larger: byssal gape absent or small; ligament amphidetic or 
opisthodetic; ligamental area high to low, gently sloping to 
nearly vertical, markings variable: hinge line straight to 
broadly arched; costae well developed, often flattened, not 
sinuous, interspaces rarely with riblets; adductor muscle 
scars not elevated; ornament of two valves discrepant or 
not; teeth often diversjent near center and con\eroent to- 
ward extremities, some teeth che\ron-sha])ed; inner margin 
strongly crenulate. 

Discii.tsioii.—Some siudeius of the arcids feel that the 
absence of the byssal gape is the main method of distin- 
guishing this subfamily from the Arcinae. This absence is 
not, howe\er, consistent. Some members of Barhatia have 
small byssal gaj^es or have none at all. Unfortinrately, even 
if the gape is present, the species possessing the gape is sel- 
dom figmed in such a way as to ilhrstrate the feature. The 
following characters of the Anadarinae may be used to dis- 
tinguish them from the Arcinae: the adductor muscle scars 
are never elevated, the costae are usually flattened rather 
than roimded and are never sinuous in oiuline, the inner 
margins are coarsely crenulate, aiul ribs are accompanied by 
Hexing which extends deep in the shell (PI. 1, figs. 2, 4, 5, 6). 
Fm ther investigation is needed to show the last character 
to be significant. The chevron-sha]3ed ornament of the liga- 
mental areas in members of the two subfamilies ;ippears to 
be different. In the .Anadaiinae the ornament occurs as a 
sort of terracing—each successi\e clie\ron-shaped zone from 
hinge toward beak is at a slightly higher le\el. In Area, s.s. 
the chevron ornament is represented as aitual grooves. 

7?«Hgf'.—Eocene-Recent. 

Genus ANADARA Gray, 1847 

Subgenus ANADARA Gray, 1847 

Syiioiiy/ns.—Cara Ciay, 1857; Diluiiarca VVoodring, 
1925; Granoarca Conrad, 18()3: /.arlniui Reinhart, 1935; 
Rasia Gray, 1857: and Srapliarca Gray, 1817. 

Diagnosis.—Equ'wciUe or inequivahe: Ijyssus present 
or absent; ligament am|)hideti(: lig;imeut.d ;iiea with 
horizontal, ^ertical, and che\ ron ornament: costae tend to 
be fhutened, striated or not, smooth oi reticiilatetl, riblets 
aljseiit ill iutcrs]3aces; ornament of two \ahes etpial or dis- 
trepant; crenulations jjiominent: beaks usualix in ;interior 
one-third of hinge, prosogyre. 
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Discussion—As clesciibeil heie. Aiuiildni iiKhKlcs S((ij)h- 

arca, Granoarca, and Larkina. Stdplutrca was erected by 
Gray to apply to inequivalved forms with "deeper jilaits" 
on the left vahe which otherwise are Anadara. This is 
usually not of irsc to a paleontologist because seldom are 
fossil pelecypods found with both \al\es intact. Also the 
term "deejser plaits" apparently meant to connote discrep- 
ancy of ornament in the two \al\es, but some species are 
ineqiiivalve but have equal ornament. Heath (1941, p. 303) 
studied the soft parts of se\eral representative species of 
the arcids, including species referred to Anadara and 
Scnpharca. He found essentially no anatomical differences 
in the two. In the statistical studv |)icscntcd earlier in this 
jjaper, no morphologic differences asserted themselves so 
as to make the two separable. Because Scapliiina, as original- 
h defined, is only a special case of Anadara and because the 
name Anadara precedes the name Stapliarra in Gray's 1817 
pajjer. the genus Anadara is employed here as was done by 
Reinhart (1935, 1913). who used Scapliarca as a subgenus 
of Anadara. Dall (1898) employed both terms but used 
Anadara as a subgenus of Scapliarca. \\hich he thought to 
be more widely applicable. Dall (1898, p. 619) stated that 
the transition from ecjuivalve to ineqiiivalve is complete: 
the same conclusion was reached by Rost (1955, p. 193) . 

Granoarca was included by Conrad (1863, p. 290) and 
Dall (1898, p. 627) as a subgenus of Barbatia. However, the 
ribs are straight, flattened, and uniform in weight through- 
out: the inner margin is coarsely crentdate. and the liga- 
mental area is high and marked by horizontal and chevron- 
shaped grooves as in typical Anadara. Statistically, the two 
s])ccies assigned to Granoarca allied themselves to Anadara. 

Larkina was erected to include those species of Ana- 

dara with "trigonal" ecjiial vahes and with series of teeth 
which diverge at the center of the hinge and converge to- 
ward the extremities. This is a common occurrence in the 
group, biu is also \ariable in that some Sjjecies show this 
trait at one ontogenetic stage and not at another. Recau.se 
a species can not change from one subgenus to another in 
its ontogeny, this name is dropped. Dilin'arca has been sup- 
pressed by Woodring himself (1928 p. 18) . 

Cara and Rasia Gray, 1857 are based on featiues of the 
periostracmn and are of no value ])aleontologically and 
possibly of less than subgenciic value. 

Type species.—.-In (I antKjiiala I.iuiie. 1758. original 
designation. 

/Jrtngr.—Oligocene-Recent. 

Anadara   (Anadara)   silverdalensis   (Kellum),   1926 
Plate 2, figures  1-3 

.ircu  (Scutiliana)  silvii Jiiliiisis Kellum,  1926,  U. S. Geol. Sur.,  I'luf. 
Paper  1+3,  p. 34,  pi.  8,  figs.  1-3. 

Diaonosis.—ShcU subquadrate, inequiv.dve: ligamental 
area with longitudinal lines and chevron nrarkings, rather 
flat, moderately wide; hinge line straight; teeth small, form- 
ing a complete series, normal to hinge or slightly divergent 
near center, convergent toward extremities in adidts; costae 
rounded, tending to be nodose, especially on left valve, 
usually more narrow than interspaces: sculpture of two 
valves slightly discrepant, costae iriore nodose and flatter 
on left valve; umbo and umbonal ridge prominent; beaks 
subcentral, slightly prosogyre. 

Discussion.—This species is not known outside the beds 
at Silverdale (which Kellum correlated with the Trent for- 
mation, which he relegated to the lower Miocene) and Hay- 
wood Landing where it is coumion. It was collected from 
spoil banks from Gillette's farm near Silverdale and in place 
from Havwood Landing on the ^Vhite River. Kelhuii stated 
that this species is closely related to Area caroliuensis Dall, 
1898 from Duplin Goiiutv, North Carolina. Anadara 
(Anadara) earolinensis is a rare species and seems to be 
restricted to the Yorktown formation of Virginia. It is most 
likely that Kelliuir was making the comparison to Anadara 
(Anadara) transversa (Say) , 1822 which is common at 
Natural Well, North Carolina. A. (A.) silverdalensis can be 
distinguished from the species at Natiual Well by its fewer, 
more jirominent costae, more quadrate outline, and its 
more central beaks. Mansfield (1937, p. 203) stated that his 
species, Anadara tarponensis, appears to be closely related 
to A. (A.) silverdalensis. The similarity is so great that the 
two may be identical. 

Hypotypes.-U. N. C. Cat. Nos. 3518-3520. 
Range.—Lower Miocene. 
Localities.—Haywood Landing and Silverdale. North 

Carolina. 

Anadara (Anadara) callicestosa (Dall). 1898 

Plate 1, figures 10a,  10b,  11a, lib 

Scapliarca {Scapliarca) callicestosa Dall, 1898, Wagnci  Free Inst. Sci., 
Trans., vol. 3, pt. 4, p. 638, pi. 34, figs. 17, 18. 

.^/laJara  callicestosa   (Dall),  Gardner,   1943,   U.  S.  Geol.  Sur.,   Prof. 
Paper 199-A, p. 24, pi. 3, figs. 2, 6. 

.:/. callicestosa ivilsoni CJardner,  1943, ibid., p. 24, pi. 3, figs. 8, 9, 12. 

.4. magnoliana Gardner, 1943, ibid., p. 25, pi. 3, figs. 1, 4, 5, 7. 

Diagnosis.—SheW subquadrate, thin; ligamental area 
marked with longitudinal lines and che\ron-shaped areas, 
low, rather wide; hinge straight; central teeth divergent or 
perpendicidar to hinge, lateral members convergent in 
adult; costae flattened, wider than interspaces, minutely 
grooved one to five times so that two to six riblets are 
formed \entrally, anterior members roiuider, more nodu- 
lous than others; interspaces finely and abundantly lirate; 
left valve rib complex  wider  than  right,  more  nodulose; 
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iimboiial ridge distinct; beaks just anterior of center; crenu- 

lations extend far dorsally, finely striate. 
/;;.vf(M,s/oH.-Gardner's A. calliccstosa unlsoni was de- 

scribed from a single valve, as was A. calliccstosa Dall. Shel- 
don (1916. p. 43) had several specimens at hand and stated 
that some of these were more ontogenetically advanced than 
Ball's type. These she reported as being more produced 
posteriorly, having a wider cardinal area, and more grooves 
in the ligamental area. When this variation is considered, 
Gardner's subspecies seems to be unnecessary. Similarly, A. 
utaonnliana was described from a single valve and seems to 
be consjiecific in all respects except for having three riblets 

on the costae instead of typically four. 
The scidptine of the two valves of Anadara {Anadara) 

calliccstosa (judging from figures in Sheldon 1916, pi. 10, 
figs. 3, 4, 5) is discrepant. The rib complexes of the left 
valve are wider in relation to the interspaces than those 
of the right valve. Also those of the left valve are more 
prominently nodose, and the nodidose character of the 
ribs extends farther posteriorly on the left valve. However, 
this observation may not be generally true for the figures 
examined are of opposite valves of two individuals. A com- 
plete specimen has not been reported. A. calliccstosa cannot 
qualify as a Ciiucarca. Species of Ciincarca are distinct in 
tiiat they do not have chevron markings on the ligamental 

area. 
A. (A.) calliccstosa is rare in the Duplin mail at 

Natinal Well and has not been collected elsewhere during 
this study. Besides the Natural Well locality, Gardner (1943, 
p. 24) reported the species from Gaskins Wharf, 16 miles 
below Suffolk, Virginia, on the Nansemond River. 

Hypotypes.-U. N. C. Cat. Nos. 3521, 3,522. 
/f«r;oc'.—Duplin Miocene. 
Lorfl/i/)'.—Natural Well, North Carolina. 

Anadara (Anadara) lienosa (Say), 1832 

Plate 1, figures 5a, 5b 

Area liniosa Say, 1832, Amer. Conchology, pi. 36, fig. 1. 
A. sccticoslata Reeve, 1844, Conchology Iconica, Area No. 38,  pi. 6. 
Anomatoeardia jtoridana Conrad, 1869, Amer. Jour. Conchology, vol. 

5, p. 108, pi. 13, fig. 2. 
Seapharea [Seapharea) lieJiosa (Say), Dall, 1898, Wagner Free Inst. 

Sci., Trans., vol. 3, pt. 4, p. 636. 
Anadara lienosa floridana (Conrad), Abbott, 1954, American Sea- 

shells, p. 344, pi. 27, fig. 0. 

D/flgHoi/i.—Slightly ineqiiivalve, strongly inec[uilateral. 
subrectangular, large; ligamental area wide, marked with 
longitudinal lines, broad chevron-shaped areas, and faint 
vertical striae; hinge line straight, long; teeth in long con- 
tinuous series, only last two or three members ton\ergeni, 
few cheviou-shajK'd; c.uh (osia tomplcx larger, smaller, or 

equal to interspace width, each grooved one or more times, 
posterior ones not corded; sculpture of two valves equal; 
hinge line and \entral margin subparallel or not; unil)on:il 

ridge greatly roimded. 
Discussion.—V<ecQ\M specimens with brown stain have 

been called A. sccticoslata and without the stain, A. flori- 

dana or A. lienosa floridana. Judging from figiues and de- 
scriptions, there are no morphologic differences in these 
forms. Sheldon (1916, p. 37) stated that Recent shells listed 
as A. lienosa are A. sccticoslata which means that .she based 
the distinction on relative age. No real means of separation 
of Recent and fossil forms exist. 

Perhaps Area protracla Rogers and Rogers, 1837 
(Gardner, 1943, p. 24) should also be placed here. The 

figured specimen (no other specimen has been assigned 
to this species) seems distinct. This specimen is lower in 
relation to length and is more rounded posteriorly and 
anteriorly than A. lienosa. No specimens of A. lienosa show 

this variation. 
The costae of Anadara lienosa are variable from speci- 

men to sjiecimen; each rib is usually grooxed once down the 
middle. Most costae on adidt specimens are midtiple. The 
grooving disa]jpears toward the imibos and increases in 
ptomincncc with ontogenetic develoj)ment. However, all 
specimens (imluding )oung forms) observed have multi|3le 
libs. In addition to the major division of ribs, smaller 
grooves appear on .some specimens, especially along the 
umbonal ridge and become more jjiominent ventrally. 
These secondary grooves are not so deep nor long as the 
primary ones and are lateral to the primary grooves. Still 
more division may take place so that ventrally one costa 
may be represented by as many as eight riblets. The two 
])rimary parts of the costae may or may not be symmetrical- 
ly divided; either the anterior or the posterior one-half may 
have more numerous divisions. 

Anadara lienosa has not been observed with certainty 
farther north than North Carolina. It is rare in the Duplin 
formation and is otheiwise found only in the Waccamaw 
formation in North Carolina. Upper Tertiary representa- 
tives are known from Florida. Parker (1956, p. 349) report- 
eil that this species is one of those characteristic of the 
deep-shelf region in the Gulf of Mexico. 

Hypotypc.-V. N. C. Cat. No. 3523. 
/^(/?(t^Y'.—York town  Miocene—Recent. 
Localities.—Nos. 1, 2, and 6. 

Anadara (Anadara) carolinensis (Dall),  1898 

Plate  1, figures 9a, 9b 

.SLUpliurea    {Stap/uiria}    eurulineiiiu   Dall,   1898,   Wagner   Free   Inst. 
Sci., Trans.,  vol. 3,  pt. 4,  p. 639, pi. 33,  fig.  11. 
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Auiuiara carolincnsis   (Dall),  Gardner,  1943,  U.  S.  Geol.  Sur.,  Prof. 
Paper 199-A, p. 25, pi. 2, fig. 6. 

Diagnosis.—SheW suborbiculate to subquadrate, thick; 
ligamental area wide, high, with hght longitudinal mark- 
ings and heavy chevron groove.s; hinge line straight; teeth 
nearly perpendicidar to hinge tending to become divergent 
under beak and convergent at extremities, many (hevron- 
shaped; costae flat, prominent, coarsely corded by concen- 
tric orowth lines, some with taint central grooves, costal 
width subequal to interspace width; sculpture of two valves 
probably equal; beaks of adult subcentral, distinctly pio- 

sogyre. 

Discussion—This species is rare and was found only at 
Claremont and at Cobham Wharf (about 12 miles below 
Claiemont) on the James River in Virginia. Dall, however, 
reported the species from Duplin County, North Carolina 
(1898, \). 640) . The fragmentary left vahe figured in Dall 
does not seem to have a different sculpture from the right 
foimd by me. Until both valves are foiuiil intact it can not 
be stated whether the species is equi\alviilar. Anadarn 

(Anadara) carolinensis seems to be closely related to A. 

(A.) idonea (Conrad) , 1832 from the St. Marys formation. 
It is difficult to say how important the differences between 
the two are because Dall's species is known from so few 
representatives. Tentatively, it may be said that A. carolin- 
ensis has a more quadrate outline, a lower innbonal area, 
teeth more strongly chevron-shaped, and less distinctly 

grooved costae. 
Dall (1898, pp. 639-40) attiihuted Anadara (Anadara) 

carolinensis to Wagner, whose specimen Dall used for his 
ilescription and figure of the species. According to Dall, fig- 
ures of the species were prepared by Wagner, but these were 
not published; no description of the species was given in 
Wagner's manuscript. Also Dall noted that Bronn's refer- 
ence  (1850, ]). 93)   to the species is a nomen niidinn. 

Gardner (1943, p. 25) attributed the name to Wagner 
and added her name to the citation but quoted Dall's de- 
scription and used his figure. From Conclusion 28 (Bulletin 
of Zoological Nomenclature, vol. 4, 1950, p. 259-60) which 

stated: 

when a name is validly published in conditions which 
satisfy the provisos to Article 25 and the name in 
(piestion accordingly acquires the rights under the Law 
of Priority and, prior to being so published, that name 
had either been published as a nomen nudum or had 
been a manusciiiH name, the name is to be attributed 
to the author by whom it was first published in con- 
tlitions which satisfied the requirements of the said 
])ro\isos to Article 25 and not to the earlier author by 
\v'hom it had either been published as a nomen nudum 
or had been gi\en ciurency as a manuscrijit name. 

it is clear that Dall, not Wagner, is the author of the species 
Anadara  (Anadara) carolinensis. 

Hypotype.-V. N. C. Cat. No. 3524. 
RatTge.—Yorktown Miocene. 
Locrt///)!.—Claremont, Virginia. 

Anadara (Anadara) propatula (Conrad), 1843 
Plate 6, figures la, lb 

.•/?•(■« propatula Conrad, 1843, Acad. Nat. Sci. Philadelphia, Proc, vol. 
1, p. 323. 

A. propatula  Conrad,  Conrad,   1845,   Fossils  of  the  Medial  Tertiary 
United States, p. 61, pi. 32, fig. 1. 

Barbatia  (Granoarca)  propatula  (Conrad), Conrad, 1863, Acad. Nat. 
Sci. Philadelphia, Proc. for 1862, vol. 14, pp. 290, 580. 

Barbatia  (Granoarca)  propatula  (Conrad), Dall, 1898, Wagner Free 
Inst. Sci., Trans., vol. 3, pt. 4, p. 627. 

Barbatia   (Granoarca)   propatula   (Conrad),   Mansfield,   1932,   Geol. 
Sur. Florida, Bull. 8,  p. 43,  pi. 4, figs.  1-3. 

Diagnosis.—She\\ elongate, thin, expanded posteriorly, 
apparently gaj^ing anteroventrally; ligamental area high to 
low, marked with chevron grooves, horizontal lines and 
\ertical ridges; hinge line nearly straight; teeth numerous 
nearly vertical under beaks becoming inclined toward beaks 
then away from beaks anteriorly and posteriorly, soine 
members che\ron-shaped, terminal portion of posterior 
series with fragmented members; costae flattened, subequal 
in width to interspaces, lirae irregularly developcil to pro- 
duce nodes on ribs, some costae, especially anterior, with 
shallow, central groove; ornament of two valves equal; 

innbonal ridge indistinct. 
Discussion.—Anadara propatula has a distinctive shape. 

The posterior expands so that the ventral margin is mark- 

edly inclined to the hinge line. The ventral margin is 
gently imdidated so that an anterioventral gape nray have 
been ]jresent. The ]jiobability of a ventral gape has 
prompted some workers to refer the species to Barbatia. 

As stated above, the gape is not a reliable criterion for 
u-eneric determination. The toarsc costae and concomitant 
coarse crenidations show the species to be an Anadara. 

The dental series of Anadara (Anadara) propatula is 
likewise distinctive. The teeth of the posterior portion of 
the series begin under the beaks nearly vertical to the 
hinge, farther out, the teeth become chevron-shaped with 
the apex directed inward. Still farther out, the teeth be- 
come inclined posteriorly, then bichevroned with the 
\entralmost apex directed in and the dorsal apex directed 
out. Adult individuals have the terminal members of the 
posterior series broken at apices of the dorsal chevrons. Fur- 
ther giowth produces more fragmentation of the posterior- 
most dental series so that a granulose aspect of the teeth 
results. A few indixiduals display similar fragmentation 
of teeth in the anteriormost part of the dental series. 

Slioht erosion of the ligamental area ijioduces vertical 
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ridges on the area. Each liilge can be tratecl directly to a 
tooth from whicli it originates. 

Anadara propatula, though long known from York- 
town and Duplin age deposits from Virginia to Florida, is 
not commonly collected from these deposits. Recently, sev- 
eral S]jedmens of the species ha\e lieen taken at Rices Pit 

near Hampton, Virginia. 

Hypotypc.—U. S. National Museum. No. 6-18625. 

i?ange.—^'orktown-Duijlin  Miocene. 

Localities.—Kices Pit, near Hampton, Va. and Ware 

River in Gloucester Co., Va., Darlington. S. C. 

Anadara (Anadara) transversa (Say),  1822 

Plate 2, figures 4a, 4b, 4c 5a, 5b, 6, 7a, 7b, 9a, 9b; Plate 6, figure 5 

.-Irca transversa Say, 1822, Acad. Nat. Sci. Philadelphia, Jour., 1st ser.. 
vol. 2, p. 269; Sheldon, Palaeont. Americana, vol. 1, No. 1, p. 47, 
pi. 11, figs. 4-6. 

A. buccuta Conrad, 1845, Fossils of the Medial Teritary of the United 
States, p. 60, pi. 31, fig. 4. 

A. improcera Conrad,  1845, ibid., p. 60,  pi. 31, fig.  5;  Sheldon,  1916, 
ibid., p. 44, pi. 10, figs. 9-16. 

A. aerjuiioslala Conrad, 1845, ibid., p. 60, pi. 31, fig. 6. 
A. lineolata Conrad, 1845, ibid., p. 61, pi. 32, fig. 3. 
A. pliratiira Conrad,  1845,  ibid., p.  62,  pi.  32,  fig. 4;   Sheldon,  1916, 

ibid., p. 45, pi.  10, figs. 19, 20. 
./. brrvidi-sma Conrad, 1845, /*;./., p. 62, pi. 32, fig.  5. 
./. subsinuala Conrad,  1845, ibid., p. 62, pi. 32, fig. 6;  Sheldon, 1916, 

ibid., p. 46, pi. 10, figs. 21, 22. 
Scapliarca [Scapharca) improcera (Conrad), Dall, 1898, Wagner Free 

Inst. Sci., Trans., vol. 3, pt. 4, p. 643. 
,S.  (S.) plicatura  (Conrad), Dall, 1898, ibid., p. 644. 
S. Is.) subsinuata (Conrad), Dall, 1898, ibid., p. 645. 
S. (S.) transversa  (Say), Dall, 1898, ibid., p. 645. 
.inadara  transversa   (Say),  Ahbott,   1954,  American  Seashells.  p.  345, 

pi.  27,  fig.  s. 

Diagnosis.—SheW small to mediimi large, slightly in- 
equivahe. inequilateral; ligamental area marked with faint 
longitudinal lines and distinct bro;idly chevron-shaped 
grooves, area narrow to wide; hinge line straight or gently 
arched; teeth mainly in a long continuous series, rarely with 
edentulous center, portion of series near center nearly per- 
pendicidar to hinge line, extreme members convergent in 
adult individuals, few chevron-shaped members; costae sub- 
ecjual in wiilth to interspaces, a poorly developed, atypical 
ril> bifurcates in some specimens, anterior ribs tend to be 
nodose, those of left valve more so than right, ribs of left 
valve more elevated than right; imibonal ridge moderately 
to pot)rly developed. 

Discussion.—V.onxAd'f, seven species here referred to 
Aiiiiiliir/i (Aniiddrii) irtinsvcrsa do not seem to be neiessary. 
Three of the jiroposed species at Natmal Well giade into 
each other completely. The relatively short, high form of 
Clonrad's A. bucculu could not be statistically distinguished 
fiom the more elongate form which he called A. iinproccrd 

(Samples 5 and 6, Table 9) . The third species, A. brevi- 
dcsina, is intermediate between the other two species. 

TABLE 9 

Comparisons of Regression Coefficients in Anadara'"' 

Sajople no 1 2 3                    4 5 

A B C  D A  B  C  D ABCD         ABCD ABCD 

2 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 0 0 0 0 0000        0000 

Symbols: A. y = Ht, 
0. y = C/2, 

X = Lt;   B. 
X = T2-T;^. 

y = VI, X = Lt;  C. y = - c/2,  X = 

Abbreviations:    As in Glycymeris (Table 11) 

Significance level 5%,  two-sided. 

--"Equations: 

Sample no, 

1 A. y = 0.687 x - 0.050 
B. y = 0.076 X - 0.079 
C. y = 0./454 X - 0.051 
D. y = O.A65 x - 0.034 

A. y = 0.647 X - 0.030 
B. y = O.IO:^ X - 0.162 
C. y = 0.434 X - 0.080 
D. y = 0.458 x - 0.065 

Anadara (Anadara) trans- 

versa. Recent, Atlantic 
Beach, N. C. 

A. (A.) transversa, 
Croatan sand, James City 
N. C, 

■■■Table notation as in Glycymeris analysis (Table 11). 

^'"""The first value in each equation is the regression coefficient 
(i.e. slope of regression line). The second value in each equation is 
called an o< value, which is the intercept of the regression line on 
the vertical y axis of a graph. 

A. (A.) transversa, 
Waccamaw fm.. Town Creek, 
N. C. 

Equations: 

Sample no. 

3 A. y = 0.696 X + 0.191 
B. y = 0.117 X - 0.079 
C. y = 0.02 X - 0.015 
D. y = 0.423 X + 0.168 

h A. V = 0.606 X + 0.014 
B. V = 0.093 X - 0.080 
C. y = 0.426 X + 0.021 
D. y = 0.362 X + 0.149 

5 A. y = 0.547 X + 0.310 
B. y = 0.078 X - 0.034 
C. y = 0.387 X + 0.095 
D. y = 0.416 X + 0.096 

h A. y = 0.618 X + 0.310 
B. y = 0.046 X + 0.009 
C. V = 0.422 X + 0.035 
D. y = 0.393 X ■t 0.031 

7 A. y ' 0.724 X + 0.040 
B. y = 0.114 X - 0.059 
C. y = 0.421 X + 0.013 
D. y = 0.477 X + 0.030 

A. (A.) transversa, 
Waccamaw fm., Walkers 
Bluff, N. C. 

A. (A.j transversa, 
"(""A, biiccula" sub- 
set), Duplin marl. Natural 
Well, N, C. 

A, (A.) transversa 
X"k,   improcera" subset), 
Duplin marl. Natural Well, 
N. C. 

A. (A.) transversa 
Tundifferentiated sample), 
Dup]j,n marl. Natural Well, 
N. C. 
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Probable topot)pe nialeiial of Coniair,s "Area" siib- 

sinuata could not be statistically separated from the other 
samples in Table 9 which includes a Recent sample of 
Anadara (A.) transversa. Conrad characterized "Area" 

lineolata by its relatively flattened ribs. His A. plicaliira is 
the same but has more rounded ribs. The slightly larger 
left valve of Anadara (A.) transversa has less elevated, 
more flattened costae than the right valve, but the degree 
of difference is variable in a single sample, and the varia- 
tion includes these two sjjecies proposed by Conrad. A. 
aeqiiicostata as defined by Conrad includes forms with 
slightly grooved ribs. This feature is found developed to 
\ arious degrees, probably by weathering. 

The similarity of some of the sjjecics included in the 
synonymy above was recognized by Dall (1898, pp. 6-13-645) 
and more so by Sheldon (1916, pp. 14-47). Anadara (Ana- 
dara) transversa shows considerable variation in relative 
width of ligamental area, height to length ratio, and nature 
of the central members of the dental series. By statistically 
comparing the regressions of width of ligament on length 
and height on length of the samples in Table 9 no signi- 
ficant differences coidd be foimd. 

Indi\iduals of Anadara (Anadara) transversa from a 
given locality may have no central teeth or central teeth 
that are perpendicidar or slightly divergent to the hinge 
line. Lateral members of the dental scries arc strongly to 
weakly convergent. 

According to Abbott (19,54, p. 345), Anadara (Ana- 
dara) transversa ranges from Cape Cod, Massachusetts, to 
Florida, and west to Texas, and is common in nuid below 
low water. Maury (1920, p. 49) stated that the species is 
I'oinid at ilej)ths of 2 to 10 fathoms. Perry (1940, p. 29) re- 
ported that A. (A.) transversa is common from the littoral 
/one to si.\ fathoms on sandy bottoms. 

Hypotypes.~V. N. C. Cat. Nos. 3525-3529. 
/{«Hgt'.—Miocene-Recent. 
Localities.-Nos. 1-9. 13, 14. 21. 

Subgenus CUNEARCA Dall, 1898 

£)/ng«05/i-.—Inecjuilateral, inequi\ahular, left valve 
larger, posterior margin oblic]uely triuuate; byssus present 
or absent; ligament amphiiletic; ligamental area ^\ith longi- 
tudinal grooves and faint \ertical striae, never with 
chevron-shaped markings: costae of left \al\e tending to be 
nodose throughout, only anteriorly develoj^ed in right 
valve, riblets in interspaces or not, crenidations prominent: 
beaks subcentral, nearly orthogyre. 

Discussion—The discrepant ornament of the two valves 
is readily seen, as it may also be in A)iadara s.s The more 

reliable distinction betiveen the two subgenera is that 
Cunearca does not have the chevron-shaped markings on 
the ligamental area which suggests that the ligament is not 
duplivincular. 

Type species.-Arca incongrua .Say, 1822, subsequent 
designation Gardner, 1926. 

/?/(»"('.—Oligocene-Reccnt. 

Anadara (Cunearca) cf. A. (C.) incongrua (Say), 1822 

Plate 3, figures 2a, 2b; Plate 6, figure 4 

Area incongrua Say, 1822, Acad. Nat. Sci. Pliiladelpliia, Jour., vol. 2, 
pt. 2, p. 268; Sheldon, 1916, Palaeont. .Xmericana, vol. I, No. 1, p. 
59, pi.  14, figs. 4-7. 

Scapharca (Cunearca) incongrua (Say), Dall, 1889, Wagner Free 
Inst. Sci., Trans., vol. 3, pt. 4, p. 63 5. 

Diagnosis.—?i\\e\\ slightly produced posteriorly; liga- 
mental area marked with fine longitudinal and vertical 
lines; hinge line straight, short; teeth slightly divergent 
near center, becoming convergent toward margins, pos- 
terior series subequal in length to anterior series; costae 
flat, left valve with well-formed nodes throughout, nodes 
of right \alve developed in anterior one-third and in pos- 
terior extremity of valve; umbonal ridge indistinct; beaks 
nearh central, orthogyre to slightly prosogyre. 

Disc ussion.—Two fragmentary left vahes referred to 
this sjjecies were foiuul at ^\'alkers Bluff and one fragmen- 
tary valve was found at Old Dock; no fossil representatives 
were found elsewhere. The sjjecies is common at Atlantic 
Beach near Morehead City, North Carolina, though no live 
indi\iduals were collected. 

.\ccording to an illustration in Sheldon (1916, pi. 13, 
lig. 11), the right valve of Anadara (Cunearca) scalaris 

(Conrad), 1843 has riblets in the interspaces of the ribs. 
The specimen may be an A. (C.) scahirina (Heilprin), 
1887 which is characterized by having riblets in the inter- 
spaces of both valves. A. (C.) incongrua does not have rib- 

lets on either valve. A. (C.) scalaris, described by Conrad 
from a single left \alve. may be conspecific with A. (C.) 
incongrua. 

Hypotype.-Vl. N. C. Cat. No. 3530 
Range.—Upper Miocene-Recent. 
Z.O(c(/;//«.—Walkers Bluff and Old Dock, North Caro- 

lina. 
Genus LUNARCA Gray, 1857 

.Synonynis.—Argina Gray, 1842; Arginella MacNeil, 
1938; and Arginopsis MacNeil, 1938. 

Z)(>/gH0.s«.—Inequilateral, eqmvalvidar or inequivalvu- 
lar suboval, highly convex; byssus present or absent; liga- 
ment ojjisthodetic; ligamental area, low, with faint vertical 
striae, hinge line gently arched; radial rib flattened, siib- 
ecjual   in   weight   throughout   vahes,   without   riblets   in 
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interspaces; teeth in two distinct series, the anterior series 
short and offset from posterior series, posterior series long, 
members in part chevron-shaped; creniilations promment; 
beaks in the anterior one-tiiird of hinge, prosogyre; imibo 

prominent. 
Disciissioti—The generic name Argiiia is jMeocciipied 

by a lepidopteran insect described by Hiibner (MacNeil, 
1938, p. 27). Gray described Lunarca costata in 1857 and 
stated that the form might be a malformed "Area pcxata." 

Reinhart (19-13. p. 71) adopted the name Lunarca to in- 
clude what had been included in the invalidly named 

pelecypod Argina. 
More study is needed to show the true affinities of the 

genus. From the statistical study discussed earlier, it was 
not clear as to where it should be placed. Heath (1941, p. 
307) showed that anatomically it is distinctive in several 
featines from the Anadara groujj. Because of the flattened, 
well-formed costae and distinct crenulations, it is tentatively 
assigned to the Anadarinae. However, the low, opisthodetic 
ligament suggests affinity to certain members of the Bar- 

batia group in the Arcinae. 
Type species—Lunarca costata Gray, 1857;  (of Argina) 

Area pexata Say   (=//. ovalis Bruguiere)   subsequent desig- 

nation, Stoliczka, 1871. 
/f«);ge.—Eocene-Recent. 

Lunarca cf. L. ovalis (Bruguiere), 1789 
Plate 2, figures 8a, 8b; Plate 6 figure 2 

.Irca ovalis Bruguiere,  1789, Encyclopedie Methodique,  tome  I,  pt.  1, 
p. no. 

A.   campcchtensis   Gmelin,   1791,   Systema   Naturae,   tome   I,   pars   6, 
Vermes, p. 3312. 

A. pcxata Say,  1822, Acad. Nat. Sci. Philadelphia, Jour., vol. 2, pt. 2, 
p. 268. 

Scapharea   (Argina)   campechensis    (Dillwyn),   Dall,   1898,   Wagner 
Free Inst. Sci., Trans., vol. 3, pt. 4, p. 650. 

Lunarca ovalis  (Bruguiere), .^hbott, 1954, American Seashells, p. 345, 
pi. 27, fig. t. 

Diagnosis.—Shell subquadrate to subovate, left valve 
larger than right, particularly in young individuals; liga- 
mental area low, faintly striated vertically; hinge line 
arched, teeth of posterior series variable; costae subequal in 
width to interspace, faintly grooved ventrally gently 
nodulose posteriorly and anteriorly, interspaces delicately 
and abundantly lirate; ornament of two valves not notice- 
ably discrejjant; iimbones prominent; umbonal ridge gently 
rountlcd; beaks well anterior, prosogyre. 

Discussion.—The valid name of this species may be 
fi,\ed by accurate determination of the dales of publication 
of Bruguiere and Gmelin. The date 1792 appears on the 
title page of Bruguiere's Encyclopedie Methodique. How- 
ever, Sherborn and \\'oo(hvard (1906, p. 579) ascertained 
Bruguiere's jnibliiation dale of  Tome I, Part 1 to be 1789. 

The first volinne of the thirteenth edition of Systema 
Naturae is in seven parts. Only the first ])art bears a date, 
1788. Hopkin,son (1907, p. 1035), who established the dates 
for the other jjarts, stated that Part Six, the one here con- 
sidered, was published in 1791. 

Both Bruguiere and Gmelin referred to Lister's figure 

(1770, tab. 237, fig. 71). Becairse Lister did not use binom- 
ial nomenclature and because Bruguiere's publication date 
preceded that of Gmelin, the citation of Bruguiere is the 
correct one. 

Specimens ob,served by me differ from Lister's figured 
specimen in that his form has a shorter posterio-dorsal mar- 
gin; a wider imibonal area, less elongate, more ovoid form; 
fewer, wider more nodose, imgrooved ribs; more arcuate 
dental plate; and a lower ligamental area. 

Dall (1898, p. 651) stated that left valves of specimens 
which he referred to as Lunarca campechensis ha\e narrow- 
er flatter costae than the right \alves and that the costae of 
the left \alves are often flattened and have grooved ribbing. 
This difference in ornament ^vas not observed in speci- 
mens e.xamined by me. 

In the iq)per Tertiary, Lunarca cf. L. otialis (Bru- 
guiere) was collected from Longs, South Carolina. It was 
also collected from the Pleistocene along the Intra-coastal 
Canal at Core Creek Canal and fiom the Recent at Atlantic 

Beach, North Carolina. 
Hypotype.-U. N. C. Cat. No. 3531. 
7?«no-c.—Pliocene-Recent. 
/.ocrt///v.—Longs, Soutli Carolina. 

Subfamily NOETIINAE Stewart, 1930 

Diagnosis.—¥.quiy<\\\e. inec|uilateral; ligament amphi- 
detic or prosodetic; ligamental area ]3rominently striated 
vertically, especially anteriorly; byssus absent; costae strong 
with riblets in the inteis])aces; posterior muscle scar ele- 
vated, anterior muscle scar commonly with thickened de- 
posit of shell material; beaks orthogyre or opisthogyre, 
inner margin crenidate. 

Discussion.—Scapularca Cossmann, 1913 was treated by 
him as a subgenus of Fossularca, which is a junior synonym 
of Arcopsis von Koenen, 1885. Scapularca, judging by Mac- 
Neil's (1938) hypotype of Scapularca scapuUna Lamarck, 
1805, the type species of the subgenus, is doubtfully an 
Arcopsis. The ligamental area in this S])ecimen is not in a 
depressed, triangular area; the ribs are well formed, regu- 
lar, and distinctly of two ranks; and crenidations are 
prominent. MacNeil believed that certain species assigned 
to Scapularca are progenitors of the Atlantic noetids. 

Striarca Com ad,  1863 was placed in the Noetiinae by 
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NfacNeil, but Striarcn shows its affinities to Arcnpsis in 
lia\ing weak radial ribs of variable weight, l>oth nuiscle 
scars elevated, lack of crenulations on the inner margin, and 
its overall shape. It is, however, large for an Arcopsis and 
the ligamental area is not depressed as it is in Arcopsis. Be- 
cause of its lack of crenulations and its relation to Arcopsis, 

Slriarra is placed in the Arcinae. 

MacNeil stated that what he called Arginopsis suUa- 

iirnsis, whiih has previously been assigned to Lunarca, can 
not be regarded as the ancestor of Liiiiiircii because of the 
well-developeil vertical ligamental elements. Recent rej^re- 
sentatives of Lunarca have \ertical striae on the ligamental 
area though this feature may not be so well developed as in 

earlier species. 

Arginella MacNeil, 1938 was separated from Arginop- 

sis MacNeil, 1938 by MacNeil on what would appear to be 
characters of specific rather than generic importance. The 
distinction was that Arginella differs from the monotypic 
Arginopsis in ha\ing less numerous ribs, less prosogyrate 
and more central beaks, smaller size, shorter hinge line, and 
ligamental area, and a more arcuate dental plate. 

Both of these proposed genera have the shajje. orna- 
iiieiU, opisthodetic ligamental area, and off-set dental series 
of Lunarca, and are here considered synonymous with 
Lunarca. MacNeil's basis for placing earlier forms of 
Luniniii in the Noetiinae is the ^^'ell-formed vertical orna- 
ment of the ligamental area. Assigning Lunarca to the 
pi()])er subfamily was shown pre\iously to present a |)rob- 
Icni. The shape, opisthodetic location of the ligament, the 
ijiosogyre beaks, and the off-set anterior series of teeth make 
MacNeil's pioposed assignment of Lunarca a])peai arti- 

ficial. 

/^(Hjgc—Eocene-Recent. 

Genus NOETIA Gray, 1857 

Subgenus NOETIA Gray, 1857 

Diagnosis.—SheW subrhomboid to subtrigonal; liga- 
ment amiahidetic to prosodetic; costae ne\er divided, sub- 
ecjual thioughout, ribs of interspaces (primary ribs) weak; 
beaks nearly orthogyre to strongly opisthogyre; crenulations 
deep, narrow; teeth tending to be che\ ron-shaped. especial- 
Iv anteriorly, dental series arched. 

Discussion.—^{■Acy.e'il (1938) treated Pacific forms of 
Xoclia as a genus separate from the Atlantic forms. The 
main reason for his distinction is his belief that the Atlantic 
and Pacific groups were derived from completely distinct 
ancestors. The ancestral stock for the Pacific group is taken 

by MacNeil to be Prolonoetia nigeriensis (Newton), 1922, 
from the west coast of Africa. The main basis for this jsro- 
posal seems to be that this species has interstitial ribs in 
young individuals. A number of to])otype specimens of the 
species at the U. S. National Museum in the box with 
MacNeil's hypotopotype show vague interstitial ribs in 
the umbonal ridge area. They are not the well-developed 
interstitial ribs of Noctia. The ligamental area is narrow, 
the posterior muscle scar is not elevated, and the beaks are 
prosogyre. The ligamental area of the specimens studied by 
MacNeil are vertically striated. As discussed previously, 
weathered specimens of Anadara show this feature. 
Though in general MacNeil's topotypes are well preserved, 
only slight corrosion brings about the striation of the liga- 
mental area in some sjjecies of Anadara. Morphological- 
ly what MacNeil has called Protonoetia is unlike Noetia, 
and geographically is an Atlantic rather than a Pacific 
form as noted by Reinhait  (HM3, p. 7()) . 

The phyletic relations of the Noetiinae are uncertain. 
The Pacific Coast and .Atlantic Coast noetids are similar in 
morphology and are here treated as belonging to the same 
genus. However, Eontia MacNeil, 1938 seems distinct 
enough to be treated as a subgenus of Noctia, and this 
classification is followed here as in Reinhart  (1943). 

Type spccics.—Arca rcvcr.ui Ci. B. Sowerby, I, 1833 
[^Noctia  triangularis Ciray.   1857), original designation. 

7?rt/(II; c".—Eocene-Recent. 

Subgenus EONTIA MacNeil, 1938 

Diiiguosis.—ShcW subrhomboicl.il to subtrigonal; liga- 
ment amphidetic; beaks orthogyre to opisthogyre; costae of 
some area of the shell always divided, larger medialh ih.ui 
elsewhere, primary ribs tend to be strongly developed; 
crenulations relatively shallow and broad; teeth weakly 
chevron-shaped, anterior extremes commonly L-shaped and 
parallel hinge line, dental series long and straight or broad- 

ly arched. 

Discussion.—A$ between the two subgenera of Noctia 
the ligament in Eontia is never prosodetic (in Noctia, s.s. 

it may or may not be prosodetic) , the ]3rimary ribs are 
often stronger, the costae are always bifid on some part of 
the shell and irregular in weight around the shell, and the 
crenulations are broader and not so deep as in Noctia, s.s. 

MacNeil (1938) believed Scapularca intcrposita (De- 
shayes), 1860. from the Eocene of France, to be the ancestor 
of Eontia. No Oligocene intermediate is known. Scapularca 
scapulina (Lamarck) . ISO,') was taken as progenitor of Shcl- 
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donelln Maury, 1917, a genus'* distinguished from Eontia by 
MacNeil because of his belief that they came from different 

FIGURE 2 
Height-Length and Beak Position Changes in Noelia 

(Eontia) spp. 
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EXPLANATION OF FIGURE 2 

IIt.=niean height of valve; Lt.=mean length of valve; Ta-B^ 
mean distance from anterior most tooth to beak; Tj-B = mean distance 
from posteriormost tooth to beak; 1 Norliii (Eontia) iiicilc Yorktown 
fm., Claremont, Virginia; 2 A'. (£.) trigintinaria Duplin marl, Mag- 
nolia, North Carolina; 3 N. (E.) carolhieiisis Yorktown fm.. Black 
Rock, North Carolina; + N. {E.) limula Croatan sand, James City, 
North Carolina; 5 N. (E.) platyura Waccamaw fm.. Walkers Bluff, 
North Carolina; 6 A'. (E.) platyura Waccamaw fm.. Town Creek, 
North Carolina; 7 N. (E.) purninosa Recent, Atlantic Beach, North 
Carolina. 

•*If retained at all, Slirljuiulla should probably also be treated as 
a subgenus of Nortia, as was done by Maury  (1917). 

species of Scapiilarra. Derivation from different species 
within the same genus is not a criterion for the recognition 
of genera. 

The following evolutionary trends are seen in species 
ol Not'tia  {Eontia)  presented in this jiaper. 

1. Number of costal grooves to increase from about one 
to three on the imibonal ridge to simple or midti]5le groov- 
ing of all ribs. This trend reaches its fidlest attainment in 
Noctia (Eontia) carolincnsis from the U])per ^'oiktown for- 
mation and regresses in stratigraphitally younger forms. 

2. Beaks tend to migrate posteriorly in relation to the 
hinge line and to become more opisthogyre. In this trend, 
indicated in Figine 2 by T0-B/T4-B, A^ (£.) nirolinensis. 
a Miocene species, displays a stage intermediate between 
Pliocene and Recent species. The beaks are nearly orthogyre 
in A'. (E.) carolincnsis so the ratio T2-B/T4-B is relatively 
greater still than in the Pliocene species. A''. (£.) limula and 
A'^. (£.) platyura of the Pliocene have the beaks more an- 
terior in relation to the dental series and have slightly 
opisthogyre beaks. A^ (£.) pondcrosa has the beaks situated 
]josteriorly and the beaks are opisthogyre with the residt 
that tlie ratio T2-B/T4-B is distinctive for that species. 

The position of the beaks with respect to the Ht./Lt. 
ratio of the %ahes shows a similar trend. In the elongate 
N. (£.) incite the beaks are siibterminal but are posterior 
to this jjosition in the less elongate A^ (£.) trigintinaria. 

The beaks are subcentral in A'. (£.) carolincnsis (Miocene) 
and A^ (£.) ponderosa (Recent) which tend to be sub- 
quadrate in outline. The beaks of N. (£.) limula are more 
anterior and the valves are more elongate than in N. (£.) 
platyura   (both are Pliocene species). 

3. Height of valves to increa.se in relation to length of 
shell. Figure 2 shows the trend. A'. (£.) limula, an excep- 
tion to the rule, is seen to have the ratio Ht./Lt. similar to 
that of A^  (£.)  incile from the Yorktown formation. 

Type species.—Area poiulerosa Say, 1822, original designa- 
tion. 

7?fl/ig(?.—Miocene-Recent. 

Noetia (Eontia) incile (Say),  1824 

Plate 2, figures 10a,  10b, 11 

.Area  iiicilf Say,   1824,  Acad.  Nat.  Sci.  Philadelphia,  Jour.,   vol.  4,   pt. 
1,  p.  139,  pi.  1, fig.  3. 

Noctia incile   (Say),  Dall,  1898,  Wagner  Free  Inst.  Sci., Trans.,  vol. 
3. pt. 4, p. 632. 

Eontia incile   (Say),   MacNeil,   1938,   U.   S.   Geol.   Sur.,   Prof.   Paper 
189-A, p. 13, pi. 1, figs. 25-28,  30, 31. 

E. incite suffolkcnsis MacNeil,  //;;'(/., p.  16,  pi.  1,  fig. 29. 
E. incile miinsficlJi MacNeil, iliiil., p.  15,  pi.  1, figs. 23, 24. 

Diatjnosis.—SheU stibihonihoid. lending to be alale, with 
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unibonal riilge distincl: ligamental area narrow in relation 
to length of ligamental area but hinge area broad; teeth in 
long continuous series, some in posterior series chevron- 
shaped, two or three anterior ones parallel the hinge line; 
hinge long, straight; costae coarse, only the one or two ribs 
of the umbonal ridge are grooved, grooves feeble, single, 
ventral only; beaks orthogyre, subterminal. 

Di.saissio7i.—The subspecies described by MacNeil (1938) 
do not seem to be necessary. They were based on geographic 
distribution and small differences in form. Representative 
specimens of the type figured by him to characterize the 
subspecies can all be found at one locality and grade in- 
sensibly into each other. Several forms with a tendency for 
strong alation were found with the more normal forms. One 
specimen was as strongly winged as the figured specimen of 
E. incile inansjicldi a "variety" sup])Osedly limited to Flor- 
ida faimas. 

From Table 10 it can be seen that this species is distinct 
from all others to which it was compared. It is found in the 
Miocene from Maryland to Florida. 

Hypotyprs.~V. N. C. Cat. Nos. 3532, 3533. 
/^rfHyc—C^hoptank-^'orktown Mioc ene. 
Localltlrs.-Nos. 18-22. 

Noetia (Eontia) trigintinaria (Conrad), 1863 

Plate 2, figures 12a,  12b, 13 

AnotnaloearJin Int/i/iliiinrui Conrad, 1863, .\cac]. Nat. Sci. Philadel- 
phia, Proc, vol. 1+, p. 289. 

Noetia protcxta Conrad, 1875, Kerr's Geol. Report of North Carolina, 
Appendi.x .A, p. 19, pi. 3, fig. 5. 

F.ontiii trlghiUniiria (Conrad), MacNeil, 1938, U. S. Geol. Sur., Prof. 
Paper 189-,\,  p.  16,  pi.  1. 

Diagnosis.—SheW rhomboid, posterior margin nearly 
straight or emarginated, with distinct umbonal ridge; liga- 
mental area narrow in relation to length of ligamental area; 
posterior .series of teeth with few chevron-sha]3ed members 
(often none), anterior series rarely ^\'\\\\ members jjarallel 
to Iiinge; hinge line long, straight; costae coarse, feebly and 
singly divided;   beaks slightly  opisthogyre,  situated  above 
the anterior one-third of tlie hinge. 

Discussinu.—Thi'i   species   is   closely   related   to   Noetia 
(Eontia) incile but may be distinguished from it by its less 
anteriorly situated beaks (^vhich are slightly opisthogyre) , 
slightly more delicate, more lirate ribs, and its more regular 
anterior teeth which do not tend to parallel the hinge line. 
The combination y=T^-B, .\=T4-B was compared statisti- 
cally for the two species. A significant difference between A'. 
indie and A^ trigintinaria was noted at the 5% level of sig- 
nificance  (two-sided)   which supports the treatment of the 

two as separate species. Also the slo])e for y=HPM, x=Lt. 
was significantly different at this level of probability. 

From Ball's original specimen of Noetia lininla "var" 
filosa, MacXeil selected a neotype of Eontia trigintinaria 
"var." filosa (Conrad) . The "variety", in which the costae 
are dixided only near the umbonal ridge imlike the 
abundant division of costae in A'. (£.) liuinla, was not 
collected by me. However, some of the specimens of A^ 
(£.) carolinensis have a similar shape, but the costae are 
di\ided anteriorly and posteriorly in N. (£.) carolinensis, 

while the ribs of A". (£.) trigintinaria "var." filosa are di- 
vided only posteriorly. 

Noetia (Eontia) trigintinaria ranges from North Caro- 
lina to Florida but was only observed from Natiual Well in 
this study. 

Hypotypes.-\J. N. C. Cat. Nos. 3534, 3535. 
/?rt?)gf.—Yorktown-Duplin Miocene. 
I.ocality.-No.  6,  Natiual  ^Vell,  N.  C. 

Noetia (Eontia) carolinensis Conrad,  1863 

Plate 3, figures 6a, 6b 

Noetia pottdcrosa var. caroliiiciisis Conrad, 1863, Acad. Nat. Sci. 
Philadelphia,  Proc, vol.  1+,  p. 280. 

Area earotinensis (Conrad), Heilprin, 1881, Acad. Nat. Sci. Philadel- 
phia,  Proc,  vol.  33,  p. 450. 

Eontia earolineiisis (Conrad), MacNeil, 1938, U. S. Geol. Sur., Prof. 
Paper 189-A,  p. 17, pi. 2, figs. 5,  6. 

Diagnosis.—SheW subihomboid lo siil)C|uacliate, innbonal 
ridge roimded, indistinct, some forms with ventral sag; 
ligamental area narrow in relation to length of ligamental 
area; anterior and posterior series of teeth subequal in 
length, outer members of posterior series chevron-shaped, 
tending to be displaced ventrally at the posterior extremity, 
anteriormost teeth may parallel hinge line or are at a low 
oblique angle; costae singly divided more or less across en- 
tire shell, division posteriorly extending farther dorsally 
than in anterior costae, intersjjaces and costae both lirate, 
liration better preserxed in interspaces; hinge long; beaks 
slightly opisthogyre, subcentrally located. 

Discussion .—This form attains a larger size than the two 
preceding species. Noetia (Eontia) carolinensis shows its 
relation to its close relative. A". (£.) trigintinaria in having 
t\vo of the three regression coefficients of Table 10 in com- 
mon within limits of 10"^ significance level with that 
species, in having a strongly lirate shell, and in having the 
end members of the anterior dental series at an angle to the 
hinge rather than parallel to the hinge. The combination of 
characters for which the regression coefficients are statistic- 
ally distinct (y=T^-B, xz^T^-B)  is an index to the position 
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of the beak with respect to the dental series. In this com- 
bination, as well as in general morphology, A'. (£.) trigin- 
tinaria is intermediate between N. (£.) iiiiilc and A^ (£.) 

carolinensis. 
Noetia    {Eontia)    carolinensis   has   been   observed   only 

along the Chowan River. 
Hypotype.-V. N. C. Cat. No. 3,536. 
7?o??g(?.—York town Miocene. 
Lotalitirs.-Nos. 12. 13, and 14. 

Noetia (Eontia) llmula (Conrad), 1832 

Plate 3, figures la, lb, Ic 

.-/;-(«  limii/d  Conrad,   1832,   Fossils  of the  Tertiary   formations,   p.   15, 
pi. 1, fig. 1; Reprint,  18 

A. limula Conrad, Conrad, 1845, Fossils of the Medial Tertiary of the 
United States, p. 57, pi. 30, figs. 2. Reprint 

Area   (Noetia)   limula   Conrad,   Dall,   1898,   Wagner   Free   Inst.   Sci., 
Trans., vol. 3, pt. 4, p. 631. 

Eontia limula (Conrad), MacNcil, 1938, U. S. Geol. Sur., Prof. Paper 
189-A, p. 19, pi. 2, fig. 9. 

Diagnosis—SheW siibihoniboid, elongate, expanded pos- 
teriorly, with rounded innbonal ridge, marketl ventral sag: 
ligamental area wide with respect to length of ligamental 
area; posterior series of teeth longer than anterior, grad- 
ually cin\ed outward dorsally, anterioi most teeth bend \en- 
tially, iijjper portion of L-shaped members usually parallel 
hinoe; hinge shortened: vential maruin at distinct angle to 
hinge; costae divided by one, or more rarely, two grooves, 
more or less across entire shell, interspaces and costae lirate; 
beaks opisthogyre, siibcentral in relation to dental series. 
anterior in relation to length of shell. 

Disciission —Thh species is not statistically distinct from 
Noetia (Eontia) carolinensis on the basis of the characters 
used iir the statistical analysis (Table 10) . A^ (£.) limula 

may be distinguished by its more anteriorly located beaks 
(in relation to the length of the valve), posterior expansion 

of shell, more elongate form, slightly more opisthogyre 
beaks, and more constant ventral sag (which is only rarely 
present in A'.   (£.)   carolinensis) . 

Noetia (Eontia) limula is a common species at the Croa- 
tan outcrop at James City, North Carolina, locality; it is 
rare in the Waccamaw. The Foraminifera at the James City 
locality indicate shallower water than do the Foraminifera 
at the Town Clreek locality (see Table 5) , the station at 
which A^ (£.) platyiira is most common. These data sug- 
gest that A". (£.) limula inhabited shallower water than the 
(ontemporaneous A^ (£.) plalyura, although ;i few repre- 
sentatives of A'. (£.) limula weie foiuid ai the Town Creek 
lot ality. 

Hypolype.-V. N. C. Cat. No. 3537. 

W(//(i^r.—Pliocene. 
Lo(tilities.—Nofi. 1, 7, and 8. 

Noetia  (Eontia)  platyura  (Dall),  1898 

Plate 3, figures 4, 5, 7a, 7b 

Area limula var. plalyura Dall,  1898, Wagner Free Inst. Sci., Trans., 
vol. 3, pt. 4, p. 632. 

Eontia lumberensis MacNeil,  1938,  U. S. Geol. Sur., Prof. Paper 189- 
A, p. 18, pi. 2, figs. 7,  8. 

E. tillensis MacNeil,  1938, ibid., p. 20, pi. 2, fig. 10. 
E. variahilis MacNeil,  1938,  ibid., p. 20,  pi. 2,  fig.  12-16. 
E. variabilis quadrata MacNeil, 1938, ibid., p. 21, pi. 2, fig. II. 
E. plalyura (Dall), MacNeil, 1938, ibid., p. 22, pi. 3, figs. 1-3. 
E. variabilis eleiuistonensis MacNeil, 1938, ibid., p. 22, pi. 3, fig. 5. 

Diagnosis.—SheW elongate, siibrhomboid to subquadrate, 
umbonal ridge roimded, without ventral sag, or with sag 
poorly and indefinitely developed; ligamental area wide in 
relation to length of ligamental area; posterior row of teeth 
slightly longer than anterior row, extreme anterior teeth 
L-shaped and parallel to hinge; hinge short, in some speci- 
mens parallel to \entral margin; costae usually divided 
more or less across entire shell, grooves single or double, 
interspaces and costae lirate; beaks opisthogyre, anterior in 
relation to the length of the shell. 

Discussion.—]\KVg\ng from the types of Noetia (Eontia) 

plalyura and N. (£.) variabilis, no method of distinction of 
tlie two exists. MacNeil (pp. 22-23) stated the A'. (£.) 
plalyura may be distinguished from A'. (£.) variabils in 
liaving the anterio-dorsal margin more angidated, the bor- 
der more horizontal, and the posterior margin more vertical. 
These differences are not constant nor are the minor differ- 
ences in form notable at a particular geographical location 
nor a particular horizon. Both types are present at the 
Town Creek locality where intergradation of the two forms 
can be seen. At this locality, forms referable to the other 
specific names included in the synonymy are also pre,sent. 
Here gerontic individuals show the inflation which Mac- 
Neil used to chaiacterize N. (£.) tillensis. The short, high 
form referred to by MacNeil as E. Tariabilis (juadralu was 
collected at the type locality. Walkers Kluff, North Caro- 
lina, and also at Town Creek. £. variabilis clewisloneJisis 
is in no way distinctive. The "rotund outline, inflated disk, 
and roimded posterio-ventral maigin" used as diagnostic 
featines of the "variety" by MacNeil are not particularly 
evident in his figme (pi. 3. fig. 5) ; thougli the "variety" 
was supposedly lestricted to Florida faunas, similar forms 
occm- at Town Creek. 

The individuals in tiie sample of N. (£.) plalyura from 
■J'own Creek show much \aiiation but complete intergrada- 
tion. (;erontic forms show highly inflated innbonal ridges 
and high ligamental areas. Some individuals at otiier onto- 
genetic stages have the ventral margin subparallel  to the 
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liiiige and in oihcis not. Spciinicn^ m.ty be loiind with the 
dorsal and posterior and anterior margins meeting at nearly 
right angles, in others the angles are ol)tiise. Nearly all 
forms aie hisj-h in relation to lentjth, thick shelled, have all 
or most of the costae di\ided once or. in the area of the 
roimded imibonal ridge, twice (in yoimg forms only the 
costae on and near the iimbonal slope are dixided) , and 
lack  the \entral sag. 

Eonliii hiifihcrriisis was used by MacNeil for the speci- 
mens from Lnmberton. North Carolina. He noted thai 
these specimens were like E. xHiriabiUs but erected a new 
species because of his belief that the latter species were 
restricted to the Pliocene. .Stratigraphic occinrence alone is 
not a valid basis for distinguishing species and £. Iiimbercii- 
sis is included in the synonymy of A'. (£.) platyind becairse 
it is in no way distinguishable from A'. pJatyurii. 

Noclid (Eouli(i) phityura differs from A'. (£.) linnihi in 
that A'. (£.) philytirii tends to be: (a) more sharply tiiin- 
cated posteriorly and typically lacks the posterior flare, (b) 
slightly higher in relation to length (see Text fig. 2) . (c) 
thicker shelled, and (d) devoid of the ventral sag. A'. (£.) 
caroJinensis is separable from N. (E.) pluylura in ha\ing 
the beaks more centrally located, a longer hinge line, the 
posterior margin more broadly rounded, and the ribs 
slightly more elevated. 

From Table 10 the general lack of statistically significani 
differences in  the characters used  for the closely related 
species A^   (£.)   carolinensis, N.   (£.)   Iiiiiii!<i, and ,\'.   (E.) 
platyiira can be seen. These species are distinguished heie 
by cjualitative characters. 

Hy poly pes.-v. N. C. Cat. Nos. 3538-3540. 
7?rtHi^('.—Duplin Miocene—W'accamaw Pliocene. 
Localltirs.—'Nos,. 1. 2. 4. and 5. 

Noetia (Eontia) ponderosa (Say), 1822 

Plate 3, figures 3a, 3b; Plate 6, figure 6 

.-/;-(« ponderosa Say, 1822, Acatl. Nat. Sci. Philadelphia, Jour., Ir-t ser. 
vol.  2,  p.  267. 

Area   (Noella)   ponJrrosa   Say,   Dall,   1898,   Wagner   Free   Inst.   Sci., 
Trans., vol. 3,  pt. 4,  p. 633. 

Eontia ponderosa  (Say), MacNeil, 1938, V. S. C7eol. Sur., Prof. Paper 
189-A, p. 24, pi. 3, figs. 9-12. 

/.)/c/g7(cMM.—Shell subcjuadiate to subtiigonal. with shar|j- 
ly triuicated, oblicpie posterior margin, never with \entral 
sag; innbos prominent, high, umbonal ridge sharply round- 
ed; ligamental area wide in relation to length of ligamental 
area; posterior series of teeth usually without chevron- 
sha]5ecl members, tending to be in a shorter row than an- 
terior series, extreme members of anterior dental series I,- 
shaped; costae tending to be flattened, few to many costae 
with single groo\es, costae and interspaces with  lirations, 

better preser\ed in interspaces, primary ribs feeble; hinge 
short, subparallel to ventral margin; beaks strongly opis- 
thogyre, subcentral in relation to length of shell, posterior 
with respect to T.-B/T^-B. 

Dismssion.—The. most distincti\e features of this sjjecies 
are its tendency for a subtrigonal shape, short hinge and 
subcentral beaks, sharply roimded umbonal ridge, and short 
dental series (which is distinctive in that the anterior .series 
is louder than the posterior series). Table 10 (See also Text 
fig. 2) reflects this trait by the fact that the slo|)e y=Tv-B, 
x=T4-B for this species is significantly sleeper than that 
foi all other sjjecies included in the table. 

Figure 2 shows the trend through time for the species 
studied to develop a short high form and to shift the beaks 
posteriorly. 

The amount of division of costae in the adult of Noetia 
(Eontia) ponderosa is variable. In a few individuals, nearly 

all of the costae are singly or, near umbonal slope, multiply 
divided; more commonly the costae are grooved only in the 
area of the umbonal ridge. A'. (£.) playtura, a close ancestor 
of N. (£.) ponderosa, shows this same variation in orna- 
mentation, but typically has the costae dixided farther an- 
teriorly than in A'. (£.) pondero.w and in some forms has 
the costae near the imibc:)nal ridge divided more than twice. 

Xoetia (Eontia) ponderosa may readily be distinguished 
from A^. (£.) platyiira by its more cjuadrate or trigonal 
form, more central beaks (in relation to length of valves) , 
longer anterior dental sei ies (as indicated by T0-B/T4-B) , 
higher umboncs, and more flattened ribs. 

A few forms similar to Xoetia (Eontia) paliiierae .Mac- 
Neil. 1938, which he believed to be Pleistocene only, were 
collected with A". (£.) ponderosa from Atlantic Beach, 
North C^arolina. The preservation of these individuals, as 
well as their occurrence, the Outer Banks, indicates that 
they are probably Recent forms. These specimens show the 
same variation in division of costae as A'^. (£.) ponderosa. 
The other features used by MacNeil to differentiate N. 
(£.) pahnerae from A^ (£.) ponderosa, less carinate um- 
bonal ridge and less flat-topped costae. do not serve to dis- 
tinguish Recent specimens separable by shajje. 

.MacNeil did not illustrate the interior of his species biu 
slated that the beaks are just posterior to tlie center (prob- 
ably to the hinge not to the shell) . MacNeil's holotype and 
a paratype bear this out. In Recent specimens similar to 
Noetia (Eontia) palinerae the ratio of T:.-B/T4-B is about 
equal to one which is slightly less than A^ (£.) ponderosa 
Based on the observations abo\e it seenrs likely that N. 
(£.) palnierae deserves no more than subspecific rank and 

may pro\e to be conspecific with N.   (£.)   ponderosa. The 
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thin-shellecl Pleistocene loniis Iroiii Maryland and New 

Jersey are probably ecophenotypic. 

Noctia (Eontia) ponderosa is common to abundant along 
the beaches of the Atlantic Ocean from Virginia to Florida 
and in the Gulf of Mexico. 

Hypot\pr.-\]. N. C. Cat. No. 3,^41. 

/^«;(ef—Pleistocene-Recent 

Loa(/(h'.—Atlantic Beach, N. C. 

TABLE 10 

Cioniparisons of  Regression Cioefficients in Noctia* 

ABC ABC ABC ABC ABC ABC ABC 

2 
3 

+0- 
+  0 0 0 

4 
5 

+  
+ — 

0-4- 0 0 0 
0 0 0    0 0 0    0 0 0 

6 
7 

1 "r 
+ n- 

0 0 -                    0-I-- 
004- 

0 0 

Symbols: A. y = HPM, x 
T.-B; X = T4-B. 

Abbreviations: 
HPM = Height of posteiior muscle scai 
Others—See Glycyincris   (Table 11) 

Significance level = 10'/, 2 sided, 
Ecjiiations: 
Sample no. 

Lt.; B. y = Wl; x = LI; C. y = 

1 A. y = 0.284  X - 0.225 

B.y = 0,179 X-I-0,062 
Noctia   (Eon I id)   iiicilc, 

Yorktown        formation. 
C.y = 0,243 X + 0.198 Kings Mill Wharf, Va, 

A, y = 0,185 X + 0.073 N.      (E.)      cnrolincnsis. 
B.y = 0,225 x-0,129 Yorktown        formation, 
C, y = 0.756 X + 0.26(5 Black Rock, N.C. 

A, y = 0.165 X + 0.124 N.   (£.)   plaly iira, Wac- 
B, y ^ 0.266 x — 0.100 camaw formation, W'alk- 
C, y = 0.651 X + 0.243 ers Bluff, N.C:. 

A. y = O.I78 x + 0.070 A^   (£.)   platyiini, Wac- 
B. y ^ 0.328 X — 0,348 camaw formation, Town 
C. y = 0,556 X + 0.650 Creek, N,C. 

A. y = 0.175 x~ 0.051 

B.y = 0.252 x-0.147 
C. y = 0.644 X -f 0,278 

A^  (£.)   linuila. Choatan 
sand, James City, N.C, 

A. y = 0,195 X-0.010 
B.y = 0.254 x - 0.057 
C. y= 1.192 X-0.072 

A'. [E.) ponderosa, Re- 
cent, Ail:inii( Beach, 
N,C. 

7 A. y = 0,155 X-f-0.061    A'.     [E.)     Irigintinaria, 

B.y = 0.201 x-f 0,005    Duplin    marl,    Natural 
C. y = 0.418 X + 0.077    Well, N.C, 

*Table notation as in Glycymeris analysis  (Table 11), 

Family GLYCYMERIDAE Stewart, 1930 

Genus GLYCYMERIS da Costa, 1778 

Synonyius.See Nicol,  1945, 
D/cig7(o.$/.y.—Equivalve, slightly ine(|uilaicial; ligament 

amphidetic, dupli\incnlar: ligamental area with strong to 
weak chevron markings, faint longitudinal lines, and, in 
weathered s|)ecimens, with \ertical ornament; costae usually 
well develojied, rarely absent, striae jjresent on costae or 
not; posterior muscle scar elevated; inner margin crenu- 
lated in inteicoastal areas: beak orthogyre to slightly opis- 
thogyre; teeth commonfy che\ ron-shaped, \entralmost mem- 
bers subparallel to hinge, short central teeth comnronly 
lost in ontogentically advanced indi\ itluals. 

Discussion.—T\\e family has been intensively studied by 
Nicol (1945, 1950). In the 1950 paper, Nicol postulated 
that the group e\ohed from a cutullaeiil sto< k during late 
Jurassic, This hypothesis, which seems to be good, is based 
on similarity in ornamentation, sha])e, ligamental area, 
muscle scars, and development of teeth in the two groups. 

A diagnosis of the family and a list of genera and sub- 
genera proposed by various authors is given by Nicol 
(1945). In the paper, Nicol gave the type s|>ecies for the 
subgenera and genera which are valid according to the rides 
of binomial nomenclature but which may or may not prove 
to be distinct with additional study. Subgenera are not 
treated in the present |japer. 

Type species.—Area glycyincris Liinie, 1758, original 
designation. 

T^nngc-Cretaceous-Recent. 

Glycymeris anteparilis Kellum, 1926 

Plate 5, figures la, lb, 2 

Glycymrris antrparilis Kellum, 1926, V. S. Geol. Siir., Prof. Paper 143, 
p. 35, pi. 8, figs. 4-6. 

Diagnosis.SheW nearly symmetrical, thick, highly con- 
vex; ligamenlal area maikcd with strongly che\ion-shaped 
grooves; external ornamcm loirsists of fine siriations and 
dark, miniilcly raised r.idial hues whiili on wi-.illici ing be- 
come gicxj\es: dental series bioadl) lounded, lateral teeth 
jjarallel to hinge, larger than cential teeth which are per- 
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pendicular to hinge; hinge Hne long, straiglit: cremilations 
small, numerous, in position of dark radial lines which 
separate areas of fine striations; beaks prominent, ortho- 
gyre. 

/>/«;/M/O/;.—Restricted to beds at Silverdale, North Caro- 
lina, which most recent workers refer to the lower Miocene 
(see section on stratigraphy), 

The residts of a statistical study of this and other sj^ecies 
of Glycymcris are presented in Table II. In this table all 
possible combinations are not presented: only combina- 
tions of species which ajjpear to be closely related in c^uali- 
tati\e characters are compared. On the basis of the chai- 
acters selected for statistical study (selected by graphical 
comparisons of regression lines from many combinations of 
characters) , Glycymcris nulcparilis and Glycymcris puriUs 

can not be distinguished. Qualitatively, the external orna- 
ment is similar in the two species. No specimen of G. parilis 

was observed which was not weathereil. and only one speci- 
men of G. nulcparilis was found \vhich showetl little effects 
of weathering. Both species ha\e external ornament of 
ijioail. finch  striated /ones separated h\ narrow groo\es. 

The ornament ol one relatixeh unweatheied specimen of 
Glycymcris nntcparilis showed areas of fine striations sep- 
arated by darkened, slightly raised, radial lines. The crenu- 
lations of the inner margin of the \alves are directl)- under 
the darkened lines indicating that the,se lines are not true 
ribs. In weathered specimens, the position of the darkened, 
raised lines is occupied by the grooves which separate the 
areas of fine striations. The areas between the grooves be- 
come gently roimded with more weathering and look like 
more typical ribs. The ornament of G. parilis is similar to 
that of G. anicparilis. The nature of the ornament in un- 
weathered or slightly weathered forms is not known foi 
G. parilis. 

Glycymcris (iiitcpiniiis is easily distinguisiied from G. 
pdrilis b\ ha\ing more jjrominent undjos and beaks, well- 
defined c hex roil oinaineiit on tlie ligamental area, a nearly 
orbicular shell, and teeth present in the center of young and 
adult sjjecimens, 

Hypotypes.-U. N. C. Cat. Nos. 3542, 3543. 
Range—Lower Miocene at Silverdale, N. C. 
Loca/i^)'.—Silverdale, North Carolina. 

Glycymeris parilis (Conrad),  1843 

Plate 4, figures 2a, 2b, 4a, 4b 

Pri luriiulu) parilis Conrad,  1843,  Acad. Nat. Sci. Philadelphia, Proc, 
vol. 1, p. 306.—18+5; Fossils of the Medial Tertiary of the United 
States, p. 64,  pi. 36, fig. 2. 

Glycymeris   parilis    (Conrad),    I.)all,    1898,   Wagner   Free   Inst.   Sci., 
Trans.,  \ol.  3,  pt. 4,  p.  609;  Glenn,   1904,  tJeol.  Sur.  .Maryland, 
Miocene,  p.  393,  pi.  108,  figs.  1,  2. 

Diagnosis—'^haW high in relation to length, obliquely 
truncated posterio-dorsally, strongly convex as adult; liga- 
ment with faint chevron markings; costae coarse, not prom- 
inent, with faint suggestions of fine striations, interspaces 
narrow; teeth tending to be large, absent in center of hinge 
line, centralmost members che\ ion-shaped, more lateral 
ones subjiarallcl to hinge; cremilations numerous; beaks 
orthogyre. 

Discussion .—Young indi\ iduals of Glycymcris parilis have 
nearly straight anterior, posterior, and dorsal margins and 
the ventral margin broadly rounded, costae of uniforin 
weight, the center of the hinge edentulous, and low con- 
\exity of the \alves. In young specimens of G. anicparilis 
the posterior and anterior margins are rounded, teeth are 
present in the center of the hinge, the ligamental area is 
high, and the con\exity is high. Also the ligamental area 
shows distinct chevron grooves and the beaks are prom- 
inent unlike G. parilis. 

The )oung of Glycymcris amcricana may be tlistinguished 
from either G. anicparilis or G. parilis by the nature of the 
ornament, which in G. amcricana consists of broad finely 
striated ribs of variable weight. The interspaces are narrow 
as in G. anteparilis and G. parilis. Also the convexity is low 
unlike G. anicparilis and the anterior and posterior margins 
are rounded unlike G. parilis. The ligamental area of the 
young of G. amcricana is low. 

Glycymcris Icnliformis is best distinguished from G. 
parilis by its large widely spaced teeth. No jinenile of G. 
Icnliformis. was found. 

The ornament of Gly(ymcris parilis ser\es to distingiiisli 
it from all other species except G. anicparilis which is dis- 
tussetl above. (See comments on possible similarity to orna- 
ment of G. anicparilis in unweathered specimens under the 
liiscussion of G. anicparilis.) G. amcricana and G. Icntipn- 

mis have costae with relief and well-formed striations. How- 
e\er. unweathered specimens of G. parilis, if e\er found, 
may show ornamentation similar to G. amcricana and G. 
Icnliformis. Adults of G. parilis are similar to those of G. 
Icnliformis if the external ornament, which though useful 
for distinguishing the two may be a preservation phenom- 
enon in G. parilis, is not considered. The other distinguish- 
ing characters are that G. parilis has slighth less prominent 
beaks, a higher shell in relation to length, an obliquely 
truncated jjosterio-dorsal margin, and teeth smaller in re- 
lation to size than G. Icnliformis. 

Again ignoring external ornament as a criterion for dis- 
tiiKtion, Cwlycymcris amcricana is less convex in relation to 
length, has a narrower ligamental area in relation to length 
of ligamental area   (Table II. samples (i and  H) , is not so 
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higli in lelalion to length, and has lehitively smaller teeth 

than G. parllis. 
Hypotyprs.-V. N. C. Cat. Nos. 3544, 3545. 

Rfin^a;p.—Cal\en Miocene. 
f.oailily.-P\um Point, Maryland. 

Glycymeris lentiformis (Conrad), 1835 

Plate 5, figures 4a, 4b 

I'l-cluinulus Irnlifarmis Conrad, 1835, Fossil shells of the Tertiary 
Formations of North America, Repiib. vol. 1, No. 3, p. 36; Con- 
rad, 1845, Fossils of the Medial Tertiary of the United States, 
p. 64, pi. 36, fig. 1. ^       T        c- • 

Glycymeris americana (Defrance), Dall, 1898, Wagner Free Inst, bci.. 
Trans., vol. 3, pt. 4, p. 609 in part. 

Diagnosis—Shell siiborbiciilar, anterior margin tending 
to be straight, posterior margin broadly rounded; liga- 
mental area moderately broad in relation to length, chevron 
markings poorly developed; costae nimieious, with fine 
striae, interspaces narrow; teeth tending to lie large, widely 
spaced, especially in adidts, absent in center of older indi- 
viduals, central members chevron-shajjed, lateral ones tend- 
ing to parallel hinge, dental series broadly arched; crenula- 
tions small, numerous; beaks moderate in size. 

Discussion.-Ti^\\ (1898. pp. 609, fill) considered this 
form a senile G. nmcrirtina. However, the characters which 
separate the two are observable in the neanic (no young 
forms were found) as well as adults. The most obvious dif- 
ference is in the teeth; in G. Icjttijorinis they are much 
larger and more widely spaced. The regression coefficients 
for the two species are all distinct (Table 11, samples 6 and 
13) . Hence G. lentiformis is restored as a species. 

No significant differences in the regression coefficients of 
Glycymeris lentiformis and G. parilis were noted. G. lenti- 
formis may be an intermediate form in the evolution of G. 
piirili.s to G. (imerirana. The series is a broken one, howe\er, 
for with the exception of G. siiboxmla whicli is rare in the 
C;hoptank formation, no undisputed occurrence of Glycy- 
meris from the Choptank or St. Marys formations is known. 
The teeth of G. parilis are slightly smaller than those of G. 
lentiformis and those of G. americana much smaller. 

Glycymeris lentiformis is a rare species. Only two speci- 
mens of it were collected outside the Boykins, Virginia, 
locality where many specimens were present. 

Hypotype.-U. N. C. Cat. No. 3546. 
/^f/ngf'.—York town Miocene. 
Localities.-'Nos. 17. 21, and 22. 

Glycymeris americana (Defrance), 1826 

Plate 4, figures la, lb; Plate 5, figures 3a, 3b, 6a, 6b 

Prclunculus   americanus   Defrance,    1826,   Dictionnaire   des   sciences 
naturelles,  vol. 39,  p. 225. 

P. (luiiiijurruijatus  Conrad,   1845,   Fossil  shells of the  Medial  Tertiary 
of the United States, p. 63, pi. 34, fig. 3. 

P. triiriiiiriits Conrad, 1845, //'/,/., p. 63,  pi. 35, fig.  I. 
Glycymeris   amrricatia   (Defrance),   Dall,   1898,   Wagner   Free   Inst. 

Sci.,  Trans.,  vol.  3,  pt. 4,  p.  609  in  part;   Gardner,   1943;   U.  S. 
Geol. Sur., Prof. Paper 199-A, p. 27, pi. 1, figs. 16-21. 

Diagnosis.—Shell outline nearly circidar to sidjo\ate; liga- 
mental area with weak chevron grooves; external ornament 
of numerous rounded costae with many fine striae, and nar- 
row interspaces, which are also finely striated; teeth in a 
curved series, edentulous in center of adidi indi\ itiuals, 
some members chevron-shaped, tend to be located near 
center of dental series, posterior series sometimes elongated; 
hinge line ^'ariable in length; crenidations niuneious; beaks 
nearly orthogyre. 

Discussion.—'Yh.e distribution of this species in the East 
Coast Miocene is erratic. Along the James River in Virginia, 
only two indi\iduals were foiuid. Near Suffolk. Virginia, it 
is about as common as Glycymeris subovata, but neither 
species is abundant there. It was not observed at other lo- 
calities in southern Virginia. G. americana is common at 
Mt. Gould, North Carolina, but at Colerain, nearby to the 
north, it is absent. It is present to the south at VVilliamston 
and was not observed at other localities (see index map) 
south to Natural Well, North Carolina, where the species 
is common. It is absent in the Duplin marl at Lmnberton, 
North Carolina. 

Glycymeris americana is present in every locality visited 
in the Waccamaw formation, though it is not common at 
Walkers Rluli ;intl is absent in the one Croatan locality 
visited (|amcs City). Differences in the jialeoecology from 
locality to locality apparently determined the distiibiuion 
of G. americana: ielati\e age does not account for the dis- 
tribution   (.see comments on stratigraphy) . 

Glycymeris antericana is variable in the Watciimaw for- 
mation, where it is most abundant. So much \ariation exists 

that statistically distinct subsets can be separated visually. 
The intergradation of the subsets is complete. One subset 
(PI. fio-s. lb)   is characterized by forms having a sub- 
circular outline, a straight, long dorsal margin, wide hinge, 
and subequal anterior and posterior series of teeth. The 
dental series forms a broad, curved arch. In the other subset 
(PL 5, fig. 3) the species is subovate in shape and is pro- 

duced posteriorly, the dorsal margin is sharjjly roiuuled, 
the hinge line is short, the posterior series of teeth is 
elongate, and the anterior and posterior series of teeth meet 
at a more acute angle than the symmetrical sidjset (s|)eci- 
men PI. 5, fig. 3b is atypical in this last respect) . So strik- 
ing is the similarity of the second subset to G. subovata 
that it appears as if G. subovata with reduced chevron 
grooving on the ligamental area has interiired with G. 
americana.   Glycymeris   subovata   which   is   lepoiied   only 
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lioiii ilic Miixciic is iioi piescrn in ihe Pliotene Wacta- 
niaw t'onnation. 

It can be seen Iroin Talilc I I that the sainjjle of G. 
iniirricniiii from Natural Well (samples 6) is statistically 
more tlistinguishable from the morphologicalh' asymmetri- 
cal subset from Acme, North Carolina, (sample 8) than 
sample fi is distinguishable from the O. siibmiata sample 
from Limiberton, North Carolina, (sample 7) . The mor- 
phologically symmetrical subset from Aane (sample 9) is 
more like G. americana from Natural Well than is sample 
S. G. subovata never has fine striations on costae as does 
C. americana and the two species can not be confused. 

These studies show: (a) the similarity of the asymmetri- 
cal Glycymeris americana and C;. suboiHtta: (b) the fact of 
statistical differences in the two subsets of G. americana: 

(c) the change in G. americana from the Duplin of Natmal 
Well to ihe Waccamaw of Acme. 

Lists of s\non\ins of CiJ\c\ineris americana have been 
prepared by Ball (1,S9,S, p. (iO!)) and Nicol (19,53, p. 1.51), 
whose list is shorter: these lists are readily a\ailable and 
are not repeated here. Nicol (1953) studied the jjecidiar 
form of G. americana (which is chaiacterizeil by wrinkles 
along the dorsal margin of the shell, espetially the posterior 
side of the imibo) from Natural ^\'ell and termed this 
foiin the "mutant rugosa." Conrad (1<S41. p. 3!()) seems to 
ha\e been the first to ha\e noticed this form and he gave 
it the rank of species, calling it Pectunculus (juiiupierii- 

gatiis. Dall (1898, p. 611) thought the wrinkled form repre- 
sented parasitization, but, as noted by Nicol, the shell shape, 
size, and thickness is otherwise as in typical individuals of 
G. americana. Nicol observed this variant in the upper Mio- 
cene of North Carolina, South Carolina, and Georgia. He 
foiuid a distinct species (G. aberrans) displaying the same 
|)lienomenon in the upper Miocene of Florida. Nicol jjostu- 
lated that G. aberrans, which also has been reported from 
South C>arolina, was derived from the miuant form of G. 
ainericana. 

Glycymeris americana is rare in the Recent: it is lound at 
moderate dejjths from North Carolina to northern Florida 
and west to Texas  (Abbott, 1954, p. 349) . 

Hypotypes.-V. N. C;. Cat. Nos. 3547-3549. 

Range.—Yorklown Miocene-Recent. 

Localities.—Kos. 1, 2, 3, 4, (i. II. ,nui 13. 

Glycymeris subovata  (Say),  1824 

Plate 4, figures 3a, 3b; Plate 5, figures 5a, 5b, 9, 10a, 10b 

I'll luniulus  sul)ijv<itus  Say,   1824,   .\cad.  Nat.   Sci.   Philadelphia,   lour., 
Ist  scries,   vol. 4,   p.   14(1,   pi.   10,   fig.  4. 

Jximirii   (Pictuiiiulus)   sulni-viila   Sav,   Conrad,   1863,   .\cad.   Nat.   Sci. 
Philadelphia,  Proc, p.  581. 

Glyrym>-ris subovata (Sav)  Dall, 1898, Wagner Free Inst. Sci.   'I'rans 
vol. 3, pt. 4, p. 611. 

G. sulio-vala var. plai/'ia Dall, 1898, ibid., p. 611, 612. 
G. drymanos (Jardner, 1926, U. S. Geo!. Sur., Prof. Paper 142-A   n   36 

pl. 9, figs. 1, 2. I . 1        , 
G. ivaltonensis Gardner,  1926, ihij., p. 37,  pl. 9, figs.  5,  6. 

Diagnosis.-'SheW nearly symmetrical, with loiuul d.jisal 
margin; liganiental area with more or less distinct chevron 
grooMug; costae coarse, fine striations absent, some indi- 
\iduals showing tendency to de\elop weak secondary ribs 
on costae, costae usually roiuul but in some individuals 
sharply crested and in others nearh flat; teeth in center 
becoming resorbed in older indi\iduals, subequal in size 
throughout, tending to be chevron-shaped dorsally, anterior 
and posterior series forming a relatively small angle at 
their intersection; hinge line short, straight; beaks small, 
tending to be slightly opisthogyre. 

Discussion.-Ke^esiiom of height anil length of Glycy- 
meris subonata are variable. Either height or length may 
be greater at all observed growth stages. Correlation is ac- 
cordingly not good and the combination of these characters 
is not useil in the statistical study. 

The width of the ligamental area decreases with respect 
to length of ligamental area in Glycymeris subovata from 
lower Vorktown to Diij:)lin time. The combination v = 
Wl, X ^ LI for G. subovata from early Vorktown samples 
I, 2, 4, 15) and G. subovata from Duplin equivalents (.sam- 
ples 3, 5, 7) are compared to G. americana from Natinal 
Well. The samples from early ^■olktown are all statistically 
distinct in the "B" combination whereas none of the sam- 
ples from Duplin equi\a]ents are distinct in this combina- 
tion of characters   (Table II). 

The che\ron grooving on the ligamental area seems to 
decrease in prominence with decreasing geologic age also. 

Much variation in shape and ornamentation is present in 
Glycymeris suboi'ata. The shape \ aries from high, short to 
nearly orbicidar forms. At the Williamston. North Carolina, 
locality several intli\ iduals show a produced posterior mar- 
gin. This posteriorly produced form was considered by Dall 
to be a distinct "variety", G. subovata "var." plagia, but it 
is probably an ecophenotype because the form is variable 
and restricted in its distribution locally but has been foimd 
in Florida faunas as well as in North Carolina, Virginia 
and Maryland. G. waltonensis Gardner, 1926 was used for 
the jjosteriorly produced form by Gardner which she dis- 
tinguished from Dall's "variety" on the basis of its smaller 
size, less inflated form, and its more flattened intercostal 
areas. These differences are not considered distinctive 
enough in the \ariable Glycymeris subovata to be syste- 
matically important. 
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The oiiKiiiicnUitioii in Clyiymrris siiboi'iilii most com- 

monly consists of broad rounded ribs with nairow inter- 
spaces. In some forms, particularly at localities along the 
James River in Virginia, a tendency for sharply crested ribs 
is seen. At various localities an occasional specimen shows a 
tendency to develop a secondary rib or two on the costae— 
the position and prominence of these secondary ribs is 
variable and Iiccause of the lack of uniformity are sug- 
gested to be enxironmentally induced. No specimen was 
foinid to have so regular secondary ribs as the figined speci- 
mens of C. ilryiiKiiiDS L^riijilii Ci.iidner, 1926. However, Gard- 
ner (p. ;i7) stated that the secondary ribs in her subs|)ecies 
are variable. This form may also be an ecophenotyjjic G. 
suboxmta. C.. (Iryiniinos was distinguished from Ci. suhoi'titd 
by Gardner in being smaller, heavier, and moie inflated; 
these chaiacters ;ue not consistent enough to be of \alue. 

Glycynicris siiboi'titu tiioiinyi Dall, 1898 is characterized 
by flattened costae and relatively broad, flattened inter- 
spaces. Specimens showing these features are common in 
collections from Morgarts Beach and Boykins, Virginia, and 
at Minfreesboro, North Carolina. The form is rare at Kings 
Mill Wharf, Comtland, and Yorktown, Virginia, and at 
Natural Well, North Carolina. The characters of this form 
too may be environmentally controlled biU the characters 
are more consistent than the others discussed. 

Hypotypcs.-V. N. C. Cat. Nos. 3550-3553. 

Riiiii^f.—Miocene. 

Lonililirs.-Nos. 5, fi, and 9-21. 

Glycymeris pectinata (Gmelin), 1791 

Plate 5, figures 7, 8 

Area prcliiiata CJmelin, 1791, Systema Naturae, vol. 6, p. 3313. 
Pectunculus  aratus  Conrad,   1841,   Amer.  Jour.   Sci.,   vol,  41,   p.   346; 

1845,  Fossils of the  Medial  Tertiary of the   United   States,   p.  62, 
pi. 34,  fig. 2. 

Glycymiris    (litirlrstonnuis    Holmes,    1860,    Post    Pliocene    Fossils   of 
South   Carolina,   Russell   and   Jones,   Charleston,   South   Carolina, 
p. 16, pi. 3, fig. 5. 

G.  prilinata   (Gmelin),  Dall,   1898;   Wagner  Free  Inst.  Sci.,  Trans., 
vol. 3, pt. 4, p. 612. 

G. (Tuccta) (iniltis floridana Olsson and Harbinson, 1953, Acad. Nat. 
Sci.   Philadelphia,   Mon.   8,   p.   3,   pi.   1,   fig.   5,   5a;   Dubar,   1958, 
Florida Geol. Sur., Bull., No. 40, p. 153, pi. 1, fig. 8. 

l)i(ioii(>sis.—S\\e\\ trigonal, small, obliciuely truncated 
|)osteriorly; ligamental area marked with closely spaced 
chevron markings, wide in relation to length; costae coarse, 
broadly rounded, without striations, interspaces about as 
broad as ribs; teeth in continuous series, forming acute 
angle dorsally, subequal throughout, none chevron-shaped; 
hinge line short, straight; creiudations l:nge; beak small, 
slightly opisthogA'ie. 

Discussion.—\\\ oinamentation, slight ojjistliogv le altitude 

of the beaks, and ilicvron mat kings on the ligamental aica 
this species shows similarity to Glycymeris sxtbovala. How- 
ever, even young specimens of C. subovnla can be dis- 
tinguished from G. f)c( tituita. Yoiuig individuals of G. s\ib- 

ovala have nearly round shells while in G. pectinata the 
valves are truncated posterio-dorsally ;uid sharply rounded 
anteriorly so that the shape is trigonal and noticeably high- 
er than long. The costae of G. pectinata have a greater 
relief and are more widely spaced than in typical G. 
submmta and the crenulations of G. pectinata are larger 
and less ninncrous. 

Glycymeris diiplinensis Dall. 1898 is similar in size, .shape, 
;uul dental series to G. pectinata. Tlic species, specimens of 
which were not collected by me, differs from G. pectinata in 
hav ing the costae centrally grooved ventrally; the costae are 
coarse and widely spaced as in G. pectinata. 

Glycymeris pectinata is a common shallow-water Sjiecies 
from North Carolina to both sides of Florida and the West 
Indies (Abbott, 1954, p. 348) . Mainy (1920, p. 21) reported 
it from Hatteras, North Carolina, to Nicaraugua, at a depth 
of 2-175 fathoms. 

Hypotypes.-V. N. C. Cat. Nos. 3554, 3555. 

/?rtH_f;f'.—Duplin Miocene? VV^acc.imaw Pliocene—Re- 
cent. 

Ijxalitii's.—Nof,.  1, 2, and 3. 

TABLE 1 I 

Ciomparisons of Regression Coefficients in Glycymeris 

Sample 1   5 6 8    10    11    13 14 

no. ABC ABC ABC ABCD ABCD ABCD ABC ABC 

9 0 n 0 X—X 

3 xOx 
4 X—X 

5 000 +-0 

(■) + -t-+ +00 + + + ++() 
7 000 000 - 0 0 

8 00+ 000  0 + 000 

9 0+ + + 00 0+++      000+ 

10 — 000 

11 -00 + +00 

12 0 + 0 -00 00 0 

14 000 

15 X—X 

If. 0 00 

Significance level = 5%, 2 sided. 
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ExphiiKition ol   laljlc 1 I 
Symbols: 

A. y = convexity  (C/2) , x = length   (Lt) . 
B. y = width of ligamental area (VVI) , x = length of liga- 
niental area   (LI) . 
C. y = distance fiom anteriormost tooth to beak, (T^-B) , 
X = distance from anteriormost tooth to posteriorniosl 
tooth   (l^-Tj) . 
(T.-T^). 

D.y^thstance  ironi   poslerioimost   loolli   lo  Ijcak,    ( I r 
15), X = distance fiom anteriormost tooth to |)osteriormosl 
tooth   (T.-T,) . 
Abbre\iations used in text; 

Lt. = length of valve. 
Ht. = height of valve. 
Wl = width of ligamental area measiued along ligamen- 

lal area dorsoventrally. 
LI = length of ligamental area nieasmed ]jarallel to 

h i nge. 
C;/2 = con\exity of one \alve ^ width of one \al\e. The 

term convexity is not appropriate in that tiie measme- 
ment is no index to valve cmvatme. 

T^-B = distance  from   anteriormost   tooth   to   beak. 
T^-B = distance from jjosterioiniost  tixjth  to beak. 
T^-T4 ^ straight  line distance  fiom  anteriormost   tooth 

to  posteriormost   tooth. 
Notation for Table: 

X = no test made for this combination. 
-(-^ the value of the regression coellicienl in the 

sample in the column is significantly greater than that 
of the sample in the row. For example, the regression to- 
efficients for sample 1 are all greater than the correspond- 
ing values for sample () in Table 1 1. 

— ^ the value in the colinnn is significinih less liian 
that in  the corresponding row. 

C) = no   significant   difference   between   sample   in   tiie 
row and the sample in the colunui. indicated by the t-test. 

Ecjnations: 

Samjjle no. 
I A.y = ().L'5Sx —0.0 1!) 

B. y = 0.21,5 X —0.020 
C. v = 0.()43x -K).011 

1        C. y = 0.2l8x —0.0,s;i C;. suboiHdd, \'orktown 
formation, W'orrels Mill 
Pond,  N.C. 

C',!\(ym('ris sulxnidta, 

Yorktown formation, 
Claremont, Va. 

A.y = 0.291 X —0.171 
B.y = 0.23-1 X —0.0 10 
C. y== 0.610 X +0.119 

C:. y = 0.207 X —0.002 

Clycyincris siilxn'ata, 

^■orktown formation. 
Kings   Mill  ^\'harf,   Va. 

(•. Mihi>xi(ilii, \'oiklown 

lorm.il ion.   (lolc-rain. 

x.c. 

13 

A. y = 0.232 x +0.102     C. siihovalti. Duplin 
B. y = 0.172 X —0.022     marl,  Natur.il  Well, 
C. y = 0..'597 X-(-0.0,58     N.C. 

A. y = 0.I77x -)- 0.131   (i. aincricdiia. Duplin 
B. y = 0.120 x +0.029     marl.  Natural  \Vell, 

C, y = 0.516 X + 0.010 N.C. 

0.217 x +0.100     G.  suhovdtd   Du|)lin 
0.181 X —0.010     m.ul,   Lumberton,   N.C 

A.y 
B.y 

C. y = 0.625 x +0.012 

A.y = 
B.y. 

C. y = 
D.y = 

A. y = 
lly = 
C.y = 
D. y = 

.V. y = 
B.y. 
C.y = 
D. y = 

E. v = 
B.y = 
C.y = 
D.y = 

A.y = 
B.y = 
C.y = 

A. \ = 
B.y = 
C. y = 

A.y = 
B.y = 
C.y = 

: 0.262 x +0.0-17 
0.192 X —0.065 
0.577 x +0.018 

= 0.61 Ox —0.055 

= 0.227 x + 
= 0.090 X + 

= 0.528 x + 
= 0.,535 X -f 

= 0.3-10 X— 
= 0.210 X — 
= 0.556 X + 
= 0.608 X + 

: 0.250 X + 
= 0.128 x + 
= 0.476 X + 

= 0.592 X — 

0.077 
0.511 
0.098 
0.066 

0.251 
0.116 

0.071 
0.007 

0.071 
0.008 
0.110 

0.002 

= 0.318x —0.015 
:0.140x —0.019 
: 0.595 x +0.033 

T).376x —0.522 
0.245 X— 0.211 

, 0.718 X — 0.-I71 

= 0.312 X —0.290 

, 0.180 X —0.063 
: 0.599 X + 0.066 

C. y = 0.269 X — 0.1! 2 

A. y = 0.393 X —0.125 
B.y = 0..395x —0.611 

C:. y = 0.580 X  ]- 0.083 

C (unrricana (asymmet- 
rical sidjset) , Wacca- 
maw   lormation.   Acme, 
N.C. 

G.   aiucricaua   (symmet- 
rical  subset) ,  Wacca- 
maw   formation.   Acme, 
N.C. 

Cr. a)iicri((1)111 (asymmet- 
rical     subset) ,     Wacca- 
maw lormation. Old 
Dock,   N.C. 

G.   umcricana   (symmet- 
rical     subset) ,     Wacca- 
maw lormation. Old 
Dock,   N.C. 

Glyrynirris (iiiltjxirilis, 
"Trent foiniatiou," Sil- 
vcrdale, N.C. 

G. Iriil/fo) nils. \i)vk- 

town lormation, Boy- 
kiirs, Va. 

Cr.   parilis,   Calvert   for- 
mation.    Plum   Point, 
Md. 

G, .uihmialii. ^'oiktown 
formation,  l'>o)kins, Va. 

G. pcctiuata, Waccamaw 
formation, Acme, N.C. 

All possible combinations of species an cl sample conipan- 
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sons were not made. Only those closely related species or 
those showing convergence were compared. 

Samples 2, 3, 4, and 15 of Glycymcris siibovata were com- 
jjared to G. americana from Natural Well (samjjle 6) only 
for the combination "B" to show that the regression coeffi- 
cient for y = W1, x = LI decreases with decreasing relative 

age. 
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APPENDIX 

Appended Tables of Raw Measurement Data   (in millimeters)   of 
Representati\'e Samples 

Symbols: 
R—right vaK'e 
L—left valve 
Ht—height of one  valve 
Lt—length of one  valve 
Wl—width of ligamental  area 
LI—length  of ligamental  area 
C/2—convexity   (width)   of one valve 
Tj-B—distance  from  anteriormost tooth  to beak 
T,-B—distance from  posteriormost tooth to beak 
T:i-Tt—straight tine distance from anteriormost to posteriormost beak 

; of Cample of Anadara  (Anadara) transversa  (Say),   1B22  ("A. j 
Natural Well, North Carolirn 

R 1 13.'-. 21.0 O.'i '■.t. U.8 
n 2 V-.--- 22.3 1.0 'j,6 I'..'. 
Ft 3 8.9 U.6 0./. 3.6 9.8 
R k 13.6 20.1 0.« 6.0 13.3 
R 5 9.3 u.o 0./, L.h 10.2 
L 6 13.0 19.1 0.7 5.2 12.0 
R 7 13.3 20./. 0.7 5.;. u.o 
11 e 15.5 22.5 0.9 6.3 13.7 
R 9 13.0 20.3 0.6 5.2 U.l 
UO 10,0 15.2 O.i '..5 10.6 
Ul 7.3 10.0 0,3 2.6 6.9 
K12 7.5 10.6 0.3 2,9 7.1. 
U3 7.5 10.3 0.5 3.1 7.0 
LU 9.7 13.5 0.6 J..f. 9.1 
U^ 10.6 1^.1 Of /,./. 10.1 
L16 10.0 13.0 3.7 6.3 
ftl7 11.0 16,0 CO 5.0 10.8 

Mean value 11.1 1^.;. Q.i:. ..... 11.0 

■^e title  pa^e of appemlix for moaninr of ayrrtiols. 

TABLE 13 

He,isure ments of Sample of  ftnadara (nnadara )  transversa (Say),  1822 (".\.   IjUCCuli."   subset). 
Natural V/ell,  North CaroUn; 

R I 13.1. IT.^ 1.3 6.1 L2.7 
L 2 13.(. 18.1 1.0 6.0 12.7 
L 3 15.6 20.0 1.3 6.3 13.0 
LI. 13.1 17.5 0.9 5.3 10.8 
1. 5 13.0 18.2 1.2 5.7 12.1 
L 6 12.3 16.5 1.0 5.5 11.5 
F! 7 U.5 16.3 0.8 l,.9 10.1 
R 8 12.9 16.2 0.9 5.6 10.9 
R 9 15.2 22.0 \.I. 6.7 12.5 
UO 13.7 18.0 1.1 6.0 U.l 

Rll 13.6 20.0 1.1 6.2 13.6 
R12 U.l 20.9 1.3 6.3 12.7 
R13 15.5 20.0 1.2 6.5 12.0 
Ui 13.9 18.2 1.2 6.3 11.5 
n5 11.0 18.3 0,8 5.8 12.1 
U6 12.6 15.6 0.9 4.7 9.7 
ra7 10. e U.7 0.9 /..8 9.3 

Mean value 13.3 18.3 1.1 %8 11.7 

TABLE 13a 

Measurements of ^mple of Anadara (Anadara) transversa  (3ay),  1822, 

R 1 15.0 19.1 2.1 7.0 U.7 
L 2 U.2 20.0 1.2 6.3 12.1 
L3 12.1 U.l. 0.8 5.0 9.5 
K 1. 12.6 16.6 1.8 5.8 10.1 
L 5 12.0 U.6 1.0 5.1 9.5 
n 6 11.8 15.5 1.4 4.6 10.6 
L 7 10.9 15.5 0.8 4.5 10.6 
L 8 U.O 17.2 1.2 5.8 10.6 
L 1 11.1 16.3* 0.5 5.1 11.4 
!ilo U.O 18.1 2.0 6.2 11.8 
Rll 9.1 12.9 0.7 3.9 8.0 
112 12.0 16.0 1.0 4.6 9.5 
113 12.1 15.0 1.9 5.5 10.2 
UJ. 13.6 18.2 1.4 5.4 11.1 
1115 15.6 22.0 1.2 6.3 13.7 
ia6 U..5 19.5 1.7 6.4 12.8 
U7 10.5 15.;. 1.0 4.4 9.1 
US 13.3 17.4 1.1 6.0 11.7 
L19 10.0 U..6 0.4 4.8 9.0 
I'20 3.0 U.3 0.4 3.5 8.0 

r'*afi value 12.3 15.5 1.2 5.3 10.6 
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nt9 of Sample of Anadara  (Anadara) t 
WaUrera Bluff,  North Garolirv 

raa   (Say), 1822, Measurements of Sample of Anadara  (Anadara) transversa  (ilay),  1822, 
fttlantic Beach  (Recent), Horth Carolina 

'2-'i. T,-T, 2-'i. 

R 9 
RIO 
RU 
IU2 
U3 
1,1 J, 

U5 
fUfe 
U7 
R18 
U9 
R20 

21.0 31.t 1.5 8.1 

19.3 27.4 1.6 8.5 
17.1 25.0 1.2 7.2 
15.1 21.2 1.3 6.6 
15.6 22.0 1.2 7.3 
21.5 29.0 1.8 9.5 
20.1 26.8 1.7 9.1 
17.2 2J..& 1.5 7.1 
21.9 29.5 2.6 9.6 
23.8 34.4 3.0 11.1 
21.0 29.5 2.2 8.6 
20.9 34.7 2.0 8.6 
18.6 23.4 2.0 8.3 
17.1 27.2 1.5 8.4 
13.3 20.0 0.9 5.7 
19.3 29.7 2.1 8.0 
21.0 34.1 2.2 9.6 
10.7 17.1 0.9 4.3 
19. S 30.6 2.0 8.4 
18.5 29.5 2.1 7.6 

21.0 
19.0 
16.5 
H.5 
13.5 
19.2 
16.8 
15.5 
20.9 
25.4 
19.5 
23.7 
17.6 
16.S 
13.4 
19.0 
21.1 
1L.4 
19.0 
19.6 

18.2 

n 5 
R 6 
L 7 
R 8 
L 9 
UO 

U5 
U6 
U7 
U8 
R19 
L20 

19.1 27.b 0.9 
8.4 28.5 1.4 

14.6 23.8 0.8 
12.5 20.8 0.5 
16.6 25.6 1.1 
19.1 28.0 1.5 
19.6 24.7 1.9 
14.6 21.6 0.6 
18.9 14.5 0.4 
12.0 18,0 0.7 
12.3 21.2 0.6 
17.4 27.8 1.7 
12.5 19.0 0.6 
u.a 20.2 0.8 
15.8 23.2 0.6 
14.0 20.5 0.8 
10.2 16.3 0.4 
u.e 21.1 0.9 
11.0 1B.2 0.6 
10.2 14.0 0.4 

7.1 
8.2 

5.3 
7.5 
5.0 
5.9 
6.4 
6.4 
4.2 
6.6 
4.5 
4.0 

16.4 
16.3 
14.3 
U.O 
17.2 
15.9 
16.3 
15.0 
9.7 

11.7 
14.4 
16.6 
11.8 
12.1 
14.7 
U.4 
9.2 

1!.6 
12.5 
9.8 

13.7 

Measurements of Sample of Anadara (Anadara) transversa (Say), 1822, 
Town Creek,  Horth Carolina 

113 
L14 
R15 
R16 
U7 
US 

27.4 33.8 2.3 U.3 
28.7 38.1 3.1 U.l 

31.3 42.6 2.5 13.2 
27.0 38.4 1.8 9.5 
22.6 28.9 1.5 8.9 
30.6 41.3 4.3 13.5 
22.6 30.5 1.5 8.5 
24.1 33.6 1.7 8.9 
23.0 33.0 1.8 10.3 

30.4 40.7 2.5 12.3 
27.0 35.5 1.7 10.1 
27.0 35.5 2.1 10.5 
25.5 34.5 1.9 U.l 

28.5 37.7 1.9 12.1 
24.0 31.3 1.6 9.7 
27.8 36.1 1.5 U.2 
20.6 27.8 1.5 9.2 
22.4 31.2 1.2 9.7 
28.7 36.6 2.0 11.6 
25.8 32.1 2.0 U.4 

T^T, 2-'4 

20.8 
23.6 
26.1 
23.8 
17.3 
25.9 
19.1 
20.8 
19.3 
22.8 
19.6 
21.6 
19.4 
23.5 
19.2 
22.5 
17.0 
19.2 
23.7 
21.4 

21.3 

1 of Sample of iloetia  (Eonti; 
Kind's Mill Wharf, Virp: 

ile  (Say),  1824. 

Specimen m. Lt '..1 U <\f/. T^-d 'u-^ 

n I 20. S 31.0 3.-^ 20.4 6.1 7.ij 20.4 
L 2 20.7 32.0 5.2 2L.0 7.0 8.0 24.6 
13 16.0 26.1 4.0 16.8 5.2 7.5 21.5 
n 4 15.5 24.4 2.8 15.5 4.1 6.7 17.1 
L 5 15.1 28.9 4.3 U.6 5.1 5.9 21.6 
R 6 15.5 25.0 3.1 13.8 4.8 6.6 15.9 
R 7 15.1 22.5 3.2 U.4 4.7 6.5 iy..6 
R 8 16.8 28.t 3.7 U.4 5.4 6.5 17.6 
R 9 13.6 21.1 2.6 10.5 4.3 5.0 14.1 
UO 17.1 28.3 3.5 14.6 5.8 6.1 21.2 
LU 17.0 23.4 3.0 13.1 5.0 5.6 16.8 
H\2 17.1 29.5 4.5 14.4 5.6 8.6 17.7 
R13 14.3 21.4 1.9 10.0 4.9 5.1 14.1 
LU 13.5 21.1 2.2 10.0 4.0 4.7 14.1 
R15 15.6 25.6 2.6 16.5 5.4 5.7 18.0 
R16 10.3 18.0 1.3 7.2 3.6 4.4 10.5 
R17 13.5 22.0 2.3 9.3 3.1 5.1 13.6 
R18 U.O 17.4 1.6 7.8 3.3 4.8 11.7 
U9 13.0 23.>> 2.0 10.5 3.3 5.6 15.5 
L20- 12.6 20.1 2.0 a.o 3.5 4.5 12.2 

Mean value 1''.2 24.^ 3.0 13.1 '..'' '-.0 16.6 

Heaaurements of Sanple of Anadara  (Anadara) tranaversa  (Say), 
James City, North Carolina 

1 of Cample of Hoetia  (Eontja) triqlntinaria  (Conrad),  1862, 
:iatural iJell,  Itorth Carolina 

11 34.4 54.0 
R 2 32.6 52.7 
L 3 30.6 50.1 
l 4 19.2 29.5 
R 5 36.1 53.6 
L 6 33.7 49.1 
R 7 25.8 40.7 
R 8 27.1 U.8 
R 9 33.6 47.4 
RIO 23.9 36.6 
RU 17.5 29.4 
U2 25.2 37.4 
R13 28.6 45.0 
R14 13.4 19.1 
R15 9.5 15.2 
R16 16.6 24.6 
R17 U.5 18.4 
U8 18.7 28.6 
R19 27.1 42.7 
UO 16.5 26.4 

Hean value 24.1 37.2 

5.0 U.5 
12.8 

34.9 
30.2 3.5 

3.0 12.2 28.6 SpeeiTOfi Ht Lt Wl U HFM Tj-B v 
1.4 
4.1 

8.2 
15.2 

17.5 
30.0 li 1 21.5 33.4 2.8 16.0 5.4 8.9 18.1 

3.6 14.6 29.9 R 2 10.0 13.4 1.4 7.4 3.0 4.8 7.2 
1.8 10.5 25.0 13 16.0 25.2 2.7 U.5 5.0 7.2 U.3 
2.5 U.l 27.6 L4 15.4 23.8 2.5 8.7 4.7 6.4 13.6 
3.3 13.2 28.0 R 5 10.4 15.9 1.5 6.8 3.5 4.6 8.2 
2.1 10.0 22.9 R 6 U.4 17.4 1.4 6.1 3.1 4.9 9.6 
1.0 6.1 18.1 L 7 18.1 30.4 2.7 12.5 5.0 7.6 18.0 
2.0 10.1 23.0 R 8 12.0 le.o 1.2 7.4 3.8 5.5 10.0 
2.6 10.8 27.3 L 9 7.3 11.6 0.8 3.8 2.0 3.0 6.2 
0.7 5.2 U.6 BIO 15.6 25.1 2.0 10.1 4.4 6.6 13.2 
0.4 3.2 9.8 RU 12.0 18.8 1.8 8.5 3.5 5.5 10.5 
0.9 6.2 15.5 U2 5.8 8.7 0.6 3.3 1.6 2.7 4.9 
0.5 4.7 12.1 R13 12.2 17.8 2.1 8.5 3.4 5.0 11.3 
1.0 7.4 18.3 R14 10.0 IA.5 1.1 6.6 3.0 3.3 8.1 
3.6 U.2 26.8 U5 9.6 15.1 1.2 5.8 2.6 3.5 8.7 
0.7 6.0 13.4 K16 7.0 10.6 0.6 4.1 2.1 3.0 5.6 

2.2 9.6 22.5 Mean value 12.1 18.7 1.6 7.9 3.5 5.2 10.5 
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TABLE 20 
TABLE 23 

Measurements or .:^pi of tloetia (Eonti ̂ ) Caroline rjsia (Conrad), 1862, y«a3uremen(-s of ^mple of Noelia  (Sontia) platyur a (Dall) 1898, 

Slack  .:ock 

Specimen Kt Lt ■.a U HF'M :,-. i,.. Specimen Ht Li .■.1 LI \im T^y T^-3 

1.3.0 
37.0 

33.6 11.7 20.1 2i:.2 :■   1 UO.f, 58.3 5.'"' 30.4 11.^ 19.1 23.0 

i.9.6 J../. 30.t. 10." le.^ L 2 i.S.'J 60.0 5.S 23.8 13.9 20.6 25.2 

1.3 
Li, 
L 5 

6.^ 33.t 12.1 20.7 I 3 42.3 55.3 5.0 24.5 U.4 19.9 22.3 

29.8 12-0 19.3 a u 40.0 63.7 6.0 29.4 12.4 23.6 

%.U 5.5 30.0 10,5 18.0 L 5 39.0 60.0 5.0 25.0 10.5 17.4 21.0 

3.3 20.8 8.8 15.3 L 6 50.6 77.5 8.8 39-6 15.3 23.5 30.4 

ft 7 35.1 

20.0 

2i..l 9-5 17.5 ft 7 40.0 55.6 4.3 25.1 10.0 17.5 19.6 

h°.0 4.7 26.5 10.6 16.8 19.3 L 8 45.4 69.4 6.4 32.0 12.6 22.0 26.4 

28.2 1.1 10.6 5.6 8.8 9.'=' L 9 39.8 58.5 6.0 26.1 10.7 18.9 21.9 

25.7 30.6 2,0 15.7 7.3 13.1 UO 42.3 59.6 6.4 32.6 10.9 

U.6 26.7 10.5 16.0 Ul 36-5 48.3 5.1 24.1 8.9 15-8 

'T 3^.8 51-3 5.1 27-3 10.1 17.2 R12 43.0 61.0 5.7 25.7 12.0 20.6 24.4 

U3 26.7 37.2 2.5 15.1 7.6 12.6 L13 41.8 59.8 5.4 26.9 10.3 18.7 23.3 

36.0 I*7.(> 3.7 21.9 9.2 16.2 RU 42.1 57.6 4.9 25.6 U.6 18.3 24.1 

ftl5 31.9 1*7.1 3.2 23-5 8.5 IU5 49.5 77.0 13.3 43.1 14.7 24.0 33.6 

61.7 5.9 33.0 U.2 19.8 L16 42.3 61.0 6.4 27.2 10.5 18.2 27.0 

U7 29.7 i.1.7 2.9 18.6 8.0 U7 41.7 69.0 4.6 30.1 10.6 22.1 26.7 

60.3 5.7 32./. 12.1 19.0 lUe 52.2 75.4 8.5 38.3 14.4 24.6 

53.6 5.5 31.7 U./. R19 40.7 62.6 6.2 28.0 13.1 21.9 23.7 

R20 39.7 57.6 6.A 30.'' n.e IS. 3 R20 44.2 67.9 0.3 38.0 L3.t 20,7 27.0 

Mean  value ?''.i. (.^.'^ U.'' Z^'.A 16.8 IS.9 l'*aii valine 42.^ 62.'' 20.0 11. ' 20..' 24.7 

jentB of S&mple of HootJA   (Eontia)  liimiU   (Conrad),  1832, 
James Cit7, North Carolina 

(tjontia) ponderosa  (Say), 
it),  North  L'arolina 

T2-B 

R 1 
R 2 

34.6 
28.5 

54.t) 
44.3 

4.5 
4.0 

25.1 
18.9 

10.6 

9.4 
16.4 
U.9 
16.5 

20.9 
19-2 

L 1 
L 2 

41.^ 
33.2 

"'^2 ■>.l 19.3 11. t. 19.2 17-0 

R3 3fc.7 53.5 L 3 
H4 36.0 61.1 53.6 L 4 34-2 40.0 3.5 16.2 3.4 15.8 12.3 
1.5 17.9 29.5 L 5 
R 6 28.7 41.2 L 6 16-2 
L 7 45.0 71.1 8.1 34.0 R ? 20.0 24.8 1.2 7.2 4.5 9.2 8-6 
L a 34.6 52.1 3.9 23.1 I 8 20.5 23.8 7-2 
L 9 34.6 56.9 4.7 26.1 S 9 28.8 36.5 3.1 13.2 6.S 12.8 13.4 
RIO 27.7 47.1 3.2 no 
Ul 32.4 56.0 4.1 21.3 Ul 20.0 23.9 1.8 7-8 5.1 8.5 8.3 
U2 32.6 54.1 4.5 

16.2 
H12 30.4 37.5 2.1 13.4 7.6 13.7 U.4 

U3 LU 29.5 37.2 2.7 n.8 6.4 13.2 U.2 
IXI. 31.5 51.1 104 25.6 34.4 1.6 12.6 7.4 12.0 u.o 
115 40.9 67.8 7.8 32.8 ni5 21.0 25.4 1.2 8.6 4.9 9.1 8.6 
R16 35,5 58.0 5-5 28.5 ftl6 18.3 
R17 29.0 45.5 8.3 18.9 13.0 U7 20.1 26,5 1.6 8.8 5.0 9.3 8.5 
RIS 21.3 34.5 1.5 12.0 LIB 15.8 
R19 24.8 39.6 2.4 7.5 U.3 H19 20.1 23.4 1.0 1.6 4-4 9.0 8.5 
R20 31.0 49.7 3.6 21.7 ri20 18.2 22.3 1.2 7.7 5.0 7.9 7.6 

Mean value 31.5 50-6 4.2 22.5 9.3 15.0 18.9 Mean value 25.5 31.8 2.3 U.2 6.2 U.7 10-4 

TABLE 22 

^■*as^ rements of Sample of Noctia (Lontia) rlalji ra  {Oall), 1898, 
T.\BLE 25 

..'alters Bluff, Morth Ciniliai 
Ifeasurements of Sample of ClYcmeris cariUs (Coiu-ad), 1842, 

Plum laryland 

Speciimn Ht U \.'l U my. Tj-B r^-B 

Spocinen Ht Lt v;i U C/2 I2-T4 H 1 31.4 52.0 4.4 24.5 '1.3 15.4 21.0 
T^B 

L2 U..U 63.0 7.1 31.0 11.0 19.6 
R 3 Wi.i 54.1 6.5 24.6 10.9 20.5 24.5 R 1 86.4 82.6 8.5 47.0 28.0 38.5 
H 22.2 29.7 2.3 12.0 5.4 10.0 12.7 R 2 84.6 84.6 6.4 40.1 23.0 57.3 32.6 

L 5 1.6.5 63.4 8.6 31.6 10.7 20.5 29.0 R 3 81.4 79.5 6.4 42.6 22.1 56.4 34.0 

R 6 23.0 31.5 2.6 18.0 6.4 10,4 15.5 R4 20.4 21.4 1.0 7.8 4.7 14.7 9.3 
R 7 A0.5 50.5 6.1 27.5 18.2 23.3 R 5 30.5 31.7 1.8 13.5 7.7 22.9 15.1 
L S 42.5 52.6 6.0 23.4 17.6 L 6 43.4 44.7 2.3 18.2 10.5 31.0 18.5 
I. 9 36.6 46.4 6.0 26.0 10.1 18.3 22.8 L 7 71.1 65.0 5.8 35.0 16.2 48.0 29.4 
RIO 45.6 56.6 6.5 28.3 10.6 20.5 29.7 R 8 81.6 79.6 6.8 42.0 21.8 56.7 34.8 
Ul 34.2 47.2 5.4 21.4 8.8 15.4 18.4 L9 81.5 78.6 6.6 37.4 21.7 53.8 33.9 
R12 45.4 65.0 6.5 32.7 12.2 21.5 26.8 UO 81.5 80.0 6.2 39.4 20.0 55.6 34.6 

Kaan value 38.2 n.o '..7 25.1 1.7 17.3 22.8 Jiean »alue 6t.2 64.8 5.2 32.3 17.6 45.8 28.1 



Mii)-/\n AM If:   J'KRTTAR^'  ARC;AC:I:A:   RIRD 49 

Measurements of .Sample of Clvcyiaerj 
iilverdale. North Carolina 

inteEarllia KeUura,  1926, Koasuretnents of Sample of Gl^ymer: 
Old  Dock,  North Carolina 

.   (Defrance),  1826,   (symmetrical subset) 

20.9 L 1 48.2 50.0 2.5 19.5 14.0 33.2 19.3 16.0 

l.S 13.1 8.6 21.7 13.1 36.8 40.3 1.5 10.5 9.1 27.4 14.7 8.4 

;,5.0 2.1 20.6 13.7 32.0 17.4 1.0 7.4 5.8 15.0 7.6 13.8 

52.6 5i..O 3.^ 26.9 ia.6 39.6 24.5 32.1 2.0 12.0 7.6 22.7 13.5 10.2 

15.6 25.5 16.0 9.8 e.o 17.5 10.0 15.6 

32.6 20.0 2.4 10.0 27.0 15.6 7-6 

36.6 37.3 1.8 17.2 u.o 27.^. 16.0 17.3 18.5 0.9 7.6 13.5 8.4 7.6 6.5 
12.6 31.1 19.2 0.8 6.2 4.6 11.4 7.0 13.0 

L f 26.6 28.0 1.1 11.1 9.3 18.9 U.l 34.1 1.3 13.5 8.0 23.1 12.8 7.6 

15.1 36.0 22.i, 0.9 8.0 5.6 13.0 7.9 13.1 

Rll 35.5 36.9 2.0 15.3 12.3 25.4 L1..6 23.6 14.6 39.1 21.6 9-8 

'1' to. 2 UZ.L 2.6 19.0 12.0 30.1 18.5 9.1 8.4 22.4 13.0 

15.1 10.3 26.i. 16.2 1.1 6.5 17.3 10.3 7.1 

SU 34.3 JU.2 2.2 15.0 13.5 2U.6 14.3 13.4 5-6 4.8 9.5 5.5 15.6 

LIS 39.6 ^l.5 2.7 18.2 U.l 30.0 19.0 7.0 5-8 12.0 8.0 7.5 
7.8 19.6 11.6 36.0 40.5 1.6 15.0 10.6 27.5 15.5 9.0 

ai7 35.6 36.6 2.i. 16.1 U.O 27.3 17.3 17.0 19.0 0.9 5.6 5.4 12.6 7.6 19.2 

36.;. 2.3 16.0 11.0 26.6 17.0 1.1 7.5 6.6 15.6 9.0 23.3 

H19 29.5 30.7 l.i, 12 .-3 10.2 21.0 12.4 43.2 46.5 2.5 16.5 13.0 31.6 17.8 20.6 

nao 38.9 -1.0.0 2.1 18.3 15.0 29,8 17.2 3.6 23.6 17.0 40.4 22.6 22.9 
3.0 3.5 6.8 4.6 

Mean value 31.5 1.6 U.6 8.6 21.6 12.4 12.6 

36.1 37.6 2.2 16.8 11.e 27.0 16.^ 

■ricana  (Defrance), 
liorth CarolirH 

1B26,   [asyumftrical sut<spt) 

^tea^u^empm.s of Uamplp of Gl^ycynierls lentifomia  (Conrad),  183', 
aoykina,  Virginia 

R 1 37.0 40.0 :.2 16.0 9.4 28.0 17.1 18.5 
bpecijDen '2"'4 ■2-" R 2 47.6 48.2 3.0 19.2 U.l 33.6 20.4 21.4 

B 3 
R 4 

43.2 
31.8 

45.5 
34.0 

3.0 
2.3 

18.9 
14.0 

U.5 
9.1 

33.0 
24.4 

18.6 
U.l L 1 60.2 63.0 8.1 3".'' 1^.=- 51.5 32.0 15.5 

L 2 50.6 53.1 5.0 2".5 13.8 44.1 25.0 R 5 50.6 52.1 4.0 23.5 15.5 35.7 21.5 23.8 

L 3 52,0 53,2 3.1 27.1 13.8 42.6 25.7 R 6 76.0 82.1 10.0 46.5 28.2 54.6 30.7 35,2 

51.5 4.1 25.0 15.6 40.5 26.5 I 7 52.3 56.4 3.6 27.1 17.1 42.0 21..1 25,3 

L S 5X.1 55.1 4.6 24.5 13.1 43.6 25.4 Le 40.0 42.4 2.6 18.8 13.9 30.1 17.6 19.4 

R 6 51.0 51.5 5.8 28.6 14.6 44.6 28.6 R 9 48.4 52.1 3.4 22.1 12.5 34.9 19.4 22.1 

15.9 10.4 33.8 19.0 UO 40.2 43.0 3.0 18.0 11.9 27.6 15.3 18.0 

L 8 50.5 51.6 5.0 30.3 U.l 44.5 29.0 Rll 27.0 29.4 1.4 12.2 8.0 20.4 12.3 12.6 

56.5 56.1 6.0 34.0 17.8 46.6 30.1 112 22.0 24.0 1.0 9.1 7.1 9.8 10.6 

UO 52.6 57.3 4.5 25.4 U.l U.O 25.4 U3 36.6 39.0 2.5 U.9 U.l 27.5 15.6 18.1 

m. 54.1 57.1 6.0 31.0 16.2 45.7 27.9 RU 53.0 56,7 3.4 23.6 15.0 36.0 22.4 

ru2 50.6 52.0 5.0 30.5 15.2 «.0 25.6 U5 55.4 59.0 3.7 27.5 17.1 40.5 22.4 24.1 

R13 Uf.l 51.9 3.8 26.0 13.5 39.1 23.0 R16 45.0 46.4 3.1 20.5 13.0 32.2 20.9 

1.5.6 3.5 25.5 13.1 39.6 24.1 ni7 73.3 74.6 5.2 32.6 22.5 53.2 30.7 32.4 

u^ 47.0 47.6 4.1 30.0 15.5 39.6 23.8 L16 58.5 59.7 3.2 25.0 16.5 41.6 24.0 26.3 
R19 38.9 42.6 17.0 11.4 29.2 17.5 

MuAn value 50.7 52.^ 4.7 28.1 U.7 42.■' 26.1 R20 

Mean value 

34.6 

45.7 

35.6 

48.1 

2.0 

3.3 

14.2 

21.0 

9.8 

13.9 

28.0 

33.6 

17.1 

1'^.4 

17.6 

TABLE 26 TJIBLE 31 

Heas urementB of 
Natural tlell,  "io 

L3 amencana 
rth Carolina 

(Defrorce) 1826, tfeasur^nwrts of '-inple of Olvc.vTBcris 3 mericana   (Qefrance).  1826. 
\orth Carolina 

(syranetri al subset) 

Specimen Ht U ■^1 LI -P ^2-\ ,,-., Specim *n                 lit I.:. XI LI C/3 ■2-T4 Tj-a I^-B 

24.1 14.7 41.0 22.0 21.6 
43.0 R 2 56.0 63.4 3.7 28.3 15.7 47.3 27.0 25.6 
42.7 P. 3 54.8 63.7 2.6 21.6 14.6 41.1 22.0 23.3 

13 28.9 32.R 1.4 15.6 U.O 28.6 16.0 16.9 
38.4 43.0 29.6 16.2 16.5 

R 5 20.1 21.8 13.4 L 6 12,5 13.0 0.5 4.1 3.8 6.8 5.6 5.2 
20.5 12.1 30.0 17.0 15.7 
34.0 37.8 1.5 32.5 7.5 7.4 
64.0 66.0 6.5 36.4 16.5 64.9 20.1 0,7 8.0 4.9 13.4 7.8 7.8 
49.5 54.3 3.7 11.8 7.7 20.1 u.e U.9 

LIO 71.5 72.0 i.-' 36.2 53.0 31.3 13.7 6.6 7.5 
Rll 77.7 80.0 38.8 34.0 15.4 6.6 6.5 
U2 33.0 36.4 1.4 9.3 7.1 26.2 15.4 4.1 9.9 6.1 5.8 
U3 39.1 43.6 15.4 32.3 13.7 8.5 8.2 
LU 46.3 50.4 2.3 16.2 9.4 37.3 16.4 0,7 7.0 4.4 10.8 7.0 6.4 
U5 55.6 61.4 3.1 24.1 12.1 43.5 13.0 34.0 19.4 19.9 
U6 26.0 1.3 ni7 37.5 41.8 2.0 16.4 9.0 27.6 15.4 15.4 
U7 30.6 1.4 lo.o 7.0 18.7 U.l 10,7 

36.6 41.3 1.9 31.2 Lio 20,0 21.3 0.9 9.6 6.4 U.5 8.6 8.1 
31.9 36.5 1.5 7.^ 120 21.6 23.0 1.1 9.0 6.0 15.8 9.1 9.4 

R20 80.5 81.0 6.3 40.1 3J..1 

'^-■n ^lu*-           10.? 33.2 l-« 12.8 S.3 22.1 12.7 LJ.5 
Mean value 43.7 4-^.1 2.4 17.4 34.2 



50 PAI.AK()NT(>(;RAPIIK;A /VMKRICANA   (V. .SI) 

Measureraents of ^tnple of Clvcymer 

TABLE 32 

I amerlcana  (Defrance),  1826,   {asymmetrical subset) 
North Carolin; 

Measiiremenls of Sample of Clycyroerls aubovata  (Z^y),   182J,, 
King's MiU l-Jharf,  UirRinia 

R 1 90.5 87.0 11.0 '.9.^ 25.C. '-4.3 40.3 42.0 L 1 36.0 36.4 13.4 9.'* 27.3 17.7 
fl 2 105.5 108.6 9.0 51.t 30.1 ■5.1 42.3 47.0 R 2 50.8 48.7 4.2 17.6 12.3 32.8 22.6 

H 3 89. i. 87.0 7.0 40.0 21.7 58.2 33.4 37.4 R 3 1.7 10.0 6.7 20.2 U.O 
I U 30.9 3L.0 i.e 13.0 8.4 22.6 13.0 13.0 27.3 27.5 1.6 8.5 5.3 18.0 L2.5 
L 5 i6.0 i6.6 2.0 15.7 10.5 30.8 18.0 20.0 22.3 1.8 7.8 5.7 15.1 10.4 
H 6 57.0 58.0 /..o 23./, U.l 39.4 22.0 25.8 23.0 25.1 1.7 7.8 5.5 16.3 11.4 
li 7 62.S 61.0 3.5 22.8 U.8 38.9 23.4 24.5 24.5 1.3 8.0 5.3 13.5 11.5 
R 8 52.5 51.'. 3.3 21.6 13.5 36.0 21.0 23.8 20.5 21.2 1.1 7.0 5.1 14.7 9.6 
R 9 35.5 38.1 2.0 16.0 9.8 2;..5 1'..7 U.O 35.0 36.5 2.5 12.7 9.0 24.6 15.6 
UO 25.0 25.8 1.6 9.6 6.5 18.5 10.4 10.8 24.5 1.5 8.1 5.2 15.5 12.0 
RU ^0.6 '.2.5 2.5 18.8 10.7 29.5 17.6 16.5 32.8 34.1 1.8 11.0 8.0 23.4 15.5 
RLE 88.7 88.8 7.3 50.2 22.0 59.5 34.4 33.8 22.3 1.4 6.5 5.4 13.3 9.3 
U3 59.0 60.0 i.l 22.5 17.2 38.0 20.0 24.5 U3 35.1 36.0 2.5 L2.8 7.1 25.8 17.5 
RU 39.0 U.O 1.8 15.1 12.1 26.6 15.8 16.1 52.3 4.7 21.5 H.4 36.5 22.4 
U5 38.5 itO.S 2.5 U.3 11.6 27.3 16.1 17.6 22.5 24.4 1.6 7.1 4.9 15.8 10.6 
U6 32.9 35.2 1.8 10.6 10.4 21.6 12.5 U.4 38.1 39.0 2.3 12.3 8.4 23.8 15.9 
U7 53.2 58.0 4.2 23.2 17.5 39.4 22.4 26.8 53.4 50.2 4.5 21.1 16.8 35.0 23.7 
R18 21.0 22.8 1.0 6.8 7.1 15.5 9.8 9.0 41.1 38.6 3.7 16.8 10.7 27.5 17.5 
R19 26,0 28.1 1.0 8.8 8.9 19.0 11.8 U.3 R19 31.6 32.0 2.0 10.4 8.3 21.8 13.5 
UC 39.0 U2,U 1.5 Vi.l 1!..2 28.3 10.2 17.1 R20 

R21 
44.5 
26.0 

46.7 
27.3 

3.8 
1.5 

19.9 
9.4 

12.1 
7.0 

31.4 
19.2 

19.2 
13.0 

Mtan value 51.9 52.9 3.6 22.3 14.3 -i'.,l, 20.8 22.J 
Mean value 32.9 33.3 2.3 11.9 8.2 22.6 15.0 

Heaaurementa of Saraplfi of Gl^vcymena aubovata   (Say),   182^, 
tJatural Well, North Carolina 

L 2 23.7 
R 3 29.8 
B 4 23.7 
R 5 30.0 
L 6 36.8 
R 7 20.1 
R 8 35.0 
L 9 21.6 
RIO 18.0 
nil 22.8 
T.12 24.6 
R13 10.6 
Ii4 9.1 
U5 7.0 
U6 17.1 
R17 28.1 
U8 31.1 
U9 44.1 
120 31.4 

Mean value 24.8 

37.0 
27.4 
31.6 
25.2 
32.5 
36.8 
20.5 
36.0 
24.1 
18.0 
24.1 
27.0 
12.0 
9.1 
7.0 

U.3 
29.4 
32.4 
46.9 
34.0 

26.5 

1.6 
2.1 
2.2 
1.0 

0.2 
0.9 
2.0 
2.0 
2.9 

13.6 
1A.5 
7.1 

U.l 
8.6 
6.9 
9.5 
9.8 
4.0 
2.5 
1.8 
6.0 

12.2 
12.4 
16.5 
12.6 

6.9 
9.6 
9.6 
6.5 
9.6 
6.4 
5.5 
7.3 
7.1 
3.6 

5.6 
8.3 
8.3 

U.O 
8.1 

23.7 
16.2 
21.6 
16.1 
20.4 
23.7 
U.3 
22.1 
IS .8 
12.5 
16.0 
17.1 
8.0 
6.0 
S.4 

12.7 
19.5 
20.7 
31.5 
22.5 

Bubovata (Say),   1624, 

U.6 
U.l 
13.3 
10.6 
12.5 
U.4 
9.6 

U.2 
9.7 
8.3 

10.6 
10.5 
5.7 
4.0 
3.3 
8.0 

12.4 
13.1 
19.5 
13.9 

L4 
R 5 

RIO 
Ul 

HeasureoBnts of Sample of GlyeTmeria  aubovata  (Say),   1824, 
Claremont Beach,  Virginia 

50.7 
9.8 

25.4 
25.4 
25.1 
28.0 
U.7 
37.3 
50.2 
45.0 
16.2 
25.0 
10.5 
20.7 
38.6 
36.7 
46.8 
18.3 
25.8 
8.5 

27.9 

50.9 
10.2 
25.4 
26.6 
26.0 
29.0 
13.0 
41.0 
50.0 
U.3 
17.6 
26.0 
U.2 
23.1 
41.2 
38.3 
45.4 
20.0 
25.8 
9.0 

28.7 

5.0 
2.6 
0.7 
1.6 
0.5 
1.0 

3.6 
1.0 

21.0 
1.5 
9.0 

12.3 
20.4 
12.2 

6.7 
10.6 
15.0 
18.2 
5.6 

13.0 
2.1 
6.6 
5.0 
6.5 
7.9 
2.6 
9.6 

13.5 
10.9 

8.6 
10.5 
4.6 
6.5 
2.0 

17.7 
U.4 
18.2 
19.5 
8.4 

27.5 
36.8 
32.8 
12.0 
20.0 
7.0 

16.0 
27.8 
26.5 
33.5 
13.5 
18.4 
6.0 

20.0 

TAflI£ 37 

Measurements of Sample of Glvcvmeris subovata   (Say),  1824, 

24.5 
4.2 

U.4 
9.3 

12.4 
13.3 
5.2 

16.2 
24.3 
21.0 

10.6 
17.0 
17.2 
23.0 

Colerain Beach,   N.   C. Worrels HiU Pond,  N.C. 

H  1 3a.> 38.0 2.^ U.O 10.1 25.fr U.5 1 
H 2 32,0 J3.7 1.3 12.0 8,2 ^2.7 13.2 2 
L J 2^.U 23.6 1.1 7.6 6,1 15.1 9.8 3 
R U 30,0 30.ii 1.5 10.8 7.6 21.1 13.7 4 
L 5 20.2 22.4 1.1 7.8 5,5 U.O V.2 
H (. 18,7 20.0 l.l 8.1 5.6 13.1 7.5 6 
H 7 41.6 U.O 2.ft lf..O 10.0 29.4 19.3 7 
11 B 21.i, 23.8 l.(. 8.5 6.1 15,6 10.0 8 
L V 20.5 22,0 1.'. 7.7 6,1 U.4 8.1 9 
LIU 20.2 ^2,5 1.5 8.0 5.V 16.0 10.2 10 
Lll 15.0 15.7 1.1 6.0 4.6 10.4 6.5 U 
K12 30.0 3J.0 ^.3 U.B 7.8 20.4 12.5 12 
UJ 30.1 31.5 2.1 11.2 7.2 13.0 13 
lAI, If.O 17-4 1.0 t.8 4.8 U.8 7.4 U 
U5 .ii.2 32,0 2.5 11.8 7.3 21.4 13.5 15 
R16 13.1 U.O 0.8 4.8 3,4 8.7 6.0 16 
u? 29.0 30,3 1.5 11.5 8,0 21.5 13.4 17 
LIB 27.1 28.1. 2.1 V.6 7,5 18.3 11.4 18 

1B.3 I'^O 0.9 7.0 5.0 13.0 8.2 19 
L2U 15. J. 15,5 1.0 5.6 4.3 10.3 7.0 20 

MeAn value 2hJ' 2^,« 1.9 9.4 t).t. 17.1 10.8 Mean value 

4,^ 21,4 2.0 7.4 16,3 10.6 3.1 18.0 
l.S 10.^ 1,4 6.5 12.5 8.5 3.1 17.0 
4.1 20.9 1.0 6.0 12.2 8.2 4.8 23,2 
3.2 15.7 1.9 7.6 15.2 10.4 3.5 18.7 
3.5 U.O 1.9 10.0 18.6 12,4 1.6 8.5 
4.0 20.1 1.0 4.0 8.1 5.9 5.0 20.8 
4.4 21.4 2.0 9.3 18.1 12.5 3.2 16.6 
1.8 11.2 0.8 3.1 6.9 5.0 3.6 18.0 
3.2 15.8 1.1 6,1 11.4 7,5 4.1 20.6 ■t.s 16.4 2.0 8.9 16.7 n.3 2.4 13.7 
7.3 28.8 1.1 6.1 11.0 8.0 1.9 n.o 
2.6 15.0 1.5 7.7 15.5 9.9 2.5 13.2 
5.4 26.5 1.5 8.8 16.0 11.4 1.6 8.6 

0.8 4.5 8.4 6.0 1.5 9.5 
1.6 6.9 13-6 10.0 3,8 16.4 
0,6 4.0 8,2 5.7 3.0 15-6 
1,8 8.0 15.3 10.0 5.0 22.6 
0,9 4.4 8.0 5.9 1.0 7.7 

•    1.3 7.3 12.6 8.5 2.0 U.3 
1.2 7.3 U,3 10.0 2.5 13.3 



MID-ATI.ANTIC TERTIARY ARCACEA:   BIRD 51 

(fcaaurements  of liarnple of Glycyaens  pectirtata  (QaeLin),  1792, 
ACIDS,  Morth Carolina 

C/2 

L 1 13.5 13.3 1.1 4.6 4.1 8.8 6.0 
L a 10.9 U.O 0.6 4.1 3.6 7.0 4.4 
1-3 U.O U.l 0.7 3.9 3.0 6.8 4.8 
K k 11.0 U.8 0.8 3.7 3.2 6.8 4.4 
1 5 11.0 10.8 0.8 4.0 2.8 7.3 5.1 
R 6 10.4 10.4 0.7 3.6 3.1 7.1 5.3 
R 7 11.8 u.e 1.0 4.4 3.6 7.8 5.3 
H a 8.3 8.6 0.5 2.3 2.1 5.3 3.9 
L 9 U.O U.O 4.5 8.0 3.0 7.0 4.5 
UO 8.7 8.9 0.7 3.0 2.3 5.5 4.1 
m 12.2 12.2 1.0 4.6 3.4 6.0 5.0 
R12 13.4 U.l 1.3 4.2 4.1 8.3 5.6 
BU 13.1 13.4 1.0 4.0 4.2 8.5 5.4 
Ui le.o 17.3 1.5 6.1 6.0 10.6 7.0 
US 15.0 15.0 1.0 5.1 4.6 9.0 6.2 
R16 13.8 U.5 1.0 5.2 4.3 8.9 6.0 
U.7 U.O U.O 1.0 4.6 4.1 8.3 5.8 
Rie 12.5 13.5 1.0 4.3 4.0 8.0 5.5 
R19 13.2 13.4 1.0 5.0 4.0 8.0 5.5 
azo U.O U.6 0.9 5.0 4.1 8.0 5.6 

Mean value 12.3 12.5 1.2 4.5 3.7 7.6 5.2 





PLATES 



I'A1..\L<)M(K,RA1'11K.A   A.MtKlCANA    (V,   J I) 

EXPLANATION   OF  Pl.A IK   1 

Fiyun- /'".'/'■ 

1. Nucula proxima  Say  ■■■•■  1'^ 
Yorktown, Va., Yorktown fm. a. Exterior of mature left valve. Fine radial 
striae, which are present beneath the outer layer of Ca COn are not visible in the 
photograph; X 3.6, U. N. C, No. 3511. b. Interior of same shows fine dentic- 
ulations  on  inner margin,  small  beaks,  and  highly  arched  dental  series;   X   3.6. 

2. Nuculana   {Siucf/la)   inula   (Conrad)     21 
James City, N. C, Croatan sand. a. Exterior of mature right valve shows the 
regularly spaced concentric ornament of even weight; X 3.3. U. N. C, No. 3512. 
b. Interior of same. The resilifer small; teeth tend to be chevron-shaped; beaks 
tiny;   X   3.3. 

3, 4.     Yoldia  hn-vis   (Say)     21 
Worrel Mill Pond, N. C, Yorktown fm. Exterior of adult left valve. The orna- 
ment consists of growth lines only; beaks inclined posteriorly; X 3.0. U. N. C, 
No. 3513. 4. Black Rock, N. C, Yorktown fm. Interior of broken right valve of 
adult. Resilifer large; teeth chevron-shaped;   X   1.6. U. N. C, No. 3515. 

5.   .-JiiaJara   (Anajara)   liinosti   (Say)     28 
Town Creek, N. C, Waccamaw fm. a. Exterior of right valve ot adult. Costae 
of the umbonal ridge are more abundantly di\'ided than elsewhere on the \'alve; 
X 0.9. II. N. C, No. 3523. b. Interior of same. The terracing of the ligamental 
area by the chevron grooves is well developed. Fine longitudinal striae, which 
are related to growth lines, are obser\abIe. Teeth change from con\'ergent at the 
anterior and posterior margins to slightly divergent toward the center of dental 
series;   X   0-9. 

6.     Struircti   < I'ri/rfuinti    (Say)  26 
Kings Mill Wharf, Va., Yorktown fm. a. Exterior of left valve of adult shows 
irregular weight and spacing of ribs and riblets. Ventral sag is not accompanied 
with a byssal gape; X 1-0. U. N. C, No. 3517. b. Interior of same. Teeth hollowed 
by weathering, both muscle scars elevated; ligamental area amphidetic and 
\ertically striated;   X   1-0. 

7,  8.    Arcopsis     {Anopsis)     adamsi     (Dal!)       25 
Acme, N. C, Waccamaw fm. 7. Exterior of adult left valve shows beaded nature 
of ribs; X 4.3. U. N. C, No. 3515. 8. Interior of an adult left valve shows large 
teeth, edentulous gap at center, and triangular pit for the ligatnent directly imder 
the hinge line. Ligamental area verticallv striated; muscle scars elevated; X 4.0. 
U. N. C, No. 3516. 

9.    AiiaJara   (Anadara)    ninilinensis    (Dal!)      28 
Claremont, Va., Yorktown fm. a. Exterior of weathered adult right valve. Costae 
flattened, nodose, slightly grooved ventrally. X 10. U. N. C, No. 3 524. b. Interior 
of same. Lateral members of the dental series distinctly chevron-shaped, extreme 
lateral members lose this characteristic with the result that members near the 
center, and outward to the extremities, are dixergent and at the lateral ex- 
tremes are convergent. Posterior muscle scar anil pallial line irregular due to 
leaching;   X   1.0. 

10,  11.    Anadara  {Anadara)  callicestosa  (Dall)    27 
Natural Well, N. C, Duplin fm. a. Exterior of left valxe of young. Limbos 
prominent; costae, especially the posterior ones, tend to be grooved and are 
abundantly nodose; X 3.0. U. N. C, No. 3521. b. Interior of same. Teeth at this 
stage of growth large in relation to the size of the valve; ligamental area small; 
crenulations extend far dorsally; X 3.0. 11. a. Left valve of adult. Costae grooved 
two to four times in this specimen and are nodose. X 1.4. U. N. C, No. 3522. 
b. Interior of same. Teeth not so large in relation to the size of the valve as in 
the younger form; ligamental area wider, the crenulations extend far dorsallv; 
X  1.4. 
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1-3.    AiKularu    (Anaditra)    sil-vcrjalcnsh    (KelUim)      27 
Silverdale, N. C, "Trent fm." 1. Interior of adult right valve. Beaks slightly pro- 
sogvre and subcentrallv located; teeth small and nearly obsolete at the center 
of hinge line; X 1-7. U. N. C, No. 3520. 2. Exterior of adult right valve shows 
distinct umbonal ridge and widely spaced ribs which are more elevated and 
rounded than those of the left valve and less nodose posteriorly; X 2.0. U. N.C., 
No. 3519. 3. Left valve of young shows slightlv flattened and nodose ribs with 
the nodes extending far posteriorly;  X 2.0. U. N. C, No. 3518. 

4.    .hiadara   (Anadara)   transfrrsa   (Say)     30 
Town Creek, N. C, Waccamaw fm. a. Exterior of left valve of adult. Costae 
slightly more elevated, less flattened than the right valve; X 1.3. U. N. C, No. 
3527. h. Right \'al\'e of same specimen shows slight discrepancy in ornament 
between the left and right valves, which in some specimens is developed to a 
greater degree than in the one illustrated. Larger left valve is seen to slightly 
overlap the right \alve ventrally; X L3. c. Cardinal view of same specimen. 
Beaks  are  slightl\'  prosogyre;   X   1.3. 

5,   6.    Ajifidani   {Ayiadiiru)   Iraiis-versa   (Say)      30 
Natural Well, N. C, Duplin marl. a. Adult right valve of Conrad's "Area 
improcna." Ribs on the illustrated specimen of this relatively elongate form 
are flattened and nodose anteriorly; X 2.0. U. N. C, No. 3525. b. Interior of 
saiTie. Ligament low. Posterior muscle scar typical and not distinctive from 
tvpical "A. huicula" forms; X 2.0. 6. Atlantic Beach near Morehead City, N. C, 
Recent. Left vaK'e shows same shape and ornamentation as fossil representati\'es 
of the species;  X  1.1. U. N. C, No. 3529. 

7. A/iiidara   {Anadara)   traimwrsa   (Say)     30 
Natural Well, N. C, Ouplin marl. a. Left valve of the 'Area huccula" form of 
Conrad. Form has a slightly less elongate, more convex shape, and a higher 
ligamental area than that of the "Ana improrrra" form. The differences 
between the two types are not consistent and gradation between them is complete; 
X 2.2. U. N. C, Cat. No. 3526. b. Interior of same; X 2.2. Ligamental area 
wide on this specimen, posterior muscle scar atypically small and round. 

8. Lutiarca  cf.  L.  nval'is   (Bruguiere)     32 
Longs, S. C, Waccamaw fm. a. Interior of mature right valve. Specimen displays 
the off-set anterior dental  series,  and opisthodetic  ligamental  area characteristic 
of the  genus;   X   !.+•  IT.  N.  C,  No.  3531.  b.  Exterior  of same.  Costae  flattened 
and  slightly  grooved;   x   !■+. 

9. Anadara   \ Anadara)   trans-vrrsa   (Say)      30 
James City, N. C, Croatan sand. a. Exterior of mature left valve. Specimens 
from the vicinity of Conrad's type "Area suhsinuata," of which the illustrated 
specimen is one, are large but are not otherwise distinct from conspecific A. 
(A.)  transversa; X  1-2. U. N. C, No. 3528. b. Interior of same;  X  1-2. 

10,  II.    Nuetia    (Eontia)    ineile    (Say)       34 
Vorktown, Va., Yorktown fm. a. Exterior of mature right valve. Riblets (primary 
ribs of MacNeil, 193S) poorly developed and costae divided only along the 
umbonal ridge. Beaks situated well anteriorly; X L*' U- N- C., No. 3532. 
b. Cardinal view of same specimen. Beaks nearly orthogyre; ligamental area 
strongly striated vertically; X 1-4. 11. Morgarts Beach, Va., Vorktown fm. 
Interior of strongly alate left valve of mature specimen;  X 1-7. U. N. C, No. 3533. 

12,   13.    Xoefia   {Eontia)   tngmtinaria   (Conrad)      35 
Natural Well, N. C, Duplin marl. a. Exterior of mature right valve. Posterior 
margin more strongly emarginate than the average in this specimen. Primary 
ribs slightly better developed than in A'. (E.) ineile: X 1.5. U. N. C, No. 3535 
b. Interior of same, .\nterior teeth in specimens of this species rarely become 
L-shaped to parallel the hinge line while this condition is common in A'. (£.) 
ineile; X L5. 13. Right valve of young individual. Beaks not so anterior as in 
A'. (£■.) ineile, ribs more distinctiv groo\ed posteriorly, and ribs delicately and 
abundantly Urate;  X 2.1. U. N. C, No. 3534. 
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1. Noclia   {Eontia)   limula   (Conrad)      36 
James City, N. C, Croatan sand. a. Exterior of right valve of typical adult. Beaks 
anterior in relation to vahe length. Valve is elongate with a median \'entral 
sag. Nearly all costae divided; X 1.0. U. N. C, No. 3537. b. Interior of right 
valve of same specimen. Anterior teeth tend to be L-shaped; X l-O- c. Cardinal 
view of same specimen. Beaks opisthogyre and subcentrally located with respect 
to shell length. At James City numerous specimens were collected with both 
vah'es  intact,  indicating a  biocenose  assemblage.   X   1-0. 

2. AnaJiira  (Cuucarca) cf. A.  (C.)   incomjrua   (Say)      31 
Walkers Bluff, N. C, Waccamaw fm. a. Interior of fragmented left valve at 
slightly oblique angle. Ligamental area lacks the chevron-shaped grooves of 
Anadara, s.s.; X 2.1. U. N. C, No. 3 530. b. Exterior of same. Ribs coarsely 
nodose  and  no  riblets  present  in  the  interspaces;   X  2.1. 

3. Noctiii   (Eoiilia)   pondirosa   (Say)      37 
Atlantic Beach near Morehead City, N. C, Recent, a. Interior of adult right 
valve. Beaks opisthogyre and situated slightly posterior to the middle of the 
hinge line. In adult specimens of this species the posterior muscle scar tends 
to be conspicuously elevated; X l-l- U. N. C, No. 3541. b. Exterior of same. 
Posterior margin sharply truncated so that the valves have a subtriangular 
shape; umbos high, costae tend to be flattened; primarv ribs poorlv developed; 
X   1.1. 

4,   5.    Noctia    (Eoiitiii)    /ihilyiir,i    (Dall)      36 
Town Creek, N. C, Waccamaw fm. Left valve of an unusuallv elongate form 
of the species; x M- U. N. C, No. 3540. 5. Walkers Bluff, N.' C, Waccamaw 
fm. Right \'al\'e of a mature, (juadrate form. Specimens similar to this were also 
collected from Town Creek indicating that (juadrate forms are not so restricted 
in their distribution as supposed bv MacNcil, who reported it only at Walkers 
Bluff  (1938, p. 21);   X   1-0.  V. N. C, No. 3539. 

6. Nortia    (Eonlia)    carolinrnsis   Conrad      35 
Black Rock, N. C, Yorktown fm. a. Exterior of mature left valve. Beaks sub- 
central, costate divided across nearly the entire shell; delicate lirae ornament 
ribs and interspaces. Typically, as in the figured specimen, there is no ventral 
sag; X 1.0. U. N. C, No. 3536. b. Interior of same. Subcentral beaks slightly 
opisthogyre, anterior teeth do not tend to be L-shaped. Small bryozoan colony 
situated  under the  anterior muscle scar;   X   1-0. 

7. Noetia    {Eonlia}    />hilyura    (Dall)       36 
Town Creek, N. C, Waccamaw fm. a. Interior right valve of a typical adult of 
this variable species. The anterior teeth tend to be L-shaped; no \entral sag; 
X 1.0. LT. N. C, No. 3538. b. Exterior of same. Valve relatively high in relation to 
length and does not flare posteriorly as it does in A^. (E.) limula. Costae 
divided over most of the shell; in adults the posterior costae are commonly 
grooved more than once. A'. (E.) limulii shows a tendency for multiplicity of pos- 
terior ribs but to a lesser degree;  X  10. 
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1. Glycyinrns   iininudiut    (Defranee)     -  "^"^ 
Old Dock, X. C, Waccamaw fm. a. Exterior of large left valve. Ornament of 
rounded costae with distinct striations separated hy narrow, rounded inter- 
spaces which are also striated; X 10. U. N. C. No. 3547. h. Interior of same. 
Teeth strongly chevron-shaped; ligamental area has vague stiggestions of chevron 
ornament  and   vertical   ridges;   X   1.0. 

2. Glycymcris   parilis    (Conrad)      39 
Plum Point, Md., Calvert fm. a. Interior of weathered adult right valve. Small 
beaks orthogyre, teeth tend to be large, but are small in relation to size of 
the valve when compared to G. Iniliformis. Ligamental area marked with vague 
chevron ornament; in this large form suggestions of \'ertical striations can be seen 
to be related to the distribution of nubbins of resorbed central dentition; X 0.9. 
b. Exterior of same. -All observed specimens of this species were badly 
weathered. Ornament consists of costae of low relief with faint suggestions of 
striations and narrow interspaces. Posterior-dorsal margin shows the character- 
istic oblique truncation;   x   0.9.  U.  N.  C,  No. 3 544. 

3. Glycymcris   subo-vata    (Say)      41 
Kings Mill Wharf, Va., Yorktown fm. a. Right valve of large individual. 
Ligamental area marked with distinct chevron-shaped ornament; x 1.0. U. N. C, 
No. 3550. b. Exterior of same. Costae in this specimen sharply crested, a 
feature which many specimens possess irrespective of stratigraphic age. No 
striae on the costae;   X   10. 

4. Glycymcris  parilis   (Conrad)      39 
Plum Point, Md., Calvert fm. a. Interior of right valve of young individual. 
Dental series not complete even in young forms. X 1.2. b. Exterior of same. 
Costae equal in weight; shell is suborbicular with the dorsal, anterior, and 
posterior margin all tending to be straight in voimg forms and the convexity 
(i.e.,  width)   is   low;   X   1.2.   U.  N.  C,  No.  3 545.' 
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1, 2.    Glycymcris    antrparilh    Kellum      38 
Silverdale, N. C, "Trent fm." a. Exterior of left valve of an adult. Dark lines 
only slightly elevated and are separated by wide areas which have many faint 
striations; "x 0.8. U. N. C, No. 35+2. h. Interior of same. Liganiental area 
ornamented with strong chevron-shaped grooves, central teeth perpendicular 
to the hinge while the lateral members are parallel to the hinge. X 0.8. 2. Exr 
terior of weathered left valve. Weathered, impressed lines, which serve as the 
interareas between the ribs, are in the position of the dark lines of the specimen 
in fig.  la;   X   LO. U. N. C, No. 3543. 

3. Glycymnis   iimrrnaiia    (Defrance)      +0 
Old Dock, N. C, Waccamaw fm. a. Exterior of posteriorly produced left valve; 
X L2. U. N. C., Cat. No. 3548. b. Interior of same. Posterior dental series 
produced in conjunction with the rest of the shell;  X  L2. 

4. Give ymrris    Iniliformis     (Conrad)      ;  +0 
Boykins, Va., Yorktown fm. a. Exterior of left valve. Ornament consists of 
rounded costae with distinct striations separated by fine impressed interareas; 
X 0.9. U. N. C, No. 3546. b. Interior of same. Teeth large in relation to the size 
of this adult valve. Lateral teeth tend to parallel the hinge line and are 
widely  spaced;   X   0.9. 

5. Gly< ymrris   suhovttta    (Say)      +1 
Morgarts Beach, Va., Yorktown fm. a. Exterior of young left valve. Costae of 
this specimen flattened as are the wide interspaces between the costae. Some 
of the ribs show a tendency to be grooved; some specimens of the species 
develop secondarv ribs of irregular weight and distribution on the primary 
ribs. The widelv spaced, flattened ribs are characteristic of Dall's (1898, p. 611). 
G. suhu-vatu Itinnuyi. Gradation with more typical specimens of G. subovala 
does not seem to be complete and specimens of this type may be valid subspecies; 
X 2.0. U. N. C, No. 3552. b. Interior of the same. Dental series complete in 
young forms; in adults the series often broken by an edentulous gap under the 
beaks;   X 2.0. 

6. Glycymrris   amrruana   (Defrance)      +0 
Old Dock, N. C, Waccamaw fm. a. Exterior of young left valve. Costae unequal 
in weight across the valve; costae rounded and striated as in the adult; 
X 1.9. U. N. C, No. 3549. b. Interior of same. Ligamental area narrow and 
dental   series   is  continuous   under   the   beaks;   X   L9. 

7,  8.    Glycymrris   prrtiiuila    (Gmelin)      42 
Acme, N. C, Waccamaw fm. Exterior of large adult left \alve. Costae coarser 
and less numerous than in G. suboimla of the same size; valves have a 
consistent trigonal shape; X L9. U. N. C, No. 3554. 8. Interior of adult left 
valve shows strongly arched dental series, distinct chevron-shaped grooves on the 
ligamental  area,  and  trigonal  shape;   X   1.9-  U- N. C, No. 3555. 

9,  10.    Glycymrris   suhovata    (Say)      +1 
Williamston, N. C, Yorktown fm. A portion of the ligament is still preserved 
on this posteriorly produced left valve. Dall (1898, p. 611) referred to forms with 
this shape as G. suhovata plagia. These produced forms show all degree of 
gradation with more symmetrical individuals at Williamston, where the 
produced form is most common; X 1.3. U. N. C, No. 3553. 10. Kings Mill Wharf, 
Va. Yorktown fm. a. Right valve of young form. Costae rounded and closely 
spaced; X I.5. U. N. C, No. 3551. b. Interior of same. Dental series complete; 
ligamental area displays well-formed che\ ron-shaped grooves;   X   1.5. 
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1. Anadarci   [Atiadara)   propalula   (Conrad)     29 
Rices Pit, Hampton, Va., ^'orktown fm. U. S. National Museum, a. Exterior 
of left valve of adult. Shell expanded posteriorly, rihs grooved down the middle 
and slightly nodose; x I-O. h. Interior of same. This specimen has a low liga- 
mental area marked by the terraced chevrons typical of the genus. Crenulations 
coarse, typical of Jnadara;   X   1-0. 

2-6. Each figured species is a Recent representative. The structure in each case is 
crossed-lamellar consisting of elongate, alternate light and dark bands (see 
basal portion of fig. 4 and fig. 5) and chevron-shaped or cross-hatched inter- 
sections of rhombohedra or prisms of CaCOi. The sections of Area (fig. i) 
Anadara (fig. 5) and Novlia (fig. 6) display tiny needles generally oriented 
vertically. The composition of the needles is undetermined; they are not soluble 
in dilute solutions of HCI and are isotropic. They are not the needle-like calcite 
structures at the intersection of calcite rhombs reported bv Dechasequx (in 
Piveteau,   1952,   pp. 252, 253). 

With the exception of Area (fig. 3), the figured specimens show a convex 
upward inflection of layers of CaCO: and an organic substance (probably con- 
chiolin,  represented  by dark lines)   in the position of costae. 

2. Lunarca   cf.   L.   oi'alis   (Bruguiere)       32 
Transverse section, left \ aK e. The section shows intense, flat-topped folding of 
laminae under Costa and down buckled zones of intercoastal areas. Basal portion 
of shell does not show folding and interior of shell is not ridged in the position of 
intercoastal   areas;   X25. 

3. Arra cf. A. umhonala  Lamarck. 
Transverse section of right valve. No flexing of laminar exists in shell. Central 
portion of section shows strong lamellae (inclined to right) crossed bv weaker 
lamellae to produce  a cross-hatched effect.  X25. 

+.    Anadara   [Cuiwarfa)   nuongriia   (Say)      31 
Transverse section, right \alve. Folding of laminae extends to inner surface of 
valve and produces ridges in intercoastal areas in interior of shell. Laminae are 
bowed gently upward under costae,  which  increase in width upward;   X25. 

5. Auadara   {Anadara)   transversa   (Say)      30 
Transverse section, left valve. Laminae gently flexed downward under intercoastal 
areas and upward  under costa;   X25. 

6. Noetia   {Eontia)   pojiderosa   (Sav)      37 
a. Transverse section near center of left valve. Ribs here are cut nearly per- 
pendicular to their elongation. Needles appear as discontinuous, short rods. Fold- 
ing of laminae is well formed and extends about two-thirds of the way from 
top to base of shell under intercoastal areas. Laminae folded abruptly upward at 
margins of costa and gently conxex upward under the costa. Laminae in upper 
portion of figure 6b correspond to laminae under the costa but cut oblii|uely;  X25. 
b. The section is near posterior margin of shell and obliquely cuts a rib. Alternat- 
ing light and dark hands are crossed by inclined laminae of an obliquely cut rib 
in the upper portion of section. At this position the needles are seen as nearly 
continuous, elongate lines. The ostracum at base of section is mildlv rumpled, 
as it may be in other species examined;  X25. 
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DIM^ARJAN  PELECVPODS ()!•    I HE  MISSISSIPPIAN 
MARSHALL SANDSTONE  OF  MICHIGAN 

EGBERT G. DRISCOI.L 

ABSTRACT 

Twenty-five species belonging to the genera CliuoJonIa, Cypr'i- 
cardclla, Grammysiii, Nuculopsii, Palai'onrilo, Palarosolrn, Paial- 
hloJoii, I'oliiievcia, Frothyris, Suiiijuinolitrs, SchizoJus, Soli-nomor- 
p/ia, and Sp/inioliu are described. Most species examined are from 
the Mississippian Marshall sandstone of Michigan, but related 
species from the Waverly group of Ohio and the Coldwater forma- 
tion of Michigan are also discussed. The majority of species ex- 
amined have been pre\'iously described, but not illustrated, hv Alex- 
ander \\'inchell. One new subspecies, Grammysiii omahtuui hyjt'i, 
and four new species, Palarosolcn froritisocur'vus, Solrnomorpha 
dorsocurnia, SchizoJus ehlersi, and Sanguinolitrs ? hrrricki are pro- 
posed. 

Accessory muscle scars on species of Ctrnodonta and Sutulopsu 
are utilized to aid in the orientation of these protobranch mollusks. 

The Marshall sandstone is correlated with formations of the 
Waverly group between the base of the Black Hand member, 
Cuyahoga formation, and the top of the .\llens\ ille member, Logan 
formation,   and   is   tentatively  considered   to  be  of  Osagean   age. 

During Marshall time the Findlay arch is belie\'ed to ha\e been, 
at least in part, below sea level. Similar faunas in southcentral 
Ohio and in the Michigan basin indicate that migration between these 
two  areas   was   possible   during  Marshall   time. 

INTRODUCTION 

Between 1861 ;incl 1.S71, .\k'\antler WiiKhell |nil)lisliecl 
a series of stratigraphii and paleontologic studies in which 
the large majority of the species herein discussed were 
named and described, but not illustrated. The absence of 
illustrations and, in certain cases, the incompleteness of the 
original descriptions have residted in a poor tmderstanding 
or misunderstantling of many of W'inchell's species. It has 
been foimd necessary to revise the systematic position of 
many of the species here described. VVinchell's type material, 
much of which is preserved in the Museum of Paleontology, 
University of Michigan, has been a\ailable to the writer. 

Abbreviations are used as follows: UMMP., University 
of Michigan. Museum of Paleontology; OSU., Ohio State 
University; USNM., United States National Museinn; 
BMNH.. British Museum (Natural History) : AMNH., 
American Museimi of Natinal History. 

The nieasiuements (juoted from articles by Alexander 
\\'in(hell are in inthes. The numbers in parentheses are 
relati\e measinements. the "reatest dimension beinsr ex- 
pressed as 100 and other measinements as percentage fig- 
mes. 

With the excejjtion of the genera Frothyris. Polidnnia, 

Schizodus, Ctcnodnnta. and Palacoiicilo the sujjergeneric 
classification employed by the writer is that used b\ Paid 
(1941, pp. 317-319). Prothyris is here included in the 
Solenomorphidae, and Polidnuia in the Nuculanidae, 
Schizodus is placed in ihe family Myophoriidae, and 
Cirnodoiilti and Piiidioinilo are assigned to the Ctenodoii- 
lidae   (see Schenck,   1931). 
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SYSTEMATIC  PALEONTOLOGY 
PHYLUM MOLLUSCA 
CLASS PELECYPODA 

ORDER  PROTOBRANCHIA 

FAMILY CTENODONTIDAE 

Genus CTENODONTA Salter, 1851 

Trlliriiimyii  Hall.  1847.  p.   151.  iioii  Agassiz.  1846.  p.  363. 
Clrnodonta  Salter,   1851,  pp.  63-64;   1859  pp.  34-35;  Whidborne,  1896, 

pp. 98-99;   Ulrich,  1897, pp.  578-580;   Hind,  1898.  pp. 209-210. 

Type species.—By subsequent designation (Salter, 1859, 
pjj. 34-35) Telliiioinyu inisiita Hall (^Cte)u>df)>ilu loii^ani 
Salter) . 

Rerit(irks.~Ai |jointed out by Sthenck (1934, p. 18). 
"There is no reason to place in the family [Nuculidae] 
those forms that lack taxodont dentition and a chondro- 
phore. Nor should the family include those forms that 
possess a pallial sinus (20). or those genera whose repre- 
scnlaiives have delinite siphons. . . ." I'liis definilivc 
statement is iinjjortant because it clarifies the limits ol  a 
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grouj) with which members of the ]jresent genus are still 

occasionally confused. 
The validity of the names Ctenodonta Salter (1851, pp. 

63-64) and rellmomya Hall (1847. p. 1.51) has been dis- 
cussed by Oehlert (1888, pp. 652-654), Whidborne (1896, 
pp. 98-99), Ulrich (1897, pp. 578-579), Hind (1897, p. 177; 
1898, p. 209), and ^Villiams and Breger (1916, jjp. 156- 

159)    among  others. 
In summary, the problem is as follows: in 1827 Brown 

proposed the name Trilimyn for a grou|3 of lamellibranch 
shells other than those here being considered. Agassi/ 
(1846, p. 363) incorrectly considered it acceptable to 
change the spelling of this name to Tclliitomya thus cre- 
ating a nninrn vaiuiin. Brown (1849, p. 22,5) continued to 
use rclllinya. In 1847 Hall (p. 151), not realizing that 
Tclluujmya was preoccupied by an invalid name, proposed 
that it be a]jplied to the group of lamellibranchs here dis- 
cussed. Salter (1851, p. 63) propo.sed the name C.lcnodonld 
for this group of shells. Ctenodoula, being the lirsi \alid 
name used for this genus, must be retained. 

Ctenodonta lognui Salter, the type species of Cteno- 

donta, and Tellinoinya nasuta Hall, the type species of 
Tellinomya, were shown to be identical by Hall (1856, p. 
391) and Salter (18.59, jj. 34). Salter recognized that 
Tellinomya uasiila must Ije retained as the tyj^e species of 
Ctenodonta because Ctenodonta lot^ani, though ]jre\'iously 
named by Salter (1851, p. 269), had not been described 
and was, therefore, a nomcn nudum. 

^\'illiams and Breger (1916, p. 159) contended that "The 
name Ctenodonta in the strict sense woidd be a synonym 
of Tellinomya, but in the expanded usage of Ctenodonta 
adopted by Salter and other authors various heterogeiieric 
species were included. The first of these species described 
and figined, Ctenodonta astartaeformis Salter, is readily 
separable fiom Tellinomya nasula and its allies and is 
capable of standing as a nucleus of a se|jaiale genus." It is 
beyond the SCOJJC of this ]}aper to tliscuss the generic \alue 
of these two gioups characterized b) Tellinomya nasula 

(^Ctenodonta logani) and Ctenodonta astartaeformis. 
Shoidd these two species belong to different genera, then C. 
astartaeformis and related sjjecies must leceive a new name, 
because Tellinomya is preoccupied by an invalid name. 

Concerning the relation of Ctenodonta to Palaeoneilo, 
Hall (1885, p. xxviii) said "in general form and internal 
characters this genus [Palaeoneilo] very closely resembles 
Tellinomya {=.Ctenodonta'\ and it is probable that fur- 
ther study will prove that the two are congeneric." 

Conversely. Oehleit (1888, pp. (i53-654) l)c!ic\ed thai 
"Ctenodoula es( jji ini ipalement taiacti'iisf'-, ainsi (lue nous 

ra\ons dit, par sa forme subrostree, ses crochets saillaiits 
et presque centraux, tandis que dans le genre Palaeoneilo, 

les crochets sont reportes ver I'avant, le cote anterieur est 
moins largement arrondi et enfin il existe ime depression 
umbonomarginale sur le cote posterieur." 

Beiishausen (1895, p. 70) contended that Palaeoneilo is 
a subgenus of Ctenodonta. stating: "Die Menge von For- 
men, welche zu Ctenodonta gestellt werden muss, zerfallt 
wiedei lun in einige deutliili untersilieidbare Haiq^tgrup- 
pen oder Untergattiuigen, welch luitereinander diuth 
Uebergange \erknijpft iverden. . . ." He distingiushed his 
subgemis Ctenodonta s. sir. from subgenirs Palaeoneilo 

emend, by the latter's stronger anil more posteriorly di- 
rected sinus, tnmcated or sinuous posterior margin, and 

concentric ribbing. 
Ctenodoula and Pahu-oiieiUi aie treatetl here as distinct 

I'enera. 

Anterior   pedal 
retroctorS 

Anterior pedal 
protractors 

Dorso-medion 

Ventro-medion 

Posterior 
odductor 

Tixl-fi/jiiri' 1.—Composite drawing of Ctr/indonla sti'lla (Win- 
clieil) from natural internal molds. Small nodes in umhonal region in- 
dicate positions of accessory muscle scars. Scars indicating position of 
attachment of dorsomedian, ventromedian, anterior pedal protractor, 
and   anterior  pedal   retractor  muscles  are   present. 

Ctenodonta  stella (Winchell) 

Plate 7, figures 1-18; text-figure 1 
Nucuta stftla Winchell,  1862,  p. 419. 
Ctenodonta  stella  Winchell,   1865,   p.   129. 
Ctenodonta  (Nucuta)  stclta  Herrick,  1888,  vol.  3,  p.  78. 
Nueutopns stetta Paul, 1941, p. 34. 

Original deseription.- (Winchell, 1862, p. 419) . 
Shell very small, elliptic-ova'te, with suhcentral beaks. Anterior 

cardinal slope arched, posterior nearly straight; extremities rather 
sharply roimded; ventral side semi-elliptic. Anterior hinge plate with 
17 minute, acute teeth; posterior with 5, angulated in both cases to- 
ward the beak. Beaks a little attenuated near the extremity, curved 
inwards and backwards. Pallial line entire, connecting the muscular 
scars, which are oval, and situaled considerably above the middle 
line of the shell.  Shell  thin,  with  delicate concentric striae. 

Length   '33   (100);   height     24   (73);   thickness   '14   (42);   length  of 



MisMssiri'iAN  iii,\n AKiA.N  I'l'i i-c-s I'oDs:   DKISCI (i!) 

anterior end ■2U (61); of posterior end '13 (39); distance from 
beaks to line  adjoining extremities   '14   (42). 

Localities.—At every outcrop of the formation in the southern part 
of the State. Also at the Grindstone Quarries, Pt. aux Barques. 

This beautiful little shell has affinities with A', vi-nlritosa. Hall 
(Iowa Rept. 716, pi. 29, fig. 4) 1858A, from the coal measures of 
Iowa. It is easily mistaken for the young N. hubbardi, but is proved 
distinct by its more rounded sides and fewer teeth, as well as by its 
occurrence in a region of the State where the larger species is as yet 
unknown. 

Rn'isrd ilc.strij)t/iiii.—'The lollowint; ilesciipiion is based 
on II specimens Iroin the Marshall sandstone of Michigan. 
Tliiity-seven of these s|je(iiiiens ha\e ])re\ioiisly been de- 
scribed by Alexandei- \\'incheli  (I8(i2, p. 119; 1865. ]). 129) . 

E(|tii\al\ed, small, siibelliptical; tloisal. \ential, and 
]30steiior mat "ins gently and e\'enh loiimletl: anteiior mar- 
gin evenly rounded to siibangular belo;v mitl-height of 
vahes; prosogyrons, beaks situated abo\e hinge line ap- 
j^roximately 1/3 of the length from anterior extremity, 
cin\ed inward and anteriorh; tmibonal ridge inconspicu- 
ous. 

Shell thin, tonmionl) smooth in imibonal region: weak 
concentric striae present; near anterior and ventral borders 
regular concentric ridges developed on some sjjecimens. 
\\'hen jjrescnt these lidges disajipear posteriorly and dorsal 

Pallial line entire, connecting anterior and posterior ad- 
chictor muscle scars, the former being more jjiominent than 
the latter (PI, 7. fig. 4) . Numerous small nuiscle scars 
present in the iimbonal region (PI. 7, figs. 2. 17; text- 
fig. 1). Most commonh ]jreser\ed are the dorsoniedian 
and xentromedian nniscle scars foinid slightly |j(5sterior to 
beaks. Anterior to beaks a .series of j>eclal retractor and pio- 
tractor scars, commonly foiu" or fi\e, extend from the iim- 
bonal region toward the anterior adductor scar. 

Taxodont dentition, 5 to 8 teeth observed anterior to 
beaks and 12 to 17 posterior to beaks (PI. 7, fig. 18). 
Chevron shape of teeth commonly not preserved. Size of 
teeth progressively larger toward extremities of \al\es, sm.ill 
beneath beaks; chondrophoie absent. 

Ri'iiKirks.—The short end of Clfiioiloniii ^tcllii is heic 
designated as anterior on the basis of the orientation of 
small accessory muscle scats in the iimbonal region and the 
correspondence of these scars to muscles in certain living 
piotobranch mollusks   (Driscoll, I9()l, pp. ()l-(i6). 

Heath (1937. pp. 10-H, pis. 1-10) described and figured 
the musculature of certain living protobianch ]3elecypods. 
He contended (j). II) that the dorsoniedian muscle and 
the ventromedian muscle are a constant feature of proto- 
bianch mollusks. Thfsf mtiscles, ihe foiiiiei ol which c'\- 
Ic'iids. loi IJK- inosi p.m. inio ilic jx'ilal tissue, ,MUI ihc Lillci 
iiilo the  \enlial  w.ill ol   the xisieial mass, iiie coiisisieiith 

attached to the shell near the central part of the animal in 
the Iimbonal region. The scars found in the iimbonal 
region of Ctenodonta stclla correspond well with the dor- 
soniedian and ventromedian muscles figured by Heath for 
Arila divaricutn (pi. 5, fig. 39) and Yoldia limaliila (?) 
(pi. 7. fig. 58; pi. 8, fig. 63: pi. 10. figs. 83, 86). In Niinda 

niirlriis (Linne) and Enmicula obliqiia (Lamark) , as fig- 
ured by Schenck (1934, pi. 5. figs. 1. la; pi. 3 fig. 4), it is 
noteworthy that the dorsoniedian muscle scar is elongate, a 
character not present in Ctenodonta stclla nor, as indicated 
by Heath's figures, in Yoldia limalula or Acila divaricala. 

Xiuiilopsis houghtoni (Stevens) , which is discussed else- 
where, does exhibit such an elongate scar in this position: 
a seal- here considered to be due to both the dorsoniedian 
and xentromedian muscles. 

Odliner (oral communication to Schenck) suggested 
(Schenck. 1934, p. 21) that the scar of the dorsoniedian 
muscle be called the median muscle .scar and that of the 
ventromedian muscle the central muscle scar. In the above 
discussion the writer has preferred to follow Heath's term- 
inology. 

Ctenodonta stclla po.ssesses a series of four or five small 
muscle scars extending in a short arc from the umbonal 
region toward the anterior adductor scar. This series of 
scars corresponds well with the location of the anterior 
pedal protractor and retractor muscles of Yoldia nion- 

tercyensis (Heath, 1937, pi. 6, fig. 51), Yoldia iujlata 
(Heath's pi 6, fig. 53) , Yoldia limatula (?) (Heath's jil. 

8. fig. 58) , and others. No similar series of muscle scars is 
found on the posterior side of the beak in such forms. The 
series of ]Kinctiform scars in Nnrula nucleus and Ennucula 
ohliijua. which are illustrated by Schenck. are only gen- 
erally comparable, being located more distant from, and 
with a different angular relation to, the hinge line. It is 
noteworthy, however, that tlie\ are found anterior to the 
beaks. 

The mechanics of foot protrusion in the Ii\ing proto- 
bianch lamellibranchs illustrated by Heath recpiires that 
the anterior pedal protractor muscles be attached to each 
\al\e anterior to the anterior pedal retractors. In my 
opinion, a similar arrangement of iiiiiscles existed in 
Ctenodonta stclla. This conclusion is further supported by 
the fact that those muscles nearest the umbo in the pro- 
tractor-retractor series of Ctenodonta stclla are somewhat 
larger and more pronounced. Heath (his pi 9, fig. 75) fig- 
ured Yoldia sapotilla, illustrating the anterior jjedal re- 
(racloi muscles as notably liigei in diaiiielci than the 
.inuiioi pccl.il |)i(>tiac tors, a siliialion coiisideied lo i)e 
aiialoL;i)us uilh  ihal   which existed in  Ctcno(l<nita stclhi. 
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Ctenodonta strlla possesses a single muscle scar immedi- 
ately posterior to the anterior pedal protractor-retractor 
series the function of which is unknown. Possibly this scar 
is a member of the pedal protractor-retractor series but 
located slightly posteroventral to the priiuiijal muscle arc. 
Acila divaricata, as figured by Heath (1937, pi. 5, fig. 39), 
illustrates anterior pedal protractor and retractor muscles 

which do not form a simple arc. 

Paul (1941, p. 34) included the present s|jecies in the 
genus Nuculopsis Girty (1911. pp. 133-134). The writer has 
examined 35 specimens of Nuculopsis girtyi Schenck (1934, 
p 30) (=NucuIopsis ventricosa Hall), type species of 
Nuculopsis, from the Pennsylvanian of Texas (UMMP. 
Nos. 16964, 22456. and 28766) among which (No. 28766) 
are certain well-preserved interiors. As was concluded by 
Schenck (1934, p. 29), "That a chrondrophore is present 

cannot be doubted." The present species, possessing no 
chondiophore, cannot be included in the genus Nuculop- 

sis. 

Types and occurrencc.-At the time of his original de- 
scription (1862, p. 419), Winchell had in his possession 33 
specimens of Ctenodonta stclla from the Marshall sand- 
stone. A left valve from Battle Creek, Calhoun County, 
Michigan, (UMMP. No. 37673) is here designated as the 
lectotype. The other 32 specimens which Winchell de- 
scribed in 1862 are paralectotypes. Of these, 20 (UMMP. 
Nos. 37674-37693) are from Battle Creek, Michigan; the 
other 12 (UMMP. Nos. 26900, 37694-37704) are from Mar- 
shall, Calhoim County, Michigan. Four additional speci- 
mens from the Marshall sandstone at the Napoleon rail- 
road cut, Jackson C;ounty. Michigan, (UMMP. Nos. 27772. 
37711-37713) were added to VVinchell's collection prior 
to his 1865 publication. Seven hitherto undesrribed speci- 
mens (UMMP. Nos. 37705-37710) are hyjjotypes. UMMP. 
No. 37705 is from the Marshall sandstone in the SE. '4. Sec. 
7, T. 6 N., R. 12 W., Kent County, Michigan. UMMP. No. 
37706, a block bearing two specimens, and UMMP. Nos. 
37707-37710 are from the Marshall sandstone al Marshall, 

Calhoun County,  Michigan. 

In summary, Ctenodonta stclla is known to occur only 
in the Marshall sandstone but is common and widespread 
within that formation. According to Winchell it is foimd 
at every locality in the southern part of Michigan. 

Genus PALAEONEILO Hall, 1870 

Pulnrancilo  Hall   and  Whitfield,   1869,  p.  5;   1870,   p.  6. 

Palaroiu-ilo Hall, 1885, pp. .xxvii-xxviii; Oehlert, 1888, pp. 653-654; 
Beushausen, 1895, pp. 65-70; Whidborne, 1896, pp. 98-99; Mc- 
.\lcstfr,   1962,  pp.   16,   17. 

Type species.—Hy subsequent designation (Hall, 1885, 
p. xxvii)  Nuculites constricta Conrad. 

Remarks.—Commenl^ concerning the relationship of 
Palaeoneilo and Ctenodonta are included under the dis- 
cussion of the latter genus. 

Some confusion has resulted because Hall (1870, p. 6) 
used the spelling Palaeaneilo rather than Palaeoneilo in his 
oiiginal definition of the genus. This conflict was ulti- 
mately resolved in favor of Palaeoneilo by the Interna- 
tional C>)mmissic)n on Zoological Nomenclature (Bidl., 
voL 4, 19,50. pp. 399-100: Opinion 215, 1951). Not all 
workers (e.g., Sinclair, 1951, pp. 411-412 and McAlester, 
1962, p.  16)   are in agreement with the commission. 

Palaeoneilo sulcatina (Conrad) 

Plate 9, figures 1-12 
h'uiulitrs  sulcatina  Conrad,   1842,  p.  250,  pi.   15,  fig.   10. 
Niuula  hulil/arJi  Winchell,   1862,   pp.  417-418. 
Nuiula  huljliarji  \ar.  prnlala  Winchell,   1862,   p.  418. 
Cii'itodiinla  liubbardi  Winchell,   1865,   pp.  128-129. 

Original descripiion.— (Conrsid, 1812, p. 250). 

Triangular; posterior side cuneiform; valves with concentric striae 
and a few remote furrows; posterior dorsal margin subrectilinear, 
very oblique, extremity acutely rounded; basal margin slightly emar- 
ginate near the anterior extremity, which is acutely rounded; beaks 
distant   from   the   anterior   extremity,   prominent. 

Revised description.—C.onrMl'f, type material is lost. The 
following description is based on tojwtype material and 
specimens known to have been utili/ed by Winchell in his 

1862 and 1865 publications. 
Kc|ui\alvecl. inecjuilateral, ovate-triangular, moderately 

tumid valves. Anterior and posterior portions of dorsal 
margin subrectilinear, forming an angle of from 120° to 
140° below the beaks. Valves high in innbonal region, 
steeply sloping to posterior margin, which is sharply round- 
ed. Vcntial margin e\enly and gently ciuved and broadly 
roimded  into anterior margin. 

Prosogyrous, beaks situated ;dioul one-thiKi of total shell 
length from anterior end, cmved inward al)o\c hinge line. 

Pallial line entire, strongly marked on most specimens, 
somewhat sinuous posteriorly. Anterior adductor-muscle 
scar oval, immediately below hinge line in anterior ex- 
tremity of valve. Posterior scar somewhat smaller and weak- 
er, immediately below posterior extremity of hinge line. 
No accessory scars observed. 

Taxodont dentition extending anteriorly and jjosteriorly 
along hinge line; change of direction but no break in teeth 
below beaks (PI. 9, figs. 4, 6). Dentition not reaching pos- 
terior extremity of dorsal margin. Thus, dorsal margin of 
valve continues subrectilinearly for a short distance beyond 
posterior limit ol dentition belore ciu\ing into abruptly 
loiinded  posiciioi   inaigiii.    I eeth  chevron-shaped,  convex 
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toward beak, increasing in si/e toward hinge extremities. 
Number of teeth variable, maximimi of 38 foimd on pos- 
terior part of hinge, maximum of 1 1 counted anteriorly. 
Convex smface of teeth marked by parallel striations ex- 
tentling from base of each tooth to tooth extremity (PI. 9, 
fig. 5) . Number of striations varying with size of tooth, 
commonly more plentifid, 10-11. on larger anterioi teeth. 
Concave side of teeth smooth. 

External ornamentation ot iriegiilar concentiic striations 
and groo\es, in many specimens \arying on a single \al\e 
from coarse grooves to faint striae (PI. 9, fig. 9) . External 
ornamentation geneially reflectexl fainth, or not ;ii all, in- 
ternally. 

Remarks—Lrda barrisi White and Whitfield (1862, p. 
298) was indicated as synonymous with Pahicnnrilo siil- 

c/ilina bv ^\'elIer (1898, p. ■1()8) . The writer has examined 
White and Whitfield's t>pe s|)ecimens from Binlington, 
Iowa, (UMMP. No. 210(i) and believes thai F. .sulralniii 

may be distinguished by its greater height relatixe to 
length, by its more rostrate posterior niaigin, by the more 
pronoiniced angle between the anterior and posterior pai ts 
of the hinge line, and by its commonh larger size. 

Hyde (1953, p. 293) pointed out that "Both Hall and 
^A^eller ha\e made P. huhbdrdi a svnonvm of P. siilraliun. 

lint apparently the P. sulcatiiia of Hall and the P. httb- 

bnrdi of Winchell are not synonymous," He suggested that 
Pahu'oneiln huhbardi of Winchell was synonymous with 
P. sulcatnia as defined by Cionrad. and that P. sulcnlina as 
discussed by Hall (1885, pp. 347-348) was, therefore, dis- 
tinct. The writer is in complete agreement with H\(le"s 
conclusions, H)cle also stated (p. 293) : "It should be added 
that I ha\e seen specimens from Marshall, Mich., of the 
form figured and described by Hall as P. sulcatina." It is 
true that forms identical with those described by Hall as 
P. siildil/iia occiu' in the Marshall sandstone. They are 
described here as Palacotirilo conccntrica   (Winchell) . 

Pulaconcilo snlcntina (Conrad) is clearly distinct from 
P. conccntrica (A\'inchell) . P. sitlcdllnn is higher at the 
beaks, the beaks are more pronounced, the valves are less 
timiid, the posterior margin is more pointed, the concentric 
grooving is irregidai, no ribbing is piesent, the angle be- 
tween the anterior and posterior parts of the dorsal margin 
is commonly sharjjer, and the taxodont dentition does 
not extend so far posteriorly. 

Niictihi huhbardi \in. prohita is here designated as 
.synonymous with P. sulcatina (Conrad). AVinchell (1862, 
p. 418) regarded it as a \ariely because it "... is very 
\enli icosc, .md inoic clong.ilc anUiioiK, willi a grealer 
luunbcr ol   leclli."   I lit- wiiiei   lias exanuiu-d  llie single re- 

maining poorly preserved specimen which is known to have 

been considered a syntype of NucuJa hubbardi var. prolata. 
This specimen does not show the characters attributed to 
it by Winchell. Finthermore, the niunbei of teeth is a poor 
character for specific differentiation in taxodont shells, 

Palaeouctlo sulcatina is the most common invertebrate 
fossil in the Marshall sandstone, with the possible exception 
of Ctcnodonta stclla. Specimens are found at nearly every 
fossiliferous locality of the formation, often in such pro- 
fusion that the extraction of one specimen involves the 
destruction  of several  others. 

Types and occurrence—Con\M\'i> type material of Kucu- 
lites sulcatina is lost. The writer here designates as neo- 
tvpe a natmal internal mold of a right valve, UMMP, No. 
43870, fiom the Marshall sandstone at Battle Creek, Michi- 
gan, Though it woiUd lie desirable to choose a neotype 
from tupotyjje material, none of the specimens available 
to the writer from Moscow, Michigan, are as well pre- 
seived as the Battle Creek s])ecimen, Hypotypes here fig- 
lued are UMMP. No. 43871 from Battle Creek, No. 43872 
from Moscow. No. 43873 from Waverly Quarry (one mile 
northeast of Holland) , and No. 43877 from Jackson 
Coiuity, Michigan. 

Some of the mateiial in Wine IK lis jjossession prior to 
his 1862 description of Xncula hubbardi is still preserved. 
UMMP, No. 26890, fom specimens from Battle Creek, and 
UMMP, No. 26901, six s])ecimens from .Marshall, must be 
considered hypotypes of Palaeoneilo suhatina. UMMP, No. 
26897, the only specimen still extant that was referred to 
Nuciila hubbardi var, prolata by Winchell, must also be 
regarded as a hypotype. 

Fmther. Hi blocks. UMMP, No, 27767, bearing speci- 
mens of P. sulcatina from the railroad cut at Napoleon, 
Jackson Comity. Michigan, must be considered hypotypes, 
inasmuch as they were in the possession of Alexander Win- 
chell prior to his discusesion of the species in 1865 (pp, 128- 
129) , 

Palaeoneilo concentrica (Winchell) 

Plate 9, figures 13-29 

CiirJinui  coticfnlrica  Winchell,   1862,   pp. 413-414. 
Siifu/utiioliti's  (oncrntrif a  Winchfll,   1865,   p.  128. 
Pal<i<i,iiril<i   sulcatitui    Hall.    18S5,    pp.   347-348,    pi.    50,    figs.   42-46; 

Hcrrick,  1888,  vol. 4, p. 44,  pi. 4,  fig.  17;  1889, pi. 2, fig. 17;  1895, 
pi.  16,  fig.  17;  Hyde,  1953, pp. 293-295, noii pi. 40,  fig. 26. A'on P. 
suliatijta   (Conrad). 

Pataronrilo conccntrim var. Herrick,  1888, vol. 3, pi. 7, fig. 37. 
Palaronriln elltpticus Herrick, 1888, vol. 3, pp. 80-81, pi. 9, figs. 13, 15. 
Palaioiifilo  cltipticus  var. plicatella  Herrick,  1888,  vol.  3,  p.  81,  pi. 4, 

fig.   12,   upper   figure, 
Palaroiii-ilo  clliptiius  var.  ilegantula  Herrick,   1888,  vol.  3,  p.  81. 
Piilai'uiiiilu   etlipluiu   var.   allorismafurmis   Herrick,   1888,   vol.   3,   p. 

81,   |il.  4,   fig.   12,   lower  figure. 
S„n<iiiin<,lil,i  ciDuciilrinis  Miller.   1889,  p.   5111;   Weller,   1S98,  p.   538. 
f  P,tl,i,i,nrilii  iiinirnlrna  (iirty,   1928,   pp.   120-121,  pi.  23,  figs.   12-18. 
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Original description.- {W^'mcheW,   1862,  pp.  413-414). 
Shell of medium size ventricose, transversely elliptic, with sub- 

equal extremities and marked ventral' enrolment. Beaks appressed, 
incurved, rising little above the hinge, distant one-fourth the shell- 
length from the anterior end; umbo and middle of the shell flattened 
antero-posteriorly; antumbonal ridge inflected towards the hinge, 
forming above a lunuliform area; dorsal and ventral borders sub- 
parallel in the adult shell; posterior end obtusely, or at length 
truncately rounded; anterior end paraboloid. Hinge line straight and 
rather extended posteriorly. A broad shallow inconspicuous sinus 
extends from the posterior ventral margin towards the beak. Ex- 
ternal surface marked, towards the beak, with remote, equidistant, 
raised concentric ribs and intervening flat belts; towards margin 
the ribs gradually become sharp ridges, and the intervening belts 
deep furrows—these characters being especially strong at the anterior 
end; whole surface marked by faint incremental lines. Greatest con- 
vexity of  shell   considerably   below   the   middle. 

'Winchell (1865, p. 128) says "In the original description of this 
species   'ventrar   in   the  second   line,  should   be  changed  to  'vertical'." 

Length 1-30 (100); height -55 (42); convexity of left valve -24 
(18);   whole  number of  furrows  on  exterior  14. 

Localities.—Hillsdale county at Jonesville, and S. E. ^ S. W. A, 
Sec.  33,  Adams. . 

Differs from C. complanala in its greater relative transverse di- 
mension and in its vertical enrollment. It may yet prove to be a 
Grttmmysia. 

Revised description.-The followiiio tlestiiption is based 

on the lectotype and 15 hypotyjies discussed below. 
Shell equivalved, inequilateral, subtumid, closed all 

aioiind, length slightly less than twice the height. Ventral 
and dorsal borders subparallel, closing somewhat pos- 
teriorly. Dorsal margin sidjiectilinear, abruptly rounded 
posteriorly into subtruncate posterior margin. Ventral 
border cmved, rounded upward posteriorly at angle of 
about 120° to about 130°. Anterior margin evenly rounded. 

Prosogyrous, innbos moderately gibbous, beaks situated 
above hinge line, approximately one-foiu th to one-fifth of 
shell length from anterior extremity of valves. Lunide and 
escutcheon absent, but incurved beaks may produce a 

lunidelike area anteriorly. 
Rroad shallow sinus commonly ]jresent on postiunbonal 

slope, extending posteriorly to siibtnuicate margin. 
Pallial line entire, strongly inqjiessed. muscle scars not 

observed. External ornamentation not reflected internally. 
Taxodont dentition of numerous slightly chevron-shaped 

teeth anterior antl posterior to innbon;il region (PI. 9, fig. 
23). Teeth convex toward umbos. Posteriorly, dentition 
extends along almost the entire dorsal margin, teeth being 
|)eipendicidar to the margin and larger posteriorly. An- 
teriorly, teeth slanted so as to be nearly parallel to dorsal 
margin posterior to beaks. Maximum number of teeth 
coimted anteriorly 8, posteriorly 27. 

External ornamentation of distinct, well sejjarated. sharp, 
nonbifincating, concentric ridges and fine concentric striae, 
the latter weak and commonly not well preserved (PI. 9, 
figs. 2.5, 27) . Between ridges vahe surface is typically either 
ll;il III gciill) (oiu.iM- i)Ulvv;iul. Ridges cxciily developei! 
over entire siiiiatc of \al\e. 

7^c//(«r-A'.«.-Although the number of teeth in observed 
specimens has been mentioned above, this character, being 
dependent on size and preservation, is not considered to 

be of s])ecific significance. 

It is noteworthy that in a number of the specimens ex- 
amined (UMMP. Nos. 43874 and 43875) the early growth 
stages of the incurved beak lie innnediately above the 
hinge line. When the outer shell is removed to exjjose a 
natural mold of the hinge line, this incurved portion of the 
beak can be mistaken for a cartilage pit  (PI. 9, figs. 21, 23) . 

.Some confusion has arisen between tliiise forms here con- 
sitlereil as Paluconeilo concentrica (\\'iiuiiell) and those 
included under Palnconrilo siilcatina (Cioniiid) . Discussion 
of the distinguishing characteristics of the two species is 
includetl under remarks concerning the latter. 

Herrick (1888, vol. 3, pp. 81-82) first recognized the 
probable synonymy of Cardinia concentrica Winchell and 
the grou]) of shells which he called Palaconeilo ellipticns. 
He rightly contended that the sole distinction between his 
specimens and those assigned to Cardinia concentrica by 
Winchell was that the taxodont hinge of Winchell's speci- 
mens was not exposed. An ex;imin;ition of Winchell's col- 
lections confirms this observation. Therefoie, des|)ite the 
fact that Winchell did not recognize the character of the 
hinge line, his specific designation must 1)C retained. Hyde 
(1953, p. 293) suggested that the name for this group of 

shells shoidd be Palaconeilo elUptica Heiiick. Although 

Hyde (p. 293) stated: "It shoidd be added that I have seen 
specimens from Marshall, Mich., of the form figined and 
described by Hall as P. sulcatina." he apparently did not 
realize that this species had previously been described by 
Winchell as Cardinia concentrica. 

Unfortunately, \\'incheirs original descri|}tion not only 
lacks a discussion of the hinge character but also contains 
certain inaccuracies. The only sjjecimen known to have 
been in Winchell's possession at the time of his definition 
of Cardinia concentrica, UMMP, No. 37334. is here figured 
on Plate 9, figures 13-15. This specimen is much distorted 
by compression, a fact apparently not recognized by Win- 
chell. Perhaps this accounts for his statement (1862, p. 414) 
"Greatest convexity of shell considerably below the mid- 
dle." The greatest convexity of the valves is in the umbonal 
region, except in the distorted specimen e\:iniincd by ^\'in- 

chell. 
Girty (1928, ]>. 121) suggested that "If one may form an 

opinion from Hall's figures alone [of Palaconeilo sulcatina, 

1885. pi. .50, figs. 42-16], without ex;iminiug a series of 
s|)fc iliic-lis. lie JKis iiuliuUd iiliilf ih.Mi one species under 
/'. sulialnni.   .   .  ."   This nuix   bf Hue,  bill  cei(;iiM ol   II,ill's 
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i figiiies, as was recognized by Girty. a|j]jear conspecifir with 
PalaeonciU) roncentrica, and until more detailed study is 
possible the writer chooses to retain them as a group. 

The specimens of Palaconeilo conccntrica which Girty 

described (1928, pp. 120-121, pi. 23, figs. 12-18) from the 
Pocono sandstone of Pennsylvania have not been examined 
by the writer. Girty emphasized that his shells have been 
considerably deformed by pressure, a fact which may ac- 
count for what appears from his figures to be a more pro- 
nounced sulcus ventral to the umbonal ridge than that 
found in typical specimens of Palaconeilo conccntrica. 

Other characters, e.g.. the de])ressed beaks, general shape, 
and surface ornamentation, agree well with specimens of 

P. conroitriia examined by the writer. 
Types and occurrence.—A single sjjecimen, which AV.IS in 

Winchell's possession at the time of his 1862 (pp. 413-414) 
publication, is still ]Meser\ed. This specimen, UMMP, No. 
37334 from Jonesville, Hillsdale County, Michigan, is 
here designated the lectotype. Nine specimens from .\lan's 
and Germain's cjuarries, Hillsdale County, Michigan, 
(UMMP, Nos. 2(3886. 27756, 37330, 43061-430(36) must be 
considered hypotypes because they were described by VVin- 
chell   (18(),"), p. 128)   as Sanguinolites conccntrica. 

The writer further figured as hy])oty|3es UMMP, Nos. 

35427 and 35427A from Hillsdale, Hillsdale County, Michi- 
gan. The locality of hypotype, UMMP, No. 43876, is prob- 
ably near Battle Creek, Michigan, but is not known with 
certainty. 

In Michigan Palaconeilo conccntrica (W'inchell) is 
known to occur in the Marshall sandstone of Hillsdale 
County, at Jonesville, Alan's and Germain's quarries, 
Mosherville, and Hillsdale. In Ohio it has been reported 
from the Waverly group at Newark, and the Cuyahoga 
formation of Licking County. In Pennsylvania a prob- 
able occurrence of P. cou<fntri(<i is foimd 500 to 700 feet 
below the top of the Pocono sandstone, near .Saxon, Rid- 
dlesbing, Marklesburg. and in Huntington Count). 

Palaconeilo truncata Hall 
Plate 10, figures 1-15 

Piilaroiiri/o truiitiita Hall, 1885, |). 347, pi. 50, figs. +0, 41; Weller, 
1899, pp. 32, 33; PI. 4, fig. 21 ; Branson ct al., 1938, Pt. 2, p. 36, pi. 
25,  fig. 28;   Hyde,   1953,   pp.  296-298,   pi. 40,  figs.  28-32. 

f Suntfuinolitt's marshaUv7isu ^ Herrick, 1888, \oI. 3, p. 67, pi. 5, fig. 
11; pi. 7, fig. 10. Non Sanguiuulitcs marshatlciisis Winchell, 1862, 
p. 415;   1871,   p.  256   \_^ParatlrloJoii   [Cosmclodon)   marshatlcnsis^. 

Palaconeilo f marshallcnsis Herrick, 1888, vol. 4, pi. 4, fig. 18; 1889, 
pi.  2,   fig.   18. 

Palaconeilo (^) marshallcnsis Herrick, 1893, pi. 16. fig. 18, possiblv 
also   pi.   21,   fig.   11. 

Description.—The following description is b;isccl on six 
specinu-ns (oilc-ilcd fioni gl:ici;il diiil ;it Kal.iiii.i/oo. Midii- 
g;ni.   I liese sjjeciinens,  jjccause ol   liliiologic   siiiiiiaiily, ;ue 

believed to have originated in the Coldwater formation. 
Equivalved, inequilateral, length approximately twice 

the height. Dorsal margin slightly arcuate, broadly rounded 
into evenly cur\'ed anterior margin. Ventral margin vari- 
able, nearly straight, slightly convex or, especially in older 
shells, slightly concave. Posterior margin truncate, straight 
or slightly sinuous, abruptly rounded into dorsal margin 
at angle of approximately 65" to approximately 70°, 
sharply curved into \entral margin at angle of about 135°. 

■Valves moderately gibbous, greatest convexity in um- 
bonal region. Broad sinus extending from truncate |>osterior 
margin, most pronounced posteriorly, becoming shallower 
toward umbo, and absent at the umbo; apparently a 

mature or old age character. 
Pallial line entire, truncate ])osteriorly. Anterior ad- 

ductor-muscle scar strongly marked immediately below 
anterior extremity of dentition (PI. 10, fig. 5). Posterior 
adductor more weakly impres.sed below posterior ex- 
tremity of dentition (PI. 10, figs. 3, 4). Small elongate 
accessory scar present immediately dorsal and posterior to 

anterior adductor scar  (PI.  10. fig. 5) . 
Dentition taxodont, extending along nearly all of dorsal 

margin (PI. 10, figs. 2, 15). Teeth chevron-shaped, con- 
vex tow;iicl umbo, larger anteriorly. In umbonal region 
and immediately anterior to umbo teeth straight rather 
than chevion-shaped. Maximum number of teeth counted 
anteriorly 9, maximum numbei' counted posteriorly 36. 

Exterior ornamentation unknown from Coldwater shells. 

Said to be (Hyde. 1953, p. 297) ". . . fine concentric 
striae and regidarl) spaced, slightly imbricating corruga- 
tions ..." on s|jecimens from the Waverly group. 

Rein<irk.'i.-'The writer has examined the specimen of 
Palaconeilo truncata figured by Hall (1885, pi. 50, fig. 41) . 
As recognized by Hyde (1953, p. 296) this specimen, 
AMNH, No. 6546/1, is not so well preserved as Hall in- 
dicated (see PI. 10. fig. 1 of present paper). Hall (1885, 
pi. 50, fig. 40) figured one other s|)ecimen of P. truncata, 

but this specimen has not been located. 
Due to the poor preservation of Hall's specimen, and 

the fact that specimens which the writer has examined from 
the Coldwater formation (?) are all naliiral internal molds, 
it is not |)ossii3le to determine with certainty whether the 
two are specifically identical. On the other hand, no 
characters are jiiesent which allow them to be clearly dif- 
ferentiated. Herrick (1888, vol. 4, pi. 4, fig. 18) and Hyde 
(1953, pi. 40, figs. 28-32) have illustrated specimens from 
the \\';i\erly group which are cle;irly consjjecific with speci- 
mens ol I'dliiidiieihi Iniiiiald lioiu llic- Col(l\v;itcr loniKi- 
tion.    I lie   lad   thai   H;drs   sijecimens   ;iie   idso   liom   liic 
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Waverly has persuaded the writer that they aie consjiecific 
with Coldwater fomis. 

Winchell (1862, p. 415) described, but did not figure, 
Sangiiinolitcs ntarshaUcnsis from the Marshall sandstone 
of Michigan. VVinchells type specimen of this species 
(UMMP, No. 26877) is figured here for the first time on 
Plate 16, fisines 1-3. It is clear from examination of these 
figiues that Siinguinolites marshaJlcnsis Winchell [= 
ParallcUxlon (Cosmctodon) niarshalloisis] is not conspe- 
cific with Palaconcilo tnincata Hall. This fact was sus- 
pected by Hyde (1953, p. 297), who discussed the prob- 
lem in .some detail. 

Herrick (1888, vol. 3, p. 67), at the suggestion of Win- 
(iiell, identified certain Waverly specimens, here considered 
conspecific witli P. Iriinaila, as identical with S(i)igiiino- 
litcs rniirshdllciisis Winchell. Later, Herrick (1893, ex- 
planation of plate 16) lecogni/ed that his specimens from 
the Waverly were identical with P. hiui/iitd Hall, which 
he belie\ed to be conspecific with S. murslmUcnsis Win- 
chell [= Parallclodon (Cosinctodoii) marsliallensis (Win- 
chell)]. The writer lias not seen representatives of Paral- 
lclodon (Cosmctodon) marsliallensis from the Waverly 
group. Such forms may exist, but they are not those which 
ha\e ])reviously been assigned to Sangiiinolitcs marsluil- 
Icnsis, these forms belonging in leality to Palaconcilo 
truncala Hall. 

Types and occurrence—The six h)poty]jes here consid- 
ered (UMMP, Nos. 43878, 43879, 43955-43958) are from 
glacial drift at Kalamazoo, Michigan. It is assumed that 
these were originally from the (Joldwater formation. In 
Ohio Palaconcilo trinicata is reported by Hyde (1953, p. 
296) fiom the Byer member of the Logan foimatioir at 
Sciotoville, from the Vinton member at Ruslnille, and as 
probably occurring in the Allensville member at Newark. 
Weller (1899. p. 33) and Branson (1938. p. 37) iei>orted P. 
truncala from the Northview siltstonc of Missouri. 

FAMILY NUCULIDAE 
Genus NUCULOPSIS Girty,  1911 

Nurulnftsis Ciirty, 1911, p. 133; 1915, pp. 115-117; Schenck, 1934, pp. 
29-30; Elias, 1957, pp. 746-748; (see Schenck, 1934, for other refer- 
ences). 

Type .spi'dcs—liy original designation Nucula vcnlri- 
eosa Hall (Girty, 1911, p. 133) [=Nueulopsis girtyi 
.Schenck (1934, p. 30) , non A'ueula ventricnsa Hinds (1843, 
p. 100)]. 

Remarks.-^chencV (1934, pp. 29-30) pointed out that 
Girty did not fully understantl certain characters of 
Niiciilopsis. Of paiti( ul;u- importaiHc is llic preseiKC of a 
ihonihophoie. .Schenc k (193 1. p. .1(1) s;iid that ' Ihc name 
[Nu( uloj}sis\  howe\ei, ii;is value . . . siiuc il  is ihe earliest 

one  to  be  applied  to  Paleozoic  nucidids with  a smooth 
ventral margin, and, as far as I can tell, without definite 
concentric ribs, as in Kiieulouia." Elias  (1957, pp. 747-748) 
pointed out that Schenck later (1939)  placed in Nuculopsis 
certain ribbed species. 

Palaconiieula Quenstedt (1930, p. 112) and Nuculopsis 
sensu stricto have been designated as sidjgeneia of Nuculop- 

sis by Schenck (1934, p. 36). The principal difference be- 
tween the two type species appears to be that the beaks of 
Nuculopsis girtyi Schenck (z^Nueiila ventricosa Hall, non 

Nucula x'cntricosa Hinds) are more strongly opisthogyrate 
tiian those of Palaconiieula hammeri (Defrance) . This 
morphologic difference does not seeem to the writer to 
warrant siibgeneric differentiation. 

Girty (1915, ])p. 115-117) discusseil the oiientatioir of 
shells of the Nuciditlae and Ledidae. He concluded that 
the beaks of Nuculopsis point towaril tiic short end of the 
valves and that this end is anterior. Girty based his con- 
clusion on the existence of a supposed ligamental groove 
along the hinge margin on the long end of the valves. 
Schenck (1934, p. 29) said that "An examination of a 
ninnber of Recent specimens of Nucula that have lunular 
areas like that of the type of Nuculopsis proves to my satis- 
faction that the ligament of the Paleozoic species was in- 
ternal." He stated (pp. 29-30) that ". . . there is no 

reason for believing that the short side of the shell is air- 
terior in the case of Nuculopsis." 

The writer believes that accessory muscle scars in the 
protobranch mollusks may j^rove useful for establishing 
orientation in fossil species (see also the discussion of 
Ctenodonia) . 

Heath (1937, \>\>. 10-11. pis. 1-10) illustrated an anterior 
protractor-retractor series of muscles in nimierous species 
of Nucula. Aeila, Yoldia. and other Recent genera. Speci- 
mens of Ennucula and Nucula figmecl by Shcenck (1934, 
pi. 3, fig. 4; j)l. 5, figs. I, la) demonstrate the jjresence of 
a corresponding anterior series of scars. 

In many fossil forms a series of accessory muscle scars is 
preserved on either the short or long end of the valve. 
Hall figiued Nucula lirata (1885, pi. 45, figs. 24, 25), 
Nucula randalli (18S5. |)1. 15, ligs. 2(). 27), and Nucula 

corbulijormis? (1885, pi. 46, figs. 10, 11, 35, 36). All of 
tiiese should be referred to another genus, possibly Nucu- 
lopsis, because they do jiot have a crenulated ventral 
margin. In any case, each of these species shows a series 
of acces,sory muscle scars on the long end of the valve. 
This end, contraiy to Hall's belief, is anterior. The writer 
believes these scais icpicseiil ihc points ol .III.K Iniic ill of 
llie  .Ulterior  jjcd.il   |)i()li ac toi-ichac loi   iinisc les. 



Ml.SSISSIPPIAN   niMVARIAN   PKI.ECVPODS:   DRISCOI.L 75 

A siniilai series of sc;irs is found in Ctcuodoiita sirlla 

(PI. 7, fis^s. I, 2, 4. 17; text-ti^. 1) hm. in this case, the 
scars are on the short end of the valve, leading tlie writer 
to behe\e that this end is antciior. 

Nuculopsis houghtoni (Stevens) 

PL 8, figs. 116; text-figure 2 
Nurula  houghtoni  Stevens,   1858,   pp.  262-263.  Son Nuculti  houyhiom 

Hall,  1885, pp. 323-324, pi. 45, figs. 29-31   (=^S'uculopsis seclonilis). 
non  Nuiuhi   huui/htoni   Graliau   and   Shimer,   1909,   p.   396,   text-fig. 
305. 
Orighuil dcs(rij}lin)i.- (Siexens.   IS.'iS. |)|). 2()2-2fi.H) 

Shell equixalve, longer than wide. Beaks i)hliise, not incurved. An- 
terior extremity truncate. Posterior acute. Surface smooth. The cast 
shows pedal muscular impressions at the base of the beak. Posterior 
adductor muscular impression strong, elevated, semicircular, situated 
at the posterior extremity of the hinge line. Anterior adductor scar 
fainter and smaller. Hinge-line armed with 9 robust triangular teeth, 
hollowed at the base and strengthened by strong lateral ridges. Teeth 
pointing towards the beak, and rising in an arched form from the 
hinge-line: the inner 3 being 0.1 of an inch, while the outer are 
only 0.5 of an  inch. 

Length  0-7 of  an  inch;  height 0 4 of an  inch. 
Battle  Creek,   Michigan. 

Revised description.—]:x\u'\\A\\ed. iiiei|iiil;iteraL elon- 
gate-oval niicnlids. Ventral border evenly curved, abruptly 
loinided below the niid-hei»ht of the \al\es into nearly 
stiaioht postenxlorsal margin. Dorsal margin straight cinv- 
ing evenly into anterior margin which is extended into 
rounded point at anterior extremity. Posterodorsal margin 
and doisal margin join below beaks at an angle of from 
about  113°  to a|jproximately  121°. 

Valves closed all aroimd, gibbons, greatest thickness 
()t( 111 ring near mid-length of \al\es. greatest ton\exit\' in 
imibonal region. Prominent, broad swelling extends from 
iniibo towards anterior margin along anterior iimbonal 
slope. A faint sulcus is txcasionally de\eloped extciuling 
from Iimbonal region, near prominent accessory muscle 
scar, ventrally and slightly anteriorly: disappears before 
reaching \entral margin. Beaks turxed inwaid abo\e hinge 
line. 

■Shell thick, external ornamentation fine, closely and 
irregularly placed, concentric striae which become weaker 
above swelling of anterior umbonal slojie (PI. S, figs. 4, 5, 
12). 

Pallial line entire, occasionally reflects the weak sulcus 
extending ventrally from umbo (PI. 8. fig. 1). Addiutor 
muscle scars prominent and nearly terminal. On both an- 
terior and posterior adductor scars the edge farthest from 
the margin of the valve is most deeply impressed, standing 
out clearly on internal molds (PI. H, figs. 1, 3. 6, 9, 10). 
.\nterior adductor scar large elongate-oval, situated an- 
terior to farthest anterior extension of dentition and 
coxering most of the anterior extremity of \al\e. Posterior 
iiddiictor scar terminal but slightly more \cmral th;m an- 

Anterior    pedal 
r etr oc tors 

Anterior   pedal 
protroctor ? 

Tixl-fiyurc 2.—Composite drawing of Nuculopsis houi/htoiii 
(Stevens) from natural internal molds. Small nodes in umbonal re- 
gion indicate positions of accessory muscle scars. Note strong elongate 
scar of  dorsomedian   and   \entromedian  muscles. 

terior adductor, somewhat smaller and not so elongate, 
broader toward base, roundly pointed toward beak. 

Accessory muscle scars commonly preserved in umbonal 
region, characterized by a single strong elongate scar ex- 
tending xentrally from near the beaks (PI. 8, figs. 2, Ifi; 
text-fig. 2) . This principal accessory scar, thought to 
represent the point of attachment of the dorsomedian and 
\entromedian muscles, is boundeil laterally by two small, 
elongate ridges, which appear as grooves in internal molds. 
.Anterior to dorsomedian :md \entromedian stars three 
small scars are found on the anterior umbonal slojje. The.se 
are thought to reflect the attachment of the antciior ]jedal 
retractor muscles. Diietlh aboxe ;inteiioi adductor ;iiicl 
inimediatch adjacent to anterior extremity of dentition, 
is small, shaiph defined, subcircular scar, which is thought 
to be caused by an anterior pedal protractor muscle (PI. 
8. fig. 7: text-fig. 2) . There are also indications of scars 
posterior to the dorsomedian and ventromedian muscle 
scars but these do not allow proj^er definition (PI. 8. fig. 2: 

text-fig. 2) . 
Dentition taxodont. Chevron-sha])ed teeth anterior and 

posterior to beaks are smaller near the beaks :ind near 
the extremities, largest in the central part of the anterior 
;ind posterior series of teeth (PI. 8, figs. 13. 1.5). Teeth 
inclined slightly toward beaks. Dentition not interrupted 
below beaks but teeth become minute, change direction, 
and are limited to dorsal part of hinge line abo\e chon- 
drophoie. Chonchojjhoie symmetrical, triangular above, 
rounded below, extends ventrally into shell ca\it\. not 
inclined   (PI. 8. fig. 1 .S) . 
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Ten teeth counted anteiior to (hoiidioplioie. six teeth 
posterior to chondrophore. Six minute teeth present above 
chonchophore, four anterior and two ])Osterior. Number of 

teeth probably varies with size of specimen. 

Rcitmrks.—The original description given by Stevens 
olNurtila houghtoni fits sufficiently well the specimens here 
considered. The writer believes them to belong to a single 
species. Stevens said (IH5S. i^. 2(i3), "Teeth pointing 
towards the beak and rising in an arch from the hinge- 
line . . . ." The arched form is thought to refer to the 
variation in tooth size discussed above. The beaks are 
blunt as was noted by Stevens but. contrary to his belief, 
they do curve slightly inward above the hinge line. This 
character is not obvious from observation of exterior, but 
becomes apparent on  examination  of  internal  molds. 

Muscle scar pattern, general form, dentition, and es- 
]jecially the height/length ratio described by Stevens, are 
closely similar to that of the present specimen. Apparently 
Stevens considered the short end of the valves as anterior 
and this must be taken into accoimt in e\aluating his de- 
scription. From Stevens" description, the height/length 
ratio of Nucnla lioiightoui is 1/1.5, Four specimens from 
glacial drift at Kalamazoo, Michigan, which were measined 
by the writer give a range of height/length ratios from 

1/1.50 to 1/1.56. 

In contrast to this rather constant ratio, measiuements 
of four of Weller's (1901, pp. 172-17,3) six hypotypes 
(UMMP, Nos. 2145, 44005-44009) of Nitnihi iou'nisis give 

ratios ranging from 1/1.17 to 1/1.29. The other two hypo- 
types are not suitable for height/length measiuements. 

From Winchell's cle.scription (18fi2, ]). 418) of Niicula 
iowensis {= Nuculopsis srctoraJis) the height/length ratio 
is calculated to be 1/1.17. Winchell's description of Xiicula 
sectoralis (= Nuculopsis sectoralis of present paper) 
(iS(i2, pp. 418-419) yields a height/length ratio of 1/1.16, 
and Hall's (1885, pp. 323-324) figures for Nucula hough- 
Ion i (=Nuculopsis sectoralis of present paper) froin the 
Marshall sandstone near Hillsdale and Battle Creek, Michi- 
gan, give a height/length ratio of 1/1.30 (although meas- 
urement of the specimen, AMNH. No. 6539/1, yields a 
slightly larger ratio) . Clearly, Nuculopsis houghtoni 
(Stevens) is more elongate than any of the other species 
here considered. 

Herrick (1888, vol. 3, p. 78. pi. 5, fig. 17; 1888, vol. 4, 
p. 44, pi. 4, fig. 3, pi. 10, fig. 4; 1889, pi. 2, fig. 3, 1893, pi. 
16, fig. 3; pi. 21, fig. 17: ])1. 23, fig. 6) described and figured 
certain specimens which are closely related to Nuculopsis 
lioughloni (Stevens) . The figiues, however, are poor and 
(he descriptions are not detailed enough to allow tlie writer 

to reach satisfactory conclusions concerning Herrick's speci- 
mens. It is possible that some of the specimens which 
Herrick described are synonymous with Nuculopsis hough- 
toni, but finther work will be necessary before this can 
be properly established. 

Nuculopsis houghtoni, though smaller, resembles in 
general form Hall's (1885, pp. 315-316, pi. 45, figs. 6-10, 16, 
23; pi. 93, figs. 1-3) description and illustrations of Nucula 
randalli from the Hamilton groujD of New York. Other 
than the smaller size, Nuculopsis houghtoni may be dis- 
tinguished by its prominent elongate accessory muscle scar 
in the innijonal region, the less strongly incurved beaks, 
the more iiregular sinface scul]>tiue, and the larger size 
and distinctive shape of the adductor muscle scars. 

Types and occurrence—The syntypes of Nuculopsis 

houghtoni (Stevens) from Battle Creek, Michigan, are 
probably lost. The six hypotypes considered, UMMP, 
Nos. 43983-43988, are all from glacial drift at Kalamazoo, 
Michigan. Because of their lithology, they are considered to 
have originated in the Marshall sandstone. As mentioned 
above, the species may have been reported fiom Ohio by 
Herrick, but this is not yet certain. 

cDorso —median 

Ventre - 
median 

nterior   pedQl 
retractors 

Anterior  pedal 
C^protractor 

Tcxt-flijuri\ 3.—Ccimposite drawing of Nuiulol>sis siilonilis (Win- 
chell) from natural internal molds. Small, weak, nodes in umbonal re- 
gion   indicate   positions  of  accessory  muscle  scars. 

Nuculopsis  sectoralis  (Winchell) 
PI. 7, figures 34-36; PI. 8, figures 17-38; text-figure 3 

Nucula srcloralis Winchell,   1862,  pp. 418-419. 
Nucula  ioivcnsis  Winchell,   1862,  p. 418. Non  Nucula  loivensls  White 

and   Whitfield,   1862,   p.   298;   ncc   Nucula   iou-rtuis   Weller,   1901, 
pp. 172-173, pi. 15, figs. 8, 9;  ncc Nucula iotiscnsis Van Tuyl,  1924, 
pi. 3, figs. 22, 23. 

Nucula   houghtoni   Hall,    1885,    pp.    323-324,    pi.   45,    fig.   29.   Non 
Nucula    houyhloni    Stevens,    1858,    pp.    262-263     |=    Nuculopsis 
hiiui/htoni   (Stevens)]. 
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Or'ujiiuil   </,-j,7-;>//««.—(Winchell,   1862,   pp.   418-419). 

Shell rather small, ventricose, sectiform, with nearly central beaks. 
Anterior cardinal slope straight; posterior, nearly so, making with the 
former an angle of 88° to 91°; ventral border sub-circular. Beaks 
prominent, acute, direct incur\-ed. Anterior hinge plate with about 17 
teeth; posterior with 13, much smaller. Adductor scars subterminal, 
profound,   roundly o\'al.  Surface  of casts  perfectly smooth. 

Length -86 (100); height 74 (86); thickness -44 (51); distance 
from beak to line joining extremities 40 (46); length of anterior 
end   -51   (59);   of  posterior  end   -35   (41). 

Locality.—Battle  Creek  and  Grindstone Quarries,  Pt.  aux  Barques. 

Revised desrription.~^L^\ul\■A\\ed. inecjiiilateial, sub-tri- 
angular nuculids. Ventral border e\enly curved, rounded 
evenly iijjward into nearly .straight ]josterodorsal margin. 
Rounded anterior border curves e\enly into nearly straight 
dorsal margin. Posterodorsal margin and dorsal margin join 
below beaks at \ariable angle of about 100= to about 115°. 

Vahes closed all aioimtl, only moderately swollen, great- 
est thitkness otciuring posterior to mid-length of valves. 
Beaks (ur\ed slightly inward above hinge line. 

Shell thick; external ornamentation of fine, closely and 
irregularly placed concentric striae (PI. H, figs. 37. 38) ; 
pallial line entire; adductor muscle scais prominent, nearly 
terminal (PI. 8, figs 24, 35) . On both anterior and ]X)S- 
terior adductor scars the edge nearest the center of the 
valve is most deeply impressed. Anterior adductor scar 
large, elongate o\al, situated approximately at mid-height 
of valve, anterior to farthest anterior extension of dentition. 
Posterior adductor scar terminal, slightly more dorsal than 
anterior adductor, smaller, broad toward base at posterior 
extremity,  roimdly pointed  toward  beak. 

Acccessory muscle scars occasionally preserved but not 
strongly impressed, consisting of a series of two or three 
stais on anteiior innbonal slope. The most posterior of 
iliese scars, located near umbo, is thought to represent dor- 
somedian muscle. Others probably are points of attachment 
for anterior pedal retractor muscles. A small distinct, 
elongate oval scar present subparallel to hinge line im- 
inecli:itely above and posterior to anterior adductor is 
thought to be the anterior pedal protractor scar (PI. 8, figs. 
18, 36). Muscle track of this scar occasionally preserved 
along anterior imibonal slope (PI. 8, fig. 18) . Below the 
series of three or four scars on anterior umbonal slope is 
weakly developed indication of ventromedian muscle scar. 
Less well-develo])ed accessory scars, not clearly differenti- 
ated, are present in imibonal region (PI. 8, figs. 34, 35; 
text-figure 3) . 

Dentition taxodont; teeth with slight chevron shape 
anterior and posterior to beaks, point toward beaks; teeth 
smaller near beaks and near extremities, largest in central 
|>art of anterior and posterior series of teeth (PI. 8, figs. 
28, 30) ; teeth inclined slight])' toward beaks. 

Asymmetrical chondrojjhore situated iieneath beaks, sub- 
triangidar, inclined, extending ventrally and anteriorly into 
shell cavity (PI. 8, fig. 27) . Dentition probably extends 
above chondrophore; no complete dentition series ob- 
served, ten teeth coimted anteriorly, four posteriorly. 

Reinarks.—Your specimens labeled "Nucuhi lowcnsis 
White and Whitfield" by Winchell are ])reserved at the 
University of Michigan (UMMP. Nos. 27761, 44016-44018). 
A fifth specimen, UMMP, No. 44015, was figured by Win- 
chell (previously impublished. see PI. 7, fig. 34 of present 
jjaper) . and the figure was labeled "Nucula lowensis W & 
Whitf." These speciinens are from Battle Creek, Calhoun 
County. Michigan, and were in Winchell's possession at 
the time he described Nucula iowensis. 

Comparison of Winchell's specimens with six hypo- 
types of Nucula iowensis which were described by Weller 
(1901. pp. 172-173, pi. 15, figs. 8, 9) from bed No. 5 of 
the Kinderhook at Burlington. Iowa, (UMMP, Nos. 2145, 
44005-44009) has convinced the writer that Winchell's 
Michigan specimens are distinct. They are, however, similar 
to Weller's Iowa specimens which, in fact, belong in the 
genus Nuculopsis. Five of Weller's six hy])otypes (UMMP, 
Nos. 44005-44009) are here illustrated (PI. 7, figs. 19-29) 
for comparison with Nuculopsis scctoralis (Winchell) . 
Two of these specimens, UMMP, Nos. 44008. 44009. were 
previously figined by Weller (1901, ])1. 15, figs. 8. 9 respec- 
tively) . 

Nu( iilopsis scctoralis and Nuculopsis iou^eusis (White 
and Whitfield) aie similar in size, general shape, place- 
ment and shape of adductor and anterior pedal jjrotractor 
muscle scars, cursature of beaks, dentition, and possession 
of an asymnretrical chondrophore inclined anteroventrally. 
Nuculopsis scctoralis may be distinguished by its more 
nearly central beaks, more nearly triangular shape, more 
strongly impressed adductor scars, and the presence of 
accessory muscle scars in the imibonal region. Possibly 
better preserved sjiecimens of Nuculopsis iowensis (White 
and Whitfield) will also show accessory scars but these 
are not preserved on specimens which the writer has ex- 

amined. 

One of the specimens described as Nucula liouglitoui 

by Hall (1885. pp. 323-324, pi. 45, fig. 29) (AMNH. No. 
6539/1) has been examined. This specimen, collected from 
the Marshall sandstone at Battle Creek, Michigan, is 
figured here on Plate 7. figure 36. The other two specimens 
figured by Hall (1885, pi. 45. figs. 30. 31), both of which are 
from Ohio, are probably lost. Though poorly preserved and 
somewhat larger than most members of the species, the 
specimen which  H:dl described as Nucula Jtoughloni from 
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Battle Creek, agrees in all observable chaiacters with Nii- 
nilopsis sectoraJis  and  is  here  considered  synonymous. 

At the same time that Windiell described Nut iil/i iowen- 
sis White and Wliitfield from Michigan (1862), he also 
(pp. 418-419) described Nucula sectoralis Winchell. Seven 
sjjecimens (UMMP, Nos. 2(1875, 44022-44027) which were 
in Winchell's possession at the time of his description, have 
been examined. They were all labeled Niitiilti scclomlis 

by Winchell. Three of these (UMMP, Nos. 4 102.5-44027) 
belong, in reality, to the genus Srhizodiis. The other four 
.specimens (UMMP, Nos. 20875, 44022-44024) which tit 
more nearly Winchell's origin.d description, are here con- 

sidered as syntypes. 

Girty (1928, pp. 119-120) discussed Winchell's speci- 
mens of Nucula sectoralis and concluded that "A^ sector- 

alis may be dismissed as soon as mentioued. Under that 
species VVinciiell included shells Iselonging to lioth Nucula 

and Schizodus, and luifortunateh the t)pe specimen of N. 

sectoralis is ol the latter geiuis," The writer finds no rea- 
son to dismiss Nucula sectoralis. There is no reason to 
assLune that the type specimen of A', sectoralis belongs to 

Schizodus. Winchell, in fact, did not designate a single 
ty|)e, working rather with what he believed to be a syn- 
typic series. Winchell's description of A', sectoralis clearly 
indicates that the form he discirssed possesses taxodont den- 
tition, a character not present in Schizodus. 

It seems probable from this confusion of specimens that 
Winchell himself did not fully understand the differences 
he wished to describe. The jirincipal distinction between 
Nucula ioweusis as described by Winchell (1802, p. 418) 
and Nncula so/oralis Winchell (1862, pp. 418-419) is that 
the latter was said to !ia\e nearly central beaks, whereas 
tho.se of N. ioweusis were releried to as subtei niinal. This 
difference was not observed in the specimens examined b\ 
the writer. The reproduction of Winchell's impublished 
illustrations of these two species (PI. 7, figs. 34, 35, of 
jjresent paper) also indicates that Winchell did not clearly 
differentiate A', sectoralis from N. ioweusis. 

Nuculopsis sectoralis (Winchell) is distinguished from 
N. houghtoni (.Stevens) by the former's more nearly tri- 
angular shape, less elongate form, and less prominent mus- 
cle scars. The anterior pedal protractor scar of A^. sectoralis 
is an elongate oval whereas that of A^ houghtoni is charac- 
teristically circular. The chondrophore of A^ sectoralis is 
asymmetrical and projects into the valve cavity inclined 
in an anteroventral direction whereas the symmetrical 
chondorphore of A', houghtoni projects in a ventral direc- 
tion. A^ sectoralis is less gibbous and has its greatest thick- 
ness more posteriorly than N.  houghtoni. The distinctive 

elongate accessory muscle scar, the dorsomcdian scar, in 
the mnbonal region of N. houghtoni is absent in A'^. sector- 
alis; nor does A'', sectoralis possess any indication of a sulcirs 

extending ventrally from the umbo. 
Plate 7, figures 30-33, illustrates certain specimens 

(UMMP, Nos. 44029-44030) of Nuculopsis from the Wav- 
erly group at Medina, Ohio. The strongly impressed muscle 
scars and general form of these specimens is similar to that 
illustrated for Nuiula lirala (Conrad) by Hall (1885, pi. 
45, fig. 25) . Because this species does not occin- in the 
Marshall sandstone it will not be discussed in detail. It may 
be distinguislied fiom Nuculopsis ioieensis h\ its nrore 
|)ic)minent nuiscle scars, more posterior beaks, and moie 
numerous accessoiy nruscle scars. 

Types and ocY)/rr('?(re.—Winchell's foiu' syntypes of Nti- 

(ula sectcjralis from Battle Creek, Michigan, have been ex- 
amined. UMMP, No. 44022 is here designated lectotype 
of Nuculopsis sectoralis. The remaining three specimens, 
UMMP, Nos. 26875 (not figured). 44023, and 44024 (not 
figured) are paralectotypes. Winchell (1862, p. 419) also 
lejioited Nucula sectoralis from "Grindstone Quarries, 
Pte. aux Barcpies Michigan." I have studied a single speci- 
men from this locality (UMMP, No. 27758) which was 
considered by Winchell as a syntype of Nucula sectoralis. 
This specimen is .so poorly |)reser\ecl th.U the wiiter is not 
able to identify it properly and does not icgaid it as a 
jjaralectotyj)e of Nuoilopsis sectoralis   (Winchell) . 

Winchell's five hypotypes of Nucula ioweusis from 
Battle Creek, Michigan, (UMMP, Nos. 4401.5-44018, 27761) 
aie all consideied hyjjotypes of Nuculopsis sectoralis. Of 
these, oidy Nos. 44015 and 44016 have been figured. Win- 
chell's hypoiype of Nucula ioweusis from Kent County, 
Michigan, UM.MP, No. 26892, is too poorly preserved for 
identification. 

The writer here figures five additional hypotypes of 
Nuculopsis sectoralis (Winchell). UMMP, No. 44014 is 
from Battle Creek, Michigan: UMMP, No. 44013 is from 
Marshall, Michigan: and UMMP, Nos. 44010-44012 are 
from glacial drift at Kalama/oo, Michigan. Because of theii 
lithology, these drift specimens are thought to have origi- 
nated in the Marshall sandstone. 

In siunmary, Nuculopsis sectoralis is known to occur 
only in the Marshall sandstone at Battle Creek and Mar- 
shall.  .Michigan. 

FAMILY  NUCULANIDAE 

Genus POLIDEVCIA Chernyshev, 1951 

I'oliJrvria Chernysliev, 1951, p. 25; Elias, 1957, p. 750; Kiimpera, 
Prantl and Riizicka, 1960, pp. 34-38 (see Kumpera, Prantl and 
Riizicka,   1960,   for  other   references). 
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Type spcrirs.—By original tlesigiiation. Li-da luiriiffiiidrii- 

sis Cherynslie\.  1911. 

Polidevcia   pandoraeformis  (Stevens) 

PI. 10, figures 16-34 

Li'Ja  pariJoniffonnis  Ste\'ens,   1858,   p.  262.  A'OH   Lrdti  ptuiJorifi. 
Hall 1885, p. 332, pi. 47, figs. 49, 50  (= Lrda o/iionuis Hall, 1 
pi.  7,   fig.  3);   ?irr LrJa pandorijormis  Grabau   and  Shimer, 
p. 401,  text-fig.   511,   a,  b;   ncc Leda pandoriformisf Girtv,   1 
pp. 84-85, pi. 8, figs. 15.  16. 

Non   Lrdti  ptuidorifrjymu 
 884a, 

1909, 
915a, 

pp.   5+-53,   pi.   5,   rigs.   i5,    10. 
Leda hcilislriata Winchell, 1862, p. 419; 1865, p. 128. Non I.rda 

bcllistriatii Stevens, 1858, pp. 261-262; nee Leda bellislriataf Win- 
chell (in Safford, 1869, pp. 441, 444); nee Leda hel/islriala/ 
Winchell,  1871,  p. 256. 

Original dcsrrlfUion.— (Sle\ens, 185S, p. 2*)2) . 

Shell (cast) flat but moderately inflated at the umbones. Beaks 
near middle of the shell, wide at the umbones. .Anterior extremity 
broadly rounded. Posterior much produced, attenuated and rostrated. 
In the cast a strong ridge is seen, descending from the beak and 
curving with the hinge-line, reaches the posterior extremity. Another 
strong ridge descends from the beak more abruptly to near the ven- 
tral margin and then proceeds parallel to the former ridge, until lost 
in the rostrated extremit\', lea\ing a wide deep fossa between them. 
Shell exhibits on the surface strong longitudinal lines of growth, 
arranged in triple series. Cast resembles the Pandora, and hence 
the specific name. Teeth scarcely visible, probably 10 anterior, 20 
posterior, long and slender. 

Battle  Creek,  Michigan. 

Revised descriptioii —Thin, opisthogyrate; \entral margin 
gently curved; anterior border curved evenly from beaks, 
more abruptly but evenly around anterior extremity, and 
evenly into ventral margin, giving a semiovate anterior 
outline; dorsal margin between beaks and posterior ex- 
tremity strongly conca\e upward; ])osterior end of shell 
extended, attenuated, ami sidjrostrate, its extremity sharp- 
ly roimded or subtiuncate. 

Vahes thin, greatest convexity in umbonal region. 
Strongly opisthogyrate beaks loeatetl near the midlength 
of valves, greatest thickness below beaks. Strong umbonal 
ridge, conca\e ii])ward, extends posteriorly from beaks, 
subparallel to dorsal margin, to posterior extremity. Be- 
tween mnbonal ridge and hinge line, in area not occupied 
by escutiheon, is distinct, elongate, flat area marked by 
prominent, sharp, but somewhat inegidar ridges sub- 
parallel to hinge line   (PI.  10, fig. 24) . 

Escutcheon small, lanceolate, weakly set off from flat, 
ridged area by indistinct curved ridge, and marked by weak 
imdulations perpendicular to hinge line (PI. 10. fig. 24). 
These undulations apparently reflect positions of teeth 
and sockets below escutcheon. 

Narrow, distinct ridge extends from umbo anteriorly 
along dorsal margin (PI. 10, fig. 23). Thin elongate in- 
distinct lunule-like area present between this ridge and 
\alve border. 

Thickening in shell produces internal ridge extending 
anteriorly  from  near  vential   |);irt  ol   ])osterior extremity 

(PI. 10, figs. 21,31). Ridge is lost about 1/3 of valve length 
from posterior extremitv. 

Taxcxlont dentition, long. thin, chevron-shaped teeth, 
convex toward umbo, present anterior and posterior to 
beaks, limited to central part of dorsal margin (PI. 10. fig. 
27) . Anteriorly, teeth extend about i/o of distance from 
beaks to anterior extremity. Posteriorly, teeth terminate 
about 1/^ of distance from beaks to posterior extremity. 
Maximum number of teeth counted anteriorly. 12. Maxi- 
miun number counted posterioily, 16. Small resilifer in- 
terrupts dentition below beaks, but small, reduced teeth 
may pass above this striictiae  (PI. 10, fig. 27). 

Stuface sculptiue of fine nonbifurcating, .sharp, concen- 
tric ribbing, which disa])|jears posterioily. not passing over 
posterior umbonal ridge (PI. 10, figs. 24. 25) and which 
becomes weaker on anterior part of valve. On mnbonal 
ridge only weak, indistinct growth lamellae are present. 
Above umbonal ridge are distinct but somewhat irregular 
ridges subparallel to hinge line on flattened area (PI. 10, 
fig. 24). 

Rrniark.s.—The wiitev has finished (19()5) a study of 
(eri.iin .\lississi|)pian. Pennsylvauian, and Permian forms 
belonging to the genus Polidevcia. This study will apjjear 
elsewhere. A detailed comparison of P. pandoracjorinis 
with closely related forms is deferred for the present. How- 
e\er some comments, pai ticiilat 1\ upon synonymy, seem 
apjjrojiriate. 

Species of Leda and XIK iiluna described from the Mar- 
shall sandstone present a difficult problem in nomencla- 
tiue. In lcS58 Stevens (p. 262) described three new species 
of Leda from the Marshall sandstone at Battle Creek, 
Michigan; L. densrnurnillala, L. niuulaeformi.s, and L. pan- 
doraeformis. The descriptions lack ])iecision, no figiues were 

pidjlished, and the types are apjjarently lost. 

Leda doi.si/Kiimllala is said b) Stevens to jjossess certain 
rather distinct structures, r.g., nearly terminal beaks, seven 
distinct pedal muscle scars, and 25 teeth, all of which are 
posterior. Subsequent to Stevens' description this form 
has not been re]:)orted from the Marshall sandstone or 
elsewhere by any worker. The writer, in examination of 
the Marshall collections at the University of Michigan, is 
not able to assign any forms to L. densmamiUata nor to 
determine the synonymy of that name. It appears that the 
name should be abandoned. 

Leda Jiuculaejoriuis is almost as poorly understocKl as the 
preceding species. Herrick (1888, vol. 4, p. 45, pi. 4, fig. 23; 
1889, pi. 2, fig. 23; 1893, pi. If), fig. 23) tentatively identi- 
fied it fiom the W'averly group at Newark, Ohio, and Girty 
(1915a,  p.  8fi.  ])1.  8,  fig.   14)   reported  another tentative 
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identification from shells in the Batesville sandstone of 
northern Arkansas. This form has not been siihsec|uently 

described or figured from the Marshall sandstone. 

The writer, in examination of the Marshall sandstone 
fauna, has found only a single species of the family Nu- 
cidanidae, Polidevcia paiulorueformis. Alexander Winchell, 
in his extensive work on the Marshall fauna, also en- 
countered only this one species of the family although he 

called it Lrda beUistriata. 

Tiie writer strongly suspects that Polidevda jxmdorae- 

formi.s is, in fact, the sole Marshall representative of the 
family. If this is true, the lost specimens described by 
.Stevens as Lcda nunihiefori/iis probably were misidentified. 
Stevens' description might easily fit certain of the Palaeo- 
neilos common in the Marshall sandstone. On the other 
hand, the specimens described by Herrick and by Girty 
may be correctly assigned to Nuciilann. 

Polidevcia pandoracjormis (Stevens) is clearly distinct 
from Nuculnna bcUistrinta (Stevens) [= Polidevcia bel- 
lisiriatii (Stevens)]. The former is distinguished by being 
thinner, commonly larger, and more opisthogyrate. The 
beaks of P. pandoraeformis are near the center of the 
valves, and it is at this point that the greatest thickness 
occius. In P. beUistriata the beaks are anterior to the middle 
of the valves, as is the greatest thickness. The anteiior mar- 
gin of P. beUistriata, as opposed to that of P. pandoraefor- 

mis, does not curve evenly into the iieaks, which aie slightly 
elevated above the anterodorsal margin. Concentric siu- 
face scidpture of P. pandoraeformis is fine ant! becomes 
weaker anteriorly, whereas that of P. beUistriata is some- 
what coarser and continues  anteriorly  witliout change. 

It appears that PoUdevcia beUistriata is limited to the 
Pennsylvanian and Permian systems, and its extension into 
the Mississippian is unsubstaniated. 

Winchell {in Safford, 1869, p. 144) described certain 
specimens, UMMP. No. 26731, from Hickman or Maury 
Coimty, Tetincssee, as Lcda beUistriata? These specimens 
have not been figured previously. Two of them are illus- 
trated in the present paper (PI. 10, figs. 35, 36) . They differ 
from PoUdevcia pandoraeformis in being less opistho- 
gyrate, having more anteriorly placed beaks, and possess- 
ing strong concentric surface ornamentation on the an- 
terior part of the valves. 

(iirty (1928, p. 121) suggested that Niieiihnia (Leda) 
spaltUala Henick, Nucnhnia (Leda) simiUs Herrick, and 
/.('(/(( paiidoriformis as figured by Hall (1885, pi. 47, figs. 
19, 50) may well be synonymous. This may, in fact, be true. 
However, none of these forms are here considered to repre- 
senl  i^dUdex'i ia pandoraeformis   (Stevens) . Aduli members 

of A', spalulata. N. siniiUs, and the specimens ligurctl as /.. 
pandoriformis h) Hall all appear to possess beaks whiih 
are anterior to the midlength of the valves. This is not true 
in PoUdevcia pandoraeformis (Stevens). It is noteworthy 
that immatme forms of the present species sometimes lack 
centrally situated beaks (PI. 10, fig. 17). Apparently the 
valves of this species become more opisthogyrate with age. 
Thus, the differentiation of immatme specimens jnesents 

considerable difficulty. 

Girty (1928, p. 121) suggested that "We do not at present 
know and ])erhaps never shall know what species Stevens 
wished to designate by L. pandoriformis [sic^, as his de- 
scription lacks precision on many points." He proposed 
that use of the name should be discontinued. Lcda pan- 
doraeformis was first reported from the Marshall sandstone 
at Battle Creek, Michigan. Because the specimens here 
described fit Stevens' original description fairly well, and 
because no closely related species are thought to be pres- 
ent in the Marshall sandstone, the writer chooses to retain 

Stevens' name. 

Types and occurrence.—The Stevens ty|)es of PoUdevcia 

pandoraeformis are presumed to be lost. The specimens 
from Moscow, Hillsdale Comity, Michigan, and Battle 
Creek, Michigan, which were described by Winchell 
(1862, p. 419), are preserved at the University of Michi- 

gan. They are, respectively, hypotypes (UMMP, Nos. 29465 
and 27762) . The specimens which Winchell described in 
1865 (p. 128) are hypotypes (UMMP, Nos. 35716, 35718, 
27053) . Of the.se only No. 27053 is here figured (PI. 10, 

figs. 29-31) . 

The writer figures as hypotypes UMMP, Nos. 44060 
and 44061 from Mosherville, Hillsdale County, Michigan; 
No. 44063 from Mo,scow, Hillsdale County, Michigan: and 
No. 44062 from Marshall, Calhoun County, Michigan. 

UMMP, No. 44059, from Mosherville, Hillsdale Coimty, 
Michigan, is here designated the neoty|)e. It woidd, per- 
ha])s, be preferable to choose a neotype from topotype speci- 
mens. Unfortunately, the only specimen from Battle Creek 
which is preserved in the University of Michigan collections 
is only a posterior extremity. This specimen, UMMP, No. 
27762, which was described by Winchell (1862, p. 419) 
is figured on Plate 10, figure 32. 

Three specimens of PoUdevcia pandoraeformis (UMMP, 
Nos. 44064-44066) from glacial drift at Kalama/oo, Michi- 
gan, are figined for comparison with Marshall forms (PI. 
10, figs. l(i, 18, 33) . The lithologic association of these speci- 
mens indicates that they probably originated in the Cold- 

water shale. 
Poliileviia l>aniU>raeforinis   (Stevens)   occuis in  ihe Mar- 
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shall sandstone of Michigan at niuncious localities in the 
southern jxiit ol the state and pioljably in (he Coldwater 
shale. No other occmrences ol the species are known to the 
writer. There are, however, closely related species in the 
Waverly group of Ohio: c.y., the sjieciniens described as 
Leda j>/iii(lorarforiiiis by Hall (1885, p. 332, ])1. 17, figs. 49, 
50). 

FAMILY SOLENOMORPHIDAE 
Genus PROTHYRIS Meek,  1869 

Prothyris Meek, 1869, p. 172; 1871, p. 8; 1872, p. 223; Hall, 1885, 
p. xl; Whidborne, 1896, p. 86; Clark, 1913, pp. 187-189; Elias, 
1957,  pp.  741-7+2. 

Type species.—Hy nu)n()[\|n inicl sui)sec|uent designation, 

Prothyris elegans Meek,  1871, pp. 8-9. ])1.  1, fig. 3. 
Reinarks.-Hun (1885, p. xli) , Miller (1889, p. 458) , and 

Whidborne (1896, p. 8()) included Prothyris in the family 
Prothyridae. Becau.se only Prothyris has been included in 
the Prothyridae, and because the distinctions between Pro- 
tliyris and Solenomorpha do not appear to be of familial 
rank, the writer follows Branson (1938, p. 77) , including 
Protliyris in the .Solenomorphidae. It shoidd be noted that 
Branson (1938, p. 77) was apparently not aware that 
Cockerell (1915. p. 8 1) changed the name Solenopsidae to 
Solenomorphidae because the generic name Solrnopsis w:is 
preoccupied. 

^\'hiclb(>rnc  (1896. p. 8(i)   said: 

There seems one discrepancy between the genvis [Prot/iyrisi as 
generally defined and the characters shown by English species; viz. 
that the notch in the latter is the termination of an elevated ridge 
running from the umbo, and not of a groove, as appears indicated 
by Meek, Hall, Zittel, Fischer, &c. Whether this points to a real 
difference I cannot say, but the character of the ridge in English 
species  is  clear. 

Meek (1871, p. 8). in his first cle;n definition of the 
genus, stated "... beaks depressed and \ery near the 
anterior end, with a small ridge usually extending from 
the anterior side of each to the corner of the anterior mar- 
ginal notch . . . ," thus emphasizing the im])ortance of the 
anterior ridge as a generic character. 

Zittel (1885, p. 128) did not describe the genus, and 
Hall (1885, p. XI), in his generic description, did not 
comment on the jjresence or absence of an anterior ridge 
or groove. Howe\er. in the same publication, H;dl (])p. 
460-462) included foin s])ecies in the genus Protliyris. Iwo 
of these, Prothyris pUiuuhita Hall iind Protliyris tiliila Ihill 
have a distinct anterior groove terminating in an anterioi 
notch. In the other two, Prothyris lanccolata Hall and Pro- 
thyris exuta Hall neither an anterior ridge nor an anterior 
groove apjjear, from Hall's plates, to be present. 

Fischer (1887, p. 1111) apparently believed that an an- 
terior oroove rather than ;in anterior ridge is characteristic 
of Prothyris. He said   (p.  1111)   in his generic description. 

"... .Sonnnets deprimes, subterminaux, avec im petit 
sillon decmrcnt. s'etendant  jusqn'a rechancrure .  . . ." 

The wiiter believes that the inclusion of forms with an 
anterior groove in Prothyris is unjustified and has led to 
confusion, particularly among Einopean workers, as to the 
nature of this American genus. Meek's original definition 
of the genus clearly indicates that he considered an an- 
terior ridge as an im])ortant characteristic. It is probable 
that the forms with anterior grooves, notably the Devon- 
ian forms discussed by Hall (1885, pp. 460-462), will ulti- 
mately be designated as a new genus, but further consid- 
eration of these species is beyond the scope of this jjaper. 
Furthermore, the limitation of Prothyris to those forms 
possessing an anterior ridge eliminates possible confusion 
with the genus Orthonota (Conrad, 1841, pp. 50-51) , which 
has no such ridge. Prothyris also differs from Orthonota in 
the natine of its posttnnbonal slope, which is without 
strong folds shown to be jjresent in Orthonota by Hall 
(1885, pp. 478-479, pi. 78, figs. 34-42). 

Elias (1957, pp. 741-742) may well be correct in his be- 
lief that Prothyris is a subgenus of Solen but for the pres- 
ent, the writer chooses to retain Prothyris as a generic term. 

Prothyris rectidorsalis (Winchell) 
Plate 11, figures 1-9 

Ort/ioiiold nutiJorsalis Winchell, 1862, p. 414, in part;   ?Herrick, 1888, 
3, p. 65, pi. 9, fig. 6. 

Prothyris paraltcta  Hyde,  1953,  pi. 43,  figs. 4-6, innii. iiuJ. 

Orij^inal description.—(WinLhell, I8()2, p. 414). 
Shell of moderate size, tumid, elongate transversely with subterminal 

beaks and gaping extremities. Hinge margin straight, reaching nearly 
to the posterior extremity of the shell, somewhat elevated; ventral 
margin straight, and parallel with the dorsal; posterior extremity 
truncately rounded, making with the dorsal margin an anterior angle 
of 105°; anterior end slightly gaping two thirds the width of the 
shell, rounded abruptl\' abo\e, gradually below; beak scarcely ele- 
vated above the dorsal line, flattened, incurxcd, with a conspicuous 
lunule in front; umbonal swelling running to the lower posterior angle. 
Hinge apparently edentulous and simple; pallial and muscular im- 
pressions undiscernable ; a deep groove runs from beneath the beak to 
the anterior extremity, which interrupts the concentric lines shown on 
the interior of the shell. The cast shows five or six very faint lines 
diverging from the beak along the superumbonal slope. 

Length 1-48 (100); height -44 (30); convexity of right valve '10 
(7);  length of anterior end   '25   (17). 

Locality.—Moscow,   Hillsdale   county. 
This shell agrees tolerably well with Orthonota, as modified by 

McCoy. The gaping extremities and general outline perhaps indicate 
affinities  with  Solen.- 

-McCoy (1855, p. 274) redefined Orthonota as having a " . . . 
very deep, large lunette." He included three species possessing such 
lunules but, through his redefinition of Conrad's genus as lunulate, he 
excluded the subsequently designated non-lunulate type species, Ortho- 
nota uiuiutiita. In 1885 Hall designated Orthonota uiidulata as the 
type of the genus stating (p. xlv) that "... Mr. Conrad always 
regarded [Orthonota uiuiidala] as the typical species of the genus." 
Hall pointed out that "The anterior end is without a lunule, and 
the valves continue in a straight line beyond the beaks." 

Rciiist'd description.—The following descri])tion is based 
on three specimens from the Marshall s;indstc)ne, one right 

valve and two left valves. 
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Shell solenoid, slightly tuniicl, equivalved, inequilateral, 
length sliglitly more than three times height; ventral and 
dorsal margins subparallel. height being slightly greater 
posteriorly; dorsal margin straight posterior to beaks, 
slightly depressed anterior to beaks; ventral margin straight 
or very slightly sigmoiclal; posterior margin diagonally 
truncate, forming an angle of approximately 110° with the 
dorsal margin, abruptly rouniled \entrally: anterior margin 
rounded upward from ventral margin, notched (PI. 11, 

fig. 3). 

Valves gaping anteriorly and posteriorly, convexity of 
valves becoming less in posterior part. Beaks 1/5 to 1/6 of 
shell length from anterior entl. small, depressed, well de- 
fined. Moderately well-defined umbonal ridge. Postumbon- 
al slope marked by two shallow grooves radiating from 
the umbonal region. These may be ill-defined or suffi- 
ciently distinct to give rise to a weak ridge between them. 

General convexity of valves reversed immediately below 
the dorsal margin posterior to the beaks, making a mu- 
cronate keel of the hinge line throughout its major extent. 
Internally the reversal of convexity is sharper than extern- 
ally, being marked by a distinct flexure of the valve. Slight 
sigmoidal character of ventral margin is a reflection of 
gentle, broad sinus ventral and anterior to the umbonal 

ridge. 
Prominent notch in anterior margin is the termination 

of distinct ridge extending from the anterior limit of the 
beaks to the anterior shell margin (PI. 11, figs. 3, 8). Ridge 
nearly straight, more pronoimced anteriorly, reflected both 
externally and internally, and forming an angle of approxi- 
mately 150° with the postiunbonal dorsal margin. Neither 
lunidc nor escutcheon jjresent. 

External and internal surface marked by niunerous irreg- 
ular concentric growth lines. Superimposed on growth lines 
externally are nimierous fine concentric striae and more 
widely spaced radial scid|)tiue, giving the shell a semiretic- 
idate appearance   (PI.  11, fig. 5). 

Rniiarks—In 1862 (p. 114) Winchell described a new- 
species from the Marshall sandstone as OrUtonoUi rectidor- 
saJis. Winchell's types of this species are lost. However, a 
number of specimens bearing labels written by R. A. Sinith, 
and presinnably copied from lost Winchell labels (G. M. 
Ehlers, personal communication) , have been examined. 
For example, two specimens, UMMP, Nos. 43058 and 
43059, from glacial drift at Grass Lake, Jackson County, 
Michigan, were labeled Orthonota rectidorsalis by Smith. 
One of these, UMMP, No. 43059, is an luifigured hypotype 
of Splinioliis obliqiiiis. 

It   should   be  pointed   oiu   that  'W'incheirs  description 

(1862, p. 414) of O. rri tidorsalis appears to discuss char- 
acters of both Prolliyris and Sphcnotus obliqiiiis. The ele- 
vated hinge, posterior margin, and anterior gape inentioned 
by him are all characteristic of the present species, Pro- 
Ifiyris rectidorsalis. He also desciibed a lunule and radial 
sculptme on the postiunbonal slope, which are characters 
referable to Sphcnotus obliqiiiis. No specimen found by 
the writer in the Marshall sandstone collection of the Uni- 
versity of Michigan exhibits all of these characters. Due 
to the confusion of specimens, absence of types, and lack 
of original illustiations it might be desirable to abandon 
the name Orllioiiola rcctidcnsalis. However, Herrick (1888, 
vol. 3, p. 65, pi. 9, fig. 6) a|5plied the name to specimens 
which, from his description and figure, are apparently 
assignable to Prothyris. 

The writer chooses to retain the trivial name rectidorsalis 

in reference to the specimens here described as Prothyris 
rectidorsalis. Herrick (1888, vol. 3, p. 65, pi. 9, fig. 6) was 
probably discussing conspecific shells. Winchell (1862, 
p. 414) was discussing this species as well as certain mem- 
bers of Sphoiotiis obliqiiiis. 

M. F. Marple edited and published (1953) the work of 
[esse E. Hyde on the Mississippian formations of Central 
Ohio after Dr. Hyde's death in 193(). In this publication 
(pi. 43, figs. 4-6) certain fossils named Prothyris paraUela 

are figured but not described. No description of these 
specimens was ever published. The name is, therefore, 
invalid, being a noiiicii niidiiin. Unfortimately, the speci- 
mens from which the figines were taken have been sub- 
sequently lost. 

The three figiues of Prothyris piiriillcla Hyde noin. niid. 
appear io shciw internal molds. There are ninnerous simi- 
larities with Prothyris rectidcnsiilis. The general outline, 
cmvature of the anterovential margins, dej^ressed beaks, 
iHTibonal slopes, subjiarallel dorsal and ventral margins, 
and anterior ridges are all similar. The angle between the 
posterior margin and the clois;d margin appears to be 
somewhat greater in Dr. Hyde's specimens than in the 
writer's. This difference is not considered sufficient for 
specific differentiation. Dr. Hyde's specimens are here 
placed in Prothyris rectidorsalis. 

Prothyris rectidorsalis is characterized by its distinct an- 
terior ridge and associated byssal notch, nearly parallel 
dorsal and ventral margin^, the shallow diagonal grooving 
on its postumbonal slope, the reversal of valve convexity 
immediately below the dorsal margin, and by its surface 
ornamentation. 

The species differs from Prothyris clegans Meek in pos- 
sessing a more disiinct umbonal ridge, less depressed beaks, 
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and an anterior ridge which is threclcd more forward and 
not so much in a ventral direction. The species are similar 
in that tiie\ both possess sidajjarallel \entral and dorsal mar- 

gins. 
Prothyris rectidorsalls is longer, relati\e to its height, 

than any other species of Prothyris. The specimens imder 
examination have lengths approximately 3.2 times as great 
as their heights. ProtJiyris clcgaiis Meek and P. lanccohiln 
Hall approach P. rectidorsalls most closely in this respect, 
both ha\ing lengths approximately 3.0 times their heights. 
Most other species, r.y., P. (data Hall, P. scalprata Whid- 

borne. P. plaiiiilata Hall. P. rxiita Hall. P. jessieae (Miller 
and Gmley) . P. iiwelii Meek. P. coulorta Whidborne, and 
P. bergicu Dre\ermann, ha\e lengths from 2.1 to 2.7 times 
their heights. 

Types and occurrence.—W\ type specimens described by 
Winchell, Herrick, and Hyde are belie\ed to l)e lost. The 
writer designates as neotype, UMMP, No. 36825, a left vahe 
from the Marshall sandstone at Marshall. Calhoim C:oiinty. 
Michigan. Hypotype, UMMP, No. 37297. is an internal 
mold of a right valve from Moscow, Hillsdale County, 
Michigan, and hypotype, UMMP, No. 43058, is a right 
vahe from glacial drift at Grass Lake, Jackson Comity, 
Michigan. 

Prothyris rcctidorsalis (Winchell) is foimd in the Mar- 
shall sandstone of Calhoun and Hillsdale comities, Michi- 
gan, and in the VV^averly group of Licking Comity, Ohio, 
and the up|jer jjart of the Black Hand member in \'in- 
ton County, Ohio. 

Genus SANGUINOLITES McCoy, 1862 

Sanguinolitcs McCoy, 1862, pp. 47-+8; Hind, 1900, pp. 361-366; Wil- 
liams & Berger,   1916,  p.  130. 

Type species.—By original designation of MCC^ON' (18()2, 

p. -18) , Sanguinolitcs angustatus  (Phillips) . 

Sanguinolites ? herricki, sp. nov. 

Plate  15, figures 1-18 

fSanguinotitrs unioniformis Herrick 1888, vol. 3, pp. 67-68, pi. 9, 
figs. 5, 7-9 (in part). Aon Sanguinolitis unioniformis Winchell, 
1862, pp. 414-415. 

Description.—The following descri|)tion is based on 
two specimens from the Marshall sandstone at Battle Creek. 
Calhoun CJounty, Michigan, and eight specimens from 
Holland, Ottawa County, Michigan. 

Shell ecjuivahed, elongate, subcjuadrilangular in outline, 
length equal to ajjproximately twice the height, ventral and 
dorsal margins subparallel slightly higher posteriorly. 
Dorsal margin rectilinear or nearh rc'( lilincar posterior 
l() hc.ik. .Viilciior lu.ngin dcMcnds sii.iipK fioiii bt-jk. 
makes  angle  ol   .ijj|)i()\iinau-l\    I 10     wilh   dorsal   margin. 

Ventral margin subrectilinear or slightly sigmoidal, roinided 
abruptly upward into anterior margin. Posterior border 
evenly rounded. 

Prosogyrate, beaks depressed, jilaced above hinge line, 
near the anterior extremit) of \alves. Umbonal ridge dis- 
tinct on most sjjecimens. Lanceolate escutcheon extends 
from lielow beaks to posterior angle, bounded by an in- 
conspicuous ridge (PI. 15. figs. S, Ifi). Postumbonal slope 
slightly convex, becomes subalate posteriorly. 

In dorsal view, greatest gibbosity is posterior to beaks 
but anterior to mid-length of valves. Valves taper evenly to 
jjosterior margin. 

Edentulous: anleiioil), \alves become thickened to form 
base for muscle attachment; thickened area sharply defined, 
limited to area anterior to beaks (PI. 15, fig. 17). Within 
thickened poition of \ahe two well-defined muscle scars 
present: heai t-shajjed. dee|)ly incised, anterior adductor 
situated iie;u- \;d\e extremity, elongate-oval accessory 
muscle scar jjresent immediately adjacent to anterodorsal 
margin between Ix-aks ;ind anterior adductor scar (PI. 15, 
figs. 2,  14). 

.Smface ornamentation of iriegular concentric undida- 
tions of valve. On postumbonal slope approximately four 
weakly developed radiating ribs present on most specimens. 
These ribs are not uncommonly reflected internally. 

Remarks.—\n general form ;ind ajipearance Sanguino- 
lites? herricki closely approaches the species here assigned 
to Parallelodon (Cosnietodon). It may be distinguished 
from these by absence of the distinct dentition character- 
istic of that genirs, by the ])resence of a strong umbonal 
ridge, and ijy the occiurence of a distinct accessory muscle 
scar immediately above the anterior adductor. The acces- 
sory muscle scar of Sanguinolitcs was emphasized as a 
generic character by Williams and Breger who stated (1916, 
p. 130), "Sanguinolites McCoy, 1844 (not De Koninck, 1885 
=S]3henotus Hall, Mostly), is like Sedgwickia but very 
long drawn out transversely; gaping behind, not in front, 
and with a distinct retractor muscle impression above the 
strongly marked anterior cicatrix." 

The present species might also, on general form, be 
;issigned to Modloniorpha. I'his genus, howe\'er, pos- 
sesses two cardinal teeth on the left \ahe and one on the 
right valve. No dentition has been foimd in Sanguinolitcs? 
herricki. 

The specimens of Sanguinolitcs iniionijorniis figured by 
Herrick (1888, vol. 3, pp. 67-68, pi. 9, figs. 5, 7-9) appear 
to ha\c' been lost. .Miliotigh Ileiiick's figure 7 seems to be 
clisinul lioiii the |)rcseiil species, his ligiues 5, 8. ;ind 9 
sliow  ,1  good   deal  of siniilarity   to  it.   Herrick's specimens 
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are larger ihau those IOUIKI in tlie Marsliall saiulslone, 
and the two groups of shells can only Lentatixely be con- 

sidered synonymous. 
Sanguinolites? herricki is distinguished I'rom Sauouitw- 

lilcs? burlingtonensis Worthen (1890, pp. 129-130, pi. 20. 
figs. 8, 8a) by the smaller size, less alate posterodorsal mar- 
gin, and straight or nearly straight cardinal margin of the 
former as opposed to the posteriorly elevated cardinal 
margin of Sanginnolites? burlingtonensis. 

Edmondia? angusta de Koninck (1885, pjx 50-51. pi. 13, 
fi.gs. 6, 7) appears, from De Koninck's figiues, to possess a 
lanceolate escutcheon. This character, if present, would 
indicate that the species does not, in reality, belong to 
Edmondia. In certain respects this species is similar to 5a?7- 
giiinolilfs? Iicrrifki. The ]jresent species may be distin- 
guished Ijy its more anteriorly situated beaks, its relatively 
greater height posteriorly, ami by the fact that, in dorsal 
view, the greatest gibbosity is in a inoic aiuerior poitiou 

of the valves. 
Types and ofv inrr-MCY'.—UMMP. No. I.30IS. an internal 

mold 1)1 a right \alve from the Marshall sandstone at Hol- 
land, Ottawa County, .Michigan, is he>e designated holo- 
type of Sanguinoliles? herrieki. Figined ]>arat\pes, UMMP, 
Nos. 43050, 43052, 43053 are also from Holland. Figured 
para types, UMMP, Nos. 31717 and 37351, resjiectively a 
right and left valve, are from Battle Cjeek, Calhoiur Comity, 
Michigan. Unfigured paratypes, UMMP. Nos. 43049, 43051, 
43054 and 43055 are all from Holland, Michigan. 

Sanguinoliles? herricki occiu's in the Marshall sandstone 
of Ottawa and Calhoim Counties, Michigan, and has prob- 
ably been recorded by Herrick (1888, vol. 3, p. 68) from 
"Shale 4 feet below C'ongl. I, at 'Dugway,' Ciran\ille, Ohio." 

Sanguinolites unioniformis Winchell 
Plate 11, figures 10-33 

Saiiguiiinlitfs utiioniformis Winchell, 1862, pp. 414-+15. Nnil Saiiguino- 
litrs unioniformis Herrick, 1888, vol. 3, pp. 67-68, pi. 9, figs. 5, 7-9 
{^Sanijuinohtrs hcrnckt in part). 

Original   description.-{WimheU.    lS(i2,    pp.   414-415). 

Shell small, compressed, tran\ersely ellipsoidal, with subterminal 
beaks. Hinge line straight, a little shorter than the shell at both ex- 
tremities; hinge consisting only of a long, sharp, laminar tooth be- 
hind the beak. Anal margin oblicjuely subtrtincate, as also the siipero- 
buccal region; ventral border very slightly curved. Beaks subter- 
minal. flat, not projecting beyond the dorsal line, .\nterior muscular 
impression circular, deep, behind which is a cla\'icular process ex- 
tending from beneath the beaks, at right angles with the dorsal line, 
half way across the valve. Cast nearly smooth, but marked by a few 
concentric undulations. Shell very thin, marked simply with fine in- 
cremental  lines. 

Length 8+ (100); height 39 (46); convexity of one valve 11 
(13);  projection of anterior extremity beyond beaks    12  (14). 

l.oiality.—Sec. 29 Moscow,  Hillsdale county. 

Revised description.—EquiviiU'inl. luighl ;ip|)roximately 
1/4 of length, dorsal and ventral maigins subjjarallel; dor- 

sal border stiaighl or slighll) ciu\ed. declining jjosleriorly. 
Ventral margin straight or slightly sinuous; posterior end 
nearly e\enly roimded but more gently curved above than 
below; jjosterior \al\e extremity situated below micl-height 
of valve; anteriorly, \entral margin curved regidarly up- 
ward to valve extremity; anterodorsal margin concave. 

Prosogyrate, beaks situated approximately 1/5 to 1/6 of 
shell length from anterior extremity, not rising above dorsal 
margin. Umbonal ridge broad and indistinct. AV'eak, broad 
sulcus extends from beaks postero\entrally, accounting for 
slight sinuosity of ventral margin. Dee]), sharjsly defined, 
narrow, lanceolate escutcheon extends jjostciiorly from 
beaks (PI. 11, fig. 33). Margin of escutcheon distinctly 
marked by overhang of normal shell m:iterial above the 
escutcheon arc;i   (PI.  II, ligs.  10, 23. 33). 

Anterior adductor muscle scar prominent, subtriangular, 

deep, situated subterminally. adjacent to the conca\e an- 
terodorsal margin (PI. II. figs. 13, 15. 17. I'.l, 21). Behind 
anterior adductor is a strong, narrow ridge extending ven- 
trally from dorsal margin to the pallial line, which is entire 
(PI. II. fig. 21) . Small elongate retractor nuiscle scar pres- 
ent immedialely adjacent to anteiodoisal margin between 
anterior adduclor scar and beaks. Postcrioi adchidor not 
obser\'ed. 

Probably cdenlidous. Hinge margin ihiikenecl below 
beaks and escutcheon but neither teeth nor sockets arc ap- 
parent   (PI. II. figs. 10, 23). 

Sinfate st iilptme of somewhat irregular (Diuentric luuhi- 
lations and line, closely and regularly spaced, concentric 
striae (PI. 11, figs. 28, 31) . Surface scidpture not commonly 
reflected internally. 

Remarks.—Sanguinolitis unionifortnis is characterized by 
its prominent anterior adductor scar and associated ridge, 
elongate retractor scar, the absence of a strong imibonal 
ridge, and by its sharply defined, lanceolate escutcheon. 

The pre.sent species may be distinguished from Splienotus 
obliquus (Meek), which it aj^proaches in size and general 
shape, by the above mentioned characters as well as by the 
absence of the linear sin face nodes which ;nc |)rcsent in 
S. obliijuiis. 

There is close resemblance between Siniguiiioliles iinioni- 
joriiiis and Splienotus aeolus (Hall) . This is jjai ticidarly 
marked il comparisons are made between Meek's illustra- 
tions (1875, pi. 16. figs. I;i, b, c) and those of the jjiesent 
paper, notably Plate II, figines 29. 30, 31. Of his illustra- 
tions Meek said (1875, p. 308), "Om- figures and descrip- 
tions are from some of the original typical specimens of 
the species, oi at leasi IIKII \vere labeled ;uul uunncd lo Dr. 
Newberry, with  the  name aitached,  b\   the .iialioi   oi   the 
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species." The \\'ritei has examined one of the s|jeciniens ol 
Sphrnolus acohis figured by Hall (1885, pi. 66, figs. 33, 35) . 
It differs from the ])iesent species in possessing a much 
stronger iimbonal ridge, a more truncate posterior margin, 
more gibbose form, and in lacking the sliarply defined 
escntcheonal borders of Saiiguinnlitcs !mio)iifor»iis. If 
Meek's sjjecimens and the one figured f)y Hall are tonspe- 
cific. it follows that Meek's specimens are not conspecific 
with the ])resent species. Finther work will be necessary to 
resolve the lelationships of 5', iiiiioniformis and Sphcnolus 
aeolus. 

The hinge of both \alves oi Sani^tiinnlitcs iiiiiotiifnruiis 
is illustrated in Plate 11, figures 10, 23, These lateral views 
cleaily ilhistiate normal shell material overhanging the 
escntcheonal area. In lateral view the floor of the escutch- 
eon, which is .somewhat thickened, can be mistaken for a 
long lateral tooth. The writei believes this sjjecies to be 
edentulous. 

Types and oci ttrrciuc.—'Y-wo of VVinchell's primary types 
of Sanguinoliles iniioiiijormis have been examined by the 
writer. These were consideiecl syntypes by Winchell. 
UMMP. No. 26899 is here designated lectotype and No. 
44166 jjaralectotype. Both of these sjjecimens are frcjm the 
Marshall sandstone at Moscow, Hillsdale County, Michigan. 
Three other specimens from Marshall, Michigan. LIMMP. 
Nos. 44167-44169. are considered as hypotypes. IIM.MP. 
Nos. 44170-44172. three specimens from Rattle Cheek, 
Michigan, are also regarded as h)potypes, 

Saiigiiiuolitcs u»ionifor?nis occurs in the .Marshall .sand- 
stone of Hillsdale and Cialhoun C^oiuities, Michigan. A 
closely related, or possibly identical, foim has been de- 
scribed by Meek (1875, pp. .W7-3()8, pi. Hi, figs. la. b, c) 
from the Waverly group in Medina County, and at Newark, 
Ohio. 

Genus SPHENOTUS Hall, 1885 

Sf>/iinolus Hall, 1885, p. 33; Beushausen,  1895, pp. 213-214;  McAlcster, 
1962,  pp, 61,  62. 

Typr Species.—By subsequent designation, Siiinj^iiniolili-s 

arcaelormis Hall and Whitfield  (Miller. 1889, p. 513). 

RcriKirks—Hind (1900. p. 3()3) said that "The genus 
Splieiioliis. H;dl. ;i|jpeais to me to be mniecessary, as the 
gener;d characters of the genus are identical with Saiii^iiiiu)- 
hies." However, as defined by Hind, the genus Saiiguino- 
liles includes a group of shells with widely differing char- 
acteristics. Hall (1885, p. 33) stated that the ligament of 
Sphenotus is ". . . contained in a slender groove along the 
cardinal line." This character, clearly present in the well- 
picsened specimens of Spliciiotiis ohlnimis which .iic dis* 
(iissed below,  in association with ;i well-deiined  iiniixmal 

ridge ;ind the absence of a retractor muscle scar ijetvveen the 
beak and anterior adductor scar, is considered to be suffi- 
ciently definitive for generic differentiation. It is note- 
worthy that the species discussed below does not ]>ossess a 
median ridge on the postumbonal slope, a character com- 
monly present in typical species of the genus. 

Sphenotus obliquus (Meek) 

Plate  12, figures  1-19 

Satiguinolilcs/ obliquus Meek,   1871,  pp.  69-70;   1875,  pp.  306-307,  pi. 
16, figs. 2a, b. 

Sanguinotitcs obliquus Herrick,  1888,  vol. 3, p. 70. 
fSanguinoliles   naiadiformis   Winchell,   1871,   p.   255;   Herrick,   1888, 

vol. 3, p. 71, pi. 9, fig. 3 ;  pi. 4, fig. 2  ( ?) ;  pi. 23, fig. 18. 
Sphenotus obliquus Hyde,  1953, pp. 309-310, pi. 39, figs. 4, 5. 

Rer'ised dcsrriptioii.—Equi\iiUed. inecpiihiteral, elongate, 
sulitrapezoidal bi\alve: length appioxinKitely 2.5 times 
height; beaks :ipproxim;itely 1 8 of total length from an- 
terior extremity; dors;il m;iigin straight or slightly arched, 
abru|jtly curved into posieiicn- margin, which is subtrinicate 
above ;md evenh roiuided below; \entr;d margin straight 
or slightly sinuous, cinving e\enly into anterior margin: 
border markedly concave between beaks and anterior ex- 
tremity of \al\'es. 

Beaks dejjressed, inciMved, not rising above dorsal mar- 
gin. Valves moderately convex, marked by prominent, 
;ii)niptly rounded, innbonai ridge extending from beak to 
postero\entral extremity. Broad shallow sulcus extends 
from innbonai region to ventral margin across central part 
of valve below umbonal ridge, giving rise to somewhat sinu- 
ous ventral border. 

Heart-shaped liniule-like area anterior to beaks. Pos- 
tericjrly, elongate escutcheon, delineated by distinct border- 
ing ridge, extends along dorsal margin (PI. 12, figs. 1, 2, 
6. 15) . Preserved within the escutcheon on some specimens 
is a distinct, narrow, elongate groove extending jjosteriorly 
from the be:iks, subparallel to hinge line, reaching ap- 
jjioximately to mid-length of valves (PI. 12, figs. 1, 2, 6). 
This groo\e apjjarently served for ligamental attachment. 
Below the escutcheon, valve margin is thickened, gi\ ing rise 
to an escutcheon-like depression in natural internal molds 
(PI. 12, fig. 15). 

Anterior adductoi muscle scar pieser\ed on some s|jeci- 
niens, situated sidjterminally, below liniule-like area (PI. 
12, figs. 7, 9), delineated by nariow ridges, which appear 
as grooves on internal molds, anterior and jjosterior to scar. 
Posterior adductor not observed. Dentition not observed. 

Surface ornamentation complex, observed on a single 
specimen, consists of fine, irregular, concentric growth 
stiiae and more prominent, iiieguhn. conceniiic nii(hd:i- 
tions. The latter are usually preserved on  intern;d molds. 
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Four distinct cieniilated lidges extend radially across post- 

iimbonal slope (PI. 12, fig. 5) . The most ventral of these 

lies on the umbonal ridge, the other three being evenly 

spaced between the imibonal ridge and dorsal margin. Be- 

tween these crenidated ridges the fine, concentric growth 

striae are nearly straight and regularly arranged. 

Small distinct nodes present on ])osterior |)art of shell 

(PI. 12. figs. 4, 5) . These are arranged in distinct radiating 

lines below umbonal ridge anti apjjear to become less 

stioiigly developed anteriorly. Between crenulated ridge on 

umbonal ridge and the next higher irenulated ridge, the 

nodes are irregularly arranged. On more dorsal ]3arts of 

\al\e, nodes are absent. Along ventral margin on posterior 

jjart of valve, extremely fine ridges are present connecting 

nodes of one radiating line with one or more nodes in 

adjacent radiating lines (PI. 12. fig. 1). These are tenta- 

tively considered to be of organic oiigin. 

Remarks.—Sphenotus obliqiius is similar in certain re- 

sjjects to the form described as Sniii^^ii/nDliIrs tricostatiis 

(Portlock) by De Koninck (1885. pp. 81-85, pi. 15, figs. 

14, 15) . The size, general sha]je, ridges on the postimibonal 

slope, and surface ornamentation of nodes and concentric 

sculpture are ])oints of correspondence. Spltcuotus obliqiiiis 

may be distinguished by possessing foiu, rathei than three, 

ridges on the postimabonal slope, and the fact that thp 

ridges ap]jear to be more weakly developed. The nodes on 

Splirnolii.s obllquiis are not due to a leticidated |)attern as 

they are in Sphenotus tricosUitus and the anterior extremity 

of S. tricostatus appears from De Koninck's figines to be 

more evenly rounded than it is in the present species. 

In 1871 W'inchell (j). 255) described the species San- 

i^uiuoUtcs udinilijoruiis. 1 he onlv specimen extant (UMMP, 

No. 26747) from Hillsdale, Michigan, has not previously 

been figmed (PI. 12, figs. 18, 19 of the present pajjer) . This 

specimen, though poorly preser\ed. is less convex and 

po.sse.sses a less prominent mnbonal ridge than in typical 

members of Sphenotus oblujuus. These differences are 

ihougiu to i)e due to compaction. No clearly definitive char- 

acters are j^resent by which .S. luiiailiformis W'inchell may 

be differentiated hon\ Spheiinliis obJujuiis (Meek) . They 

aie here tentatively considered to he c<)ns|)ec ific. 

Ii seems likely that Herrick (IS.SS. vol. .'i, p. 71. pi. I, fig. 

2; pi. 9, fig. 3; 1893, pi, 23, tig. 18) was dealing with the 

jjresent species. The specimen figmed by him (1888, vol. 3, 

|)1. 9. fig. 3) shows a similar general shape. Finthermore, 

his 1893 illustration (pi. 23, fig. 18) shows faint radiating 

lines on the postimibonal slope. These might well corres- 

jiond to the laclialing. crenulated ridges found DU die pres- 

ent   species.   Below   the   umbonal   lidgc   in   this   liguie.   the 

radiating lines shown by Herrick might be inler|)rcted as 

representing the radiating series of nodes of the present 

species, particidarly since they seem to disappear anteriorly. 

There is some similarity between Splienotus obliqiiiis 

and S(nii^in)iolites webslerensis Weller (1899, pp. 36-37, pi. 

3, fig. 7). Hyde (1953, pp. 311-312) pointed out that .S. 

websterensis jjossesses three incons])icuous ridges above the 

mnbonal ridge on the ]jostimibonal slojje as well as radi- 

ating lines of tubercles \vhich are most prominent on the 

posterioi' two-thirds of the shell. Splicuntus obliqiiiis may be 

distinguished by its nearly parallel dorsal and ventral bor- 

ders as well as by the more abruptly iriuicalcd posterior 

margin. In Saiii^iiiiiolites websterensis the shell is markecUv 

highei and the postcrc5\entral border more evenly roimded. 

Furthermore, the anterior border of .S. websterensis does not 

appear to exhibit the marked concavity between beaks and 

extremity which marks Sphenotus obliqiius. The radiating 

nodes of Sana^iuiiolites websterensis are demonstrated bv 

Hyde (1953, pi. 43, fig. 12) to cover most of the |K)stum- 

bonal slope. This is not true in Sphenotus obliqiius, in 

which radiating nodes are largely limited to the region be- 

low the imibonal ridge. Despite these differences there can 

be little doubt that these two species are rather closely 

related to one another. 

Hyde (1953. p. 312) distinguished S. websterensis from 

SanguinoUtes obJongus Hind (190n, pp. 396-398, pi. 43, 

figs. (), 7) only by the better's parallel dorsal and ventral 

borders. .S'. oblongus may be distinguished from the pres- 

ent s|jecies by its moie roimded and less truncate posterior 

border and by the absence of any sharply concave area be- 

tween beaks and anterior margin. 

Sphenotus obliqiius is perhaps most closely related to 

Sphenotus aeolus described by Hall from the \\ averly group 

of Licking County, Ohio. The writer has examined one of 

the specimens illustrated by Hall (1885, pi. 66, figs. 33, 

35) from this locality, as well as Hyde's (1953, pi. 39, fig. 

4) specimen of ,S'. obliqiius, refigured on Plate 12, figure 17, 

of the present |)a|jer. Hyde (1953, pp. 307-310) emphasized 

that, in Ohio, specimens of S. aeolus and .S'. obliqiius are 

commonly crushed, leading to difficulty in differentiation 

of the two s|)ec ies. 

The Maishall sandstone s]jecimens are commonly not 

crushed. They are identical with the imcrushed specimen 

of S. obliquiis figured by Hyde (PI. 12. fig. 17 of present 

paper) but differ significantly from Hall's specimen of S. 

aeolus. 

Hyde (1953. p. .309) stated that Splienotus obliqiius is 

"Like S. (leoliis Hall. exce|)i thai the shell is slighih longer, 

.Mid (he dois.d iiKiigiii is IIIDIC nearly parallel to ihe \ential 
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margin and not declining. Beaks a little neaiei the anterior 
end. Umbonal ridge a little more prominent and postimi- 
bonal slope broader." 

Comparison of Hall's type specimen of S. nrolus with 
Mai shall sandstone specimens of S. ohliquiis indicates that 
5. obliqiitis may, as suggested by Hyde, be distinguished b' 
its greater relative length, its nearly parallel dorsal and 
\entral margins, and ])articidarly by its broader postimi- 
bonal slope. The writer's obser\ations. howe\er, indicate 
that unrbonal ridges in the two sjjecies are of approximately 
equal strength, and that the beaks of S. obliquiis, contrarx 

to the statements of Hyde (1953, p. .W9) anti Meek (1875, 
p. .307) , are located more posteriorly than in S. acohts. 

T\'l>cs and orr/rrrc^rc—The priniaiy type material of 
Sphcnolti.s obliquiis (Meek) is reported from the iippei- 
jjart of the ^\'a\erly group at Rtishville and Newark, Ohio. 
The writer considers hypotypes the following specimens 

from the Marshall sandstone: UMMP. Nos. 14071-14077, 
43059. Nos. 44071 and 44072 are from Battle Creek, Michi- 
gan. Nos. 44073, 44074, and 44077 are from Marshall, 
Calhoim Comity, Michigan: Nos. 44075 and 44076 (inifia- 
ined) are from Hillsdale County, Michigan; and No. 43059 
(unfigmed) is a drift specimen from Grass Lake, Jackson 

Comity, Michigan. 
The specimen described by W'inchell (1871, p. 255) as 

Saui^uinolitrs naiadijormis from Hillsdale. Michigan. 
(UMMP, No. 2fi717) is here consitlered as probably syn- 

onymous with the abo\e mentioned specimens but. because 
it is jjoorly j^reserved and probably crushetl, it is not used 
as a basis for the revised description of SpJiruotus oblKjiiiis 

(Meek) . 
In sinnmary, Sphcnotiis ohliqiius (Meek) occms in the 

Allens\ille member of the Logan formation near Newark 
and at Rusli\ille, Ohio, as well as at \arious localities in 
the Marshall sandstone of Calhoun and Hillsdale Counties. 
Michigan. 

Genus SOLENOMORPHA  Cockerell.   1903 

Solniijpiis   McCoy,   1862,   p.   47   [iii/it   SoL'tiopsis   Wcstwood,   18+1,   p. 
86,   which   is   a  common   genus  of  ant);   Meek,   1872,   pp.  223-224; 
Girty,   1910,   p.   223. 

Solrnomorpha   Cockerell,   1903,   p.   559;   1915,   p.   84;   Hind,   1904,   pp. 
157-158;   Williams  and  Breger,   1916,   p.  250.   (See  Hind,   1904,  for 
other  references) ;   Elias,   1957,   pp.  738-740. 

Type spccics.—By monotyp)', Solnioinorplia minor (Mc- 

Coy) , 1862, pp. 47, 239, 245, pi, 8, fig. 2. 

Kcniarl<s.~CAny (1910. p. 223) included Sohiiopsis 

nitidu Girty in McCoy's genus apparently not aware that 

the name Solrnopsi.s McC^oy was |)teoccupied. Concerning 

llic nioi piiologN ()! S. iii/iild. Giiiy said (p. 223), "Anlcrior 

L-nd appaienli\ gaping, espeiiaih ahoxc."   1 his is si^niiicanl 

because it broadens McCoy's original definition of the genus 

Solenopsis in which he said (p. 47) that Solcnopsis differs 
from Solen in the "rounded and closed anterior end." 

Elias (1957, pp. 738-740) may well be correct in lowering 
Solrnomorpha to subgeneric rank inider the genus Solen. 
Certainly he demonstrated (and the ]Mesent paper substan- 
tiates) a similarity of dentition in the two "genera." I 
tentatixely maintain Solcuoiiiorpha at the generic level for 
the present because an ecjual height throughout the length 
of the shell seems characteristic of Recent forms assigned 
to Solen whereas a decrease in height posteriorly ajipears 
to be characteristic of Solcnoinorplui. 

Solenomorpha scalpriformis (Winchell) 

Plate  13,  figures  15-23 

Solrri scalpriformis Winchell, 1862, p. 422. A'OH Solni scalpriformis 
Winchell {in Safford, 1869, p. 445) ; >irc Solen scalpriformis Win- 
chell,   1871,   p.  256. 

Original dr.u ripliou.-{W'wuheW. IS()2, p. 422). 

Shell of moderate size, having the hinge line straight, and the 
ventral regularly curved, and so situated that its chord forms pos- 
teriorly, an angle of about 5° with the dorsal margin; extremities 
abruptly rounded—the anterior one regularly, the posterior trun- 
cately. Valves with a slight constriction beneath the subterminal 
beaks, xvhich correspond to a strong ridge within, fading away at 
about half the distance from the dorsal to the ventral margin. Valves 
but moderately inflated, flatter behind, and a little drawn together 
anteriorly. Exterior surface marked by incremental lines nearly con- 
centric with the pallial border. 

Length of shell 2'05 (100); projection of anterior extremity beyond 
the break' '11 (5); greatest width of shell (one-third its length from 
forward end) S6 (27); width at two-thirds the shell-length from 
forward end  '48  (23), whence it narrows rapidly. 

Localities.—Marshall and Moscow, abundantly. Also, near Napoleon. 
A well marked variation in form has been observed in many speci- 

mens, having a straight ventral border and more uniform width. 

Revised description.—The following description is based 
on the lectotype, six paralectotypes, and four hypotypes. 

Shell solenoid, ecjuivahed, inequilateral, length ap])roxi- 
mately foin- times height. Dorsal margin straight and slight- 
ly shorter than the ventral margin. Ventral margin regu- 
larly ciu\ecl, greatest height being anterior to the mid- 
length of shell. Posterior margin diagonally truncate, 
length of tnmcation being less than 1/2 \alve height. Beaks 
low, subterminal, and ill-defined. Ihnbonal ridge poorly 
defined. 

■Anterior adductor muscle scar o\al. stiiate, and located 
in uml)()nal part of \al\es (PI. 13, figs. 18, 20). Striae of 
adductor scar anastomosing, radiating outward from beak. 
Posterior adductor scar not preser\ed. 

Dentition consists of a single platelike cardinal near the 
anterodorsal angle of each valve (PI. 13, figs. 19, 20). 
Claidinal tooth suj)|)orted \entrally by a prominent ridge 
oi igiu.iling appi(i\iiiialcly I I of llic slK4i Iiciglu Iroiii liic 
dois.d   mai''iu.  and   fusing  with   ihe  anteiioi   extreniil\   oi 
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the cardinal tooth. Angle between iloisal maij^in and this 

ridwe is approximately 115°. 
Thin shell marked by weak, irregular concentric ridges 

parallel to ventral and posterior margins. Ridges more 
jjronoimced near these margins and jxirticularly so parallel 
to the ventral margin, weaker on the yoimger parts of the 
shell and parallel to the posterior margin, reflected inter- 
nally (PI. 13, figs. 18. 22, 23). Fine, regidar, concentric 

striae present on exterior of valves. 
Rrmarks.-The cardinal teeth described above apparently 

do not interlock. The tooth of one valve apjiears to act as 
an articulating surface against which tlic tooth of the other 

valve moves. 
Geinitz (I8G6, p. 25, ]>\. 2, fig. 7) described a new 

species of lamellibranih. Clidol'lioriis soh-noidcs Geinit/ 
from Nebiaska City. Nebraska. .Sul)sec|uently Meek (1872, 
pp. 223-221. pi. 10, fig. 3) and Keyes (1891. p. 130) re- 
describetl the species as Salciiojisis sulctioidcs (Geinitz) . 

The enlarged figures publishetl by both Geinitz and Meek 
show, in many respects, marked similarity to Winchell's 
specimens of Soleiwinorpliii scdlpriforniis. Comparison of 
Meek's' hypotypes of Snlciuniiorphu soJcnoides (Geinitz) 
(USNM, No. 6488) with the specimens of Solenomorpha 

soilprifonnis indicates that their anterior margins differ 
somewhat in outline, that of S. scnlpriforiiiis being truncate 
or siibtrinicate and that of .S'. solcnoidrs more rounded. 

The most striking tlifference between the two species is 
size. The mean length of ten of Meek's hypotypes of S. solc- 
noidrs (Geinitz) is 14.3 mm. whereas the mean length of 
Winchell's specimens of S. scalpriforniis is 48.1 mm. 

Types and ocrurronr.—The mateiial upon which Alex- 
ander Winchell based Solru scalprifortnis consists of seven 
syntypes. UMMP, No. 26891. a right valve, is here desig- 
nated lectotype. Paralectotypes. UMMP, No. 43056, a right 
valve, No. 43057, a left valve, and No. 36811, a right valve, 
are well preserved and are figured in this paper. Unfigured 
]jaralectotypes, UMMP, Nos. 21895A, B, and C, are frag- 
mentary and poorly preserved right valves. Winchell re- 
ported that his specimens were collected at Marshall, Mos- 
cow, and near Napoleon, Michigan, but only the lectotype 
and six paralectoty]jes from Marshall, Michigan, (Winchell 
Loc. No. 326) are still present in the collections; the others 
are apparently lost. Four hypotypes from Marshall, Michi- 
gan, have been used by the writer in the revised descrip- 
tion. Winchell collected these specimens, but the date of 
collection is imknown. They are UMMP, Nos. 37311, 37313- 
3731.5. 

Solenomorpha dorsocurva, sp. nov. 
Plate  13, figures 24-26 

Solni snilpnfftrnns \ar. Winclit-Il,  1862, p. +22. 

Orioiiiiil di-.ur/plion.— lSce Solcnoinorplid .si/ilpriforiiiis 

(Winchell)   above]. 

A well marked variation in form has been observed in many speci- 
mens, having a straight ventral border and more tmiform width. 

Revised deseriplinii.—The following description is based 
on the single remaining speciiTien in the Winchell collec- 
tion which he considered to be a variation in form of Solen 

sea Ipr if arm is. 
Shell solenoid: lengili a|j|)io\imately four times height. 

Dorsal margin slightly ciuved, concave u|3ward, and shorter 
than ventral margin. Ventral margin regularly cmved (de- 
viation from regular ciuvatine seen in Plate 13, figine 25. 
probably due to distortion of s])ecimen) . Greatest height 
anterior to mid-length of shell. Posterior margin truncate, 
truncate edge being only slightly shorter than maximum 
shell height and roiining a posterodorsal angle of approxi- 
mately 120°. Aljni|)tl\ louuded postero\entrally. Anterior 

margin roinided. 
.Shell narrow. 'Vahes thickened anterior to beaks, slightly 

ga])ing anteriorly and posteriori). Beaks lo^v. subterminal. 

and ill-defined, llmljonal ridge absent. 
Muscle scars not jireserved. 
Dentition ]joorly preserved. A single platelike cardinal 

near anterodorsal angle of each valve, supported ventrally 
by a small short ridge originating in the dorsal pait of the 
thickened anterior portion of the valve and fusing dorsally 
with   the  anterior  extremity  of  the  platelike  cardinal. 

Interior of valve marked by growth lines parallel to the 
ventral margin, these being weak in yoimger poition of 
\alve but prominent near valve margin. 

Reuiarhs.—Soleiioniorpha dorsoeurva shows certain cliai- 
acters of both Soloioiiiorplid sealpriforinis (Winchell) and 
Palaeosoleu (iiitidrini;j^iii(iris (Winchell). The dentition, 
curved ventral margin, and subterminal beaks indicate 
affinity with Soli-iKJinnrphd sdilprifnriiii.s. The long tiiin- 
cated jjosterior margin is similar to that ol Falaeosnleii 

(jKadraiigitldris. S. dorsocuma is differentiated frcjm both 
of these by its ciuved dorsal margin which is slightly con- 
cave upward. Winchell (1862, \). 422) pointed out that in 
S. sriilprifmiiiis ihe chord of the ventral margin is so 
siliialeci as to loiin posteriorly an angle ol .iljoul 5' willi 
the dorsal margin. In S. dorsfx iirr'n a similai chord is 
approximately parallel to the dorsal margin. The cardinal 
teeth of Solenomorpha dorsocurva are thought to articu- 
late in a m.inner similar to that of .S. s(<ilpriloriiiis (sec- 

above) . 
Soleitoinorjiliii ilorsoi iiriia (onfonns in iiian\ icspccls to 

liie oiigin.d dc-st ii|)li()U ol Sdiii^ii/niililc. (Mi(ioy, I8()2. 

pp.   17-18) .   but   icdesciiption   of   Sdii<^iiiii(jlilr.\   by   Hind 
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Palaeosolen niinutus 

o 

CO 

Palaeosolen  quadranpularis 
— Palaeosolen  belpicus 

Palaeosolen   siliquoideus 
Solen brevis 

— Sol en  ambifruus 
Palaeosolen  occidentalis 
Solen  ler.umens 

— 
Solen abbrsviatus 
Soleii  ^randis 
Solen  k2"'auEenstenii 
Solen  annandalei 
Palaeosolen  chapmaiji — 
Solen   alfredensis 
Solen  F.ouldi 
Solen  vapinus 
Solen  corneus 
Solen   siliquus 

(l!H)(). ]j|). .'Kil■:{()()) claiilic-s llif (litleieiues. Sniisj^iiiiiulilcs 

conimoiih has iis >>ix'alt,sl hcij^lu in tlic postciioi portion of 
the valves anil possesses an edentiiloiis hinge in most or 
all species, but Solojotnorplui dorsocunia has neither ot 
these (haiaiters. 

Types and ocnnrcnrr.—A single sjiedmen (IIMMP, No. 
3()S12) a left valve from the Marshall sandstone at Nfar- 
shall, Midiigan, is here designaied holotxpe of Solciioinnr- 

j)lia dorsonirtia. This is the onh representati\e of the s])e- 
ties still preser\ed in the W'inihell loUection. but Win- 
ched apparently possessed a number of other specimens 
prior to his 1862 ])ublicalion. dhese ha\e been siibsec|iicntly 
lost. 

Genus PALAEOSOLEN Hall, 1885 
I'lilarosoirm   Hall,   1885,   p.  46;   Bevisliausen,   1895,   pp.  222-223;   Wil- 

liams and Breger, 1916, pp. 249-250;  McLearn, 1924, p. 139. 

Type species.—li\ original designation PahicDsohii sili- 
qunidcus Hall, 1885, p. ^183, pi. 78, fig. 33. 

Ri-inarhs.—Ptihirosoleti w;is pioposed as a siiijgcniis of 
SDICII ])\ II,ill (188."), p. I(i) , who designaieil liie tyjje spe- 
cies. Beushaiisen (1895, pp. 222-223) and later workers 
h;i\e considered Tiilacosolcii  to be of generic  r;tnk. 

The height length ratios in Sohn and Pdhicosali ii are 
commonly designated in morphologic descriptions. A stiid) 
of 13 species of Recent SDII-II and six species of P;deo/oic 
I'liliiid.sniiii indii.iles lli.il lliis i.ilio is ol iilllc \,due in 
clisiintiuisiiiiisj die two ijeneia ,ind liiat liei"iil   ienulh lalios 

of indi\idu;d s]:)ecies commonh o\erlap one another. Table 
1 simimarizes the residts of the measuiements which were 
made. Baker (1943) and Weymouth, McMillin and Rich 
(1931) discussed growth in the razor clam, Siliqua patula. 
The latter authors concluded that length of shell was 
largely related to latitude, with shells reaching greater 
lengths in noithern than in southern latitudes. 

Palaeosolen quadrangularis (Winchell) 

Plate 13, figures Ml 
Solni ijuaJnuu/ularis Winchell,  1862,  p. 422;   1871,  p. 256. 
Palai-osoleii (jutulriingularis Hyde, 1953, pi. 44, fig. 7  (no description, 

specimen lost). 

Original description.- {\\"ind\c\\.   18()2,  p.   122). 

Shell of medium size, quadrangular; hinge margin straight, some- 
what shorter than the ventral margin, which is also straight through 
the greater part of its length, hut is abruptly rounded upwards an- 
teriorly, and a little more gradually rounded posteriorly. Beaks 
terminal; anterior extremity of shell transversely truncated, posterior 
obliquely so. Valves rather tumid anteriorly, becoming less so pos- 
teriorly; not at all contracted toward the gaping extremities. A 
constriction appears close to the anterior extremity, which corresponds 
to a ridge within, narrow and sharp near the beak, hut becoming 
broad and depressed towards the opposite margin. Surface marked 
by distinct lines of growth running parallel with the ventral and 
posterior margins. 

Greatest length 20 (100); width 66 (33); posterior truncation 
forming with  hinge-line an  angle of about 64". 

Locality.—Marshall. 

Rniiscd dcscriptinn.—The following descri|5tion is ba.sed 
(III the lettotxpe. one piiialec tot\pe. and ten iiypol)pes. 

Shell solenoid, ec|ui\al\ec!, inec|uilateial, length a])])i()xi- 
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mately tliree times height. Ventral and dorsal margins 
parallel. Dorsal margin straight and slightly shorter than 
ventral margin. Ventral margin straight or slightly sig- 
moidal. Posterior margin diagonally truncate, forming a 
posterodorsal angle of approximately 105°. Ventral margin 
abru])tly roimded posteriorly. Anterior margin siibtruncate, 
the anteroventral ]3ortion curving into the ventral margin. 

Thin-shelled, subcylindrical, valves regularly convex. 
Beaks terminal, low, ill-defined. Weakly de\eloped um- 
bonal ridge with or without extremely shallow, ill-defined, 
diagonal groove, which does not reach the posterior margin 
of vahes. Valves not contracted posteriorly, slightly con- 
tracted anteriorly. Near anterior margin shell thickens and 
partiallv constricts anterior gape of valves  (PI. 13, figs. 1, 3. 

4).        ' 
Anterior adductor nuiscle scar o\al, striate, and located 

in imibonal part of valves (PI. 1.3, fig. 2). Fine striae of 
addiictoi- scar radiate outward from beak. Posterior ad- 
ductor scar not preserxed. 

Dentition consists of a single platelike cardinal tooth 
near the anterodorsal angle of each vahe. The cardinal 
tooth of each valve is supported ventrally by a ridge orig- 
inating in the anteriorly thickened portion of the valve 
(PI. 13, figs. I, 2. 8) . This ridge first appears about 1/4 of 
shell height from the dorsal margin and becomes more 
pronoiuiced dorsally luitil it fuses with the anterior ex- 
tremity of the cardinal tooth. Angle between dorsal margin 
and sup]>orting ridge 95° to 100°. 

Internal and external siuface marked by weak concentric 
scidpture parallel to the \entral and posteiior margins, the 
former being more jjronoiniced. Fine striae |)arallel to mar- 
gins developed externally   (PI. 13, fig.  10). 

Remarks.—Palaeosolen qiiddrangiilaris is characterized 
by its single platelike cardinal tooth near the anterodorsal 
angle of each valve and by the supporting ridge of this 
tooth, by the abrupt diagonal truncation of the posterior 
margin of the valves, the parallel ventral and dorsal mar- 
gins, the general outline, and finally, by the distinct thick- 
ening in the anterior jsart of each valve. 

Hall (1885, p. xlvi) in defining the genus Pahicosolen 
said, "Umbonal slope prominent and extending toward the 
postbasal extremity.',' Pahirosolrii qtiadrangularis does not 
possess a prominent ridge; nor do the following species 
included by other workeis in the genus: Palaeosolen occi- 
deiUalis Miller and Clinley, P. anligonishensis McLearn. 
P. atiiii McLearn, P. rostatiis Sandberger and Sandberger. 

Types and oeriirrenic.—Thv material upon whidi Win- 
( lull h.iscd I'aliifdsolrn ij uadiiui^iilii lis (onsisls of Ivvo syn- 
lypcs. One. a  lell  \al\c.  HMMI',  No. 2l)8i)3A,  is here des- 

ignated lectotype and the other, a right valve, UMMP, No. 
268936, is regarded as a paralectotype. Winchell's syntypes 
were collected from the Marshall sandstone at Marshall, 
Michigan. 

In 1863 Winchell collected a number of specimens of P. 
qtiadrangularis at Battle Creek, Michigan. Hypotype, 
UMMP, No. 34838, is from this collection. Nine other 
specimens, for which the date of collection is unknown, are 
considered as hypotypes. UMMP. Nos. 37298, 37306, 37307, 
and 36809 are from Battle Creek, Michigan. UMMP, Nos. 

37300, 36826, 36827, and 37321 are from Marshall, Michi- 
gan. 

In summary, Palaeosolen quadranguhiris occurs in the 
Marshall sandstone of southern Michigan and is present, as 
indicated by Hyde (1953, pi. 44, fig. 7) in the Waverly 
group of Ohio. 

Palaeosolen   frontisocurvus,  sp.   nov. 

Plate   13,  figures   12-14 

Description.—The following description is based on a 
single left valve. 

Shell solenoid, jjrobably equi\al\cd, inecjuilateral, length 
approximately three times the height. Ventral and dorsal 
margins rectilinear and subparallel, diverging slightly pos- 
teriorly. Posterior margin diagonally siibtruncate, form- 
ing a posterodorsal angle of approximately 105°. Anterior 
margin roimded, the anteroventral portion ciuving evenly 
into ventral margin   (PI. 13, fig. 13). 

Thin-shelled, subcylindrical, valves regularly convex. 
Beaks subterminal anteriorly, low anil ill-defined. Umbonal 
ridge not apparent. Valves slightly contracted anteriorly. 

Anterior adductor scar striate, located in innbonal ]5art of 
valve. Fine striae of muscle scar radiate posteroventrally 
from innbonal region. Posterior adductor scar not pre- 

served. 
Weak radial sculpture on interior of vahes originating 

ill umbonal region diverges over posterior portion of 
valve (PI. 13, fig. 13). External surface smooth except for 
fine, regular striae parallel to margins  (PI. 13, fig. 12). 

Remarks.—Dentition and anterior shell thickening of 
Palaeosolen frontisoc urinis is probably similar to that of 
P. ijuadrangiilaris. The single \alve examined does not 

allow certainty on these points. 

Palaeosolen fronlisoeuri'i'is is distinguished from P. quad- 
rangiilaris by the gently cmved anteroventral margin of 
the former as opposed to the truncate anterior margin of 
the latter. The weak internal ladial sculpture of P. fron- 
lisoi urctis is nol louiiil In /'. q iiadiangiilai is. llic l.illci 
s]>ecies possessing, at most, a single weak giooxe along liie 



MlSSI.VSII'lMAN    DIMVARIAN   PKI.KCVl'ODs:    DKISCOII. 91 

umbonal ridge. External striae on P. frotilisocun'iis a])]5ear 
to be more regular than those of P. qundrangularis. 

The name frontisocurvus designates the cur\eil natine 
of the anterior margin. 

Types and ocntrrcncc.—'The single left valve, holotype, 
UMMP, No. 37302, iijjon which this species is based was 
collected by Alexander Wincliell from the Marshall sand- 
stone at Battle Cieek, C^alhoiin Comity, Michigan. The 
date of collection is unknown. 

FAMILY GRAMMYSIIDAE 

Genus GRAMMYSIA de Verneuil, 1847 

Grammysia de Verneuil, 18+7, p. 696; William> and Breger, 1916, pp. 
128-132; Williams, 1943, pp. 92-94 (See Williams and Breger, 1916, 
for other references). 

Type Species.—By original designation Grammysia bisiil- 
rata (Conrad) ^Grammysia liamiltoncnsis de Verneuil 
(see Williams and Breger, lOlf), ])p. 128-129). 

Remarks—Hocrne^ (1881. p. 242) first defined the 
family Grammxsiidae. Most writers, \\'hidborne (1896, p. 
74) being a notable exception, have erroneously incUcated 
that Fischer (1887, p. 1173) was the familial author. 
Hoernes' original definition (p. 242) may be translated as 
follows: "W'e wisii to unite under this name [Grammysi- 
idae] those Paleozoic forms with a tootiiless hinge whidi, 
owing to the appearance of their outlines, resemble phola- 
domyas and other sinupalliates. Howe\er an indentation 
of the pallial line coidtl not actually be pro\ed." Fischer 
(1887, p. 1173) emphasized the im|jortance of the entire 
pallial line in distinguishing the family Grammysiidae from 
related groups, thus clarifying the principal character of the 
family. \ nimiber of genera lacking pallial sinuses were 

thus ieino\ed fiom the family Anatinidae Lamarck (1809) , 
where they previously had been classified by Meek and 
Hayden  (1865, p. 36)  and others. 

^\'illiams and Breger (1916) emphasized tlie ini])ortancc 
of the radial fold and side us as definitive characters of the 
genus Grammysia and suggested (p. 130) that the genus 
shoidd be limited to those giammysioid shells having these 
features. They contended (]). 133) that "The genus [Gram- 
mysia'] is imknown in the Carboniferous. All the .American 
Carboniferous 'Granmiysias' listed b) ^^'eller are not onh 
without the radial fold and sidcus or any strictly corres- 
ponding structine, but most of the sj^ecies are ga|)ing pos- 
teriorly. (See, for instance, 'Grammysia' hannibalensis as 
figured by Miller, also 'Crrammysia' jamelica Herrick) . 
These will have to be included in the Leptodomus-Sedg- 
wickia-Sanguinolites group." The writer woidd point out 
that although Grammysia famelica Herrick (1888, pp. 35- 
36, p\. (),  fig.  5) .  C',ramm\\i<i  liiiiinilialoisis as figured by 

.Miller (1889, p. 483), and Gramtuysia ventricnsla Meek 
(1875. p. 303, pi. 13, figs. 5a, b; pi. 16, figs. 6a, b) appear 
to gape posteriorly, Gra?nmysia herricki (Miller) and 
Grammysia rhomboides Meek (1875, pp. 302-303, pi. 16, 
figs. 7a, b) do not gape. Figures of the other species listed 
by Weller (1898, pp. 279-298) do not allow for conclu- 
sions concerning the gape of the \alves. 

In his original definition of the genus Grammysia, De 
Verneuil (1847, p. 696) em|jhasized the im|)ortance of the 
fold as a generic character. He said (p. 696), "Ce genera, 

si bien characterise par la cote mediane qui transverse les 
vahe, renferme pliisiems especes. dont lime a etc nommee 
Xueula ciiigulata par M. Hisingei." 

J. S. Williams (1943, p. 93) pointed out that this em- 
phasis on the fold as a definitive character has been some- 
what modified by later usage, stating (p. 93) , ". . . the 
fold on a number of species of Grammysia is inconspicuous 
and indistinguishable from the slojae of the valve. The 
general practice has been to include all species otherwise 
agreeing with Grammysia in that genus if they have a dis- 
tinct sulcus. The fold is such a variable character that it 
seems reasonable to allow a certain degree of variation 
within the genus, as has been the custom." 

The writer here accepts the conclusion of Williams that 
the genus Grammysia extends into the Carboniferous. Wil- 
liams (1943, p. 93) pointed out that Grammysia liaiini- 

baleiisis (=Grammysia omaliana discussed below) possesses 
a distinct sulcus antl that this character, rather than the fold 
is of jjrime importance. It is noteworthy that McAlester 
(1962, pp. 59, 60) would include the forms discussed below 
in the genus Grammysoidea. 

Grammysia omaliana omaliana (de Koninck) 

Plate  14, figures  19,  13-15,  19-24, 27-39, 42-45 

PholaJomya omaliana de Koninck, 1844, pp. 65-66, pi. 5, fig. 4. 
Siuiiiuiiioiiti-s  variabilis   McCoy,   1851,   pp.   174-175   in   part;   1855,   p. 

508, pi. 3F, figs. 7, 8 in part;  Hind, 1900, pp. 379-382, pi. 44, figs. 1, 
3-8   (See  Hind,   1900,  for other  references). 

Sanguinoliles hainiihalcnsis Winchell,   1865,  p.  128. 
fAllorisma   (St-Jffv.-itkia)   hniiiiihah-nsis   Winchell,   1871,   p.  256.  Noti 

Allorisma haiinibalnisis Shumard, 1S55, p. 206, pi. C, fig. 19. 
fGrammysia?   hatiiiibalcnsis   Herrick,    1888,   vol.   4,   pi.   6,   fig.   11; 

?1893,   pi.   17,   fig.   11. 
Grammysia   haniiihalrnsis   Walcott,   1884,   p.  244,   in   part;   ?Herrick, 

1888, vol. 3, p. 75, pi. 4, fig. 13; Rowlev, 1908, p. 94, pi. 19, figs. 21, 
22;   Williams,   1931,   pp.   134-135,   pi.   1,   figs.   1-4;   1943,   pp.  92-94, 
pi. 9,  figs. 41-44;  Branson,  cl al.,  1938,  p. 34,  pi. 23,  figs. 4-6. Non 
Grammysia hannibalensis Hall,  1885, p. 381, pi. 61, figs. 29, 30, 33; 
«(■(■ Grammysia hannibalensis Hvde, 1953, p. 305, pi. 38, figs. 1, 2. 

Grammysia  plena   Hall,   1885,   pp.   382-383,   pi.   61,   figs.   31,   32.  Non 
Grammysia cf. plena Hyde,  1953,  p. 306, pi. 38, figs. 12,  13 ;  pi. 39, 
fig.   10   (^Grammysia  omaliana  hydei, sub. sp.  nov.). 

Allorisma cuyahoga Herrick,  1888, vol. 4, pp. 28-29, pi. 10, fig. 34;   ? 
1893,   pi.  22,   fig.   17. 

Sanguinoliles   omalianus   Hind,   1900,   pp.   372-374,   pi.   40,   figs.   17-24 
(See  Hind,   1900,  for other  references). 

Grammysia cuyahoga Hyde,  1953, p. 305, pi. 38, figs. 3-7. 
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Rcvhed description.—The wiiter has rxamined the speci- 
mens of Siingiiirjolitcs x'ariahiUs McCoy figured by McCoy 
in 1855 (pi. 3F. figs. (>. 7, S) , as well as unfigured supple- 
mentary material. Specimens of SaJx^uiuoUtcs nmnlianus 
from Thorpe Cloud, Derbyshire, one of ^Vheelton Hind's 
localities have been examined. \Valcott's s])ecimens from 
Nevada and Winchell's specimens from the Marshall sand- 
stone of Michigan have been a\ailable to the writer as have 
Hall's specimens of Graiumysia jilciiu. .S|)eiimens from the 
Kinderhook at Burlington, Iowa, which W'inchell labeled 
Grainmysia hannibaloisis have been studied. Tliese speci- 
mens and the figmes referred to in the above synonymy, 
have been examined in jjrepaiation of tlic following de- 

scription. 
Shell limiid, sul)Ovate to subcpiadi angiilai, umbonal re- 

gion gibbous, length 1 1/2 to '_' times height, ventral and 
dorsal margins subparallel, dorsal margin rectilinear to sub- 
rectilinear both anterior and ])Osterior to beaks, the two 
straight parts joining below the beaks to form an angle of 
from 124° to 145°. Ventral margin straight, gently curved, 
or slightly sigmoidal in the central part of the valve, but 
broadly and evenly roimded anierioily and jjosteriorly. 
Posterior margin \ariable, not uncommonly forming an 
angle of approximately 1.35° with that ]jart of the dorsal 
margin which is posterior to the beaks. The posterior mar- 
gin meets the upward ciuving ventral margin at the po,s- 
terior extremity of the umbonal ridge. Valves not gaping. 
Anteriorly the ventral margin curves evenly upward to meet 
the downward slanting anterior portion of the dorsal mar- 
gin, at which point the anterior end is abruptly or gently 
roimded. 

Umbonal ridge irsually ])romincnt, commonly slighily 
concave upward in lateral view. Deep elongate esciUcheon 
ijordered by distinct ridge subjjarellel to hinge line. Be- 
tween umbonal ridge and ridge bordering escutcheon 
postumbonal slope is variable, typically ])ossessing a con- 
cave surface which becomes broader posteriorly as dis- 
tance between the two ridges increases to the jjosterior 
margin. In some specimens postinnbonal slope is convex 
and not imcommonly it possesses weak grooves and ridges 
radiating from the imibonal region. 

Piosogyrate, prominent beaks placed anteriorly, strongly 
incin\ed over hinge line so that the beaks are situated 
below the gibbous umbos and the uuibcjs are in close jjrox- 
imity, or are in contact with one another. 

Lunule deep, prominent, and semiovate, extends from 
beaks to jimction of dorsal margin with upward ciu\'ed 
anteroventral margin. 

A  shallow  sinus  commoTilv   exlcnds   fiom   ihc   anterior 

part of the umbo posteroventrally to the \entral margin. 
It becomes wider \entrally. Typically this sinus is distinct 
but, in certain valves, it is less pronounced or nearly ab- 
sent. The sinus is a variable characteristic, all gradations 
between a very weak sinus and a rather pronoiuiced one 

having been observed. 
Sinface ornamentation imiversally consists of fine con- 

centric striae sujjerimposed on heavy, well-defined, con- 
centric ridges. Striae are better developed on the jjosterior 
part of the valve. Ridges are commonly, but not imiversally, 
somewhat more sharply defined on anterior ])art of valve 
where they vary in number as shown in Table 2. The 
concentric ridges ventral to the umbonal region and above 
the ventral one-third of the valve exhibit a distinctive 
character on most specimens. Anterior to the sinus extend- 
ing from beak to ventral vahe margin the ridges are 
generally evenly spaced. Commonly every other one of 
these anterior ridges bifurcates on posterior side of sinus, 
giving rise to two ridges. Alternate anterior ridges, between 
those which bifurcate, extend across the sinus unaffected. 
Concentric ridges on' the umbonal region and on the ven- 
tral one-third of the valve extend across the sinus imaffect- 
ed on most specimens. On the ventral portion of the valve 
they are much less sharjjly defined than on the umbonal 
region. Although often present this ridge development is 
variable. All gradations between many bifuicating ribs 
and no bifurcating ribs are present, and it is not unusual 
to find some adjacent rather than alternate ribs bifurcating. 

Remarks.—There is considerable superficial similarity 
between certain species of Grainmysia and some members 
of the genus ]Vilkingia. Wilson (1959, pp. 401-404) dis- 
cussed the characteristics of the latter sinupalliate form. 
Ihe present species is referred to Gramnn'sia largely on 
the basis of tiie entire ]jallial line reported l)y Hind (1900) 
foi- Sinigiii)inlites variabilis (p. 380) and SaugiiinoUtcs 
omnliaiuis (p. 373). The pallial line was not visible in any 

of the specimens examined. 

The writer grouped, within a single species, a consider- 
able number of pelecypods from widely se|jarated locali- 
ties which were previously considered s]jecifically distinct. 
A reexamination of the characters previousl) uiili/ed lo 
distinguish tliese "species" seems advisable. 

Hind (1900, p. 373) noted the similarity between San- 
giiinnlitcs oinahanii.s (de Koninck) and Saiigiiinoliles xiari- 
abilis McCoy. He stated (p. 374) that "S. Oniiiliiiinis be- 
longs to that group of the genus which contains ,S. rostel- 

liiliis and S. r'ariabilis. from both of which it diffeis in im- 
portant details. In gibbosity .S'. Omaliiiniis is less strongly 
convex than llie former, bui more convex ihan ihe latter; 
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the rus^ac and sulci are much stronger and fewer ihaii in 
both." The wiiier examined sjjecimens oi S. tiniiilnniILS 

from the Visean Zone D. Thor]3e Cloud, Derbyshire, one 
of the localities from which Hind's specimens were col- 
lected. McCoy's figured and luifigmed specimens of S. vari- 
abilis !)a\e also been examined. S. i>in<dianus does, in gen- 
eral, apjjear to be slightly more giijjjous than .S'. variabilis. 

but this character is uiiieliable. .\ number of specimens of 
5. oinaliainis are less gibbous than specimens of S. variablis. 

Examination of the concentric groo\es and ridges show that 
there is considerable \ariation in tlie strength of these fea- 
tures within such "s]}ecies," but that it is not possible to 
separate the two groups on this basis. The nimiber of con- 
centric ridges is also \ariable in each group of shells. Eight 
specimens of .S. oinaliaiuis showed a variation of from 16 to 
34 concentric ridges. Eight specimeirs of S. variabilis showed 
a variation of from 16 to 29 ridges. Table 2 indicates the 
variation in number of ridges per centimeter. Whereas both 
De Koninck (1885, p. 6) and Hind (1900, p. 374) consid- 
ered 5. omalianus to possess fewer ridges, the reverse is, in 
general, true. This character, however, cannot be utilized 
to separate the two groups. 

Hind (1900, p. 374) said, "I cannot, however, agree 
with Dc Koninck that Allorisnui Hainilloiicnsis of Shimiard 
and the (irainniysia Htniuibalis of Meek are the same 
species as the Belgian shell [S<tiiguinolites omalianus']. I 

have beeir able to compare sjjecimens and can see no 
reason for mistakiirg the two forms which in m) opinion 
are distinct. The American shell is much less gibbous, regu- 
larly ovate, compressed, and much smaller. The concen- 
tric ribs do not bifmcate, and are fewer and larger; the 
dorsal slope is much smaller and more compressed; but 
there is no doubt that both species belong to the same 
genus," The two specific names abo\e weie misspelled by 
Hind and should be read as Allorisnia hainiibalciisis and 
r;raIIIiiiysia baniiibaIriisis. 

It is not certain which sjjecimens of the .\merican species 
were examined by Hind. Unfortiuiately, Shimiard's type 
specimens were lost by fire in 1893. and the wiiter has 
not located the specimens described by Meek (1875. pp, 
300-301, pi. 16, figs, 5a, b, c) which are presumed to be lost. 
The species described by Shumard and Meek are here con- 
sidered distinct, the latter being referred to Grammysia 
oiiialiaua li\'dri. but Hind's comments on the American 
shells appear to refer to characters of both species. 

The writer finds no |jronoiniced difference in gibbosity 
between "S. omalianus" and the .American specimens he has 
examined. It is true that the larger specimens of "S. oma- 
lianus"   fiom   the  Visean   D  /one,  Thorpe  Cloud,  Derbv- 

shire, appear lo be moie gibbous than American sjjecimens, 
l)ut this character is not consistent in all sjjecimens of the 
"species" and cannot be utilized for differentiation, 

Text-figuie 4, D, illustrates the height/0.5 width ratio, a 
measme of gibbosity. It is evident that although "S. omali- 
anus" contains the most gibbous shells the range of gibbo- 
sity oveilaps that of a niuiiber of American "species." It 
should be noted that gibbosity is a poor criterion for species 
differentiation, Ijeing subject to change due to compaction 
of the sediments. 

Text-figme 5. as well as Plate II, illustrates that outline 
is variable in "S. omalianus" as also in the American 
"sjjecies." 

Table 2 illustrates that, contrary to Hind's opinion, the 
average size of "S omalianus" is not larger than that of the 
American "species." Although an insufficient number of 
specimens ha\e been examined for any meaningfid state- 
ment on aveiage size, it appears that the Thorpe Cloud 
specimens of "S. omalianus" are slightly smaller than most 
American "species " here considered. The difference in size 
is not significant. 

In the w^ritei's opinion there is no significant difference 
in pattern, form, or strength of concentric ridges in the 
\arious "species" here included imder Grammysia omaliana 
omaliana. Contrary to Hind's statement, the ribs of all 
American "species" included in the above synonymy do 
bifurcate. The bifurcation pattern appears to be variable 
within all "species," being striking in certain specimens but 
weak or nearly absent in others. The same variation is pres- 
ent in the strength of ribbing and, as shown in Table 2, the 
numljer of ribs is variable and overlapping. It is true that 
certain s|>ecimens of Saiiguinolitcs omaliainis ha\'e more 
ribs per uirit of height than airy American sj^ecimens ex- 
amined but, because this character is not consistent, it 
cannot be used for specific differentiatioir. 

Variation itr the character of the postimibonal slope is 
present in all "species," both American aird British, and 
neither its size, form, nor compression is considered to be 
significant for specific differentiation. Text-figme 5 illus- 
trates the variability of the umbonal outline and the out- 
line of the posterior margin in a number of the specimens 
which were examined. Meek (1875, p. 301) well appreci- 
ated the variation in specimens he examined from Ohio, 
stating ". . . this shell varies much in form, as well as in 
the size and regidarity of its concentric ridges and furrows. 
The furrow extending down each valve from the beaks is 
generally obsolete or so faintly defined as scarcely to at- 
tract attention, though it is quite distinct on some speci- 
mens." Meek's specimens are here assigned to Grammysia 
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Trxt-fujurr 4.—Ran^e of \ariatii)n in characters ot (iriimniysui 
omahmia otntiliaiia and Gram inysia omiiitajia liydri. All "species"' 
listed on the figure are included by the writer in one or another of 
these subspecies. The figure illustrates overlapping nature of these 
characters in some pre\'iously described "species" and in specimens 
from different geographic localities. Measurements were compiled 
from 7 specimens of Grammysia pirna from the Yellow sandstone, 
Kinderhook group, at Burlington, Iowa (2 syntypes, AMNH, No, 
6570/1 and 5 topotypes, UMMP, No, I486, identified by Alexander 
Winchell); 4 specimens of Grammysia /lannibalriisis from the Kin- 
derhook group at Burlington, Iowa, (USNM, Nos. 47334 and 67784); 
8 specimens of Sa/iguiiioliies omalituius frorti the Lower Carboniferous, 
Visean zone D, Thorpe Cloud, Derbyshire, England, (Wheelton Hind 
collection, BMNH, Nos. L.46454, L,46460, L,46461, L.46463, P.L, 3583- 
P.L. 3586) ; the figures of Grammysia haniiihahnsis from the 
Louisiana limestone at Louisiana, Mo,, shown by Williams (1941, 
pi. 9, figs, 41-44) ; 8 specimens from Michigan glacial drift but, as in- 
dicated by lithology, originating in the Coldwater formation (UMMP, 
Nos, 37322-37329) ; 2 specimens from the Marshall sandstone at 
Alan's quarry and Fayette quarry, Hillsdale Co., Michigan 
(UMMP, Nos, 35715 and 37611 respectively); 1 specimen of Gram- 
mysia hannihalrnsis from the Lower Carboniferous on the east slope 
of a small hill on the east side of Secret-canon road. Eureka District, 

oiiialianii liydci but many characteis of this subspecies form 
a continuous series with those of G. onuillinui oiuuliana. 

AUorisnia haunibalcnsis was first described by Shumard 
(1855, p, 20fi, pi, C, fig. 19). Neither a lunule nor an es- 
cutdieon is noted in Shumard's description and his figure 
is not sufficiently good lo prove the presence or ;il)sence of 

Ne\ada (hyputype, USNM, No. 14384); the figures of Grammysia 
ruyaliot/a fr(un the Sharps\-ille sandstone, at Brandvwine Creek, Little 
York, Summit Co., Ohio, shown by Hyde (1953,' pi. 38, figs. 3-7) 
[Hyde's specimens are lost, as are those of Herrick, the author of the 
species] ; 8 specimens of Saiiffiiitiohtrs Tariahitis from the Carboni- 
ferous limestone, Lowick, Northumberland, England, (Sedgwick 
Mus. Nat, History, syntypes, Nos. E 1068, E 1069, hypotypes and 
topotypes, Nos. E 1070-E 1075); the figures of Grammysia rostrata 
from the upper part of the Black Hand member, Cuyahoga forma- 
tion, Thomas Doyle farm, near Bver, Vinton Co., Ohio, shown by 
Hyde (1953, pi. 38, figs. 14-19) [Hyde's specimens are lost]; the 
figures of Grammysia /lan/iihalrnsis froin the North\-iew siltstone, 
Northview, Mo., shown by Branson (1938, p. 34, pi. 23, figs. 4-6) ; and 
the figures of Grammysia / hannihalcnsis from the Wa\'erly sandstone 
at Medina, Ohio, shown bv Meek (1875, pp. 300-301, pi. 16, figs. 5a, b, 
c). 

.\.—Variation in per cent of total shell length which is anterior to 
umbo; B.—Variation in the length/height ratio; C.—Variation in the 
posterior angle between the hinge line and the sulcus; D.—Variation 
in the height/1/2 thickness ratio. Distortion of vah'es due to com- 
pression may ha\'e influenced the measurettients upon \N'hich this fig- 
ure  is  based. 

these structures. ExamiiKition of Sluimard's descri|jtion and 
figure has convinced the writer tiiat AUor'tsina lianuibalen- 
sis Shumard is conspecific with the specimens figured as 
Grammysia hanuibaleiisis by Hyde (1953, p. 305, pi. 38, 
figs, f, 2) . These latter specimens, collected from the Byer 
member of the Log:ni  foiiiKition ai .Sciotoville, Ohio, are 
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T) 3 3 3) 3) 7) 

Text-figurr 5.—Posterior and umhonal outlines of Gniminysiii 
iimaltana omahana and Gnirninysui ornaliarut hydrt arranged so as 
to show variation and gradational character. All figures of specimens 
have been reduced to uniform size for ease of comparison. In some 
cases growth lines rather than outlines were used because the edges 
of the \al\'es were broken. 

Identification of specimens: 
1) "Sanguhiolitcs omalianus," Visean D zone, Derbyshire, Eng- 

land, (BMNH, No. L. 46463); 2) "Sanguinoliti-s variabilis," Carboni- 
ferous limestone, Northumberland, England, (hypotype and topotype 
Sedgwick Mus. Nat. History, No. E. 1073); 3) "Grarnmysia rostrala," 
Cuyahoga fm., Ohio, (lost syntype. Hyde, 1953, pi. 38, fig. 14) ; 
4) "Grarnmysia hannibalensis," Waverly ss., Ohio, (hypotype, Meek, 
1875, pi. 16, fig. 5a) ; 5) "Grarnmysia cuyahoga" Sharpsville ss., Ohio, 
(lost hypotype, Hyde, 1953, pi. 38, fig. 6) "Sanguinolites omalianus," 
Visean D zone, Derbyshire, England, (BMNH, No. L. 46454) ; 7) Gram- 
mysia omaliana hydci, Cold\vater fm., \lichigan, (UMMP, No. 
37325) ; 8) "Sanguinolites omalianus," Visean D zone, Derbyshire, 
England, (BMNH, No. L. 46460); 9) Grarnmysia omaliana'hyjei, 
Coldwater fm., Michigan, (UMMP, No. 37326); 10) "Grarnmysia 
cuyahoga" Sharpsville ss., Ohio (lost hypotype, Hyde, 1953, pi. 38, 
fig. 3); 11) "Grammysia plena," Kindcrhook, Iowa, (UMMP, No. 
1486) ; 12) "Sanguinolites -variabilis," Carboniferous limestone, North- 
umberland, England   (Sedgwick Mus. Nat. Hist., hypotype and topo- 

housecl in the Ohio State University collections [Cat. No. 
13787 (12642) ] and have been examined by the writer. The 
specimen illustrated by Hyde (I95,S, pi. 38, fig. 1) shows a 
distinct liinule. 

Hyde (1953) pointed out in reference to his "species" 
that (p. 305) ". . . it agrees \ery well with Shimiard's 
original figure and especially so with Hall's S])ecimen fig- 
ured from Hannibid, Missouri (Natmal History of N.Y.; 
Pal., Vol. V, pt. 1, pi. LXI, fig. 33)." The two specimens 
figured by Hall (1885, pi. 61, figs. 29, 30) (AMNH, No. 
6568/2) have been examined by the writer and are prob- 
ably conspecific with AUoristiia limmibalensis Shtimard 
(1855)   and Grtniiinysia haiuiibalcnsis Hyde   (1953). 

It is beyond the scope of tiiis paper to examine closely 
the taxonomit position of the specimens figtned by Shti- 
mard (1855, pi. C, fig. 19) , Hall (1885, pi. 61, figs. 29, 30, 
33). and Hyde (1953 pi. 38, figs. 1, 2). Preliminary ex- 
amination indicates that these valves are more regularly 
o\ate than Grammysia omaliana omaliana and Cranunysia 

omaliana hydei and that their concentric ribs are stronger, 
Ijioader, and bifurcate only rarely. 

('•ranunysia hannibalensis was reported by Walcott (1884, 
J). 244) from the "Carboniferous Group, lower portion, on 
east slope of a small conical hill on cast side of Secret-caiion- 
road Canon, Einek;i District, Nevatla. ' Certainly the fig- 
med specimen (pi. 20, fig. 4) does not belong to the present 

type, E. 1074); 13) "Sanguinolites variabilis," Carboniferous lime- 
stone, Northumberland England, (Sedgwick Mus. Nat. Hist., hypo- 
type and topotype, E. 1071 ) ; 14) "Grammysia hannibalensis," Louisiana 
Is., Missouri (hypotype, Williams, 1941, pi. 9, fig. 41); 15) "Gram- 
mysia rostrata," Cuyahoga fm., Ohio (lost syntype, Hyde, 1953, pi. 
38, fig. 15); 16) "Sanguinolites omalianus," Visean D zone, Derby- 
shire, England, (BMNH, No. I.. 46461); 17) "Grammysia cuyahoga," 
Sharpsville ss., Ohio, (lost hypotype, Hyde, 1953, pi. 38, fig. 7) ; 
18) "Grammysia cuyahoga," Sharpsville ss., Ohio, (lost hypotype, 
Hyde, 1953, pi. 38, fig. 5); 19) Grammysia omaliana hydei Cold- 
water fm., Michigan, (IIMMP, No. 37329); 20) "Grammysia hanni- 
balensis," Kinderhook, Iowa, (USNM, No. 47334); 21) "Grammysia 
plena," Kinderhook, Iowa, (UMMP, No. 1486); 22) "Grammysia 
hannibalensis," lower Carboniferous, Nevada, (USNM, hypotype. No. 
14384); 23) "Grammysia plena," Kinderhook, Iowa, (UMMP, No. 
1486); 24) "Grammysia hannibalensis," Kinderhook, Iowa, (USNM, 
No. Cu. 19608, 67784); 25) "Sanguinolites omalianus," Visean D 
zone, Derbyshire, England, (BMNH, P.L. 3586); 26) "Sanguinolites 
omalianus," V^isean D zone, Derbyshire, England, (BMNH, P.L. 3585) ; 
27) Grammysia omaliana hydei, Coldwater fm., Michigan, (t!MMP, 
No. 37322); 28) "Grammysia rostrata," Cuyahoga fm., Ohio, (lost 
syntvpe, Hvde, 1953, pi. 38, fig. 16) ; 29) "Grammysia rostrata," Cuya- 
hoga fm., Ohio, (lost syntype, Hyde, 1953, pi. 38, fig. 19) ; 30) "Gram- 
mysia hannibalensis," Waverly ss., Ohio, (hypotype. Meek, 1875, pi. 16, 
fig. 5b); 31) "Sanguinolites variabilis," Carboniferous limestone, 
Northumberland, England, (Sedgwick Mus. Nat. Hist., syntype, 1069) ; 
32) "Grammysia hannibalensis," Northview siltstone, Missouri, (lost 
hypotype, Branson, 1938, pi. 23, fig. 5); 33) Grammysia omaliana 
omaliana, Marshall ss., Michigan, (UMMP, No. 37611); 34) "San- 
guinolites omalianus," Visean D zone, Derbyshire, England, (BMNH, 
P.L. 3584); 35) Grammysia omaliana omaliana, Marshall ss., 
Michigan, (ITMMP, No. 35715); 36) Grammysia omaliana hydei, 
Coldwater fm., Michigan, (UMMP, No. 37327); 37) "Grammysia 
rostrata," Cuvahoga fm., Ohio, (lost syntype, Hvde, 1953, pi. 38, fig. 
18). 
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T'^BLE 2—COMPVRISON OF MEAN HEIGHT MEAN LENGTH, AND NUMBER t)F RIBS PER 0.5 CM (COUNTED NEAR MID- 
HEIGHTON ANTERIOR PART OF VALVE) OF GK.^MMYSI.^ OMALIAS'A SHOWING VARIATION IN PREVIOUSLY DIF- 
FERENTIATED SPECIES AND IN SPECIMENS FROM DIFFERENT LOCALITIES. The number of measurements, from either 
specimens or figures, which were used in each calculation is shown in parentheses. Allorisnui /uitiiiihiih-iisis Shumarcl is not included in 
G.   omaliajia. 

Species Horizon Locality Mean Mean Numb 2r of 
height leng :th ribs per 
in cm in era 0.5 :ra 

Gramraysia omaliana omaliana Marshall ss. Michigan 0.9 (2) 1.5 (2) 7 (2) 

"SanEuinolites omallanus" Visean D zone Lerbyshire 1.? (7) 2.3 (6) 5-1"+ (8) 

"Crarnmysia hannibalensis" Kinderhook Iowa 1.6 (3) 2.7 (3) 3-7 (^) 

GramniYsia omaliana hydei Goldwater fra. Michigan 1.7 (S) 2.7 (7) 3-7 (6) 

"oant'uinolites variabilis Garb, liraestone Korthumberiand 1.7 (7) 2.9 (7) 5-9 (7) 

"Gramraysia hannibalensis" Louisiana limestone Missouri 1.8 (1) 3.0 (1) 5 (1) 

"Gramraysia plena" Kiiiderhook Iowa 1.8 (7) 3.2 (7) 3-8 (7) 

"Graaira\sia hannibalensis" Waverly ss. Ohio 1.9 (2) 3.2 (2) "+.5 (2) 

"Grainmysia rostrata" Guyahoga fra. Ohio 2.0 (t) 3.2 (6) 5-7 (5) 

"Gramraysia cuyahopa" Sharpsville ss. Ohio ?. 1 ("+) 3.5 (^) h (2) 

Allorisma hannibalensis Louisiana liraestone Missouri 1.9 (1) 3.9 (1) h (1) 

"Gramraysia hannibalensis" I.orthview siltstone Missouri ?.& (1) ^.5 (1) 3 (1) 

.sjjctics. The writer ha.s exaiiiincd W'akott's lype material, 
which consists of ten specimens, USNM. No. 1 1384. One of 
these specimens is clearly not a member of the present 
genus. Eif>ht of the specimens are represented by Wakott's 
figme 4 on plate 20 and are not conspetific with the pres- 
ent species. The tenth s]jecimen, although not well pre- 
served, is thought to be (jranunysia nmaUnna onuiliana 
and is illustrated on Plate 14. figines 42-44, of the present 
paper. 

Claypole (1886, pp. 242-243, 248) reported Grammysia 
hannibalensis from the "Lower Coal Measmes" near 
Wilkes-Barre, Pennsylvania. Clayjjole's specimens are iin- 
figmed and have not been located by the writer. The de- 
scription given by Claypole is insufficient to allow any con- 
clusion concerning the taxononiic position of the specimens. 

Many of the type specimens of "species" included in the 
above synonymy have been lost (e.g., those of Grammysia 
liininiliiiloisis Herrick, 1888, vol. 3, p. 75; Allorisma ciiya- 
/iooy; Herrick, 1888, vol. 4, p. 28-29. pi. 10, fig. 3-1; 1893, pi. 
22, fig. 17; Grammysia cuyahoi^u Hyde, 1953, pi. 38, figs. 
3-7; Grainmysia rostrata Hyde, 1953, j^l. 38, figs. 14-19). In 
these cases it has been necessary to rely solely u])on avail- 
able figures and descriptions. In all cases it appears to the 

writer that the "species" included in the synonymy possess 
characters sufficiently diagnostic to allow their inclusion in 
Grammysia omaliana omaliana. Characteristics of most 
value are general shape, arrangement, and strength of con- 
centric ridges, concentric striae, the commonly compressed 
and imdulating ]>ostimibonal slope, the moderately pro- 
noiniced imibonal ridge, and the sulcus from beak to 
\entral margin. 

Grammysia omaliana omaliana is distinguished from 
Wilkijigia luinrlu'lli (Meek) (1871, pp. 167-lf)8, and 1875, 
pp. 311-312, pi. 16, figs. 3a, b, c) by the generally more 
elongate form of the latter, the length of which ranges from 
about 2 to 31/2 times its height. The characteristic bifur- 
cating |)attern of the concentric ridges on Grammysia omali- 
ana omaliana is lacking on ]Vilkinaia wineliclli, in which 
the concentric ridges extend unaffected acrcjss the sidcus, 
and the extreme prosogyratt character of ]\'ilkin!^ia u'in- 
chclli is distinctive. 

Lcj)IO(lonnis (onstridus McCoy (1855, p. 396, pi. 2A, fig. 
10*) shows considerable similarity with the jjresent species 
and, ahnost certainly, they are congeneric. VVhidborne 
(1896, pp. 75-76, pi. 8, figs. 8, 9) discussed this species as 
T.rplotlomus ronstricia stating (p. 76) , "Grammysia Hanni- 
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baJcnsis, Shiimard agrees more nearly with our shell in di- 
mensions, but its umbo is more anterior and oblique, and 
its constriction seems to range more backward." 

The ^vi iter has examined a cast of the specimen shown by 
M'hidborne in his plate 14, fig. 9 (Univ. of Cambridge, No. 
H. 353), and photographs of McCoy's holotype (Univ. of 
Cambridge No. H. 71-1) . and of the s])ecimen mentioned by 
Whidborne (p. 75) from Top Orchard Quarry (Univ. of 
Cambridge, No. H. 547). It is not clear whether \\'hidborne 
was differentiating Lepladomiis constricUts from Shiunard's 
type of Grammysia hannibalensis or from other specimens 
which have been referred to that species but which are here 
called Grammysia omaUana amaliana. If the latter is the 
ca.se, the writer cannot agree that the outline, the jjosition 
of the imibo, or the direction of the sidcus can be used for 
differentiation of the two species. Text-figure 5 indicates 
\ariation in the outline of the lunbonal region of Gram- 
mysia omaliana omaliaua and Grammysia otnuliana liydci. 

Tiie outline of the umbo of I.cplodomus ronstrir tiis is not 
so distincti\e that it can be separated horn those of a num- 
ber of the forms illustrated. Measiuemenls made on two 
])hotographs of LcplDdomus cnnstrictus, one of which is of 

die ]ioloty|)C, indicate that 30"^^, to 34"^'', of the total length 
is found anterior to the umbo. This is a high percentage 
when compared to that of the jjresent species, but it does 
not fall outside the range of Grammysia omaliaua oniaJiana. 

It shoidd also be noted that the specimen figured by Whid- 
borne (189(1. pi. 14, fig. 8) has only about 28% of its total 
length anterior to the umbo. 

The posterior angle between the hinge line and the sid- 
cus of McCoy's holotype of I.cptndniiiiis <onstricttis is ap- 
proximately 73 which, as shown in Text-figure 4, C. is not 
distinctive from the same angle in the jjresent species. 

The general form, sidcus, concentric ridges, and post- 
umbonal slope all indicate that McCoy's species is closely 
related to Grammysia omaliaua omaliaua. The former may 
be distinguished by its relatively shorter length. Two photo- 
graphs of Lcptodomiis conslrictus on which measmements 
could be made, one of which is a photograph of the holo- 
type, indicate a length/height ratio of 1.3. It is true that 
the specimen figured by A\'hiclboine (I89(i. pi. 8, fig. 8) has 
a length/height ratio which overlaps into that of the pres- 
ent species but, in general, it ap|:)ears that Lcptodomiis 
coustrictiis is relatively shorter. .Also, it apjiears that little 
if any bifurcation of the concentiic ridges takes place on 
/.. conslrictus. In the cast and photographs which were ex- 
amined, the concentric ridges on /,. couslrii tus are not pres- 
ent on the posterior jjart of the \ahe. In Grammysia 
omaliaua omaliaua thev weaken or arc reduced lo striae on 

this part of the valve but they are not completely absent. 

A few species other than the present one possess a similar 
pattern of bifurcating concentric ridges. Grammysia sub- 
arcuata Hall (1885. p. 375, pi. 61, figs. 10-22; pi. 93, fig. 
26) is one of these. From Hall's figures it seems probable 
that he has figured more than one species under the name 
Grauimysia subarcuata. Whether this is true or not, inost of 
Hall's figures illustrate specimens which can be distin- 
guished from the present species on the basis of the former's 
strongly sigmoidal ventral borders and their more pro- 
nounced prosogyrate character. 

In conclusion, the writer would emphasize that within 
the group of shells here included in Grauimysia omaliaua 
omaliaua there is a great deal of variation. It is possible to 
find \al\es within the series which appear to be specifically 
distinct, but it is the writer's opinion that the s]iecies con- 
sists of a species of gradational forms. Possibly a number of 
zoologic species are here grouped under Grauuuysia omal- 
iaua omaliaua. If this is true, it is regrettable that variation 
within llie hard ])arts preser\ecl for paleontologic study does 
not permit differentiation into ]:)aleontologic species. Fur- 
ther examination of this group of ]:)elecypods may reveal 
that differentiation is possible but. at tlie ]}iesent time, it 
seems inadvisable. 

Types and occurrence—The following 30 specimens have 
been examined and must be considered hypotypes of Gram- 
mysia omaliaua omaliaua: four specimens labeled "Gram- 
mysia haiiuibalcusis" from the Kinderhook grcjup at Bur- 
lington, Iowa, USNM. Nos. 47334 and ()7784 (not discussed 
in earlier literature) : "Sauouiuolilcs Tariabilis," eight speci- 
mens. C^arboniferous Limestone at Lowick, Northundjer- 
lancl, England, Sedgwick Mus. Nat. Hist., Nos. E. 1068, E. 
1069. E. 1070-E. 107.5 (Nos. E. 1068 and E. 1069 are syn- 
tyjjes, McCoy, 1855. p. 508) ; "Saugiiiuolitcs ouialiauus," 

eight specimens. Lower Carboniferous, Vi.sean D zone, at 
Ihorpe Cloud, Derbyshire, England, BMNH, ^Vheelton 
Hind Collection, Nos. L. 46454, L. 46460, L. 46461, L. 
46463, P.L. 3583-P.L. 3586 (not discussed in earlier litera- 
ture) ; "Gramtnysia hauuibalensis," one specimen. Lower 
Carboniferous on east slope of small hill on east side of 
Secret-cafion-road, Eureka District, Nevada, USNM, No. 
14384, Loc. No. 655 (discussed but not figured by Walcott, 
1884, p. 244); "Grammysia plena." two specimens. Yellow 
sandstone, Kinderhook group, at Burlington, Iowa, 
AMNH, No. 6570/1 (syntypes described and figured 
by Hall. 1885, pp. 382-383, pi. 61, figs. 31, 32); five speci- 
inens labeled "Grammysia pleua" from the Yellow sand- 
stone, Kinderhook group, at Burlington, Iowa, UMMP, No. 
1486   (not discussed in earlier literatiue) :  ".Saugiiiuolites 
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hannibalensis," two specimens, Marshall sandstone, at 
Alan's and Fayette quarry, Hillsilale County, Michigan, 
UMMP, Nos. 35715 and ;i7(Jll respectively. No. 35715 
was one of VVinchell's syntypes, 18fi5, p. 128; No. 37611 is 

not clist ussed in earlier literature. 

Grammysia omaliana hydei, subsp. nov. 

Plate   14,  figures   1012,   16-18,  25-26,  40-41 

Griunmysiii/  haninhahiisis   Meek,   1875,   pp.   300-301,   pi.   16,   figs.   5a, 
b,   c. 

Grammysia rostrata Hyde, 1953, pi. 38, figs. 14-19, nom. nud. 
Grammysia cf.  plena Hyde,  1953,  p.  306,  pi.  38,  figs.  12,  13;   pi.  39, 

fig.   10. 

Description.—The description given above for Grammysia 
oinalitnia omaliann also applies to Grainniysia omaliana 

liydci with the following exceptions. The unibonal region 
of G. omaliana hydci rises higher abo\e the hinge line and 
(ominonly is more pointed in outline, as contrasted to the 
more rounded and lower umbonal outline of G. omaliana 
omaliana. The posterior end of G. omaliana liydci also dif- 
fers in commonly being more pointed at the extremity and 
with this point placed below the mid-height of the valve. 

Remarks.—Mayr, et a I.. (1953, p. 30) said, "Not more 
than one subspecies of any one polytypic species can exist 
in breeding conditions in any one area." Satisfaction of this 
rule is often difficidt in paleontologic speciation. Despite 
this difficulty the writer designates the present subspecies 
because of the distinct mor|jhologii characters which are 
present in a large majority of the s|jecimens collected from 
glacial drift in Michigan but thought to have originated in 
the Coldwater formation and those which have been re- 
ported and figured by Meek (1875. ])p. 300-30], jjl. 16, 
figs. 5a, b. c) and Hyde (1953, p. 306, pi. 38, figs. 12-19: 

pi. 39. fig. 10) from Ohio. 
Mayr, ct al., (1953, p. 31) continued the discu.ssion of 

subspecies to say "To qualify as a subs|)ecies. such an as- 
semblage must be taxonomically different from other 
species. . . . The difference must be sufficiently great so 
that it is possible to itlentify the great majority of sjjecimens 
without knowledge of their jjiovenience. For that |jurpose. 
many taxonomists adhere to the 75 per cent rule. . . ." Al- 
though not enough specimens of the present subspecies are 
available for statistical analysis, certain observations indi- 
cate ihat ilistinct morphologic differences separate most 
specimens of G. omaliana liydci from those of G. omaliana 
omaliana. 

The jjosterior extremities shown in Text-figure 5 were 
arranged as nearly as possible in a gradational series. It is 
noteworthy that four of the ten specimens here called G. 
oniiiliami hydci are found at the end of this seiies, where 
the most sharjjly pointed extremities are groujjed. 

A considerably more striking arrangement is found in the 
series of umbonal outlines present on the same figine. 
These outlines, arranged so as to put more prominent and 
sharper mnbos at the end of the series, show a gradation 
in which no distinct breaks are apparent. However, of the 
last ten iniibonal outlines in the series (Fig. 5, Nos. 36, 37, 
6, 30, 4, 7, 28, 15, 19, 3) only one (No. 6) does not belong 
to a member of the present subspecies. No member of G. 
omaliana liydci is found in the low umbo part of the series. 

For these reasoirs it is felt that a great majority of the 
specimens belonging to G. omaliana hydci can be recog- 
nized by their higher and more sharply pointed umbos and, 
less commonly, by their more pointed ])osterior extremities. 

Types and occurrence—The holotyjje of Grammysia 
omaliana liydci, UMMP, No. 37328, and seven paratypes, 
UMMP, Nos. 37322-37327, 37329, were all collected from 
glacial drift in Michigan. Their lithology indicates that they 
all probably originated in the Coldwater formation. Gram- 
mysia omaliana hydei also has been rejjorted from the 
upper part of the Black Hand member, Cuyahoga forma- 
tion, near Byer, Vinton County, Ohio, by Hyde (1953, pi. 
38, figs. 14-19) and from the Waverly sandstone at Medina, 
Ohio, by Meek (1875, pp. 300-301, pi. 16, figs. 5a, b, c) . 

ORDER FILIBRANCHIA 

FAMILY PARALLELODONTIDAE 

Genus PARALLELODON Meek and Worthen, 1866 
Paralliludun Meek and Worthen, 1866, p. 17 (^Macrodon Lycett, in 

Strickland and Buckman, 1845, p. 98, non Macrodon Miiller, 1842, 
p. 308, ncc Macrodon Schinz, 1822, p. 482) ; .\rkell, 1930, pp. 297- 
306,  in part;  Koliayashi and  Jchikawa,  1950,  p. 238. 

Type specics.—Ma( rodou  riioosiis Butkman. 

Remarks.—The rather (omplicated nomenclatorial prob- 
lems associated with this genus have been reviewed by the 
writer elsewhere  (1961, pp. 1090-1093). 

Subgenus Cosmetodon  Branson,  1942 

Cosmrtodon Branson, 1942, pp. 247-249 (=Bius/iaus,-nia .\rkell, 1930, 
pp. 297-306, non Bntshausenia Maillieux, 1913, p. 33, nrc Biushau- 
si'nia  Cossmann,   1897,  p. 93). 

Type species.—Hy original designation of Branson, 1912, 
p. 247, Bcushausenia keyserlini^i   (d'Oibigny) . 

Remarks.—V>\:\nsi.m (1942, p. 248) has pointed out that: 
Shells of Cosmetodon differ from those of the subgenus 
Farallclodon in that the anterior and posteiior corners of 
the hinge are never alate and the greatest lenglh is below 
the midheight rather than along the hinge. 

Parallelodon  (Cosmetodon)  sp.  aff.  P.  ovatos  (Hall) 
Plate 15, figures 30-39 

Description.—SheW elongate, suboval, moderately gibbous, 
higher j>osteriorly, length more than twite anterior height 



MlSSISSriM'IA.N    IMM^AUIA.N    I'KI Kl :v I'ODs:    DKIS <)!) 

and iliglul) les^ ili.iii twice the jjosleiioi height. Dorsal 
margin very gently curved. Ventral margin subrectilinear, 
slightly sigmoidal due to broad shallow sinus extending 
from umbonal region to \entral margin near mid-length of 
valve. Posterior margin evenly and gently rounded into 
dorsal and ventral borders, posterior extremity being 
slightl) below mid-height of valves. Anterior margin 
rounded. 

Prosogyrate. beaks depressed, rising only slighth above 
hinge line near antciior extrenn't) of \ah'es. Umbonal lidgc 
absent, or Aveakly cle\eloped near beaks. Greatest gibbosity 
is posteiior to beaks, near center of vahes. 

Deejj, suboval, anteiior adductor muscle scar found in 
anterior extremity of valve immediately anterior to broad, 
shallow sinus. Posterior side of anterior adductor scar is 
more deeply impressed than anterior side. Posterior ad- 
ductor scar not preserved. 

Dentition only jjartially preser\ed on specimens ex- 
amined. Posteriorly, two long lateral teeth and two sockets 
lie subparallel to dorsal margin in each \ahe (PI. 15, fig. 
37). The more ventral of the two teeth extends further 
toward the posterior extremity than does the more dorsal 
tooth. Immediately anterior to beaks two small nodelike 
teeth are present in left valve (PI. 15, fig. 39). Anterior 
dentition of right valve unknown. 

Siuface ornamentation poorh preser\ed on writer's speci- 
mens; consists of fine, subequally spaced, concentric striae. 

Remarks.—The present species is clo,sely related to four 
other sjjecies which ha\e been previously described; Paral- 
Iclndon hamiltoniac (Hall) , P. cniatus (Hall) , P. sulratus 

W'eller, and P. irx>inctisis (Foreste) . Evaluation of the 
validity of these species must await a more detailed exam- 
ination. .Size and general shape are chaiacters which ajjpear 
to be of little value for recognition of different foiins. Hyde 
(1953, p. 301) tabulated height/length ratios for P. irii'ituni- 

sis (0.73-0..56) , P. suhntus (0.58-0..50) , and P. luimiUnniac 

(0.(i4-0.-15). Hall's figures of P. oimtus (IS,S5. pi. 51, fig. 8; 
pi. 93, fig. 16) both show height/length ratios of 0.53. The 
ratios of the writer's three specimens from the Maishall 
sandstone range from 0.40 to 0.(52. Overhqj between these 
ratios does not allow differentiation. 

Hall (1885, p. 351) says of P. ox'iiliis. "Anterior hinge 
teeth minute, oblique; posterior teeth elongate, very slight- 
ly cinved, one long and one short in each val\e. " This de- 
scription could well be applied to Marshall sandstone speci- 
mens, except for the fact that anterior dentition in Marshall 
specimens consists of two minute nodelike teeth in the 
left \al\e rather than oblicpie leeiii. 

ll   is also nolewo)th\   thai   there  is some discreuanc \   be- 

tween the two figures of P. oxxilus illustrated by Hall 
(1885). On his plate 51, figure 8, a left valve is shown pos- 

sessing two posterior lateral teeth. On his plate 93, figure 
16. a left valve is shown with three posterior lateral teeth. 
Both specimens are from the Waverly groiqj of Ohio. 

Specimens of Parnllelodon (Cnsmctodou) sp. aff. P. ova- 
tus from the Marshall sandstone ha\e, as noted abo\e, only 
two posterior lateral teeth. Several left \ahes of Parallelo- 
don sp. (PI. 15, figs. 40-48) from glacial drift, but believed 
to have originated in the Coldwater formation, ha\e been 
examined. These are similar to Parallrlodon (Cosinrtodoii) 
sp. aff. P. ovntus except that they do, in fact, have three 
oblique anterioi- teeth as well as three posterior lateral 
teeth. Further study will, in all probability, prove that 
these Coldwater forms aie a.ssignable to one of the species 
discussed  above. 

Sprctmcns and 0(riirr(')icc.—The writer has figured three 
speciinens of Parallclodon (Cosinetodou) sp. aff. P. ovatus, 

UMMP, Nos. 37401-37403. All three are from the Marshall 
sandstone, the first two being collected at Battle Creek, 
Calhoun Coimty, Michigan, and No. 37403 at Marshall, 
Calhoun C^oimty, Michigan. 

In sinmiKuy, Parallrlodon (Cosinctodon) sp. aff. P. 

ovatus is known to occin- onh in the Marshall sandstone 
of Calhoun Coimty, Michigan. Closely related forms, P. 
ovatus and P. inii7icnsis, which may prove to be synony- 
mous, occiu in the Waverly groiqj of Ohio. 

Parallelodon  (Cosmetodon)   marshallensis  (Winchell) 

Plate 16, figures 1-5 

Sanguinoliti-s   maishallins'ts   Winchell,   1862,   p.   415;    ?1871,   p.   256. 
Non  Siirii/uinolitrs  marshalli-nsis   ?  Hcrrick,   1888,   vol.  3.  p.  67,   pi.   5, 

fig.   11;   pi.   7,   fig.   10   (^ Paliii-oneilo  truncata  Hall). 
I'liralli-loJon Jcprrssus  Hyde,  1953, pp. 299-300, in part. 

Original descrijnion.—(Winchell, 1862, p. 415). 
Shell of medium size, transverse, equivalve, ellipsoidal in outline, 

with subterminal beaks. Hinge line apparently edentulous, straight, 
flattened and elevated posteriorly, terminating one fourth the length 
of the shell from the posterior extremity, at which point is the 
greatest height of the shell. Posterior extremity a semi-ellipse; anterior 
subtruncate above, regularly rounded below; a sinus in the ventral 
border one-third the shell-length from the anterior end, from which a 
diminishing furrow extends to the flattish, straight, incurved beak. 
CJreatest thickness of shell on the middle line a little nearest to the 
anterior end. Surface marked by about three remote, deep, concentric 
grooves,  and  numerous  fine  lines of growth. 

Length 1-2 (100); greatest height -63 (52); thickness -36 (30); 
projection of anterior end beyond beak    09  (7). 

Locality.—Marshall. 
This species seems to be destitute of the elongated posterior 

escutcheon characteristic of McCoy's Sajiguinoiitfs, but agrees perfectly 
with Professor King's modified ideas of .lllorisma, (Perm. Foss. pp. 
162 and 196). Some hesitation is shown, ho\vever, among paleon- 
tologists about adoption of the latter name, which McCoy regards 
as  a synonym of Saitffuiiiolitrs. 

Rcxii.scd drsiription.—^hiiW sul)elliplical. higher pos- 
teriorly,  length  moie  tli.iii   iwice  ilic  anterior  heigiii   and 
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slightly less than twice the posterior height. Beaks sub- 
terminal, rising only slightly above dorsal margin. Dorsal 
margin straight, length equal to somewhat more than Vz 
of total length of valve. Anterior margin truncate above, 
abruptly rounded below, forming angle of approximately 
115° with dorsal margin. Ventral margin sinuous, reflecting 
broad sulcus extending from umbo to ventral margin. Pos- 
terior border evenly and broadly rounded dorsally and 
ventrally, more abruptly cur\ed terminally. Posterior ter- 
mination of valve approximately at mid-height. 

Moderately convex, greatest thickness near mid-length 
of valves, tapering evenly to posterior extremity but main- 
taining considerable gibbosity to near anterior extremity. 
•Strong, broad sidcus extends posteroventrally from imibo to 
ventral margin, reflected in constriction of growth lines and 

of ventral margin. 
Umlional ridge not pronounced. Poslunilton.d slojje tlat- 

tened, becoming conca\e toward dorsal margin, ^vhiih is 

siil)alatc posteriorly. 
.Surface ornamentation of a few, commonly three or 

more, distinct, evenly and widely sjjaced, concentric lamel- 
lae and of finer striae of growth. 

Interior iniknown. Dentition  unknown. 
/Jr/Hrtr/w.—Because Wiiuhell pul)Iished no illustrations 

of the sjjecimens which he originally assigned to Saiioimw- 

litrs riKirshaJlcnsis, consitlerable confusion concerning the 
characteristics of this species has arisen. Hyde (1953, p. 
297) discirssed this problem (see also the partial discussion 
included under Palacoiudlo triiiicatti of the present paper) . 

The writer has examined and illusirated (PI. Ki, figs. 
1-3) the holotype of ParaUclodon (Cosuirlodou) nuirshal- 

Icusis (VVinchell) . This specimen, from the Marshall sand- 
stone at Marshall, Calhoun Comity, Michigan, was figured 
by Winchell in unpublished illustrations held by the Uni- 
versity of Michigan. 

Winchell's holotype of the present species is clearly dis- 
tinct from the fomis here assigned to Pnlaconcilo Irtincata 
Hall, with many of which it has previously been considered 
synonymous. It is equally apparent that the holotype is not, 
in fact, a species of Palaeoncilo. 

The general form of the present species agrees very well 
with members of the genus ParaUclodon. However, certain- 
ty regarding this generic assignment must await study of 
sjjecimens in which dentition is preserved. 

Hyde (1953, pp. 299-300) described, but did not illus- 
trate, a new species, ParaUclodon dcprcssus. The writer has 
examined Hyde's four primary types of this sjjecies (OSU. 
No. 19671). Two of these s|jecimens, one of which is the 
holotype ol P. drprcs.siis, are figiued heie foi llic lirsl 
time   (PL   i(), tigs.   1-5). These are considered synonymous 

with P. {Cosiiiclodon) iiiarsliiiUcnsis (Winchell) . The two 
remaining s|jecimens of Hyde's primary ty]jes are not con- 
sidered synonymous with the present species and are prob- 
ably not members of the genus ParaUclodon. 

The present species differs from ParaUclodon suhatu.^ 
(Weller) in its larger size, more abru|jt triuication of the 
dorsal part of the anterior margin, and its less conspicuous 
lunbonal ridge. The dorsal portion of the posterior margin 
of P. sulcatus is subtruncate whereas that of the present 
sjjecies is not, being nearly symmetrical with the ventral 
portion. The strong, evenly spaced lamellae of the pres- 
ent species are not characteristic of P. sulcatus. 

Types and oc( urrcncc.—WincheWs holotyjje of ParaUclo- 
don (Cosniclodon) niarshallcnsis, UMMP, No. 26877, is a 
right valve fiom the Marshall sandstone at Marshall, Michi- 
gan. From the same locality Winchell collected a poorly 
j)reser\ed paratyj^e, IIMMP, No. 4-1272 (unfigured) . Hyde's 
Ohio specimens (O.SII. No. I9()7I) nuist be regarded as 
hypotyjjes. 

/■". {Cosinclodo)i) nunsluUlcnsis (Winchell) occurs in the 
Marshall sandstone of Calhoinr County, Michigan, and in 
the Allensville member. Logan formation, at the Vogel- 
meier quarry, Newaik, Ohio, and at Rushville, Ohio. 

ORDER PRAEHETERODONTA 

FAMILY MYOPHORIIDAE 

Genus SCHIZODUS King in Murchison, de Verneuil, and 
Keyserling, 1845 

Sihizoiius King, 184+, p. 313 (nom. iniJ.) \ King In Murchison, et a!., 
1845, pp. 3(18-309; 1850, pp. 185-188; Hind. 1898, pp. 212-217; Cox, 
1951,  pp.  362-371   (see  Hind,   1898,  for other   references). 

Type species.—liy original designation of King, in Mur- 
chi.son. el al., (1815, p. 308) Sdiizodus obsiurus (|. Sow- 
erby) . 
Rcnnirks.—ln 18 15 King (in Murchison, De Verneuil, 

■lud Keyserling. ]). 309) defined Sdiizodus as having two 
teeth in each valve. In 18.50 (p. 185) King staled that the 
right valve has two cardinal teeth and that the left valve 
has three, and noted that the previous error was due to 
overlooking the small posterior tooth in the left valve. Hall 
(1885, p. .39), Crabau and .Shinier (1909. p. 182), Shimer 
and Shiock (1919, p. 101) ;iiul others have contended that 
Sdiizodus has only two teeth in the right valve, but Hind 
(1898, p. 21-1) described a third tooth, weakly developed 
and situated anterior to tl\e other two, in the right valve. 
Hind's figure of Schizodus pentlandiciis (pi. Mi, fig. -1) does 
appear to show such a tooth. None of the species here 
assigned to Sdiizodus have been observed to have more 
ill.Ml iwc) leelh in the right valve. 

King   (in  Murcliison, De Verneuil and Kevseiling.  1815, 
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p. 308) stated that "Les dciUs de la \alve gauche soiit 
placees en avant de celles de hi \ahe droit. . . ." He reaf- 
firmed this rehitionship between the vahes in 1850 (p. 
185). Hind (1898, p. 214) said that ". . . in direct opposi- 
tion to King's statement, the teeth of the right valve are 
always in front of those in the left." Valves of the species 
described below possess somewhat stronger dentition than 
the type species (see Cox, 1951, pp. 363-364) and articidate 
so that a tooth of the left valve is always most anterior. 
Nevertheless, the largest cardinal of the right valve is al- 
ways anterior to the largest cardinal of the left valve. 

Schizodus  rostratus  (Winchell) 

Plate 16, figures 6-21 

Sanguinolaria   rostraia   Winchell,   1855,   pp.   129-130. 

Origiuul description.- {\ymi:\\ei\l 1865, pp. 129-130). 
Shell rather large, transverse, cuneate-oval in outline, of medium 

con\'exity. Beaks two-fifths the shell length, from the anterior end, 
quite prominent, and rather strongly incurved. Greatest convexity 
abo\'e the middle, continuing along the postero-dorsal slope. Hinge line 
somewhat more than one-third the length of the shell, slightly angu- 
lated between the heaks; buccal slope slightly cur\ed, the anal nearly 
straight; extremities obtusely rounded; ventral margin nearly straight 
in the middle region, curved rapidly beyond. Longest dimension e(|ui- 
distant between the beaks and venter. Pallial impression deep, without 
sinus ( ?) ; anterior muscular pit deep on the rostral side, roundish- 
o\'aI, striate radially and concentrically; equidistant between the 
beaks and the extremity; posterior muscular pit much elongated; a 
feelde ridge extends from the beak along the inner border of each 
muscular pit—more perceptible posterior. In the right \al\e a strong 
triangular cardinal tooth stands just anterior to the point of the 
beak, and is bounded posteriorly by a deep triangular pit, and an- 
teriorly by a shallower and narrower one. Nothing further is clearl>' 
known in reference to the hinge. The shell seems to be thick and 
externally  smooth. 

Length, 1 72 (100); height, 1-13 (66); convexity of one valve, '3+ 
(20) ; distance from beak to anterior extremity, '55 (32) ; to posterior 
extremity  1 -21   (70). 

Collected at Battle Creek, Michigan, by A. W. 
Resembles S. similis Win., but differs in more prominent beaks, 

greater convexity and straight ventral margin. 

Rcxiiscd c/«rr//;//oH.—Ciineate-siiboval, moderately gib- 
bons, beaks ajjjjioximately two-fifths total length from 
anterior extremity. Ventral margin straight in central part. 
Anterior margin broadly and evenly roinided. Posterior 
margin siibtriincate. Dorsal border straight posterior, and 
for a short distance anterior, to the beaks, forming an angle 
of approximately 140° beneath the incin-\ed beaks. 

Beaks prominent, rising well above hinge line, ortho- 
gyrate oi' opisthogyrate, the latter condition being best 
shown in maturity or old age. 

Pallial line strongly impressed, entire, subtrtincate pos- 
teriorly (?) . Adductor scars strongly marked, particularly 
along the posterior side of the anterior adductor and the 
anterior side of the posterior adductor. Both adductor scars 
prominently marked by radial and tontenlrit sculpture 
(PI. l(i, ligs. 10. I.r,, 20). .V siiallow groove cMends ladially 
across  the siibc ire idar anteiioi   adduc toi   .iiui   joins  p;dlia] 

line ventrally (PI. 16, figs. 10, 15). Posterior adductor sub- 
oval. Anteriorly and posteriorly, immediately adjacent to 
hinge line and above the adductor scars, a small oval ac- 
cessory scar is present  (PI. 16, figs. 10, 15, 16, 20). 

Surface of casts marked by ridges. Anteriorly a single 
inconspicuous ridge extends from innbo to anterior ad- 
ductor scar. Posteriorly two, and in some cases three, such 
cast ridges are found curving away from imibo. The weak- 
est and most dorsal ridge absent in certain specimens, ex- 
tends from imibo to posterior adductor scar. The most 
prominent ridge cinves from the imibo. passes close to the 
anterior border of the ])osterior iiddudor scar, and merges 
with the general convexity of the \al\e post-\entrally. The 
third ridge, best developed in matme and old age speci- 
mens, is the most anterior of the three posterior cast ridges. 
It curves strongly from the imibo, being directed dorsally 
in the mnbonal region but swinging in a post-dorsal direc- 
tion before merging with the general convexity in the 
central ])art of the valve. 

Dentition strongly developed. Dentition formula (see 
Bernard and Munier-Chalmas in Bernard, 1895, pp. 116- 
117), of right valve: -3a-3b-: of left valve: 4a-2-4b. 

The cardinal tooth of the left valve (2) is strongly 
de\eloped, slightly bifid, siibtriangidar, and extends ven- 
trally from below the beak (PI. 16. figs. 14. 19). Anterior 
to this tooth lies a large triangidar socket for reception of 
cardinal (3a) of the right valve. Posterior to the central 
cardinal a narrower triangidar socket is jjresent for recep- 
tion of cardinal (3b) of the right valve. Two narrow, in- 
clined, elongate cardinal teeth extend from the central part 
of the hinge antero\entrally (4a) and postero\entrally 
(4b) . Of these two inclined teeth the most anterior (4a) 

is more prominent  (PI. 16, fig. 19). 

Dentition of the right \al\e dominated by a strongly de- 
veloped, curving, subtriangular, cardinal (3a) (PL 16. figs. 
8, 18). Anterior to this cardinal a prominent, incliired, 
elongate-triangular socket for reception of cardinal 4a is 
present. A large socket lies posterior to cardinal 3a for re- 
ception of cardinal 2. This socket is bounded posteriorly 
by another inclined, weakly clevelojjed cardinal (4b). The 
most piominent tooth of the right val\e is articulated in 
front of that of the left. Plate 16, figure 21, illustrates that 
cardinal 3a lies in front of cardinal 2. 

Ligament external, contained in a narrow lanceolate 
escutcheon (PI. 16, fig. 19). Shell probably thick, exterior 
unknown. 

]{,iN(nhs.-\\vv\Hl (IS88, \(.!. I. |,l. (i. figs. 1-1, 6, 10, 
12. 13) illustrated a luunber of species of Srliiii>ilii\ liom 
liie W'axcrh group ol ()liio.   There a|)pears to he no dose 
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resemblance between any ol these forms and Scliizodus 

rostrati(S  (Winchell) . 
S. rostralus resembles, in general outline and appearance, 

the Pennsylvanian and Permian species, Schizodus wheelcri 

(Swallow). Both forms are elongate and possess evenly 
roinided anterior borders and ridged casts. Schizodus ros- 
tralus may be distinguished by its straighter ventral mar- 
gin, by its more jjosteriorly placed beaks and by its dis- 

tincti\'e miiscidature. 
Types a)id orcurreurr—Two syntypes collected by Win- 

chell in 1863 froiTi the Marshall sandstone at Battle Creek, 
Calhoun County, Michigan, and descrilied in ISfiS (pp. 
129-130) have been examined. UMMP, No. 26881 is here 
designated lectotype and No. 44281 paralectotype. Three 
other specimens (UMMP. Nos. 3.5554, 44282, 44283) from 
the Marshall sandstone at Holland, Ottawa Comity, Michi- 
gan, are here regarded as hyjjotypes. 

Schizodus rostralus (Winchell) is known to ottur in the 
Marshall sandstone of southern Michigan. 

Schizodus? similis (Winchell) 

Plate  17, figures M3 

Sctnyu'uiolaria  similis  Winchell,   1862,   p.  421;   18fi5,   p.   130. 

Orii^iniil description.- {Wimhell, 18(i2, p. 421). 

Shell rather large, transversely elliptic, rather appressed. Beaks 
a little anterior to the middle of the shell, flat, obtuse, and a little 
elevated. Hinge-line about one-third the length of the shell, slightly 
angulated under beaks; buccal and anal slopes somewhat straight; 
anterior and posterior margins abruptly rounded; ventral margin 
regularly curved, except a slight bend in the middle. Longest dimen- 
sion equidistant between beaks and venter. Pallial imprssion entire?; 
anterior muscular scar roundish-oval; posterior obliquely pyriform. 
A pair of strong internal ridges diverge from beneath the beaks (as 
in Tellina), the anterior passing along the posterior side of the 
buccal scar, and the posterior along the front margin of the posterior 
scar, terminating opposite the lower borders of the respecti\'e scars. A 
sharp but shallow groove runs along the anterior of the posterior 
ridge. Hinge not fully known; a strong triangular cardinal tooth 
passes a little oblitjuely forward across the hinge plate, behind which 
is a deep pit, while a shallow one bounds the tooth anteriorly; an 
elongate triangular lateral tooth extends in front of the beak, and 
apparently another behind the beak. Shell thick; external surface 
marked by irregular, fine incremental striae, and a few broad shallow 
furrows. 

Length 2'0 (100); height 1 11 (55); convexity of one valve '23 
(11); length of posterior lateral tooth 42 (21); from beak to anterior 
extremity    95   (47);   to  posterior  extremity   125   (62). 

lAxality.—Marshall,   where   it   is   rather   abundant. 

Jlfiiiscd di'S( riplioii.—ShL'W subelli])li(al. iiai)()w. Dorsal 
margin sliaight anleiioi and jjosterior to l)eaks, forming 
an angle of approximately 140'-' below beaks. Anterior 
margin rather abruptly rounded near mid-height of valve. 
Posterior bolder subtruncate dorsally, a])ru])tly rounded 
ventrally. Ventral margin broadly and evenly curved an- 
teriorly and jjosteriorly, somewhat more abruptly roimded 
near mid-length of \'alves. 

Beaks disiintt, rising only a little abi)\e the hinge line. 

situated slightly anterior to mid-length of \al\es. Valves 
narrow, tajjering evenly anteriorly and jjosteriorly. Ad- 
ductor scars prominent. Anterior scar deeper, placed mid- 
way between beaks and anterior extremity, adjacent to dor- 
sal margin, oval, marked by weak concentric scul|>tine and 
a single tiiin radial groove which joins jjallial line ven- 
trally (PI. 17, fig. 6). In molds a small projection extends 
toward beak from the anterior adductor, probably reflect- 
ing an atcessory muscle scar immediately adjacent to the 
anterior adductor (PI. 17, figs. 2, 3, 5, Pi). Posterior ad- 
ductor suljpyriform. situated midway between beak and 
jjosterior extremity adjaient to dorsal margin, marked 
by weak concentric scidpture (PI. 17, figs. 5. 8) . Pallial line 
entire, truncate below posterior adductor scar. 

Three internal ridges present (grooves on molds). Two 
of these are prominent, diverging from the imibonal region 
anteriorly and ])osteriorly. Stronger posterior ridge extends 
along anterior border of posterior adductor scar, terminat- 
ing at posteio\entral extremity of this scar (PI. 17, figs. 5 
8, 12) . Anterior ridge extends along posterior border of 
anterior adductor scar, terminates at ventral border of 
scar (PI. 17, figs. 5, fi) . The third internal ridge, weakly 
developed, originates on the central portion of imibo and 
extends ]X)stei(>\cntrally for a short distance before merging 
with general conxexity of valve (PI. 17. figs. 5, 6) . A sharp 
narrow gioo\'c is jjiesent immediately adjacent and anterior 
to strong ]josterior ridge   (PI. 17. figs. 5. 7. 8) . 

Dentition strongly developed, dentition loimula (see 
Bernard and Munier-Chalmas //( Bernard, 1895, j)]). 11 fi- 
ll 7) , of right valve: -3a-3b; of left valve: 4a-2-. 

Cardinal tooth of left valve (2) strongly de\eloped, tri- 
angular, directed postero\entrally, subbifid, being partially 
cli\ided on the \entral surface. Large triangular socket im- 
mediately anterior to this cardinal for rece|)tion of strongest 
cardinal of lighi \ahc. Prominent, narrowly triangular 
cardinal (4a) lies anterior to this socket and is directed 
antero\entrally. Posterior to cardinal 2 a socket for recep- 
tion of cardinal 3b merges into wide flattened area of hinge 

(PI.  17. fig.  11). 

In the light valve the subtriangular cardinal (3a) is the 
strongest tooth, extends anteroventrally. Below the an- 
terior ]joitioii (jf cardinal 3a and the socket which lies 
anterior to this tooth, the internal anterior ridge broadens 
and merges with the hinge, structure, acting as a su|jport 
for cardinal 3a and closing the bottom of the socket which 
receives cardinal 4a (PI. 17, figs. 4, 9). This is the only 
socket of either valve which is closed ventrally. It is possible 
that the corresponding anterior internal ridge of the left 
\:il\e supports cardinal 4a l)ut it does not close the socket 
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for lecejition of c;irdinal 3a. Posterior to 3a is a broadly tri- 
angular socket for reception of tardinal 2 and a prominent 
elongate cardinal  (3b)  directed postero\entrally. 

Shell thin (PL 17, fig. 12) except in iimbonal region and 
ridged areas, marked by broad irregular concentric undula- 
tions, reflected internally, and regular, closely spaced con- 

centric striae  (PI, 17, fig. 13). 
Rciiiiirks—The writer cannot, with certaini), assign the 

present species to Srhizcxlus. Typical forms of Schizodu.s 
characteristically possess a more sharply defined umbonal 
ridge, a less elongate form, and a greater relati\e thickness, 
than does the present species. The general form of typical 

species of Schizodus is distinct. 
The present species is tentati\ely assigned to this genus 

largely on the basis of its dentition, which agrees well with 
that of other species of the genus. Internal ridges, most 
])ronouncetl posteriorly, have been em])hasi/ed as a generic 
characteristic by Waagen (1(SS1, p. 232) and are well de- 
\elopecl in the present species. The posteriorly truncated 
pallial line also agrees well with that found in more tv])ical 
members of the genus. 

Types atid occurrence—Winchell's four syntypes of Snii- 

giiincjhiria sitnilis (=Schlzodus? siiiiilis) are held by the 
University of Michigan. Of these UMMP, No. 4428.5 is here 
designated lectotype. UMMP, Nos. 44286, 44287, and 26833 
(unfigured) are paralectotypes. These specimens are from 
the Marshall sandstone at Marshall, Calhoun County, 
Michigan. Hypotype, UMMP, No, 44288, is from the Mar- 
shall sandstone at Battle Cjeek, Calhoun C:ount\. ^^ichi- 
gan. The specimens described by W'inchell (IS(i5, ]). 13fl) 
from Napoleon Cut, Jackson Ciounty, Michigan, have ap- 
parently been lost. 

Sclilzodtis? sitnilis (Winehell) is kno\vn to occur onl) in 
the Marshall sandstone of southern Michigan. 

Schizodus sectoralis (Winchell) 

Plate 17, figures 14-26 

Saiiguinolaria sectoralis Winchell,  1862,  p. 422. 

Original description.-{Winchell.  1862, p. 422). 

Shell rather large, subtumicl, triangular, with heaks but little in 
advance of the middle. Anterior and posterior cardinal slopes but 
slightly curved, the latter the longest; anterior end a broad curve; 
posterior more produced and more abruptly cur\'ed bet\veen the 
extremities. Beak prominent, somewhat depressed, incurved. Greatest 
thickness of shell in the middle. Muscular pits situated abo\'e the 
middle.   o\'al,   profound,  connected   bv   the   entire   pallial   impression. 

Length 1-18 (100); height -92 (78); thickness -54 (45); length of 
anterior end "43 (36); of posterior end "75 (63). Length, height and 
thickness of largest specimen seen are 1'75 (100); 1'30 (74) and '70 
(40);   length  of anterior end   -80   (45);  of posterior end   -94   (53). 

Locality.—NTarshall. 

Rei'i.scd di.u rij)! ion.—S\i'^]\il\ opisthogyi ale but clciirh 
|ji()s()i lin.il,  subtriangiilar.  subiiimid  diiny;u i;uis.  Anterior 

margin broadly and evenly curved, \entral margin gently 
curved and posterior border abruptly rounded. Dorsal mar- 
gin subrectilinear posterior to the beaks and for a short 
distance anterior to the beaks, the two ])arts of dorsal mar- 
gin joining at an angle of approximately 140° below the 
beaks. 

Beaks placed slightly anterior to mid-length of valves, 
prominent, rising well above hinge line. The series of hypo- 
types shown in Plate 17, figures 22, 20, 18, 24, appear to 
indicate that the ojjisthogyrate character is more marked in 
larger specimens. 

Anterior adductor scar prominent, subo\al, phuccl mid- 
way between beaks and anterior extremity, adjacent to 
anterodorsal margin. A weakly develo|)ed radial groove ex- 
tends across anterior adductor, joining pallial line ventrally 
(PI. 17, fig. 23). Posterior adductor scar sharply defined, 
suboval, longer than anterior scar, situated midway between 
beak and ]50sterior extremity. Pallial line truncate poste- 
riorly (PI. 17, fig. 21). 

.\ number of weakh' defined internal ridges jjresent (PI. 
17, figs. 17, 18, 24). Extending fiom the umbonal region 
anteroventrally, one ridge lies immediately adjacent to 
posterior margin of anterior adductor scar. Posteriorly, a 
ridge arising in the umbonal region lies immediately ad- 
jacent to the anterior margin of the posterior adductor 
scar. Other weaker and less well-defined, gently curving, 

internal ridges present on some specimens both above and 
below the umbonal ridge. 

Dentition stiongly developed. Dentition formula (see 
Bernard and Munier-Chalmas in Bernard, 1895. pp. 116- 
117) , of left valve: 4a-2-: of right valve, probably: -3a-3b. 

Left vahe has strongly developed, triangular, bifid car- 
dinal (2) placed directly below beak (PI, 17, fig. 19). This 
tooth cleft on ventral, rather than articulating, surface. 
Posterior to cardinal 2 a weakly developed elongate .socket 
is ]>resent, merging posteriorly with a flat hinge jjlate. It is 
considered to indicate the presence of cardinal 3b in the 
right valve. Directly anterior to cardinal 2 a large triangular 
socket for reception of cardinal 3a diverges from beneath 
beak. Anterior to this socket a narrow elongate tooth 
(4a), diverges from beneath the beak, lies nearly parallel 

to the dorsal margin of the valve. 

Surface sculpture imknown. 

Remarks.—Schizodus sectoralis may be distinguished 
from Schizodus rostratus by its less elongate form, its more 
nearly central beaks, its less well-de\eloped internal ridges 
and musculature, and by its distinctive dentition. .S'. ros- 
Iratiis is commonly somewhat larger. S. sectoralis differs 
from S. Ir/ooiialis  (Herrick)   in its less prominent umbonal 
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ridge and abruptly rounded, rather than truncate, posterior 

margin. 
Types and occurrence—The right valve collected from 

the Marshall sandstone at Marshall. Michigan, and de- 
scribed by Alexander Winchell in 1862 (j). 422) , holotype, 
UMMP, No. 26876, has been illustrated (PI. 17. figs. HI 6) . 
The writer here figines as hypotypes three specimens 
from the Marshall sandstone at Battle Creek, Michigan. 
UMMP, Nos. 44290-44292. and one s])ecimen from Hol- 
land, Ottawa County. Michigan. U.MMP, No. 35.553. 

Schizodits sccloruUs (Winchell) is known to occur only 
in the Marshall sandstone of southern Michigan. 

Schizodus  triangularis  (Herrick) 

Plate 18, figures 1-5 

fMacrodon   ??   triangularis   Herrick,   1888,   vol.   3,   pp.   74-75,   pi.   8. 
fig. 8. 

Schizodus triangularis Herricii,  1888, vol. 4,  p.  116,  pi. 6,  figs. 10,  13; 
1895,   pi.   17,  figs.   10,   13;   Lane   and   Cooper,   1900,   p.  264,   pi.   11, 
figs.  7,  8. 

Remarks—Schizodus lrian;j,iilaris is similar in many 
respects to Schizodus ehlersi. a species described for the first 
time in the present paper. It may be distinguished by its 
shorter relative length, its moie anteriorly placetl beaks, its 
more prominent umbonal liilge, and the presence of a weak 
sulcus below the umbonal ridge. Furthermore, the posterior 
margin of S. tria)igularis is subtruiuate. forming an obtuse 
angle with the dorsal margin. The tlorsal and posterior 
margins of S. ehlersi form a gentle ciu\e irom the beaks, 
little or no angulation being present. 

Herrick described and figured specimens considered by 
him to be S. triangularis in three publications (1888, vol. 
3, pp. 74-75, pi. 8, fig. 8; 1888, vol. 4, p. 116, pi. 6, figs. 10, 
13; 1895, pi. 17, figs. 10, 13). A specimen is figured with his 
original description which bears a much closer resemblance 
to S. ehlersi than to the sjjecimens later figured as S. tri- 
angularis. Herrick's holotype is a]j]jarently lost. It is here 
tjuestionably included in synonymy because he stated 
(1888 vol. 4, ]j. 116) that "The poor specimens encountered 
last year [and used as a basis for the original description] 
gave an entirely false impression of the species. We have 
figured two typical (but, in size, extreme) examples of the 
species which show that the specimen figuied last year, like 
many others seen, had lost the narrow posterior margin." 
Becairse the holotype cannot be examined, it seems advis- 
able to assume the synonymy of this specimen with those 
later described by Herrick. 

The writer has examined the two hypotypes of S. Irianou- 
laris described and figured by Lane and C:oo|)er (1900, p. 
2(>l, pi. II. ligs. 7. 8), UMMP, Nos. 2227. 2228; Midiigiiri 
(.col. .Siuvey, Nos. 19256. 19257. These specimens from the 

Coldwater formation at Pte. aux Barc|ues lighthoirse, Hu- 
ron County, Michigan, are refigured in the present paper 
(PI. 18. fig.s. 2-5). 

Types and occurrence.—A single specimen, hypotyjje, 
UMMP, No. 44298. is here recorded from the Marshall 
sandstone at Battle Creek, Calhoun County, Michigan. 

S. triangularis occins in the Coldwater and Marshall for- 
mations of Michigan. In Ohio this species is reported by 
Herrick  (I8S,S. vol. 1, p. ll(i)  from the .Middle Waverly. 

Schizodus ehlersi, sp. nov. 
Plate 18, figures 6-20 

/.Jr.vr )7/)//o;;.—.Subtriangidar. prosogyrate. beaks jiisl ;ni- 
tciior to mid-length. Anterior margin broadly and evenly 
curved throughout major extent, somewhat straighter 
posteriorly, abruptly roiuided at posterior extremity. Pos- 
terodorsal margin ciuves evenly from beaks to meet ventral 
margin at posterior extremity. Little or no angidation pres- 
ent on this margin. Dorsal border straight anterior to 
beaks, joins anterior margin without angidation, forms 
angle of approximately 120° with posterodoisal border be- 
low beaks. Valves may gape slightly posteriorly. 

LJmbonal ridge prominent to subrounded, terminates 
at posterior extremity. Postumbonal slope variable, com- 
monly possesses two radiating grooves and one ridge (PI. 
18. figs. 12, 16). 

P;dlial line piominent. entire, truncate and slightly 
sinuous posteriorly. y\dcluctor muscle scars prominent. An- 
terior scar suboval, marked by radial groove which joins 
pallial line ventrally (PI. 18. figs. 6, 7). Posterior adductor 
scar slightly larger, sid30\al, marked with prominent con- 
centric scidpture. cli\isible (on single interior studied) into 
two parts; a prominent, deeply recessed anterior portion 
and a larger, clearly defined Ijut less deeply impressed, 
posterior portion   (PI. 18. fig. 8). 

Interior of valve marked by weakly delincd iniern.d 
radial ridges originating in umbonal region (PI. 18, figs. 7, 
8) . Two slightly more prominent ridges present immedi- 
ately adjacent to posterior side of anterior adductor and to 
anterior side of jxisterior adductor (PI. 18. figs. 6-8, 10). 
Small pits, irregularly to radially arranged, are reflected 
o\ei most of the surface of the single available internal 
mold, most common on anterior portion (PI. 18, figs. 6-10). 
These are cjuestionably considered to be of organic origin. 

Dentition poorly understood. A single large, subtriangu- 
lar. anteriorly inclined cardinal tooth is present in the 
right valve. Posteriorly this cardinal is bounded by a large 
triangidar socket, and anierioily by a n;nrnw l.inceolale 
socket. Oilier Icclli iiia\, or ma) uol. he picscnl in llic liglil 
val\e.  Deiuiiion of kit \al\e unknown. 
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Kciiiarks.—S(hizodiis clilrrsi, known to occur only in the 
Marshall sandstone of Michii^an, is most closely related to 
S. triangularis which occins in the Marshall sandstone and 
the Coldwater shale of Michigan and in the middle \\'a\erly 
groiijj of (^hio. Comparison of these two species is made 
under remarks on .S'. Iriaugiihnis. Of jjartitular im])ortance 
in distinguishing .S'. chlcrsi are its more centrally located 
beaks, the exenly ami gently curved posterodorsal maigin. 
and the absence of a sidcus anterior to the umlDonal ridge. 

Plate 18, figure 9, illustrates a structiue present on the 
umbonal region of an internal mold of .S. clilrrsi. This 
structure, unquestionably of organic origin, is thought to 
be the filling of a hole drilled througli tlie \al\e by a tarni- 
vorous marine organism. 

S. chlcrsi is named in honor of C. M. Ehlers, whose 
work has contributed greatly to an luukistanding of the 
geology antl paleontology of Michigan. 

Types and occurrence.—A natmal internal moKI of a 
right valve from the Marshall sandstone at Battle Creek, 
Calhoim County, Michigan. UMMP, No. -14299. is here 
designated holotype. Paratype, UM.MP, No. -MSOO, is a light 
valve from the same locality. Paratyjies. UMMP, Nos. 44301 
and 44302 are from the Marshall sandstone at Moshcrxille. 
Hillsdale C>>unty,  .Michigan. 

Sdiizodns chlcrsi is known to occur onh in the .Marshall 
sandstone  of southern   Michigan. 

ORDER HETERODONTA 

FAMILY  ASTARTIDAE 

Genus CYPRICARDELLA Hall, 1858 

CyprinirJilla Hall, 1858a, p. 17 (=Mui(utoii Coniaii, 1842, p. 247. 
Nou Miiri/Joii Meigen, 1803; /irr Miiroiinn .Agassiz, 1833, vol. 2, 
pp. 16, 204-205); Hind, 1899, pp. 345-348; Williams ancJ Breger, 
1916,  pp 239-249;   Haffer,  1959,  pp.   170-171. 

Type Species.—By subsecjuent designation ol Miller (I.SS9, 
p. 474), Cypricardella sulicUiptna H;dl. 

Cypricardella? securis (Winchell) 
Plate 15, figures 19-29 

Saiii/uiiiuliirs    {CypririirJiaf)   srcuris   Winchell,   1871,   pp.   255-256. 
Sphniolus tu-olus var. curlus Hyde, 1953, pp. 308-309, pi. 39, figs. 2, 3. 

RcuHirks.—Thii^ species is (juestionably referred to Cypri- 
cardella on external characteristics only. No specimens ex- 
amined by the writer show the hinge structure. Assignment 
to Cypricardella is based on the large escutcheon with 
exerted edge, the truncate posterior margin, the oblicjue 
umbonal ridge, smface ornamentation ;nul general form. 
These external characters were em]}hasi/ed by Hind (1899, 
p. 346) in his re\ised generic description. Hind's figures of 
CyJDK iirdclhi rci laiii^iilinis (McCov) (his |ji. .'i'.), figs. 20-2(i) 
show many characters in coimnon \\ith the jfiesenl species. 

Hyde (19.'53, pp. 308-309) has described Cypricardella? 
securis as Sphcnotus aeolus var. curt us. The species does 
not occur in the Marshall sandstone. The writer has ex- 
amined the two specimens which were collected by Rev- 
erend H. Hei/er from the Waverly group at Newark, Ohio, 

and which were desciibed by Winchell in 1871 (pp. 255- 
256) (PI. 15, figs. 19-24 of present ]japer) . The two speci- 
mens desciibed by Hyde (1953, pp. 308-309) from the 
Allorisnia leinchelli zone at Rushville, Ohio, have also 
been examined (PI. 15, figs. 2.5-29 of present ])aper) . Win- 
chell's specimens from Newark and Hyde's specimens from 
Rushville are luidoiibtedly cons]jecific and Winchell's 
trivial name, securis, has priority. 

Types and occurrence.—Two of Winchell's jjrimaiy tyjjes 
of Cypricardella? securis, from tlie Waverly group at New- 
ark. Ohio, are held at the University of Michigan. Winchell 
regarded these as syntypes. Unfortimately neither of them 
is as well preserved as those s]>ecimens described and fig- 
ured by Hyde from Rushville, Ohio. Of Winchell's two 
specimens, the writer here designates UMMP, No. 26742 as 
lectotype and UMMP, No. 44175 as paralectotype. Hyde's 
two specimens, OSU, No. 13872 (H-763), are hypotypes. 

Cypricardella? securis (Winchell) is known to occur only 
in the .Allensville member of the Logan formation, Waverly 
grou]). at Newaik and Rushville, Ohio. 

C:ORREEATION 

The segment of the Marshall sandstone jjelecvpod faima 
which is examined in the present study includes 22 species 
belonging to 12 genera. Of these, two species (Schizodus 
Iriangularis and Folidi'XH ui pandoracjorinis) are also pres- 

ent in the underlying Coldwater shale. 
Six of the Marshall species are foimd in the Cuyahoga 

and Logan formations of the Waverly group in southcentral 
Ohio. Sangiiinolitcs herricki probably occins in the Black 
Hand member of the Cuyahoga formation. This member 
also contains Palaeoneilo concentrica and Prothyris recti- 

dorsalis. Forms closely related to Sanguinolites unionifor- 
inis and Niieulopsis houghloni are present in the Black 
H.nid memljcr. The Byer member of the Logan formation 
vields specimens of Schizodus triangularis. In the overlying 
Allensville member of the Logan formation Parallelodon 
(Cosinetodon) marshallensis and Sphcnotus obliquus, as 
well as a near relative of Parallelodon (Cosmetodon) sp. 
aff. P. ovatus, are present. Palaeosolen quadrangularis and 
a form closely related to Polidevcia pandoraefnrniis occur 
in the W.iverly gioiip but their exact stratigraphic level is 
not known. 
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TABLE 3.—GEOGRAPHIC AND S TRA riGRAl'HK' DISIRIBU- 
TION OF PELECYPODS. X INDICATES OCCURRENCE; R IN- 
DICATES CLOSELY RELATED FORM; ? INDICATES UN- 
CERTAIN  STRATIGRAPHIC LEVEL OF  OCCURRENCE. 
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TABLE    4—DISTRIBUTION     OF     CERTAIN     PEI.ECVPODS   IN   THE   MARSHALL   FORMATION    OF   MICHIGAN. 
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None of tlie Marshall species studied, or closely related 
lomis, occur in the VVaverly group above the Allensville 
member of the Logan formation or below the Black Hand 
member of the Cuyahoga foimation. In the rocks including 
and between these two members. 50 per cent of the Mar- 
shall species, or closely related forms, are j^resent. One may 
(onclude that the Maishall sandstone of southern Michi- 
gan may tentatively be considered a time et|ui\alent of 
rocks between the base of the Black Hand member and the 
top of the Allensville member in the Waverly giou|3 of 

southern and central Ohio. 
A detailed corielation between the Marshall sandstone 

of Midiigan and the Waverly group of Ohio is not possible 
at the present time. Although the localities of the specimens 
studied are known, the stratigraphic lehitionship between 
the strata exposed at these localities is yet to be iletermined. 

Two of the species from the Marshall formation lune a 
geographic range extending beyond Michigan anil Ohio. 
Pahiconcilo conccntrica occius in the Pocono sandstone of 
Pennsylvania as well as in the Black Hand member of the 
Cuyahoga formation in Ohio and the Marshall sandstone 

in Michigan. 
Under the name Graiiunysia OIIKIIKUUI OIIHIHIIIKI are 

!;rouped a number of previously distintt s])eties from the 
Marshall sandstone of Michigan, the Kinderhook of Iowa, 
the Northview siltstone of Missomi. the lower Carbonifer- 
ous of Nevada, the Carboniferous limestone of Northum- 
berland, England, and the lower Carboniferous of Derby- 
shire. England. The shells here considered as C omaJiana 
oniullaiui are of such a generalized form and of such 
variable character that, despite the suspicion that more 
than one zoologic species is present, morphologic criteria 
for speciation coidcl not be established. Correlation on the 
basis of such a generali/ed pelecypod is tenuous at Ijest. 

Table 3 shows the geographic and stratigraphic distribu- 
tion of the pelecypods studied. Table 4 shows the geo- 
graphic occurrence of species within the .Maisliall sand- 
stone of Michigan. 

AGE OF THE MARSHALL SANDSTONE 

The age of the Marshall sandstone remains in cpiestion. 
Various opinions as to whether the Marshall is Kinder- 
hookian, Osagean, or intermediate between these two have 
appeared in the literature. The Mississippian Subcommittee 
of the Committee on Stratigraphy of the National Research 
Council (VVeller, et al, 1948, chart opposite p. 188) placed 
the Napoleon sandstone (upper Marshall) in the Osagean 
and the lower Marshall in the Kinderhookian. Monnett 
(I'.HB, p. 630)   considered the entire Marshall sandstone to 

be Kinderhookian and the overlying Michigan formation 
to be lowermost Osagean. Cohee, Macha, and Hoik (1951) 
believed the entire Marshall and part of the Coldwater 
formation are Osagean, a view which is in part substan- 
tiated by the work of Miller and Garner (1955, pp. 114- 
120) . The latter writers, however, have shown that Kinder- 
hookian as well as Osagean faimal elements arc present in 
the Marshall formation. 

Pelecypods of the Marshall sandstone show a close af- 
finity with those of the uj)])er part of the Cuyahoga forma- 
tion and with the Logan formation of the \\'a\erly group 
in southcentral Ohio (see section on correlation). VVeller. 
rt ah, (1948) date the upper part of the Caiyahoga forma- 
tion and the entire Logan foimation as Osagean. The Kin- 
derhookian-Osagean boundary within the Cuyahoga for- 
mation is not. however, well established. 

The ])resent study lends supporting evidence to the opin- 
ion of Miller and Garner (1955, pp. 114-120) that, al- 
though Kinderhookian faunal elements are present in the 
Maishall sandstone, the majority of a\ailable evidence in- 
dicates that the Marshall is largely of Osagean age. 
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1-18.   CtirioJonta  sli-lla   (Winchell)         ^^ 
1,   2,   3    (right).   Internal   mold   of   left   valve,   lectotype,   UMMP,   No.   37673,   from 
Marshall   sandstone   at   Battle   Creek,   Mich.   1.   Lateral    view,   X4.8.   2.   Lateral 
view of umhonal region, X12. 3.  (Right), lateral view, XI.2. 
3   (Left).  Lateral  view of mold  of  right valve,   paralectotype,  UMMP,  No.  3767+, 
from Marshall sandstone  at Battle  Creek,  Mich.;   XI.2. 
4, 5   (Lower).  Internal mold of left valve,  paralectotype,  UMMP,  No. 37679,  from 
Marshall sandstone at Battle Creek, Mich. +. Lateral view, X+.8. 5.  (Lower), lateral 
view, X1.2. 
S   (upper).  Lateral  view  of  internal  mold  of   right   valve,   paralectotype,   UMMP, 
No. 37680, from Marshall sandstone at Battle Creek, Mich., XL2. 
6, 7. Internal mold of left valve, paralectotype,  UMMP,  No. 37682,  from Marshall 
sandstone   at   Battle   Creek,   Mich.   6.   Lateral   view,   XI.2.   7.   Lateral   view,   X4.8. 
8-11.   Right   valve,   hypotype,   UMMP,   No.   37709,   from   Marshall   sandstone   at 
Marshall,   Calhoun   Co.,   Mich.   8.   Anterior   view,   X4.8.   9.   Lateral   view,   X4.   10. 
Lateral view, X1.2. 11. Dorsal view, X4.8. 
12-14.   Right   valve,   hypotype,   UMMP,   No.   37707,   from   Marshall   sandstone   at 
Marshall,   Calhoun   Co.,   Mich.   12-13.   Dorsal   and   lateral   views,  X4.8.   14.  Lateral 
view,  XI.2. 
15,  16.  Left  valve,  paralectotype,  IIMMP,  No.  37693,  from  Marshall  sandstone  at 
Battle Creek, Mich. Anterior and lateral  views, X4.8. 
17. Lateral view of internal mold of umhonal region of left valve, paralectotype, 
UMMP, No. 37704, from Marshall sandstone at Marshall, Calhoun Co., Mich. X12. 
18. Latex cast of hinge line of specimen illustrated in figs. 1-3. Lectotype, UMMP, 
No. 37673, from Battle Creek, Michigan. X12. 

19-29.   Nuculofsis   'wwens'u   (White  and  Whitfield)        77 
19. Latex cast of hinge line of specimen illustrated in figs. 20-22, X12. Note the 
poorly preserved chondrophore. 
20-22. Natural internal mold of right valve, hypotype, UMMP, No. 44007, from bed 
No. 5, Kinderhook,  at Burlington, la. Anterior, dorsal,  and  lateral  views, X2.4. 
23-25.' Natural  internal mold of left valve, hypotype,  UMMP,  No. 44006,  from bed 
No.   5,   Kinderhook,   at   Burlington,   la.   Dorsal,   lateral,   and   posterior   views,   X2.4. 
26. Lateral view of natural internal mold of left valve, hypotype, UMMP, No. 44009, 
from bed No. 5, Kinderhook, at Burlington, la. X2.4. 
27, 28. Natural internal mold of right valve, hypotype, UMMP, No, 44005, from bed 
No. 5, Kinderhook, at Burlington, la. Lateral and dorsal views, X2.4. 
29. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
44008,  from  bed  No.   5,  Kinderhook,   at Burlington,   la.  X2.4. 

30-33.   Nuculopsis   sp     78 
30. Latex cast of hinge line of right valve, UMMP. No. 44030, from the Waverly 
at Medina, O. X12. Note prominent chondrophore. 
31-33. Natural internal mold, UMMP, No. 44029, from the Waverly group at 
Medina, O. Posterior, dorsal, and right lateral views, X2.4. Note prominent 
muscle scars. 

34-36.   Nuculopsis   scctoralis   (Winchell)        76 
34. .\n illustration drawn bv .Alexander Winchell of a specimen from Battle Creek, 
Mich., hypotype, UMMP, No. 44015. X1.2. 
35. An illustration drawn by Alexander Winchell. XI.2. Note that the identification, 
which is in Winchell's handwriting, is not certain and that the illustration is nearly 
identical  in outline with  that shown  in fig.  34. 
36. Lateral view of large left valve from the Marshall sandstone at Battle Creek, 
Mich. X1.2. This specimen, AMNH, No. 6539/1, was described by Hall (1885, PI. 45, 
fig. 29)   as Nuiutti houghtunl. 
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1-12.   Paliii'onrilu  sulciiliiui   (Conrad)         70 
1-3. Natural internal mold of right valve, neotype, UMMP, N. +3870, from 
Marshall sandstone at Battle Creek, Calhoun Co., Mich. Dorsal, anterior, and 
lateral views. 
4. 5. Latex cast of internal mold of right valve shown  in figs.  1-3. +. Lateral view. 
5. Anterior portion of hinge line showing striations on taxodont teeth, X12. 
6. Latex cast on internal mold of hinge line, hypotype, UMMP, No. 43871, from 
Marshall  sandstone  at Battle  Creek,  Calhoun  Co.,  Mich.  X2.4. 
7-9. Right valve, hypotype, UMMP, No. 43877, from Marshall sandstone, SE. 14. 
S.   '4,   Sec.   19,  Liberty Twp.,  Jackson   Co.,   Mich.   7,   8.  Lateral   and  dorsal   views. 
9. Surface of valve, X4.8. 
10. Lateral view of left valve, hypotype, UMMP, No. 43872, from Marshall sand- 
stone at Moscow,  Hillsdale  Co.,  Mich. 
11. Latex cast of natural  internal mold shown  in  fig.  12. 
12. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
43873, from Marshall sandstone at Waverly Quarry, 1 mile N. E. of Holland, Mich. 

13-29.   Piildioiiiild   roitcfiitricii   (Winchell)        71 
13-15. Left valve, lectotype, UMMP, No. 37334, from Marshall sandstone at Jones- 
ville,  Hillsdale  Co.,  Mich.  Dorsal,  lateral  and  anterior  views. 
16. Lateral view of left valve, hypotype, UMMP, No. 35427, from Marshall sand- 
stone at Hillsdale,  Hillsdale  Co.,  Mich. 
17. Lateral view of left valve with dorsal part removed to show dentition, hypotype, 
UMMP, No. 43875, from Marshall sandstone at Mosherville, Mich. 
18. Lateral view of left valve, hypotype, UMMP, No. 27756, from Marshall sand- 
stone at Germain's Quarry,  Hillsdale Co., Mich. 
19. Lateral view of right valve, hypotype, UMMP, No. 35427.\, from Marshall 
sandstone at Hillsdale, Hillsdale Co., Mich. 
20. Lateral view of right valve, hypotype, UMMP, No. 26886, from Marshall sand- 
stone at Alan's Quarry, Hillsdale Co., Mich. 
21. 22. Left valve, shell partially removed, hypotype, UMMP, No. 43874, from 
Marshall sandstone  at Mosherville,  Mich.  Dorsal  and  lateral  views. 
23. Latex cast of natural  internal mold of hinge  line of specimen shown in figs. 21, 
22. X2.4. 
24, 25.   Right   valve,   hypotype,   I'MMP,   No.   43061,   from   Marshall   sandstone   at 
Germain's Quarry,  Hillsdale Co.,  Mich. 24.  Lateral  view. 25.  Valve  surface, X4.8. 
26-29.  Left  valve  with  shell   partially   removed,  hypotype,   UMMP,  No. 43876,  from 
Marshall   sandstone,   prohahly  at  Battle  Creek,   Mich.  26.  Lateral   view.  27.  Valve 
surface, X4.8. 28, 29. Anterior and  dorsal  views. 
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1-15.   I'alaiiiitiilo    tiuniula    Hall         73 
1. Lateral view of right valve, syntype, AMNH, No. 6546/1, from the Waverly 
group at Newark, O. Hall  (1885, pi. 50, fig. +1)  illustrated this specimen. 
2, 3. Latex cast of natural internal mold of left valve shown in fig. 4. 2. Hinge, 
X4.8; note that taxodont teeth are straight rather than chevron-shaped immedi- 
ately  anterior to umbo.  3. Lateral  view. 
4. Lateral view of left valve, hypotype, UMMP, No. 43878, from glacial drift 
(prohahly Cold water formation) at Kalamazoo, Mich. Note truncation of pallia] 
line  posteriorly. 
5. tlblique view of anterior portion of latex cast shown in figs. 2 and 3, X4.8. Note 
strongly marked adductor muscle scar and lanceolate accessory muscle scar 
irtimediately  behind   and   above  the   adductor. 
6-8.   Natural   internal   mold   of   right   valve,   hypotype,   UMMP,   No.  43879,   from 
glacial   drift    (probably   Coldwater   formation)    at   Kalamazoo,   Mich.   Dorsal, 
anterior,   and   lateral   views. 
9-11.   Natural   internal   mold   of  left   valve,   hypotype,   UMMP,   No.  43957,   from 
glacial   drift    (probably   Coldwater   formation)    at   Kalamazoo,   Mich.   Lateral, 
dorsal,  and  anterior views. 
12-14.  Natural   internal   mold  of  left  valve,  hypotype,   UMMP,  No.  43958,  from 
glacial  drift   (probably  Coldwater formation)   at  Kalamazoo,  Mich. Lateral view 
showing large  adductor scar;   anterior  and  dorsal  views. 
15. Latex cast of hinge line of right valve, hypotype, UMMP, No. 43956, from 
glacial drift (probably Coldwater fontiation) at Kalamazoo, Mich., X4.8. Taxo- 
dont  teeth   near   both   the   anterior   and   posterior   extremities   are  chevron-shaped. 

16-34.   Potulcvciii   panjoniifonnis    (Stevens)          79 
16. Lateral \ ieu of natural internal mold of right valve, UMMP, No. 44064, 
from glacial  drift   (probably  Coldwater formation)   at Kalamazoo,  Mich. 
17. Lateral view of left \ alve, hypotvpe, UMMP, No. 29465, from Marshall 
sandstone at Moscow, Hillsdale Co., Mich. This specimen was described but not 
figured by Winchell   (1862,  p. 419)   as LeJa hcllistriala. 
18. Lateral   view  of  natural   internal   mold  of   right   valve,   UMMP,   No.  44066, 
from  glacial  drift   (probably  Coldwater  formation)   at  Kalamazoo,   Mich. 
19-21." Right   valve,   lectotype,   UMMP,   No.  44059,   from   Marshall   sandstone   at 
Mosher\ ille. Mich. Dorsal, anterior, and lateral \iews. 
22-25. Right valve, hypotype, UMMP, No. 44060, from Marshall sandstone at 
Mosherville, Mich. 22, 23. Lateral and dorsal views. 24. Oblique dorsal view 
of escutcheon and dorsal margin of valve posterior to beak, X4.8 ; note undulations 
in escutcheon which reflect teeth and sockets, the weak ridge bounding the 
escutcheon, and the irregular striations subparallel to hinge line between umbonal 
ridge and valve margin. 25. Lateral view of surface sculpture, X12. 
26. Lateral view of left valve, hypotype, UMMP, No. 44063, from Marshall 
sandstone  at Moscow,  Mich. 
27. Latex cast of hinge line of natural internal mold of right valve shown in 
fig. 28, hypotype, LTMMP, No. 44062, from Marshall sandstone at Marshall, 
Calhoun Co., Mich., X4.8. Note poorly preserved resilifer below beak and indi- 
cations of teeth  passing above this structure. 
28. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
44062,  from   Marshall   sandstone   at  Marshall,  Calhoun   Co.,   Mich. 
29-31. Natural internal mold, hypotype, I^MMP, No. 27053, from Marshall sand- 
stone at Germain's quarry, Hillsdale Co., Mich. Anterior view showing that 
valves are not entirely closed;  dorsal  and lateral views of right side. 
32. Lateral view of posterior part of left valve, hypotype, UMMP, No. 27762, 
from Marshall sandstone at Battle Creek, Calhoun Co., Mich. This specimen 
was described but not figured by Winchell   (1862, p. 419)   as Lija sp. 
33. Oblique view of umbonal region of natural internal mold of left valve, 
UMMP. No. 44065, from glacial drift (probably Coldwater formation) at 
Kalamazoo, Mich., X12. Note weak accessory muscle scars extending posteroven- 
trally. 
34. Lateral view of left valve, hypotype, UMMP, No. 44061, from Marshall 
sandstone at Mosherville,  Mich. 

35, 36.   PoliJrvcia   sp      80 
35. Lateral view of right valve, UMMP, No. 26731. from Hickman or Maury 
County, Tenn, This specimen was described but not figured by Winchell {in 
Safford,   1869,   p. 444)   as  I.rda  beltistriata^ 
36. Lateral view of right valve, LIMMP, No. 26731, from Hickman or Maury 
County, Tenn. This specimen was described but not figured by Winchell (in 
Safford,  1869,  p. 444)   as I.rda  hcllislriataf 



PALAEONTOGRAPHICA AMERICANA   (V, 35) 

EXPLANATION OF PI.AIK  II 

All   figures   XI.2,   except   as   noted. 

riiiuii- Poge 

1-9.   I'rol/iyris    rnlijorsiilis    (Winchell)          81 
1-S. Left valve, neotype, UMMP, No. 36825, from Marshall sandstotie at Marshall, 
Calhoun Co., Mich, 1, 2. Lateral and anterior views. 3. Ohlique lateral view of 
anterior portion of valve, X4.8, showing anterior ridge, associated notch in anterior 
liorder, and faint radial sculpture on valve surface. 4. Dorsal view, 5. Surface 
ornamentation on posterior part of valve, X12; note semireticulate pattern due to 
radial   and  concentric   sculpture. 
6,   7.   Natural   internal   mold   of   right   valve,   hypotype,   UMMP,   No.   37297,   from 
Marshall  sandstone  at Moscow,  Hillsdale  Co.,  Mich.  Dorsal  and  lateral  views. 
8,   9.   Right   valve,   hypotype,    UMMP,    No.   +3058,   from   glacial   drift    (prohahly 
Marshall   sandstone)    at   Grass   Lake,   Jackson   Co.,   Mich.   Lateral   and   anterior 
views. 

10-33.   Siinijiii'iiililis  uiiioriiformii  Winchell        84 
10-12.  Left  valve,   lectotype,   UMMP,   No.  26899,   from  the   Marshall   sandstone   at 
Moscow,  Hillsdale  Co.,   Mich.  This  specimen   was  chosen   as  lectotype   from  Win- 
chell's  2  syntypes  of  the  species.   10.   Lateral   view  of  hinge   line,   X4.8;   the   dark 
shadowed   area   parallel  to  dorsal   margin   is  caused   by  overhanging  valve   ahove 
escutcheon. 11-12. Dorsal  and lateral views. 
13-15.   Left  \alve,   hypotype,   UMMP,   No.  44168,   from  the   Marshall  sandstone   at 
Marshall,  Calhoun   Co.,   Mich.  Posterior  portion  of  valve  shows  exterior,   anterior 
portion   is   natural   internal   mold.   Lateral   view,   showing   prominent   depression, 
representing   strong   ridge,   immediately   behind   anterior   adductor;    anterior   and 
dorsal  views. 
16-18. Natural  internal mold of left valve, paralectotype,  UMMP, No. 44166, from 
the   Marshall   sandstone   at   Moscow,   Hillsdale   Co.,   Mich.   Dorsal,   lateral,   and 
anterior views. 
19-21. Natural  internal  mold of left \'alve, hypotype,  UMMP, No. 44171,  from the 
Marshall sandstone at Battle Creek, Calhoun Co., Mich.  19, 20. Lateral  and dorsal 
views. 21. Lateral view  of anterior portion of mold, X4.8. 
22-24.  Right  valve,   hypotype,   UMMP,   No.  44169,   from   the   Marshal!   sandstone   at 
Marshall, Calhoun Co., Mich. 22. Dorsal view. 23. Lateral view of hinge line, X4.8; 
the darkly shadowed horizontal line represents overhang of shell  above escutcheon. 
24. Lateral  view. 
25-27.  Hypotype,  UMMP, No. 44172, from the Marshall  sandstone  at Battle Creek, 
Calhoun Co., Mich. Anterior, dorsal,  and  left lateral views. 
28-31.  Left  valve,  hypotype,   UMMP,   No.  44168,   from  the   Marshall   sandstone   at 
Marshall, Calhoun Co., Mich. 28. Surface of valve, X12. 29-31.  Dorsal, anterior, and 
lateral views. 
32,   33.  Natural   internal   mold   with   part  of  shell   material   preserved   along  hinge 
line,  hypotype,   UMMP,  No.  44170,   from  the  Marshall  sandstone  at  Battle  Creek, 
Calhoun   Co.,   Mich.  32.  Lateral   view.   33.  Dorsal   view  of  shell   along  hinge   line, 
X4.8 ;  note the sharply defined, narrow, lanceolate escutcheon. 
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MlSSISSIlMMAN   DI.NTIAKIAN   PEI.ECVI'ODs:   DuiSCOLI, 119 

KXin.ANA I ION  OF  IM.A I K   I'-' 

All   figures   XI.2,   except   as   noted. 

I'tijurr I'lifji' 

1-19.   Sphrtiolus   ohliijuiis    (Meek)          85 
1-5. Right \'al\e, hypotype, UMMP, No. 44073, from the Marshall sandstone at 
Marshall, Calhoun Co., Mich. 1. Dorsal view of escutcheon illustrating deeply incised 
groove suhparallel to valve margin, X4.8. 2, 3. Dorsal and lateral views. 4. Surface 
adjacent to \entral margin on posterior part of \'alve, X12; note the linear series 
of nodes and the very fine ridges between them which connect nodes of adjacent 
series. 5. Lateral view of posterior portion valve, X4.8; note the four crenulated 
ridges and the absence of nodes on the dorsal part of the postumbonal slope. 
6-9. Right \al\e, natural internal mold with part of shell material preserved along 
hinge line, hypotype, UMMP, No. 44072, from the Marshall sandstone at Battle 
Creek, Calhoun Co., Mich. 6. Dorsal view; note clearly defined groove in escutcheon. 
7. Lateral view of natural internal mold of anterior adductor muscle scar, X4.8. 8, 9. 
Anterior  and  lateral   views. 
10-12. Left valve, hypotype, UMMP, No. 44077, from the Marshall sandstone at 
Marshall, Calhoun Co.,  Mich.  Dorsal,  anterior, and  lateral  views. 
13. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
44074,  from  the  Marshall  sandstone  at  Marshall,  Calhoun  Co.,  Mich. 
14. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
44071,   from   the   Marshall   sandstone   at   Battle   Creek,   Calhoun   Co.,   Mich. 
15. 16. Natural internal mold of right valve, hypotype, UMMP, No. 44075, from the 
Marshall sandstone of Hillsdale Co., Mich. 15. Dorsal view; note the deep groove 
present in position of escutcheon on  internal mold.  16. Lateral  view. 
17. Lateral view of natural internal mold of right valve, hypotype, OSU, No. 13783 
(12617), from the Allensville member, Logan formation, at Newark, O. This speci- 
men was illustrated  by J.  E.  Hyde   (1953,  pi.  39, fig. 4). 
18, 19. Natural internal mold of left valve, UMMP, No. 26747, from the Marshall 
sandstone at Hillsdale, Hillsdale Co., Mich. Dorsal and lateral views. This is the 
onlv known speciment of Saiii/uinohtrs ufiiaJiforinis Winchell. It is here considered 
as  probably synonymous   \vith  Sphritntus  nJ'hquus   (Meek). 
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KXI'LANAIION  OF IM,AI K   I.". 

All   figures  Xl.2,   cxrcpt   as   nciteil. 

/■■/>«"■ ''"■"'■ 
1-11.   Palaiosolrii   (jutijriinijulnris   (\\'inchell)          89 

1,  2.  Latex  cast  of  natural   internal   mold   of   right   valve   shown   in   figs.   3   and  4, 
hypotype,  UMMP,  No. 37298,  from the  Marshall  sandstone  at Battle  Creek,  Mich. 
1.   Lateral   view.   2.   Umhonal   region   showing  striated   adductor   muscle   scar   and 
dentition, X4.8. 
3, 4.  Natural   internal  mold  of  right  valve,  hypotyi)e,   UMMP,  No.  37298,  from the 
Marshall sandstone at Battle Creek, Mich. Lateral and dorsal views. 
5,  6. Natural  internal  mold of left \ alve,  lectotype,   UMMP,  No. 26893A,  from the 
Marshall   sandstone   at  Marshall,   Mich.   Lateral   and   dorsal   views. 
7. Lateral view of natural internal mold of right vaKe, paralectotype, UMMP, No. 
26893B,  from the Marshall sandstone at Marshall, Mich. 
8. Lateral view of natural internal mold of right valve, hypotype, UMMP, No. 
36809, from the Marshall  sandstone at Battle Creek,  Mich. 
9. Lateral view of natural internal mold of left valve, hypotype, UMMP, No. 36826, 
from the Marshall  sandstone at Marshall, Mich., showing an  immature individual. 
10. 11. Right \'alve, hypotype, UMMP, No. 37300, from the Marshall sandstone at 
Marshall, Mich. 10. Portion of external surface of valve showing fine surface 
striae, X12. II. Lateral view illustrating thin shell which partially covers natural 
internal mold. 

12-14.   Piilarosolen froiitisiKurrus,  sp.  nnv     90 
12-14. Left val\e, holotype, UMMP, No. 37302, from the Marshall sandstone at 
Battle Creek, Mich. 12. External surface of valve, X4.8. 13. Lateral view illustrating 
thin shell which partially covers natural internal mold, and weak lines radiating 
posteroventrally from umbo.  14. Dorsal view. 

15-23.   Soli'itornor/i/iii   scalpriformh   (Winchell)         87 
15. Portion of external surface of right valve, hypotype, UMMP, No. 37315, from the 
Marshall  sandstone  at Marshall,  Mich.,  X4.8. 
16. Lateral view of natural internal mold of right \al\e, hypotype, LTMMP, No. 
37313, an immature individual from the Marshall sandstone at Marshall, Calhoun 
Co.,  Mich. 
17. 18. Natural internal mold of a right \alve, lectotype, UMMP, No. 26894, from 
the Marshall sandstone at Marshall, Mich.  Dorsal  and  lateral views. 
19, 20. Latex cast of lectotype, UMMP, No. 26894, an internal mold of a  right valve 
from  the   Marshall   sandstone   at  Marshall,   Mich.   19.   Lateral   view.   20.   Umhonal 
region showing striated  adductor scar and dentition, X4.8. 
21, 22. Natural internal mold of right valve, paralectotype,  UMMP, No. 36811, from 
the Marshall sandstone at Marshall, Mich. Dorsal  and  lateral views. 
23. Lateral  view  of  right  \ahe,  hypotype,   UMMP,  No.  37314,  from  the  Marshall 
sandstone  at Marshall,  Mich.,  illustrating thin  shell  partially covering the  natural 
internal mold. 

24-26.   Solrunmoiplut   Jorsoturva,   sp.   no-v      88 
24-26. Natural internal mold of left valve, holotype, UMMP, No. 36812, from the 
Marshall sandstone at Marshall, Calhoun Co., Mich. 24, 25. Dorsal and lateral 
views. 26. Lateral view of latex cast of holotype, illustrating interior of umhonal 
region  and partially preserved  dentition,  X4.8. 
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WlSSlSMPPlA.N   DIMVAKIAN   I'ELtCM'ODs:   DKISCIOLL 121 

EXPLANA'IION OF I'LAIl.   II 

All  figures X1.2. 

I'ltlJC 

Graitnnysia   onialiinia   omtiiiana   (de   Koninck)     91 
Fig. 1. Lateral \ iew of left valve, hypotype, Sedgwick Miis. Nat. History, No. E. 1068, 

from the Carboniferous limestone at Lowick. Northumberland, England. This is a 
syntype of Sauguuiolitrs I'anahihs McCoy. 
2-4.   Left   valve,   hypotype,   UMMP,   No.   37511,   from   the   Marshall   sandstone   at 
Fayette (juarry, Hillsdale Co., Mich. Dorsal, anterior, and lateral views. 
5-7.  Right  valve,  hypotype,   BMNH,   No.  L.  46454,   from  the  Lower  Carboniferous, 
Visean D zone, at Thorpe Cloud, Derbyshire, England. Anterior, lateral,  and dorsal 
views. 
8. Lateral view of left valve, hypotype, Sedgwick Mus. Nat. History, No. E. 1073, 
from the Carboniferous limestone at Lowick, Northumberland, England. Described 
by McCoy   (1855, p.  508)   as Sarif/uinulili's vitriahilis. 
9. Lateral view of right val\e, hvpotvpc. UMMP, No. 1486, from the Yellow sand- 
stone,   Kinderhook  group,   at  Burlington,   la. 
13,  14. Right valve, hypotype,  BMNH,  No. L. 46461,  from  the Lower Carboniferous, 
Visean  D zone,  at Thorpe Cloud,  Derbyshire, England. Lateral and dorsal views. 
15.   Lateral   view   of   left   valve,   hypotype,   AMNH,   No.   6570/1,   from   the   Yellow 
sandstone,   Kinderhook   group,   at   Burlington,   la.   This   specimen   is   a   syntype   of 
Grammysia plena Hall   (1885, pp. 382-383, pi. 61, fig. 31). 
19-21. Right valve, hypotype, UMMP, No. 1486, from the Yellow sandstone, Kinder- 
hook group,  at Burlington,  la. Lateral, dorsal,  and  anterior  views. 
22. Lateral view of left valve, hypotype, Sedgwick Mus. Nat. History, No. E. 1071, 
from the Carboniferous Limestone, at Lowick, Northuiriberland, England. This speci- 
men was described  and figured by McCoy   (1855,  p.  508)   as Siinguinolihs ■variabilis. 
23. Lateral view of la'ex cast of left valve, hypotype, UMMP, No. 35715, from the 
Marshall sandstone at Alan's i|uarry, Hillsdale Co., Mich. This specimen is a syntype 
of Saiu/uinolitrs hannihaltnsis Winchell   (1865, p.  128). 
24. Lateral view of left valve, hypotype, USNM, No. 47334, from the Kinderhook 
group  at Burlington,  la. 
27-29. Left valve, hypotype,  BMNH,  No. P.L.  3583,  from  the  Lower  Carboniferous, 
Visean D zone, at Thorpe Cloud, Derbyshire, England. Lateral, dorsal, and anterior 
views. 
30-32.   Left   valve,   hypotype,   Sedgwick   Mus.   Nat.   History,   No.   E.   1074,   from   the 
Carboniferous  Limestone  at  Lowick,  Northumberland,  England.  This  specimen  was 
described by McCoy  (1855, p. 508)   as Sanguinolilrs -variahilis. Lateral, anterior, and 
dorsal  views. 
33. Lateral view of right valve, hypotype, UMMP, No. 1485, from Yellow sandstone, 
Kinderhook group,  at Burlington,  la. 
34, 35. Right valve, hypotype, BMNH, No. L. 46463, from the Lower Carboniferous, 
at Thorpe Cloud,  Derbyshire, England. Lateral  and  dorsal  views. 
36. Lateral view of right vahe, hypotype, UMMP, No. 1486, from Yellow sandstone, 
Kinderhook group,  at Burlington,  la. 
37-39. Left valve, hypotype, AMNH, No. 6570/1, from Yellow sandstone, Kinderhook 
group, at Burlington, la. This specimen is a syntype of Grammysia plina Hall  (1885, 
pp. 382-383, pi. 61, fig. 32). Dorsal,  lateral,  and anterior views. 
42-44. Left valve, hypotype, USNM, No. 14384, from the lower Carboniferous on east 
slope of small  hill on east side of Secret-canon-road, Eureka  District,  Nevada, Loc. 
No. 655. This specimen described by Walcott  (1884, p. 244)  as Grammysia haunihal- 
cnsis.  Lateral,   anterior,   and  dorsal   views. 
45.  Lateral  view of  right  valve,  hypotype,  BMNH,  No.  PL.  3586,  from  the  Lower 
Carboniferous, Visean D zone,  at Thorpe Cloud,  Derbyshire, England. 

Grammysia   omahana   hydci,  suhsp.   noi'      98 
Figs. 10-12. Right valve, paratype, UMMP, No. 37322, probably from the Coldwater 

formation. Collected from glacial drift in Michigan. Lateral, anterior, and dorsal 
views. 
16-18. Left valve, paratype, UMMP, No. 37329, probably from the Coldwater forma- 
tion.   Collected   froin  glacial   drift  in   Michigan.   Dorsal,   anterior,   and   lateral   views. 
25. 26. Left valve, holotype, UMMP, No. 37328, probably from the Coldwater forma- 
tion. Collected from glacial drift in Michigan. Lateral and dorsal views. 
40, 41. Left \ alve, paratype, UMMP, No. 37326, probably from the Coldwater for- 
mation.  Collected  from glacial  drift  in   Michigan.  Dorsal  and  lateral views. 
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KXI'l.ANAIION  Ol'   IM.AI !•   I!-) 

All   figures  XI,2,   except   as   iicitetl. 

Figure Page 

1-18.   Sunguitii)litrs? /lerneki, sp.  HOT      83 
1-4. Natural internal mold of right valve, holotvpe, IIMMP, No. 43048, from the 
Marshall sandstone at Holland, Ottawa Co., Mich. 1. Dorsal view, X2.4. 2. Oblique 
view of anterior portion of mold, X2.4; note anterior adductor and accessory muscle 
scars. 3. Lateral view, X2.4. 4. Lateral view. 
5-8. Natural internal mold of right valve, paratype, UMMP, No. 43052, from the 
Marshall sandstone at Holland, Ottawa Co., Mich. 5. Lateral view, X2.4. 6. Lateral 
view; note the prominent umbonal ridge and hroad postumbonal slope. 7, 8. Anterior 
and dorsal \iews. 
9-11. Natural internal mold of right \alve, paratype, UMMP, No. 31717, from the 
Marshall sandstone at Battle Creek, Calhoun Co., Mich, This valve, less typical 
than others here illustrated, is thought to show \ariation within the species. 
Dorsal,  lateral,  and  anterior views. 
12, 13. Natural internal mold of right valve, paratype, I'MMP, No. 43050, from 
the Marshall sandstone at Holland, CJttavva Co., Mich, 12, Lateral view. 13. 
Anterior view, X2.4. 
14-17. Natural internal mold of right valve, paratype, UMMP, No. 43053, from the 
Marshall sandstone at Holland, Otta\va Co., Mich. 14, Oblitjue view of anterior por- 
tion of mold, .\4,8; note anterior adductor and accessory muscle scars. 15, 16. 
Anterior and dorsal views. 17. Lateral view, X2.4: note that anterior thickened area 
of \-aK'e, is particularly well  reflected in this specimen. 
18, Lateral view of natural internal mold of left \alve, paratype, UMMP, No. 
37351,  from the  Marshall  sandstone  at Battle  Creek,  Calhoun  Co.,  Mich. 

19-29,   Cvprhai-Jellu'/   seeuris    (Winchell)       105 
19-21, Lectoty|)e, UMMP, No. 26742, from the Waverly group at Newark, O. Right 
lateral,  d<)rsal,  and  anterior \'iews. 
22-24, Paralecloiype, UMMP, No, 44175, from the Wa\erly group at Newark, O, 
Dorsal,   right lateral,  and  anterior views. 
25, 26. Hypotype, OSU, No. 13782, from the .^lloiiiiiui uiiie/ielli zone, .Mlensville 
member, Logan formation, Waverly group, at Rushville, O, This specimen was fig- 
ured by Hyde (1953, pi, 39, fig, 2) as a paratype of Sphenotus aeolus var. curtus 
Hyde \^=CyprieiirJeUaf securis (Winchell)] Right lateral and dorsal views. 
27-29, Hypotype, OSU, No, 13782, from the .Ulorisma winchelli zone, Allensville 
member, Logan formation, Waverly group, at Rushville, O, This specimen was 
figured by Hyde (1953, pi, 39, fig, 3) as the holotvpe of Sphennlus iieiilus var, 
curtus Hyde [^CyprirarJella? securis (Winchell)]. Right lateral, anterior, and 
dorsal views. 

30-39.   PariilleloJon   (CosmeloJon)   sp,   aff.  P.  o-vatus   (Hall)         98 
30-32. Natural internal mold of right valve, UMMP, No. 37402, from the Marshall 
sandstone at Battle Creek, Calhoun Co., Mich. Lateral, anterior, and dorsal views, 
33-35. Natural internal mold of right valve, UMMP, No. 37403, from the Marshall 
sandstone at Marshall, Mich, Lateral, dorsal, and anterior views, 
36-39, Natural internal mold of left valve, UMMP, No, 37401, from the Marshall 
sandstone at Battle Creek, Calhoun Co,, Mich. 36. Lateral view, 37. Lateral 
view of latex cast of hinge line, X4,8; note that only two posterior lateral teeth 
are present in this \'alve, 38, Dorsal \iew, 39, Lateral \'iew of anterior portion of 
latex cast shown  in  fig,  37, X12;   note  the  t\\<) small  nodelike  teeth. 

40-48.   P.irulleloJoi,   sp      99 
40-43. Left \ alve showing external ornamentation and natural internal mold of hinge 
line, UMMP, No. 44271, probably from the Coldwater formation, locality unknown, 
40-42, Dorsal, lateral, and anterior views, 43, Lateral view of posterodorsal portion 
of vah'e, X4.8 ; note the natural mold of three posterior lateral teeth and the evenl\' 
spaced concentric ornamentation, 
44-47. Natural internal mold of left valve, UMMP, No. 44269, from glacial drift 
(probably originally from the Coldwater formation), Hillsdale or Kalamazoo 
County, Mich. 44, Lateral view of latex cast of hinge line, X4.8; note the three 
posterior lateral teeth subparallel to dorsal margin and the three obli(|ue anterior 
teeth and two prominent sockets. 45, 46. Lateral and dorsal views. 47, Oblique view 
of anterior portion of specimen, X4,8; note muscle scar and mold of anterfor denti- _ 
tion. 
48. Lateral view of latex cast of natural interior mold of left valve, UMMP, No. 
44270, from glacial drift (probably originally from Coldwater formation), Hills- 
dale or Kalamazoo County, Mich,, X4,8, Note three posterior lateral teeth and 
three oblique  anterior teeth  with  two  prominent  associated  sockets. 
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MlSSISSIPPIAN  DIMVARIAN  PEI.ECVPOD.s:   DRISCOI.I. 123 

EXPLANATION OF PLATE  1(5 

All   figures   XI.2,   except   as   noted. 

Figurr Page 

1-5.   ParalleioJon    (Cosmi-loJon)    marshiilliitsis    (Winchell)         99 
1-3. Right valve, holotype, UMMP, No. 26877, from the Marshall sandstone at 
Marshall, Calhoun Co., Mich. Dorsal, lateral, and anterior views. 
4. Lateral view of right valve, OSU, No. 19671, from the Allorisma zone, Allensville 
memher, Logan formation, at Rushville, O. This specimen was intended by Hyde 
to be holotype of Puralletodon dcprcssus. 
5. Lateral view of right valve distorted by compression, OSU, No. 19671, from the 
Allorisma zone, Allensville member, Logan formation, at Rushville, O. This specimen 
was intended by Hyde to be a paratype of Parallelodon Jeprcssus. 

6-21.   SchizoJus   roslratus    (Winchell)        101 
6-10. Natural internal mold of right valve, leclotype, UMMP, No. 2688+, from 
the Marshall sandstone at Battle Creek, Calhoun Co., Michigan. 6, 7. Anterior and 
lateral views. 8. Latex cast of dentition, X2.4; note strongly de\'eloped cardinal 
tooth (3a) and large socket for reception of cardinal (2). 9. Dorsal view. 10. Oblique 
\'iew of anterior adductor scar and accessory scar; note radial and concentric 
sculpture of adductor and that shallow groove extends across adductor scar to join 
pallial line. Note that accessory scar is above adductor near margin. 
11-14. Natural internal mold of left valve, paralectotype, UMMP, No, 44281, from 
the Marshall sandstone at Battle Creek, Cplhoun Co., Mich. 11-13. Lateral, anterior, 
and dorsal \ lews. 14. Latex cast of dentition, X2.4; note subbifid cardinal tooth (2). 
15-18. Natural internal mold of right valve, hypotype, UMMP, No. 44282, from the 
Marshall sandstone at Holland, Ottawa Co., Mich. 15. Oblique view of anterior 
adductor scar and accessory scar, X2.4; note radial and concentric ornamentation of 
adductor, the groo\'e extending across adductor scar to pallial line, and accessory 
scar   above   and   to   the   right   of   adductor   scar.   16,   17.   Anterior   and   lateral   views. 
18. Latex cast of dentition, X2.4. 
19. Cast of dentition of left valve, hypotype, UMMP, No. 44283, from the Marshall 
sandstone at Holland, Ottawa Co., Mich., X2.4. The natural mold of this artificial 
cast is partially preserved, that portion showing the dentition apparently having 
been lost. Note that all three cardinal teeth and two sockets (4a-2-4b) are well pre- 
served and escutcheon is visible. 
20. Oblique \'iew of posterior adductor scar and accessory scar on natural internal 
mold of left valve, hypotype, UMMP, No. 44283, from the Marshall sandstone at 
Holland, Ottawa Co., Mich., X2.4. Note the concentric and radial striations of ad- 
ductor scar and the accessory scar just above and to the left of the adductor. A cast 
of this specimen  is shown in fig.  19. 
21. Ventral view of hinge area of latex cast, hypotype, UMMP, No. 35554, from 
Holland, Ottawa Co., Mich., X2.4. Note the articulation of the valves. Anterior is up 
in the figure and the right valve is shown on the left. The strongest cardinal teeth of 
each valve   (3a  and 2)   are clearly shown. 
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KXPLANATION OF I'l.A IK  17 

All  tigiues XI.2, except  as  nutcil. 

Fio'irr P''9e 

1-13.   Schizodusf   simUis   (Wincliell)       in2 
1-4. Natural  internal  mold  of  right valve,  lectotype,   UMMP,  No. 4+285,  from  the 
Marshall sandstone at Marshall, Calhoun Co., Mich.  1, 2. Dorsal and lateral  \ lews. 

3.   Ulilique   \iew   of   anterior   adductor   muscle   scar   and   of   natural   mold   of   hinge 
structure,  .\2.4. 4.  I.atex  cast  of  hinge  structure,  X2.4. 
5-8. Natural internal mold of right valve, paralectotype, UMMP, No. 44286, from 
the Marshall sandstone at Marshall, Calhoun Co., Mich. 5. Lateral view. 6. Oblique 
view of anterior adductor scar, X2.4; note ridge extending across scar and short 
groove in umbonal region of mold. 7. Dorsal view. 8. Oblique view of posterior ad- 
ductor scar, X2.4; note concentric sculpture of muscle scar and ridges and grooves 
adjacent and anterior to scar. 
9, 10. Natural internal mold of right valve, paralectotype, UMMP, No. 44287, from 
the Marshall sandstone at Marshall, Calhoun Co., Mich. 9. Latex cast of hinge 
line of natural   internal  mold.  X2.4.   10. Lateral  view. 
11-13. Left \alve, partially an internal mold, hypotype, UMMP, No. 44288, from the 
Marshall sandstone at Battle Creek, Calhoim Co., Mich. 11. Latex cast of hinge 
structure, X2.4. 12. Lateral view. 13. Surface sculpture near ventral margin of 
valve, X4.8. 

14-26.   SchizuJus srctoralis   (Winchell)       103 
14-16. Right valve, holotype, UMMP, No. 26876, from the Marshall sandstone at 
Marshall, Calhoun Co., Mich. Note that specimen is slightly distorted. Anterior, 
lateral,  and  dorsal  views. 
17, 18. Natural internal mold of right valve, hypotype, UMMP, No. 44291, from 
the Marshall sandstone at Battle Creek, Calhoun Co., Mich. Dorsal and lateral 
views. 
19, 20. Left valve, hypotype, UMMP, No. 44290, from the Marshall sandstone at 
Battle Creek, Calhoun Co., Mich. 19. Latex cast of hinge line of natural internal 
mold, X4.8. 20. Lateral  view of natural  internal mold. 
21-23. Natural internal mold of left valve, hypotype, UMMP, No. 44292, from the 
Marshall sandstime at Battle Creek, Calhoun Co., Mich. 21. Oblique \ iew of poster- 
odorsal portion of specimen showing posterior addvictor scar and truncate pallial 
line, X2.4. 22. Lateral view. 23. Oblicjue view of anterior portion of specimen show- 
ing anterior adductor scar, X2.4. 
24-26. Natural internal mold, hypotype, UMMP, No. 35553, from the Marshall sand- 
stone at Holland, Ottawa Co., Mich. 24, 25. Lateral and anterior views. 26. Ventral 
view of latex cast of hinge line illustrating articulation of valves; the main cardinal 
of the right valve (3a) lies anterior to the principal cardinal of the left valve (2) ; 
anterior is toward the top of the plate. 
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1-5.   Sf Inzoilus  tnaiti/ularis   (Herrick)           104 
I. Lateral view of left valve, hypotype, UMMP, No. +4298, from the Marshall 
sandstone at Battle Creek, Calhoun Co., Mich. 
2-4. Right vahe, hypotype, UMMP, No. 2228 (Mich. CJeol. Survey, No. 19257), 
from the upper Cohhvater formation at Pte. aux Barques lighthouse, Huron Co., 
Mich. This specimen was illustrated liy I.ano and Cooper (1900, p. 264, pi. 11, fig. 7). 
Dorsal,   lateral,   and   anterior  \'iews. 
5. Lateral view of right valve, hypotype, UMMP, No. 2227 (Mich. Geol. Survey, No. 
19256), from the upper Coldwater formation at Pte. aux Barques lighthouse, Huron 
Co..   Mich.  This   specimen   was   illustrated   hv  Lane   and   Cooper   (1900,   p.   264,   pi. 
II, fig. 8). 

6-20.   Schizodus   r/tlrrsi,   sp.   nov    1(14 
6-10. Natural internal mold, holotype, UMMP, No. 44299, from the Marshall sand- 
stone at Battle Creek, Calhoun Co., Mich. 6. Ohiique view of anterior portion of 
mold, X2.4; note pronounced anterior adductor scar on which a small radial ridge 
is present; also note distinct groove adjacent to posterior side of adductor. 7. Lateral 
view. 8. Ohiique view of posterodorsal portion of mold, X2.4; note distinct posterior 
adductor scar which is divisihie into two parts, the anterior heing more pronounced 
than the posterior. 9. Ohiique view of umhonal region, X4.8; note structure extending 
from umhonal part of internal mold through shell which is thought to be due to boring 
marine organisin. 10. Oblique view of anterior portion of mold, X4.8 ; note pallia! line 
connecting with ridge on anterior adductor scar and nodes on surface of mold. 
11-13, Right valve, paratype, UMMP, No. 44300, from the Marshall sandstone at 
Battle Creek, Calhoun Co., Mich. Lateral, dorsal, and anterior views. 
14-17. Right valve, paratype, UMMP, No. 44301, from the Marshall sandstone at 
Mosherville, Hillsdale Co., Mich. 14. Lateral view of hinge line, X2.4. Note the 
prominent inclined cardinal tooth bounded by two sockets. 15. Anterior view. 16. 
Dorsal view; note the two grooves on the postumbonal slope. 17. Lateral view, 
18-20. Right valve, paratype, UMMP, No. 44302, from the Marshall sandstone at 
Mosherville, Hillsdale Co., Mich. 18. Shell ornamentation on anterior portion of 
valve, X4.8. 19, 20. Lateral and dorsal views. 
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NORTH AMERICAN AMBONYCHIIDAE 

(PELECYPODA) 

JOHN POJETA, JR. 

Uiiiveisitv of Cincinnati^ 

ABSTRACT 

The purpose of the present work is to give a detailed account of 
the morphology and taxonom\' of the poorly known Early Paleozoic 
pelecypod family Amhonychiidae. An extensive generic restiidy of the 
North American forms has heen carried out, and the phylogenetic re- 
lationships of the family are considered. 

Amhonychiids are equivalved, inequilateral, byssate pelecypods 
which show morphological similarities to the Paleozoic families My- 
alinidae, Pterineidae, and Cyrtodontidae. Sixteen North Ameiican gen- 
era, ranging in age from the Middle Ordovician to the Late Devonian, 
are herein regarded as belonging to the Ambon}'chiidae. The generic 
names Byisanyrhia Ulrich, F.ctcnnptera Ulrich, Eridonychia Ulrich, 
Plcthomytilus Hall, Opislholoha IHrich in Hussey, and Strrplomytilus 
Kindle and Breger are not recognized as valid. One new genus 
Maryonychia is proposed. 

INTRODUCTION 

The present investigation is concerned with the loni- 
]:)arative morphology, taxonomy, and phylogeny of tlie Early 
Paleozoic pelecypod family Amhonychiidae. 

A great deal of the present knowledge of North Ameri- 
can Early Paleozoic pelecypod faunas rests upon a series ol 
pioneer monographs jjrepaied (hiring the middle and late 
nineteenth centiny. These monumental monographs pro- 
\ided the first insight iiuo the older pelecypod faunas, but 

with the passage of time they ha\e become less and less 
satisfactory. Authors of the last century were largely con- 
cerned with descriptions of species; generic and higher taxa 
conce|jts were often only vaguely defined, and details of 
moiphology often omitted. In addition, workers of this 
period necessarily published only drawn figures of their ma- 
terials. It was a custom of the time to include interpretive 
conclusions on these drawings, and often this was done 
without ade(|iiate notation that the specimens showed 
various featiues in an et|ui\o(al manner. As a residt, highly 
erroneous ideas as to taxonomic jjlacement and morjiho- 

logical structme are often obtained from onh a literatiue 
study, antl restiiching and refiguriirg of original materials 
are necessaiy. Included herein are photographs of almost 

all of the type materials of the type species of the various 
genera considered. In addition, type materials of numerous 

other species are refigured. 
Because the uncertainty of generic concepts is a 

pressing problem in the study of Early Paleozoic pelecypods 
the taxonomic portion of the present work is largely con- 
cerned with an extensi\e generic revision of North Ameri- 
can   amhonychiids.   The   problem   of   inadecjuate   generic 

1. Present address: United States Geological Survey, Paleontologv 
and Stratigraphy Branch, Room E-315, United States National 
Museum, Washington, D.C.   20242. 

concepts hinders the study of other asjjects of the paleo- 
zoology of Early Paleozoic pelecypods. Specific revision is 
limited to those species occurring in the Upper Ordovician 
rocks of the Tristate Area of Ohio, Indiana, and Kentucky. 
Howe\er, for all of the included genera, species listings 
are gi\en  following  the discussion of each  genus. 

For various reasons the following generic names are 
not recognized herein: Byssonychia Ulrich, Ectenoptcra Ul- 
rich, Eridoiiyi hid Ulrich, Pletliornytihis Hall, Opistholoba 

Ulrich in Hussey, and Streptornytilus Kindle and Breger. 
One new genus Maryonychia is erected. With these emenda- 
tions the family is coirsideied to contain 16 North American 
genera. 

As a taxonomic unit the family Amhonychiidae was 
]>roposed by Miller in 1.S77. However, the various genera 
assigned to it since that date have never been studied //; 
loin, and as is true with man) of the intermediate taxa 
the family has grown up in a rather haphazard way. The 
addition of genera to the family was such that the concept 
imjjlied b) the family name has become more and more 
hazy with the jjassage of lime. The familial concept is 
herein redefined so as to include the nominate genus and 
such additional genera as form a compact morphological 
and probable phylogenetic imit. 

The morphological jjortion of this study is concerned 
with structinal details and the knf)wn limits of \'ariability 

of these featiues in the .Amboinchiidae. In the coiuhiding 
jjortion of this jxijjer the possible phylogenetic relation- 
ships of the family are discussed. 

Ulrich's important Ordovician pelecypod paper which 
appeared in volinne 7, part 2, of the Reports of the Ohio 
Ceological Survey is apparently misdated. On the title 
page and in many North American bibliographies the date 
given for volume 7, part 2, is 1893. However, the most 
probable date of publication was 1895, and references to 

paleontological works appearing in volume 7 are herein 
designated 1893   (1895). 

Miller (1897, p. 719) wrote: "The Report of the Geo- 
logical Survey of Ohio, Vol. VII, was published in Febru- 

ary, 1895. The title page is dated 1893. The map which faces 
the title-page bears the date of 1894, . . . The article on 
'Recent Changes in Nomenclature,' by W. A. Kellerman, on 
page 80a, is dated 'Ohio State University, January, 1895.' " 

Orton (1906, p. 17) gave the date of part 2 of volimie 7 
as 1894. Hyde (1953) gave the date as 1893 on pages 30(1 
and 315. and  1895 on pages 228, 234, and 249; Derby and 
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Prosser (I9(»(). pj). 31-32) ,i;;ive the ihite ol volume 7 as 
"1893-4" and noted that IS<)3 i)elon,^s to vol. 7, part 1 
only; and Weller  (1898, p. 37)  gave the date as 1895. 

The date 1895 is accepted heiein because of Millers 
statement that this is the correct date, and because page 80a 

in volume 7 is dated 1895. 
The need for large numbers of type specimens has 

required the accumulation of materials from numerous 
museums, the names of which are subsequently abbreviated 
as follows: 1) American Museinn of Natural History — 
A.M.; 2) Minnesota Geological Sinvey, University of Min- 
ne.sota — M.G.S.; 3) Miami LJniveisity, Oxford, Ohio— 
M.U.; 4) New York State Museum-N.Y.S.M.; 5) Paleon- 
tological Research Institution, Ithaca, N.Y.— P.R.I.; 6) 
University of Cincinnati Museum — LLC;.M.: 7) University 
of Michigan, Museimi of Paleontology — U.M.; 8) United 
States National Museum — U.S.N.M.; 9) Walker Museum. 

University of Chicago —W.M. (Walker Musciuu specimens 
are now at the Chicago Natinal History Museinu. They con- 
tinue under their old catalog numbers.) ; 10) Peabody 
Museum of Natural History, Yale University — Y.P.M. 

SHELL MORPHOLOGY 

1. EXTERNAL FEATURES   (Text-figures  I  and  II) 

A.   TOTAL   EXTERIOR   ASPECT 

Amboiiychiids have three, usually readily recognizable 
external featiues in common; all members of the family 

are equivalved, marketlly inec|uilatei al. and ha\c a byssal 
sinus. 

The inecjuilateral shell is iharacteri/ed by the trunca- 
tion of the anterior end, with a ,se\ere lediution or total 
loss of the portion anterior to the beaks. Acconqjanying 
the loss of the anterior end there is a reduction or total loss 
of the attendant musculature. Two broad types of anterior 

faces can be distinguished within the family. The first type 
is characterized by the presence of a projecting antero- 

dorsal portion of the shell (Text-figure 1-8), while the 
second type lacks the anterodorsal salient  (Text-figure 1-6). 

The anterodorsal salient, herein arbitrarily referred to 
as the anterior lobe, varies in its prominence in different 
genera ant! differs somewhat in size and shape in shelled 
and nonshelled specimens of the same form. Among North 
American ambonychiids the anterior lobe is known in four 
genera: Ambonychiopsis Isbeig (PI. 22, fig. 14), Allonychia 
Ulrich (PI. 19, fig. 1), Congcriomorpha Stoyanow, and 
Gosselclia Barrios  (PI. 35, fig. 8). 

In the nimierous genera which lack an anterior lobe 
there is usually no jjrojection of the antcrioi   face of the 

shell forwaid of the beaks (e.g., LopUouyclua Pohl, PI. 36, 
fig. 5) . However, in a minority of forms an anteroventral 
salient of the shell piojects forwaicl of the beaks. This trait 
is best de\eloped in the Sihnian genus Aiiiphiroclia Hall 

(PI. 25, fig. 4) where it is a constant generic feattne. The 
anteroventral salient also occins sporadically in species be- 
longing to other genera such as MytiUirca ox'ijoriDis (Con- 
rad) (PI. 4L fig. 4) and Ambonychia castrri (Pojeta) 

(Pojeta. 1962, pi. 31, fig. 5) . 

According to Newell (1942, p. 20) : "Primitive Mytil- 
acea . . . are characterized by an anterodorsal salient, called 
the anteiior lobe, in front of and below the beaks. Reduc- 
tion of this lobe, with a tendency thereby for the beaks to 
become progressively more terminal, is distinctly a mark of 
specialization ..." Among ambonychiids, those forms with 
an anterior lobe are herein regarded as the moiphologically 

more primitive and less specialized membeis of the family. 
The loss of the anterior lobe is a specialization which re- 
occins thioiighout the stratigraphic range of the family. 
Forms with an anterior lobe may represent a jjhylogenetic 
entity, becau,se, following Dollo"s Law, they coidd only have 
arisen from forms already possessing such a lobe. Nonlobate 
forms, on the other hand, could have arisen either from 
nonlobate forms or fiom lobate species, and thus probably 

represent a morphological grade of organization which was 
developed repeatedly in the evolution of the family rather 

than a phylogenetic   imit. 
In any eveiu, whether the anteiior lolie is present or 

not, the anterior end of the shell is :dways highly leduced. 
In those forms where the anteiior lobe is present, the reduc- 
tion has not progressed so far as in tho,se lacking the lobe. 
This extreme reduction of the anterior end is also charac- 
teristic of the Myalinidae, a family of Late Paleozoic pelecy- 
pods which appears to be closely related to the Ambony- 
chiidae. 

With the obsolescence of the anterior end, the an- 
terior musculature was also reduced and as a consequence 

all ambonychiids are either heteromyarian or monomyarian. 
Complete reduction of the anterior lobe does not neces- 
sarily imply the total loss of the anterior adductor muscle. 
In the Recent genus Mylilus Linne the anterior end of the 
shell is completely reduced, however, a small anterior 
adductor muscle is still present. This condition is not 
presently known in ambor^ychiids, however, many species 
and even genera are so poorly known that it may be found. 
The complete absence of an anterior adductor muscle can 
only be established when the anterior end of the pallial 
line is known. 

The shell of ambonychiids is always ecjui\al\cd   (Text- 
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H 

Text-figure I: 

This figure shows various external morphological features of the 
Ambonychiidae. 1. Nonterminal beak: the beak is located posterior 
to the anteriormost end of the dorsal margin. 2. Terminal beak: the 
beak is located at the anteriormost end of the dorsal margin. 3. Various 
linear dimensions of the shell: L-length,  H-height,  D-diagonal  dimen- 

sion. 4. T-thickness. measured on a shell lacking a discernible byssal 
gape. 5. .\-angle alpha, B-angle beta. 6. CJ-angle gamma, measured on 
a shell lacking an anterior lobe. 7. T-thickness, measured on a shell 
having a prominent byssal gape. 8. G-angle gamma, measured on a 
shell ha\'ing an  anterior lobe. 
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figure lA) . that is, the two val\es aie minor images of each 
other, and thus exiiibit bilateral symmetry (PI. 27, fig. 3) . 
This equi\ahed nature strongly suggests that there was no 

genetic predisposition to lie habitually on one valve or the 
other, but that the anterior face of the shell was in apposi- 
tion with the substrate after the fashion of Mytilus Linne 
and Modiolus Lamarck. On well-preserved specimens die 
biconvex equivalved nature of the shell is readily seen. In 
weathered or distorted materials the valves may differ in 
convexity, but the similarity of the prosopon of the two 
valves bears out the lack of habitual lying on one side. 

Among the Paleozoic families whiili sliow morphologi- 

cal similarities to the Ambonychiidae, only the Cyrtodonti- 
dae is equivalved; both the Myalinidae and the Pterineidae 
are iiiecjuivalved. 

Ambonychiids po,ssess a more or less well-developed 
byssal sinirs —that is, the indentation seen in lateral view 
at the point where the byssal filjers lea\e the shell (PI. 28, 

fig. 10). This featiue is seen in the anterodorsal pint of the 
shell and varies in prominence in diffeient species. It is 
prominent in such forms as Atwptcru iiiisciirri Ulrich (PI. 
29, fig. 2), Mytilarca ovijormis (Conrad) (PI. 11, fig. 4), 
and others; whereas, in Mytilarca foerstei Clarke and Ruede- 
mann (PI. 37, fig. 20) and other species it is hardly dis- 
cernible. 

In those forms which possess an anterior lobe it is 
diffiiult to determine the position of the byssal sinus; pre- 
sumably it is in the area immediately below the lobe. In 
the species AUoyiychia jamcsi (Meek) (PI. 19, fig. 7) there 
is evidence to suggest that the apparent anterior lobe is 
actually a protuberant byssal gape and that there is no 
byssal sinus. However, the materials upon which this inter- 

pretation is based are not well preserved, and final judg- 
ment must be reserved until better s|3ecimens are found. 
This problem will be discussed further under the genus 
Anonychia Ulrich. 

Size variability among ambonychiids is great, and in 
almost all epochs large and small forms have coexisted, 

there being no correlation between time and size for the 
family as a whole. Herein, small species are regarded as 

those which are under 35 mm. in diagonal dimension, 
mediiun size refers to those forms ranging from 35 mm. to 
55 mm. in diagonal dimension, and large size refers to those 
species over 55 mm. in diagonal dimension. The known 
miiiinuun and maximum sizes are rejjresented by the Mid- 
tile Ordovician species Auibouychia intermedia Meek and 
Worthen (PI. 31, fig. 13) which has a diagonal dimension 
of 20 mm. or less, and the Early Devonian species Mytilarca 

poudrrosa  Hall antl Whitlicld   (PI.   11, fig.  I)   with a dia- 
gonal length of up to 130 mm. 

In the Middle Ordo\ician, Atnbonychiopsis orbicularis 

(Emmons) (PI. 22. fig. 14) is among the largest species, 

having a diagonal dimension of up to 70 mm.; while the 
Cynthiana sjjecies Allonycliia ^lanagnncusis Foerste (PI. 20, 
fig. 2) ranges ujj to 100 nun. Among small lorms of the Late 
Ordovician, Anoptcra niiscncri Ulrich (PI. 28, fig. 10) has 
a diagonal dimension of 30 mm. or less. The ujjper size 
range is represented by such forms as Anoinalodonta gigan- 

tra Miller (PI. 27, fig. 2) and Maryonychia concordcnsis 

(Foerste) (PI. 3(), fig, 15) whicli range uj) to 90 mm. in 

diagonal length. 
The small end of the size scale among Silurian species 

is represented by Mytilarca sigilla Hall (PL 37, fig. 19) 
which is luider 20 mm. in diagonal dimension; whereas, the 
largest foini known to me is a specimen of Amphicoclia 

Hall from the Cedarville dolomite of Ohio (U.S.N.M. No. 
87509)   which measures 100 mm. in liiagonal length. 

Loplionyi Ilia trigoiialc (Cleland) (PI. 3(), fig. 10) is 
the smallest known De\onian species, being 25 mm. or less 
in diagonal dimension. 

By and large the diagonal dimension is the greatest 
dimension of the shell in ambonychiids. However, in a few 
species such as Mytilarca oviformis (Conrad) (PI. 41, fig. 
8) the height and diagonal dimension are approximately of 
the same magnitude. In addition, in winged types such as 
various species of Opisllioptcra Meek (PI. 43, fig. I) the 
greatest shell tlimension is the length, as measuied along 
the dorsal margin, rather than the diagonal ilimension. 

B.   ALATION 

Almost all genera in the family ha\e been tiadition- 
ally defined as possessing a posterior alation or at least be- 
ing subalate posteriorly. A posterior wing is consistently 

present only in the genus Opisthoptera Meek (PI. 43, fig. 
7), and two species of Ambonychia Hall, A. eiroyi (Hussey) 

(PI. 30, fig. 15)   and A. alata Meek   (PI. 29, fig. 13). 
There is a great deal of confusion in pelecypod mor- 

phology as to the correct definitions and applications of 
the terms wing, alation, auricle, and the like. In Pectens the 

dorsal margin extensions are usually termed amides, al- 
though they are also called ears and wings. In sudi forms 
as Pteria Scopoli the posterior extension of the dorsal mar- 
gin is termed a wing or alation, whereas, the anterior ex- 
tension is usually called an aiuicle. Among imionids such 
as Proptera alata (Say) , the dorsal margin of the shell is 
extended upward in a large flange; the term wing is also 
applied to this strudiuc. 
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In order to a\<)itl tliis contusion of terms the designa- 
tion wing, or alation, is restricted in anil3on\cliiids to a 
posterodorsal shell extension beyond the shell body proper, 
such that the angle formed between the cardinal margin and 
the jjosterior margin is acute (angle beta Text-figure I-5B). 
Such a structure occurs only in the sjjecies mentioned above. 
In other ambonNchiids there is a pronoiuucd lessening of 
the con\exity of the valves in the posterodorsal part of the 
shell (PI. 31, fig. 15) ; however, this portion of the shell 
never extends farther posteriorly than the postero\entral 
part of the shell, such that the angle between the posterior 
and dorsal margins becomes acute. It is this reduced postero- 
dorsal convexity which traditionally has been called an 
alation. 

Thus, wing development, rather than being a charac- 
teristic feature of the family, is exceptional and is found 
only in a handfid of species. 

C. LINEAR AND ANGULAR SHELL MEASUREMENTS   (TEXT-FlCiURE  1-3-8) 

Linear dimensions in ambonychiids are measured as in 
other pelecypods. Length is the greatest anterior-posterior 
dimension, height is the greatest dorsal-\entral dimension, 
and con\exit\ or thickness is the greatest ri<>ht-left dimen- 
sion. In addition to the abo\e measinements, it is usualh 

con\enient to mcasiue the dimension between the cloisal 
peak of the mnbo and the furthest posteroventral jjoint 
on a valve. This dimension has heretofore been called the 
greatest dimension of the shell, and in most ambonychiids 
it does form the greatest shell dimension. However, in 
winged forms the greatest dimension of the shell is usually 
along the dorsal margin and equal to the length. Thus, the 
term greatest dimension is heiein abandoned in ambony- 
chiids in fa\<)r of diagonal dimension which can be used 
both in winged and nonwinged forms with no semantic 
contradictions. 

Three angidar measinements are especiall) helplul in 

the description of ambonychiids; these angles are particu- 

larly useful in the separation of species. 

The angle between the anterior margin and the dor- 

sal margin of the shell (angle gamma) can be measured 

with a high degree of accuracy on photographs. In all 
cases the dorsal margin is regarded as a straight line 
parallel to the hinge axis: the angle the dorsal margin 

makes with a line drawn through the finthest anteiior 
projection of the umbones and the furthest anterior pro- 

jection of the shell beneath the umbones is considered to 
be angle gamma. In ambonychiids angle gamma varies fiom 
apjjroximately 50 degrees (PI. 42, fig. 7) to about 110 de- 
grees   (PI. 24, fig. 3) . In the older literatiue such descrip- 

ti\e terms as erect, oblique, and the like irsually refer to 
the value of angle gamma, and not to the obliquity of the 
shell as indicated by the value of angle alpha. Erect forms 
have an angle ganmia close to 90 degrees, Avhereas, oblicjue 
forms ha\e an angle gannna ol less than 90 degrees. In 

those ambonxchiids which possess an anterior lobe, angle 
gamma is measined as though the anterior lobe were not 
present. 

The angle between the dorsal margin and the jjosterior 
margin of the shell (angle beta) is 90 degrees or more in 
all nonalate types. In these forms angle beta is usually 
jjoorly defined and can only be measured approximately. 
However, in winged species this angle can be measured with 
a high degree of accuracy, it is always acute, and the 
longer the wing the more acute the angle. 

A third angular measurement often used in describing 
pelecyjjod shells is angle alpha. This angle was used with 
great success as a morphological criterion in myalinids by 
Newell (1942). Newell (1942, p. 24) defined the angle as 
follows: "The angle between the midiunbonal line and 
the cardinal margin is called angle alpha." He noted 
(1942. p. 22) the difficidties in obtaining a precise measme- 
ment of the angle beiairse of the llattening out of the inn- 
bonal ridge in the yoimger portions of the shell, but felt 
that the measurement was sufficiently accurate for the 
angle to be a useful morphological criterion. 

E. G. Kauffman of the United States National Mu- 
seum (personal communication) suggested a method for 
obtaining a more precise measurement of angle aljjha. In 
this method the angle formed by the intersection of the 
diagonal or greatest dimension line with the hinge axis is 
regarded as angle alpha. In ambonythiids the diagonal di- 
mension line bisects the apex of the shell and extends 

diagonal!) to the finthest postero\entraI shell extension. 
LIsually the furthest posteroventral extension of the shell 

is an arc rather than a point; in this case the midpoint of 

the arc is used as the point through which to extend the 
diagonal dimension line. 

Angle alpha is a measure of the obliquity of the shell. 
Those forms in which it is less than 90 degrees are re- 

garded as having a forward or prosocline obliquity; all 
ambonychiids fall into this category. In upright or acline 
species the angle is 90 degrees as in Pectens; where the 
angle is obtuse as in some Limas (e.g., Lima (Flirarcsta) 

Vokes)  the oblicjuity is backward or opisthodine. 
Pojeta (19()2, p. 172) discussed the concept of shell 

oblicjuity in the ambonychiid genus Ainbonychia Hall. He 
noted that below the middle of the height of the shell the 
umbonal ridge flattens out and cannot be traced beyond 
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this point. To circumvent this dilliciilty he suggestetl 
that the turning of the shell costae be used as an indicator 
of the change in position of the iinibonal ridge below the 
middle of the height of the shell. This piocediire gives 
only a general idea of shell obliquity and does not yield 
a precise numerical \alue for angle alpha. In addition, it 
has the obvious fault of being limited to forms with radial 
prosopon and gives results which differ from those obtained 
using the procedure suggested by Kauffman. For these 
reasons the method suggested by Pojeta for measuring 
ambonychiid shell obliquity is not followed herein, in- 
stead  the  procedure  recommended   by   Kauffman   is   used. 

D.   BEAKS   AND   UMBONES 

All ambonychiids have prosogyral beaks (PI. 30, fig. 
21), that is, the beaks are tinned toward the anterior end 
of the shell. In forms lacking an anterior lobe the beaks 
are terminal (PI. 30, fig. 21) , being locatetl at the anterior 
end of the cardinal margin (Text-figme 1-2) . Most am- 
bonychiids ha\ing an anterior lobe possess nonterminal 
beaks located some distance posterior to the anterior end 
of the cardinal margin (PI. 20, fig. 5). In the genus 
Congcrioinorpha Stoyanow the beaks are described as be- 
ing terminal, and there seems to be a small anterior lobe 
remnant located below them. This condition is similar to 
that seen in some of the Myalinas. 

The mnbones of ambonychiids are well developed in 
the anterodorsal portion of the shell (PI. 24, fig. 1). Here 
they are raised above the general shell suiface and form 
a prominent imibonal ridge; however, as this ridge passes 
posteroventrally it becomes more and more obscme, imtil 
below the middle of the height it is no longer discern- 
ible in most forms (PI. 24, fig. 10). That is, the imibonal 
ridge is poorly de\eloped below the point where the nar- 
row convexity of the posterodorsal part of the shell broad- 
ens out \entrally. 

In a number of species there is a flattening of the 
anterodorsal part of the shell with a keeling of the ad- 
jacent umbones. This carination is especially well devel- 
oped in the larger species of the Ordovician genus Ambony- 
chia Hall (Pojeta, 1962), however, it is also found in 
species of (Jossclctin Barrois (PI. 35, fig. 9), Lophonychia 
Pohl (PI. 36, fig. 5), and others. In most species the um- 
bones remain rounded anteriorly. 

Shell obliquity as indicated by the intersection of the 
midumbonal line and the dorsal margin is discussed in 
the preceding section on Linear and Angular Measure- 
ments. In some species of Opisthoplera Meek a midum- 
bonal keel rather than an anterior carination is developed 

(PI. 43, fig. S) : this keel extends to the \cntral margin of 
the shell aiul indicates the ontogenetic \ariation of the 
position of the imibo. In these species a ].)reiise value of 
angle alpha <an be obtained from the intersection of the 
midumbonal line and the dorsal margin. However, for the 
sake of consistency, and because all species of Opisthoplera 
do not possess a midumbonal keel, the jjrocedure recom- 
mended above for the measmement of angle alpha is also 
followed in all species of Opntlioptcra. 

E,   PROSOPON 

All ambonychiiiis possess conientric growth varices 
and these are usually of two types; there are the fine close- 
ly spaced growth lines (PL 47, fig. 1) , and the less fre- 
quent more coarse growth laminae which indicate more 
prolonged stoppages of growth for \arious reasons (PI. 29, 
fig. 10). These coarser growth lines often are poorly de- 
veloped either in the sen.se of being few in number, or in 
being only barely distinguishable from the finer laminae. 

In some species, siich as Cleionycliia uudata (Emmons) 
(PI. 34, fig. 2) , broad, often poorly defined concentric un- 
dulations cross the shell independently of the growth lines 
and radial prosopon. These concentric undulations are best 
developed in \arious Middle Ordovician species, although 
they occiu in a few younger forms, such as species of the 
Silurian genus AmphirocUa Hall. 

Radial prosopon is a characteristic feature of many 
ambonychiid genera. This ribbing is superimjjosed upon 
the growth varices and concentric imdulations. As far as 
known, in all well-preserved material both fine and coarse 
growth varices cross the ribs as well as the interspaces be- 
tween them. In |xu ticidar. the fine varices are often weath- 

ered off the raised ribs   (PI. 47, fig. 1). 
Ribbing in ambonxchiids consists of two types which 

merge imperceptibly into each other. There are either nu- 
merous fine costellae (PI. 24, fig. 2) or less numerous 
coarser costae (PI. 29, fig. 18). As an arbitrary standard 
costae are regarded as being one mm. or more in width, 
whereas, costellae are less than one mm. wide. However, the 
two types of radial prosopon are not always readily sep- 
arable, and the early dissoconch stages of all costate genera 
possess ribs which are less than one min. wide. 

Costellae are found in such North American forms as 
the Middle Ordovician genus Ainbonychiopsis Isberg (PI. 
23, lig. 5) and some species of the Silurian genus Ainphi- 
coclia Hall (PI. 25, fig. 2). Costate genera are character- 
istic of the Upper Ordovician rocks of North America and 
include such fonns as Anomalodonlii Miller (PI. 28, fig. 4) , 
Ambonycltin Hall   (PI. 31, fig. 19), and M(ir\ou\rlii<i, n. g. 
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(PI. 3(), lig. II). Costae are also pieseiu in the Devonian 
genus Byssoptcrin Hall (PI. 32, tig. 6) and some species of 
the Silurian genus Ampliicoclia. 

Onl) four genera aie known to be multicostate. hoU- 

iiiiiurnii Dre\ennann is an Eurasian genus which previously 
has been reported onl) from the Devonian of Germany 
and the Ardennes area of France, lielgium, and Luxem- 
bourg. At the United States National Museum there are 
several specimens from the De\onian rocks of Liu Koping 
and Yimnan, China, which appear to be assignable to foll- 

iiKinnia (PI. 35, fig. 5). These specimens are not so elongate 
as tho.se figured by Drevermann (1907) and Freeh (1891) 
but compare favorably to a jmenile specimen of FolUnunnia 

pseudalectryonia   (Freeh)   figured by Maillieux   (1937). 
The other genera of multicostate ambonychiids are 

foinid in North America: Mary any chid, n. g. and Opi.stliop- 
Icra Meek are Ordovician forms, while Byssoptni/i Hall 
is a Devonian genus. Opisthoplcrn is essentially a costellate 
genus, whereas. Maryonychiu and liyssoptcria are costate 
genera. .'\11 three geneia ha\e both bifmcating and inter- 
calating ribs, the exact patterns of which are described in 
the discussion of each genus. 

Except for the abo\e mentioned forms, rib bifurca- 
tions and intercalations are individual featmes which char- 
acterize no partidilai genera oi species and have no con- 
stancy of occiurence. 

As lar as known costae occur onh in the outci shell 
layer but are not surface featmes of this layer, rather they 
involve corrugation of the entire outer ostracuni. The inner 
ostracum is deposited as a more or less callous-like layer 
co\ering over the costae on their inner side. As the ani- 
mal aged the inner shell layer became progressively thicker 
atid eventually obscured the costae completely except at 
the muscle markings (where only a thin hypostracum sep- 
aiated the muscle from the inner surface of the outer ostra- 
unn) , aird around the edge of the shell (i.e., the youngest 
part) where the inner ostracum was not yet thick enough 
to totally obscure the costae. The abo\e description is based 
jjrimarily upon Late Ordovician forms; it is presinned that 
the costae of species before and after this time were similar, 
but this has not yet been demonstrated. 

Only in some sjjecies of the genera Aiiibouycliiopsis 
Isberg does the combination of radial and concentric proso- 
pon residt in cancellate prosopon; otherwise cancellate 
sculptine is not known  in ambonyihiids. 

The abo\e mentioned luiibonal keels form a variety 
of prosojjon found in a minoiity  of species. 

Lastly, the tubercidate prosopon described in an un- 
named ambonychiid by Pojeta (1962, p. 174) is probably 
an encrustation of the labechiid Dcriiiatostroina Parks. 

F.   BYSSAL   APPARATUS 

The external expression of a byssus takes two forms: 
a) the possession of a pronounced byssal gape (Text-figure 
1-7) , a feature especially prominent in North American 
Late Ordovician forms, and b) the presence of a byssal 
sinus, an indentation seen in lateral view, in the antero- 
dorsal part of the shell at the point where the byssal fibers 
leave the shell. 

The byssal gape is the most obvious expression of the 
possession of a byssus but occurs in a minority of the genera 
in the family. The gape is a space between the right and 
left valves in the dorsal portion of the anterior face around 
which the shell curves (PI. 30, fig. 3) . Thus, this space 
had no shell covering, but rather was plugged by the byssal 
fibers which existed at this point. The ga])e is bilaterally 
synmietrical, half of its width being located in each \alve. 
In AiioiiKilofloiita Miller (PI. 27, fig. 6) and Maryonychia, 
n. g. (PI. 3(), fig. 14) the gape is rather long and wide; 
whereas, in ()pisllioplcni Meek (PI. 44, fig. 16) the byssal 
gape is small in both length and width. This suggests that 
the byssus was better developed in Atioinalodoiita and 
Mtnyonychid than in Opisthoptcm. Correlated with this 
difference in the development of the byssal ga]3e is the 
presence of large, well-developed anterior and posterior 
byssal retractor muscles in Anomalodonta (PI. 27, figs. 2-7) , 
while in Opisthoplcra these muscles are much smaller (PI. 
43, figs. 11 and 22). Alternatively these differences may 
indicate that Anomulodontu had more ability to adjust 
it.self on the byssal anchorage than did Opisthoplcra. 

Generally a piominent byssal gape is found only in 
forms with radial prosopon, however, not all ribbed genera 
possess a pronounced byssal gape. Only two North American 
genera with concentric prosopon show a readily discern- 
ible byssal gape: the poorly known Late Ordovician genus 
Psilonychia Ulrich (PI. 46. fig. 6) and the Late Devonian 
genus Congcriomorpha Stoyanow. 

The usual shape of the byssal gape is fusiform (PI. 30, 
fig. 3), although in some specimens of Ainbouychia obcsa 
(Ulrich) it is almost round. Likewise, the gape may be 
flush with the anterior face (PI. 36, fig. 12), or it may be 
dejjressed below the general anterior suilace (PI. 31, fig. 8) . 

In a niunber of geneia the anterior face is poorly 
known, and the presence oi absence of a discernible byssal 
gajie cannot be ascertained. 

The byssal sinus is prominent in many species of 
Aiubonychia Hall (Pojeta, 1962), Anoptera Ulrich (PI. 29, 
fig. 2) , CJcionychin Ulrich (PI. 33, fig. 22) , Mytihirca Hall 
and Whitfield (PI. 41, fig. 4), and others. The degree of 
prominence of the byssal sinus is variable, and different 
species of the same genus may vary widely in the expres- 
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sion of this feature. Thus, Ainbonyrliid bynirsi (Uhich) 
has ahnost no byssal sinus (PI. 31, fig. 19) . ahhough it has 
a prominent byssal gape; other species of Atiibunychia show 

both structiues prominently. 
In those forms which appear to lack a byssal gape, it 

is only that the gape is small, as in tlie modern forms 
Mytilus Linne and Modiolus Lamarck, rather than being 
absent. In neither of these living genera is the shell strongly 
distorted laterally at the place where the byssus exists, how- 
ever, both are well-known hyssate forms and may possess 
a prominent byssal sinus. In at least some of the species of 
ambonychiids which appear to lack a byssal gape (c'-g-, 
Clcionychia IcuiwUosu (Hall) : PI. 33, fig. 3), the presence 
of muscle scars formed by byssal retractois indicates that a 
small nondiscernible byssal ga])e was ]jresent. The presence 
of a byssal sinus and the severe leduction of the anterior 
end also indicate that ambonychiids were attached by a 
byssus. 

G.   SHELL   STRUCTURE 

In no ambonychiid is the shell mitrostrucluie known. 
Generally shelled specimens show various details of mor- 
jjhology which cannot be obser\'ed on molds and casts, 
and one is reluctant to section such materials. However, 
thin sectioning of some of the shelled C)rdo\ ician materials 
at the author's disposal revealed no shelled miirostiui ture, 
only coarse recrystallized calcite. 

As far as known the ambonychiid sliell is composed of 
two calcareous layers, the inner and outer ostraca. This is 
definitely shown in several specimens of Anomalodonta 

gigantea Miller (PI. 26, fig. 14) and sinmised from strong 
indirect evidence in Ambouydiia Hall and Opislltoptcra 

Meek. 
The mineralogical composition of the inner antl outer 

ostraca is problematic. Specimens of Aniboiiycliia are 
known in which only the oiuer shell layer is preser\ed, 
suggesting that this layer was more stable than the inner 
ostracum. On this basis, the outer ostracum tould be re- 
garded as calcitic and tlie inner ostracmn as aragonitic. 
Additionally, composite molds of Ainbonychia (Pojeta. 
I%2, pi. 23. fig. 6), Auoiiialixloutd (PI. 27, fig. 5), and 
Opislhoptcra (PI. 44, fig. 15) are known. These suggest 
that after the shell was filleil with sediment the inner 
shell layer was dissolved away anil ihc rilling remained plas- 
tic enough for the inner face of the outer ostracum to be 
imjjressed upon the internal mold. Alternatively, the entire 
shell may have been dissolved away forming a steinkern, 
with the mold of the exterior then being impressed upon 
the internal mold during compaction. The former alterna- 
tive suggests a difference in the stability of the shell layers, 
ihc latter does not. 

In most ambonychiids the shell is seldom preserved. 
Even in the genus Ainbonychia, where speciinens preserving 
only the outer layer are known, there are horizons in which 
none of the specimens of this genus preserve any shell 
material; while the brachiopods, ectoprocts, and other cal- 
citic fossils in these horizons always have the shell material 
preserved. These factors suggest that the shell of ambony- 
chiids was unstable and probably aragonitic. 

The overall pictine appears to favor the hypothesis 
that both the inner and outer ostraca of ambonychiids 
were mineralogically unstable, and that they are only pre- 
served when they have been replaced by more stable min- 
erals. 

Ihe thickest part of the ambonychiid shell is in the 
upper portion of the lunbones. that is, ITI the oldest part 
of the shell (PI. 2(i, fig. 14) . In adidt specimens of Anomalo- 
donta i^iganlca Miller the shell is 5(5 mm. thick in this 
region. Because A. giganica is one of the larger species, this 
thickness probably repiesents more or less of a maximum 
\alue for the fanrily. From the upper lunbo of a valve 
the shell thins rapidly in all directions; half\\ay down the 
diagonal dimension of A. gigantea it is only about one mm. 
thick (PI. 2(j. fig. 14). Thus, over the greater part of the 
body of the animal the shell is relatively thin, and it may 
become so thin that the inner ostracmn no longer obscines 
the shell costae completely. However, the extreme anterior 
and posterior edges ol the shell are thickened, and are 
thicker than the portion of the shell between them (PI. 28, 
fig. 3). The extreme anterior and posterior edges also pos- 
sess a series of grooves and ridges (PI. 28, fig. 8) similar 
to those seen in Pinctnda margarilifera (Linne). These mar- 
ginal groo\es and ridges are fiuther discussed below in the 
section dealing with  the ligamental area. 

A feature known only from Late Ordovician molds and 
casts of ambonychiids is a brown to jet black organic film 
which often co\ers the specimens. The film does not occin- 
in the matrix aiound the specimen, but only covering the 
individual organism, and undoubtedly was oiiginally part 
of the animal. This organic film may indicate the j^resence 
of a heavy periostracum which originally covered the cal- 
careous shell, or it may represent renmants of large amounts 
of organic matter which was originally in the shell substance 
itself. 

Both of these conditions are known to occiu' in li\'ing 
byssate j)elecy]jods, howeve'i. which of the two conditions 
obtained in ambonychiids is uncertain. Unweathered 
shelled specimens are often as dark as molds and casts, al- 
though the shelled materials are never jet black as is true 
of many molds and casts. Broken surfaces of shelled ma- 
terials   ;ue   not   only   dark   at   the   surface   l)ut   are   dark 
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thiouj^hom, and perhaps the organic fihn lejjiesents rem- 
nants of both tlie periostracuni and the tonchiolin wliich 

^vas in the shell substance itself. 
While no hypostracal layer has been seen in the sliell 

substance itself, it is known from internal molds that at 
best there was only a thin layer of shell separating the 
muscles from the outer ostraciim. In internal molds the 
markings of the shell prosopon can be seen on tlie posterior 
muscle markings but not on the shell sinroimding the 
musciilatme (Pojeta, 1962, pi. 23, fig. I) . 1 hiis, either there 
was nothing separating the muscles from tlie inner smface 
of the outer ostracum, or the muscles secreted a thin hy]> 
ostracum between themselves and the outer ostracum. Be- 
cause the latter is the normal condition among pelecypods, 
it  is also presumed to be so here. 

The above description is based almost entirely upon 
Late Ordo\ician forms; I had few post-Ordovician shelled 
specimens at my disposal. Undoubtedly nuich of the de- 
scription is applicable to all ambonychiids, but only new 
materials will determine which jjarticidars are not ap- 
|)licable 

Two of the tyj>e specimens of Anomiilodonln giutniica 
Miller show the two ostracal layers, and in each specimen 
both layers have a rather coarse ]>rismatic structure (PI. 25. 
figs. 7, 10). This coarse prismatic structiue diffeis from the 
more tyjjical massive replacement structiue seen in other 
shelled specimens (PI. 21). fig. 11). .\t the jjiesent time it 
cannot be determined if the j^rismatic structiue of the type 
specimens represents any of the original shell microstruc- 
tiue. A prismatic outer ostracal la^er occurs in many pelecy- 
pods. and in at least one family, the ,\natinidae, there is 
a prismatic layer tmder the nacreous one (Schenck, 1934, 

p. 12). 
In summary, the ostracum of ambonychiids consists of 

two layers, an inner ostracum and an outer ostracum. The 
microstructure of neither layer is known, the inner ostra- 
cum was apparently aragonitic, and tire oiuer ostracum 
may also have been aiagonitic. Covering the ostracum there 
was probably a fairly thick periostracuni: there may also 
lia\e been significant amounts of organic matter in the 
calcareous shell substance. Underlying the muscle scars 
there was a  foiuth  shell  layer,   tlie  hypostracum. 

II. INTERNAL FE.\TURES   (Text-figure 11) 

\.   LIGAMENT.\L   ARE.* 

The ambonychiicl ligament contained both tensional 
and compressional elements. It is herein arbitrarily clis- 
(iis.sed under internal featuies. 

The  ligamental  area   is  known   in   a   number  of  am- 

bon)chiid genera of \arious ages from both North America 
and Europe. In North America it is known in the Ordo- 
vician genera Ambouyrhia Hall (PI. 30. fig. 21), Anoiiialo- 
dontn Miller (PI. 28, fig. 8) , and Opistlioptcra Meek (PI. 
45, fig. 1) : in the Silurian from representatives of the gen- 
era Mytilana Hall and Whitfield (PI. 37, fig. 22) and 
AiiiphicocUa Hall; and in the Devonian from s|jecies of 
Mytilana (PI. 38, fig. 10) and Gosscletia Barrois (PI. 36, 
fig. 4) . 

In all of the species where the ligamental area is known, 
a typical duplivincular ligament is indicated. That is, the 
ligamental area is crossed longitudinally by a series of al- 
ternating grooves and ridges. As developed in living forms 
(e.g., Area Linne) the ligamental grooves represent the in- 
sertions of separate parallel sheets of laminar ligamental 
material which has great elasticity to the tensile stresses 
exerted by the adductor muscles. Upon relaxation of the 
adductors the laminar sheets contract and help pull the 
valves apart. The areas between the ligamental grooves (i.e., 
the ligamental ridges of ambonychiids) , as well as the junc- 
tion of the two valves along the hinge line, are covered by 
fibrous ligamental material similar to the resilium of such 
forms as \iieiila Lamarck. This fibrous ligamental material 
is weak to tensional stresses but resjjonds readily to com- 
pressional stresses. The entire j)ortioii of the fibrous ma- 
terial abo\e the hinge axis does not fiuiction in opening 
the \alves. because only noiicompressional stresses are ap- 
plied abo\e the hinge axis. However, below the hinge axis 
the fibioirs ligamental mateiial is compies,sed when the 
adductors contract, and upon relaxation of the muscles it 
sj^rings oiuward and helps to open the valves. (See New- 
ell. 1938 and 1942, for a more extensive discussion of the 
clu]jli\incular ligament.) Undoubtedly the ligament of 
ambonychiids fimctioned in a manner similar to that of 
Area Liniie, as indicated by the close structural similarity 
of the ligamental areas in the two groups. 

Generally among Ordovician forms the ligamental 
grooves and ridges are relatively coarse and fewer in num- 
ber (PI. 30, fig. 21) than in Devonian species where the 
ligamental imprints arc finer and moie numerous (PI. 41, 
fig. 7). 

Most ambonychiids ha\e an entirely opisthodetic liga- 
ment, the grooves and ridges being located below and be- 
hind the beaks (PI. 28, fig. 8). Isberg (1934, pi. 7. fig. 2d) 
showed a specimen of Ainboiiyehinia? pediculala Isberg 
which has an aniphidetic ligament: the ligamental grooves 
and ridges being continued onto the anterior lobe. In none 
of the anteriorly lobed North American forms are the liga- 
mental grooves and ridges known to extend onto the lobe. 
However, in none of them is the ligamental area known in 
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Text-figure II; Semidiagrammatic reconstructions of the morpho- 
logically better known amhonychiid genera: A-cardinal teeth. 
B-anterior hyssal retractor muscle scar, C-posterior byssal-pedal re- 
tractor muscle scar, D-posterior adductor muscle scar, E-pallial line, 
F-duplivincular ligament, G-posterior lateral teeth, H-vving, I-byssal 
gape, and J-anterior commissure. The anterior hyssal retractor muscle 
scars are displaced \'entrally for reasons of illustration. 1-2. Ambony- 
chia:   The   reconstruction   of   this   genus   is   changed   from   that   of 

Pojeta, 1962, based upon new better preserved material. The posterior 
lateral teeth are based upon A. riijiata where they are subparallel 
to the cardinal margin; 1-medial \'iew of left \'al\'e, 2-anterior view. 
3-4. Opulhoptt'rti: The stippled area along the cardinal margin indi- 
cates the portion of the ligamental area which has not been observed; 
3-anterior view, 4-medial view of left valve. 5-6. Anomalotlonla: This 
genus is similar to A mhonycliia, differing only in dental structure; 5- 
medial view of right valve,  6-anterior  view. 
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its entirety, and an amphiiletic ligament may e\entiially Ije 

desiiibed in these species. 
The ligamental area is best known in the Late Ordo- 

\itian S|)ecies Ainbonycliiu iihita .Meek (PI. 30, lig. 21) and 
AiioiiKilodniild !j^i;^iuit<-ii Millet (PI. liS, fig. 8) . A. ii^ii^a)/lea 
will ser\e as a more or less tyjiital example. In this species 
the li"amental aiea is wide dorsoventiallv and crossed bv 
coarse longitudinal groo\es and ridges (PI. 27, fig. 1). Pos- 
teriorly the gioo\es and ritlges extend to the extientity of 
the dorsal margin and near their temiination turn gently 
ventrad (PI. 28, fig. 8) . Anteriorly, just before their ter- 
mination, the grooves and ridges make a sudden ventrally 
directed turn (PI. 28, fig. 8; PI. .SO, fig. 21). In weathered 
or poorly prepared materials the anterior \entral turning 
of the grooves and ridges is planed off, and the remnants 
may have the general appearance of a tooth, as in Miller's 
original types of Anomalodonta gigantea (PI. 26, fig. 6). 
This is not a part of the dentition; in well-preserved ma- 
terial the cardinal dentition is located below the duplivin- 
cular ligament and does not cross the ligamental area (PI. 
30, fig. 1). The arrangement of ligamental grooves and 
ridges in Ambonychia alota Meek (PI. 30, fig. 21) is simi- 
lar to that of Anomalodontd gigantea. The ligamental areas 
of the two valves diverge upward at \arying angles and in 
different species ])iodiice ligamental sjjaces of varying 
widths. 

In all ambonychiids with carilinal teeth, the teeth aie 
located on a vertical lamella beneath the ligamental aiea 
(PI. 30, fig. 21) ; this lamella may exteml ]K)sterioily be- 
neath the dtiplivincidai ligament for an undetermined 
length (PI. 30, fig. 21). Posterior lateral teeth are also lo- 
cated below the ligamental area: they may be attached di- 
rectly to the inner face of the inner ostracum as in Ambony- 
chia alata Meek (PI. 30, fig. 16) and Ambonychia radiala 
Hall (Pojeta, 1962, pi. 23, fig. 14) , or they may be attached 
to what is either a separate vertical lamella or a pronounced 
thickening of the inner ostracum as in Mylihirai dalhoiisri 

Clarke   (PI. 38, fig.   14). 
Ambonychia cuJtrata (Ulrich) has been described as 

lacking ligamental grooves, and having instead a "channel- 
like" ligament. It was thought that its ligament might be 
more or less similar to that of Anadara pcxata (Say) . which 
has a large fibrous portion to the ligairieiit and only one 
laminar sheet. New materials of this species now sho^v that 
a tyjjical duplivincular ligament is present (PI. 32, fig. 1). 
The ligamental "channel" figured by Ulrich (1893 (1895), 
pi. 45, figs. 6-7) and Pojeta (1962. jjl. 25, figs. 9-10) repre- 
seirts a collapsed dupli\ iniidar ligamental area. Often in 
shelled ambonychiids from the Upper Ordo\ician rocks of 
the  Cincinnati.   Ohio  aiea,   the   liganrental   area   is   com- 

jjiessed dorsoventrall) with the beak coming to rest on top 
of the cardinal teeth. This process obliterates the dupli- 
\ incular giooves and ridges or confines them to a smaller 
space than they noinially occupy (PI. 30, figs. 8, 18) ; when 
better materials are obtained the dujjlix incidar ligament is 
foiuid (PI. 30, fig. 21) . The coUajjsed ligamental area often 
has the appearance of being "channel-like." 

The genus Strcplotnylilus Kindle and Bieger is based 
upon |)oor material, and the major taxobasis separating this 
genus frcjni other ambonychiids is the presumed lack of a 
dupli\ incular ligament. I have seen the type material 
of the three species originally assigned to the genus, and 
in irone of these species is the portion of the shell which 
normally preserves the ligamental structures present. Ihe 
taxobasis used by Kiirdle and Breger is probably invalid, 
and the genus is not herein recognized. The genetic nanre 
Streptomytihis is discussed further in the taxonomic por- 
tion of the present work. 

The dupli\incular ligament is also known in the Early 
Paleozoic families Cyrtodontidae and Pterineidae, and in 
the Late Paleozoic Myalinidae and pectinoids. This struc- 
ture may indicate a relationship between these families. 

Around the growing edge of the shell in Ambonychia 
Hall and Aiiomalodonla .Millet theie is a series of prom- 
inent marginal gioo\es and ridges (PI. 28, fig. 8; PI. 31, fig. 
II). These groo\es and ridges ate especially piomiirent 
along the anteromedial (PI. 31. fig. 11) and extieme pos- 
terior (PI. 28, fig. 7) edges of the shell. They are similar 
to maiginal grooves and ridges figured by Newell (1942) in 
uiyalinids and to groo\es and ridges which occiu" aroiuid 
the glowing edge of the Recent sjsecies Pinctada margariti- 

fcra (Linne) . In this species the gioo\es and ridges result 
from the subdivision of the prismatic outer ostracum, they 
are especially muiieious in the area of the byssal gape and 
sinus. Because of these grooves and ridges the edge of the 
shell appears to be exfoliating, and in at least some speci- 
mens of ambonychiids there is a gradual transformation of 
the marginal gioo\es and ridges into the typical shell j^roso- 
pon   (PI. 31, fig.  11). 

Isberg (1934) figured several specimens of ambony- 
chiids in which the ligamental grooves and ridges are con- 
tinuous with the marginal grooves and ridges, both an- 
teriorly and posteriorly (e.g., pi. 28, figs. Id, 2c, 3c). In 
none of the North American material seen by me, ha\e I 
been able to establish a continuation of the ligamental 
grooves and ridges with those of the marginal gioo\es and 
ridges. It is difficult to imagine the continuation of the liga- 
mental structures away from the dorsal margin as this is 
not known to occur in other pelecypods. 

The marginal grooves and ridges in ambonychiids are 
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a phenomenon of the gro\ving edge of the shell. They may 
represent a subdivision of the outer shell layer as occurs 
in Pinrtadu niargaritifcra or perlia|)s a series of closely 
spaced growth lines; it is doubtful that they represent liga- 

mental continuations. 

B.   MUSCLE   MARKINGS 

Except in Ordovician species, imrscle markings of all 
types are poorly known in the Ambonychiidae. There are 
occasional reports of various muscle scars in Silurian and 
Devonian species, but generally the musculature of these 
forms is poorly known. Thus, the following discussion is 
based primarily upon Ordovician species; post-()rilo\ician 
representatives are included whenever possible. 
1. FalUal //??('.—Ambonychiids are integropaUiate; no 
forms are known in whith there is a ]jallial sinus. There is 
sometimes a slight anteriorly cUrected indentation in the 
posterior most portion of the pallial line (PI. 2(). fig. 12) ; 
this may indicate an incipient pallial sinus, if so, it is small. 

The pallial line is chscontinuous tliroughout most of 
its length. Fhat is, the muscle fibers of the mantle were 
gathered into a number of separate insertion centers, sep- 
arated by areas where the mantle was not attaclietl (PI. 27, 
fig. 6) . Usually just ventral to tlie jaosterior adtluctor muscle 
scar the jjalhal line attachment is continuous (PI. 31, fig. 
1), or near continuous (PI. 26, fig. 12). In the latter case 
the individual points of attachment are close  together. 

The pallial line begins near the posterior end of the 
posterior adductor muscle scar (PI. 31, fig. 2), passes ven- 
trally for a short distance, then turns anteriorly (PI. 26, 
fig. 12) , and finally passes up the anterior face of the um- 
bo (PI. 27, fig. 6) . In monomyarian forms it terminates 
in the iimbonal cavity just below the beak (PI. 27, fig. 6) ; 
in heteromyarian forms it should terminate at the anterior 
adductor, however,  this has  irot yet been observed. 

The pallial line is well known only in the Late Ordo- 
vician genera Opisthoplna Meek (PI. 4-1. fig. 12), Am- 
bonychia Hall (PI. 31, fig. 1), and Auonuilodoiita Miller 
(PI. 26, fig. 12). All three of these genera possess a dis- 
cenrible byssal gajie, and usually the pallial line is dis- 
placed laterally in the region of the gape (PL 26, fig. 12). 
The lateral displacement is more prominent in Anornalo- 

donta (PI. 27. fig. 3), than in either of tiie other two geirera 
(PI. 44, fig.  12). 

In OpistJtoplera tlie jjortion of the pallial line ventral 
and anterior to the posterior adduttoi muscle scar is not 
so well known as the segment whicli jxisses up the anterior 
face. The points of jjalhal attachment in Opisllioptera are 
usually smaller than in the other genera, and often are so 

close that ilie pallial line a]j])eais lo be ahnost continuous 
(PL 44, fig.  12). 

In the Mitldle Ordovician genus CIrionychia Lllrich, 
on the lateral and posterior umbonal regions of internal 
and composite molds, there is often a series of arcuate 
ridges radiating outward from the apex of the shell (PL 33, 
fig. 25) . In at least .some cases these arcuate ridges are dis- 
continuous (PL 33, fig. 25) , anti they may represent at- 
tachment of the mantle inside the limits of the pallial line. 
Newell  (1942, p. 31)  desdibed such attachments as follows; 

Some of the Myalinidae show irregularly disposed fine pits or 
pimctations of the inner surface of the shell inside the limits of the 
pallial line. Similar pits are common in some of the Early Paleozoic 
.\mbonychiidae. Living Mytilidae are relatively thin-shelled, so that 
distinct muscle marks are commonly lacking in the shells. However, 
an occasional Mytilus or J'olst'Ua [Moiholtis^ exhibits similar puncta- 
tions. In some instances they are inore or less regularly disposed in 
radial rows. Microscopic examination of the mantle of such animals 
indicates that these punctations represent the insertions of tiny bits 
of outer surface of the mantle where it is attached to the shell  . . . 

The arcuate ridges of CIrionychia molds may represent 
such attaciiments of the general surface of the mantle. 

In one specimen of Clciouycliia on the anteiohiteral 
umbonal face there is a discontinuous arcuate ridge (PL 
33, fig. 5) , and just befoie this ridge fades out it turns in 
the general direction of the posterior adductor muscle 
scar. This ridge may be a jjortion of the pallial line; if so, 
then the pallial line of Clrionyrliiii differs from Late Ordo- 
vician ambonychiids in jjassing up the lateral face of the 
umbonal ridge, rather than the anterior face of the shell. 

Various autliors describe the pallial line of different 
species of ambonychiids as being regular, unbroken, mar- 
ginal, simple, and the like. However, almost to a man they 
do not describe what they mean by such adjectives, nor do 
they figure the jjallial line. As far as known to me the 
pallial line of ambonychiids is always broken (i.e.. dis- 
continuous) , and it is not marginal in the sense that it is 
moved inward some distance from tlie shell edge; the 
pallial line is both regular and simple in that there is no 
jjallial sinus. 
2. Adductor systet?i. — The jjosterior adduitor muscle scar is 
known in numerous ambonychiid sj^ecies, and all forms 
jjresumably possessed this muscle. The anterior adchictor 
muscle of ambonychiids is either markedly reduced or 
entirely absent. Thus, all membeis oi ilie lamily are either 
heteromyarian (jr monom)arian. 

The best known hctero,jiiyarian ioini is the Dc\x)nian 
genus Gossclrlia Barrois (PL 36, fig. 1), in which a prom- 
inent anterioi adductor muscle scar has been obser\ed by 
several authors. An anterior adductor muscle scar may be 
found in any of the anteriorly lobed species, however, this 
scar has  not yet been  observed in  most such  forms.  No 
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ainboiiychiicls lacking an anterior lobe are known lo ha\e 
an anterior acldiictor, although this situation obtains in 
species of the Recent genus Myliliis Linne; imtil we obtain 
more knowledge of the pallial line of most of these fornrs 
it will not be possible to state iMiequivocally that they lack 
an anterior adductor. 

Tire posterior adductor muscle scar is large and usu- 
al!) located in one of two places, either on the posterodor- 
sal part of the shell (PI. 33, fig. 10) or subcentrally near 
the middle of the height and slightly jjosterior to the middle 
of the length of the shell (PI. 27, fig. 2). 7 he more central 
the position of the posterior ackkictor. the more reduced is 
the anterior adductor and the anterior end of the shell. 
This is a common occurrence in many groups of pelecypods 
such as tlie ostreids, pectinids. and pteriids. wliere, as the 
anterior end became reduced, selection against tlie mecliani- 
cal disadvantage of ha\ing a single adductor nuiscle in 
the posterodorsal portion of the shell residts in the move- 
ment of the posterior adductor into a subcentral position. 
The adductor seldom ends up in the exact center of the 
shell, and in some groups such as the Limas it remains 
some distance from tlie shell center. 

Among ambonychiids the posterior ackhictor is sub- 
central in Aiioi/Kilixlnnla Miller (PI. 27, fig. 5), Ambony- 
rhiu Hall (PI. 30, fig. jti) , and Opisthoptcra .Meek (PI. -13, 
fig. 22) ; in all of these genera there is no sign of an an- 
terior lobe or an anterior adductoi. In those species of 
Opisthoptcra with large wings (PI. 4,5, fig. 4), the posterior 
adductor muscle scar lies anterior to the middle of the 
length, just abo\e the middle of the height of the shell. In 
such forms the posterior adductor muscle scar lies just 
behind the center of the body of the shell, and it is only 
the development of the exce]3tionally large posterior wing 
which causes it to appear to be misplaced. 

In the anteriorly lobed Middle Ordovician genus Am- 
bonychiopsis Isberg, the posterior adductor has begiui mov- 
ing toward the center of the shell, however, it is still in 
the posterodorsal jjortion of the shell  (PI. 22, fig. 18) . 

The posterior adductoi scar has also been obser\ecl in 
several other ambonychiid genera, however, it is well |jre- 
served only in the Middle Ordo\iciair genus Cleiouytliia 
Ulrich (PI. 33, fig. I) and the Middle Devonian genirs 
Loplioitychiu Pohl (PI. 3(). fig. 5) . This muscle scar is 
known from fragmentary remains in Allonyrfnii Ulrich (PI. 
19, tig. !i)   and Ainphiroctiu Hall   (PI. 24, fig. 10). 

In Clcionyclua the jjosterior adductor scar is located 
in the ]X)sterodoisal part of the shell abo\e the middle of 
the height (PL 33, fig. 22). Several specimens of the genus 
preserving the anterior face (PI. 33, fig. 9) , anterior byssal 
retractor scars   (PI. 33, fig. 3) , and posterior adductor scar 

(PI. 33, fig. I) are known. However, none of these speci- 
mens show an anterior adductor muscle scar or an anterior 
lobe, and it is difficidt to accoimt for the apparent mis- 
placement of the posterior adductor scar. Perhaps a small 
anterior adductor muscle scar will eventually be found, or 
perhaps in Cleionychia as in Lima Bruguiere the posterior 
adductor muscle never assumed a typical subcentral posi- 
tion. 

Lophottychiu Pohl (PI. 36. fig. 5) shows a posterior 
adductor scar located at about the middle of the height but 
near the posterior end of the shell. In this genus the mo\e- 
nrent of the posterior adductor has been jjrimarily in a 
ventral direction, rather than  to a  subcentral  position. 

L'lrich (1894, pp. 489, 498) wrote of the presence of 
what he teinied an anterior siiijrostral clavicle in the genus 
Ainboiiyi hinp.sis. His description of tliis structure was as 
follows: 

... A thin plate passes \'ertically down from the anterior end 
of the hinge plate separating a small lobe, immediately beneath and 
sometimes a little in front of the beaks, from the umbonal cavity. 

Isberg (1931. p. 29) in the description of the genus 
Ainbonythiiiia Isberg also wrote of a clavicular shell pro- 
jection extending downward fiom the ligairiental plate and 
sejjarating the anterior adductor muscle scar from the um- 
bonal cavity. He discussed the presence of a similar struc- 
ture in the Emopean species of Antbonychinpsis (1934, 
p. 82) . 

In the miculoid geneia Clcidopliorus Hall and Xiu ii- 
litcs Cxjniad, the older .iiuhors often wrote of a structure 
which they called a clavicle. In these genera the clavicle 
is an internal rib extending almost directly downward from 
the anterior portion of the dorsal margin; it is often located 
innnediately behind the anterior adductor. This so-called 
clavicle is probably the same type of structiue as the thick- 
ened internal rib foiuid in the Recent solenid genus Siliqua 
Megerle von Miihlfeld. 

The structme which Ulrich regarded as a clavicle in 
Aiubonycliiopsis is known only from internal molds, and 
is the space between the anterior lobe and the umbo of a 
valve (PI. 22, fig. 12; PI. 23, fig. 2) . The width of this 
s])ace varies in different species of Aiubonycliiopsis (PI. 
22, fig. 12; PI. 22, fig. 13). In addition, the width of the 
space varies in different sjiecimens of the same species (PI. 
22, fig. 13; PI. 23, fig. 2) . depending upon how far medially 
the umbones have been displaced dining preservation. In 
such other anteriorly lobed genera as AUonychia Ulrich 
(PI. 20, figs. 3, 9) there is no prominent incised area be- 
tween the anterior lobe and the imibo. 

Whether this incised area was made bv a simijle shell 
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thickening, or by an unibonal septum such as oicuis in the 
Permian myahnid Alomodcuna Beyrich and the Recent 
o-enera Srplifcr Recluz and Coiigcria Partsch cannot be de- 
termined from the materials at hand. Rubber casts of Am- 
bonychiopsis molds show only a slight shell thickening, 
however, it is difficult to force viscous molding cC)m|joiuids 
into the narrow space between the umbo and the anterior 
lobe. In se\eral specimens of the Trentonian species Am- 
bonychiopsis orbicularis (Ennnons) there are remains of re- 
crystallized shell material extending along the length of the 
medial face of the upper umbo, suggesting that some- 
thing of the natine of an innbonal septum was present. 
This recrystallized shell material has not been .seen from 
a medial aspect, but only on either side of the umbonal 
ridge in molds where the medial face of the specimen was 
in apposition with the sediment. Additionally, in internal 
rubber nrolds of Scptifcr and Coiigcria the umbonal sep- 
tinn produces a space between the filling of the imrbo 
and the margin of the shell which is reminiscent of the 
space seen in Ainbotiychiop.sis. The problem of the origin 
of this space in Ainbouycliiopsis cannot be solved tnitil 
specimens preserving the shell in the u]jper umbonal area 

are foimd. 
Isberg (1934, ]>!. I. lig. S) in a figme of the species 

Ambonychinia radiata Isberg depicts a thickened internal 
rib immediately behind what appears to be a shelf floor- 
ing the anterior lobe. 

.Stoyanow (1948. pp. 784-786) in his Devonian genus 
Congcriomorpha described what he tenned a subunrbonal 
myophoric depression. As figined this structine appears 
to be an umbonal septum such as occurs in the Permian 
and Recent genera mentioned above. Stoyanow felt that 
the subinnbonal nryophoric depression in Congericniiorpha 
is the same type of structure as the imrbonal septum of 
other forms, however, he held that   (p. 785) : 

None of these terms [various names which have been applied to 
the umlional septum] is applicable to the homologous structure in 
Congrriomorpha for the simple reason that in this genus the space 
corresponding to the umbonal cavity is completely filled with shelly 
matter and, therefore, there is no umbonal ca\ity, and consequently, 
no  septum   or   plate. 

I have not seen .Stoyanow's original specimens, however, 
it woidd .seem that the subumbonal myophoric depres- 
sion and the umbonal septum are the same type of mor- 
phological structure and Stoyanow"s distinction between 
them is not recognized herein. 

In at least the left valve of Congeriomorpha, the um- 
bonal septimr is divided into two parts by an oblique ridge. 
Stoyanow (p. 786) postidated that the portion of the sep- 
timi anterior to the ridge seived as the insertion of the an- 

terior addutioi musde. while the portion jjosterior to the 
ridge served for the attachment of what he calls the anterior 
retractor. Stoyanc^w's suggestion that tlie imibonal septum 
of Congcriomorplia may ha\e been the site of insertion of 
some of the shell nursiulature is a distinct jjossibility. The 
septimi is known to fimction in this ca])acity in some 
pelecyjjods such as the dreissensiids: however, his analysis 
must be considered as tentative, peniUng the detennina- 
tion of the coinse of the jjallial line. 
?. Retractor nnisclcs. — In a number of CJrdo\ician genera, 
and perhaps in the Sihuian genus Ampliicoclia Hall, an ad- 
ditional muscle scar (or scars) is present behind the beak 
of each valve. In living mytilaceans such scars are made 
by the anterior byssal retractor muscles. Newell (1942) 
considered similarly jjlaced scars in myalinids to represent 
the origins of anterior byssal retractors. Doidjtless the scars 
in ambonychiids were formed by muscles having the same 
fimction, namely the retraction of the byssus. 

As far as known in ambonychiids there are either one 
or two such scars in each valve. In the latter case the scars 
probably represent the origin of a bifid anterior byssal re- 
tractor muscle. In Aiiomalodonta gigantea Miller (PI. 27, 
fig. 7), Anoptcra miscncri Ulrich (PI. 29, fig. 5), and 
others the anterior byssal retractor has a bifid origin in 
the shell. In Alloiiycliia flaiiaganciisis Foeiste (PI. 21, fig. 
1) and perhaps Ampliicoclia Icidyi Hall (PI. 24, fig. 9) the 
muscle has only one DI igin. In Clciouychia huiicUosa (Hall) 
usually only one anterior byssal retractor origin is discern- 
ible (PI. 33, fig. 20) , however, in a few specimens (PI. 33, 
fig. 17) a second muih smaller anterior byssal retractor 
scar is present anterior to the larger scar. To date no an- 
terior byssal retractor muscle scars have been observed in 
any of the known De\onian  ambonychiids. 

The strength of development of the anterior byssal 
retractor scars may give some iirdication as to the size of 
the byssus. This is subject to such other considerations as 
the size of the shell, the extent of the de\elopment of the 
posterior byssal retractor irruscle scars, and the like. In 
Opisthoptera Meek the combination of characters of a small 
by.ssal gape (PI. 44, fig. 16), small bifid anterior byssal re- 
tractor scars (PI. 43, fig. 11), and almost nonexistent po.s- 
terior byssal-pedal retractor scars (PI. 43, fig. 22) suggests 
that the byssus was not a prominent structine. In Aiiomalo- 

donta Miller the combination of large bifid anterior byssal 
retractors (PI. 27, fig. 7), a large byssal gape (PI. 27, fig. 
6), and well-developed posterior byssal-pedal retractor scars 
(PI. 27, fig. 2) suggests that the by.ssus was composed of a 
large tuft of fibers. On the other hand, the combination of 
characters seen in Opisthoptera may indicate that once the 
byssus was cemented in place the animal had little power 
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ol  atljuMing  ilsell  on  its  anchoias^c;   whereas,  tlie  reverse 
situation may ha\e been true in AuonuilixUmta. 

Above the jjosterior adductor muscle scar in such 
genera as Anoiiialndoiita Miller (PL 27, fig. 2) and Am- 
bonychia Hall (PI. 31, fig. 1) there is a muscle scar which 
in the older literatme was doubtfully referred to as a pedal 
muscle scar. In typical dimyarian pelecypods a pedal re- 
tractor is located in this position; however, in the byssate 
Mytilacea the scar located above the posterior adductor 
scar contains fibers of both the posterior pedal and pos- 
terior byssal retractor muscles. In ambonychiids this scar 
was either matle only by posterior byssal retractor muscle 
fibers, or by both posterior byssal and posterior petial re- 
tractor muscles. In fossil forms there is no wd\ to tell 
whether tliis scar was made by both byssal and pedal re- 
tractors or by b)ssal retractors alone. It seems best to con- 
sider this scar as a combined byssal-pcdal retractor scar, al- 
though the foot was probably small in .uiibonydiiids. il il 

were present at all. 
Ulrich (1892 and 1891) in his figures of Clcionydiiii 

LUrich shows a large posterior byssal-pedal retractor scar. 
His specimens are not preserved well enough to warrant 
this interpretation (PI. 33, fig. Ki: PI. 31, fig. 10). 
7. Other muscle S((ir.s. — As mentioned above arcuate at- 
tadmient scars of the general surface of the mantle may be 
jjresent in some sjjecimens of Cleioiiydiia Ulridi (PI. 33, 
figs. H-15). Gill suspensory muscle scars are not knovvn in 
ambonychiids, imless one of the arcuate rows of scars seen 
in Cleionychia represents such muscles. 

Several specimens are known which show various types 
of irregular umbonal ridges in molds (PI. 22, figs. 15-17). 
Whether these ridges represent mantle attachments, irregu- 
larities of tlie inner shell layer, or preser\ational peculiari- 
ties is uncertain; probably examples of all three cases will 
eventually be discerned. Only the finding of additional 
sjjecimens which give some idea as to tlie constancy of oc- 
(urience of these ridges tan lesohe the alternative ex- 
planations. 

Lastly, muscle traces of the venlial migration of the 
posterior muscidatmc have been lountl in a few well-])re- 
served specimens (PI. 27, fig. 2; Pojeta, 19()2, pi. 23. fig. 1) ; 
however, these are not commonl) preserved. 

C.   DENTITION 

Above the specific level the dentition of ambony- 
chiids is highly variable. There are edentulous forms such 
as Ambonychiuia Isberg, AnomaloeoeUn Isberg, and prob- 
ably other geneia. .Some genera have only cardinal den- 
lilion, for example Anoinnlixloiilii  .\riller   (PI. 28. fig.   I); 

while caitlinal and posterior lateral teeth occur in sev- 
eral genera including Ambonyehia Hall (Pojeta. 1962), 
Gosse'ietin Barrois (PI. 35, figs. 13, 15), and Stuppersella 

Maillieux. A few genera {e.g., Paminytilarcd Isberg) are de- 
scribed as having only jiosterior lateral teeth. In a majority 
of fornrs, including 13 North American genera, the den- 
tition is citiier imknown or onl) partially known. 

In all known forms with cardinal teeth, the teeth are 
located on a separate vertical lamella below  the anterior 
end of the diiplivincular ligament   (PI.  30,  fig. 21) ;  they 
do not cross the ligamental area but are eirtirely below it 
(PI. 30. fig. I) . The cardinal teeth vary in number from one 
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Anonychia + + X V X V X + X X X 

Ambonychiopsis + + - X X -1- V + X V X 

Amphicoelia + - V X + V V V X X 

Anomalodonta - + + -t- -1- -h - -1- -1- + - 

Anoptera - + X X X X -)- X X X 

Ambonychia - + + + -1- -1- - + -t- -1- -t- 

Byssopteno - + X X X X X X X X X 

Cleionychia - + - X V -H X -1- V X X 

Conger lomorpha + -1- + X X X V V X X + 
Gosseletia + + - -1- V V + X X + + 
Lophonychio - V V X X t X X X X X 

Maryonychia - -1- -\- V X X X X X X X 

Mytilarca - + - + X X X X X V -f 

Opisthoptera - + \ + -t- -1- - + -1- X + 
Psilonychio - -t- \ V X X X X X X X 

Palaeoccrdio - + X X X ^ X X X 
L1 

X 

TABLE I: Distribution of major morphological features in North 
.\merican ambonychiid genera. .-^ known feature is one that has been 
observed in at least one species of the genus. 

+ . Indicates the structure or feature is known to occur in the 
genus. 

-. Indicates the structure or feature does not occur in the genus. 
V. Indicates the structure or feature is poorly or doubtfully known 

in the genus. 
X. Indicates that it is not known whether the structure or feature 

occurs in the genus; the known specimens of the genus not being well 
preser\ed enough to determine the presence or absence of the struc- 
ture. 
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in Anoinalodorita gigautca Miller (PL 27. lii;. 1) lo a 
known maximum of five or six in Follintniiiiii pscudulcc- 

tryonia   (Freeh) . 
Posterior lateral teeth are also always located beneath 

the ligamental area. They may be attached directly to the 
inner smface of the inner ostracum as in Ambonychia 

radiata Hall (Pojeta. 19fi2, pi. 23. fig. 14) and A. alata 
Meek (PI. 31, fig. 4); or they may be attached to what 
is either a separate vertical lamella or a pronounced thick- 
ening of the inner ostraciun as in Mytilarca dalhoitsri 

Clarke (PI. 38. fig. 14). These teeth are usually two or 
three in number as in Atiil)i»iy(ln(i nlnln (PI. 29. fig. 13). 
Mytilarca chnnuugensis (Conrad) (PI. 38, fig. 4) , and oth- 
ers. However, Isberg (1931. |)1. 13, fig. 5c) figured four pos- 
terior lateral teeth in M\lilar<ti orsae Isberg, and this figiue 
represents the known maximum number for the family. 

W'heie known, the \erti(al lamella whiih supports the 
cardinal teeth is continued posteriorly below the ligamen- 
tal area, altliough it is reduced in height (PI. 30. fig. 21). 
In molds this vertical lamella often makes a pronounced 
impression in the sediment and may be mistaken for a jjara- 
vincular ligament (PI. 29. fig. 12). This phenomenon was 
probably what led Kindle and Breger (1904) to erect the 
genus Streptomytilus. Their description of the ligament in 
that genus is as follows   (p. 452) : 

. . . Hinge furnished with a posterior ligamental groove. There 
is an internal linear platform or septum as in Mylilus rJulis to which 
the ligament is attached. This platform is present as a groove in the 
cast. There  are  no teeth  nor  are there  any ligamental  striations . . . 

The forms which they assigned to Strcptoiiiyliliis are am- 
bon)chiid in other respects, and the descrijjtion of the 
ligament suggests that the vertical lamella below the liga- 
mental grooves was being desciibed rather than the liga- 
mental area itself. The genus Strcptoiiiytihts is not recog- 
nized herein and is finther discussed below. 

In most ambonychiids the dentition is weakly devel- 
oped in the sense that tiie teeth are small structures, usually 
being only slight "wrinkles" in the inner ostraciun. Only 
in Gossch'tia Barrois (PI. 35, fig. 18) and Stappersella 

Maillieux are the teeth large well-developed prominences. 
Numerous descriptive adjectives have been applied to 

pelecypod dentition. In spite of this, none of the available 
terms seems to be applicable to the highly variable denti- 
tion of ambonychiids, with the exception of edentulous for 
those which lack teeth. Pojeta (1962, p. 178) regarded the 
dentition of the ambonychiid genus Ambonychia Hall as 
of the dysotlont type. Dysodont dentition has never been 
adequately defined, and he regarded the dentition of Aiii- 
bcjnychia  as dvsodont  more  from  the  fact  that  the "enus 

po.ssesses such other dssodont leatines as lixation and ani.so- 
myarian musculature, than from any special characteristic 
of the dentition itself. All ambonychiitis can be placed in 
the ilysodont grouping; they all possess anisomyarian muscu- 
lature, and all are fixed to the sea bottom. 

SYSTEMATIC PALEOZOOLOGY 

HIGHER TAXA 

Phylum MOLLUSCA Cuvier, 1797 

Class PELECYPODA Goldfuss, 1820 

The molluscan class herein tailed Pelecypoda has long 
been recognized as a separate zoological Itigher taxon. How- 
e\er, the nomenclature of this taxon has hatl a long and 
varied history, and it is not yet agreed upon which of sev- 
eral alternative names should be used. Because there are 
no formal priority rides governing the naming of taxa as 
high as those of class level, it becomes a matter of personal 
jjrejudice as to which name an author jjrefers. My own pre- 
judice in this matter favors the name Pelecypoda which was 

first used by Goldfirss in 1820. 
Beginning with 1758, numerous names have been pro- 

posed to sum up the concept of this class. The inost popu- 
lar of these names (in al|)habetical older) are: Acephala 
Cmier. Bivahia Linur. Conchifera Lamarck, Lamelli- 
branchiata (or its \ariant Lamellibranchia) de Blainville, 
and Pelecypoda Cioldfuss. Se\eral other names such as 
Conchophora Gray ami Dithyra Aristotle (reintroduced at 
a later date) never came into wide irse. By and large Ace- 
phala and Bivalvia passed out of general usage in the first 
half of the nineteenth century, with most workers adopt- 
ing either Lamellibranihiata or C^ondiifera. The latter 
name was the most ]jo|niIar luitil about l8()0-70. About this 
time Conchifera was tliscaided. and in 1870 Stoliczka re- 
introduced Peletyjjoda; he was the fiist author in 50 years 
to use Goldfuss' name for the class. 

With the reintroduction of Pelecyjioda the names used 
for the class gradually narrowed to Pelecypoda and Lamelli- 
branchiata; some authors continued to use various of the 
other names, however, they were in a minority. By about 
the tinn of the twentieth century the issue had resolved 
itself in a curious way; North American authors espoused 
Pelecypoda, while Einopeans rrsed Lamellibranchiata. 

Haas (1929 and later) and Thiele (1934-35) disin- 
tered the by-then-little-used name Bivalvia. In more recent 
years several other authors have followed Haas and Thiele, 
apparently with the hope of reconciling the geographic 
usage of Pelecypoda and Lamellibranchiata. Cox   (1960. p. 
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(30) . in discussing the usage of these three class names, noted 

the following: 

I turn, now, to the molluscan class which 1 have been accus- 
tomed to call the Lamellibranchia, but for which I readily adopt the 
name Bivalvia, following Haas (1929-56) and Thiele (1934-5) in 
their treatises on the group . . .; at the same time I venture to ex- 
press the hope that the third widely used alternative name, Pelecypoda, 
will eventually be consigned to oblivion  .  .  . 

Various authors have noted the etymological inappio- 
piiateness of a name which means hatthet-footcd for the 
class as a whole. The general feeling being tiiat in only a 
relatively few species does the foot have anything like the 
shape of a hatchet. This criticism can be leveled against 
all of the names which have been applied to the group: 
Bivalvia is inappropriate for rudistids in which one valve 
is essentially reduced to an opercidum covering the other; 
plate or leaflike gills, stressed in the name Lamellibranchi- 
ata, are not found in all pelecyjiods; while. Cionchifera, 

meaning shell bearer, is too inclusive. 
It has been argued that if all of the names are et)mo- 

logically incorrect, at least Lamellibranchiata and Bivalvia 
are "more correct" than Pelecypoda, and fit the great bulk 
of forms assigned to the class, whereas, Pelecypoda does not. 
In this (onnection. Stoliczka long ago noted   (IS70. p. 8) : 

I would recommend to those who object to the term Pelecypoda, 
on the plea that the foot of these animals is not always hatchet-shaped, 
the study of the various forms of hatchets and battle-axes of the 
middle age. 

UndoLibtedl), one of the attractions of the name 
Pelecypoda is that it fits in well with the other class names 
which include the suffix - - - poda (Scaphopoda, Gastropoda, 
and Cephalopoda). This is a helpful memory aid, but it 
must be acknowledged that the common root ending trend 
for molluscan classes was long ago broken with the intro- 
duction and general acceptance of such names as Amphi- 
neina and Monojjlacophora. 

One of the criticisms of the reintrocUiction of the 
name Bivalvia is that Linne's original conceptual frame- 
work, which was summed up by that name, included the 
l)i\al\ed Biachiopoda. However, this objection coidd be 
applied to most of the superfamilial taxa; the majority 
of these were proposed a nimrber of years ago and have 
changed conceptually since they were  first  introduced. 

A more serious objection to the use of the name Bi- 
valvia is that other groups of animals besides pelecyjjods 
possess two \alves or something like two valves. I prefer 
to use the designation bivahe as a general term for all 
bi\alved animals; as a term having no taxonomic implica- 
tions, rather than as a part of the formal taxonomic hier- 
archy. 

Subclass P 1ER10M0RPHI.\ Bueilen,  19M 

^\'hile at the class level almost all agree on the limits 
of the taxon, and there are many names for one concept; 
between this level and that of superfamily there are not 
only many names but many concepts. The class has been 
subdivided on the basis of almost every organ system, 
on paleontological data, on neontological data, and so on; 
however, the taxonomic schemes resulting from these dif- 
ferent bases do not agree well with one another. 

Newell's 1965 classification of the Pelecypoda (Bi- 
valvia) is irsed herein. His scherne is one of the most up- 
to-date and forward looking systems available at the present 
time. 

Order PTERIOIDA Newell, 1965 

Suboitler PTERIINA Newell, 1965 

Superfamily AMBONVCHIACEA Miller, 1877 

(noiii. transl. Newell, 1965) 

The proper ordinal and superfamilial assignment of 
the Ambonychiidae has long been problematic. Since its 
proposal in 1877. the family has been placed in several 
different suijerfamilies. Pelseneei (1906) included ambony- 
chiids in the Pectinacea, while Ball (1900. 1913) placed 
the group in the Pteriacea. Both the Pectinacea and the 
Pteriacea are put in the order Pteroconchida by Cox, along 
with the Pinnacea, Limacea, and Anomiacea. The Paleo- 
zoic pteriaceans and pectinaceans are characterized by the 
presence of a dupli\incidar ligament, and all of the ptero- 
conchidians ha\e an inecjuilateral shell, anisomyarian 

musculature, and a byssus. 
Moore, Lalicker, and Fischer (1952) . following the 

tentative suggestion of Newell (1942, p. 12), placed the 
ambonychiids in the Mytilacea. Mytilaceans also are char- 
acterized by a highly inequilateral shell, byssal attachment, 
and anisomyarian musculature; however, throughout their 
jjhylogenetic history, from the Recent mytilids to the Early 
Paleozoic modiolopsids, they lack a duplivincular liga- 

ment. 
Dechaseaux (1952) included the Ambonychiidae in the 

Actinodonta, which she treated as a suborder of the order 
Taxodonta. She allied the Ambonychiidae to the Lyrodes- 

matidae on a presimied relationship of the highh \ariable 
dentition of ambonychiids to the peculiar dentition of 
Lyrodcsma Conrad and its allies. Actinodonts have a dis- 
tinctive dentition, are dimyarian, and do not have the 
highly reduced anterior end of ambonychiids. Thus, the 
relationship   between   ambonychiids   and   actinodonts   is 



152 PALAEONIOGRAI'IUCA AMI:KH:ANA  (V, 3(j) 

not recognized herein. One ot the reason;, Dechaseaiix may 
have aUied the actinodonts to the ambonychiids is that her 
concept of the Ambonychiidae inchided the cytodontids; 
these latter are herein regarded as forming a family separate 

from the Ambonychiidae. 

Pojeta (1962) assigned the ambonyihiid genus Ani- 
bonychia Hall, and by inference the whole family, to the 
Mytilacea. This assignment was l)ased u|K)n tlie general 
body form and miiscidature of the Ambonxi hiidae; both of 
these featmes are similar to various mytilaceans, especially 
the Myalinidae. Moreover, the myalinids, which were 
placed in the Mytilacea by Newell (1942), possess a well- 
developed duplivincular ligament. 

In addition to the Amljonychiidae Newell (1965) in- 
cluded the MyaHnidae and the Limidatartliidae in the Am- 
bonychiacea. flis phucment of tlie Ambonychiidae and 
Myalinidae in a se])arate superfamily appeals soimd to the 
author. These two families have rested rather imcomfort- 

ably in the Mytilacea, jjrimarily liecause of the presence of 

the (hi|)H\ in( ular hgament. 

Family AMBONYCHIIDAE Miller, 1877 

Diagnosis. — Ecjuixalved, inecjuilateral pelecypods 
which possess a byssus, duplivincidar ligament, discon- 
tinuous and inlegropalliate pallial line, anisomyarian mus- 

culature, and \ai iable dentition. 

l)cliuili(>u. — S\\e\\ ec|ui\al\ed. inecpiilaleral: beaks 
prosogyral, teiniinal or nearly so: with or without an an- 
terior lobe and a posterior wing: byssal sinus prominent or 
not, byssal gape jiiominent or not; ostramm two-layered: 
size small to large; innbonal ridge prominent only in the 
dorsal half of the shell: prosopon variable. compo,sed of 
concentric growth lines oirly, or with costellae or costae 

which may be simple or midtiple. 

Ligament of the diipli\incidar type, usually opistho- 
detic, but it may Ije am]jhidetic: pallial line inlegropalliate 
and discontinuous in attachment throughout most of its 
length: adductor miiscidature heteromyarian or mono- 
myarian; anleiior and posterior byssal retractor muscles 
present, the scar of the falter may represeiu the origin of 
Ijoth posterior fjyssal and ]jedal reti:utor muscles; dentition 
variable, it may include both caiilinal and |josterior lateral 
elements, only one c)r the other of ihese, or it may be lack- 

ing entirely. 

Geologic range. — .Middle Ordo\ ician (Chazyan) 
through Upper Devonian. 

1)LS< iission. — ^. A. Miller was the first to suggest the 
ijlacemenl oi .hnlioiiyf liia s. I. and Anonialodoula Miller in 

a sep.iiaie family. In  1871b   (p. 211)   he noted the follow- 

. . . McCoy and Woodward have placed the genus Ambonychia in 
the family .-l-vicuHdac [Pteriidae], and I presume for the same rea- 
sons they would put M iinimhiniui [probably meaning Alloiiychia 
jamcsi (Meek)] and .-InomcihjJoula in that family. But these genera 
seem to me to have a closer affinity with Myalina and other genera 
belonging to the Mytilidac, than they have with the Aviculidae. One 
cannot help being struck with the resemblance between the hinge line 
of the Myalina suhquadraln and that of the Anomalodonia gigantca. 
It is quite probable, however, that these equivalve shells, with a large 
byssus, belong to neither of these families, but to some other family . . . 

However, Miller's actual erection of the family Am- 
bonychiidae was somewhat inatheiteni. In 1874 James Hall 
sent Miller advance cojjies of volume five of the Paleon- 
tology of New York. Hall (1883, p. 1) noted the follow- 

ing: 

... In 1874, several copies of the lithographed plates were bound 
with interleaves, on which were written the names of species and ex- 
planations of figures, as far as then determined. One of these copies 
was sent to Mr. S. A. Miller, of Cincinnati, with the permission to 
make such use of the material as he might think proper in the prepara- 
tion  of  his  catalogue  of  .American   Palaeozoic   Fossils   .   .   . 

Hall's achance cop) of \olunie fi\e apparently con- 
tained several new fairiilial names of pelecypods, for in 
the preface to Anieri<(in Palaeozoic Fossils Miller wrote 

(1877, p. iii) : 

. . . The new family names in the Class Lamellibranchiata are 
used by Prof. James Hall in the fifth volume of the Palaeontology of 
New York . . . 

Howe\er. the first pelecypod number of \ohnne five of 
the Paleontology of New York did not appear until 1883; 
the rest of the pelecyjjod numbers of this volume appeared 
in 1884 and 1885. Hall made no mention of the .Ambony- 
chiidae until 1884 (a and b) , ;it \viiich time he made no 
claim to authorship of the lamih name. In 1883 Hall 
placed the name Ambonyciiiidae at the top of each of the 
plates containing figures of: Linioptera, Mytilarca, Gossele- 
tia, and Byssopteria (pis. 26-33). Apparently he considered 
these yenera to belonsi to the fainilv; however, he nowhere 
mentioned the family name in the scanty text ;iccompan\- 
ing the 1883 publication. 

Because Miller was the first author to use the name in 
print (1877, p. 180) and give a list of the genera which lie 
regarded ;ts belonging to the family, he must receive credit 
for the authorship of the family name and concept. 

In 1869 and 1870 Hall and Whitfield published a pre- 
liminary report of the genera and species to be included in 
the pelecypod numbers of vohnne fi\e of tlie Paleontology 
of Nen' York, howe\ei, at this time they made no mention 
of the hii'her taxa to be used in th;ii volume. 
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Prior to Miller (1^577) iiiosi authors had phnfcl aiii- 
bonychiids (principally the genus/■!//(/K>/n'f7//(( Hall) in the 
A\iculidae (Pteriidae) . In 1877 Miller assigned the follow- 
ing six genera to the Anibonychiidae: Ambonychid Hall, 
Anomalndonlii Miller, Eoplrria Billings, EIICIKI.SIIKI Bill- 
ings, Limoptcra Hall and Whitliekl, and Myliliiria Hall 
and \\'hitfield. Ot these six geneia only three are still re- 
garded as ambonychiids: Ambonychia, Anoiiidhxlonld, and 
Mylihirra. .\t the jiresent time it is uncertain whether 
Euplcria anil Eucliasiiia are pelecypods or bivalved crus- 
taceans, and Eimoptera is now placed in the Pterineidae. 
In 1889 Miller recognized onh foiu genera of ambony- 
ihiids: Ariibo>iy(hia, Anomalodontu, Byssoplcria Hall, and 
Aiii^clluDi Miller. Byssoptcrin is still regarded as an ani- 
bonychiid, however, Angellum is known only from one 
poorly preserved and prepaied specimen and is now ex- 
cluded from the family. Bassler (191,^j) and Foerste (1916) 
considered AngcUinn to be a cyrtoilontid. and they are prob- 
ably correct in their assignment. 

Uhich (1892-97) in his classical monographs on .Minne- 
sota and Ohio Ordo\ician pelecypods was one of the first 
to give a formal definition of the family .Anibonychiidae. 
He recogni/ed the following genera as belonging to the 
family: Aiiib<)ii\( liin Hall, Opisllioptcru Meek, Anomalo- 
(lo)ita Miller, Bx.s.soptrria Hall, Ampliicnclin Hall, Mytil- 

iirid Hall and Whitfield, Pdhirortirdia Hall, Plcthotriytilus 
Hall, and the genera Clcioiiychid, Byssonychid, Arinptcrd, 
Psilonychid, Eridanyt hid. Alloiiyi hid. and E/ hiK/ph-rd all 
proposed by Ulrich. 

Since 1897 there has been no general work on North 
American ambonychiids and onh four new genera ha\e 
been erected: Sircptoniytiliis Kindle and Breger, Opistho- 
loba Uhich /;; Hussey, Lophonychid Pohl, and Cougcrio- 
inorpha Stoyanow, A fifth new genirs, Mdiynuychia, is erect- 
ed herein. 

In Europe Maillieux (1920 and 19;-i7) [AdLed Gossriclid 
Barrois, Sttipperselhi Maillieux, and Eollnidinua Drever- 
mann in the family; while Isbcrg (1931) described six new 
genera of Amboinchiidae from the Dalarna region of 
Sweden: Ainboiiychinid. Aniboiiychiopsi.s, Elasinodophord. 
Frdnniotiidlodould. AuotiiidocorUd, and Pdrdmylibnrd. 

\'okes (1951-54) in his mimeograjshed Prc//M;;>(fl)-y Chis- 

sifudliou of the Cencrd of the Peh'eypodd gave the most re- 
cent literatine compilation of the genera placed in the 
Anibonychiidae. Eliminating corrections as to familial 
])lacement made by Vokes, as well as synonyms, his com- 
pilation |jlaced the following atlditional genera in the Ani- 
bonychiidae: Enkebergid (Wedekind MS) in Schindewolf, 
1924; Modielld Hall, hS83; Mytilop.s Hall, 1883; Pydiiomyd 

Miller, 1881; Pleroi lideiiid Clarke, 1904: Dvoreeid Ru/icka, 
1949; and Jodehymui Ruzicka, 1949, The latter two genera 
were originally described as subgenera of Pierochdcnia. 

Of these seven genera Modielld, Mytilops, and Pyano- 
niyd are mytiloid in their general body form, are not known 
to have a duplivincular ligament, and are not herein re- 
garded as belonging to the Anibonychiidae; they probably 
belong in the Modiolopsidae. Eukebergia was not figured in 
the original description, however, because of its opistho- 
gyral beaks I do not consider the genus to belong to the 
Anibonychiidae. 

Jodchyinid is pteriilorm in its general outline, and 
appears to be a pterioid. It is not known whether the 
genus is inecjuivalved or not; Ruzicka placed it in the 
Pteriidae. Most Early Paleozoic pterioids are placed in the 
Pteiineidae, ;uid foaehymia may belong to that family. 
lh<oreeid has a shell outline reminiscent of AUonychia 
fidiidgdiieiisis Foerste. Ruzicka (1949, p. 117) noted that 
right \alves of the type species, Dvorecia eontempid (Bar- 
rande), are a little less convex than left valves; he con- 
.sidered these right valves to be "pelomorphically de^ 
formed," His treatment of Dvorecia as a pterioid may be 
correct; however, ambonychiid affinities cannot yet be rided 
out entirely. 

Pleroehnetiid has usualh been associated with Eiiniild- 
(iirdiian Miinster in the Lunulicardiidae, although Ruzicka 
(1949) placed Ptero(huenid in the Pteriidae. The genus is 
apparently ec]ui\al\ecl and has a large byssal gape. How- 
e\er, the general shell sha]je is not ambonychiid and noth- 
ing is known of the ligamental structures. At least for the 
present there seems to be no reason to place this genus in 
the Anibonychiidae. 

Khalfin (1940) and Eberzin (1960) placed the Siberian 
De\onian genus Mydlinopterelld Khalfin, 1940, in the 
Amlion\chiiclae. Khalfin's figures leave doubt as to the 
|)ropei familial placement of this genirs; it may or may 
not be an amboinchiid. 

Ka).ser (1901) described the ribbed genirs NdlhorsteiUi 

from Spitzbergen as being almost equivalved; the genus is 
ambonychiid in its shell shape and may belong to the Ani- 
bonychiidae. Lastly, Maillieux (1937) described Dcmanetia 
from the Early Devonian of the Ardennes area. Freeh's 
figures of Deiiidiielia loddtietisis (Freeh) (1891, pi. 15, 
figs. 1-la) are ol ;i ribbed almost etjuivalved form, and 
DeiiKinetia may be an ambonychiid. 

Of the numerous genera which have been placed in the 
.Anibonychiidae since 1877, the following 16 are herein 
considered to be the known North American representa- 
li\es of the faiiiih: 
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Geniis Author Year Age 

Anonychia Ulrich 189+ Ordovician 
Amhntiychia Hall 1847 Ordovician 
A mhoiiyihiijpsis Isberg 1934 Ordovician 
A mp/tirorlia Hall 1865 Silurian 
1 nnmiilujonia Miller 1874 Ordovician 

A noptcra Ulrich 1893 (1895) Ordovician 
liyssopliria Hall 1883 Devonian 
Clriotiyc/iia Ulrich 1892 Ordovician 
Cougcriomorpha Stoyanow 1948 Devonian 
Gossrlftia Barrois 1882 Devonian 
Lnphonyt'hut Pohl 1929 Devonian 
Mdryortyrhut Pojeta new genus Ordovician 
J^I ytihircd Hall & Whit field 1869 Silurian-Devonian 
Opistlioplrrii Meek 1872 Ordovician 
PiiliiriiCdrdiii Hall 1865 Silurian 
r.u/o/iyr/ti(i Ulrich 1893 (1895) t)rdo\ician 

Several ol the abo\e geneia aie pooily known morpho- 
logically, and fiitiiie work may ihanj^e the number pres- 

ently recognized. 
The generic names Bys.soiiyi h/a lUridi, Eridotiychia 

Ulrich. Ectcnoptcra Ulrich, PlrtlioiuytiUis Hall, Opistho- 

loba Ulrich in Hiissey, and Strcploinytiliis Kindle and 
lireger apply to North American ambonychiids but are 
not lecognized for various reasons dcstribed under the 
genera concerned. 

Seven genera, whicli are herein considered to be am- 
l)on\(hiids aie not known  Ironi  Nordi America: 

Genus Author Year Age 

Amhonychinia Isberg 1934 Ordovician 
Annmiiloriii'lia Isberg 1934 Ordovician 
F.hisminlophortt Isberg 1934 Ordovician 
h'i>ll intuinta Drevermann 1907 Devonian 
Pararnyttlun (I Isberg 1934 Ordovician 
Prafdiiinndlodonta Isberg 1934 Ordovician 
Stdppcrsflla Maillieux 1920 Devonian 

In addition to these 23 genera, the non-Norili American 
genera MyalinoptrrcUa Khalfin, Ihiorcda Rii/icka, Nathor- 
sti'llii Kay.ser, and Dcinniictia Maillieux may belong to the 
family. 

Ihc above listing of the seven non-Noith American 
ambonychiid genera is taken from Isiierg (1931) and Mail- 
lieux (1920 and 1937). I have had no lunopean material 
at my disposal and have had to depend entirely upon the 
literature for knowledsre of these foinis. The "enera listed 
by Maillieux appear to be distinct; however, Isberg's genera 
seem to overlap among themselves and with North Ameri- 
can forms, and restudy of his materials will probably show 
iliat his proposed taxonomy will have to be revised. 

Isberg's (1934) materials were from the Lcptacna lime- 
stone of the Dalania area of Sweden. There has been some 
uncertainty as to the correct age assignment of this forma- 
tion; whether it is entirely Ordovician or both Ordovician 
and  Silurian.   According   to   the   I.cxiquc   Stratigraphiquc 

litlcriKilioiiid (Magnusson, 1958) and Thorshuul (19()0) , 
the I.cptaoui limestone is now divided into two formations: 
the lower Kidlsberg limestone of Middle Ordovician age 
and the upper Boda limestone of Ujjper Ordovician age. 

European ambonychiids have been reported from Bel- 
giimi, Czechoslovakia, Estonia, Germany, Ireland, Norway, 
Rirssia, Spain, Scotland, and Sweden. Ciniously, Barrande 
(1881) reported no ambonychiids from Central Europe, 
althougli several genera had been described by 1881. Some 
ol Barrande's figures lesemble ambonychiids; however, his 
original materials must be restudied before many of the 
foinis named l)y him can be placed in the proper families. 

The oldest known North American members of the 
family occin in rocks of Cha/yan age (Early Middle Ordo- 
vician) in New \'ork State and adjacent jjarts of Canada. 
1 hese forms were ])laced in the genera Clcionycliia Ulrich 
and Aiubonydiia Hall [Ambonychiopsis Isberg] by Ray- 
mond (I9I()). His two sjjecies of Clcionycliia seem to be 
jjropeil) a.ssigned, however, the single species of Ambony- 

chia [Ambonychiopsis'] can only be doubtfully ])laced in 
tiiat genus. 

Mohawkian forms (Middle and Late Middle Ordo- 
vician) liom New York State, Wisconsin, Minnesota, On- 
tario, and elsewhere are placed in Cleionychia, Atnbony- 

chinpsis, and Auibonycliia. As far as can be determined 
from type material and the literatine all three genera are 
foinul in Mohawkian rocks. 

In the pioblematic Cynthiana rocks of northern Ken- 
tucky and southwesteiti Ohio, only Allonychid Ulrich and 
A in bony f hill Hall have been definitely identified. The 
single species of CJcionychia (PI. 32, figs. 8-9) reported 
from these rocks is too jjoorly preserved to determine its 
generic assignment. Cynthiana rocks are either Late Middle 
Ordovician or Early Late Ordovician in age. 

From rocks of Cancinnatian age (Late Ordovician) in 
North America tlie followinsi yenera have been identified: 
Allonychid, Anonialodonld Miller, Anoptcra LUrich, Ani- 
bonychia, Maryonyi hid, n. g., Opislhoptcrti Meek, and 
Psiloiiyf hi/i   Ulrich. 

In the Cincinnatian section at Cincinnati, Ohio, rocks 
of Eden age are only known to contain representatives of 
the genus Ambonychid; in the Maysville Stage rocks the fol- 
lowing three genera have been identified — .4//OH)|(/NV;, Am- 
bonydiid, and Psilonycliid; while in Richmond Stage rocks 
Anoplciii, Aniiiiidlodonld. Ainbonychin, Maryonychia, and 
Opisthoptcrn are known. 

North American Silurian forms have been ]:)lacecl in 
three genera: Ainphicoclia Hall, Mytilarca Hall and Whit- 
field, and Palaeocardia Hall. The latter genus is known 
only from Niagaran rocks   (Middle Sihuian) ; Ainphicoclia 
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has been reported from Niagaran and Cayugan rocks (Mid- 
dle and Late Silurian) ; while Mytilarca has been reported 
from all tliree Silurian series — Medinan (Early Siluiian), 
Niagaran, and Cayiigan. 

Among De\onian genera By.ssoplcria Hall is known to 
occm" only in the Ujjper De\onian (C^hemiing) roiks of 
Pennsylvania; Cougcrioiiiurplia Stoyanow has been report- 
ed only from Chemung rocks in Aiizona: Gusselctia Barrois 
is geographically more widely distiibutcd. occiuring in the 
Middle Devonian of New York, Michigan, and Ohio; while 
Lophonychia Pohl is leported onh from tlie Middle Dev- 
onian (Cazenovian) Lake Church formation of Wisconsin. 
Devonian forms which have been assigned to the genus 
Mytilarca Hall and Whitfield ha\e been reported from all 
De\onian series and most De\onian stages. (See Table II 
for a synoptic listing of the stratigrajshic occinrence of 
North American genera.) 

On the other continents, reports of ambonychiids are 
not common, and the generic and even familial assign- 
ments often must be considered as tentati\e. Ainbonyclua ? 
kiitsingensis Grabau, 1926 fiom the Sihnian of Yimnan 
Province, China, may be an ambonyciiiid; it does not be- 
long to the genus A/iiboiiyrliia. Clcionyr/iia in'ijortnis Ko- 
bayashi, 193-1 from the Middle Ordovician of Korea is al- 
most certainly an ambonychiid. but only one vahe is 
known. AlJouychia} brrvirostris Leith, 193S from the Mid- 
dle Ordo\ician of Venezuela is probably not an ambony- 
chiid. Byssoptcria? sp. Reetl, 190-1 from the De\onian of 
South Africa is too poorly preser\ed to tell whether or not 
it belongs to the Ambonychiidae. According to Daily (195fi, 
p. 130) the Australian Early Cambrian species Ainbonyclua 
niacroplcra Tate, 1892, is a brachiopod. The form fig- 
ured under the name cf. Mytilarca sp. by Sherrard (1960) 
from the Silurian rocks of New South Wales does not ap- 
pear to be an ambonychiid; the specimen figmed is not 
well preserved. Termier and lermier (1950) listed and 
figured holbnannia ,sp. as occurring in the Middle Devonian 
rocks (Eifelien) of Moracco. Their description is brief, 
and their figine is only a line drawing, thus, the proper 
placement of this form is luicertain. At the United States 
National Museum (PI. 35, figs. 5-7) there are several speci- 
mens of ambonychiids from Devonian rocks at Kuahsin- 
shan, Kiitsing, \'ininan. and Liu Koping, China; these speci- 
mens are herein regarded as belonging to the genus 
Jolhnannia Dievermann. 

A nimiber of ambonychiid genera have been reported 
from both sides of the Atlantic including: Ambonychia 
Hall, AtnpliKucUa Hall, Aniboiiycliiupsis Isberg, Byssop- 

teria Hall, Cleionychia Ulrich, Gosscletia Barrois, Mytil- 

arca  Hall and ^\'hitfield,  and Psilonychia  Ulrich.  Several 

of these itlentifications must be considered as tentative; 
the problems raised by each of them are discussed imder 
the genirs concerneil. 

Ambonychiids whicli have been reported fronr Missis- 
sippian rocks are not herein considered to be members of 
the family. As far as known all of the Mississippian forms 
ha\e been placed in the genus Mytilarca, and they are fur- 
ther discussed imder that genus. 

There is a small group of post-Osagian (Early Middle 
Mississipjjian) forms which have been described as being 
ecjuivalved or almost ecjui\al\ed, and are included in the 
family Myalinidae. These forms are excellent morphological 
connecting links between the ambonychiids and myalinids, 
although they do not necessarily occm in the proper tem- 
poral set|uence. Ranging from Middle Mississippian to 
Early Permian time is the genus Srptiniyalina Newell; in 
describing this genus Newell noted the following (1942, p. 
6-1) : 

. . . both \al\es smooth, or rugose, in the latter instance the sur- 
face of the left valve being markedly more rugose than that of the 
right; ine(|uivalve, the right valve being slightly flatter and smaller 
around   the  ventral   periphery  than   the   left  .   .   . 

Scteniinytilina Newell (Middle and Late Pennsyl- 
\anian)   was described by Newell as   (1942, p. 63) ; 

. . . nearly equivalve, the right valve being almost imperceptibly 
less convex  than  the  left,  apparently  not  discordant  .   .   . 

Newell then went on to compare Sclciiiinyalina to My- 

lilarca Hall and Whitfield and suggested that the former 
may  be tleri\ed from the latter; 

. . . Sflfnimyalina is closely comparable with the Devonian Mytil- 
rirni Hall [and Whitfield]. Although similar forms are not known 
from the Mississippian rocks, it seems probable that the Late Paleo- 
zoic genus was derived from the Devonian form. The shell microstruc- 
ture and musculature is not known in Mytilarca, but there seems to be 
very close agreement between the two genera in form and characters 
of the ligament area. 

The Peimian myalinid Licbea Waagen is described 
as subecpiivalved, with the right valve ahriost imper- 
ceptibly less convex than the left; however, the prosopon 
of the two vahes differs. The Permian myalinid genera 
Atouioilcsina Beyrich and Maitnia Marwick, were both orig- 
in:dl\ described as being e<]iii\alved. Waterhouse (1958) 
considered these genetic names to be synonyms, with A torn o- 
clcsnia ha\ing priority. Waterhouse (1958 and 1963) de- 
scribed Atoniudcsnia as biconvex, but did not note whether 
the genizs was ecpiivalved or inec|uivalved in his generic 
descriptions. In 1958 (p. 171) he described A. treclnnanni 
(Marwick) as being equivalved; while in 1963 (p. 708) he 
noted that A. woodi Wateihouse is "probably equivalve," 



ise PALAEONTOGRAPHICA AMKRICANA  (V, 36) 

and that A. trabeculum Wateiliouse (p. 713) and Atomo- 
desma sp. B (p. 715) "are apiiaremly ecinivalve." Also in 
1963 (p. 171) Waterhouse notetl that some specimens of A. 
trcchnunini might be ineqiiivalved, although he suggest- 
ed that this might be due to distortion. Thus, there is 
some question as to whether or not Atomodrsma is equi- 
valved. As far as can be determined from figmed speci- 
mens there is no indication of any difference in the proso- 
pon of the two valves of Atoinodcsma. 

Because the only readily descernible distinction be- 
tween ambonychiids and myalinids is the equality or in- 
equality of the valves, this characteristic is taxonomically 
important. On a morjjhological basis Atmiwdesina shoidd 
be placed in the Ambonychiidae if it can tlefinitely be 
shown to be equivalved; this would extend the range of the 
family from the Late Devonian to the Permian, with no 
known Carboniferous intermediates. At the present time 
there is nothing to suggest that Atotiiodcstua may ha\e sec- 
ondarily retmned to an e(|uival\cil (diulition from ]jleino- 

thetic ancestors. 
^\'hether Aloiiiodc.siiia is e(|uivalved or not, the Late 

Paleozoic siibequivahed m\alinids form excellent morpho- 
logical intermediaries between the Early Paleozoic equi- 
valved ambonychiids and the Late Paleozoic distinctly in- 
equi\ahed m\alinids. The existenic of almost eciuivalved 
myalinids anil the great mor]jhological similarities in shell 
shajje, ligamental type, antl nursculatme suggest an evolu- 
tionary relationship between the Ambonyi hiidae and the 
Myalinidae. This aspect will be discussed fmther in the 
section dealing with phylogeny. 

GENERIC DESCRIPTIONS 

No attempt is made herein to ie\ise all ol the species 
of North Americair ambonychiids. Well over 100 specific 

names have been proposed for the North American forms 
alone, and few of these species have been re-examined in the 
light of modern taxonomic procedines. However, each gen- 
eric discussion includes a listing of the species which have 
been assigned to that genus, and in many cases comments 
are made as to the author's thoughts on the validity of 
various of the specific names. Herein, only the species oc- 
cinring in the Upper Ordovician rocks of the Tristate Area 
of Ohio.  Indiana, anil  Kentucky aie  redesi ril)ed. 

A serious attempt has been made to frame miuually 
exclusive and useful generic descriptions and diagnoses. 
However, as will be apparent from the generic descriptions, 
some of the uenera are still broadlv defineil, and the finding 
of better preser\ed materials may residt in flu ther sub- 
ilivision at the generic level. For example, the primary 
taxobases   used   to  distinguish   the  Silu)()-De\onian   genirs 

A'lytildxii Hall and Whitlield are the presence of concentric 
prosopon and the lack of an anterior lobe. The internal 
features at \irtually all of the species assigned to the genus 
are poorly known, and future study may show that the genus 
as now recognizeil is composed of several generic level taxa. 

On the other hand, se\eral generic names have been 
proposed which are so close conceptually to |)re\iously 
nameil genera that they are not herein recognizeil. In this 
lonneition, Opistliololxi Ulrich in Hirssey iloes not differ 
signifiianlly from ()j)ist}><>ptcr<i Meek; Erldoiiy< liia Ulrich 
is regariled as a synonym of Auibouyihia Hall; and the 
taxobases upon which Strcptomytilus KiniUe and Breger 
anil PIcllioinytilus Hall were foimdeil do not differ appre- 
ciably from those useil to recognize Mytilarca Hall and 
Whitfield. 

Late Ordo\ician North American ambonyihiiils have 
been sjjlit the most at the generic level, and by ami large 
these forms are known from the best preserved materials. 
In Upper Ordovician rocks probably only the finiling of 
entirely new morphological forms, rather than increased 
knowledge of already named genera, will alter the nmnber 
of forms presently recognized. 

The name Pahteocurdia Hall presents a luiique jjiob- 
lem, in that its conceptual base cannot be ascertained. 
The only sjjeiimen of the type species of the genus is poorly 
jjreseived and prejjareil (PI. 45, figs. 7-10), and the name 
will probably have to be limited to this single sjjecimen. 
There is even some ijuestion as to whether or not Pahico- 

curdia is an ambonychiiil. 

GENERIC DIFFERENTIA 

By and large generic ilifferentiation in the Ambony- 
chiidae is not baseil upon single characteristics biu irsiially 
upon a combination of se\eral criteria. Taxobases which 
have been used to distinguish genera within the family in- 
cluile: 

1. 'r.vpe  of  prosopon. 
2. Presence or absence of a well-developed bvssal gape. 
3. Dentition. 
4. Various linear dimension ratios  (such as, tlie ratio of the 

length  to the height). 
5. Development of an  anteroventral salient. 
6. Presence or absence of an anterior lobe. 
7. Presence or absence of a posterior wing. 
8. Terminal or nonterminal beaks. 
9. Position of the posterior musculature  (i.r., svdicentral or in tlie 

posterodoisal portion of the shell). 
10. Size. 
11. Others. 

Genus ALLONYCHIA Ulrich, 1894 

Plates   19-.;i 

1859.   [A'o«J Mii/dinhuiiui Hall, Nat. Hist. New York, Gcol. Sur. New 
York,  Palaeont.,  vol.   3.  part   1,   p. 273. 
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1872. Mcgamhutiia Meek, Acad. Nat. Sci. Philadelphia, Proc. for 
1871,  part 3,  p. 321. 

1873. Mcgambnnia Meek, Geol. Sur. Ohio, Rep., vol. 1, part 2, Palae- 
ont., p. 136.  [This is a reprinting of Meek,  1872, above.] 

1894. .Iltoiiychid Ulrich, Lower Sil. LaiTiellibranchiata of Minnesota, 
from Final Rep., Geol. and Nat. Hist. Sur. Minnesota, vol. 3, 
p. +98.  [Pubished under separate cover prior to the entire  vol. 
3.] 

1893     (1895). Athniyihia Ulrich,  [/i(jr/;m], Geol. Sur. Ohio, Rep., vol. 
7, p. 640. 

1897.   Anonychia  Ulrich,  Geol,  and  Nat.  Hist.  Sur.  Minnesota,  Final 
Rep., vol. 3, part 2, Paleont., p. 498. [This is a reprinting of the 
1894 paper  above.] 

1908. Allonychiu Ulrich, Cumings, Dept. Geol. and Nat. Resources 
Indiana, 32d Ann. Rep., p. 978. 

1909. Attonychici Ulrich, Grabau and Shimer, North American Index 
Fossils, vol. 1, p. 432. 

1931. Anonychia Ulrich, McFarlan, ('« Jillson, Kentucky Geol. Sur., 
Paleont.  of Kentucky,  p.   112. 

Type species. — Mcgainbouia jainesi Meek, 1872, (|). 
321), ijy original designation of Lllrich, 1894 (p. 498), as 
Alloiiychia jainesi   (Meek). 

Diagnosis. — CosVdte Ambonychiidae willi an anterior 
lobe. 

Description. ~ Shell e(|iii\al\ecl, inctjuilaieial. with a 
prominent anteiioi lobe: beaks prosogyial. not lemiinal; 
obliquity prosocline; prosopon where known ol conccntrit 
growth varices and simple ladial costae; shell substance 
completely iniknown: b\ssal sinus presmned to be below 
the anterior lobe, no discernible byssal gape: no posterior 
wing; known size range medium to large. 

Ligamental areas with duplivincular grooves and 
ridges but poorly known; ligamental space wide; anterior 
adtlucior scar unknown, posterior adductor scar known only 
from remnants which aie located posterior to the center 
of the \al\e: where known onh a single anterioi byssal re- 
tractor scar is present; dentition unknown. 

Distribution. — Only two species are heiein lecog- 
ni/ed as belonging to this genus: Allonyehia janiesi (Meek) 
occurs in rocks of Mays\ille age (Middle Late Ordo\ician) 
in the Tristate Area of Ohio, Indiana, and Kentucky; while 
Anonychia flatiaganensis Foerste is from the Cynthiana for- 
mation of central Kentucky, in the general vicinity of Win- 
chester, Paris, and Lexington, Kentucky. 

The species reported by Leitii (1938) from the Middle 
Ordovician of Venezuela as Allonyi liia} brei'iroslris does 
not seem to bekjiig to this genus; it has subcentral beaks, 
lacks an anterior lobe, and only one valve of the species is 
known. 

Remarks and comparisons. — Among North American 
forms Anonychia is the only genus which combines radial 
costae and an anterior lobe; Gosseletia Bariois and Con- 
geriomorpha Stoyanow possess concentric prosopon only, 
while Ambouychiopsis Isberg has costellae. 

SPECIES   DESCRIPTIONS 

All species assigned to Allonyihia are known only fiom 
the Ordovician rocks of the Tristate Area of Ohio. Indiana, 
and  Kentucky. 

Anonychia jamesi (Meek), 1872 

1889. 

1893 

1908. 

1909. 

 —J   J .„.   ...vi.x,  ..,..,v.,   North   American   Geol 
Palaeont., p. 460, no fig. 

;i895). Anonychia jamesi Meek,  Ulrich,  Geol.  S„..    ,  _..,. 
vol. 7, p. 641, pi. 48, fig. 7. 
.-lltonychia jamrsi  (Meek), Cumings, Dept. Geol.  and Nat. Re 
sources Indiana, 32d Ann. Rep., p. 986, pi. 43, fig. 2. [Same fig- 
ure as Ulrich, 1893   (1895).] 
.-Illonychia jamesi   (Meek),  Grabau  and  Shimer, North Ameri- 
can Index Fossils, vol.  1,  p. 432, no fig. 

Diagnosis.—Anonychia having 50-(")0 costae and angle 
gamma of lOfl degrees or more. 

Description. — Shell ovate and oblicjiiely elongate; pos- 
sessing 50-60 costae; angle gamma, 100-110 degrees; liga- 
mental space wide; greatest convexity of a single valve, up 
to 25 mm.; size medium to large, up to 90 mm. in diagonal 
dimension; length and height subequal. 

Duplivincular grooves and ridges ]jresent; muscidature 
unknown, except for remnants of the posterior adcUictor, 
which are located slightly behind the center of a valve, 
but not in the posterodoisal ])art of the shell; dentition 
comjjleteh   iuikno\\n. 

Synonymic disciLSsion. — This species was originally 
]jlaccd in Meganibonia Hall; Ulrich in 1894 cho.se the 
species as the tyjje of his genus Allonyehia considering it 
to be a distinct form because of the presence of an an- 
terior lobe. 

Types and materials. — Meek's original type suite of 
the species consists of only the holotype (W.M. No. 556). 
This sjjecimen is distorted and weathered, but it does 
show the anterior lobe well (PI. 19, figs. 1-4) and also pos- 
.sesses remnants of the costation. 

The dimensions of the holotype are as follows; length. 
57 mm.; height, 57 mm.; convexity of a single valve, 19 
mm.; diagonal dimension, 60 mm.; and number of cos- 
tae uncertain. The costae are best preserved on the left 
vahe where about 35 can be counted, however, this does 
not cover the entire shell surface and probably 50 or more 
were originally present. The anteriormost portion of the 
anterior lobe does not show a byssal ga])e as indicated by 



158 PAI.AEONTOGRAPHICA AMERICANA (V, 3fi) 

Meek   (1873);  there is a slight ridge weathered into one 
edge of the anterior lobe but no sign ot a byssal gape. 

Ulrich's 1893 (1895) hypotype (U.S.N.M. No. 46079) 
while not distorted is not well i^reserved; it shows remnants 
of the posterior muscle scars (PI. 19, fig. 5). Ulrich's fig- 
ure of this specimen (pi. 18, fig. 7) is highly interpretive; 
he showed the entire pallial line and all of the posterior 
muscle scars. The dimensions of this s|3ecimen are: length, 
75 mm.; height, 76 mm.; convexity. 25 nnn.: diagonal 
dimension, 86 mm.; nmnber of costae uncertain, only about 
30 preserved, but probably 50 or more were originally 

present. 
In addition to type materials, the author had at his 

disposal three other specimens of this species. None of 
these show any internal features excejjt remnants of the 
duplivincular ligament; all have 40 plus costae and one 
has 46 plus costae, it is on this basis that the species is re- 
garded as having between 50 and 60 costae. 

Distribution. —As far as known this species is limited 
to the Corryville member of the McMillan formation (Up- 
per Maysville) in the Tristate Area of Ohio, Indiana, 
and Kentucky. All of my specimens are from the Corryville 
member, as is Ulrich's 1893 (1895) hypotype. The exact 
stratigra])iiic jjosition of Meek's holotype is unknown, 

Meek (1872, p. 322) gave the stratigraphic position as: 
"Cincinnati group . . . at Cincinnati, Ohio, about 350 feet 
above low-water mark of tiie Ohio .  .  . " 

Remarks and comj^arisons.— Both Meek and Ulrich 
treated this species as tiiougii a byssal gape were present on 
the anterior face of the anterior lobe. As mentioned above 
Meek's specimen does not show this featiue. However, in 
Ulrich's hypotype (PI. 19, fig. 6) and in two of the new 
specimens at my disposal (PI. 19, figs. 7-8) there is some 
suggestion of a byssal gape in the anterior face of the air- 
terior lobe. Unfortunately, none of the materials ujjon 
which these observations are based are well preserved, and 
two of the specimens are definitely distorted. It is diffi- 
cidt to imagine a byssal gape in this position, as the ani- 
mal would then be "teeter-tottering" on the anterior lobe. 
If what appears to be an anterior lobe in this species can 
be shown to be a protuberant byssal gape, then the species 
possesses a structure which is imique in ambonychiids, and 
A. jiuiirsi might have to be generically separated from A. 
jlanaganensis. The issue can only be decided when new 
and better j^reserved mateiials are foimd. It is ])ossibIe that 
an a]>paient byssal gape would be developed in an an- 
terior lobe in which the ainerior face had been ^veathered 
down. 

In none of the materials of A. jiimi-si presently avail- 
able can all of the costae be coimted;  the number 50-60 

is my estimate as to how many were originally present. 
Ulrich (1893 (1895), p. 641) noted: "In a series of eight 
specimens of A. jaiiicsi the nmnber of ribs varies between 
55 and 68, and in onh one of these is it less than 60." 
However, Ulrich figmed none of these specimens; in the 
single hypotype which he did figiue about 30 costae can 
be counted,  the costae being only  partially  preserved. 

Alloiiychiti jiimrsi differs from A. fhiuagininisis in 

having a larger angle gamma. Additionally, the length and 
lieight of A. jamcsi are iisnalh subecpial, while in A. flaii- 
(igdiicusis the length is appreciably greater than the height. 

Anonychia flanaganensis Foerste, 1914 

Plate 19, figure 11 ; Plate 20, figures 1-10; Plate 21, figures 1-4 

1912. Anonychia fiiinagiinencsis Foerste, [nomiii nuJum'\, Sci. Labs. 
Denison Univ., Bull., vol. 17, p. 30. 

1914. Anonychia ftanagaiicnsis Foerste, Cincinnati Soc. Nat. Hist., 
Jour., vol. 21, No. 4, p. 134, pi. 2, figs. lA-B. 

1931. Anonychia flanagancnsis Foerste, McFarlan, in Jillson, Ken- 
tucky Geol. Sur., Paleont. of Kentucky, p. 113, pi. 7, fig. 1. 

Didguosis. — Anonychia with a long cardinal margin 

and an an^le oamma of 85-95 degrees. 
Description.-Shell elongate in an anterior-posterior 

direction, such that the length is greater than the height, 
the shajje gi\es a strongly prosocline aspect to the species; 
angle gamma, 8.5-95 degrees; jjrosojjon of concentric growth 
varices, and peihajjs flat costae; innbones j)rojecting well 

above the carchnal margin (5 mm. or more in imdistorted 
materials) ; size large, up to 100 mm. or more in diagonal 

dimeirsion; greatest convexity of a single vahe, up to 30 
mm.; presumed position of byssal sinus is below the anterior 
lobe; no discernible byssal gape; ligamental areas diverge 
widely leaving a ligamental space of up to 10 mm. in non- 

shelled specimens. 
Dentition and the natine of the ligamental insertions 

imknown; pallial line and musculatine imknown except for 
the scar of a single anterior b)ssal retractor muscle. 

Synonymic discussion. -Yoerste's original reference to 
this species (1912) occurs in the descriptioir of a strati- 
graphic section of Cynthiana rocks. Here he merely listed 
the species name and gave a series of linear measurements 
for the sjjecies. The author feels that this is not a sufficient 
enough description to enable a sidjsecjuent worker to iden- 
tify the species and, thus, considers the original use of the 
name to be a norncn nudum. Subsetpiently, in 1911, Foerste 
adequately desc ribed and 'figin ed the species. 

Types and imilerials. — The ty])es of the species consist 
of two syntypes (U.S.N.M. Nos. 78722, 142806) ; of these, 
the specimen figured by Foerste (1914) on plate 2, figure 
lA, and illustrated herein on Plate 20, figures I, 2, is chosen 
:is the lectotype of the species; the other specimen   (PI. 19, 
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fig. 11) is regarded as a paralectotyjje. The measurements o[ 
the lectoty]:)e aie as follows: length, 91 mm.; height, 80 mm.; 
maxinuim convexity, 25 mm.; and diagonal dimension, 106 
mm. Measurements of the paralectotype are: length, 78 

mm.; height. ()1 mm.; maximum convexity, 23 mm.; and 

tliagonal dimension. 89 mm. 
In adchtion to the type materials, the author had lit- 

erally hundietls of specimens at his disposal; these were 
collecteil in and around Winchester, Kentucky. Unfortu- 

nately, specimens of this species are usually poorly pre- 
served single valves. Although the species occurs in super- 
abimdance at some localities, little insight can be gained 
from most of the specimens. Even for statistical studies the 
great majority of specimens are useless, because they are 
incom]ilete single valves on which no accurate measurements 
can be made. Of the hundreds of specimens collected six 
of the best preser\ed are figured herein, and these illustrate 

little beyond the general shape of the shell. 

Distribiilioii. — The only known occurrence of this 
species is in the lower Cynthiana formation — tlie so-called 
Millersbiug phase — in the general \icinity of Paris, Win- 

chester, and Lexington, Kentucky. 
Remarks and comparisons. — The incredible abundance 

of this species at some localities suggests that it may have 
lived in the same gregarious fashion as some modern my- 
tilaceans. For example, on the open beaches of the south 
shore of Long Island My til us cdtilis Linne can be fountl 
completely co\ering rock jetties, and the animals are often 
piled ujj four oi fi\e deep. Despite the jetties, the wave 
action along these shores is vigorous, and the shells which 
are washed up on shoie are almost always disarticulatetl. 
The occinrence of large nimibers of single \ aheil sjjecimens 
of jjelecypods in the fossil record is usually taken to mean 
that the region nas one of vigorous wa\e action; such was 
almost certainly the case for Allonycliia ^hmagancnsis. Cor- 
roborating this is the fact that A. flunaguncusis is often 
covered with small circidar encrusting ectoproct colonies; 
ramose ectoprocts are almost never foimd in the enclosing 
sediment. Occasional bivalved specimens of other pelecy- 
pods are foiuid associated with A. flanaganensis, but these 
are few in number; I know of only one specimen of A. flana- 

ganensis (PI. 20, fig. 10) in which the valves are articulated. 
The prosopon of this species is poorly known. Both 

Foerste (19M) and McFarlan (1931) described flat low 
costae separated by shallow' and narrow intersjsaces which 
are easily o\erloc5ked. Such a conchtion is seen on Plate 
20, figiue 7 herein. This specimen is comjjletely o\er- 
grown by an encrusting ectoproct, which grows in small 
circidar colonies that coalesce over the entire siuface of the 

pelecypod; a common teatiue often seen on specimens of 
this species. The flat costae seen in this specimen, as well 
as the apparent growth varices, are actually features in 
the surface of the ectoproct. The encrustation may reflect 
the original prosopon which was below it, but this needs 
confirmation from imencrusted materials; to date none of 
the imencrusted materials show any prosoponal features. 

It is not uncommon to find two ridges on the posterior 
umbonal slope of Allotiychia flanaganensis molds (PI. 20, 
fig. 8) ; these are present only where the original shell of 
the animal was thickest and presumably re|jresent muscle 
traces of the posterior musculature. If so, then the species 
pos.sessed both a jjosterior adductor and a |)ostcrior byssal- 
pedal retractor. 

Specimens of A. flanaganensis definitely show that 
there was no discernible byssal gape in the anterior face 
of the anterior lobe (PI. 20, fig. 3) . There is a single an- 
terior byssal retractor scar in each vahe and, thus, a byssus 
was present; presiunably it existed between the vahes below 
the anterior lobe, as is the case in the De\onian lobed 
genus Congerioinorplia Stoyanow; the latter shows a prom- 
inent b\ssal gape immediately below the anterior lobe. 

Anonychia ovata Ulrich, 1893 (1895) 

A. subrotunda Ulrich, 1893 (1895) 

Plate 21, figures 5-15 

In addition to the species discus,sed above, Ulrich 
(1893 (1895), pp. (HI-642) named two other species of 
Anonychia: A. ovata and A. subrotunda. 

The material upon which A. ovata is based (PI. 21, 
figs. 5-9) is not well preserved and does not show the promi- 
nent anterior lobe seen an A. jamesi and A. flanaganensis. 

The holotype of A. ovata (PI. 21, figs. 5-7; U.S.N.M. No. 
46080) has a general shell shape similar to that of Ainbony- 

chia acutirostris (Ulrich), 1893 (1895) (Pojeta, 1962, pi. 
24, fig. 9) ; according to the museum labels the holotypes of 
both species are from the Fairmount member of the Fair- 
view formation (Lower Maysville) at Covington, Kentucky. 
There is a slight anterior projection of the shell beneath 
the beaks in the holotype of Allonycliia ovata; however, this 
does not protrude forward of the rest of the shell as is typi- 
cal in Anonychia, rather it is similar to the shell projection 
seen in Ambonychia acutirostris which defines the lower 
limit of the byssal sinus. Ulrich's illustration (1893 (1895), 
pi. 48, fig. 5) of the ligamental and dental structures of the 
holotype of Allonycliia ovata is highly interpretive; the 
specimen shows nothing of the ligamental grooves and 
ridges or of the dentition  (PL 21, fig. 7). 

A paratype of A. ovata   (U.S.N.M. No.  142808)   shows 
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an anterodoisal prominence (PI. 21, fig. 9). However, this 

•specimen is more poorly preserved than the holotype. and 
it is uncertain whether this prominence represents a striic- 

tine whi(h was originally  a  part  of the shell. 
Herein, Alloiiydiia oiuita LUrich is regarded as a prob- 

able synonym of Ainbonychia tuutiroslris (Ulrich) . The 
holotyjies of the two species com|3are favorably, and the 
holoty|)e of Alloiiychiit ovata does not have the character- 
istic anterior lobe of Allonychid. 

Bassler (1919. p. 284) reported A. ovnia from the 
"Martiiisburg Shale (Fairview division) " of southeastern 
Pennsyhania. Unfortunately he refigiued LHiich's 1893 
(1895) illustrations of the "species," and it is uncertain 

with what species he was concerned. 
The holotype of AUonycliia subrotimda (U.S.N.M. No. 

46081) is a distorted external cast (PI. 21. figs. 12-15) . On 
the right valve 42 plus costae can be counted, and the speci- 
men probably had about 50 costae on each vahe. Because 
of the preservation it is difficult to tell whether or not an 
anterior lobe was present. The anterodorsal face of the shell 
has been broken, and the broken edges produce a byssal 
gapelike structure (PI. 21, fig. 15): this broken area may 
have originally been an anterior lobe. Below the broken 
area there is an anteiocentral projection (PI. 21. fig. 12) ; 
whether or not this anterocentral salient is due to the skew- 
ing of the valves over one another is uncertain. 

A paratype of A. subrotuudu (U.S.N.M. No. 142809) 
has 55 plus costae (PI. 21, figs. 10-11), it too may or may 
not have had an anterior lobe. Until new maieiials of this 

form are foimd it cannot be determined whetlier it belongs 
to Allouycliia or to some other genus. 

Genus AMBONYCHIOPSIS Isberg, 1934 

Plates 21-24 

1847.   Ambonycliia   Hall,   [parlim~\,   Nat.   Hist,   New   York,   Palaeont., 
vol.  1, pp.  163, 292,  and  315. 

1850.   Posidonomya Bronn  [partim^, d'Orbigny, Prodrome de  Palcon- 
tologie, vol. 1, p. 13. 

1854. [?] A mhoiiychia Hall, McCoy, Description of the British 
Palaeozoic Fossils, p. 264. 

1855. Pusidonomya Bronn [partim^, Emmons, American Geology, vol. 
1,   part 2,   p.   176. 

1859. [A'o«] Amhunydiia Hall, New York State Cab. Nat. Hist., 12th 
Ann. Rep.,  pp.  8  and  110. 

1859. [iVon] Amho7iy<liia Hall, Nat. Hist. New York, Geol. Sur. New 
York, Palaeont., vol. 3, part 1, pp. 269 and 523. [This is a re- 
printing of the material published in the 12th Ann. Rep. above.] 

1871. [A'on] Amhoiiichia \_Amhonychiii'\ Hall, Stoliczka, Geo). Sur. 
India, Palaeontologia  Indica,  Mem.,  vol.  3,  ser.  6,  p.  387. 

1871. Amhnnyihiit Hall [/irtr/;/n]. Woodward, A Manual of the Mol- 
lusca, 2d ed., p. 417. 

1875. [A'on] Amhonichia [Amhonyr/iiii'] [Hall], Worthen and Meek, 
Geol. Sur. Illinois,  \ol.  6,  p. 495. 

1877. Amhonydiiii Hall [/>rt///m], Miller, The ,\merican Palaeozoic 
Fossils, p. 181. 

1881. [A'on] Amhonyrhiii Hall, Zittel, Handbuch der Palaeontologie. 
Abt. 1., Band 2, p. 35. 

1883. [AVj«] Amhuriyihia [Hall], Miller, Supplement to the American 
Palaeozoic Fossils,  p. 309. 

1886. Ambonycliia Hall [parlim^. Fischer, Manuel de Conchyliologie, 
p. 962. 

1889. Amboiiyc/iiii Hall [piirlim], Miller, North American CJeol. and 
Palaeont.,  p. 460. 

1894. Amhonyr/iia Hall, Ulrich, Lower Sil. Lamellibranchiata of Min- 
nesota, from Final Rep., Geol. and Nat. Hist. Sur. Minnesota, 
vol. 3, p. 489. [Published under separate cover prior to the 
entire vol.  3.] 

1897. Amhonyc/iia Hall, Ulrich, (jeol. and Nat. Hist. Sur. Minnesota, 
Final Rep., vol. 3, part 2, Paleont., p. 489. [This is a reprinting 
of the  1894 paper  above.] 

1909. Ambonychia Hall, Grabau and Shinier, North American Index 
Fossils, vol. 1, p. 429. 

1910. [?]. A mbonychia Hall, Hind, Roy. Soc. Edinburgh, Trans., vol. 
47,  part 3,  p. 488. 

1926.   [A'on]  A mbonychia   Hall,   CJrabau,  Geol.   Sur.  China,   Palaeon- 
tologia Sinica, ser. B, \ ol. 3, fasc. 2, p. 46. 

1934.   Ambonychinia  Isberg,   \^parlim],  Studien  Uber Lamellibranchia- 
ten des  I.eptaenakalkes  in  Oalarna,  p. 29. 

1934.   Ambonychiopsis   Isberg,   Studien   Uber   Lamellibranchiaten   des 
Leptaenakalkes in Oalarna, p. 82. 

1944.   Ambonychia  Hall,  Shimer  and   Shrock,  Index  Fossils  of  North 
America, p. 385. 

1952.   Ambonychia   Hall,   Moore,   Lalicker,   and   Fischer,   Invertebrate 
Fossils, p. 414. 

1952.   [ ?]    Ambonychia   Hall,   Dechaseaux,   in   Piveteau,   Traite   de 
Paleontologie, tome 2,  p. 266. 

1952.    [ ?]   A mbonychinia   [Isberg]   [partimi,   Reed,   Rov.   Irish   .\cad., 
Proc, vol. 5 5, sec. B, No. 3, p. 73. 

1956.   Ambonychia Hall, Wilson, Canada Dept. Mines and Tech. Surs., 
Geol. Sur. Canada, Bull. 28,  p.  57. 

1960.   [?]    A mbonychinia    Isberg,   Soot-Ryen,    H.   anl   Soot-Ryen,   T., 
Norsk Geologisk Tidsskrift, vol. 40, part 2, p.  102. 

1960.   [?]. Ambonychia Hall, Soot-Ryen. H.  and Soot-Ryen, T. Norsk 
Geologisk Tidsskrift, vol. 40, part 2, p. 103. 

Type Species.—Ambonychiopsis osmnndsbergoisis Is- 
berg. 1934  (p. 82) , by original designation. 

Diagnosis. — Coi>te:\\Mc Ambonyciiiiilae with an anterior 
lobe. 

£)r',vfr(/)//o?(. — Shell e(|ui\al\ed, inetjuilateral, with an 
anterior lobe; beaks nonteiiiiinal, prosogyral; oblicjuity 
jarosocliiie; jirosopon of fine simple costellae cros.sed by 
concentric growth Aarices and often also by concentric 
luididations; byssal sinus presiimeil to ije below the anterior 
lobe: iliscernible byssal gape absent; shell material im- 
known; size small to large. 

Ligamental and dental structtnes luiknown; muscula- 
ture incompletely known, there is a single anterior byssal 
retractor, anil the jjosterioi adductor muscle scar has been 
observed. 

Synouyniic discussion. — The generic name Antbony- 
chiopsis Isberg is herein hesitantly applied to lostellate, 
Middle Ordovician, North American species which were 
formerly placed in Ambonychia Hall. Because of a recently 
discovered nomenclatiiral difficulty, the generic name ^4??;- 
bonychia Hall must now be applied to those species which 
were formerly included inider the name Byssonychia Ul- 
rich. Ulrich (1894-97) considered Ambonycliia beHislriala 
Hall,  1847  to be the type species of Ambonychia;  Miller 

I 
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(1889) also considered A. brUislriata to be the type species 
of A/iiboiiyi hid, and all authors subsecjiient to Ulrich and 
Miller ha\e followed this practice. However, Stolic/ka 

(1870. ]). XXI; 1871, p. 387) had previously chosen Am- 
bonycltiu radiata Hall, 18-17 as the type species of Ainhony- 
(hia.- Stoliczka's type species designation being the earlier, 

the conceptual base for Ainbonychia must be A. rdduitii 

and not A.  bcUistriatu. 

Ulrich (189-1, p. 498) chose A. radiata as the type 
species of the genus Byssonychia; because Byssonychia has 
the same type species as Ainbonychia it becomes a jimior 
objective synonym of Ainbonychia and must be discarded 
(International Code of Zoological Noincnclatiire, Art. (ill), 
p. 61). The variotrs species formerly placed in Byssonychia 

must now be included under the name Ainbonychia: this 
leaves those species which were placed in Anibonychia on 
the conceptual base of A. bcllislriala without a generic 
name. It is herein proposed that these species be tentati\ely 
placed in Isberg's Late Ordovician Scandina\ian genus 

Ambotiychiopsis. 

Ambonychiopsis includes anteriorly lobed costellate 
species, howe\er, more knowledge of both the North Ameri- 
can and Scandinavian forms placed in Ainbonychiopsis is 

needed before it can be conclusi\eIy shown that the\ are 
congeneric. For the time being placement of the North 
American, Middle Ordo\i(ian, costellate species in Am- 
bonychiopsis WMII create fewer difficidties than woidd liie 
proposal of a new name for the American forms. 

Isberg's genus Anibonycliiiiia is not available as a re- 
])lacement name for Anibonychia based upon A. bellistriata. 
The type species of Ambonychinia, A. imdulata Isberg, 
lacks costellae; A. undulata is an anteriorly lobed concen- 
trically marked form and differs significantly morphologi- 
cally from Ambonychiopsis and A. bellistriata. However, Is- 
berg included se\eral costellate species in Ambonychinia: it 
is herein reconmiended that these costelhite forms be trans- 
ferred to Ambonychiopsis. 

The relationships of the concentrically marked species 
of Ambonychinia to each other and to other concentrically 
marked ambonyhiid genera are uncertain. Probably those 
forms, such as A. undulata, which are edentulous and have 
an anterior lobe can remain in a separate genus bearing 
Isberg's name Ambonychinia. Those forms lacking an an- 
terior lobe would be better |jlaced in the genus Cleionyihiii 
Ulrich. There are several species of Ambonychinia whicli 
are too poorly known to be segregated as suggested abo\e 

2.   I  would  like to thank Dr. N.  D.  Newell  for bringing Stoliczka's 
type designation for Amhonychia to my attention. 

and for tlic time being these -will ha\c to remain in  ,4»?- 
bonycliinia. 

isbeig defined Ambonychiopsis as having cardinal 
teeth, while Ambonycliinia was supposed to lack these. 
However, his figines of Ambonychiopsis show no cardinal 
teetli. Ulrich (1894) defined Ainbonychia based on A. 

bellistriata as having two small cardinal teeth and no lat- 
eral teeth. In the Zittel-Eastman Textbook of Paleontology 

Ulrich supplied Dall with the information on Early Paleo- 
zoic pelecypods, and here the genus is defined as edentu- 
lous. Because Isberg did not illustrate the dentition of Am- 

bonychiopsis and because Ulrich described it both as hav- 
ing and as lacking cardinal teeth, the dentition of Ambony- 

chiopsis is herein regarded as unknown. 

To simimarize, the generic name Ainbonychia must 
rest upon A. radiata as a conceptual base rather than upon 
A. bellistriata: Stoliczka (1871) chose the former species as 
the type species of the genus prioi to Miller's (1889) and 
Ulrich's (1894) use of A. bellistriata for the type species of 
Ainbonychia. The two species differ significantly morjiho- 
logically and provide different conceptual bases for the 
name Anibonychia. Because Ulrich chose A. radiata as the 
t)pe species of Byssonychia Ulrich, this generic name be- 
comes a junior objective synonym of Anibonychia Hall 
(both genera having the sanre type species) and is invalid. 
It is tentatively suggestetl that Ambonychiopsis Isberg be 
used for those American species formerly placed in Ain- 
bonychia based upon A. bellistriata, as both the American 
and Scandinavian forms are anteriorly lobed costellate am- 
bonychiids of the A. bellistriata type. Additionally, it is 
suggested that the costellate species of Ambonychinia Isberg 
be transferred to Ambonychiopsis and that the name Am- 
bonychinia be limited to anteriorly lobed, conceniiitally 
marked, edeirtuloiis ambonychiids. 

It is difficidt and hazardous to revise genera from 
afar when only retouched figures are available, however, 
some attempt must be made to reconcile the taxonomy of 
North American and Scandinavian forms. With this latter 
thought in mind it is hoped that the above suggestions 
will make the names Anibonychia, Ambonychinia, and 
Ambonychiopsis usefid taxonomic designations, each hav- 
ing a  different conceptual  base. 

The problem of the conceptual bases of the above 
geireric names has from time to time led to confusion in 
the literatine. Thus, Reed (1952, p. 74) , while describing 
Irish Ordovician species, recommended that all forms with 
concentric prosopon be jjlaced in Ambonychinia and those 
with costellate prosopon in Ainbonychia; apparently he 
based  this upon  the observation  that  the  t)pe species of 
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Ambmiyrhinia possesses only concentric prosopon. Reed 
was toliowed in this arrangement by Soot-Ryen and Soot- 
Ryen (I960) in their descriptions ot Norwegian species. 
The use of Ambonychiu for Ordo\ician costellate species 
is no longer possible because of the redefinition of the 
concejn behind that name caused by the discovery of 
Stoliczka's designation of A. radtala as the type sj^ecies of 

Ambonychiu. 
By the same token Aiiibonycliinia tannot be used for 

all concentrically marked Ordovician species for Ulrich 
(1892) had previously used Clcionycliia for American 
Middle Ordovician forms having only concentric prosopon. 

In addition. Ulrich (1893 (1895)) proposed the names 
Anoplcra and Psilouycliia for American Late Ordovician 
species which are concentrically marked. Isberg (1934) used 
six generic names besides Ainbonychiiiin and Psilonychia 

for concentrically marked ambonychiids Irom the Lcptuena 
limestone (Aiiomalococlia Isberg, Ainpliirocliii Hall. Elas- 
modophora Isberg, Mytihirca Hall and \\'hitfield. Paramy- 

tilarca Isberg, and Pracanoinalodonta Isberg). 

Thus, at least 10 generic names have been used for 
Ordovician concentrically marked ambonychiids. These 
o-enera are not readily separable and their conceptual bases 
are uncertain for all of them are morphologically incom- 
pletely known. Psilouycliia is separable as the only genus 
with a readily discernible byssal gajje; Elasmodophora, 
Mytilarca, and Paramytilarca are dentate; Amhonychinia, 
Amphicoclia, Anomalocoelia, and Praranomalodonta are 
supposed to be edentulous; while the dentition of Clciony- 

cliia  and Anoptera  is unknown. 

Auiphicoelia as known from Silurian rocks is always 
ribbed and it is doubtful that this name can be used for 
concentrically marked Ordovician forms. Whether the name 
Mytilarca can be used for Ordovician forms will depend 
upon the elucidation of the morjjhology of the Devonian 
species for which the name was ]jro]josed. Paramytilarca and 
Ambonychinia are anteriorly lobed genera; Paramytilarca is 
dentate and Ambonychinia is edentulous. The relationships 
of the names Elasmodophora. Aiiomalococlia, and Pracauo- 

mulodonla to Clcionycliia and Anoplcra are vague. The 
North American genera bear the older names, but are 
incompletely known morphologically; only wheir the entire 
hard part morphology of the American genera is known can 
a solution to the dilemma be offered. In the meantime it 
is probabl) best to use the names Clcionycliia and Anoptera 

whenever possible in preference to Isberg's names. 

Pojeta (1962) monographed the Late Ordovician repre- 
sentatives of what he called the genus Byssonychia. These 

forms are now placed  in Ambonycliia   because  ol   the  re- 
definition of that name on the basis of A. radiala. 

Types and materials.— The foregoing description of 
Ambonychiopsis is based upon Isberg's (1934) description. 
Hall's and Ulrich's type materials of Ambonychia based on 
A. bcllistriata, and several new specimens from the collec- 
tions of the United States National Museum. The type iria- 
terials are herein photographed for the first time, and many 
of the s]jecimens differ significantly from the interpretive 

figures of the original aiuhors. 
Dislribiilion. — In North America Amboiiycliiopsis, as 

herein lousirueil, is linrited to rocks of Middle Ordovician 
age in the states of Illinois, Minnesota, and New York, and 
the provinces of southeastern Canada. One species. A.} 
curxuild (Ra\niond) , has been reported from rocks of 
Chazyan age, but as noted by that author (1916, p. 335) 
this species may be imjjroperly assigned for it is not known 
to possess costellate. There is one Blackriveran species, A. 
planistriala (Hall), and the rest of the species are Tren- 
tonian in age. Outside of North America the genus is known 
to occur in the Middle and Upper Ordovician rocks of 

Scandina\ia. 

NORTH   AMERICAN   SPECIES   LISTING  AND  REMARKS 

Bassler (1915, pp. 29-31) listed 41 North American 
Ordovician and Sihnnan species which at one time or an- 
other had been assigned to Ambonychia. Based on A. belli- 
striata [Ambonychiopsis] he recognized nine of these 
species as still belonging to the genus; this number is herein 
reduced to a maximum of six, and perhaps should be re- 

duced further as noted below. 

Ambonychiopsis affinis (Ulrich), 1894 

Plate 22, figures 8-12 

This species is based upon two syntypes, one of which 
is an incomplete specimen (U.S.N.M. No. 46083) and the 
other of which is poorly preserved (M.G.S. No. 8342). Of 
these specimens the one figured herein on Plate 22, figures 
10-12 (U.S.N.M. No. 46083) is chosen as the lectotype of 
the speties. This is the better preserved of the original 
synty]jes and was more extensively figured by Ulrich. 

The exact age assignment of Ulrich's materials of A. 

affinis is uncertain; Bassler (1915, ]). 29) gave the age as 
Trentonian. However, the museum label accompanying 
the lectotype has the age a» Blackriveran, while the museum 
label accotnpanying the paralectotype has the age as "Gal- 
ena" which is Trentonian. 

The lectotype of the sj^ecies shows a small i)ut prom- 
inent anterior lobe and  the space which  Ulrich regarded 
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as a "clavicular impression" (PL 22, fig. 12). In addition, 
it has traces of costellae and concentric undidations (PI. 

22, fig. 11). 
Ulrich's distinctions between this species and A. plani- 

striata (Hall) are as follows (1894, p. 492) : 

... the beaks and umbones [of .■]. affinis^ are a little less tumid 
and the convexity of the shell correspondingly less. The shell is also 
a trifle more erect and rounder, the hinge line slightly shorter and 
the posterocardinal margin more rounded. Finally, the concentric 
undulations are much more obscure, while the radiating striae are 
coarser, there being only eight in 5 mm. to twelve in the same space 
for that species  [.-/. plaiiistriata^. 

Neither the jjriniary types of A. pUmistriala (PL 2.1, 
figs. 7-8) nor of A. affiiiis (PL 22, figs. 8-12) are well pre- 
served, and with the exception of the coarseness of the 
costellae, it is doubtful if the species criteria suggested by 
Ulrich could be objectively applied by all authors. The 
costellae are barely cHscernible on the lectotype of A. affinis 
and not distinguishable at all on the paralectotype. In the 
lectotype of A. planistriuta there are 1'/i to 2 costellae per 
mm. around the edge of the shell. Probably A. affinis 

(Ulrich) should be regarded as a junior synonym of A. 

planistriuta   (Hall) . 
Wilson (1956) applied the name A. affinis to a speci- 

men from the Middle Ordovician Ottawa formation of 
eastern Canada. Tliis sjjecimen is not well preser\ed and 
as figured shows no costellae; howe\er, in her description 
Wilson   (1956, p. 57)   noted that costellae are present. 

Ambonychiopsis amygdalina (Hall), 1847 

Plate 22, figures 2-7 

Hall's holotype (A.M. No. 745/1) and Ulrich's 1894 
hypotype (U.S.N.M. No. 46085) of this species are fig- 
lued herein; neither of these specimens shows costellae or 
an anterior lobe, although the holotype shows the so-called 

(la\ icular space   (PL 22, fig. 5). 
The dimensions of the holotype (PL 22, figs. 2-5) are; 

length, 59 mm.; height, 46 mm.: thickness of a single 
\al\e, 14 mm.; and diagonal dimension, 67 mm. This speci- 
men is similar in outline to specimens of A. orbicularis 

(Emmons) (PL 22, figs. 13-18) and is probably a poorly 
preserved s]jecimen of this species. The holotype of A. 

ainygdalina antl the known specimens of A. orbicularis are 
from rocks of Trentonian age in New York State. Ulrich's 

1894 hypotype (PL 22, figs. 6-7) is from rocks of Tren- 
tonian age in Minnesota, however, it is poorly preserved, 
and coidd belong to any one of several Middle Ordo\ician 
ambonychiid species. 

Foerste (1920) listed this species as occurring in the 
Kimmswick  limestone of Illinois   (Trentonian)   but gave 

no details of the occurrence. Wilson's 1956 specimens as- 
signed to A. atnyi^dalina are too poorly preserved to iden- 

tify. 

Ambonychiopsis bellistriata (Hall), 1847 

Plate 21, figures 16-22; Plate 22, figure 1; Plate 24, figures 1,2 

Hall's original type suite of A. bcllislriata was com- 
posed of two synt)pes (1847, pi. 36, figs. 4a-d) ; of these 
at least the specimen used by Hall for his figure 4a was 
examined by Ulrich (1894, p. 492) at the American Mu- 
seum of Natural History (A.M. No. 717/2) . Unfortunately 
this specimen can no longer be located. The second of 
Hall's syntypes (1847, pL 36, figs. 4b-d) is herein figured 
on Plate 21, figures 16-19. This specimen is now housed at 
the New York State Museum in Albany (N.Y.S.M. No. 
2232) ; it was obtained by the Museum from Ward's Natiual 
Science Establishment which purchased the Moore Collec- 
tion around the year 1900. In the original descri]3tion of 
A. bellistriata, Hall (1847, p. 164) noted that the speci- 
mens were from the "Cabinet of Mr. Moore of Trenton 
Falls [New York];" in addition, the specimen compares 
favorably with Hall's original figines and there is no doubt 
that it was the specimen irsed by Hall for his figures 4b-d. 
This specimen is herein chosen as the lectotype of the 
species; tlie missing syntype is regarded as a paralectotype. 

Although tlie \al\es of the Iectoty])e ha\e slid over 
each other, the following measurements were taken; length, 
30 mm.; height, 32 mm.; thickness of a single \al\e, 10 mm.; 
and diagonal dimension, 39.5 mm. Around the edge of the 
shell there are about 30 costellae in 10 mm., giving an avei- 
age of about three costellae per mm., and the shell is crossed 
by a series of rather obscure concentric undulations. In the 
anterodorsal portion of the left valve, where it is partially 
covered over by the right valve, there appears to be a 
remnant of an anterior lobe (PL 21, fig. 18). The speci- 
men is from the Trentonian rocks of New York. 

At the United States National Museimi there are two 
plaster casts of the lectotype of A. bellistriata (U.S.N.M. No. 
4827). On the label identifying these molds there is a 
handwritten comment by E. O. Ulrich that the specimen 
herein regarded as the lectotype of A. bellistriata (Hall. 
1847, pi. 36, figs. 4b-d) is a different species from the para- 
lectot)pe (Hall, 1847, pi. 36, fig. 4a) . LUrich goes on to 
write that he had acce])ted the specimen ilhistiated by Hall 
in figine 4a as the "type" of A. bellistriata. However, in 
none of Ulrich's ambonychiid works seen by me does he 
make mention of choosing a lectotype for A. bellistriata. 

In 1894 (p. 492) Ulrich made mention of having examined 
the types of A. beiUstriata, but he included both of Hall's 
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original sj^ecimens and did not choose one or the other as 

a lectotype. 
Ulrich's 1894 hypotype ot A. bcllistriata (U.S.N.M. 

No. 46084) is a smaller specimen than the lectotype with 
the following measurements: length, 27.5 mm.; height, 
27 plus mm.: thickness. 9 mm.: and diagonal dimension, 
35 plus mm. In this specimen (PI. 21, figs. 20-22) there 
are about 2Vz to 3 costellae per mm. around the edge of 
the shell. No anterior lobe or "clavicidar impression" is 
present; what Ulrich figured as such structures (PI. 21, figs. 
21-22) seems to be the residt of preparation. Ulrich's speci- 
men is from the Trentonian rocks of Minnesota. 

In addition to the above materials, several new speci- 
mens of this species are figured herein; these latter materials 
show that the species possesses a small anterior lobe. 

Ambonychiopsis? curvata (Raymond), 1905 

This species is from Chazyan rocks of New \'ork State. 
It was questionably assigned to Ainbonychia by Raymond 
pending the finding of costellae. In 1916 Raymond again 
discussed this form, however, his figures show neither cos- 

tellae nor an anterior lobe. 

Ambonychiopsis orbicularis (Emmons), 1842 

Plate 22, figures 1318: Plate 23, figures 1, 2 and 12-15 

This species was placed in Ambonycliia by Hall in 
1847, at which time he figured two hypotypes. The speci- 
men figured by Hall on plate 36, figure 5a (N.Y.S.M. No. 
2233) is herein figured on Plate 22, figures 16-18. This speci- 
men preserves the posterior adductor muscle scar (PI. 22, 
fig. 18) and perhaps a single anterior byssal retractor scar 
(PI. 22, fig. 16). Its measurements are: length, 49 mm.; 
heiaht, 47 mm.; thickness, 14 nmi.; and diagonal dimen- 

sion, 55 mm. 
The specimen figured by Hall on jjlate 36, figures 5b-d 

is herein figured on Plate 22. figures 13-15 (A.M. No. 
716/1) ; this hypotype shows a prominent anterior lobe 
and the so-called clavicular space. Its measiuements are: 
length, 52 mm.; height, 56 mm.; thickness, 15 mm.; and 
diagonal dimension, 62 mm. Hall figured the costellate 
prosopon of this specimen, however, the small costellate 
area of shell material which Hall indicated as being present 
in his figure is no longer on the specimen. 

Also at the American Museum there is an imfigured 
Hall hypotype of this species (A.M. No. 716/1) ; the speci- 
men is somewhat distorted in that the umbo has been 
pushed medially. However, the anterior lobe still shows, 
as does the "cla\icular impression." 

In  :iddition  to  the  above  hypotypes  a  series  of new 

specimens of A. orbicularis is figured herein. These clearly 
show the costellate prosopon (PI. 23, fig. 13), anterior lobe 
(PI. 23, fig. 13), posterior adductor muscle scar (PI. 23, 
fig. 12), and anterior byssal retractor scar (PI. 23, fig. 14). 
The new materials make A. orbicularis the morphologically 
best known species jjresently assigned  to Ambonychiopsis. 

Emmons named this sj)ecies Ptcriuca orbicularis in the 

re]jort on the Second District in the Geology of New York 
(1842, p. 395). His description and figure are exceedingly 

generalized, and his original material coidd not be located. 
Because the type materials of Early Paleozoic pelecypods 
are stored in many museimis, and because the revision of 
the original descri]3tions has only begim in recent years, 
no neotype is chosen for Ambonychiopsis orbicularis (Em- 

mons) . 

As far as known this species is limited to rocks of 
Trentonian age in New York State. Wilson's 1956 speci- 
men from the Ottawa formation of Canada is not well pre- 
served, and whether or not it belongs to this S|jecies cannot 
be deteiniined. As mentioned above A. a)uyg(lalina (Hall) 
may be a jiuiior synonym of A. orbicularis (Emmons). 

Ambonychiopsis planisfriata (Hall), 1861 

Plate 23, figures 3-9 

Hall's original proposal of this species included no 
figures and it was not until 1895 that Whitfield figmed two 
of Halls three syntypes. Of the three syntypes only one 
shows costellae; this specimen is herein figmed on Plate 
23, figure 8 (A.M. No. 922/1) and is chosen as the lecto- 
type of the species (Whitfield, pi. 7, fig. 3). It has the 
following dimensions: length, 45 mm.; height, 40 mm.; 
thickness, 12 nun.; and diagonal dimension, 53 mm. There 

are about l'/4-2 costellae per mm. around the edge of the 
shell and the specimen shows vague concentric imchdations. 
The other two specimens are regarded as paralectotypes. 

Ulrich's 1894 hypotypic suite consists of two specimens, 
only one of which was figured by him. The specimen shown 
here on Plate 23, figures 3-6 was figiued by Ulrich on his 
plate 35. figures 3-4 (U.S.N.M. No. 46086). Its measure- 
ments are: length, 37 mm.; height, 31 nun.: thickness of a 
sinffle valve, 13 mm.; and diasjonal dimension, 45 mm. The 
specimen appears to be compressed clorso\entrally, and the 
light uj)])er imibo and be;jk ha\e been reconstructed with 
dental wax by the original describer; it has 2 to 2!4 cos- 
tellae per mm., and a series of prominent concentric un- 
dulations. 

Ulrich's imfigured hypotype (M.G.S. No. 8327) is 
shown herein on Plate 23, figure 9; it is not well preserved 
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but does siiow concentric mxliilations and about 2'/2 to 3 

costellae per mm. 

For Ulrich the major distinguishing feature of this 
sjjecies was prominent concentric imthdations. However, 
this featine occms in other forms and cannot by itself con- 
stitute the main specific taxobasis. 

Hall rejjorted A. plauistriuta as occurring in the Tren- 
tonian rocks of Wisconsin, the museimi label accompanying 
Ulrich s figured li\potype places it in the Hlackri\eran of 
Wisconsin, and Bassler (1915, p. 31) listed the species as 
occurring in the Blackriveran of Illinois, Minnesota, and 
Wisconsin. 

In adcHtion to the abo\e species, Bassler (1915) listed 
the species Ainbonychia illhiniscusis ^Vorthen. .1. scptcu- 
trioualis ^\'hitea\■es, and A. undidatus (Whitfield) as lie- 
longing to AinhdiiytIlia leased on A. bclUstriaUi. None of 
these species has an anterior lobe, and they are not herein 
regarded as belonging to Anibonychiojisis: however, their 
proper generic assignments are inuertain. 

Ambonychiu illinoisensis is Late Ordovician in age, 
ambonychiid in shape, and has costae. It may belong to one 
of the Late Ordo\ician costate genera, however, I have not 
seen the original material of the species and cannot assign 
it to a particidar genus. 

Both A. scptcntrioualis and //. iniiliilnlus (PI. 23. figs. 
10-11) are from rocks of Middle Siluiian age, and both ha\e 
concentric undidations. The former species is described as 
having minute radiating lines (costellae?) , whereas, the 
latter species lacks radial prosopon. A. septcntrioniilis may 
belong to the Sihnian genus Amphicoelia Hall which is a 
costellate form. However, as figured by Whiteaves Ambony- 

chia scptcntrioualis lacks the prominent anteroventral sal- 
ient of Amphicoelia. 

A\'hitfield's 1882 specimen of Auihoiiwhia undulatiis 

is figiued herein (PI. 23. figs. 10-11); it is not so well 
preserved as indicated by him and shows an almost subcen- 
tral upper umbo. If it is an ambonychiid, it may also be- 
long to Amphicoelia, however, new materials of the species 
are necessary before its proper assignment can be deter- 
mined. 

In simimary, the genus Ambouychiopsis contains a 
maximum of six (perhaps fewer) North American species 
which occm in the Middle C)rclo\ician rocks of a rela- 
ti\ely restricted geographic area. Most of the sj^ecies placed 

in the genus are based upon external characteristics only, 
and new materials are badly needed to establish the correct 
taxonomic position of both the American and Scandinaxian 
forms. 

1865. 

1866. 

1866. 

1867. 

1868. 

1868. 

1870. 

1871. 

1889. 

1934. 

Genus AMPHICOELIA Hall, 1865 

Plates 24, 25 

Amt>hiioelia Hall, Advance Printing for the 18th Report on the 
New  York  State   Cabinet,   p.   3 5. 
Amphiiorlia    [Hall],   Winchell    and   Marcv,   Boston   Soc.   Nat. 
Hist., Mem., vol.  1, p. 108. 
Amphicorliii  Hall,  Meek  and  Worthen,  CJeol.  Sur.  Illinois,  vol. 
2, p.  339. 
Amphicoelia Hall, Meek, American Jour. Sci. and Arts, vol. 94, 
p. 173. 
Amphicoelia Hall,  New York State  Cah.  Nat.  Hist.,  20th  Ann. 
Rep., 1st ed., pp. 339 and 387. [Reprinting of Hall, 1865 above; 
title page dated  1867.] 
Amphicoelia Hall,  Meek  and  Worthen,  CJeol. Sur. Illinois, vol 
3, p.  357. 
Amphicoelia  Hall,  New York  State  Cab. Nat.  Hist., 20th  Ann. 
Rep.,  revised ed., pp. 386 and 431.  [Essentially a  reprinting of 
Hall,   1865   above;   title  page  dated   1868.] 
Amphicoelia   Hall,   Geol.   Sur.   State   of   Wisconsin,   1859-1863, 
Palaeont.,   part  third,   p.  42.   [Essentially  a   reprinting  of  Hall, 
1865 above.] 
Amphicoelia Hall, Miller, North .'American Geol. and Palaeont. 
p. 461. 
[.'] Amphicoelia Hall,  Isberg, Studien tJber Lamellibranchiaten 
des Leptaenakalkes in Dalarna, p. 101. 

Type Species.-Amphicoelia leidyi Hall, 1865 (p. 35), 
by nronotypy. 

Diagnosis. —'9.\hhed Ambonychiidae with a prominent 
anteroventral salient and an obtuse angle gamma. 

Dcscripiioti. —Shell ecjuivalved, inecjuilateral. lacking 
an anterior lobe, with a prominent antero\entral salient 
foiniing an obtuse angle gamma; beaks prosogyral, terminal; 
obliquity prosocline; cardinal nrargin long; prosoj>on where 
known of costellae or costae, growth varices, and some- 
times concentric undulations; shell poorly known; no dis- 
cernible byssal gape; byssal sinus prominent; size medium 
to large. 

Ligamental area with dupliviiuular grooves and 
ridges; pallial line imknown; posterior adductor muscle 
scar located in posterodorsal region of the shell, anterior 
adductor muscle scar luiknown; small single anterior byssal 
retractor scar behind each beak; dentition unknown. 

Synonymic discussion.—The generic naine Amphicoelia 
poses an intricate nomenclatinal problem concerning the 
date when it was introduced into the paleozoological litera- 
ture. In at least four different publications, spanning the 
years 1865-1871, Hall introduced Amphicoelia as a new 
generic name. 

Bassler (1915, p. 32) listed the origin of the name 
Amphicoelia as: "Hall, 20th Rep. New York State Cab. 
Nat. Hist., 1868 (extras, 1865) p. 339." Bassler's "extras" 
are a special 48 page publication issued by Hall in 1864-65 
dealing with Sihnian echinoderms, arthropods, and mol- 
lusks, in which Hall named several new specific and "en- 
eric taxa.  This publication  is  entitled:  Account  of Some 
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New or Liltle Knoivn Spcrirs of Fossils from Rocks of tin- 

Age of the Niagara   Group. 

The number of collies of the "extras" issued by Hall is 
uncertain. At the Geology Library of the United States 
National Museum, among Meek's reprints, there is a copy 
of an "extra" which Hall sent to Theodore Gill. The first 
page of this separate is headed: "Printed in Advance, jar the 
ISth Report on the New-York State Cabinet." At the top 
of this page is the tlate December 26, 186-1; inscriljed on 
the page in both ink and j^encil is the handwritten nota- 
tion: "Reed. March 7, 1865." At the bottom of pages 1 
and 9 the date December, 1864 appears; while at the bot- 
tom of pages 17, 25, 'i.*!, II, and 48 the date January, 1865 

ajjpears. 

Hall (1868, i)p. 382-38-?) in an expanded version of 
the Account of Some Neiii or Little Knou'ii . . . wrote: 

The first forty-eiglit pages of this paper were published in De- 
cember 1864 and January 1865 ... On the 27th Dec. 1864, I wrote 
to Prof. Winchell, sending him at the same time the first sixteen 
pages of my paper on Niagara fossils . . . Under date of Dec. 31st, 
1864, Prof. M'inchell replied to my letter of the 27th . . . early in 
January 1865 ... all the matter published by me was in the hands of 
the printer . . . 

The above quotations are taken from a series of com- 
ments Hall wrote concerning a disagreement he was having 
with Winchell and Marcy, who in 1866 had |)id3lished a 
paper on the same Niagaran faiuia whicii Hall hail de- 
scribed in the Advance Printing for the 18th Rejjort. The 
comments show that the Adxance Printing ap]jcared in two 
parts: the first 16 pages in December, 18()l, and the next 
32 pages in January, 1865, Hall (1868, p. 352) noted that 
he had originally intended to publish a more extensive 
version of the 1865 paper, but that the printing of the paper 
was suspended after -18 pages in January, i8()5. These com- 
ments by Hall and the dates which appear at the bottoms 
of the pages of the Advance Printing establish the months 
and years of release of the Advance Printing. 

Hall (1870, p, 317) wrote: "This paper was originally 
printed in advance, in December, 1864, for the Eighteentli 
Report on the New York State Cabinet." However, as in- 
dicated above the Advance Printing aj^jjearcd in two parts 
in December, 1864 and January, 1865. 

The Advance Printing of the paper on Niagaran fos- 
sils was not republished in the ISth Report on the Neiu 
York State Cabinet. The copies of the 18th Report exam- 
ined by me were dated 1865; the table of contents of these 
(opies listed a series of 10 papers inidcr the he.iding: "Con- 
tnbiitions to Palaeontology:  By James Hall." 71ie first of 

these papers bears almost the same title as Hall's Advance 
Printing, however, none of the 10 papers was published in 
the 18th Report. 

In the First Edition of the 20th Report on the Neiu 

York Stale Cabinet (pp. 305-352) Hall republished the 48 
page Advance Printing work and added to it new descrip- 
tions (pp. 353-381) and su])|3lementary notes (pp. 382- 
394). The description of AiuphicoeUa in the First Edition 
of the 20th Report (p. 339) is exactly the same as the de- 
scription jjublished in the Advance Printing   (p. 35) . 

The 20th Report on the Nerv York State Cabinet was 
published in two editions. The title page of the First Edi- 
tion bears the date 1867 and the title page of the Revised 
Etiition bears the date 1868. Howe\er, jireceding the title 
page of the Revised Edition a small slip of paper was pasted 
in by the printer reading: "Note. —This Revised Edition 
ivas completed in IS70, and tlie imprint .should have been 

so dated, instead of /S(>S. the date of the First Edition;" 

Bassler (1915, p. 32) gave the date of the First Edition of 
the 20th Report as 1868, thus, apparently the title page 
of the First Edition is also misdated. On the.se bases, the 
date of the First Edition of the 20th Report should be 1868 

and that of the Revised Edition, 1870. 
In the Revised Edition of 1870 Hall again reprinted 

the descriptions of 1865 and 1868, although some changes 
were made; however, the descrijjtion of Amphicoelia (1870, 
p. 386) differs only slightly from that of 1865 and 1868. 
In 1871 (p. 42) Hall reprinted the 1870 description of 
Amphicoelia. In all foiu jniblications (1865, 1868, 1870, and 
1871) Hall listed Amphi(()elia as a new genus. In 1865 and 
1868 he listed it as: "Genus Leptoclomiis[}] (McCoy). 
Subgenus Amphicoelia (n. g.) ," while in 1870 and 1871 it 
was listed as: "Genus Amphicoelia, N. G." 

It is imcertain as to how many copies of the Advance 
Printing were distributed. Hall (1868, p. 383) made men- 
tion of ha\ing sent out only a single copy of the 1864 por- 
tion, which was sent to Winchell; whether additional copies 
were sent oiu (f)uld not be ascertained. Presumably in 
1865 Hall distributed separates containing all 48 pages of 
the work. The mollusks are described only in the portion 
of the work which a])peared in 1865. and these descriptions 
apparently had fairly wide distribution for the name^m/)/;/- 
coelia was used by Winchell and Marcy (1866), Meek and 
Worthen (1866a), and Meek (1867). These works predate 
the publication of Amphicoelia in the First Edition of the 
20th Re]jort (1868) , and the various authors refer to Hall 
as the proposer of the genus. 

Whether oi not this (onstitutes pid^lication in the sense 
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of the Intcruatioual Code of Zoologiru! Xoincticlatiirc 

(2d Ed., 1964) is uncertain. The C:ode (p. 7. Art. S) lists the 
criteria of publication as follows: 

To be regarded  as published within the meaning of this Code,  a 
work   when   first   issued   must 

(1) be  reproduced  in  ink  on   paper  by  some   method   that  as- 
sures  numerous  identical  copies; 

(2) be  issued  for  the  purpose  of  scientific,   public,   permanent 
record; 

(3) be obtainable by purchase or free distribution;  and 
(4) not  be   reproduced  or   distributed   by   a   forbidden   method 

[Art. 9]. 

Article 9   {p. 9)   of the Code reads: 

None   of   the   following   acts   constitutes   publication   within   the 
meaning of the Code: 

(1) distribution of microfilms,  or microcards, or matter  repro- 
duced by similar methods; 

(2) distribution   to  colleagues   or   students   of   a   note,   even   if 
printed,  in  explanation  of  an  accompanying  illustration; 

(3) distribution  of proof  sheets; 
(4) mention   at   a   scientific  or  other  meeting; 
(5) labelling of a  specimen  in  a collection; 
(6) mere  deposit of  a  document  in  a  library;  or 
(7) after  1950,  anonymous  publication. 

Hall's 1865 Advance Printing was rejirodiiced b) a 
method which assined identical copies; how ninneroiis 
these copies were is uncertain. Several aiithois prior to 
1868 were fairriliar with the ])iiblication, and it is known 

that Hall sent an inscribed separate to Theodore Gill which 
was received by Gill on March 7, 1865. Presimrably Hall 
sent out other separates also, however, he continued to 
refer to A/uphicoclia as a new genus through 1871. Ap- 
parently copies of the 1S65 work were not a\ailable by 
jjiirchase but were sent b) Hall to various colleagues. The 
Advance Printing does not seem to violate Article 9 of 
the Code. 

Bassler (1915, p. 32) did not seem to consider the Ad- 
vance Printing as a valid publication. Meek and \Vorthen 
(1868, pp. 357-358) accepted the Advance Printing as a 

valid publication, although they gave the date of the generic 
name as 1864, while giving 1865 as the date of origin of the 
name of the type species. Neave (1939, p. 154) gave 1867 
as the date when Amphicorlia was proposed. This is prob- 
ably based upon the date given on the title page of the 
First Edition of the 20th Report. 

Hall's 1865 work is regarded herein as a \alid jjublica- 
tion on the bases that identical copies weie printed and that 

a nimiber of these copies were sent out to \arious interesteil 
])arties. The Code does not stipulate how many copies of a 
work must be printed before they are considered to be 
nimierous, and sm;ill eilitions of other works are consideied 
to constitute legitimate publication. 

Because  Hall's   1865  work  is  ditfiiult   to  obtain,   his 

original descri]nion of Ainplii( oclid is cpioted herein   (Hall. 
1865, p. 35): 

Genus  LrpioJr>mus[}'\   (McCoy) 

Subgenus Amphiroi'lin   (n. g.) 

The Acephala present great difficulties in the way of satisfactory 
generic reference; and it is often scarcely possible to arrive at cer- 
tainty  with   regard  to their  true  relations. 

A single species from Wisconsin, which is somewhat numerous 
in individuals, has the general aspect of the more elevated forms of 
Lrptojomus of McCoy; but it cannot nevertheless be referred properly 
to that genus. 

The general form of the shell is subrhomhoidal, \'\'ith ele\'ated 
beaks. The casts present the appearance of a large triangular cartilage 
pit beneath the beaks; and just anterior to this, and separated by a 
thin process on each vahe is an apparent second pit: or the whole 
may be a large cartilage pit divided by a thin septum. No teeth have 
been discovered on the extension of the hinge line. The muscular im- 
pressions are faint and the shell thin. 

The descrijjiion is exceedingl) generalized, howe\er. 
Hail did describe the type species, and in 1868 he illustrat- 
ed this species. In addition, I have seen the type materials of 
the type species, and an adecjuate concept for the name 
Amphicoelia can be established. 

The Swedish species Ampliicodid trausplicalu Isberg 
was placed in this genus by Isberg (1934) ; it has the gen- 
eral shape oi Amphicoelia, including the prominent antero- 
\entral salient, however, it lacks radial prosopon. 

Types and inateriah.— The above description is based 
upon Hall's type materials of Ampliicoelia leidyi (A.M. 
Nos. 1949/1, 2072/1, 2072/2), the hypotypic materials of 
Amphicoelia neglecla of Whitfield (1882, U.S.N.M. No. 
135946) and Kindle and Breger (1904), U.S.N.M. No. 
62322), and several new sjjecinrens. 

Distribution. —In North America this genus is limit- 
ed to rocks of Niagaran and Cayugan age (Middle and Late 
Sihnian). Niagaran species occur in Illinois, Indiana, New 
\'ork, Ohio, Ontario, Tennessee, and Wisconsin: while the 
single Cayugan sjjecies occins only in West Virginia. 

SPECIES   LISTING 

Amphicoelia costata Hall and Whitfield, 1875 

This is a mediinn-sized costate species found in the 
Niagaran of Ohio. 

Amphicoelia leidyi Hall, 1865 

Plate 24, figures 3-10; Plate 25, figure 5 

This is the type sj^ecies of the genus: it was cjuestion- 
ai)l)- placed in synonymy with A. neglecla (McChesney) 
by Hall in 1870 and 1871, however. Hall (1865 and 1868) 
m;tde no mention of the possible synonymy. 

Of the three specimens figured by Hall (1868, 1870. 
and 1871), the specimen  (A.M. No. 2072/2)  shown by him 



168 PAI.AKONlOGRAPHKiA AMERICANA   (V,  3(l) 

on plate 14. figure 11 (PL 21, ligs. 8-10) is chosen as the 
lectotype of the species AinpliicocUa Icidyi Hall, 1865. 
The measurements of this specimen are: length, 57 mm.; 
height, 53 mm.; thickness of a single valve, 16 mm.; and 

diagonal dimension, 59 mm. o 
A. Icidyi has been reported fiom the Niagaran of Illin- 

ois, Indiana, Tennessee, and A\'isconsin. Hall's 1870 speci- 
mens of A. Icidyi from the Niagaran of Indiana (PI. 25, 
fig. 3)   are too poorly jjreser\'eil to be properly  itlentified. 

Amphicoelia neglecta (McChesney), 1861 

Plate 24, figures 11, 12; Plate 25, figures 1, 2 

This specific name was cjuestionably ])laced in syn- 
onymy with A. leidyi by Hall (1870 and 1871); VVinchell 
and Marcy (1866) , Meek and Worthen (1868) . and Whit- 

field   (1882)   regarded  the  two  names  as  synonyms. 
McChesney described this species in 1861, but did not 

figure it imtil 1865. I have not seen McChesney's original 
material, however, his 1865 figine 2a, plate 9, compares 
favorably with Hall's type specimens of A. Icidyi, and the 
two names are probably synonyms for the same species. 
A. neglecta has been reported from the Niagaran of Illinois, 
Indiana. Ontario, and ^\'isconsin. 

Amphicoelia orblculata (Hall), 1852 

This Niagaran form was cjuestionably placed in Avi- 
cwVa by Hall (1852, p. 284) an Anicitla} orbiciilala (n.sp.) . 
Previously (1843, p. 202) Hall had described a Devonian 
.species as Aiiicula orbiculato, n. sp., which he subsecpiently 
(1883 and 1884a, b) placed in the genus Lyriopcctcn Hall 
as L. orbiculatus. See Newell (1938, p, 38) for a discussion 
oi Lyriopcctcn orbiculatiis (Hall), 1843. 

Whitfield and Hovey (1899, p. 156) placed Avicula} 

orbiculata Hall. 1852. in the genus Amphicoelia as A. 
orblculata; Bassler (1915, p. 33) accepted the assignment 
to Amphicoelia. Grabau (1901, p. 208) named the new 
species Lyriopcctcn orbiciiloides; he listed this species as: 
"Lyriopcctcn orbiciiloides (nom. nov.) cf. Avicula (?) 
orbiculata Hall (1852, Pal. N.Y. 2:284, pi. 59) . . . The 
identification with Hall's species and the generic reference 
are provisional." 

Hall's original figiue of this species is of a poorly 
preserved right valve which shows no radial prosopon, and 
the placement of the species in Amphicoelia must be 
considered as tentative. 

Amphicoelia ulrichi Maynard, 1913 

This is a costate species rejiorted only from  the Late 
Silurian of West Virginia. 

In Europe Isberg (1934) assigned the concentrically 
marked species Amphicoelia transplicata Isberg to this 
genus. Winchell and Marcy (1866) suggested that Amphi- 
coelia leidyi be compared to Atnciila triton Salter, and Is- 
berg (1934) placed this latter species in Anipliicoelia. As 
figured by Hind (1910) Amphicoelia triton is a costellate 
species with a prominent antero\entral salient; he reported 
the species as in the Llandeilian (Middle Ordovician) and 
Llandoverian (Early Silurian) of Scotland. The specimens 
of A. triton figined by Hind piobably belong to Amphi- 
coelia. Hind's figines are of much smaller specimens than 
Salter's original figure (1848) . and whether the Llandeilian 
and Llando\'erian materials belong to the same species is 
inicertain. No North American species of Amphicoelia is 
known from rocks as old as those of Chazyan age. 

Remarks. — I coidd not confirm some of the details of 
the morphology of the genus on the materials available to 
me, and tlie following morphological details are known 
only from the descriptions of previous authors. 

Meek and Worthen (1868) and Winchell and Marcy 
(1866) reported the jjresence of a longitudinally striated 
ligamental area; undoubtedly they were writing of a dupli- 
vincular type of ligament. Winchell and Marcy (1866) de- 
scribed a "duplex, crescentic posterior muscidar scar," in- 
ilicating the presence of both a jjosterior adduttor and a 
jjosterior byssal-pedal retractor muscle; specimens at my 
disposal show only remnants of the jiosterior adductor scar. 
Meek and "Worthen (1868) considered the genus to be 
edentidous, howe\er, Winchell and Marcy (1866) described 
cardinal teeth; because of this discrepancy the dentition 
of the genus is herein regarded as imknown. 

Meek and Worthen (1868, p. 385) described the genus 
as being slightly inequivalved; 

The almost, if not quite, equivalve character of this shell might 
be supposed to throw doiihts upon the suggestion that it belongs to the 
.4'vuuluiai'. The fact, however, that its broad, striated cardinal area 
inclines more or less over to the right, in both valves, indicates a 
want of exact symmetry of the two valves not at all apparent in the 
internal cast, and much as we often see in Myalina, and other types of 
that family. 

I have seen no shelled specimens of this genus and, as in- 
dicated by Meek and "Worthen. molds and casts show an 
equality of the vahes. Hall considered the type species of 
the genus to be equivalved, ami no other authors mention 
a possible inecjuality of the. valves. Perhaps Meek and Wor- 
then had distorted materials; they do not figure any 
shelled specimens. Until shelled materials are figured which 
show valve inequality it seems best to consider the genus 
to be eqiuvalved on the basis of the known molds and casts. 

Hall, in the original description of the genus, wrote of 
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a large triangular "cartilage" pit beneatli the beaks, just 
anterior to which is a second such pit. Alternatively he 
thought that the two pits might be a single such structure 
cli\idecl by a thin septimr. What Hall had in mind when 
he described these pits is uncertain. Molds often show a 
prominent space between the incmved beaks and the plane 
of commissure (PI. 24, fig. 8) which presumably was oc- 
cupied by the ligamental area: however, there are no 
structures resembling resilifers. 

Meek (1867. p. 173) described what he called "little 
ears" between the beaks of Amphicoelia: "A . . . ca\it) 
exists between the beaks of AmpliicocUa, Hall, from the 
Upper Sihnian; and internal casts of these look very much 
like little ears . . . : but good specimens of the shell pre- 
serving perfectly the anterior margins of the valves, siiow 
clearly that there is no external anterior ear whatever." 
What ca\ity Meek had in mind is micertain; however, in 
one of Hall's ]jaralectotypes of Atnphirorlia Icidyi there 
is a small projecting structine forward of the beaks   (PI. 
24, fig. 7). This projection may be the "little ear" of Meek 
and the anterior "cartilage" pit of Hall. 1 have seen the 

structure only on the paralectotype nrentioned above; it 
may represent the filling of some shell cavity such as a 
muscle scar, or it iriay not be organic in  its origin. 

Hall originally described Amphicoelia as a subgenus 
of Leptodoinus McCoy, 1844. This assignment was disputed 
by Meek and Worthen (1866a and 1868) and by ^Vinchell 
and Marcy (1866) ; by 1870 Hall regarded Anipliicoclia as 
a distinct genus. 

On Whitfield's (1882) hypotyjie of A. iico^lcflii the cos- 
tellae vary somewhat in si/e aroiuul the ventral edge   (PI. 
25, fig. 2) . This featine suggests that there may have been 
some costellate multiplication in at least some individuals 
belonging to Amphicoelia. 

Genus ANOMALODONTA Miller, 1874 

Plates 25-29 

1874.   Anomalodoniit   Miller   [partim~\,   Cincinnati   Quart.   Jour.   Sci., 
vol.  1, pp.  16  and  326. 

1874. Mcgiiptrrii Meek and Worthen [/"/j/Y/m], White, American Jour. 
Sci.  and  Arts,  vol.  108,  p. 218. 

1875. AnomaloJonta   Miller   [parlim'\,   Cincinnati   Quart.   Jour.   Sci., 
vol. 2, p. 280. 

1875.   Opisthoplrra  Meek   [partim^,  W^hite,   American   Jour.   Sci.   and 
Arts, vol. 109, p. 318. 

1881.   Anomalodonta    Miller,    Zittel,    Handliuch    der    Palaeontologie. 
Aht. 1, Band 2, p. 36. 

1889.   Anumalndonta   Miller    [piirlimi.   North   American   Geol.    and 
Palaeont., p. 462. 

1893   (1895). AnomaloJonta  Miller  Ipartim^,  Ulrich,  Geol.  Sur.  Ohio, 
Rep., vol. 7, p. 636. 

1908. AnomaloJonta    Miller    [partim^,    Cumings,    Dept.    Geol.    and 
Nat. Resources  Indiana,  32d  Ann.  Rep.,  pp.  978  and  987. 

1909. [A'on] AnomaloJonta Miller, Grahau and Shimer, North Amer- 
ican Index  Fossils,  vol.  1,  p. 430. 

1926. [ ?] AnomaloJonta Miller [parlim^, Hussey, Mus. of Geol., 
Univ. of Michigan, Contrib., vol. 2, No. 8, p. 166. 

1931. AnomaloJonta Miller, McFarlan, in Jillson, Kentucky Geol. 
Sur.,  Paleont. of Kentucky,   p.   113. 

Type Species. —Anotnalodotitu jj^ii^iinteii Miller, 1874a 
(p. 17), by subsequent designation of Miller, 1874c (p. 
333). 

Dtagjiosis.— harge simjjlicicostate monomyarian Am- 
bonychiichie lacking lateral teeth and with only a single 
poorly developed cardinal tooth in tlie right valve. 

Description. — Equivalved, inecjuilateral shells lacking 
an anterior lobe; beaks terminal and prosogyral; obliquity 
prosocline; prosopon composed of concentric growth lines 
and simple radial costae; ostracum two layered; byssal sinus 
more or less prominent: byssal gape long, wide, fusiform; 
size large. 

Ligamental area jiossessing duplivincular grooves and 
ridges which run the length of the cardinal margin, liga- 
mental areas do not diverge greatly, diverge more posteriorly 
than anteriorly: pallial line inlegropalliate, attachment dis- 
continuous throughout almost its entire length, terminates 
in the luiilional cavity just below beaks: only one adductor 
muscle (the jjosterior) is j^resent, it is located subcentrally; 
dorsal to the jjosterior adductor scar is a smaller posterior 
byss;d-pedal retractor scar, there is a large bifid anterior 
byssal retractor scar behind the beak on the posterior um- 
bonal slope: dentition composed of a snrall poorly develojjed 
cardinal tooth in the right valve, and a socket in the left 
valve, no lateral teeth, essentially edentulous. 

Synonymic discussion. — This genus contains only one 
species Anomalodonta gigantea Miller. Most references to 
the genus include several other species besides A. gigantea 
and, thus, refer only in part to Anomalodonta; these other 
species are no longer assignable to this genus. 

Hussey's 1926 species A. griffini belongs to Opislliop- 

tera. Concerning the other material he assigtied to Anomalo- 

donta, the hinge line is known in none of these ;nicl. thus, 
they can be assigned only questionably to the genus. 

Distribution. — So far as known this genus is limited 
to the Late Cincinnatian (Riclimond) Arnheim and 
^\'aynesville formations in the Tiistate Area of Ohio, In- 
diana, and Kentucky. It irray also occin in the Richmond of 
Michigan and Ontario   (Whiteaves,  1909) . 

Species listing.—Only one species is at present as- 
signed to this genus, Anomalodonta giga?itea Miller. Megap- 
teru [Opistlioptera] casei Meek and Worthen which was 
placed in the genus by Miller is the type species of 
Opisthoptera and differs from Anomalodonta gigantea in 
the posse.ssion of a  posterior wing and   nudtiple  ribs. 

Ambonycliia  costata  Meek which  was placed  in Ano- 



170 PALAEONTOGRAPHICA AMERICANA (V, 36) 

tnalodonta by Vhich (1893 (1895) , p. 637) iind Ambony- 

chia alata Meek which was transferred to Anonuilodonta 

by Miller (1874a, p. 16) are herein considered to be syn- 
onyms. The species Anomalodnntu alata (Meek) possesses 
both cardinal and lateral teeth and is herein returned to 
the genus Ambonychia Hall, as Ambonychia alata  Meek. 

Anomalodonta plicata Ulrich (PI. 26, figs. 7-8) is 
foiuided upon poor material, and it is doiibtfid if its 
proper generic assignment can be ascertained. Anomalo- 

donia griffini Hussey belongs to the genus Opisthoptera 

and will be discussed imder that genus. 

Remarks and comparisons. — Anoimilodouta seems to 

be closely related to the genus Ainbonyt liia Hall, from 
which it differs only in its dental structures. Both genera 
are sim])licicostate, monomyarian, and have a prominent 
byssal gape. These genera form part of a Late Ordovician 

expansion of ribbed, monomyarian ambonychiids. 

SPECIES   DESCRIPTION 

Anomalodonta gigantea Miller, 1874 

Plate  25,  figures  6-10;   Plate  26,  figures  1-6,  9-14;   Plate  27,  figures 
1-9; Plate 28, figures 1-9; Plate 29, figure 1 

1874.   Anomalodorila gigantcii Miller, Cincinnati Quart. Jour. Sci., vol. 
1, pp. 17 and 327, figs. 7-9. 

1889.   Anomalodonta   gigantea   Miller,    North    Ainerican   Geol.    and 
Palaeont.,  pp.  462-463,   figs.  776-778.   [Same  figures   as  Miller, 
1874.] 

1893     (1895).    Anomalodonta    gigantea    Miller,    tllrich,    Geol.    Sur. 
Ohio,  Rep.,  vol. 7,  p.  637,  pi.  50,  figs.  1-4. 

1908.   Anomalodonta  gigantea  Miller,  Cumings,  Dept.  Geol.  and  Nat. 
Resources   Indiana,   32d   Ann.  Rep.,   p.   968,   pi.   43,   figs.   1-lb. 
[Same  figures  as  Ulrich,  1893   (1895).] 

1915.   Anomalodonta   gigantea   Miller,   Butts,   Kentucky   Geol.    Sur., 
ser. 4, vol. 3, part 2, p. 48, pi. 8, fig. 20. 

1926.   [?]   Anomalodonta sp.  cf.  gigantea   [Miller],   Hussey,  Mus.  of 
Geol.,  Univ. of Michigan,  Contrib.,  vol. 2,  No.  8,  p.  166,  pi.  3, 
fig. 7. 

1931.   Anomalodonta gigantea Miller,  McFarlan,  in Jillson,  Kentucky 
Geol.  Sur.,  Palcont. of Kentucky,  p.  113,  no fig. 

1955.   [ ?]  Anomalodonta gigantea [Miller], Caster, Dalve, and Pope, 
Elem. trJuide to the Fossils  and  Strata of the Ordovician in the 
Vicinity of Cincinnati, Ohio, p. 41, pi. 5, fig. 31. 

Diagnosis. — Anomalodonta with 30-10 costae. 

De.'icripiion. —ShtW cjuadrate; possessing 30-40 costae; 
angle gamma, 90-100 degrees; umbones rounded, not keeled, 
projecting 2-3 mm. above the cardinal margin; greatest 
convexity of a single valve, up to 20 mm.; diagonal dimen- 
sion, up to 100 mm.; byssal gape wide, up to 12 mm. long, 

in shelled materials located about its length below the peaks 
of the umbones. in molds located about half its length be- 
low the umbonal peaks; byssal sinus more or less prominent; 
size large. 

Muscidatuie, ligamental area, and dentition com- 
jjletely known, and as in the generic description. 

Types and materials.—The above description is based 
upon Miller's original syntypic suite (W.M. No. 8851), one 
of Ulrich's 1893 (1895) hypotypes (U.S.N.M. No. 4(5088). 
Hus,sey's figured specimen (U.M. No. 9825), and eight new 
sjjecimens. Of the latter, the three loaned to the author by 
Dr. A. L. McAlester of the Peabody Mirseum (Y.P.M. Nos. 

23323, 23324, and 23325) are especially well preserved and 
illustrate the complete hinge line of the species. 

None of Miller's original syntypes are complete, and 
the original author pre]3ared the materials poorly (PI. 26, 
figs. 1-6) ; tire duplivincular ligamental structures were 
carved in, rather than exposing the original grooves and 
ridges, as were the large tooth and socket which appear to 
traverse the entire ligamental area. The new materials 
show that the dental structures are entirely below the 
ligamental area as is typical of ambonychiids. Miller's ma- 
terials are iinicpie in that two of his four specimens show 
what appears to be prismatic structine in both ostracal lay- 
ers. Of Miller's syntypes the one figured by him on j^age 17, 
figure 7. and herein figured on Plate 25, figures 6-8 is 
chosen as the lectoty])e of the species. None of Miller's 
specimens are comjjlete and, thus, no measurements are 

given; in addition, none of his specimens show tlie complete 
costal number of the species. The lectotype has several lay- 
ers of paper glued to its exterior surface, thus, its outer sur- 
face is imknown. The paper was glued on by Miller be- 
cause of the fragmentary nature of the specimen. 

The new materials described herein are the first speci- 
mens of this species to be described in the literature since 

Ulrich, 1893 (1895). 

Distrihiilion.—The distribution of this species is the 
same as tiiat of the genus. 

Remarks and comparisons.—Miller in his original 
description of this species figured and mentioned what he 
considered to be an anterior adductor muscle scar. He in- 
terpreted a low anteroventral shell fold (PL 25, fig. 8) as 
a muscle scar. This is just an irregularity in the inner ostra- 
cum of the shell; such irregularities are not uncommon 
among some groups of pelecypods such as the luiionids. This 
particidar fold does not have the characteristics of a muscle 
scar; in addition, the pallial line continues past this fold 
into the umbonal cavity; nowhere along the course of the 
pallial line is there an e.xpansion which might indicate 
the presence of an anterior adductor scar. Thus, the genus 
is herein regarded as monomyarian. 

Miller (1874a, p. 16) interpreted the grooves and 
ridges seen in the growing margin of the shell (PI. 28, 
figs. 7-8) as "cartilage" grooves. As discussed in the mor- 
phology  section of  this  work,  the  marginal grooves  and 
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ridges probably had nothing to do with liganiental inser- 
tions. 

Ulrich's (1893 (1895) ) criterion for recognizing in- 

ternal molds of this genus was the presence of "a variable 
number of large, irregular folds" below the posterior liga- 
niental area. On this basis he created the species Anomalo- 
cloiUa plicatn (PI. 26, figs. 7-8) for a single specimen in 
which the hinge structure is unknown. While the lectotype 
of A. gigantea (PI. 25, fig. 8) shows a shell thickening in this 
region, such a thickening is not present in other shelled spec- 
imens (PI. 28, fig. 1) . Such a generic criterion woidd be 
tlifficidt to a]3])ly because irregidarities in the inner sliell 
surface of li\ing forms are not consistent from indi\idual 
to individual. 

A)ioiiialodi»ilii gigantea can be (Hstinguished from 
other large simplicicostate Richmond foims (which at jsres- 
ent are assigned to the genus Auibonydiia Hall) by the lack 
of umbonal carination in Anoutalodutila. Because the denti- 
tion of the large Richmond Ambonychias is almost un- 
known, some of them may eventually have to be reassigned 
to Anomalodonta. 

Genus ANOPTERA Uhich, 1893 (1895) 

Plates 28, 29 

1893     (1895). Anoplrra Ulrich, Gcol. Sur. Ohio, Rep., vol. 7, p. 649. 
1918.   Clioiiychia  Foerste,  Ottawa  Naturalist,  vol.  31,  p.  121. 

Type Species. —Anoptcra miseneri XJh'nh, 1893  (1895) 

(p. 650), by monotypy. 
Diagnosis. —SvmW Ambonychiidae vviih concentric 

prosopon, prominent byssal sinus, and with the height 
greater than the length. 

Description.—SheW equivalved, inequilateral, rectangu- 
lar and erect, and lacking an anterior lobe: beaks terminal 
and prosogvral, project far forward; prosopon composed of 
concentric growth lines only, these are nimierous, jjromi- 
nent, and almost imbricating: only outer shell layer known, 
indicating a two layered shell: no discernible byssal gajje: 
byssal sinus prominent: size small: height greater than 
length, and approaching the diagonal dimension. 

Internal and ligamental feattnes imknown except for 
the presence of a bifid anterior byssal retractor scar in one 
species. 

Synonymic discussion.—This genus was foinidetl for a 
sjjecies of Richmond shells which occurs in the Tristate 
Area of Ohio, Indiana, and Kentucky. It is not well known, 
but on the basis of the evidence available at present it seems 
to be distinct. 

Foerste's 1918 species C.lionycliia (Dioiista from north- 
ern Michigan is similar to Anoplera uiiseneri Uhich and is 

herein reassigned to Auoptera. Anoptcra angiista possesses 
the concentric prosopon of the Middle Ordovician genus 
Cleionychia Ulrich: however, it is similar to Anoptcra in 
the presence of the closely crowded growth lines, the prom- 
inent byssal sinus, the projecting beaks, and in the height 
being greater than the length. 

Distribution.—This genus is limited to rocks of Rich- 
mond age in the Tristate Area of Ohio, Indiana, and Ken- 
tucky, in Michigan, and perhaps in Ontario, Canada. 

Species listing.—Only two species are presently assigned 
to the genus: Anoptcra misencri Ulrich, 1893 (1895) and 
Anoptcra angusta   (Foerste), 1918. 

Retuarks and comparisons.-Vh-ich (1893 (1895)) de- 
scribed the genus as having an edentidoiis hinge line, an in- 
ternal ligament, and a posteroventrally placed posterior ad- 
du( toi- muscle scar, and he described the pallial line. None 
of the known material of the genus shows any of these struc- 

tures imecjuivocally. 
This genus is similar to Cleionychia Ulrich of the 

Middle Ordovician. It differs in the much more ninnerous 
growth lines, the more prominent byssal sinus, and the 
relationship of the length to the height of the shell; in 
Clcionyclria the length and height are subequal with the 
lengtii usually being the greater. In addition, the promi- 
nent Ijyssal sinus and relatively sinall length of the shell give 
Anoptcra an appearance different from that of any species 

assigned to Cleionychia. 

SPECIES DESCRIPTIONS 

Anoptera miseneri Ulrich, 1893 (1895) 

Plate 28, figures 10-17; Plate 29, figures 2-6 

1893     (1895).   .-irioplrra   misnirri   Ulrich,   Geol.   Sur.   Ohio,   Rep.,   vol. 
7,  p.  650,  pi.  50, figs.  5-9. 

1925.   [?]  .Innptrra  rf.  misnirri Ulrich,  Dyer,  Ontario  Dept.  Mines, 
.•\nn. Rep.,  vol.  32,  pt.  7,  1923,  p.  57. 

Diagnosis. —Anoptcra with closely spaced growth lines, 

and angle gamma close to 90 degrees. 
Description.-Shell ovately rectangular, erect; angle 

gamma, about 90 degrees; lunbones rounded, and with a 
prominent space between their anterior faces and the mid- 
sagittal plane of the shell (in molds) : thickness of a single 

valve, 3-5 mm. 
Interior luiknown, except for a bifid anterior b)ssal 

retractor scar. 
Types and materials.— The above description is based 

upon Ulrich's original syntypic series (U.S.N.M. Nos. 
46090, 46091, 142814) , and two additional specimens. This 
is an imcommon species, which in part accoimts for the few 
known specimens and the lack of knowledge of most mor- 
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phological details. None of the materials of this sjjecies is 
well preserved; specimens being various types of molds and 
casts, or preserving only the external ostracal layer. 

Of Ulrich's original syntypes the specimen figured here 
on Plate 28, figures 10-12 is chosen as the lectotype; this 
specimen was figured by Ulrich on his plate 50. figures 5-6, 
(1893 (1895)). The dimensions of the lectotype are: length, 
16 ram.; height, 20 mm.; thickness of a single valve, 3 mm.; 
and diagonal dimension, 21 mm. Tire jjaralectotype figined 
herein on Plate 28, figures 14-17 has the following measme- 
ments: length, 20 mm.; height, 24 mm.; thickness of a single 

valve. 4 mm.; and diagonal dimension, 26 mm. 

Distribution. — This species occurs in the Tristate Area 
of Ohio, Indiana, and Kentucky, in the Waynesville and 
Whitewater formations (Richmond) , and perhaps in the 
RichmontUan rocks of Ontario, C^anada. Tlie only speci- 
men collected by the author is from the Whitewater forma- 

tion of Indiana. 

Anoptera angusta (Foerste),  1918 

Plate 29, figures 7-9 

This species was originally referred to Clciotiychia by 
Foerste as explainetl above. Foerste's lioloiype (U.S.N.M. 
No. 78463) has tiic following dimensions: length. 17 mm.; 
height, 23 mm.; thickness, 3 mm.; and cUagonal cUmension, 

27 mm. 

There seems to be no significant difference between 
this species and Anoptera misencri; both names may refer to 
the same species, but more material of A. angusta is needed 
before this can be determined. 

Hussey's (1926) specimens of A. angusta (U.M. Nos. 
9818, 9819) are herein figured on Plate 29, figures 8, 9. 
They are probably poorly preserved specimens of A. an- 

gusta. 

Genus AMBONYCHIA Hall,  1847 

Plates 29-32 

For the synonymic, taxonomic, and morphologic details 
of this genus see Pojeta (1962). Only sudi new facts and 
materials as have been discovered since that monograph are 
considered herein. As discussed above under the genus 
Ambonycliiopsis (p. 160) the name Auibonychia must be 

based upon the species A. radiata Hall, 1847. rather than on 
A. bcUistriata Hall, 1847 as was heretofore thought to be the 
case. This invalidates the generic name Byssonychia Ulrich, 
1894 which was u,sed for this genus by Pojeta (1962). 

Z)wg/ioi(5.—Simplicicostate monomyarian Ambony- 
chiidae, with cardinal and posterior lateral teeth. 

New materials and species de.seriptlons.—Only one 
species is discussed here in detail; this is the form which has 
been known by the name Anonialodonta alata (Meek) . New 
materials show that this species possesses both cardinal and 
posterior lateral teeth, and it is, therefore, reassigned to 
Ambonychia. In addition to this detailed description, sev- 
eral other species are briefly mentioned, because of the 
finding of new specimens which show hitherto poorly 
known moi phological details. 

Ambonychia alata Meek, 1872 

Plate 29, figures 10-19; Plate 30, figures 1-14, 16-21; Plate 31, 

figures  1-6;   Plate 47,  figure  1 

1871. .1 mhoriyc/iiii costata Jaines [nomcti nudum~\, Catalogue of the 
Lower Sil. Fossils, Cincinnati Cjroup, p. 13. 

1872. .Imlionychia (Mcgaptrni) alala Meek, Acad. Nat. Sci. Phila- 
delphia, Proc. for 1871, part 3, p. 319, no fig. 

1873. .}mitonychia costata James, Meek, Geol. Sur. Ohio, Rep., vol. 
1, part 2, Palaeont., p. 130, pi. 12, figs. 5a-c. 

1873. .4ml>onychla {Mcgaptcra) alata Meek, Geol. Sur. Ohio, Rep., 
vol. 1, part 2, Palaeont., p. 131, pi. 11, fig. 9 and pi. 12, fig. 10. 
[Reprinting of  Meek,   1872  aliove.] 

1874. Ambonychia costata [Meek], Miller, Cincinnati Quart. Jour. 
Sci., vol. 1,  p.  15, no fig. 

1874.   .inomalodonta   alata   (Meek),   Miller,   Cincinnati   Quart.   Jour. 
Sci.,  vol.  1,  pp. 223  and  328, no fig.  [P. 223  is a  reprinting of 
Meek,  1872 above.] 

1889.   .-Inomaloclonta alala  Meek,  Miller,  North  .American  Geol.  and 
Palaeont., p. 462, no fig. 

1893     (1895).  Anomalodonta  costata   Meek,   Ulrich,   Geol.   Sur.  Ohio, 
Rep., vol. 7, p. 637, no fig. 

1893     (1895).   Anomalodonta   alata   Meek,   Ulrich,   Geol.   Sur.   Ohio, 
Rep., vol. 7, p. 638, pi. 46, fig. 1. 

1908. Anomalodonta costata Meek, Cumings, Dept. Geol. and Nat. 
Resources Indiana, 32d .Xnn. Rep., p. 987, pi. 42, figs. 6-6a. 
[Description  and  figures  after  Meek,   1873   above.] 

1909. Anomalolonia alala (Meek), Grabau and Shimer, North 
American Index Fossils, vol.  1,  p. 431, no fig. 

1916.   Anomalodonta  alata   Meek,   Foerste,   Sci.  Labs.  Denison   Univ., 
Bull.,  vol.  18,  p.  326,  pi. 4,  fig. 2. 

1916.   Anomalodonta costata Meek, Foerste, Sci. Labs. Denison Univ., 
Bull., vol.  18, p. 328,  pi. 4, fig. 3. 

Diagnosis. — Auibonydila ])ossessing 2.5-35 costae and 
sm;dl posterior wing; jsostcrior lateral teeth removed .some 
distance anteriorly from the ]}Osteiodorsal margin. 

Description. —^heW alate posteriorly; possessing 25-35 
costae: oblicjuity prosocline; angle gamma, 85-95 degrees; 
angle beta, 70-80 degrees; innbones noncarinate, projecting 
2-3 mm. above the cardinal margin; size mediimi to large; 
thickness of a single valve, up to 13 mm.; byssal sinus more 
or less prominent; byssal gape fusiform, up to 10 mm. long, 
located about its length below the umbonal jjeaks; liga- 
mental areas erect, divergi.ng more posteriorly than anter- 
iorly; shelled specimens usually have ])rominent growth 

varices. 
Posterior musculatiue typical for the genus, consisting 

of a large subcentral posterior adductor and a smaller byssal- 
pedal retractor abo\e it; behind each beak there is a small 
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bifid anterior b)ssal retractor scar: pallial line typical for 
the genus; ligamental areas covered by diiplivinciilar 
grooves and ridges: cardinal dentition consisting of three 
teeth in the left \al\e and two in the riglit \ahe. attaihed 
to a vertical septinn: two posterior lateial teeth in each 
vahe, anterior one much longer than the posterior one, 
both attached directly to the interior of the valve below 
the ligamental areas, not attached to a separate \ertical 
septum; posterior dentition not parallel to cardinal margin 

but at an angle to it. 

Synonymic discussion.—^ This species was originally as- 
signed to Megaptera [Opisthoptera] by Meek, on the basis 
of the presence of a posterior alation. It differs from Opis- 
tlioptcra in that the wing is much smaller and. more im- 
portantly, in that tlie costae are simple and not multi])le. 
iVIiller (i87-la) reassigned the species to the simplicitostate 
genus Anoiualodouta. HoAve\er, the dentition of that genus 
consists only of a single poorly developed tooth in one 
\alve, wiiereas, Anibonycliia has both well-developed car- 
dinal teeth and posterior lateral teeth. This difference in 
dentition is the only taxobasis separating the two genera 
and, thus, the species is herein reassigned to Amhonychia 

as A. ahita Meek. 

The two s])ecies names A)iih(>)iy< liia costiita and A. 

II lata are herein considered to be synonyms. A. casta to was 
a nomcn nudum by James in 1871, and the only known 
specimen ever cal'ed b\ this name w'as given to Meek b\ 
fames and it wa.> not described by Meek luitil 1873. 
Meek credited the species name to James, but this is not ac- 
ceptable by the modern rules of nomenclatme: the first 
author to use a S]>ecies name with a description receives 
credit for the name. Thus, A. costata dates from 1873. In 
the meantime, the species name A. alata was proposed by 
Meek in 1872. Because the two are herein considered as 
synonyms the species has to be known as A. nlata, the name 
imder which it was first described  (Meek, 1872) . 

Types and materials. — The above description is based 
upon the holotype of Ambonychia costata (W.M. No. 790), 
plastotypes of Ambonychia alata (U.S.N.M. No. 67520 and 
142815), Ulrich"s hypotype of Anomaiodouta alata 
(U.S.N.M. No. 4fi087) , Foerste's hypotype of A. alata 
(U.S.N.M. No. 84928), and fifteen new specimens of the 

species. Meek's original syntypic series of Ambonychia 
(Megaptera) alata was examined by Foerste at the Walker 
Museum in 191(3 (W.M. No. 2341), howe\er, these speci- 
meirs can no longer be located. Because they were at the 
Walker Mnseinn in the not too distant j^ast they may be 
relocated; in the meantime the plastotypes at the U.S.N.M. 
give an adequate idea of the concept implied by the name 

Auibonychia   alata.   Unfortimately   Foerste  did   not  figure 
Meek's types, however, he did discuss each specimen. 

The plastosyntypic suite of Meek's original materials 
of A. alata at the U.S.N.M. (Nos. 67520 and 142815) con- 
sists of two specimens, only one of which was figured by 
Meek (1873). The plastosyntype shown on Plate 29, fig- 
ure 10 was made from the specimen figiued by Meek on 
plate 12, figine 10; the specimen used by Meek for this 
figine is herein chosen as the lectotype of Ambonycliia 
(Megaptera) alata Meek, 1872. Foerste (1916) examined 
Meek's original materials and according to him the lecto- 
type had 28 costae; on the plastolectotype 27 plus costae can 
be counted. The specimen used by Meek for his figine 9, 
plate 11, is herein regarded as a paralectotype of the species; 
no plastotype of this speciinen could be located, however, 
Foerste (1916, p. 327) noted that the original had 24 plus 
costae. 

In addition to the two primary types figined by Meek, 
Foerste (1916) noted the presence of a third specimen in 
the type suite of A. alata; he felt that this specimen had 
been added to the type suite after Meek had figined the 
abo\e two primary types. ^\'hile Foerste's as,sertion may be 
correct, there is nothing in the literature to support his 
claim, and this third type of A. alata is herein regariled as 
an unfigined paralectotype. There is a plaster mold of the 
third type specimen at the United States National Museum 
(PI. 29, fig. 11)  which shows 29 plus costae. 

The holotype of Ambonycliia costata (PL 29. figs. 14- 
17) is a poorly ]3reser\'ed specimen with ihe following di- 
meirsions: length, 26.5 plus mm.; heigiit, 37 mm.; thickness 
of a single valve, 7 mm.; diagonal dimension, 40 mm.; and 
20 plus costae. Ulrich's (1893 (1895)) hypotype of .4no777a/o- 
donta alata (PI. 29, figs. 12-13) is incomplete and not so 
well preserved as he indicated in his figine, however, it does 
show the posterior lateral teeth well. Ulrich interpreted 
these teeth to be the irregidar posterior cardinal folds which 
he regarded as characteristic of the genus Anomaiodouta. 
Foerste's (1916) hypotype of Anomalodonta alata (PI. 29, 
figs. 18-19) is an adidt specimen with the following dimen- 
sions: length, 65 mm.; height, 66 mm.; thickness of a single 
valve, 13 mm.; diagonal dimension, 70 mm.; and 25 phis 
costae. 

Most of the new materials of this species consist of 
shelled specimens which show various portions of the 
hinge line. One specimen (PI. 31, fig. 4) preserves almost 
the entire hinge line. 

Distribution. — \fi far as known Ambonychia alata is 
restricted to the Richmond Arnheira and Waynesville for- 
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mations of the Tristate Area of Ohio.  Indiana, and Ken- 

tucky. 
Remarks and compariso7ts. — The phicing of A. costata 

in synonymy with A. alata i.s based upon the lack of any 
discernible objective distinctions between the holotype of 
the former species and numerous specimens of the latter. 
The only distinctions which Foerste (1916) coidd find be- 
tween the two were that in A. costata the costae were nai'- 
rower and that it is a smaller species. However, it is possible 
to find intermediates in size between the two forms; as for 
tiie narrower costae, the width of these is dependent upon 
the age, weathering of the specimen, and whether or not 
shell material is present. In addition. Foerste (1916. p. 328) 
noted: ". . . these features [of .-I. costula] are possessed also 
by Anoinalodould [Ainlxniyf liiii'\ alata (hiring its younger 
stages . . ." Because there is no objective way to tell A. 

costata from A. alata the two species names are herein 

plaied in synonymy. 
Angle gamma of the species seldom exceeds 95 degrees, 

although in one specimen with the typical dentition of the 
left valve of the species the angle reaches 100 degrees (PI. 

30, fig. 1). 
In most species of Aiubonycliia wiiere the posterior 

dentition is known it occurs almost at the posterior end 
of the cardinal margin, while in A. alata it is removed soine 
distance forward from the posterior end of the hinge line. 
This may be due to the development of the small subtle 
wing of A. alata. In all other respects the sjjecies has the 
typical characteristics of the genus Ainhoiiycliia. Among 
the Upper Ordovician (Richmond) forms. A. alata is the 
only species which possesses a costal number as low as 35. 

Ambonychia ulrichl (Pojeta), 1962 

Plate  31,  figures 7-11 

Are-examination of Hall's 1859 hypotypes of Ambony- 

chia radiata (pp. 110 and 523) shows tiiat tiie specimen has 
two cardinal teeth. The jjosterior dentition is not preserved 
or else is covered over with an artifactural matrix; Hall's 
original figure shows two posterior lateral teeth. This speci- 
men has only 36 costae and an angle gamma of 80 degrees. 
Both of these characteristics are found in the Cincinnatian 
species A. uhichi, and Hall's 1859 specimen is herein placed 
in that species. This extends the range of A. iilridii into tlie 
Ordovician of Tennessee. 

Ambonychia cultrata (Ulrich),  1893 (1895) 
Plate 32, figures 1, 2 

New material of this species shows that it has a typical 
duplivincular ligament, not a "channel-like" one as was 
heretofore supposed. 

Ambonychia obesa (Ulrich), 1893 (1895) 

Plate   31,   figures   15-17 

The pallial line, posterior musculaune, and bifid 
anterior byssal retractor scars are figured. 

Genus  BYSSOPTERIA Hall,  1883 
Plates 32, 47 

1883. Byssoplrria Hall, Nat. Hist. New York, Geol. Sur. New York, 
Palaeont., vol, 5, part 1, Lamellibranchiata Plates and Ex- 
planations, p. 4, pis. 32 and 80. [Published prior to the entire 
vol. 5, part 1.] 

1884. Byssopteria Hall, New York State Cab. Nat. Hist., 35th Ann. 
Rep., pp. 400 and 406d. 

1884. Byssopteria Hall, Cieol. Sur. New York, Palaeont., vol. 5, part 1, 
Lamellibranchiata  1,  pp.  xiv  and 252. 

1885. Byssiiplnia Hall, CJeol. Sur. New York, Palaeont., vol. 5, part 
1, Lamellibranchiata 2, pi. 80.  [No text for this genus.] 

1886. S. g. Byssopteria Hall, Fischer, Manuel de Conchyliologie, p. 
963. 

1889.   Byssopteria  Hall,  Miller,  North  American Geol.  and  Palaeont., 
p. 468. 

1891.   [?]   Byssopteria   Hall,   Freeh,   Abhandlungen   zur   geologischen 
Specialkarte    von    Preussen    und    den   Thiiringischen    Staaten, 
band 9, Heft 3, p. 133. 

1904.   [?] Byssopteria/ [Hall], Reed, South African Museum, .Annals, 
vol. 4, part 6, p. 265. 

1924.   [ ?] Byssopteria Hall, Fenton and Fenton, Univ. Michigan, Mus. 
of Geol.,  Contrib.,  vol.  1,  p.  171. 

1963.   [?]   Byssopteria   ?  Hall, Talent,  Geol.  Sur.  Victoria,  Mem. 24, 
p. 99. 

Type Species. — Byssopteria radiata Hall, 1883 (pi. 32, 
figs. 21-22 and pi. 80, fig. 11), by monotypy (synonymous 
with Mytilarca radiata Hall in Miller, 1877, ]). 197 a nomen 

midiirn}. 
Diagnosis. — Large, nonwinged, midticostate Ambony- 

chiidae. 
Description. ~ Shell inequilateral, truncated anteriorly; 

beaks prosogyral, apparently terminal; no anterior lobe; 
obliquity prosocline; prosopon of concentric growth lines, 
and both subdividing and intercalating costae, as well as 
seemingly simple costae; byssal sinus jjiominent; byssal gape 

unknown; nonalate; size large. 
All internal  features completely imknown. 
Synonymic discussion. —The name Byssopteria was 

proposed for muhicostate Devonian forms. The species 
placed in the genus by Fenton and Fenton and by Reed do 
not show midtiple costae. Freeh's 1891 sjjecimcn shows miU- 
tiple costae but does not appear to be an ambonychiid. 

Distribiitio7i. — All of Hall's material of this genus is 
listed as coming from the "Upper Chemung group at Mans- 
field, Tioga County, Pa." Williams and Kindle (1905, pp. 
118 and 125) noted the occurTence of Byssopteria at both 
Mansfield and Canoe Camp, Tioga County, Pennsylvania, 
in beds of Chemung age. As far as known the genus is 
limited to the Late Devonian of Pennsylvania. The species 
assigned  to  this  genus  by  Fenton  and  Fenton  from  the 
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Hackberry Stage (Late Devonian) of Iowa does not show 
multiple costae. However, the costae are not preserved in 
the iijjper iimbonal region of their specimen. The s]3ecies 
may belong to the genus, but this is uncertain at the present 
time. The South African form questionably placed here by 
Reed is jjoorly preser\ed and is simjilicicostate; it probably 
does not belong to the genus. Freeh's 1891 species does not 
have the shell shape of an ambonychiid, but does show mid- 
tiple costae; it is doubtful if it belongs to Byssoplcria. 

SPECIES LISTING 

Byssopteria radiata Hall, 1883 

Plate  32,  figures  3-7;   Plate 47,  figures  2-+ 

Hall had three specimens in his original syntyjjic series 
of this species; of these the two figured by him on plate 
32 (1883 and 1884b) were located too late to be figured 
herein (W.M. No. 10900). The specimen figured by Hall 
on Plate 80, figure 11 (1883 and 1885) is preserved at the 
New York State Museum (N.Y.S.M. No. 2291) and is here- 

in chosen as the lectotype of the species (PI. 32, fig. 7; PI. 
47, figs. 2-3). Its measiuements are: length, 50 mm.; height, 
62 mm.; thickness, 6 plus mm.; and diagonal dimension, 64 
mm. The ^V'alker Museinn specimens are regarded as par;i- 
lectotypes. 

At the American Museiun of Natural History (A.M. 
No. 6115/1) there is another specimen of this species (PI. 
32, fig. 3). It is an external mold of a left valve, and the 
nuiseum label accompanying the specimen describes it as 
"Matrix of Type." Hall figured only one left valve (1883 
and 1884b, pi. 32, fig. 22) and this specimen may have 
originally covered that left valve. It is listed as being from 
the same locality as Hall's other materials and shows mul- 

tiple costae. 
At the United States National Museum (No. 68055) 

there is a plastotype of the specimen used by Hall for his 
figure 21, plate 32 (1883 and 1884b); this plastotype is 
herein figined on Plate 32, figure 5. The museinii label ac- 
companying the plastotype noted that the original was at 
the Walker Museimi (No. 10900), however, the original 
could not be located in time to be fi"iued herein, as the 
Walker Museinn CoUedions were being transferred to the 
Chicago Natiual History iMuseimi; the plastotype indicates 
that the original was a jjoorly preser\ed right \al\e. 

Williams and Kindle (1905, pp. 118 and 125) listed 
Byssopteria radiata as occmring at two different localities 
in Tioga County, Pennsylvania (northcentral Pennsyl- 
vania) in rocks of Chemung age. Their notations of oc- 
currence appear in faimal lists, however, the specimens 
which they identified as B. radiata are at the United States 

National Museimi and are figured herein (PI. 32, figs. 4 
and 6) . These specimens are similar to the lectotype of B. 

radiata and are herein regarded as belonging to the same 
species. 

Byssopteria occidentalis Fenton and Fenton, 1924 

This species is not known to exhibit costal nudtiplica- 
tion and it may or may not belong to Byssopteria. It is from 
the Hackberry Stage  (Late Devonian)  of Iowa. 

Byssopteria semiplana Freeh, 1891 

This form is from the German Devonian. On the basis 
of Freeh's figures it does not a])pear to belong to Byssop- 
teria. 

Byssopteria? sp. Reed, 1904 

This form is from the Bokkeveld   (Devonian)   Beds of 
South Africa and probably does not belong to the genus. 

Byssopteria? sp. Talent, 1963 

Remarks and comparisons. ~ On the lectotype of 
Byssopteria radiata the imibo is carinate and the costae 
decrease markedly in width in the posterodorsal part of 
the shell (PI. 32, fig. 7) . The plastoparalectoty])e also shows 
umbonal carination, however, the costae in the posterodor- 
sal part of the shell are not well preserved (PL 32, fig. 5). 
AVilliams and Kindle's specimens (PL 32, figs. 4, 6) do not 
show prominent imibonal carination, but they do show the 
decrease in width of the posterodorsal costae. 

There seems to be no set pattern of costal multiplica- 
tion in Byssopteria radiata, intercalated costae are few in 
niunber (PI. 47, fig. 2) ; not all of the primary costae bifur- 
cate (PL 47, fig. 4) ; some of the costae trifurcate (PL 47, 
fig. 2) ; and in some specimens the costae in the posterodor- 
sal part of the shell are more or less fascicled (PL 32, fig. 7). 
In general the costal midtiplication seems to be rather hap- 
hazard; in part this may be because none of the known 
specimens of B. radiata are well preserved and not all of 
the costae can be traced from the upper innbo to the young- 
est edge of the shell. 

Hall (1884b, p. xi\) described the genus as having a 
nasute projection in front, and his figine of the lectotype 
(1883 and 1885, pi. 80, fig. 11) shows a prominent antero- 

dorsal projection. Howe\er, this featiue is not present on 
the lectotype (PL 32, fig. 7) ; there is an area of matrix 
here which gi\es the appearance of a projection, but it is 
not part of the specimen. Also in 1884b, Hall described the 
type species as being subequivalved; because no bivalved 
specimens of the genus are known this cannot be corrobora- 
ted. For the same reason Miller's  (1889)  description of the 
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valves as equal cannot be veiitied. 1 hus, the <;enus can be 

assigned only questionably to the family. 
Compared to other multiple ribbed North American 

fonns Byssoptrria differs from Opisthoptcra Meek in lack- 
ing a posterior wing and in having costae rather than 
costellae. In Maryonychia, n. g. the primary costae regularly 
bifurcate, there is no umbonal carination, and the genus is 
known to have a well-developed byssal gape. 

Genus CLEIONYCHIA Ulrich, 1892 

Plates  32-34 

1847.   [?]  Amhoiiych'ui  Hall,  Nat.  Hist. New York, Palaeont. of New 
York, vol.  1, p. 315;   [«o«]  Ambutiyihia, pp.  163  and 292. 

1861.   Amh'uiiychiii    Hall    [/>«)-/;/«],   t5eol.    Sur.    Wisconsin,    Rep.    of 
Progress, p. 31. 

1892.   Clcionychia  Ulrich, The American  Geologist,  vol.  10,  p.  97. 
1892.   Ctlonycltia   Ulrich,   Miller,   1st   Appendix   to   North   American 

Geol.  and  Palaeont.,  p. 699. 
1893     (1895).   [?]   Clionychia   Ulrich,   Geol.   Sur.  Uhio,   Rep.,   vol.   7, 

p.  650. 
1894. Ctioiiychia Ulrich, Lower Sil. Lamellibranchiata of Minnesota, 

from Final Rep., Geol. and Nat. Hist. Sur. Minnesota, vol. 3, p. 
493.  [Published under separate cover prior to the entire vol. 3.] 

1895. Amhoiiychtti Hall Ipartim^, Whitfield, American Mus. Nat. 
Hist., Mem., vol. 1, part 2,  p. 57. 

1897. Clionychia Ulrich, Geol. and Nat. Hist. Sur. Minnesota, Final 
Rep., vol. 3, part 2, Paleont., p. 493. [This is a reprinting of 
the 1894 paper.] 

1900. Clionychia Ulrich, Dall, in Zittel-Eastman, Textbook of Paleont., 
vol.  1,  p.  368.  [1st ed.] 

1908. Clionychia Ulrich, Cumings, Dept. Geol. and Nat. Resources 
Indiana, 32d Ann. Rep., p. 979. 

1909. Clionychia Ulrich. Grahau and Shimer, North American Index 
Fossils, vol.  1, p. 435. 

1910. [?] Ambonychia Hall [paitim'\. Hind, Roy. Soc. Edinburgh, 
Trans.,   vol.  47,   part  3,   p.  488. 

1913.   Clionychia Ulrich, Dall, in Zittel-Eastman, Textbook of Paleont., 
2d ed., vol. 1, p. 445. 

1916.   Clionychia   Ulrich,  Raymond,   Carnegie   Mus.,   Annals,   vol.   10, 
p. 334. 

1934.   [?]   Clionychia   Ulrich,   Kohayashi,   Faculty   of   Sci.,   Imperial 
Univ. of Tokyo, Jour., vol. 3, sec. 2, part 8, p. 352. 

1941.   [?]   Clionychia   [Ulrich],   Butts,   Virginia   Geol.   Sur.,   Bull.   52, 
part 2,  pp.  73  and  128. 

1944.    Clionychia   Ulrich,   Shimer   and   Shrock,   Index   Fossils  of  North 
America,  p.  387. 

1952.   [?]    Clionychia   [Ulrich],   Reed,   Roy.   Irish   .\cad.,   Proc,   vol. 
55, sec. B, No. 3, p. 76. 

1956.   Clionychia   Ulrich,   Wilson,   Canada   Dept.   Mines   and   Tech. 
Surs., Geol. Sur. Canada, Bull. 28, p. 59. 

1958.   Clionychia   Ulrich,   Khalfin,    .'\kademiya   Nauk   SSSR,   Trudy 
Geologicheskogo Instituta, Vypusk 9, p. 170. 

1960.   Clionychia   Ulrich,   Soot-Ryen,   H.   and   Soot-Ryen,   T.,   Noisk 
Geologisk Tidsskrift,  vol. 40,  part 2,  p.   105. 

Type species. — Arnhoiiyiluti liniiellosa Hall, lSfi2 (p. 
437), by original designation of Ulrich, 1892 (]). 97). 
Oiiginally proposed as Ainhnuyrliia citncellnsn Hall. 1S61 

(p.'31). 
Diagnosis. — Ambonychiidae with concentric prosopon 

only, length usually slightly more than height, angle gamma 
90 degrees or less, and with posterior miisculatme in pos- 
terodorsal part of the shell. 

Description. —SheW equivahcd,  inequilateral,  lacking 

an anterior lobe; iaeaks prosogyral and leiininal; prosopon 
of concentric growth varices and in some species concentric 
undulations, no radial prosopon; shell completely un- 
known; size small to medium; byssal sinus more or less 
prominent: no tliscernible byssal gape; angle gamma, 90 
degrees or less (not known to be more than 90 degrees) ; 
length and height subecpial, no forms known in which 
height is greater than the length. 

Ligamental area and dental structures completely un- 
known; j)ostcrior adductor muscle scar in posterodorsal 
part of shell, anterior adductor scar unknown, sucii a muscle 
was presmnalily present because of the position of the pos- 
terior adchictor scar; remnants of posterior byssal-pedal re- 
tractor scar present abo\'e the posterior adchictor scar, an- 
terioi- Ijyssal retractor usually with one large origin in the 
shell, occasionally bifid, with a smaller anterior origin and 
a larger posterior one; pallial line doubtfidly known in one 
specimen. 

Syuotiymic discussion. — IJhich (1892) proposed this 
genus for Middle Ordovician forms with concentric proso- 
pon; as originally proposed the generic name was spelled 
CJeionychia. Ulrich used the name foiu- times in 1892 and 
each time it was spelled CAeionychia; thus, this was the 
original intended spelling of the name. S. A. Miller (1892, 
p. 699) was the first author subsequent to Ulrich to use the 
generic name and he spelled it Clicmychia; Miller gave no 
reason for the change in the spelling of the name. 

Accordino- to the International Code of Zoological 
Nonieni luliire  (I9()l. p. 35, Art. 32, sec. a) : 

The original spelling of a name is to be retained as the "correct 
original  spelling",  unless 

(i)   it contravenes a mandatory provision of Articles 26 to 31; or 
(ii)    there   is   in   the   original   publication   clear   evidence   of an 
inadvertent   error,   such   as   a   lapsus   calami,   or   a   copyist's or 
printer's   error    (incorrect   transliteration,   improper   latinization. 
and   use   of   an   inappropriate   connecting   vowel   are   not   to be 
considered  inad\'erlent  errors) ;  oi 
(iii)   in the case of a family-group name,  . . . 

Cleionyeliia does not contradict any mandatory pro- 
visions of Articles 26 to 31 of the Code, and as Ulrich used 
the same spelling foiu- times in the original publication 
there is no iiuUcation of any sort of an inadvertent spelling 

error. 
Ulritli (1892, p. 97) gave the etymology of the name 

Cleionyc hid as: "Cleio, I close, onyx, a claw;" while Miller 
(1892, p. 699) gave the etymology of Clionychia as: "kleio, 

1 close; onyx, a claw." Apparently the correct latinization of 
the Greek verb kleio   (to close)   is cli-, not cleio-. Jaeger 
(1955, p. 60) listed the Latin prefix cli- as being derived 
from the Greek verb kleio  (to shut)   or tiie ])ast participle 
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kicistos (shut oi closed) as in Di-cli-pteia. On p. 59 Jaeger 
listed the Latin prefix clci- as coming from the Greek 
klcis  (a key)  as in Clcio-crinus. 

Thus. Ulrich proposed the name Clcionychia on an in- 
correct latinization of the Greek; however, as indicated in 
the Gode, Article 32. section a. part ii this is not to be con- 
sidered an inadvertent erior and. thus, mirst stand as pro- 
posed. 

Article 33 of the Gode  (p. 37)  reads as follows: 

Subsequent   spelling.— 

(a) Emendations.—Any demonstrably intentional change in the 
original spelling of a name is an "emendation". 
(i) A "justified emendation" is the correction of an incorrect 

original spelling and the name thus emended takes the 
date and authorship of the original spelling. 

(ii) .•\ny other emendation is an "unjustified emendation"; the 
name thus emended has status in nomenclature with its own 
date and author, and is a junior objective synnonym [.wV] 
of the name in its original form. 

(b) Incorrect subsequent spellings.—.\ny change in the spelling of 
a name, other than an emendation, is an "incorrect subsetjucnt 
spelling"; it has no status in nomenclature and therefore does 
not enter into homonymy and cannot be used as a replacement 
name. 

The spelling change from Clciouychia to Clioiiychia 

is either an "iinjiistifieil ementlation" or an "incoriect sub- 
sequent spelling." Although .Miller (1892) and subsec|uent 
authors who referretl to the genus used the spelling Cliony- 
chia (including Ulrich, 1893 (1895) and 1894), no author 
explains wh) he resorted to the spelling chairge. Apparenth 
the various authors (in particular Miller, who first used the 
changed spelling) felt that the incorrect Latinization woidd 
be noted, and that no further explanation was necessary. 

If Clionychia is regarded as an "imjustified emenda- 
tion" it assumes status in nomenclattue as Clionychia Mil- 
ler, 1892 and becomes a junior objecti\e synonym of 
Clcionychia Ulrich. 1892. If this is accepted, then the two 
naines fall under section b of Article 23 (Law of Priority) 
of the Gode (p. 23) which reads: "A name that has re- 
mained unused as a senior synon\in in the primary zoo- 
logical literature for more than fifty years is to be consid- 
ered a forgotten name (nomen oblitiuii) . ' If the name is 
considered to be an "incorrect subsequent spelling" it has 
no nomenclatural status and Clcionychia Ulrich. 1892 is the 
correct spelling, author, and date of the name. 

Because no author explains the spelling change from 
Clcionychia to Clionychia it need not be regarded as an 
intentioiral change, but may be considered to be the per- 
petuation of an "incorrect subsequent spelling." Iir addi- 
tion, because Ulrich is the obvious author of the generic 
name and concept (not Miller) , and because the nomen 

oblitum proposal is highly controversial  (and it is doubtful 

that section b of .\rticle 23 was intended to be applied in 
cases such as this) the spelling change to Clionychia is here- 
in regardetl as an "incorrect subsequent spelling," and Ul- 
rich's original spelling of the geireric name is used. 

Hind (1910) referred a specimen found in the Ordo\i- 
cian (Llandeilian) of Gir\an, Scotland to Ainbonycliia 

iindata (Emmons) . The sjiecimen he figined is similar to 
the American s])ecies which is now |3laced in Clciotiychia. 
Howe\er. Hind's itleiitifications of various sjjecies of am- 
bonychiids need confirmation. 

Kobayashi's (1934) assignment of a Middle Ordovician 
Korean species to this genus is based on one specimen in 
^vhich the prosopon seems to be only poorly known for he 
described the surface as being smooth. As mentioned pre- 
\ iously his specimen seems to be an ambonychiitl. 

Of the materials referred to this genus by Butts (1941) 
from the Middle Ordovician of Viiginia, several specimens 
exhibit both concentric iindidations and growth lines, 
and se\eral of them also ha\e renuiant anterior lobes. No 
other .Middle Orckniciair North .American forms are known 
which combine concentric prosopon and an anterior lobe; 
Biuts' materials max belon" to one of Isberg's Scandinavian 
genera. 

The materials assigned to this genus by Reed (1952) 
from the Irish Ordovician are jjoorly illustrated, and how 
he distinguished between Anibonychinia Isberg, 1934 and 
Clcionychia Ulrich, 1892 is uncertain. Reed (1952, p. 74) 
suggested that the name Anibonychinia Isberg be used for 
forms with concentric prosopon, however, Ulrich (1892) 
had already segregated North American forms with onlv 
concentric prosopon in Clcionychia. In addition, Isberg's 
primary taxobasis for Ainbonydiinia was an edentulous 
hinge line, and the species he included in the genus had a 
\aiiet\ of prosoponal t\pes. This jjroljlem has alreaih been 
discussed luicler the irenur, Ainbonxilnop.sis (p. KiO) where 
it was concluded that before the s)nonymies of tlie concen- 
trically marked genera could be pioperly established the 
morphology of the North .American forms woidd have to be 
better known, as they bear the older generic names. 

Soot-Ryen and Soot-Ryen assigned their Nor\yegian 
material to two species of Clciojiychia, C. iindata (Em- 
mons) and Clcionychia species A. Only the former need be 
considered here, and their specimen of this species is similar 
to North Anrerican materials. 

Lastly, the type species of this genus, Ambonychia 
latnellosa Hall, 1862. was originally proposed as A. cancel- 
losu Hall (1861, p. 31). However, Hall (1862, p. 437) in a 
catalog of the fossils of \\'iscoirsin gave the name of this 
species as:   "A.  lamcllosa.  Hall,  Geol.  Report Wisconsin, 
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1861, p. 31 . . ." A. cancrUosa is the only species assigned 
to Ambotiychia on page 31, and Hall apparently intended 
to change the name from A. canccllosa to A. Iiimellosa. 

Whitfield (1882, p. 205 and 1895, p. 57) and Bassler 
(1915, p. 241) noted that the name A. canccllosa was an 
error and that Hall meant to call the species A. lamellosa. 

Whitfield (1895, p. 57) in a footnote wrote: "The name of 
this species [Aniboriychia lamrllosa] was originally printed 
A. cimccllo.sd, by typographical error. Ijiit is corrected in the 
margin of my copy of the Report of Progress [Hall, 1861] 
to A. laiiicUosa." Although Hall did not publish a state- 
ment to the effect that <<n)(cUosa was a typographical error 
for laniclln.sd, the fact that he changed the name to lamellosa 

is his 1862 Catalog while at the same time giving a refer- 
ence to his 1861 Wisconsin Report, is sufficient evidence 
that lamellosa was intended as a valid emendation of ca7i- 
ccllosa. No author since Hall (1861) has used A. canccllosa 

and the biomen A. lamellosa is herein regarded as the cor- 
rect name of the species. 

Materials. — The above description is based solely upon 
type materials; tiie aiuhor had Hall's, Ulrich's, and Butts' 
original specimens at his disposal. 

Distribution.— In North America this genus has been 
rejjorted from the Middle and Late Ordo\ician, and one 
Sihuian sj>ecies was tenijjorarily assigned here before being 
subse(|uently placed in Mytilarca. 

Outsiile of North .America the genus may occur in the 
Ordovician of Korea. Ireland, Sweden, and Ka/akastan, 
U.S.,S.R.; it is probably lound in the Middle Ordo\ician 
rocks of Norway and Scotlantl. 

SPECIES LISTING 

From the U]3])er Ordovician and the Siliu ian of North 
America the following species have been placed in Cleiony- 
cfiia. 

"Cleionychia angusta" Foerste, 1918 

Plate 29,  figures  7-9 

This species is herein reassigned to the genus Anoptera 

Ulrich and has already been discussed herein. It is from 
the Richmondian   (Late ()rdo\ician)   of Michigan. 

Cleionychia subundata Ulrich,  1893 (1895) 

Plate 32, figures 8, 9 

This species was described from the iqjpermost Cyn- 
thiana rocks of northern Kentucky. It is based uj)on poor 
material and it is doulitful that the generic assignment of 
the types can be accurately determined. It seems best to 
limit the name to tiie type material. 

Cleionychia  excavata  Ulrich,   1893  (1895) 

Plate 32, figures 10-12 

This species was described from the Richmondian of 
Indiana. Ulrich's figmes notwithstanding, it is based on 
one poorly preser\'ed and highly weathered specimen; its 
generic assignment cannot be deteimined, and it is doiibtfid 
if any other specimen coidd be considered conspecific with 
the holoty|je. This name too will ])rol)ably have to be 
limited to the type specimen. 

Cleionychia (?) superba (Billings), 1866 

Ulrich (IS'.)2) suggested that this Gamachian (Late 
Ordovician) s|jecies might belong to Cleionychia, and 
Twenholel (1928) cpiestionably assigned the species to this 
genus. Twenholel mentioned that the generic assignment 
of the species is imcertain and that it looks much like an 
Anonychia; luiloriiuiately, he does not figure the species. 
Billings' oi iginal figmes show a large form with concentric 
prosopon. and lie mentioned tiie presence of a rudimentary 
anterior wing. The species is larger ihan any other assigned 
to Cleionychia. and it ])rol3ably does not belong to that 
genus. 

Ambonychia nitida Billings, 1866 

Ulrich (1892) suggested that this Niagaran (Middle 
.Silurian) species might belong to Cleionychia, but in 1894 
he was uncertain as to the proper generic assignment. 
Twenholel (1928) reassigned the species to Mytilarca Hall 
and AVhitfield. 

Tiie following North American Middle Ordovician 
forms iia\e been assigned to Cleionychia. 

Cleionychia curta Foerste, 1924 

C. carta is a small poorly known sjjecies from the Late 
Ordovician (Lorraine) of Quebec. It is described as having 
concentric luididations and growth lines, and it may belong 
to this genus. 

As indicated above, all six post-Middle Ordovician 
North American species which have been placed in 
Cleionychia aie poorly known; at l)est they can be only 
cjuestionaljh   placed  in  the genus. 

Cleionychia   erecta   (Hall),   1861 

Plate 33, figures 18-22, 25 

This species was regarded as Trentonian (Late Middle 
Ordovician) in age by Hall (1861) and Ulrich (1894). but 
Bassler (1915) and the museum label accompanying LH- 
rich's hypotyjje listed it as occurring in  the Blackriveran 
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(Midtlle   Middle   Ordoxic ian) .   Hall's   syntypes   are   from 
Wisconsin and Ulrich's hypotype is from Minnesota. 

Of Hall's original syntypic series (A.M. No. 931/1) 
the specimen herein figured on Plate 33, figures 18-20 is 
chosen as the lectotype of the species. Of the other two 
specimens one bears the nimrber A.M. 731 i and is not an 
ambonychiid; the second (PL 33, fig. 25) is regarded as a 
paralectotype of the species  (A.M. No. 931/1). 

W^hitfield   (1895)   regarded this species as a subjective 
synonym of C.  lauirUosa. Ulrich   (1891)   mentioned a few 
slight differences in foini between the two spec ies; however, 
these could not be objectively applied by all describers. 
The   two   names   are   jjrobably   synon\ms. 

Cleionychia (?) gibbosa Whiteaves, 1908 

This species was cpiestionably assigned to the genus by 
Whiteaves; it is from rocks of Blackri\eran age (Middle 
Middle Ordo\ician)    in  Ontario. 

Cleionychia  lamellosa (Hall), 1862 

Plate 33, figures 1-17 

C. lanirllosa was described by Hall (18(')1, as Ambony- 

rliiti (ini(cllosa) and I'liich (1892) as Trentonian (Late 
Middle Ordo\ician) in age. howesei, Bassler (1915) and 
the museum labels of Ulrich's hypotypes list it as occinring 
ill rocks of Blackriveran age (Middle Middle OrcIo\ician) 
in Wisconsin and Minnesota. Foerste (1920) reported the 
species as occurring in the Auburn Chert (Trentonian) of 
Missouri. 

Hall's original syntypic suite consists of fi\e specimens; 
the specimen figured herein on Plate 33, figures 1-3 is 
chosen as the lectotype (A.M. No. 929 2). Its measurements 
are: length, 36 mm.; height, 31 mm.; thickness, 8 mm.; and 
diagonal dimension, 39 mm. The other four specimens are 
regarded as paralectotypes  (A.M. No. 929/2). 

Probably the species designations C. erecta (Hall) and 
C. nitida Ulrich are synonymous with C. lamellosa   (Hall) . 

Bekker (1921) assigned an Estonian specimen to this 
sjjecics. howe\er, Opik (1930) jilaced this specimen in 
Alilioi (imilia. 

Cleionychia marginalis Raymond, 1905 

This species occurs in the Lower Chazyan rocks  (Early 
Middle Ordovician)  of northern New York State. 

Cleionychia montrealensis (Billings), 1859 

C. montrealensis was originally ]jlaced in Vanuxcmia 

Billings (a cyrtodontid) and was subsecjuently placed in 
Cleionychia by AVhiteaves (1908) ; this latter assignment 
was confirmed by Raymond   (191()). The species has been 

reported from Middle and Upper C;hazyan rocks (Early 
Middle Ordovician) of upstate New York and adjacent 
parts of Quebec, Canada. 

Cleionychia mytiloides (Hall), 1847 

Plate   34,   figure   12 

This species was placed in this genus by Ulrich 
(1892). Hall's holotype is a small ]30orly preserved specimen 
(A.M. No. 53()/l) , and it may in reality belong to one of 
the other better known Cha/yan species. It is from the 
Chazy Limestone (Eai ly Middle Oido\ician) , Chazy, New 
\'ork. This species name ma) have to be limited to the type 
material. 

Cleionychia nitida Ulrich,  1894 

Plate  33,   figures  23,  24 

According to Bassler (1915) this s]5ecies is from the 
Blackriveran rocks (Middle Middle Ordovician) of Min- 
nesota; Ulrich (1894) listed it as being Trentonian (Late 
Middle Ordovician)  in age. 

Of Ulrich's original two syntypes (M.G.S. No. 5099) 
the specimen herein ligiued on Plate 33, figures 23, 24 is 
chosen as the lectotyjie. Its nieasiuements are; lengtli, 19 
mm.; height. 19 mm.: thickness, ().5 mm.; and diagonal di- 
mension, 24 mm. Probably W'hitfield (1895) was correct 
in synonymizing this name with Cleionychia lamellosa. 

This species shoidd not be confused with Mytilarca 

nitida (Billings) from the Niagaran. Ulrich (1892) first 
suggested that Billings' species might belong to Cleiony- 

chia. In 1894 he wrote that the exact systematic position of 
Billings' species was uncertain and erected a new species 
based on specimens from the Blackriveran rocks (Middle 
Middle Ordovician) of Minnesota for which he jjroposed 
the new name Cleionychia nitida. 

Ulrich expressed some doubt about separating this 
species from C. lamellosa but suggested that it differed 
somewhat in slight \ariations of the external shape and in 
ha\'ing more nimierous growth lines. 

Cleionychia ottawaensis Whiteaves, 1908 

Whiteaves jjroposed this species name for shells from 
the Blackriveran rocks (Middle Middle Ordovician) of 
Ontario, Canada. 

Cleionychia rhomboidea Ulrich, 1892 

Plate 34, figures 9-11 

This is a Blackriveran (Middle Middle Ordo\ician) 
species from Minnesota with an angle gamma of about 70 
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deorees; however, the piosopon is poorly known and the 
proper generic assignment is uncertain. The holotype is 
honsed at the Minnesota Geological Sinvey (M.G.S. No. 

5526). 

Cleionychia triangularis Raasch in Shrock and Rasch,  1937 

In the original description only a single \al\e o£ this 
species was illustrated. In general shell shape C. triangularis 

is close to C. Iinncllosa. 

Cleionychia undata (Emmons), 1842 

Plate  34,   figures   1-5 

C. undata is a form with prominent concentric undula- 
tions and an almost cjuadrangular shape. However, concen- 

tric growth lines are not known in the species. 
Emmons holotype could not he located, and Ulrich's 

hypotype (U.S.N.M. No. 46119) is not well preserved 
(PI. 34, figs. 4, 5). Hall's 1847 hypotype (N.Y.S.M. No. 

2307) preserves the concentric imdidations very well (PI. 
34, figs. 1-3) and has the following dimensions: length, 31 
mm.; height, 26 mm.; thickness, 9 mm.; and diagonal di- 
mension, 37 mm. The species is from the Trentonian (Late 
Middle Ordovician) of Minnesota, New York, and On- 

tario. 
This species (or forms close to it) also occias in the 

Middle Ordovician of Scotland (Hind, 1910) and Norway 
(Soot-Ryen and Soot-Ryen, 1960), and in the Ordovician 
of Kazakastan, U.S.S.R.   (Khalfin, 1958). 

Wilson's 1956 specimens of C. undata are well pre- 
served and are the only North American specimens of the 

species figured since Ulrich   (1897). 

Cleionychia attenuate (Hall), 1861 

Plate  34,  figures  6-8 

This species was assigned to Cleionychia by Ulrich 
(1892) ; Ulrich (1894) changed the assignment and placed 
it in synonymy with C. lanirllosa (Hall) . In his original 
syntypic series Hall had two specimens (A.M. No. 930/1), 
one of which is largely rebuilt with plaster of Paris and is 
not figured herein; the other specimen is figured on Plate 
34, figures 6-8 and was chosen as the lectotype of the species 

by Siuock and Raasch   (1937, p. 557) . 
The lectotype has concentric imdulations and a much 

smaller angle gamma than Cleionychia lamellosa. In addi- 
tion, this specimen preserves at least remnants of an antero- 
dorsal projection (PI. 34, fig. 7). It is doubtful that the 
species name is synonymous with C. lamellosa. 

Hall's original specimen is listed as coming from the 
Trenton   limestone   (Upper  Middle  Ordovician)   of Wis- 

consin, but Hassler (1915) listed the species as coming 
from rocks of Blackriveran age (Middle Middle Ordovi- 
cian)  in Wisconsin, 

Clcinnycliid dllcniKitii may belong to Ainhonychiopsis, 

Ijut until specimens are foimcl \\ith costellae this cannot be 
determined with certainty. 

Ulrich (1892) assigned Ainbouychiopsis amygdalina 

(Hall) to Cli-i())iyi hill, l)ut in 1894 decided this assignment 
was in error, and that the species belonged to Ambonychi- 

opsis. As mentioned above this species name may be synony- 
mous with A. orhiciiliiris   (Emmons). 

NON-NORTH AMERICAN SPECIES 

Cleionychia crebra Khalfin,  1958 

This species has the general appearance of other forms assigned 
to Cliionyr/iia: C. iiilna occurs in the Ordovician of Kazakastan, 
U.S.S.R. 

Cleionychia  crispa Khalfin,  1958 

This species has the general aspect of C. uiuiala Emmons. C. 
criipa   is   from   the   Ordovician   of   Kazakastan,   U.S.S.R. 

Cleionychia oviformis Kobayashi, 1934 

This species is from the Middle Ordovician of South 
Korea; as mentioned abo\e its generic assignment needs 

confirmation. 
Cleionychia siibo-iHilis Reed, 1952; C subquadrata 

Reed, 1952; and C. transversa (Portlock) , 1843 are de- 

scribed by Reed (1952) from the Ordovician of Tyrone 
County, Ireland. As mentioned above better materials and 
photographs of these species are needed before their gen- 
eric assignment can be corroborated. 

Remarks and comparisons.— Vlrich (1894, \). 493) de- 
scribed details of the morphology of this genus which could 
not be noted on any of the type materials by the present 
author. Ulrich described the genus as being edentulous and 
as having a ligamental area which was excavated longi- 
tudinally for a linear ligament, but his materials do not 
show these features. Likewise, his description of the pallial 
line as: "simple, extending from the posterior adductor to 
the rostral cavity" is not supported by the materials. He 
figured the posterior byssal-pedal retractor scar of this genus 
as being large, larger than in any other genus of the family 
(1894, pi. 35, figs. 10 and 19) ; the materials that were 
available to Ulrich show only remnants of this muscle scar 
(PI. 33, fig. 22; PI. 34, fig. IJD) and do not warrant his inter- 
pretation. 

Because the posterior adductor muscle of this genus 
is situated in the posterodorsal part of the shell, there 
probably was a small anterior adductor muscle, even though 
there is no anterior lobe and no anterior muscle scar is 
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known. Pelec\]jO(ls which jjossess only a posterior adductor 
muscle usually ha\e it located subcentrally in the valves. 
Among modern Mytilaceans. which are heteromyarian, the 
posterior adductor is still located in the posterodorsal part 
of the shell and a small anterior adductor is present. 

It is difficidt to tell members of this genus from those 
of Mytilarcn Hall and Whitfield and Anoptcra Ulrich. 
None of these genera is morjjhologically well known, all 
lack an anterior lobe, and all have only concentric proso- 
pon. Unfortimately, the details of morjjholog-y which are 
known in one genus are luiknown in the others and conr- 
parisons are difficult to make. Generally speaking, My- 

tiJiirca is oblicjuely elongate with tlie height greater than 
tiie length; while in Clci())i\< liid these ilimensioirs are sub- 
equal with the length being a little greater than the height, 
and Clrionycltia tends to be more cjiKuhangidar. Anoptcra 

also has the height greater than the length, and is composed 
of erect forms with a prominent byssal sinus. 

Genus CONGERIOMORPHA Stoyanow, 1948 

1948.   Congeriitmorplui   Stovanow,   Jour.   Paleont.,   vol.   22,   No.   6,   p. 
784. 

Type species. —Congeriomnrpha andnismn Stoyanow, 
1948 (p, 786), by original designation. 

Z)iag?ioji5, — Ambonychiidae with concentric prosopon, 
anterior lobe, umbonal septum, and prominent byssal gape. 

Description. — Shell inequilateral, with a small anterior 
lobe, nonalate posteriorly; beaks prosogyral, terminal; 
])rosopon of concentric growtli varices; shell known only 
from silicified materials and structine uncertain; byssal 
ga]je belo^v the anterior lobe, wide, ujj to 10 mm. long; 
byssal sinus more or less prominent; size medium to large. 

Ligamcntal area and posterior muscidature luiknown; 
cardinal dentition luiknown, posterior lateial dentition 
composed of one tooth in the left \ahe. and probably two 
teeth in the right \al\e; umbonal septum present, crossed 
by an oblicjue ridge. 

Species listing anil distribution. ~ So far as known onlv 
one species is assigned to the genus, Congeriomorpha 

andrusovi Stoyanow; it has been identified only from the 
Late Devonian (Chemung) Island Mesa beds of north- 
central Arizona. 

Remarks and comparisons. —The above description is 
based upon Stoyanow's 1948 paper; only one poorly pre- 
served specimen of the geirus was seen by the author, 

Stoyanow noted (p. 787) that the left vahe is probably 
less inflated than the right, which would make the genus 
inet|ui\al\ed; howevei, on page 786 in speaking of his single 
bivalved specimen he wrote; "Of the eight illustrated speci- 

mens the s)niype No. 1MB. 1 . . , consists of both valves 
which were collected together in the matrix but not in 
juxtaposition , , ." Apparently this means that Stoyanow 
regarded the two valves as belonging to a single individual, 
although they were not found articidated. Additionally, the 
right valve which he figiued apjjears to be deformed, and 
there seems to be no reason to assume that the genus was 
inequivalved. By the same token, until a nondeformed 
specimen showing the two vahes in juxtaposition is found 
it cannot be demonstrated that the genus is equivalved. 
This latter condition appeals to be the more likely one, for 
the genus is ambonychiid in other respects. 

Stoyanow chose no holotype for the type s]3ecies. How- 
e\er, because I have not seen the original materials of 
CongeriomorpJia andrusovi I have deferred choosing a 
lectotype. 

Genus ECTENOPTERA Ulrich, 1894 

1894.   Ectfiioptrra   Ulrich   [««;«(■«   niulum'].   Lower   Sil.   Lamellibran- 
chiata of Minnesota, from Final Rep., Geol. and Nat. Hist. Siir. 
Minnesota, vol. 3, p. 485.  [Published under separate co\'er prior 
to the entire vol. 3.] 

1897.   Eclcnoptfra  Ulrich   [7iomni  nuiium^,  Cieol.   and   Nat.  Hist.  Sur. 
Minnesota,  Final Rep., vol. 3,  part 2,  Paleont.,  p. 485.  [This is 
a  reprinting of the  1894 paper above.] 

This generic name was never formally j^roposed by 
Ulrich, although it appears in the listing of the genera 
which he assigned to the family in 1894 and 1897, and he 
credited the name to himself. In the Errata for the 1894 and 
1897 papers (p, 628) Ulrich noted the following: "Page 
485 . . . for Ectenoptera, Ulrich read Opisthoptera, Meek." 
Ulrich was rather displeased with the somewhat informal 
way in which Meek had proposed Opisllioptcra (Ulrich 
1893 (1895) , p. 642) , and apparently originally thought of 
substituting Ectenoptera   for  Opisthoptera. 

Genus ERIDONYCHIA Ulrich, 1893 (1895) 

Plate  34,  35 

1894.   Eridonychia   Ulrich,   [iiomrn   iiuihimj,   Lower  Sil.  Lamellibran- 
chiata of Minnesota, from Final Rep., Geol. and Nat. Hist. Sur. 
Minnesota, vol. 3, p. 498. [Published under separate cover prior 
to the entire vol. 3.] 

1893     (1895). Eridonychia Ulrich, Geol. Sur. Ohio, Rep., vol. 7, p. 63< 
1897.   Eridonychia Ulrich, Geol. and Nat.  Hist. Sur. Minnesota, Fina 

Rep., vol. 3, part 2, Paleont., p. 498. [This is a reprinting of ih 
1894 paper above.] 

1908.   Eridonychia  Ulrich,  Cumings,  Dept. Geol.  and  Nat, R'   " 
Indiana, 32d Ann. Rep., p. 980. 

esources 

Type species. — Eridonycliia apicalis Ulrich, 1893 
(1895)   (p. 639) , by original designation. 

Discussio?!. — This genus was defined by Ulrich (1893 
(1895) , p. 639) as being; "Like Byssonychia [.-]ntbonycliia'] 
and Anomalodonta, excepting that the hinge is edentulous." 
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His laxobasis for Eridonychia could be debated, for 
Anoiimlndonta has only one poorly developed cardinal 
tooth; however, none of the specimens assignetl to Eridony- 

chia by Ulrich show the hinge line. 
Ulrich (1893 (1895) ) assigned three species lo this 

genus based upon a total of four s]jetimens. Two of his 
specimens are external casts and the other two are external 

mollis: none of them are well preserved. 
The holotype and only specimen of tlie type species 

Eridonychia apicalis (U.S.N.M. No. 46198) is herein fig- 
ined on Plate 34, figmes 13-14. It is a poorly preserved ex- 
ternal mold on wliich about 15 costae can be coiuited, and 
it may have had as many as 30 as Ulrich suggested. The 
museimi label lists the specimen as coming from the 
Fairmount member of the Fairview formation (Maysville). 
The obliquely elongate character of the shell, its estimated 
number of costae, and its angle gamma of about 90 degrees 
suggest that it is a poorly preserved specimen of Ambony- 
chia acutirostris (Ulrich) . This is consistent with its strati- 
graphic position: A. acutirostris is known from the Fair- 
moimt member in the Tristate Area of Ohio, Indiana, and 
Kentucky. 

Ulrich (1893 (1895), p. 639) commented on the simi- 
larity of Eridonychia apicalis to Anihonychia acutirostris: 

This species resembles Byssonychia [Amhi)iiy(hui~\ acutirostris very 
closely, and collectors will no doubt find it difficult to separate them 
when the specimens are not very good. A careful comparison shows 
that the margin of the byssal opening is more sharply inflected and 
the heaks, especially in casts, more erect in the Eridonychia. The 
principal differences however lie in the hinge, that species [.4m- 
t'oiiychia acutirostris} having true cardinal teeth and a narrower 
ligamental  area . .  . 

The hinge line of Eridouychia apiiaJis is unkno^\■n and 
that of Ambonycliiu acutirostris is poorly kno^vn: tiie other 
distinctions suggested by Uhich coidd be attribiued to the 
poorly preser\ed concUtion of tlie holotype and only known 
specimen of Eridonychia apicalis. Therefore, Eridonycliia 

apicalis Ulrich is herein regarded as a jiuiior sxnonym of 
Ambonychia acutirostris   (Ulrich) . 

The second species assigned to this genus by Ulrich 
was Eridonychia paucicostata Ulrich, 1893 (1895) (PI. 34, 
figs. 15, 16). This species is supposed to differ from the type 
species in having only 17-18 costae, otherwise, Ulrich said 
they were similar. E. paucicostata is based upon two speci- 
mens, the holotype and a paratype (U.S.N.M. No. 46200). 
Nothing of the hinge line is preserved in this species and, 
if anything, the specimens upon which it is based are more 
poorly preserved than is the holotype of E. apicalis. E. 
paucicostata is also from the Fairmoimt member of the 
Fairview formation, and lias the general obliejuely elongate 
nature and angle gamma of Atnbonyihia acutirostris. How 

many costae may have been present originally is conjectural, 
and this species too is regarded as a jimior synonym of A. 
acutirostris. 

The third species assigned to the genus by Ulrich was 
Eridouythia crrnata (PI. 35. fig. 1) . This is based upon 
one external mold where no hinge line structures are ob- 
sei\able (U.S.N.M. No. 46199). The nnrseiun label notes 
that it is from the Richmond Waynesville formation. The 
holotype preser\es about 20 costae and this lakes in most of 
the shell, probabK it did not have more than 30 costae at 
a maximimi and perhaps fewei: Ulrich estimated about 23. 
His specific taxobasis \vas thai the edge of the shell is not 
sntooth but crenulated. The proper placement of this sjjecies 
is for the time being uncertain; there is no reason to include 
it in a special genus (Eridonychia), particularly when the 
primary taxobasis used to separate Eridonychia from other 
genera cannot be demonstrated in the species. 

Thus, the genus Eridonychia Ulrich is not recognized 
herein. Two of its species, E. paucicostata and the type 
species £. apicalis, are ])laced in synonymy with Ambony- 
cliia acutirostris. At tlie moment the proper placement of 
the third species, Eridonychia crcnata, cannot be deter- 
mined. It may represent a distinct morphological form, 
howe\er, it probably belongs to Ambonychia or Anomalo- 
donta. 

Genus GOSSELETIA Barrels, 1882 

Plate   35,   36 

1882. 

1883. 

1883. 

188+. 

1884. 

1885. 

1886. 
1889. 

1891. 

1899. 

1900. 

1910. 

1913. 

1913. 

1920. 

Gossctetia Barrois,  Societe Geologi<jue du Nord,  Me 
No.  1, p. 273. 
[«o«]  Gossctetia de Koninck, Musee Royal d'Histoire N 
de Belgique,   Annales,  tome   8,   p.  28. 
r^—.i^t*:^    V r^ „/..<;..1    u :..     u„ii    M„^    ut:.,*    M..,. 

tome 2, 

aturelle 
ur   iJci^iquc,   .\iiiidics,   luiiic 
Gossclcttia   [Gossetctui^   Barrois,   Hal,       ___        _   _         . 
1^ — I   c.._  M— \-„-i.   n-i.^pQ|^f^ ^,Q|   5^ p3|.( j^ Lamellibranchiata Geol. Sur. New York, Pala 
Plates  and  Explanations,  p. + 
Gossclcttia   [Gossclctia~\   Barrois 
Nat.  Hist.,  35th  Ann.  Rep.,  f 
Gossclcttia   [Gossctetia^   Bar 

Nat.   Hist.   New  York, 

Hall, New York State Cab. 
pp. 405 and 406d. 

issclctia] Jjarrois, Hall, Geol. Sur. New York, 
Palaeont., vol. 5, part 1, Lamellibranchia 1, pp. xiv and 265. 
Gossctetia Barrois [partim^, Follmann, Verhandlungen des 
naturhistorischen Vereines der preussischcn Rheinlande, West- 
falens und des Reg.-Bezirks Osnabruck, vol. 42, Verhandlungen, 
p. 207;  Sitzungsberichte,  p. 77. 
Cos uosscletia Barrois,  Fischer,  Manuel  de  Conchyliologie,  p. 963. 
Gossclcttia [Gossctetia'] Barrois, Miller, North American Geol 
and Palaeont., p. 482. 
Cyrtodontopsis Freeh  [parlim], Abhandlungen zur geologischer 
Specialkarte von Preussen und den Thiiringischen Staaten, banc 
9,  Heft 3, p. 125. 
Gossclcttia   [Gossctetia]   Barrois,   Grabau,   Buffalo   Soc.   Nat 
Scis., Bull., vol. 6, p. 249. 
Gossctetia Barrois, Dall, iu Zittel-Eastman, Textbook of Paleont. 
vol. 1, p. 368.  [1st ed.] 
[Nori]   Gossctetia Barrois,   Hind,  Ro 
vol. 47, part 3, p. 500. 
Gossctetia    Barrois,    Dall, 
Paleont.,  vol.  1,  p.  445.   [2d  ed.] 
[Noil]    Gossellctia   [Gossctetia]   Barrois,   Clarke   and 
Maryland Geol.  Sur.,  Middle  and  Upper Devonian 
Gossctetia     Barrois     [parllin] 

Soc.  Edinburgh,  Trans., 

Zittel-Eastman,     Textbook     of 

Maillieux,    Societe 

Swartz, 
p.  641. 
Beige     de 
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Geologic,    de    Paleontologie    et   d'Hvdrologie,    Bull.,    tome   29 
(1919), p. 144. 

1937.   Gosscli-tia Barrois  [t>artim'\, Maillieux, Musee Royal d'Histoire 
Naturelle de Belgique, Mem. No. 81, p. 86. 

1944.    Gossi'li'ttia    [Goisi'lrtiiil    Barrois,    Shimer    and    Shrock,    Index 
Fossils of North America,  p. 387. 

1950.   [Noll]   Gossi li-titi  Barrois,  LaRocque,  Univ.  Michigan,  Mus. of 
Paleont., Contrib., vol. 7, No. 10, p. 293. 

1952.   Gossrirtia     Barrois,     Dechaseaux,     in     Piveteaii.    Traite     de 
Paleont., tome 2,  p. 266. 

Type Species. — Gossclrlill iler'onini B.inois, 18S2 (p. 

274) , by sub.sequent designation of Mallieiix. 19.S7 (]). 86) ; 
? Follmann, 1885b, p. 208. 

D/«i^»oiW. — Ambonychiidae with anterior lobe, con- 
centric prosopon, well-developed cardinal and lateral denti- 
tion, and lacking a discernible byssal gape. 

Desrriplioii. — Shell e(|iii\alved, ineciinlateial. with an 
antciior lobe, nonalate: beaks nonterminal, prosogyral; 
jirosopon of concentric growth lines only; no discernible 
byssal gape; wide ligamental space: size medium to large. 

Ligamental area possessing diipli\ inciilar grooxes and 
lidges; pallial line poorly known, described as simple (in- 
tegropalliate?) ; heteiomyarian, posterior adductor scar 
poorly known, described as large and faint, anterior ad- 
ductor scar in anterior lobe: other muscidatine unknown; 
dentition consisting of well-de\eloped lardinal and lateral 
teeth, the former usually three in ninnber with the anterior- 
most often bifid. 

Synonymic discussion.— Burrois proposed the name 
Gosseletia for a Devonian ambonychiid from Spain in 1882. 
In the following year De Koninck used the same name for 
a genus of gastropods; Fischer (1885) subsecpiently replaced 
Gosseletia de Koninck by Gosseletina. 

Hind's 1910 materials show no anterior lobe, their 

dentition is unknown, and one of the specimens he assigned 
to the genus ajjpears to be a modiolopsid. 

LaRoccjue (1950) quoted Maillieux's (1937) descrip- 
tion of the genus and assigned one specimen to Gosseletia. 

However, this specimen shows no anterior lobe and prob- 
ably does not belong to Gosseletia. 

Freeh (1891) proposed the name Cyrtodontopsis as a 
subgenus of Gosseletia. Maillieux (1937, p. 96) discussed 
the four species Freeh had placed in Cyrtodontopsis and 
came to the following conclusions: C. kayseri Freeh and C. 
quartzitica Freeh belong to Cyrtodonta Billings; Cyrtodon- 

topsis praecursor Freeh belongs to Modiomorpha Hall and 
Whitfield: Cyrtodontopsis halfari is probably a species of 
Gosseletia. Thus. Maillieux disbanded Cyrtodontopsis. 

Maillieux (1920) subdivided Gosseletia into two sub- 
genera; he pro]josed that all forms with concentric prosopon 
only be placed in Gosseletia   (Gosseletia) , and ])laced those 

species with radial prosopon in the new subgenus Gosseletia 

(Stappersella). Herein Stappersella is regarded as a distinct 
genus. Drevermann (1907) used the species Gosseletia 

pseiidalcctryonia Freeh as the type species of the new genus 
Folliiiainiia. 

Beginning with Hall (1883), most American aiuhors 
ha\'e misspelled the name Gosseletia as Gosselcttia. How- 
e\er, LaRocque (1950) returned to the spelling proposed 
by Barrois. 

Materials. —'The only specimens of this genus available 
to the aiuhor were Hall's 1883 and 1884a and b type ma- 
terials, and several weathered new specimens; otherwise, the 
above description is based upon the literature. The North 
American forms placed in Crosseletia are similar to the 
Einopean species placed in the genus, and Gosseletia is one 
of the few ambonychiid genera definitely knoxvn to oc< iir in 
both EiU'ope and North America. 

Distribution. — As far as known Gosseletia is limited to 
the De\onian rocks of western Eiuope and eastern North 
America. In Eiuope where nimierous species have been 
named, the genus is known from Spain, the Ardennes region, 
and Germany where it occius primarily in the Early Devon- 
ian. In North America the genus has been reported from 
the Middle De\onian of Manitoba, Canada (Whiteaves, 
1892, p. 293)   and Michigan, New York, and Ohio. 

NORTH AMERICAN SPECIES 

As far as known to the author, in North America only 
the two species described by Hall (1883 and 1884a and b) 
ha\e been placed in Gosseletia. 

Gosseletia triquetra (Conrad), 1838 

Plate  35,  figures 2-4,  8-18;  Plate 36,  figures 1-4 

Gosseletia retusa Hall, 1883 

Remarks and comparisons. — Gosseletia triquetra was 
originally assigned to Pterinea by Conrad, 1838. His defini- 
tion is minimal, however. Hall (1883 and 1884b) located 
what he thought to be Conrad's holotype (A.M. No. 

5274/1). This specimen was figured by Hall on plate 31, 
figure 10 and is herein figined on Plate 35, figures 8-10. 
The holotype is well preserved and only slightly distorted; 
its measiuements are: length, 43 mm.; height, 51 mm.; 
thickness of a single valve. 20 mm.; diagonal dimension, 52 
mm.; and angle ganmia. 73 degrees. There are two speci- 
mens at the American Museinn with the abo\e ninnber 
(5274 1) : Hall (1883 and 1884b) figured both of these but 
mentioned only the specimen herein figiued on Plate 35, 
figures  8-10  as  Conrad's  presimied  original.   The  second 
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specimen (Hall, pi. 31, fig. 9; not li-uicd herein) is ap- 
parently one collected by Hall. The beak and very upper 
part of the right umbo of the holotype are reconstructed 

in wax, but this does not effect the value of the specimen. 

All of Hall's materials are from the Hamilton rocks of 
New York. At the United States National Musemn there are 
s|)ecimens of Gossclctin from Haiuilton Drift in Michigan, 
and Shinier and Shrock (19-11) listed Gasscletia triquctra as 
occiuring in rocks of Middle Devonian age in Michigan, 

New York, and Ohio. 

I have not been able to locate Hall's types of G. rctnsa. 

The specimen illustrated by Hall has a shell sha|je which 
differs from that of G. triquctra, however, nothing is known 

of the dental structmes of G. retusa. 

Genus LOPHONYCHIA Pohl, 1929 

Plate  36 

1911. Mylllarca Hall [and Whitfield] [parlim'i, Cleland, Wisconsin 
Geol. and Nat. Hist. Sur., Bull. 21, Scientific Series No. 6, p. 108. 

1929. Lophonychia Pohl, [partim], Public Mus. City of Milwaukee, 
Bull., vol. 11, No. 1, p. 48. 

Type Species. —Mylihnca trignnaic Cleland. 1911 (p. 

]()8), by original designation of Pohl, 1929 (p. 49), as 

Lophonychia trigonale   (Cleland) . 

/)/«s^nrww. — Costellate (?) Ambonychiidae with pos- 

terior adductor muscle scar located in the posterocentral 

part of the valve. 

Description. —SheW inec|uilateial, lacking an anterior 
lobe, nonalate; beaks terminal and |)rosogyral; prosopon 
probably of simple costellae; shell completely unknown; 
byssal sinus shallow; there may be a small discernible byssal 
gape; length and height about ecpial; only known species is 

small in size. 

All internal features except the posterior adductor 
muscle unknown: the latter is unusually located for the 
family, being at about the middle of the height, but near 

the posterior margin. 

Species listing and distribution. — As far as known to 
the author there is only one species presently assignable to 
the genus, L. trigonale (Cleland), 1911. It has been identi- 
fied only from the Lower Middle Devonian Lake Church 
formation of Wisconsin. 

Remarks and comparisons. — hARocciue (1950, p. 294) 
suggested that Lophonychia Pohl might be synonymous with 
Gosseletia Barrois; this proposal is not herein followed be- 
cause Lophonychia lacks an anterior lobe, and at least in 
the holotype appears to possess costellate prosopon. 

Pohl in erecting the genus described the hinge line as 
having small lariHnal and lateral teeth and as being longi- 
tudinally excavated for a linear ligament (1929, p. 48) ; on 
page 49 he mentioned that there is an "apparent lack of 
teeth" in the genus. The type material of L. trigonah' shows 
nothing of the ligamental or dental structures: herein, the 
dentition and ligament type are regarded as unknown. 

The specimen figined on Plate 36, figmes 5-8 is chosen 
as the lectotype of L. trigonale (Cleland) . Cleland (1911) 
based this species upon two syntypes (U.S.N.M. Nos. 80288 
and 142821), and Pohl (1929) refigured the syntypes but 
chose no lectotype. The measurements of the lectotype are: 
length, 17 mm.; height, 15 mm.; width, 5 mm.; and diagonal 
dimension, 18 mm. Cileland's other specimen is figined on 
Plate 3fi, figures 9-10 and is regarded as a paralectotype of 
the species. 

The lectotype of the type species preserves what appear 
to be renuiants of costellae in the region posterior and 
ventral to the posterior adductor scar (PI. 3(), figs. 5, 8). 
Radial proso]jon among Dexonian ambonychiids occurs in 
only thice other genera: hOlbnannia Dre\ermann and Stap- 

persella Maillieux are known only from Eiuasia, while the 
multicostate genus Byssopteria Hall is from the Late Devon- 
ian of North America. Lophonychia is distinct in having 
what apjjears to be a simplicicostellate condition and an 
unusually placed posterior adductor muscle scar. The an- 
terior face of the lectotype (PI. 36, fig. 7) shows what 
seems to be a small discernible byssal gape. Because no bi- 
valved specimens of the genus are known, it cannot be de- 
termined wiiether or not Lophonychia is ec]uivalved. 

Pohl (1929) , in addition to placing L. trigonah' in this 
genus, erected tlie new species Lophonycliia culleUata. The 
type materials of this species show no sign of costellate pro- 
sopon, nor of the jjosterior adductor scar; in addition, they 
appear to have been strongly distorted. The only featme 
which the two species have in common is carination of the 
imibones; tliis is a recurrent feature among ambonychiids 
occiuring in Arnbonychia, Opisthoptcra, Byssopteria, and 
other genera, and of itself does not constitute a valid gen- 
eric taxobasis. Lophonychia cultellata is herein regarded as 
being based upon distorted material probably of some 
species of Mytilarca. Species of this latter genus possess 
only concentric prosojjon and occur throughout the Devon- 
ian. 

Stewart (1933. p. 178) proposed the new species LO/J/JO- 

nycl)ia cordafa. This is a large, concentricalh marked, cari- 
n.ile loim simil:n to /,. ( uilellata Pohl. Foi tiic same reasons 

discussed under the latter species the generic assignment 
of L. cordata must be considered tentative. 
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Genus MARYONYCHIA Pojeta, new genus 

Plate 36 

1872.   [A'o«]   Opislhnpirrii  Meek,  Acad.  Nat.  Sci.  rhiladelphia,  Proc. 
for   1871,   part  3,   p.   319. 

1910.   Opisthoptera   Foerste,   Sci.  Labs.   Denison   Univ.,  Bull.,   vol.   16, 
p. 70. 

Type species. —Opisthoptera coneordensis Foerste. 
1910 (p. 70) , is herein designated the ty])e species of the 
new genus Maryonychin. 

Diagnosis. — Multito.state Ambonychiitlne with a prom- 
inent byssal gajje and lacking a posterior alation. 

Description. —ihcW inequilateral, lacking an anterior 
lobe and a posterior wing; beaks terminal, prosogyral; 
obliquity prosocline; jjrosopon of growth varices and midti- 
ple costae, the latter consisting of primary costae which 
bifmcate (PI. 36, fig. 11) ; between each pair of secondary 
costae there is usually a single intercalated costa (PI. 36, 
fig. 15), although there are sometimes two intercalated 
costae; only the outer costate shell layer is known; byssal 
sinirs shallow; byssal ga])e prominent; si/e medium to 
large. 

Internal featines iMikno\vn, except for ligamental 
remnants in one specimen. 

Species listing and distribution. — OnXy one species is 
presently assigned to the genus, Mar\onycliiu concordensis 
(Foerste) , 1910. This sjjecies is limited to the .Arnlieim and 
W'aynesville formations (Late Ordovician) of the Tristate 
Aiea of Ohio, Indiana, and Kentucky. 

Remarks and comparisons. — The genus is named for 
my wife, Mary Louise. 

While the internal featines of tiie genus are largely 
imknown, it is a distinct type differing from Opisthoptera 

in lacking a posterior wing and in having costae not 
tostellae. Maryonychia differs from Byssopteria in tiie 
regidarity of its costal subdivision, in lacking umbonal 
carination, and in the known jjresence of a byssal gape. 

Llndoubtcdly the reason why Foerste placed Maryony- 
chia concordensis in Opisthoptera was because of the multi- 
ribbed condition; howe\er. the two genera differ signifi- 
cantly in their rib patterns and in wing development. 

SPECIES DESCRIPTION 

Maryonychia concordensis (Foerste), 1910 

Plate   36,   figures   11-15 

1910.   Opisthoptrra   loncordnisis   Foerste,   Sci.   Labs.   Uenison   Univ., 
Bull.,  vol.   16,  p.  70,  pi.  1,  fig. 9. 

Diagnosis. — At present this is the only species assigned 
to Maryouycliia: it has 20-25 primary costae and an angle 

gamma of 80-90 degrees. 

Description. —ShftW quadrate; with 20-25 primary 
costae which bifurcate, although not necessarily at the same 
distance from the peaks of the umbones; as far as known 
each costa bifurcates only once forming two secondary 
costae; between bifurcated costae there is usually one inter- 
calated costa, however, occasionally there are two intercal- 
ated costae between secondary costae; angle gamma, 80-90 
degrees; umbones rounded, not keeled; thickness of a single 
valve, up to 20 mm.; byssal gape fusiform, up to 10 mm. 
long, and located about its length below the umbonal 
peaks; byssal sinus shallow; size medium to large. 

Internal featines unknown, except for ligamental 
remnants in one specimen. 

Types and materials — The above description is based 
upon Foerste's holotyjje (U..S.N.M. No. 84803) of the 
s]jecies and five additional sjjecimens, two of which are 
figured herein. 

The dimensions of the holotype are as follows: length, 
60 mm.; height, 63 plus mm.; thickness, 15 mm.; diagonal 
dimension, 72 plus mm.; angle gamma, 90 degrees; and 
primary costae,  19 plus. 

Distribution.—The sjsecies distiibution is the same as 
that of the genus. 

Genus MEGAPTERA Meek and Wortfien, 1866 

This is an inxalid objective senior synonym of Opis- 

thoptera Meek, 1872; see that genus for a discussion of the 
generic name Megaptera. 

Genus MYTILARCA Hall and Whitfield, 1869 

Plates 37-42 

1869. Mytiliirui [Hall and Whitfield] [/>«;7//n]. Preliminary Notice 
of the Lamellibranchiate Shells of the Upper Helderberg, 
Hamilton and Chemung Groups, with Others from the 
Waverly   Sandstones,   part 2,   p.   19. 

1870. MytUarca [Hall and Whitfield] [/>a;7/m]. Preliminary Notice 
. . . Sandstones, part 2, p. 19. [This is an expanded version of 
the 1869 paper above, however, the Mylitarca portion remained 
the same  in  both  works.] 

1873. Mytilaria [Hall and Whitfield], Hall, New York State Cab. 
Nat.  Hist., 23d -Ann. Rep., pi. 14, figs.  11-13.  [No text.] 

1883. Plethomytilus Hall, Nat. Hist. New York, Geol. Sur. New York, 
Palaeont., vol. 5, part 1, Lamellibranchiata Plates and Explana- 
tions, p. 4. 

1883. MytUarca [Hall and Whitfield] [parlim^, Hall, Nat. Hist. New 
York, Geol. Sur. New York, Palaeont., vol. 5, part 1, Lamelli- 
branchiata Plates and Explanations, pis. 32, 33, and 80. [No 
text] 

1884. Mytilana Hall [and Whitfield], Hall, New York State Cab. 
Nat.  Hist.,  35th   .Ann.  Rep.,   pp.  401   and  406d. 

1884.   MytUarca s.  g. PtcihomytUus  Hall,  New  York  State  Cab. Nat. 
Hist.. 35th .•\nn. Rep., pp. 401  and 406d. 

1884.   My/Uarca Hall [and Whitfield]  [partim]. Hall, Geol. Sur. New 
York, Palaeont., vo]. 5, part 1, Lamellibranchiata 1, pp. xiv and 
253. 
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1884. Mytiliirca sub-genus Plil/irjmytilus Hall, Geol. Sur. New York, 
Palaeont., vol.  5,  part 1,  Lamellibranchiata  1,  pp. xiv and 253. 

1886. MytUarca Hall [and Whitfield], Fischer, Manuel de Conchylio- 
logie, p. 963. 

1889. Mylilarca Hall [and Whitfield] [piirllm^, Miller, North .Ameri- 
can  Geol.  and  Palaeont.,  p. 493. 

1889. PIcthomytilus Hall, Miller, North .\merican Geol. and Palaeont., 
p.  503. 

1891. MyaliTia de Koninck [ptutim'\, Freeh, Abhandlungen zur geolo- 
gischen Specialkarte von Preussen und den Thiiringischen 
Staaten, band 9, Heft 3, p.  139. 

1896. [Noni MytUarca [Hall anl Whitfield], Miller and Gurley, 
Illinois State Mus. Nat.  Hist., Bull. 11, p.  14. 

1899. PIcthomytilus Hall, Grabau, Buffalo Soc. Nat. Scis., Bull., vol. 
6, p. 248. 

1904. Strcflomylilus Kindle and Breger, Dept. Geol. and Nat. Re- 
sources Indiana, 28th Ann. Rep.,  p. 452. 

1908. [?] Mylilarca Hall [and Whitfield], Chapman, Nat. Mus. Mel- 
bourne, Mem. 2,  p. 44 

1909. MytUarca Hall [and Whitfield] [partim]. Grabau and Shinier, 
North  American  Index  Fossils,  vol.   1,  p. 432. 

1909. PIcthomytilus Hall, Grabau and Shimer, North .American 
Index Fossils, vol.  1,  p. 433. 

1910. [?] Mylilarca Hall [and Whitfield], Hind, Roy. Soc. Edin- 
burgh,  Trans.,   vol.  47,   part   3,   p.   516. 

1930.   Mylilarca [Hall and Whitfield]  [parlim'l, Caster, Bull. .Ameri- 
can Paleont., vol. 15, No. 58, p. 71. 

1934.   [?]   MytUarca   Hall    [and   Whitfield],   Isberg,   Studien   Uber 
Lamellibranchiaten des Leptaenakalkes in Dalarna, p. 107. 

1937.   PIcthomytilus Hall, Maillieux, Musee Royal d'Histoire Naturelle 
de Belgique, Mem. No. 81, p. 81. 

1937.   Mylilarca    Hall    [and    Whitfield],    Maillieux,    Musee    Royal 
d'Histoire  Naturelle  de   Belgiipie,   Mem.  No.   81,   p.   84. 

1944.   MytUarca  Hall  [and Whitfield]   [partim], Shimer  and  Shrock, 
Index Fossils of North America,  p.  387. 

1944.   PIcthomytilus Hall,  Shimer and  Shrock,  Index  Fossils of North 
America,  p.  387. 

1952.   \Non~\   Mylilarca   Hall   [and  Whitfield],   Moore,  Lalicker,   and 
Fischer,  Invertebrate Fossils,  p. 420. 

1958.   [?] Mylilarca Hall [and Whitfield], Khalfin, Akademiya Nauk 
SSSR, Trudy Geologicheskogo Instituta, Vypusk 9, p. 172. 

1962.   MytUarca  Hall  and  Whitfield,  McAlester,  Peabody  Mus.  Nat. 
Hist., Yale Univ., Bull. 16, p. 38. 

Type species. —Inorrramvs chemungensis Conrad, 
1842 (p. 246), by original designation of Hall and Whit- 
fiekl, 1869   (p. 20), as MytUarca cliciiiiin;j^ciisis   (Conrad). 

Diagncjsis. —DentMe Ambonychiidae witli concentric 
prosopon and lacking a discernible bys.sal gape. 

Description. —Shell equivalved, inequilateral, lacking 
an anterior lobe and a posterior wing; beaks terminal and 
prosogyral; prosopon of concentric growth lines only; byssal 
sinus weak to well developed; no discernible byssal gape; 
shell poorly known; size small to large. 

Ligamental area with numerous fine duplivincular 
grooves and ridges; pallial line unknown, other muscula- 
ture unknown; hinge line with posterior lateral teeth and 
with cardinal teeth; as far as known the posterior lateral 
teeth mounted on what is either a posterior shell thickening 
or a posterior vertical lamella. 

Synonymic discussion. — When tiie name MytUarca 
was originally proposed (December, 1869) it was published 
anonymously. In January, 1870 an expanded version of the 

1869 paper was published, and inserteil in front of the 
first page of this work (1870) was a slip of paper which 
read "With tiie Compliments of James Hall." On the basis 
of tiiis most workers accepted Hall as the author of the 
generic name MytUarca. However, Cooper (1931) showed 
that in reality Hall and Whitfield were coauthors of the 
1869 and 1870 papers. Of the numerous references to the 
generic name only McAlester (1962) noted the coaiuhoi- 
ship of Mylilarca. 

As discus.sed pre\ioii,sl\. the primary generic taxobasis 
for the sepaiation of the genus Streptoinytihis from other 
ambonychiids is not herein consideied to be valid; because 
most of the species assigned to Strrptoinytilus were formerly 
placed in Mylilarca. they are retinned to this genus. 

Hall (1883) j)ro])osecl Plctliomytilus as a new genus 

and jjlacecl sexeral species formerly assigned to MytUarca 
and one new species in Plethomytiliis. On page 4 Hall dis- 
tinguished Plethoniytiliis from MytUarca as follows: ". . . 
Differs from Mylilarca in its true hinge line, and the 
absence of teetii . . ." In 1884a (p. 406d) and 1884b (pp. 
xiv and 253) Hall reduced Plethomytiliis to a subgenus of 
MytUarca, but suggested no adequate distinction between 
the two subgenera. Apparently, because of Hall's 1884a and 
b notations that M. (Mylilarca) had both cardinal and 
posterior lateral teeth while M. (PIcthomytilus) was only 
known to have lateral teeth, subsequent authors have used 
this as the taxobasis for sej^arating Hall's two subgenera 
and ha\e treated each subgenus as a genus in its own right. 

While both "genera" are known to have posterior 
lateral teeth (PI. 38, figs. 4, 14; PI. 41, fig. 4) the anterior 
end of the hinge line has not been observed in well-preserved 

specimens of any species assigned to Plelliomytilus. Of Hall's 
1883-84 materials only one specimen of Mylilarca chemun- 
gensis ])reserves what may be remnants of the cardinal den- 
tition (PI. 38, fig. 4). This specimen shows one or two 
obsciue grooves below the anterior end of the ligamental 
area which may be molds of cardinal teeth. Whether or not 
these are the same grooves which Hall considered to be 
cardinal teeth is uncertain; he illustrated three cardinal 
teeth which he showed as crossing the ligamental grooves 
and ridges (1883-84, pi. 33, fig. 8). The only specimens of 
MytUarca with well-preserved cardinal and posterior lateral 

teeth which I have seen belong to an unnamed species of 
the genus (U.S.N.M. No. 101593) from the Late Silurian 
Edmunds formation of Maine (PI. 37, figs. 21, 22). 

One other distinction between the two "genera" is 
that most species of PIcthomytilus are larger than most 
species of MytUarca. However, this is not an al)soliite cri- 
terion of sejjaration and,  in any case, size woidd make a 
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poor generic taxobasis when unsupported by other cUstinc- 

tions. 
The two generic names are herein considered to be 

synonyms; in the present state of knowledge they cannot 
be se])arated by any tangible objective criterion. As these 
forms become bettei known they may have to be se|)arated. 
but at the moment there is no way to distinguish s|jecies 
assigned to one genus from those assigned to the other. 
Testimony to this is that subsecjuent to Hall species were 
assigned arbitrarily to one genus or the other e\en though 
their dental structures were completely unkirown. 

Isberg (19.S4) assigned 12 iiew species from the Ordo- 
vician Lcplacnii limestone to Mytilarcn. These fornrs have 
concentric |jrosopon and several of them are figined show- 
ing both cardinal and posterior lateral dentition mounted 
on separate \eitical lamellae. His Swedish forms may be 
congeneric with North American Mytilarcas. However, no 
North American species of Mytiltnai are knt)wn from Or- 
dovician rocks, and the dentition of Nortli American con- 
centrically marked Ordovician genera is not known. 

Distribution. —In North America Mylilarru has been 
reported from all Silurian and Devonian series. Many of 
these identifications mirst be considered as tentative, pend- 
ing the finiling of better materials. Geographically most 
species assigned to the genus occiu" in the northeastern quar- 
ter of the United .States and adjacent parts of Canada, al- 
though Mytihirca is doubtfidly identifietl from Nevada 
(\Valcott. 1881) and Colorado (Girty, 1900 and Kindle, 
1909). 

In Einope the genus has been reported from the 
Lcptacna limestone (Ordo\ ician) of Dalarna, Swedeir (Is- 

berg. I9.S1) ; fioirr the Silurian of Scotland (Hind. 1910) ; 

and Poland (Korejwo and Teller, 1961) ; and from the 
Devonian of the Ardennes area (Maillieux. 1937) , Germany 
(Freeh, 1891). and Siberia   (Khalfin, 19-10). 

At least three probable Mississippian sj)ecies ha\e been 
assigned to Mytilarca: M. occidentalis (\Vhite and 'Whit- 
field) (PI. 39, fig. 12), M. fibristriata (^Vhite and Whit- 
field) (PI. 39, figs. 13-15), and M. jessieae Miller and 
Gurley (PI. 39, figs. 16-19). These are oblique species with 
a definite mytiliform aspect and probably belong to the 
Mytilidae or to the Modiolojjsidae. The ligamental type of 
these species is unknown, but the general shape of the shell 
is not ambonychiid. All three species are similar to the 
Late Paleozoic Mytilidae described by Newell (1942) . Be- 
cause of the former inclusion of these Mississippian forms 
in Mytilarca. many of the references cited in the above 
synonyiny refer to Mytilarca only in part. Branson (1938) 
])laced M. jcssirar in the genus Prothyris Meek. 

NORTH AMERICAN SPECIES 

No attempt is made herein to assoi t the mnnerous 
species assigned to this genus from North America. This 
woidd be a separate study in itself, and much more woidd 
be needed in the way of material to determine which species 
are valid. Ninnerous tyjje specimens of Mytilarca species 
are herein photograjihically illustrated for the first time, 
and in a number of instances comments are made about the 
\arious species on the basis of the type nraterials. McAlester 
(1962) has restudied the Mytilarcas of the Chemimg Stage 

of New York, and I have followed his listing of Chemimg 
species. 

SILURIAN SPECIES 

Mytilarca acutirostra (Hall), 1865 

Plate  37,  figures  1-7 

Hall in the 1865 Achance Printing (discussed above 
imder the genus Ainpliicoelia) tentatively placed this form 

in Ambonychia. LUrich (1894, p. 494) placed the species in 
Mytilarca aird was followed in this by Clarke and Ruede- 
mann (1903, p. 48). The holotype (PL 37, figs. 1-3) is from 
the Niagaran (Middle Silurian) of Wisconsin (A.M. No. 
1951 2) : it shows no concentric prosopon and jjreserves no 
dental features, thus, it can be assigned only questionably to 
Mytilarca. In addition, the specimen shows a discernible 
byssal gape: this is an mrusual featiue in post-Ordovician 
ambonychiids. Similar forms at the United States National 
.Museinrr (PI. 37, figs. 5-7) from the Niagaran rocks of 
Illinois and Indiana do not show a discernible byssal gape. 

The specimen figured on Plate 37, figme 4 (N.Y.S.M. 
No. 2822) was described by Hall (1882, p. 314) from the 
Niagaran of Indiana and was regarded by him as being con- 
specific with Ambonychia acutiro.stra. This hypotype is 
poorly preserved and prepared, and it is doubtful that it 
can be specifically identified. 

Mytilarca amii McLearn, 1924 

McLearn figured one specimen which shows concentric 

prosopon; it is from the Stonehouse formation (Late Silur- 

ian)   of Nova Scotia, Canada. 

Mytilarca aphaea (Hall), 1865 

Plate 40, figures 10-12 

This species was also described in Hall's 1865 Advance 
Printing; it is based u|)on one specimen (A.M. No. 2068/1) 
which jMeserves nothing of the dental structures nor of the 
prosopon, and it was ]3laced in the genus Strcploinytilii.'i by 

Kindle and Breger. 
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Mytilarca cuneatus (Kindle and Breger), 1904 

Plate +0,  figures  5-6 

This species is based upon one specimen from the 
Niagaran (Middle Silurian) of Indiana (holotype, 
U.S.N.M. No. 62321). The prosopon is unknown, and it 
may possess remnants of posterior lateral teeth. It was 
originally assigned to Plethomytiliis. howe\er, the reason 
for this assignment was not discussed. In view of the lack 
of knowledge of the prosopon the species may not belong to 
Mytilarca, but until new materials are found this cannot 

be determined. 

Mytilarca  edullformis  Clarke  and  Ruedemann,   1903 

Plate  38,  figures  7-8 

The species is based upon one poorly preserved partial 
specimen with some remnants of concentric prosopon 
(N.Y.S.M. No. 9131). Originally placed in Mytilarca by 
Clarke and Ruedemann; it was subsetpiently placed in 
Strcplomytiliis by Kindle and Breger (1904). Mytilarca 

edulijormis is from the Niagaran (Middle Silurian) of 
New York State, but it is jjoorly preserved and the name 
will probably have to be limited to the holoty])e. 

Mytilarca foerstei Clarke and Ruedemann, 1903 

Plate 37, figure 20 

The species is based upon a single partially shelled 
specimen which shows concentric prosopon (U.S.N.M. No. 
88537). The species was described from the Medinan (Early 
Silurian) Brassfield limestone of Ohio as Mytilarca niytili- 
jormis by Foerste (1893 (1895) ). He was uncertain as to 
the generic assignment and followed Uhich's ad\ice that it 
belonged to Mytilarca. However, at the same time Foerste 
was describing Mytilarca iiiytiliforiiiis as a new species of 
Mytilarca (1893 (1895), p. 559) he included a quotation 
from a personal communication with Ulrich (p. 560) which 
placed Myalina mytilifminis Hall, 1852 in Mytilarca. Thus, 
in effect he placed two species with the same trivial name 
in Mytilarca. Clarke and Ruedemann (1903) noted this 
and renamed M. mytiliformis Foerste, M. foerstei Clarke 
and Ruedemann. 

Foerste (1893 (1895) ) placed this species in the Clin- 
ton (Niagaran) ; however, the museum label notes that it is 
from the Brassfield limestone which is regarded as Medinan 
(Early Silurian)   in age. 

Mytilarca nitida (Billings), 1866 

This Niagaran (Middle Silurian) species from Que- 
bec, Canada, was placed in My titan a by Twenhofel  (1928) . 

Mytilarca mytiliformis (Hall), 1852 

M. iiiyliliforniis was originally described as a member 
of the genus Myalina but was subsecpiently placed in My- 

tilarca by Ulrich i» Foerste (1893 (1895)), and Clarke and 
Ruedemann (1903) accepted this assignment. The species 
is from the Niagaran (Middle Sihnian) of New York; its 
dentition is luiknown. but it does have concentric jjrosopon. 

Mytilarca obliqua Weller, 1903 

Neither the dentition nor the prosojjon of this species 

is kirown; it is from the Late Silurian of New Jersey. 

Mytilarca pernoides Whiteaves, 1905 

This species is a concentrically marked form from the 
Ekwan River region of Ontario, Canada (west side of 
James Bay). Whiteaves (1906) described the hinge as hav- 
ing both cardinal and lateral teeth but did not figure the 
dentition: he also noted that Ulrich thought M. pernoides 
was probably a synonym of M. apliaea (Hall) . This latter 
species was referred to Streptoinytihis by Kindle and Breger 
(1901) , and Bassler (1915) referred Mytihiroi pernoides to 
Slreptotnytihis as a probable synonym of .S'. aphaea. Myti- 

larca pernoides is from the Niagaran (Middle Sihnian) of 

Ontario, Canada. 

Mytilarca sigilla Hall. 1876 

Plate  37,  figure  19 

This species is based upon a small specimen from the 
Niagaran (Middle Silurian) of Indiana, which shows 
neither the concentric prosopon nor the dentition (holo- 

type, A.M. No. 1948) . 

Mytilarca wabashensis (Kindle and Breger), 1904 

This is the type species of the genus Streptornytilns 

Kindle and Breger. It is a small form from the Niagaran 
(Middle Sihnian) of Indiana which has concentric proso- 
pon, however, the hinge line is unknown. 

DEVONIAN SPECIES 

Mytilarca chemungensis (Conrad), 1842 

Plate  37,  figures  8-18;   Plate  38,  figures  1-5,   10 

This species is found in the Chemung and Cassadaga 
(Late De\onian) stages of New York and Pennsylvania, and 

may also occur in the Late Devonian of Virginia and 
Nevada. McAlester (1962) regarded the species names M. 
carinata Hall and M. attenuata Hall and Whitfield as sub- 
jective synonyms of M. chemungensis  ((;oniacl) . 
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Mytilarca gibbosa Hall, 1884 

Plate  39,  figure 2 

Mytilarca  lata Hall,  1883 

Plate 39, figure 1 

Mytilarca regularis Hall, 1884 

Plate 38, figure 21 

Mytilarca simplex Hall,  1883 

Plate   39,  figures   3-4 

Mytilarca  umbonata Hall.  1883 

Plate  38,  figures  11-13 

The above five species are all from the late Devonian 
rocks of New York anil Pennsylvania. Mc.\lester (1962) re- 
garded theni all as being founded upon inadequate ma- 
terial and felt that none toidcl be recognizetl without re- 
study. 

Mytilarca arenacea Hall and Whitfield, 1869 

Plate 40,  figures 2-4 

This species was described by Hall and \\'hitlield from 
the Schoharie Grit of New York (Early De\onian) anil 
placed in PlethomylUus by Hall (1883). The species is 
based upon two syntypes first figured by Hall in 1883 and 
1884b. The specimen herein figiiretl on Plate 40, figiues 2, 3 
is chosen as the lectot)pe of the sj^ecies (N.Y.S.M. No. 
2823). The other sjjecimen (A.M. No. 2839) is regarded as 
a j>aralectotype  (PI. 40. fig. 4) . 

Mytilarca canadensis Billings, 1874 

M. canadensis is from the Early Devonian of the Gaspe 
area of Quebec. 

Mytilarca cingulosa Pohl, 1929 

Plate 38, figures 19, 20 

This species is from the Middle De\onian rocks of 
Wisconsin   (U.S.N.M. No. 80284). 

Mytilarca cordiformis (Hall), 1859 

M. cordiformis was originalh placed in Megcimbonia 

by Hall and subsequently assigned to Mytilarca by Hall and 
Whitfield (1869). According to Hall (1859b) it is from the 
Lower Helderberg group of New York. 

Mytilarca  cultellata  (Pohl),   1929 

This species was originally placed in Lophonychia by 
Pohl; however, it does not show any radial jjrosopon, and 

the jjlacement of the posterior adductor muscle scar is un- 
known. 

Mytilarca dalhousei Clarke, 1907 

Plate  38,  figures  6,  14-17 

This species is from the Early De\onian rocks of New 
Brunswick, Canada. Clarke's holotype (N.Y.S.M. No. 8931) 
shows the posterior dentition (PI. 38, figs. 14-16). However, 
his (1909) hypotypes (N.Y.S.M. No. 8932: U.S.N.M. No. 
56783)  are poorly presen-ed (PI. 38, figs. 6 and 17). 

Mytilarca dentata Pohl, 1929 

This species is from the Middle Devonian rocks of 
\Visconsin. 

Mytilarca dubia Walcott, 1884 

Plate 40,  figure  1 

M. dubia was named on the basis of Early Devonian 
specimens from Nevada (U.S.N.M. No. 13885). It is doubt- 
ful that this species is a member of the Ambonychiidae. 

Mytilarca inflata Whiteaves, 1892 

This species is from rocks of Middle Devonian age, 
Manitoba, Canada. 

Mytilarca  knappi Hall,   1884 

According to Hall this species is from the Hamilton 
(Middle Devonian) of New York; he placed the species in 
the subgenus Plcthornytilus. The holotype of this species 
(P.R.I. No. 6051) was figured by B. Smith  (1949). 

Mytilarca marylandica Ohern, 1913 

This sjjecies is from the Early Devonian of western 
Maryland. 

Mytilarca mytilimera (Conrad), 1842 

M. mytilimera was placed in this genus by Hall and 
Whitfield (1869) ; according to these authors it is from the 
Lower Helderberg Group of New York. 

Mytilarca nitida Billings, 1874 

Plate  38,  figure  9 

The specimen figured herein is Clarke's 1908 hypotype 
of this species (U.S.N.M. No. 56782) ; it is from the Early 
Devonian of the Maritime region of Quebec. 

In 1874 Billings described a form by this name from 
the Gaspe area of Quebec as a new species. In 1866 Billings 
described Amhonychia Jiitida from the Silurian of Anticosti 
Island; the 1866 species was subsequently placed in Myti- 
larca by Twenhofel   (1928).  On  the basis of the known 
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figures it is not possible to tell if both of Billings species 
belong to Mytilarca. 

Mytilarca oviformis (Conrad), 1842 

Plate 41, figures 3-4, 7-8;  Plate 42, figures  1-6 

M. (nnformis was placed in Mytilarca by Hall and 
Whitfield (1869), and subsequently transferred to Plr- 
thomytUus by Hall (1883). Hall gave the Hamilton (Mid- 
dle Devonian) of New York as the stratigrajjhic and geo- 
graphic distribution of the species. Several of Hall's hypo- 
types show the posterior dentition and ligamental grooves 
and ridges of the species, however, the musculature and 
anterior end of the hinge line are still luiknown. Five of 
Hall's 1883 and 1884a and b hypotypes are at the American 
Museinn of Natural History (Nos. 5275/1, 5275/2, 5275/3) 
and five other Hall hypotypes are at the New York State 
Museinn (Nos. 2829-2833). 

Mytilarca percarinata Wfiitfield,  1882 

According to Whitfield   (1893   (1895) ). this species is 
from locks of Helderbeig age   (Lower De\onian)   of Ohio. 
The holotype of this sjjecies was figured by Peck and Mc- 
Farland  (1954). 

Mytilarca ponderosa Hall and Whitfield, 1869 

Plate 40, figures 7-9,  13-15;  Plate 41,  figures  1-2,  5-6 

This is one of the largest s])ecies assigned to the Am- 
bonychiidae; it was placed in Plethomytiliis by Hall (1883 
and 1884b) and is listed as occurring in rocks of Helderbeig 
age (Lower Devonian)  in New York. Ohio, and Ontario. 

Of the original syntypic series (A.M. Nos. 3093/3, 
3093/4, 3093/5) the specimen herein figured on Plate 41, 
figures 1, 2 is chosen as the lectotyjje of the species (A.M. 
No. 3093/3) . 

Mytilarca pyrimadata Hall, 1883 

Plate  38,  figures  18,  22-24 

The name of this species as spelled above was used by 
Hall in 1883; it is probably a typographical error, for in 
1884a and b and 1885 Hall spelletl the name M. pyrnmidata. 
The species occms in the ScholKiric Clrii (Lower De\oni;in) 
of New ^'ork. 

Mytilarca rowei Ohern, 1913 

This species is from the Oriskany foiinalion (Lower 
Devonian) of Maryland. Ohern assigned it to the sidjgenus 
Plelhomytiliis: it may or may not be an ambonychiid. 

Mytilarca suberectus (Pohl), 1929 

Plate 39,  figures  5-11 

M. suberectus is fiom the Middle Devonian rocks of 
Wisconsin  and  was  phKcd   in   Plethoinylllus  by  Pohl.   It 

possesses concentric prosopon, but the dentition is un- 
known. Pohl illustrated posterior adductor muscle scars on 
several syntyjjes of the species. None of the seven of eight 
syntypes (U.S.N.M. Nos. 80227, 142822-142825) seen by me 
preserve any of the posterior muscle scars. 

Mytilarca trigonale Cleland,  1911 

This species was used by Pohl as the type species of 
l.ophonydiia: it iippears to be distinct from Mytilarca and 
is herein discussed under l.aphoiiyi liia. 

Mytilarca triquetra (Conrad), 1838 

This species was placed in Gosseletia by Hall (1883) 
and is discussed under that genus. 

MISCELL.'iNEOUS   SPECIES 

Williams and Breger (1916, pp. 213-216) described a 
species of Myalina from the Lower Devonian Chapman 
sandstone of Maine. They noted that the species was appar- 
ently equi\al\ccl but did not feel that it was assignable to 
Mytilarca. Some of their figures suggest the species may be 
an ambonychiid. 

Mytilarca occidenlalis, M. jibristriata, and M. jcssicac 
are three probable Mississippian species which have been 
assigned to Mytilarca. As noted above they probably belong 
to the Mytilidae or the Modiolopsidae and are not herein 
considered to members of Mytilarca. Reed (1931, p. 34) 
cjuestionably assigned a Permian pelecypod from Afghan- 
istan to Pletlioinytiliis ;is /-". ? pluitsibilis. Cirabau (1936, p. 

298) cjuestionably assigned a Chinese Permian pelecypod 
to the same genus as P. ? naitlanensis. Neither of these 
sjjecies belongs to Mytilarca. 

In addition to the North American species assigned to 
this genus and listed above, a number of Eurojjean species 
have been assigned to Mytilarca or to Plethomytiiiis. Thus, 
Isberg (1934) assigned 12 new species to Mytilarca from the 
Ordovician rocks of Sweden; Khalfin (1958) described 
one new species from the Ordovician rocks of Kazakastan; 
Maillieux (1937) described seven species from Lower De- 
vonian rocks of the Ardennes area of Belgiiun, France, and 
Luxembourg; Chapman (1908) described a new species 
from the Silurian rocks of Victoria, Australia; Hind (1910) 
described one species of Plcthomytihts from the Upper Or- 
dovician and Lower Silmian of Girvan, Scotland; Freeh 
(1891) described several species of this genus from the 
German Devonian; Korejvvo and Teller (1964) described 
two new species of Mytilarca from the U])per Silmian of 
eastern Poland; and Khalfin (1940) described five new 
species from the Sibeiian Devonian. Shcrrard  (1960)  doubt- 
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fully assigned an unnamed species from New South Wales, 
Australia, to Mytihirca. Her specimen is not well preserved, 
and it does not appear to be an ambonychiid. Tolmachoff 
(1926) assigned a specimen from the Middle Devonian of 
Ellesmere Land to Mytihirca sp. McAlester (1965) placed a 
specimen from the Lower Dexonian of Antarctica in My- 

tihirca. 
Roiiarks and comparisons.—On the basis of the above 

species listing at least 70 specific names have been |)roposed 
for Mytilarcas, and over half of these names ha\e been ap- 
plied to Noith American forms. Undoubtedly there are 
additional species names in the literatuie which have not 
been k:)cated by me. 

It is probable that Mytihirca as used toda\ is bcjth a 
"wastebasket" genus and a form genus; it is in apjjroxi- 
mately the same taxonomic jimible that Ainbonychia was in 
prior to Ulrich's 1892-97 revisions. Unfortunately, there is 
no well-preserved material upon which to base a restudy of 
Mytilarca as was the case with Auibonychia. The known 
specimens of most species of Mytihirca do not ]3reserve mor- 
jjhological details. 

Mytihirca is a form genus for all .Silurian and Dexonian 
ambonychiids whiih have concentric prosopon; and a 
"wastebasket" grouping for all those Silmian and De\onian 
forms which are foiuided ujjon such ])oor materials that 
even the prosopon is unknown. 

Attempts at restricting the concept implied by the name 
Mytihirca ha\e been only partially successfid. Anteriorly 
lobed forms ha\e been placed in (JosscJetia Barrois; Pohl's 
genus l.ophonycliui contains costellate forms: McAlester 
(1962) has placed two species names is synonymy with M. 

<hcinnngensis: and the Mississipian S])ecies formerly as- 
signed to Mytihirca ha\e been removed herein. However, 
these restrictions include only a handfid of species (eight 
at the most) . Attempts to erect the genera Ph'thoniytiliis 

and Slrcploinytilns have foimdered, because of the lack of 
any objective distinctions between these supposed genera 
and species which were regarded as still belonging to 
Mytihirca. The Sihnian species of Mytilarca in particidar 
are poorly known: most of them are known from a few 
sjjecimens which ilo not even give any knowledge of the 
]jroso|jon, much less of the internal featiues. 

Eventually, some way of objectively splitting Mytihirca 
into morphologically readily identifiable taxa of ecjual rank 
may be found, and the genus can then be subdivided. 
Especially desirable is additional knowledge of the structure 
o£ forms which were given new names for stratigraphic or 
geographic reasons, rather than for any discernible morpho- 
logical differences from already named species. 

On the other hand, the morphological scheme summed 
up by the name Mytihirca may be long ranging in pelecypod 
jshylogeu). However, luitil the various species are better 
known, it cannot be determined whether or not the mor- 
phological scheme was a stable one ranging through a long 
period of geological time. 

Hall and Whitfield (1869) described the pallial line 
and muscidature of Mytilarca; none of their materials seen 
by the author show any evidence of these structiues. In ad- 
dition. Hall did not figure any internal featiues in his 
monographs of 1883-85. It may be that Hall and Whitfield 
based their description of some of these internal featmes 
upon M. triquctra which was subsec|uently placed in 
Gossclctia. 

Genus OPISTHOLOBA Uhich in Hussey, 1926 

1891.    [A'on]   Opistholoha   Mik,   Wiener   Entomologische   Zeitung,   vol. 
10,  p.  5. 

1926.   Opistholoha  Ulrich  in  Hussev,  Univ.  Michigan,  Mus. of Geol., 
Contrib., vol. 2, No. 8, p. 165. 

Type species.—Opistholoha i^oiilili LUriih in Hussey, 
1926 (p. 165) , by monotypy. 

Discussion.—The generic name Opistholoha Ulrich was 
pro]>osed in Hussey (1926). No formal description was 
given in this work, however, the genei it name was credited 
to Ulrich and a single sjjecies (O. oouhli) was described 
and illustrated. 

Because the name Opistlioloba was first used by Mik 
(1891) for a genus of Diptera, it was not available when 
Ulrich used it for a genus of pelecypods. Therefore, Opis- 

tlioloba Ulrich in Hussey, 1926 is a junior homonym of 
Opistholoha Mik, 1891 and is invalid. Opistholoha Ulrich is 
not herein renamed because the one species assigned to the 
genus {(). goiihii) is considered to be a member of the 
genus Opisthoptcra Meek, 1872. 

At the United States National Museum there is a 
handwritten manuscript of Ulrich's in which he elaborated 
on what he considered to be the pelecypod genus Opistho- 
loha; as far as I have been able to determine this manuscript 
was never published. In the manuscript Ulrich proposed 
five new sjjecies of Opistholoha, none of these names were 
published, and they have no nomenclatmal status. The 
specimens upon which Ulrich had planned to base these 
five species are housed in the biological collection of 
Paleozoic pelecypods at the United States National Mu- 
seimi. Because Ulrich never published descriptions of these 
specimens they have no standing as type materials. 

Genus OPISTHOPTERA Meek, 1872 
Plates 42-47 

1846.   [A'««]  Meyaptera Gray, Annals and  Magazine Nat. Hist., vol. 
17, p. 83. 
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1866.   Ambotiycliia   (Megaptera)   Meek  and  Worthen,  Chicago  Acad. 
Sci., Proc, vol.  1,  p. 22. 

1868.   Ambonychia   subgenus   Mctjuptna   Meek   and   Worthen,   Geol. 
Sur. Illinois, vol.  3,  p. 337.  [Reprinting of Meek  and  Worthen, 
1866  above.] 

1871. Megaptera   Meek   and   Worthen,   Stoliczka,   Geol.   Sur.   India, 
Palaeontologia  Indica, Mem.,  vol. 3, ser. 6,  p. 387. 

1872. Opisthoptera Meek [/mr/im], Acad. Nat. Sci. Philalelphia. Proc. 
for  1871,  part  3,  p.  319,  footnote. 

1873. Opnihoptcra Meek ^part'tm^, Geol. Sur. Ohio, Rep., vol. 1, part 
2, Palaeont., p.  131. [Reprinting of Meek,  1872 above.] 

1874. Anomatodonta   Miller   [partim},   Cincinnati   Quart.   Jour.   Sci., 
vol. 1, pp. 16 and 224;  [llon^, p. 326. 

1874. Megaptera   Meek   and   Worthen    [partim'\.   White,    American 
Jour. Sci. and Arts, vol. 108, p. 218. 

1875. Opisthoptera  Meek   [part'iml,  White,   American   Jour.  Sci.  and 
Arts,  vol. 109, p. 318. 

1875.   Ambonyehla   [Hall],   Miller,   Cincinnati   Quart.   Jour.   Sci.,   vol. 
2, p. 280. 

1881.   Ambonychia subgenus   ? Megaptera Meek  and Worthen   (Opis- 
thoptera Meek), Zittel, Handbach der Palaeontologie, Abt. 1, bd. 
2,  p.  36. 

1893     (1895).  Opisthoptera   Meek   [partim},   Ulrich,  Geol.  Sur.  Ohio, 
Rep.,  vol.  7,  p.  642. 

1894.   Ectenoptera   Ulrich   [iiomen   iitulum'],   Lower   Sil.   Lamellibran- 
chiata of Minnesota, from Final Rep., Geol. and Nat. Hist. Sur. 
Minnesota,   vol.   3,   p.   485.   [Published   under   separate   cover 
prior to the entire vol. 3.] 

1897.   Eetenoptera  Ulrich   [?:omeii  iiiijiim],  tieol.  and  Nat.  Hist.  Sur. 
Minnesota,   Final  Rep.,   vol.   3,   part  2,   Faleont.,   p.  485.   [This 
is a  reprinting of the  1894 paper  above.] 

1908.   Opisthoptera   Meek   [partiml.   Cumings,   Dept.   Cieol.   and   Nat. 
Resources Indiana, 32d Ann. Rep., p. 982. 

1910.   [A'on]   Opisthoptera   Foerste,   Sci.   Labs.   Denison   Univ.,   Bull., 
vol. 16, p. 70. 

1910.   [Non]   Opisthoptera Meek,  Hind, Roy.  Soc.  Edinburgh, Trans., 
vol. 47, part 3, p. 495. 

1926.   Opisthotoba  Ulrich  in  Hussey,  Univ.  Michigan,  Mus. of Geol., 
Contrib., vol. 2, No. 8, p. 165. 

1926.   Anomatodonta  Miller  [partim^,  Hussey,  Univ.  Michigan,  Mus. 
of Geol., Contrib., vol. 2, No. 8, p. 166. 

1956.   Opisthoptera  [Meek],  LaRoc(|ue  and  Marpic,  Ohio  Div.  Geol. 
sur.. Bull. 54, p. 51. 

Type Species.—Ambonyrhin {Megaptera) casei Meek 

and Worthen, 1866b  (p. 22) , by original designation. 
D!agnoi(5.—Multicostellate Ambonychiidae with a well- 

developed posterior wing. 
Description—SheW ec|iii\alved, inei|iiilateral, lacking 

an anterior lobe, but with a large well-developed posterior 
wing: beaks terminal and prosogyrai; oiiliquity prosocline; 
prosopon of concentric growtii lines antl imdtiple costellae: 
costellate multiplication may i)e by Ijihntation, trifiircation, 
or intercalation, and all three types ol costellate increase 
may occin- on the same specimen; shell poorly known; 
byssal sinus ])oorly to moderately well develojjed; byssal 
gape discernible but small; size small to laige. 

Ligamental areas with duplivini idar grooves and 
ridges; pallial line integropalliate, attachment discon- 
tinuous, areas of attachment closely spaced; posterior 
musculature of a large subcentral adductor, dorsal to which 
is a small posterior byssal-joedal retractor muscle; in one 
species there are small bifid anterior byssal retractor scars; 
dentition   incompletely   known,   two  named   species   show 

posterior lateral teeth and cardinal teeth may be present. 
Synonymic (liseiissioii.—This genus was originally ' 

named Megaptera by Meek and Worthen (186fib) , and they 
consitleretl it to be a subgenus of Aiiibonyeliia Hall. Subse- 
cpiently Meek (1872-73) discovered that Megaptera was 
preoccupied, having been used by Gray (1846) for a genus 
of wiiales. At tiiat time it had not yet been decided if the 
same name could be used more than once in zoology; be- 
cause of this lurcertainty Meek suggested that if Megaptera 
Meek and Worthen proved to be invalid it shoidd be re- 
placed by Opisthoptera. 

Meek's proposal of Opisthoptera occurred in a footnote 
to the description of the species Ambonychia (Megaptera) 
alata Meek. Ambonychia and Megaptera [Opisthoptera] 

are now regarded as separate genera with Ambonychia 
alata belonging to Ambonychia: howe\er, Opisthoptera still 
has nomeiulalinal status for in the proposal to substitute 
Opisthoptera for Megaptera, Meek noted that Megaptera 

casei Meek and Worthen (the type species of Megaptera) 

was to be inihidetl under the new name Opisthoptera. 

Meek's footnote reads (1872, p. 320) : ". . . If it should be 
thought desirable to substitute another name for this group, 
as typified by M. [egaptera] Casei and the species here 
described [Megaptera alata]. I would jjropose to call it 

Opisthoptera." 
Meek and Worthen (1866b, p. 22) specifically desig- 

nated Megaptera casei as the type species of their taxon 
Megaptera: "We consider this curious shell [Megaptera 

casei] to be the type of a new subgenus . . .'" In addition, 
Megaptera casei was the only species assigned to the sub- 
genus in 1866b, and if they had not designated it as the 
type species, it would have become the type S])ecies of 

Megaptera by monotypy. 
Meek's replacement of the name Megaptera by Opis- 

thoptera was the proposal of a new generic name for an 
invalid junior homonym. The fact that the proposal of 
Opisthoptera occiured in a footnote to the description of a 
species which is no longer placed in Opisthoptera would 
seem to have no bearing on the issue, and both Megaptera 
Meek and Worthen and Opisthoptera Meek would have the 
same type species. The Cxide is explicit on this point (1964, 

p. 65, Art. 67, .sec. i) : 

If a zoologist proposes a new generic name expressly as a replace- 
ment for a prior name, both nominal genera must have the same 
type-species, and, . . . , type-fixation for either applies also to the 
other, despite any statement to the contrary. Example. — B-us 
Schmidt, 1890, is proposed expressly as a replacement name for a 
junior homonym, .-/-«/ Medina, 1880, non Dupont, 1860. If x-us is the 
designated tvpe-species of .1-us, it is ipso facto the type-species of 
B-us. 

Miller   (187 hi, p.   16)   tentatively assigned Megaptera 
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casci lo Anomiilodotilii Miller. This assignment precipitated 
a rather bitter written debate between Miller and White 
(1874-75) as to the jjroper status anti application of the 
names Anonialodonta, Mcin^aptera, and Opistliojjicra. \Vhite 
held that because Miller had assignetl the type species of 
Mcgaptcra (and Opistlioptcra) to Anoinalodonta the latter 
name was in\alid, and a synonym of Mcgiiptcra. Miller dis- 
agreed with this line of reasoning, but he cpiickly removed 
Ai. casci from Anoinalodonta and, at the same time, chose 
A. giirautca as the type species of Anoinalodonta (liS7-Jc, 
pp. 331 and 333). Miller's assignment of Megaptcra casci 
to Anoinalodonta was prompted by his opinion that neither 
Megaptcra nor Opisthoptcra were \alid names because 
neither Meek and Worthen nor Meek had gi\en formal 
definitions of the concept behind these names, rather they 
had only described species which they regarded as belonging 
to Opisthoptcra. Because Miller felt that Megaptcra and 
Opisthoptcra were invalid names, this left Magaptcra casci 

with no generic name and he tentati\ely assigned it to 
Anoinalodonta (1874a, p. 16) : "... it [Anoinalodonta] 

will probably include the Megaptcra casci (Meek and Wor- 
then) . . ." Miller tlid not propose Aiioinalodonla as a re- 
placement name for Megaptcra or Opisthoptcra. but merely 
noted that Megaptcra disci probably belonged to Anoinalo- 

dontu. He later chose a type sjiecies for Anoinalodonta 

which is distinct from any species assigned to Opistlioptcra. 

The dispute between Miller and \Vhite was in large 
|3art caused by the lack of any generally accepted rides of 
nomenclatine for American taxonomists dining much of 
the nineteenth centmy. If Anoinalodonta were the proper 
replacement name for Megaptcra. then A/, casci woidd ha\e 
to be regarded as the type species of Anonialodonta. How- 
ever, Opistlioptcra is the correct replaiement name for 
Megaptcra, antl M. casci is the type species of Opisthoptcra. 
Miller's assignment of Megaptcra casci to Anoinalodonta 

is not valid as the two genera aie distinct; additionally, A. 
gigantea is the type species of Anoinalodonta. 

Uhich (1894 and 1897) apparently intended to use 
Ectcnoptcra Ulrich as a replacement name for Opisthop- 

tcra; however, he never formally projjosed Ectcnoptcra 
(see the preceding discussion of the generic name Ectcnop- 
tcra) . Ulrich (1893 (1895) ) placed se\eral sjjecies which 
lack both a wing and multiple costellae in Opistlioptcra. 
These species are not regarded as belonging to this genus 
and are discussed below. Hind (1910) put a lower Silurian 
nonalate simplicicostellate form to Opisthoptcra: this 
species is not herein considered to belong to the genus. 

Foerste's 1910 sjaecies O. concordcnsis is herein chosen 
as the type species of the new genus Maryonychia. The two 

species. Opi.stlioloba gonldi and Anoinalodonta grifliiii, 

described in Hussey (1926) possess costellae and posterior 
alations, and are transferred to Opisthoptcra. 

Distribution.-As far as known Opisthoptcra is limited 
to rocks of Richmond Age (Late Ordovician) in Michigan, 
Ontario, and the Tristate Area of Ohio, Indiana, and 
Kentucky. It is not known to occur outside of North 
America. 

Remarks and comparisons.—The dentition of Opis- 
thoptcra is incompletely known. Meek and Worthen 
(1866b) described O. casci as having cardinal teeth, how- 

ever, they did not figure these and none of my material 
shows the anterior end of the hinge hue. Three species of 
Opisthoptcra are known to possess posterior lateral teeth 
(PI. 42, figs. 20, 21: PI. 44, figs. 7, 13). 

Ulrich's major taxobasis for distinguishing Opis- 
thoptcra was a long cardinal margin about etpial to the 
length of the shell (1893 (1895) , p. (i 13) : "The great length 
of the hinge line is the character now chiefly relied upon 
in ilistinguishing the genus [Opisthoptcra] from Byssoiiy- 
chia [Anibonychia]. Anonialodonta and Eridonychia." On 

this basis he assigned three simjjlicicostate nonwinged 
species to the genus: "Opisthoptcra" laticosfata Ulrich 
(PI. 16, fig. !l) , ■■().■■ ainpla Ulrich (PI. 46, fig. 8) , and 

"O." nolabilis Ulrich (PI. 46, figs. 10-11). None of these 
species is herein considered to belong to Opistlioptcra; they 
may belong to Ambonychia Hall, Anomalodonta Miller, or 
to a new genus. Only new materials of the three forms can 
determine their proper generic assignments. 

In addition to the above species, Ulrich (1893 (1895) ) 
|jlaced fi\e other species from the Tristate Area of Ohio, 
Indiana, and Kentucky in Opistlioptcra: O. casci (Meek 
and Worthen) , O. fissicosta (Meek) , O. alternata Ulrich, 
O. extenuata Ulriih, and O. oblujiia lUrich. Of these fi\e 
species only O. casci and O. alternata are herein recogni/ed. 
O. fissicosta is tentatively placed in synonymy with O. casci, 

whereas O. obliqua and O. extenuata are considered to be 
sytionyms of O. alternata. 

A probable new sjjecies of the genus is herein de- 
scribed as Opisthoptcra species A, and Opistholoba goiildi 
Ulrich /;( Hussey and Anomalodonta griffini Hussey from 
the Richmond of Michigan are reassigned to Opisthoptcra. 

Thus, as herein restricted Opisthoptcra has four 
named species: O. casci, O. alternata, O. gonldi, and O. 

griffini: and a probable new imnamed species: O. sp. A. 

SPECIES   DESCRIPTIONS 

Opisthoptcra case! (Meek and Worthen),  1866 

Plate +3,   figures   1-23;   Plate 44,   figures   1-4,   10-16;   Plate 45,  figures 
1-6;  Plate 46, figure 7;  Plate 47, figures 5-8 
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1866.   Ambniiythiii   (Mcgaplera)   casci   Meek   and   Worthen,   Chicago 
Acad. Sci., Proc. vol. 1, p. 22, no fig. 

1868.   Ambonychia   (Megaptera)   ctisei Meek and Worthen, Geol. Sur. 
Illinois, vol. 3, p. 337, pi. 4, figs. 9a-b. [Reprinting of Meek and 
Worthen,  1866  above.] 

1872. Megiipli-ra itisei [Meek and Worthen], Meek, Acad. Nat. Sci. 
Philadelphia, Proc. for 1871, part 3, p. 320, footnote. [Opist/io- 
ptcra  proposed.] 

1873. Megaptera casei [Meek and Worthen], Meek, Geol. Sur. Ohio, 
Rep., vol. 1, part 2, Palaeont., p. 131, footnote. [Reprinting of 
Meek,   1872   above.] 

1873. Ambonychia {Megaptera) easeif Meek and Worthen, Meek, 
Geol. Sur. Ohio, Rep., vol. 1, part 2, Palaeont., p. 133, pi. 11, 
fig. 8. [Meek suggested that if this form proved to be distinct 
it be called A. fissicosla.'] 

1874. Atiomalodoiita easei (Meek and Worthen), Miller, Cincinnati 
Quart. Jour. Sci., vol. 1, pp. 16 and 224, no fig. [Paraphrasing 
of Meek and Worthen,  1866 above.] 

1880.   A. Megaptera easei Meek  and  Worthen, White,  Indiana Dept. 
Statistics   and   Geol.,   2d   Ann.   Rep.,   p.   491,   pi.   1,   figs.   1-2. 
[Same   description   and   figures   as   Meek   and   Worthen,   1868 
above.] 

1893     (1895).   Opisthoplera   easei  Meek   and   Worthen,   Ulrich,   Geol. 
Sur. Ohio, Rep., vol. 7, p. 643,  pi. 49, figs.  1-5. 

1893     (1895).  Opisthoplera fissieosta  Meek,  Ulrich,  CJeol.   Sur.  Ohio, 
Rep., vol. 7, p. 643, pi. 49, fig. 15. 

1908.   Opislhoptera   easei   Meek   and   Worthen,   Cumings,   Dept.   Geol. 
and Nat. Resources Indiana, 32d Ann. Rep., p. 1011, pi. 47, figs. 
1,   la.   [Description   from   Meek   and   Worthen,   1868;   figures 
from   Ulrich,   1893    (1895).] 

1924.   [ ?]   Opisthoplera fissieosta   (Meek)   [partim'],  Foerste,  Canada 
Dept. Mines, Geol. Sur., Mem. 138, p. 167, pi. 26, fig. 1;  [nonl 
fig. 2. 

1931.    [Opisthoplera   fissieosta   Meek],   Moodie,   in   Jillson,   Kentucky 
Geol. Sur. Paleont. of Kentucky, p. 12. fig. 5d. 

Diagnosis.—Opistlioptcra with extensive cosiellal multi- 

plication and an angle gamma of 75-85 degrees. 

Description.—^hell trigonal with a prominent posterior 
wing: pro.sopon of growth lines and 20-30 primary costellae, 
the latter nudtiply extensi\ely: costellal increase may be by 
bifurcation (PI. -17, fig. 8) , trifurcation (PI. -17, fig. 6) , or 
intercalation (PI. 47, fig. 8) , and all three types of costellal 
midtiplication may occur on the same specimen; as far as 
kno^vn each primary costella subdivides, and the costellae 
may be distinctly fascicled or not; angle gamm:i, 75-85 de- 
crees; anole beta, uu to fiO decrees, varvinsi with the aoe 
of the indi\ idiial, it may be as small as 40 ilegrees in mature 
specimens; size small to large; byssal sinus sliallow to fairly 
well developed; byssal gape small, located about its length 
below the umbonal peaks; ligamental areas erect; in molds 
there is often a prominent midimibonal keel which is not as 
evident in sjjei imens pre,ser\ing onh external features. 

Ligamental and posterior miiscidature as in the generic 
description; anterior byssal retractor scars small and bifid; 
cardinal dentition ma) be picsent, posteiioi lateral denti- 
tion of one or two teeth in each valve. 

Synonymic discussion.—The two species names O. casei 
and O. fissieosta are herein tentatively placed in synonymy. 
Meek (1873, p. 133) gave the following distiiutions be- 
tween O. casei and O. fissieosta: 

In the typical specimens of A. [.im}>onyehui~\ Casei, the costae are 
small, and rather closely arranged, or sometimes alternately a little 
larger and smaller; while in that here under consideration [Opisthop- 
lera fissieosta^, they are of nearly the same size as those of the type, 
for about one-third to one-half their length, but separated by wider 
spaces than their own breadth, after which they bifurcate, or divide 
into three, with some other small ones intercalated between, so that 
the whole become much smaller near the free margins, though not 
exactly   equal. 

Should this character be found to be constant [enough] ... to 
render it desirable to designate the Cincinnati type by a different 
name,  it might be called .■/.  [Ambonyehia~\  fissieosta. 

Unfoitiuiaiely the type material of neither species 
loidil be located. Meek did not note where the type material 
of Opisthoplera fissieosta was deposited and White was 
the last author who noted the whereabouts of the type 
material of O. easei (1880, p. 492) : "The figures here given 
are copies of those of the type specimens in the private 
cabinet of Mr. L. B. Case, of Richmond, Indiana." I could 
not find out what became of the Case Collection. 

Specimens more or less corresponding to Meek's de- 
scrifjtions of the two species are herein figured on Plate 43, 
figines 1-4. In forms with the "casei" type prosopon the 
costellae are muih finer (PI. 14, fig. 3) than in those with 
the "fissieosta" type jjiosopon (PI. 43, fig. 3) . However, 
both forms have approximately 20-30 primaiy costellae 
which increase in number by sid)division and intercalation, 
;uul both occin thioughout the same stratigiaphic interval. 
Intercalated tostelkie are more numerous in the "fissi- 
eosta" type than in the "easei" type, however, bifinxated 
and trifurcated costellae occur in both forms. In addition, 
there are specimens whose cosiellate fineness is intermediate 
between that of the "casei" type and that of the "fissieosta" 

type (PI. 44, fig. 2; PI. 46, fig. 7) . 
On the bases of the intermediate forms and the gen- 

eral similarity of the two types, except for costellate fineness, 
the two species names are herein tentatively placed in 
synonymy pending the finding of Meek's original materials. 

Types and tnaterials.—As mentioned above Meek's 
original type materials could not be located. The author 
had at his disposal Uhich's 1893 (1895) hyjjotypic suite 
(U.S.N.M. Nos. 4(i264, 46265, 46267, 142828, 142829) and 

a number of new specimens. 

Distribution.—The species is limited to the Waynesville 
and Whitewater formations of the Tristate Area of Ohio, 
Indiana, and Kentucky. Foerste (1924) described a "drift" 
specimen fiom an luiknown locality in Ontario which 
seems to belong to this species; he assimied a Richmondian 
age for this s])ccimen. 

ReiiDirks and loinparisons.—This species differs from 
O. gouldi primarily in lacking the bilobed wing; from O. 
griffini in having a smaller angle gamma; while O. alcrnala 
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is ninth Miialki  unci has an angle gannna ol less than 65 
degrees. 

Opisthoptera alternata Ulrich,  1893 (1895) 

Plate 42,  figures  7-17 

1893     (1895).   Opisthoptera   ultimata   Ulrich,   Gcol.   Sur.   Ohio,   Rep., 
vol. 7, p. 6+4, pi. 49, figs. 9-11 ;  p. 645. fig. 2e. 

1893     (1895).  Opisthoptera   cxtcnuata   I'lrich,   Geol.   Sur.  Ohio,   Rep., 
vol.  7,  p.  645,  figs. 2a-d. 

1893     (1895). Opisthoptera obliijua Ulrich, Geol. Sur. Ohio, Rep., vol. 
7,  p.  646,  pi.  49,  figs.  6-8. 

1908.    Opisthoptera   ohiii/ua   Ulrich,   Cumings,   Dept.   Geol.   and   Nat. 
Resources   Indiana,   32d   Ann.   Rep.,   p.   1012,   pi.   47,   figs.   2-2b. 
[Same  figures  as   Ulrich,   1893   (1895)   above.1 

Diai^iiosis.—Small Opistliopli-rn \vith little costellaie 

multiplication and an angle gamma of less than 65 degrees. 
Descriptiott.—SheW obliquely elongate, with a posterior 

wing; prosopon pooily known, there are about 20 primary 
costellae, which as far as known increase only by bifmxa- 
tion; angle gamma, 50-60 degrees; angle beta, approximately 
50 degrees: byssal sinus shallow; byssal gape jjoorly known: 
no midiimbonal keel; size small. Internal featines imknown. 

Synonymic discussion—The three "species" which are 
herein iniited inider Opisthoptera ultcrnnta were describetl 
by Ulrich on the basis of five sjjecimens. AW three "sjjecies" 
are small, have an angle ganmi.i of less than 65 degrees, and 
agree well in general shape: there seems to ise nf> \alid olj- 
jective basis upon which to separate them. 

Ulrich (1893 (1895). p. 64!) regarded O. obliqua as 
differing from O. alternata in being more con\ex and in 
ha\ing a flatter anterior side. O. cxtcnuata was siijjposed to 
diffei in having a flatter anterior side and a more promin- 
ent ])osterior wing. The only specimen of this s|3ecies pre- 
serving the posterior wing is the holotype of O. cxtcnuata; 

if the wing is disregarded the general shell shape and size 
of O. cxtcnuata (PI. 42, fig. 11) are very similar to O. alter- 
nata (PI. 42, fig. 14). O. oblicjua (PI. 42, fig. 7) is also 
similar to O. alternata in shell shape and size. 

Types anil materials.—The only specimens of this 
species available to me were Uhich's t\pe materials of O. 

alternata (U.S.N.M. Nos. 46262. 142827), O. cxtcnuata 
(U.S.N.M. No. 46266) ; O. oblitjua (U.S.N.M. Nos. 46270. 
142826). 

The type suite of O. alternata tonsisis of two S)ntypes. 
The specimen herein figined on Plate 42. figines 14-17 is 
chosen as the lectotype of the speiies anil has the following 
dimensions: length, 11 mm.: height, 10 mm.; thickness of 
a single valve, 4 mm.; and diagonal dimension, 13 mm. 
The specimen figured on Plate 42, figures 12-13 is regarded 
as the paralectotxpe of the sjjecies; it is a large highly dis- 
torted specimen and piobabK does not belong to O. alter- 
nata. 

Distribution.—\s far as known the species is restricted 
to the Waynesville and Whitewater formations of the 
Tristate Area of Ohio, Indiana, and Kentucky. 

Remarks and comparisons.—Th\i species may be based 
upon young specimens of O. casci. Stratigraphically O. 
alternata is distributed in the same formations as O. casci, 
while moiphologically the costellae of O. casci do not begin 
subdividing initil the indi\idual reaches a diagonal dimen- 
sion of 10-15 mm. This lea\es only the distinction of angle 
gamma whch could be smaller in yoimg shells before the 
anteroventral part of the shell begins to grow forward. 

Lastly, it shoidd be noted that Uhich's figines of O. 
obliqua and O. cxtcnuata are highly stylized; the sjjecimens 
upon which they are based are not so well preserved as his 
figures indicate. 

Opisthoptera species A, new species 

Plate 44, figures 5-9 

The sjjecimens assigned to this species were collected 
from several outcrops of the Elkhorn formation (uppermost 
Richmond) near Batesville, Indiana. The available ma- 
terial is not well preserved ami may belong to O. casei. 
However, it differs from O. casei in having an angle 
gamma of about 90 degrees, smaller posterior lateral teeth, 
and in lacking any trace of a nrdinnbonal keel. 

Opisthoptera gouldi (lUrich in Hussey), 1926 

Plate 42,  figures   18,   19 

1926.   Opistholoha  gouIJi  Ulrich  in  Hussey,  Univ.  Michigan,  Mus. of 
Geol., Contrib., vol. 2, No. 8, p. 165,'pi. 8, fig. 1. 

This is the type species of Opistholoba Ulrich in 
Hussey (U.M. Nos. 9854, 9855) . It possesses a posterior 
wing anil poorly known costellae whith probably subdivide; 
it is herein placed in Opisthoptera. O. "ouldi iliffers from 
other species assigned to the genus in that the posterior 
wing is bilobed along its posterior edge (PI. 42, figs. 18. 19) . 
So far as known the s]3ecies is foiuul only in the Richmond 
of Michigan. 

Opisthoptera griffini (Hussey), 1926 

Plate  42.  figures  20,  21 

1924.   [ ?]   Opisthoptera  fissicosta   (Meek)   [partimi,  Foerste,  Canada 
Dept. Mines, Cieol. Sur., Mem. 138, p.  167, pi. 26, fig. 2;  [non] 

1926.   .-]iiomaloiio/ita ijriffini Hussey, Univ. Michigan, Mus, of Geol., 
Contrib., vol. 2, No. 8, p. 166,'pi. 6, fig. 15. 

The holot)pe of this species (U.M. No. 9876) possesses 
a posterior wing, a small posterior byssal-pedal letractor 
scar, and the posterior adductor is placed anterior to the 
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center ol the valve: the costellae are pooily preserveil but 
appear to sulxlivide. In addition, it lias three posterior 

lateral  teeth. 
The major distinctions from O. (osci consist of the 

lar<>er angle gamma and three postei ior lateral teeth m 

the left valve, and the lack of midmnbonal keel. 
The specimen figured by Foerste (\9'I4. pi. 26, fig. 2) 

is similar to O. grlffiui in its general shell shape and angle 
gamma, and it probably belongs to that species. Foerste also 
noted that this specimen differed in its outline from O. 
casci. This gives the species a distrilniiion in the Riclimond 

rocks of Michigan, and piobably Ontario. 

Genus PALAEOCARDIA Hall,  1865 

Plate 45 

1865. 

1868. 

1870. 

1871. 

1889. 

1902. 

Palaeoeardia Hall, Advance Printing for the 18th Report on the 
New  York  State  Cabinet,  p.  37. 
PalaroiorJia Hal], New York  State  Cah.  Nat.  Hist., 20th Ann. 
Rep., 1st ed., p. 3+1. [Reprinting of Hall, 1865 above; title page 
dated  1867.] 
Pataeocardia Hall, New York State Cab. Nat. Hist., 20th Ann. 
Rep., revised ed., p. 389. [Essentially a reprinting of Hall, 1865 
above; title page dated 1868.] 
Palarocaidia   Hall,   Geol.   Sur.   State   of   Wisconsin,   1859-1863, 
Palaeont.,   part   third,   p.   +5.   [Essentially   a   reprinting  of   Hall, 
1865  above.] 
Palaeocardia Hall, Miller, North .\nicrican Geol. and Palaeont., 
p. 498. 
\^Non~\ Palacocardia Ameghino, Acadcmia Nacional de Ciencias 
en Cordoba   (Repiiblica Argentina),  Boletin, tomo  17,  p.  117. 

Type species—Pahu'ocurdui < uxlijOyiiiis Hall. 18(),'3 (p. 

,S7), by monotypy. 
Discussion—The correct publication date of the name 

Palacocardia is subject to the same uncertainties as the 
name Ainphicoclia. Both names were first used in the Ad- 
vance Printing for the ISlli Report on the New York State 
Cabinet. Refer to the synonymic discussion of Ainphicoelia 

for the details concerning the 1865 Advance Printing. 
Hall proposed this genus for a single costellate species 

from the Niagaran of Wisconsin; while he did not formally 
define the genus, he did assign one species to it and defined 

and later figured this species. 
Because Hall's 1865 Advance Priming is difficult to 

obtain, his description of Palae<>(ar<liti is cjuoted herein 

(1865, p. 37) : 

CJENUS  PALAEOC.\RniA   (N.  G.). 

PALAEOCARDIA CORDIFORMIS  (N. S.) 

Shell cordiform; valves obliquely subovate, ventricose; umbones 
gibbous, with the beaks prominent, attenuate and incurved; hinge- 
line very short, extending a little in advance of the beaks, and showing 
the margins separated. The anterior end gradually rounding into the 
basal  margin. 

In the partial cast the posterior slope shows a ridge on each side 
rising just behind the  beak,  and  in  a  line  slightly divergent from the 

cardinal margin, reaching about half way to the posterior extremity, 
where it becomes obsolete. 

The surface  is inarked by fine close  radiating striae. 
This species has the general form of some of the more gibbous 

forms of .-1 mhoriyr/iia, but the short hinge-line separates it from that 
genus, while the extreme prominence of the umbones and incurvation 
of the beaks give it the aspect of a true Cardium. 

The specimen was given to me by Dr. Day of Wauwatosa, who 
informed me that it was found in a quarry a little east of that village. 

Formation and locality. In limestone of the Niagara group, near 
Wauwatosa, Wisconsin; in beds which are probably a little below 
those of Racine and Waukesha. 

The one spedmen phiced in Palacocardia by Hall is 
herein figined on Plate 45, figures 7-10 (A.M. No. 2070) . 
This specimen shows little morphological detail other than 
traces of costellae; in addition, the anterodorsal portion has 
been poorly prepared. Hall did not figure this specimen 
until 1868 :iiid :it this time he reversed anterior and pos- 
terioi. so ih.ii his figure of the right \al\e is actually a 

figure of the left \;ilve. 
Palacocardia is probabh an ambonythiid, but it is 

founded upon such pooi material that the name will prob- 
ably h;i\e to be limited to Hall's origin;d specimen. A]Kirt 
from the \.\\iC species of the genus only one other species 
appears to ha\c been assigned to Palacoi ordia, and this only 
doubtfully as Palacocardia ? wootlinaiii McLearn, 1924. Mc- 
Learn's species is also based upon one specimen which pre- 
serves costellae, however, the specimen shows little cl.se, and 
McLearn was uncertain as to whether it was a right or a left 

\'alve. 
The name Palacocardia was also used by Ameghino 

(1902, p. 117) for a genus of rodents: this was noted by 
Cossmann (1902, p. 170), and he replaced Palacodirditi 

Ameghino with the new n;une Archacocardia. 

Genus PLETHOMYTILUS Hall, 1883 

This generic name is herein regarded as a junior 
synonym of Mytilarca Hall and Whitfield, 1869 and is dis- 

cussed  luuler that genus. 

Genus  PSILONYCHIA  Ulrich,  1893 (1895) 

Plate 46,  figures  1-6 

1893     (1895). Psihinychia  Ulrich, Geol. Sur. Ohio, Rep., vol. 7, p. 648. 
1910.   [ ?]   Myalina   Hind,   Rov.   Soc.   Elinburgh,   Trans.   \'iil.  47,   part 

3,  p. 499. 
1934.   [?] Psilonydiia lUrich, Isberg, Studien tiber Lamellibranchiaten 

des  Leptaenakalkes  in  Dalarna,  p.  142. 

Type species.—Psilonychia perangiilata lUricli. 1893 
(1895)   (p. 648) . by original designation. 

Discussion.—Thin is a poorly known genus vvhiih was 
erected for forms with coircentric prosopon and ;i prom- 
inent byssal gape. These features combined with the lack 
of air anterior lobe and a posterior alation seem to make it a 
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disliin L morphological form. The genus is recognized here- 
in, despite the poor state of preservation of the type ma- 
terial of the type sjiecies. 

Ulrich assigned only one species to the genus, Psilony- 

chia pcrangulata Ulrich. This species is based upon three 
specimens (U.S.N.M. Nos. 46284, 142830), a holotype and 
two paratypes. The paratype figured on Plate 46, figure 6 
preserves the anterior face and shows the ]3rominent byssal 
gape and tontentric growtli lines: the lateral jjortion of this 
specimen is ]}oorly preser\ed. 

Ulrich's (1893 (1895) ) figures dejjict the holotype 
(PI. 46, figs. 1-5) as an almost ]jerfectl\ preser\ed sjjecimen; 
in reality it is poorly preser\ed. The specimen shows little 
of the ligamental structiues and concentric prosopon, and 
nothing of the posterior nuisculatiue. Apparently the 
specimen was incomplete, for Ulrich rebuilt the antero- 
dorsal portion with a beeswax-like sidjstance (PL 46, figs. 
1-4) . Because of this, little can be determined aboiu that 
portion of the specimen. Finthermore, Ulrich inked in the 
posterior musculature and growth lines as well as part of 
the byssal gape. 

The genirs seems to be unicjuc in iia\ing concentric 

proso])on and a prominent bxssal gape, nothing else of its 
morphology can be determined from the tyjje materials. 
Ulrich's specimens are from the C^orryville member of the 
McAfillan formation at Cincinnati. Ohio (Mays\ille) . The 
author has not been able to find an) additional specimens 
of the genus. 

Isberg (1934) assigned one species from the Lcptaeun 

limestone of Dalarna. Sweden, to this genus. His descrip- 
tion indicates that he understood the generic taxobases for 
Psilouychia. although his figures do not show a prominent 
b\ssal gape. His figiues show an edentulous hinge line and 
clupli\ inc ular grooves and ridges, and because he under- 
stood the generic taxobases for PsiJouych'ui. his species 
jiiobably belongs to the genus. But until better sjjecimens 
of the t)pe species are found this cannot be determined with 
certainty, because the dental structures of P. pcrdii'^uhitd 
are completely unknown. 

SPECIES  LISTING 

Psilonychia  perangulata Ulrich,  1893 (1895) 

?  Psilonychia ulrichi Isberg, 1934 

Genus STREPTOMYTILUS Kindle and Breger, 1904 

1904.   Stii-ptomytilus   Kindle   and   Breger,   Dept.   Geol.   and   Nat.   Re- 
sources  Indiana, 28th .^nn. Rep.,  p. 452. 

Type species.—Streplomytilus wabashensis Kindle and 

Breger, 1904   (p. 452), by original designation. 

The s]jecies assigned to this genus are herein placed in 

Mytilarca Hall and Whitfield, 1869; they may or may not 
be retained in that genus when they are better known. The 
generic taxobases upon which Streptomytilus was founded 
are considered to be in%alicl (see p]). 145, 150), and the 
genus could not stand upon these. Because there are no 
unicjue featiues among the species assigned to Streptomy- 

tilus upon which it could be redefined, it is herein dis- 
caided. 

AMBONYCHIID PHYLOGENY 

The family Amboinchiidae is herein regarded as a 
monophyletic taxon jjrimarily on the basis of a common 
morphological pattern possessed by the various genera 
placed in the family. In attempting to trace the Ambony- 
chiidae backward in time to some ancestral form 1 ha\e 
followed the common sense definition ol mono|)h\lv ad- 
vanced by Simpson   (1959, p. 413) : 

. . . Evolutionary or so-called phylogenetic classification does not 
rx/>rrss ph\logeny but is based on phylogenetic interpretation of the 
observational data. It is always necessary in a formal classification 
(so unlike an actual phylogeny) to compromise sooner or later between 
horizontal and vertical separation of taxa. That each taxon sometime 
included only one species in its ancestry should be true, but it is a 
completely impractical requirement that each taxon be so delimited 
and defined as to include and begin with that species. In practice it is 
a sufficient principle for evolutionary taxonomy that each taxon arose 
wholly from one of lower categorical level, as Class Mammalia from 
Order Therapsida. 

However, even using this ladier broad conce]5t of mono- 
|)hyh (to wliitli .ill pinlogenists do not assent) it has not 

pio\cn possible to determine the ]:)re-Midclle Orcknician 
suljfamily, tribe, or genus from which ambonychiids are 
descended. 

Pre-Cha/yan (Early IMiddle Ordo\ician) |)elecypod 
iaiuias around the world are meager and not well known. 
Cox (1959, 1960) briefly discussed most of the known pre- 
(Jhazyan jjelecypods. Subsetjuently, Vogel (1962) described 
the new genus LamcUodoiita from the Middle Cambrian of 
Spain ivhich he regarded as a pelecypod, and Robison 
(1964) placed the Early and Middle Cambrian genus 

Steiu)fhe( aides Resser in the Pelecypoda. 
The closest probable pre-Cha/yan relatives of the 

ambonychiids are the cyrtodontids. This later faniih is 
known from the Early Ordovician (Cox, 19(iO, p. 74) ; its 
members are ineciuilateral (although this feature is not so 
highly developed as in ambonychiids) , equivalved, and they 
have the du]jli\ incular type of ligament. On the other hand 
cyrtodontids are strongly dentate (and at least in some forms 

the teeth are cretiulated) , possess almost etjual-sized ad- 
ductor muscle scars, and are not known to ha\e a byssiis. In 
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spite of the app;iient lack of a byssus. many authors con- 
sider the Cyrtodontidae as ancestral to the byssate Arcacea. 

The feature wiiich most strongly suggests a relationship 
between cyi todontids and anibonychiids is the diiplivincidar 
type of ligament. This ligamental i)]>e ottius in several 
more or less similar peletypod stocks including the Cyrto- 
dontidae, Arcacea. Ambonychiidae. Myalinidae. Pterineidae. 
and the okler Pectinacea. The common possession of a 
du|di\'incidar ligament suggests thai these gioujjs may have 

had a common ancestry a|)art from other Paleozoic ]>elecy- 
pod stocks. However, whether or not the cyrtodontids are 
the inmiediate ancestois of the ambonychiids is imcertain. 

The first ambon\chiids to apjjear in the fossil record 
(Early Middle Ordo\ician) are already highly sjsecialized, 

showing a complete or nearly complete loss of the anterior 
entl of the shell. Coirelateil with the reduction of the an- 
terior end there are a series of secondary specializations 
which  typically occiu' in  byssally altaihed  pelecypoils. As 

TABLE   II:   Known   stratigia])hi(   distribution   of   North   American ambonychiitl genera. 

ORDOVICIAN SILURIAN DEVONIAN 
GENERA 

LOWER MIDDLE UPPER LOWER MIDDLE UPPER LOWER MIDDLE UPPER 

P X Anonychia 

X Ambonychiopsis 

X X Amphicoelia 

X Anomalodonta 

X Anoptera 

X X Ambonychia 

X Byssopteria 

X 9 Cleionychia 

X Congeriomorpha 

X Gosseletia 

X Lophonychia 

X Maryonychia 

X X X X X X Mytilarca 

X Opisthoptera 

X Psilonychia 

X Palaeocardia 
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the anterior end was reduced the posterior nuiscidaturc 
moved towaitl the center of tire valves gi^'ing increased 
efficiency as the anterior adductor was lost. By the Late 
Ordovician several monom^arian genera arose (e.£j., Ano- 
malodonla and Opislltopicra) and in these the posterior 
nnisciilature is nearly central in position. The byssiis and 
foot ino\ed from the primitive ventral or antero\entral 
position to an anterodorsal one, a condition similar to that 
seen in the pectinaceans. In living pelecy|Jods the byssal 
gland is housed in the foot, and in anrbonychiids the byssal 
gape and sinus are located in the anterodorsal part of the 
shell. 

Vonge (1953) interpreted this type of chairge in the 
position of the byssal aj3|jaratus as being due to a rotation 
of the mantle shell complex around tlie hod\ of a pelecy- 
pod. .Stasek (19(53) considered this apparent change in 
position to be caused by \ariati(rns in the relative jjrojjor- 
tions of different areas of the ])ody and mantle shell taken 
as a unit, and not by a rotation of one around the other. 
Whiche\er ])oint of view one chooses to accc]jt. the location 
of the b)ssal apjiaratirs of ambonychiitis near tlie hinge line 
indicates that the byssal gland and foot were not located 
as these structures are foimd in dimyarian forms. 

As might be expected the pallial line of the .Ambony- 
chiidae remained simple. The siphons and their muscle in- 
sertions on the shell are not well developed in pelecy])ods 
which attach themselves to the substrate. Usually there must 
be some degree of imbedding of the animal in the sub- 
strate before a prominent pallial sinus is formed. 

Such features as radial or concentric prosojjon. the 
piesence or absence of a discernible byssal ga]:)e. and various 
combinations of dentition seem to be reciurent character- 
istics among ambonxchiids. They were probably evolved 
more than once in different iirembers of the family, al- 
though particular combinations of them iharacteri/e 
(lusters of seemingly related genera. 

The presence of a duplivincidar ligament is a priiniti\e 
featine in the .Ambonychiidae and has been obser\'ed in 
various genera langing in age fiom Middle ()rt!o\ician to 
Late Devonian. This t\pe of ligament is iriorphologically 
and physiologically complex, however, it appears at the 
beginning of the phylogenetic history of the family and 
must be considered a primitive feature of the gioup; it was 
maintained throughout the history of the Ambonychiidae 
and was passed on to their probable descendents, the Mya- 
linids. 

Throughout their known fossil record anrbonychiids 
can be divided into two gi-oups based upon the presence or 
absence of an anterior lobe. Those forms which possess the 

anterior lobe are herein regarded as forming a phyletic 
line separate from the other genera. Following Dollo's Law, 
once the anterior end of the body is completely lost it is 
highly imjjrobable that it coidd be regained. Therefore, 
genera possessing the anterior lobe could have arisen only 
from forms which possessed such a structure; fornrs lacking 
this lobe coidil ha\e arisen from either prexiousl) noiilobate 
genera or from forms which still possessed the lobe. Thus, 
the noiilobate genera do not constitute a phyletic line of 
their own distinct from that of the lobate genera. 

It is assumed that the loss of the entire anterior end of 
the body would re]3resenl a major j^hylogenetic traiuna for 
a pelec)]3od lineage; once this change occiured it is im- 
likely that it coidd be reversed. The statistical jjrobability 
of a pelecypod re]jeating in reverse order the exact sequence 
of miuations which residted in the loss of the anterior end 
is essentially zero. ". . . major evolutionary steps are com- 
pounded of many smaller steps, each preserved by natinal 
selection. That such a secjuence, occinring by chance once, 
should by chance be exactly reversed woidd be a most ex- 
traordinary thing" (Dodson. 19()0, p. 1.54). I regard the 
loss of the anterior end of the body of a pelecypod as a 
major evolutionary step. 

This interpretation of the phyletic liistory of the Am- 
bonychiidae places the following genera on one branch of 
the phylogenetic tree of the family; AUonychia, Atnbony- 
chinia (in part) , Ainbonycliiopsis, Congerimorpha, Gos- 

sclrtia, Pindinyllldrai, aird StappcrscUa. The nonlobate 
genera constitute side branches from the main lobate stem, 
and in ]3art also gave rise to each other. 

The detailed relationshi])s oi the \arious genera of 

anrbonychiids are difficult to ascertain because a number 
of genera are not well known morphologically. In some 
cases the relationships are admittedly specidative, while in 
other instances the proposed relationships can be stated 

with a degree of assinance. 
lu the Cha/yan rocks of North America only (he 

genus Clrionyi hill has been identified with certainty. This 
genus lacks an anterior lobe but was probably hetero- 
myarian for the posterior musculature had not yet migrated 
out of the posterodorsal part of the shell. In Blackriveran 

rocks both Ambonychiopsis and Cleionychia have been 
found; the former genus still has an anterior lobe and, thus, 
it is morphologically more primitive than Cleionychia. 

The genera Cleionychia, Anoptera, Anomalocoelia, 
Elasniodophora, Mytilarca, Praeanomalodonta and Psilony- 

cliia are tentatively considered as being phylogenetically re- 
lated. All of these forms possess concentric prosopon and 
lack an anterior lobe; bevond these features the !j;enera are 
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dilliciill to compare as the details of iiioi pliology known in 
one genus are unknown in the others. Sonic species of Am- 

bonychinia are shown by Isberg (1934) as having concen- 
tric prosopon and lacking an anterior lobe; these species 

also may belong to the above grouping. 
Ambonychiopsis is the oldest known genus which 

possesses an anterior lobe, and either this genus or some 
form like it was ancestral to the lobate line of ambony- 
chiid e\oliUion. In the later Ordovician the lobate genera 
Allonycfiia, Partnnytilarca, and species of Ambouychinia 

arose: these can be regarded as having been derived from 
Ainboiiyi iiinpsis.   The   costellate   Silurian   genus   Aiiiplii- 

coclui may have been derived from one of the Ordo\ician 
lobate genera through suppression of the antei ior lobe, or it 
may ha\e arisen from ribbed, nonlobate C)i(lo\ician forms 
which developed a prominent anteroventral salient such as 
Ariibonychia r/istrri. In the Devonian the lobate line is rep- 
resented by Congeriomorpha, Gosselctia, and Stappcrsella, 

genera having arisen from unknown Silurian lobate types. 
In addition to being the oldest known lobate genus, 

Ambonychiopsis may have given rise to the Late Tren- 
tonian and Cincinnatian genus Ambonychia by loss of the 
anterior lobe, development of the monomyarian condition, 
anti formation of a [prominent byssal gape. 
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In the Late Onlo\iciaii of Noith America. Ainbunychiu 

underwent a prominent expansion and appears to have 
been ancestral to Anoiudlodonta, Maryonychia, and Opis- 

thoptera. These four genera have in common ribljed proso- 
pon, mononi\arian miiscidatiue. and a j^rominent byssal 
gape. Auoinaloiloiitu is so simihir to Ainbonyi liia tiiat it is 
almost certainl) descended from the latter genus. Botli 
genera are well known and differ only in their dentition. 

Several species of Ambonyclua aie knovvn in which 
costae occasionally bifurcate, not as a regidar feature, biu 
with individual variability. Accentuation of this feature 
could have resulted in the multiple ribbing of Maryonychia 

and Opisthoplcra. Additionally, two species of Ambonychia 
have small posterior alations; finther elaboration of this 
tendency could ha\e led to the ilevelojjment of the promin- 
ent wing of Opistlioptcra. 

The De\onian genus Follmannia appears to ha\e some 
relationship with Gossclctia and S tap perse I la based upon 

the similarity of the dentition of the three genera. The 
origin of midtiple costae in Follmannia is uncertain. 

Lastly, the Silinian genus Palaeocardia and the Devon- 
ian genera Byssoplcria and Lophonychia are not well 
known morphologically, antl no relationships to other 
ambonyiliiid genera are postidated for these forms. 

Temporally the My.ilinidae appear in the fossil record 
at aboiu the time that the ,\mbonychiidae die out. Both 
the Myalinidae and the Ambonychiidae aie anisomyarian, 
integro|xilliate. byssate. ]jrosogyrate, inecpiilateral. ha\e a 
discontinuous pallial line, and possess the dupli\in(uhu 
t>pe of ligament. The primary distinction between the two 
families is that ambon)chiids are equivalved and myalinids 
are inequivalved. Among the Myalinidae the inequality of 
the valves appears to have developed gradually and is ex- 
hibited to different degrees in diffeient members of the 
family. Morphologically the two families are similar, and 
both morphologically ami temjjorally there are intermedi- 
ates between them. The available evidence strongly suggests 
a relationship between the two groujxs; herein the Myalini- 
dae are regarded as having descended from the .Ambony- 
chiidae. 

One of the olilest known mvalinid genera is Scptiinya- 
lina Newell, the oldest species of which occur in the Mi.ssi,s- 
sippian (\'iscan) . The genus is almost equivalved. the right 
valve being slightly smaller and flatter around the ventral 
])eriphei7 than the left vahe, and the prosopon is more 
rugose in the left valve. Septiinyalina forms an excellent 
morphological and temporal intermediate between the 
Ambonychiidae and the Myalinidae; whether or not it 
actually served in this role cannot be determined at present. 

However, its existence shows that such an intermediate 
form could and did exist in nature. 

In siunmary, the ambonychiids are Early Paleozoic bys- 
sate pelecypods distinct from the mytiliform Modiolopsidae 
and the inequivalved Pterineidae. They may have had a 
common origin with the Earl) Paleozoic Cyrtodontidae and 
Ptciineidae based on the common possession of the dupli- 
vincular type of ligament. Whether or not the Early Or- 
dovician ancestor of the Ambonychiidae should be sought 
among the Cyrtodontidae is uncertain; this latter family 
differs from the ambonychiids in certain basic features. 

The relationships of the various genera of ambony- 
chiids to each other are largely speculative because of the 
lack of detailed knowledge of many of the genera. It is 
herein pioposed that the anteriorly lobed forms represent 
one line of ambonychiid evolution. The Late Ordovician 
monomyarian ribbed genera a]jpear to constitute a com]jact 
closely related group forming a second phyletic line. The 
taxonomy and the ]jioposed phylogenetic relation.ships of 
the concentrically marked nonlobate genera is unsatisfact- 
ory. As a working hy|)othesis these genera are herein consid- 
eied to form a phyletic line of their own, distinct from both 
the lobate stock and the nonlobate ribl)ed forms. 

Both temporallv and mor]>hologically the Ambony- 
chiidae fit in well as the probable ancestors of the Myalin- 
iilae. the latter family having evolved from the lobate 
ambonychiid stock. 
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APPENDIX 

TAXONOMIC  KEY  TO  THE  KNOWN   GENERA  OF 
NORTH   AMERICAN   AMBONVCHIIDAE 

1. a.  .\nterior   lobe   present     2 
b. .interior   lobe   absent      5 

2. a. Possessing only concentric prosopon   3 
b. Possessing   radial   prosopon     4 

3. a.  Prominent  byssal  gape   present   Congeriomorpha 
b.  Discernible  byssal  gape  absent   Gosscletia 

4. a. Radial   prosopon   of  costellae    Ambonychiopsis 
b. Radial  prosopon  of costae   Allonychia 

5. a. Possessing  only   concentric   prosopon     6 
b. Possessing   radial   prosopon      8 

6. a. Prominent   byssal   gape   present    Psilonychia 
b.   Discernible byssal gape  absent     7 

7. a.  Length  and height subeqvial  Cleionychia 
b.  Height greater than length  Mytilarca or Anoptera 

8. a. Radial   prosopon   of  simple   ribs     9 
b. Radial prosopon of multiple ribs  12 

9. a.  Prosopon   of  costellae    10 
b. Prosopon of costae  11 

10. a.  Prominent anteroventral salient present  Amphicoetia 
b. Anteroventral   salient   absent   Lophonychia 

11. a. Cardinal  and  posterior lateral teeth  present  -Imhonyc/iia 
b.  Dentition limited to a single weak cardinal tooth in the right 

valve    -InomaloJonta 
12. a. Prominent    posterior    wing;    radial    prosopon    of    multiple 

costellae Opistkoptera 
b.  Posterior wing absent; radial prosopon of multiple costae  13 

13. a. Primary   costae   bifurcate,   between   each   pair   of   secondary 
costae  there occurs  an  intercalated costa   Maryortyrhia 

b. Costae   increase   by   both   bifurcation   and   intercalation,   in- 
crease is highly irregular with no apparent pattern ..Byssopltria 

The geniLs Pularorardia is not iiiclucled in the above 
key. It is poorly known, anil it is reioninientletl that the 
name be hmited to the tyjje materials. 
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EXPLANATION OF PLATE 19 

Figuri- Page 

1-4. .-H'liiiy/iiiii   jamcsi   (Meek)     • ■■•■  157 
1. Right valve of the holotype. Cincinnatian (Upper Ordovician), Cincinnati, Ohio. 
W.M. No. 556. 2. Left valve of the holotype. 3. Anterior \ iew of the holotype. 4. 
Dorsal view of the holotype. 

5,6.  Allonyilna   jiimrsi   (Meek)       157 
5. Right lateral view of Ulrich's 1893 (1895) hypotype showing remnants of the pos- 
terior muscle scars. Horizon: Corryville member. McMillan formation (Upper Ordo- 
vician). Locality: Cincinnati. Ohio. U.S.N.M. No. 46079. 6. Anterior view of the 
specimen shown in figure 5. 

7. Anonychia  jamrsi   (Meek)      157 
Anterior view of a specimen preserving a remnant anterior lohe. Horizon: Corryville 
member of the McMillan formation (Upper Ordovician). Locality: Cincinnati, Ohio. 
M.U. No. 74'r. In addition to the Miami University accession number, the specimen 
bears the number 46079. This is the same number which is present on Ulrich's 
U.S.N.M. hypotype figured above. The Miami University specimen may have orig- 
inally been at the U.S.N.M. 

8,9. Anonychia  jamcsi   (Meek)     157 
8. Anterior view of a distorted specimen showing a remnant anterior lobe. Horizon 
and locality uncertain. Collector: Mr. E. Lomar. U.C.M. No. 35901. 9. Right valve 
of the specimen shown in figure 8. 

10. Alloynchia  jamrsi   (Meek)   157 
Right lateral view showing a prominent anterior lobe. Horizon: Corryville member, 
McMillan formation  (Upper Ordovician). Locality: Cincinnati, Ohio. M.U. No. 75T. 

11. Anonychia   flanaijancnsis   Foerste       158 
Right   lateral   view   of   the   paralectotype.   Horizon:   Cynthiana   formation    (Middle 
or Upper Ordovician). Locality: two miles north of Flanagan, Kentucky. U.S.N.M. 
No. 142806. 
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EXPLANATION OF PLATE 20 

Figure Page 

1,2. Allonyihiu  flanai/it7U'nsis   Foerste      158 
1, Anterodorsal view of the upper umbo of the lectotype showing the incurved heak 
and anterior lolie. Horizon and locality the same as the paralectotype figured on 
Plate 19, figure  11. U.S.N'.M. No. 78722. 2. Left lateral  view of the  lectotype. 

3-7. AHuiiychia   flanagannisis   Foerste      158 
3. Anterior view of a right valve showing the incurved heak, anterior lobe, and lack 
of a discernible byssal gape. Horizon: lower Cynthiana formation (Middle or Upper 
Ordovician). Localit\': Rose's Farm on McClure Road, 1.9 miles south of the inter- 
section of McClure Road and Colby Road, near Winchester, Kentucky. U.C.M. No. 
35906. 4. Dorsal view of the specimen shown in figure 3. 5. Medial view of the speci- 
men shown in figure 3. 6. Lateral view of the specimen shown in figure 3. 7. En- 
largement of the posterior portion of figure 6 showing possible growth varices and 
costae,  (1.5X). 

8.9. Allotiychia  flanagancnsis   Foerste      158 
8. Dorsal view of a left valve showing two umbonal ridges and the anterior byssal 
retractor scar (arrow). Horizon and locality the same as in figure 3. U.C.M. No. 
35902. 9. Anterior view of the specimen shown  in  figure  8. 

10. Anonychia  ftanaganensis   Foerste      158 
Anterior view of a bivalved specimen. Horizon and locality unknown. U.S.N.M. No. 
142807. 
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EXPLANATION OF I'LA IE 21 

Figure Page 

1. Allonychiit  fluiuii/iitnnsis   Foerste      158 
Medial view of tlie upper umbonal region of the specimen seen in figure 8, Plate 20, 
showing the single anterior byssal retractor scar. 

2. Anonychia   flanaganrnsis   Foerste   158 
Medial view of the upper umbonal region of a specimen showing two umbonal ridges. 
Horizon and locality the same as in figure 3, Plate 20. U.C.M. No. 35903. 

3. Anonychia  flanaganrnsis   Foerste      158 
Medial view of the upper umbonal region of a specimen showing the anterior lobe 
and the anterior byssal retractor scar. Horizon and locality the same as in figure 3, 
Plate 20.  U.C.M. No. 35908. 

4. Anonychia   flanaganrnsis   Foerste      158 
Lateral view of a left valve. Horizon and locality the same as in figure 3, Plate 20. 
U.C.M. No. 35907. 

5-7. Anonychia    ovala    Ulrich     -    159 
5. Anterior view of the holotype. Horizon: Fail mount member, Fairview formation 
(Upper Ordovician). Locality: Covington, Kentucky. U.S.N.M. No. 46080. 6. Left 
lateral \iew of the holotype.  7. View of the hinge  line of the  holotype,   (1.5X). 

8,9. Anonychia   ovala   Ulrich       159 
8. Anterior view of a paratype. Horizon and locality the same as in figure 5. U.S.N.M. 
No. 142808. 9. Lateral view of the specimen shown in figure. 8. 

10,11.  Anonychia   suhrutunda    Ulrich    1 59 
10. Right \ alve of a previously unfigured paratype. Horizon and locality the same 
as in figure 12 below. U.S.N.M. No. 142809. 11. .\nterior view of the specimen shown 
in  figure   10. 

12-15. Anonyihia   suhrolnnja    Ulrich       159 
12. Left valve of the holotype. Horizon: Corryville member, McMillan formation 
(Upper Ordovician). Locality: Cincinnati, Ohio. U.S.N.M. No. 46081. 13. Right valve 
of the holotype.  14.  Dorsal view of the  holotype.   15.  Anterior  view  of the  holotype. 

16-19. Amhonychinpsis  hrUistriata   (Hall)      163 
16. Left valve of the lectotype. Horizon: Trenton limestone (Middle Ordovician). 
Locality: Middleville or Trenton Falls, New York. N.Y.S.M. No. 2232. 17. Dorsal 
view of the lectotype. (1.5X)- 18. Anterior view of the lectotype showing what may 
be a remnant of the anterior lobe, (1.5X)- 19. Right valve of the lectotype showing 
costellae and concentric undulations. 

20-22. Ambonychiofisis   hrllistriata   (Hall)      163 
20. Dorsal view of Ulrich's 1894 hypotype. Horizon: Prosser limestone (Middle 
Ordovician). Locality: near Wykoff, Minnesota. U.S.N.M. No. 46084. 21. Left 
lateral view of the specimen shown in figure 20. 22. Anterior view of the specimen 
seen in figure 20 above showing what Ulrich regarded as the impression of a 
"clavicle,"  (1.5X). 
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EXPLANA I ION OF PLA IE 22 

Fiourc P"!"' 

1. Amhijnychiiit>s's   hi'llistriiila    (Hall)      163 
Enlargement of figure 21, Plate 21, showing the costellae,  (1.5X). 

2-5. .-Imlioiiyc/iiopsis   amygjallna   (Hall)     163 
2. Right valve of holotvpe. Museum label lists the specimen as from the Trenton 
limestone (Middle Ordovician), Adams, New York. A.M. No. 745/1. 3. Left valve 
of the holotvpe. 4. Dorsal view of the holotvpe. 5. .\nterior view of the holotvpe 
showing the presumed "clavicular impressions." 

6,7. Ambonychiopsis   amygdalina   (Hall)     ■   KiS 
6. Left lateral view of Ulrich's 1894 hyptoype. Horizon: Prosser limestone (Middle 
Ordovician). Locality: 13 miles south of Cannon Falls, Minnesota. U.S.N.M. No. 
46085. 7. Anterior view of the specimen shown  in  figure 6. 

8,9. Amhonyrhiopsis    iiffinis    (Ulrich) ■   162 
8. Anterior vie\v of the paralectotype. The museum label lists the specimen as 
from the Galena dolomite (Middle Ordovician), Spring Valley, Minnesota. M.G.S. 
No. 8342. 9. Right lateral  view  of the specimen  shown  in  figure  8. 

10-12. Amhonychiopsis  affinis   (Ulrich)    .•   162 
10. Left lateral view of the lectotype. The museum label lists the specimen as from 
the "Black River (probably upper Platteville), Carroll County, Illinois" (Middle 
Ordovician). U.S.N.M. No. 46083. 11. Enlargement of figure 10 above showing faint 
costellae, (3X). 12. Oblique anterior view of the specimen seen in figure 10 showing 
the "clavicular impression" and the small anterior lobe,   (2X)- 

13-15.  Amhotiychiopsis  orbicularis   (Emmons)       164 
13. Anterior view^ of a Hall 1847 hypotvpe (pi. 36, figs. 5b-d). The museum label 
lists the specimen as from the Trenton limestone (Middle Ordovician), Watertown, 
New York. A.M. No. 716/1. 14. Left lateral view of the specimen shown in figure 
13. 15. Dorsal view of the specimen shown in figure  13. 

16-18.  Ambonychiopsis   orbicularis    (Emmons)        164 
16. Dorsal view of a Hall 1847 hypotype (pi. 36, fig. 5a). Horizon and locality the 
same as in figure 13. N.Y.S.M. No. 2233. 17. .\nterior view of the specimen shown 
in figure 16, (1.5X). 18. Right lateral view of the specimen seen in figure 16 show- 
ing remnants of the  posterior muscle  scars. 
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EXPLANATION OF PLATE 23 

Figure Page 

1,2. Amhotiythiopsis   orhicularis    (Emmons)     • •   1^+ 
1. This specimen is a previously unfigured Hall hypotype. Horizon and locality the 
same as in figure 13, Plate 22. A.M. No. 716/1. 2. .Anterior view of the specimen 
shown in figure 1. 

3-6. Ambonychiopsis    plunislriiita    (Hall)        '*+ 
3. Anterior view of Ulrich's 1894 hypotype. The right upper umbo and heak were 
reconstructed in dental wax by Ulrich. The museum label lists the specimen as 
from the Platteville limestone (Middle Ordovician), Mineral Point, Wisconsin. 
U.S.N.M. No. 46086. 4. Dorsal view of the specimen shown in figure 3, (1.5X). 5. 
Right valve of the specimen shown in figure 3, (1.5X). 6. Left valve of the specimen 
shown in figure. 3. 

7. Ambniiychiupsls planislrliila   (Hall)    ■   1^+ 
Left lateral  view of a  paralectotype. The  museum  label  lists  the  specimen   as  from 
the Trenton limestone (Middle Ordovician), Mineral Point, Wisconsin. A.M. No. 
922/1. 

8. Amhoiiyi/iiofisis   planistriata    (Hall)     _■ ■    164 
Right lateral view of the lectotype. Horizon and locality the same as in figure 7. 
A.M. No. 922/1. 

9. Ambonychiopsis   planistriata    (Hall)        16+ 
This specimen is a previously unfigured Ulrich 1894 hypotype, (1.5X.). The museum 
label  gives  no  horizon  but   lists  the   locality   as   Mineral   Point,   Wisconsin.   M.G.S. 
No. 8327. 

10,11. "Ambonychia"  uiijulatus   (Whitfield)       165 
10. Anterior view of the holotype. The museum label lists the specimen as from 
Niagaran (Middle Silurian), Wauwatosa, Wisconsin. U.S.N.M. No. 136763. 11. 
Right lateral view of the holotype. 

12. Ambonychiopsis   arhiciilaris   (Emmons)      164 
Right lateral \ie\v of a specimen showing the posterior adductor scar.  According to 
the museum label this specimen is early Trentonian (Middle Ordovician) from the 
valley of West Canada Creek, probably near Gravesville, Herkimer County, New 
York'. U.S.N.M. No. 92311. 

13. Ambonychiopsis  orbicularis   (Emmons)      164 
Right lateral view of a specimen showing fine costellae, (2X). Horizon and locality 
unknown. U.S.N.M. No. 142810. 

14. A mbonychiopsis  orbicularis   (Emmons)      164 
Right valve showing the single anterior byssal retractor scar. (3X). Horizon and 
locality uncertain. U.S.N.M. No. 92313. 

15. A mbonychiopsis  orbicularis   (Emmons)       164 
Right valve showing the posterior adductor scar and the costellae. Horizon and 
locality unknown. U.S.N.M. No.  142811. 

16. A mbonychiopsis   sp   160 
Left valve showing the costellae. Trentonian (Middle Ordovician) Black Creek, 
north of Russia, Herkimer County, New York. U.S.N.M. No.  142812. 
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EXPLANATION OF PLATE 24 

Figure Page 

1. Amhonychiopsis   hrllislriata    (Hall)       163 
Left lateral view showing the anterior lohe, (3X)- Age and locality the same as in 
figure 16, Plate 23. U.S.N.M. No. 25789. 

2. Amhotiyi hiiipsis   hellislriata    (Hall)      163 
Right lateral view showing costellae, (3X). The specimen is from Trentonian 
(Middle Ordovician), near Poland, Herkimer Coontv, New York. U.S.N.M. No. 
99610. 

3. .1 mphicorlia   leidyi   Hall      167 
This, left valve is one of Hall's original syntypic series. It is herein regarded as a 
paralectotvpe. The specimen is from Niagaran (Middle Silurian), Racine, Wiscon- 
sin. A.M.'No. 2072/1. 

4. Amphicnelia   leidyi   Hall     167 
This  specimen  is   a   second   paralectotvpe.   Age   and   localitv   the   same   as   in   figure 
3. A.M. No. 2072/1. 

5-7. Amphieoelia  leidyi   Hall     167 
5. Right valve of a third paralectotvpe. The specimen is from Niagaran (Middle 
Silurian). Bridgeport, Illinois. .X.M. No. 2072/2. 6. Dorsal view shown in figure 
5. 7. Anterior view of the  specimen  shown  in  figure  5, 

8-10. Amphieoelia leidyi Hall     167 
8. Anterior view of the lectotypc. Age and locality the same as in figure 5. A.M. No. 
2072/2. 9. Dorsal view of the lectotype showing an anterior byssal retractor scar 
in each valve. 10. Left lateral view of the lectotype showing remnants of the pos- 
terior musculature. 

11. Amphieoelia   iiegleeta   (McChesney)       167 
This specimen is Kindle and Breger's 1904 hypotype Niagaran (Middle Silurian), 
near Delphi, Indiana. U.S.N.M. No. 62322. 

12. Amphieoelia   negleeta   (McChesney)       168 
This specimen is Whitfield's 1882 hypotype. Niagaran (Middle Silurian) at Wau- 
watosa, Wisconsin. U.S.N.M. No.  135946. 
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1,2. .1 mphicorlia neghcta (McChesney)    168 
1. Right valve of the specimen shown in figure 12, Plate 24. 2. Enlargement of the 
costellae shown in figure 1,   (3.7x). 

3. Cf.   Amphicoelia       167 
This is one of Hall's 1879 hypotypes of A. IriJyi. It is doubtful that its generic and 
specific assignments can he determined. Niagaran (Middle Silurian), Waldron, 
Indiana. A.M. No. 1949. 

4. Amfhiroclia   sp 136, 165 
This specimen has the prominent anteroventral salient of Amphicorlia and also pos- 
sesses concentric undulations. Niagaran (Middle Silurian), Wauwatosa, Wisconsin. 
U.S.N.M. No. 142813. 

5. AmphicoeVui cf. A. Icidyi Hall     167 
A large left valve showing the costellae. Age and locality the same as in figure 4. 
U.S.N.M. No. 53204. 

6-8. Atiomaiodonta   gigantca   Miller       170 
6. Posterior view if the lectotype, showing the two shell layers, (1.5X). The dashed 
India ink line separates the two shell layers; the apparent layer to the left of the 
solid line is not a part of the shell. The museum label lists the specimen as from 
the Cincinnatian (Upper Ordovician) at Versailles. Indiana. W.M. No. 8851. 7. En- 
largement of figure 6, (3X). 8. Medial view of the lectotype showing the anteroven- 
tral  ridge which Miller regarded as an anterior adductor scar  (arrow). 

9,10. Aiiomalocionta   giijanlca   Miller   170 
9. Posterior view of a paralectotype showing the shell layers, (1.5X). Age and 
locality the same as in figure 6 above. W.M. No. 8851. 10. Enlargement of figure 9 
(4X). 
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1,2. Anomiiliidontu {/ii/anlca Miller   170 
I. Lateral view of the specimen shown in figure 9, Plate 25. 2. Medial view of the 
specmien shown in figure 1. The apparent socket crossing the ligamental area is the 
result of preparation by Miller. 

3-6. Anomalodonta   giganica   Miller      170 
3. Dorsal  view  of  a  second  paralectotype.  Age  and   locality  the  same   as  in  figure 
6, plate 25. W.M. No. 8851. 4. Anterior view of the specimen seen in figure 3 showing 
the b\'ssal gape. 5. Lateral \iew of the specimen sho\\n in figure 3. 6. Medial \-iew of 
the specimen shown in figure 3. 

7,8. Anomalodonta   flicata   Ulrich      170 
7. Lateral view of the holotype. Horizon: Corryville member, McMillan formation 
(LTpper Ordovician). Locality; Cincinnati, Ohio. U.S.N.M. No. 46089. 8. Anterior view 
of the holotype. 

9, IC.  Anomaloiioiita    tjitjantca    Miller       170 
9. Lateral view of an Ulrich 1893 (1895) hypotype showing the bifid anterior byssal 
retractor scar. The specimen is from rocks of Richmondian age (Upper Upper 
Ordovician) at Versailles, Indiana. U.S.N.M. No. 46088. 10. Dorsal view of the 
specimen seen in figure 9 showing the bifid  anterior byssal  retractor scar. 

11-13.  Aunmalodonta   gigantca   Miller       170 
II. Dorsal view of a specimen showing a trifid anterior byssal retractor scar. Hori- 
zon and locality unknown. M.U. No. 71T. 12. Left vahe of the specimen seen in figure 
11 abo\'e showing the pallial line and posterior muscle scars. 13. Anterior view of the 
specimen seen in figure 11 abo\e showing pronounced lateral displacement of the 
pallial line in the region of the byssal gape. 

14. Auomalondonta   gigantca   Miller     170 
Oblique posterior view of a specimen showing the two ostracal layers, (3X). Hori- 
zon: Oregonia member, Arnheim formation (Upper Ordovician). Locality: excava- 
tion at the intersection of Westwood-Northern Blvd. and Boudinot Ave., Cincinnati, 
Ohio. Collector: Mr. J. K. Pope. U.C.M. No. 35918. 
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1.  Atiomalodoiitit    ijiganlca    Miller        170 
View of the hinge line shown in figure  14,  Plate 26,   (1.5X)- 

2-4.  Anomaloiionta   i/it/anlia   Miller       170 
2. Left valve showing the posterior muscle scars. Horizon and locality unknown. M.U. 
No. 83T. 3. Anterior view of the specimen shown in figure 2, (1.5x). 4. Dorsal 
view of the specimen  shown  in  figure 2,   (1.5x). 

5,6. Anomalodonta g'igantra Miller    170 
5. Lateral view of a composite mold showing the posterior muscle scars. Horizon: 
lower Fort Ancient memher, Waynesvillle formation (Upper Ordovician). Locality 
the same as in figure 14, Plate 26. U.C.M. No. 35896. 6. Anterior view of the speci- 
men shown in figure 5. 

7-9. Anomatodoniii  gigtiuliui   Miller       170 
7. Dorsal view of a specimen showing the hifid anterior byssal retractor scar, 
(1.5X). Horizon: "Hudson River Group" (Upper Ordovician). Locality: Versailles, 
Indiana. Y.P.M. No. 23323. 8. Anterior view of the specimen shown in figure 7. 
9. Left valve of the specimen shown in figure 7. 
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1-3. AnomaloJoiila  glganlca   Miller    ■_ - ;;  ''" 
1. Hinge line view of an incomplete specimen. Horizon: "Hudson River Group" 
(Upper Ordovician). Locality: Versailles, Indiana. Y.P.M. No. 23324. 2. Lateral view 
of the specimen shown in figure 1. 3. Ventral view of the specimen seen in figure 
1 showing a natural anterior-posterior section through the shell, (1.5X). The anterior 
end is toward the top of the plate, and the shell material is to the left of the India 
ink line. 

4-8. AnomahJonIa    u'uiantca    Miller        ''" 
4. Left lateral view of an exceptionally well-preserved specimen. Horizon: "Hudson 
River Group"   (Upper Ordovician).  Locality: Versailles,  Indiana.  Y.P.M. No. 23325. 
5. Anterior view of the specimen seen in figure 4 showing the byssal gape. 6. Dorsal 
view of the specimen shown in figure 4. 7. Posterior view of the specimen seen in 
figure 4 showing marginal grooves and ridges, (L5X). 8. Medial view of the speci- 
men seen in figure 4 showing the ligamental area and marginal grooves and 
ridges along the anteromedial face,   (1.5X). 

9. cf. Anomalodonta  g'lgantca  Miller   ■     170 
This specimen was placed doubtfully in this species by Hussey, 1926. Until the hinge 
line is known the proper placement will be uncertain. Stonington beds (Upper Ordo- 
vician), Michigan. U.M. No. 9825. 

10-12.  Anoptcra   m'lscncri   Ulrich    •_•   171 
10. Left lateral \ iew of the lectotype. Horizon: Whitewater formation (Upper 
Ordovician). Locality: Richmond, Indiana. U.S.N.M. No. 46090. 11. Enlargement of 
figure 10 above,  (1.5X). 12.  Dorsal view of the lectotype,   (1.5X). 

13. Atioptrra   rriisrneri   Ulrich    ;  171 
Rubber cast of a paralectotype showing the prominent closely spaced growth lines. 
Horizon: Wavnesville formation (Upper Ordovician). Locality: Clarksville, Ohio. 
U.S.N.M. No.'46091. 

14-17. Atioptrra  miscncri Ulrich   ■; •   171 
14. Left valve of a paralectotype. Horizon and locality the same as in figure 10. 
U.S.N.M. No. 142814. 15. Dorsal view of the specimen shown in figure 14, (1.5X). 
16. Anterior view of the specimen shown in figure 14, (1.5X). 17. Right valve of 
the specimen shown in figure  14,   (1.5X)- 
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I.  Anornalndinitu   ijtganti'a   Miller       170 
Right valve of a composite mold. Horizon: Fort Ancient meniher, Waynesville 
formation (Upper Ordovician). Locality: crossing of Middleboro Road and a small 
tributary of Todd Fork, between  Hicks and  Middleboro,  Ohio.  U.C.M. No.  35878. 

2-5. Anoptrrii   miscncrt   Ulrich       171 
2. Left valve. Horizon: Whitewater formation (Upper Ordovician). Locality: two 
miles   south   of  Richmond.   Indiana,   on   new   Indiana   route   27.   U.C.M.   No.   35925. 
3. Right valve of the specimen shown in figure 2. 4. Anterior view of the specimen 
shown in figure 2, (1.5X). 5. Dorsal view of the specimen seen in figure 2 showing 
a bifid  anterior byssal  retractor scar in the  left  valve,   (5X)- 

6. Anoplrra   /nisrnni   Ulrich      171 
Dorsal view showing a bifid anterior byssal retractor scar in the left valve, (6X. 
Horizon and locality unknown. M.U. No. 70T. 

7. Anoptrra aTigusta   (Foerste)      171 
Lateral view of the holotype, (1.5X). Museum label lists the specimen from Rich- 
mondian   (Upper Upper Ordovician),  Stonington,  Michigan.  U.S.N.M. No.  78+63. 

8. Aiioptcra  angusia   (Foerste)    -    172 
This specimen is one of Hussey's 1926 hypotypes. Horizon: Stonington beds (Upper 
Ordovician). Locality: east side of Little Bay de Noc,  Michigan.  U.M. No. 9818. 

9. Anrjplcra  augusta   (Foerste)    172 
This specimen is one of Hussey's  1926 hypotypes.  Horizon  and  locality the  same  as 
in figure 8. U.M. No. 9819. 

10. Amhonyrliia alata Meek    172 
Lateral view of the plastolectotype. The original specimen Cincinnatian (Upper 
Ordovician),  Clinton  County,  Ohio.   U.S.N.M.  No.  67520. 

11. Amhouyuhid alula Meek    172 
Lateral view of a previously unfigured plastoparalectotype. Age and locality the 
same as in figure 10. U.S.N.M. No.  1+2815. 

12,13. A ml)onyI Ilia alata Meek   172 
12. Right lateral view of Ulrich's 1893 (1895) hypotype. Horizon: Arnheim formation 
(Upper Ordovician). Locality: near Morrow, Ohio. U.S.N.M. No. +6087. 13. Rubber 
mold of the specimen seen in figure 12 showing the posterior wing and posterior 
lateral teeth. 

1+-17. Amhouychia alata Meek    172 
1+. Left vahe of the holotype of Amhonychia loslata Meek. Cincinnatian (Upper 
Ordovician), Cincinnati, Ohio. W.M. No. 790. 15. Right valve of the specimen shown 
in figure 1+. 16. Dorsal view of the specimen shown in figure 1+. 17. Anterior 
view of the specimen shown in figure 1+. 

18,19. Amhonychia alata Meek      172 
18. Right valve of Foerste's 1916 hypotype. Horizon: Waynesville formatiin (Upper 
Ordovician). Locality: west of Madison, Indiana. IT.S.N.M. No. 8+928, 19. Dorsal 
view of the specimen shown in figure 18. 
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1. Ambonychia alata Meek    172 
Hinge line view of a left valve showing the ligamental area and cardinal teeth, 
(1.5X)- Horizon: Oregonia member, Arnheim formation (Upper Ordovician). Local- 
ity: excavation at the intersection of Westwood-Noithern Blvd. and Boudinot Ave., 
Cincinnati, Ohio. Collector: J. K. Pope. U.C.M. No. 35913. 

2,3. Arnhonychia alata Meek    172 
2. Dorsal view of a specimen show'ing the bifid anterior byssal retractor scar, (1.5X)- 
Horizon: Arnheim formation  (Upper Ordovician). Locality unknown. M.U. No. 72T. 
3. Anterior view of the specimen  seen  in  figure 2  showing the  byssal  gape. 

4. Amliiinychia  alata   Meek      172 
Dorsal view of a specimen showing the bifid anterior byssal retractor scar, (1.5X)- 
Horizon and locality the same as in figure 2. M.U. No. 73T. 

5. Amhijnychia   alata   Meek       172 
Left valve showing three cardinal teeth, (1.5X). Horizon and localitv the same as in 
figure 1. U.C.M. No. 35914. 

6,7. Amhoiiyc/iia alata Meek    172 
6. Right valve showing the posterior muscle scars. Horizon: upper Arnheim forma- 
tion or lower Waynesvillle formation (Upper Ordovician). Locality the same as in 
figure   1.   U.C.M.   No.   35917.   7.   Dorsal   view   of  the   specimen   shown   in   figure   6, 
(1.5X). 

8. Amhonyr/iia alata Meek    172 
Upper portion of a right valve showing the cardinal dentition, (1.5X). Horizon 
and locality the same as in figure 1.  U.C.M. No. 35916. 

9,10. Amhonydiia alata  Meek    172 
9. Hinge line view showing the cardinal teeth of the right \"al\e, (1.5X). Horizon: 
Oregonia member, Arnheim formation (Upper Ordovician). Locality: excavation 
for bridge at crossing of Ohio route 132 and Lick Run. near Roachester, Ohio. U.C.M. 
No. 3 5917.  10. Lateral view of the specimen  shown  in  figure  9. 

11-13. A mbonychia  alata   Meek     172 
11. Anterior view of a right valve. Horizon and locality the same as in figure 1 
above. U.C.M. No. 35922. 12. Lateral \'iew of the specimen shown in figure 11. 13. 
Dorsal view of the specimen shown in figure 11. 

14. A mbonychia   alata   Meek      172 
Rubber mold of a specimen preserving the external shell layer. Horizon and locality 
the same as in figure 1. U.C.M. No. 35897. 

15. A mbonychia   ciroyi   (Hussey)       138 
Lateral view of the holotype showing the posterior wing. Stonington beds (Upper 
Ordovician), Michigan. U.M. No. 9834. 

16. A mbonychia   alata   Meek      172 
Rubber mold showing the posterior muscle scars and posterior lateral teeth. 
Horizon and locality unknown. U.C.M. No. 35912. 

17. A mbonychia   alata   Meek      172 
Left valve of a partially shelled specimen (see Plate 47, figure 1). Horizon: Waynes- 
xille formation   (Upper Ordovician).  Locality   unknown.   U.C.M.  No.  19275. 

18. A mbonychia   alata   Meek      172 
Hinge line view of a right valve showing the cardinal teeth and collapsed liga- 
mental area,  (7X). Horizon and locality the same as in figure 1. U.C.M. No. 35915. 

19-21. Ambonychia  alata  Meek     172 
19. Anterior view of a left valve showing the byssal gape. Horizon and locality 
the same as in figure 1. U.C.M. No. 35909. 20. Lateral view of the specimen shown 
in figure 19. 21. Hinge line view of the specimen seen in figure 19 showing the liga- 
mental area and cardinal teeth,   (5X)- 
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1,2. Amhonythid  nlata  Meek    ; • ;■■•■   1^2 
1. Left lateral view preserving the posterior muscle scars, pallial line, and posterior 
lateral teeth. Horizon and locality unknown. U.C.M. No. 35923. 2. Rubber mold of 
the specimen shown in figure  1. 

3-6.  Amhonychia   iiliila   Meek    • ■   1^2 
3. Left lateral view of a shelled specimen. Horizon and locality the same as in figure 
1, Plate 30. II.C.NL iN'o. 35911. 4. Hinge line view of the specimen seen in figure 3 
showing the ligamental area, cardinal teeth, and the more posterior of the two 
posterior lateral teeth (arrow) ; the other posterior lateral tooth was destroyed 
during preparation, (1.5X). 5. Dorsal view shown in figure 3. 6. Anterior view 
shown in figure 3. 

7-11. Amboiiychiii   ulr'uhi    (Pojeta)       17+ 
7. Right lateral \ iew of Hall's 1859 (pp. 110 and 523) hypotype of A. mJiata. The 
museum label lists the specimen as from the "Hudson River Group" (I'pper Ordo- 
vician), Lindlcys' Hill, Tennessee. A.M. No. 1124/4. 8. Anterior view seen in figure 7 
showing the byssal gape. 9. Medial view seen in figure 7 showing the cardinal 
teeth, (1.5X). 10. Dorsal view shown in figure 7. 11. Enlargement of the anterior 
medial portion seen in figure 7 showing the cardinal teeth and marginal grooves 
and ridges,  ( 5X )■ 

12-14. Amboiiyili'ui iiili-rmcdia Meek and Worthen    138 
12. Right lateral view of lllrich's 1894 hypotype, (1.5X). The museum label lists 
the specimens from Trentonian (Middle Ordu\'ician), near Wykoff, Minnesota. 
U.S.N.M.  No.  46102.   13.  Natural   size   figure  of  the   specimen   shown   in   figure   12. 
14. Dorsal view of the specimen shown in figure  12,   (1.5X)- 

15-17.  Amhonychia   oliisti    (Ulrich)       174 
15. Dorsal \ iew of a bivalved specimen showing a bifid anterior byssal retractor 
scar in each valve, (1.5X)- Horizon: Whitewater formation (Upper Ordovician). 
Locality: roadcut 2 miles south of Richmond, Indiana, on new Indiana route 27. 
U.C.M. No. 35921. 16. Right valve of the specimen seen in figure 15 showing the 
posterior muscle scars, (l.SX)- 1". Anterior view of the specimen seen in figure 
15 showing the pallial line,   (1.5X)- 

18. Ambonycliui   hyriiesi   (Ulrich)      142 
Lateral view of a paralectotype. Horizon: Cynthiana formation (Middle or Upper 
Ordovician). Locality: Covington,  Kentucky.  U.S.N.M. No.  142805. 

19. Amhonychia   hyrnesl   (Ulrich)       142 
Lateral view of a paralectoype. Horizon and locality the same as in figure 18. 
U.S.N.M. No. 142816. 

20. Amhonychia   hyrnrsi   (Ulrich)      142 
This specimen is herein chosen as the lectotype. Horizon and locality the same as in 
figure  18.  U.S.N.M. No. 46097. 
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1. Ambonyihia  cuttrala   (Ulrich)       174 
This specimen shows dupli\ incular grooves and ridges, a feature previously unre- 
ported  in the species.  Horizon  and  locality  unknown.  M.U. No.  SOT. 

2. Ambonychia  cultrata   (Ulrich)      17+ 
This is a second specimen showing ligamental grooves and ridges. Horizon and 
locality unknown. U.C.M. .No. 3 5928. 

3. Byssoptrriii raJiata Hall     I75 
This specimen is the "matri.x" covering of one of Hall's syntypes of the species. 
Museum laliel lists the specimens as from Chemung rocks (Upper Devonian), Mans- 
field. Tioga County, Pennsylvania. A.M.  No. 6115/1. 

4. Byssoptfria  radiata  Hall     I75 
A left valve, Chemung (Upper Devonian), Mansfield, Tioga Countv, Pennsylvania 
(see Plate 47, figure 4). U.S.N.M. No. 100539. 

5. Byssoplrria  rajiata   Hall       I75 
Plastoparalectotype. The original specimen, Chemung (Upper Devonian), Mansfield, 
Tioga County, Pennsylvania. U.S.N.M. No. 68055. 

6. Byssoplrria   raJiata   Hall      I75 
A right valve, Chemung (Upper Devonian), Mansfield, Tioga County, Pennsylvania. 
U.S.N.M. No. 100540. 

7. Byssoptrrin radiata Hall    I75 
This specimen is the  lectotype  (1.5X)   (see Plate 47,  figures 2-3).  .\gc  and  localitv 
the same  as  in  figure 3. N.V.S.M. No. 2294. 

8. Clrionychia   subundata   Ulrich    178 
This   specimen   is   a   paratype (1.5X).   Horizon:   Cynthiana   formation   (Middle   or 
Upper Ordovician). Localitv: mouth of the Licking River, Covington, Kentucky 
U.S.N.M. No. 142817. 

9. Cleionychia   subundata   Ulrich      17g 
Lateral view of the holotvpe, (1.5X). Horizon and localitv the same as in figure 8. 
U.S.N.M. No. 46118. 

10-12.  Clrionychia   excavata   Ulrich      17g 
10. Dorsal view of the holotype. Horizon: Whitewater formation (Upper Ordo- 
vician). Locality: Richmond, Indiana. U.S.N.M. No. 46113. 11. Left valve of the 
holotype.  12. .Vnterior view of the holotype. 
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1-3.  Clr'ionych'ia lamrllusa   (Hall)       179 
1. Lateral view of the lectotype showing the posterior adductor muscle scar. Accord- 
ing to the museum label the specimen is from the Trenton limestone (Middle Ordovi- 
cian), Beloit, Wisconsin. A.M. No. 929/2.2. Anterior view of the lectotype. 3. Dorsal 
view of the lectotype showing the anterior byssal retractor scar,   (1.5X). 

4,5. Cliiunychia lamrllosa   (Hall)      179 
4. A paralectotype showing the posterior adductor muscle scar and what may be a 
portion of the pallial line. Age and locality the same as in figure 1. A.M. No. 929/2. 
5. Enlargement of figure 4 above,   (1.5X). 

6. Cleionychia lamrllosa   (Hall)      179 
This specimen is a second paralectotype. Age and localitv the same as in figure 1. 
A.M. No. 929/2. 

7. Cleionychia lamellosa   (Hall)      179 
This specimen is a paralectotype. The museum label lists it from the Trenton lime- 
stone   (Middle  Ordovician),  Mineral   Point,  Wisconsin.  A.M.   No.  929/2. 

8-10. Cleionychia lamellosa   (Hall)      179 
8. This is one of Ulrich's 1894 hypotypes. Blackriveran (Middle Ordovician), Min- 
neapolis, Minnesota. U.S.N.M. No. 46115. 9. Anterior view of the specimen seen in 
figure 8 showing the lack of any discernible byssal gape, (1.5X). 10. Enlargement 
of figure 8,  (1.5x). 

11. Cleionychia   lamellosa   (Hall)       179 
This specimen is an Ulrich 1894 hypotype. Blackriveran (Middle Ordovician), Min- 
eral  Point,  Wisconsin.  U.S.N.M.  No.  i42818. 

12,13.  Cleionychia   lamellosa    (Hall)        179 
12. Left lateral view of a previously unfigured Ulrich 1894 hypotype, (1.5X)- Age 
and locality the same as in figure 11. U.S.N.M. No. 46114. 13. .Anterior view of the 
specimen shown  in figure  12,   (1.5X). 

14.15.  Cleionychia lamellosa   (Hall)      179 
14. Right valve of a previously unfigured Ulrich 1894 hypoytpe, (1.5X). The speci- 
men is from Blackriveran, (Middle Ordovician), Beloit, Wisconsin. U.S.N.M. No. 
142819.  15.  Dorsal  view of the  specimen  shown  in  figure  14,   (1.5X)- 

16,17.  Cleionychia  lamellosa   (Hall)       179 
16. Lateral view of an Ulrich 1894 hypotype, (1.5X). Age and locality the same as 
in figure 14. U.S.N.M. No. 46116. 17. Dorsal view of the specimen seen in figure 
16 showing the bifid anterior byssal  retractor scar.   (I.SX). 

18-20.  Cleionychia   erecta   (Hall)    _.   178 
18. Lateral view of the lectotype. .According to the museum label the specimen is 
f'om the Trenton limestone  (Middle Ordoxician). Beloit, Wisconsin. A.M. No. 931/1. 
19. Anterior view of the  lectotype.  20.  Dorsal   view of the  lectotype. 

21,22.  Cleionychia   erecta    (Hall)        178 
21. Dorsal view of LHrich's 1894 hypotype, (1.5X). According to the museum label 
i, is from Blackriveran rocks (Middle Ordovician), Minneapolis, Minnesota. U.S.N.M. 
No. 46112. 22. Lateral  view of the specimen shown  in figure 21. 

23,24.  Cleionychia   niliJa   Ulrich     179 
23. Anterior view of the lectotype, (1.5X). According to Bassler (1915, p. 241) the 
specimen is from Blackriveran rocks (Middle Ordovician), Minneapolis, Minnesota; 
the permanent museum label gi\es no indication of the age of the specimen, altliough 
the field label lists the age as "Lower Trenton." M.G.S. No. 5099. 24. Lateral view 
of the specimen shown  in  figure  23,   (1.5X). 

25.  Cleionychia  erecta   (Hall)    .^.   178 
A paralectotype showing the anterior byssal retractor scar and umbonal ridges which 
may represent atatchments of the general surface of the mantle, (1.5X). Age and 
locality the same as in figure 18. A.M. No. 931/1. 
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NORTH AMERICAN AMHONVCHIIDAE:  POJETA 225 

EXPLANATION OF PLATE 31 

Fii/iirr Page 

1-3.   ('.Iririnydiia   iDulafd   (Emnioiis)       ISO 
I. RIKIU valve of Hall's 1847 hypotype. Trenton limestone (Middle Ordovician). 
Watertown,   New   York.   N.Y.S.M.   No.   2307.   2.   Enlargement   of   figure   !,    (1.5X). 
3. Dorsal  vieu   of the  specimen  shown   in   figure   1,   (1.5X). 

4,5.  CJcionychia   undata   (Emmons)        180 
4. Dorsal view^ of Ulrich's 1894 hypotype, (1.5X). Prosser limestone (Middle 
Ordovician), near Wykoff, Minnesota. U.S.N.M. No. 46119. 5. Lateral view of the 
specimen shown in figure 4,   (1.5X). 

6-8.  Cleianychia   atlenuata   (Hall)      IjjO 
6. Dorsal view of the lectotype. Ulrich (1892) placed this species in Clcionychia. 
Museum label lists the specimen as from the Trenton limestone (Middle Ordo- 
vician), Beloit, Wisconsin. A.M. No. 930/1. 7. Anterior view of the lectotype. 8. Left 
lateral view of the lectotype. 

9-11.  Clcionychia rhornhoidca  Ulrich     |79 
9.  Dorsal   view  of the  holotype.  .According  to  Bassler   (1915,   p.  241)   the   specimen 
is  from  Blackriveran   (Middle  Ordo\ician),  Minneapolis,  Minnesota;   the  museum 
label gives no data as to age or locality.  M.G.S.  No.  5526.  10.  Lateral  view  of the 
holotype.   11.   .\nterior  view  of  the   holotype. 

12.  Clciiiiiyrlnii   myliloidcs   (Hall)      J79 
Lateral view of the hololvpe, (4X). Chazv limestone (Middle Ordovician), Chazy 
New York. A.M. No. 536/1. 

13,14.   l-.iidiiiiyihill   ii/iic{tlis   Ulrich       Ijj2 
13. Rubber mold of the holotype. 14. Holotype. Horizon: Fairmount member, Fair- 
xievv formation (Upper Ordovician). I.ocalitv: Newport, Kentucky. U.S.N M. 
No. 46198. 

15,16. F.ridi/tiychill piiucicosiiita Ulrich    182 
15. Holotype. Horizon: Fairmount member, Fairview formation (LTpper Ordovician). 
Locality: Covington, Kentucky. U.S.N.M. No. 46200. 16. Rubber mold of the holotype. 
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EXPLANATION OF PLAl E 85 

riffuri- P"y 

1.  Eriiionychia  ircuala   tHrich      ' !*2 
Lateral view of the holotvpe. Horizon: Wavnes\ illc foniiation (Upper C)r<l()\ ician ). 
Locality: Waynesville, Ohio. U.S.N.M. No. 46199. 

2-4.   Gossilclia   Iriquetra    (Conrad)        185 
2. Anterior view of a Hall 1883 hypotype, (1.5X). According to Hall the specimen 
is from the Hamilton Krmip (Middle Devonian). Dnondaga County, New ^■ork, 
N.Y.S.M. No. 2438. 3. Right valve of the specimen shown in figure 2. 4. Dorsal 
view of the specimen  shown  in  figure  2.   (1.5X)- 

5-7. Follmannia   sp   1 + 1 
5. Right valve showing the multiple costae, (2X). Devonian, Kuahsinshan, Kiitsing, 
Yunnan, southwest China. U.S.N.M. No. 142820. 6. Anterior view of the specimen 
shown in figure 5. 7. Left valve of the specimen shown in figure  5. 

8-10.  Gosselelia   Irlqutlra   (Conrad)   183 
8. Left valve of the prohable holotype. Horizon unknown. Locality: Oneonta, Otsego 
County, New York. A.M. No. 5274/1. 9. Anterior view of the specimen shown in 
figure  8.  10. Dorsal  view  of the  specimen  shown   in  figure  8. 

11-14.   Gossrlitici   tiii/urlni    (Conrad)        183 
11. Right valve of a Hall 1883 hypotype. Age and locality the same as in figure 2. 
N.Y.S.M. No. 2437. 12. Dorsal view of the specimen shown in figure 11. 13. Left 
valve of the specimen seen in figure 11 showing two posterior lateral teeth. 14. An- 
terior view   of the specimen  shown  in  figure   II. 

15-18.   Gosirlrliu  trii/iiilrii   (Conrad)       183 
15. Rubber mold of the hinge line of a Hall 1883 hypotype showing the cardinal 
teeth, (1.5X). 16. .\nterior view of the specimen from which the mold for figure 
15 was made. According to Hall the specimen is from the Hamilton Group (Middle 
Devonian), Fultonham, Schoharie County, New York. N.Y.S.M. No. 2439. 17. Lateral 
view of the specimen shown in figure 16. 18. Dorsal half of the specimen seen in 
figure 16 (with the upper umbo removed) showing the cardinal dentition and an- 
terior adductor scar,  (1.5X)- 
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NORTH AMERICAN AMiiONvcHiinAE:  POJETA 227 

EXPLANATION OF PLATE 36 

Tigurc Pa,,e 

1. Gossrirlia  trirjurira   (Conrad)      183 
Left lateral view showing the complete anterior margin and the anterior adductor 
scar. According to the museum label the specimen is from Hamilton drift (Middle 
Devonian)   at Ann Arbor, Michigan. U.S.N.M. No. 37523. 

2. Gosselctia   triquctra   (Conrad)       183 
This specimen  is  an  unfigured  Hall  1883  hypotype. According to the museum  label 
the specimen is from the Hamilton group (Middle llevonian), Madison County, New 
York.  A.M.  No.  5274/2. 

3. Gossflrtia trirjurira   (Conrad)      183 
Right lateral view of a  Hall  1883 hypotvpe. Age and  locality the same as in figure 
2. A.M. No. 5274/2. 

4. Gosselrtiii  trii/uftra   (Conrad)      183 
Left lateral view of a Hall 1883 hypotype. According to Hall the specimen is from 
Hamilton group (Middle Devonian), Fultonham, Schoharie Countv, New York. 
N.Y.S.M. No. 2440. 

5-8. Lophoiiychia trigoiiale   (Cleland)      184 
5. Lateral view of the lectotync showin'j; the posterior adductor scar (1.5X). 
Horizon: Lake Church formation (Middle Devonian). Locality: Lake Church, 
Ozaukee County, Wisconsin. U.S.N.M. No. 80288. 6. Dorsal view of the lectotype, 
(1.5X). 7. .-Vnterior view of the lectotype showing what may be a small byssal gape. 
(1.5X). 8. Enlargement of the posterior adductor region of the lectotype showing 
what appear to be costellae,   (5X)- 

9,10,  Luphi/nyi liiii   trujiinalc   (Cleland)      184 
9. Dorsal view of the paralectotype, (1.5X). Horizon and locality the same as in 
figure 5. U.S.N.M. No. 142821. 10. Left lateral view of the specimen shown in fig- 
ure 9. 

11,12.  Maryoiiyihiii   luncurjinsis   (Foerste)      185 
11. Left lateral view of the holotype. Horizon: Arnheim formation (Upper Ordo- 
vician). Locality: east of Concord, Kentucky. U.S.N.M. No. 84803. 12. Anterior view 
of the holotype showing the  byssal  gape. 

13. Maryotiyihia  coiuortliiisis   (Foerste)       185 
Rubber cast of an external mold of the species. The original specimen is from Clarks- 
ville member, Waynesville formation (Upper Ordovician), Stony Run, downstream 
from the crossing of Middleboro Road, between Ohio routes 350 and 22. U.C.M. 
No. 3 5924. 

14,15. Marynnychiii   cotiiorjriisii   (Foerste)      185 
14. Anterior \'iew of a shelled specimen showing the byssal gape. Horizon: Waynes- 
ville formation (Upper Ordovician). Locality unknown. M.U. No. 79T. 15. Right 
lateral  view  of the  specimen  shown  in  figure   14. 
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EXPLANATION OF PLATE 37 

Fiffiirr P"!"" 

1-3. Mytlluria   luutiiuitra    ( Hall)     • • ■■   1**7 
1. Left valve of ihe holotype. Niagaran (Middle Silurian), Milwaukee, Wisconsin. 
A.M. No. 1951/2. 2. Dorsal view of the holotype. 3. Anterior view of the holotype 
showing the  liyssal  gape. 

4. "Myliliirca  acutirostni"   (Hall)       187 
This specimen is Hall's 1882 hypotype. Niagaran (Middle Silurian), Waldron, In- 
diana. It is doubtful that its generic and specific assignments can be determined. 
N.Y.S.M. No. 2822. 

5-7. Mytilnrca  cf. M.  acutirostra   (Hall)    ■   187 
5. Left valve of a specimen that appears to belong to this species. Niagaran (Middle 
Silurian), Ridgeville, Randolph County. Indiana. U.S.N.M. No. 101612. 6. Anterior 
view of the specimen shown in figure 5. 7. Dorsal view of the specimen shown in 
figure 5. 

8. Mytilarca  i himuniintsis   (Conrad)    ■    188 
This specimen is a Hall 1883 hypotype. Chemung (Upper De\onian), Rockville, 
Allegheny County,  New  York.  A.M.  No.  6110/1. 

9. Mytilitria   chimunijnisis    (Conrad)     •       188 
This is a previously unfigured Hall hypotype. Chemung (Upper Devonian), Philips- 
burg, New York. A.M. No. 6110/2. 

10. Mylilarca (hrmungnisis   (Conrad)    : ■   188 
This specimen  is  a  Hall   1883  hypotype.  According to  the  museum  label  it  is  from 
the Chemung (Upper Devonian) at Rockx ille, .MIegheny County, New York. A.M. 
No. 6110/1. 

11. Mylilaria  r/iimtiiu/itisis   (Conrad)       188 
This is a Hall 1883 hypotype. Chemung (Upper Devonian), Randolph, New York. 
N.Y.S.M. No. 2826. 

12. Mytilarca chi'muntjrtisis  (Conrad)     188 
This specimen is a Hall 1883 hypotype from the Chemung group (Upper Devonian), 
Philipsburg. New York. A.M. No. 6110/2. 

13. Mytilarca c/icmuiii/cnsis   (Conrad)      188 
Left lateral view of a Hall 1883 hypotype from the Chemung group (Upper Devon- 
ian), Rockville. New York. A.M. No. 6110/1. 

14. Mytilarca  chrmungciuis   (Conrad)      188 
Right lateral view of Walcott's 1884 hypotype. Upper Devonian, Eureka District, 
Nevada. U.S.N.M. No. 13886. 

15. Mytilarca chcmungcnsis   (Conrad)      188 
This specimen is an unfigured Hall hypotype of M. carinata. Chemung group 
(Upper Devonian),  near Elmira,  New  York. A.M.,  bears  no  number. 

16. Mytilarca  chcinunijciisis   (Conrad)      188 
This specimen was placed in M. carinata by Hall. Chemung (Upper Devonian), near 
Elmira and Factoryville, New York. A.M. No. 6109/2. 

17. Mytilarca chrmungcnsis (Conrad)     188 
This specimen was placed in M. carinata by Hall. Chemung group (Upper Dev- 
onian),  near  Elmira,  New York.  A.M.  No.  6109/2. 

18. Mylilarca  chcmunynisis   (Conrad)      188 
Left lateral view of Butts' 1941 hypotype from Upper Devonian, Virginia. U.S.N.M. 
No. 98020. 

19. Mytilarca siijilla Hall    188 
Lateral view of the holotype. Niagaran  (Middle Silurian), Waldron. Indiana. A.M. 
No. 1948. 

20. Mytilarca focrstci Clarke and Ruedemann   188 
Lateral view of the holotype. Horizon: Brassfield limestone (Lower Silurian). 
Locality; 2  miles  north  of Wilmington,   Ohio.   U.S.N.M.   No.   88537. 

21,22. Mytilarca  sp   186 
21. Lateral views of three specimens showing ligamental grooves and ridges and 
cardinal and posterior lateral teeth, (3X). Horizon: Edmunds formation (Upper 
Silurian). Locality: Whitings Bay, Washington County, Maine. U.S.N.M. No. 
10^1593. 22. Individual view of the specimen shown in the lovyer left of figure 21, 
(3X). 
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EXPLANATION OF PLATE 38 

Fiffurr P<'9'' 

1. Mytilarca ihemungrnsis   (Conrad)      188 
This  specimen   was  originally   placed   in  M.   cari/iata   by   Hall   and   was  chosen   as 
the lectotvpe by McAlester (1962). Chemung (Upper Devonian), Chemung Creek, 
New York,  A.M.  No.  6109/2. 

2. Mytilarca   chemuitycnsis    (Conrad)        188 
This specimen is the holotype of ^1/. atlenuala. The specimen was collected from 
glacial  materials  near  Elmira,  New  York.  N.Y.S.M.  No.  2824. 

3,4. Mytilarca  fhrmunf/rnsts   (Conrad)      188 
3. This specimen was originally placed in M. carinala by Hall. It shows posterior 
latsial t.'eth and remnants of cardinal teeth. Chemung (Upper Devonian), Chemung 
Creek. New York. .\.M. No. 6109/2.4. Enlargement of figure 3   (1.5X). 

5. Mytilarca  chcmuiujcnsis   (Conrad)    ■   188 
Right lateral view of a specimen originally placed in M. carinata by Hall. Chemung 
(Upper  Devonian),  near  Elmira,  New  York.  A.M.  No.  6109/1. 

6. Mytilarca   dalliousri   Clarke    •   189 
This is a Clarke 1909 hypotype. Horizon: Dalhousei shale (Lower Devonian). 
Locality: Stewart's  Co\ e,  Dalhousei,  New  Brunswick,  Canada.  L'.S.N.M.  No.  56783. 

7,8. Mytilarca  cJulifnrmis  Clarke   and  Ruedemann       1S8 
7. Right valve of the holotype. Horizon; Guelph dolomite (Middle Silurian). Lo- 
cality: Rochester,  New York. N.Y.S.M. No. 9131. 8. Anterior view of the  holotype. 

9. Mytilarca   nitida   Billings       189 
Right lateral view of Clarke's 1908 hypotype; its assignment to this genus and 
species must be considered doubtful. Grande Greve limestone (Lower De\onian), 
Quebec, Canada.  U.S.N.M.  No.  56782. 

10. Mytilarca chrmungensis   (Conrad)      188 
This specimen is a Hall 1883 hypotype showing ligamental grooves and ridges, 
(6X)- Upper Devonian, Rock\ille,  New  York.  N.Y.S.M.  No. 2825. 

11-13. Mytilarca  umbonata   Hall     189 
11. Dorsal view. This specimen is herein chosen as the lectotype. Chemung rocks (Up- 
per Devonian), Ithaca, New York. A.M. No. 6112/1. 12. Right valve of the lecto- 
type. 13. Anterior view of the lectotype. 

14-16. Mytilarca  Jalhousci  Clarke      189 
14. Hinge line view of the holotype showing three posterior lateral teeth. (1.5X). 
Horizon and locality the same as in figure 6. N.Y.S.M. No. 8931. 15. Anterior view 
of the  holotype.  16.  Left  lateral  view  of  the  holotype. 

17. Mytilarca   dalhousei   Clarke      189 
This specimen is a Clarke 1909 hypotype. Horizon and locality the same as in figure 
6. N.Y.S.M. No. 8932. 

18. Mytilarca   pyrimadata   Hall       190 
Left valve of the paralcctotype. According to the museum label it is from the Scho- 
harie grit  (Lower Devonian), Schoharie County, New York. N.Y.S.M. No. 2835. 

19,20. Mytilarca   cinyulosa   Pohl   189 
19. Right lateral view of a syntype. Horizon: Milwaukee formation (Middle Dev- 
onian). Locality: Milwaukee, Wisconsin. U.S.N.M. No. 80284. 20. Anterior view 
of the specimen shown in figure  19. 

21. Mytilarca  rcgularis   Hall     189 
Left lateral view of the holotype. Chemung (Upper Devonian), Leon Center, Cattar- 
augus County,  New York. AM. No.  6111/1. 

22-24. Mytilarca   pyrimadata   Hall   190 
22. Dorsal view of the specimen herein chosen as the lectotype. Horizon and locality 
the same as in figure 18. N.Y.S.M. No. 2834. 23. Right valve of the lectoytpe. 24. An- 
terior view of the lectotype. 
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EXPLANATION OF PLATE 39 

Figure P''9<- 

1. Mytilarca lata  Hall      1^' 
Lateral view of the holotype. Chemung (Upper Devonian), Randolph, New York. 
N.Y.S.M. No. 2828. 

2. Mytilarca gihhosa Hall    1^9 
This specimen is the holotype. Chemung (Upper Devonian), Napoli, New York. 
N.Y.S.M. No. 2827. 

3. Mytilarca simplex Hall  ■   189 
This specimen is herein chosen  as the  lectotype.  Chemung   (Upper  Devonian),  west 
of Smethport, Pennsylvania. N.Y.S.M. No. 2837. 

4. Mytilarca  simplex  Hall    -^   1S9 
Paralectotype. Age  and  locality  the  same  as  in  figure  3.  N.Y.S.M.  No.  2836. 

5,6. Mytilarca suherectus   (Pohl)    :   190 
5. Right valve of a syntype. Horizon: Milwaukee formation (Middle Devonian). 
Locality: Milwaukee. Wisconsin. U.S.N.M. No. 80227. 6. Anterior view of the 
specimen shown in figure 5. 

7. Mytilarca suherectus   (Pohl)    ■ ;   190 
Left valve of a syntype. Horizon and locality the same as in figure 5. U.S.N.NL 
No. 1+2822. 

8. Mytilarca   suherectus   (Pohl) ■.•■ ■   190 
This specimen is a syntype. Horizon and locality the same as in figure 5. U.S.N.M. 
No. 142823. 

9. Mytilarca   suherectus   (Pohl) •   190 
Right lateral view of a syntype. Horizon and locality the same as in figure 5. 
U.S.N.M. No. 142824. 

10,11. Mytilarca  suherectus   (Pohl) • ;^    190 
10. Anterior view of a syntype. Horizon and locality the same as in figure 5. U.S.N.M. 
No. 142825.  11. Left valve of the specimen  shown  in  figure  10. 

12. "Mytilarca" ncciJentalis   (White  and Whitfield)   187 
This mytiliform shell  is not regarded  as belonging to Mytilarca. Hall   (1884b)   listed 
the specimen as coming from the "Yellow sandstone, at Burlington, Iowa" (Upper 
Devonian or Lower  Mississippian).  A.M.  No.  6533/1. 

13. "Mytilarca" fihristriala   (White  and Whitfield)    187 
This mytiliform shell is not regarded as belonging to Mytilarca Hall   (1884b)   listed 
the specimen as coming from the "Yellow sandstone at Burlington, Iowa" (Upper 
Devonian or Lower Mississippian). A.M.  No.  6532/1. 

14,15. "Mytilarca" fihristriata   (White and Whitfield)    187 
14. This mytiliform .shell with radial prosopon is not regarded as belonging to 
Mytilarca, (1.5X). Hall (1884b) listed the specimen as coming from the "Yellow 
sandstone at Burlington, Iowa" (Upper Devonian or Lower Mississippian). A.M. No. 
6532/1.  15. Natural  size  view of the specimen  seen   in  figure   14. 

16. "Mytilarca" jessieae  Miller   and   Gurley      187 
This mytiliform shell is not regarded as belonging to Mytilarca. Syntype. Chouteau 
limestone   (Lower  Mississippian),   Sedalia,   Missouri.   U.C.M.   No.   3925. 

17. "Mytilarca" jessieae  Miller   and   Gurley   187 
Second syntype, (1.5X). Horizon and locality the same as in figure 16. If.CM. No. 
3924. 

18. "Mytilarca" jessieae Miller and Gurley   187 
Third syntype, (1.5X). Horizon and locality the same as in figure 16. The seem- 
ingly prominent growth lines were inked in by the original authors. U.C.M. No. 
3927. 

19. "Mytilarca" jessieae  Miller  and  Gurley      187 
Fourth syntype, (1.5X). Horizon and locality the same as in figure 16. The seem- 
ingly prominent growth lines were inked in by the original authors. U.C.M. No. 
3926. 
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NORTH AMERICAN AMBONVCHUDAE: POJETA 231 

EXPLANATION OF FLA IK  10 

Figure Page 

I. "Mytilarca" dubia Walcott    189 
Lateral view of the holotvpe. Lower Devonian, Lone Mountain, Nevada. U.S.N.M. 
No. 13885. 

2,3. Mytilarca arniaci-a  Hall  and  Whitfield    189 
2. Anterior \'iew of the lectotype. Schoharie grit (Lower De\'onian), Schoharie, 
New York. N.Y.S.M. No. 2823. 3. Lateral view of the lectotype. 

4. Mytilarca arcnacca  Hall  and  Whitfield   189 
Lateral view of the paralectotype. Horizon and locality the same as in figure 2. 
A.M.No. 2839. 

5,6.  Mytilarca cuncatus  (Kindle and Breger)   188 
5. Dorsal view of the holotypc. Niagaran (Middle Silurian), Georgetown, Indiana. 
U.S.N.M. No. 62321. 6. Left lateral view of the holotvpe. 

7-9. Mytilarca  poiuirrusa   Hall   and   Whitfield      190 
7. Dorsal view of a paralectot>"pe. .\ccording to the museum label the specimen 
is from the upper Helderberg limestone (Lower De\'onian). Clarence Hollow, 
New York.  A.M. No.  3093/5.  8. Anterior   view of the  specimen  shown  in  figure  7. 
9. Left valve of the specimen shown in figure 7. 

10-12. Mytilarca   aphaca   (Hall)      187 
10. Left lateral view of the holotype. Niagaran (Middle Silurian) of Illinois. A.M. 
No.  2068/1.   11.  Anterior  view  of the  holotype.   12.     Dorsal   view  of  the   holotype. 

13,14. Mytilarca ponderosa Hall  and  Whitfield     190 
13. Left lateral view of a lectoparatype. Horizon and locality the same as in 
figure 7. A.M. No. 3093/5. 14. Anterior view of the specimen shown in figure 
13. 

15. Mytilarca ponderosa Hall  and  Whitfield     190 
Anterior view of the lectotype. According to the museum label the specimen is from 
the upper Helderberg limestone (Lower Devonian), Columbus, Ohio. A.M. No. 
3093/3. 
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EXPLANATION OF PLATE   II 

Fitjure Paijr 

1.2. Mytilarcu pnndi-rosa  Hall   and   Whitfield       190 
1. Right \ alve of the lectotypc. See figure 15, Plate 40, for the horizon, locality, and 
museum number of this specimen. 2.  Dorsal  view of the  lectotype. 

3. Mytilarcii   o-vijormis   (Conrad)      190 
Right lateral view of a Hall hypotype. According to the museum  label the specimen 
is from the Hamilton group (Middle De\'onian), Lixingston County, New York. 
A.M. No.  5275/3. 

4. Mytilarca   oviformis   (Conrad)      190 
Right lateral view of a Hall hypotype showing the posterior lateral teeth, (1.5x). 
According to the museum label the specimen is from Hamilton beds (Middle 
Devonian), York, New York. N.Y.S.M. No. 2833. 

5,6. Mytilarca pondnosa Hall  and Whitfield     190 
5. Right lateral x iew of a paralectotype. According to the museum label the specimen 
is from the upper Helderberg limestone (Lower Devonian), near Dublin, Ohio. 
A.M. No. 3093/4. 6. Hinge line view of the specimen seen in figure 5 showing the 
ligamental grooves and  ridges,   (1.5X). 

7,8. Mytilarca   oviformis   (Conrad)      190 
7. View of the upper umbonal region showing the ligamental grooves and ridges, 
(4X). According to the museum label the specimen is from Hamilton beds (Middle 
Devonian), York Center, New York. N.Y.S.M. No. 2830. 8. Right lateral view of 
the specimen shown in figure 7. 
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1. Mytilarca oviformis   (Conrad)      190 
Lateral view of a Hall hypotype showing the posterior dentition,   (1.5X). According 
to the musuem label the specimen is from Hamilton lieds (Middle Devonian), Can- 
andaigua Lake, New York. N.V.S.M. No. 2831. 

2. Mytilaria   oviformis   (Conrad)      190 
Right  lateral  view  of  a   Hall  hypotype.  According  to  the  musuem  label   it  is  from 
the Hamilton "^roup (Middle De\onian) on the shores of Seneca Lake, New York. 
A.M. No. 5275/2. 

3,4. Mytilarca   oviformis   (Conrad)      190 
3. Lateral view of a Hall hypotype. According to the museum label the specimen is 
from  Hamilton  beds   (Middle   Devonian),  Bellona,   New  York.   N.Y.S.M.   No.   2832. 
4. Anterior view of the specimen shown  in  figure  3. 

5. Mytilarca oviformis   (Conrad)      190 
This specimen is a Hall hvpotvpe. According to the museum label it is from Hamilton 
beds   (Middle  Devonian);  Hamilton,  New  York.  N.Y.S.M.  No.  2829. 

6. Mytilarca oviformis   (Conrad)      190 
Left lateral view of a Hall hypotype, (1.5X). According to the museum label the 
spe'-'m'-n is frrm the Hamilton group (Middle Devonian), Cavuga Lake, New York. 
A.M. No. 5275/1. 

7-9.  Opisthoptera alternata Ulrich      195 
7. Right valve; this specimen is the holotype of O. ohliqua Ulrich. Horizon: White- 
water formation (Upper Ordovician). Locality: Richmond, Indiana. U.S.N.M. No. 
46270. 8. Dorsal view of the specimen shown in figure 7, (1.5x)- 9. Anterior view 
of the specimen shown in figure 7,   (1.5X). 

10. Opisthoptera   allcniala   Ulrich      195 
This specimen is a paratype of 0. ohliqua Lllrich. Horizon and  locality the same  as 
in figure 7. U.S.N.M. Nol  142826. 

11. Opisthoptera   altcruata   Ulrich      195 
Right lateral view; this specimen is the holotype of 0. rxtrnuata Ulrich, (1.5X). 
Horizon: Wavnesville formation (Upper Ordovician). Locality: Warren County, 
Ohio. U.S.N.M. No. 46266. 

12, 13.  Opisthoptera alternata  Ulrich     195 
12. Left valve of the paralectotype. Horizon: Waynesville formation (Upper Ordo- 
vician). Locality: Waynesvillle. Ohio. U.S.N.M. No. 142827. 13. Anterior view of 
the paralectotype. 

14-17.  Opisthoptera  alternata   IHrich      195 
14. Right valve of the lectotype, (1.5X). Horizon and locality the same as in 
figure 12. U.S.N.M. No. 46262^ 15. Left valve of the lectotype, (1.5x). 16. Dorsal 
view of the  lectotype,   (I.5X).   17.  .Interior  view  of  the   lectotype,   (1.5X). 

18. Opisthoptera gouldi   (Hussey)      195 
Lateral view of the holotvpe. Stonington beds (Upper Ordovician), Michigan. 
U.M. No. 9854. 

19. Opisthoptera   ijnuLii   (Hussey)      195 
This specimen is a previously unfigured Hussey paratype. Horizon and locality the 
same as in figure 18. U.M. No. 9855. 

20,21.  Opisthoptera   (jriffiiii   (Hussey)   195 
20. Rubber mold of the holotype showing the posterior muscle scars and the 
posterior lateral teeth. 21. Holotvpe. Horizon and locality the same as in figure 18. 
U.M. No. 9876. 
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EXPLANATION OF PLATE  13 

Figure P'^Se 

1,2. Opisthoplcrn iiisri   (Meek  and Worthen)      193 
1. Ruhbpr mold of an Ulrich 1893 (1895) hypotype. 2. The original specimen from 
which the rubber mold for figure 1 was made. Horizon: Whitewater formation 
(Upper  Ordovician).  Locality:  near  Lebanon,   Kentucky.   IT.S.N.M.  No.  +6264. 

3,+.  Opisthoptcni  iiuri   (Meek  and  Worthen)      193 
3. Rubber mold of an Ulrich 1893 (1895) hypotype of O. fissicosla Meek (see Plate 
47, figures 7.8). 4. The original specimen from which the rubber mold for figure 
3 was made. Horizon; Wavnesville formation (Upper Ordovician). Locality: Clarks- 
ville, Ohio. U.S.N.M. No. 46267. 

5-8. Opisthoplcia iiisri  (Meek and Worthen)     193 
5. Anterior view of an Ulrich 1893 (1895) hypotvpe. Horizon: Whitewater formation 
(LTpper Ordovician). Locality: Richmond, Indiana. U.S.N.M. No. 46265. 6. Dorsal 
view of the specimen shown in figure 5. 7. Left valve of the specimen seen in 
figure 5 showing the midumbonal ridge. 8. Right valve of the specimen shown in 
figure  5. 

9-11. Opislhiiplira ciisi-i  (Meek and Worthen)      193 
9. Anterior view of an Ulrich 1893 (1895) hvpotyne. Horizon and locality the 
same as in figure 5. U.S.N.M. No. 142828. 10. Left valve of the specimen shown in 
figure 9. 11. Dorsal view of the specimen seen in figure 9 showing the bifid an- 
terior byssal  retractor scar in the left valve. 

12. Oplslhoplera rasci  (Meek  and Worthen)    •   193 
Anterior view of a specimen showing the discontinuous pallial line with its small 
closely spaced areas of attachment. From Richmondian rocks (Upper Upper Or- 
dovician), Preble County, Ohio. U.S.N.M. No.  101671. 

13. Opisthopl,-r,i nisei  (Meek and Worthen)     193 
Left lateral view of an Ulrich 1893 (1895) hypotype showing ligamental remains. 
Horizon  and  locality the same  as  in  figure  5.  U.S.N.M. No.  142829. 

14,15. Opisthoplrni iiisi-i  (Meek  and Worthen)    _.   193 
14. Anterior view. Horizon: Clarksville member, Waynesville formation (Upper 
Ordovician). Locality: Sewell's Run, 0.3 miles east of Clarksville, Ohio. LT.C.M. 
No. 35900. 15. Right valve of the specimen seen in figure 14 showing the midumbonal 
ridge. 

16. Opisthnplcra nuri   (Meek and Worthen)   193 
Rubber mold of a young specimen showing relatively little costellal subdivision. 
Horizon and locality of the original specimen the same as in figure 14. U.C.M. No. 
35892. 

17. Opisthoptrra casci  (Meek and Worthen)     193 
Right valve. Horizon and locality unknown. M.U. No. 76T. 

18-21.  Opisthoptera casci  (Meek and Worthen)      193 
18. Left valve. Horizon: Whitewater formation (Upper Ordovician). Locality: road- 
cut 2 miles south of Richmond, Indiana, on new Indiana route 27. U.C.M. No. 35893. 
19. Right valve of the specimen shown in figure 18. 20. .interior view of the specimen 
shown in figure 18, (1.5X). 21. Dorsal view of the specimen shown in figure 18, 
(1.5X). 

22,23. Opisthoptera casci (Meek and Worthen)     193 
22. Rubber mold of the specimen seen in figure 23 showing the posterior muscle 
scars and the midumbonal ridge. 23. The original specimen from which the rubber 
mold for figure 22 was made. Horizon and locality the same as in figure 18. U.C.M. 
No. 35881. 
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EXPLANATION OF PLATE 44 

Flijurr Page 

1. Upisthoplrra casi-i  (Meek and  Wortlien)      193 
Ruhher mold of a specimen from the Clarksville member, Waynesville formation 
(Upper Ordovician). Stony Run, downstream from the crossing of Middleboro 
Road,  between  Ohio  routes   350  and   22,   (1.5X).   U.C.M.   No.   35890. 

2. Opisthoptcra  rasri   (Meek  and  Worthen)      193 
Rubber mold of a specimen from the Clarksville member of the Waynesville forma- 
tion (Upper Ordovician), Bull Run Creek, south of Oxford, Ohio, (1.5X). U.C.M. 
No. 35889. 

3,4.  Opisthoptera casi-i  (Meek and Worthen)     193 
3. Rubber mold of the specimen shown in figure 4 (see Plate 47, figures 5-6). 4. The 
original specimen from which the rubber mold for figure 3 was made. Horizon: 
Clarksville member of the Waynesville formation (Upper Ordovician). Locality: 
Stony Hollow, Clarksville, Ohio.'U.S.N.M. No. 70459. 

5,6. Opisthoptcra species A, new species   195 
5. Anterior view. (1.5X). Horizon; Elkhorn formation (Upper Ordovician). Locality: 
New Point Stone Company Quarry, 0.5 miles north of New Point, Indiana, on road 
800E. U CM. No. 35899. 6. Left valve of the specimen shown in figure 5. 

7,8. Opisthoptcra  species  A,  new  species     195 
7. Right valve showing the posterior muscle scars and posterior lateral teeth. Hori- 
zon: Elkhorn formation (Upper Ordovician), immediately below the contact with the 
Brassfielil formation (Lower Silurian). Locality; outcrop on Indiana route 46, just 
past the intersection of route 46 and County Line Road, west of Batesville, Indiana. 
U.C.M. No. 35883. 8. Anterior \ iew of the specimen shown  in figure 7  (1.5X). 

9. Opisthoptcra species A, new species    195 
Left valve. Horizon and locality the same  as in figure 7. U.C.M. No.  35894. 

10,11.  Opisthoptcra casci  (Meek and Worthen)      193 
10. Dorsal view of a specimen showing remnants of the anterior byssal retractor 
muscle scars, (1.5X). Horizon: Whitewater formation (Upper Ordovician). Locality 
unknown. M.U. No. 82T.  11. Right valve of the specimen shown in figure  10. 

12. Opisthoptcra casci  (Meek and Worthen)     193 
Enlargement of figure  12, Plate 43,   (2X). 

13. Opisthoptcra casci  (Meek  and Worthen)  193 
Right valve of a specimen showing posterior lateral teeth. Horizon: Whitewater 
formation (Upper Ordovician). Locality: roadcut 2 miles south of Richmond, Indiana. 
nn new Indiana route 27. U.C.M. No. 35895. 

14-16.  Opisthoptcra casci (Meek and Worthen)      193 
14. Dorsal view, (1.5X). Horizon and locality the same as in figure 13. U.C.M. No. 
35886. 15. Left valve of the specimen seen in figure 14 showing remnants of the 
posterior muscle scars and the pallial line. 16. .\nterior view of the specimen seen 
in figure 15 showing pallial line remnants,  (3X). 
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EXPLANAllON  OF PLA IE  J5 

Figure Page 

1. Opistliiiptnii  (iisri   (Meek  and  Worthen)      193 
This specimen siiows remnants of the ligamentai structures, (1.5x)- Horizon: 
Clarksville member, Waynesville formation (Upper Ordovician). Locality: Sewell's 
Run, 0.3 miles east of Clarksville, Ohio. U.C.M. No. 35884. 

2. Ophthoptcra casei  (Meek and Worthen)      193 
A snec men showing almost the entire shell outline. Horizon and locality unknown. 
M.U. No. 77T. 

3. Op'isthiipti-ra   casc'i   (Meek   and   Worthen)      193 
Left valve of a specimen showing the posterior muscle scars. Horizon: Whitewater 
formation   (Upper Ordovician).  Locality  unknown.  M.U.  No.  8lT. 

4. Opislhuplcra  casci  (Meek  and  Worthen)       193 
Rulilier mold of a specimen showing almost the entire shell outline and the posterior 
muscle scars. The original specimen from  which the  rubber mold  was made is from 
the Whitewater formation (Upper Ordovician), Richmond, Indiana. U.C.M. No. 
35885. 

5. Opisthoplmi  msi-i   (Meek  and  Worthen)       193 
External mold showing the shell prosopon,  (1.5x)- Horizon and locality the same as 
in figure  1. U.C.M. No.  35882. 

6. OpislhopiiKi  iiisri   (Meek  and  Worthen)       193 
External mold showing the shell prosopon, (1.5X). The museum label- lists this speci- 
men as from the .\rnheim formation (Upper Ordovician). No other specimen of 
Ophistoplrni has been reported from this formation and the presence of the genus 
therein  needs corroboration.  Locality  unknown,  M.LI.  No.  671". 

7-10. PalarrtirJia   corJiformis   Hall       196 
7. Right valve of the holotype. Niagaran (Middle Silurian), near Milwaukee, 
Wisconsin. A.M. No. 2070. 8. Left valve of the holotype. 9. Anterior view of the 
holotype.  10. Posterior view of the holotype. 
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1-5. Psilunychiii  f'lriinguliitti   Ulrich      196 
1. Left lateral \ iew of the holotype. Horizon: Corryville member, McMillan forma- 
tion (Upper Urdo\ician). Locality: Cincinnati. Ohio. U.S.N.M. No. 46287. 2. Left 
lateral view of the holotype. This photograph was taken without whitening the 
specimen with a sublimate of ammonium chloride. The dark upper umhonal region 
is covered with a beeswax-like substance. Also note the inked-in features. 3. Anterior 
view of the holotype; the photograph was taken without whitening the specimen. +. 
.Anterior \ iew of the whitened holotype.  5. Hinge line \'iew of the holotype,   {1.5X). 

6. Psiloityehut  periingulata   Ulrich       196 
Anterior view of a paratype showing the byssal gape and concentric growth lines. 
Horizon and  locality the same  as  in  figure  1.  U.S.N.M. No.  142830. 

7. Opisthijplira casei  (Meek and Worthen)     193 
Rubber mold of a specimen showing the prosopon, (l.SX). The original specimen 
from which the mold was made is from the Clarks\-ille member, Waynes\'ille forma- 
tion (Upper Ordovician), Sewell's Run, 0.3 miles east of Clarksville, Ohio. U.C.M. 
No. 35888. 

8. "Opisthoptera" ampla   Ulrich      193 
Lateral view of the holotype. The species is not regarded as belonging to Opisthop- 
tera. Horizon: Belle\'ue member, McMillan formation (I'pper Ordovician). Locality: 
Cincinnati,  Ohio.  U.S.N.M.  No. 46263. 

9. "Opisthoptera"  lalicoslula   Ulrich      193 
Right lateral view of the holotype. The species is not regarded as belong to Opisthop- 
tera. Horizon: Waynesville formation (Upper Ordovician). Localit\': near Wa\'nes- 
ville, Ohio. U.S.N.M. No. 46268. 

10. "Opisthoptera"  notahilis   Ulrich       193 
This specimen is the holotype. The species is not regarded as belonging to Opis- 
thoptera. Horizon: Fairmount member, Fairview formation (Upper Ordovician). 
Locality:  Cincinnati,  Ohio.   I'.S.N.M.  No.  46269. 

11. "Opisthoptera"   notahilis   Ulrich      193 
This specimen is a paratvpe. Horizon and localitv the same as in figure 10. 
U.S.N.M. No. 142831. 
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1. Ambonydiin   iiliilii   Meek    ; ■   ''2 
Enlargement of the posteroventral area of the specimen seen in figure 17, Plate 30, 
showing the  weathering off of the fine growth  lines  from  the  raised costae,   (6X). 

2,3. Byssoptrria  nuliula   Hall   ■ ■•■•■       1"5 
2. Enlargement of the posterodorsal portion of the specimen seen in figure 7, Plate 
32, showing intercalated (right-hand facing arrow) and subdividing (left-hand 
facing arrow) costae, (3x)- 3. Natural size view of the specimen shown in figure 
2. The arrows indicate the same points of costal  increase. 

4.  Byssaptrr'ut   ntd'iala   Hall    175 
Enlargement of the posterocentral area of the specimen seen in figure 4, Plate 32, 
showing some costal  increase   (arrows),   (2X). 

5,6.  Ophlhoptcra  riisri   (Meek  and  Worthen)   193 
5. Enlargement of the upper posterior umbonal slope of the rubber mold seen in 
figure 3, Plate 44, showing costellal bifurcation (short arrow) and trifurcation (long 
arrow), (2X). 6. Further enlargement of the specimen shown in figure 5. The 
arrows indicate the same  points of costellate  increase.   (4.5X). 

7,8. Opist/iopliiti casi-i  (Meek and Worthen)   193 
7. Enlargement of the lower umbonal area of the rubber mold seen in figure 3, Plate 
43, showing costellal bifurcation (short right-hand facing arrow), trifurcation (long 
right-hand facing arrow), and intercalation (left-hand facing arrows), (2X)- 8. 
Further enlargement of the specimen shown in figure 7. The arrows indicate the 
same points of costellate increase,  (4X). 
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UI'I'ER CRKIACEOUS PLANKIONIC 
FORAMINIFERA 

FROM   I HE WESTERN GULF COASTAL PLAIN 
EMII.E A. PESSACNO, JR. 

Southwest Center for Advanced Studies, Dallas, Texas 

ABSTRACT 
I his iiuiiu)gr;i|)li toiucnis itself with a slucly of the Upper Crc- 

taccdus plaiiktonic I'oianiinifera of southwestern Arkansas, Texas, and 
Mexico. It invol\es an analysis of the nioiphology. phylogeny, and 
classification of planktonic Foraminifera. A detailed sysicm of zona- 
tion utilizing planktonic Foraminifera is presented for the Upper 
C;rctaceous strata of the western (iulf Coastal IMain area. This sysicm 
of zonation is based (1) on the association of important planktonic ta\a 
at given horizons; (2) the abundance zones anil range zones of 
planktonic species: and (3) the phylogeny of planktonic Foraminifera 
at the spccilic, generic, and familv levels. liiostratigraphic correlation ol 
Upper Cretaceous strata cropping out in Arkansas, Texas, and Mexico, 
has been presented The majority of the zonal units presented herein 
can be recognized throughout the Upper Cretaceous of the Western 
Hemisphere and in the Upper Ciretaceous of Eurasia and .\frica as 
well. ,\ detailed paper dealing strictly with the hiostratigraphy of the 
area of study will be presented elsewhere. 

Two new families of Upper Cretaceous |jlanklonic Foraminifera 
have been erected: (1) the Marginotruncaniilae I'essagno (Turonian 
to .Santonian) and (2) the .\bathomphalidac I'essagno (C^ampanian lo 
.Macstrichtian). Both of these new families are morphologically distinil 
and have great significance in the phylogeny of the planktonic F'ora- 
minifera. 

The Marginotruncaniilae Pessagno, n. fam. are characterized (I) by 
e\trauml)iliial-unibilical apertures and (2) by large portici (not 
tcgilla) with infralaminal accessory apertures. This family includes 
Wldteinella I'essagno. n. gen. and Marginolruneaiia Hofker (emendeil 
herein) . Whiteinella lacks a keel whereas Margiiiotruiicaiia Hofker 
may be either single- or double-keeled. There seems little doubt 
that the Marginotruncanidae represent an intermediate group form- 
ing an important phvlogenetic link between the Rotaliporidae Sigal 
and the (.lobotruncaniiiae Brotzen. 

I'he .\bathom|)halidae are characterized (I) by extrauinbilical- 
Luid>iliial apertures and (2) by true tegilla with infralaminal (not 
inlralaminal insolar as known) accessory apertures. This familv in- 
cludes Aliallinnijilialiis liolli, Loeblich. and Tappan and Clobotrun- 
ruiii'lla Reiss (emended herein) . Abalhoiiilihalus possesses a weakly 
ile\elopeil double keel wheieas ('•lobolrnncanella is keel-less, sometimes 
possessing air imperforate peripheral band. The Abathomphalidae 
evolved cither from the (dobotruncanidae or the Rotaliporidae and 
mav well have given rise to the Cdoborolalidae Cushman of the early 
Tertiars'. 

Two new species have been erected among the Planomalinidae: 
C,l(ibi;j^cii)icllnicU'S bollii I'essagno anil Clobiii^rrijirllnides piairifhillensis 
I'essagno. One new genus, Loeblirlu'lla I'essagno anil one ne\v species 
I'liiciihibdiiiiiicaiiii brdntiininiiui I'essagno ha\e been erected tniiler the 
Rolaliporidac. One new genus Wliileinella I'essagno has been elected 
under the Marginotruncanidae I'essagno. n. fam. Three new species: 
Whitciiu'lla archaf(ic)fltict'(i I'essagno, Mmiiinotniiicatia botildiiicnsis 
I'essagno, and Maii^itiulniucarm pst'iidoliuiwiana I'essagno have been 
erected under the Marginotruncanidae. .\l the generic level, one new 
genus. Ai(liiieoa.l<>biifeiiiia I'essagno. has been added under the 
C.lobotruiuanidac. The latter familv includes the following new 
species: Arcbaeoti^lobigeiijia blowi I'essagno, Airhnroirlobigci'iiia bos- 
qncnsis I'essagno, Riigoglobigeritiii Iradiiighouseiisis Pessagno. Globo- 
liiiitcatia billi I'essagno, ('•Inbolnnirtnia b'rblicbi I'essagno, and Glo- 
bi)truncaiia step}icnsoyii  I'essagno. 

.\ ncolype is erected for Rosniina caiialicnlala Reuss, 1854. Where 
necessary, lectotypes have been established for species described by 
workers  in  syntypic  series. 

Hundreds of planktonic specimens were thin-sectioned both for 
form analysis studies and phylogenetic studies. Means and standard 
deviations were calculated for many of the form analysis measurements. 
Such studies have greatly enhanced the definition of many taxa and 
have given the writer a clearer insight into their phvlogenetic rela- 
tionships. 

INTRODUCTION 
The planktonic Foraminifera rank with the amnion- 

oides, graptolites, and othei pelagic groups of invertebrates 

as ideal index fossils. Their rapid evolution dtning Meso- 
zoic and Cenozoic times, their cosmopolitan nature, and 
their great abimdance in many marine sedimentary strata 
make thetn stiperb biostratigraphic tools for precise world- 
wide correlation. 

Although the importance of Foraminifera, particularly 
in economic paleontology and sttatigiaphy was recognized 
in the 1920's and I930's by Ctishman, White, and other 
American workers, the planktonic Foratninifera were sadly 
neglected in the United States until the advent of the classi- 
cal work of Belli, Loeblich, and Tappan (1957). The Eu- 
lopeans, however, were impressed by the biostratigraphic 
potential of the planktonic Foraminifera at a much earlier 
date. The work of Bolli (1945, 1951), Subbotina (1953), 
Bronnimann (1952a, b) , Reichel (1950), Mornod (1950), 
Sigal (1952), Dalbiez (1955), and that of other European 
workers did much to foster an interest in planktonic For- 
aminifera among American woikers. 

The last cotnprehensive stirvey of Upper Cretaceous 
Foraminifera from the Gtilf Coastal Plain area was made 
by Cushman (1946). Although some planktonic Foramini- 
fera were described and figured by Ctishman, his mono- 
graphic study largely devoted itself to the benthonic 
Foraminifera. In addition, changes in the taxonomy of 
|3lanktonic Foraminifera have been so great within the last 
19 years that most of Cushman's data are now obsolete and 
are rendered useless to those studying the Upper Cretaceous 
stratigraphy of the coastal plains. 

The present monographic study concerns itself ])ri- 
marily with an analysis of the LIpper Cietaceotis planktonic 
Foraminifera from the western Gulf Coastal Plain area. 
Over 600 Upper Cretaceous samples were collected from 
the coastal ])lain of Mexico, Texas, and .sotithwestern 
Arkansas (Text-fig. 1). Wiieie possible samples were col- 
lected from measurett sections or from well cores of U]j]jer 
Cretaceous lithic units. 

The princi])al objectives of this monogitiph aie two 
fold: (1) to study the external and internal morphology 
of Upper Cietaceotis planktonic Foraminifera and thereby 
bring about a better definition of taxa and (2) to determine 
the phylogenetic relationship of the Upjier Cietaceotis taxa 
studied. 

Nearly all of the important species encoiiirtered in 
this study have been illustrated in the 54 plates included 
herein. Plates 48-92 contain halftone drawings of unsec- 
tioned specimens whereas Plates 9.3-101 contain photomicro- 
graphs of sectioned free specimens. 
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TEXT - FIGURE 1: 
Index Man. DIstfibutior of UK deposits in Arkansas, Texas, and eastern Mexico. 

Upper Cretaceous strata. 

rc.\l-figuic   I.  .MiJililicd  hum  the "t.culogic   Map ol   iNiiilli  Arnciica' 
Geol. .Soc. .\incrita; Slose,  1946. 

I Hl\ Sl(   I l()M\(.    I'l.WkroNK      I OR \MIMFF.R A 

In the preparation ot this monographic work the in- 
vestigator has made numerous tlrin-sections oT oriented tree 
specimens utiHzing the thin-sectioning technique (transpar- 
ent slide method) described by Morkhoven (1958) and 
by Pessagno (196()b). The application of this technique to 
the study of Upper Cretaceous planktonic Foraminifera 
has yielded a wealth of important data concerning their 
phylogeny and wall structure. In addition, it has greatly 
fascilitated the identification of Upper Cretaceous plank- 
tonic Foraminifera in rock thin-sections and the delimita- 
tion of taxa at the species level. 

Any stutly made ot Upper Cretaceous planktonic For- 
aminifera based on external characteristics alone is hazard- 
ous. For example, as will be borne out in this monograph, 
homeomorphy or near homeomorphy is common among 
many species of Upper Cretaceous planktonic Foraminifera 
at least when they are studied on the basis of their external 
morphology alone. Two examples can be cited to illustrate 
this point. Within the Globotruncanidae, Globotruncana 

acgyptiaca Nakkady s.s. can be similar to Globotruncana 
rosctta (Carsey). Sometimes only an experienced worker can 
differentiate between these species on the basis of their 
external morphology alone. However, when specimens of 
these species are thin-sectioned, the differences are marked. 
Gloholrimcana rosctta shows a doidjle-keeled nejjionic stage 
whereas G. acgyptiaca shows a single-keeled nepionic stage 
and develops a doidsle keel only in its late ontogenetic de- 
\clopmcnt. In another instance, the writer has found that 
GlobotriiiK(Dia stcphcnsoni Pessagno. n. sp. can often be a 
perfect homeomorph externally for either Globotruncana 

conica White or Globotruncana slaarti (de Lapparent) .v..s. 
Ct. stcphcnsoni either has a narrow double keel which 
merges to form a single keel early in the last whorl or lacks 
a double keel completely in the last whorl. Furthermore, it 
may possess trapezoidal or subtrapezoidal chambers on its 
s|3iral side and a spiroconvex test in peripheral view. In 
thin-section, however, the differences are again marked. G. 
stcphcnsoni, n. sp. shows a double keel early in its onto- 
genetic development whereas G. conica and G. stuarii show 
a single keel throughout all but the embryonic stage of their 
ontogenetic de\'elopment. 

lORM   ANALV,SI.S   OF   LH'I'ER   CRETACFOllS   PLANKTONIC 

FORAMINIFERA 

Planktonic Foraminifera and, indeed, all smaller Fora- 
minifera have been described mostly on a subjective basis. 
Pessagno (1964, pp. 217-230) introduced an effective 
method of analyzing the form of Recent sjjecies of Glo- 

horolalia s.s. from oriented thin-sections. This method is 
applicable to the study of a number of smaller Foraminifera 
with trochoidal tests pro\iding they display carinate, pseu- 
doiarinate, or angled peripheries. 

Although the method of form analysis cited below and 
by Pessagno (1964, ibid.)/in not meant to supplant sound 
subjective descriptions of smaller Foraminifera, it cloes sup- 
plement these descriptions with a gieat deal of data which 
are useful in delimiting taxa at the species level. 

No attempt has been made to analyze the form of sec- 
tioned specimens from horizontal sections although this 
mi!>ht in some instances be useful. It has been founti that a 
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nuuh larger lumiber ol nuinerical infasiirt'inents can be 
niatle Ironi \crtical (axial) sections of oriented free speci- 
mens. These measmements can be made directly from the 
sectioned specimens using a petrogiaphic microscope 
ecjiiipped with a mechanical stage and an ocidar having a 
crosshair-ty])e micrometer. The microscope should be prop- 
erly centered for the measiuement of the anterior and pos- 
terior keel angles. 

Anterior 

Posterior 

TEXT-FIGURE A Schematic diagram showing line formed 
by the inteisection of the plone section with the spirol sur- 

foce of the test. 

Te.\t-figiue A illustrates the line lornied by the inter- 
section of the plane of section with the spiral sinface of the 
test. Most of the axial sections made in this study were made 
ill this jjlane of section or as close to it as possible. 

Text-figure H iilustiates diagramatically the type of 
measurements that can be made from an axial section of a 
carinate. pseiidocarinate, or acutely angled tiochispiial 
plankionic Foraminifera. It should be noted that with 
double keeled forms or with forms with an imperforate peri- 
pheral band line B-B' is constructed so that it cuts the 
center of the groove between the spiral and umbilical rims 
of the double keel structure or so that it bisects the middle 
of the imperforate peripheral band. The designations used 
in Text-figure B are exjjlained as follows: 
Anterior. The end of the test where the final chamber is 
located. 

Posterior. The jjoriion of the test diametrically opposite the 
linal chamber. 

Posterior Anterior 

•U  -C 

TEXT FIGURE B 

B-B'. A straight line drawn through the axis of coiling 
(normal to line T-T') between the anterior and posterior 
carinae, pseudocarinae. or peripheral angles. 
D-D'. The diameter of the test measured along line B-B'. 
C-C. A line drawn (in the plane defined by B-B' and the 
axis of coiling) across the umbilicus and tangential to the 
base or \entral surface of the chambers flanking the umbili- 
cus. 

U-U'. The distance across the umbilicus measured along 
line C-C. 
T-T'. A line drawn along the axis of coiling at right angles 
to D-D' through the approximate center of the earliest 
whorl, intersecting the dorsal or spiral surface of the test 
at point T and line C-C at point T'. This is a measure of 
thickness but not necessarily a measure of the maximum 
liiickness of the test. 

X. The point of intersection of line B-B' with line T-T'. 
TX. The distance between point X and j)oint T   (the ap- 
proximate center of the spiral surface of the test) . 
T'X. The distance from point X to jjoint T'. 
.\nglc XDT.  The angle formed  by lines DT and  DX at 
the posterior. 

Angle XDU. The angle formed by lines DX and DLI at the 
posterior. 

Angle XD'T. The angle formed by lines D'F and D'X at 
the anterior. 

Angle XD'U'. The angle formed by lines D'X and D'U' at 
the anterior. 

This method has proven itself to be useful in delimit- 
ing taxa at the species level in the present study. In addi- 
tion it has been helpful in sohing complex taxonomic 
jMoblems centering around planktonic species with sec- 
tioned specimens for types. 
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Some of the more significant data assembled from iliis 
form analysis study have been plotted on scatter diagrams. 
AVhere the data are abundant enough for a given species, 
the means and standard deviations of the above measme- 
ments have been calculated using an IBM 7010 computer. 

(Table 2). 

N.ATURE   OF   BIOSTRATIGRAPHIC   UNITS   USED   HEREIN 

A more detailed report dealing strictly with the Upper 
Cretaceous stratigraphy of the western Gulf Coastal Plain 
Region will be published elsewhere. A brief summary of the 
system of zonation employed and the regional correlation 
of strata is shown in Text-figures 2-5. This system of zon- 
ation has been modified to a certain degree from that of 

Bolli  (19.')7)  and Pessagno (1960, 1062). 
In this report the term asscnibkii^r zone and its sub- 

divisions, siibzoitc and zonule are used in the sense that 
they are used in the "Code of .Stratigraphic Nomenclatiue" 
(1961, pp. 655-657). The ])lanktonic foram component of 
each assemblage zone or its subdi\ isions is shown in Text- 
figines 3-5. This system of zonation is based on (1) the 
association of certain taxa at particular stratigraphic hori- 
zons: (2) the relative abundance of taxa at particular strati- 
grapliic horizons; (3) the range zones and concurrent range 
zones of the various taxa; and (4) the phylogeny and evo- 
lution of Upper Cretaceous planktonic Foraminifera. Al- 
ihough the planktonic foram component of each assemblage 
/one, subzone, or zonule is shown in Text-figiues 3-5, these 
same Text-figures also indicate the range zones and abund- 
ance zones of the taxa under study. 

C,LASSIFIC.'\ri()\ 

The classification of planktonic Foraminifera has 
evolved a great deal in the last decade. In 1957, Bolli, ct ah, 
(pp. 19, 20) reviewed all classifications dealing with plank- 
tonic Foraminifera published previous to this date and in- 
troduced their own well-known classification. The criteria 
which Bolli, ct al., considered the basis of their classification 
at the family, subfamily, generic, and specific level are 
shown in Table 1. Since 1957, other workers have presented 
classifications which deal solely or in part with planktonic 
Foraminifera. Sigal (1958, pp. 862-865) presented a classi- 
fication which differed radically from that of Bolli, ct al., 
particidarly in terms of the criteria he used. For example, 

1 Recent work now completed by tlie writer on I lie primary wall struc- 
liire of the Globigerinacea using phase ccmtrasi, dark field illumination, 
and the electron microscope inclicates that true radial liyaline (pris- 
matic) wall structure only exists among certain Cenozoic Globigerinacea. 
C;retaceous Globigerinacea have primary outer walls that are micro- 
granular hyaline in character. Spines, beads, and other ornamental 
features are ultragranular hyaline in character as stated in this mono- 
graph. These findings do little more than confirm those made II years 
ago by Bronnimann and Brown (195G, pp. 504-506) on Cretaceous 
Globigerinacea. 

TABLE 1 CRITERIA FOR CLASSIFICATION 

Un.ti 

BDIII, et   al 
1957. pp 20-21 

Bonner ond Blow 
1959, p. 2. 

Pessogno-This wofk 

Wall composifion ond sr.ucfuie. Modification of primary iperluie Siruclurol  moditicalion  of  primary 

^ 
apeMuiol position, type o( 

coiling, elc ) 

(presence of legillo, po 

etc ) 

tiCI. opeiture     Structurol choroelef o( 

modifying sifuclures themselves 

Position of primory operture. 

^ Type o( chombet oirongement (eg 

type o( coiling) 

Modilicotions ol opettures Modificotions of pnmory oper- Presence or absence o< occessory ^ Modiiicolions in chombi^t ai'onge lures themselves, rheir shape opertures, relict operlutes, suturol 

< 
u. 

ment (chonqcs in lypt oi coding) ond position supplementary apertures, etc- 

Position of primory operlure. 

Posihon. shape, and charocter Presence or absence of supplc- Presence or absence of keels, 
ol optiluie in the adult, presence 

or obsence oi chamber moditico- 

menlory opettures, relic 
lufes together with the 

oper- 

evelop. 
impcrforofe peripheral bonds, 

pseudocarinoe 
KJ tions and general form and ment of e'ongole, clovo e or Structure of keels 

development of tesi lubulospmose chambers and Ihe Shope of chambers (e.g , clovote). 

B 
presence or absence of 

forotc pe'ipherol keels 

mper- Presence of unique sorts o( orna- 

mentolion (rugosities arranged 

in meridoriol potlern). 

Sue. (elotive proportions o! Not Sioied Relative proportions o( test 
tesI, chombeis, and opettuies. (using 0 system of form onolysis 
etc "here possible) ^ Surloce ornomenlal.oo Surface ornomentotion 

Ll. 

u 
Shape ol primory aperture 

Cliotocler of early growth stages 
Q. 

iSee also footnote below. 

at the family level Sigal stressed such features as the shape 
of the adult chambers of the test, the type of coiling, and 
the presence of keels, but did not emphasize the position of 
the primary aperture. The writer believes that all of Sigal's 
criteria except for the type of coiling should be tised to de- 
fine taxa below family in rank. Banner and Blow (1959, 
|j|j. L 2). although agreeing with Bolli, ct al.. to some ex- 
tent, established a new classification which at the family 
le\el was based primarily on structural modifications of the 
primary a])erlure rather than on the position of the primary 
aperture. Ftii thcimore. Banner and Blow (ibid., p. 1) in- 
dicated that they disagiee with Bolli, ct al, over the funda- 
mental basis of their classification — the position of the 
primary aperture. They stated that Bolli, ct al., "— ap])ear to 
o\eremphasize the im|joi lance of the precise ]30sition of the 
interiomarginal apei ture relative to the extetit of the um- 
bilicus and attach little value to the presence or absence of 
a keel. As a result, it is often difficult for these authors to 
distinguish satisfactorily between superficially similar but 
actually unrelated genera. The generic diagnoses given by 
them for Pracgh)botru)icana and for Globorotalia are vir- 
tually indistinguishable, e\en though the genera are clearly 
different and have quite distinct stratigraphical ranges." 

The bases for classification used by Banner and Blow at 
the family, stibfamily, and generic level are shown in Table 
1. Banner and Blow's classification seems to rely too strongly 
on the striicttiral modifications of the primary aperture at 
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the family level. In the writer's opinion, it is unwise to 
base the definition of a taxonomic imit as large as a family 
on a single morphological criterion. 

In 1964, Loeblich and Tappan presented a new classi- 
fication of planktonic Foraminifera in the Treatise on In- 
vertebrate Paleontology (Pt. C, vol. 2, pp. C652-C678) . 
Their classification seems to have incorporated some of the 
better points of that of Banner and Blow (1959) into the 
previous classification presented by Bolli, el al., 1957. How- 
ever, new knowledge concerning the morphology of Upper 
Cretaceous planktonic Foraminifera makes some parts of 
their classification obsolete. Hence, revisions of their classi- 
fication have been made herein where necessary. The classi- 
fication used by the writer differs only in degree from that 
presented by Loeblich and Tappan (196-!). The bases for 
the classification presented in this monograph at the family, 
subfamily, generic, and specific level are shown in Table 1. 

SYSTEMATIC PALEONTOLOG^■ 
I'hvliim   I'ROTOZaV 

SiibphylLim SARCODINA 

Class  RHIZOPODF.A 

Siibdass GRANULORETICULOSIA 

Order FORAMINIFERIDA 

Superfamily GLOBIGERINACEA 

Remarks. — The definition of the Globigerinacea given 
by Loeblich and Tappan (1964, p. C652) is emended herein 
to include the findings of Pessagno (1964, ]3p. 219-220). 
Pessagno (ibid.) noted that the sejjtal walls of Globoro- 

talia S.S., Globotriineana s.s., and indeed that of all plank- 
tonic Foraminifera are microgranular hyaline in character 
and are pierced by small, widely scattered jiores. Recent 
work with the electron microscope appears to confirm the 
microgramdar nature of the septal walls of most of the 
Globigerinacea. However, it remains to be proven whether 
indi\idual calcite crystals comprising the septal wall are 
oriented at random or with their C-axes normal to the 
surface of the septal wall. Although the irregular size and 
shape of the crystals suggests a random orientation, their 
precise orientation can only be confirmed by X-ray or 
electron diffraition. Optical technicpies such as those used 
by Wood (1963, pp. 15(i, 157) for Ammonia beecarii 
(Linne) are futile in that individual crystals are much too 
minute to isolate optically. 

Spines and ornamental features among the Globiger- 
inacea are idtragranular hyaline in character consisting of 
one or more large crystals of calcite (Pessagno, loc. cit.). 
Such ornaniciual strut lures a]3|)ear to be superimposed on 

the radial hyaline outer portion of the test   (of Plate 101, 
figs. 8, 9).   (See footnote 1. p. 252). 

These findings are c|uite pertinent to the study of the 
phylogeny of the Rotaliinae at the sii|)erfamily level. For 
example, Cifelli (1962, p. 125) demonstrated that A. beccari 
(Linne) has microgranular hyaline septal walls. (Lately the 
writer observed pores in the septal walls of this species.) 
Microgramdar hyaline septal walls are also present among 
other genera of the Rotaliacea, among the Discorbacea, 
and among the Bidiminacea. In fad, it is probable that 
all se|)tate Rotaliinae having radial hyaline outer walls 
likewise ha\e microgranular hyaline sejjtal walls. The 
presence of microgramdar hyaline septal walls among super- 
families of Rotaliinae with radial hyaline oiuer walls is 
clear iirdication of a close kinship between these super- 
families. Furthermore, it is probably indicative of the fact 
that Rotaliinae with radial hyaline outer walls evolved 
from Rcitaliinac with predominantly gramdar hyaline 
outer and septal walls. 

The origin of the Globigerinacea seems to be obscure at 
the present time largely because the wall structure of other 
superfamilies of Rotaliinae is still poorly known in spite of 
the work of such workers as Reiss (1957, 1963). In theory, 
the origin of the Globigerinacea must be sought among 
Rotaliinae which possess bilamellar tests having radial hya- 
line outer walls and microgranular hyaline septal walls. 
The jjresence or absence of sejjtal pores in this hypothetical 
stock of Rotaliinae may or may not be important. 

Among the superfamilies of the Rotaliinae the Glo- 
bigerinacea seem most closely allied in terms of their wall 
striictine and comjjosition to the Rotaliacea. Both super- 
families, for example, possess (1) bilamellar test walls that 
may be canaliculate; (2) radial hyaline oiuer walls; and 
(3) microgramdar hyaline septal walls. Difficulties arise, 
however, when one examines the stratigraphic ranges of 
the Globigerinacea and Rotaliacea. The Globigerinacea, 
according to Loeblich and Tappan (1964, p. C605) have a 
range of Jiuassic, Lower Cretaceous to Recent whereas 
the Rotaliacea have a stratigraphic range of Upper Cre- 
taceous to Recent. This geologic distribution certainly does 
not suggest that the Globigerinacea evolved from the 
Rotaliacea. In fact, it more than likely suggests the reverse. 
Perha]3s futine studies will find that the Rotaliacea are 
longer langing than the jiresent data indicate and that 
they occiu' in rocks of Jifrassic or Triassic age. 

The Discorbacea are noncanaliculate, monolamellar 
Rotaliinae with radial hyaline oiuer walls and microgranu- 
lar septal walls. Their geologic range is Triassic to Recent. 
If one ignores their monoiamcliai and noncanaliculate wall 
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structure, the Disroibacea might be a possible ancestral 
stock from which the Globigerinacea could evolve. The 
Buliminacea, likewise, have radial hyaline outer walls, 
microgranular septal walls, and a geologic range of Triassic 
to Recent. The wall structure of the Buliminacea is still 
uncertain. Loeblich and Tajipan (1964, p. C543), for ex- 
ample, failed to state whether the Bidiminacea are mono- 
lamellar or bilamellar in nature. Reiss (1963, p. 51) , in his 
definition of the Bidiminidea (= Bidiminacea) , stated 
[hat these Foraminifera are primarily single layered, but 
some genera may be double layered and possess a tectinous 
inner lining. Reiss's definition of the Buliminacea, however, 
differs somewhat from that of Loeblich and Tappan 
(loc. cit.) 

In summary, it is iliffiiult to ascertain whether the Glo- 
bigerinacea evohed from the Rotaliacea, Discorbacea. or the 
Buliminacea. At present, the writer feels that differences 
in wall structine (i.e. monolamellar vs. bilamellar) shoidd 
be minimized in terms of their phylogenetic importance 
with the Foraminifera. If this is done, it seems more than 
likely that the Globigerinacea could have evolved from the 
Buliminacea or the Discorbacea. In fact, it is entirely possi- 
ble that the Globigerinacea as defined herein and by 
Loeblich and Tappan (loc. cit.) are polyphyletic and 
evolved in part from both the Discorbacea and the Buli- 
minacea. The Heterohelicidae, for example, show strong re- 
semblance in chamber arrangement to that of the Bidi- 
minacea. Trochospiral families such as the Rotaliporidae 
on the other hand ma\ have evohed from a Discorbacea 
stock. 

The evolution of Upper Cretaceous Globigerinacea at 
the family le\el is summarized in Text-figiue 6. As inferred 
from this text figure, the majority of Upper Cretaceous 
families evohed either directly or indirectly from a rotali- 
porid sto(k. The Marginotruncanidae (new family) , as will 
be borne out in later discussions and descri])tions. occupy 
an internieiliate position in terms of their mor])hologi(.il 
characteristics between the Rotaliporidae s.s. and the Glo- 
botruncanidae and hence. ser\e as a connecting link be- 
tween these two families. The Abathomphalidae (new fam- 
ily) also appear to be an important link in the phylogenetic 
picture. Though they are nearly homeomorphic after the 
Globotruncanidae s.s., they may have evolved either from 
the Rotaliporidae or the Globotruncanidae. For reasons, to 
be discussed later, the writer favors their evolution from the 
Globotruncanidae. It is probable that the Abathomphalidae 
gave rise to important Tertiary and Quaternary families 
such as the Globorotalidae and the Globigerinidae. 

The writer once belie\ed that the Rotaliporidae (par- 
ticularly the Hedbergellinae)   were derived from the Pla- 

-|-=    Extinction 

No'e:    Sweliings in  lifeline indicote r ol g'l.oter i^b^ndanLc otid j|ieciution 

nomalinidae. However, Loeblich anil Tappan (1964, p. 
C()56 and p. C659) indicated that the Rotaliporidae (Hed- 
bergellinae) first appear in older Haiuervian strata whereas 
the Planomalinidae first appear in yoiuiger Aptian strata. 
Hence, it now seems more than likely that the Rotaliporidae 
ga\e rise to the Planomalinidae through a low-spired Hed- 
bergellinae stock. The shift in the primary aperture from 
an extraiunbilical-innbilical position to an equatorial posi- 
tion and in coiling from low trochispiral to planispiral 
certainly would not be a radical one (Hcdbcrgclla to Globi- 
gerinelloidcs) . A second interesting possibility should be 
explored. It is known that Heterohelix sometimes may have 
a planispirally coiled early stage. If the proper mutations 
occurred, Heterohelix could have given rise to Globigerinel- 
loicles and hence, the Heterohelicidae to the Planomalini- 
dae. The Schackoinidae appear to have evolved either from 
the Planomalinidae or from the Rotaliporidae. As indicated 
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in Text-figure (>. the writer favors their evolution from the 
Planomalinidae. 

The origin of the Heteroheliciclae remains a problem. 
As already suggested, the Globigerinacea may be polyphy- 
letic at the family level. It is not inconceivable that the 
Heterohelicidae evolved directly from some family among 
the Biiliminacea whereas the Rotaliporidae exolved from 
some family among the Discorbacea. The similarity in test 
forms among the Heterohelicidae and those among vaiioiis 
families of Buliminacea make this a tempting ]:)ossit)ility. 

Family HETEROHELICIDAE 

Type genus.—Hclcrcjhrlix Ehrenberg. 18-H. 
Remarks.—The   diagnosis   of   Loeblich   and   Tappan 

(1964, p. C652)  is accepted herein. 
/?ange.—Middle Jmassic to Oligoccne. 
Occz/rrenrc—World-wide. 

Subfamily GUEMBELITRIINAE 

Type genus.—Giieinbelitria Caishman. 1933. 
Re)narks.—T^he   diagnosis   of   Loeblich   and   Tappan 

(1964, p. C652)  is followed herein. 
7f«Ht^Y'.—Middle fmassic to Eocene. 

Genus GUEMBELITRIA Cushman, 1933 

Type species.—Gnciiihclilrid <rrtiucii (aishman. Ht.'^S. 
R(inge.—l,o\vcY Chetaceous—Eocene. 

Guembelitria cretacea Cushman 

Plate 87, figures 1-3 

19,S3.   Guembi-lilria crcliuca Cushman,  (loiili.  tAishiiiau   l.al).   Iniaiii. 
Res., vol. 9, p. 37 pi. 4, ligs.  12a. 12b. 

1946.   (iueiiibelilria crelacea Cuslinian. Ciishinaii, II.S. C.col. Sin., I'lol. 
Paper, No. 206, p.  103, pl. 44. figs  14a-(. 

UWy.   (iiicinbelilria netaceii Cuslinian, Callilelli. U.S. Nat. Mns., Bull. 
No. 21.'), p.  136, pl. 31, figs  lac. 

I960.   GueinbeHiria crelacea Cushman. Olssoii.  jour.  I'alcont.. vol.  31, 
No. 1, pp. 27, 28, pl. 4, tig. 8. 

1964.   Guembelilria cretacea Cuslinian, l,oel)hch and Tappan, Treatise 
on  Invert.  Paleonl.,  pt. C.  Prolisla 2,  xol. 2 , i). C6r)2, fig. ,523: 
la,  b. 

1964.   Ciiemliclilrin trclncca Cushman, Said  and  Sahiv.  Micio])alconl.. 
vol.  10. \(.. 3. p. 390, pl. 3, lig. 32. 

Remarks.—Thh species is characterized by its spherical 
chambers, de|)ressed sutures, and highly arched ajjertme, 

RdJige.—Clohotruncana ccjiitusa-stiiartiforniis assem- 
blage zone:  (Jlobotriincana gansseri siibzone. 

Occurreiue.—In Texas Giieinhclllria cretacea has been 
encountered at numerous localities in the Corsicana marl of 
Travis and Limestone Counties and at a few localities in 
the Escondido founation of Maverick C:ounty. In ,S.W. Ar- 
kansas it occins in the Arkadelphia marl. Cushman (1946. 
p. 12 and p. 103) noted its piesence in the Kemp clay of 
Texas, the Praire P>luff dialk of Mississippi and .•\labama. 

the u])per portion of the Selma chalk of Mississijjpi, and 
in the Ri])le) formatioir of Mississijjpi. According to Cush- 
man (ibid.) it also occius in sedimentary deposits of Navar- 
roan age from the Cieorges Bank Canyons and in the Upper 
(helaceous of CJolombia. In New |ersey Olsson (I960, jjp. 
27, 28) noted that G. cretacea is common in the Redbank 
formation and in the lower part of the New Egypt forma- 
tion. It likewise has been noted by .Said and .Sabry from the 
Maestridiiian of Egy|ji. 

Guembelitria  harrisi Tappan 

Plate 48, figures 12, 13 

1940.   (iue)iibelilria li/nrni   lappan.  Jonr.  Paleont..  \(il.  14. No. 2. p. 
115, pl.  19, figs. 2a-b 

Remarks.—G. harrisi Tajjpan differs from G. cretacea 

Cushman by having less inflated chambers and a low, 
slightly arched aperture. Its test often tends to be some- 
what more elongate than that of G. cretacea. G. cretacea 
"var." alvcrlensis Stelck and Wall (1954, p. 23) and G. 
cretacea "var." spritensis .Stelck and Wall (1955, p. 44) may 
be junior synonyms of G. harrisi Tappan. 

Range.—In this study G. Jiarrisi has been encountered 
in strata of Cenomanian age (RotaJipora assemblage zone) 
and of Albian age (H. wasliilensis assemblage zone) . More 
data will be necessary to establish its precise stiatigra])hic 
lauge. 

Occurrence.—G. harrisi has been foiuid in the Grayson 
formation (=Del Rio clay) and in the I'agle Ford group 
(Briiton formation and Lake ^\'aco formation). Loeblich 
(1916, p. 132)  noted it in the Pepper shale. 

Subfamily   HETEROHELICINAE 

Type gcnus.—Heterohelix Ehrenberg.  1844. 
Remarks.—The phylogeny of the Heterohelicinae is 

complex and still not completely luiderstood particidarly at 
the species level. However, it woidd appear at the generic 
level that Hetcrohclix gave rise to Crublcriiui, Pseudogurm- 

belina, Pseuclotextuhiria, and Phmoglohulina during the 
time inter\al from Tmonian to Late Maestrichtian (Texi- 
figiue 7). 

Range.—Lower Cretaceous to Oligoccne. 
Orr?/rrr?(rY'.—World-wide. 

Genus HETEROHELIX Ehrenberg, 1843 

Type species.—SpiropIecIa auiericana  Ehienberg,   184-1 
Remarks.—The   diagnosis   of   Loeblich   and   Tappan 

(196-1, pp. C652-C:65l)   is followed herein. 
It should be noted that the fiisi striate oi costate species 

of Helerolielix. H. rrussi (Cushman) . made its appearance 
in the M. Iielvetica as.sembla<'e zone. No striate Helerolielix 
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Te«r - Figure 7     Phyloqenetic R^lotionsKi ps ot Upper Cretoceo.. 

Heterohelicinae at the Generic Level. 

■^Fifsl Striote Heteroheli« 
+ =   EKlinclion Note:    Swellings t life lines indicntt tioit; ■ greotef abundance ond 

have been observed in the Rotalipora assemblage zone. 
Abundant striate Heterohelicinae are particularly charac- 
teristic of Upper Campanian and Maestrichtian strata in 
the Gulf Coast and Caribbean Regions. Costae are ultra- 
granular hyaline imperforate structiues superimposed on 
the radial hyaline outer wall of the test. Costae always occm 
in the interpore areas of species whose pores have been 

aligned in rows. 

Heterohelix glabrans (Cushman) 

Plate 88, figures 1, 2, 10, 11 

1938    Guembelina  glabrans   Cushman,   Conti.   Cusliman   Lab.   Foram. 
Res., vol.  14, p. 15, pi. 3, figs.  1, 2. ^    ,   ,        „    . 

194(i    Cuembelina glabrans Cusliman, Cushman, l'.,S. Geol. Sur.. Hot. 
Paper. No. 206, p. 109, pi. 46, figs. 17a-b, 18. 

1960.   Heterohelix glabrans   (Cushman), Olsson, Jour. Paleont., vol. 34, 
No. 1, pp. 26, 27. pi. 4, fig. 4. 

R,.,narks.-Hctcroh('U\ ohibrans   (Cushman)   is similar 

to Heterohelix piilchm (Brotzen) but differs from the 
latter species by having a finely perforate, smooth, polished, 
compressed test and by having an aperture that is two or 
three times higher than it is broad. The general arrange- 
ment of the chambers does, however, suggest a close phylo- 
genetic relationship between H. glabrans and H. pulchra. It 
is likely that H. glabrans e\olved from H. pulchra during 
Early Maestrichtian times   (R. subpennyi zonule). 

Range.—G. conlusa-G. stuartiformis assemblage zone: 
G. ganasseri subzone to A. mayaroensis subzone. The holo- 
type (Cushman Coll., USNM) of this species has been ex- 
amined and compared to specimens encountered durmg this 

study. 
Occurrence—Heterohelix glabrans has been observed 

by the writer at the type locality of the Mendez shale (Men- 
dez Station, MX 206; see Appendix) in Mexico, in the 
Corsicana marl and Kemp clay of Texas, and in the 
Arkadelphia marl of Arkansas. Cushman (1946, p. 109) 
noted that it occurs in the Prairie Bluff chalk of Alabama 
and in the upper part of the Selma chalk of Tennessee. Ac- 
cording to Olsson (1960, pp. 26, 27) this species has been 
reported in New Jersey from the Navesink formation and is 
known to occm- rarely in the Redbank and New Egypt for- 

mations. 

Heterohelix globocarinata (Cushman) 

Plate 86, figures 5, 6 

1938.   Cuembelina    gtobocarina'a    Cushman,    C.onlr.    Cushman    Lab. 
Foram. Res., v"ol. 14, p. 10, pi. 2, figs. 4-5. 

1946    Cuembelina globocarinata Cushman,  Cushman,  U.S.  Geol. Sur., 
Prof. Paper, No. 206, pp. 107, 108, pi. 46. tigs. 8a-b. 9. 

Remarks.-i:h'is, species is characterized by its inflated 
final chambers, by its carinate periphery in the early por- 
tion of the test, by its large, lowly arched aperture, and by 
the finely striate nature of its test. H. globocarinata seems 
to be closely related to both H. globuhsa (Ehrenberg) and 
to H. striata (Ehrenberg). The holotype (Cushman Col- 
lect'on, USNM examined and figured herein) shows a 
planispirally coiled initial stage. The two paratype slides in 
the Cushman Collection (USNM) contain specimens which 
are not entirely assignable to this species. For example, one 
slide (Cushman Coll. 24373) contains a single specimen of 
Pseudotextularia elegans (Rzehak) s.s. The other (Cush- 
man Coll. 31642) contains H. globulosa (Ehrenberg) , H. 
globocarinata, and Pseudotextularia elegans   (Rzehak)   s.s. 

Range.-The precise range of this species is uncertain 
because of its rareness in Upper Cretaceous strata. Its type 
locality according to Cushman (1946, p. 107) occurs in the 
Taylor formation   ("Upper Taylor marl" member). 

Occurrcnce.-Cushm:in   (1946, p.  108)   noted that H. 
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globocarinata at a number of localities of Navarroan, Tay- 
lorian, and Austinian age. However, the comprehensive 
nature of the present study seems to refute not only such 
an extensive biostratigraphic range, but also such a wide 
geographic occurrence. It is likely that most of Ciishman's 
data are incorrect and probably represent misidentifications 

of this species on his part. 

Heterohelix globulosa (Ehrenberg) 

Plate 87, figures 5-9, 11-13 

1840    (1838).  Textularia globulosa Elirenbeig,  K.  Pieuss. .\kad. Wiss. 
Berlin, Abh., p. 135, pi. 4, figs. 2 beta, 4 beta, 5 beta, 7 beta, 8 
beta. 

1899.   Gueinbelina globulosa  (Ehrenberg), Egger, K. Bayer. Akad. Wiss. 
Math.-naturh. Abt. Abh. Kl. 2, vol. 21. pt. 1. p. 32, fig. 43. 

1931.   Gueinbelina spinifera Cushnian, Tennessee Div. Geol.. Bull. 41, 
p. 43, pi. 7. figs. 8a-b. 

1946.   Guenibelina spinifera Cnshman, Cushman. I'.S. Geo\. Sin., Prof. 
Paper. No. 206, p.  108. pi. 46, figs, l.^a-b. 

1946.   Guenibelina globulosa   (Ehrenberg).  Clusbnian,   U.S.  Geol.  Snr.. 
Prof. Paper. No. 206, pp. 10.5, 106, pi. 4.5. figs. 9-15. 

1951.   Guenibelina globulosa   (Ehrenberg) ,  I.ocblitb.  Contr.  Cushnian 
Eound. I'orani. Res., vol. 2. pi. 3, p. 108, pi. 12, figs. 4, 5. 

1957.   Heterohelix  globulosa   (Ehrenberg) ,  Gallitelli.   U.S.  Nat.   Miis.. 
Bull., No. 215, p. 137, pi. 31, figs. 12-15. 

Remarks—Ehrenberg (1810. pi. -1) figmed Tcxtulariii 

globiilusii in syntypic series from the following widely sep- 
aratetl geographic localities and different stratigraphic 
horizons: (1) Jutland, Denmark (=fig. 2 beta) ; (2) 
Gravesand. England (=fig. 4 beta) ; (3) Meudon near 
Paris, France (=fig. 5 beta) ; (-1) "Mokattamgebirge" near 
Cairo, Egy]3t (=fig. 7 beta) ; (5) Thebes in Upper Egypt 
from the h'tuniuulites limestone of the Pyramids (=rfig. 8 
beta). Ellis and Messina (Catalogue of Foiaminifera) note 
that the type specimens of T. globulosa Ehrenberg are de- 
posited in the Akademie Wissenschaften, Berlin. 

Figure 5 beta and the corresjjonding s])ecimen in the 
Ehrenberg collection are designated herein as the lecto- 
type figure and the lectotype respectively of T. globulosa 
Ehrenberg. The Meudon chalk at Meudon near Paris 
seems to be the most likely iniit from which this specimen 
originated. Meudon (Maulineaux Hill) and the Meudon 
chalk, therefore, are designated the type locality and type 
lithic imit of T. globulosa (Ehrenberg). According to 
Gignoux (1955, p. 418, fig. 112) the Meudon chalk contains 
Belemnitella mucronata. The remaining figures except for 
figure 8 beta are designated paralectotypes. It seems unwise 
to designate figure 8 beta as a paralectotype in that the 
specimen figured is from the Knminulitcs limestone of 
Tertiary age and may lepreseni ('Jiilogiiciiibcliua rather 
tlian Heterohelix. 

The selection of figure 5 beta as ihe lectotyj^e of T. 
globulosa  is  in  keeping with  the  modern  concejjt  of  the 

species as expressed by Cushman (1946, p. 106) and Loeb- 
lich (1951, p. 103). This figure is the most compatible of 
all Ehrenberg's figures with the modern concept of the 
species. Furthermore, the selection of the Meudon chalk at 
Meudon as the type lithic unit is likewise compatible with 
stratigraphic data associated with the modern concept of 
the species. If Ehrenberg's types no longer exist as a result 
of the great destruction in Berlin tliirin" \\'orld W'ar II, it 
is suggested that a neotype be selected from the Meudon 
(halk as exjjosed at Maulineaux Hill, Metulon, France. 

It shoidil be noted that both Cushman antl Loeblich 
failed to note the presence of faint costae on all but the last 
several chambeis of the test. H. globulosa (Ehrenberg) 
seems to be similar to H. reussi (Cushman) . However, H. 

ri'ussi shows well-develoj)ed fine costae on all chambers of 
its test, less inflated chambers, and prominent triangular 
areas between the last several chambers of the test. It is 
likely that H. globulosa evolved from H. reussi as suggested 
by (aishman   (ibid.) 

The holotype of H. spinifera (Cushman) , deposited in 
the Cushman Collection (USNM), was examined and found 
to fall within the limits of H. globulosa (Ehrenberg). Cush- 
man (1946, p. 108) noted that this species is distinct from 
H. globulosa because it has .short spines scattered over the 
whole surface of its lest. The holotype, however, lacks these 
spines. Cushmans  (1931 and 1946)   figiues are misleading. 

Range.—G. fornieata—stiuirtiforinis assemblage zone, A. 
bloii'i subzone to G. co)ilusa—stiiarlifonnis assemblage zone, 
A. uiayaroeusis subzone. Bronnimann and Brown (1953, ]i. 
150) noted H. globulosa in the Upjier .Maestrichtian of 
Cuba in a faimal assemblage containing A. uiayaroeusis 
(Bolli). 

Ocrurreure.— \n the present study H. globulosa has 
been encoiuiteied in strata of Taylorian and Navarioan 
age throughout Aikansas, Texas, and Mexico. It occins in 
the following tuiits in this region: Mendez shale, Uj)son 
clay, .San Miguel formaiion. Escondido formation, "Lower 
Taylor marl, " VVolfe City santl. Pecan Gap chalk, "Upper 
Taylor marl", Neylandville mail, Corsicana marl, Kemp 
clay, lirownstown marl, Ozan formation, and Mailbiook 
marl. 

Heterohslix moremani (Cushman) 

Plate 48, figs. 10, ;i; Plate 89, figs. 1, 2 

1938.   Gueinbelina  moremani Cushnian, Contr.  Ckishiiinn  I,ah. Forani. 
Res., vol. 14, p. 10, pi. 2, figs. 1-3. 

1940.   Gueinbelina wasliilensis Tappan, Jour. Paleont., vol.  14. No. 2, 
p. 115. pi. 19. fig. 1. 

1946.   Guenibelina inoreinaiii Cushnian, Cushman. U.S. Geol. Sur., Prof. 
Paper, No. 206. pp.  103.  104, pi. 44. figs.  15.  16;  not lig.  17. 

1962.   Heterohelix sp. Ayala. Soc. Geol.  Mexicana, Bol.. vol. 25. No. 1 
|i- II. pi, I, figs, la-c; pi. 6, figs. la-c. 
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Remarks.—The writer has examined the holotype anil 
paratypes of H. moremani in the Cushman Collection 
(USNM). The holotype is refigmed herein. This specimen 
is abnormally large for the s]jecies. All of the paratypes and 
the niajoiity of the specimens assignable to this species en- 
countered in this study are much smaller. One of Cush- 
inan's paiatypes (cf. Cushman. 1946, pi. 44, fig. 17) is not 
Hctcrohclix moremani but is referable to PlanoalobuUna 
sp. It is important to point out that this represents the 
oltlest docinnented occurrence of Fhinoi^lolniliiia as far as 
the writer is aware. 

Larger specimens and gerontic specimens of H. more- 
mani, such as the holotype, tend to show a more highly 
arched apertiue whereas smaller specimens, such as that 
figured on Plate 48 (figures 10, 11), show lowly arched 
apertiues. The aperture seems to become more highly 
arched dining ontogenx. 

Hetrrohriix moremani has a smooth, linely perforate 
test which lacks striae and ])oies aligned in rows. It is likeh 
that Heterohelix reussi evoKed from a Heterohelix more- 
mani stock during Early Turonian times. 

Tappan (1940, p. 115) separated H. washilen.sis from 
H. moremani largely on the basis of the former's smaller 
si/e and more lowly aichecl apertine. The holot)pe of H. 
wasliitensis (Cushman) (Cirshman Collection, USNM) 
was examined dining this study and found to be similar to 
the smaller, less matiue forms of H. moremani occmrins in 
the Eagle Ford group. The investigator has likewise ex- 
r.mined nimieroiis topotypic specimens from the Grayson 
formation, near Roanoke, Texas. The differences between 
H. washilensis and H. moremani seem too slight to warrant 
their clear cut separation. Therefore, in this paper H. washi- 
lensis is treated as a junior synonym of H. moremani. 

Range.—Wh'uxn (?) : Lower Cenomanian — UjJiier 
Turonian: Rolalijjora s.s. assemblage /one to .\I. helxieliia 
assemblage zone. 

Oeeurreute.—H.   moremani  has  been  obsei\ed   in   (he 
San Felipe formation of Mexico. In Texas, it occurs in the 
Grayson formation   (=Del  Rio clay)   and thioughoiu the 
Eagle Ford group  (Britton formation, Arcadia Park forma- 
tion. Lake Waco formation, and South Bosque formation) 
of Texas. It is concei\able that sjjecimens of H. moremani 
occinring in the Tinonian portion of the Eagle Ford group 
ha\e been rewcirked from Cenomanian Eagle Ford strata. 
As   noted   in  Text-figure  2,   Lower  Tinonian   strata   (M. 
sigali subzone)   are missing throughout Texas   (except at 
Chispa Summit)   at least in smface outcrop. 

Heterohelix navarrosnsis Loeblich 
Plate 89, figures 8, 9 

HTil.   Hcleiiilitiix    iiiii'di ii>cnsi.\    l^oeblicli,    C'.omr.    Cuslim.nn    Fouml. 

Foraiii.   Res.,  vol.  2.  pt.  ^. pp.   If)7,   108.  pi.   12,  ligs.   l-3b,  text 
fiK.   1. 

H),")/.   Heterohelix   lun'arroensis   Loeblich,   Gallilelli,   LI..S.   Nat.   MILS., 

Bull.. No. 21,->. p.  137. pi. 31, ligs. Sail. 
littiO.   Heterultelix   iiiwarroensis   Loeblich,   Olsson.   Jour.   Palcont.,  vol. 

.34. No. 1. p. 20, pi. 4. fig. 5. 
19(>2.   Not Helnolielix niii'iirnietisis Loeblich, Pessagiio, Micropaleont., 

\<>1. 8. No. 3, [). 358, pi. 1. tig. 4. 

Remarks.—Heterohelix navarroensis Loeblich is some- 
what similar to Heterohelix striata (Ehrenberg) . It differs 
from H. striata largely in the more laterally compressed and 
finely costate character of its test and in its smaller size. In 
addition, whereas H. nax'orroensis commonly displays a 
planispirally coiled inif'al stage H. striata only rarely dis- 
plays such a planisjjiral initial stage. 

The form figined by Pessagno (1962, pi. 1, fig. 4) was 
reexamiired and lounci to be assignable to H. striata. 

The holoty|je of H. uanarroensis was examined in the 
Cushman Collection   (USNM). 

Rano(\~Cj. jornieata—stnartiformis assemblage zone, 7^. 
snbeireumnodifer subzone to G. eontusa—sliiartiformis as- 
senrblage zone, G. gatisseri subzone. 

Oeeurri nee.—In this study H. navarroensis has been ob- 
served in the Corsicana marl, the Kemp clay, the San Miguel 
formation, and the Escondido formation of Texas, and in 
the Marlbrook marl and Arkadelphia marl of Arkansas. It 
has not been foiuid to date in the Meiidez shale. 

Olsson (19()0, p. 27) noted H. navarroensis in the 
Navesink, Redbank, and New Egypt formations of New 
Jersey. 

The present data appear to indicate that H. navar- 
roensis is primarily a Boreal species. 

Heterohelix planata (Cushman) 

Plate 86, figures 3, 4; Plate 89, figures 6, 7 

1938.   (.iienihelina   j)ltniaiii   Ciishuian.   C^oiuv.   (ll^llnlaIl   Lab.   Forain. 
Res., \ol. 14. p. 12. fig. 13. 14, 

194().   Ciiembelina planala Cushman. Cushman.  I'.S.  (icol. Sur.,  Prof. 
Paper. No. 206. p. 105. pi. 45. figs. (ia-b. 7. 

19(i(>.   Heterolielix   jnilcfira   (Brotzen) .  Olsson,   |our.   Paleont..  vol.  34, 
No. 1. p. 27. pi. 4. fig. (i. 

Remarks.—Heterohelix planiita (Cushman) is some- 
what similar to H. pnlehra (Brotzen) but differs from the 
latter species by pcjssessing chambers which are not so 
broad or renifoiin in side view and by being more costate. 
Accessory apertiues were obser\ed on some specimens (cf. 

PI. 89. figs. 6. 7) . 
The specimen figured by Olsson (1960, p. 27, pi. 4, fig. 

6) as H. piihhra (Brotzen) appears to be H. planala (Cush- 
man) . Its final (hambers are not reniform and the sinface of 

the test is coxered by fine costae. 
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The holotype of H. plumUa (Cushman) (Cushman 
Collection, USNM) has been examined and re illustrated in 

this report. 
Range—G. foriiirata—sttiartiformis assemblage zone, G. 

elevala siibzone to G. contusa—stuartifurniis assemblage 

zone, G. eansseri subzone. 
Occurrence—in the ])resent study H. planata has been 

observed in the "Upper Ta)lor marl" and in the Corsicana 
marl of Texas. Cushman (1946, p. 105) also noted its pres- 
ence in the Pecan Gap chalk. It has not been observed in 
strata of equivalent age in Mexico. 

Heterohelix pulchra (Brotzen) 

Plate 87, fig. 4 

1936.   Guetnbeiiua pulclna  Brot/cn, Svci.  t.eol.  liulcis.  Avii., Ser.  C, 
No. 396, p. 121, pi. 9, tigs. 3a-b; not figs 2a-21). 

1938.   Guembelina    pseudvlcsseia    Cushman,    Conti.    Cushman    Lab. 
Foram. Res., vol. 14, p. 14, pi. 2, tigs. 19-21. 

1946.   Guetubelina pseudotessera Cushman, Cushman.  V.S. Geol. Sur., 
Prof. Paper, No. 206, pp.  106.  107, pi. 45. fig.  16-20. 

1957.   Heterohelix pulchra   (Brolzen) . C^allitelli. U..S. Nat. Mus., Bull., 
No. 215, p. 137, pi. 31, fig. 20. 

1960.   Not Heterohelix pulchra   (Brot/en). Olsson,   [dui,   I'.ilc-ont., %(il. 
34, No. 1, p. 27, pi. 4, fig. 6. 

1962.   Heterohelix   pulchra    (Biot/en) ,   Pessagno,   Micropalcont..   Mil. 
8, No. 3. p. 358. pi. 1, fig. 3. 

Remarks—The broadened or reniform natme of its 
last two or three chambers makes this species distinct from 
similar species like H. pJattaUi and H. gJabrans. The writer 
has observed faint costae on Early Maestrichtian specimens 
from Puerto Rico. 

The form figured by Brotzen (1936, pi. 9, figs. 2a-b) is 
not H. pulchra and in fact, is assignable to Plauoolcjbiilina 

Range.—In this study and in work in Puerto Rico the 
writer has foiuid this species to be restricted to the G. 
fornicata—stuartifortnis assemblage zone. Occurrences by 
Cushman (1946, p. 107) iir the upper portion of the Austin 
chalk cannot be regarded at present as being in the imder- 
lying G. bulloides assemblage zone. The upper portion of 
the Austin chalk, particularly in northeastern Texas, was 
reworked extensively during Early Cam])anian or Early 
Tayloriair times  (Text-figure 2). 

Occurrence.—In the Gulf Coast Region the investigator 
has observed this species in the Mendez shale of Mexico and 
in the Upson clay and Upper Taylor marl of Texas. In 
Puerto Rico H. pulchra (Brotzeir) has been observed in 
the Parguera limestone, the Cariblanco formation, and in 
the Rio Yauco formation. C^ushman (1946, p. 107) noted 
H. pulchra {z= pseudulesscra Cushman) in the Upper 
Taylor marl, Pecan Gap chalk, and Lower Taylor marl 
members of the Taylor formation   (Texas) ;  in  the lower 

and middle parts of the Selma chalk (Mississippi) ; in the 
Annona chalk (Texas) ; in the Brownstown marl (Texas) ; 
;ind in the upjjer part of the Austin chalk  (Texas). 

Heterohelix punctulata (Cushman) 

Plate 86, figs. 7-10 

1938.   Cuembelina punctulata Cushman, Contr. Cushman Lab. Foram. 
Res., vol. 14, p. 13. pi. 2, figs. 15, 16. 

I94().   Guembelina   punrlulula   Cushman,   Cushman,   U.S.   Geol.   Sur.. 
Prof. Paper, No. 206, p. 108, pi. 46, figs. I4a-b. 

1953.   Pseuclooueinbelina    punctulata     (Cushman).    Bronnimann    and 
Brown, Coulr. Cushman Found. Foram. Res., vol. 4, pt. 4, p. 154. 
text-figs.   7.   8. 

19C2.   Heteiohelix   punclulain    (Cushman) ,    Pessagno,    Micropalcon!., 
vol. 8, No. 3. p. 358. pi.  1, dg. 11. 

Remarks.—Heterohelix punctulata is characterized by 
its coarsely piuictate or cancellate sinface, by its large size, 
and by the fact that it is nearly 1.5 times as long as it is 
broad. The last fotir to five pairs of chambers usually are 
large compared to the earlier chainbers. The punctate sur- 
face of the test is due to the preseirce of heavy, massive rims 
siuroiurding each pore and pore pit. Many speciiriens such 
as the holotype (Cushnran Collection, USNM) figured 
herein contain accessory apertures. Weak costae appear to 
be present in the interpore areas of the earlier chambers. 

This species w.is placed in Pseudogue-mhelina by Bronn- 
iiiiaiin and lirown (1953, p. 154) clue to its frequent po,s- 
session of sutiual supplementary apertiues. Gallitelli (1957, 
pp. 139, 140) stated that sutiual supplementary apertures 
may on rare occasion be jiresent among species of Hetero- 

helix. However, the present study indicates that they are in 
fact commoir among species of Heterohelix. .Sutiaal supple- 
mentary (accessory) apertiues ha\e definitely been observed 
among specimens of H. striata (Ehrenberg) , H. planata 
(Cushman) , H. pulchra (Brotzen) , H. moretnani (Cush- 
man) , and H. reussi. H. punctulata lacks the elongate, 
somewhat tubular (accessory) apertiual flaps present 
among species of Pseudoguembelina s.s. such as P. costulata 

(Cu.shman)   and P. excolata   (Cushman). 
Range.—G. fornicata—stuartiforniis assemblage zone, 

A. bloiui subzone (D. multicostata zonule) to G. co7ttusa— 

stuartiforttiis assenrblage zone, A. mayaroensis subzone. 
Occurrence.—In this study H. punctulata has been 

observed in the San Felipe fonnation and Mendez shale of 
Mexico; in the "Lower Taylor marl," "Upper Taylor marl," 
Neylandville marl, and Corsicana marl of Texas; and in the 
Browirstown marl of Arkansas. In Puerto Rico it has been 
found in the Parguera limestone, the Rio Yauco formation, 
and the Rio Blanco formation. Bronnimaim and Brown 
(1953, p. 150) noted that H. punctulata occurred with a 
Late Maestriclui;ni .issemblage of |)hmkionic Foraminifera 
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in Ciibd (A. jiuiyarocnsis subzone) . This iippears to be the 
youngest occurrence of H. pnuctulata in the Cretaceous of 
tlie Western Heniispliere. The above range zone is baseil in 
part on the chua of Bronnimann and Biown. 

Caishman (191(), p. 108) noted H. punctulald in tlie 
W'olfe City sand and in the Annona chalk of Texas. 

Heterohelix reussi (Cushman) 

Plate 85, figures 1-9; Plate 86, figures 1, 2 

I9,'i8.   Citeiubelina reuui Cushman, Conti. Cuslinian Lai). Foiani. Res., 
vol.  14, p. 11, pi. 2, figs. 6-9. 

mil).   Ciuembelina  reussi  Cushman.   Cusliiiian.   t'.,S.   Ccol.   ,Sur..   I'lof. 
Paper, No. 206. p. 104. pi. 44, figs, 18a-b, 19. 

19.56.   Not   Giicinbeliiiii   reussi   Cushman,   .Said   and   Kcnawy.   Miiro- 
paleont.. vol. 2. No. 2. p. 139. pi. 3. fig. 32. 

Remarks.—As already noted, Hcti-rohrlix rcKssi (Cush- 
man) is similar to Heterohelix s,lohiiIosa (Ehrenberg) . It 
also is somewhat similar to Heterohelix striata (Ehrenberg) . 
H. reussi differs from H. o^lobiilosa by the more costate and 
compressed nature of its chambers and by the fact that its 
later chambers are distinctly set apart by large depressed tri- 
angular areas. This species differs from H. striata in the 
possession of the aforementioned characteristics and in the 
jjossession of somewhat finer costae. 

Cushman stated that the surface of H. reussi is smooth 
and finely perforate. However, the holotype and paratypes 
i)iH. reussi (Cushman Collection, USNM) from the Austin 
c halk, though poorly preserved, definitely show the pre.sence 
of fine costae. The investigator has found costae to be pres- 
ent on H. reussi wherever it has been observed in Upper 
Cretaceous strata except in places where j^reservation was 

])oor. 
The specimen figured l)y Said and Kenawy (I95li, pi. 3, 

fig. 32)  is not H. reussi. ijut Pseudotextularia sp. 
H. reussi may represent the basic stock from which 

most Campanian and Maestrichtian species of Heterohelix 
evohed. It is the dominant species of Heterohelix in Upper 
Eaglefordian and in Austinian strata. 

Range.—M. helvetiea assemblage zone, M. sigali sidj- 
zone to G. foriii(al(i-stuartifor!iiis assemblage zone, A. blou'i 

subzone. 
Ocrurrenee.—Dmini>: the coinse of this study H. reussi 

was noted in the Turonian, Coniacian. Santonian portions 
of the San Felipe formation throughout the area studied in 
Mexico. It is likewise known from the lower portion of the 
iVIc^ndez shale   (Text-figure 2). 

In Texas H. reussi was noted in Turonian portion of 
the Eagle Ford group in Terrell, Val Verde, Travis, Mc- 
Lennan, and Dallas Counties. It is also known from the 
Coniacian and Santonian portions of the Austin chalk in 

Val Verde, Kinney, Tra\ is, McLennan, and Dallas Counties 
and in the Lower Taylor marl of Travis, McLennan, and 
Dallas Coimties. In southwest Arkansas it occurs in the 
Brownstown marl. 

Cushman (1946, p. 104) noted H. reussi in the lower 
part of the Selma chalk of Mississippi and in the Ozan for- 
mation of Arkansas. The writer has never observed this 
species in the Ozan. 

Heterohelix semicostata (Cushman) 

Plate 98, fig. 21 

1938.   C,uen\belina seinicvstata Cushman, Contr. Cushman Lab. Foram. 
Res., vol. 14, p. 16, pi. 3, fig. 6. 

1946.   Guembeliua semicostata Cushman,  U.S. Geol. Sur., Prof. Paper, 
No. 206, p. 107. pi. 46, figs, la-lb. 2 (?), 3, 4 (?), 5. 

Remarks. — The holotype (Cushman Collection, 
USNM) of H. semicostata was examined and compared to 
the two rare specimens of this species encoimtered during 
the coinse of this survey. The figured specimen (PI. 98, fig. 
21) shows relatively heavy, widely spaced costae which 
occur along the side and peripheral margins of the test. 
These costae fail to be distinct in the microphotograph be- 
cause of their hyaline nature. They are easily observable, 
however, in reflected light with a stereoscopic microscope. 
H. semicostata seems somewhat related to species of Gub- 
lerina. Its septa, though widely spaced, are not so widely 
spaced as those of typical specimens of Gublerina. It may 
represent a transitional form linking Heterohelix with 

Gublerina. 

Range.—G. fornicata^stunrtiformis assemblage zone 

(inidifferentiated) . 

Occurrence.—In the jMCsent study the investigator has 
observed H. semicostata in the Mendez shale and in the 
"Neylandville" marl. Because this species is so rare, the de- 
tails of its precise stratigraphic occurrence are given herein 
as well as in a future paper dealing with the biostratigraphy. 
In the Mendez shale one specimen of H. semicostata was 
found to occur at MX 15 (see Appendix) , in the R. siib- 
circumnodifer subzone (R. subpennyi zonule). In the "Ney- 
landville" marl one specimen of H. semicostata was found 
at locality No. 52 of Cushman (1946, p. 3) in a fauna which 
is assignable to the G. elevata subzone (G. calcarata zonule). 

Cushman (1946, p. 107) noted H. semicostata in the 
Neylandville marl, the '■Ui)|jer Taylor marl," and in the 
"Lower Taylor marl." It would .seem then that H. semi- 

costata has a range zone which extends from near the base 
to the top of the G. fornicata—stuartijormis assemblage 
zone. Although it is distincti\e. it is probably too rare to 

be a "ood guicle fossil. 
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Heterohelix striata (Ehrenberg) 
Plate 78, figures 4, 5; Plate 88, figures 3-7; Plate 98, figure 16 
1840.   Ttsiularin   striata   Ehrenberg,   K.   I'rciiss.   Akad.   Wiss.   Berlin, 

(18.S8)   Abh., p. 135. pi. 4, figs. 1 alpha. 1 alpha prime, 2 alpha, 
3 alplia.  (not 9 alpha) . 

1899.   C.uemlH-lina striata   (Ehrenberg).  Eggcr.  K.  Raycr. .Akad. Wiss., 
Math.-natnrh..   Abt.,  Abh..   Kl.  2.   vol.   21.   p.   33.   pi.   14,   figs. 
37-.39: not ,5 7. 10, II. 

1946.   Cueiiibfliiia   striata    (Ehrenberg).   Cnshnian.   U.,S.   Geol.   Snr.. 
Prof. Pajjcr. No. 20(5. pp. 104. 10,5. pi. 45. figs. 4. 5. 

1953.   Pseudooucinlnliiia striata  (Ehrenberg) . Bronnimann and Brown. 
Contr. Cnshnian Eonnd. Eoram. Res., vol. 4. pt. 4. p.  154, text- 
fig. 6  (p. 151). 

1962.   Heterohelix  striata   (Ehrenberg) ,   Pcssagno.   Miciopaleont..   vol. 
8, No. 3, p. .358, pi. 1, fig. 5. 

1962.   Heterohelix    navarroensis    Loeblich.    Pessagno.    Micropaleont.. 
vol.  8,  No. 3,  p. 358.  pi.  1.  fig 4. 

1962.   Heti-rolirlix   striata    (Ehrenberg).   Berggien,   .Stoikhohn   Contr, 
(,eol,.  vol.  9.  No.   1.  pp.  21,  22.  pi.  6.  figs,   la-51). 

Remarks.—The taxonomic .status of H. slrinia (Ehren- 
berg) is in much the same uncertain state as that of H. 
globnJosa (Ehrenberg). The type specimens of H. striata 
like those of H. o^Iobii'osa came from a number of geo- 
graphic   localities   and   stratigraphic   horizons.   Ehrenberg 
(ibid., pi. 4) cited that his figured specimens were collected 
from   the  following localities:    (1)   "Puszkary"   in  Poland 
(=figs. 1 alpha and 1 alpha prime) ; (2) Jutland, Den- 
mark (=fig. 2 alpha) ; (3) "Insel Rugen" in Pommern, 
Germany (=fig. 3 alpha) . Figure 9 aljiha of Ehrenberg is 
probably referrable to Psciidotexttiliirin riegaiis (Rzehak) . 
According to Ellis and Me,ssina (Catalogue of Foramini- 
fera) the type sjiecimens of T. strialti like those of T. 
globiilosd are deposited in the Akademic W'issenschaften in 

Berlin. 
Figuie 2 al])ha and the corresponding s])ecimen are 

formally designated herein as the lectotype figure and the 
lectotype specimen of Textularia striata (Ehrenberg). Fur- 
thermore, the type locaHty of T. striata Ehrenberg is desig- 
nated herein as Kjolby Gaard, Jutland, Denmark, and the 
Kjolby Gaard marl is designated the type lithic unit (cf. 
Berggren, 1962, pi. 5). The specimens figured by Berggren 
(ibid. pi. 6 figs. Ia-5b) from the Kjolby Gaard marl can 
be regarded as topotypes of H. striata (Ehrenberg). If the 
specimen corresponding to Ehrenberg's figure 2 alpha is 
missing in the Ehrenberg Collection of the Akademie der 
Wissenschaften. Berlin, a neotype .shoidd be selected from 
the Danish locality cited above. Figures 1 alpha, 1 alpha 
prime, 3 al|3ha. and their corresponding specimens are desig- 
nated paralectotypes. 

Heterohelix striata is similar to Heterohelix globiilosn 
in terms ol (hamber shape and airangcment. It differs 
from H. globulosa by possessing well-developed medium 
costae which in ephebic specimens tover all but the last 
several tliambeis ol the test. .Sniallci iieanic specimens show 
costae on all ihambers. 

In 1953 Bronnimann ami Brown plated this species ii^ 
Fseiidogiiei/il)eli)ia on the basis ol I lie presence of accessory 
apeitures. As noted previously herein (p. 27) and by 
Gallitelli (1957, in Loeblich, et al., 1957, p. 139) such 
accessory apertures occur among a number of species of 
Heterohelix. Pseiidogitembelina (cf. Gallitelli. 1957, pp. 
139. MO) is differentiated from Heterohelix by its posses- 
sion of elongate, tubelike apertural flaps which extend 
down from and cover each tiny accessory aperture, Hetero- 
helix striata lacks such apertmal flaps even when it is well 
preserved. 

Range.—G. fornicata—stitnrtiforinis assemblage zone, 
A. blowi subzone, D. multieostata zonule to G. contiisa— 
stiiartiforinis subzone. A. inuyaroen.%is subzone. 

()eeiirretiee.—\n this stiitly H. striata (Ehrenberg) has 
been observed in the Mt'>nde/ shale ol Mexico; in the "Low- 
er Taylor marl," Pecan Ciap chalk, "Upper Taylor marl," 
Neylanclville marl, Lr]Json day, Clorsitana marl, and Kemp 
clay of Texas: and in the Brownstown marl. Ozan forma- 
tion, Saratoga chalk, and Arkalc|)hia marl of Arkansas. H. 
striata has also been observctl in ihc u|j])er-most part of 
the Austin chalk ["Hutchins ' chalk member of Dtirham 
(MS 1957) or Upper chalk of Dallas Geol. Soc] at Dallas, 
Texas. The upper five feet or more of the Austin chalk in 
this area were often reworked during Early Taylorian times 
and are a,ssignable to the G. fornirata—stitartifonnis assem- 
blage zone, A. blowi subzone, P. glabrata zonule. 

Pe.ssagno (1960. p. 91; 1962, p. 3,58) noted H. striata 

in the Parguera limestone. Cariblanto formation, and Rio 
Vauco formation in Puerto Rico. Bronniinann and Brown 
(1953, p. 151) noted H. striata in deposits of Late Maes- 
trichtian age (A. mayaroensis subzone) . Bronnimann and 
Rigassi (1963, pp. 201-280) noted numerous occurrences of 
this species in the Habana gioiip (Pre-Via Blanca beds, Via 
Blanca fonriation, and Pefiaher foimation)   of Cuba. 

H. striata is likewise connnon in tlie Campanian and 
Maestrichtian deposits of Eiir:isia and Africa. 

Heterohelix ultimatumida (White) 

1929.   Gnenilielina ultimatiunida \\hile,  Jonr.  Paleont., vol. 3, No.  1, 
p. 39. pi. 4 figs. 13a-b. 

1946.   Not   Guemtjetina   ultiiitnluinitla   White.   Cnshnian.   U.S.   Geol. 
Snr., Prof. Paper. No. 206, p. 107. pi. 46. figs, 6a-b. 7. 

1962.   Heterofielix    ultimatumida     (White).    Pessagno.    Micropaleont.. 
vol. 8, No. 3, p. 3.56, pi, .1. fig, 8. 

Remarks.—Heterolielix itlli/iialiimida (White) secnrs 
to be closely related to H. striata (Ehrenberg) . It differs 
from H. striata by the greatly inllated and enlarged nature 
ol the last two or thue (hambcis of the test. The test as a 
whole  is about  thiec (|u;nlcis :is wide as it  is long and  is 



(ill I CkKiACiKoi s KC)RA.MIMM;RA: PKS.SAGNC) 265 

co\eiccl by ^\xll-tle\eloped lucdiuni costae. The apcilurc is a 
low, lunate opening at the base of the last rhanibei. 

Neither of the forms figmed by Ciishnian (lOlfi, pi. 
16) appear to be assignable to H. uUiinatinnida. The form 
in figme 6 lacks the low, Imiale apertuie characteristic of 
this species. Its aperture is highly arihed ami narro^v. This 
form most likely is referable to Pscudn^iiciiibiliiia palpcbra 
Bronnimanir and Brown. Figure 7 of Cushman bares little 
or no resemblance to H. uUimatumida. 

The type locality of H. iiltiiiiatinnida is cited by ^\'hite 
(1929, p. 39; 1928, p. 182) as being "In an arroyo in Chap- 

acao, 5.5 kilometers north of Chijol station." According to 
Dr. John Imbrie (personal commmiication) the type speci- 
mens of G. iillimalumida White are missing from the White 
Collection at Cohnribia University. A neotype will have to 
be selected by future workers if the type specimen cannot be 
located. The writer has examined hypotypes from the type 
Mendez shale from near Mcnde/ Station. 

Range.—G. joruuata—stitarliforiuis assemblage zone- 
possibly higher. 

Orcf/rrrHrc'.—Mendez shale, Taylor formation. In 
I'ucrto Rico, the writer obser\ed H. ttltiinatinnidu in the 
Parguera limestone, R:o N'auco formation, and the Cari- 
blanco formation. 

Genus GUBLERINA Kikoine, 1948 

/»(///^n7,,s.—The diagnosis presented by Loeblidi anil 
Tappan (1961, pp. C65-1-C655) is followed herein. 

/?rt?2ge.—Upper Cretaceous. 
Type species.—Giiblcrinn rin'ilieri (^J'enlilril>rrlln 

oriiatissima Cushman and C^huidi, 1929). 

Gublerina decoratissima (de Klasz) 

l!tfi3.   I'ciililiihicllti diToiiilissiiiKi dc  RIas/, Cieol.  I^avavica, No.  17, p. 
228, pi   4. figs. 5a-b. 

I!)ri7.   C.ultlciiun  decoratissima   (dc   Klas/) ,   (iallilclli.   II..S.  Nat.   Miis. 
Bull.. No. 215. p.  l-tO. pi. 32. fig. 8. 

i?«?!gY'.—Uncertain. Occms in the G. hiiUnidrs assem- 

blage zone, M. concavtila subzone. 
Orr(nrY'?!fc.—Specimens of G. decoratissima were found 

at MX 110 (San Felipe formation, Peregrina Canyon; see 
Appendix) and at MX 157 (San Felipe formation, Boca 
Canyon; see Appendix). This species has not been observed 
at other localities during the course of this study. It was 
originally described by De Klasz from the lowermost part 
of the Bucheck beds of southeastern Germany from strata 
wliich  are of Santonian age. 

Gublerina glaessnerl Bronnimann and Brown 

19.")3.   i'-ttblfiina  ii^lacssiit'ii   Rionniniann   and   Brown,  (.onti.  Cushman 

Found. Foiam. Res., vol. 4, pt. 4. pp.  1,5,15, 156, text-figs.  I.Sa, b; 
I4ab. 

1957.   C.ublerina   glaessneri   Bronnimann   and   Brown,   Gallitclli,   U.S. 
Nat. Mus., Bull., No. 215, p. 141, pi. 32, fig. 7. 

Remarks.—The holotype of G. glaessneri was examined 
at the U.S. National Museimi during the course of this 
study. A specimen of G. glaessneri was found after the plates 
for this work were finished. Hence, G. glaessneri is not 
illustrated herein. 

Range and uccurrence.—To date this species has only 
been foiuid in the Gulf Coast area at the type locality of 
the Mendez shale (Mendez Station, MX 206; see Appendix). 
The fauna at this locality is assignable to the G. contusa— 
sliiartifnrmis assemblage zone, A. niayaroensis subzone. 
Bronnimann and Brown (1953, p. 150) originally de.scribed 
G. glaessneri from strata of the same age in Cuba. 

Gublerina robusta de Klasz, 1953 

Plate 75, figure 11 

1953.   C'ful>leii)ia acuta subsp. roliusla de Klasz. Geol. Bavarica, No. 17, 
p. 247, pi. 8, figs. 4a. b: 5a. b. 

1953.   Gublerina  hedbergi   Bronnimann  and   Brown.  Contr.  Cushman 
Found. Foram. Re^.. vol. 4. pt. 4, p. 155, text-figs. 11a, b; 12a, b. 

1957.   Gublerina acuta robusta de Klas/, fiallitelli. U.S. Nat. Mus., Bull., 
No. 215, p. 141, pi. 32, fig. 9. 

Remarks.—A paratype of G. acuta robusta de Klasz and 
the holotype of G. hedbergi, deposited at the U.S. National 
Museum, were examinetl during the cotnse of this study. 

Range.—G. fornicata—stuartiformis assemblage zone: 
G. elexinta subzone (G. caharata zonide) to G. contusa— 
stuartiformis assemblage zone, A. niayaroensis subzone. 

Occnrrencc.—ln this study G. robusta has been ob- 
ser\ed in the Mendez shale of Mexico and in the Corsicana 
marl of Texas. Bronnimann and Brown (1953, p. 150) 
noted G. robusta in strata assignable to the A. ntayaroensis 
subzone. Cuban occurrences of G. robusta are also noted 
by Bronnimann and Riga.ssi (1963, p. 250) in the Via 
Blanca formation,  Habana group. 

Genus PSEUDOGUEMBELINA Bronnimann and Brown, 1953 

Type species.—Guembelina exco'ata Cushman, 1926. 

Remarks.—Pseudogiiembelina, as noted by Gallitelli 
(1957, p. 139), differs from Heterohelix mainly by the pos- 

session of small secondary sutural supplementary apertures 
covered by elongate, tubelike apertinal flaps. Inasmuch as 
Heterohelix cominonly shows sutural supplementary aper- 
tures, it is only the possession of such distinctive apertural 
flaps  that separates Pseudoguembelina  from Heterohelix. 
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Loeblich and Tappan (19fi4, p. C656) failed to mention 
the possession of these flaps in their description of Pseudo- 
guembcUna in the Treatise of Invertebrate Paleontology. 

Pseudoguembelina e\ohed from Heterohelix during 
Late Campanian or Taylorian times. Pseudoguembelina cos- 

tulata (Cushman), the first species of this genus to occur, 
made its appearance in strata assignable to the G. elevata 
subzone (P. elegans zonule). It is likely that P. costulaia 
itself arose from a H. striata ancestor. By Middle Maestrich- 
tian times (G. gansseri subzone) , P. costulata gave rise to P. 
excolata (Cushman) and to P. palpebra Bronnimann and 

Brown. 

Range—G. fornicata—stuartiforinis assemblage zone. G. 

elevata subzone (P. elegans zonule) to G. contusa—stuarti- 

formis assemblage zone. A. mayaroensis Subzone. 

OfCHrrcHcc—Campanian—Maestrichtian North Amer- 

ica, West Indies, South America,  Eurasia, Africa. 

Pseudoguembelina costulata (Cushman) 

Plate 79, fig. 1; Plate 88, figs. 8-9; Plate 90, fig. 3 

1938.   Guembelina  costulaia   Cushman.  Contr.  Cusliiiian   I.ab.  Foram. 
Res., vol. 14. p.  16, pi. 3. figs. 7-9. 

1946.   Guembelina costulata Cushman, Cushman. U.S. Geol. Siir., Prof. 
Paper, No. 206, p. 108, pi. 46, tigs. lOa-b, 11. 12. 

1953.   Pseudoguembelina    costulata     (Cushman) ,     Bronnimann     and 
Brown," Contr. Cushman  Found. Foram.  Res., vol. 4, pt. 4, pp. 
153,  154,  text-fig. 5. 

1956. Pseudoguembelina costulata (Cushman) . Said and Kenawy, 
Micropaleont.. vol. 2, No. 2, p. 1.39. pi. 3. fig. 36. 

1957. Pseudoguembelina costulata (Cushman) , Gallitelli. I'.S. Nat. 
Mus., Bull., No. 215. p. 139, pi. 31, figs 21. 22. 

1959. Pseudoguembelina costulata (Cushman) , Ayala, Univ. Nacional 
AM. de Mexico, Instit. Geol., Paleont. Mexicana. No. 4. pp. 18, 
19, pi. 1, figs. 1-4. 

1960. Pseudoguembelina excolata (Cushman), Olsson, Jour. Paleont., 
vol. 34, No. 1, p. 28, pi. 4, fig. 11. 

1962. Pseudoguembelina costulata (Cushman) , Pessagno. Micropale- 
ont.. vol. 8. Xo. 3, p. 537. pi.  1, fig. 6. 

Remarks.—P. costulata differs from P. excolata by its 
narrower outline in side view and by possessing fine rather 

than massive costae. 

The holotype and paratypes of G. costulata Cushman 
were examined during the course of this study. Cushman's 
paratype slide (Cushman Coll. No. 31745, USNM) contains 
10 specimens. Of these 10 specimens, 9 are referrable to P. 
costuUita and 1 to Heterohelix striata  (Ehrenberg). 

Range.—G. for77icata-stuartiformis assemblage zone, G. 
elevata subzone (P. elegans zonule) to G. contusa—stuarti- 
f arm is assemblage zone, A. mayaroensis subzone. 

This species makes its first appearance at the base of 
the G. elevata subzone. Its first appearance serves as one 

criterion for separating the G. elevata subzone from the A. 

blowi subzone. 

Occurrence.—In the present study P. costulata has been 
observed in the Late Campanian and Maestrichtian portions 
of the Mendez shale of Mexico. In Texas it occurs in the 
"Upper Taylor marl" of Travis and Limestone Counties; 
the Neylandville marl of Delta County; the Corsicana marl 
of Travis and Navarro Counties: the Kemp clay of Travis 
and Falls County; and the Escondido formation of Maver- 
ick County. In southwestern Arkansas, P. costulata occurs 
in the Ozan formation; the Marlbrook marl; the Saratoga 
chalk; and the Arkadelphia marl. 

Cushman (1946, p. 108) noted P. costulata in the "Low- 
er Taylor marl" and Nacatoch sand of Texas; in the Ripley 
formation ot Tennessee; and in the Prairie Bluff chalk of 
Mississippi and Alabama. It should be noted that Cush- 
man's "Lower Taylor" locality No. 206 is cited by Bolli, et 
at. (1957, p. 268 expl. fig. 21) as being an "Upper Taylor" 
locality. The writer has never seen this species in the "Low- 
er Taylor" althougli the upper portion of this member of 
the Taylor formation may occur in the G. elevata subzone, 
P. elegans zonule. In Mexico, P. costulata does occur in the 

P. elegans zonide. 

Pessagno (1960, p, 91; 1962, pp. 355, 358) noted this 
species at numerous localities in the Parguera limestone and 
Rio Yauco formation of Puerto Rico. Bronnimann and 
Brown (1953, p. 150) noted P. costulata in the A. maya- 
roensis subzone of Cuba. Ayala (1959, pp. 4-7) recorded 
P. costulata from the Upper Cretaceous of Haiti at locali- 
ties C.P. 131, 135, 218, 263, 264, 273, 274. A number of 
these localities appear assignable to the G. elevata subzone, 

G. calcarata zonule. 

P. costulata is also known to occur in strata of Upper 
Campanian and Maestrichtian age in South America, Eur- 

asia, and Africa. 

Pseudoguembelina excolata (Cushman) 

Plate 68, figs. 4-5; Plate 90, fig. 5 

1926. Guembelina  excolata   Cushman,   Contr.   Cushman   I.ah.   Foram. 
Res., vol. 2, p. 20, pi. 2, fig. 9. 

1926    Textularia costata Carsey,  Univ. Texas  Bull.  2612.  p. 26, pi.  1. 
fig. 4. 

1927. Guembelina excolata Cushpian, Cushman,  )our. Paleont., vol. I, 
p. 157, pi. 28, fig. 13. 

1929.   Gtiembelina excolata Cushman. While. )(HII. Palconl.. Mil. 3, No. 
1. p. 34, pi. 4. fig. 7. 

1946.   Guembelina excolata Cushman. Cushman. U.S. Geol. .Sur., Prof. 
Paper, No. 206, pp. 108, 109, pi. 46, figs. I6a-b. 

1953.   Guembelina   excolata    (Cushman) ,   Hamilton.   Jour.   Paleont., 
vol. 27. No. 2, p. 234, pi. 30. fig. 11. 

1953.   Pseudoguembelina     excolata      (Cushman),     Bronnimann     and 
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Brown. Coiitr. Cushman Found. Forani. Res., vol. -1. pt. 4, p. 153, 
text-figs. 1-4. 

19.")7. Not Pseudof^uembelina excolnia (Cushman) . Gallitelli, I'.S. Nat. 
Mus., Bull..'No. 215. p.  139. pi. 23. fig. 23. 

1961, Pseudog,uc>iibeHna excolata (Cushman), Said and Kerdany, 
Micropaleont., vol. 7, No.  3, p.  332,  pi. 2,  fig.   II. 

1964. Not Pseudoguembelina excolata (Cushman) , Loeblich and Tap- 
pan, Treatise of Invert, Paleont., pt. C, Protista 2, vol. 2 p. C656, 
fig. 525: 5, 6. 

Remarks.—Pseudoguembelina excolata (Ciishiiiaii) is 
distinguished irom Pseudoguembelina costulala (Cushman) 
by its coarse costae and by its much broader test in side 
view. The holotype (Cushman Collection, USNM) , which 
was examined during the course of this study, is coarsely 
costate and is nearly as broad as it is long. P. excolata differs 
fronr P. palpebra Bronnimann and Brown by its more 
broadened or reniform and much less inflated chambers. 
Furthennore, whereas P. excolata has nearly flat or gently 
arched flaps covering sutural supplementary apertures, 
those of P. palpebra are strongly arched and form tubelike 
structines. 

The specimens figiued by Gallitelli (1957, pi. 31, fig. 
23) and by Loeblich and Tapjjan (1964, fig. 525: 5, 6) are 
assignable to P. palpebra rather than to P. excolata. 
The final chambers of these specimens appear to be in- 
flated and to be nearly as tall as wide in side view. Further- 
more, one form figtned by Loeblich and Tappan (1964, 
fig. 525: 6) shows highly archetl, tubelike flaps covering its 
sutural supplementary apertures. 

Range.—Cr. contusa—stuartijorniis assemblage zone: G. 
gansseri suh/one—A. mayaroensis subzone. 

Occurrence.—In the course of this work P. excolata has 
been foimd in the Mciule/ shale of Mexico and tiie Corsi- 
cana marl and Kemp clay of Texas. Cushman (1946, p. 
108) noted P. excolata in the Arkadelphia marl of south- 
western Arkansas. 

According to Cushman (1916, p. 104) the t)pe locality 
of this species is in the east bank of the Tamuin River, 5 
kilometers southeast of Guerrero (= Tamuin), San Luis 
Potosi, Mexico. This locality in the Meiidez shale occurs in 
close proximity to and directly along strike with a nmnber 
of localities of the writer whiih are assignable to the A. 
mayaroensis sidjzone. 

In Cuba Bronnimann and Brown (1953, p. 150) noted 
P. excolata in strata which contain a faima assignable to the 
A. mayaroensis subzone. Bronnimann and Rigassi (1963, 
\)p. 223-280) noted P. excolata in the Campanian to Middle 
Maestrichtian Via Blanca formation and in the Upper 
Maestrichtian Pefialver formation of the Habana group. 

P.  excolata  is well known  in  the  LIpper Cretaceous 
(Maestrichtian)   strata of Eurasia and Africa. 

Pseudoguembelina palpebra Bronnimann and Brown 

Plate 78, figs. 1-3; Plate 89, figs. 3-4 

1953. Pseudoguembelina palpebra Bronnimann and Brown. Contr. 
Cushman Found. Foram. Res., vol. 4, pt. 4, p. 155, text-figs. 
9a-b;  lOab. 

1957.   Pseudoguembelina   excolala    (Cushman) ,   Gallitelli,    I'.S.   Nat. 
Mus., Bull., No. 215, p. 139, pi. 23, fig. 23. 

1959.   Pseudoguembelina   cornuta.   .Seiglie,   .\ssoc.   Mex.   Geol.   Petrol., 
Bol., vol. II. pp. 60. 61. pi. 4, figs, lab; 2ab; 3a-b; 4a-b: 5a-b; 
6:  7. 

1964.   Pseudoguembelina excolata   (Cushman) , Loeblich  and Tappan, 
Treatise of Invert. Paleont., pt. C, Protista 2, vol. 2 p. C656, fig. 
525: 5, 6. 

Remarks.—As previously noted P. palpebra differs from 
P. excolata by (1) possessing inflated chambers which are 
nearly as wide as high in side view and (2) having sutural 
supplementary apertures which are covered by highly 
arched, tubelike apertural flaps. Furthermore, the final 
chamber of some specimens is laterally compressed (cf. 
Bronnimann and Brown, 1953, text-fig. 10). Like P. exco- 

lata, P. palpebra possesses coarse to mediimi costae. The 
tubelike character of the apertural flaps is illustrated by 
Bronnimann and Brown (1953, text-figs. 9-10) and by Loeb- 
lich and Tappan  (1964, fig. 525: 6). 

The writer can see little if any difference between the 
forms illustrated by Bronnimann and Brown (ibid.) as 
P. palpebra and the forms illustrated by .Seiglie (1959, pi. 
4, figs. 1-7)  as P. cornuta. 

The holotype and paratypes (USNM) of P. palpebra 

Bronnimann and Brown were examined during the course 
of this study. 

Range.—G. contusa—stuartiformis assemblage zone: G. 
gansseri subzone—^. mayaroensis subzone. 

Occurrence.—H. palpebra has been found in the upper 
part of the Mendez shale of Mexico: the Corsicana marl 
and Kemp clay of Texas; and the Arkadelphia marl of 
Arkansas dining the course of this study (Text-figure 2). 

Bronnimann and Brown (1953, ibid.) originally de- 
sciibed this species from the Upper ^Llestrichtian (A. 
mayaroensis subzone)  of Cidja. 

Genus PSEUDOTEXTULARIA Rzehak, 1891 

Type species.—Cuneolina elegans Rzehak,  1891. 

Remarks.—The diagnoses presented by Gallitelli (1957, 
p. 138) and by Loeblich and Tappan (1964. p. C656) are 

followed herein. 

i?fl;!gc.—Campanian—Maestrichtian. 

Occurrence.—Woild-wkle. 
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Pseudotextularia elegans (Rzehak) 

Plate 75, figs. 12-17; Plate 85, figs. 10, 11: Plate 88, figs. 14-16: 
Plate 89, figs. 10-11; Plate 97, fig. 18: Plate 98, figs. 19, 20 

1891.   CuueoHna elegans Rzehak. Natinliisi. Hoiiiius. Ann., Wieii, vol. 
r>. No. 1, p. 2. 

1895.   Pseudotextularia    varians    Rzehak.    Naluiiiist.    Hofimis,    Ann. 
Wien. vol. 10, pt. 2, p. 217, pi. 7, figs, lab  (letlotype) ; not figs. 
2, 3. 

1929.   Guembelina elegans   (Rzehak). While. Jour. I'aleont., \o\. 3, No. 
1, pp. 34, 35, pi. 4, fig. 8. 

1937.   Guembelina plummerae Loetlerle,  Nebraska  Gcol. Siir., ser. 2, 
No. 12, p. 33, pi. 5, figs. 1-2. 

1946.   Guembelina   plummerae   Loettcrlc,   Cushman,   U.S.   Gcol.   Siir.. 
Prof. Paper, No. 206, p. 104, pi. 45, tigs. 1-3. 

1950.   Guembelina   plummerae   Loettcrlc,   Cushman.   LI.S.   t:eoI.   Sur.. 
Prof. Paper, No. 22I-A, p. 7, pi. 3, figs. 21, 22. 

1953.   Guembelina plummerae Loetterle, Hamilton, [our. I'aleont., vol. 
27, No. 2, p. 234, pi. 30, fig. 30. 

1956. Bronnimannella plummerae (Loettcrlc) . C.allitclli, Conlr. Cush- 
man Found. Foram. Res., vol. 7, pt. 2. p. 35, pi. 7, figs. 1, 2. 

1957. Pseudotextularia elegans (Rzehak), Gallitclli, U.S. Nat. Mus., 
Bull., No. 215, p. 138, pi. 33, figs. 6a-c. 

1959. Pseudotextularia elongata Seiglie. Assoc. Mcx. Gcol. Petrol: 
Bol., vol. 11, pp. 58, 59, pi. 1, figs. 2a-b; 4a-b: pi. 2, figs, lab; 
2a-b; 4a-b; 6a-b; pi. 3, figs,  lab; text-fig. 4. 

1959. Pseudotextularia elegans (Rzehak). Seiglie, Assoc. Mcx. Gcol. 
Petr., Bol., vol. 11, pp. 55. 56, pi. 1, figs, lab: 3a-b; text-fig. 4. 

1960. Not Pseudotextularia elegans (Rzehak) , Olsson, Jour. Paleont., 
vol. 34, No. 1, p. 28, pi. 4" tigs. 9, 10. 

1962.   Pseudotextularia   elegans     (Rzehak),    Pcssagno,    Micropaleont., 
vol. 1, No. 3, p. 356, pi. I, figs. 7, 9. 

1964.   Pseudotextularia    elegans     (Rzehak),    Loeblich    and    Tappan, 
Treatise on  Invert.  Paleont..  pt.  f:,  Protista  2,  vol.  2, p.  C656, 
fig. 525: 7a-c. 

Remarks.—P. cicgatis (R/eh;ik) cliHcis Iroiii P. tlcjormis 
(Kikoiiie) : (1) by possessing iiietliiim cost;ie which are 
closer together rather than coarse cost;ie whicli are widely 
separated; (2) by having highly arched rather th;tii jjhmi- 
form septal partitions in peiipher;d section (cl. PI. 97, 
figs. 17, 18); (3) by having tliinncr test walls; (1) by 
having a test which is lobidated in ])eriplicr;d \iew; (5) 
by h;i\ ing ch;nnbers which gr;tdii;ill) increase in size periph- 
erally and which are sometimes nearly as t;ill as they are 
wide; and (6) by having a lowly arched, nearly slitlike 
primary aperture. 

The writer has found that there is little significant 
dilference between the lectotype of P. elegans (Rzehak) (P. 
varians Rzehak figs, la-b) and the figured types of P. elon- 
gata Seiglie. Hence, P. elongata Seiglie is regarded as a 
junior synonym of P. elegans  (Rzeh;ik) . 

In this paper a narrower form (in |)eripher;il view) 
which corresponds to the lectotype ol P. elegans is c;illed P. 

elegans s.s. The wider, more robust form, figured by Loet- 
terle (1937), Cushman (1946), Gallitelli (1956), and Loeb- 
lich, et al., (1957) is referred to herein ;is P. elegans s.l. Al- 
though the difierences in form between P. elegans s.s. and 

P. elegans s.l. ;ne app;iient. numerous gi.id.itions exist be- 
tween these two extreme end members. In ;iddition P. ele- 
gans s.s. ;tnd P. elegans s.l. ha\e nearly the same stratigraphic 
range. Hence, in this paper these two forms are regarded 
as variants of the same species. Future studies of P. elegans 

s.s. and s.l. shoidd stress the form analysis of sectioned speci- 
mens. Measinements from such a form analysis sttidy might 
be critical in the separation of these variants. 

P. elegans probably evolved from a Heterohelix striata 
(Ehrenberg) stock during Early C;imp;mi;in or Taylorian 
times. 

Range.—G. [orninita—sltiartifortnis assenibhige zone, A. 

bloiui suhzone (D. iniillieostata zonule)—G. contusa—stuar- 

tiformis asseiriblage zone, G. gansseri subzone; possibly A. 
tnayaroensis subzone. P. elegans is rare in the G. contusa— 
stuarlifonnis assemblage zone in the Western Hemisphere. 
Many of the European references referring to an abimdance 
of P. elegans in the G. contusa—sluartijorinis assemblage 
zone shoidd be rechecked. It is likely that P. elegans may 
have been confused with P. defoiinis (Kikoine) by many 
workers. 

Occitrrence.—h\ the present study P. elegans h;is been 
noted in the Mendez shale of Mexico; the "Lower Taylor 
marl," "Upper Taylor marl," Upson clay, Neylandville 
m;irl, ;ind Coisit;m;t m:irl of Tex;is; ;ind the Brownstown 
mini ;ind Ark:Klcl|)lii:i  ni;irl of Arkansas. 

In iiddition to the units mentioned :ibove, Ctrshm;in 
(1946, p. 101) noted P. elegans luuler the name of G. piiim- 
inerae Loetteile in the Austin chalk (luidifferentiated) , 
Burditt marl, Wolfe City sand. Pecan Gap chalk, and 
Annona chalk of Texas, and in the Selma chalk of Missis- 
sippi and Alabama. It is likely that Cushman's references 
to Austinian occurrences of this species in Texas either 
represent upjjer Austin localities showing Taylorian re- 
working (cf. Text-fig. 2, Dallas area) or erroneous identi- 
fications of P. elegans. The present investigator has never 
seen P. clesans in his numerous Coniacian aird S;intoni:tn 

samples from the Austin chalk. 

P. elegans is known fiom the Niobrara th;ilk of K;uisas 
and Nebra'ska (cf. Loetterle, 1937). Cushman (1946, p. 104) 
also noted th;it it occurs subsurface in the Selma chalk ol 

Florida. 

Pessagno (1960, p. 95;- 1962, p. 356, pi. 1, figs. 7, 9) 
noted P. elegajis in the Parguera limestone, Cariblanco 
formation, Rio Yauco formation, and the Rio Blanco form:i- 
tion of Puerto Rico. Seigle (1959, pp. 55, 56; 58, 59) noted 
this species in the Campanian and Maestrichtian of Cuba. 

P. elegans is well known throughout the Campanian 
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and Maestiichliiui ot South America, Eurasia, African, and 
the mid-Pacific guyot area. From its geographic occurrences 
P. elegans seems to be both a good Boreal and Tethyan 
gidde fossil. 

Pseudotextularia deformis (Kikoine) 

Plate 90, figures 16:  Plate 92, figures 19-21; Plate 97, figures 
16, 17; Plate 98, figures 15, 17, 18 

\K6.   l'srud(>ti\liii(iri<i sp. ii I'liinuiicr.  fiiiv. Texas  Bull. 'IMi, p. 35, 
pl. 2, fig. 1. 

1948.   Ciueinbelina   siriala    (Ehrenbcrg)    var.   (lefoniiis   Kikoine,   Soc. 
Gcol. Fiance, Bull., ser. 5, vol. 18, p. 20, pi. 1, figs. Sac. 

lOfiS.   Psfudolcxtnlaria   elegans   Rzehak   cf.   var.   deformis    (Kikoine) , 
de Klasz. Geol. Bavarica. No. 17, pp. 232, 233, pi. 5, fig. 3a-b. 

1959.   Pscudotfxiularia bronnimanni Seiglie. Assoc. Mex. Geol. Petrol., 
Bol., vol. 12, pp. 57, 58, pi. I, figs. .5a- 5b; fia. 6b; 7a. 7b; 8a. 8b: 
text-fig.  4. 

19()(t.   Pseudotextularia  elegans   (R/eliak) . Olsson,   |our.  I'alcont..  vol. 
34, No. I, p. 28, pi. i, figs. 9, 10. 

Description.—Tesi biserial, covered by widely spaced, 
coarse costae; apical portion sh;ir|)ly pointed ;nid constrit ted 
in well-preserved specimens. Pointed apical portion often 
followed closely by sudden expansion of chambers in width. 
Chambers, as seen in peripheral view, expanding slowly in 
width after the initial expansion at early stage of de\elop- 
ment; last several chambers sometimes not so wide as preced- 
ing chambers. Final chamber ofteit offset from biserial 
;nrangement, occupying a central jjosition. Test outline not 
lobiihite in either side or peripheral view; ellipsoidal in 
shape in side view. Sutures depressed, straight to gently 
arched in peripheral \iew; depressed, slightly cinved in side 
\iew. Peripheral sections of oriented free specimens show- 
ing phutiform or platform-like septal partitions. Aperture 
highly arched opening at base of final chamber. Outer test 
wall thick, bilamellar. radial hyaline perforate; septal 
partitions micrograntdar hyaline perforate; costae idtra- 
granidar hyaline imperforate. 

Remarks.—P. deformis (Kikoine) differs from P. elc- 
ij;iiiis (Rzehak) ; (1) by possessing coarser, more widely 
sjjaced costae (cf. PI. 97. fig. Ki) ; {-) by having nearly 
planiform rather than highly arched septal partitions when 
seen in peripheral section (cf. Plate 97. figs. 17, 18; PI. 98, 
figs. 15. 20) ; (3) by having thicker test walls; (4) by having 
a test which is usually not so highly lobidated in peripheral 
\ iew and which often assumes an ellipsoidal sha])e in side 
\iew; (5) by having chambers in peripher:d \iew which 
increase more ra])idly in width at an earlier stage of develop- 
ment and which are about 12 as tall as they are wide; 
and  (6)  by having a more highly arched primary apertine. 

Smaller or well-])re.ser\ed tests of /'. dcjoruiis from the 
Kemjj clay frecjuenth show ;i pointed, fragile apic;tl poition. 

I'his IS usually broken off in less well-preserved material or 
on tests of ephebic or geiontic individuals. P. bronuiiuaiitii 
Seiglie (1959) is considered a junior synonym of P. defor- 
mis   (Kikoine) . 

Ravgr.-G. conliisa-sluartiformis assemblage zone; G. 
gdiisscri to A. maynroensis subzone. This species is an im- 
portant guide fossil in strata of Middle to Late Maestrich- 
tian age throughout the Western Hemisphere. It is dis- 
tinctive and abundant in strata of this age. 

Occurrence.—In the present study P. deformis has been 
ioinid in the Mendez shale and Papagallos shale of Mexico; 
the Corsicana marl and the Kemp chi) of Texas; and the 
Arkadelphia marl of Arkansas. Seiglie (1959, p. 57) re- 
(orded this form from Cidja under the name of P. bronni- 

in/Dini in strata containing faimal assemblages assignable to 
(he C;. gansseri sidjzone and the A. mayaroensis subzone. In 
the TamjMco area of Mexico the writer observed P. de- 
forinis in Mende/ shale strata containing A. mayaroensis 
(Holli) , f;. sliiarti (de Lapparent) s.s., G. conica White, 
Rdcetniguembelinci frticlicosa (Egger) and other species 
diagnostic of the A. mayaroensis subzone. In Trinidad the 
wi iter has observed P. deformis in samples gi\en to him by 
H. Bolli from the same stratigraphic horizon in the 
Ciuayaguayare formation. It is also known from the Mae- 
strichtian of Bavaria and France. 

Pseudotextularia  intermedia de Klasz 

Plate 86, fig. 11 

1953.    Psetidolextularia  intermedin  de   Klas/,  (,eol.   Bavarica,  No    17 
p. 231, pi. 5, figs. 2a-2c. 

Remarks.—Pseudotextularia intermedia de Klasz is 
closely related to Pseudotextularia elegans (Rzehak). It 
differs only from the latter species in that it shows the 
formation of se\eral small chambers which tend to crown 
the biserial test and lie outside of the usual biserial arrange- 
ment of the earlier chambers. Seiglie (1959, p. 53) believed 
that P. intermedia represents an intermediate species be- 
tween P. elegans (Rzehak) and Raceiniguembelina fruc- 

ticosa (Egger) . However, the writer feels certain that R. 

fructicosa is derived from a P. deformis (Kikoine)  ancestor. 

/f«7jgf.—Uncertain. Probably G. jornicata-stuartifor- 
mis assemblage zone, R. subcircumnodifer subzone to G. 
contusa—stuarliformis assendjlage zone. A. mayaroensis stdj- 
zone. 

Occurrence.—\x\ this study P. intermedia has been foimd 
only at a single locality (MX 78, see Appendix) in the 
Menile/  shale.   Here   it   is  associated   with   .-ibathompalus 
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mayarorusis (Bolli) , Glubuirumana iltitirli (de Lappar- 
ent) S.S., G. conica (White) as well as a few elements which 
seem to suggest reworking of Mendez strata assignable to 
the G. jornicata—stuartijormis assemblage zone. 

De Klasz (1953, p. 231) originally described P. inter- 
media from the Maestrichtian of Upper Bavaria in south- 
eastern Germany. He noted that it ocdus in beds above the 

"Globotriincana calcamta Zone". 

Genus RACEMIGUEMBELINA Gallitelli,  1957 

Type species—GuembeUna fructicnsa Egger, 1900 
Remarks.-The diagnoses of Gallitelli (1957, p. 142) 

and of Loeblich and Tappan (1964, p. CM6) are followed 

herein. 
Seiglie (1959, pp. 52-54) incluiled Raeeinigueinbelina 

in Pseudotextularia in his redefinition of the latter genus. 
Finthermore, Seiglie maintainetl that P. elougcita Seiglie 
(= a junior synonym of P. elegans (Rzehak) , P. echevnrriai 

Seiglie, and P. intermedia de Klasz occasionally show rare 
additional chambers suggestive of a midtiserial arrange- 

ment. 
The present investigator feels that such transitional 

forms are expectable in nature and simply support the thesis 
that Racemiguembelina evolved from a Pseudotextularia 

stock (Text-figure 7). Racemiguembelina, as defined by 
Gallitelli (ibid.) and by Loeblich and Tappan (ibid.) is 
morphologically distinct from Pseudotextularia as defined 
by the same authors. Furthermore, its radically different 
stratigraphic range argues for its existence as a distinct 

taxon. 
Rans,e.—G. cnntusa—sluurliforniis assemblage zone; 

Upper portion of G. gausseri sub/one to A. mayaroensis 

subzone. 
Ocn/rrf?!rc.—Maestrichtian of North America, West 

Indies, South America, Eurasia, and Africa. Boreal and 
Tethyan faunal provinces. 

Racemiguembelina fructicosa (Egger) 

Plate 90, figs. 14, 15 

1895.   Pseudotextularia variatu Rzeliak, Nalurli., Hofnuis. Ann., Wien. 
Ostereich. vol. 10, pt. 2, p. 217, pi. 7, figs. 2. 3   (not figs, la, b). 

1900     (1899)   GuembeUna   fiucticusa   Egger.   K.   Bayer.   Akad.   Wlss. 
Mnnchen,  Math.-Phys. C:l.. Bd. 21   (1902), Abt.  1   (1899). p. 35, 
pi. 14. figs. 8, 9; 24   (not figs. 25, 26) . 

1929.   Pseudotextularia variajts  Rzehak,  White. Jour.  I'aleonl.,  \ol.  3. 
No. 1, p. 40. pi. 4, figs. 15a. b. 

1929.   Pseudotextularia I'ariaiis var. meiidezctisis While.  )oLn. I'aleont., 
vol. 3, No. 1, p. 41, pi. 4, figs. IGa, b. 

1936.   Pseudotextularia elegans   (Rzehak)   var. varians Rzehak. Glaess- 
ner, Probl. Pal., Moscow Univ. Lab. Pal., vol. I, p. 101, pi. 1, figs. 
3-5, text fig. Ic,   (Fide Berggren,  1962) . 

1946.   Pseudotextularia varians Rzehak. Cnshinan. I'.S. (.eol. Sin.. Prof. 

Paper, No. 206,  p.   110,  pi. 47, figs. 4a.  I);  6;  7a,  b:  9a,  b   (not 
5a, b; 8a, b) . 

1950.   Pseudotextularia   I'arians   Rzehak,   Cushman,   II..S.   Geol.   Sin., 
Prof. Paper, No. 221-A. p. 8, pi. 3, fig. 26. 

1955. Pseudotextularia   elegans    (Rzehak) ,   Bettenstaedt   and   Wicher 
(part) ,  Fourth World  Petrol. Congr.. Proc., sett.  I/D,  Paper 5, 
p. 510. fig. 6   (left).   (Fide Berggren,  1962) . 

1956. Pst'udolrxlularia elegans (Rzehak), Hofker, Palaent.. Zeit., Bd. 
30, p. 77, fig. 78.   (Fide Berggren.  1962) . 

1957. Pseudotextularia varians (elegans) Rzehak, Hofker (part) , 
Beih. Geol. Jalnb., H. 27, p. 424, tc.Kl-figs. ah; j-m; not i. 
(Fide Berggren,  1962), 

1957.   Raeeminuenibelina fructicosa   (Egger), Gallitelli, U..S. Nat. Miis., 
Bnll., No. 215, p. 142, pi. 32, figs. 14a-15b. 

1959.   Pseudotextularia  varians  Rzehak,  Liszkowa,  Instnt.  Geol..  Bull. 
131, p. 66, pi. 5, figs. 4a-6b.   (Fide Berggren, 1963) . 

1959.   Pseudotextularia fructicosa   (Egger) ,  Sieglie^  Assoc,   Mex.  Geol. 
Petrol., Bob. vol. 11, p. 56, pi. 2, figs. 3a, b; 5a. b. 

1959.   Raet'inigucinbelina fructicosa   (Egger). Olvera, Tesis Profesional, 
laiiv.   National   .\ut.   de   Mexico,   Facultad   de   Ciencias^   Dept. 
Biol., i)p. 16, 17, pi. 2, figs. 5-7, 11. 

1961.   Haceniigiieinbelina fructicosa   (Egger), Said and Kerdany, Micro- 
paleoni', vol. 7, No. 3, p. 334, pi. 2, fig. 17. 

19()2.   Pseuilotexluliiria   (Racemiguembelina)   fructicosa   (Egger) , Berg- 
gren, Slotkholm Contr. Geol., vol. 9, No. 1, pp. 22-24, pi. 6, figs. 
(ia-b. 

1964.   Raeeiniguembelinn   fructicosa    (Egger) ,   Loeblich   and   Tappan, 
Treatise of Invert. Palcont.   Pt. C^. Protista 2   vol. 2, p. C656, tig. 
525:   Sab. 

Remarks.-The specimen figured by Egger (1895) in 
figures 8 and 9 is designated the lectotype of GuembeUna 
fructicosa Egger. The depository of Egger's specimens is un- 
known (cf. Ellis and Messina, Catalogue of Foraminifera). 
If Egger's types cannot be located in the near future, it is 
suggestcti ihat a ncotype be selected from European ma- 
terial. 

RiKcmigueiiibelinii friicliiosa is one of the most dis- 

lincti\e and iiupDiiant guide fossils in tiie Upper Creta- 
ceous. 1 lie (oarseness and widely spaced nature of the costae 
and the conical nadiie of the test suggest that this species 
evolved frcjm a Pseudotextularia dcjormis (Kikoine) an- 
cestor. Transitional forms ha\e been noted by the writer in 
the Mcnclc/ shale of Mexico. Pseudotextularia elegans 
(Rzehak) lias finer costae aitd a much more lobulated test 

wiien seen in ])eripheial view. In addition it is usually rare 
in strata assignable to the upper portion of the G. gansscri 

stibzone whereas P. dejormis (Kikoine) is often profusely 
abimdant. It is not likely that R. fructicosa would evolve 
from a species which was near extiirction and had a greatly 
reduced breeding poptilation. 

Range—G. contusa—stuarliformis assemblage zone: 
upper part of the G. ganss/eri subzone to A. mayaroensis 

subzone. 
Occiirren((—\n Mexico Racemiguembelina fructicosa 

has been found during the course of this study in the Men- 
dez shale at numerous localities in the A. mayaroensis sub- 
zone and at one locality in the Papagallos shale near the 
top of the G. gansscri subzone. In Texas it has been found 
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only in the Kcniij il.n. (.allitelli, (1957. pi. 32) figured a 
specimen from a Coisiiana mail localit). Other workers 
such as .Stephenson (1941. pp. 14-23; text-fig. 8) assigned 

this same locality to the Kem]} clay. 
Seiglie (1959, p. 5(i) noted R. fructicosa in the Maestri- 

chtian of Cuba and the writer has seen 7?. fructicosa in the 
Upper Maestrichtian (A. iiKiyarorusis subzone) jjortion of 
the Giiayaguayare formation of Trinidad. Berggren (1962, 
pp. 23, 24) noted K. fnniicosa from the White chalk of 

Jutland, Denmark. 
Its rather wide geographic distribution suggests that R. 

fructicosa is both a Boreal and a Tethyan Maestrichtian 

species. 

Genus PLANOGLOBULINA Cushman, 1927 

Type species—Gueinbrlina acemulinoides Egger, 1899. 
Remarks—The diagno.ses of Gallitelli (1957, pp. 141, 

142) and Loeblich and Tappan (1964, p. C65,5-6,56) are 

followed herein. 
7?a?;gc.—Uncertain. Rotalipora assemblage zone (?) . G. 

huUoides assemblage zone to G. contusa-stuartiforniis as- 
semblage zone. As already noted, one specimen of Phnioglo- 
bulina sp. was included by Cushman (1938) as a paratype 
of Hetcrolielix niorcmani (Cushman) . Cushman's type 
came from the Eagle Ford group (cf. Text-figure 2). 

Occurrence.—North America, West Indies, .South 
.\merica. North Africa, and Eurasia. 

Planoglobulina acervulinoides (Egger) 

Plate 87, fig. 14 

lH9it.   l.iifniliclina acervniiuoides Egger, K. Baver. .\kad. Wiss., Math.— 
Naturh. .\bt., Abh., Kl. 2, vol. 21, p. 36, pi. 14, figs. 17, 18, 20-22 
(fig. 20 = lectotype). 

1927.   Not    Planoglolmlina   acervulinoides    (Egger),    Cushman,   Jour. 
Paleont., vol. 1, p.  1.58, pi. 27, fig. 5. 

ni29.   Not     Planoglobulina    aienntlinoides     (Egger) ,     While,    Jour. 
Paleont.. vol. 3. No. 1. p. 33, pi. 4, fig. 6. 

l!M(i.   Planoahibulina acervulinoides  (Egger), Cushman, t'.S. Cool. .Sur.. 
Prof. Paper, No. 206, p. 111. pi. 47, figs. 12a, b, 13a, b. ? 15a, b; 
not 14a, b, 

1950.   Planoglobulina   acervulinoides    (Egger),   Cushman,   U.S.   Ceol. 
•Sur., Prof. Paper, No. 221A. p. 8. pi. 3. fig. 27. 

1956.   Planoglobulina acervulinoides   (Egger) , Saicf and Kenawv, Micro- 
paleont., vol. 2, No. 2, p.  140, pi. 3, fig. 45. 

1956.    J'enlilabrella eggeri glabrala Cushman, .Said and Keiiauv. Micro 
paleont., vol. 2,'^No. 2, p. 140, pi. 3, fig. 46. 

]95(i.   J'enlilabrella eggeri Cushman, .Said and Kenawv   Micropaleont. 
\ol. 2, No. 2, p. 140, pi. 3, fig. 38. 

1960. Not Planoglobitlina acervulinoides (Egger), Olsson, Jour. Pale- 
ont., vol. 34, No. 1, pp. 28, 29, pi. 4, lig. 12. 

1961. Planoglobulina acervulinoides (Egger), Said and Kerdany, 
Micropaleont., vol. 7, No. 3, p. 334, pi. 2, fig. 15. 

1964. Planoglobulina acervulinoides (Egger), Loeblich and Tappan 
Treatise on Invert. Paleont., pt. C, Protista 2, vol. 2 pp C655' 
656, fig. 525: 4. 

1964. Planoglobulina acervulinoides (Egger) , .Said and .Sabrv Micro- 
paleont., vol.   10, No. 3, p. ,394, pi. 3,  fig. 30. 

Remarks.—Planoglobulina acervulinoides (Egger) 
seems to be closely related to Planoglobulina carseyae 
(Plummer). It is likely that it evolved from P. carseyae 

as transitional forms are common. It differs from P. glabrata 
(Cushman) by having a thicker test with fewer and larger 
chambers. 

The specimens figured by Cushman (1927) and by 
White (1929) from the Mendez shale as P. acervulinoides 
are assignable to P. inulticatnerata de Klasz. Specimens fig- 
ured by Said and Kenawy (1956) from the Maestrichtian of 
Egypt as Ventilabrella eggeri glabrata Cirshman and Venti- 
labrella eggeri Cushman are both assignable to P. acervu- 

linoides. These specimens are little different morpho- 
logically from the specimen figiued by Said and Kenawy 
(1956) as P. acervulinoides. In addition all of these speci- 
mens are from the same locality (No. 6) . In 1960 Olsson 
figured P. acen'ulinoides from the Red Bank formation of 
New Jersey. His form appears to be P. glabrata (Cushman). 
Olsson (ibid., pp. 28, 29) indicated that his specimens are 
compressed laterally. This is a characteristic feature of P. 

glabrata. In addition, his figured specimen shows the 
smaller, more nimierous chambers and flabelliform shape 
characteristic of P. glabrata. It is similar to those figured 
from the Lower Taylor marl in this report. 

Range.—G. cojitusa—stuartiformis assemblage zone, G. 
gansseri subzone   (upper part)   to A. mayaroensis subzone. 

Occurrence.—P. acervulinoides occurs in the Late 
Maestrichtian portion of the Mendez shale in the Tampico 
Area of Mexico. It is also known from Middle Maestrich- 
tian Papagallos shale strata (uppermost part of G. gansseri 

subzone) north of Mamulicpie Pass along the Mexico, D.F. 
—Nuevo Laredo Highway. In Texas P. acervulinoides oc- 
curs only in the uppermost part of the Kemp clay in Falls 
Coiuity. It is also known from the Arkadelphia marl of 
Arkansas. Outside of the Western Hemisphere, this species 
is known from the .Maestrichtian of Europe and Africa. 

Planoglobulina carseyae (Plummer) 

Plate 87, figs. 10. 15, 16 

1931.   Ventilabrella carseyae Plummer, Ihiiv, Texas Bidl. 3101, p.  178, 
pi. 9, figs. 7-9. 

1936.   I entilabrella carseyae Phuiimer,  Jennings,  Bid). Amer. Paleont., 
vol. 23, No. 78, p. 28, pi. 3, figs. 13a, b. 

1938.   I'enlilabrella carseyae Plummer, Cushman. Contr. Cuslimau l.ab. 
Foram. Res., vol. 14, p. 26, pi. 4, figs. 20-24. 

1938.   I'enlilabrella carseyae Plummer, Cole, Florida Dept. Cons., Geol. 
Bull., No.  16, p. 34, pi. 3, figs. 7, 8. 

1941.    I'enlilabrella carseyae Plummer, Cushman and Hedberg, Contr., 
Cushman Lab. Foram. Res., vol. 17, p. 93, pi. 22, figs. 18a, b. 

1943.   I'enlilabrella   carseyae   Plummer.   Cushman   and   Todd.   Conlr. 
Cushman Lab. Foram. Res., vol. 19, p. 65, pi.  11, fig. 18. 

1946.   I'enlilabrella carseyae Plummer, Cushman, U.S. CJeol. Sur., Prof. 
Paper, No. 206, p. 112, pi. 48, figs. la, b, 5a, b. 
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1953. Ventilabrelta carseyae PUimniei-, Kocblicli, C.onti. Cushman 
Found. Foiam. Res., vol. 2, No. 3, p. 109, pi. 12, figs. 6-8. 

1957. Planoglobulina carseyae (I'lummei). (iallitelli, U..S. Nat. Mus., 
BU1I.,"NO. 215, pi. 32, fig. 13. 

1960. Planoglobulina carseyae (Pliimmcr) . Olssoii, Jour. I'aleont., vol. 
34  No. 1, p. 29, pi. 4, fig. 13. 

Kciiiarks.—The writer has exaniined Plunimer's types 
(Nos. 20808-10) at the Paleontological Research Institution. 
Ithata, New York. The holotype (Phnnmer, figs. 8a, b) is 
imquestionably assignable to Planoglobulina. The paratypes 
represent the Heterohelix and Planoglobulinii stages of de- 
velopment. At present, P. carseyae (Plmnnier) is regarded 
as a valid species. However, it should be borne in mind that 
Plummer's holotype coidd be regarded as an immature 
form of P. acervulitioides (Egger). There is little doubt that 
P. carseyae and P. acervulinoides are closely related. Transi- 
tional forms are common. Future workers may wish to re- 
gard P. carseyae as a jiuiior synonym of P. acervulinoides 

and place the Heterohelix stage of P. carseyae in a new 
species. 

Range.—G. contusa—stuartiforinis assemblage zone: G. 

gansseri subzone—(?)  A. mayaroensis siibzone. 

Oc("i/rr('?;f<'.—This species has been fouuii in strata 
north of Monterrey, Mexico (MX 174; see Appendix), 
which are assigned to the Papagallos shale. To date, it has 
not been foinid in the Mendez .shale soutli of Monterrey. 
In Texas P. carseyae occurs in liie Corsicana marl and 
Keni]) clay. In Arkansas it occms in the Arkadelphia marl. 
In addition to the imits mentioned above, Cushman (1946, 
p. 112) noted P. carseyae in the Nacatoch sand of Texas 
and in the Prairie Bluff chalk of Mississipjii and Alabama. 
Olsson (1960, p. 29) noted this species in the Navesink, 
Redbank, and New Egypt formations of New  Jersey. 

Most of the occinrences in the writer's samples repre- 
sent the so-called "HeterohvUx stage" of tlevelopment. 

Planoglobulina glabrata (Cushman) 

Plate 88, figs. 12, 13, 17 

1938.   Venlilabrella   eggeri   var.   glabrala   C.usliinan,   Conn.   Cushman 
Lab. Foram. Res., vol. 14, p. 26, pi. 4, figs. 15-17. 

1946.   Venlilabrella eggeri Cushman,  Cusliman,  II,S.  Geol.  Sur.,  Prof. 
Paper, No. 206,"p. Ill, pi. 47, figs. 17-19. 

1946.   Venlilabrella eggeri Cushman var. glabrata Cushman. U..S. Geol. 
Sur., Prof. Paper, No. 206, p. Ill, pi. 47, figs. 20-22. 

1957.   Planoglobulina glabrata   (Cushman) , Gallitelli.  U.S.  Nat.  Mus., 
BU1I.,'NO. 215, pp. 141, 142, pi. 32, figs. 10-12. 

1960.   Planoglobulina   acervulinoides   (Egger) ,   Olsson,   Jour.   Paleont., 
vol. 34, No. 1, pp. 28, 29, pi. 4, fig. II. 

1962.   Planoglobulina   glabrata    (Cushman) ,   Pessagno,   Micropalcont,, 
vol. 8," NO. 3, p. 358   (not figured) . 

Remarhs.—P. glabrata (Cushman) diflers from P. acer- 

rnilinoides (Egger) by having smaller, more nmnerous. 
miiltiserial  chambers,  and  b\   liaxing a  nuich  more  com- 

jjressed test. 
As noted by Gallitelli (in Loeblich, el ai. 19,'S7, p. 142) . 

Ventilahrella eggeri Cushman was erected without the selec- 
tion of a holotype, paratypes, or a type locality. No type 
specimens of ]'. eggeri are present in the Cushman Collec- 
tion at the U.S. National Museum. 

The holotype and paratypes of P. glabrata (Cushman) , 
deposited in the Cushman Collection (USNM) , were ex- 
amined dm ing the coiuse of this study. In addition, a great 
deal of to]jotypic material from tlie "Lower Taylor" of 
Palmer, Texas,  was examined. 

Range.—G. buUoides assemblage zone, G. jornicala 
subzone to G. fornicata—stuarfiformis asseml)lagc zone, G. 
elexHita subzone   (P. elegans zonule) . Possibly higher. 

Occiirrence.—\n the present study P. glabrata has been 
observed in the Austin chalk ("HiUchiirs chalk" member) . 
the "Lower Taylor marl"; and the \\'olfe (at) sand of 
Texas and in the Brownstown marl of Arkansas. In Texas 
P. glabrata is profusely abundant in the "Lower Taylor 
marl." The AirstiTi occurrence (O-I. see .Appendix) is from 
(he n|j|)c'r lom feet ol diis imit at Dallas, Texas, at a hori- 
zon showing Eaily Camjjanian or laylorian reworking 
(Text-figure 2). Cushman (1946, p. 112) noted P. glabrala 
from the Gober Tongue of the Airstin chalk, the "Lower 
Taylor marl," and from the Neylandville marl. The writer 
has never foinid /-". g'abrata to be abundant in imits above 
the "Lower Taylor marl" and has never found it to occur 
in units above the Wolfe City sand. Numerous sainples 
collected from the "Upper Taylor marl" were found to 
lack P. glabrala. for example. The form figmed by Olsson 
from die Red Bank loiniation of New Jersey as P. acer- 
x'ulinoidcs (Egger) is actually P. glabrala (Cushman) . 
Olsson's Redbank occinrence seems anomalous with the 
wiiter's Gull Coasi data and may represent a rewoiked 

specimen. 
Pe.ssagno (I9(i2, pj). 354-355. 358, Charts 2 and 4) noted 

occinrences of P. glabrala in the C^ariblanco formation and 
in the Rio Yauco formation of Puerto Rico. IWo of his 
four localities in the Cariblanco formation: OP 2100 and 
OP 2196 occur in the upper part of the G. fornicata subzone. 
The other two localities: OP 200 (definitely) and OP 45 
(probably) occur in the A. blowi subzone, D. niulticostata 
zonule. The specimen from the Rio Yauco formation (OP 
2690) was reexamined and found lo be referrable to P. 

iiiulticanierata   (de Klasz) . 

Planoglobulina multlcamerata de Klasz 

Plate 89, fig. 15 

1927.   Planoghibulina  aienntlinoides   (Egger) ,  Cushman,  Contr. Cush- 
man Lah. Koram. Res., vol. 2, pt. 4, p. 77. 
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1920.   Planoolobulina   acenniliunides    (Egger),   \Vhile,   Jour.   Paleont., 
vol. 3,' p. 33, pi. 4, fig. 6. 

1953.   PIdiiiiiilobuliua mullicameiala ile Klasz, Gcol. Bavaiica, No.  17, 
p. 230, pi. f), fig^. la-b. 

Remarks—Planoglobuliiia midthamcrala cle Klas/ 
differs from PlanoglobuUna glabrnla (Cushman) by not 
having as pointed an apical extremity in the early part of 
its test and by having a less lobulate, larger test with more 
numerous chambers. Furthermore, the surface of its test is 
covered with medium papillae rather than with costae. 

Range.—G. fornicata—stuartiforyiiis assemblage zone, 
G. cln>ala subzone {P. elegans zonide) to G. cont\isa— 

stuartijormis assemblage zone, A. iiiayaroeiisis subzone. 

Oecurreuee.—P. multicamerata de Klasz has been ob- 
.served at niunerous Maestrichtian and Upper Campanian 
localities in the Mendez shale of Mexico. It is usually rather 
common in Mendez strata of this age. In Texas P. multi- 

camerata has been observed at one locality from the lower 
part of the 'Wolfe City sand (TX 255-A; see .Appenilix) of 
McLennan County. 

De Klasz (1953, p. 230) originally described P. miilli- 
camrrata from the Up[)er Maestriihlian GeriiaicltsreiUer 

beds in Upjser Bavaria, southeast German). He also noted 
that it occurs in the upper part of the Lower Maestrichtian 
(?=Mitldle Maestrichtian, this paper) in the Gerhardls- 
reuter beds antl in the upper part of the Bucheck beds, as- 
sociated Avith Pseudotcxtularia intermedia de Klasz and 
Phinoglohuliiia acervulinoides (Egger) . De Klasz also noted 
P. iinillKdincyald in the type Mendez shale at Mendez Sta- 
tion in Mexico (A.mayaroensis subzone, MX 206; Ap- 
l^endix) and in the Maestrichtian of Gan, Basses—Pyrenees 
dept., southwestern France. 

Famil.v PLANOMALINIDAE Bolli, Loeblich, and Tappan, 1957 

Type gnuis.—Phnioiualiud Loeblich and   rap|)an. lOlfi. 
Remarks.—The diagnosis of Loci)h'(h and lapjjau 

(196-1, p. C6,56)  is accepted herein. 

As noted before, the oriffin of the Planomalinidae is 
still inicertain. However, it seems likely that tliey evolved 
from the Rotaliporidae. For example, the shift in piimary 
apertine from an extraumbilical-umbilical to an equatorial 
position and the shift in coiling from trochispiral to plani- 
spiral woulil not be an insiumoiuitable morphological 
(liange in a low-spired Hedbergella parent stock. 

The phxlogeny of the Planomalinidae ai I he generic 
le\el is indicated in Text-figine 8. 

/?rt?;g('.—Aptian to Maestrichtian. 

Orciirrcncr.—World-wide. 

'C c ^ Te«l - Figure 8     Phylogenetic Relotionshjps of Upper Cretoceous 

!•» l|i Planomolinid ae or the Gencic Level 
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Genus HASTIGERINOIDES Bronnimann, 1952 

Type spceies.—Hastigcrinoides alexanderi Cushman, 

1931. 
Remarks.-The diagnoses of Bolli, et al.. (19,57, pp. 24, 

25) and Loeblich and Tappan (1964, p. C658) are fol- 

lowed herein. 
7?fn7£^c'.—Aptian—Early Campanian. 
Orr)/m'»(c.—North America. West Indies, and Eurasia. 

Hastigerinoides alexanderi (Cushmanl 

Plate 60, fig. 6 

1931. Hailigeiiiiflla (ilcxaudi-ri Cushman, Contr. Cushman I.ab. 
loraiii. Res., vol. 7, p. 87, pi.  II, figs. 6-9. 

I94(i. Haitioerinella alexanderi Cushman, Cushman, U.S. C.eol. Sur., 
Piof.Paper, No. 206, p. 148. pi. 61. figs. 4-7. 

19,52. Hastigeiinella (Hastiirerifwides) alexanderi Cushman, Bronni- 
mann, Bull. AmiT. I'alconl., vol. 34, No. 140, pp. .'>3, 54, text- 
fig. 28   (a-m). 
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1957.   Hasligeriiioides  alexaiideri   (Cushman),   BoUi,   et   al.,   U.S.   Nat. 
Mus., Bull., No. 215, p. 24, pi. I, figs. 7aI0b, 

1964.   Hast'igerinoides  alexandeii   (Cushman) ,   Loeblith   and  Tappan, 
Treatise on  Invert.  Paleont.,  pt. C,  Protista  2,  vol.  2,  p. C658, 
fig. 526: 2a, b. 

Re/narks.-The holotype and paiatype (Cushman Col- 
lection, USNM) of H. ah-xaudcri were examined during 
the course of this study. The holotype is refigured herein. 

Range.-G. buUoidcs assemblage zone: M. concavata 

subzone on basis of present data. 
Occurrence—In this sttidy H. alexanderi has only been 

observed at one Texas locality in the Austin chalk (TX 55, 
Rio Grande Area, Kinney Co.. Texas; see Appendix). 
Here it occurs with Marginotruuciiuu concdi'iita (Brotzen), 
Globotruncana lapparenli Brotzen s.s.. Globotvuncnna 

jornicata Plummer, Hetcrolielix reu.ssi (Cushman), and 
other species characteristic of the M. coiudvata subzone in 

Texas. 
Cushman (1946, p. 148) originally described H. alex- 

anderi from the Austin chalk in Grayson County. Texas. 
He also noted its occurrence in the Boiiham nrarl of Gray- 

son County, Texas. 
Bronnimann (1952, frontisjjiece) noted H. alexanderi 

(Cushman)   in the "Turonian—.Senoniaii" of Trinidad. 

Hastigerinoides waters! (Cushman) 

Plate 51, figure 5; Plate 71, figures 1, 2 

1931.   Htutigeiinclla  icalcrsi  Cushman,  Contr,  Cushman   Lab.   Foram. 
Res., vol. 7, p. 86, pi.  11, figs. 4, 5. 

1946.   Hastigerinella iraleisi Cushman, Cushman, II.S. Geol. Sin., Prof. 
Paper, No. 206, p. 148, pi. 61, figs. 8a-c, 9. 

1957.   Hastigerinoides watersi   (Cushman), Bolli, et. til., U.S. Nat. Mus., 
BU11.,"NO. 215, pp. 24, 25, pi. 1, figs. 6a-6b. 

1964.   Hast'igerinoides    watersi     (Cushman) ,    Loeblich    anti    Tappan, 
Treat'ise on  Invert.  Paleont.,  Pt. C.  Protista  2.  vol. 2.  p.  C658, 
tig. 526: NOS. 3a, b. 

Remarks. — The holotype (Cushman Collection, 
USNM) of H. watersi was examined during the course of 
this study. Both the holotype and ihe s|)ecimen figuied 

herein are coarsely perforate. 
Ranee and occurrence.—H. lealersi has only been found 

during the course of this study in the "Lower Taylor marl" 
(TX 244, see Appendix). Cushman (1946, p. 148) noted it 
in the lower part of the Austin chalk and in the Bonham 
marl of Grayson County, northeast Texas. It is probable 
that its range is G. buUoides assembla,ge zone to G. jorni- 
cata—stuarliiortnis assemblage zone, A. bloxei subzone. 

Genus GLOBIGERINELLOIDES  Cushman  and  Ten  Dam,   1948 

Type   species.—Globigerinelloides   iilgi'riaiia   Ctishtiian 

and Ten Dam, 1948. 

1948.   Globigerinelloides   Cushman   and   Ten   Dam.   Contr.   Cushman 
Lab. Foram. Res., vol. 24, pp. 42, 43, pi. 8, figs. 4-6. 

1948. Biglobigerinella Lalicker, Jour. Paleont., vol. 22, p. 624, pi. 92, 
tigs. 1-3. 

1956. Biticinella Sigal, Soc. Geol. France, Coniptes Rendiis Somm. 
Seance,  Nos. 3-4,  pp. 35-57. 

1957. Biglobigerinella Lalicker. Loeblich. et al.. U.S. Nat. Mus. Bidl., 
No. 21.5. p. 25. pi. 1. Hgs.  ll-12b. 

1964. Biglobigerinella Lalicker, Loeblich and Tappan, Treatise on 
Invert. Paleont., pt. C, Protista 2, vol. 2, pp. C.656-658, fig. 526: 
4, .5a, b. 

Remarks.—An noted by Berggren (19t)2, p. 15), Biglo- 
bigerinella Lalicker is an artificial genus. Berggren (ibid.) 
stated: "The development of a biserial sequence of cham- 
bers within a single population from planispiral forms with 
a uniserial set of chambers was demoirstrated in strata as 
early as Aptian in age by Loeblich and Tappan (1957b, p. 
25, pi. 1, figs. 13-18b). It is the writer's opinion that the 
holotype (CC 51898) and figured paratypes (CC 51899 and 
51900) aiul numerous unfiguied paratypes (CC 51897) of 
Biglobigerinella niiiltispina Lalicker represent the sub- 
jecti\ely chosen atlult stages of a species belonging to the 
Planotiiiiliiiii (Globigerinelloides) grotip". Hence, in this 
paper the presence of biserial chambers with paired aper- 
tmes is regarded as a characteristic of adult or gerontic 
individuals bt4onging to certain species of Globigerinel- 

loides. 
The artificial natine of "Biglobigerinella" can be gra- 

phically demonstrated by examining Text-figine 8. From 
examining the stratigraphic distribution of Biglobigeri- 

nella" it can be seen that species belonging to this genus are 
])iesent only dining Aptian, Campanian, and Maestrichtian 
times. The Campanian—Maestrichtian species, "B." mulli- 
spinaia Lalicker (includes Globigerinella biforaminata 
(Hofker) , is in no way related to Aptian species such as 
"/}." barri Bolli, et al. (1957), p. 25, pi. 1, fi,gs. 13-18b). Fur- 
thermore, the present study indicates (1) there are no 
known occurrences of Biglobigerinella in strata of Ceno- 
manian to Campanian age and (2) that "B." multispinata 

is not descended from a biglobigerinellid ancestor, but ra- 
ther from Globigerinel'oides pratrteliillensis Pessagno, n. sp. 
In summary, if one maintains that Biglobigerinella is a 
valid gentis, he is faced with the perplexing |)ioblem that 
the Eaily Cretaceous stock is clearly unielatetl phylogeneti- 
cally to the C^ampanian—Maestrichtian stock and that both 
Aptian and M;iestrithtian species are descended inde- 
penilently  fiom difleient species of Globigerinelloides. 

Globigerinelloides asperus (Ehrenberg) 

Plate 60, figures 4, 5 

IH54.   I'htiuero'.tiiniuni   asjiernni   Elnenbcrg,   Microgeologic,   p.  23,   pi. 
30   figs   26a-b   (designated icctotvpe herein) : pi. 32   (gp.  1)   tig. 
24'; pi. '32   (gp. 2) , fig. 24: pi. 32   (gp. 2), fig. 42. 

1854    Not  Rotalia asjieia Ehrenberg,  Microgeologic, p. 24,  pi. 23,  fig. 
28; pi. 27, figs. 57-58: pi. 28, fig. 42: pi. 31, fig. 44. 
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Description.—Test small, hispid, planispiral consisting 
of two whorls; six chambers in the last whorl. Chambers ex- 
panding moderately rapidly in si/e as added. A])ertine in- 
teriomarginal, ecpiatorial in position, a highly arched 
rounded opening bordered b) a thick lip. Outer wall radial 
hyaline perforate; septal wall mitrogranidar hyaline, per- 
forate. 

Remarks—\yhen Ehrenberg (1854, p. 23) figured 
Phancrostomum aspcrinn, he failed to designate both a 
definite type locality and a type depository. His figured 
sjjecimens are from North America (fig. 24, Missoini Terri- 
tory; fig. 42, Mississippi Territory) and from Eiuope (Insel 
Rugen, Deutschland, figs. 26a-b). 

Dr. William A. Berggren (Woods Hole Oceanographic 
Institute) recently informed the writer that Ehrenberg's 
types for Phancrosloiiunn aspcrinn aie deposited at the 
Humboldt Museinn in East Berlin (Invalidenstrasse 41). 
To stabilize the taxonomic problems centering aroimd P. 
asperum Ehrenberg, the syntypic specimen repiesented by 
plate 30, figures 26a, b is designated a lectotype. Ehrenberg 
definitely showed a planispiral form wdth an ecpiatorial 
aperture in his illustrations of this syntypic indi\idual. 

Rotalia aspera Ehrenberg (1854) cannot be placed 
with any certainty in Globigcrinclloides. Ehrenberg only 
showed side views of Rotalia aspera in all of his figines. 
From his illustrations it is impossible to ascertain whether 
his specimens represent planispiral inili\iduals assignable 
to Globigerinelloidcs or trochispiral indixicUials assignaljie 
to Hedbergella or Archaeoglobigerina. 

Cilobigerinelloides asperus (Ehrenbeig) c.f. Plate fifl, 
ligs. 2, 3, 4, 5) differs from Globigerinelloidcs prairiehilleu- 
sis Pessagno, n. sp. (1) by possessing a smaller, higher, ami 
more rounded aperture and (2) by showing chairibeis 
which do not increase as rapidl)  in size. 

Occurrcnce.—ln the jjresent stud) G. asperus was noted 
in Mexico in the Coniacian, Santonian, and early Cam- 
panian portions of the San Felipe formation and in the 
early Campanian portions of the Mendez shale. 

In Texas it occius in the Coniacian portion of the 
Austin chalk in Val Verde and Tra\is Counties and in the 
Santonian portion of the Austin chalk in Kinney, Travis, 
McLennan, and Dallas Comities. 

Globigerinelloides bentonensis (Morrow) 

Plate 76, figures 10-11 

1934.   Anonialina   bentonensis   Morrow,  Jour.   Palcoiit.,   vol.  8,   No   2 
p, 201, pi. 30, figs. 4a, b. 

1940.   Anonialina bentonensis Morrow, Cushnian, Coiitr. Cuslimaii Lab. 
Foram. Res., vol. 16, p. 28, pi. 5, figs. 3a, b. 

1946.   Anonialina    bentonensis    Morrow,    Cusbman,    U.S.    Gcol.   Sur 
Prof. Paper, No. 206, p.  I.54, pi. 63, figs. 7a-b. 

19lil.   Clobigeriiielloides bentonensis   (Morrow), Loeblich and Tappan, 
Miiropalcont., vol. 7, No. 3, p. 267, pi. 2, figs. 8-10. 

Range.—Rotalipora s.s. assemblage zone. 

Oceiirroicc—Several specimens of G. bentonensis (Mor- 
row) -were found in the San Felipe formation at Boca 
Canyon (MX 130, see Appendix) and at Mamulicpie Pass 
(MX 156, see Appendix) to the south and nortli respect- 
i\ely of Monterrey, Mexico. The writer has also observed 
S])ecimens of G. bentonensis in the Cenomanian portion of 
Cihispa Smnmit formation at Chispa Summit, Jeff Davis 
Comity, Texas. 

G. bentonensis was originally described by Morrow 
(1034) from the Hartland member of the Greenhorn 
limestone of Kansas. Loeblich and Tappan (1961, p. 268) 
indicated that the Greenhorn limestone is of Late Ceno- 
manian age. The same authors also noted this species in 
the Grayson formation (=Del Rio clay) of Texas and in 
Cretaceous sediments from the Blake Plateau escarpment 
north of Great Bahama Island (Lamont Cieological Oli- 
servatory Core A167-25). 

Globigerinelloides bollii Pessagno, n. sp. 

Plate 62, figure 5; Plate 81, figures 7-8; Plate 97, figures 1-2; 
Plate 100, figure 3 

Description.—Test planispiral, lobidate, biumbilicate 
with six to se\en somewhat compressed chambers in the last 
whorl. Chambers of earlier whorls spherical; chambers of 
last whorl c5\oidal, expanding gradually in size. Test siu- 
face smooth, polished, and finely perforate; ne\er spinose or 
jjapillose. Sutiues straight, radial, and somewhat depressed. 
Umbilici large and shallow. Primary aperture equatorial 
in jjosition; a moderately high arch at the base of the last 
chamber, leading into both imibilical areas. Relict aper- 
tines well developed near the suture jimctions to imibilicus; 
covered b) flaplike structures. 

Outer wall structure radial hyaline perforate. Relict 
apertinal flaps and septal walls microgranular hyaline. 

Remarks.—Globigerinelloides bollii Pessagno, n. sp. 
differs from Globigerinelloides prairichillensis Pessagno, n. 
sp. (1) by having a smooth, polished rather than papillose 
test Avail; (2) by having a more compressed test with 
chambers which only gradually increase in size; (3) by 
having shallow rather than deep umbilici; (4) by having a 
more highly arched primary apertine; and (5) by being 
smaller in size. 

G. bollii, n. sp. is somewhat similar to G. ehrenbergt 

(Barr) . It differs from G. ehrenbergi by having a more 
compressed, polished test with a higher equatorial apertine. 
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GlobigcrincUoides bollii, n. sp. is named for Dr. Hans 
M. Bolli in honor of his great contributions to micro- 
paleontology and to the geology of the Caribbean Region. 

Type locahty.-TX 291-C. Taylor formation ("Upper 
Taylor marl" member) . Buff, calcareous nimlstone breaking 
with conchoidal fracture. Samjjle collected from ditch 
crosshio State Route 73; 2.4 miles east of intersection of 
Route 73 with Farm Road 737 in town of Prairie Hill, 

Limestone  County,  Texas. 
Deposition of types—The holotype and the figured 

paratypes of G. bollii, n. sp. will be deposited in the col- 
lections of the U.S. National Museum, Washington, D.C. 
Unfigined paratypes will be deposited at the Paleontologi- 

(al Research Institution, Ithaca, N.V. 
Knoxiui range.—G. jornicatd—studrlijorims assemblage 

zone, G, elevata subzone, G, calcarata zonule. 
Occurrence—In the coinse of this study, G. bollii was 

noted only in the "Upper Taylor marl" of Texas and the 

Mendez shale of Mexico. 

Globigerinelloides  caseyi   (Bolli,   Loeblich,   and   Tappan) 

Plate 49, figures 2-5 

1927.   Not Anoiualina faglt'juideiisis   Moicman,  Join.  I'aleonl.,  vol.   1, 
p. 99, pi.  16, fig. 9. 

1940.   Not   'pinnulina   eaglefordejisis    (Moreman),    Cushman,    Contr., 
Cushmaii l.ab. Foiam. Res., vol.  10, p. 32, pi. 6, figs. 4, ,5. 

1946.   Not  Plituiiliua  ciinlffordiiius   (Moreman),  Ciisliinan,  V.S,  Geol, 
Sur., Prof. Paper, No. 206, p. 156, pi. 64, tigs. 8a-c, 9. 

1957.   Planomiilina ciLsryi Bolli, Loeblich. and Tappan, I'.S. Nat. Miis.. 
Hull., No. 215, p. 24, pi. 1, figs. 4a-5b. 

1961. Globigerinelloides eaglefoKlerisis (Moreman) , Loeblich and Tap- 
pan, Miciopaleont., vol. 7, p. 268, pi. 2, figs. 3a-7b. 

1962. Clohigeiitielloides cagtefordetisis (Moreman), Ayala, Soc. Geol. 
Mexicana, Bol., vol. 25, No. 1, pp. 15, 16, pi. 1, figs. 2a-c: pi. 
6., figs. 2a, b, 3a, b. 

1964. Globigerinelloides eagleforilensis (Moreman), Loeblich and Tap- 
pan, Treatise on Invert. Paleont,, pt. C, Protista 2, vol. 2, pp. 
C;657-658,  fig.  526:   7a,  b. 

1964. Globigerinelloides caseyi (Bolli, Loeblich, and I'appan), Low, 
Contr" Cushman Found. Foram. Res., vol. 15, pi. 3, pp. 122, 123. 

Known riiuge.—G. fornicala—stiiitrtiforiiiis assemblage 

Abstract) : "Anomalina euglefordensis Moreman is a 
benthonic species, now cpiestionably assigned to the genus 
Planulina. Planktonic s]iccimens formerly referred to it 
belong in Clobigerinelloidrs caseyi (Bolli, Loeblich, aird 

Tappan, 1957)." 
Through the kindness of Doris Low and Ruth Todd, 

the writer was able to examine the holotype of Anomalina 
eaglefordensis Moreman (Texas Christian LIniversity, Fort 
Worth, Texas) while it was on loan to Doris Low. There is 
no question about A. eaglefordensis Moreman being a 
benthonic species. The assignment of G. caseyi (Bolli, Loe- 
blich, and Tappan) to this species by Loeblich and Tappan 
(1961,1964)  and by Ayala  (1962)  is incorrect. 

Range.—H. leashitrnsis assemblage zone to Rotalipora 
s.s. assemblage zcjne, R. cushnuini-gyeenhornensis stibzone. 

Occurrence.—In the course of the jjresent study G, 
caseyi has ijeen observed in the San Felijie formation (MX 
128 and MX 130, see Appendix) at lioca Canyon, somewhat 
to the soiuh of Monterrey, Mexico. The fauna at MX 128 
is assignable to the R. ciishniani—greenhornensis subzone. 
It contains Rotalipora greenliornensis (Morrow) , Rotali- 

pora cuslnnani (Morrow) , Hedbergella ainabilis Loeblich 
and Ta])pan, Hedbergella brilt())iensis Loeblich and Tap- 
pan, Heterohelix nioreinani (Cushman) , and other com- 
ponents of the R. cuslnnani—greenlior))e)isis subzone. MX 
130 occurs in the basal portion of the M. helvetica assem- 
blage /one, M. sigali subzone. It contains M. inarginata 
(Reuss). M. sigali (Reichel), together with reworked (?) 
elements such as Rotalipora greenhornensis from the under- 
lying Rotalipora s.s. assemblage zone, R. ciishmani- 

greenhornensis subzone. 
G, caseyi has been observed by the writer in samples 

from the Grayson formation (z=Del Rio clay) and the 
Kagle Ford group wherever these units were studied during 
the course of this work. G. (vscyi occurs in the Eagle Ford 
gioup in all formational units which are included within 
the Rotalipora assemblage /one [Clhispa Summit fm. 
(lower portion) ; Botpiillas fm.: Lake Waco Im.: and Bril- 
ton fm.   (l)art) ; see Text-tigme 2]. 

Loel)li(h and Tappan (1961, pp. 268, 269) noted this 
species in the Grayson foniiaiion and in the Eagle Ford 
group (Britton fm.) of Texas as well as in the Gault of 
England and in Lamont Geological Observatory subma- 
rine core A167-24 from the Blake Plateau escarpment. 

Ayala (1962, p. 6 and pp. 15-16) noted and figuied 
G. caseyi under the name of G. eaglefordensis from the 
Clenomanian of Cuba, 

Globigerinelloides ehrenbergi (Barr) 

1902.   PUnuiiiiulina <lnenlieigi  Bair,  I'alconlology, vol. 4, pt. 4, p. 563, 
pi. 69, ligs. lab. 

/?«>(!^c'.—Lhicertain at present. 
Occurrence.—Yonns, assignable to this s|:)ecies were 

found in samjiles from the "Lower Taylor marl" (hiring the 
final part of this study. 

Globigerinelloides  multispina  (Lalicker) 

Plate 70, figs. 1-2; Plate 82, figs. 10-11; Plate 91, figs. 1-2 

194H.   ISinliihinerinelld  niiillisjinui  Laliiker.   |ciiir.  I'alciinl., \(>1. 22. No. 
5. pi. 92, figs.  1-3. 

1956.   Globigerinellu biforainiimla Hotkei, Natiunh. Nfaandbl., vol. 45, 
Nos. 5, 6, p. 53, texl-figs. 2, 5. 

1956.   Globigerina   bijoraniiniila   (Hofker) ,   Hofker,   I'aleonl.  Zeitschr., 
B(l. .30,  p. 7(i,  pi. 9,  ligs. 6Ha-<:  pi.   10   figs. 7la-r. 
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1957.   Bigliihigerina   inultispina   Lalicker.   Loeblich.   cl   al.,   V.S.   Nat. 
Miis., Bull., No. 214, p. 24, pi. 1, figs. 11-121). 

19()().   Iiigl<ihis,erinella  biforaminata   (Hotker),  Olsson,  Jour,   Paleont., 
vol. 34,"NO. 1, p. 44, pi. 8, figs. 7, 8. 

1962.   Planoiiialiua   multislnntt   (Lalicker),   Barr,   Paleontologv,  vol.  4, 
pt. 4, pp. .563-ri(i4, pi. (i9, figs. 5a, b. 

I9(i2,   PliiiiiiDialiiiii       (ClDbiiieiiiD-tloides)       messinae      (Bronniiiiann), 
Berggren   (part.), .Stockholm C:ontr. Geol., vol. 9, No. 1, pp. 44-46, 
pi. 8, figs. 4a-c;' 6a-c; 8a-c   (not 7a-c) :  text-fig. 6:  2a, b; 5a, b 
(not'la-b; 3a-e; 4a, b; 6a-c);  text-fig. 7:  6a, b; 7a-c; 8a, b   (not 
lab; 2a, b; 3a, b; 4a, b; 5a, b) . 

1964.   Globigerinflloides   messinae    (Bronnimann),   Olsson,   Micropal- 
cont., vol.  10, No. 2, pp.  174-176, pi.  7,  figs. 6a-b;  7a-b; 8a-b. 

1964.   Bigbibigeriiiella    iiiultislnna    Lalicker,    Loeblich    and    Tappan, 
Treatise on  Invert.  Paleont.,  pt. f:.  Protista  2,  vol.  2,  p. C656, 
fig. 526: 4, 5a-b. 

Remarks.—As noted pie\iou.sly in the discussion of 
Globigerinelloides, Biglobigerinella Lalicker is considered 
an artificial genus and is not used herein. The presence of 
biserial chambers and double apertures is regarded as a 
specific rather than a generic characteristic. It is common 
to only a few species of Globigcriiirlloidcs. 

Globigcrinclla bifoniminula Hofker is regarded as 
a junior synonym of Globigcriiirlloidrs niultispina (La- 
licker) and simply represents an immature form of this 
species. Abundant topotypic samples from the Marlbrook 
marl of southwestern .\ikansas show both the biaperiural, 
biserial form like G. uudti.spiua (Lalicker) and the uni- 
serial biapertiiral form like G. biforaminata (Hofker) in 
intimate association. In fact, both of these forms in\ariabl\ 
occur together throughout the Gulf Coast area in strata of 
Waestrichtian and Late C^ampanian age and have pre- 
cisely the same geologic range. Furthermore, if the biserial 
chambers are broken or giound away from the test of G. 
inultispina (Lalitker). the earlier G. biforaminata stage of 
development is clearly visible. 

As noted in synonomy above, many of the forms fig- 
ured by Berggren (1962) and all of the forms figured by 
Olsson (196J) as G. messinae s.s. are assignable to G. mul- 
tispina (Lalicker). A study of the types of Globigerinel- 
loides messinae s.s. Bronnimann at the U.S. National Mu- 
seum shows that this species is markedly different morpho- 
logically from Globigerinelloides mnltispina (Lalicker) . 
[See G. Toliitus (White) ^G. messinae s.s. (Biouiiiiiiaiui) 
herein]. 

Globigerinelloides mnltispina (Lalicker) appears to be 
derived from G'.obigerinelloides prairieliiilensis Pessagno, 
n. sp. Both species show a rapid expansion of the chambers 
in the last whorl especialh' when seen from edge or peri- 
pheral view although G. mnltispina is more involute in its 
coiling. The lineage of G. asperus (Ehrenberg) —G. prairie- 
liiilensis Pessagno, n. sp.—G. mnltispina (Lalicker) is sug- 
gested. 

Range.—G. fornicata—sluartiformis assemblage zone, 
G. elevala subzone, P. elegans zonule to G. contusa—siuarli- 
jorniis assemblage zone, A. mayaroensis subzone. To date, 
the writer has not seen this species iir Maestrichtian strata 
above the G. gansseri subzone. However, Berggien (1962, 
text-fig. 6) recorded it from the A. mayaroenviH subzone of 
Denmark. 

Oeenrrence.—ln the course of this study G. mnltispina 
has been found in the Mendez shale of Mexico; the Upson 
clay, Wolfe City sand, "Upper Taylor marl," Neylandville 
marl, and C:orsicana marl of Texas; and in the Ozan for- 
mation, Annona chalk. Marlbrook marl, Saratoga chalk, 
and Aikadelphia  marl of southwestern Aikansas. 

Globigerinslloides prairiehillensis Pessagno, n. sp. 

Plate 60, figures 2, 3; Plate 83, figures 1; Plate 90, figures 1-2, 4; 
Plate 97, figures 3, 4 

19<)2. Planomitlina {(.lobigeriufllonles) messinae (Bronnimann) , Berg- 
gren (part.) , .Stockholm Contr. Geol., vol. 9, No. 1, pp. 44-49, 
text-fig. 7:-la. b; 2a,b; ?3ab: ?4a,b; 5a.b   (not 6a.a: 7a.b; 8a, b). 

Description.—Ten lobulate, biuinljilicate, planispirally 
coiled, with six to seven chambers in the last whorl. Cham- 
bers spherical, rapidly increasing in size particularly when 
seen from peripheral view. Umbilici deep and moderately 
large. Test covered by fine to medium papillae. Sutines 
radial, dejiressed, straight. Apertiiie ecpiatorial in position, 
a lowly arched opening at the ixise of the last chamber. 
Relict a|jerttires and relict apertural llajis well developed. 
Outer wall ladial hyaline perfoiale; septal wall and relict 
apertural fla])s niicrogianidar hyaline. 

Rrmarks.—GlobigerineHoides prairiehillensis Pessagno, 
n. sp. diffeis from Globigerinelloides asperns (Ehrentierg) 
by being larger, showing a more rajsid increase in chamber 
size, and by having a low aperttire al the base of its last 
chamber. It differs from Globigerinelloides volnlus 

(White) (=G. messinae s.s. Bronnimann) by being much 
more deeply umbilicate, by having a lowly arched rather 
than highly arched aperture, and by showing a much more 
rapid increase in chamber size particularly when seen 
from peripheral view. G'obigerinelloides pruirielu'.lensis, n. 
s]j. differs from Globigerinelloides mnltispina (Lalicker) 
by lacking a bipartite apertural apparatus, by having larger 
umbilici, and bv bein" more evolute. 

Globigerinelloides prairiehillensis, n. sp. is named after 

tiie town of Prairie Hill, Texas. 
Type loeality.—TX. 291-C. Taylor formation ("Upper 

Taylor marl" memlier) . Sample collected from a ditch 
ciossing State Route 75: 2.4 miles east of intersection of 
Route 73 with Farm Road 737 in town of Prairie Hill, 

Limestone Countv, Texas. 
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Disposition of types—The holotype and figured para- 
types will be deposited in the collections of the U.S. Na- 
tional Miiseimi, Washington. D.C. Unfigmed jjaratypes 
will be tleposited at the Paleontologiial Reseaiih Insiiiu- 

ton, Ithaca, N.Y. 
Range—G. hulloidcs assemblage zone, C. fornirata 

subzone to G. lovnicata—sliifirliforinis assemblage zone, R. 

subcirciimnodifcr subzone. 
Occnrrcnce.—ln Texas this species has been observed 

in the Austin chalk (Binditt marl and "Hutdiins Chalk" 
members) , "Lower Taylor marl", Wolfe City sand. Pecan 
Gap cha k, "Upper Taylor marl", and the Neylandville 
mar]. In southwestern Arkansas G. prairichiUcnsis has been 
observed in the Brownstown marl, the Ozan formation, 
Annona chalk, .Marlbrook marl, and Saratoga chalk. In 
Mexico G. priiirichillensis has been observed in the lower 
and middle parts of the Mendez shale. In Pnerto Rico the 
writer noted G. prairichillcnsis in samples from the Par- 
guera limestone and the R^o \'aiicc) formation. 

Globigsrinelloides  subcarinatus  (Bronnimann) 

Plate 62, figs. 12-13 

19.^2. (.lohini'iiiicllii inesiiiiiic .\iilniiri)ialii Rroniiiiiuinn, liiill. Amci. 
Paleonl., vol. 34, N'o. 140, pp. 44, 45, pi. 1, ligs. 1(1, II: text- 
fig. 21:  a-ni. 

\95ri, Ciiiiliolrunniiui (Rugogloliijiciina) heldiiigi sublu'ldiiigi Gandolfi, 
Hull. .\mer. Paleont., vol. 30, No. 155, p. 32, pi. 1, figs. 7a-c. 

1964. Not Clohigerinelloides siihiiii i)!iilus (lininniinaiiii). Olssoii, 
Micropaleont.. vol. 10, No. 2, pi. 7, II.SJS. 9a, b  lll:i. l>. 

Remarks.—Globigerinel hides subcarinatus (Bronni- 
mann) differs from GlobigerineUoidcs volutus (White) 
[^senior synonym of G. luessinae (Bronnimann) ] by the 
much more compressed nature of its test. Both species are 
similar in side view, but in ])eripheral view the last several 
chambers of the final whoil of G. subcarijiatus are ovoidal 
and elongate in shape whereas those of G. volutus (White) 
are less ovoidal and are neaily spherical. 

The writer has examined the holotyjse and [laratypes 
of G. subiiiriiiatNs at the U.S. National Miisetim. Wash- 
ington, D.C.. and has likewise examined the holotype of 
Globotruncuua (Rugoglobigerinn) beldingi subbeldingi 

Gandolfi (No. 20829) at the Paleontological Research Ins- 
titution, Ithaca, New York. Gandolfi's species is plani- 
spirally coiled, shows an equatorial aperture, and lacks 
keels and meridorially ananged riigosites. Thus, it cannot 
logically be assigned eithei' to Globotruncana or to Rugo- 

globigerina. The compressed natiue of its test and the high- 
ly ovoidal natine of its final chambers indicate Gandolfi's 
species is a junior synonym of G. subcarinatus (Bronni- 
mann) . 

The s|)ecimens figined by Olsson as G. subcarinatus 
(BronniiiKimi)    (19(i-l, pi. 7. figs. 9a, b;  Ifla, b)   are closelv 

allied to G. volutus White. G. subcarinatus (Bronnimann) 
seems to have evolved from the lonsier ranoino G. volutus 

(White) . Trairsitional forms are often common. 
Range.—G. fornicata—stuaytifoniiis assemblage zone, 

G. cicvata subzone (G. calcarnta zonule) to G. contusa— 
sluartijorinis assemblage zone, A. nuiyaroensis subzone. 

Occurrence.—Crlobigerinelloides subcarinatus has only 
l)een observed in the Mendez shale of Mexico. It is most 
coiimion in strata assignable to the A. mayaroensis subzone. 

r.ronnimanii originally described this species from the 
(.uayaguayaie formation of Trinidad in strata which are 
assignable to the A. mayaroensis subzone. 

GlobigeritiElloides volutus (White) 
Plate 62, figures 9-11; Plate 100, figure 9 

1928.   (.Iut>igcriiia   x'olula   W'hite,   Jour.   Paleont.    vol    2    No    3    pp 
197, 198, pi. 28, fig.s. 5a, b. . . .       • 

1952.   Gtolngerinella    messinne    messinae    Bronnimann,    Bull.    Amcr. 
Paleont.,  vol.  34   No.   140   pp.  42-44   pi    1    figs'  6   7;   text-fig 
20: a-q. 

1955.   C:tol>otnincaiia    (Riigogtobigerina)    betdingi   beldingi   Gandolfi 
Bull. Anier. Paleont.', vol. 36, No. 155, p. 31, pi. 1, figs. 8a-c. 

1960. C.lobigerinella    messinae    subcarinata     (Bronnimann),     Olsson, 
Jour. Paleont., vol. 34, No. 1, pp. 43, 44, pi. 8, figs. 9, 10. 

1962.   Pldtumudina      (Glnliigerinelloides)      tnessinae      (Bronnimann), 
Berggrcn   (part) ,  Stotkliolm  Contr.  Geology,  vol.  9,  No.   1,  pp. 
44-46: te.\t-fig. 6:  la. b: 3a-e: 4a-c: 6a-c  (not 2a. b: 5a, b): text 
tig. 7:  ?la,b: :-'3a.b: ?4a,b   (not 2a. b: 5a, b: 6a, b: 7a-c: 8a. b): 
plate 8, not figs. 4a-8b. 

1961. C.lobigerinelloides subrarinalus   (Bronnimann), Olsson, Micropal- 
eont.,'\'()l. 10, No. 2, pp. 176-178, pi. 7, figs. 9a-inb. 

Reuiarks.—GlobigerineUoidcs volutus (White) was 
originally described by White from the type locality of the 
Mendez shale at Mc'ndez Station (Tampico—Ciudad Valles 
Railroad, MX 20(i: see Ap]jendix) . A sample of type Men- 
dez shale, given to the writer thiough the kindness of W. 
Storrs Cole, Ciornell University, indicates (I) that the 
faiuial assemblage of this locality is assignable to the A. 
i/niyaroensis subzone ;incl (2) that only two species of 
GlobigerineUoidcs: G. messinae (Bronnimann) and G. sub- 

larinatus (Bionnimann) occur. Dr. )e>hn Imbiie of Colimi- 
bia University has infoinied the writer that White's types 
aie missing from the Columbia Univeisity Paleontology 
Collection. If these types are not located in the near future, 
a neotype will have to be erected from the Mendez Station 
material. Although White's drawings of G. volutus are not 
accurate, it seems obvitjus from a comparison of the topo- 
typic material wiih the holotype and paratypes of G. mes- 
sinae s.s. (Broiniimaini) (USNM) that G. volutus (White) 
is a senior synonym of G. messinae s.s.  (Bronnimann) . 

Crlobigerinelloides volutus (White) differs from Glo- 
bigerineUoidcs subcarinatus (Bronnimann) by the more 
inflated, subspherical nature of the chambers in the last 
wht:)il. (The chambers of G. subairinatus tend to be elong- 
ate :ind ovoidal in character) . 
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G. voliitus (W'liite) dilleiN lioin (;. JDiiiyicliil'rnsis 

Pessagno, ii. sp. (1) by tlie more coniiMessed nature of its 
test; (2) by the imich larger si/e of its umbilici; (3) by its 
smaller, roimded equatorial aperture; anti (1) h\ the grad- 
ual increase in the inflation of its chambers when seen in 
peripheral view. It differs from G. iiuiltispinahi (Lalicker) 
in characteristics 1, 2 and 4 abo\e aiul b\ huking a bipar- 
tite ajjertme and biserial chambers. 

riirough the courtesy of Mrs. K. V. \V. Palmei the 
^vriter was able to examine the Ciandolfi types from 
Colombia at the Paleontologic^il Research Institution, in- 
cluding the holoty])e of G'obolriniriiiiti (Rugugloblgcrina) 
bcldingi Gandolfi (No. 20830) . C.lobotruncnjia (R.) 
b('l<li77gi s.s. is jjlanispirally coiled with an equatorial aper- 
ture. It is assignable to Globliii'riiwHoidcs iioliiliis. O o 

Range—G. fornicata—stuartiforrnis assemblage zone. G. 
clciiata subzone, to G. eoiiliisa—stiiaytiformi.'i assemblage 
zone. A. inayaroctisis subzone. 

Occurrence—Globigcrinclloidcs I'oliitKS (White) (^ 
G. inessiniir s.s. Bronnimann) occius in the Mendez shale 
of Mexico; the "Upper Taylor marl". Neylandville marl, 
and Corsicana marl of Texas; and in the Saratoga chalk of 
southwestern .\rkansas. 

The specimens referred to Planomnlina inrssitiac s.s. by 
Pe,ssagno (1962. p. 351, Chart 2) from the C:ariblanco for- 
m;uion of Puerto Rico were rechecked and found not to 
be referable to this spciies. 

Globigerinelloides yaucoensis (Pessagno) 

Plate 75. figs. 9-10. 27: Plate 97. figs. 5. 6 

l!)()(l.   rla}i(}inalt}in  \(iU((>f'H!ii\   l*cssaji;iio_   Miti()])aleurU.^   xol,   ti,   Nt).   1, 
p. 98, pi. 2, figs. 1-t-l.f); pi. 5, fig. 4. 

liciiKirks.-Globigcriucl'oulcs yain (ii-iisis (Pessagno) is 
distinguished from CAobigrrnic'.loidcs prdirichiUcnsis Pes- 
sagno, n. sp. (1) by the gradual and iniiform imrease of the 
size of its chambers; (2) by its fineh spinose test sinface 
(when well preserved) ; (3) by its shallower and irsually 
some\vhat wider innbilical openings; and {A) by its imiver- 
sail) smaller size. 

Range—G. foniicata—stiiarlifonnis assemblage zone: 
G. clniata subzone (G. caharata zonide) to R. subcircuin- 
nodijcr subzone   (/?. subpcnnyi zonule) . 

Occtirre7ice.—Globigcrinclloidcs yaucoensis has been 
observed in the Mendez shale of Mexico; the "Upper Tay- 
lor marl" and Neylandville marl of Texas; and in the An- 
nona chalk, Marlbrook marl and Saratoga chalk of south- 
western Arkansas. In Puerto Rico the writer observed G. 
yaucoensis in the Rio Yauco formation and in the Parguera 
limestone. 

Family SCHACKOINIDAE  Pokorny,  1958 

Type gcnus.—Schackoina Thalmann, 1932. 
Remarks.—The diagnosis for this family presented by 

Loeblich and Tapjjan   (1961, p. C658)   is followed herein. 
The Schackoinidae seem closely allied morphologically 

to the Planomalinidae because of the nearly planispiral na- 
tiue of their tests and their possession of an equatorial aper- 
ture.  However, it is not  inconceivable  that  they evolved 
from a rotaliporiil stork Tia a low-spired Hcdbergclla stage. 

Genus SCHACKOINA Thalmann, 1932 

Type species.—SideroUna cenomana Schacko. 1897. 
Remarks.—The   diagnosis   of   Loeblich   and   Tappan 

(196-1. p. C:6.')8)   is followed herein. 

Schackoina cenomana (Schacko) 

Plate 48, fig. 6 

1897.   Sidcrolina ccnoniana Schatko. \'ci. I'leuiulciiauiig. Mccklenhuig., 
.\rchiv., vol. 50   (189(5), p. 166, pi. 4, figs. 3-5. 

1932.   Hantkenina     (Schackoina)    cenomana     (.Schacko) ,    Thalmann, 
Eclogae Cieol. Helv., vol. 25. No. 2. p. 288. 

1952.   Hastigerinoides rohri Bronnimann, Bull. .\mer. Palcont., vol. 34, 
Xo. 140, p. 55, text-fig. 29; a-f: pi. 1, figs. 8, 9. 

1955.   Scliackoiiiu cenomana   (Schacko), Gallitelli, Micropalcont., vol. 1, 
No. 2, pp. 143, 144. 

1957.   Shackonia   cenomana   (Schacko) .   Bolli,   et   al.,   l^S.   Nat.   Mus, 
Bull., No. 215, p. 26, pi. 2, figs. 1, 2. 

1959.   Scluickoina cenoma)ia   (Schacko) , Orlov, ct al., Osnovy   Palt'on- 
tologii, p. 300, text-fig. 076A, B. 

1961. Schackonia cenomana (Schacko), Loeblich and Tappan, Micio- 
paleont., vol. 7, No. 3, pp. 270, 271, pi. 1, figs. 2-7. 

1962. Schackoina cenomana (.Schacko) , .^yala, Soc. Geol. Mexicana, 
Bol., vol. 25, No. I, pp. 20, 21, pi. 2, figs. 2a-c; 3a-c; pi. 7, figs. 
3a,  b:  pi. 8,  figs.  I'a-c. 

1961. Scliackoina cenomana (.Schacko), I.oeblith and Tappan, Treatise 
on Invert. I'alront., pi. C, I'lotista 2, vol. 2, p. C:65S, fig. 526; 
l-"a-c, 9. 

Range.—Rolalipora as.emblage zone. R. cushmani— 
greenliornensis subzone. 

Occurrence.—In Mexico this species has been observed 
in a single sample (MX 133; see Appendix) from the San 
Felipe formation at Boca Canyon south of Monterrey 
(Text-figures 1, 2). Here it occurs in Lower Tmoniair 
strata (M. Iicli'clica assemblage zone. AI. sigali Subzone) 
containing reworked (?) LIpper Ononianian elements. In 
Texas S. cenomana was only observed by the writer in the 
LIpper Cenomanian portion of the Eagle Ford group (Brit- 
ton clay, TX 329: see Appendix) . 

Loeblich aird Tappan (1961, pp. 270-271) iroted S. 
coiomana in the Britton clay of Texas; the Greenhorn 
limestone (Hartland shale member) of Kansas; the Ceno- 
manian of the California Coast liairges; the Cenomanian of 
Trinidad; the Cenomanian of Switzerland; and the Ceno- 
manian of Germany. 

Ayala (1962. pp. 20. 21) recorded S. ceuouiana from 
the Cenomanian of Cuba. 
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Schacko-na multispinata  (Cushman and Wickenden) 

Plate 60, fig. 1 

1930. Hanlkeniua ntulhsl)uiala Cushman and Wickenden, Contr., 
Cushman Lab. Foram. Res., vol. 6, pt. 2, p. 40, pi. 6, figs. 4-6. 

1933. Schackoiua multisltiuala (Cushman and Wickenden), Cushman, 
Cushman Lab. roiam. Res., Spec. I'ubl., No. ,5, pi. S.'i, figs. 9, 10. 

1934. Hanlkeniua Irilubcrculata Monow, Jour. Paleont., vol. 8, p. 195, 
pi.  29,  figs.  21,  26-28. 

1946. Scliackoina niu'llispinala (Cushman ant! Wickenden), Cushman, 
U.S. Geol. Sur., Piof. Paper. No. 206. p.  148, pi. 61, figs.  II,  12. 

1946. Scliackoina trilubcrculala (Morrow), Ckishman, II.S. Geol. Sur., 
Prof. Paper, No. 206. p.  148, pi. 61, figs.  13-16. 

1947. Scliackoina <enoniatia (Schacko) subsp. bicnrnis Reichel, Eclogae 
Geol. Helv., vol. 40, No. 2, p. 401, text-figs. 4a-g, 6(4), 8b, 9, 
10   (5, 6, 8,'9, 1.5). 

1947. Scliackoina molinicnsis Reicliel, Eclogae Geo!. Helv., vol. 40, 
No. 2, p. 402, text-figs. 5, 6 (,5) , 7 (5), 8c, 10 (12), 13: pi. 8, fig. 2. 

1955. Schac'koina tiihihciculala (Morrow), Gallilelli, Micropaleont., 
voL 1, No. 2, p. 142. pi. 1, fig 11. 

1961. Schackoina mulli.spinala (Cushman and Wickenden), Loeblich 
and Tappau, Miciopaleont., vol. 7, No. 3, pp. 271, 272, pi. 1, 
figs.  8-10. 

1962. Scliackoina mullisjntiala (Cushman and Wickenden), Ayala, 
Soc. Geol. Mex., Bol., vol. 25. No. 1, pp. 19, 20, pi. 2. figs. la-d; 
pi. 7, figs. 2a-b. 

Range—Rolaliporn s.s. assemblage /.one to G. foruicala 

—stuartiformis assemblage zone. 
Occurrence.—This species seems to be extremely rare in 

the Gulf Coast section and has only been noted in the 
Mendez shale at MX 80 and MX 82 (see Apjjendix) . Both 
of these localities occur in strata assignable to the G. forni- 

cata—siuortiforiuis assemblage zone, G. elnmta subzone, C. 
calcarata zonule. 

S. multispinutu was originally described fiom the Che- 
val formation of Manitoba, Canada. Loeblich and Tappan 
(1961, p. 272) noted its presence in the Eagle Foid group, 
Austin chalk, and Pecan Gap chalk of Texas; in the Hart- 
land shale mem])er of the Greenhorn limestone of Kansas; 
in the Niobiara formation of Kansas, Nebraska, and South 
Dakota; and in the Up]}er C^retaceous of California. S. 
multispiiuiUi is also comnnin in the Ujjper Cretaceous of 
Europe. 

Family ROTALIPORIDAE Sigal, 1958 emended 

1958. Rotalipoiidae Sigal, Soc. Geol. France, C. R. Souim., No. 12. p. 
264. 

1959. Rotali])riinae Sigal, lianner and Blow, Palcontologv, vol. 2, pt. 1, 
p. 8. 

1964. Rotaliporidae Sigal. Loeblich and Tappan, Treatise on Invert. 
Paleont., pt. C. Piotista 2, vol. 2, p. C659. 

Type genus.—Rotalipora Brotzen, 1912. 
Einenilcil (Ujiiiiti(>n.—Co\\m\r trochos|)it.i]; piimary 

aperture extraumbilical-umbilical occasionally spiroum- 
bilical. Portici extending from over aperture of each 
chamber into umbilical area. Secondary sutural apertures 
develo])ed either orr spiral or umbilical side of test. Those 
on umbilical side 0|jen on posterior margin of chairibers. 
Outer wall  l)il.niiellar, radial hyaline j)erforate except for 

keels which are radial hyaline imperforate and spines and 
rugosities which are ultragranular hyaline imperforate. 
Septal walls microgranidar hyaline perforate. Portici micro- 
gianuhtr hyaline perforate (?) . 

Remarks.—The definition of Loeblich and Tappan, 
1964, has been emended heiein largely to accommodate the 
inclusion of the Loebliihellinae, Pessagno, n. sidjfamily. 
I.nebliilieHa Pessagno, n. genus, the type genus of the 
Loeblichellinae, possesses supplementary siuinal (relict?) 
apertures on the spiral side of the test and a jjrimary aper- 
ture which \aries from extraimibilital-iimbilical to spiro- 
iimbilical. 

The Rotaliporidae form the basic stock from which 
the Planomalinidae, Marginoti imcaiiidae, and possibly the 

Abathomphalidae evolved. 

The Rotaliporidae themsehes may have evolved from 
the Heterohelicidae or from .some family among the Dis- 
corbacea as has been previously suggested herein. 

The phylogeny of the Rotaliporidae at the generic 
level is summarized in Text-figure 9. It can be readily 
demonstrated that Chn'iliedbergella. Loeblichella, n. gen., 
and Praeglohotriincana evolved fiom a HedbcrgcUa stock. 
Tiansitional forms have been noted between Hedbergella 
and all of the aforementioned ,geneia during the course of 

this study. 
CAavihedbergella and |)cih.i|)s Fraeg^jboiriincana ap- 

pear to be polyphyletic in character. The Upper Ceno- 
manian species, C. simplex (Morrow) . arose from Hed- 
bergella ainabilis. Transitional forms are common in the 
Cenomanian ]30rtion of tiie Eagle Ford group. C. moremani 

(Cushman) appears to have arisen either diiectly from H. 
ainabilis Loeblich and Tappan or from the less clavate C. 
simplex (Morrow). Albian sjiecies such as C. snbcrelacea 
(Tappan) probably evolved from H. dclrioensis. Species 
of Praeglobotruncana such as P. dclrioensis (Plummer) 
and P. stephani (Gandolfi) evolved from either a Hedber- 
gella dclrioensis (Carsey) or possibly a Hedbergella plani- 
spira (Tappan) stock through the addition of an imper- 
forate peripheral band or a keel. The origin of the highly 
carinate species. P. brnnniinanni Pessagno, n. sp. is at pres- 
ent imcertain. 

Nimieroiis transitional loims have been observed in 
Eagle Ford strata linking Hedbergella dclrioensis (Carsey) 
with Loeblichella hessi (Pessagno) . L. hessi in tmn gave 
rise to L. coarctata (Bolli) (=/-. hessi compressiformis 
Pessagno) I'iu the compression of its test and the formation 
of an angled periphery. L. hessi and L. coartata are the 
longest ranging Upper Cretaceous planktonic species known 
to  the wiiter.  They persist  sporadically from  Late Ceno- 
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Extinctions 

ngs o( life lines    -    times ol qreoter cbundonce ond speciotic 

iiKinian to at least Middle Maestiichtian times. Clnbo- 
coriiisa of the Daniaii. whidi also possesses sutiiial supple- 
mentary apertures on the spiral side of its test may have 
been derived from a LocbllrhclUi ancestor. 

Tiriiiclla appears to have arisen fiom a Hcdbrrgella 
stock through the enlargement of the jjortiti and the de- 
velopment of siitnral su]>plcmentary apertmes on the inn- 
bilical side of the test. RotaJiporu may have been tlerived 
froni a Ticiiiclla stock r'ia the compression of the test and 
the addition of a well-de\ eloped peripheral keel or from a 
Praeglobotriincdun stock xna the acquisition of lunbilical 
sutinal sujjplementaiy ajjertmes. 

The Rotaliporidae were most abuiuhint and \aried 
during Cenomanian times (Rotalipora s.s. assemblage zone) 
(Text-figure 9). During the Turonian and Coniacian (M. 
Iirlvt'tica and M. renzi assemblage zones) they were re- 
])laced by the Marginotruncanidae. Hedbergella and Clavi- 

lu'(ll)crgcll(i rapitlly dwindle in abundance after Coniacian 
times and jsrobably become extinct by or before Early 
Maestrichtian times (See Globotruncanella, herein) . Loe- 
bliclirlla persists tmchanged throughout most of the Upper 
Cretaceous. 

Text-figure 10 is a schematic chagram showing a plot 
of rotali|)orid size with respect to part of Cretaceous time. 
It is worth noting that the largest Rotaliporidae (e.g., spe- 
cies of Rolaliporn s.s.) a|jpeared dining the peak of their 
evolution in Middle and Late Cenomanian times. Both 
earlier antl later rotaliporids were smaller in size. 

Subfamily HEDBERGELLINAE LoebUch and Tappan, 1961 

Type genus.—Hcdbrrgrlla Bronnimann and Brown, 
1958. 

Remarks.—The diagnosis of the Hedbergellinae pre- 
sented by Loeblich and Tappan (I9fila, ]3. 273; 1964, p. 
C659) is followed herein. The Hedbergellinae form the 
basic stock from which the Rotaliporinae (part?) and the 
Loeblichellinae evolved. 

/frt;;gc.—Hautervian to Maestrichtian. 
OfCHrrenrp.—Cretaceous marine strata; world-wide. 

Genus HEDBERGELLA Bronnimann and Brown, 1958 

Type speeies.—AnoinnUiui Inrueiana d'Orbigny var. 

truchoidea Gandolfi, 1942. 
Remarks.—The diagnosis presented by Loeblich and 

Tappan   (1916a, p. 273; 1964, p. C659)   is followed herein. 
Wflwgt'.—Hautervian to Campanian; Maestrichtian  (?^. 
Ofri/nr?!rr.—Cretaceous; world-wide. 

Hedbergella amabilis Loeblich and Tappan 

Plate 52, figures 6-8 

li)")'.^. (iliihii^t'iiiiii iiitnccn d'Orbigny, Bronnimann. Bull. Aiiicr. I'ai- 
eont.. vol. 34. No.  140. pp.  14-16. tcxt-tigurc 3:  a-m. 

1961. Hedl><rs,ella amabilis Loeblich and Tappan. Micropalcont.. vol. 
7, No. 3, p. 274. pi. 3, figs. 1-10. 

1961. CJavihedbert'eUa    simplex     (Morrow).    Loeblich    and    Tappan 
(part), Miciopaleonl.. vol. 7. No. 3. pp. 279. 280. pi. 3. figs. Ila- 

c; not  I2al4b. 
1962. Clavihedberi^ella siitijilex (Morrow) , .\yala (part) . .Soc. Geol. 

Mex.. Bol., vol. 2,5, pp. 25. 26, pi. 4. figs. 2ac: 3a-c; not figs, 
la-c;    pi.  5.  figs.   lac. 

1963. Hedheri^ella amabilis Loeblich and Tappan. Renz. Luter- 
bacher. and .Schneider, Eclogac Geol, Helv,, vol, 56, No, 2, p, 
1084.  pi.  9,  figs.  4a-r;   6a-c. 

1964. dax'ihedbergella simplex (Morrow) , Todd and Low. Deep-Sea 
Research, vol.  II, pp, 403, 404, pi.  1, fig.  I 

Remarks.—Hedbergella amabilis seems to have been 
derived from Hedbergella delrioensis (Car.sey) . The writer 
has observed numerous transitional forms in the Ceno- 
manian portion of the Eagle Ford group. H. amabilis is 
distinguished from other species of Hedbergella by the inore 
clavate character of its chambers and the  thinner, lower 
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spired nature of its test as seen in peripheral view. Numer- 
ous gradational forms exist between H. anuihiUs and 
Clnvilu'dbergcIIa simplex (Morrow). These are common in 
the Cenomanian portion of the Eagle Ford group of Texas. 

Range—Rotalipom s.s. assemblage zone: R. cushmani 
—greenhornensis assemblage zone to M. renzi assemblage 
zone; (?) G. bulloidcs assemblage zone, M. concavuta sub- 

zone. 
Occurrence—\n Mexico H. iiimihilis occurs in the 

Cenomanian. Tinonian, and Coniacian portions of the San 
Felipe formation (cf. Text-figure 2). In Texas H. amabilh 
occurs in the Cenomanian and Turonian portions of the 
Eagle Ford group (Britton clay, Arcadia Park formation, 
Lake Waco formation. South Bosque formation, and Chispa 
Summit formation and in the Cioniacian and Early San- 
tonian portions of the Austin chalk ("Atco member") . It 
should be noted that the Santonian occiurences of this 
species are in areas {e.g., Dallas, Waco; cf. Text-figure 2) 
where basal Austin ("Atco") strata assignable to the M. 
concavata subzone rest with marked disconformity on 
Eagle Ford strata (South Bosque and Arcadia Park) assign- 
able to the M. hehietica assemblage zone. Elsewhere in 
Texas and in Mexico, where intervening Coniacian strata 
assignable to the M. renzi assemblage zone are present, H. 
amabilis appears to be absent in Santonian strata assign- 
able to the M. concavata subzone. 

H. amabilis was described by Loeblich and Tappan 
(1961, p. 274) from the Britton clay (Eagle Ford group). 
They also noted it in the Cenomanian deposits of the Blake 
Plateau and in the Atkinson formation of Georgia. 

The writer has observed this species in Cenomanian 
samples from both Puerto Rico and Trinidad. One of the 
forms figured by Ayala, (1962) (see synonomy) from the 
Cenomanian of Cuba as C. simplex is referiable to H. aiiui- 
bilis. Likewise, the specmen figured as C. simplex by Todd 
and Low (196-1, pp. 403, 404, jl. 1, fig. la-c) from the Ceno- 
manian of the north slope of the Puerto Rican trench is 
referrable to H. amabilis. 

Renz, Liucrbachcr, and Schneider (I96.H, p. 1084) 
noted H. amabilis in the Cenomanian of the Neuenburffer o 
Jura of western Switzerland. 

Hedbergella brittonensis Loeblich and Tappan 

Plate 52, figures 9-12 

1961. Hedbergella brittonensis Loeblich and Tappan. .Micropalcoiil.. 
vol. 7, No. 3, pp. 274, 275, pi. 4, figs. 1-8. 

1962. Hedbergella brittonensis Loeblich and Tappan. Avala, Soc. Geol. 
Mex., Bol.. vol. 25, No. 1. pp. 23. 24, pi, 3, figs, lac: pi. 8. figs. 
3a-b. 

Remarks.—Hedbergella brittonensis Loeblich and Tap- 

pan is characterized by its high-spired and rather papillose 
test. It seems suspiciously similar to Hedbergella ports- 

downensis (Williams—Mitchell, 1948) and may be a junior 
synonym of this latter species. 

Hedbergella brittonensis ajjpears to have been derived 
from a Hedbergella delrioensis stock. Nimierous transitional 
forms have been observed in the Lake Waco formation and 
tiie Britton clay  (Eagle Ford group of Texas). 

Range.—Rotalipora s.s. assemblage zone, R. cushinaiii 

—greenhornensis subzone—AL renzi assemblage zone. 
Occurrence.—In the present study H. brittonensis has 

been observed in the Cenomanian and Turonian portions 
of the San Felipe formation of Mexico (cf. Text-figme 2) . 
H. brittonensis occurs at numerous localities throughout 
the Cenomanian and Tinonian poitions of the luigle Ford 
group of Texas (Chispa Summit formation, Lake Waco 
formation. Soiuh Boscjue lormation, Britton clay, and Ar- 
cadia Paik formation) . It also has been observed in the 
Coniacian portion of the Atrstin chalk in Kinney Coimty, 
Texas (Rio Grande area, TX ,36; see Appendix) . 

Hedbergella  delrioensis  (Carsey) 

Plate 48. figures 1,2, 3-5 

1926.   Globigerina   rrelacea   d'(Jrl)igny   vai.   ilchiaoisis   ('arsey,   Uiiiv. 
Texa.s' Bull. 2612, p. 43, no figures. 

1937.   Globigerina   infracretacea   Cdacssiier.   Lai).   Moscow   Uniw.   Pal. 
Pub!., Studies Micropalconl.. vol. 1. No.  1. pp. 28. 47, pi.  1. 

1940.   Globigerina cretacea d'Oibigiiv.   Tappan. Jour. Palconl., vol.  14, 
No. i] p. 121. pi.  19. fig.  II. 

1943.   Globigerina cretncen d'Orbigny. 'Tap|)aM,  [our. Palconl., vol.  17, 
No. 5, p. 512, pi. 82, figs. 16, 17. 

1952.   Globigerina   gaulierensis   Bronnimanu,    Hull.    .Aincr.    Palconl.. 
vol. 35. No. 140. p. 11, pi. 1. fig-s. 1-3 text-figure 2: am. 

1954.   Globigerina delrioensis Carsey. Frizzell, I'niv. Texas. Bur.  Kcou 
GeoT.'Rept. Invest. 22. p. 127. pi. 20. fig. 1. 

19.59.   Prueglobotruncana gnntericnsis  (Bronniniann), Bolli, Uull. .ATUCI. 
Paleont., vol. 39, No. 179. p. 265, pi. 21. figs. 3-6. 

1959. Praeglobotruncana (Hedbergella) delrioensis (Carsey), Banner 
and Blow, Paleontology, vol. 2. pi. 1, p. 8. 

1960. Praeglobotruncana gaulierensis (Bronniniann) , Jones. Contr. 
Cushman Found. Foraiu. Res., vol. 11, pi. 3. p. 102, pi. 15, figs. 
la-c. 2a-c, ?3, f4, 5, ?6, 7a-c, 8. 9a-c: lexl-fig. 1. 

I9(i2. Not Praeglobotruncana gaulieretisis (Bronniniann). Pessagno, 
Micropaleont., vol. 8. No. 3. p. 358, pi. 6, fig. 4. 

1963. Hedbergella delrioensis (Carsey). Renz. LiUcrbaclier. and 
Schneider, Eclogae Gcol. Hclv.. vol. 56, No. 2, p. 1083. pi. 9, 
figs. 5a-c. 

1964. ? Hedbergella delrioensis (Carsey) , Todd and Low. Decp-Sca 
Research, vol. 11. p. 402. pi. I, figs. 2a-c. 

Description.—Teat coiled in a low trochospiral coil with 
five inflated, spherical, lohulate chambers in last whorl; 
consisting of about two whorls. Chambers of first whorl and 
first two or three chambers of last whorl often coarsely 
rugose; last three chambers smooth. Spiral side of test rela- 
tively low with earlier whorl either depressed or flush with 
final whorl. Umbilical side deeply umbilicate: umbilicus 
sill.ill. Sutures on both spiral and umbilical sides radial, cle- 
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pressed, slraight to sliglitly iur\ecl. Outer wall radial hya- 
line ])erforate; nigosites ultragranular hyaline imperforate; 
sejjtal walls and jjortiti microgrannlar hyaline, perforate. 
Primary aperture interiomarginal, extraumbilical-innbili- 
cal; well-tle\eIoped portici flank apertiues o|)ening into 
innbilicirs. 

Retnarks.—Curfiey (1926, p. 43) originally described 
this species from the Grayson foimation (=Del Rio clay) 
of Travis Coimty, Texas, but failed to figure it and desig- 
nate the depository of the type specimens. The type speci- 
mens are assmnedly de|30sited in the Carsey Collection at 
the University of Texas. However, if the Carsey's types 
cannot be located, a neotype will have to be erected for 
this important species. 

HcdbcrgcJla dclriocusis (Carsey) differs from Hed- 
bergcUa planispira (Tappan) (1) by the more deeply imn- 
bilicate and thicker nature of its test; (2) by the more 
rapid increase in the size of its chambers; (3) by the smaller 
number of chambers in the last whorl (four to six as op- 
posed to six to eight) ; (-1) by its less cinved sutures; and 
(.5) by the more strongly rugose character of its earlier 
chambers. 

The writer has examined the holotype of Globigcrina 
gauticrcnsis Bronnimann at the U.S. National Museimi and 
has found it to be a jmiior synonym of H. drhiornsis (Car- 
sey) . Globigcrina liifrdd-ctarca Glaessner (1937, p. 47) is 
also regarded as a jiniior synonym of H. dclriocusis. The 
smaller size of Glaessner's form is regarded as no criterion 
to validate its separate identity. In addition, according to 
the Catalogue of Foraminifera (Ellis and Messina) G. 
iufrttcrctarca was described from strata of Albian age. This 
occinrence is not inconsistent with tiic known range of H. 
delrioensis. 

Range—H. washitciisis assemblage /one to M. rcnzi 

assemblage .zone; (?) to G. foriiicatn—stimrtifoyinis assem- 
blage  zone,   A.   blowi  subzone   (D.   inuUicostala   zonule). 

Oa urrcurc —Yiurm^ the comse of this study H. dcl- 
riocusis (Carsey) has been observed in the San Felipe for- 
maticjn and Mendez shale of Mexico ancl in the Grayson 
fonnation (^Del Rio clay), the Eagle Ford group, and the 
Austin chalk of Texas. H. delrioensis occurs in the Ceno- 
manian of Trinidad ancl is known from the Cretaceous of 
Europe. 

Hedbergella (?) homedelensis Olsson 

1964.   Hi'dheniella homedelensis Olsson.  .Mitropalciint.. vol.  10. No. '1. 
pp.  160',  161, pi.  1, figs. 1, 2. 

1964.   Hedbergella   planispira    (Tappan) ,   Olsson,   Micropaleont.,   vol. 
10. No. 2, pp. 161, 162, pi. 1. figs. 4, 5. 

Rcuiarks.—A^  noted  by Olsson   (19fil,  pp.   161,   162), 

this species seems to be closely related to H. moumouthensis 
(Olsson) . It differs from the latter species by possessing a 
larger and shallower mnbilicus, by possessing a slitlike pri- 
mary apertine, and by possessing subspherical, more com- 
l^ressed chambers in its final whorl. 

It is likely that tegilla will be found on well-preserved 
specimens of H. (?) Iiouirdclcusis and it will eventually 
have to be placed in Globolruucancllo. It is jjrobable that 
no true Hedbergella exist in Maestrichtian or Late Cam- 
panian strata, 

Raugc.—G. fornicata—stuartiforrnis assemblage zone, 
R. subcircumnodijer subzone. Olsson (1964, p. 158) in- 
ferred tirat H. (?) homedelensis occurred in a New Jersey 
faiuial assemblage which would correlate herein with the 
writer's G. furnicata—sliiartiforniis a.ssemblage zone, R. sub- 
circumnodijer subzone. 

Occiirre7ice.—\n the coiuse of this study H. (?) home- 
delensis has been recognized in the Mendez shale (MX 14, 
see Appendix) of Mexico; in the Upson clay and Escondido 
formation of Texas (TX 60 and TX 75, see Appendix) ; 
and in the Saratoga chalk (AR 17, see Appendix) of south- 
western Arkansas. 

Hedbergella (?) mattsoni (Pessagno) 

Plate 50, figures 7-8 

I960. Praeglnbdtrinicana niatlsoni I'essagno. Micropaleont., vol. 6, 
No. 1, pp. 98, 99, pi. 2, figs.  I 3, 6-8. 

Rcu)<nks.—1.'\K large portici ligined by Pe.ssagno (1960, 
pi. 2, figs. 6-8), though somewhat fragmentary, may indi- 
cate that H. uiattsoui shoidd be included inider Globotrun- 
cauclla. 

Raugc.—G. fornicnta—stuarti^ortnis a,ssemblage zone, 
G. elevata subzone (Ci. ralrarala zonule) to R. subcircum- 
nodijer subzone  {R. subpcunyi zonide) . 

Occurreuce.—\n Texas H. (?) mallsoni has been ob- 
served in the Upson clay of Maverick Comity and "Upper 
Taylor marl" of Limestone Coimty. It was originally des- 
cribed from the Rio "^auco formation of Puerto Rico. 

Hedbergella planispira (Tappan) 

Plate 51, figure 1; Plate 53, figures 1,2, 3,4 

1940.   Globie.erina planispira Tappan,  Jour.   Paleont..  vol.   14,  No.  2, 
p. 12, pi. 19, fig. 12. 

1943.   Globigerina   planispira   Tappan,   Tappan,   Jour.   Paleont..   vol. 
17. No. 5, p. 513, pi. 83, fig. 3. 

1948. ? Globigerina ahnadenensis Cushman ancl TCKICI, Ciontr. Oii.sh- 
man Lab. Foiam. Res., vol. 24, pt. 4, p. 95. pi. 16, figs. 18. 19. 

1949. Globigerina globigerinelloides Subbotina. Miciofaima Oilfields 
USSR, vol. 2. p. 32. pi. 2, figs. 11-16. 

1953. Globigerina globigerinelloides Subbotina, Subbotina, Trudy, 
Vses. Neft. Naukno. Issled. Geol.—Razved. Instit.. n. sen, No. 76, 
pi. 1, figs. 11, 12. 

1954. Globorotalia (?) youngi Fox, U.S. Geol. Sur.. Prof. Paper. No. 
254-E, p.  119, pi. 26, figs.  1518. 
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I9')(i.   Hedlnnnina   seniinolemis    (Haillon) ,   Bromiimaiiii   ami   Brown. 
Eclogae Geol. Helv.. vol. 48. No. 2, p. .529. pi. 20. fig.s. 4-6. 

19.57.   Praeglobolriwcana planispira   (Tappan) . Bolli. el nl.. U..S. Nat. 
Mils.. Bull., No. 215, p. 40. pi. 9, fig. 3. 

19.59.   Prttesjohotruiuaiia    lilatiisjnra     (Tappan),    Bolli,    Hull.    Amer. 
Paleont.. vol. 39, No. 179. p. 267. pi. 22. fig.s. 3, 4. 

1959.   PraegJobotruncana  tnodesia Bolli.  Bull.  Aruci.  Paleont.. vol. 39, 
No. "179, p. 267. pi. 22. fig. 2. 

1961.   Hedbergdla planispira   ("1 appan) , Loeblicli and Tappan, Micio- 
paleont';, vol. 7. No. 3. pp. 276, 277, pi. 5, figs. 4-11. 

1961. Hedbergella trocoidea (Gandolfi) . Loeblicli anil lappan. Micro- 
paleont.. vol. 7, No. 3, pp. 277, 278, pi. 5, figs. 1. 2. 

1962. Hedbergella trocoidea (Gandolfi), .\yala. Soc. Cieol. Mexicana. 
Bol., vol. 25, No.  I, pp. 24, 25, pi. 3, figs. 3a-c; pi. 9, figs. la. b. 

1963. ? Hedbergella trciroidea (Gandolfi). Bionnimann and Rigassi. 
Eclogae Geol. Helv., vol. 56. No. 1. pi. 14, figs. lac. 

1964. Hedbergella trocoidea (Gandolfi) , Loeblicli and lappan, 
Treatise on Invert. Paleont., pt. C, Protista 2, vol. 2, p. C659. 
fig. 527:  lac. 

1964. Not. Hedbergella plmiispira (Tappan) . Olsson, Micropaleont.. 
vol. 10, No. 2, pp.  Ilil,  162, pi.  I. figs. 4. 5. 

Remarks.—Hnllx-ri^cUa phtuispini ('r;i|)p;in) is similar 
lo Hedbergella trocoidea (Gandolfi) . It differs from H. 

trocoidea (1) by showing a more rapid increase in ciiamber 
size; (2) by having two as opposed to three or four well- 
developed whorls; and (3) by having a more lobulate peri- 
phery. Variations in size and amoimt of ornamentation are 
not regarded as sound criteria for the separation of these 
two species. Hedbergella planispira differs from the remain- 
ing species of Hedbergella by having a low iroiliospiral. 

nearly planispiral test. 

The specimens figured by Loeblich anil Tapjjan (1961, 
I9(i4; see synonymy) as H. trocoidea do not resemble the 
lectotype (pi. 2. figs. la-( of Gandolfi, 1012) for this species 
selected by Bionnimann and Biown (I9.'>S. p. Ifi) as they 
show a more rapid increase in chamber size per whorl; 
have fewer whorls; and have a more lobidate periphery. 

The holotype of H. planispira (Tappan) was ex- 
amined at the U,S. National Museum during the course of 
this study. 

Ranse.—H. washitetisis assemblase zone to M. renzi 

assemblage zone. 

Occurrence.—In Texas the writer has obsei ved H. plan- 
ispira in the Grayson formation (^Del Rio clay) , the 
Eagle Ford group, and in the Coniacian portion of the 
Austin chalk. In Mexico it occurs in the San Felipe forma- 
tion at Boca Canyon somewhat south of MonteiTey and in 
the upper part of the Tamaulipas limestone in Peregrina 
(Janyon  (see Text-figure 2) . 

Loeblich and Tappan (I9f)l. ]j|). 27(i, 277) noted this 
species in the Grayson fonnation and the Eagle Ford group 
of Texas; in the Greenhoiii limestone of South Dakota, 
Wyoming, and Kansas; in Genomanian samples from a sub- 

marine core from the Blake Plateau; in the Cenonianian of 
Germany; and in the Albian and Genomanian of the 
U,S.S,R. and Trinidad. H. planispira has been recorded by 
Ayala (1962, pp. 21, 2.5) as H. trocoidea from the Geno- 
manian of Giiba. 

Hedbergella  washitensis (Carsey) 

Plate 49, figure 1 

1926. 

1931. 

1940. 

1943. 

1944. 

1949. 

1954. 

1956. 

1959. 

1961. 

19(i2. 

Univ.  Texas   Bull.  2612. 44. Cilobigerina  it'ashilensis  Carsey 
pi. 7,"fig. 10; pi. H, fig. 2. 
('•lobigerina   washitensis   Carsev,   Plumnicr.   I'niv.   Texas   Bull 
3101. p. 193, pi. 13, figs. 12a, b' (Neotype of Pluinnier) . 
Clobigerina ifashiletnis Carsey, Tappan, Jour. Paleont.. vol.  14 
No. 2,' p. 122. pi. 19, fig. 13. 
Clobigerina washitensis Carsey. Tappan,  Jiiin.  Paleont.. vol.  17 
No. 5, p. 513, pi. 83, figs,  la-c, 2. 
Clobigerina wa.ihilrnsi.s C;arsey, Lozo. Amer.  Midhiud   Nat.,  vol 
31, No. 3. p. 563, pi. 3. fig. 4. 
Clobigerina   washitensis   Carsey,   Loebliih   and    lappan.   Jour 
Paleont., vol. 23, No. 3, p. 265, pi. 51, fig. 4. 
Clobigerina washitensis Carsey. Frizzell, Univ. Texas Bur. Econ 
GcoL.Rept. Invest. 22. p. 127, pi. 20. figs. 9ac. 
Clobigerina wasliitoisis Carsey, Bolli, Join". Paleont.. \ol. 30. No 
2. p. 293, pi. .39, figs. 2, 3, text-fig. 5 (11a, b) . 
Clobigerina washitensis Carsev, Bolli,  Bull. .Amer.  Paleont.. vol 
39, No. 179, p. 271, pi. 23. figs. 6, 7. 
Hedbergella washitensis   (Carsey), Loeblich and   lappan. Micro- 
paleont., vol. 7, No. 3, p. 278, pi. 4, figs. 9, lOa-c, lla-c. 
Hedbergella  washitensis   (Carsey) ,  .\yala,  .Soc.  Geol.   Mcxicana 
.\yala. No. 1, p. 22. pi. 3, figs. la-c. 

Remarlis.-Thifi sjjecies is distinct from oihci species of 
Hedbergella by its cancellatc, honeycoinb-likc ornamenta- 
tion. Its assignment to Hedbergella herein and by Loe- 
blich and Tappan (1961, p. 278) is still a mailer of dispute 
because of the umbilical lo only slightly exlraumbilical 
position of its priiriary ajjerture. In addition it has not 
been definitely established whether H. ivashitetisis possesses 
portici as do all true species of Hedbergella. No exception- 
ally well-presei"ved specimens of this species have been ob- 
served during the course of this study. Hence, it has been 
impossible for the writer to determine whether or not H. 

washitensis possesses porliii. 
As Garsey's type specimens were ajjparenlly lost, Pluiri- 

mer (1931, p. 19.H, pi. l.S, figs, la-b) elected a "neoholotype" 
(=neotype) from the ty]>e locality of G. -washitensis Garscy 
(TYPE 5 herein, see ,A|ji)cndix) . Although Plummer's term 
"neoholotype" is not accordihg to the modern International 
Gode of Zoological Nomciulature, she used the term in the 
same sense that workers today use the tcim neotype. Fur- 
iheimore, her election of a "neoholoty]je" (^neotype) is in 
accordance with .Aiticle 7!'-> of the International Gode of 
Zoological Nomenclattne (1961, pp. 81-8,S) . The writer has 
had the opportunity to examine Plummer's neotype   (No. 
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20(533) at the I'aleoiilological Reseanh liisiitiiiioii, lihaca. 

New York. 
Range.—H. u'ashitnisis assemblage zone to Rolalipora 

s.s. assemblage zone. This species has never been observed 
in numerous samples from Texas and Mexico assignable to 
the R. cushmani—greenhorncnsis subzone. 

Occurrence.—\n the course of this study H. washitcnsis 
(Carsey) was observed in Texas in the Mainstreet lime- 
stone, the Grayson formation (=Del Rio clay), and in the 
Biida limestone. This species is common to abundant in the 
Grayson formation in the Rio Grande area, the Austin area, 
the AA^aco area, and in the Dallas area. It has only been ob- 
ser\ed in the Mainstreet at \\'aco and in the Buda at Austin. 

In addition to Texas occmrences Loeblich and Tappan 
(19()1, p. 278) noted H. wasliitcnsis in the Albian and Geno- 
manian strata of Oklahoma, Minnesota, Trinidad, Algeria, 
and in core samples from the submarine Blake Plateau 
north of the Bahama Islands. Ayala (1962, p. 22) describeil 
and figured it from the C^enomanian of Cuba. 

Genus CLAVIHEDBERGELLA Banner and Blow, 1959 

Type species.—Hast igcrinclla suhcretacea Tappan, 
1943. ' 

Remarks.—The diagnosis of Loeblich ami Ta|)paii 
(1961, pp. 278, 279;  19(i4, p. (:(i59)   is followed herein. 

Tfange.—Aptian to Coniacian. 
Ofci(nfnfY'.—Cretaceous: world-\vide. 

Clavihedbergella moremani (Cushman) 

Plate 53, figure 5; Plate 55, figures 1, 2 

l".t;il, Hdsligiriiulla iiiiiitiiiiiiii Cii^liiiian. Ckmli. C^usliinan I..1I). Im- 
am. Res., vol. 7, p. 8(). pi. 11, tig. 1   (not figs. 2. 3) . 

1946. Hastigcriiielta moremani Cushman. Cushman (pari). I .S. Cicol. 
,Sur., Prof   Paper. No. 206, p. 147. pi. 61. fig. 1   (not figs. 2, 3). 

19(51. Claviliedbergella iiinninani (Cushman) . Loeblich and Tappan, 
Micropalcont.. vol. 7, No. 3, p. 279, pi. 5. figs. 12-16. 

Remarks.—Ctox'ihedbngrlla moremani (Ciiishman) dif- 
fers from Claviliedbergella simplex (Morrow) by possessing 
more clavate chambers which often have bulbous termina- 
tions. 

The holotype (Cushman Collection, LJSNM) of Clavi- 
liedbergella moremani has been refigured herein. The 
paratypes figmed by Cushman (1931, 1946) are referrable 
to Claviliedbergella simplex (Morrow) as noted by Loe- 
blich and Tappan   (1961, p. 279). 

Range.—Rotalipcjra s.s. assemblage /one, 7^. eiisliniani 
—greenhornensis subzone to M. Iiclvetiai assemblage /one, 
IF. archaeocrelaceu subzone. 

OffMrrc?if('.—In this study C. moreiiuiiii has been re- 
corded only from the Eagle Ford gioup (Britton clay of 
Dallas County and the Tiironian jjortion Bocjuillas forma- 

tion.   Eagle   Ford   grou]j)    near   the   Kinney—Val   Verde 
Coimty line (TX 30, see Appendix). 

Loeblich and Tappan (1961, p. 279) noted C. more- 
iiiaiii at Britton clay localities and in the Atkinson forma- 
tion of Echols County, Georgia. 

Clavihedbergella simplex (Morrow) 

Plate 52, figures 1, 2 

1931.   Ihiiligiiiiii llii   tiKiicminii  Cushman,  Conlr.  Cushman  I.ah.   I(ir- 
am. Res., vol   7, p. 86. pi. II, figs. 2, 3   (not fig. I) . 

1934.   Hasligfiinella siml)le\  Morrow. Join-. Paleont.. vol. 8. No. 2, p. 
198, pi. 30, fig. 6. 

1937.   Hasligeriiiella simplex  Morrow.  Loetterle,  Nebraska  Geol. Sur., 
2nil ser., Bull. 12. p. 46, pi. 7, fig. 5. 

19lii.   Hastigerinella    simplex    Morrow,    Cushman,    U..S.    Geol.    Sur.. 
Prof. Paper, No. 206, p. 148. pi. 61, figure 10. 

1941).   Hastigeri7iella    moremani    Cushman,    Cushman     (part) .    U..S. 
Ceol.  .Sur.,  Prof.  Paper,  No. 20<5,  p.   147,  pi. 61,  figs. 2,  3.  not 
figure  1. 

I9.'i4.   Hasligerinella simplicissima Magne and Sigal in Cheylan. Magne. 
Sigal.   and   Grekoff,   .Soc.   Geol.   France,   Bull.,   ser.   6,   vol.   3, 
(1953)   p. 487, pi. 14, figs,  lla-c. 

19:56.   Scharkoina sp. cf. S. gandolfi Reichel, Kiipper, C:onlr. Cushman 
Found. Foram. Res., vol. 7, pt. 2, p. 44, pi. 8, figs. 4a-c. 

1961. Claviliedbergella simplex (Morrow) , Loeblich and Tappan 
part), Micropalcont.. vol. 7. No. 3, pp. 279, 280. pi. 3, figs. 12a- 
14b:  not  I lac. 

1962. Clavihedbergella simplex (Morrow) , Ayala, .Soc. Geol. Mex., 
Bol., vol. 25. pp. 25. 26. pi. 4, figs, lac, not figs. 2ac, 3a-c; pi. 
5. not  figs.  lac. 

I9(i4. Not Clavihedbergella simplex (Morrow). Todd and Low. Deep- 
Sea Research, voi. II, pp. 403. 404. pi. 1. figs. lac. 

Remarks.—Chivihedbergella simplex (MOITOW) differs 
from Claviliedbergella moremani (Ckishman) by possessing 
stouter, less clavate chambers which latk btilbotis termina- 
tions. Numerous transitional forms occtir in Eafjle Ford 
samples between Hedbergella amabilis Loeblich and Tap- 
p:in :ind Cliwiliedbergella simplex (Morrow) . C. simplex 

is believeil to have evolved from a H. amabilis ancestor. 
Most of the forms figured by Ayala (1962, see synon- 

omy) ami the form figured by Todd and Low (1964, pi. I, 
figs, la-c) as C. simplex seem more referrable to H. amabilis 

Loeblich and Tappan although they coidd be regarded as 
transitional forms between these two taxa. 

Range.—Rolalipora s.s. assembhige zone, R. cushmani— 
greenliornensis subzone to M. renzi assemblage zone. 

Occurrcnce.—C. simplex has been observed in the 
Cenomanian ;ind Turonian portions of the Eagle Ford 
group thioughout Texas from the Rio Grande area to the 
Dallas area (see Text-figure 2). It also occurs in the Con- 
iacian portion of the Austin th;ilk in Kinney County, 
Texas (TX 36, see Appendix). In Kinne). Val Verde and 
Terrell Counties the Austin rests conformabh on the Eagle 
Ford witli no evidence of an erosional break (cf. Text-figure 
2) . In Mexico C. simplex occurs in the LIpper Cenomanian 
iincl Turonian portions of the San Felipe formation as e.\- 
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posed at Boca Canyon south of Monterrey and at Maniu- 
lique Pass to the north of Monterrey. Loeblich and Tappan 
(1961, pp. 279-280) noted this species in the Eagle Ford 
group of Texas, the Greenhorn limestone of Kansas, the 
Niobrara chalk of Nebraska, the Austin chalk of Texas, and 
the "Antelope shale" of California. It is also known from 
the Cenomanian of Cuba (cf. Ayala, 1961) and the Ceno- 

manian of Tunisia. 

Genus  PRAEGLOBOTRUNCANA Bermudez,  1952 

Type species—Globorolalia ilelnoensis Plummer, 1931. 
Remarks—The diagnosis  presented  by  Loeblich   antl 

Tappan   (1961a, p. 280;  1964, p. C659)   is followed herein. 
7ia/ige.—AIbian—Cenomanian. Lower Turonian   (?). 

O ecu rren cc—Cre taceous; world-wi de. 

Praeglobotruncana bronnimanni Pessagno, n. sp. 

Plate 49, figures 6-11 

1964.   Praeglobotruncana dehiocnsis  (Pliimnici). Todd and Low. Deep- 
Sea Research, vol. 11, p. 404, pi. 2. figs. 4a-r. 

Description—Test trochospiral, relati\ely biconvex, car- 
inate with five to seven angular rhondjoid chambers in last 
whorl. Sutures on spiral side curveil, slightly raised; sutures 
on undjilical side straight, radial, depressed. Umbilicus 
small and deep, bordered by well-developed shoulder. Pri- 
mary aperture highly arched, extraimrbilical-umbilical in 
position. Outer wall except for keel radial hyaline perfor- 
ate; keel radial hyaline imperforate: septal wall microgranu- 

lar hyaline perforate. 
Ixriniirks.—Pyaeirlobotriiiu mill bininiiininnii Pessa"no, 

n. sp. differs from Prneglobotriinciniii slcplinui (Gandolfi) 
and Pnicglobolruncaiia ilelnoensis (Plummer) (1) by the 
more angular rhomboid shape of its chambers; (2) by pos- 
sessing a pronounced peripheral keel; and (3) by having a 
well-developed umbilical shoidder. 

This species is similar and probably closely related lo 
Rotalipora evoluta Sigal, but lacks sutural supplementary 
apertures on the umbilical side of the test. P. bronnimanni 
most likely represents the forenmner of R. evoluta. In the 
writer's opinion it seems likely that Rotalipora evolved 
from a praeglobotruncanid stock through the acquisition of 
sutural supplementary apertures whereas Ticinella evolved 
from a hedbergellid stock through the acquisition of sutural 
supplementary apertures. 

Praeglobotruncana bronnimanni Pessagno, n. sp. is 
named after Dr. Paul Bronnimann in recognition of his 
great contributions to the microjjaleontology and to the 
geology of the West Indies. 

Tlie holotype and figmeil paratypes of Praeglobotrun- 
cana bronnimanni Pessagno, n. sp. will be deposited in the 

(ollections of the U.S. National Museum, Washington. D.C. 
Type locality.—The holotype of P. bronnimanni Pes- 

sagno, n. sp. is from the Grayson formation (^Dcl Rio 
clay) as ex])Osed on the west bank of Shoal Creek, just .south 
of the 31 th Street Bridge, Austin, Travis County, Texas. 
Type 5-B, the sample from which the holotype was ex- 
tracted, occurs in the Grayson 25 feet above the level of 
Shoal Creek and about 20 feet below the contact between 
the Grayson formation and the Buda limestone. The fig- 
ured paratypes are from localities TX 195 and TX 19 in the 
Gray.son formation. TX 195 occurs in the Grayson forma- 
tion 16.5 feet below the contact with the Pepper shale along 
a tribuiaiy of the South Boscjue River, approximately 0.9 
miles east of Farm Road 2416 and 2.1 miles northeast of 
Spring Valley. McLennan Coimty, Texas. TX 19 occurs in 
the Grayson formation 17.5 feet above the Grayson—George- 
town contact as exposed on Evans Creek 0.8 miles west of 
the bridge crossing of LT.S. Route 90 o\er Evans Creek, Val 
Verde County, Texas. The LI.S. Route 90 bridge o\er Evans 
Caeek is situateil about 2.8 miles from the U.S. Route 90 

(Devil's River Canyon)  bridge. 
Range.—Rotalipora s.s. assemblage zone. 7^. rvohila 

sub/one. 
Occurrence.—li\ the course of this .stud)' P. bronni- 

manni has been found oidy in the Grayson formation. At 
TYPE 5B P. bronnimanni occurs in an early Cenomanian 
assemblage containing Rotalipora ex'oliilii Sigal. TX 195, 
a sample in which it also occurs, is situated 10 feet above 
TX 191 wiiich also contains Rotalipora evoluta Sigal. 7?. 
evo'.ula has also been found at TX 19 in the F^vans Creek 

section  of  the  Grayson. 

Praeglobotruncana delrioensis (Plummer) 

Plate 52, figures 3-5; Plate 100, figure 7 

1931.   (,liihori)talia   dclnocnsis   riiiniinci,   Univ.    Texas   Bull.   31(11,   p. 
199, pi. 13. figs. 2a-c. 

1946.   C.loliorotalia   marginuculeata   Loeblich   and    Tappan,   Jour.   I'al- 
eont., vol. 20, No'. 3, p. 257, pl. ,37, figs.  19-21, texl-fig. 4a. 

1952.   Praeglobotruncana delrioensis   (I'lummer). Bermudez, Venezuela. 
Minist. Minas c Hidrocarh., Bol. Geol., vol. 2. No. 4, p. 52, pl. 
7, fig.  I. 

1954.   Oloborotalia   delrioensis   Plummer,   Frizzel.   tiniv.    Texas.   Bur. 
Econ. C;eol., Kept. Invest. 22, p.  129, pl. 20. fig. 27. 

1956. Praeglobotruncana delrioensis (I'lummer) . Bronnimann and 
Brown (part) . Geol. Eclogae Helv., vol. 18, No. 2. p. 53, pl. 21, 
figs. 8-10; pl. 24. fig. 17, fl6; text-figures 9, 13a. b. d; ?l5c-f: 
not   Kic.d.e. 

1957. Praeglobotruncana delrioensis (Plummer) . Bolli. it al.. t'..S. Nal. 
Mils.' Bull., No. 215, p. 39. pl. 39. fig. 1. 

1959. ? Praeglobotruncana (Praeglobotruncana) sp. cf. stepbani 
(Gandolfi).  Banner and  Blow,  Paleontology, vol. 2. pt.  I. pl. 3, 
fig. 4. 

1961.   Praeglobotruncana   delrioensis   (Plummer) ,   Loeblich   and    Tap- 
pan.^Micropaleont., vol. 7, No. 3, pp. 280-284, pl. 6. figs. 9-12. 

1964.   Not  Praeglobutruncanii  dehioensis    (PliMnmcr),   Todd  and   Low. 
Deep-.Sea'Research, \(>l.   II. p.   lot, pl. 2. tig. 4. 
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Rciiuirks.—As noted by Loebliih and Tap|)an (1061, p. 
282) , P. dclrincnsis (Plumnier) has been confused by a 
number of workers with P. stcphaui (GandoUi) . P. dclrio- 
oisix differs from P. stcpluiiu (1) l>v being more biconvex; 
(2) by having a coarsely sjjinose peri])hery; and (3) by 
ha\ing compressed to subglobidar chambers. As a rule, P. 
dclrioensis is smaller in size than P. stephani and is restrict- 
ed to strata of Albian to Early Cenomanian age. P. stephani 
Occurs in strata of Late Ceiromanian and (?) Turonian age. 

The sectioned specimen of P. dclrioensis from the Gray- 
soir formation (Plate 100, fig; 7) shows an imperforate 
peripheral band developed in the posterior portion of the 
final whorl and in both the posterior and anterior positions 
of the previous whorl. 

A hypotype of P. dclrioensis (Plimimer) (No. 20634) 
was examined in that part of the Pliuiimer Collection at the 
Paleontological Research Institution, Ithaca, New York. 

Range—H. xt'ashitcnsis assemblage /one to Rotalipora 

s.s. assemblage zone, R. cx'olutn subzone. 
Occurrenec.—Prarglobotruncaud dclrioensis was noted 

in this study in I he Giaxson foimation in Val Verde, Travis, 
McLeiHian, and Denton Counties in Texas. Loeblich and 
Ta])pan (HKil, pp. 280-284) noted that it occius in strata 
of equivalent age in Trinidad, Switzerland, and in subma- 
rine cores from tiie Bhike Plateau north of the Bahamas. 

Praeglobotruncana stephani (Gandolfi) 

Plate 50, figures 9-11 

Ut42. 

1!I12. 

1945. 

iy4H. 

I WO. 

1950. 

1953. 

1954. 

1954. 

1954. 

1955. 

1955. 

Globotriincana stepliaui C.aiidolfi. Riv. Ital. Pal., ami. 48. mem. 
4. p.  130, pi. 3, figs. 4. 5; pi. 4. figs. 36, 37, 41-45: pi. 6, figs. 4. 
6:  pi. 9. figs. 5. 8; pi. 13, fig. 5; pi.  14, fig. 2. 
Chihciliiiiictiiia  appcntiinica   var.   bcin  Gandolfi,  Riv.   Ital.   Pal., 
ami. 48, mem. 4. p. 119. lexl-fig. 41 (2a-b). 
Clobotruncana sieplumi C.andolfi. Bolli (part) . F.tlogae (.eol. 
Helv., vol. 37, No. 2, p. 224. text-fig. 1 (nos. 3, 4) : ? pi. 9, fig. 2. 
Clolxiiotalia califoniica Cusliman and Todd, Contr. Cusliman 
Lab. Foiam. Res., vol. 24, p. 9(5, pi. 16. figs. 22, 23. 
(iUibtitruncana (C.Uibolruncana) stcpliaiii (;an<lolli, Reitliel, 
Eclogae Geol. Helv., vol. 42, No. 2. p. 609. pi. Hi, fig. 6; pi. 17, 
fig,  6. 
GlobohuHCdiia iliphani (.andoiti var. Iiiihimilii Reichel, Ec- 
logae C;eol. Helv,, \ol. 42, No. 2, p. 609. 
C-lobotruncana stcplmni GandoUi \ar. luibinula Reichel, Mor- 
nod, Eclogae, Cleol. Helv.. vol. 42. No. 2. p. 589, text-fig. 
17(1-3): pi. 15, figs. 9a-r. 18-20; not  10-17. 
Rotundina sleplmni (Gandolfi) . .Subboliiia, Triidv, \'ses. Neft. 
Naukno. Issled. Geol. Razved. Instit., n. ser.. No. 76, p. 165, 
pi. 2. figs. 5-7: pi. 3, figs. 1. 2. 
('•lobdliinicniia slcphnni Gandolfi var. turbiiiala Reichel, Hagn 
and Zeil, Etiogae Geol. Helv., vol. 47, No. 1, p. .34. pi. 2 fig 2' 
pi. 5, figs. 3, 4. 
Glohotruiiraiia   iltjiliani   GandoUi.    Avala,   .\.s,soc.    Mex.   Geol. 
Petrol., Bol.. vol. (i. Nos.  11,  12, p. 412, pi.  II. fig. 2. 
Globoliuntatia slipliiuii Gandolfi var. turbiiiala Reichel, .\yala, 
.\ssoc. Mex. (.eol. Petrol.. Uol.. vol. 6. Nos.  II, 12. p. 412. pi. U 
fig. 3 
GInbiiliuiiitnifi   (li(iluuduiiui) auiimUiisis   (.Sigal). Kiipper, Gontr. 
Cnshman Found. Foram. Res., vol. 6, pt. 3. p. 116. pi. 18, fig. 5. 
Glubdlrunruiia      (Rutuiulaiiia)     stephani     Gandolfi,     Kiipper, 

1956. 

19.56. 

1956. 

1957. 

1957. 

1959. 

1959. 

I960. 

I960. 

1961. 

1961. 

Contr. Ctishman I-'ound. Foiain. Res., vol. 6. pt. 3, p. 116. pi. 18, 
fig. 6. 
Globotruniana     (Piaci^lobotruncana)     stephani    Gandolfi    tur- 
Innata  Reichel.  Kiipper,  Contr.  Cushman   Found.  Foram.  Res., 

7, pt. 2. p. 43. pi. 8. figs. lac. vol. 
Globotriincana     (Fraeglobolruncana)     renzi     (Tlialniann     and 
Gandolfi)   subsp.   priinitiva   Kiipper,   Contr.   Ciushman    Foiiiid. 
Foram. Res., vol. 7, pt. 2, p. 43, pi. 8, figs. 2a-c. 
I'lat'i^ldbolnincana ilclriot-nsis var. turbinala   (Reichel) . Bronni- 
mann  and  Brown,   Eclogae  Geol.  Helv.,  vol.  48,  No. 2,  p.  532, 
text-figs.   16c-e. 
Clobotruncana    (Clobotruncana?)    stephani   turbinala   Reichel. 
Ciandolfi. Contr. Cnshman  Foinid. Foram. Res., vol. 8. pt. 2, p. 
(i2,  pi. 9.  fig. 4. 
Praet^lobotruneana stephani   (Gandolfi) ,  Bolli, (7  «/.,  II.S.  Nat. 
Mus., Bull.,  No, 215, p. 39, pi. 9, fig. 2. 
Praeglobotruncana  stephani    (Gandolfi),   Orlov.   et   al..   Osnovy 
Paleontologi, text-fig. 687 .\-C. 
Praeglolidtrnncana    (Praeglobotruncana)   steplunii.   Banner   and 
Blow,  Palcontologv, vol. 2. pt.  1, p. 3, text fig.  la. 
Praeglobotruncana   stepliani    (Gandolfi),   Klaus,   Eclogae   Geol. 
Helv., \ol. 52. No. 2, p. 794. p. 6. figs 2a-c 
Praeglobotruncana   stepliani   var.   turbinala    (Reichel) ,   Klaus. 
Eclogae Geol. Helv., vol. 52, No. 2, p. 795. pi. 6. figs. 3a-c. 
Praeglobotruncana stephani   (Gandolfi) ,  Loeblich  atid  Tappan, 
Micropaleont., vol. 7, No. 3, pp. 284-290. pi. 6. figs. 1-8. 
Praeglobotruncana stephani   (Gandolfi),   Loeblich  and  Tappan, 
Treatise on  Invert.  Paleont., pt. C,  Protista  2,  vol. 2, p.  C659, 
fig. 527:  3a-c. 

Remarks—Praeglobotriinrana stephani (Gandolfi) dif- 
fers from Pracglohotnincana dclrioensis (Plummer) : (1) 
by being much more convex spirally; (2) In having rhom- 
boidal chambeis: and (3) by lacking a coarsely spinose 
periphery. 

The writer agrees with Loeblich and Tappan (1961, p. 
286) that the larger, more spirally convex specimens fre- 
cjiiently lefeired to in the literature as P. stephani var. 
tiirhiinita (Reichel) should be regarded as adult or gerontic 
individuals of P. stephani. Both the smaller, less spirally 
convex specimens (=P. stephani var. turbinata) have the 
same geologic range. Tints, as noted by Loeblich and Tap- 
pan (ibid.), the retention of two names for these forms 
serves no useful purpose geologically. 

Ranor.—Rotalipora s.s. assemblage zone, R. ciishmani— 
grcenhorticnsis stibzone. ? M. helvetica as.semblage zone. 

Occurrence.—In this study P. stephani has been ob- 
served in the San Felipe formation of Mexico (MX 131, see 
Appendix) and in the Eagle Ford group (Britton clay) of 
Texas. Loeblich and Tappan (1961, p. 288) noted that P. 

stephani occurs in the Cenomanian of Switzerland, Italy, 
Russia, and Bavaria. They also noted that it occurs in the 
Britton clay of Texas and in the "Antelope shale" and 
"Francisc:in series" of California, 

Subfamily LOEBLICHELLINAE Pessagno, new subfamily 

Type genus.—Loeblichella Pessagno, new genus. 
Description .—Tests coiled in a low trochispire; primary 

aperture extiaumbilical—umbilical  to spirounibilical  with 
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well-developed ix>rtici. Sutuial supplementary apertures on 

spiral side of test only. 
Rcmarks.-The Loeblichellinae differ from the Hed- 

bergellinae by the possession of sutural su]3plenientary aper- 
tmes and from the Rotaliporinae by the possession of su- 
tural supplementary apertiues on the spiial side of the test 

only. 
Ornirrnicc.-'Upper   Cretateoiis   of   West   Indies   and 

North America. 

LOEBLICHELLA Pessagno, new genus 

Type  species—PracgloliDtriiiKiiiiii   liissi  s.s.   Pessagno, 

1962 
Desrriptio)!.—Test low, trochospire witlioui imperforate 

peripheral band or carina. Primary aperture, slitlike, ex- 
traumbilical-umbilical to spiroumbilical in position with 
broad, well-developed ]5ortici extending into wide, shallow 
umbilicus. Siuural supplementary apertures present on the 
spiral side of test only. Outei wall, railial hyaline perforate: 
septal wall mitrogranular hyaline, perforate: portici micro- 

granular hyaline, perforate  (?) . 
Remarks.-Loeblulirlhi ihffers from Hcdbergella (1) 

by possessing sutural supplementary ajjerlures on the spiral 
side of the test and (2) by having a piiniaiy ajjerture which 
varies between exliaumbiiical ami s|jii()umbili{ al in posi- 

tion. 
This genus is named loi Helen I appau L.oebliih \n 

honor of her numerous contributions to miciopaleontology. 
Range—Rotaliporu s.s. assemblage /one, R. ciislimani— 

greenhorucnsis subzone to G. coiitusa-stuarlifortiils assemb- 
lage zone, G. gansseri iubzone. There have been no recorded 
occurrences of this genus in the A. mayaroensis sidjzone to 

date although such occurrences are likely. 

Loeblichella hessi (Pessagno) 

Plate 48, figures 17-19; Plate 61, figures 6-8: 9-11; 
Plate 100, figures 1-2 

1962.   Fnieglobotiuncana   licssi   hessi   Pessagno,   MiiiuiJalconl.,   vol.   8. 
No. 3. pp. 3.58-360, pi. .5. figs. 8-12. 

Descriptii>n.—Teal low, tiochospir;iliy (oilcd; spir;d sitlc 
flattened except for convex projection of individual cham- 
bers. Periphery lobidate, chambers iiuieasing rajMcUy in 
size; early chambers spherical: latei chambers markedly 
ovate in cross-section. Last whorl with live to six subtrape- 
zoidal to trapezoidal chambeis. Clhambers co;usely rugose. 
Sutures depressed, straight to slightly curved on both spiral 
and umbilical sides. Aperture a slitlike opening, extraumbi- 
lical to s])iioumbilical in position: large wide portici extend 
into broad, shallow umbilicus from a|jertinal aieas of each 
chamber. Siitmal supplementary apertiues on spiral side of 

test: difficult to see except on well-preserved specimens. 
Outer wall radial hyaline perforate; septal wall microgranu- 
lar hyaline perforate. Portici microgranular hyaline perfor- 
ate (?). 

Retnurks.—L. hessi s.s. (Pessagno) differs from L. coar- 

clalii  (Bolli)  by lacking an angled periphery. 
Range.—Rotalipom s.s. assemblage zone, R. cushmani— 

greenliornensis subzone to Globotruncana contusa—stuarti- 
f or mis assemblage zone, G. gansseri subzone in so far as 
known. 

Occurrence.—In the present study L. Jiessi s.s. has been 
observed in the Eagle Ford group (Britton, Arcadia Park, 
Lake Waco, South Bo:sque formations) , "Lower Taylor 
m;irl". Pecan Gap chalk, "Upper Taylor marl", and Corsi- 
caua marl of Texas. It also has been observed in the 
Brownstown marl ol Arkansas and the San Feli|je foinia- 
tion of Mexico. The writer has also seen L. hessi s.s. in a 
faimal assemblage assignable to the G. fornicata—stiiarli- 

fonnis assemblage zone, G. elevata subzone, (G. calcarala 
zonule) fi(im the Ganipanian of Austria. L. hessi s.s. was 
originally described from the Rio Yauco foiniation of 

Puerto Rico. 

Loeblichella  coarctata  (Bolli) 

Plate 48, figures 14, 16, 20; Plate 61, figures 4, 5; Plate 62, 
figures 1-3; 6-8; Plate 76, figures 7-9 

1957.   I'i<iiu,hiliohhii((iiiii ((i(i)ilcilii llolli, U.S. Nat. Miis. Bull., No. 215. 
p. .55, pi. 12, figs. 2a-;!c. 

1962.   I'raci^Uibolruncntia hessi <a}iifirfssili}iiiiis I'essaj^no. Micropaleont. 
vol. 8. .No. 3. p. 360, pi. 5. figs. 1-7. 

Reiiuirks.—L. loarctala (Bolli) differs Irom /,. hessi s.s. 

(Pessagno) by possessing an angled periphery. Sectioned 
specimens do not show either an imjjerforate peripheral 
band or a keel. These two species are intimately related 
and transitional  forms are common. 

A comi>arison of the types (USNM) of P. hessi com- 
pressiforinis Pessango with those of L. coarctata (Bolli) in- 
dicates that P. hessi conipressiforniis is a jimior synonym of 

P. coarctata Bolli. 
Range.—Rutalipora s.s. assemblage zone, R. cushmani— 

greenliornensis siib/oue to G. contusa—stuartiformis as- 

semblage zone, G. gansseri subzone. 
0(CinTr»icr.—During the course of this study L. coar- 

ctata (Bolli) has been observed in the Eagle Ford group 
(Britton clay, Arcadia Park formation. Lake Waco forma- 
tion, and South Boscjue formation) ; "Lower Taylor marl": 
"Upper Taylor marl": and Corsicana marl of Texas. It has 
also been obsei ved in the Brownstown marl of southwestern 
Arkansas and in the Tuionian ]iortion of the San Felipe 

formation of Mexico. 
/..   coarctata   was  oiiginally  described   by   Bolli   from 
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the Napaiima Hill iorniatioii of Trinidad. It also oc( iirs in 
the Rio VaiKo ioiniaiioii ol Pucito Rico. 

Subfamily ROTALIPORINAE Sigal, 1958 

Type genus—Rolaliporu Brotzen, 19-12 
Remarks.—The  iliagnoscs  presented  by  Loeblich  and 

Tappan (1961a, p. 290: 19(il, p. (:6r)9)  arc lollowed herein. 
/JflHge.—Albian—CJenomanian. 
Orr»rrr»<rf.—W'oi Id-wicle. 

Rotalipora appenninica (O. Renz) 

Plate 50, figures 1, 2; 4-6; Plate 51, figures 10-12; Plate 98, 
figure 13, Plate 101, figures 1, 2 

European 
Stages Te-t       Figure  10      Schernotic Plot o( RoTol.porid Size versus 

Cretaceous Time 

^ Peak  in  sue corresponds  to peak  'n e*olotionory  developrnDnt 

Genus ROTALIPORA Brotzen.  1942 

Type speeies.-RotdlipdYd turoiiiea Biot/cn. 1912 {zir. 
Rotalipora euslnnani   (Morrow) ,  1934) . 

Remarks—The diagnoses of Loeblich and Tappan 
(1961a, p. 296; 1964. pp. C659-661) are accepted herein. 

Range.—Rotalipora  assemblage  zone. 
Occurrence.—CenonvAni^in of North America, South 

America, West Indies, Enrasia, Africa, and Australia. 

193(3. 

1942. 

1942. 

1945. 

1948. 

1950. 

1950. 

19.50. 

1950. 

1951. 

1952. 

1953. 

1954. 

1954. 

1954. 

1955. 

1957. 

1957. 

1957. 

1957. 

1959. 

1960. 

1901. 

19(il. 

1962. 

1964. 

CAobuti unianu apptnumicu O. Ren^. Eclogae Ceol. Helv., vol. 
29, No. 1, pp. 20. 135, lext-Iigs. 2, 7a: pi. 6, figs. Ml; pi. 7, fig. 1; 
pi. 8. fig. 4. 
(Mobotruncana ajipenninka O. Renz. Gandolfi (part). Riv. Ital. 
Pal., ann. 48, mem. 4. p. 116, text-fig.s. 43, 44: pi. 2, figs. 5, 6; 
pi. 4, figs. 1513, 14, figs. C24-27. E45, 46: pi. 5. figs. 5, 6 (part); 
pi. 6. fig. 4 (part) : pi. 9. figs. 3, 6, 7; pi. 12, figs. 3, 6; pi. 14, figs. 
3. 4. 
(ilobolnnii iiiia appenninica O. Renz forma Ivpica Gandolfi, 
Riv. Hal. I'al.. .\iin. 48, mem. 4, p. 116. text-fig 42 (Nos 2, 3) ; pi. 
2. ligs. 5. 6:  pi. 4. fig.  13. 
(.IOIMIII unrann appenninica (). Renz. Boili. Eclogae Geol. Helv., 
vol. 37, No. 2, pp. 223. 224. pi, 9, fig. 1: text-fig. 1: 1,2. 
Globotruncana appenninica O. Renz, Cita. Riv, Ital. Pal., vol. 54, 
No. 3, p. 1. pi. 3, fig. 1, 
Not Globotruncana (Rutalijnna) appenninica O. Renz var. 
typica Gandolfi, Mornod. Eclogae Geol. Helv., vol. 42, No. 2, p. 
582, text-fig. 9: 2a-c. 
Globotiuncana (Rotalipora) appenninica O. Renz, Mornod 
(part) . Eclogae Cicol. Helv., \ol. 42. No. 2, pp. 578-582, text-fig. 

3: 3a-c: not la-r. 2a-<: tcxi-fig. 4: :-3a-c; not 4ac: text-fig. 5: 
lac: not pi. 15, figs. lac. 
Gtobotruncana (Tliatnianninelta) brotzeni Sigal, Mornod, 
Eclogae Geol. Helv.. vol. 42. No. 2. pp. 586, 587, textfig. 9: lac! 
Globotruncana (Rotalipora) appenninica O. Renz. Reichel, 
Eclogae (leol, Helv., vol. 42. No. 2. p. 604, pi. 16. fig. 4; pi. 17 
fig. 4. 
Not Globotruncana appenninica cf. alpha Gandolfi. Bolli lour 
Paleont,, vol. 25. No. 2. p. 193, pi. 34. figs. 1-3. 
Rotalipora appenninica (O. Renz), .Sigal. 19tli Congr. Geol. In- 
ternat.. Monogr. Reg., Alger, ser. 1, No. 26. p. 24, text-fig. 23. 
Rotalipora appenninica (O. Renz). Siibbotina (part) , Trudy. 
\'ses. .Neft. Naiikno. Issled. Geol. Ra/\ed. Instit,. n. ,ser,. No. 76, 
p. 159, pi. 1. figs. 5a-c; 6a-c: 7a-c; not 8a-c: pi, 2. figs, la-c: 2a-c. 
Rolalipina appenninica (O. Renz) . Hagn and /cil (part) , Eclo- 
gae Geol. Helv,. \ol. 47. No. 1. pp. 22-23. not IJI. I, fig, 1; pi 4 
figs. 11.  12: pi. 5. fig.  1. 
? Rotalipora turonica Brotzen, Hagn anil Zeil (part) , Eclogae 
Geol, Helv.. vol. 47. No. 1, pp. 27. 28, pi. 4, tig. 3; not pi. 1 fig. 
4;  not  pi,  1, fig. 5a-c. 
Rotalipora appenninica (O. Renz) var. typica (Gandolfi) , 
Ayala, .\ssoc. Mex, Geol Petrol., Bol.. vol. 6. Nos, 11-12 p 418 
pi. 12. fig. 3. 
.■' Globotruncana (Rotalipora) appenninica appenninica Renz, 
Kiippci'. Contr Cushman Found, Koram, Res,, p, 114 pi 18' 
figs,  2a-c, 
Globotruncana ajipenninica Renz, ,Sacal anil Dchoiirle, ,Soc. Geol. 
France, n. ser.. .Mem. No, 78. p. 58. pi. 25. figs, 9. 19, 20. 
Globotruncana   (Rotalipora)   appenninica appenninica O. Renz. 
Gandolfi, Contr. Cushman  Found.  Foianr Res., vol. 8   pt   2   p 
60,  pi.  9,  fig.  3, 
Rotalipora brotzeni (Sigal), Bolli, et at.. U.S. Nat. Mus., Bull , 
No. 215, p. 41, pi. 9. figs. 7a-c. 
Not Rotalipora cf. R. appenninica (O. Renz) . Bolli. et at., U.S. 
Nat. Nfus,. Bull.. .No, 215. p. 41. pi. 9. fig. 5. 
Rotalipora globotruncanoides Sigal. Banner and Blow, Paleon- 
tology, vol, 2. pt.  1. pi. 2. fig. 4, 
Rotalipora (Tliahnauninella) appenninica appenninica (Renz). 
Klaus, Eclogae. Geol. Helv., vol. 52. No, 2. p, 808. pi. 3, iigs. 
3a-c. 
Rotalipora appenninica (O. Renz) . Loeblich and Tappan, 
Micropaleont., \ol. 7. No. 3, pp. 296. 297. pi. 7, figs, lla-c. 
12a-c. 
Rotalipora greeiilioniensis (.Morrow), l.oeblidi and Tappan 
(part). Mitropaleont,. vol, 7. No. 3. pp. 299-301, pi. 7, figs, lOa-c: 

not 5-9. 
Rotalipora  evolula  Sigal.  .\yala. Soc.  Geol.  Mex,.  Bol.,  vol.  25, 
No. 1, pp. 26-28, pi. 4. figs. 2a-c: not 3a-c; pi. 10. figs. 2a-c. 
Rotalipoia   greenliornensis    (Morrow),    l.ocbliih    and    Tappan 
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(part). Treatise on Invert. Paleont.. pt. C, Protista 2, vol. 2. pp. 
659-660. fig. 528: 3a-c: not 4a-c. 

1964.   Not Rotaiipora appenninica   (Renz), ToAA and  Low,  DeepSea 
Rescarth, vol.  11. p. 405, pi. 2, figs. 6a-c. 

Etiicndfil (lefinilioii.—Te'it tiochospiral, spiroconvex lo 
nearly biconvex (mean T'X/TX value for 17 measured 
specimens=0.76; T'X/TX value of selected lectotype 
=0.66), sharply angled by a single keel; single keel present 
in early whorls excejn for embryonic whorl. Chambers ar- 
ranged in about two and one-half to three whorls; six to 
eight chambers in final whorl; chambers expanding in 
size rapidly between early part of final whorl and hue part 
of preceding whorl; chaiubers in final whorl expanil in size 
more slowly. Chambers elongate, crescent-shaped spirally; 
separated by radially arranged curved, raised, slightly bead- 
ed sutures. Chambers wedge-shaped umbilically: separated 
by radial, curved to slightly curved somewhat raised, beaded 
sutiues. Umbilicus deep. Siitural supplementary apertures 
present on umbilical side of test on posterior (umbilically 
directed ends) of siuures. Primary aperture extraimibilical- 
umbilical in position. Outer wall radial hyaline perforate 
except for keel which is radial hyaline imperforate. Septal 
walls microgianular hyaline, slightly perforate. 

Remarks.—Rolalipoi a appenninica (O. Renz) was 
originally described in syntypic series by Renz (cf. synon- 
omy above) in thin-section from the Cenomanian of the 
central Appennines of Italy. .Since R. appenninica has been 
confused frequently with R. ex'oluia Sigal, R. (usinnani 
(Moriow) , and R. i^veenliornensis (Morrow) , it seem^ be^^ 
to stabilize its taxonomic status through the selection of a 
lectotype. Thus, tlie form figured by O. Renz (I9,S6) in 

plate 8, figure 4 is loinially designated the lectotyjje of 
Globotruneana appenninica O. Renz; the specimen figiued 
by O. Renz (1936) in figiue 2, p. 14 (upper right) as 
Clobotruncana appenninica C). Renz is formally designated 
a paralectotype. Measinements of the lectot)pe and para- 
lectotype are presented in Text-figiue 11. The type local- 
ity of the lectotype is section II, bed 3:"5-10cm. dicke Banke 
grauer Plattenkolke. Fossilien; Zahlreiche Globigeriniden 
unci G. appenninica (Taf. VI, fig. 7 und i; Taf. VIII, fig. 
1)"   (O. Renz, 1936, p. 33). 

Because Renz's syntypes included either drawings or 
photographs of specimens occuring in rock thin-section, it is 
difficult to obtain a clear concept of the nature of this 
species externally. The external appearance of R. appen- 
ninica can be substantiated, however, in two ways: (1) 
through the examination of matrix free topotypes from the 
type level of R. appenninica and (2) by sectioning free 
specimens and comparing their form with that of the 
selected lectotype and paraty|)C. Througli  ilie kindness ol 

H, P. Luterbacher, the writer was able to examine material 
from the type level of R. appenninica and to compare this 
material with his American material. Numerous sections of 
American specimens of this species have been made during 
the course of this study. These sections have been carefully 
measured and compared to the lectotype and paralectotype 
selected herein (if. Text-figure 11). The specimen figmed 
in Plate 51 (figiues 10-12) of this work is believed to em- 
body the concejit of this species externally. 

R. appenninica differs from R. evoluta Sigal externally 
(1) by having ctir\ed rather than straight sutiues imibili- 
(ally; (2) by lacking an inubilical shoidder; and (3) by 
having a somewhat thicker test peripheral!). In thin-section 
R. appenninica differs from R. exioluta (I) by having some- 
what greater posterior and anterior keel angles and (2) by 
having somewhat more vaulted chambers spirally and iiiri- 
bilically. It is likely that R. appenninica evolved from a 
R. eiioluta ancestor. 

R. appenninica differs externally fiom R. grecnhornen- 

sis (Morrow) by being more convex sjiirally. Form analy- 
sis of sectioned spei imens of both species indicates that the 
most significant measurements are their T'X/TX values. 
Text-figure 14 is a scatter plot of T'X/TX and D-D' values 
of R. appenninica and R. greenhornoisis. On the basis of 
the first standaid deviations of T'X/TX values of R. ap- 
penninica and R. orci-nliornensis, T'X/TX=0.90 is taken 
as tlic ujjper limit of R. appenninica and T'X/TX^1.12 is 
taken as the lower limit of R. greenhcjinensis (cf. Table 2) . 
Specimens having T'X/TX values greater than 0.90 and less 
than 1.12 are considered transitional in this report. 

R. appenninica differs externally and in thin-section 
from R. cuslimani (Morrow) by having less inflated cham- 
bers both spirally and umbilically and by having a propor- 
tionally smaller umbilicus (cf. Text-figines 11 and 12). 
Text-figure 13 is a scatter plot of D-D'/U-U' to T'X/TX 
for R. appenninu II and R. i usinnani. On the basis of their 
fiist standard deviations the upper limit of R. cushmani is 
defined as D-D'/U-U'=2.0, whereas the lower limit of R. 
appenninica is defined as D-D'/U-U'=2.21. Specimens hav- 
ing D-D'/U-U' greater than 2.0 and less than 2.21 are con- 
sitlered transitonal herein. 

The speciiuens figured by Bolli (1951, p. 193, pi. 34, 
figs. 1-3) as G. appenniniea cf. alpha Gandolfi seems to be 
referrable to Rotaiipora evoluta Sigal inasmuch as the su- 
tures on the umbilical side are straight rather than curved. 

Subbotina (1953, p. 159) figured numerous specimens 
of Rotaiipora appenninica from the Cenomanian of Russia. 
I.oeblich and Tappan (1961, p. 297) felt that the speciiuens 
ligLuetl by Sidjbotina in jilate 1 in figures 7 and 8 should be 
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included under R. o^rcrnliorncnsis. However, the \n-iter feels 
that only the specimen illustrated in figure S should be re- 
ferred to R. grcenliornensis. The fonn figiued in figme 7 
is convex S]>irally and represents a ty]Mcal R. appcnnhuca. 

The specimen figured by Hagn and Zeil (1954, pi. 1, 
figs, la-c) as Rotalipora appenninicu seems referable to 
Rotalipora cushmani   (Morrow) . 

The topotype of Rotalipora brotzeni (Sigal) figured 
by BoUi, rt al.   (1957, j). 41, pi. 9, figs. 7a-c)   and again by 

Loeblich and Tappan (1961, pp. 299-301, pi. 7, figs. lOa-c; 
1964, pp. 659-(J()l, fig. 528: 3a-c) is regarded as Rotalipora 
apponiinicu because of the marked convexity of the spiral 
side of the test (T'X/TXr=about 0.71). rhalminclla 
brotzeni Sigal (1948, pi. 1, figs. 5a-c) is referrable to R. 
grecnhorncnsis as an approximate measinement of its T'X/ 
TX value from Sigal's drawings indicates that T'X/TXr= 
1.13, thus falling within the lower limits of R. grccnhornen- 

sis. 

TEXT-FIGURE 11 
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D-D' 0.442 0.487 3.505 0.561 0.588 0.519 0.617 0.533 0.616 0.514 0.471 0.555 0.394 0.392 0   350 0.546 0.602 

u u' 0.192 0.187 3.205 0.238 0.238 0.238 0.252 0.252 0.252 0.224 0.205 0.238 0.140 0.182 0.154 0.205 0.224 

TX 0.116 0.113 D.127 0.140 0.140 0.112 0.154 0.127 0.127 0.127 0.112 0.127 0.127 0.098 0.084 0. 140 0.154 

T'x 0.077 0.087 0.34 0.098 0.112 0.098 0.112 0.084 0.127 0.127 0.112 0.098 0.056 0.070 0.056 0.084 0.098 

Angle XD'U' 
38.0° 38.0° 33.0° 38.0° 38.0° 39.0° 32.0° 42.0° 31.0° 36.0° 34.0° 40.0° 25.0° 27.0° 34.0° 27,0° 32.0° 

Angle   XD'T 25.0° 21.0° 23.0° 22.0° 20.0° 20.0° 25.0° 20.0° 18.0° 22.0° 21.0° 21.0° 29.0° 21.0° 26.0° 21.0° 23.0° 

Angle XDU 
24.0° 27.0° 31.0° 32.0° 26.0° 34.0° 26.0° 29.0° 33.0° 36.0° 41.0° 32.0° 12.0° 30.0° 24.0° 22.0° 27   0° 

Angle XDT 37.0° 32.0° 31.0° 29.0° 30.0° 22.0° 31.0° 32.0° 27.0° 32.0° 25.0° 25.0° 36.0° 31.0° 28.0° 31.0° 32.0° 

XD 
0.173 0.187 0.196 0.224 0.238 0.224 0.280 0.205 0.266 0.205 0.205 0.205 0.156 0.168 0.154 0.224 0.238 

XL)' 0.269 0.300 0.309 0.337 0.35 0.295 0.337 0.322 0.350 0.309 0.265 0.350 0.238 0.224 0.196 0.322 0.364 

T'X/TX 0.66 0.77 0.66 0.70 0.80 0.87 0.73 0.66 1.0 1.0 1.0 0.77 0.44 0.71 0.67 0.60 0.64 

D-D' 

u-u' 2.3 2.6 2.47 2.36 2.47 2.18 2.45 2.12 2.44 2.3 2.3 2.32 2.82 2.16 2.27 2.66 2.7 

All measurements in millimeters. 

* = Renz (1936, pi. 8, fig. 4).  Lectotype designated herein. 

*"' = Renz (1936, fig. 2, p. 14; upper right) .  Paralectotype designated herein. 

-•'■-■■--■■■■ = Similar to Renz (1936, p. 14, fig. 2, lower left), 

-I- = R. appenninica transitional to R. greenhornensis. 

-H- = R, appenninica transitional to R. cushmani. 
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Range—Rotalipora s.s. assemblage zone. 
Occurrence—During the course of this study R. appen- 

ninica has been observed in the C^enoniaiiian portion of the 
San Felipe formation at Boca Clanyon south of Monterrey, 
Mexico; at Manudique Pass to the north of Monterrey, 
Mexico; and in the Ciiiesta del Crura limestone and upper 
Taniaulipas formation at Perei-rina Canyon, northwest ol 
Ciudad Victoria, Mexico. R. appcnninica has been observed 
in the Eagle Ford group in the Lake Waco and C;his|>a Sinn- 

mit formations. 
R. appcnninica is known from the Cenomanian of 

Cuba, Puerto Rico, Trinidad, and South America. 
Loeblich and Tappan (1961, pp. 296-297) noted R. 

appcnninica from the Maness formation of Texas. It is also 
known from the Cenomanian of Switzerland. Italy, Algeria, 

France, Germany, Spain. ;ind Russia. 

Rotalipora cushmani (Morrow) 

Plate 51, figures 6-9; Plate 101, figures 5-7 

1934.   C.loborolaVia cusltiiiuui   Moinnv,  Jour.   I'alconl..   \ol.   S.   p,   I'l'l. 
pi. 31, figs. 2, 4. 

1942.   Rotalipora  turotiica   liiol/cii.  Sver.  Geol.   llnilcis.,  Scr.  C,  No. 
451, Ars. 36. No. 8, p. 32. text-figs. 10, 11   (4) . 

194.5.   Gloholruncana alpina Bolli, F.dogae Geol. Helv.. vol. 37. No. 2, 
pp. 224, 225, pi. 9, figs. 3, 4. 

1946.   Globoiolalia cushmani Morrow. Ciislunaii.  tl.S. (.col. Sin.. I'rot. 
Paper, No. 206. p. 152, pi. 62. figs. 9a-c. 

1948.   Globotruncana bcnacensis C;ita. Riv. Ilal. I'al.. \ol. 54. No. 4, pp. 
147, 148, pi. 3, tigs. 3a-c. 

1948.   Rotalipora   cushmani    (Morrow) .   Sigal.   Iiisiii.   Iiaiu.   I'elrolc. 
Rev., vol. 3, No. 4. p. 96. pi. 1, tig. 2; pi. 2, fig. 1. 

1950.   Globotruncana     (Rotalipora)    montsahensis    Moinod.    F.dogae 
Geol. Helv., vol. 42, No. 2, p. 584, text-figs. 4(1) ; 7(1, 2) . 

1950.   Globotruncana   (Rotalipora)   montsalvensis  var.  minor  Morno<l, 
Eclogae Geol. Helv., vol. 42, No. 2, p. 581, text-fig. 8 (lac. 2-4) . 

1950.   Globotruncana   (Rotalipora)   turonica   (Brotzen) , Reichel, Eclo- 
gae Geol. Helv,, vol. 42. No. 2. p. 607. pi. 16. fig. 5; pi. 17, fig. 5. 

1954.   Globorotalia cushmani Morrow. Fiizzcl, Univ. Texas, Bur. Econ. 
Geol., Kept. Invest. 22, p. 129, pi. 20, fig. 28. 

1954.   Rotalipora cushmani   (Morrow),  Hagn  and  /eil.   Fclogae  Geol. 
Helv., vol. 47, No. 1. p. 29, pi. 1, figs. 3; pi. 4. figs. 8-10. 

1954.   Rotalipora   turonica   Brotzen,   Hagn   and   Zcil.    Eclogae   Geol. 
Helv., vol. 47, No.  1. pp. 27, 28. pi.  1, tig. 5;  pi. 4, fig. 4;  not 
tig. 3. 

1954.   Rotalipora motilsalvensis Moinod, Hagn and Zcil. Eclogae Geol. 
Helv.. vol. 47, No. 1. p. 29. pi. 1, fig. 4; pi. 5, fig. 2. 

1954.   Rotalipora   cushmani     (Morrow) ,    Ayala,    .^ssoc.    Mcx.,    Geol. 
Petrol.. Bol., vol. 6, Nos. 11, 12, p. 418, pi. 16, fig. 2. 

1954.   Rotalipora  turonica   Brotzen,  Ayala,  ,\ssoc.   Mex.  Geol.   Petrol.. 
Bol., vol. 6. Nos. 11-12, p. 422. pi. 14. fig. 2. 

1956. Rotalipora    cushmani     (Morrow) ,    Bronnimann    and    Brown, 
Eclogae Geol, Helv,, vol, 48, No, 2, p, 537, pi, 20, figs. 10-12. 

1957. Rotalipora cushmani   (Morrow). .Sacal and  Deljonrle, Soc. Geol. 
France, n. ser, Mem.. No. 78, p. 58, pi, 25, figs. 6-8, 13, 16, 17. 

1957.   Rotalipora turonica Brotzen. Bolli. rt al., U.S. Nat. Mus., Bull., 
No. 215. p. 41, pi, 9, figs, 6a-c. 

1957.   Globotruncana    (Rotalipora)     cf.    G.     (R.)     turonica    Brotzen, 
Edgell, MicropaJcont.. vol. 3, No, 2, p. 109, pi. 1, figs. 16-18. 

1960.   Rotalipora   (Rotalipora)  cf.   montsalncnsis   var,   minor   Mornod, 
Klaus,  Eclogae Geol,  Helv., vol. .52, No.  2, pp.  813.  814. pi. 5, 
figs. lac. 

1960. Rotalipora (Rotalipora) luionica Brol/en var, cxpansa Car- 
bonnier, Klaus. Eclogae Geol, Helv,. vol, 52, No, 2. pp. 815, 816, 
pi. 5. figs. 4a-c. 

1960, Rotalipora (Rotalipora) cushmani (Morrow) , Klaus, Eclogae 
Cieol, Hdv., vol. .52. No. 2. pp. 814-815. pi. 5, figs. 2a-c. 

1961, Rotalipora cushmani (Morrow). Loeblidi and Tappan. Mitro- 
paleont., vol. 7, No. 3, pp. 297. 298. pi, 8, figs. 1-10. 

1961,   Rotalipora    monlsahicnsis    Mornod,    Rcnz.    I.uterbadier,    ami 
.Stbneitler. Edogae Geol. Helv., vol. 56, No. 2, p, 1089, pi, 7, figs, 
lac, 

1961,   Rotalipora   montsalvensis   minor   Mornod,   Renz,   I.uterbadier, 
and .Schneider. Eclogae Geol. Hcl\,, vol, 56. No. 2. p. 1089. pi. 7, 
figs. 2a-c. 

I9(>1.   Rotalipora cushmani   (Morrow). Loeblich and Tappan. Treatise 
on  Invert.  Paleonl,,  pt.  C,  Protista  2.  vol,  2,  pp,  (i59-661.  fig, 
.528:  lac; 2ac. 

RoiKirks.—Rotulipura cushmani (Monow) is closely 
ichuetl to Rotalipora appenninica (Ren/). Transitional 
forms are common in the North American Upper Ceno- 
manian. Rotalipora cushmani can be differentiated from 
Rotalipora appenninica (Renz) (1) by the more inflated or 
\;iidted nature of its chambers both spirally and umbilical- 
ly; (2) by the larger size of its umbilicus relative to its 
diameter (D-D'/U-U'); and (3) by the markedly de- 
picssed uiiture of its stittires on the umbilical side. Text- 
figtiie 12 shows form analysis measureirients of sectioned 
fiee specimens of R. cushmani. Text-figure 13 is a scatter 
]jl<)t of D-D'/U-U' to T'X/TX for 7?. cusJimani and R. 
appcnninica. As noted pie\iotisly the lower limit of R. ap- 

pcnninica is defined heiein ;is D-D'/U-U'=2.21 whereas 
the tipper limit of R. lu.sliiniini is taken as D-D'/U-U'^2.0. 
Specimens ha\'ing ratios gieatei than 2.0 ;nid less th;in 2.21 
are consideicd transitional. 

The wiiter agrees with l)i()nnim;inn and Brown (1956, 
p. 538) and Loeblich and Tappan (1961, p. 298) that R. 
turonica Brotzen is a junior synonym of R. cushmani (Mor- 
row) . Reichel (1958, p, 605) noted the similarity between 
these two forms, but stated that R. cushmani could be dif- 
ferentiated from 7^. ttironica because it had a flatter spire 
(higher T'X/TX value). Loeblich and Tappan (ibid.) 
clearly demonstrated th;it both the higher S])ired form 
(^R. turonica) and the lower spired form (^7?. cush- 
mani) occur together in topotypic material of R. cushmani 
from the Greenhorn limestone. Form analysis of R. cush- 

mani indicates that there is a considerable variation in the 
T'X/TX value of R. cushmani at any given North Ameri- 
can locality. Furthermore, there seems to be little significant 
difference in the geologic r.ange of either the liigh-spiicd 
form or the low-spired form. 

Rotalipora llioinci Hagn and Zeil (1951) is regarded 
at present as a distinct species related to Rotalipora cush- 
mani (Morrow) . R. thomei is extremely convex spirally 
and has low T'X/TX values   (.see Text-figure 17). 

GlobolniiK ana     (Rotalipor/i)     monlsahicnsis    Mornod 



Giii,F CRETACEOUS FORAMINIFERA: PESSAGNO 293 

and Globotruncana [Rotalipora) montsahicnsis var. minor 

Mornod are not sufficiently different from R. cushmani to 
be maintained as valid species. Hence, in this paper they are 
regarded as jimior synonyms of R. cushmani. 

Globotruncana alpina Bolli (1915) is only known from 
vertical (axial) sections. Form analysis measurements made 
from Bolli's photomicrographs of the tyjse specimens of G. 
alpina fall within the limits of /?. ciislnnnni (cf. Text-fig- 
ures 12, 13) . The writer agrees with Bronnimann antl 
Brown (1956. \i. 538) that G. alpina should be regarded 
as a junioi- synonym of R. cushmani. 

The holotype and jjaratypes of Globntotalia cusliminii 
Morrow (Caishman Collection, USNM) weie examined 
during the coiuse of this study. 

Range—Rolalipora assemblage /one; R. ciishuiam— 
orcculmrtu'usis sub/one. 

Occurrence.—R. cushmani has been observed in Mex- 
ico in the upper portion of the Tamaidi])as limestone at 
Peregrina Canyon northwest of Ciudatl Victoria and in the 
San Felipe formation at Boca Canyon somewhat south of 
Monterrey (Text-figiues 1-2). In Texas R. cushmani occms 
in the Eagle Ford group in the Britton, Lake Waco, and 
Chispa Smnmit formations. It is particidarly abundant in 
the Chispa Summit formation at Chispa Summit, |eff Davis 
County. Loeblich and Tappan (1961, p. 298) noted that 
7^. cushmani has been recorded luider various names from 
ihe Clreenhoin limestone of Kansas and South Dakota: the 
Atkinson foimation of Georgia, and the "Antelope shale" 
of California. R. (ushimnii occurs throughout the Upper 
(xnomanian of Eurasia, .Africa, and Australia. The writer 
has latel) seen this species in thin-section from the Upper 
Cc-nomanian of Puerto Rico. 

TEXT-FIGURE 12 
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l^      [■ 0.575 0.532 -).527 0.500 0.545 0.392 0.617 0.500 0.561 0.504 0.518 0.542 0.449 0.460 0.537 0.603 0.534 0.521 0.607 0.696 0.616 

U-U' 0.350 0.309 0.364 0.252 0.350 0.205 0.350 0.252 0.309 0.252 0.280 0.322 0.224 U.238 0.220 0.342 0.273 0.287 0.357 0.357 0.322 

[ ■' U. 196 0.224 0.134 0.112 0.168 0.112 0.140 0.154 0.182 0.098 0.112 0.140 0.098 0.182 0.207 0.124 0.178 0.178 0.152 0.214 0.140 

1'' D.04J 0.042 0.035 0.U2 0.042 0.042 0.084 0.042 0.056 0.098 0.070 0. 084 0.056 0.042 0.085 0.150 0.096 0.062 0.107 0.089 0.070 

A,,ql,:.   \['[y 28.0° 16.0° 27.0° 39.0° 28.0° 35.0° 39.0° 22.0° 15.0° 36.0° 29.0° 43.0° 25.0° 30.0° 37.0° 43.0° 39.0° 25.0° 49.0° 28.0° 36.0° 

Angle  AL'T 32.0° 27.0° 30.0° 20.0° 25.0° 19.0° 20.0° 25.0° 27.0° 18.0° 18.0° 23.0° 25.0° 32.0° 35.0° 18.0° 28.0° 33.0° 22.0° 28.0° 24.0° 

A„glc  XDU 19.0° 10.0° 19.0° 29.0° 20.0° 21.0° 29.0° 28.0° 29.0° 29.0° 29.0° 30.0° 28.0° 8.0° 19.0° 48.0° 33.0° 13.0° 34.0° 19.0° 22.0' 

Ariqle   XDT 36.0° 43.0° 40.0° 36.0° 35.0° 40.0° 30.0° 40.0° 40.0° 28.0° 28.0° 31.0° 33.0° 40.0° 40.0° 31.0° 41.0° 40.0° 32.0° 40.0° 26.0' 

r[' 0.266 0.168 0.205 0.205 0.224 i).154 0. 2 24 0.205 0.224 0.182 0.196 0.205 0.154 0.168 0.244 0.247 0.219 0.233 0.232 0.286 0.25; 

V'?' 0.309 0.364 0.322 0.295 0.322 0.238 0.393 0.295 0.337 0.322 0.322 0.337 0.295 0.295 0.293 0.355 0.315 0.288 0.375 0.410 0.35/ 

rx/,. 0.214 0.187 0.261 1.0 0.250 0.38 0.60 0.273 0.31 1.0 0.63 0.60 0.57 0.23 0.24 1.20 0.54 0.35 0.70 0.24 0.50 

D-D' 

U-U' 
1.64 1.72 1.45 1.99 1.56 1.91 1.76 1.99 1.82 2.0 1.S5 1. 59 2 .0 1.93 2.44 1.76 1.95 1.82 1.7 1.95 1.95 

All measurements in millimeters. 

*  =  Hagn and Zeil  1954, pi. 4, fig. 3 = R. turonica Brotzen of Hagn and Zeil; 
figs. 8-10 = R. cushmani (Morrow) of Hagn and Zeil. 

** = Globotruncana alpina Belli (1945, pi. 9, figs. 3-4; fig. 3 = holotype). 
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Rotalipora evoluta Sigal 

Plate 49, figures 12-14; Plate 53, figures 6-8; Plate 98, figure 12 

1948.   Rotalipora   cushmani   var.   evoluta   Sigal.   Inst.   Franc.   Petrol., 
Rev., vol. 3, No. 4 p. 100, pi. 1, fig. 3; pi. 2, fig. 2. 

1940.   Globorotalia dehioi'tisis  Plummer, Tappan, Jour.  Paleont.,  vol. 
14, No. 2, p. 123, pi. 19, fig. 14. 

1946.   Globorotalia delrioensis Plummer,  Loeblich  anil   Tappan, Jour. 
Paleont., vol. 20, No. 2, p. 257, text-fig. 4B. 

1948.   Globorotalia almadenemis Cushman and Tockl, Conlr. Cushman 
Found. Foram. Res., vol. 24, pt. 4, p. 98, pi.  16, fig. 24. 

1950. Globotruncatia {Rotalipora) appenninica Renz. Mornod (part), 
Eclogae Geol. Helv., vol. 42, No. 2. pp. 579-582, text-fig. 3: 
la-c, 2a-c; not 3a-c; text-fig. 4; not 3a-c; ?4a-c: text-fig. 5: not 
la-c; pi. 15, figs. la-c. 

1951. Glohotruncana appenninica cf. alpha Gandolfi, Bolli, Jour. 
Paleont., vol. 25, No. 2, p. 193, pi. 34, figs. 1-3. 

1952. Glohotruncana (Rotalipora) appenninica O. Renz var. typica 
Gandolfi, Bolli in Church, 1952, Contr. Cushman Found. Foram. 
Res., vol. 3. pt. 2, p. 69, text-fig. 2. 

1955.   Glohotruncana    (Rotalipora)    evoluta    .Sigal,    Kiipper,    Contr. 
Cushman Found.  Foram. Res., vol. 6, pt. 3, p.  115, pi.  18, figs. 
3a-c. 

1955.   Globotruncatia     (Rotalipora)    appenninica    appenninica    Renz, 
Kiipper,  Contr. Cushman  Found.  Foram.  Res., vol. 6, pt. 3, p. 
114, pi. 18, tigs. 2a-c. 

1957.   R. cf appenninica   (O. Renz) , Bolli, et al., U.S. Nat. Mus., Bull., 
No. 215, p. 41, pi. 9, figs, 5a-c. 

1960. ?  Rotalipora   (Thalmnnninella)   evoluta   (Sigal) , Klaus, Eclogae 
Geol. Helv., vol. 52, No. 2, p. 810, pi. 4, tigs. 3a-c. 

1961. Rotalipora evoluta Sigal,  Loeblich  and  Tappan,  Micropaleont., 
vol. 7, No. 3. pp. 298-299, pi. 7, figs. 1-4. 

1961.   Rotalipora   greenliornensis    (Morrow),   Loeblich   and   Tappan 
(part) , Micropaleont., vol. 7, No. 3, pp. 299-301, pi. 7, tigs. 5-6c, 
not figs. 7a-10c. 

19()2.   Not  Rotalipora evoluta Sigal,  .\yala, Soc. Geol.  Mexicana, Bol., 
vol. 25, No. 1, pp. 26, 27, pi. 4, figs. 2a-c: pi. 10, fig. 2a-c. 

1964.   Rotalipora ct. appenninica ex'olula Sigal, Renz. Liuerbachcr, and 
.Schneider. Eclogae Geol. Helv., vol. 56, No. 2, p. 1088, pi. 8, tigs. 
3a-c. 

1964.   Not Rotalipora evoluta Sigal, Todd and Low, Deep-.Sea Rscarch, 
vol. 11. p. 46, pi. 2, figs. 3a-c. 

Remarks.—Through the kindness of J. Sigal the writer 
was able to obtain specimens corresponding to Sigal's holo- 
type (fig. 3) and to Sigal's .paratype (fig. 2). The speci- 
mens corresponding to the holotype resemble best tlie speci- 
men figmed by Bolli, ct al., (1957, pi. 9, figs. 5a-c) as 
Rotalipora cf. R. appenninica Renz. The specimen corres- 
jionding to the paratype resembles the forin figured herein 
as Rotalipora evoluta (Plate 53, figs. 6-8) and by Loeblich 
and Tappan   (1961,  plate  7,   figtnes  3a-c)   as  Rotalipora 
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cvoluta. The holotype is convex spiialK whereas the para- 
type is more convex innbilically and has a rehitively flat 

spiral side. 

Rotalipora cvohita Sigal is somewhat similar to Rotali- 

pora appcnninica (Renz). It differs from R. oppcnninica 
(I) by having straight, often depressed sutures on the um- 
bilical side; (2) by usually possessing well-developed umbi- 
lical shoulders; (3) by having somewhat less inflated cham- 
beis when seen in axial-section: (4) by having lower pos- 
terior and anterior keel angles: and (5) by often sJiowing 
a more rapid increase in chaniber size. 

R. ct'ohita is rare in the material examined during this 
.study. Only two specimens were measiued in thin-section 

(Text-figure 15). 

Some of the specimens figured by Loeblich and Tap- 
pan (1961. pi. 7, figs. 5-6C) ^% R. grccuhorncnsis (Morrow) 
may be refenable to R. nioluta. They show straight sutures 
umbilically and well-developed umbilical shoidders. Speci- 
mens referred to R. cx'oluta Sigal by Ayala (1962) are as- 
signable to R. (ippcuiiiiiirii (Renz) . Ayala's specimen fig- 
ured in plate 1, figs. 2a-c shows well-developed curved su- 
tures umbilically and lacks prominent imibilical shoulders. 

The writer has examined the holotype (Cushman Col- 
lection, USNM) of Globorotalia nlmadeiiensis Cushman 
and Todd and agrees with Loeblich and Tappan that it 
shoidd be placed in synonomy under R. cvoluta Sigal. The 
holotype of R. almadoicnsis seems more similar to Sigal's 
paratype of R. cvoluta in that it possesses a lelatively flat 
spiral side. 

Rotalipora cvoluta Sigal re]jresents the oldest Ceno- 
manian sjaecies of Rotalipora s.s. known to date in the 
North American section. It is likely as suggested by Loe- 
blich and Tappan (1961, p. 297) that R. cvoluta is ances- 
tral to R. appcuniuica (Renz). The latter species in turn 
gave rise to R. cushmani (Morrow) and R. grccnhorncnsis 
(Monow). 

Range—Rotalipora s.s. assemblage zone; R. cvoluta 
subzone. 

Occurrence—R. cvoluta was noted in this study only in 
the Grayson formation  (=Del Rio clay)  of Texas. 

Rotalipora cvoluta is also known from the Franciscan 
complex of California where it occins in the Calera lime- 
stone near Los Gatos. It occius in the Cenomanian of Trini- 
dad. Swit/erland. and .\lgeria. 

Rotalipora greenhornensis (Morrow) 

Plate 50, figure 3; Plate 51, figures 13-21; Plate 101, figures 3-4 

l'.»34.   Globorotalia  grcenliornensis  Moirow.  Jour.   I'alcont.,  vol.  8   p 
199, pi. 39, fig. 1, 

TEXT-FIGURE 15 
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1940.   Plannlina greentjornensis   (Morrow), Cusliman, Contr. Cushmaii 
Lab. Foram. Res., vol. 16, pt. 2, p. 37, pi. 7. fig. I. 

1946.   Planuliiia greenliornensis   (Morrow) . Cushman, U.S. Geol. Sur., 
Prof. Paper, No. 206, p. 159, pi. 65. figs. 3a-c. 

194H.   Rolalipora globotruncanoides Sigal, Instit. Franc.  Petrolc, Rev., 
vol. 3, No. 4, p. 100. pi. I, fig. 4; pi. 2, figs. 3-5. 

1948.   Thalmannirtella brotieni Sigal. Instit. Franc. PeUole., Rev., vol. 
3, No. 4. p. 102, pi. 1, fig. 5; pi. 2, figs. 6. 7. 

1948.   Globorotalia decorata Cushman and Todd, Contr. Cushman Lab. 
Foram. Res., vol. 24, pt. 4, p. 97, pi. 16, fig. 21. 

1950.   Not   Globolruncana   (Thalmanninella)   brotzeiii   Sigal,   Mornod. 
Eclogae Geol. Helv,. vol. 42, No. 2, p. 586, text-fig. 9: I-ac. 
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1950. Globotruncana (Rotalipora) afipcuninica O. Renz var. typ.ca 
Gandolfi, Mornod, Eclogae Gcol. Helv., vol. 42. No. 2, p. o82, 
text-tig. 9: 2a-c. 

1952. Rotalipora globotrucaiwidcs Sigal. Sigal, 19th Congr. Geol. 
Inteinat.. Monogr. Reg., .Alger, ser.  1. No. 26, p. 26, text-fig. 24. 

1953. Rotalipora appenninica (Renz). Subbotina (part) , Trudy, Vses. 
Neft. Naiikno. Issled. Geol.-Razved. Instit., n. scr.. No. 76, p. 159, 
pi. 1, figs. 8a-c: not figs. 5a-c; 6a-c: 7a-c; not pi. 2. figs, la-c; 2a-c. 

1954. Rotalipora globotruncanoides Sigal. Hagn and Zeil, Eclogae 
Geol. Helv., vol. 47, No. 1, pp. 23-25, pi. 4, fig. 7. 

1955. Not Globotruncana (Rotalipora) globolruncanoides Sigal, Kiip- 
per, Contr. Cushman Found. Forain. Res.. \ol. 6, pt. 3. p. 113, 
pi.  18, figs. la-c. 

1955. Globotruncana (Thabnanninrlla) s|). Kiippei, Conlr. CAislmum 
Found. Foram. Res., vol. 6, pt. 3, p. 115, pi. 18, figs. 4a-c. 

1956. ?Globolruncana n. sp. indet. Kiipper, Contr. Cushman Found. 
Forain. Res., vol. 7, pt. 2, p. 44, pi. 8, figs. 3a-c. 

1956. Thalmanninella greenhornensis (Morrow). Bronniniann and 
Brown, Eclogae Geol. Helv., vol. 48, No. 2, p. 535, pi. 20, figs. 
7-9. 

1957. Globotruncana (Rotalipora) appenninica appenninica O. Renz, 
Gandolfi, Contr. Cushman Found. Foram. Res., vol. 8, pt. 2, 
p. 60, p. 9, fig. 2. 

1957.   Rotalipora   globotruncanoides   Sigal.   Sacal   and   Debourle,   Sot. 
Gfol. France, n. ser., Mem. No. 78, pi. 25, ?fig.  1: tig. 3; ?figs. 
II. 15. 

1957.   Not  Rotalipora   brotzeni   (Sigal),  Bolli,  et   al.,  V.S.   Nat.   Mus., 
Bull., No, 215, p. 41, pi. 9, tigs. 7a-c. 

1959. Not Rotalipora globotruncanoides Sigal. Banner and Blow, Pale- 
ontology, vol. 2, pt. 1, pi. 2, fig. 4. 

1960. Rotalipora (Thalmanninella) greenhornensis (Morrow) , Klaus, 
Eclogae Geol. Helv., vol. 52, No. 2, p. 805, pi. 2. tigs. 3a-c. 

1960. fRotalipora (Thalmanninella) brotzeni Sigal, Klaus. Eclogae 
Geol. Helv., vol. 52, No. 2. p. 805, pi. 3, figs. la-c. 

1961. Rotalipora   greenhornensis    (Morrow) ,   I.oeblich   and   Tappan 
(part). Micropaleont., vol. 7, No. 3. |)p. 299-301, pi. 7, tigs. 7a-9c: 
not figs. 5 6c, lOa-c. 

1962. Rotalipora greenhornensis (Morrow) , .Avala. Soc. Geol. Mexi- 
cana, Bol., vol. 25, No. 1, pp. 28-30, ?pl. ,5, figs. 3a-c; pi. 10, figs. 
3a, b. 

1964. Rotalipora greenhornensis (Morrow) , locblich and Tappan 
(part). Treatise on Invert. Paleont., pt. C. Protista 2. vol. 2. pp. 

C659-C661, tig. 528; 4a-c; not 3a-c. 

Remarks.—Rotalipora i^rccithoriicitsis (Morrow) is 
closely related to Rotalipora dppcittiittica (Renz) and seems 
to have been derived from the lattei sjjecies largely by the 
flattening of the spiral side of the test. R. grccnJiornntsis 

differs from R. appenninica chiefly by having a less conve.K, 
nearly planiform spiral side with a T'X/TX value of 1.12 
or higher. In addition, it usually is somewhat less lobulate 
than R. appenninica and has somewhat moie closely spaced 
and numerous chambers in the last whorl. 

The holotype of Globorotalia grcenliornensis Morrow 
(Cushman Collection, USNM) was examined during the 
course of this study. It shows a prominent extraiimbilical 
aperture, well-developed sutural supplementary ajjertiires, 
raised stitures on the spiral side, a relatively planiform 
s])iral side, and nine chambers in the last whorl. Approxi- 
mate measiuements of its T'X TX value from plate 20, 
figtire 9 of Bronniniann and Brown   (1956)   indicate that 
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0.238 0.252 0.196 0.196 0.28C 0.238 0.252 0.205 0.252 0.280 

XD' 0.295 0.322 0.337 0.420 0.35C 0.295 0.393 0.378 0.252 0.322 

T " X / T X 1.38 1.67 2.0 1.43 1.1 1.13 1.38 1.38 1.43 1.1 

All measurements In millimeters. 

* R, Rreenhornensis transitional to R. appenninl 

it has a T'X/TX value of 1.47. In thin-section it most 
likely woidd resemble specimen PE 1061 figiued herein in 

Plate 101. tigure 3. 

Text-figtne 16 shows form analysis measiuements of 
sectioned free si^ecimens of R. greenhornensis; ineans and 
standard deviations of form analysis measurements are 
shown in Table 2. Text-figure 14 is a scatter plot comparing 
T'X/TX and D-D' value of R. greenhornensis and R. ap- 

penninica. As noted previously, T'X/TX=1.12 has been 
taken as the lower limit of R. greenhornensis herein; like- 
wise T'X/TX=0.90 is taken as the upper limit of R. ap- 
penninica. ,S])ecimens having T'X/TX values greater than 
0.90 and less than 1.12 are considered transitional between 

these 2 species. 

A small number of names that were included in the 
synonomy of Rotalipora greenhornensis (Morrow) by 
Loeblich and Tappan (1961, p. 299) are not considered 
R. greenhornensis by the writer. For exainple, the fonn 
figured by Mornod (1950. see synonymy) as Globotruncana 
(Thalmanninella) brotzeni Sigal shotikl be included in 
synonymy under 7^. appenninica. Measurements of this spe- 
cimen's approximate T'X/TX value from Mornod's draw- 
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ing indicate that T'X/TX=0.75. Thus, this specimen 
clearly falls within the limits of R. appemiinica (Renz) 
cf. Text-figure 14). The holotype of Thahnanninella brot- 
zeni Sigal itself, however, shows an approximate T'X/TX 
value of 1.12 and appears to fall within the lower limits 
(established herein) for R. grccnhornensis (Morrow) . Like- 

wise, the s]jecimen figured by Bolli, cl al.. (1957, pi. 9, figs. 
7a-c) and again by Loeblich and Tappan (1961, pi. 7, 
figs. lOa-c; 1961, figs. 3a-c) as Rolalipora brotzeni (Sigal) 
and Rotiillpora grrcnhorncnsis (Morrow) is referrable to 
R. appenunuca as it has an approximate T'X/TX value of 
0.76. The sectioned specimens of Rotalipora gJobolruncan- 
nidcs Sigal figined by Banner and Blow (19,')9, see syno- 
nymy) has a T'X/TX of 1.0 and, therefore, appears to be 
transitional between R. upponiiniai (Ren/) and R. green- 

liorncnsis   (.Morrow). 

The two specimens fiom the Blake Phiteau figined by 
Loeblich and Tappan (1961, pi. 7, figs. 5-6c only) as R. 
grcrnhoriK'nsis may be referrable to R. cj'olula Sigal as they 
show well-de\cloped umbilical shoulders and straight, ra- 
dial, depressed sutines mnbilicalh. 

It is concei\ablc that Rotiilipnra grcrnhornensis (Mor- 
row) is a jiniior synonym of Rotalia deeckei Franke (1925, 
PJ3. 88, 90, pi. 8, figs. 7a-c) . Franke's drawings indicate a 
(lose similarity to R. greenhornensis. Dalbiez (1957, pp. 
187-188) demonstrated from a study of Franke's tyjse speci- 
mens that Rotalia deeckei is definitely assignable to Rotali- 
pora. 

Range.—Rotalipora s.s. assemblage zone: R. cushmani— 
greoiliornensis subzone. 

Occurrence.—\n this stud)' Rotalipora greenhornensis 
(Morrow) has been found iir the upper portion of the 
Tamaulipas limestone and in the Cuesta de Crura limestone 
at Peregrina Canyon northwest of Ciudad Victoria, Mexico. 
It is atDiuulant in the lower portion (Upper Cenomanian) 
of the San Felijie formation exposed at Boca Canyon south 
of Monterrey, Mexico, and at Mamulicjue Pass along the 
Nuevo Laredo—Mexico City highway (Rt. 85) north of 
Monterrey, Mexico. In Texas, R. greenhornensis occurs in 
the Upper Cenomanian portion of the Eagle Ford group at 
Lozier Canyon, Terrell County, at Chispa Summit, Jeff 
Davis County, and at A\\TCO, McLennan County (Text-fig- 
ure 2). 

Rotalipora grrenhornen.sis is known elsewhere in 
North .America from the Greenhorn limestone (Hartland 
shale member) of Kansas. The form figured by Ku])per 
(1956, see synonomy) as "Globotruncana n. sp. indet." from 
the "Antelope .shale" of California may be refenable to this 
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D-D' 0.657 0.618 

U-U' 
0.260 0.397 

TX 0.315 0.260 

T'X 0.027 0.027 

AngI e XD'U' 8.0° 14.0° 

AngI e XD'T 42.0° 32.0° 

Ang e  XDU 
8.0° 8.0° 

AngI e  XDT 46.0° 57.0° 

XD 0.315 0.206 

XD' 0.342 0.412 

T 'X/TX 0,117 0.054 

All measurements in 
millimeters. 

sjjecies though Kujjper's description and figures seem con- 
tiadictory. 

R. greenhornensis has been figured under various 
names from the Cenomanian of Germany, Switzerland, Mor- 
occo, Bavaria, France, Russia, and Algeria, It is also known 
from the Cenomanian of Cuba (cf. Ayala 1962; synonymy 
herein) and from Late Cenomanian of Puerto Rico (Pes- 
sagno. in progress). 
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Family MARGINOTRUNCANIDAE Pessagno, n. fam. 

Type genus—Marginotruncana Hofker (1956) (emend- 

ed herein). 
Drscriplion —Coilhv^ trothospiral; chiiinbeis spherical, 

ovate, hemispherical, angular rhomboid, or angular trun- 
cate; primary aperture variable in position: extramnbilical- 
umbilical to nearly umbilical with large portici extending 
about midway into umbilicus and having infralaminal but 
not intralaminal accessory apertures (cf. PL 57, fig. 7). Non- 
carinate or with imperforate peripheral band, single or 
double keel. Outer wall radial hyaline perforate; septal 
wall microgranular hyaline, finely perforate; portici micro- 

granidar hyaline, perforate (?). 
Remarks—The Marginotruncanidae, n. fam., represent 

a phylogenetic link between the Rotaliporidae and Globo- 
truncanidae. They differ from the Rotaliporidae (1) by 
showing larger portici with infralaminal accessory aper- 
tures; (2) by having a primai7 aperture which is usually 
more umbilical in position: and (3) by frequently showing 
well-developed double keels. The Marginotrimcanidae dif- 
fer from the Globotruncanidae (I) by having large portici 
with infralaminal accessory apertiues. but lacking intrala- 
minal accessory apertures and (2) by having a primary 
aperture which is extraumbilical-innbilical in position. 

The Marginotruncanidae thus seem to share some fea- 
tures in conmion with both the Globotnmcanidae and the 
Rotaliporidae. The possession of double keels among most 
species of Marg'uiotruneana is certainly a globotriuicanid 
feature whereas the extraiunbilical-umbilical position of 
the aperture is definitely a rotaliporid characteristic. Hence, 
the writer believes that the Marginotrimcanidae evolved 
from tlie Rotaliporidae and in tinn gave rise to the Globo- 
truncanidae (Text-figure 6). It is likely that Whiteinella 
Pessagiro. n. genus arose from a Hedbergella stock via the 
enlargement of the portici, the acquisition of infralaminal 
accessory apertiues, and the migration of the primary aper- 
ture to a more umbilical position. Whiteinella Pessagno, 
n. genus gave rise to Marginotruncana Hofker through the 
acquisition of an imperforate peripheral band and single 
or double keels. The globotruncanid genus Archaeoglobi- 
gerina Pessagno, n. gen. probably evolved directly from 
Whiteiyiella via (1) the migration of the jjrimary aperture 
to a true umbilical position and (2) by the enlargement of 
the portici and acquisition of intralaminal accessory aper- 
tures to fonn true tegilla. The writer believes that Globo- 
truncana s.s. evolved from a Archaeoglobigerina Pessagno, 
n. gen. ancestor although there is certainly some evidence 
to suggest that certain species of Globotruncana evolved 
directly from species of Margiuotruuiaua. 

/?fl?igc.—Turonian—Santonian. 
Orri/rrfnrc—Ujjper Cretaceous strata;  world-wide. 

WHITEINELLA Pessagno, new genus 

Type species.—Whiteinella archaeocretacea Pessagno, 
n. sp. 

Description.—Tesi low trochospiral tt)il witii shallow 
umbilicus; lacking carinae, but often having imperforate 
peripheral bands; primary aperture extraumbilical-umbili- 
cal in position often nearly umbilical with large portici; 
portici having infralaminal accessory apertures situated 
near suture contacts, but lacking intralaminal accessory 
apertures. Outer wall radial hyaline perforate; septal wall 
microgranular hyaline, perforate: portici microgranular 
hyaline, perforate (?). 

Remarks.—Whiteinella Pessagno, new genus differs 
from Marginotruncana Hofker by lacking single or double 
carinae. It differs from Hedbergella by possessing much 
larger portici and by the more umbilical position of the 
])rimai-y aperture. 

It is likely that Globigerina holzli Hagn and Zeil (1954, 
pp. 51-52, pi. 2, figs. 8a-c) should be included under 
Whiteinella. new genus. Likewise, Ticinella aprica Loe- 
blich and Tappan (1961, p. 294, pi. 4, figs. 15, 16a-c; ?14) 
from the Turonian (not Cenomanian as stated by Loeblich 
and Tappan, 1961) Arcadia Park formation should be as- 
signed to Whiteinella. new genus instead of Ticinella as it 
lacks sutiual sujjjjlementary apertures umbilically. The um- 
bilical view of the holotype (T. aprica Loeblich and Tap- 
pan, pi. 4, fig. 16b) clearly shows the large portici with in- 
fralaminal supplementary apertures characteristic of ]Vhitc- 
inella, n. gen., and indeed of all well-preserved Margino- 
truncanidae. The primary aperture of T. aprica Loeblich 
and Tappan is described as being extraiunbilical-iunbilical 
in position oriented somewhat toward the plane of coiling. 
It is also possible that T. aprica Loeblich and Tappan is a 
junior synonym of G. holzli Hagn and Zeil. 

Whiteinella, n. gen. is named for the late Maynard P. 
White in honor of his early contribution to the Upper Cre- 
taceous and Lower Tertiary stratigraphy of the Tampico 
area of Mexico. 

Range.—M. helvetica assemblage zone to G. bulloides 
assemblage zone. Turonian to Santonian. 

Occurrence.—\J\)\:>ev Cretaceous of Texas, Mexico, and 
Trinidad in so far as definitely known. 

Whiteinella archaeocretacea Pessagno, n. sp. 

Plate 51, figures 2-4; Plate 54, figures 19-21, 22-24, 25; 
Plate 100, figure 8 

Descriptiun.—Test lobulate, coiled in low trochospiial 
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coil with four to five chambers in hist whorL Chambeis 
spherical, initially; becoming ovate in cross-section in last 
whorl; in spiral and umbilical views, chambers broad in last 
whorl; sepai'ated by slightly curved to straight, depressed, 
radial sutures. Test with three whorls of chambers increas- 
ing rapidl) in size; chambers of early whorl small in com- 
parison to those of last whorl. Surface of test coarsely rugose 
in well-preserved sjjecimens. Umliiliciis shallow and wide. 
Primary ajserture extraunibilical-umbilical to nearly umbi- 
lical in position with large portici wlien well preserved. 
Outer wall radial hyaline jjerfofate; se])tal wall microgranu- 
lar hyaline perforate; portici microgranidar hyaline, per- 
forate   (?). 

Rcmnrks.— WhiteincUa nrrhnrocrctacca Pessagno, n. sp. 
is closely related to Whilcinclla inornala (Bolli), but dif- 
fers from the latter species by having a rounded rather than 
an angled periphery. 

Type locality—TX 105: Black calcareous shale of the 
Eagle Ford group (South Bosque formation) ; eight feet 
below the contact between the Eagle Ford group and the 
Austin chalk; Boiddin Creek about 280 yards down the 
Missouri Pacific Railroad tracks east of Mary Street cross- 
ing. Austin, Travis Ck>unty, Texas. 

Deposition of types.—The holotype and figured para- 
types of WhitcineJla archaeocretacca Pessagno will be de- 
posited in the collections of the U.S. National Museum. 
Washington, D.C. Unfigmeil paratypes will be deposited 
in the collection of the Paleontological Research Institu- 
tion, Ithaca, New York. 

Range—M. helvetica assemblage zone. M. sigali sub- 
zone to M. rcnzi assemblage zone. ? G. bulloidcs assemblage 
zone, ? M. concavata siibzone. 

Occurrence.—In Mexico IF. archaeocretacea has been 
observed in the Agua Nueva formation (Turonian) at 
Peregrina Canyon northwest of Ciudad Victoria and in the 
Turonian portion of the San Felipe formation at Boca 
Canyon south of Monterrey (Text-figure 2). In Texas II'. 
archaeocretacea occms throughout the Tmonian portion 
of the Eagle Ford group at Dallas, Waco, Austin, Del Rio, 
Langtry, and Chispa Simimit (Text-figure 2). At TX 105, 
its type locality, W. archaeocretacea occurs with Margino- 
truncana helvetica (Bolli) , M. sigali (Reichel), M. mar- 
ginata (Reuss), M. bouldinensis Pessagno, n. sp., Hetero- 

helix reussi (Cushman) , Clavihedbergella simplex (Mor- 
row) , Hcdbergella delrioensis (Carsey), H. amabilis Loe- 
blich and Tappan. and ]VhitciiirIla inornata  (Bolli) . 

Whiteinella inornata (Bolli) 
Plate 71, figures 3-5; Plate 100, figure 5 

1957.   Globutruncnna  inornala  Bolli,   U.S.  Nat.   Mus.,   Bull..   No.  215 
pp. 57. 58, pi. 13, figs. 5a-6c. 

1962.   Not   Clobolruncana   {Glulwlruncuna)   inornala   Bolli,  Pessagno. 
.Micropalconl., vol. 8, No. 3. p. 362, plate 6, figures 7-9. 

Reinurks.—As noted previously, Whiteinella iiiornata 
(Bolli) is closely related to Whiteinella archaecretacea 
Pessagno, n. sp. and differs from the latter species only by 
possessing an angled periphery. Bolli (in Bolli, et al., 1957, 
p. 57) noted that this species has a faint peripheral keel and 
has a primary aperture in an umbilical position. However, 
the writer has noted no true carinae or umbilical primary 
apertures in the examination of Bolli's types at the U.S. 
National Museum or on the specimens encountered dining 
the course of this study. Sections made of specimens of W. 
inornata indicate usually that its periphery is radial 

hyaline perforate and lacks an imperforate peripheral band. 

W. inornala (Bolli) seems to have evolved from W. 

archaeocretacea, n. sp. through the acquistion of a markedly 
angled periphery. W. inornata itself seems to have given 
rise to Marginotruncana indica (Jacob and Sastry) through 
the acquisition of a double keel. 

Range.—M. helvetica assemblage zone, M. sigali sub- 
zone to M. renzi assemblage zone. ? G. bulloides assemblage 
zone, ? M. concavata subzone. 

Occurrence.—W. inornala occurs in the Tmonian part 
of the San Felipe formation of Mexico as exposed at Boca 
Can\on south of Monterrey. It also occurs in the Turonian 
portion of the Eagle Ford group of Texas (Text-figme 2). 
Turonian and Coniacian of Trinidad. 

Genus MARGINOTRUNCANA Hofker, 1956 

Type species.—Rosalina  uiarguiata  Reu.ss,   1845.- 

1956. Marginotruncana   Hofker,   Nciies  Jahrb.   Gcol.   Palaeont..   .\bli. 
103, pp. 319-320. 

1957. Helveloglobotruncana   Reiss.   Contr.   Cushman   Found.   Forain. 
Res., vol. 8. pt. 4. pp. 136, 137, te.\t-tigs. 5i and 7m. 

Emended definition.—Tcsi trochospiral with well-de- 
veloped single or double keels; chambers angular truncate, 
angular rhomboid, or hemispherical; mnbilicus usually 
shallow. Primary aperture extraumbilical-umbilical to 
nearly imibilical in position, often highly arched; tending 
to migrate toward the plane of coiling. Well-preserved speci- 
mens having large portici with infralaminal accessory sup- 
plementary apertures adjacent to sutme contacts with por- 
tici. Outer wall radial hyaline perforate except for keels 
which are radial hyaline imperforate and ornamental fea- 
tures such as rugosities which are idtragranular hyaline 
imperforate. Septal walls microgranular hyaline, perforate; 
portici microgranular hyaline perforate (?). 

-.See footnote   (^ page 307. 
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Remarks—Margiiiolrinmind differs from Globotrini- 

cinm s.s. (1) by having a jjiiinary aperture which is ex- 
traiimbilical-iimbilical in position; (2) by lacking true te- 
gilla with intralaminal sup]3lementary apertures; and (3) 
by having a much shallower and wider mnbilicus. 

As noted by Bolli, ct al., (1957, p. -15) , Hofker (1956, 
p. 319) considered Globotritncana s.s.—"to have a strongly 
reduced protoforamen (primary aperture), which is no 
longer an open slit, and Marginotrjincann was said to have 
lost the protoforamen or to have it fused with a deutero- 
foramen (secondary aperture) . The diagrammatic figures in 
his text-figure 1 are highly misleading, as there are not two 
openings in the final chamber of true Globotrnncuna, and 
there is no extraumbilical opening into  the chamber." 

It seems obvious to the writer after examining Hofker's 
{ibid.) text-figures 1 and 2 that Hofker's term protofora- 
men is not equivalent to the term primary aperture of Bolli, 
et al. (ibid.) but is actually ecjui\alent to the term second- 
ary aperture (infralaminal accessory ajjertme) of these lat- 
ter authors. Furthermore, Hofker's term deuteroforamen is 
equivalent to the term primary apertme of Bolli, et al., 
(ibid.) (cf. Hofker, ibid., text-figme 2), Hofker seemed to 
have been misled by the alternation of the shape of the 
primary aperture by portici. His gieatly reduced protofora- 
men is nothing more than an infralaminal accessory aper- 
ture at the edge of the porticus near its junction with the 

chamber wall. 

Bolli, et al. (19,57, p. 46) also criticized Hofker for com- 
pletely disregarding Reuss's (1815) original clescri|jtion of 
Rosalina marginata Reuss by figuring a single-keeled form 
with an extraumbilical-umbilical primary apertme. In de- 
fense of Hofker, it should be pointed out th;!t he does fig- 
lue a double-keeled sjjecimen in text-figure 2 and in text- 
figure 7, However, the specimen figmed in text-figure 6 
is questionably single-keeled and the specimen figmed in 
figure 8 is definitely single-keeled. All of the specimens of 
M. marginata (Reuss) figured herein are double-keeled 
and do possess (as indicated by Hofker) extraumbilical- 
innbilical apertures. 

A number of the species assigned by Hofker to Mar- 
ginotruncana are assignable (via the emended definition 
herein) to Globotritncana s.s., Praeglobotruncana, Globo- 
truncanella, and Abathomphahis. These will be indicated 
in synonomies elsewhere in this monograph. 

In sinnmary, Marginotrunca)ia Hofker is not regaided 
as a junior synonym of Globotriirirana as indicated by Bolli, 
et al., (1957, p. 46), but is a distinct and valid genus having 
important phylogenetic significance in the evolution of 
Upper Cretaceous planktonic Foraminifera. 

Range.—M.  helvetica assemblage zone, M. sigali sub- 
zone to G. bulloides assemblage zone, M. coucavata subzone. 

OccHnencr.—Upper Cretaceous; world-wide 

Marginotruncana angusticarenata (Gandolfi) 

Plate 65, figures 14-19; Plate 98, figures 5, 9-11 

1936.   Cloliutruncana  appenninica—linnei  Renz   (part),   litlogac  Gcol. 
Helv., vol. 29, No. 1, pi. 6, figs. 17. 20: not figs, 16, 21-26: pi. 8. 
fig. 2; not figs. 3, .5. 

1942.   Gloljotrunc.ma   linnci    (d'Orbignv)    var.   aiigiistii arriKila   Can- 
dolfi, Riv. Ital. Pal., ann. 48, mem. 4, pp.  \'Z6.  I.')l),  153:  pi. 4, 
figs. 17, 30, text-figure 46   (figs. 3a-c) . 

1942.   C:lol)olnfirn)ia  renzi Gandolfi   (part) ,  Riv.  Ital.  Pal.,  Ann. 48, 
mem. 4, p.  124. pi. 3, figs, la-c; pi. 4, figs. 16, 28, 29; not fig. 
15: pi. 10. fig. 2; not tc.Kt-figs. 45a c. 

1945.   ('•lolxjliuncana  lapparenli  coronaia  Bolli    (pari).   Kclogae  Gcol. 
Helv., vol. 37, No. 2. p. 233. pi. 9. fig.  11. not  lig.  f5: not  Icxt- 
tig. 1: nos. 21-22. 

1954.   Cloholriincmia    lapparenli    Brotzen    anguslicaieimla    Gandolfi, 
Hagn and  Zeil,  Kclogae Gcol.  Helv., vol. 47,  No.  1. pp. 44. 45, 
pi./, figs. 9, 10. 

1954.   Clobolniiiraiia   loppaicnli   Brotzen   coroiiula   llolli,   Hagn   and 
Zeil, Eclogac Gcol. Helv., vol. 47, No. 1, pp. 43. 44. not pi. 3, figs. 
3a-c: pi. 7, figs. 1-2. not fig. 3, 

1954.   HUobolruncana lapparenli Brotzen  bulloides Vogler,  Hagn and 
Zeil.  Eclogac Gcol.  Helv., vol. 47. No.  1   pp. 45, 46. pi. 2. figs. 
5a-c: pi. 7, fig. 4. 

1957.   Clobntruncnnn   ani^iisliinrenala   Gandolli.   Sat.il    and    Dcboinle 
(part), ,Soc. Gcol. France, n. sci., Mem. No. 78, pi. 27, figs. 2, 4: 
not figs. 23, 24. 

1957.   (:liibolninra)in   {(•lobolruncana)  coldreriensis  Gandolfi.   Gonlr., 
Giishman Found. Foram. Res., vol. 8, pt. 2, p, 64, figs. 7a-c. 

I960,   (.lobolruncana  renzi  Gandolfi,  Trujillo   (part).   )oiir.   Palioiil.. 
vol. 34, No. 2, p, 343, pi. 50, figs. 3a-c; not 4a-(. 

I960,   (^lobolruncana   anguslicarenala   Gandolfi,   Klaus.   Fdogac   Gcol. 
Helv.. vol. 52, No.'2, p. 821, pi. 7, figs, 3a-c. 

1960.   (ilobolruncana   lapparenli   lapparenli   Brotzen.   Klaus,   Eclogac 
(icol. Helv.. vol. 52, No. 2. p. 822, pi, 8, figs. 2ac. 

1960.   ('•lobolruncana A. lapparenli coronaia Bolli. Klaus, F'clogac Gcol. 
Helv., vol. .52. No. 2. p. 821. pi. 7. figs. 4a-c. 

1960.   Globolruncana area   (Cushman), Klaus, Fdogac (icol. Helv.. vol. 
52. No. 2, p. 824, pi. 7, figs. 5a-c. 

I9(i0.   (.lobolruncana jornicala  Plummer.  Klaus,   lulogac  Gcol.   Helv., 
\ol. 52, No. 2. p. 825, pi. 8, figs. 4a-c. 

1963.   ('.lobolruncana     (Globolruncana)     renzi    renzi    Gandolfi.    \'an 
Hinte. Jahrb. Gcol. Bund. .Sond. 8, p. 66, pi. 2, figs, lac: 2a-c. 

Descripliou.—'Veisi trochospiial, spiroconvex with riai- 
row double keel following peripheral margin. Primary aper- 
ture extraumbilical-umbilical to nearly umbilical in posi- 
tion with well-developed portici when well preserved. Five 
to eight chambers iir last whorl, petaloid to enlongate spir- 
ally. Siitiucs separating chambers both spirally and um- 
bilically cinved, slightly raised. Outer wall i:iclial hyaline 
jjerforate except for double keel which is ladial Inalinc 
imperforate. Septal walls microgranular hyaline, jjerloraie. 
Portici microgranular hyaline, perforate (?) . 

«c(/u)r/,-,v.-C;andolfi (1942, pp. 126, 150, 153) originally 
erected this species in syntypic series. The specimen repre- 
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scnted by text-figure 46 (figs. 3a-c) is designated the lecto- 
type of G. angusticarenata herein. In addition, the speci- 
mens illustrated by Gandolfi in plate 4 (figs. 17 and 30) 
are designated paralectotypes of G. nngusticarenata. 

M. angusticarenata differs from M. mnrginata (Reiiss) 
by the curved nature of its sutines both spirally and um- 
bilically and by the possession of more numerous chambers 
in the last whorl. It is likely that M. angusticarcuala evolved 
from M. mnrginata. Transitional forms have been observed 
in the Eagle Ford group of Texas. 

Dalbiez (1955, p. 165) correctly noted that one of 
Gandolfi's syntypes (pi. 3, figs, la-c) of GJnhotruncnna 
rcnzi "—differs from (jlt. lapparcnti angiislN(ircinild onh in 
the reduced niunber of chambers in the last whorl (there 
are five instead of seven) ". Likewise, it shoidd be noted 
that the specimens figured by Gandolfi (ibid.) in plate 4 
(figs. 16, 28, 29) and in ])Iate 10 (fig. 2) are assignable to 

M. angusticarenata. Only the s{jecimens figured in ])late 4, 
figure 15 and in text-figures 45a-c are considered M. rcnzi 

(Gandolfi) herein. The specimen figmed in text-figures 
45a-c has been selected as the lectotype of Globotnincana 
rcnzi Gandolfi   (See M. rcnzi). 

The writer likewise feels that the specimen figmed by 
Bolli (1945, pi. 9, fig. 14) as a syntype of Globotrimcana 
coronata Bolli shoidd be referretl to i\l. angusticarenata 

(Gandolfi). 

Gandolfi in 1957, lioping to clarify the trouiiled taxo- 
nomic status of Globotrimcana rcnzi Gantiolfi, selected fig- 
lues la-c (])1. 3) among the s\nty])es of (rlobntruncana rcnzi 

as the holotype of a new species, Globotruncana (G.) 
coldrcricnsis Gantlolfi. As noted abo\e, the form figured in 
figures la-c is assignable to M. angusticarenata (Gandolfi). 
Hence, G. (G.) coldrcricnsis becomes a junior synon)ni ot 
M. angusticarenata. 

Form analysis measmements of M. angusticarenata are 
presented in Text-figiue 18. 

Rnmrc—M. helvetica assemblage zone, ]V. archaeocrc- 
tacea subzone to G. bulloides assemblage zone, M. co7icavata 
subzone. 

Occurrence.—In Mexico this species has been found 
throughout the Coniacian and Lower Santonian parts of 
the San Felipe fonnation (Text-figure 2). In Texas M. 
angusticarenata is common in the Turonian portion of the 
Eagle Ford group. It has been obser\ed in the South Bosque 
formation at Austin ami Waco and in the Bocpiillas for- 
mation in Terrell and Val Verde Counties (Sycamore 
Creek near Del Rio and Lozier Canyon near Langtry, cf. 
Text-figiue 2) . M. angusticarenata occurs in the Coniacian 
and   Lower   Santonian   portions   of   the   ,\usiin   chalk   in 

TEXT-FIGURE 18 

'J- £2 

O r- 

W   X 
a. H 

■Ji    - O r-J 
\D  (-1 
ON f-J 

.a D 

[:    i 0.448 0.751 0.465 0.378 0.420 0.555 0.490 0.681 0.726 0.589 0.491 0.672 

0.182 0.393 0.205 0.266 0.205 0.224 0.238 0.342 0.493 0.280 0.205 0.420 

1.11: H.17''i (1. 11.. IJ.084 11.098 0.140 11.112 0. 164 0 .2 20 II. 140 0-112 0.141-. 

T« O.OJh ..u«4 0.1170 0.042 0.056 0.084 0.070 0.111 0.082 0.0 70 0.070 0.112 

.-.ngl..   »l:j- 
23.U' 35.0° 28.0" ',1.0* 34.0° 21.0° 46.0° 35.0° 38.0° 30.0 ^ 36.0' 44.0° 

A-><llr   XI     1 22.0* 23.0- 19.0' 19.0' 22.0° 25.0" 22.0° 22.0° 38.0° 22.0' 24.0° 21.0° 

A..,i. .;.i 24. u- 20.0- 2 5.-I- 42.0° 25.0° 34.0° 25.0° 34.0° 25.0° 19.0° 28.0° 42.0° 

.-, .,   ..;■! 32.0- 30.0° 32.0' 38.0' 27.0° 28.0" 23.0° 31.0° 37.0° 26.0° 29.0° 25.0° 

0.182 0.304 0.IS2 0.154 0.1S2 0.205 0.224 0.292 0.315 0.252 0.196 0.266 

\;>' 0.266 0,447 0.280 0.224 0.238 0.350 0.266 0.389 0.411 0.337 0.295 0.406 

T>/IX 0.50 0.497 0.63 0.50 0.57 0.60 0.63 0.676 0.373 0.50 0.63 0.80 

Ht.    double 

keel   at   D 
0. 04 2 0.80 O.U5b 0.056 0,041^ n.07 5 U - 0 O.OK.. 1.089 n.u7 0 0.1,71. .1.0711 

Ht.   double 

keel   at   D' 0.0 0.0 0.042 0.0 0.042 0.0 0.0 0.048 ? 0.0 0.049 0.0 

Double   keel 

early   stage 
+ + 4- + + + 4- + + -f + + 

All measurements   in millimeters. 

'■•  + =  double  keeled  early  stage   present. 

"""  Large  portici   can  be  observed  on  this   specimen.     They  do  not  extend  across   the  whole 
umbilicus  as  do   true   tegiUae,   but  extend   just   short  of  half  way. 

-^'  G.    lapparen ti   corona 

G.   coronata   Holli.   1945. 

ta   (Bolli).     Ilagn  and   Zell   (1954,   pi.   7.   fig.   1-2). 

Val Verde and Traxis Oiiuities and in the Lower San- 
tonian portion of the Austin chalk in McLennan and 
Dallas Counties  (cf. Text-figiue 2). 

M. angusticarenata was originally described by Gan- 
dolfi from the Turonian of Switzerland. It also occurs in 
Italy,  Ba\aria,  California,  and  Trinidad. 

Marginotruncana bouldinsnsis Pessagno, n. sp. 

Plate 54, figures 13-15; Plate 56, figures 4-6; 7-9; Plate 98, 
fig'ure 1 

Description.—Ve^l tiocliospiial, spiroconvex, with four 
or fi\e chambers in last whorl. Chambers of spiral side 
crescent-shaped, incli\iclually somewhat ]:>laniform: earlier 
chambers somewhat rusiose; sutines cur\ed, raised, often 
beaded. Umbilical side of test slightly concaxe with rugo- 
sities sometimes jjiesent on first one or two chambeis of last 
whorl; sutures ladial, straight to slightly cur\ed; chambers 
wedge-shaped; predominately de]3ressed. Umbilicus shallow 
and broad though somewhat variable in size. Periphery 
with double keel which seems to be better developed pos- 
teriorly  than  anteriorly.  Primaiy aperture extraumbilical- 
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umbilical in position. Portici with inliMlaniinal accessory 
apertures on well-preserved specimens. Outer wall radial 
hyaline, perforate except for double keel which is radial 
hyaline imperforate. Septal wall microgranular hyaline, 
perforate. Portici mici ograniilar hyaline perforate (?). 
T'X/TX value rather low; a\eraging about 0.30 in foin' 
sectioned paratypes.   (Text-figure 19) . 

Remarks—Margin otr mi ranti boiildhwnsis Pessagno, 
n. sp. differs from Marginotruncaiut mnrgiuata (Reuss) (1) 
by its much lower T'X/TX value; (2) by the thinner and 
more compressed nature of its test as measined along line 
T-T'; and (3) by the flattened nature of its chambers 
spirally and umbilically. It probably evolved from While- 
inella archaeocretacca Pessagno. n. sp. by obtaining a 
doidjle keel and obtaining flattened chambers spirally and 

umbilically. 
M. boiildineiisis is named after lioiddin Creek, Aus- 

tin, Travis County, Texas. 
Tyjje locality.—The holotype of Margiiiotruncana 

bouldinensis Pessagno, n. sp. is from TX 105. Black cal- 
careous shale; Eagle Ford group; South Bosque formation; 
eight feet below the contact between the Eagle Ford group 
and Austin chalk. Bouldin Creek east of Mary Street; about 
280 yards down Missouri Pacific Railroad tracks east of 
Mary Street Crossing; Austin, Travis Comity, Texas. 

The figured paratypes are from TX 105 and from TX 
353: Eagle Ford group. South Boscpie formation. Gray 
brown, laminated massive calcareous miulstone with 
abundant light gray a]3hanitic limestone laminae. Socony 
Mobil Research Lab.; VV^aco Core of Eagle Ford group: 
156 feet. (See Brown and Pierce, 1962, A.A.P.G., vol. 46, 

No. 12, pp. 2133-2147). 
Range.—M. helvetica assemblage zone, IF. nrchaeocre- 

tacea subzone in so far as known from this study. 
Occurrence.—In Texas M. bouldinensis occurs in the 

Tinonian portion of the Eagle Ford group: South Bosque 
formation (Travis and McLennan Comities) and the Brit- 
ton formation (upper part) (Dallas County) (cf. Text- 
figure 2). 

Marginotruncana canaliculata  (Reuss) 

Plate 74, figures 5-8 

1854.   Rosalina canaliculata Reuss. K. ,\kail. VVis.s. VV'icn, Math.—Natur. 
Kl., Denkschr.. Bel. 7. p. 70, pi. 2(i, tigs. 4ab. 

1960.   Globolruncana   canaliculula    (Reuss),    Tiujillo.   Jour.   I'alcont., 
vol. 34, No. 2, p. 341, pi. 50, figs.  lac. 

Description■—Test trochospiral, flattened spirally and 
umbilically; periphery truncated by wide double keel. 
Chambers arranged in two to two and one-half whorls; 
usually six  to .seven chambers  in  final whorl.  Chambers 

TEXT-FIGURE 19 
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in final wlujrl crescent-shapeil to petaloid spiralh, l)ut 
distinctly wedge-shapetl umbilically. Sutuies on spiral side 
curved, slightly raised, usually not beaded; sutures on um- 
bilical side straight, radial, depressed. I'mbilical side of 
test often with coarse, beadlike, rugosities on chamber sur- 
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faces. Stout portici with iiifialaminal accessory apertures 
extending out into a small umbilicus. Primary aperture in- 
teriomarginal, extraumbilical in position, a slightly arched 
opening. Outer wall radial hyaline perforate except for 
double keel which is radial hyaline imperforate. Septal 
walls microgranular hyaline sparsely perforate. Portici mi- 
crogranular hyaline ])robably sparsely perforate. 

Reiu(irks.—M. canaJuttJuta (Reuss) has been one of 
the most frequently misidentified species of planktonic 
Foraminifera in the Upper Cretaceous (see synonomies of 
Globotrunraua Unnciana (d'Orbigny) and Globotruncana 
lapparcnli s.s. Brotzen) and has long served as a "waste 
basket" term for a number of double keeled species of 
Globotruiuaud and Marginolnmcana. 

The ])ioblem of the specific identity of Rosalina cana- 
liculdta Reuss is made complex by virtue of the fact that 
Reuss (1851. pi. 26. figs, lab) only figured spiral and 
umbilical \iews of his type sjjecimen and by virtue of the 
fact that the depository of Reuss's type specimen is un- 
known after a period of o\er 110 years. It seems probable 
that Reuss's type specimen of R. caualiculata is lost. 

From Reuss's descriptions (see Triijillo, 1961, p. 341) 
and figures it can be established that R. caitalicukita pos- 
sesses (I) a wide double keel; (2) petaloid to crescent- 
shaped chambers spirally; (3) a small umbilicus; and (4) 

wedged-shaped chambers innbilically. 

To alleviate the taxonomic chaos surroiuiding this 
sjjecies, a neotype (PI. 74, figs. 5-8 herein) has been selected 
from the lower part of the Gosau beds of Edelbachgraben, 
Austria. Two samples from the lower ])art of the Gosau se- 
quence were examined. One sample (G-19) (from \V^ \V^ 
Hay, Dept. Geolog)', Uni\ersity of Illinois) contains a well- 
preser\cd fauna in marls of Late Coniacian or Earl) San- 
tonian age from GosaiUal, Edelbachgraben, The following 
species were noted at this locality: 

Marginotruncanu caiudiculaU) (Reuss) —abuntlanl; 
M. margiiiala (Reuss) —abundant; M. conaniata (Brotzen) 
—rare; Globotruncana Japparenti s.s. Brotzen—common; 
Marginotruncana corouata (Bolli) —common; M. pseiido- 
linneiana Pessagno, n. sp.—abimdant. 

The second sample (from Rmh Todd, U.S. Geol. 
Siuvey, Washington, D.C.) is from the type locality of 
Cythere sphenoides Reuss and contains a poorly preserved 
faima in marls of Late Coniacian or Early Santonian age. 
It contains the same assemblage as cited above, but G. lap- 
parrnti is absent and M. canaliculata is rare. This locality 
occurs in marls in the lower part of the Gosau sequence and 
is undoubtedly the same horizon mentioned by Reuss 
(1854, pp. 7-8). Reuss  (ibid.)   noted ili.u the marls of the 

lower Gosau beds are rich in ostracods and Foraminifera. 
His fainial lists (pp. 7, 8) include Cythere sphenoides 
Reuss, Rosalina canaliculata Reuss, Rosalina marsinata 
Reuss and other species of Foraminifera and ostracods. As 
samples from both localities mentioned above include the 
same planktonic as,semblage, it is likely that they came 
from about the same stratigraphic horizon in the lower part 
of the Gosau beds. Hagn (1957, p. 67) indicated that the 
Lower and Middle Gosau beds are of Coniacan to Early 
Campanian age whereas the Upper Gosau is of Late Cam- 
panian age. Inasmuch as the first sample (G-19) noted 
above contains the best preserved material, a neotype-' is 
selected from this sample. 

M. canaliculata (Reuss) differs from M. bouldincnsis 

Pessagno, n. sp. by possessing a wider double keel which 
tends to increase in width during the ontogeny of the indi- 
vidual. The double keel of M. bouldincnsis is narrower and 
is absent on the anterior portion of the test. Furthermore, 
M. bouldincnsis is concave innbilically and is spiroconvex 
whereas M. canaUculata is nearly biconvex. 

In thin-section M. canaliculata is difficidt to differen- 
tiate from G. lapparcnti Brotzen. It differs from the latter 
species, however, by possessing a more weakly developed 
double keel which is coni|)letely radial hyaline, imperforate 
rather than both radial hyaline, and idtragranular hyaline, 
imperforate. 

M. canaliculata (Reuss) differs from M. marginata 
(Reuss) largely by possessing a thicker double keel, a 
planiform test both spirally and umbilically, and a more 
lowly arched extraumbilical aperture. It differs from M. 
coronata (Bolli) by having a smaller imibilicus and by 
possessing wedge-shaped chambers mnbilitally separated by 
straight, radial, depressed sutines. 

Deposition of types.—The neotype and topotypes of 
R. canaliculata (Reuss) will be deposited in the collections 
of the U.S. National Museum, Washington, D.C. 

Type locality.—Gosautii\, Edelbachgraben, Austria. 
Marl sample from the lower Gosau beds. Locality G-19 of 
W. W. Hay   (see Appendix). 

Range.—M. hehetica assemblage zone. IF. archacocre- 
tacca subzone to G. bulloides assemblage zone, M. concavata 
subzone insofar as known in this study. 

Occurrence.—M. canaliculata was not recognized in 
Gulf Coast samples until late in the present study. How- 
ever, in Texas it definitely occurs in the Late Turonian 
part of the Chispa Smnmit formation   (Eagle Ford group) 

^For selection of neotype see .-\rtiile 75. a 1. \>. 8,'i, Intcin.it. Code 
Zool. Nonien., 1961—Ed. 
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at Chispa Summit in Jeff Davis County and in the Late 
Turonian South Bosque formation at Bouldin Creek in 
Travis County. It occms in the Coniacian {M. renzi assemb- 
lage zone) part of the basal Austin chalk at Sycamore Creek 
in Val Verde County; in the Early Santonian {M. conca- 
vata subzone) part of the Austin chalk at Cow Creek m 
Kinney County; at White Rock Creek in McLennan Coun- 
ty; and in Dallas, Dallas County (Text-figmes 1, 2). In 
Mexico M. caualinilata (Reiiss) has been observed in the 
Late Turonian and Coniacian portions of the San Felipe 
formation at Boca Canyon near Monterrey and in the early 
Santonian portion of the San Felipe formation at Mamu- 
li(|ue Pass   (Rt. 85, Mexico. D.F.-N. Laredo Highway) . 

The writer has recently observed M. aiu/iliculata Reuss 

in the lower part of the Funks formation of Yolo County, 
California. Associated planktonic Foraminifera and ammon- 
ites (Protcxunitcs thoinp.soni Jones) appear to inilicate that 
the lower portion of the Funks is of Coniacian or perhaps 
Early Santonian age. The specimens described and the 
specimen figured by Trujillo (UKiO) from the Coniacian of 
the Redding area, Shasta Comity, California, seem to be 

referrable to this speces. 
Although there are niunerous references to this species 

in the European literatme, most of these prove assignable to 
other species. In Europe tliis species is (Mily known at 
present from its type locality  in  Austria. 

Marginotroncana  concavata  (Brotzen) 

Plate 58, figures 1-9; Plate 95, figures 6,7; Plate 99, figures 1, 3 

1934.   Rolalia   concavata   Biotzen,   DeiUscli.   \ 11.   I'alastinas,   Zeitsclir.. 
vol. 57, p. 66, pi. 3, fig. b. 

1941.   Globotruncana  linnet  d'Oibigny siibsp.  JMiidcns  \()gler   (pan), 
Paleontogiaphica. Suppl. Bd. 4, .\bl. 4. p. 2«7, pi. 24. figs. 4-C. 
not figs. 1 and 7, ? figs. 2, 3. 

1950.   Globotruncana ventricosa White. 
vol. 42. No. 2. p. 591, text-tig. 12: 

1952. Globotruncana asyinetrica Sigal. 
Monogr. Reg., .\lger. ser. 1, No. 
p. 34) . 

1953. Globotruncana  aff.  concavata   (Brotzen) , 
arica. No. 17, pp. 236, 237. pi. 6. figs. 2a-c. 

1953. Globotruncana fundiconulosa Subbotina (part). Trudy, Vses, 
Neft. Naukno. Issled. Gcol.—Razved. Instil., n. ser.. No. 76. p. 
200, pi. 14, figs, la-c(holotype) . 2a-c, 3a-c; nt)t 4a-c (^G. 
ventricosa White) . 

19.55. Globotruncana (Globotruncana) 
Dalbiez, Micropaleont., vol. 1. No. 

1955. Globotruncana (Globotruncana) ventrirosn carinala Dalbiez. 
Micropaleont., vol.  1. No. 2, pp.  168,  169, text-tigs. 8a-c. 

1957. Globotruncana concavata (Brotzen), Bolli, )';/ Bolli, et at., U.S. 
Nat. Mus., Bull., No. 215. p. 57, pi. 13, figs. 3a-c. 

1960. Not Praeglobotruncana concavata (Brotzen) . Klaus, Eclogae 
Geol. Helv.. vol. 52. No. 2, p. 797. pi. 7. figs. 2a-c (called P. con- 
cavata transitional to P.   (J) ventricosa in plate description). 

1960. Globotruncana ventricosa ventricosa White, Tolhnann, Jahvb. 
Geol. Bund., Bd. 103. pp. 195-196, pi. 21. figs. 7a-c. 

1962. Not Globotruncana concavata (Brotzen). Herm. Bayer. Akad, 
VViss. Nfath.-Nat. Kl.. \l)h.. n. ser., No. 104. pp. 70, 71. pi. 5. tig. 
4. 

Mornod.  Kclogae  Geol.  Helv., 
lac: 2a-c. 
19th   (ongr.   Geol.   Internal., 

26,  p.  35.  tevt-fig. 35   (3  figs. 

de   KlasA   Geol.   Bav- 

^'cntricosa    veritricosa    W'hite. 
p. 168, text-figs. 7a-d. 

1962.   Globotruncana concaxmta   (Brotzen) , Barr,  I'aleontologv. vol. 4, 
pt. 4. p. 569, pi.  71, figs. 4a-c. 

Rriiitirks.—Marginotrtiiicaiia concavata (Biotzen) has 
been confused by various workers with Globotritncatia 
xicntricosa (White) . It differs from G. ventricosa: (1) by 
having a jjronounced extraumbilical-umbilical aperture; (2) 
usually more con\ex imibilically and jjlaniform (often 
concave) spirally thus ha\ing a higher T'X/TX value; (3) 
usually haxing a nairower double keel in the last whorl; 
(4) by always having a D,,-D'.,/D|,-D'|, \alue exceeding 2.1; 
(5) by ha\ing chambers that sloj^e toward iimbilictis; and 
(6) by displaying a WhitcincUa inornata   (Bolli)   nepionic 
stage. 

Many workers stich as Bolli (1957, p. 57) have inferred 
that M. concavata (Brotzen) and G. ventricosa White are 
phylogenetically related. However, the presence of an ex- 
traumbilical aj^erture, portici, and the lack of true tegilla 
clearly jjlace the former species in the Marginotrtincanidae, 
new family. Ftirthermore, whereas M. concavata shows a 
ir. inornata nepionic stage (PI. 95, figs. 6-7; PI. 99, fig. 1), 
G. ventricosa shows a G. linneiana (d'Orbigny) nejjionic 
stage (cf. 95, figs. 10, 11). Thus, M. concavata is not 
only unrelated to G. ventricosa at the family level, but it is 
also unrelated to G. vrntriccjsa at the species level. As noted 
by Bolli (1957, p. 57), the range zones of these species are 
diMJiutly different. Although M. concavata and G. ventri- 
cosa are grossly similar and a])pear homeomorphic, this 
similarity proves superficial when studied in detail. 

Foim analysis measurements of sectioned free specimens 
of M. concavata are presented in Text-figure 20. Text-figure 
61 is a scatter plot of T'X/TX and D,-DVD„-D',, for M. 

coticavata and (i. ventricosa* 
Globotritncana asytnctrica Sigal (1952) and Glnbotriin- 

cana (Globotritncana) ventricosa carinala Dalbiez (1955) 
are regarded as junior synonym of MariiinolrutKcina toti- 

cavata   (Biot/en) . 
The holotype (figs, la-c) and two jjaratyjjes (figs. 2a-c; 

3a-c) of G. fittidiconulosa Subbotina (1953) are assignable 
to M. concavata (Brotzen) . These specimens all show (1) 
extraumbilical apertures; (2) large portici; (3) chambers 
abruptly sloping toward the lunbilicus; (-1) nairow double 
keels; and (5) D'„-D„/D'|,-D,, values ranging from 2.1 to 
2.25. Large portici for M. concavata have also been illus- 

trated by Barr  (1962). 
Range.—M. renzi assemblage zone (iippci ])art) lo G. 

hitlloiiles assemblage zone: M. cottcavata stihzoue. 

■ll)„-D'„=;nianirtcr of final  whorl. 
ni,-n'u = nianieler of next   lo  last   whorl. 
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Occurrence.—M. concavata has been obserxed in Mex- 
ico during this study in the Sanionian portion of the San 
Felipe fomiation as exposed (1) in the Sierra Madre Orien- 
tal along Route 80 west of Antiguo Morelos (Tamaulipas) 
and east of Cliudad del Maiz (San Luis Potosi) ; (2) in the 
Sierra Madre Oriental at Peregrina Canyon northwest of 
Ciudad Victoria; (3) at Boca Canyon south of Monterrey; 
and (4) at Mamuliqiie Pass along the Mexico, D.F.— 
Nuevo Laredo Highway (Rt. 85). In Texas M. conrnvaln 

has been observed in the Austin chalk: (1) in the "Atco"' 
member exposed at Pinto Creek, and Ciow Creek in Kin- 
ney County; (2) in the Dessau and Biuditt members in 
Travis County: (.'!) iliroughout the "Atco" and "Bruce- 
ville" members in McLennan Comity; and (4) throughout 
the "Atco\ "Bruceville", and the "Hutchins" meinbers in 
Dallas County. The Pinto Creek occurrence is Cioniacian. 
The other occiurences are Early Santonian. 

Bolli recorded this species from the Lower Sanionian of 
Trinidad. It is known from the Santonian of France. 
Switzerland. Israel. Tunisia, Algeria, Bavaria, the Isle of 
Wight, Gabon, and Madagascar. It is noteworthy that in 
Madagascar, Collignon (1959. p. 19; Table IV) recorded M. 
oiudviild in his lower-most ammonite zone for the Santon- 
ian:—the rexiniitcs olh'eti zone. De Klasz (19()1, p. 123) 
and Barr (19(i2, p. 5()9 and text-fig. 2) noted that this spe- 
cies occurs in Cioniacian strata. De Klasz argued for an ex- 
tension of ilie range zone of M. concavata into the Conia- 
cian of Cabon (ecjuatorial Africa) in that it is associated 
with Coniacian ammonites such as Peroniccras draxncUcum 
Kossmat, Gaiitlucriceras marine Schult. and Barroisccras 

lidberfellneri Von Hauer. 

Marginotruncana coronata  (Bolli) 

Plate 65, figures 11-13; Plate 100, figure 6 

C.lohiili mil mill liij>jiuieuli Brolzen sub.sp. coimiiila Bdlli. Mlogae 
(,c()l. Hclv., \.il. ;!7. No, 2. p. 2;i3, lexl-fig. 1: 2\. 22; |>l. 9, fig. 
1:'), nol tig,  14, 
(Uoholi'UiicaiKi UijiJKiicnti cinonatii  liolli,  Moininl. iMlogac (-coi- 
Helv,, vol. 42, No. 2, p. 591, text-fig. 13: a-c. 

19r)3.   Globolrunca»a   coronata   Bolli,   Subbotina.   Trudy.   Vses.   Neft. 
Naiikno. Issled, Geol.—Razxed, Instit,. n, sei.. No. "(i. p.  180. pi. 
8. figs.  lac. 
(ilohultuiica)ia    lapparenli    Biotzen.    .Subbotina,    Trudy.    Vses. 
Neft.  Naukno.  Issled.  Geol.—Razved.  Instit.,  n.  scr..  No.  70.  p. 
178, pi. 7, figs, lac: 3a-c; 5a-c: not 2a-c. 4ac. 
Clohotruncana lapparenti coronata Bolli, Hagn and /oil. I'.clogae 
Geol,  Helv.. vol. 47. No.  1. pp. 43. 44,  pi. 3,  figs. 4a,  b:  pi. 7. 
fig. 3; not figs, 1, 2. 

I9.')7.   Not (ilubolruncana cf. lapparenti coroiialii liolli. U<illi. i;.S. Nal. 
Mas., Bull.. No. 215, pi. 14, figs. 2a-c. 

I9(i(l.   Not  Ciloholruncana  cf.  lapparenti  coronata   Bolli,   Klaus.  Eclo- 
gae Geol. Helv., vol. 52. No. 2. p. 821. pi. 7. figs. 4a-c. 

HKiO.   Cldbotruurann  linneiana   (d'Orbignv) , Trujillo,   Jour.   I'alcont,. 
vol. 34. No. 2. pp. .342. .343. pi, 49. figs. 8a-., 

1945. 

19.50. 

1953. 

1954. 
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Diameter of last whorl, 
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D.-D'  - Diameter of next to last whorl. 

1960, C.lobolruncaua coronata (Bolli) . Tollmann. Jabrb. Geol, Bund., 
Bd.  103. p. 194. pi. 21. fig. 2, 

1902. Not Gloliiitruncana (Clobolruncana) lapparenti coronata Bolli, 
I'essagno. Micropaleont., vol. 8. No. 3, p. 362, pi. 3, figs. 10-12. 

1902. Clobiitruniana linneiana coronata Bolli. Barr (part) , Paleonto- 
logy, \ol. 4. pi, 4, pp. 572. 573. pi. 70, ? ligs. la-c: pi. 72, fig. 4; 
not fig. 3. 

Remarks.—KecAusc of the confusion between M. cor- 
onata (Bolli) and M. ant^nsticarenata (Gandolfi) , the 
specimeir figured as G. lapparenti coronata Bolli by Bolli 
(1945) in plate 9. figure 15 is designated the lectotype of 
Globotruncaiia hippaieiiti coronata. Furthermore, the speci- 
mens figured by Bolli in text-figure 1: figures 21, 22 are 
designated paralectotypes of G. lapparenti coronata. As 
noted in the synonomy of M. angusticarenata (Gandolfi) , 
the syntypic specimen figured by Bolli in plate 9, figuie H 
is regarded as M. angtisticarenata. 

M.  coronata   (Bolli)   differs  from M. angusticarenata 
(Gandolfi) : (1) by being relatively planiform both spirally 
and umbilically and   (2)   by having a wider double keel. 
(The double keel of M. angusticarenata is narrow.) 
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The free specimens figured by Mornod (1950, text- 
figs. 13a-c) and by Siibbotina (1953, pi. S, figs, lac) as G. 
coronata are equated with the lectotype and paralectotypes 
selected above. It should be noted that both Mornod and 
Subbotina clearly showed extranmbilical-unibilical primary 

apertures in their drawings. 

Range—M. helvetica assemblage zone, IV. archaeocre- 

tacea subzone to G. bulloides assemblage zone, M. cnncavata 

subzone. 

Occurrence—M. corouula has been observed in the 
Early Santonian portion of the San Felipe foiniation at 
Peregrina Canyon near Ciudad Victoria and in the Late 
Turonian, Coniacian, and Early Santonian jjortions of the 
San Felipe formation at Boca Canyon near Monterrey. In 
Texas M. coronata has been observed in the Late Turonian 
portion of the Eagle Ford group and in the Coniacian and 
Early Santonian parts of the Austin chalk. 

M. coronata is definitely known from the Late Tur- 
onian and Coniacian of Bavaria. Switzerland, Austria, and 
Russia. The writer has also examined it in Coniacian sam- 
ples from the Funks formation of Yolo Ciounty, California. 

Marginotruncana   helvetica   (Bolli) 

Plate 53, figs. 9-13; Plate 54, figs. 1-3; Plate 99, fig. 4; Plate 100, 
fig. 4 

1945.   CUohotnmcana helvetica Bolli, Eclogae Geol. Hclv.. vol. 37, No. 
2. pp. 226, 227, text-fig. 1: 9-12: pi. 9, figs. 6-8. 

1952.   Globolruncana lielvelica Bolli, Sigal, 19th Congr. Geol. Inteinal., 
Monogr. Reg., Alger, ser. 1, No. 26, p. 31, text-fig. 32. 

1954. Glolwtruncana   helvetica   Bolli,   Hagn   and   Zeil,   Eclogae   Geol. 
Helv., vol. 47, No. 1, pp. 30, 31, pi. 3, tigs, la-c; pi. 5, figs. 5. 6. 

1955. Globolruncana helvetica Bolli, Schijfsma, Micropaleont.. vol. 1. 
No. 4, pp. 321-334, text-fig. 2  (part). 

1957. Helvetoglobolruncana helvetica (Bolli) , Rciss, Coiitv. Ciishman 
Fouiul. Foiam. Res., vol. 8, pt. 4, pp. 137, 138, icxifig. 5. fig. i; 
text-fig. 7. fig. 111. 

1957. Globolruncana helvetica Bolli. Bolli. t'.S. Nal. Mcis.. Bull.. No. 
215, p. .56, pi.  13. figs.  lac. 

1959. Ticinella helvetica (Bolli) , Banner anil Blow, {'alciinKilogy. vol. 
2, pt. I, p. 24, pi. 3, figs. 2a. b. 

1960. Globolruncana helvetica Bolli, Trujillo, Jour, ralcoiil.. \(il. 34, 
No. 2, pp. 341. 342. pi. .50. figs. 2a-c. 

Remarks.—Marginotruncana Iielvetica (Bolli) shows 
the extraumbilical-tnirbilical aperture characteristic of 
other species of Marginotruncana. Reiss (1957, text-fig. 
7, fig. m) indicated that large portici exist on well- 
ineserved specimens of M. helvetica. An imperforate sin- 
gle keel follows the dorsal periphery of larger ephebic 
specimens of this species. Stich keels are found on a number 
of the writer's Mexican specimens of M. helvetica. Smaller 
neanic specimens such as the sectioned foinis figuied herein 

from Texas lack keels. Because the writer feels that the 
generic assignment of a species shoidd be based on the tests 
of full grown, ephebic individuals, this species, in spite of 
its lack of true keels in the neanic stage of development, is 
placed with Marginotruncana rather than with Whiteinella, 
Pessagno, n. gen. 

Marginotriincana lielvelica (Bolli) differs from other 
species of Marginotruncana by the hemispherical shape of 
its chambers. It seems to have evolved x'ia spiral flattening 
from Whiteinella arehacocretacea Pessagno, n. sp. The form 
figured by Trujillo (1960, pp. 340, 341, pi. 49, figs. 6a-c) as 
"Riigoglobigcrin/i praehelvetica Trujillo" may represent 

a transitional form linking M. helvetica (Bolli) with W. 
arehacocretacea Pessagno, n. sp. Whiteinella praehelvetica 

(Trtijillo) seems to be derived from a Wliiteinella arehaco- 

cretacea ancestor. 

Range.—M. helvetica assemblage zone: M. sigali sidi- 
zone to W. archeocretacea subzone. 

Occurrence.—M. helvetica (Bolli) is abimdant in the 
Early Turonian portion of the San Felipe formation crop- 
])ing otit in Boca Can\on .south of Monterrey, Mexico. In 
Texas it has been observed by the writer in the Turonian 
part of the Eagle Ford group at C;hispa Summit (Chisjja 
Simunit formation) and at Boidilin Creek, Travis County 

(South Bosque formation) . 

Elsewhere in the Western Hemisphere M. lielvelica 
was figured by Trujillo (1960) from the Turonian of 
Shasta Cotmty, Californi.i, and by Bolli from the Tinonian 
of Trinidad, VV. I. 

M. helvetica is also known fiom the Turonian of 
France, Bavaria, Switzerland, Israel, Algeria, and Tunisia. 

Schijfsma (1955, pp. 320-334) maintained that M. 
helvetica occurs in the Lower Conician strata of Tunisia. 
The investigator has never noted M. helvetica in the Conia- 
cian strata of North America. The lower portion of the 
Austin chalk, for example, in its type area at Austin, Texas, 
does not contain this species. Young (1960, p. 16) and 
other sttidents of the ammonite faiuia of the Austin chalk 
in its type area all agree that the lower part of the Austin 
chalk is of Coniacian age. Much of the megafossil evidence 
cited by Schijfsma for the Coniacian occinrence of M. hel- 
vetica seems either contradictory or misleading. 

Marginotruncana   imbricata  (Mornod) 

Plate 57, figures 3-5 

1950.   Globolruncana imbricata  Moinod.  F.clogae Geol. Helv., vol. 42. 
No. 2, pp. 589, 590, lext-fig. 5: 2a-c. 3a-(l; pi. 15. figs. 21-34. 

1954.   Globotruncana imbricata Mornod, Hagn and Zeil, Eclogae Geol. 
Helv., vol. 47, No. 1, pp. 34, 35, pi. 2, fig. 6;  pi. 5, figs. 9. ?I0. 
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Remarks—M. imbricala (Moniod) is somewhat similar 
to M. vtargniata (Reuss) . Jt differs from the hitter species 
by having a somewhat more spirally convex, thicker, and 
more inflated test. 

Range.—M. hehetica assemblage /one; M. sigali sub- 
zone insofar as known from the present study. 

Occurrence.—Dining the coiuse of this study M. im- 
bricala has only been observed in the Turonian portion of 
the San Felipe formation as exposed in Boca Canyon, south 
of Monterrey, Mexico   (Text-figiue 1). 

Marginotruncana   indica  (Jacob  and  Sastry) 

Plate 55, figures 3, 810: Plate 57, figures 6-9; Plate 98, figure 2 

19.50.   (.Ifiboliuncana   indica   Jacob   and   Sasliy,   .Science   and   (iduue, 
vol. 16, No. 6, p. 267. text-figs. 2a-c. 

195,").   (-loholiuncana  indicii  Jacob  and  .Sastrv.  Candolfi,  Bull,  .\iner. 
I'alcont., vol. 36, No. 155. p. 19, textfig.  1: 3a, b. 

196(1.   Prneiilnlintnaiciiiiii   rourin'iiln    (Brotzen) ,   Klans,   lulogae   C.eol. 
Hclv. vol. 52. No. 2, p. 797, pi. 7. figs. 2a-c. 

De.srription.-Teit trochosjjiial; planoton\ex. .Spiial 
side slightly coinex to planiform; umbilical side convex. 
Chambers nearly hemispherical in shape; fom- or fi\e cham- 
bers in the last whorl becoming progressively more con\ex 
iimbilically. Sutures on spiral side curved, raised, some- 
liiiies beaded; sutures on the innbilical side radial, straight, 
aiul depressed. Umbilicus shallow and of moderate size; 
ihiik, moderately large portici with infralaminal accessory 
a])ertiues extending into imibilicus. Early chambers of last 
whorl often quite rugose umbilically. Narrow double keel 
following spiral margin of test. Primary apertiue extraimibi- 
lical-umbilical in position; highly arched. Outer wall radial 
hyaline perforate exce]3t for keel which is radial hyaline 
imperforate. Se|3tal wall microgranidar Inaline, perforate; 
portici microgranular hyaline,   (?)   perforate. 

Remarks.—]n(.ob and Sastry noted in their original des- 
(rijjtion of this species that it has a planoconvex test Avitii 
a flat sjjiral side and a moderately con\ex iimbiliial side. 
They also uoteil and illustrated the presence of what is ciu- 
rently called an e.xtraumbilical-umbilical apertme. Al- 
though Jacob and Sastry indicated that the type localitv of 
this species is Clenomanian in age, it is likely that such an 
age assignment is in erior and needs restudy by Indian 
|)aleontologists. 

M. indica (Jacob anil Sastry) is similar to M. renzi 
(Gandolfi) (cf. emended definition of M. renzi herein). It 
differs from M. renzi laigeh in the radial, dcpres.sed, 
straight to slightl) curved nature of its sutures imibilicallv. 

Range.—M. helvetica assemblage zone, II'. archaeocre- 
tacea subzone to M. renzi assemblage zone, G. biiUoides as- 
semblage zone  (?) ; M. concafota subzone  (?), 

M. indua has been obserxed in the G. btiiloides sub- 
zone, M. concuvata subzone only where Austin strata assign- 
able to the M. concavata subzone rest with marked dis- 
conformity on Eagle Ford strata assignable to the M. hel- 
vetica assemblage zone. In continuous sections where the 
intervening M. renzi assemblage zone is present, M. indica 

has not been observed in strata assignable to the M. cotica- 
vata subzone. 

Occurrence.—In Mexico M. indica has been observed 
in the Turonian portion of the Agua Nueva formation at 
Peregrina Canyon northwest of Ciudad Victoria and in the 
Tinonian and Coniacian portions of the San Felipe forma- 
tion at Boca Canyon south of Monterrey   (Text-figure 1) .^ 

In Texas M. indica occurs throughout the Turonian 
portion of the Eagle Ford group at Chispa Summit in Jeff 
Davis Comity; at Lozier Canyon and Sycamore Creek in 
Terrell and Val Verde Counties; and at Waco (Atco Ce- 
ment Quarry) in McLennan County (Text-figure 2). It has 
been observed in the Coniacian portion of the Austin chalk 
in Kinney County and in the Early Santonian portion of 
the Austin chalk in McLennan Coimty. 

Marginotruncana marginata (Reuss)^ 

Plate 54, figures 712;  16-18; Plate 56, figures 10-12; Plate 99, 
figures 5-7 

1S45.   Rosfiliiia inari^iiiala Renss, .Stuttgart, Dentschland, E. Schweizer- 
hart. Abth. l! p. 36, pi. 8, figs. 54a, b, 74a. b; pi.  13. figs. 68a, b 
(lectotype). 

1854.   liosaliim marginata Reuss, Reuss, K. .\kad. Wiss. Wicn., Math.— 
Natur. Kl., Denkschr., Bd. 7. p. 69, pi. 26, figs. lac. 

1946.   Clobnlruncana marginata   (Reu.ss) , Cusliman   (part) ,  U.S. Geol. 
Sur.. I'rof. Paper, No. 206, pi. 62, figs, lac: not 2a-c. 

oThe .\gua Nueva formation at Boca Canyon occms below San 
Felipe strata assignable to the C.cnomanian liolalipura s.s. assemblage 
/one. 

GW'hile the present report was in press, the writer learned that a 
neotypc hail been established for Rnsalina marginata Reuss by Dana 
Jirovii (1956. I'niversitas Carolina Geologica, vot. 2. no. 3, pp. 239-255, 
pi. I. figs, lac) from Emscherian (Coniacian) marls (Planernrergel) 
cropping out near the village of Luzice in northern Bohemia, .\lthough 
Jirova's neotypc differs morphologically at the species level from the 
form figured herein as M. niarginala (Reuss). the writer feels that it 
should be accepted to propagate taxonomic stability. Topotypes sent 
to the writer by Jiiova show extraumbilical-unibilical apertures and 
laige portici with infralaminal accessory apertures. Hence, neither the 
diagirosis of the Marginotruncanidac Pessagno, new familv nor the 
the diagnosis of Marginotriinraiia Hotker (emended) is affected herein, 
.\ topotype of K. marginata Reuss sent to the writer by Jirova will be 
figured by the writer in a future paper. 

The form figiued in this report as M. marginata (Reuss) and by 
Reuss (1854, pi. 26, figs, la-c) as Rosalina njarginala (Reuss) should be 
referred to Marginotruncana difformis (Clandolfi) (= Gtobotruncana 
intermedia difformis Gandolfi). Forms correlative with M. marginata 
S.S. Reuss are rare in the writer's North .\merican material and have 
only been noted in the Coniacian portion of the .\ustin Chalk (".\tco" 
member) south of Del Rio, Texas. 
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TEXT-FIGURE 21 
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Ht,   double 
keel   at  D 

0.056 0.070 0. 049 0.0 0.056 0.0 0.056 0.056 0.070 

Ht.   doublu- 
keel   at  D' 

0.0 0.0 0,0 0.0 0.056 0.0 0.0 0.0 0.0 

Double  keel 
early   stage 

+ + + + -f -t- - + - 

All measurements in milllmeters. 

* + = double keel present.  - =^ double keel absent. 

-•"• Imperforate peripheral band present in early stage, but 
not double keel. 

1953. 

1954. 

1955. 

1956. 

1957. 

1957. 

1960. 

I.lijliiih iiNidiKi   (C.lobiil) uncaiui)   sp.  alf.  i fini  Thalmann-Gan- 
dolli. Rcichel, Kclogae (.col. Hclx.. \u\.  12. No. 2. pp. 612. 61;?. 
pi. 16. fig. 8; pi. 17. fig. 8. 
Rolundina  imirgiiiala   (Rcuss),  Subbotina    (pan) ,  Tnicly.  Vses. 
Neft. Naukno—Issled. Geol.—Razved. liistit, n. str.. No. 76. p. 168, 
pi. 5, figs, lac; ?2a-c: Sac: not 4ac. 5a-c. 
Clobohiwcana inarginnla   (Reus.s), Hagn and Zcil, Eclogae Geol. 
Helv., vol. 47. No. 1. pp. 46. 47. pi. 2, figs. 4a-c; pi. 7, figs. 5. 6. 
Globotruncana    intermedia    difjormis    Gandolfi,    Bull.    .Amer. 
Paleont., vol. 36. No. 155. p. 49. pi. 3, figs. 4a-5c. 
Maririiiotruucnim marginata  (Reiiss) . Hofker, Neues Jabrb. Geol. 
Palaeoni., .\bh. 103, pp. 322-324. text-figs. 2. ? 6. 7. not 8. 
(iloholriiuca)ia  scltneegansi   Sigal.   Bolli,   IT.,S    Nat    Mils     Bidl 
No. 215, p. 58. pi.  14,'figs.  lac. 
Not   Globolnunana   iiunginala    (Rcii.ss) ,   Edgcll.   Micropaleont 
vol. 3. No. 2, p.  114, pi. 2. figs. 4 6. 
Pmeglobolruncana   reiizi    (Tlialmann) .    Klaus,    Eclogae   Geol 
Helv., vol. 52, No. 2, p. 795, pi. 6, figs.  la-c. 

Dcsnil] 11 on.—Test tiothospiral, biconvex to somewhat 
spiiotonvex witli loin lo seven (iKiinl)eis in the final whoii; 

TEXT-FIGURE 22 
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48.0° 
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0.154 
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16.0' 

43.0' 
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0.462 
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0.0664 

0.0912 

50.0° 

14.0° 
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W X 
P-, H 

0.420 

0,238 

0.056 

0.098 

54.0' 

12,0' 

34.0°   52.0° 

22.0° 

0.196 

0.309 

1.34 

0.084 

0.0? 

0.266 

1.38 

0.0 

0.0 
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21.0' 

0.154 

0.266 

1.75 

0.0 

0.056 

All measurements   in millimeters. 



GULF CPETACEOUS FORAMINIFERA: FESSAGNO 30'J 

narrow double keel following- peri])hery of last whorl; some- 
times absent on last several ihambers; usually but not al- 
ways present in preceding whorl. Chambers spirally sepa- 
rated by raised, cmved sutures which often are slightly 
beaded. Chambers innbilically separated by radial, straight, 
depressed sutiues; sutiues of last se\eral chambers rarely 
slightly ciuved and raised. Early diambers of last whorl 
sometimes rugose innbilically. FTmbilicus wide and shallo^v: 
stubby, massive portici extending into lunbilicus in ^vell- 
pieser\ed specimens. Primary apertiue highh arched, ex- 
traimibilital-umbilical in position. Infralaminal accessory 
apertures on flanks of jjoiiiti of well-preserved specimens 
near jiuictme with sutiues. Outer wall railial hyaline ]jer- 
forate excejst double keel which is radial hyaline imperfor- 
ate; portici microgranular iiyaline |jerforate (?) ; septal 
walls microgranular perforate. Pore frames maikedly hexa- 
gonal in shape  (cf. PL 99, f'g. fi). 

Remarks—In 1957 Bolli, ct nl. (p. 46) selected the 
specimen re]3resented b\ Reuss's figures 68a-b (1845, |). 3fi. 
\A. 1,3) as the lectotype of Rosalina nuirginatn Reuss. Al- 
though all of Reuss's figures are small and generalized, the 
lectotype figines show a form which has seven chambers in 
the last whorl; cur\ed sutiues spiralh: straight, radial su- 
tures umbilicall); and a bioad umbilicus. Reuss failed to 
shoAV a ])eripheral \iew of any of the specimens illustrated 
in his s\nty|)ic series. However, it can be inferred front 
Reuss's ilestription (as noted by Bolli, ct al.. ibid.) that R. 
inargi»(ilii possesses the perpendicularly trimcate margin 
charactei istic of all double keeled Cretaceous planktonic 
Foraminifera. The lectotype selected by Bolli, ct at., is from 
the Planermergel (Turonian) of Bohemia. According to 
Ellis and Messina (Catalogue of Foraminifera) Reuss's 
types are deposited in "Furstlich Lobkowiti/'sches Minera- 
lien Kabinet—", Bilina, Czechoslovakia. 

In 1851 Reuss (pi. 26. figs, la-c) figured R. inariiinald 

from the (losau beds (Edelbachgraben) of .Austria. This 
specimen (cf. Reuss, ibid., pp. 7-S) is assiunedly from the 
Lower Gosau beds (Gosaiunergeln) . Reuss noted in his faii- 
nal list that it occurs along with Rosalina canalictilata 
Reuss. In the exam'nation of topotxpic material of R. cati- 
aliiiihila fiom this same Gosau locality the Avriter did find 
one or two sjjecimens of M. iiiaii^ijiata (Reuss) (see AI. can- 
aliciilata herein) . 

Reuss's (1854) figures la-c of R. nunginata are im- 
portant because they are large, clear, and certainly illustrate 
his concept of this species. The figured specimen shows six 
chambers in the final whorl separated by ciuved. slightly 
raised sutures spirally and by radial, straight, depressed 
sutiues umbilicallv. Tiie umbilicus or umbilical area is laroe 

and a nairow double keel is present in the last whorl (cf. 
fig. Ic). 

The specimen figured by Reichel (1950, pjj. 612. 613, 
pl, 16, fig, 8; pi. 17, fig. 8) as Globotrinuana (Globotnin- 
raua) sp. aff. rcuzi Thalmann-Gandolfi as indicated in syno- 
nymy, is assignable to M. margiiiata (Reuss) . Reichel's um- 
bilical view of this specimen is interesting in that it clearly 
sliows portici with infralaminal accessory apertures. 

M. iiiaroinata (Reu.ss) has been equated by a number 
of workers with Globotruncana bulloidcs (Vogler). For ex- 
ample, the specimen figured from the Austin chalk by 
Cushman (1946, pl, 62, figs, 2a-c, not la-c) as Globotrun- 
cana niarginata (Reuss) is actually assignable to Globo- 
truncana bulloidcs Vogler. Likewise, the specimen figiued 
b\ Edgell (1957. p. 114, pl. 2, figs. 2-4) as Globotruncana 
(Gliibotruiu(ina) marguuita (Reuss) is assignable to Globo- 

truncana bu'loidcs Vogler or perhaps is transitional to 
A. crctacca (d'Orbign)) . Edgell (ibid.) believed that Git. 
bulloidcs \'ogler is a junior synonym of R. innrgiiuila 
Reuss. 

The x\riter has sectioned a number of free specimens 
of both M. niaroinala (Reuss) and Globotruncana bullo- 
ii:cs X'ogler. The .sections have been contpaied to Vogler's 
sectioned types of G. bulloidcs (lectotype selected herein) . 
Marginofrvtjcaiia nuirginata (Reuss) differs from Globo- 
lrini((inii bu'loidcs Vogler (1) by having a narrower and 
less massive double keel which is radial hyaline imperforate 
as opposed to that of G. bulloidcs which is both radial 
Inaline and ultragranular hyaline imperforate; (2) by lack- 
ing highly inflated or vaulted chambers; (3) by having a 
thinner test measured along T-T' in thin-section; (4) by 
lackiu" true tesfilla with both infralaminal and intiala- 
minal accessory apertiues; (5) by having a jjrimary aper- 
ture which is extraumbilical-umbilical in position; (6) by 
haxing de]jressed, straight, radial sutures imibilically; and 
(7) by possessing a shallower innbilicus. Form analysis 
mjasuremfnts ol M. uiarginata are presented in Text-figure 

21. 
The wr'ter has examined the types of Crlobotruncana 

icilsoni Bolli at the U.S. National Museum, \Vashington, 
D.C:. The holotvpe appears to be closely related to M. mar- 
ginata but shows depressed sutures both spirally and um- 
bilically. The paratypes from the Maestrichtian portion of 
the Guayaguayare formation show rugosites aligned in a 
mericlorial pattern and are clearly referrable to Rugotriin- 
cana subcircuninodifer (Gandolfi) . 

The writer also examined the holotype of Globotrun- 
cana int( riucdia difjoruiis Gandolfi (No. 20842) in the col- 
lections of the PaleoiUoloiiical Research Institution. Ithaca, 
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New York, and found it :issii;iKil)le lo M. inargi'uita 

(Reuss). 
M. rnarginata seems to lia\e e\ol\ed fiom Whitcinella 

archaeocretacea Pessagno, n. sj). thioiigh the acquisition of 

a narrow double keel. 
Range—M. helvetica assemblage /one, M. si gal i sub- 

zone to G. bulloides assemblage zone, M. coucdTata sub- 

zone (lower part). 
Occurrence.—In Mexico i\I. niarginata occurs in the 

Agua Nueva formation (Tinonian) exposed at Peregrina 
Canyon northwest of Ciudad Victoria and in the Tinonian, 
Coniacian, and Lower Santonian portions of the San Felipe 
formation cropping out at Boca Canyon south of Monter- 
rey. It also occurs in the Lower .Santonian portion of the 
San Felipe formation exposetl at Mamidique Pass north of 
Monterrey (Text-figures 1-2). In Texas M. rnarginata oc- 
curs in the Turonian portion of the Eagle Ford group at 
Chispa Summit, Jeff Davis County; at Bouldin Creek in 
Travis County; at the Atco Cement Quarry (Waco, subsur- 
face and surface), McLennan County; and in the type area 
of the Eagle Ford group (subsurface) in Dallas County 
(Text-figures 1-2). 

M. rnarginata is also known from the Upper Cretaceous 
of Russia, Bavaria, Switzerland, Austria, and Cohmibia. 

Marginotruncana  pseudolinneiana  Pessagno,  n. sp. 

Plate 65, figures 24-27; Plate 76, figures 1-3 

19(iO.   (Uoliotiiiiicaiiii    lappareiili    tricarinata     (Quereau),    Tollmann. 
Jahrb. Geol. Bund.. Bd.  103. pp.  19:!,  194. pi. 21. figs.  la-c. 

r)es(ript ion.—Test lobidate, trochospiral: extremely 
planiform, often concave spirally; planiform umbilically; 
peripherally truncated by a wide double keel; rims of 
double keel either not strongly beaded or beadless. Test 
comprised of two and one-half to three whorls of chambers 
which gradually expand in size; seven to eight chambers in 
final whorl. Chambers crescent-shaped spirally, se]3arated by 
raised, curved, slightly beaded or beadless sutines; chambers 
subrectangular umbilically, separated by slightly curved, 
raised, beadless or slightly beaded sutures. Umbilicus broad, 
bordered by mildly elevated innbilical shoidder. Primary 
aperture interiomarginal, extraumbilical-imibilical in posi- 
tion, a lowly arched opening. Outer wall except for double 
keel radial hyaline, perforate; double keel radial hyaline, 
imperforate. Septal walls microgranidar hyaline, sparsely 
perforate. 

Retnarks.—Marginotruncana pseudolinneiana Pessagno, 
n. sp. is nearly homeomorphic externally for Globotruncana 
linneiiina    (d'Orbigny) .   It  can  be  iliflerentiated  from   G. 

linneiann by the following criteria: (I) its primary aper- 
ture is clearly extraumbilical-umbilical in position; (2) the 
spiral surface of its test is more planiform and is often con- 
cave; (3) its chambers are almost entirely crescent-shaped 
spirally whereas those of G. Unneiana are more typically 
petidiform; and (4) it lacks the coarsely beaded sutures and 
keels of G. Unneiana. In thin-section, M. pseudolinneiana 
Pessagno. n. sjx shows typical marginotruncanid double 
keels whith :ire entirely radial hyaline imperforate in char- 
acter. G. Inineiduii anil other doidDle keeled species of Glo- 

botruncana show keels which are both radial hyaline imper- 
forate and idlragr;uiida'- hyaline imperforate in character 
(Text-figiue -10) . In addition, M. pseudolinneiana, n. S|J. 

shows earlier whorls which are more compressed along a 
spii;d-umbilical ;ixis and which seem to represent a M. 
c<inaH( uliitu st:ige of development. 

M. pseudolinneiana, n. sp. seems to have arisen from 
M. canuliculata (Reuss) by obtaining wider double keels 
and by obtaining slightly cinved, raised sutures umbili- 
cally. Transition:d forms occm^ in Lower Gosau samples. 

It should be noted that the sectioned sjiecimen from 
the y\ustin ihalk (Pe 859; Text-figiue 51) listed inuler G. 
liinieiinia w:is (oiniii lo be referrable to ;)/. pseudolinneiana 
in the late jjart of this work. 

Type loeality.—Mar] from the Lower Gosau beds; Gos- 
autal, Edelbachgraben, Austria. Type locality of Rosalina 

canaliculata (Reuss) (Locality G-19 of W. W. Hay, Appen- 
dix, Text-figure 63) . 

Deposition of types.—The holotype and figined para- 
types of this species will be depositetl in the collections of 
the U.S. National Museum, Washinoton, D.C. 

Range.—M. helvetica assemblage zone to G. bulloides 

assemblage zone, M. concavata subzone. (CJomposite Euro 
jjean and North American range zone). 

Occurrence.—In Mexico M. pseudolinneina has been 
observed in the CJoniacian and Early Santonian portions of 
the San Felipe formation. In Texas, M. pseudolinneiana, 
n. sp. has been observed in the Coniacian and Early San- 
toniiui portions of the Austin chalk. Late Turonian of 
C California. 

Marginotruncana  renzi  (Gandolfi) 

Plate 55, figures 4-7; Plate 65, figures 20-23; Plate 98, figures 3, 4 

1936.   Clobolruucana   (ijiptuniiiica-liiittei   Renz    (part) ,   Eclogac   Gcol. 
Helv.. vol. 29. ND. I, pi. (i. ligs. 16, 21-26; IKK  17-20; pi. S, ligs. 3 
and 5; not fig. 2. 

1942.   Globotruncana renzi Thalmann, Amer. Assoc. Petrol. Gcol., 27lli 
.\nn.   Conf..   Denver,   Colorado,   U.S.A.,   program,   p.   8,   nomen 
nudum. 

1942.   C.lnlintrunraiia niizi Gandolfi. Riv. Ital. P.il.. Ann.   18. nicin. 4. 
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|).  124. texl-li(>iire 45a-c: pi. 4. fig.  1.5;  IKII  pi. 3. figs.  ]ai:  not 
pi. 4. figs. 16. ''H. 29: not pi. 10, fig, 2. 

1945.   Not (.lolxih iiiiraiiu lorJ Thalniann,  Jour. Palcont., vol,  19, No. 
4, p, 405   (type figuie of Rcnz 1936. o/j cil.. pi. S. fig. 2) . 

1954.   Cloboliuiirniui  tciizi  Thalniann  and  GaniloUi,   Hagn  and   Zcil, 

TEXT-FIGURE 23 
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D-D' 0.527 0.617 0.547 0.491 0.586 0.464 

U-U' 0.266 0.295 3.295 0.266 0.329 0.238 

TX 0.084 0.098 0.070 0.098 0.098 0.070 

T ' X 0.098 0.140 0.120 0.098 0.122 0.098 

Angle  XD'U' 35.0° 40.0° 49.0° 55.0° 29.0° 52.0° 

Aiiqlc XD'T 15.0° 15.0° 10.0° 18.0° 19.0° 14.0° 

Angle  XDU 42.0° 33.0° 43.0° 44.0° 36.0° 42.0° 

Angle   XDT 22.0° 18.0° 16.0° 27.0° 20.0° 10.0° 

XD 0.205 0.280 3.238 0.196 0.281 0.127 

XD' 0.322 3.337 3.309 0.295 0.305 0.337 

T'X/TX 1.17 1.43 1.71 1.0 1.25 1.4 

Ht.   double 
keel   at  D 

0.042 D.070 3.056 0.056 0.0 0.075? 

Ht.   double 
keel   at   D' 

0.0 0.0 3.0 0.0 0.050 0.060 

Double  kee] 
early  stage 

+ + + + + - 

All measurements in millimeters. 

-'■ G. schneegansi  Sigal  of Hagn and Zeil 
(1954, pi. 5, fig. 12). 

** + =  double keeled early stage present. 
- = double keeled early stage absent. 

Eclogae Geol. Hclv.. vol. 47, No. I, pp. 37, 38, pi, 3, figs, 2ac; 
pi, 6, figs, 3-4. 

Clohotruncana sclineegunsi .Sigal,  Hagn and  Zeil, Eclogae Geol. 
Helv,, vol. 47, No. I, p. 37, pi, 5, fig. 12. 
Global runcana    llmlnmnni    thalmanni    Gandolfi,    Bull.    .Amer. 
Paleont., vol. 36, No, 155. pp, 60, 61. pi. 4, figs. 4ac, ,5a-c. 

1957.   ?   Clohotruncana   renzi   Gandolfi,   Bolli.   U.S.   Nat.   Nfus.    Bull 
No. 21.5, p. 58, pi, 14, figs. 3a-c. 
Clobolruncana   cf.   lapparenli   coronala   Bolli.   Bolli,   U.S.   Nat. 
iMus.. Bull., No, 215, p. 58, pi. 14. figs. 2a-c. 
Not    (Unbolruncnna   coldreniensis   Gandolfi,   Contr.   Cushnian 
Found. Foiam. Res., vol. 8, pt. 2, p. 64, pi. 9, figs. 7a-c. 
Not Clobolruncana renzi Thalniann, Klaus, Eclogae Geol. Helv., 
vol. 52, No. 2, p. 795, pi. 6, figs. 4a-c. 
(Clobolruncana  renzi  Gandolfi,  Trujillo   (part) .   Jour.   Paleont., 
vol. 34, No, 2, p. 343, pi. 5, figs. 4a-c: not figs. 3ac. 

1954. 

1955. 

1957. 

1957. 

1960. 

19(i0. 

Emended definition—Te^t lobiilate, trochosjjiral, 
jjlanoconvex with usually five or six chambers in the last 
whorl. Spiral side planiform with curved, raised, often 
beaded sutures; shape of chambers petaloid, often becom- 
ing somewhat elongate. Umbilical side convex with raised, 
curved sutures. Narrow double keel occurring jjerijiherally 
and following spiral margin of test; may merge to form 
single keel. Primary ajjerture extraumbilical-umbilical with 
jjortici present on well-jMeserved sjjecimens. Outer wall 
radial hyaline perforate excejn for keels ivhich are radial 
hyaline, imperforate. .Septal walls microgranular hyaline 
pciforate;  portici  microgranidar hyaline,  jaerlorate (?) . 

Reinarks.—Mayginolruiiciinit renzi (Gandolfi) has the 
most chaotic taxonomic history of any species of planktonic 
Foraminifera known to the writer. This chaotic history can 
be summarized in the following steps: (1) The name Glo- 
b()lrunca?ia renzi was first used by Thalmann (1942; he. 
(it.). As noted by Ellis and Messina (Catalogue of Fora- 
minifera) , Thalmann's name is in\alid as it was published 
in the jMOgram of a scientific convention. Therefore, 
Ghjbotruiii(11)11 renzi Thalmann is considered herein a 
nomen nudum as it violates Article 9 (No. 4) of the In- 
ternational Code of Zoological Nomenclature  (1961, p. 9). 

(2) The name Globotruneana renzi was also intro- 
duced by Gandolfi in 1942 .somewhat subsequent to its in- 
troduction by Thalmann. However, Gandolfi's name was 
jMiblished in a scientific journal with adequate figures and 
jjlates. Gandolfi erected Globotruneana renzi Gandolfi syn- 
typically figuring (1) a biconvex form and (2) a planocon- 
\ex form. 

(3) In 1945 Thalmann redescribed Globotruneana 
renzi Thalmann in the journal of Paleontology and chose 
plate 8, figure 2 of Renz (1936, see synonomy) as the holo- 
tyjje of his species. Gandolfi's use of the sjaecific name G. 
renzi has clear priorit) o\er Thalmann's (1945) use of the 
same name. 
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(1) In 1957 GandoHi (see synonoiny) believing that 
Thalniann's (1942) use of the name G. rciizi had priority 
over his own use of the name and believing that Thal- 
mann's form differed from iiis own, introduced the name 
GInbotruncana coUlrcncnsis, selecting as holotype figs, 
la-c (pi. 3) of Gandolfi (1942). The biconvex syntypes of 
G. renzi Gandolfi pictured in pi. 3, figs, la-c (=holotype of 
G. cohlreriensis) : in pi. 4. figs. Hi; 28. 29 (not pi. 4, fig. 15: 
pi. 10. fig. 2; not text-figs. 45a-c) thus can be correlated 

with G. coUhericnsis. 

In this monograph G. (oldrrrirn.si^ Ciandolfi is consid- 
ered to be a junior synonym of G. augusticammla Gan- 
ilolfi. Furthermore, the planoconvex specimen figured by 
Gandolfi (1942) in text-figures 45a-c is chosen as the lecto- 
type of G. renzi Gandolfi and the specimen illustrated by 
Ciantlolfi (1912) in plate 4, figure 15 is selected as the 

jjaialectotype. 

Ellis and Messina (Catalogue of Foraminifera: edi- 
torial comments on G. coldrcricnsis) imply that the speci- 
men selected by Gandolfi (1957) as the holotype of G. 
coldrcriensis automatically becomes a lectotype of G. renzi 
Gandolfi at the same time. A lectotype, in the writer's 
opinion, should be formally selected by a worker in accord- 
ance with the Code of Zoological Nomenclature. In addi- 
tion, it is difficult for the writer to understand how the 
same specimen can be selected simultaneously as a holotype 
for one taxonomic species and the lectotype for another 

taxononi'c species. 

M. rcuzi (Gandolfi) ap])ears to be a neai homeomorph 
of M. indica (Jacob and Sastry) . It can be differentiated 
from A/, indica, however, by its curxed raised rather than 
straight, depressed sutures umbilically, by ha\ing a well- 
developed umbilical shoulder, and by its more lowly arched 
primary aperture. It seems more likely at present that M. 
renzi (Gandolfi) evolved from M. angusticurenata (Gan- 
dolfi) through the flattening of the latter form's dorsal 
side and through the shift of the narrow double keel to 
the spiral periphery. 

The writer examined the holotype of GJobotruncana 

Ihulmarmi thahnanni Gandolfi (No. 20851) at the Pale- 
ontological Research Institution, Ithaca, New York. This 
species is a planoconvex form that is regarded herein as a 
variant of M. renzi (Gandolfi). It differs from the selected 
lectotype and paralectotype only in the less petaloid and 
more elongate, crescent-shaped character of its chambers 
spirally. Moreover, a study of suites of specimens from the 
Austin chalk indicates that the petaloid form seems to inter- 
grade with the less petaloid form. Hence, G. thulmanni thal- 

inanni Gandolfi is regarded as a junior synonym of M. 

renzi  (Gondolfi). 
Specimens figmed by Bolli (1957, loc. cit.) as Globo- 

truncana renzi Gandolfi and Globotruncana cf. lapparenti 

coronatn Bolli were both examined by the writer in the col- 
lections of the U.S. National Musemn, Washington, D.C. 
The form figiued as G. renzi Gandolfi shows a great deal 
of test conioition, but seems closely allied to M. renzi. The 
specimen figuied as G. cf. lapparenti coronata is similar to 
the lectotype of G. renzi selected herein. It shows a jjlano- 
convex lest, petaloid chambers sjjiially. laised. cmved 
sutiues umbilically, and a narrow double keel that follows 
the spiral |)eri|)liery of the last whorl. 

Form analysis measurements for M. renzi are pre- 
sented in Text-figure 23, A comparison of these measure- 
ments with those of M. indica (Text-figure 22) indicates 
that the separation of the two species must be largely based 
on external morphological criteria. However, a comparison 
of these measuicmeius with those of M. angusticarenata 
(Text-figure IS) indicates that M. renzi can be separated 
from M. angusticarenata on the basis of its T'X/TX values. 
M. angusticarenata has a mean T'X TX value of 0.575 
whereas M. renzi has a mean T'X/TX value of 1.32. 

Range—M. helvetica assemblage zone, W. archaeocre- 
larea sub/one to G. bnlloides assemblage zone, M. conca- 
j'ala suI)/,one. 

Occurrence.—M. renzi occurs in the Agua Nueva forma- 
tion (LIp]jer Tuionian portion) at Peregiina Canyon 
northwest of Ciuclad Victoria. It also occurs in the Late 
Tinonian, Coniacian. and Lower Santonian portions of the 
San F'elipe foiniations at Bcjca Canyon soiuli of Monterrey 
and is known in the Lower Santonian part of the San F"elipe 
formation in the Sierra Madre Oriental west of Tampico: 
at Peregrina Canyon northwest of Ciudad Victoria; and at 
Mamulique Pass north of Monterrey   (Text-figures 1-2). 

In Texas M. renzi has been observed in the LI]jper 
Turonian portion of the Eagle Ford group at Lozier Can- 
yon and Sycamore Creek in Terrell and Val Verde Coun- 
ties (Boquillas formation; Text-figiue 2) ; at Boiddin 
Creek in Travis Coimty (South Bosque formation) ; and at 
Atco in McLennan County (South Bosque formation; 
Socony Mobil Research Lab.; Waco Core of Eagle Ford; 
see Brown and Pierce, 1962). M. renzi likewise occurs in 
the Coniacian and Lower Santonian portions of the Aus- 
tin chalk at Lozier Canyon, Sycamore Creek. Pinto Creek, 
and Cow Creek in Terrell, Val Verde, and Kinney Counties; 
in the Coniacian ]:)ortion of the Austin chalk at Bouldin 
Creek in Travis County; and in the Lower Santonian por- 
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tion of the Austin chalk at Waco in McLennan County and 
at Dallas in Dallas County. 

M. rciizl is also known from approximately the same 
horizons in Ba\aria, Switzei land, Italy, Trinidad, and Cali- 

fornia. 

AAarginotruncana  sigali  (Reichel) 

Plate 54, figures 4-6; Plate 56, figures 1-3; Plate 57, figures 1, 2: 
Plate 98, figu.es 6, 7 

1950.   (iliibolruucauti    (GliiholruiKana)    siis^ali   Reichel.   Kclogae   Gcol. 
Hclv., vol. 42.   No.  2.  pp.  5IO-(;i2,   text-liss.  5. (i;   ])l.   l(i.  fig.  7; 
pi. 17, fig. 7. 

19.52.   C.ldhntruncana   schnres.ansi   Sigal.   lOlli   Cong.   Gcol.   Internal., 
Monogr. R^g. Alger, ser. 1, No. 26, p. 33. text-fig. 34   (3 figs.). 

19.54.   Globotruncana   sie,ali   Reichel,   Hagn   and   Zeil,   liclogae   Geol 
Helv. vol. 47, No."2, pp. 3.5, 36, pi. 2. figs, la-c; pi. 6, fig. 2. 

1954.   Not   GInhotruncana schneei^ansi  .Sigal.   Hagn  and   Zeil.  Eclogac 
Geol. Helv.. vol. 47. No. 2, p. 37, pi. 5. fig. 12. 

1957.   Not   GInhotruncana   srhneegansi   .Sigal.   Bolh.   L'.S.   Nat.   Miis., 
Bull.. No. 215. p. .58, pi. 14. figs. lac. 

1960.   Globotruncana scbnecj^am,'! Sigal. Tnijilln. |()in, raleonl., \i)I. 31. 
No. 2, pp. 343. 344, pi. 49. figs. 9ac. 

1960.   ?  PraesfloOotruncana   sclinrci^an.si    (Sigal).   Klaus,   Eclogac   Geol. 
Helv., vol. 52. No. 2. p. 796. pi. 6. figs. 5a-c. 

Rrtiiarks.—AIargi»otru)ifii!ia   siiitili   is   iinicjiie   among 
sjjecies   of  Marginotrinicauii   in   that   it   posses.ses   a   well- 
develojjed single keel. It is interesting that Reichel  (1950) 
in his illustration of the holotype   (text-figure 5c, p. 610) 
clearly showed the large portici with infralaminal accessory 
apertures characteristic of MargitiDtnnicuua. 

The writer believes that (ilohotrnutana scliucrgnnsi 

Sigal is a jtmior synonym of Globotnincana (G.) sigali 

Reichel. Text-figure 24 shows form analysis measurements 
of both North American ;ind Algerian specimens of M. 
sigali and M. schiircgansi. Text-figure 25 is a scatter plot 
of the T'X/TX values and D-D' values of the same speci- 
mens. The sectioned specimen   (so-called "cotype")   of Ci. 

(C;.) sigali Reichel figured by Reichel (1950) in text-fig- 
iiie 6 lias a T'X/TX value of 0.46. Ajjproximate measure- 
ments of T'X and TX from S'gal's drawings of the holo- 
type of C. schnccgansi and Reichel's drawings of the holo- 
type of G. sigali indicate that they bolh have T'X/TX 
values of about 1.0. Thus, the holotypes of both species are 
relatively similar in terms of their T'X/TX values. Further- 
more, the holotypes of both these species share similarly 
shaped chambers both spirally and umbilically as well as a 
single keel and essentially the same geologic range. Through 
the kindness of J. Sigal the writer obtained specimens of 
G. sigali Reichel and G. sclmccgatisi Sigal from the Upper 
Turonian of Algeria (Constantine Region, sample 14806). 

The   sectioned   specimen   ligtned   by   Hagn   and   Zeil 
(1954, see synonyniy)   as Gluholnimana schnecgansi Sigal 
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D   0 0.580 0.715 0.674 0.659 0.546 0.575 0.462 0.588 0.491 0.373 

U - u' 0.293 0.309 0.350 0.309 0.322 0.295 0.224 0.322 0.266 0.196 

T ■ 0. 160 0.252 0.205 0.154 0.154 0.098 0. 168 0. 196 0. 168 0.127 

T'\ o.o7:i 0. 04 2 0.042 0.084 0.U28 0.098 U. U4 2 0 ,028 0.028 0.056 

Angle  XD'U' 17.0° 5.0° 21.0° 36.0° 11.0° 38,0° 23.0° 3.0° 6.0' 28.0° 

-■.,,(,!(. XD T 23.0° 27.0° 25.0' 23.0° 24.0° 17.0° 31.0° 29.0° 28.0° 32.0° 
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■vD 0.240 0.295 0.337 0.295 0.224 0.266 0.196 0.238 0.196 0.168 

vD' 0.373 0.420 0.337 0.364 0.322 0.309 0.266 0.350 0.295 0.205 

T ' \ A > 0.46 0.167 0.205 0.546 0.182 1.0 0.250 0.143 0.167 0.44 

All measurements   in millimeters. 

* So-called   "cotype"  of  Reichel   1950. 

** Specimen  of  M.   siga1i   (Reichel)   from  Sigal.     Turonian  of  Algeria. 

•A-v.-;V   Specimen   of   N.   schneegansl   (Sigal)    from  Sigal.      Turonian   of   Algeria. 
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possesses a narrow double keel, is nearly planoconvex, and 
has well-developed umbilical shoulders. It thus seems to be 
referrable to M. rcnzi (Gandolii) (see emended definition 
herein.). 

Tlie writer has examined the specimen figined by Bolli 
(1957. see s\nonom\) as Globotninrana siIinccgaiisi Sigal 
in the collections of the U.S. National Museum, Washing- 
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ton, D.C. This specimen shows a tUstinct narrow double 
keel on the first two chambers of the last whorl which 
merges to form a single keel. The lenticular shape of its 
test, the possession of straight to slightly curved depressed 
sutures umbilically, and its possession of a double keel place 
this form in M. margiiuita (Reuss). Other specimens of 
G. schneegansi given to the writer by Bolli in 1955 clearly 
show single keels both in free specimens and in thin-section. 

M. sigali seems to have evolved from JVhilrinrlla arch- 
acocrctacea Pessagno, n. sp. or WhitcincUit inorimta (Bolli) 
(huing Early Turonian times through the ai(juisition of a 

single keel. 
Range.—M. helvetica assemblage zone: M. sigali sub- 

zone to ]V. archaeocretacea subzone. The extension of the 
range of this species under the name of G. schneegansi Sigal 
by Bolli (/or. cit.) into the M. renzi assemblage zone must 
be discounted as Bolli apparently included both double and 
single keeled forms under the same name. 

Occurrence.—M. sigali occurs thioughout the Turonian 
of Mexico. It has been obser\eil in the Agua Nueva forma- 
tion at Peregrina Canyon northwest of Ciudad Victoria and 
in the San Felipe formation at Boca Canyon south of 

Monterrey (Text-figures 1-2) . 
In Texas, M. sigali occius throughout the Tiuonian 

portion of the Eagle Ford group at Chispa Summit, Jeff 
Davis Coimty; Lozier Canyon, Terrell County: and Syca- 
more Creek, Val Verde Coiuity: Bouldin (aeek, Travis 
County; at Atco near Waco, McLennan County: and at 
the type locality of the Eagle Ford in Dallas, Dallas C;ounty. 
Formational units present in these areas are indicated in 

Text-figure 2. 
M. sigali is known from the Turonian of Trinidad, 

California, Bavaria, France, Switzerland, Algeria, and 
Tunisia. Collignon (1959, p. 46, table 3) reported this 
species (imder the name of G. schneegansi) in the Lower 
Coniacian of Madagascar in his Peronisceras dravidicuin 

assemblage zone. This occurrence shoidd be reinvestigated 
inasmuch as G. schneegansi has been confused by some 
workers with M. renzi (Gandolfi) and M. niarginala 

(Reuss). 

Family GL080TRUNCAN1DAE Brotzen, 1942 

Type genus.—Globotntncana  Cushman,   1927. 

Remarks.—The diagnosis presented by Loeblich and 
Tappan (1964, p. C662) in the Treatise of Invertebrate 

Paleontology for the Globotruncanidae is as follows: "Test 
trochospiral, chambers spherical to angular, commonly 
truncate keeled; primary aperture umbilical, covered by 
spiral system of legilla, with accessory intralaminal and in- 

fralaminal apertures". This diagnosis is generally followed 
herein. However, emendations should be noted: (1) The 
tegilla of the Globotriuicanidae are microgranidar hyaline, 
perforate (tf. Plate 95, fig. 13) ; (2) the septal walls are 
microgranidar hyaline perforate; (3) the outer wall of the 
test is radial hyaline perforate; and (4) the keels are 
canaliculate, predominantly radial hyaline imperforate, 
i)iu sometimes in part idtragranidar hyaline, imperforate 
(cf. Pi. 95, fig. 11). 

Il is interesting to note that the thick "calcite crust" 
which was demonstrated by Be and Ericson (1963, pp. 65- 
81) to form an important component of the test of many 
Recent species of (iloborotalia s.s. is absent among the 
Globotruncanidae and indeed among all Upper Cretaceous 
Cdobigerinacea. Thus, the secretion of a thick "calcite 
crust" among the Globigerinacea seems to be a relatively 
recent ])henomenon in their evolution probably dating 
only as far back as the Early or Middle Tertiary. 

The Globotriuicanidae Brotzen differ from the Mar- 
ginotrimcanidae Pessagno, n. family: (1) by possessing 
s]jirally arranged tegilla with both intralaminal and infrala- 
minal accessory ajjertiires rather than portici with infrala- 
minal accessory a]jcrtin'es; (2) by having a j^rimary aper- 
ture which is imibilical rather than extraumbilical-umbili- 
cal in position; and (3) by usually being more deeply 
mnbilicate. 

Ihe Cdobotruncanidae Brotzen differ from the Aba- 
thomphalidae Pessagno, n. family (1) by having tegilla 
with both infralaminal and intralaminal accessory apertincs 
rather than tegilla with only infralaminal accessory aper- 
tures and (2) by having an umbilical rather than an extra- 
umbilical-imibilical primary aperture. 

The Globotruncanidae evolved from the Margino- 
truncanidae via the shift of the primary aperture from an 
extraiunbilical-umbilical position to an umbilical position, 
the enlargement of the portici to form tegilla, and the ac- 
cjuisition of intrahiminal accessory apertures in the tegilla. 
I he (ilobotruncanidae, on the other hand, probably gave 
rise to the Abathomphalidae through the shift of the pri- 
mary aperture from an umbilical position to an extraumbi- 
lical-umbilical position and the loss of intralaminal acces- 
sory apertures in the tegilla (see Abathomphalidae). The 
evolution of the Globotruntanidae from the Marginotrun- 
canidae seems to reflect proterogenesis among the Globi- 
gerinacea whereas the evolution of the Abathomphalidae 
from the Globotruncanidae seems to reflect palingenesis 
among the Globigerinacea. 

Ihe phylcjgeny of the Globotriuicanidae at the generic 
le\el is presented in   Text-figure 26. It is likely that Arch- 
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aeoglobigerina Pessagno, n. genus arose from a Whiiei77elln 

Pessagno, n. genus ancestor through the shift of the primary 
aperture from an extraumbilical-umblHcal position to an 
umbiHcal position, the enlargement of the portici to form 
tegilla, and the acquisition of intralaminal accessory aper- 
tures in the tegilla. .\[an\ of the earh basic species of Globo- 
trinudiia s.s. such as Cilobotruiiaina lupparcnti Brotzen s.s., 
Globotruncanu bulloidcs Voffler. Globotritnania fornicala 

Phmiiner, and Globotruiunna stuartiformis Dalbie/ seem to 
have arisen from an Anhaeoglobigerina crctacca (d'Or- 
bigny) or Arcluicoglobigcrina hJowi Pessagno, n. sj). x'ia the 

acquisition of strongly truncated or angulated peripheries 
and single or double keels (Text-figures 34-35). The writer 
does not feel at present that Globntrinicana was derived 
from Mars-inotr)incana Hofker althouoh this is a definite 
possibility. The keel stnu ture of most double-keeled species 
of Marginotnincana seems different from that of most 
double-keeled species of Globotrimca7ia in that it is entirely 
radial hyaline in character and shows no ultragranular 
hyaline structure. 

Archacogloblgcriua Pessagno, n. genus gave rise to 
Rugoglobigerina Bronnimann through the acc]uisition of 
rugosities or costellae aligned in a meridorial pattern. 
Riigoglobigrriiia in luin ga\c rise to Rugntriniraun through 
the a(<|uisition of a strong double-keeled, truncate peri- 
phciN, and the spiral-umbilical compression of its chambers. 

The complex phylogeny of the Globotruncanidae at 
the species le\el will be discussed under subsequent generic 
and specific headings. 

Range.—M. rcnzi assemblage zone to Gil. lontiisa— 

stuartiformis assemblage zone. Laic Cioniatian to Late 
i\Liestrichtian. 

Occurroirc—Upper Cretaceous. World-wide. 

Genus ARCHAEOGLOBIGERINA Pessagno, new genus 

Type spei irs.—Arrliacoglobigcrijin blowi Pessagno, new 
species. 

Description.—Tesl trochospiral, bicon\ex to sliglul\ 
spirocon\ex, umbilicate; perijjhery rounded, but not trun- 
cate: with or without imperforate peripheral band or 
weakly developed double keel. Chambers spherical to 
ovate, inflated. Sutures depressed on both spiral and um- 
bilical sides, straight to curved. Wall perfectly smooth to 
somewhat rugose: rugosities 7wt aligned in meridorial pat- 
tern. Primary apertme lunbilical, interiomarginal, covered 
by tegilla with intralaminal and infralaminal accessorv 
apertures in perfectly ]jreserved specimens. Outer wall 
radial hyaline perforate except  for keels which  are both 

^   Nol seen during lliis stud)' 

+   =    extinchon     Swellings in  life line mdicotc times of greofec abundance ond speciation 

radial hyaline imperforate and partly ultragranular hyaline, 
imperforate and the rugosities which are ultragranular hya- 
line, imperforate. Septal walls and tegilla microgianular 
hyaline, finely perforate. 

Remarks.—Archaeoglobigcriiia Pessagno, n. genus dif- 
fers from Rugoglobigerina Bronnimann by lacking rugosites 
or costellae arranged in a distinctive meridorial pattern 
(see remarks on Rugolrunrana) . Archaeogloberina differs 
horn Globotnnuana s.s. (Cushman) (1) by lacking a trun- 
cate or angled peri]ihery: (2) by having spherical to ovoidal 
chambers: (3) by lacking strongly developed keels; and (4) 
by having sutures which are predominantly depressed rather 
than raised and often beaded. 

Keels when j^resent with both Arcliaeoglobigcrina and 
Rugoglobigerina are weakly developed and clo not give the 
periphery a marked truncate or angled aspect. Most speci- 
mens of the t)pe species .4. blowi Pessagno, n. sp. lack keels 
although they frequently show imperforate peripheral 
bands. 
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Range—M. renzi assemblage zone (upper part) lo 
Globotruncana fcniiicata—stunrtiforinis assemblage zone, 
Ritgotrunama subcircinnnodifcr sub/one insofar as known. 

Occurrence—'Nonh America, South America, West 

Indies, Eurasia, Australia. 

Archaeoglobigerina blowi Pessagno, new species 

Plate 59, figures 1-10; Plate 94, figures 2-3 

Dcscription.-Test trochoid: lo1)ulalc peripherally. 
Chambers spherical, nearly as elongate as wide; about four 
or five in last whorl, rapidly increasing in si/e. Coiling pre- 
dominantly dextral; sutures depressed, radial, straight to 
slightly curved spirally and imibilically. Umbilicus medium- 
sized and deep covered by tegilla with intralaminal and 
infralaminal accessory apertines in well-preserved speci- 
mens. Periphery occasionally with weakly develo|)ed double 
keel which occurs chiefly on the first one or two chambers 
of the final whorl, but usually keel-less with or without an 
imperforate peripheral band: nontrinicate. Test surface 
either smooth throughout or somewhat rugose on the 
earlier chambers; last two or three chambers usually smooth 
irregardle.ss of previous ornamentation. Primary apertine 
interiomarginal, umbilical in position. Outer wall except 
for rugosities, keels, and imperforate peri|)hcral band, 
radi.d hyaline, perforate; rugosities ullragranular hyaline, 
imperforate: keels radial liyalinc and ultragranulai hyaline, 
imperforate; peripheral bantl radial hyaline iiuperforate. 

Remarks.—A. blowi Pessagno, n. sp. is closely related 
to A. crclacca (d'Orbigny). It differs from the latter species 
(1) by |)Ossessing more spherical and inflated chambers 
which are nearly as wide as long and by sliowing a more 
rapid increase in chamber size, and (2) by having a 
markedly lobidate periphery. Transitional forms between 
these two species are common at some horizons. A. blowi 
Pessagno, n. sp. differs from A. bosqiirusis Pessagno, n, sp. 
(1) by being lower spired: (2) by having foiu" or five rather 
than six or seven chambers in the last whorl: (8) by having 
a larger imibiliciis: (4) by displaying chiefly dextral coiling; 
and  (5)  by showing a more rapid increase in chamber size. 

Archaeoglobigerina blowi Pessagno. n. sp. gave rise to 
Riigoglobigerina rugosa (Plummer) and most likely to 
Rugoglobigerina tradinghoiisensis Pessagno, n. sp. in Early 
Campanian or Taylorian times through the development of 
meridorially arranged rugosities. 

This species is named after W. H. Blow in honor of 
his contributions to the geology of the ^Vest Indies and to 
micropaleontology. 

TytJc   locality.-TX   2.52.   Lower    Taylor   marl.   Butt- 

colored to gray-colored calcareous nuidstone breaking with 
concoidal fracture exposed on Tradinghouse Creek, Mc- 
Lennan Comity, Texas; 1.5 miles due west of juncture be- 
tween Tehuacana Creek and Tradinghouse Creek; 1 mile 
S65E of Harrisson Switch (large meander) in Tradinghouse 
Creek; 0.2 miles due south of comity road bridge over 
Tradinghouse Creek (W^aco East Quadiangle) ; 53.5 feet 
abo\e creek le\el in an exposine of aljout 77.5 feet of sec- 
tion. 

Dcpositio)! (if l\j)rs.—The holotype and figined para- 
types of A. blowi Pessagno, n. sp. will be deposited in the 
collections of the LI.S. National Museimi, Washington, D.C. 
LInfigined paratypes will be deposited in the Paleontologi- 
cal Research Institution, Ithaca, New York. 

Ra)ige.—M. renzi as.semblage zone to G. fornicala— 

stuartijormis as.semblage zone, R. siibcirctinniodifer subzone 
insofar as known. 

Occurrence.—A. bloiui appears to be rare in Mexico 
although its sparsity in Mexican sanijjles may be biased by 
the erection of this species after the detailed analysis of the 
Mexican samples. It has been noted in the Early Campanian 
jjortion of the San Felipe formation and in the Early and 
Late Cani|)anian jjortions of the Mendez shale. 

In Texas A. blowi, n. sp. occurs in the Coniacian and 
Santonian portions of the Airstin chalk, throughout the 
Ta)lor formaiion ("Lower Taylor marl meniber", W'olte 
CJity sand member, Pecan Gap chalk member, and "Uppei 
Tayloi- marl memljer") , in tJie Upson (Ilay, and in the 
Neyhnidville mai 1   (Text-figine 2) . 

In Arkansas it occms in the Brownstown marl, the 
Ozan formation, the Annona chalk, the Marlbrook marl, 

and the Saratoga chalk. 
There is some indication that A. blowi. n. sp. is more 

abiuidant in the Boreal faiuial province than it is in the 
Tethys fainial jirovince. 

Archaeoglobigerina bosquensis Pessagno, new species 

Plate 60, figures 712 

l)i:urij>l ion.— Vest coiled in relatively higii iiociiospi: ;d 
coil: six to seven chambers in last whorl. Coiling sinistral 
or dextral with no preferance insofar as known. Chambers 
spherical in shape about as wide as long; tending to shift 
toward the umbilicus with 'coiling. Sutures cinved, radial, 
depressed both spirally and umbilically. Umbilicirs deep 
and of moderate to small size. Early chambers of last whorl 
somewhat rugose. Keels, imperforate peripheral bands lack- 
ing in specimens thus far encoinitered. Primary a]jerture 
interiomarginal, umbilical in position: no exidence of 
le"illa   due   lo   uniaxorable   tondilions   of   nieserx ation   in 
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Austin chalk. Outer wall radial hyaline perforate; septal 
walls microgranular hyaline, finely ])erforate. 

Remarks.—A. bosqiicusis Pessagno, n. sp. differs from 
A. blowi Pessagno, n. sp. (1) by being equally dextrally and 
sinistrally coiled; (2) by having a relatively high trochoidal 
spire; (3) by having a somewhat smaller, deeper umbilicus; 
(4) by usually having six or seven as opposed to four or 

five chambers in the last whorl; (5) by having chambers 
which gradually increase in size; and (6) by lacking keels 
and imperforate peripheral bands. A. bosqucnsis derives its 
name from that of the South Bosque River. 

Type loefility.—TX 226. Austin ihalk ("Atco" mem- 
ber) , Lover's Leap, Cameron Park, Waco, McLennan 
County, Texas. White marlstone 107 feet above the level of 
the South Bosque River. 

Deposition of types.—The holotypc and figined para- 
type of A. bosqiieuis Pessagno, n. s|). will be dejjosited in the 
collections of the U.S. National Museum, Washington, D.C. 

Kaiiii^e.—M. renzi assemblage zone to G. buUnides as- 
semblage zone, M. eoncavata subzone insofar as known. 

Occurrenee.—\n Mexico A. bosquensis has been ob- 
served in San Felipe strata assignable to the M. coyicnvuta 

subzone at MX 102 (see Appendix) along the road from 
Antiguo Morelos to C^iudad del Maiz in the Sieira Madre 
Oriental. In Texas A. bosquensis occurs in the Coniacian 
portion of the Austin chalk ("Atco" member, part) in Val 
\'erde, Kinne), and Tra\is Counties and in the Lower San- 
tonian ]3ortion of the Austin chalk ("Atco", "Bruceville", 
and "Hutchins" members) in Kinney, McLennan, and 
Dallas Counties. 

Archaeoglobigerina   cretacea   (d'Orbigny) 

Plate 70, figures 3-8; Plate 94, figures 4-5 

184(1.   (Unliioeriiia cri'lacea d'Orbigny, .Soc. Gcol.  France.  .\Itiii..  l^l^i^. 
vol. 2" No. 1, p. .S4, pi. 3, figs. 12-14. 

19;i(i.   (•loliolniiiciinii    s^tohineritivide.s    Brotzen,    Svev.    Geol.    UndcMs. 
.\\h., Ser. C, No'. 390, .\is. 30, No. 3, p.  177, pi. 12, figs. 3a-c; 
pi. 13, fig. 3. 

iy,"i().   (ilolxitniiiciitiu s(inil<i!iae)iii.s   (.\ppliii) ,  BionMJiiiann and   Brown, 
Eclogae Geol. Hclv., vol. 48. No. 2, p. 544. pi. 21. figs. 1-3. 

1957.   (ilol)i>truiica)ui   (Glubotruncatm)   globigerinoides Brotzen, Edgell, 
.Mitropaleont.. vol. 3, No. 2. pp. 112, US, pi. 2. figs. 13-15. 

19(jO.   Clobotruncana crelacea   (d'Orbigny) .  Banner and  Blow, Conn. 
Cushman Found. Foram. Res., vol. II. pt. 1. pp. 8-10, pi. 7. figs. 
la-c. 

1964.   Clobotruncana   niariai   Gandolfi,   Martin,   Jahrb.   Geol.   Bunil , 
Sond. 9. p. 82, pi. 9. figs. 7a-c. 

Remarks.—¥o\ a ntnnbei of years this species has been 
used as a "waste basket" by students of Foraminifera to 
include any Globigerina-\\ke planktonic Foraminifera 
ranging in age from Lower Cretaceous to Recent. The ex- 
tensive synonomy given by Ellis and Messina  (1940)   in the 

Catalogue of F"oraminifera clearly indicates the misuse of 
this specific name. 

Although D'Orbigny (1840) did not designate a defin- 
ite type locality for Globigerina eretacea he did cite its oc- 
currence at the Saint Germain Basin near Paris, France, and 
in England. As the fiist of these localities is at least more 
definite it should be regarded as the type locality or area 
of C eretacea d'Orbigny. 

In I960 Banner and Blow (pp. S-10) nrade an extensive 
study of D'Orbigny's type material on deposit in the Na- 
tional Museum of National History in Paris. They found 
one vial containing six specimens from the Saint Germain 
locality mentioned by D'Orbigny. The best preserved of 
the.se six specimens was selected by Banner and Blow as the 
lectotype of Globigerina eretacea d'Orbigny. Seven other 
specimens in the D'Orbigny collection labelled Globigerina 
cretacea d'Orbigny were said by Banner and Blow to be 
from an unknown locality but were in a superb state of 
preservation with three of the seven specimens actually 
showing tegilla. Banner and Blcnv inferred that these speci- 
mens are definitely assignable to the Globotruncanidae and 
are clearly conspecific with their lectotype of Globigerina 
cretacea. 

The specimen chosen by Banner and Blow as the lecto- 
type of (T. cretacea is ]jerhaps an luilortunate choice for a 
lectotype. The syntypic specimen figured by D'Orbigny 
(IS40. p. 31. pi. 3. figs. 12-14) for Globigerina eretacea is 
distincil) different fiom that figured by Banner and Blow 
as their lectotype. D'Orbigny's specimen .shows a markedly 
lobulated ]3eri|jhery. and a more rapid increase in chamber 
size in the last whorl. The lectotype of Banner and Blow 
shows a mildly lobidate periphery, spherical chambers 
which are 1.3 to 1.4X wider than long, and a more gradual 
increase in chamber size. Actually D'Orbigny's figured 
specimen is relati\ely close in appearance to A. blowi Pes- 
sagno, n. sp. As noted previotisly, both of these forms are 
closely related and it is likely that both forms occinred to- 
gether in the samples D'Orbigny studied. 

Specimens of .4. cretacea (d'Orbigny) encountered dur- 
ing th's study closely resemble the Iectot\pe selected by 
Banner and Blow (1960). Their peripheries are nontrun- 
cate and usuall) possess either an imperforate peripheral 
band or a weakly developed double keel, but sometimes 
may lack both of the former structures. The double keels 
of specimens figured in Plate 70 (figures 3-8) are by no 
means as strongly de\elo]jed as indicated by the illustrator. 
The sectioned specimen figured in Plate 94 (figure 4) shows 
the actual stiength of keel developirient. 

A. cretacea   (d'Oibignx)   ]jrobably e\ohed from an A. 
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blowi Pessagno, n. sjj. ancestor. Tiansilional loinis are com- 
mon and the A. blowi stage of devclojjment can be seen 
spirally in the early whorls of some specimens of A. cretacca. 

Range—?M. rciizi assemblage zone; G. biiUoidcs assem- 
blage zone, M. concavata subzone to G. jornicala-stuarti- 

formis assemblage zone, R. subcircunuiodifcr subzone. 
Ocnirrence.—A. cretacca has not been observed in any 

of the writer's numerous Mexican Upper Cretaceous sam- 
ples. In Texas it occurs in the Santonian portion of the 
Austin chalk (G. biiUoidcs assemblage zone) in Kinney, 
Travis, McLennan, and Dallas Counties (Text-figure 2) . It 
likewise has been observed in the "Lower Taylor marl" in 
Travis, McLennan, and Dallas Counties; in the Wolfe City 
sand in McLennan County; in the Pecan Gajj chalk in Mc- 
Lennan County; in the "Upper Taylor mai 1" in Travis and 
Limestone Counties; and in the Upson day in Maverick 
County (Text-figure 2) . In southwestern Aikansas it has 
been observed in the Brownstown marl, the ()/an forma- 
tion, the Annona chalk, and the Marlbrook marl. 

A. cretacca (d'Orbigny) has been obscrveil by the 
writer in Lower Maestrichtian samples from New Jersey. 
It occms in the Campanian of France and Australia and in 
the Senonian of Sweden. At present, the geographic occin- 
rences of this species seem to indicate that it is chiefly 
Boreal or Austral in terms of its distribution. 

Genus GLOBOTRUNCANA Cushman, 1927 

Type species.—Pulvintilhin area Cushman, H(2(). 
Remarks.—Yhe diagnosis (description only) of Loeb- 

lich and Tappan (1964, pp. C662-663) is followed herein 
for the most part. However, the writer regards Marginotrun- 
cana Hofker (1956) (emended lierein), Globotruncanella 

Reiss (1957) (emended herein) , and Rugotrinicaiui Bron- 
nimann and Brown (1955) (emended herein) as morpho- 
logically and ]:)hylogenetically distinct genera. Ahiroinotriin- 
catia Hofker is the type genus of the Marginotruntanidae 
Pessagno, n. fam. and GlobotruucaueUa Reiss is jjlaced in 
the Aballiotnplialidac Pessagno, n. fam. Riigotriincana 

Bronnimann and Brown is retained in the Globotrun- 
canidae. 

Globotruncana differs from Archaeoglobigerina Pes- 
sagno, n. genus by having a periphery which is markedly 
angled or truncated by either a well-de\eloj3ed single or 
double keel. It differs from Rugoglobigcrina Bronnimann 
for the above reasons and also because it lacks rugosities 
arranged in a distinctive meridorial pattern. Likewise, Glo- 
botruncana differs from Riigotriincana Bronnimann and 
Brown by lacking rugosities arranged in a distincti\e meri- 
dorial pattern   (see Rugotrimcaiia, herein). 

The test of GlobotriiiK(uui s.s. possesses an outer wall 
wliich is predominantly radial hyaline perforate. However, 
rugosities, coarse spines, and similar ornamental features 
are idtragranular hyaline imperforate. The keels of Globo- 

truncana are either entirely radial hyaline imperforate if 
single or both radial hyaline imperforate and ultragranular 
hyaline imperforate if clouljle. Among double-keeled species 
such as Globotruncana fornicata Plunuiu'i, CJobotruncnna 

bulloides Vogler, and Globotruncana auslnicnsis Gandolfi, 
ultragranidar hyaline material occurs chiefly on the outer 
])ortions of the spiral and innbilical rimlike components of 
the double keel and is plastered on to a radial hyaline base 
(Text-figure 40) . Usually the radial hyaline portion of the 
double keel structure forms first. Llltragranular hyaline cal- 
cite is then plastered on to the radial hyaline portion of the 
rims strengthening the appearance of the double keel. Often 
the final chamber of such a double-keeled s|jecies may show 
either a wide radial hyaline imperforate j^eripheral band or 
a weakly developed radial hyaline imperforate keel whereas 
earlier chambers in the final whorl show a strong keel with 
a radial hyaline inner rim and a ultragranular hyaline 
outer rim. The keel structure of douljlc-kecled species 
seems to be an imjioitaTit morphological fcatiuc that can 
be used for unraveling their phylogeny. 

Both the septal walls and tegilla of Globolriincana are 
microgranular hyaline perforate   (see Plate 95. fig. 13). 

(rlobotruncanii iiuludcs two phylogenetically and mor- 
phologically distinct stocks: (1) The Globotruncana sluarti 
s.s. lineage group (Text-figure 34) and (2) the Globo- 
truncana fornicata—lapparenti—bulloides lineage group 
(Text-figure 35). The Crlobotruncaud stuavti lineage 

group includes all species of Globotruncana having a single 
keel throughout their ontogeny. Phylogenetic relationships 
within this lineage group are indicated in Text-figure 34 
and will be discussed in more detail under various specific 
headings. The G. stuarti lineage group is a homogeneous 
group and its phylogeny is easier to decipher. It evolved 
in Early Campanian times probably from an Archaeoglobi- 
gerina blowi/cretacea stock via the peripheral angidation of 
the latter form's test and the acquisition of raised beaded 
sutures. Assumedly, the A. blowi/cretacea ancestor from 
which the G. stuarti group evolved lacked a double keel 
and possessed only an imperforate periphei.il b.md. An A. 
blowi I cretacca stage of de\elo]jment is often reca])itulatecl 
in the ontogeny of all memljers of this species plexus. 

The Globolrunaina joniicala—la j> parent i—bull f)ides 

lineage group includes all Globotruncana having a double 
keel present at the nepionic and neanic stages of their 
ontogeny. The double keel need not be present at all in the 
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last whorl. Some species such as Gloholruncana rosetta 

(Carsey) and Globotriniraiin stephensoui Pessagno, n. sp. 
may occasionall) sliow double keels only in the preceding 
whoils. The double keel of specimens of these species be- 
comes progressively narrower during their ontogeny and 
finally merges to form a single keel before the last whorl. 

As the name of this species group implies, it is a hetero- 
geneous group which can be divided into a number of sub- 
groups. Most of these subgroups arose from one of the name 
species of this majoi' lineage group. The subgroups are as 
follows: 

(1) GIobolriiiKdHii foriiicata subgroLi|): Includes all 
of the species which e^■olved from a Globohinitaiin forui- 
cata Plummer ancestor (Text-figure 35). 

(2) GIobotriDuinia buUoidrs subgroup: Includes all 
of the species which e\ol\ed from a Globnlnincana biil- 
Inidcs Vogler ancestor. It is conceivable that GJobotruiicana 

plummcrac Gandolfi evolved from a G. buUoidcs ancestor 
rather than from a G. fornicatd ancestor. Such a supposition 
needs further investigation. 

(3) Globotrunaiiui lapparcnli s.s. subgroup: Includes 
all species that evolved directly or indirectly from a G. 
Idppaiciili s.s. stock. It is conceivable that the G. area 

(Cushman) branch of the G. foniirala subgioup stems 
from G. hipparruti s.s. rather than from G. foriiicata. 

(4) GlobolruiKana gansscri subgroup: G. aaiisscri is 
the only Maestricluian species of Globotruiiraiia that seems 
to have e\ohed directly from a A. bloxvi stock. It is con- 
ceivable that G. aegyptlaca Nakkady and G. duwi Nakkady 
e\oIved from either a G. gansseri ancestor or a G. rosetta 
(Carsey)  ancestor as suggested in Text-figiue 35. 

It shoidd be stressed again that the G. foriiicata— 

lappairiiti—bulloides lineage grouj) is a complex and he- 
terogeneous s])ecies plexus and the phylogenetic relation- 
ships suggested in Text-figme 35 are in many cases far 
from certain. The ]jhylogenetic relationshij) of each of the 
species of Globotruiicaiia shown in the Text-figure 35 will 
be discussed in more detail imcler the specific headings to 
follow. 

A gieat reduction of the G. foriiicata—lappareiili—biil- 
loidcs lineage group otcinred at the end of Early Maestrich- 
tian (R. siibriyciuiiuodifcr subzone) times (cf. Text-figure 
35) . Most of the extinctions of sjjecies occiuring at this time 
were in the G. buUoidcs and G. lapparciiti subgroups. The 
G. foviiicatu subgroujj persists with fewer changes. 

The G. foriiicata—lapparciiti—buUoidcs lineage group 
most likely originated from a double keeled Archacoglobi- 
gerina stock: A. bimui Pessagno, n. sp.—>A. crctacea (d'Or- 
bigny)—>Cr. foriiicata  Plummer, G.  buUoidrs Vogler, and 

G. lapparciiti s.s. Brotzen. The writer has noted numerous 
transitional specimens between A. cretacca (d'Orbigny) 
and G. bulloides Vogler. At the moment, the writer does not 
favor the orgin of these three basic early species of Globo- 
truiicaiia from Margiiiotruiicaiia though admittedly this 
possibility needs further investigation. 

Range.—M. renzi assemblage zone?; G. buUoidcs assem- 
blage zone to G. contusu-stuartiforinis assemblage zone. Late 
Coniacian?; Early Santonian to Late Maestricluian. 

Occurrence.—\J^]ieY Cretaceous. World-vvide. All 
faimal provinces. 

Globotruncana   aegyptiaca  Nakkaciy 

Plate 79, figures 2-4; Plate 83, figures 8-10; Plate 94, figure 6; 
Plate 95, figures 8, 9 

1950. GlobotriDicana aegyjilinca Nakkaclv. Jour. Palcont.. vol. 24, 
No. 6, p. 690, pi.'90. figs. 20-22. 

1951. Gtohotruncana gagiifltini Tilev, Lausanne Univ., Mus. Geol., 
Lab. Geol.. Min.,' Geopliys.. Bull., No. 103, pp. 50-56, text- 
figs.  14a-17d:  pi. 3,  figs.2a-5d. 

1952. Glotiotruncana lamellosa Sigal, 19tli Congr. Geol. International 
MonogT. Reg., .\lger., ser. 1, No. 26. p. 42, text-fig. 45  (3 figures). 

19,55.   Gtohotruncana   aff.   crelacea   Cushman,   Gandolfi,   Bull,   .\nier. 
Paleont., vol. 36, No. 155, p. 62, pi. 4. figs. 7a-r. 

1957.   Gtohotruncana gagnebini Tilev, Bolli. L'.S. Nat. Mus.. Bull., No. 
215. p. 59, pi. 14 'figs. 5a-c. 

1961.   Gtohotruncana  area   (Cushman) .  Said  and   Kerdanv,   Micropal- 
eont., vol. 7, No. 3, p. 330, pi. 2, figs. 14a-c. 

1964.   Gtohotruncana gagnehini Tilev,  Olsson,   Micropalconl..  vol.   10, 
No. 2. p. 165, pi. 4. figs. 4a-c. 

Description.—Test petaloid, trochospiial, usually plano- 
convex with planifornr spiral side and inflated, convex um- 
bilical side; four to five angular conical chambers in last 
whorl which gradually increase in size. Sutures curved both 
spirally and umbilically; elevated, often highly beaded 
spirally; elevated to slightly depressed umbilically. Umbili- 
cal side of test often rugose or coarsely spino,se. Narrow 
double keel following spiral nrargin of test, sometimes 
meiging to form a single keel in last several chambers of 
final whorl. Single keel visible in thin-section in preceeding 
whorls (cf. Plate 95, figure 8). Primary aperture umbilical 
in position, rather highly arched. LImbilicus deep, covered 
b)' spiral system of tegilla with intralaminal and infrala- 
minal accessory apertmes on well-]jreserved specimens. 
Outer wall ladial hyaline perforate except for keel which 
is mostly radial hvaline imperforate, but jjartly ultragranii- 
lar hyaline imperforate (variety of type 2; Text-figiue 40). 
Septal walls and tegilla microgranular hyaline finely and 
sjjarsely perforate. 

Remarks.—Globotruncana aegyptiaca Nakkady differs 
horn Globotruncana f/(/K'/Nakkaciy (1) by possessing a well- 
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TEXT-FIGURE 27 
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0.063 0.063 0.092 0.070 0.084 0.084 0.084 0.070 0.070 

Ht.   double 
keel   at   D' 
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TEXT-FIGURE 28 

•  Globolruncona oe^jiptioca Nakkod/ 
^ GlobotruncQna duwi Nakkad/ 

(I) = HypoI)'pe of Globolruncano aegxptiaca 
s   s   Nokkod)' (fom El-Naqgor 

All measurements in mlllitnete'.-"S. 

■■■ Hypotype (Maestrlchtlan, of Egypt) from El-Naggar. 

** Dg-D'g = diameter of last whorl.  Dfe-D'j, - diameter of preceeding 

v;hor 1. 

(levelopeil single-keeled early stage of (level()]5ment; (2) by 

showing a much less ra]:)id expansion in chamber size; (3) 
by having lower T'X/TX values; anil (1) by being some- 
what less rugose and not showing well-developed ultra- 
granidar hyaline spines along the spiral rim of its keel. Pre- 
liminary form analysis measurements for C aegyptiaca are 
presented in Text-figme 27. Text-figure 28 is a scatter plot 
of T'X/TX values and D„-D'„/D|-D'|, values for G. 
aegyptiaca and G. dtiwi. 

Globotriiucana gagnebi7u Tilev shares both nearly 
identical moiphological featmes and a similar geologic 
range with Glubotnimuna aegyptiaca Nakkady. It clearly 
represents a junior synonym of G. aegyptiaca. 

The specimen figured by Gandolfi (1955) as Globo- 
truncana aff. cretacea Caishman (No. 20852 PRI) fiom the 
LIj)pei   Gretaceous  Goloii   formation   of  Columbia   is  also 

rcferrable to G. aegyptiaca. Examination of this specimen at 
I he Paleontological Research Institution, Ithaca, New York, 
re\eals that it possesses a narrow double keel on the first 
(liambcr of the last whorl which merges lo form a single 
keel on the subsequent chambers. 

The phylogenetit relationship of G. aegyptiaca and 
G. dmri to other species of Globotnmccma is not clearly 
understood at this time. These species may be related to 
either G. rosetta (Carsey) or to G. gansseri Bolli as sug- 
gested in Text-figme 35. It is also jjossible that they evolved 
froin the G. stuarti lineage group. The presence of a single- 
keeled early stage (PI. 95, fig. 8) in G. aegyptiaca lends 
strong support to this latter hypothesis. Berggren (1962, p. 
59) believed "—that G. aegyptiaca has developed directly 
from G. rosetta through modification in number anil 
height of chambers anil dexelopment of a higher, more 
acute umbilical collar." 

Range.—Globotr tin f una ( out iisa—stuarti form is assem- 
blage zone: G. gaiLiseri subzone to A. mayarocnsis subzone. 

Oc( urreuce.—\n Mexico G. aegyptiaca occurs abundant- 
ly in the upper part of the Mendez shale in strata assign- 
able to the A. mayaroensis subzone (Text-figure 2) . In 
Texas, G. aegyptiaca has" been observed in the Corsicana 
marl in Travis County (Onion Caeek section) , and in 
Navarro Coiuity ("Corsicana Clay Pit" section). It has been 
observetl in the Kemp clay in samples collected along the 
bluffs of the Colorado River north of Garfield and also in 
samples collected along the Bra/os Rivei' near the Milam 
anil Falls County lines. 
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In soiitliwestern Arkansas G. argylJliaai oirurs alnmd- 

antly in sani])les from the Arkadelphia marl. 

Olsson (1%1, lor. cit.) recently ligiucd this species 
under the name of G. gagnebini Tilev from essentially the 
same hori/on in New Jersey from the Shrewsby member of 
the Redbank formation. The writer observed ninnerous 
specimens of G. aeoypiiaca in samples given to him by Dr. 
H. Bolli from the Upper Maestrichtian (A. mayaroensis 

subzone) portion of the Guayagiiayare formation of Trini- 

dad. 
G. (u'gypliara is also known from the Maesii idil ian of 

Egypt, Turkey, Libya, Algeria, and Coloml)ia. 

Globotruncana area (Cushman) 

Plate 79, figures 5-8; Plate 90, figures 6-8; Plate 96. 
figm-es 7, 8, 17 

1926. PulviiniltiHi area Cushman, Contr.  C;iisliiii.iii   lab.  loiam.  Res., 
vol. 2. pt. 1, p. 23, pi. 3, figs. lac. 

1927. Clobotruncana area   (Cushman).  Cmui.  CuNliMian   l.ali.  Foram. 
Res., vol. 3, pt. 1, p. 91, pi. 19, fig.  11. 

1927.   Clobotruncana area   (Cushman), Cushman.  join.   I'alecml..  vol. 
1, No. 2, p. 169, pi. 28, figs. 28ac. 

1931.   Globotruneana area   (Cushman) ,  Plummcr   (part).  I'uiv. Texas 
Bull.. 3101. p. 195-198. pi. 13, fig. 8. not tigincs 7. 9. 11. 

1937.   C.lobohuneana    area     (Cushman),    Clacssner,    Moscow    Univ., 
.Sludic-s Micropalcont.. vol. I. fasc. 1. p. 36. pi. 1, figs. lOa-c. 

1946.   Clobdlruneana   area    (Cushman).   Cuslnnan    (part),   U.S.   Geol. 
Snr., I'rof. Paper. No. 206. p. l.'iO, pi. 62, figs. 4a-c; not 5a-c. 

19.")1.   (Uobdlruneana  aua   (Cliishman) ,   Tilev,   Lausanne   Univ.,   Mus. 
C;eol.. l.al) C.eol..  Min.. Geophys., Bull.  No.  103. p. .")7, text-figs. 
18a-c;  I'.la-d. 

1951.   Globolruiuaiia area   (Cushman).  Banch.   Join.  I'akdul ,  vol. 45, 
No. 4, p. 509, pi. 75. tigs. la-c. 

1953.   ? Globolruneana area   (Cushman). Hamillon. )oiii. I'alconl.. vol. 
27. pp. 231. 232, pi. 29. figs. 1-3. 

1953.   Globolruneana area   (Cushman) ,  Snbbotina.  Truth, Vses. Nett. 
Naiikno.   Issletl.   Ceol.—Razved.  Instit.,  n.  ser..   No.   7(),   p.   185. 
pi. 9. figs. la-5c: pi. 10. figs. la-5c. 

1955.   Globohuneana   (Globolruneana)   area   (Cushman),  Halhiez.  Mi- 
cropaleonl.. vol.  1, No. 2. p.  164, text-figs. 5a c. 

1955. Globolruneana   area   area    (Cushman) .   (.andolli.   Bull.   .\mer. 
I'aleout.. vol. 36, No. 155, p. (53. pi. 5. figs. 2a-4c. 

1956. Globohuneana area  (Cushman), Broiniiinaiui and Broun. !■.(logae 
Cicol. Helv.. vol. 48. No. 2, pp. 539. 540, pi. 23, figs. 10-12. 

1957. Globolruneana      {Globolruneana)      area      (Cushman) .     Edgell 
(part), Micropaleont.. vol. 3. No. 2. pp.  110.  III. pi. 3, figs. 4-6, 

13,  14; not pi.  1, figs.  10-12. 
1957.   Globolruneana   area   (Cushman).   Bolli.  el   al.,   V.S.   Nat.   Mus., 

Bull. No. 215, p. 44, pi. II, ligs. 6-1IC:. 
1960.   Globolruniana leupoleti Bolli. Ols,son. Jour. I'aleont., vol. 34. No. 

I. p. 50, pi.  11. figs.  1-3. 
I9f)0.   Not Globotruneana area   (Cushman) . Klaus. Fxlogae Geol. Helv.. 

vol. 52. No. 2. p. 824. pi. 7. figs. 5a-c. 
1962.   ■' Globolruneana niarei  Banner and  Blow.  Berggren.  Stockholm 

Contr. C;eol., vol. 9, No. 1. pp. 54-56, pi. 9, figs. 5a-c. 
1962.   Globotruneana   area    (Cuslnnan) ,   Berggren.   .Stockholm   Contr. 

Geol., vol. 9. No. 1. pp. 49-51. pi. 9. figs' la-2c. 
1962.   Globotruneana area   (Clushman) , Barr, I'aleontologv, vol. 4, No. 

4, pi. 69. figs. 8a-c. 
1964.   Globotruneatia eirea   (C^ishman). I.oeblith and Tappan. Treatise 

Invert. I'aleont.. pt. C. Protista 2. vol. 2, p. C()r>2, fig. 529:  la- lb; 
2. 

1964.   Globotruneana area   (Cushman) , Ol.sson.  Mkropaleoul.. veil.  10. 
No. 2. pp.  162.  \iV^. pi   4,  figs.  la-.3c. 

1964.   Globotr]ineana   area    (Cushman) .   Martin.   Jahr.   Geol.   Rinid., 
Sond. 9. ]). 79, pi. 9, figs. 4a-c. 

Description—Test trochospiral, spiroconvex (mean 
T'X/TX value 0.45 for six sectioned free specimens) with 
si.K to seven (rarely eight) petaloid chambers in the final 
whorl which gradually expand in size and show little or 
no arching of spir;il and umbilical chamber walls. Periphery 
mildly lobtihite; truncated by well-developed, beaded 
double keel whidi tends to be inturned innbilically; last 
chambers sometimes lacking keel. Sutures curved, raised 
often heavily beaded spirally; slightly curved, raised um- 
liilically and occasion;illy beaded. Umbilicus deep, rela- 
tively broad, coveretl by spiral system of tegilla in well- 
preserved specimens which have intralamiual and infrala- 
minal accessory apertures. Primary aperture interiomar- 
ginal, imibilical in position. Outer wall ladial hyaline per- 
forate except for keels which are radi;il hyaline, imper- 
forate antl tdtr;igr;tntd;ir hyaline, imperforate. Septal walls 
and tegilla microgr;inul;ir hyaline, finely ]3erfor;tte. 

Remarks.—C',U)botyiineana area (Cushiuaii) differs 
from Crlobotrunrana stephensoni Pessagno, n. sp. (1) by 
possessing a wide double keel with ecpially developed spiral 
and umbilical lims r;ither than a single keel or a narrow 
double keel with ;i poorly developed umbilical rim and (2) 
by having chambers which are petaloid rather than sub- 
trapezoidal in shape. Both species share a unique keel 
structure which does not seem to exist in any other double 
keeled species of Globotruneana s.s. Most double-keeled 
species show double keel rim components whicii are pre- 
dominantly radial hyaline and possess only idtragranular 
hyaline outer layers. The radial hyaline inner element is 
usually bidged out to form most of the keel rims (Text- 
figure 40) . However, the double keel structiue of both G. 
area and G. steplinisoiii shows an umbilic:il rim which con- 
sists of 85 to I00<';, iiltragranular hyaline calcile (Phite 96, 
figure 17; Text-figure 40, type 1) . The spiral riiu is of nor- 
mal globotruncanitl chaiiicter and is clomin;mtly ladial 
liyaline with ;i iiltr;igrantilar hyaline outer hiyer. 

Plimimer (19.SI. |3]3. 195-198) included specimens now 
clearly assignable to G. stephensoni Pessagno, n. sp. (pi. 13, 
figs. 7a-c) , G. elevata (Brotzen) {\A. 1 .S, figs. 9a-c) , ;ind 
G. rosetta (Carsey) (pi, 13, figs. la-() in G. area (Cush- 

man) . 
As noted by Bolli (1951, p. 196). Bronnimann and 

Brown (1956, p. 540), Berggren (1962, p. 50), and various 
other workers, Cushman (1946, p. 150) obsciued the recog- 
nition of this speceis by figuring a single-keeled specimen 
of the Globotruneana stitarti lineage group [G. elevata 

(Brotzen) pi. 62. figs. 5a-c] together with the double- 
keeled holoty])e   (pi. 62, figs, 4a-c) . Unfortimately, a num- 
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ber of other workers followed Cushnian's figures thus caus- 
ing numerous erroneous identifications of G. area in the 
literature. 

The specimen figured by Klaus (1960, p. 824, pi. 7, 
figs. 5a-c) as G. arm (Cushman) is probably assignable to 
M. anguslicarenutn (Gandolfi). Abimdant stratigraphic 
evidence from this study indicates that G. ar<(i does not 
occur in strata older than Early Campanian. 

Form analysis data for sectioned Mexican and Texas 
specimens of G. area (Cushman) are presented in Text- 
figure 29. 

Although Text-figure 35 suggests that G. area (Cush- 
man) arose from a G. foriiieata Plummer stock, its origin 
is still speculative and needs further investigation. The fol- 
lowing hypotheses shoidd be considered. 

(1) G. area arose from G. fornicata (a) through the 
widening of the latter forms chambers spirally to yield a 
petaloid shape antl (b) through the leduction or loss of 
the radial hyaline component comprising the umbilical rim 
of the latter form's double keel. The similar shape of the 
chambers of both species undjilically, their similar T'X/TX 
\alues, and the intmned nature of their double keels argue 
for a phylogenetic link between these two species. 

(2) G. area (Cushman) arose from a G. lapparcnli 
Brotzen s.s. stock through the reduction of the radial hya- 
line component coinprising the umbilical rim of the latter 
form's double keel. Both species share relati\ely similar 
chambers spirally and umbilically, have overlajjping T'X/ 
TX values, and have similar keel heiohts at D and D'. Bersj- 
gren (1962, p. 50) believed that G. area arose from a G. 
lapparenli s.s. stock. 

(3) G. area (Cushman) arose from G. stiiarttjejrinis 

Dalbiez through the acquisition of a secondary lunbilical 
rim comprised of idtragranidar hyaline cakite, more peta- 
loid chambers spirally, and a somewhat more spiroconvex 
test. 

At present, the writer favors these three hyjiothcses in 
the order listed above with the first hypothesis being the 
most likely and the third hypothesis being the least likely. 
Some workers such as Dalbiez (1955, p. 164) suggested that 
G. area has been derived from G. lapparenti tricarinata 
(Quereau) (^fj. Inniriana (d'Orbigny) . The keel struc- 
ture of G. linneiana is radically different from that of G. 
area. The changes in keel structure needed to ])er|3etiiate 
this phylogetietic link are insurmountable (cf. Plate 96, 
fig. 17; Plate 97, fig. 12). 

The writer examined the holotype of G. area on de]50sit 
in the Cushman Collection at the U.S. National Museum, 
Washington, D.C. 

TEXT-FIGURE 29 
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[J   D' 0.476 0.504 0.476 0.504 0.504 0.519 

U-U' 
0.280 0.238 0.196 0.052 0.280 0.280 

TX 0.168 0.168 0.182 0.112 0.140 0.112 

T'X 0.056 0.U56 0.042 0.070 0.084 0.070 

Angle XD'U' 32.0° 27.0° 23.0° 34.0° 37.0° 36.0° 

Aiiqlc  XL)' T 34.0° 31.0° 33.0° 23.0° 23.0° 20.0° 

Angle XDU 25.0° 19.0° 26.0° 28.0° 42.0° 32.0° 

Any If   XDT 37.0° 38.0° 37.0° 29.0° 32.0° 29.0° 

XLi 0. 196 0.252 0.196 0.224 0.182 0.224 

XD' 0.280 0.252 0.280 0.280 0.322 0.295 

T'X/TX 0.33 0.33 0.23 0.62 0.60 0.62 

Ht.   double 
keel   at  D 

0.070 0.070 0.070 0.070 0.098 0.084 

Ht .   double 
keel   at   D' 

0.070 0.056 0.056 0.056 0.070 0.070 

Double   keel 
early whorls 

-1- -f -1- -1- -f -1- 

1 1 

All  measurements   in  millimeters. 

'•  -f  = presence   of  double  keeled  early  stage. 

Runge.~G. foniicata—stuartifonnis assemblage zone, 
A. blouii subzone {D. multienstata zonide) to G. eontii.sa— 
siuarlijoniiis assemblage zone, A. mayarocnsis subzone. 

Oeeurrenec.—\n Mexico G. area (Cushman) is common 
in the Cam|)anian and Maestrichtian poilions of the Mcn- 
tlez shale and in the Early Campanian portion of the San 
Felipe   formation   ihroughoui   the   area   of   study    (Text- 
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figure 2). Ciishnian (1927, p. 23) in his original dcMrijj- 
tion of this species stated that its type locality is near 
Hiiiches, Hacienda El Limon. With the help of S. R. 
Santoyo (Tampico Office. Petroleos Mexicanos), the 
writer found that Hacienda El Limon \vas a large ranch 
that covered much of the coimtry side somewhat east of 
Tamuin (^Guei rero). Fm thermore. the Mexican natives 
questioned in the aiea siurounding Tamuin indicated that 
Huiches corresponds a|jpioximately to the place where the 
highway from Tampico to Ciudad Valles crosses over the 
Rio Huiches, 2,2 kilometers east of Tamuin (near Kilo- 
meter Post K 101.0). Mendez samples (TYPE-1) collected 
from a road cut inmiediately east of the highway bridge 
over the Rio Huiches contained G. area (Cushman) to- 
gether with G. rouica ^\'hitc. G. stuarti (de Lapparent) 
S.S., A. mayarocnsis (Bolli) , G. gansseri Bolli, and other 
species indicating a planktonic assemblage assignable to the 
A. mayarocnsis subzone. It is suggested that this locality 
(TYPE-1) should hereafter be considered as the tvpe 
locality of G. area   (Cushman). 

G. area (Cushman) has been observed in Texas during 
this study only in the "L'ppei Taylor marl" in Travis and 
Limestone Comities and in the LIpson clay in Maverick 
C^oimty. Bolli, et al.. (1957, j). 46) noted this species in the 
C^orsicana  marl  near  Noack,  Williamson  Comity,  Texas. 

In southwestern Arkansas, G. area has only been ob- 
served in the upper part of the Ozan formation. Elsewhere 
in North America G. area s.s. is known from the Navesink 
and Red Bank formations of New Jersey (c/. Olsson, 1964, 
|jp. 162, 163) , by Bandy (1951, p. 509) from the Maestrich- 
tian of the Carlsbad area, San Diego Comity, California, 
and by .Martin (1964, j). 79) from the Campanian Uhalde 
formation of Fresno County, California. A nimiber of refer- 
ences are made of this species in the North American lit- 
eratiae. A ninnbcr of these need rechecking because of the 
confusion surroiniding the niorjjhological characteristics 
of this taxon. 

In Eurasia G. area (Cushman) is known from the 
.Maestrichtian of Denmark, Russia, Italy, and the Cam- 
|)anian and Maestrichtian of France. It is also known from 
the Maestrichtian of Turkey and Cuba and the Late 
Campanian and Maestrichtian of Australia, Tiuiisa, Trini- 
dad, and Colombia. 

G. area seems to be ecjually common in both the Boreal 
and Tethyan faiuial province dining the Earl) Campan- 
ian—Maestriciitian time inter\ al. It is one of the few double- 
keeled species that bridge the period of extinctions that oc- 
cmred at the end of Early Maestrichtian time {R. subeir- 
eiinmudifer subzone) . 

Globotruncana austinensis Gandolfi 

Plate 82, figures 12-15; Plate 94, figure 9 

195.5.   GJoholruncanii    marnitiata   nii^liiien.us    Cmdolfi,    Bull.    Amer. 
Paleoiu., vol. 36, No'. 155. p. 29, pi. 1, figs. 6a-c. 

1961.   Globoljur.cann  all.  G. gagiiebini Tilev,  Olsson,  Micropaleont., 
vol. 10. No. 2, pi. 4, figs. 6ac. 

Dcseriptioii.—Tefit trochospiral, deeply umbilicate, 
slightly lobulate with four or five angular truncate cham- 
bers in last whorl; double keel following periphery of last 
whorl; wider in early chambers of last whorl, becoming 
narrower and migrating to spiral periphery as subsequent 
chambers are added; may merge to form a single keel. 
Spiral side slightly convex; not truly planiform because di 
vaulted natine of individual chambers spirally; early whorl 
sometimes (cf. PI. 94, fig. 9) depressed. Umbilical side con- 
vex (mean T'X/TX value for three measured specimens= 
1.99) with curved somewhat depressed beaded sutures. Or- 
namentation consisting of occasional rugosities on spiral 
side; umbilical side often showing rugosites oriented at 
random on sinface of first several chambers of last whorl. 
Primary aperture interiomarginal, innbilical in position. 
Umbilicus covered by spiral system of tegilla with both 
intralaniinal and infralaminal accessory apertures. Outer 
wall radial hyaline, perforate except for keels which are 
both radial hyaline, imperforate and idtragranular hyaline, 
imperforate (cf. type 2, Text-figme 40). Tegilla and septal 
walls miciogranidar hyaline, finely perforate. 

Remarks—G. aiislincnsis Gandolfi is closely related to 
G. buUoidcs Vogler and appears to be gradational into this 
latter species. It can be separated from G. bulhides (1) by 
the greater convexity of its umbilical side (mean T'X/TX 

value= 1.99 for 3 measured specimens) ; (2) by the position 
of its keel along the spiral margin of the test; and (3) often 
by the depressed nature of its early whorls. Both species 
show \aulted spiral and imibilical chamber walls and a 
generally similar chamber arrangement. The vaulted na- 
ture of the chambers, depressed early whorl, and the highly 
convex innbilical side of this species are well illustrated 
by the sectioned specimen in Plate 94, figure 9 herein. 

Form analysis measurements of the three specimens of 
G. austinensis sectioned are shown in Text-figure 30. Text- 
figure 31 is a scatter plot comparing D-D' and T'X/TX 
values of G. austinensis, G. buUoielcs, and G. lapparenti s.s. 

Until further specimens of G. austinensis are sectioned it is 
suggested that T'X/TX=I.5 be considered as the upper 
limit of G. bulhides and that T'X/TX=1.6 be considered 
the lower limit of G. austinensis; and that all specimens 
having T'X/TX values greater than 1.5 and less than 1.6 
be considered transitional forms. 
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The holotype of G. )nargi7iata austinensh Gandolfi 
(No. 20828) was examined at the Paleontological Research 
Institution at Ithaca, New York. The holotype corresponds 
well with the descriistion given above. It shows, for ex- 
ample, a narrow double keel following the spiral periphery 
of the test, depressed early whorls, and a quite convex um- 
bilical side. Although Gandolfi (1955, p. 29) inferred that 
this species is related to M. marginata (Reiiss) , the holo- 
type shows a primary aperture -ivhich is umbilical in posi- 
tion rather than exiraumbilical-imibilical in position. In 
addition, the general form of its test is com]3letcly unlike 

that of M. marginata  (Reuss). 
Range.—G. bulloides assemblage zone to G. fornicata— 

stiiartiformis assemblage zone, R. subcircumnodijer subzone 

[R. subpennyi zonule). 
Occurrence—G. austinensis occurs in the Campanian 

and Lower Maestrichtian portions of the Mcndez shale of 
Mexico. It has been observed in Texas in the Austin chalk 
(rare), "Lower Taylor marl", Wolfe City sand, and Ney- 
landville marl. In soiuhwestern Arkansas it occurs in the 
Marlbrook marl and in the Saratoga chalk. 

The specimen figured by Olsson (1965, pi. 4, figs, 
fia-c) from the Mt. Laiuel formation of New Jersey as G. 
aff. G. gngurbini is referrable to G. austinensis. 

Gandolfi originally described this species from the 
Colon formation of Colombia. The writer has observed it 
in Late Campanian to Early Maestrichtian samples from the 
Rio Yauco formation and Parguera limestone of Puerto 
Rico. All of the specimens referred to by Pessagno (1960, 
1962) as G. tricarinata (Quereau) should be assigned to 

G. austinensis Gandolfi. 

Globotruncana   bulloides  Vogler 

Plate 64, figures 15-17; Plate 67, figures 1-3; Plate 73, figures 
9, 10; Plate 75, figures 4-8; Plate 97, figures 14, 15 

1931.   Glolmtruncana canaliculata (Reuss) var. venlricosa White, Plum- 
mer, Univ. Texas Bull. 3101. p. 199. pi. 13, fiss. lOa-b. 

1941.   Globotruncana linnei   (d'Orbigny)   subsp. bulloides Vogler, Pal- 
aeontographica. Suppl. Bd. 4,"Abt. 4. p. 287. pi. 23, figs. 32-39. 
(Lectotype designated herein; pi. 23, fig. 33.) 

1944.   ?   Globotruncana   lapparenti   bulloides   Vogler,   Bolli.   Eclogae 
Geol. Helv., vol. 37, No. 2, pp. 231. 232, text-figs. 17, 18; pi. 9, 
fig. 12. 

194(5.   Globotruncana  marginata   (Reuss),  Cushnian   (pari).   I'.S.  C.eol. 
Sur., Prof. Paper, No. 206, p. 150, pi. 62, figs. 2a-c; not lac. 

1951.   Globotruncana lapparenti bulloides Vogler, Bolli. Jour. Paleont., 
vol. 25, No. 2, pp. 190, 194. fig. Ic. 

1953.   Globotruncana venlricosa White, Subbotina, Trudy, Vses, Neft. 
Naukno. Issled. Geol.—Razved. Instit., n. ser., No. 76. p. 194. pi. 
13, figs, la-c: 2a-c; 3a-c; 4a-c. 

1955.   Globotruncana bulloides bulloides Vogler. Gandohi. Bidl. Ainer. 
Paleont., vol. 36, No. 155, p. 32, pi. 1, figs. 9a-c. 

1957.   Globotruncana marginata  (Reuss) , Edgell, Micropaleont., vol. 3. 
No. 2, p. 114, pi. 2, figs. 4-6. 

1957.   Globotruncana marginata   (Reuss) , Sacal and  Debourle   (part), 
.Soc. G(5ol. France,   (n. ser.) , Mem. No. 78, p. 59. pi. 26, figs. 5, 
12; not 3; not 13 

TEXT-FIGURE 30 
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D^D' 0.420 0.547 0.434 

U-U' 0.280 0.309 0.205 

TX 0.049 0.084 0.070 

T'X 0.112 0.140 0.140 

Aiiqle XD'U' 47.0° 50.0° 47.0° 

Anqle  XD'T 11.0° 17.0° 14.0° 

Angle   XDU 57.0° 39.0° 73.0° 

A.igle  XDT 17.0° 20.0° 20.0° 

XT) 0.182 0.238 0.154 

XD' 0.238 0.309 0.280 

T'X   TX 2.30 1.67 2.0 

Ht.   double 
keel   at   D 

0.084 0.070 0.056 

Ht.   double 
keel   at   D' 

0.042 0.084 0.056 

All i:neasurements   in millimeters. 

1957.   Not  Globotruncana  liulluides   Vogler,  Satal  and  Debourle.  Soc. 
Gi^ol. France, n. ser., Mem. No. 78, p. 62, pi. 26, figs. 2, 4, 19, 20. 

1962.   Globotruncana  marginata   (Reuss) ,  Herm,  Bayer.  Akad.  Wiss. 
Math.-Nat. Kl., Abh., n. ser.. No. 104, pp. 85, 86, pi. 5, fig. 5. 

1962.   Globotruncana lapparenti bulloides Vogler. Herm, Baver. .\kad. 
Wiss. Math.-Nat.  Kl., Abh.,  n. ser.,  No.  104, pp. 84,'85, pi. 6, 
fig. 6. 
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1962.   (..Inbolruncaiiu   nlobinerinoides   Brolzen,    Heini,   Bayer.   Akad. 
Wiss. Math.-Nat. KK Abh., n. ser.. No. 104, pp. 80, 81, pi. 5, 
fig. 6. 

1962.   Globolruncana   niarginata    (Reuss),   Barr    (part) ,   Paleontology. 
vol. 4, pt. 4, pi. 70, figs. 3a-c: not pi. 72, figs. 7, 8a-c. 

1962.   Globntriincana culverensis Barr, Paleontology, vol. 4. pt. 4, pp. 
.■569, .570. pi. 71, fig-i.  lac. 

1962.   Globotruucatia    (Glnbotruncana)    lapparenti    buUoides   Vogler. 
Pessagno. Nficropaleont., vol. 8, No. 3, p. 360. pi. 6, figs. 13-14. 

1964.   Globolruncana   Unneiana    (d'Orbigny) ,   Olsson    (part) ,   Micro- 
paleont., vol.  10, No. 2, p.  166.  167, pi. 7, figs. 7a-c; not 6a-c: 
8a-c. 

1964.   Globottnncana fiesnoemis Martin, Jahrb.  Gcol.  Bund. Sond.  9, 
p. 80, pi. 9, figs. 8a-c; not 8d. 

\9M.   Globolmncana   paraventricosa    (Hofker),   Martin.   Jahib.   (.cnl 
Bund. Sond. 9. p. 81. pi.  10. figs. 4ac. 

Etncndcd <lf'fi)iition.—Te>.l tiothospiral, deeply iimliili 
cate, biconvex ^vitli five to seven chambeis in last whorl. 
Larger microsphcric foini (PI. 64, figs. 15-17) with mote 
numerous chambers which giacUially expand in size; smaller 
megalospheric form (PI. 67, figs. 1-3: PI. 75, figs. l-S; PI. 
97. fi,gs. 14, 15) with fewer chambers which expand in si/e 
iriore rapidh'. Chambers highly \aiilted both spirally and 
iinibilicall); separated by curved, raised, often highly beaded 
sutm'es. Spiral chambers sometimes po.ssessing a few imper- 
forate discontinuous costcUae which are deep-seated struc- 
turally, comprised of ultragranular hyaline calcite, and tra- 
\erse entire outer wall (PI. 97, fig. 14). ^\'ell-de\ eloped 
double keel following periphery of test and tending to be- 
come narrower as coiling progresses, often forming a single 
keel oir larger microspheric individuals (PI. 64, figs. 15-17) . 
Primary aperture interiomarginal, umbilical in position. 
Umbilicus covered by a spiral system of tegilla showing in- 
fralaminal and intralaminal accessory apertures. Outer wall 
radial hyaline perforate except for double keels which are 
primarih radial hvaline imperforate, but possess secondary 
ultragranular hyaline imperforate oiUer rim components 
(lype 2, Text-figure 40) ; secondary ultragranular comjjon- 
cnts of double keel lackinfj in last one or two chambers of 
final whorl. .Septal walls and tegilla microgranular hyaline, 
finely perforate. 

/?c»;flrA"5.—Vogler (1941, p. 287) originally described 
Crlobotrunania linnci (d'Orbigny) subsp. bulloides Vogler 
in syntypic series from the Senonian and Maestrichtian of 
Indonesia. Unfortunateh' all of Vogler's syntypes are draw- 
ings of specimens encoiuitered in rock thin-section. To 
avoid further confusion concerning the identification of 
this taxon, figure 33 of Vogler (1941) is designated the 
Icctotype of G. linnci bulloides Vogler and figure 34 of 
Vogler (1911) is designated the paralectotype of G. linnci 

bulloides Vogler. Several of Vogler's syntypic figures (figs. 
35, 38, 39) can be correlated with G. Unneiana (d'Or- 
bigny) . Of the remaining figuies, figure 36 probably rep- 
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resents G. bulloides as emended herein: iigure 32 can be 
probably assigned to A. cretacca (ci'Orbigny) : and figiue 37 
is of uncertain specific assignnrent. 

To establish the external morphology of G. bulloides 

V^ogler, a number of free specimens believed by the writer 
to correspond to G. bulloides were thin-sectioned and com- 
[lared to the lectotype selected herein (cf. PI. 97, figs. 14, 
15) . The specimens figured in Plate 67, figures 1-3; Plate 73, 
figures 9, 10; and particularly those in Plate 75, figures 4-8 
correlate well with the sectioned lectotype. These specimens 
and the selected lectotype seem to represent the megalo- 
spheric indi\'idual. The specimens illustrated in Plate 64, 

figures 15-17 and by Barr (1962, pi. 71, figs la-c) as G. 
cnh'crcnsis Barr seem to represent the iriicrospheric indi- 
\itlual. The megalospheric form possesses about two whorls 
of chambers which rapitUy increase in size. There are 
usually ihe ihambers in the final whorl with a double keel 
following the ]jeri])heiy and becoming somewhat narrower 
as subsec]iicnt chambers are added. The miciospheric form 
possesses three whorls of chambers which gradually increase 
in size. There are usually six to seven chambers in the final 
whorl, truncated peripherally by a double keel which nar- 
rows to form a single keel on the last one or two chambers. 

The double keel structure of G. bulloides is strength- 
ened by the accretion of a secondary ultragranular calcite 
layer on its spiral and umbilical rims over a radial hyaline 
base (type 2. Text-figure 40). This layer is not present in 
the newly formed chambers which usually possess either a 
radial hyaline imperforate peripheral band or a weakly 
developed ladial hyaline double keel. 
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Numerous auiliois suth as Cushnian (191(), pi. 62, 
figs. 2a-c), Edgell (1957, pi. 2, figs. 4, 5), and others have 
confused M. marguiata (Reuss) with G. biilloidcs Vogler. 
G. biilloidcs differs from M. marginata (1) by possessing 
a umbilically situated primary aperture rather than an 
extraiuiibilical-umbilical apertiue; (2) by possessing a 
spiral system of tegilla with intralaminal and infralaminal 
accessory apertures instead of stout portici with infralaminal 
accessory apertures; (3) by being deeply umbilicate; (4) by 
having curved raised sutures instead of straight, depressed 
sutures umbilically; and (5) by having more strongly de- 
veloped, wider (higher) double keels (cf. heights of double 
keels in Text-figures 21 and 32) which are both radial 
hyaline and idtragranidar imperforate. G. hulloides is 
both phylogenetically and morphologically unrelated to 
M. marginata  (Reuss). 

Glohotruncana cnhicrcnsis Barr (1962) and Globo- 
lyiiiiiaiia frcsnoeusis Martin (1964) are regarded as junior 
synonyms of G. biilloidcs Vogler as they appear to fall 
within the morphological variation allowable for this spe- 
cies. 

Text-figure 32 shows form analysis data for 12 sec- 
tioned specimens of G. biilloidcs Vogler. Text-figme 31 is 
a scatter plot comjjaring T'X/TX values and D-D' values 
of G. lapparcnti Brotzen s.s., G. biilloidcs Vogler, and G. 
aiisliiicnsis Gantlolfi. Sjjecimens lia\ing T'X/TX values 
greater than 0.9 and less than 1.0 are considered transitional 
between G. lapparcnti s.s. and G. biilloidcs. Specimens hav- 
ing T'X/TX values greater than 1.5 and less than 1.6 ar? 
considered transitional between G. biilloidcs Vogler and G. 
aiistincnsis Gandolfi. 

As suggested in Text-figure 35, G. biilloidcs probably 
arose from a double-keeled Archacoglobigcrina ancestor. 
Transitional forms seem to occur between A. cretncea (d"Or- 
bigny) and G. biilloidcs. It is likely that G. biilloidcs 
arose from A. crctacca through the acquisition of a more 
strongly develojjed double keel and the \aulting of spiral 
and umbilical chamber surfaces. It is also jjossible that G. 
biilloidcs is derived from a G. lapparcnti ancestor through 
an increase in the convexity of the latter form's umbilical 
side. 

Range—G. biilloidcs assemblage zone, M. concavata 
subzone to G. fornicata—stiiartiformis assemblage zone, R. 
subcircinnnodifcr subzone   {R. subpennyi zonule). 

Occurrence.—In Mexico G. biilloidcs occurs in numer- 
ous localities in the Santonian and Early Campanian por- 
tions of the San Felipe formation and in the Early Cam- 
panian to Early Maestrichtian portions of the Mendez 
shale   (Text-figmes  1,2).  In Texas it occins throughout 
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* Selected Lectotype.  Vogler 1941, pi. 23, fig. 33 

**  Like G. culverensis Barr (1962) 

the Santonian jjortion of the Austin chalk in Kinney, Tra- 
vis, McLennan, antl Dallas Counties (Text-figures 1, 2). It 
also occurs in the Early Campanian (Taylorian) (re- 
worked) portion of the Austin chalk in the Dallas area. It 
occius throughoiu the Campanian Taylor formation: in 
the "Lower Taylor marl " of Travis, McLennan, and Dallas 
Counties; in the Wolfe City sand in McLennan County; in 
the Pecan Gap chalk of McLennan County; and in the 
"Ujjper Taylor marl" of Travis and Limestone Counties. It 
also has been observed in the Upson clay in Maverick 
County and in the Neylandville marl of Navarro County. 
In southwest Arkansas G. bulloides occurs in the Browns- 
town marl, the Ozan formation, the Annona dialk, the 
Marlbrook marl, and the Saratoga chalk. 

G. biilloidcs occurs in the Upper Cretaceous of New 
Jersey, California, Puerto Rico, Panama, Trinidad, 
Colombia,  and Venezuela. 

It occurs abundanil) in the Upper Cretaceous of Eu- 
rope, North Africa, the Eas't Indies, and Australia. 

Globotruncana calcarata Cushman 

Plate 64, figures 18-20; Plate 72, figures 5, 6; Plate 93, figure 
14; Plate 94, figure 8 

19i!7.   (.loboti itiicanu cahaialu Cushinaii, Contr. C:iishiiian Lab. Foiam. 
Res., vol. 3, pt. 2, p. 11.5. pi. 23, figs. 10a, b. 
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I'I'JK.   (.hihiiliiiiirniKi   nilcarnlii   CAISIHIUUI.   While.   Join.   I'aloiiU..   \cil. 
2. No. p. 2H,'>, pi. 38. tigs. 6a-c. 

19;i:i.   (.lubulruiicana   cakarala   Cushman,   Cushman.   Cushman   Lab. 
Foram. Res., Spec. Publ. 5, pi. 35. figs.  14a-c.  [no pagination] 

1946.   Clobotruncana   cakarala   Cushman,   Cushman   U.S.   Geol.   Sur., 
Prof. Paper No. 206, pp. 151, 152, pi. 62, figs. 8a-c. 

1948.   Globotruiicaiia    cakarala    Cushman,    Bartenstein,    Soc.    G6ol. 
France, Ckimptes rendus, No.  12. p. 244, text-figure  1. 

1948. C.lobDtruncana cakarala Cushman. Cushman. Maryland Dept. 
(.eol. Mines, Water Res., Bull.. No. 2. p. 266. pi. 26, figs, 3a, b. 

1949. aiobotruncaua cakarala Cushman. Wichcr, Mus. Hist. Nat. 
Pays ,Serbe. Ser. .\-2. p. 90. pi. 5, tig. 17. 

1951. C,lt)bolrinicana (C.lobolruncana) calcarala Cushman. Noth. Jahrb. 
Geol. Bud., .Sond. 3, p. 78. pi. 8. figs. 14a-c. 

1952. (Udbolriuicana calcarala Cushman, Reiss, Res. Council Israel, 
Bull., vol. 2. No. 3. p. 270, text-figs.  lac. 

1952. C.lobolruncana cakarala Cushman, Sigal, 19th Congr. Geol. 
Internat.. Monogr. Reg., .'Mger ser. 1. No. 26, p. 39, text-fig. 43. 

1953. Globolruncana cakarala Cushman. Hamilton. Jour. Paleont., vol. 
27, No. 2. p. 232. pi. 29. figs. 4, 5. 

1953. C.lobolruncana cakarala Clushnian. Schweighauser. Schvveizer. 
Palaeont., .\bh., vol. 70, p. 13. pi. 10, fig. 9. 

1954. C.lobolruncana cakarala Cushman. .\vala. .\ssoc. Mex. Geol. 
Petrol.. Bol., vol. 6, p. 385, pi. 2. figs. 3a-c. 

1956. Ru'^olruncana calcarala (Ckishman). Bronnimann and Brown. 
Fclogae (ieol. Helv.. \ol. 48. No. 2. pi. 23. figN. 1-3. 

1957. C.lobolruncana calcarala Cushman. Sacal and Debourle. Mem. 
Soc. Geol. France (n. ser.) , Mem. 78, p. 60, pi. 28. fig. 4; pi. 27, 
fig. 21. 

1959.   C.lobolruncana calcarala Cushman. Olvera. I'niv. Nacional .\ut. 
Mex.. Facultad de Ciencias,  Dept.  Biologia, Tesis  Prof., pp. 38. 
39, pi. 7, figs. 11-14. 

1959.   Ruoolruncana calcarala   (Cushman) . .\yala. ITniv. Nacional .\ut. 
Mexico. Instit. Geol.. Paleont. Nfcxicana. No. 4, p. 27. pi. 7, fig. 2. 

1962. (.loholruncanu calcarala Cushman. Herm, Bayer. .Akad. Wiss., 
Abh.. No.  104. pp. 67-68. pi. 6. fig. 3. 

1963. Kuifolruncana calcarala (Cushman). Bronnimann and Rigassi, 
Fclogae Geol. Helv.. vol. 56. No. 1. pi. 17. figs. lac. 

19(>3. <'lol'olruncana {C.lobolruncana] calcarala C.usimian. \'an Hinte, 
Jahrb.  Geol.  Bud., Sond. 8. p.  74. pi. 5,  tig.  3. 

1964. (ilohotruncana calcarala Cushman, Olsson, Micropaleont.. vol. 10. 
No. 2, p. 163. pi. 5. figs. lac. 

Description.—Teitl trochtispiial, jjlanocoiivex with six 
to seven chambers in last whorl; sint>le-keelecl in all but 
embryonic stage of development. Periphery with well- 
developed, distinctive tubiilospines extending out along 
siitiiral extensions. Spiral side planiform to somewhat con- 
cave; siitmes spirally radial, straight, elevated often beaded. 
Umbilical side highly convex and sometimes rugose; rugo- 
sities not oriented in meridorial pattern. Sutures depressed, 
straight to slightly curved umbilically. Umbilicus deep, cov- 
ered by a spiral system of tegilla with intralaminal and in- 
fralaminal accessory apertures on well preserved specimens. 
Primary aperture interiomarginal, umbilical in position. 
Outer wall radial hyaline perforate except for keels which 
are radial hyaline imperforate and rugosities which are ul- 
tiagranular hyaline imperforate. Septal wall and tegilla 
iiiitrogranular hyaline finely perforate. Pore frames hex- 
agonal ill shajjc: relatively small   (cf. Plate 94, fig, 8). 

Remarks.—Thh is unquestionably one of the most dis- 
tinctive species of Globotruncana. Few workers can fail to 
recognize it. 

The tubiilospines characterizing this species are present 
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both in the neanic anil ephebic stages of development. The 
specimen illustrated in Plate 94, (fig. 8) shows three whorls 
of chambers with tubiilospines clearly developed in the last 
^vhorl and next to last whorl, but not in the first whorl. 

Form analysis measurements for three sectioned speci- 
mens of G. calcarata are shown in Text-figure 33. The high 
T'X/TX values of G. calcarata seem to indicate that it is 
closely related to G. elevata (Brotzen). It is likely that G. 
calcarata e\olved from a G. elevata ancestor as suggested in 

Text-figure 34. 
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Bionnimann and Broun placed G. calcarata in Rugo- 

truncana Bionnimann and Brown becanse of the rugose 
nature of its chambers umhilitally. These rugosities on the 
umbilical side of its test show no alignment in a meridorial 
pattern. The writer restricts Riigotruncana to only those 
species such as Rugotnninma siibcirnnniwdifcr (= R. 

tilevi Bronnimann and Brown) ha\ing rugosities arranged 

in a meridorial pattern. 

Range—G. fornicafa—stiiarliforriiis assemblage zone; 

G. elevala subzone; G. calcarata zonide. This is the shortest 
ranging species of Glohoirinicana s.s. in the lT])per Creta- 

ceous. 

Occiirrc)icc.—G. calcarata occms in the Upper Campan- 
ian portion of the Mcndez shale of Mexico. During the 
course of this study it has been found in the "Ujiper Taylor 
marl" in Limestone County, Texas and in the Annona chalk 
of Sevier County, Arkansas. Cushman (1927) originally des- 
cribed G. calcarata from the Pecan Gap chalk of Collin 
County, Texas. In 1946, Cushman (p. 152) recorded its 
occurrence from the Neylandville marl, "Upjier Taylor 
marl". Pecan Gap chalk, Wolfe City sand, Annona chalk, 
and "Lower Taylor marl". Extensive sampling of the Upper 
Cretaceous section of Texas in the course of this study in- 
dicates that Cushman's records aie most likely in part er- 
roneous. Niunerous samples collected from the "Lower 
Taylor marl" in Travis, McLennan, and Dallas Counties 
show no occLirrences of G. calcarata. Occiurences in the 
Wolfe City sand are possible, but ha\e not been recordetl 
in the few samples from this iniii (olieded during this 
study. Beall (1964, p. 10) believed that the "Upper Taylor 
marl" is indistinguishable from the Neylandville marl in 
east central Texas and that the term "Upper Taylor marl" 

shoidd be suppressed and included luider the term A'n- 
landvillc marl Furthermore, Beall (ibid., p. 10) believed 
that the contact between the Navarro grou|) and ihe Taylor 
group should be placetl at the base of the Nacatoch sand. 
In light of Beall's findings Cushman's record of G. cal- 

carata could be interpreted as an occurrence in the Cam- 
panian jjortion of the Ne\land\ille marl. 

Olsson recorded this species from the LIpper Cam- 
panian Marshalltown foi mation of New Jersey. The writer 
has seen specimens of G. calcarata in thin-sections of lime- 
stones from the Late C;ampanian of Panama. It occius 
in the Late Campanian of Cuba, Haiti, and in reworked 
Campanian deposits in Trinidad. In Puerto Rico G. cal- 
carata occurs in samples PR 2427 and PR 2121 from the 
Parguera limestone and in sample PR 6 from the Rio 
Yauco mudstone though it was not recorded by Pessagno 
(1960, p. 91, chart 2). 

Sacal and Debourle (1957, p. 60, pi. 28, fig. 4) figured 
G. calcarata from the LJpper Campanian of the Aquitaine 
Basin of Fiance. Dalbiez (1959, p. 865) indicated that 
the Campanian of France is divided into the following 
ammonite zones: (1) the lower Placenticeras bidorsatiim 

assemblage zone; (2) the Delavutrclla delawarensis assem- 
blage zone; (3) tire HopUtoplaccnticcras vari assemblage 
zone; and (4) the upper Bostrychoccras polyplocuiii assem- 
blage zone. He noted further that the range zone of G. cal- 
carata falls within the limits of the Bostrychoccras pohp'.o- 

ciiin assemblage zone. Although there has been considerable 
dispute concerning the position of the Campanian—Maestri- 
chtian boundary, the majority of French paleontologists 
appear to favor the B. polyplocinn assemblage zone as being 
the uppermost zone of the Campanian. In addition to 
its occurrence in France, G. calcarata occurs throughout the 
Late Campanian of Europe. It is also known from the 
Campanian of Israel, Algeria. Timisia, and in the mid- 
Pacific giiyot area. 

Globotruncana conica White 

Plate 65, figures 8-10; Plate 82, figures 1-5; Plate 93, 
figures 12, 13 

1928.   Globutniiuiifia conica White. Jour. I'aleom.. vol. 2, No. 4, p. 285. 
pi. 38, figs. 7a-c. 

1946.   GJobotruncana  conica  Wliite,  Cuslinian,   U.S.   Geol.  Siir..   Prof. 
Paper, No. 206, p. 151. pi. 61. figs. 20ac. 

1951.   Gloliotruncana conica White. Bolli. jour. PaleoiK.. vol. 25. No. 2. 
p. 196, pi. 34, figs. 13-13. 

1951.   Clobotruncaua conica White, Tilev, Lausanne Univ., Mus. C^ol.. 
Lab. Gcol.. Mill., Geophvs., Bull., No. 103. pp. 67-71, text-figs. 
22a-d. 

1951.   Globotruncana conica calicifoimis Tilev. Lausanne  Univ..  Mus. 
Geol.. Lab. Gc-ol.. Min., Geophys., Bull.. No. 103, pp. 71-75, pi. 3, 
figs. 6a-cl. 

1953.   Not Globotruncana conica White. .Subbotina, Trudy, Vses. Neft. 
Naukno—Issled.  Geol.—Razved.  Insiit.,  n.  ser..  No.  76,  p.   192, 
pi. 11, figs. la-2c. 

1955. Globotruncana sluarti conica White. Gandolfi, Bull, \niei. 
Paleont.. vol. 36, No.  155. p. 65. pi. 5.  figs. 8a-c. 

1956. Globotruncana conica White. Said and Kerdany. Micropalcoul , 
vol. 2, No. 2, p. 150, pi. 5, figs. 16a-c. 

1957. Not   Globotruncana   conica   White.   Sacal   and   Debourle,   Soi 
Gcjol. France, n. ser.. Mem.. No. 78. p. 59, pi. 27, figs. 9. 16, 

1959. Globotruncana conica White, Olvcia, Univ. Nacional Aut. de 
Mexico, Fac. Ciencias, Dept. Biol., Tesis Prof., pp. 41-43, pi. 8, 
figs.  1-3. 

1961. Globotruncana esnehensis Nakkady. Said and Keranv. Micro- 
paleont., vol. 7. No. 3, p. 331, pi. 2. figs. 12a-c. 

1962. Not Globotruncana conica White, Pessagno. Micropaleoni., Mil 
8. No. 3. p. 362. text-figure 4: pi. 4. figs. 13. 14. 

Description.—Test trochospiral, s]jiiocon\ex with mean 
T'X/TX value of 0.281 for 12 measined specimens; single- 
keeled except in embryonic stage of development. Chambers 
angular rhcjmbcjid; irajjc/oidally to subtrapezoidally shaped 
both spirally and imibiliially; siuiires straight to slightly 
curved, radial, elevated, often highly beaded both spiialh 
and   umhilicalh.   I'mbiiicus   deep.   iisualK   sin rounded   l)\ 
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beaded lini; co\ered b) spiiall) arranged system ol tegilla 
with intralaniinal and infralaminal accessory apertmes in 
well-presei \ed specimens. Primary aperture, interiomargi- 
nal, umbilical in position. Outer wall radial hyaline, per- 
forate except for keel which is radial hyaline imperforate 
and beads or rugosities whicli are ultragranular hyaline, 
imperforate. Tegilla and se])ial walls microgranidar hya- 
line, finely perforate. 

Rc77mrks.—G. conica White is similar to G. stiiarti (de 
Lapparent) s.s. It differs from the latter species chiefly by 
the highly sp'rocon\ex natiue of its test. G. conicn, as noted 
above, has a mean T'X/TX value of 0.281 whereas G. 
stitarli s.s. has a mean T'X/TX value of 0.79 (Table 2). 
Text-figure 36 shows foini analysis data for sectioned speci- 
mens (predominantly free specimens) of G. conica. The 
means and standard deviations of these measiaements are 
tabulated in Table 2. Text-figine 37 is a scatter plot of 
T'X/TX to D-D' for G. conica and G. sluarti. The writer 
arbitrarily separates these species at 1.5 standanl deviations 
for T'X/TX. Hence, specimens having a T'X/TX value 
greater than 0.-15 and less than 0.58 are termed transitional. 

G. conica appears to have evolved from G. stiiarti (de 
Lapparent) s.s. through the arching of the spiral side of 
the latter form's test (Text-figure 34) . Both species in thin- 
section often show tlie de\elopment of wide radial hyaline 
imperforate bands below the keel in the outer walls of 
chambers imibilically. These radial hyaline imperforate 
bands onlv develop in the early whorls of the test of both 
species and never occur in the final whorl. The writer be- 
lieves that porous portions of the lest present in these earlv 
whorls have been reconstituted and made imperforate at 
some time during the secretion of the final whorl of the test. 
Such a reconstitution of the early test wall occasionally 
occins among other species of the Globotriincana stuarti s.s. 
lineage group but is most pre\aleiit with G. sliunii s.s. and 
G. conica. 

The specimens referred to G. conica ^Vhite by Pessagno 
(1962) in text-figure 4 and in pi. 4 (figures 13, 14) are 
assignable to G. stcphcnsoni Pessagno, n. sp. and G. sp. 
respectively. .\s noted elsewhere. G. stcphcnsoni may be 
nearly homconiorphic for G. conica or G. stuarti s.s. 

The specimen of G. conica White figured by Ohera 
(1959, pi. 8, [\gi. 1-3) probably represents a contaminant. 
Through the kindness of F. Bonet (Petroleos Mexicanos) 
the writer obtained ninnerous samples of Mendez shale 
from well Bustos No. 1. No specimens of G. conica White 
were recorded from the 1223.5—1230.0 meters interval al- 
though G. stephensoni Pessagno. n. sji. was recorded in a 
Late Campanian  assemblage from  this horizon.  Howe\er. 
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it should be pointed out the Late Campanian and Eaily 
Maestrichtian portions of the Mendez shale were reworked 
to varying degrees during Late Maestrichtian (A. maya- 
rocnsis subzone times. Olveia's specimen could represent 
such a Late Maestrichtian element in a slighth reworked 
Late Campanian  fauna. 

Dr. John hnbrie. Department of Geology, Columbia 
LJniversity has informed the writer that tlie holotype of 
G. conica ^Vhitc is missing in the White Collection housed 
in Columbia University's paleontology collections. If the 
holotxpe cannot be located in the next several years, a 
neotype should probably be erected. 

Range—G. conliisa—stuartifortnis assemblage zone: 
G. gansseri sub/one (uppei" part) to ,4. ninyarocnsis sub- 
zone. 
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Occurrence.—G. conica White occurs abundantly in the 
Late Maestrichtian {A. mayaroensis subzone) portion of 
the Mendez shale in the Tampico area of Mexico. Its precise 
range zone like that of many Maestrichtian species in this 
area of Mexico has been obscined by the fact that the Late 
Campanian and Early Maestrichtian portions of the Men- 
dez shale were reworked to varying degrees during Late 
Maestrichtian {A. mayaroensis subzone) times. A\'hite 
(1927, p. 317) showed G. conica extending well down into 
the C:ampanian portions of the Mendez (includes Papa- 
gallos of White also) and even down into the San Felipe. 
Although his San Felipe occinrences of G. conica either 
represent misidentifications or contaminants from younger 
samples, many of his Mendez occurrences may represent 
Late Maestrichtian reworking of Campanian or Early 
Maestrichtian faunas. 

The tyjje locality of G. conica White (TYPE 1 herein; 
see Ajjpendix) is situated in the Mendez shale about 2.2 
kilometers from Tamuin (=C;ueriero) just east of the 
bridge crossing of the ciiulad Valles—Tampico highway 
(Rt. 110) over the Rio Huiches and about 100 yards west 

of kilometer post KlOl.OO. G. conica occurs at this locality 
and in a number of localities in the tyjje area along the 
Tampico—Cuidad Valles highway between kilometer posts 
K96.00 and KlOl.OO. At all of these localities, G. conica is 
associated with a fauna containing A. mayaroensis (Bolli) . 
G. duwi Nakkady, G. aegyptiaca Nakkady. (i. contusa 
(Cushman) , G. area (Cushman) , G. sttuirti (de Lapparent) 

S.S., G. gansseri (Bolli), P. deformis (Kikoine) , R. friicli- 
cosa (Egger) . R. rugosa (Plummer) and other species 
diagnostic of the lower part of the A. mayaroensis subzone. 
In northern Mexico north of Monterrey and Mamulicpie 
Pass on the Mexico City—Nuevo Laredo highway (Rt. 8,5) . 
G. conica occins abundantly at MX 174 (see A|j]jendix) in 
a fauna which appears to be diagnostic of the upper part oi 
the G. gansseri subzone. 

In Texas G. conica White has been obser\ed only in 
the upper part of the Kemp clay in Falls County (TX 
267A-C, 268—270, see Appendix). Kemp samples from a 20 
foot interval below the Kemp clay—Kindaid (Midway) 
contact contain G. stuarti (de Lapparent) s.s., G. conica 
White, G. gannseri Bolli, G. aegyptiaca Nakkady, G. duwi 
Nakkady, G. trinidadensis Gandolfi, R. hexaea?neratn Bron- 
nimann, R. reicheli Bronnimann, R. rugosa (Plummer) , P. 
excolata (Clushman) , P. palpebra Bronnimann and Brown, 
R. frncticosa (Egger), P. deformis (Kikoine), and other 
species that characterize the upper ])art of the G. gansseri 
subzone. It is noteworthy that A. mayaroensis is completely 
absent from this faima. 

VI.I. 

\(ll. 

The writei- has also observed G. conica in samples 
given to him by H. Bolli from the Upper Maestriduian por- 
tion {A. mayaroensis subzone) of the Guayaguayare forma- 
tion of Trinidad. Gandolfi (1955, pp. 65, 66, pi. 5, figs. 8a- 
c) recorded this species from the Colon shale of Colonrbia 
in the upjaer part of his Pullenia cretacea zone and in his 
Siphogenerinoides bramleltei zone. 

G. conna has been figured from the Maestrichtian ot 
Egypt (see synonymy) and from the Maestrichtian of Tm- 

key. 

Globotruncana contusa (Cushman) 

Plate 75, figures 18-20; Plate 77, figures 1-9; Plate 78, figures 
6-11; Plate 92, figures 1012; Plate 96, figures 11, 13-16 

1918.   RosuHiia liniiei d'Oibigny ■'imuation calicifoime", de Lapparent. 
Mem. Carte. C.eol. Irance, p. 8, tf. 2: fig. j  (=a noinen nndum) . 

1926.   PulvinuUna area Cushman var. contusa Cushman. Contr. Cush- 
man Lab. I'oram. Res., vol. 2, pt. 1, p. 23. 

1928.   (ilobolniiicaiia conica var. plicata White, Jour.  Palcont.. Mil. 2, 
No. 4, pp. 28.''). 286. pi. .S8, tigs. 7a-c. 

1941.   I'.loholnincana  linnei d'Orbignv  caliciforniis \'ogler,  I'alaennin- 
graphica, Suppl. l$d. 4. .\ljt. 4. p. 288. pi. 24. fig. 23. 

194().   Cloliolinnmnii men   (Cushman)   var. conlufa   (Cushman) , Cush- 
man,  ll.S.  Cicol.  Sur..  I'vof.  Paper, No. 206.  p.  ir.O,  pi. 62.  figs. 
6a-c-. 

1948.   Clobotruncana   contusa    (Cushman),   Cita,   Riv.   Ilal.   I'al., 
rA. No. 4, pp. 1,50, 1.51, pi. 3, figs. 6a-c. 

1951.   Clobotruncana   contusa   (Cushman),   Bolli,   Jour.   I'alcdnl,. 
25. No. 2. p. 196, pi. 34, figs. 7-9. 

1953.   Clobotruncana   contusa    (Cushman) ,   Subbotina,   Trudy,   Vses. 
Neft,,  Nautkno—Isslcd, Ceol.  Razved.  Instit,, n, scr,,  vol. 76,  p, 
192, pi. 11. figs, 3a-c; pi. 12. figs, la-c: 2a-c, 

1953.   Cloholrnncana   conica   White.   Subbotina,   Trudy.   Vses.   Neft.. 
Nauckno—Issled. Geol. Razved. Instit., n, ser.. No. 76, p, 192, ]i\. 
11, figs,  lac: 2a-c, 

1955.   Clobotruncana   contusa    (Cushman),   Troelsen,    .Vlicropaleoiu., 
vol.  1. No.  1, pp. 76-81, text-figure 2:  figs. a-g. 

1955.   Clobotruncana   contusa   contusa    (Cushman),   Gandolfi.    Bull. 
.Amer. Palcont., vol, 36, No, 155, p, 54, pi, 4, figs, 2a-c. 

1955. Clobotruncana contusa patelliformis Gandolfi, Bull, .\nier, 
Paleont.. vol, 36, No. 155, p. 54. pi. 4, figs, 2a-c, 

1956. Marginotruncana   contusa    (Cushman),   Hofker,   Natuurh,    Ma 
andbl,. vol, 45. Nos, 5-6, p, 53, text-fig, 9, 

1957. Clobotruncana (C-lobotruncana) contusa (Cushman). F.dgell. 
Mitropaleont., vol. 3, No. 2, pp. 111, 112, pi, 2, figs. 10-12; pi. 3, 
figs. 7-9; pi. 4. figs. 1-3. 

1957. Clobotruncana contusa (Cushman) . Sacal and Dehourle, .Soc, 
Geol,  francc,   (n, ser.),  Mem, No, 78,  p, 59. pi, 28. figs.  11-13. 

1957. Clobotruncana plicata White, Sacal and Dcbourle (part) , .Soc. 
G^ol. France, n. scr., Mem, No, 78, p, 59, pi, 28, figs, 11-13. 

1959. Clobotruruana contusa (Cushman) . Olvera. Univ, Nacional 
Aut. Mexico. Fac. Cien,, Dept, Biol., Tesis Prof,, pp, 43. 44, pi, 
5, figs, 6-8. 

1960. Globotruncana contusa (Cushman), Olsson, Jour, Palcont,. vol, 
34, No, 1, p. 50, pi, 10, figs. 25, 26. 

1961. Clobotruncana contusa cf., patelliformis Gandolfi, Corminbocul. 
Fxlogae Geol. Hclv., vol. 54. No, 1. p. 112, pi. 1. figs. la-c. 

1962. Clobotruncana cfnitusa galeoidis Herm, Bayer, .Akad. Wiss., 
Malli,-Nat. Kl., Abh , n. ser., No, 104, pp. 74-75, pi. 1, figs. 3-4: 
pi. 9. figs. 6-14. 

1962.   Clobotruncana contusa contusa  (Cushman) , Herm. Bayer. .-Vkad. 
Wiss.  Math.-Nat,  Kl„ Abh,,  n, scr.. No.  104, p,  72,  pi,  1, figs. 
4a-c: pi, 9. figs. 1-5, 

1962,   Globotruncana   (Clobotruncana)   contusa   (Cushman).  Berggrcn. 
Stockholm Contr. Geol,, vol, 9. No. 1. pp. 51-54, pi. 9. figs, .3a-4b. 
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1963.   Globoliuncana   conlusa   (Cushman) .   Bronnimann   and   Rigassi, 
Eclogae Geol. Helv., vol. 5(5, No. 1, pi. 16, figs. 'inc. 

1963. Globoti uncana   (Globotruncatia) plicaia calici^ormis Vogler, Van 
Hinte. Jahib. Geol. Bund.. Sond. 8, p. 64, pi. 3, figs. 2a-c. 

1964. Globoliuiicaim coulu.sa   (Cushman) ,  Olsson.  Micropaleont.,  vol. 
10, No. 2, pp. 163, 164. pi. 2, figs. 5a-c; pi. 3, figs. 6a-c; 9a-c. 

Dcscri pi ion.—Test trochospii al, deeply umbilicate, 
quite spiroconvex (mean T'X/TX \alue ^0.071) with 
five to .seven chambers in the hist wliorl. Double keel 
present in early whorls; in last whorl strongly intmned 
umbilically; often merging to form a single keel. Cham- 
bers spirally elongate, crescent-shaped, typically highly 
crenulate. separated by curved, raised, often highly beaded 
sutines. Chambers umbilically elliptical to subrectangular, 
separated by slightly raised, beaded sutures. Primary aper- 
ture interiomarginal, mnbilical in position. Umbilicus cov- 
ered by spiral system of tegilla showing intralaminal and 
infralaminal accessory apertiues. Stout spines sometimes 
present on the spiral surface of test. Chambers umbilically 
somewhat more rugose. Outer wall radial hyaline, perforate 
except for spines, rugosities, and keels. Sjjines anil rugosities 
ultragranular hyaline, imperforate. Keels when double both 
latlial hyaline, imperforate and idtragi anular h\aline, im- 
perforate (variety of type 2; Text-figme 40) . Tegilla and 
septal walls microgranular hyaline, finely perforate. 

Remarks.—G. contusa (Cushman) is closely related to 
CT. foriiicalii Pliniimer. Transitional forms between G. con- 

tusa ami G. fornicata are common in Early Maestrichtian 
strata (R. siibcirtunmodifcr sub/one) ami can onl)' be dis- 
tinguished as such by careful measurement of sectioned 
specimens. As suggested by Bolli (1951, tabic I), by Berg- 
gren (1962, p. 53) , ami in Text-figure 35 herein. G. contusa 
arose from G. fornicata. Berggren (ibid.) stated "The 
transition from G. fornicata to G. contusa is accomplished 
by the development of the following features: increase in 
convexity of the spiral side, increase in si/e and nmnber 
of chambers, increased development of imclulating siuface 
in adult stage, decrea.se in size of double keel, and greater 
development of the umbilical cover plate." A suppressed 
G. fornicata stage of development is clearly visible in most 
sectioned specimens of G. contusa s.s. 

Form analysis data for G. contusa is presented in Text- 
figure 38. Standard deviations and means of form analy- 
sis measurements are showir in Table 2. Text-figure 39 is 
a scatter plot of T'X/TX and D-D' values of G. fornicata 
and G. contusa. G. contusa can best be separated on the 
basis of its T'X/TX values. G. contusa has a mean T'X/TX 
value of 0.071 whereas G. for^iicata has a mean T'X/TX 
value of 0.422 (Table 2) . Measurements of thin-sectioned 
topotypes of  G.  fornicata.  as  \\cll   as  an  examination   of 
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Plummer's types, seem to indicate that Plummer's types are 
atypical rather than typical of G. fornicata. Three sectioned 
topotypes show a mean T'X/TX value of 0.232. For this 
reason the lower T'X/TX limit of G. fornicata is perhaps 
rather rigid. T'X/TX^0.15 is arbitrarily chosen herein as 
the iipjjer limit of G. contusa whereas T'X/TX^0.20 is 
arbitiarily taken as the lower limit of G. fornicata. Speci- 
mens having T'X/TX values greater than 0.15 and less 
than 0.20 are considered transitional. 

As noted by Troelsen (1955, pp. 80, 81) and Berggren 
(1962, p. 253), there are two "varieties" of G. contusa. The 
ty|)ical form (referred to herein as G. contusa s.s.) is high- 
Sjiired and shows deep plications on the spiral surface of 
its chainbers whereas another "variety" (referred to herein 
as G. contusa s.l.) is smaller, somewhat lower-spired, often 
spino.se spirally, and lacks plicatioirs spirally. Troelsen and 
Berguren believed that these two forms intermade. The 
writer finds that G. contusa s.s. is abmulant in the A. 
inayarocnsis sub/one whereas G. contusa s.l. is more abiui- 
dant in the G. gansscri subzone. 

An examinaiion of the holotype of G. contusa patelli- 
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TEXT-FIGURE 36 
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D-D' 0.618 0.786 ).574 0.401 0.560 0.476 0.532 0.646 0.406 0.392 0.715 0.680 

U-U' 0.337 0.31': 3.3:: 0.224 0. 266 0.205 0.280 0.350 0.205 0.205 0.37S 

T ■ 0.3-'2 0.406 o.:52 0.168 0.205 0.168 0.205 0.205 0.154 0.154 0.224 0.30 

T'X 0.098 0.168 0.028 0.028 0.054 0.070 0.042 0.084 0.028 0.042 0.098 0.06 

Angle XD'U' 36.0" 3:.0' :7.5° 32.5" 30.0° 23.0° 30.0° 44.0 ' 26.0" 24.0' 35.0° 25.0° 

A,-,qle XDT 38.0" :9.o" 33.5 34.0° 36.0° 31.0° 34.0° 30.0° 29.0" 24.0" 27.0° 46.0° 

Angle XDU ::. 0' J 7 . 0 '■ 15.5 15.5 21.0- .:'i.5^ 16.1) 3 3.0" 15.0 1-  iv Jf.5' 10.0° 

Angi.    >DT 47.0° 39.0" 49.0" 43.5" 42.5° 37.5° 42.0° 36.5° 50.0° 40.0' 40.5° 52.0° 

:(D 0.309 0.309 0.224 0.196 0.280 0.224 0.252 0.309 0.154 0.154 0.337 

XD' 0,309 0.477 0.350 0.205 0.280 0.252 0.280 0.337 0.252 0.2 38 0.378 

.>/n 11.305 0.405 0 . 11: 0.168 0.263 0.417 0.205 0.410 0.132 0.272 0,4 38 0.20 

All measurements in milltmeCers. 

* Hypotypc of G. falsostuartl <Sigal) from Slgal. 

furinis Gandolti (No. 20819 PRl) indicates that it corres- 
ponds rather closely with the nonjjlicate "variety" (G. 
contusa s.l.) mentioned above although it does show weak 
plications on its last two chambers. At present, the writer 
prefers to include the nonplicate form under G. contusa. 

However, it should be ]5ointed out that G. co7itMsa s.l. (=: 
G. contusa patelliforinis Gandolfi) may be homeomorphic 
after G. contusa s.s. and only distantly related to this latter 
form. It is conceivable that G, contusa s.l. arose from a 
G. pliimmerae Gandolfi ancestor. This varietal form still 
needs more carefid study. 

G. contusa (Cushman) seems to have been first fig- 
ured in the literature by Be Lapparent (1918. tf. 2, fig. j) 
who referred to it as Rosalina linnei dOrliigny "mutation 
caliciforme" de Lapparent. The sectioned specimen illus- 
trated by De Lapparent is imquestionably assignable to G. 
contvsa s.s. As noted by Ellis and Messina (Catalogue of 
Foraminifera, inider G. linnet caliciformis Vogler) , De Lap- 
parent's use of the name "mutation caliciforme" is invalid 
because it is not Latinized and does not conform to the 
rules of zoological nomenclature. Thus, herein it is regarded 
as a nomen nudum. Vogler (1941, p. 288) Latinized De 
Lapparent's name "caliciforme" changing it to caliciformis. 
The writer agrees with Ellis and Messina (ibid.) that this 
represents the first valid use of the name caliciformis and 
that authorship of G. caliciformis shoidd be attributed to 

Vogler (I94I) and not to De Lapparent (1918). The sec- 
tioned form figmed by Vogler (1941, p. 288, pi. 24, figs. 
23), however, likewise seems assignable to G. contusa 
(Cushman)  s.s. although the illustration is poor. 

G. conica plicala White (1928) and G. contusa gale- 
oidis Herm (1962) are likewise regarded as junior syno- 
nyms of G. contusa s.s. 

The writer has examined the holotype and numerous 
paratypes of G. contusa on deposit in the Cushman Collec- 
tion (LT.S. National Museum, Washington, D.C.). Topo- 
i\pic material has been collected from the Mendez shale at 
Coco Station (National Railroad between Tampico and C. 
Valles). 

Range.—G. contusa—stuartiformis assemblage zone; G. 
gansseri subzone to A. mayarocnsis subzone. A few speci- 
mens of G. cojitusa s.s. have been observed at locality 
PR 789.00 (see Pessagno, 1960) in the Rio Yauco formation 
of Puerto Rico. The faiuia included at this locality is re- 
ferrable to the uppei part of the R. subcircumnodifer sub- 
zone {R. snbjycunyi /oiude) . It contains predominantly 
older elements such as G. fornicata, G. linneiana, and G. 
bulloides, but occasional specimens of G. gansseri Bolli and 
G. contusa (Cushman) occur. There is no evidence of re- 
working in this portion of the Rio Yauco formation. 

Occurrence.—G. contusa s.s. occurs abundantly in the 
Mendez shale of i\[exico particidarly in the area west of 
Tampico. Its stratigraphic range has always been proble- 
matical in this area. As indicated by Gandolfi (1955, plate 
9) , G. contusa has been reported to range down into Men- 
dez strata of Late Campanian age whereas in Trinidad, 
Texas, and indeed elsewhere in the North America, Eurasia, 
Africa, and Australia, G. contusa is usually restricted to 
strata of Middle and Late Maestrichtian age (G. gansseri 
sulj/one—/J.  mayarocnsis sidizone) . 

An intensive study of the Mendez shale in the Tampico 
area reveals that Mpndez strata assignable to the A. may- 
arocnsis subzone (Late Maestrichtian) rest disconformably 
on Mendez strata assignable to the G. clexmta subzone (Late 
Campanian) and the 7?. subcircumnodifer subzone (Early 
Maestrichtian) (lext-figine 2) . These older Mi'ndez strata 
were reworked to varying degrees during Late Maestrichtian 
times. Hence, it is not uiuommon to find Late Maestrich- 
tian species such as G. contusa, G. stuarti (de Lapparent) 
s.s. and A. mayarocnsis (feolli) intermixed with typical 
Campanian and Early Maestrichtian elements such as G. 
calcarata Cushman, G. i>cnlricosa \\liite, G. fornicata Plum- 
mer, and G. linneiana   (d'Orbigny) . 

Cushman (1926. p. 23) mentioned two type localities 
for G. contusa   (Cushman) :   (1)   Hacienda El Limon and 
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(2) Coco Station on the National Raiiioati between Tani- 
pico and Ciiidad Valles. As noted under G. area (Cush- 
man) , this first locality is too vague to be useful and in 
fact includes much of the coimtryside east of Taminii 
(=Guerrero). Thus. Cloco Station by default becomes the 
type locality of C. cniitusa. Mendez samples collected from 
Coco Station (kilometer post K 571.00 on railroad) con- 
tained sparse G. coiitiisa together with a fainia which is 
either assignable to the upper part of the G. gansscri sub- 
zone or to the lower part of the A. inayaroensis subzone 
(See TYPE 2,  Appendix). 

G. contusa has been observed in this study in the Cor- 
sicana marl in Travis (TX 169-184) and Navarro (TX 
281-287) Counties, Texas, and the Kemp clay (TX 186) of 
Travis County. Texas. G. contusa has been figiued by 
Olsson (1960, 1961) from the Navesink formation of 
New Jersey and from the overlying Red Bank formation. 

Elsewhere in the Western Hemisphere G. coittusa has 
been recorded by Bronnimann and Rigassi (1961) from 
the Upper Maestrichlian Penalver formation of Cuba. It 
also has been figured by BoUi (1951) from the Upper 
Maestrichtian portion of the Guayaguayare formation of 
Trinidad. Bolli (1957, figure 10) indicated that it is re- 
stricted to the G. gansseri and A. inayaroensis siibzones of 
Trinidad. Gandolfi (1955) recorded and figured G. contusa 
from the Colon formation of Cohnnbia. As already noted, 
the writer has foinid occasional specimens of G. contusa s.s. 
in samples occurring in the Earh Maestrichtian portion of 
the Rio Yauco formation of Puerto Rico. 

G. contusa occurs at essentially the same horizons in 
Denmark, France, Austria, Switzerland, Russia, Timisia, 
and Australia (cf. Troelsen, 1955; Berggren. 1962: Sacal 
and Debotnle. 1957: Sigal, 1959; Herm, 1962; Conninboeuf, 
1962; Subbotina, 1953; Dalbiez, 1955; and Edgell, 1957; see 
synonomy herein) . Vogler figured it under the name of 
G. linijci cakicifovniis from the Maestrichtian of Indonesia. 

G. contusa would appear from its occurrences to be 
Boreal, Tethyan. and Austral in terms of its distribution. 

Globotruncana duwi Nakkady 

Plate 83, figures 2-7: Plate 95, figures 12-14 

1950.   Globotruncana   aixvpliaca   Nakkady   var.   duwi   Nakkadv,   Jour. 
Paleont.. vol. 24. No. 6. p. 690. pi. 90. figs. 17-19. 

1956.   Rugotruncana skewesae Bronnimann and Brown, Eclogae Geol. 
Helv.. vol. 48, No. 2, p. 5,50. pi. 23, figs. 4-6. 

1961.   Globotruncana  tricarinata cotumhiana?  Gandolfi,  Corminboeuf, 
Eclogae Geol. Helv.. vol. 54. No. 1. p. 116, pi. 2. figs. la-c. 

Description.—Tesi trochospiral. deepl) umbilicate. 
planoconvex,   peripherally   tnuicafed    b\    n:uro^v   double 

TEXT FIGURE 37 (2) = 
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keel; foin or five chambers in last whorl. Chambers initially 
Archaeoglobigerina-like with or without weak double keel; 
later chambers flattened spirally. Chambers arranged in two 
whorls which expand rapidly in size (six measmed speci- 
mens show a mean D„-D'„/D|,-D'b value of 3.63; cf, Text- 
figiue 41), Sutures heavily beaded, raised, curved spirally 
and innbilically. Spiral surface of test somewhat rugose; 
mnbilical surface of test rugose; rugosities not arranged 
in meridorial pattern. Spiral rim of narrow double keel 
often possessing a few stout spines on the early chambers 
of the last whorl. Primary aperture interiomarginal, tmi- 
bil'cal in position. Umbilicus covered by spiral system of 
tegilla showing intralaminal and infralaminal accessory 
apertines. Outer wall radial Inaline perforate except for 
rugosities, beads, and spines which are ultragranular hya- 
line, imjjerforate and doul)le keel which is both radial hya- 
line, imperforate and idli agranidar hyaline, imperforate 
("variety" of t\pe 2, Text-figine 40). Septal walls and 
tegilla microgranidar hyaline, perforate. 

Remarks.—CT. duu'i Nakkady seems closely related to 
G. aegyptiaca Nakkady. G. dnivi differs from G. aegyptiaca 
(1) by lacking a single-keeled early stage of development; 
(2) by showing a much more rapid increase in chamber size 
(last whorl about 3.6X as large as next to last whorl; cf. 
Text-figures 27 and 41); (3) by having higher T'X/TX 
values: (4) by being more lugose innbilicall): and (5) 
by often showing w-ell-developed, stout peripheral spines 
along the spiral rim of its double keel. 

Preliminary form analysis measurements for G, duwi 

are presented in Text-figine 41. Text-figine 28 is a scatter 
plot of T'X/TX and D„-D„7D,,-D,,' values for G. duiui and 
(T. aegyptiaca. 
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D- D 0.770 0.560 ).658 0.561 0.387 0.588 0.420 0.533 0.406 0.406 0.813 0.644 0.603 0.518 0.504 0.510 

U-U 0.350 0.350 0.322 0.238 0.154 0.364 0.205 0.378 0.280 0.168 0.490 0.406 0.490 0.378 0.378 0.350 

TX 0.420 0.393 0.266 0.295 0.196 0.350 0.280 0.280 0.252 0.182 0.406 0.477 0.434 0.463 0.406 0.358 

T'X 0.028 0.028 0.028 0.035 0.028 0.028 0.019 0.014 0.014 0.014 0.028 0.021 0.014 0.007 0.007 0.042 

Angle XD'U' 6.0° 6.0° 14.0° 16.0° 24.0° 18.0° 13.0° 0.0° 0.0° 14.0° 13.0° 0.0° 0.0° 0.0° 0.0° 21.0° 

Anqlc XD'T 42.0° 39.0° 33.0° 38.0° 49.0° 73.0° 39.0° 54.0° 43.0° 36.0° 35.0° 45.0° 53.0° 56.0° 59.0° 25.0° 

Angle XDU 0.0° 20.0° 8.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 9.0° 0.0° 0.0° 0.0° 0.0° 0.0° 8.0° 

Angle XDT 61.0° 66.0° 50.0° 58.0° 44.0° 59.0° 56.0° 51.0° 64.0° 56.0° 55.0° 70.0° 58.0° 68.0° 56.0° 40.0° 

XC' 0.280 0.140 0.238 0.168 0.205 0.224 0.196 0.238 0.154 0.168 0.309 0.238 0.266 0.238 0.238 0.196 

XD' 0.490 0.420 0.420 0.393 0.182 0.364 0.224 0.295 0.252 0.238 0.504 0.406 0.337 0.280 0.266 0.393 

T'X/TX 0.067 0.071 0.105 0.119 0.143 0.080 0.068 0.050 0.056 0.077 0.069 0.044 0.032 0.015 0.017 0.117 

Ht.   double 
keel  at   D 

0.084 0.0 0.084 0.084 0.070 0.098 0.070 0.084 0.084 0.098 0.056 0.070 0.0 0.112 0.0 0.056 

Ht.   double 
keel   at   D' 

0.0 0.0 0.0 0.0 0.098 0.0 0.0 0.0 0.0 0.0 0.070 0.0 0.0 0.0 0.0 0.056 

'Double  kee 
early   stag( 

+ + + -1- -1- -1- + -t- + -1- -1- -t- -1- + -1- + 

All  measurements   in millimeters. 

* + = presence  of  double  keeled  early   stage. 

**  = G.   contusa  s.l.   (= G.   contusa  patelliformis  Gandolfitype) 

Rugotruncana skewesae Bronnimann and Brown ap- 
pears to be a junior synonym of GJobotruncana duwi Nak- 
kady. Furthermore, as G. duwi lacks rugosities arranged in 
a meridorial pattern it cannot be included in Rxtgotriin- 
cana Bronnimann and Brown   (emended herein). 

The phylogenetic relationship of G. acgypliaca and G. 
duwi is not clearly understood at this time   (see remarks 

under G. acgyptuuu). It is possible that G. duwi repre- 
sents the megalospheric form and G. acgypliaca represents 
the microspheric form of a single species. It is known with 
the larger Foraminifera that microspheric individuals faith- 
fully recapitulate their phylogenetic history during their 
ontogeny whereas the megalospheric forms usually omit 
certain earlier growth stages. If one assumes that G. dwvi 



Cirii- (;KI:TAC:KOII.S FokAMi.NiiKRA: Pj:,ssA(iNo 335 

TEXT FIGURE 39 

• Ctobotfuncono lornicolo Ptummm 
O Clobotiuncona conluto (Culhman) 

^•rT'Oni.lionol  Fotml      'k =     TopoV 

TEXT-FIGURE 41 
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represents the megalospheric individual, he likewise can ex- 
pect that growth stages such as the single-keeled growth 
stage present in G. acoyptiacd would be lacking. 

Range.—G. cnntusa—stuartiformis assemblage zone: G. 
gaiisscri subzone to A. maynrocnsis siibzone. 

Occurrence—\\\ the present study G. dnwi has been 
observed in the llppcr Macstriihtian {A. tnaynrocnsis sub- 
zone) ])ortion of the Mcndez shale at nimierous localities in 
the Tanipico area and  in  the  Middle  Maestrichtian   (G. 
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"    D-D a     a 
0.322 0.377 3.401 0.364 0.364 0.378 

U-U' 0.140 0.196 D.196 0.238 0.196 0.205 

TX 0.070 0.042 3.056 0.056 0.056 0.056 

T'X 0.140 0.154 0.140 0.112 0.154 0.112 

Angle XD'U' 48.0° 61.0° 52.0° 49.0° 56.0° 54.0° 

Anqle XD'T 
21.0° 13.0° 15.0° 21.0° 13.0° 17.0° 

Angle XDU 50.0° 65.0° 52.0° 58.0° 52.0° 46.0° 

Angle  XDT 30.0° 15.0° 18.0° 17.0° 15.0° 24.0° 

XD 0.154 0.168 0.196 0.168 0.168 0.140 

XD' 0.168 0.205 0.205 0.196 0.196 0.238 

T'X/TX 2.00 3.67 2.50 2.00 2.75 2.0 

Db-D'b'-'-* 0.112 0.098 0.127 0.098 0.098 0.084 

Da-D'a 
Db-^'b 

2.88 3.85 3.16 3.72 3.72 4.50 

Ht.   double 
keel   at  D 

0.070 0.070 0.084 0.084 0.056 0.056 

Ht.   double 
keel   at  D' 

0.070 0.084 0.084 0.084 0.056 0.056 

All measurements in millimeters 

" D^-D'^ = diameter of last whorl 

"" Djj-D'jj = diameter of next to last whorl 
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gannseri subzoae; upper part) poiiioii ol the Papagallo!) 
shale at MX 174 (see Appendix) near the Upper Cretaceous 
—Tertiary contact along the Mexico, D. F.—Nuevo Laredo 

Highway   (Rt. 85)   north of Monterrey. 
In Texas G. diiwi occius in the Corsicana marl in 

Travis County and in Navarro County. It also occurs in 
the Kemp clay in Travis County and in Falls County along 
the Brazos River near the Milam County Line. In south- 
western Arkansas G. duwi has been observed from the 

Arkadelphia marl. 
The writer has also observed G. duwi in samples from 

the Guayaguayare formation of Trinidad in association 
with G. acgyptiaca s.s., G. conUisa, A. mayaroensis, and 
other species characteristic of the Late Maestrichtian. G. 
ditwi occurs in the Late Maestrichtian of Switzerland {A. 
mayaroensis subzone; cf. Corminbocuf. 1961) and in the 

Maestrichtian of Egypt. 

1937.   (jlubuli uiiKina aiidoii dc  Kla^^, ISulli,  U.S.  Nal.  Mils.,  liull. No. 
215, p. 59, pi. 14, figs. 6a-c. 

1959.   Glohotruncana stuarti   (de Lapparent) . .Vyala, Univ. Nac. Aiit. 
Mexico, Instit. Geol. Paleont. Me.K., No. 4, pp. 25, 26, pi. 5, fig. 
fi: pi. 6, figs. 1-3. 

1959. (ilobotriDicaiia gaiisstri BoUi, .\vala, Univ. Nac. Mil. Mexico, 
Instit. Geol., Paleont. Mex.. No. 4, pp. 27, 28, pi. 7, fig. 4. 

1960. Globotruucann (Globolrunrana) stuarli elcimla (Brotzen), Pes- 
sagno. Miciopaleont.. vol. 6. No.  1, p. 101. pi. 5. figs. 1-8. 

1960. Globotrunimia (Glubolruiicana) iul>spiiiosa Pessagno. Micro- 
paleont., vol. 6. No.  1. pp. 101-102. pi. 1. figs. 1-9; pi. 5. fig. 5. 

1962. Globotriincana (Globotruncana) stuarli elevala (Brotzen). 
Pessagno, Miciopaleont., vol. 8, No. 3, p. 362, pi. 1, fig. 10: pi. 
2, figs. 10, 11. 

1962. ? Gloliolruncnna stuarti (de Lapparent) , Herni. Bayer. Akad. 
Wiss., Math.-Nat. Kl.. Abh., n. ser.. No. 104, pp. 89-91, pi. 8, 
fig. 1. 

1962. Globotruiicaiia aiidori de Klasz. Herm. Bayer. .(Vkad. Wiss., 
Math.-Nat. Kl., Abh., n. ser.. No. 104, pp. 64-65, pi. 1, fig. 5. 

1962. Gtobotruncana rnsetla (Carsey), Barr, Paleontology, vol. 4, pt. 4. 
pp. 575. 576, pi. 70, figs. 4a-c. 

1964. Globotruncana stuarti stuartiformis Dalbiez, OLsson, Micio- 
paleont., vol. 10, No. 2, p. 170. pi. 5, figs. 6a-c; 8a-c. 

1964. Globotruncana. stuarti elfvala (Brotzen) . Olsson, Miciopaleont., 
vol. 10, No. 2, p. 169, pi. 5, figs. 7a-c. 

Globotruncana elevata (Brotzen) 

Plate 78, figures 12-14; Plate 80. figures 1. 2; 3-6 (transitional to 
G. siuariiforntls  Dalbiez); Plate 81, figures 9-14: Plate 93, figures 

1-5, 8; Text-figure 44 

1931. Globotruncana area (Cushman) , Plummer, Univ. Texas Bull. 
3101, p. 195, pi. 13, figs. 9a-c; not figs. 7, 8, 11. 

1934. Rolalia elevata Brotzen, Dentsch. Ver. Palastinas Zeitschr., Leip- 
zig, Deutschland, vol. 57. p. 66, pi. 3, fig. C. 

1936. Glohotruncana stuarti (de Lapparent), Renz (part.) , Eclogae 
Geol. Helv., vol. 29, No. 1, pi. 6, figs. 37, 38: (not 39, 40, 
41): pi. 8. fig. 6. 

1941. Globotruncana stuarti (de Lapparent), Vogler, Palaeonto- 
giaphica .Snppl. Bd. 4. Abt. 4, p. 289, pi. 23. figs. 40-41. 

1945. Glohotruncana stuarti (de Lapparent), Bolli (part) , Eclogae 
Geol. Helv., vol. 37, No. 2, p. 236, text-fig. 1: fig. 27, not 28; not 
pi. 9, fig. 9. 

1946. Glohotruncana area (Cushman) , Cushman, U.S. Geol. Sur.. Prof. 
Paper, No. 206. p. 1,50. pi. 62. figs. 5a-c: not 4a-c. 

1951.   Globotruncana rosetla   (Carsey), Bandy, Jour. Paleont.. vol. 25. 
No. 4, p. 509, pi. 75. figs. 4a-c. 

1951.   Globotruncana stuarti   (de  Lapparent). Tilev,  Lausanne  Univ.. 
Mas. Geol., Lab. Geol.. Min.. Geophys., Bull. No. 103. pp. 34-41, 
text-figs. 7a-d; not 8a-9d: not pi. 1. fig^i. 3a-c. 

1953.   Glohotruncana anclori de Klasz, Cieol. Bavarica, No. 17, pp. 223- 
235, pi. 6, figs. lac. 

1953.   Globotruncana sp.  1. de  Klasz.  Geol.  Bavarica.  No.   17,  p.  235, 
pi. 7, figs. lac. 

1953.   Globotruncana rosetta   (Carsey) , Subbotina   (part) , Trudy, Vscs. 
Neft.  Naukno.  Issled.  Geol.—Razved.  Instit.,  n.  ser..  No.  76,  p. 
197. pi. 13, figs. 6a-c; not 5a-c. 

1953.   Globotruncana stuarti   (de Lapparent) . .Subbotina   (part), Trudy 
Vses. Neft. Naukno. Issled. Geol.—Razved. Instit., n. ser.. No. 76. 
p. 201. pi. 15, figs. 3a-c: 5a-c; not 4a-c. 

1953.   Glohotruncana  rosetta   (Carsey) .  Hamilton, Jour.  Paleont..  vol 
27, No. 2, p. 233. pi. 29, figs. 26-28. 

1955.   Globotruncana   (Globotruncana)   elevata elevata   (Brotzen). Dal- 
biez, Micropaleont., vol. 1. No. 2. p. 169, text-figs. 9a-c. 

1955.   Globotruncana  rosetta  insignis  Gandolfi.  Bull.  .'\mer.  Paleont.. 
vol. 36, No. 155. p. 67, pi. 6, figs. 2a-c. 

1957.   Glohotruncana   (Glohotruncana)   elevata elevata   (Brotzen).  Ed- 
gell, Micropaleont., vol. 3, No. 2, p. 112, pi, 4, figs. 4-6. 

1957.   Globotruncana  rosetta   (Carsey) .   Sacal   and   Debourle    (part) . 
Soc. Geol. Fiance, n. s^r., M^m. No. 78. p. 68, pi. 27, fig. 14, not 
18; pi. 28, figs. 1-2. 

1)( SI )i pi ion.^Te.si trochospiral, dccph iimbilicaie, 
somewhat lobulate with spiral side planiform to slightly 
convex and umbilical side strongly convex (mean T'X/TX 
value^2.31 for 35 specimens). Periphery acutely angled 
with prominent single keel; test single-keeled throughotit 
all, but early stages of ontogeny where keel is lacking alto- 
gether. Five to nine chambers in the final whorl; chambers 
in final whoil typically petaloid spirally btit occasionally 
triangularly shaped in the early portion of last whorl of 
ephebic individuals; smaller neanic individuals often 
possessing triangtilaily shapeil chambers throughout last 
^vhorl (cf. Text-figure 11, figs. 1-16) . Suttues spirally ele- 
vated, heavih' beaded. cur\ed. LImbiliciis surrounded by 
heavily beaded umbilical shoulder; covered by a spiral 
system tegilla with iiitralaminal and infralaminal accessory 
apertines. Primary aperttue interiomarginal, umbilical in 
position. Test ustially smooth and nonrugose spirally ex- 
cept for beaded stitures; smooth to slightly rugose umbili- 
cally. Otiter wall primarily radial hyaline perforate (often 
coarsely perforate) except for beads and rugosites which 
are ultragranular hyaline, imperforate and keels which are 
radial hyaline, imperforate. .Septal walls and tegilla micro- 
granular hyaline, perforate. 

RciiKirks.—G. elevata (Brotzen) is closely lelated to G, 
stuartiformis Dalbiez and is in fact gradational with the 
latter species. G. elevata differs from G. stuartiformis: (1) 
by having a planiform to a nearly planiform spiral side and 
a strongly convex umbilical side (mean T'X/TX value for 
35 specimens of G. elevata^2.$l; mean T'X/TX value for 
26 s]3ecimens of G. stttartiformisz={).92: cf. Table 2) ;  (2) by 
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X S X S X S X S X S X S X S X S X S X S X S X S X S 

D-D' 0.714 0.124 0.629 0.096 0.487 0.082 0.565 0.130 0.594 0.098 0.555 0.124 0.4C6 0.051 0.489 0.092 0.553 0.056 0.499 0.065 0.511 0.080 0.546 0.072 0.575 0.048 

u-u' 0.354 0.068 0.329 0.060 0.222 0.054 0.281 0.064 0.296 0.054 0.331 0.100 0.208 0.032 0.266 0.053 0.346 0.050 0.325 0.040 0.213 0.034 0.299 0.034 0.248 0.051 

TX 0.180 0.053 0.109 0.049 0.135 0.029 0.230 0.077 0.186 0.034 0.341 0.093 0.096 0.016 0.102 0.030 0.078 0.021 0.036 0.011 0.125 0.018 0.155 0.038 0.106 0.020 

T'X 0.170 0.046 0.209 0.042 0.103 0.033 0.067 0.041 0.071 0.026 0.022 0.010 0.067 0.008 0.077 0.013 0.184 0.038 0.176 0.019 0.134 0.183 0.072 0.030 0.144 0.009 

Angle XD'U' 40.0 10.10 56.0 6.70 40.0 8.10 30.4 6.00 29.9 7.60 14.5 5.70 34.7 8.00 36.5 7.80 60.5 8.50 67.6 7.00 34.4 4.90 31.90 8.90 42.0 6.10 

Ariqlc XD'T 22.9 5.10 15.7 3.50 24.8 3.70 32.6 5.80 27.4 4.90 45.2 12.20 21.8 5.30 20.6 5.50 14.6 4.4 7.50 2.50 22.2 2.70 25.20 5.30 17.70 3.30 

Angle XDU 36.8 7.60 49.1 6.30 34.6 6.40 20.8 7.30 26.7 11.20 11.2 5.9 28.9 6.40 33.7 10.0 62.00 9.3 61.10 5.90 28.6 6.50 24.60 9.10 37.10 4.50 

Angle XDT 27.3 7.50 19.7 5.40 32.8 5.30 43.3 5.10 38.5 8.60 57.0 8.1 30.5 6.9 26.2 5.40 18.40 6.1 9.70 3.20 30.1 3.80 35.70 5.20 25.40 5.6C 

XD 0.330 0.068 0.277 0.048 0.218 0.049 0.250 0.065 0.246 0.057 0.218 0.047 0.164 0.026 0.192 0.046 0.249 0.035 0.208 0.025 0.209 0.036 0.214 0.036 0.239 0.031 

XD' 0.401 0.064 0.353 0.056 0.279 0.051 0.305 0.077 0.348 0.055 0.341 0.097 0.241 0.035 0.280 0.052 0.301 0.039 0.291 0.050 0.302 0.049 0.326 0.040 0.336 0.051 

T'X/TX 0.92 0.150 2.31 1.06 0.79 0.140 0.281 0.113 0.422 0.182 0.071 0.036 0.72 0.10 0.81 0.24 2.65 1.33 5.51 2.16 0.746 0.152 0.489 0.292 1.40 0.28 

Ht.   double 
keel  at  D 0.079 0.017 0.081 0.016 0.074 0.017 0.112 0.018 0.098 0.008 0.041 0.028 

Ht.   double 
keel  at  D' 0.063 0.010 0.014 0.044 0.062 0.015 0.118 0.030 0.082 0.016 0.048 0.026 

Da - D'a 
0.297 0.038 0.174 0.039 %  -  D'b 

D -   D' 
2.41 0.20 1.82 0.28 U  -  U' 

mean; S = standard Deviation 
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iiMiall)   li;nini^   petaloicl   chambois   spiially:   and    (3)    by 
iiMiall)' bcins somewhat more coarsely perforate. 

The writer regards the first difference cited above as 
the most critical in tlie separation of these two species. Text- 
figure 42 shows form analysis data for G. cicvata and Text- 
li^ure 59 shows form analysis data for G. stuartiformis. 

Icxt-figure 13 is a scatter plot of D-D' and T'X/TX values 
Inr G. eleviitii and G. stuartiformis. After having made form 
analysis measurements of numerous sectioned specimens 
and after having examined numerous free specimens and 
ligured specimens in the literature, the writer believes that 
ihcse species should be sejjarated on the basis of their first 
standard deviations (Table 2 and Text-figure 43) . Hence, 
T'X/TX=1.07 is taken as the upper limit of G. stuarti- 
formis and T'X/TX=1.25 is taken as the lower limit of 
G. elevata. Specimens having T'X/TX values greater than 
1.07 and less than 1.25 are considered transitional herein. 

As noted in the descriptions above, there is a great 
amoinit of \ariation in the shape of the chambers of G. 
elevata spirally. Brotzen's type specimen shows petaloid 
chambers throughout the last whorl. However, the writer 
has foimd after examining ninnerous specimens of G. ele- 
vata that triangularly shaped chamljers are not inicommon 
particularly in the last whorl of neanic individuals. (Text- 
figure 44). Many ephebic or gerontic individuals show tri- 
angularly shaped (G. stuartiforuiis-like) chambers in their 
earlier whorls. 

Globotruncana elet'ota (Brotzen) has been confused by 
many workers with eitiier Globotruncana area (Cushman) 
or G. rosetta (Carsey) . For exam]3le. Phnnmer (1931, p. 
195. pi. 13, figs. 9a-c; not figs. 7. 8, II) included this form 
under G. area. Her specimen shows a planiform spiral 
side, a highly convex imibilical side, and a well-developed 
single keel. It seems to represent an immature form of G. 
elevata. Guslnnan (1946, p. 150. pi. 62. figs. 5a-c: not figs. 
4a-c) also figmed G. elevata under the name of G. area. 

His specimen is again luicjuestionably assignable to G. ele- 
vata. The differences between G. elevata aird G. area shoidd 
be apparent to most present-day workers. G. area possesses 
a double keel throughout its ontogeny and possesses a 
sp'roconvcx test whereas G. elevata possesses a single keel 
throughout its ontogeny and is planoconvex. 

Bandy (1951), Subbotina (19,53) , Hamilton (1953), 
Sacal and Deboiule (1957), and Barr (1962) (see synon- 
omy) have figured this species under the name of G. 
rosetta (Carsey). As pointed out by Bronnimann and 
Brown (1956, pp. 545, 546), Pessagno (I960, pp. 100, 101) . 
and Berggren (1962, p. 57-60), G. rosetta possesses a narrow 
tlouble keel in its last whorl which often merges to form 

a single keel. Rarely, it may possess a single keel on all 
chambers of the last whorl. However, a double-keeled stage 
is always visible in thin-section in its earlier whorls. 

The holotype of G. andori de Klasz as figured by De 
Klasz (1953) is not significantly different from that of G. 
elevata (Brotzen). Both forms are single-keeled, planocon- 
vex, and have well-developed petaloid chambers in the 
final whorl. Hence, G. andori de Klasz is regarded herein 
as a jimior synonym of G. elevata  (Brotzen). 

The writer has examined the holotype of G. rosetta 
insignis Gandolfi (No. 208.56) at the Paleontological Re- 
search Institution, Ithaca, New York. This form is plano- 
convex, single-keeled, and possesses petaloid chambers 
spirally throughout its last whorl. It is regarded herein as 
a junior synonym of G. elevata Brotzen. 

G. elevata Brotzen evolved from G. stuartiformis dur- 
ing Late Campanian times (G. elevata subzone) by spiral 
flattening and by obtaining a predominance of petaloid 
chambers in its final whorl (Text-figure 34). The earlier 
whorls of G. elevata both in thin-section and in free speci- 
men usually show a suppressed G. stuartifor7nis stage of de- 

velopment. 

G. elevata in tiun seems to have given rise to G. cal- 

earata Cushman. The form described by Pessagno (1960) as 
"G. subsjuno.w" may represent an intermediate stage of 
development. G. subspinosa is regarded herein as a variant 
of G. elevata and is not maintained as a separate species. 

Range.—G. fornicata—stuartiformis assemblage zone, G. 
elevata subzone. {P. elegans zonule) to G. contusa—stuarti- 
formis assemblage zone {A. mayaroensis subzone). G. ele- 
vata seems to have reached its greatest abiuidance during 
Late Campanian and Early Maestrichtian times. It is com- 
mon but is noi abundant in deposits of the Middle and 
Late Maestrichtian of the Western Hemisphere. 

Oeciirrenee.—ln Mexico G. elei'ata is abiurdant in the 
Late Campanian and Maestrichtian ]X)rtion of the Mendez 
shale in the Tampico area and ec|uivalent deposits north- 
ward to somewhat south of the Rio Grande (Text-figines 
1, 2). In Texas, it occurs in the Late Campanian portion 
(upper part) of the "Lower Taylor marl" in Travis County, 
McLennan County, and Dallas County; in the Late Cam- 
panian Wolfe City sand and Pecan Gap chalk of McLennan 
County: and in the Late Campanian "Upper Taylor marl" 
of Travis and Limestone Counties. It has been observed in 
the Early Maestrichtian portion of the Upson clay in Mav- 
erick County and in the Neylandville marl of Limestone 
Coimty. It has been likewise observed in the Middle 
Maestrichtian   C^orsicana    marl    of   Travis   and    Navarro 
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TEXT-FIGURE 43 

0 Trons t.oo }l 

O GloboFruncona itu ft.lotfT 

• Globotruncono ele otote 

<§>*• =    Idenlicol Of neo idef.1 

(1) ^ Globotruncano siuott, (d« Loppofent) of Rent.  1936, pi   8, (.j 
12) = Globolruncono sluorl, (dl Loppor.nl) o( Tiliv,   I9S1. I.J   7ll 
(3) = Globotruncono stooMi (do Lopporent) of Tile*,   195), fig    3d 
(4) = Globotruntono lloorl, (do Loppo.tnl) of Tile.,  1951,  fig 

Counties and in tlie Kemp da) of Tia\is and Falls Coun- 
ties. 

In southwestern Arkansas G. clevala oiturs in the 
Early Maestrichtian Marlbrook marl and Saratoga chalk 
and in the Middle Maestrichtian Arkadelphia marl. 

Elsewhere in North America G. clevala has been fig- 
ured by Bandy (1951) under the name of G. rosctla from 
the Campanian of San Diego Cotmty California and by 
Olsson (1964) from the Mt. Laurel-Navesink and Mai- 
shalltown formations of New Jersey. The writer has also 
seen this species in thin-section from the Late Campanian— 
Early Maestrichtian strata of Panama. 

In the West Indies G. clcxiata occins in the Late Cam- 
panian and Maestrichtian of Haiti and Puerto Rico. The 
writer has also seen it in samples given to him by H. Bolli 
from the Late Maestrichtian [A. niayaroensis siibzone) 
portion of the Guayaguayare formation of Trinidad. 

G. clcvata is known from the Campanian and Maes- 
trichtian of Austria, Bavaria, France, Italy, Russia, Israel, 
Tunisia, Australia, Colombia, the East Indies, and the 
Mitl-Pacific giiyot area. 

Collignon (1959, table V) noted G. cUmnla through- 
out the Canijjanian of Madagascar. He may be using this 
name in the sense of Dalbiez (1955) who divided G. clevala 
into the subspecies G. clevala elevala and G. elevata stuarti- 
formis. It is likely that his reference to G. elevala in his 
Early Campanian Anapachydiscus willekindi zone refers to 
occurrences of G. clevala stiiartiformis rather than to G. 
elevala s.s. The writer has never seen G. elevala i.s. in the 

Earliest Campanian deposits of the W'esicin I lcinis])hcre. 

Globotruncana fornicata Plummer 

Plate 63, figures 1-9; Plate 80, figures 7-9; Plate 96, figures 3, 4 

IMI. 

193-'. 

1936. 

1941. ;iiid    Hedbcrg, 
99,  pi.  23,  figs. 

(•lohoti tinrniiii Inniiiaia Phimiiiei.  liiiiv.   Texas, Bull. 3101, pp. 
198, 199, pi. 13, figs. 4a-c, ,5, 6. 
Gluhoh utuaiia fdinicala I'kimiiiei', .Satulidgc, Joii). I'alcout., vol. 
6, No. 3. p. 28.5, pi. -44, figs. 12. 13. 
Not   Gloholniiicaua  lonticata   I'liDiinie)",  Jennings,   I5iill.   .\mer. 
Palcoiit.. vol. 23, No. 78, p. 37, pi. 4, fig. l.'i. 
('•loOoli uiKfUKi    joniicata    Pluniiiici*,    (aishnjan 
Ciontr.  Cushmaii   I.ab.  Foiain.  Res.,  vol.   17,  p. 
18a-c. 

1944.   ?  (Uubiiliuiicaiia  foiiiictila   Pkiinmei,  CUisliiDan   and   Deaderick, 
Jour. Palcont., vol. 18. p. 340, pi. .53, figs. 28a. I). 

194.5.   Globohuuriiua Icupuldi Bolli. Eclogae t.eol. Hclv., vol. 37, No. 2, 
pp. 2.35, 23fi, pi. 9, fig.  17: text-fig. 1:  figs. 25, 26. 

1946.   Glubolruurana   fornicala   Plumnici.   Cnsliinan.   U..S.   Gcol.   .Sni., 
Piof. Paper. No. 201), p.  149. pi. 61. figs.  19a-r. 

1948.   Globolruncana iornicala Plumniei', Cila.  Ri\.  Iial.  Pal., vol. 54. 
No. 4, p. 153. pi. 3, figs. 8a-c. 

1948.   Globotruncana   Iornicala   Pluinmei.   CUisliinan.   Maiyland   Depl. 
(.col. Mines. Water Res.. Bull. 2, p. 265. pi. 26. figs, la, b. 

1952. Globolruncana fornicala Pluin)iiei. .Sigal. 19tli Cong. Geol. Intc)- 
nat.. Monogr. Reg., ser. 1, .\lgcr. No. 26. p. 35, texl-fig. 39. 

1953. ?  Globolruncana fornicala  Pluiiinici-.  Hamilton,   Join'.  PalconI,, 
vol. 27. No. 2. p. 232, pi. 29. fig. 21. 

1953.   Globolruncana   conlusa    (Cnshnian) ,   llaiiiilic 
vol. 27. No. 2, p. 232. pi. 29. figs. 1 IKi, 

1953.   (•lobolruncana    fornicala    Pluiiniic).    .Subbniiiia, 
Ncft. Naucko—Issled. Geol. Ra/\ed. Inslil,. n. sei., 
pi. 8.  figs. 3a-c; 4a-c; 5ac. 

1955.   Globolruncana   fornicala   furnuala    Plu)n)))ci,    Gandolli, 
.Vmcr. Paleont., vol. 36. No. 155. p. 40, pi. 2, tigs. 2a-c. 

1955.   Globolruncana  conlusa sculilla Gandolfi,  Bull.  .\mcr.  Paleont., 
vol. 36. No. 155, p. 34, pi. 4. tigs. lac. 

1955. Globolruncana   fornicata    nianaurensis   Gandolli.    Bull,    .\nici'. 
Paleont., vol. 36. No. 155. p. 41. pi. 2, figs, la c. 

1956. Globolruncana fornicata Pliimiiiei'. Bronniman and Blown, 
logae Geol. Helv.. vol. 48. No. 2. pp. 542-544. pi. 21, figs. 7. 
15. 

1957. Global: unmna  fGlobiilruncanu)  fornicala  Pluinmei.  Kdgcll. 
cropaleonl . \ol   3. No. 2. p. 112. pi. 3. figs. 10-12. 

I' Paleont. 

Trudy,    V.scs. 
No. 76. p. 184, 

Bull. 

Ec- 
14, 

Mi- 
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U-D' 
0.588 ).527 ).560 ).602 0.672 0.673 0.702 0.659 0.531 D.575 0.658 0.561 0.658 0.617 0.799 0.771 0.714 0.799 3.673 ).784 0.632 0.674 0.686 0.630 0.476 0.646 0.519 0.547 0.504 0.729 0.500 0.406 0.602 0.750 0.600 

u-u' 0.337 ).280 3.238 3.224 0.337 0.350 0.350 0.309 0.309 D.420 0.420 0.280 0.378 0.309 0.393 0.378 0.364 0.393 0.350 3^.393 0.350 0.337 0.364 0.350 0.266 0.309 0.280 0.309 0.238 0.420 0.205 0.238 0.309 0.404 

TX 0.112 D.062 D.112 D.112 0.098 0.127 0.140 0.098 0.112 0.084 0.112 0.098 0.098 0.084 0.127 0.098 0.127 0.140 0.140 3.127 0.098 0.084 0.127 0.084 0.070 0.070 0.070 0.350 0.070 0.127 0.070 0.042 0.098 0.135 0.120 

T'>, 0.182 D.182 D.182 0.196 0.196 0.196 0.182 0.168 0.154 0.234 0.309 0.252 0.168 0.238 0.205 0.238 0.224 0.238 0.205 0.238 0.205 0.205 0.196 0.224 0.205 0.196 0.196 0.224 0.150 0.238 0.364 0.154 0.154 0.192 0.220 

A„qlr XD*U' 60.0° 61.5° 54.0° 52.0° 50.0° 55.0° 56.0° 56.0° ■56.0° 71.0° 65.0° 60.5° 51.5° 54.0° 46.5° 55.0° 56.0° 50.0° 51.0° 53.0° 60.0° 57.0° 53.0° 5C.0° 68.5° 56.0° 56.0° 69.0° 56.0° 55.0° 57.0° 64.0° 53.0° 43.0° 75.0° 

Angle   XD'T 18.0" 12.5° 20.5° 17.0° 13.0° 20.0° 20.0° 14.5° 22.5° 12.5° 13.0° 19.0° 15.0° 17.0° 14.5° 15.0° 20.0° 14.0° 22.0° 16.0° 16.0° 14.0° 18.0° 14.0° 14.0° 12.0° 13.0° 6.0° 12.0° 16.0° 13.0° 12.0° 15.0° 20.0° 20.0° 

A„9lo  XDU 50.0° 53.0° 4l.9° 48.5° 47.0° 48.0° 45.0° 36.0° 46.5° 69.3° 53.0° 43.0° 49.0° 47.0° 38.0° 50.0° 42.0° 48.0° 47.0° 47.0° 50.0° 42.0° 45.0° 51.0° 56.0° 55.0° 56.0° 58.0° 42.0° 50.0° 55.0° 55.0° 50.0° 55.0° 50.0° 

Anglr   XDT 29.0° 19.0° 30.0° 27.0° 20.0° 27.0° 23.0° 16.0° 26.0° 15.0° 25.5° 21.0° 17.0° 8.0° 18.0° 15.0° 23.0° 21.0° 23.0° 17.0° 18.0° 20.0° 23.0° 16.0° 15.5° 17.0° 18.0° 7.0° 14.0° 18.0° 28.0° 13.0° 18.0° 23.0° 21.0° 

XD 0.238 0.205 0.23S 0.238 0.266 0.295 0.309 0.309 0.238 0.266 0.280 0.266 0.280 0.280 0.350 0.337 0.350 0.350 0.309 0.364 0.295 0.337 0.280 0.280 0.252 0.309 0.224 0.252 .0.238 0.295 0.205 0.154 0.252 

XD' 0.350 0.322 0.322 0.364 0.406 0.378 0.393 0.350 0.393 0.309 0.378 0.295 0.378 0.337 0.449 0.434 0.364 0.449 0.364 0.420 0.337 0.337 0.406 0.350 0.324 0.337 0.295 0.295 0.266 0.434 0.295 0.252 0.350 

T'X/TX 1.63 2.93 1.63 1.75 2.0 1.55 1.30 1.71 1.38 2.79 2.76 2.57 1.71 2.83 1.62 2.43 1.77 1.70 1.47 1.88 2.09 2.44 1.55 2.67 2.93 2.80 2.80 6.4 2.05 1.88 5.20 3.67 1.57 1.42 1.83 

All measurements  in millimeters. 

* = Pessagno  (1960,   pi.   5,   figs.   1 & 8). 

** = Topotypes  o£ G.   subspinosa  Pessagno. 

*** = Off graph:   Text - Figure 
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Un    FIGURE U: 

Variation in Chamber Shape on Spiral Side ol Globoltuncana eleiala IBrolzenl. 
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■fi(ore 14 shows "E, suhspinosa Pessaeno" larjelj Irom which G calcatala probably aiose 
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1957    Clohohuncaita [ilicula  White, Sacal  and  Deboinle   (pavt) .  Soc. 
Geol. France, n. ser., Mem. No. 78, p. Gl, pi. 28. fig. 9; not fig. 
10. 

1957.   Glohulnnicana  funiicala  Plummer.  Sacal  and  Debourle   (pail). 
Soc. Geol. France,   (n. ser.)   Mem 78, p. 61, pi. 28, figs. 6, 7, 14. 
15;  not  fig.  8. 

1959.   Globotruncana fortiicaia Plummer. Olvera, Univ. Nacional Aiit. 
Mexico. Fac. Ciencias, Dept. Biol.. Tesis Prof., pp. 44-56, pi. 5. 
figs. 9-11. 

1959. Globotruncana fornicata Plummer, .'Vyala. Univ. Nacional .\ut. 
de Mcx., Instit., Geol. Pal. Mexicana. No. 4. pp. 21. 22, pi. 3. 
figs. 6; ?5; pi. 4. figs. 1, 2. ?3. 

1960. Globotruncana (Globotruncana) fornicata Plummer, Pessagno, 
Micropaleont.. vol. 6. No. 1. p. 101, pi. 4, fig. 7. 

1960. Not Globotruncana fornicata Plummer, Klaus, Eclogae Geol. 
Helv.. vol. 52. No. 2, p. 825, pi. 8. figs. 4a-c. 

1961. Globotruncana fornicata Plummer, Graham and Clark, Contr. 
Cushman  Foram.  Res.,  vol.   12,  pt.  3.  p.   112.  pi.  5.  figs.   lOac. 

1962. Globotruncana (Globotruncana) fornicata Plummer, Pessagno, 
Micropaleont., vol. 8, No. 3, p. 362, pi. 4. figs. 4, 5, 11. 

1962. Globotruncana fornicata Plummer, Barr. Paleontology, vol. 4, 
pt. 4. pp. 570, 571, pi. 69, figs. 6a-c; pi. 72, figs, 1 ?2. 

1964. Globotruncana fornicata Plummer, Olsson, Micropaleont., vol. 
10, No. 2, pp. 164, 165, pi. 2. figs. 3, 4; pi. 3, figs. 7a-c; 8a-c. 

Description.—Test, trochospiral, umbilicate, spirocon- 
vex (mean T'X/TX value for 19 specimens = 0.422; Table 
2; Text-figure 45), double-keeled with keels usually reflect- 
ed umbilically. Coiling predominantly right. Four to five 
(rarely six) chambers in last whorl which spirally are 
narrow, elongate, crescent-shaped, and typically highly 
crenulate and which umbilically are noncrenulate and 
subrectangular in shape. Sutures raised, beaded, highly 
curved spirally; raised, beaded, slightly curved umbilically. 
Chamber surfaces spirally and umbilically smooth to 
slightly rugose. Double keels strongly developed, often high- 
ly beaded; occasionally merge to form single keel in last 
whorl of gerontic specimens; rare specimens single-keeled 
throughout last whorl. Umbilicus deep, covered by spiral 
system of tegilla with intralaminal and infralaminal acces- 
sory apertures, Primai7 aperture, interiomarginal, umbili- 
cal in position. Oiuer wall radial hyaline, perforate except 
for double keels, beads, and rugosities. Double keel radial 
hyaline imperforate and ultragranular hyaline, imperfo- 
rate ("variety" of type 2; Text-figure 40). Beads and 
rugosities ultragranular hyaline, imperforate. Tegilla and 
septal walls microgranular hyaline, finely perforate. 

Remarks—G. jornicata Plummer is completely transi- 

tional into G. contiisa (Cushman) . Transitional forms are 
common in strata (Rio Yauco formation) assignable to the 
R. sitbcircumnodifer subzone (R. stibpennyi zonule) of 
Puerto Rico. The writer has examined the holotype and 
paratypes of G. jornicata Plummer at the Paleontological 
Research Institution, Ithaca, New York. The holotype and 
paratypes are somewhat more convex than typical for this 
species. In addition, the holotype displays left-handed coil- 
ing whereas the several paratypes display right-handed coil- 
ino-. Topotypes examined by the writer from the "Upper 
Taylor marl" of Travis County, Texas, are predominantly 
coiled to the right and are convex spirally. Whereas the 
mean T'X/TX value of 19 sectioned specimens of G. 
jornicata (Table 2; Text-figure 45) is 0.422, the mean 
T'X/TX value of three sectioned topotypes is 0.232. 

G. jornicata is separated from G. contusa largely on 

the basis of its spiral convexity. The mean T'X/TX value 
of G. contusa is 0.071 (Table 2: Text-figure 38) and is con- 
siderably less than that cited for G. jornicata above. Be- 
cause the type material is atypically spiroconvex and shows 
lower T'X/TX values than normal for this species, G. 
jornicata cannot be readily sej^arated from G. contusa using 
statistical limits such as standard deviations. Text-figure 
39 is a scatter plot of D-D' and T'X/TX values for sectioned 
free specimens of G. contusa and G. jornicata. T'X/TX = 
0.15 is taken herein as the upper limit of G. contusa whereas 
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TEXT-FIGURE 45 

CO 

o 
c 
3 
U u 
o 
o 

01 
i-i 
CO 
u 
c 
o 

^1 

3 

O 
O 

.-H  C3^ 
CM   C30 

CN 

CO   0\ 
CNI   CO C^J   00 

w pc; 

o 
o 

0>    CTN 
OJ CX3 
r-H    r^ 

as 

o 
o 

o o> 
CO  CX) 

1 

OS 
en 

w >< 

-f: 

O 
-J- 
vo en 

C3 

^ in 

PM S 

Q 
O ^ 

P- 
W    >s 

a 
^   vO 

r—    (LI 
a 

St? 

o 
c^ yD 

r-   (11 
a 

CO  <f 

W  X 
PH  H 

^   CO 

r^ cN 

W  X 
ft.  H 

r-^ CO 

r^ (Ni 

CM   H 

(30   CN 
vD in 
r^ CN 

W  X 
CM  H 

(TN (^4 
(£) in 

as 

1—1  CN 

r^ CN 

as 

1 

CM   H 

D-D' 0.728 D.532 0.514 0.575 0.434 0.700 0.644 0.756 0.645 0.504 0.617 0.574 0.686 0.533 0.542 0.758 0.448 0.547 0.547 

U-U' 0.309 0.238 0.280 0.337 0.322 0.378 0.337 0.378 0.350 0.205 0.280 0.295 0.295 0.252 0.238 0.364 0.196 0.280 0.295 

TX 0.196 0.182 0.127 0.154 0.168 0.238 0.266 0.196 0.238 0.196 0.196 0.154 0.168 0.168 0.196 0.168 0.154 0.154 0.182 

T'X 0.112 0.054 0.070 0.098 0.054 0.054 0.042 0.098 0.054 0.050 0.042 0.112 0.112 0.070 0.056 0.112 0.056 0.056 0.056 

Angle XD'U' 35.0° 21.0° 32.0° 42.0° 30.0° 31.0° 14.0° 43.0° 23.0° 23.0° 26.0° 39.0° 32.0° 29.0° 19.0° 34.0° 32.0° 35.0° 28.0° 

Angle XD'T 33.0° 31.0° 23.0° 26.0° 19.0° 26.0° 35.0° 26.0° 34.0° 32.0° 31.0° 21.0° 22.0° 33.0° 28.0° 20.0° 29.0° 25.0° 27.0° 

Angle  XDU 31.0° 22.0° 33.0° 40.0° 26.0° 7.0° 20.0° 24.0° 46.0° 33.0° 7.0° 52.0° 30.0° 22.0° 26.0° 24.0° 20.0° 22.0° 22.0° 

Angle  XDT 30.0° 39.0° 33.0° 34.0° 51.0° 42.5° 52.0° 29.0° 24.0° 53.0° 44.0° 39.0° 30.0° 34.0° 44.0° 31.0° 48.0° 33.0° 41.0° 

XD 0.322 0.252 0.205 0.238 0.168 0.280 0.280 0.378 0.252 0.154 0.224 0.196 0.322 0.238 0.205 0.295 0.182 0.238 0.252 

XD' 0.406 0.280 D.309 0.337 0.266 0.420 0.364 0.378 0.393 0.350 0.39 3 0.378 0.364 0.295 0.337 0.463 0.266 0.309 0.295 

T'X/TX 0.570 0.296 3.552 0.636 0.321 0.227 0.158 0.50 0.227 0.255 0.214 0.727 0.686 0.416 0.286 0.666 0.364 0.364 0.547 
Ht.   double 
keel  at   D 

0.098 3.070 3.070 0.084 0.098 0.084 0.112 0.098 0.084 0.084 0.070 0.098 0.056 0.056 0.070 0.053 0.053 0.084 0.084 

Ht.   double 
keel   at   D' 

0.056 D.O 3.054 3.042 0.070 0.0 0.070 0.0 0.070 0.070 0.070 0.0 0.056 0.0 0.0 0.0 0.0 0.070 0.0 

All measurements In millimeters. 

* == topotypes. 

*"' = Transitional 

T'X/TX = 0.20 is taken herein as the lower limit of G. 
fornicata. Sectioned specimens having T'X/TX values 
greater than 0.15 and less than 0.20 are considered transi- 
tional. 

In general, G. fornicata seems to become more convex 
spirally with respect to Late Cretaceous time (Santonian 
to Early Maestrichtian). This trend could easily be es- 
tablished by form analysis of sectioned free specimens from 
this time interval although no attempt to substantiate it has 
been made herein. 

G. plunimerae Gandolfi is somewhat similar to G. 
fornicata Plummer but possesses noncrenulate and inflated 
chambers spirally that tend to be somewhat spinose in the 
early portion of the last whorl. 

As indicated in Text-figme 35, G. fornicata is one of 

the basic species of double-keeled Globotruncana. It un- 
doubtedly gave rise to G. contusa and probably gave rise to 
the G. area (Cushman) branch as well as to G. plummerae 
Gandolfi and G. notlii   (Bronnimann and Brown). 

The writer examined the holotypes of G. contusa scii- 
tilla Gandolfi (No. 20848) and G. fornicata manaurensis 
Gandolfi (No. 20834) at the Paleontological Research In- 
stitution, Ithaca, New York, and believes that both of these 
forms should be included within G. fornicata Plummer. 

G. Icupoldi Bolli, figured and described by Belli 
(1945) , appears to be a jimior synonym of G. fornicata. 

Range—G. buUoidcs assemblage zone, M. concavala 

subzone to G. fornicata-stuartiformis assemblage zone, R. 
subcircumnodifer subzone   (R.  subpennyi  zonule). 

Occurrence.—In Mexico G. fornicata occurs abundantly 
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in the Santonian and Early Campanian portions of the San 
Felipe formation throughout the Tampico area and the 
front ranges of the Sierra Madre Oriental. In northern 
Mexico, it has been observed in the Santonian portion of 
the San Felipe formation at Boca Canyon south of Monter- 
rey and at Mamulique Pass along the Mexico D.F.-Nuevo 
Laredo Highway (Rt. 85) north of Monterrey. It also oc- 
curs abundantly throughout the Campanian and Early 
Maestrichtian portions of the Mendez shale and Papagallos 
shale in the area of study   (Text-figures 1-2). 

In Texas G. fornicata is common to abundant through- 
out the Santonian portions of the Austin chalk in Kinney, 
Travis, McLennan, and Dallas Counties and in the Early 
Campanian (reworked) portion of 'the Austin chalk in 
Dallas County. It likewise has been observed in the Cam- 
panian Taylor formation in the "Lower Taylor marl" mem- 
ber of Travis, McLennan, and Dallas Counties; in the 
Wolfe City sand member of McLennan County; in the 
Pecan Gap chalk member of McLennan County; and in the 
"Upper Taylor marl" member of Travis and Limestone 
Counties. It has been observed in the Early Maestrichtian 
portion of the Upson clay of Maverick County and in the 
Neylandville marl of Navarro County   (Text-figures 1-2) . 

In southwestern Arkansas G. fornicata occurs in the 
Campanian Brownstown marl, Ozan formation, and An- 
nona chalk and in the Early Maestrichtian Marlbrook marl 
and Saratoga chalk (Text-figures 1-2). 

Cushman (19)6, p. 149) , in addition to the lithic units 
cited above, noted G. fornicata in the Selma chalk of Ala- 
bama and Mississippi. G. fornicata has been noted by 
Graham and Clark (1961) from the Upper Cretaceous of 
Merced County, California, and by Olsson (1964) from the 
Mt. Laurel and Marshalltown formations of New Jersey and 
the Mt. Laurel-Navesink formation of Delaware. G. forni- 
cata is also known from the Upper Cretaceous of Maryland. 
The writer has seen G. fornicata in rock thin-section from 
the Late Campanian and Early Maestrichtian of Panama. 
It also occins in the Upper Cretaceous of Cuba, Puerto 
Rico, Trinidad, Venezuela, and Colombia. 

G. fornicata is common to the Upper Cretaceous of 
Eurasia, North Africa, Australia, and the Mid-Pacific guyot 

area. 
Its geographic distribution definitely indicates that 

its distribution during Santonian, Campanian, and Early 
Maestrichtian times was Boreal, Tethyan, and Austral. 

Globotruncana gansseri BoUi 

Plate 75, figure 1; Plate 92, figures 13-18; Plate 95, figures 1-4 

1%!.   Globotruncana gansseri Bolli, Jour. Paleont., vol. 25, No. 2, pp. 
196, 197. pi. 35, figs. 1-3. 

1951.   Clobolruncana lugeoni Tilev, Lausanne Univ., Mus. Geol., Lab. 
Geol. Min.. Geophys., Bull., No. 103, pp. 41-46, text-figs. lOa-c; 
lla-d; 12a-c: pi. 1, figs. 5a-d. 

1951.   Globotruncana   lugeoni   var.   angulata   Tilev,   Lausanne   Univ., 
Mus. G6ol., Min.. "Geophys., Bull., No. 103, pp. 47-50, text-figs. 
13a-d; pi. 3, figs.  lad.    ' 

1953.   Globotruncana gansseri Bolli. Hamilton, Jour. Paleont., vol. 27, 
No. 2, p. 232, pL 29, figs. 18-20. 

1953.   Globotruncana sp. 2, de Klasz. Geol. Bavarica, No. 17, pp. 235, 
236. pi. 7, figs. 2a-c. 

1955.   Globotruncana   gansseri   ga/useri   Bolli.   Gandolfi.   Bull.   Amer. 
Paleont.. vol. 36. No. 155, p. 69, pi. 6. figs. 5a-6c; 8a-c. 

1955.   Globotruncana  rosetta  pettersi   Gandolfi,  Bull.  .^mer.  Paleont., 
vol. 36. No. 155, p. 68. pi. 6, figs. 3a-4c. 

1955.   Globotruncana   wiedenmayeri    rnagdalenaensis    Gandolfi,   Bull. 
Amer. Paleont., vol. 36, No. 155, p. 72, pi. 7, figs. 3a-c. 

1955.   Globotruncana    wiedenmayeri    wiedenmayeri    Gandolfi,    Bull. 
Amer. Paleont., vol. 36, No. 155, p. 72. pi. 7, figs. 4a-c. 

1956    Rugotruncana gansseri   (Bolli). Bronnimann and Brown, Eclogae 
Geol. Helv., vol. 48, No. 2, p. 549, pi. 23, figs. 7-9. text-fig. 23. 

1957.   Globotruncana   (Globotruncana)    lugeoni  Tilev,   Edgell,   Micro- 
paleont., vol. 3, No. 2, p. 113, pi. 2, figs. 7-9. 

1959. Not Globotruncana gansseri Bolli, Ayala. Univ. Nac. Aut. 
M(5xico, Instit. Geol., Pal. Mex., No. 4, pp. 27, 28, pi. 7, fig. 4. 

1960. Globotruncana rnonmouthensis Olsson, Jour. Paleont., vol. 34, 
No. 1, pp. 50. 51, pi. 10, tigs. 22-24. 

1960. Globotruncana (Rugotruncana) gansseri (Bolli) , Pessagno, Mi- 
cropaleont., vol. 6. No. 1, p. 102, pi. 4, fig. 11. 

1964. Globotruncana gansseri Bolli, Olsson. Micropaleont., vol. 10, No. 
2. pp. 165. 166."pl. 3, figs. 2-5. 

1964. Globotruncana gansseri dicarinata Pessagno, Olsson, Micro- 
paleont.. vol. 10, No. 2, p. 166, pi. 3, fig. 1. 

Description—Test low trochospiral, planoconvex 
(mean T'X/TX value for 11 specimens=5.12) . subcircular, 
mildly lobulate with usually four or five chambers in final 
whorl; two and a half to three whorls of chambers; early 
whorls globigerinifonn in thin-section with weakly devel- 
oped double keel; final whorl sometimes single-keeled or 
with double keel which merges to form a single keel. Spiral 
side planiform, sometimes slightly concave; sutures raised, 
beaded, cinved spirally, separating crescent-shaped cham- 
bers. Umbilical side, highly convex; sutures depressed, non- 
beaded to weakly beaded, separating subrectangularly 
shaped chambers. Chambers in peripheral view typically 
hemispherical. Spiral side relatively unornamented except 
for beaded sutures and occasional rugosities. Umbilical side 
smooth to highly rugose; rugosites not aligned in a meri- 
dorial pattern. Umbilicus, deep covered by spiral system of 
tegilla showing infralaminal and intralaminal accessory 
apertures. Primary aperture interiomarginal, umbilical in 
position. Outer wall radial hyaline perforate except for 
beads, rugosities, and keels. Rugosities and beads ultra- 
granular hyaline, imperforate; keel radial hyaline imper- 
forate when single; radial hyaline, imperforate and ultra- 
granular hyaline imperforate ("variety" of type 2; Text- 
figure 40) when double. Septal walls and tegilla micro- 
granular hyaline, finely perforate. 

i?eH?i7r/fi.—Bronnimann and Brown (1956, p. 549) 
placed   this   species   in   Rugotruncana   Bronnimann   and 
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Brown. This usage was followed by a number of other 
workers including Pessagno (1960, p. 102). Inasmuch as 
G. gansseri shows rugosities which are not aligned in a 
meridorial pattern and possesses a Archaeoglobigerina ra- 
ther than a rugoglobigerine early stage, it is excluded from 
Riigotrimcana s.s. (see emended definition of Rugotrun- 

cana herein). 
The writer examined the holotype and paratypes of G. 

gansseri at the U.S. National Museum, Washington, D.C. 
The three paratypes are not referrable to G. gatisseri s.s. 

One of the three specimens is referable to G. duwi Nakkady 
and the remaining two are assignable to Riigotruncana 
subpeyinyi Gandolfi. The latter two forms possess double 
keels in the last whorl and rugosities arranged in a meri- 
dorial pattern. 

G. lugconi Tilev (1951). G. lugconi var. angulala 

Tilev (1951), G. rosctta pettersi Gandolfi (1955), G. wic- 
denmayeri iLiiedenmaycri Gandolfi (1955), G. luiedenmay- 
eri magdalenacnsis Gandolfi (1955) , and G. mnnmouthen- 

sis Olsson (1960) are considered jiuiior synonyms of G. 
gansseri Bolli. The writer examined the holotypes of Gan- 
dolfi's species noted above in the collection of the Paleon- 
tological Research Institution, Ithaca, New York, and has 
found no significant reason to separate Gandolfi's forms 
from G. gansseri. The holotype of G. tnonnioutlicnsis was 
examined at the U.S. National Museum, Washington, D.C., 
and found to fall within the limits of G. gansseri Bolli. 

G. gansseri Bolli seems to have evolved directly from 
an Archaeoglobigerina ancestor (cf. Text-figme 35) rather 
than from a Rugoglobigerina ancestor as suggested by Pes- 
sagno (1960, p. 102). Sectioned specimens display a well- 
developed Archaeoglobigerina stage which is often com- 
pletely nonrugose and may display a weakly developed 
double keel. 

Range.—G. fornicata—stiiardforrnis assemblage zone, 
R. subcirctimnodifer subzone (R. snbpennyi zonide; upper 
part) to G. contusa—sluartiformis assemblage /one; G. gans- 
seri subzone to lower part of A. rnayaroensis subzone. Occin- 
rences in the uppermost part of the G. fornicata—stiiarti- 
formis assemblage zone were noted by Pessagno (1960) in 
Puerto Rico in the Rio Yauco formation where there is no 
physical evidence of reworking. Olsson (1964, p. 158, text- 
figure 2) noted this species at essentially the same horizon 
in the Maestrichtian of New Jersey. 

Occurrence.—In Mexico G. gansseri has been observed 
in the upper part of the Mendez shale (A. rnayaroensis 

subzone; lower part) in the Tampico area. It has been 
noted in Texas in the Corsicana marl of Travis and Navarro 
Counties and in the Kemp clay of Falls County. In south- 
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[.» ['■ 0.A16 0.406 0.463 0.490 0.547 0.490 0.561 0.434 0.443 0.4 34 0.546 

1.1 i.r 0.238 0.224 0.280 0.280 0,280 0.280 0.337 0.280 0.238 0.205 0.378 

T < n.042 0.070 0.042 0.070 0.056 0.028 0.036 0.014 0.056 0.042 0.056 

T'X 0. 19b 0.280 0.180 0. 2 24 11.238 0. 196 0.205 0.224 0.154 0.19 b 0.238 

Anglo  XD'U' 55.0° 58.0° 68.0° 58.0° 63.0° 66.0° 63.0° 79.0° 63.0° 62.0 63.0° 

Anqle  XD'T 10.0° 15.0° 9.0° 13.0° 9.0° 5.0° 6.0° 2.0° 14.0° 10.5° 8.0° 

Angle   X DU 73.0° 68.0° 60.0° 66.0° 61.0° 64.5° 70.0° 60.0° 56.0° 42.2° 49.0° 

Anglr-   XDT 1A.0° 23.0° 12.5° 16.0° 12.0° 8.5° 12.0° 4.0° 19.0° 12,0° 11.0° 

\D 0.182 0.154 0.168 0.224 0.238 0.224 0.224 0.19 6 0.205 0. 182 0.224 

X[:' 0.224 0.252 0.29 5 0.266 0.309 0.26b 0.337 0.238 0.238 0.252 0.322 

T'./r.: 4.66 4.00 4.30 3.2 4.25 7.0 5.7 16.0 2.75 4. 7 4.25 

Ht.   double 
keel   at   D 

0.056 0.070 0.042 0.042 II.0 0. 028 0.084 0.042 0.042 0. 0 0. 0 

Ht.   double 
keel  at   D' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Double  keel 
early   stage 

■f + + ^ + + + +<?) + + + 

All measurements in millimeters. 

-'f 4- = double keeled early stage present. 

western Arkansas (i. gansseri has been obser\ed in the Arka- 
dcl|)iiia marl of Hempstead County. Elsewhere in North 
America, G. gansseri has been observed by Olsson (1964, p. 
166) in the Navesink, Redbank, and Mt. Laurel formations 
of New Jersey. Bronnimann and Brown (1956, p. 550) 
recorded G. gansseri from the Prairie Bluff chalk of Ala- 
bama. 

TEXT FIGURE 47 

#   Globolruncona gonsseri    Bolli 
^ Duplicote or near duplicate meosuienicnt 
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G. gansscri was noted in the West Inilies in the Via 
Blanca formation of Cuba by Bronnimann and Rigassi 
(1964, pp. 261, 280) , in the Rio Yaiico formation of Puerto 
Rico by Pessagno (1960, p. 102), and in the Guayagiiayare 
formation of Trinidad by Bolli (1951, pp. 196, 197; 1957, 
p. 54). In South America G. gansscri was recorded by Gan- 
dolfi (1955, pp. 68. ()9, 72) from the Colon formation of 
Colombia. 

In Einope it was figured by De Klasz (1953, pp. 235, 
236) from the Maestrichtian of Bavaria luider the name of 
Globotruncana sp. 2 and has been recorded by Bolli and 
Cita (1962, \>. 752) from the Maestrichtian of Italy. G. 
gansscri was noted in the Maestrichtian of Tunisa by Dal- 
biez (1955, p. 167) and was figured by Tilev (1951, pp. 41- 
46) under the name of G. higeoni Tilev from the Mae- 
strichtian of Turkey. It was also recorded from the 
Maestrichtian of Australia by Edgell (1957, p. 113) under 
the latter name. Hamilton (1953, p. 232) recorded and 
figiued G. gansseri from the Mid-Pacific guyot area. 

G. gansscri thus seems to have been distribiUed in the 
Boreal, Tethyan, and Austral faimal provinces during 
Maestrichti.ui times. 

Globotruncana hilli Pessagno, n. sp. 

Plate 64, figures 9-14; 21-23; Plate 94, figure 1; Plate 97, figure 7 

Description.—Teat small Hoc liospiral, relati\ely plani- 
form both sj^irally and umbilically; consisting of two and 
one-half to three whorls of chambers which slowly expand 
in size; five chambers in last whorl. Chambers in early 
whorls and first several chambers of posterior part of final 
whorl spherical lacking double keel: remaining chambers 
forming anterior part of final wiiorl abruptly truncated 
peri|3herally by wide doidjle keel of G. linneiana type; im- 
perforate jjeripheral band or weak double keel cleveIo]5ed 
in anterior, Ijut not posterior portion of preceding whorl. 
Chambers petaloid in shape spirally: .se|3arated by curved, 
depressed to slightly elevated sutures which usually lack 
beads. Chambers imibilically subrectangular in shape: sep- 
arated by depressed, slightl) cinved siUiues. Test wall finely 
spinose throughoiu. Umbilicus wide and shallow, covered 
by tegilla wilii intralaminal and infralaminal accessory aper- 
liues. Primary apertiue, inieriomarginal, umbilical in ])Osi- 
lion. Outer wall radial hyaline perforate except for fine 
spines and keel. Spines idtragranular hyaline. Keel radial 
hyaline imperforate anil idtragranular hyaline imperforate 
("variety" of type 2: Text-figure 40) : ultragranular hyaline 
oiuer portion of spiral and umbilical rims poorly developed. 
Tegilla and septal walls microgranidar hyaline perforate. 

TEXT-FIGURE 48 
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o s: 

D-D' 0.252 0.379 0.350 0.323 

U-U' 0.196 0.205 0.205 0.196 

TX 0.056 0.070 0.042 0.056 

T'X 0.056 0.070 0.070 0.056 

Angle XD'U' 
27.0° 41.0° 49.0° 41.0° 

Angle  XD  T 17.0° 16.0° 12.0° 15.0° 

41.0° 42.0° 49.0° 33.0° 
Angle  XDU 

Anglo  XDT 
23.0° 21.0° 28.0° 24.0° 

XD 0.112 0.127 0.112 0.127 

XD' 
0.140 0.252 0.238 0.196 

T'X/TX 1.0 1.0 1.67 1.0 

Ht.   double 
0.0 0.0 0.0 0.0 

keel   at   D 

Ht.   double 
0.084 0.127 0.112 0.112 

keel   at   D' 

All measurements in millimeters 

" = paratj'-pes. 

Remarks.—G. hilli was most likely derived from G. lin- 

neiana (d'Orbigny) by tiie enlargement of the latter form's 
Archaeoglobigerina stage of development and the restric- 
tion of its double keel to the anterior part of its test. G. 
hilli differs from G. linneiana   (1)   by the small size and 
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finely spinose nature of its Lest; (2) by its greatly enlarged 
Archaeoglobigerina stage of development; (3) by the pos- 
session of a double keel only in the anterior portion of the 
final whorl and the possession of an imperforate peripheral 
band or weakly developed keel only in the anterior portion 
of the preceding whorl; and {■\) by the depressed nature of 

its sutures both spirally and imibilically. 
Form analysis data for G. hilU, n. sp. are presented in 

Text-figure 48. 
This species is named for R. T. Hill in honor of his 

pioneering work on the stratigraphy of the Gulf Coastal 

Plain area of North America. 
Type locality.-TX 291-C. Taylor formation ("Upper 

Taylor marl" member). Buff calcareous mudstone collected 
from ditch crossing State Rome 73; 2.4 miles east of inter- 
section of Rome 73 with Farm Road 737 in town of Prairie 

Hill, Limestone County, Texas. 
Deposition of typcs.-The holoty])e and figured para- 

types of G. hilli Pessagno, n. sp. will be deposited in the 
collections of the U.S. National Museimi, Washington, 
D.C. Unfigured paratypes will be deposited in the Paleon- 
tological Research Institution,  Ithaca, New York. 

Range—G. fornicala—sluartiforniis assemblage zone, G. 
clcvatn subzone (G. cakarata zonule) to R. subcircumnodi- 

far subzone  (G. lapparenti s.s. zonule insofar as known). 
Occurrence—In Mexico G. hilli, n. sp. occurs sparsely 

in the Mendez shale. In Texas it is common in the 
Wolfe City sand of McLennan Coinily; the "Upper Taylor 
marl" of Travis and Limestone Comities; the Upson clay of 
Maverick County; and the Neylandville marl of Delta 
County. In Arkansas G. hilli, n. sp. occurs in the Ozan for- 
mation, the Annona chalk, and the Marlbrook marl, 

Globotruncana lapparenti Brotzen 

Plate 71, figures 6-13; Plate 97, figures 8, 9 

1918. Globotruncana linnei d'Orbigny. de Lapparent. M^m. Carte 
Geol. France, pp. 1-17. pi. 1, figs. 1, 7 (not tigs. 2-4: not pi. 2, 
fig. 2; pi. 6, figs. 2, 3; pi. 8 (part) ; pi. 9, figs 2, 3 (not fig. 6) ; 
tfs. 1, 3 (p. 4) (not 5d): tf. 2 (p. 5) : figs, a, d, m-n (not figs, 
b-c, e, g, i-j; ?figs. f, k-1) . 

1936. Globolriincana lapparenti Brotzen, Svcr. Geol. Unders., Ser. C. 
No, 396 (Ars. 30, No. 3. pp. 175, 176 (tt. 2 (p. 5): fig. n of De 
Lapparent (1918) (selected herein as lectotype; tf. 2 (p. 5), fig. 
m selected herein as paralectotype) . 

1945. Not Globotruncana lapparenti lapparenti Brotzen. Bolli, Eclogae 
Geol., Helv., vol. 37, No. 2. pp. 2,30, 231, text-fig. 1: figs. 15, 
16: pi. 9, fig. 11. 

1950. Globotruncana (Globotruncana) lapparenti Brotzen, Reichel, 
Eclogae Geol. Helv., vol, 42, No. 2, p. 63. pi. 16, fig. 9: pi. 17, 
fig. 9. 

1951. Not Globotruncana lapparenti lapparenti Brotzen, Bolli. Jour. 
Paleont., vol. 25, No, 2, pp. 193. 194, text-tig. 1: a   (only) . 

1953. Globotruncana lapparenti Brotzen, .Subbotina (part) , Trudy. 
Vses. Neft. Naukno. Issled. Geol.—Razved. Inslit., n. ser., No. 76, 
p. 178, pi. 7, figs. 2a-c: not lac. 3a-c. 4a-c, 5a-c. 

1954. Not Globotruncana lapparenti lapparenti Brotzen. Hagn and 
Zeil, Eclogae Geol. Helv., vol. 47, No. 1, pp. 39-42, pi. 3, fig. 3; 
pi. 6, figs. 5, 8. 

1955, Globotruncana lapparenti longilocula Gandolti, Bull. Araer. 
Paleont., vol. 36, No.  155, pi.  1.  figs.  la-c. 

1957. Globotruncana (Globotruncana) lapparenti lapparenti Brotzen, 
Edgell. Micropaleonl.. vol. 3. No. 2. p. 113. pi. 1, figs. 7-9. 

1957. Globotruncana linnei (d'Orbigny), Sacal and Debourle (part) , 
.Soc, Geol. France, n. ser., Mem. No. 78, p. 61, pi. 26, figs, 8, 
10, ?18: not tigs. 7, 9, 14-17. 

1960. Not Globotruncana lapparenti lapparenti Brotzen. Klaus, Eclo- 
gae Geol. Helv., vol. 52, No. 2, p. 822. pi. 8, figs. 2a-c. 

1962. Globotruncana (Globotruncana) lapparenti lapparenti Brotzen, 
Pessagno. Micropaleont., vol. 8, No. .3, p. 360, pi. 3, figs. 1-3. 

Emended tlefinilion.—Te&t trochospiral, somewhat spi- 
roconvex (mean T'X/TX value for 19 specimens=0.72; 
Table 2) , 4-5 chambers in final whorl, truncated peripher- 
ally by a well-developed double keel. Chambers spirally 
petaloid, separated by raised, beaded, curved sutures. Cham- 
bers umbilically, subrectangular, separated by elevated, 
raised cinved sutures which are often beaded. Chamber sur- 
faces exclusive of sutures usually lacking rugosities. Um- 
bilicus relatively deep and covered by a spiral system of 
tegilla with intralaminal and infralaminal accessory aper- 
tmes. Primary apertiue, interiomarginal, umbilical in posi- 
tion. Outer ^vall radial hyaline, perforate except for keel 
which is both radial hyaline and ultragranidar hyaline, im- 
perforate ("variety" of type 2, Text-ligure 10) . Septal 
walls  and   tegilla  microgranular hyaline,   lincly  perforate. 

Remarks.—The identification of this sjaecies has been 
hampered by the fact that Brotzen described it in syntypic 
series and cited numerous of De Lapparent's (1918) figures 
as syntypes. To stabilize the taxonomic status of G. lappar- 

enti Brotzen, a lectotype (tf. 2, figure n, p. 5, De Lapparent, 
1918) and a paralectotype (tf. 2, figure m, p. 5, De Lap- 
parent, 1918) have been selected herein. Although a few of 
Brotzen's syntypes (e.g. tfs. 1, 3, p. 4, De Lapparent, 1918) 
are drawings of free specimens, the drawings are poor and 
hardly clarify the identification of G. lapparenti s.s. How- 
ever, the drawings of De Lapparent's sectioned specimens 
are remarkably acciaate in their detail and should leave 
little doubt concerning the identification of this species in 
thin-section. The specimens figiued herein in Plate 71 (figs. 
6-13) correlate closely externally with the sectioned lecto- 
type and para type. The sectioned specimens figured in 
Plate 97 (particularly fig. 9) herein are from the same 
horizon as the free specimens figured in Plate 71. 

G. lapparenti s.s. Brotzen (emended herein) is most 
easily confused with G. linneiana (d'Orbigny), It differs 
from this latter species largely by having a narrower double 
keel (mean sum of heights of double keel at D and D' for 
19 specimens of G. lapparenti i.i.=0.136 mm.; for 27 speci- 
mens of G. linneianaz^O.230 mm.). Form analysis measure- 
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TEXT-FIGURE 49 
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D   D' 0.378 0.379 3.378 0.410 0.420 0.420 0.378 0.406 0.336 0.345 0.373 0.514 0.443 0.505 0.406 0.476 0.574 0.434 0.434 

U   1 I' 0.182 0.238 0.205 0.200 0.260 0.224 0.168 0.182 0.154 0.196 0.182 0.252 0.238 0.238 0.205 0.224 0.337 0.238 0.224 

TX 0.112 0.112 0.098 0.100 0.090 0.127 0.098 0.098 0.084 0.070 0.112 0.084 0.084 0.098 0.070 0.112 0.140 0.098 0.098 

T'X 0.070 0.056 0.070 0.070 0.060 0.070 0.070 0.070 0.070 0.056 0.084 0.070 0.070 0.070 0.056 0.070 0.084 0.070 0.070 

Angle XD'U' 34.0° 32.0° 40.0° 40.0° 47.0° 37.0° 42.0° 39.0° 26.0° 38.0° 30.0° 29.0° 15.0° 30.0° 29.0° 38.0° 31.0° 

A.iqlc- XD'T 26.0° 27.0° 21.0° 25.0° 13.0° 14.0° 24.0° 25.0° 29.0° 16.0° 20.0° 20.0° 17.0° 24.0° 23.0° 21.0° 21.0° 

Angle XDU 21.0° 33.0° 38.0° 34.0° 23.0° 24.0° 40.0° 36.0° 30.0° 29.0° 21.0° 24.0° 24.0° 23.0° 42.0° 39.0° 31.0° 

Angle   XDT 38.0° 36.0° 36.0° 31.0° 30.0° 32.0° 28.0° 32.0° 41.0° 20.0° 30.0° 26.0° 15.0° 33.0° 35.0° 27.0° 33.0° 

XD 0.140 .1.127 0.154 0.168 0.154 0.182 0.140 0.140 0.168 0.205 0.205 0.196 0.154 0.196 0.252 0.182 0.196 

X[V 0.23S 0.252 0.224 0.252 0.224 0.224 0.196 0.205 0.205 0.309 0.238 0.309 0.252 0.280 0.322 0.252 0.238 

T'X/TX 0.C3 0.50 0.71 0.70 0.66 0.55 0.71 0.71 0.83 0.80 0.75 0.83 0.83 0.72 0.80 0.62 0.60 0.72 0.72 

Ht.   double 
keel   at   D 

0.C56 0.070 0.084 0.070 0.050 0.119 0.070 0.063 0.070 0.084 0.084 0.084 0.056 0.070 0.084 0.098 0.084 0.070 0.098 

Ht.   double 
keel  at  D' 

0.070 0.070 0.042 0.075 0.030 0.042 0.084 0.063 0.056 0.070 0.056 0.084 0.056 0.070 0,056 0.070 0.070 0.056 0.056 

Sum keel 
Hts.   D-D' 

0.125 0.140 0.126 0.125 0.80 1.61 0.114 0.129 0.126 0.154 0.140 0.168 0.112 0.140 0.140 0.168 0.154 0.126 0.154 

All measurements in millimeters. 

* = Lectotype selected herein (de Lapparent figure n). 

** = Paralectotype selected herein (de Lapparent figure m). 

*** = Transitional to _G. linneiana (d'Orbigny) 

merits for sectioned free specimens of G. lapparenli s.s. are 
included in Text-figine 49. The writer separated G. lap- 
parenli from G. linneiana on the basis of the first standard 
deviation of the sum of their keel heights (cf. Table 2; Text- 
figure 50) . Text-figure 50 is a scatter plot of the T'X/TX 
values and the sum of the keel heights values of G. lappar- 
enli s.s. and G. linneiana. .Specimens having sum of keel 
height values gieater than 0.1 (i4 mm. and less than 0.182 
are considered transitional herein. 

Nimierous sectioned  doulsle-keeled species were illus- 

trated by De Lapparent  (1918, p. 5)  in Text-figure 2: figs. 
a-f. The writer's interpretation of these figures is as follows: 
fl^G. lapparenli s.s. Brotzen 
b^zG. vcntricosa White 
c=M. angu.%licarenat(i   ((iiindolfi) 
d^G. lapparenli s.s. Brotzen 
e=zG. sp. aff. G. bulloides Vogler 
f^G. sp. aff. G. lapparenli s.s. Brotzen 
g^G. linneiana   (d'Orbigny) 
liznG. sp. aff. G. lapparenli s.s. Brotzen 
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i—G. vcniricosa W'hiie 
/=G. amtusa Cushman  (="Miitation calicifoime" de Lap- 

pareni) 

/=? 
m = G. lapparenti s.s. Brotzen   (paralectotype selected here- 

in). 
n = G. lapparenti s.s. Brotzen  (lettotype selected herein). 

Measurements of the sectioned specimens figured by 
Bolli (1945) in text-figure 1: figure 15 (not 16) and in 
plate 9, figure II as G. lapparenti lapparenti indicate that 
Bolli's form is assignable to G. linneiana (d'Orbigny). The 
specimen figured in text-figure 1: figine 16 may represent 
an aberrant form of G. linneiana. Measurements from the 
microphotograph in plate 9, figure 11 are shown in Text- 

figures 49 and 50 herein. 

The writer examined the holotype of G. lapparenti 

longilocula Gandolfi (1955) (No. 20826 PRI) and found 
this form to fall within the limits of G. lapparenti Brotzen 
S.S. (as emended herein) . It thus is treated as a junior syno- 

nym of the latter species. 

The specimens figured as G. lapparenti Brotzen s.s. by 
Hagn and Zeil (1954) and by Klaus (1960) from the Lower 

Turonian of the Bavarian Alps and the Upper Turonian 
of Switzerland are most likely referable to Marginotruncana 
coronata (Bolli) or Marginotruncana angustiearenata 

(Gandolfi) unless these strata have been reworked. No true 
Globotruncanidae exist below strata of Santonian or Late 
Coniacian age in the Western Hemisphere. 

G. lapparenti Brotzen s.s. is one of the basic species of 
Globotruncana s.s. It is believed to have evolved from an 
Archaeoglobigerina ancestor during Early Santonian times. 
As indicated in Text-figure 35, it gave rise to G. linneiana 
(d'Orbigny) and G. spinea Kikoine. The former species in 
turn gave rise to G. ventricosa White, G. rosetta (Carsey), 
and other double-keeled species. 

Range.—G. buUoides assemblage zone, M. concavata 

subzone to G. fornicata—stiiartiformis assemblage zone, R. 
subcircuninodifer subzone (G. Iappare7iti s.s. zonule). This 
species seems to have enjoyed its greatest abiuidance during 
Santonian and Early Campanian times. It is common in 
Late Campanian strata and becomes progressively rarer in 
Early Maestrichtian strata. 

Occurrence.—In Mexico G. lapparenti s.s. occius in the 
Early Santonian and Early Campanian portions of the San 
Felipe formation in all of the outcrop areas indicated in 
Text-figure 2. It likewise occurs in the Early Campanian to 
Early Maestrichtian portions of the Mendez shale in all of 
the outcrop areas indicated in the same text-figiue. 

In Texas G. lapparenti s.s. has been observed in the 
Santonian portion of the Austin chalk in Kinney, Travis, 
McLennan, and Dallas Counties and in the reworked 
Early Campanian upper portion of the Austin chalk in 
Dallas County. It likewise occurs in the Taylor formation: 
(1) in the "Lower Taylor marl" member of Travis, McLen- 
nan, and Dallas Coiurties; (2) in the Wolfe City sand mem- 
ber of McLennan County; (3) in the Pecan Gap chalk 
member of McLennan County; and (4) in tlie "Upper 
Taylor marl" member of Travis and McLennan Counties. 
In addition it is known from the Early Maestrichtian por- 
tion of the Upson clay in Maverick Coimty and the Ney- 
landville marl of Navarro and Delta Counties. 

In southwestern Arkansas G. lapparejiti Brotzen s.s. 

occins throughout the Campanian and Early Maestrichtian 
portions of the section in the Brownstown marl; Ozan for- 
mation: Annona chalk; Marlbrook marl; and Saratoga 

chalk  (cf. Text-figure 2). 

G. lapparenti s.s. occurs in the Parguera limestone, 
Cariblanco, and Rio Yaiico formations of Puerto Rico (cf. 
Pessagno 1960, 1962) and in the Naparima Hill and Guay- 
aguayare formations of Trinidad (cf. Bolli, 1957). It is also 
known from the Ujsper Cretaceous of Colombia. Recently, 
the writer has observed it in thin-sectioned Campanian 

limestones from Panama. 

G. lapparenti s.s. is also known from the Upper Cre- 
taceous of France, Switzerland, Russia, and Australia. 

Globotruncana   linneiana  (d'Orbigny) 

Plate 72, figures 1-4; 7-9; Plate 97, figures 11-13 

1839. Rosalina linneiana d'Orbigny. in Ramon de La Sagra, Historic 
pliysique el Nalurelle de Vile de Cuba: A. Bertrand, Paris, 
France, p. 110, vol. 8, pi. 5, figs. 10-12 (plates published sep- 
arately) . 

1854. Not Rosalina cnnalirulata Reuss. K. Akad. Wiss. Wicn. Math.- 
Natur. Kl., Denksclir., Bd. 7, p. 70, pi. 26, figs. 4a, b. 

1893. Pulvinulina tricarinata Quereau. Beitr. Geol. Kaite Schwei/, 
Bern, No. 33, p. 89, pi. 5, figs. 3a-c  (Lectotype, pi. .''), fig. 3a). 

\9\». Rosalina linnei d'Orbigny, de Lapparent, Mem. Carte Gtel. 
France, pp. 1-17, If. 2, fig. g  (only). 

1928. Globotruncana canaliculata (Reiiss) , White, Jour. Paleont., vol. 
2, No. 4, pp. 282-287, pi. 38, figs. 3a-c. 

1936. Globotruncana linnei (d'Orbigny), O. Renz (part) . Eclogac 
Geol. Helv., vol. 29, No. 1, pi. 8, fig. 7, text-figs. 28, 29, 31, 32, 
33, 34: not 30  (no pagination) . 

1941. Globotruncana linnei typica (d'Orbigny), Vogler, Palaeonto- 
graphica Suppl. Bd. 4, Abt. 4, p. 286. pi. 23, figs. 12-21. 

1941. Globotruncana linnei Iricarinata (Quereau) , Vogler (part). 
Palaeontographica Suppl. Bd. 4. Abt. 4, p. 287, pi. 23. figs. 22, 
?23, :-24. 25, 27, ?28. 31: not 26, 29, 30. 

1945. Globotruncana lapparenti lapparenti Brotzen. Bolli, F,clogae 
Geol. Helv., vol. 37. No. 2. p. 230, pi. 9, fig. II: text-fig. I: fig. 
15:  ?fig.  16. 

1945. Globotruncana lapparenti tricarinata (Quereau). Bolli (part) . 
Eclogae Geol. Helv.. vol. 37, No. 2. pp. 232. 233, textfig. 1: fig. 
19, ?fig. 20: ?pl. 9. fig. 13. 
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1946.   Globotruncana   caualiculala     (Reuss) ,   Cushman     (part),    U.S. 
Geol. Sur.. I'lof. Paper, No. 206, p.  149, pi. 61, figs. 18ac: noi 
17a-c. 

1951.   Globotruncana canaliculala   (Reuss) . Bandy, Jour. Paleont., vol. 
25, No. 4, p. 509, pi. 75, figs. 2a-c. 

195.'i.   Globotruncana  Hnneianu   (d'Orbigny) , Subbotina, Trudy, V.scs. 
Neft. Naukno. Issled. Geo!.—Razved. Instit., new ser., vol. 76, p. 
176, pi. 5. figs. 7a-c: 8ac; :'9a-c; pi. 6, figs, lac; 2a-c; Sac; 4a-c. 

195.S.   Globotruncana   lapparenli   Brotzen,   Subbotina    (part),   Trudy, 
Vses.  Naukno.  Issled.  f.eol.—Razved.  Instit.,  n.  ser..  No. 76,  p. 
178, pi. 7, figs. 4a-c; not pi. 6, figs, la-c; 2a-c; 3a-c: 5a-c. 

1955. Globotruncana tricarinata columbiana Gandolfi, Bull. Amer. 
Paleont., vol. 36, No. 155, p. 20. pi. 1, figs. 3a-4c. 

1956. Globotruncana linneiana (d'Orbigny), Bronnimann and Brown, 
Eclogae Geol. Helv., vol. 48, No. 2, pp. 540-542, pi. 20, figs. 
13-17; pi. 21, figs. 16-18. 

1956. Globotruncana aspera Hofker (part), Neues Jahrl). Geol. Pal- 
eont., Al)b.   103, p.  327,  fig.   14   (part),  fig.  15. 

1956. Globotruncana parax'entricosa Hofker, Neues Jahrb. Geol. Pal- 
eont., Abb. 103, p. 328. figs. 17, 18. 

1957. Globotruncana linnei (d'Orbigny), .Sacal and Debourle (part) , 
Soc. Geol. France, n. s6r., Mem. No. 78, p. 61, pi. 26, figs. 7, 9; 
14-17;  not figs. 8, 10, ?18. 

1957.   Globotruncana  majzoni Sacal  and  Debourle, Soc.  Geol.  France. 
n. s<^r., Mem. No. 78, p. 62. pi. 26, figs. 6, 21, 22. 

1957.   Globotruncana marginata   (Reuss) , Sacal and  Debourle   (part) , 
Soc. Geol. France, n. ser., Mem. No. 78, p. 59, pi. 26, fig. 3, ?I3; 
not figs. 5, 12. 

1957.   Globotruncana   {Globotruncana)   cf. lapparenti Brotzen,  Edgcll. 
Micropaleont., vol. 3, No. 2, pi. 1, figs. 4-6. 

1959.   Globotruncana   linneiana    (d'Orbigny) ,   Ayala,   Univ.   Nacional 
Aut. Mexico. Instit. Geol., Paleont. ^Iexicana, No. 4, p. 24, pi. 4, 
figs. 4-6. 

I9(>!.   Globotruncana linneiana  (d'Orbigny). Graham and Clark, Contr. 
Cushman  Found. Forani. Res., vol.  12, pt. 3, p.  113, pi. 5, figs. 
lla-c. 

1961. Globotruncana linneiana tricarinata (Quereau), Graham and 
Clark. Ciintr. Cushman Foinid. Foram. Res., vol. 12, pt. 3, p. 
112. pi. 5. figs. 8a-c. 

1962. Globotruncana lapparenti lapparenti Brotzen, Herm, Bayer. 
Akad. Wiss.. Math.-Nat. Kl.. Abb., n. ser.. No. 104, pp. 82-84, pi. 
6, fig. 2. 

1962. Globotruncana tricarinata (Quereau) , Herm, Bayer. Akad. 
Wiss., Math.-Nat. Kl.. Abli., n. ser.. No. 104, pp. 93, 94, pi. 6. 
fig. 4. 

1962. Globotruncana (Globotruncana) lapparenti linneiana (d'Or- 
bigny) , Pessagno, Micropaleont., vol. 8, No. 3, p. 360, pi. 3, 
figs. 7-9. 

1962. Globotruncana linneiana linneiana (d'Orbigny) , Barr, Palconlol- 
ogy, vol. 4. pt. 4, pp. 571, 572. pi. ()9. figs. 7a-c; pi. 72, fig. 5. 

1962. ? Globotruncana linneiana tricarinata (Quereau) , Barr, Paleon- 
tology, vol. 4, pt. 4, pp. 573. 574. pi. 70, figs. 2a-c. 

1962. Globotruncana (Globotruncana) tricarinata (Quereau), Berg- 
gren, Stockholm Contr. fieol.. vol. 9, No. I, pp. 64-67, pi. 10. 
figs.  3a-c. 

1963. Globotruncana linneiana (d'Orbigny) , Bronnimaim and Rigassi. 
Eclogae Geol. Helv., vol. 56, No. I. pi. 17. figs. 5a-c (no pagina- 
tion). 

1964. Globotruncana linneiana (d'Orbigny), Olsson (part) , Micro- 
paleont.. vol. 10, No. 2, pp. 166, 167, pi. 7, figs. 6a-c; 8a-c; not 
7a-c. 

1964.   CUobotruncann   tricarinata    (Quereau) .   Olsson,    Micropaleonl.. 
\ol. 10, No. 2. pp. 171, 172, pi. 5. figs. 4a-c; 5a-c. 

1964.   Globotruncana    linneiana     (d'Orbigny).    Martin,    Jahrb.    Geol. 
Bund.. Sond. 9, p. 81, pi. 10, figs. 3a-c. 

1964.   Globotruncana linneiana  tricarinata   (Quereau).  Mailin.   Jalnl). 
Geol. Bund., ,Sond. 9. p. 81, pi.  10. figs. 2a-c. 

Description—Test low tiochospire, planiform both 
.spirally and umbilically, abruptly truncated peripherally 
by a wide double keel; periphery quite lobulate. Two 
whorl.s of chambers, approximately the same si/e in fin:d 

TEXT-FIGURE SO 

0=  Globoiruncono linne, 
• -  Globolfuncona lappa 

@=  Duplicale measurem, 
^  T,a„,i,.a.l 

111 < GlabpliuKcano loppaienh :   s   Btaliio al Balli, 1945 
1945. pi   9, l.g   11 

l!l =   Pal.mal.na l.icar.aalo Q»...au, 1893. pi    5, l,g. 3., 
(3) =  Glaboiruncano loppa'cnli s   s   8'Olien (dt LapporenI, 

1918. l.g   n. Ltcioiypt selected be,eia| 
(41 = Globoltuncano lapparenli s, s   Bfotien   (de Lappo'enI 

lig. m,   parolectotype selected beiein ) 

IslSlanDev. « D 182 IG   linn) 
@ © 

IslStpn   Dev- = D H4 |G   lapp.l ..SL. 

•      3^ 

whoil: early chambers of final whorl considerably larger 
than the chambers of the preceding whorl (final wliorl 
somewhat greater than 2X diameter of preceding whorl) ; 
five to seven chambers in final whorl. Chambers in final 
whorl petaloid, separated by raised, cinved, highly beaded 
sutures spirally; chambers in final whorl subrectangular, 
separated by raised, straight to slightly curved, beaded su- 
tures umbilically. Umbilicus moderately large, often flanked 
by prominent beaded, umbilical shoidder and covered by a 
spiral system of tegilla showing infralaminal and intrala- 
minal accessory apertures. Primary aperture interiomar- 
ginal, umbilical in position. Outer wall radial hyaline per- 
forate except for double keel and beads. Double keels pre- 
dominently radial hyaline, imperforate with slight overlay 
of ultragrantilar hyaline imperforate calcife on sjjiral and 
umbilical rims (vaiiety of type 2; Text-figure 40) ; inter- 
rim area consisting of high (wide) , attenuated bar of radial, 
hyaline calcite traversed by rare pores. Beads iiltragranular 
hyaline imperforate. Septal walls and tegilla miciogranular 
hyaline, finely perforate. 

Remarks.—A neotype of Rosalina linneiana d'Orbigny 
was erected by Bronnimann and Brown (1956) from Re- 
cent beach sands near Habana Bay, Cuba. The writei 
examined this neotype deposited in the collections of the 
U.S. National Museum during the course of this study. 

G. linneiana (d'Orbigny) is gradational with G. lap- 
parenti Brotzen. G. linneiana can be separated from the 
latter species by virtue of the fact that it has a much wider 
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(higher) double keel peripherally. A discussion of the 
separation of these two species on this basis has been pre- 
sented herein uniler G. lapparcnti s.s. (see also Text- 

figure 50). 

G. linnciaiut   (d'Orbigny)   is also transitional into G. 
ventricosa White but can be separated from G. ventricosa 

by its lower T'X/TX values. The mean T'X/TX value for 
27 measured specimens of G. lin7ieia7ia=OM whereas the 
mean T'X/TX value for 13 measured specimens of G. ven- 
tricosa=2.65   (see Table 2; Text-figures 50, 51, 60). The 
separation of  these species herein  is based on  their first 
standard  deviations.   Thus,   T'X/TX=1.05   is   considered 
the upper limit of G. linneiana and T'X/TX=1.32 is con- 
sidered the lower limit of G. ventricosa. Specimens having 
T'X/TX values greater than  1.05 and less than  1.32 are 
considered transitional. Workers will find that most of the 
specimens falling within this range are impossible to assign 
to either species on the basis of their external morphology. 

Globotruncana tricarinata (Quereau, 1893, p. 89, pi. 5, 
figs. 3a-d)  is regarded as a junior synonym of G. liyineiana 
(d'Orbigny).  The  former  species  has  long been  one  of 
the most  problematical species in  the  Upper Cretaceous 
largely because it was described in thin-section and in syn- 
typic series. To stabilize the taxonomic status of this species, 
fig. 3a  (pi. 5)  of Quereau is designated the lectotype of G. 
tricarinata.   The   remainder   of   Quereau's   figuied   speci- 
mens (figs. 3b-d)  are poor and fragmental. For this reason, 
paralectotypes have not been selected. Form analysis data 
for the sectioned lectotype of Pulvinulina tricarinata Quer- 
eau are presented in Text-figures 50 and 51  herein. The 
reader can see that the lectotype of P. tricarinata falls well 
within   the  limits  of  G.   linneiana.  The  so-called   "third 
keel" of G. tricarinata is little more than a slightly raised 
umbilical shoulder.  It is developed only on  the anterior 
portion of the test and does little to increase the convexity 
of the imibilical side of the test. In fact, the T'X/TX value 
of the lectotype is 0.66 and less than the mean value for G. 
linneiana   (0.81).  The  writer feels  that  the  majority  of 
specimens   that   various   workers   have   attributed   to   G. 
tricarinata  (Quereau)  are either assignable to G. Unneiaym 

or to transitional forms between G. linneiana and G. ventri- 
cosa   (having T'X/TX values greater tiian   1.05  and  less 

than 1.32). 

The sjiecimens figured by Bolli (1945, 1951) as G. 
lapparenli Inpparrnti Brotzen have wide double keels and 
are unqestionably assignable to G. linneiana (cf. Text- 

figure 50). 
The writer has found that most of the specimens fig- 

tned in  literature  as  G.  canaliculata   (Reuss)   are either 

assignable to M. coronata (Bolli), G. lapparenti s.s. Brotzen, 
or to G. linneiana (d'Orbigny). For example, the specimens 
figined by Cushman (1946, pi. 61, figs. 17a-c; 18a-c) as G. 
canaliculata (Reuss) are referrable to G. lapparenti s.s. 

Brotzen and to G. linneiana (d'Orbigny) (figs. 17a-c=G. 
lapparenti s.s.; figs. 18a-c=G. Unneiaym). 

The problem of the identity of Rosalina canaliculata 

Reuss is a complex one. It has been resolved herein by 
the selection of a neotype (see Marginotruncana canalicu- 

lata   (Reuss) . 

Sectioned microspheric specimens of G. linneiana ap- 
jsear to show a G. lapparenti s.s. early stage of development 

whereas sectioned megalospheric specimens (cf. Plate 97, 
figs. 11-13) omit this stage. It is likely that G. linneiana 

evolved from a G. lapparenti s.s. ancestor through minor 
dorsal and spiral flattening and obtaining a wide double 
keel perijjherally. G. linneiana gave rise to G. ventricosa 
White through progressive umbilical inflation. A suppressed 
G. linneiana stage of development is visible in sectioned 
specimens of G. ventricosa (cf. Plate 95, figs. 10, 11). Other 
species arising from G. linneiana are indicated in Text- 

figiue 35. 

Globotruncana linneiana (d'Orbigny) is nearly homco- 
morphic for Marginotruncana pseudolinnciana Pessagno, n. 
sp. The differences between these two species have been 
died herein luider M. pseudolinnciana. 

Range.—G. jornicata—stuartijormis assemblage zone, 

A. blowi subzone (P. glabrala zonule) to R. subcircum- 

)iodifcr subzone   {R. subpennyi zonule). 
Occurreyice.—In Mexico G. linneiana is common to 

abundant throughout the Campanian and Early Maestrich- 
tian portions of the Mendez shale. It is rare in the Early 
Campanian portion of the San Felipe formation. 

In Texas G. linneiana has been observed in the Early 
Campanian (reworked) portion of the Austin chalk in 
Dallas County. In the Campanian Taylor formation it oc- 
cius in the "Lower Tayloi- marl" member of McLennan, 
Travis and Dallas Counties and in the "Upper Taylor 
marl" member of Travis and Limestone Coimties. This 
species has likewise been observed in the "Neylandvillc 
marl" of Delta County (Locality 52 of Cushman. 1946, p. 3) 
in a faiuia which is assignable to the G. calcarata zonule. 

Elsewhere in North America G. linneiana was recorded 
by Bandy (1951) imder the name of G. canaliculata from 
the Campanian (?) of San Diego County, California; by 
Graham and Clark (1961) from the Upper Cretaceous 
(Campanian ?) of Merced Comity, California; by Martin 
(1964) from the Marlife formation of Fresno County, Cali- 
fornia; and by Olsson   (1964)   from tlie Mt. Lamel—Nave- 
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TX 0.098 3.084 3.070 0.098 0.127 0.070 0.070 0.070 0.112 0.112 0.098 0.084 0.084 0.140 0.154 0.127 0.084 0.084 0.084 0.112 0.140 0.070 0.070 0.161 0.112 0.167 0.084 

T X 0.084 0.084 3.070 0.098 0.054 0.084 0.084 0.084 0.084 0.070 0.070 0.084 0.070 0.070 0.084 0.084 0.098 0.070 0.070 0.084 0.070 0.070 0.054 0.056 0.070 0.110 0.070 

Angle XD'U' 27.0° 39.0' 7.0' 40.0' 33.0° 38.0° 50.0' 45.0° 27.0° 19.0' 37.0' 49.0' 39.0' 27.0' 34.0' 37.0' 47.0' 40.0' 37.0° 35.0' 30.0' 27.0' 33.0 26.0 39.0' 43.0' 41.0 

Angle XD T 21.0° 15.0' 16.0° 18.0' 23.0' 13.0' 14.0' 13.0° 24.0' 33.0° 20.0' 21.0' 18.0' 21.0' 32.0° 24.0' 13.0' 16.0' 19.0° 20.0' 25.0' 16.0' 21.0 30.0 21.0' 25.0 23.0 

Angle XDU 32.0° 43.0' 0.0° 36.0' 25.0' 44.0° 49.0' 47.0° 45.0' 30.0° 29.0' 32.0' 31.0' 23.0' 46.0' 31.0° 52.0° 28.0' 32.0' 29.0' 20.0' 31.0' 19.0 18.0 23.0' 28.0 48.0 

Angle XDT 25.0° 21.0' 23.0° 21.5' 34.0' 18.0° 21.0° 19.0° 30.0' 31.0° 27.0' 21.0' 32.0' 33.0' 22.0 30.0° 22.0' 25.0' 23.0' 34.0' 36.0° 27.0° 28.0 33.0' 17.0' 25.0 28.0 

XD 0.224 0.205 3.154 0.205 0.196 0.205 0.154 0.205 0.238 0.252 0.205 0.182 0.154 0.224 0.280 0.205 0.182 0.168 0.205 0.196 0.205 0.140 0.224 0.140 0.154 

XD' 0.252 0.295 0.252 0.295 0.295 0.224 0.295 0.295 0.280 0.295 0.252 0.295 0.238 0.420 0.378 0.309 0.280 0.337 0.224 0.309 0.280 0.154 0.252 0.252 0.24C 

■'x/ T X/TX 0.86    1.0 1.0 1.0 0.42 1.2 1.2 1.2 0.75 0.63 0.72 1.0 0.83 0.50 0.55 0.66 1.17 0.83 0.83 0.75 0.50 1.0 0.77 0.35 0.63 0.66 0.83 

Ht. double 
keel at D 

0.098 0.098 0.084 0.112 0.098 0.105 0.127 0.127 0.098 0.112 0.098 0.127 0.112 0.154 0.112 0.127 0.127 0.098 0.098 0.140 0.098 0.112 0.098 0.125 0.084 0.149 0.112 

Ht. double 
keel at D' 

0.127 0.098 3.112 0.098 0.140 0.077 0.154 0.084 0.168 0.155 0.112 0.154 0.098 0.139 0.168 0.098 0.140 0.098 0.127 0.098 0.098 0.075 0.084 0.089 0.140 0.167 0.084 

Sum keel 
hts.   D&D' 0.225 0.196 0.196 0.210 0.238 0.182 0.271 0.211 0.266 0.267 0.210 0.281 0.210 0.293 0.280 0.225 0.267 0.196 0.225 0.238 0.196 0.187 0.182 0.214 0.224  0.316  0.196 4  0.316 

All measurements   in millimeters. 

* ■» G.   lapparenti  s.s.     Brotzen    of  Bolli  1945,   pi.   9,   fig.   11. 

** ° Pulvlnullna  tricarinata Querean  (1893,   pi.   5,   fig.   3a). 
it** = G.   linnelana  (d'Orbigny)   transitional   to G.   ventricosa White 
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sink loiniaiinn of Dehiwaie and the Mt. Laurel and Mar- 
shall'.own loiniations of New Jersey. The writer has recently 
seen this species in tliin-sections of Campanian and Early 
Maestrichtian limestones from Panama. 

In the West Indies G. linneionn is well known from 
the Upper Cretaceous of Cuba. D'Oibign^'s type specimen 
originally came from Recent beach sands along Habana 
Bay containing reworked Upper Cretaceous fossils. The 
neoty]3e selected by Bronnimann and Brown (1956) was 
extracted from Recent beach sands in the same area. Bron- 
nimann and Rigassi (1964, pp. 213-280) noted G. linnciana 

in the pre-Via Blanca beds, the Via Blanca formation, and 
in the Peiialver formation of the Habana area in Cuba. 
Ayala (1959) noted this species from the Campanian—Early 
Maestrichtian of Haiti. Pessagno (1962, p. 360) noted it in 
the Late Camjjanian—Early Maestrichtian Rio Yauco forma- 
tion of Puerto Rico. Recent work by the writer also indi- 
cates that G. Jiimeiana also occurs in the Cam|janian—Early 
Maestrichtian Parguera limestone. 

G. linneiana is common in strata of Campanian and 
Early Maestrichtian age in Eurasia. It is known (imder 
various names, see synonymy) from France, Switzerland. 
Austria, the Isle of W'iuht, and Russia. 

Edgell (1957) figined this spedes imder the name of 
Gloholyiincnun {Globotriiiicana) c f. lappiircuti from the 
LIpper Cretaceous of Australia. 

G. linnciana seems to have been widely distributed in 
Late Cretaceous seas in the Boreal. Tethxan. and Austral 
faimal provinces. 

Globotruncana loeblichi Pessagno, n. sp. 

Plate 73, figures 1-4; Plate 97, figure 10 

Description.—Test trochospiral, planilorm, compressed 
sjjirally and mnbilicalh (spiral siuface often conca\e) : 
lobidate peripherally wiih mcdium-si/ed doul)le keel of G. 
linnciana type; keels di\erging and ilichotomous (cf. Plate 
73, fig. 4) . Spiral rim of double keel often s|)inose in early 
part of final whorl. Test comprised of two whorls of cham- 
bers which expand rapidly in size in the first \\horl and more 
slowly in the final whorl; foiu" to fixe chambers in the final 
whorl. Chambers in final whorl petaloid in shape spirally; 
subrectangidar in shape umbilically; separated by cinved. 
elevated, beaded sutures spirally and by straight to slightly 
curved, elevated, beaded sutures, umbilically. Test show- 
ing some rugosities on spiral surface of final whorl pai- 
ticularly on early chambers. Umbilicus wide, shallow, cov- 
ered by tegilla showing infralaminal and intralaminal ac- 
cessory apertures. Primary apertine interiomarginal, imibili- 
cal in position. Outer wall radial hvaline perforate excejjt 
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D-D' 0.392 0.526 0.448 

U-U' 
0.205 0.252 0.205 

TX 0.028 0.014 0.042 

T'X 0.084 0.098 0.084 

Angle XD'U' 
47.0° 46.0° 37.0° 

Angle  XD'T 9.0° 4.0° 13.0° 

Angle XDU 
42.0° 43.0° 30.0° 

Angle  XDT 
11.0° 4.0° 14.0° 

XD 
0.140 0.217 0.182 

XD' 
0.252 0.309 0.266 

T'X/TX 
3.0 7.0 2.0 

Ht.   double 
keel  at   D 

0.056 0.112 0.070 

Ht.   double 
keel   at  D' 

0.070 0.070 0.070 

All measurements in millimeters 

for keels, beads, rugosities, and peripheral spines. Keels 
idtragranidar hyaline imperforate and radial hyaline im- 
perforate ("variety" of t)pe 2, Text-figure 40) ; rugosities, 
beads, and peripheial spines ultragranidar hyaline imper- 
forate. Septal walls and legilhi microgranidar hyaline, 

finelv perforate. 
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Remarks—G. loeblichi Pessagno, n. sp. is related phylo- 
genetically to G. Unneitnm (d'Orbigny) (Text-figure 35). 
It differs from G. linneiana (1) by the thinner (less high) 
nature of its double keels; (2) by the highly compressed na- 
ture of its test along a spiral-umbilical axis; (3) by the 
dichotomous (diverging) nature of its double keels in 
peripheral view; and (1) by the imbricate nature of its 

chambers in peripheral view. 

Form analysis data for sectioned free specimens of G. 

loeblichi are presented in Text-figure 52. 

G. Ini'blichi, n. sp. is named after Alfred R. Loeblich. 
Jr. in honor of his great contributions to the field of 

micropaleontology. 

Type locality.-TX 375. Taylor formation ("Lower 
Taylor marl" member). Gray to buff calcareous mudstones 
breaking with conchoidal fracture. Clay pit of Baron Brick 
Company at Palmer, Ellis County, Texas. Sample collected 

at base of pit (1962) ; 38 feet of exposure. 

Iia>ie,e.—G. jornicata—siuariijormis assemblage zone, 

A. bloiui subzone {P. glabrata zonule) to G. rlcvata subzone 

(G. calcarata zonule)  in so fas as known. 

Occurrence.—\n Mexico G. loeblichi has been observed 

in the Late Campanian portion of the Mendez shale in the 
Tampico area at locality MX 82 (see Appendix). In Texas 
it has only been observed at its type locality in the Early 

Campanian portion of the Taylor formation 

Globotruncana nothi (Bronnimann and Brown) 

Plate 67, figures 4-9; Plate 68, figures 6-8; Plate 96, figure 10 

1955. (Uobotruncana joniicala tichfimanni (.aiulolfi (pan) , Bull. 
Amer. Paleont.. vol. 36, No. 155, p. 42. pi. 2. figs. 6a-c. 7a-c: 
not 5a-c   (holotype) . 

1956. Rugotruticana nothi Bionniinann and Brown, Eclogae Gcol. 
Helv.. vol. 48, No. 2, p. 551. pi. 22. figs. 16-18. 

19,56    Maraiuntruncana   paiilicidla   Hofker.   Ncucs   lahrl).   (.eol.   I'al- 
eonl':, Abh. 103, pp. 331. 332. fig. 21. ?22. 

1964.   Globotruncana nothi   (Bronnimann and Brown) . Olsson, Micro- 
paleont., vol. 10, No. 2, p. 168, pi. 4, figs. 9a-(. 

Description—Tei,y trochospiral, spiroconvex, truncated 
peripherally by a double keel; keel rims parallel on pos- 
terior portion of each chamber, sharply divergent on an- 
terior part of each chamber; divergent double keels par- 
ticularly well developed on last several chambers of final 
whorl. Test comprised of two to two anil one-half whorls 
of chambers; five to seven chambers in last whorl. Early 
chambers of last whorl considerably larger than final cham- 
bers of preceding whorl; remaining chambers of final whorl 
slowly expand in size. C;hambeis spinose and rugose spirally, 
moderately flattened individually both spirally and umbili- 
cally; peculiarly notched spirally and ha\ing n somewhai 

imbricate appearance peripherally. Chambers spirally vary 
betweeir petaloid and crescent-shaped; chambers umbilically 
usually subrectangidar in shape. Sutines raised, highly 
beaded, curved spiially; straight to slightly depressed, rarely 
beaded umbilically. Early whorl comprised of inflated glo- 
bigeriniform chambeis which may possess either an im- 
perforate peripheral band or weak double keel or lack these 
features altogether. Umbilicus moderately large, usually 
lacking beaded inubilital shoulder; covered by spiral system 
of tetrilla with iiuralaminal and infralaminal accessorv 
apertines. Primary apertme interiomarginal, umbilical in 
jMsition. Outer wall radial hyaline, perforate except for 
keels, spines, and rugosities. Keels radial hyaline imper- 
forate and ultragianular hyaline imperforate ("variety" of 
type 2, Text-figiue 40). Coarse spines and rugosities ultra- 
granular hyaline, finely perforate. 

Remarks.—Bvonninvcinn and Brown (1956) included 
this species under Ritgolriiitcana Bronnimann and Brown. 
However, the writer restricts Rugotruncatia to those species 
showing rugosities arranged in a distinctive meridorial pat- 
tern. G. notlii, iliough often rugose, shows no meridorial 
arrangement of rugosities. 

The writer examined the holotype of R. nothi Bronni- 
mann and Brown at the U.S. National Museum, Washing- 
ton, D.C. He also examined the holotype of G. jornicaUi 
ackrriiianni Gandolfi (No. 20836) at the Paleontological 
Research Institution, Ithaca, New York. The holotype ol 
G. fornicuta ackertiianui is not significantly different from 
that of G. foiiiicalii pliiiiimcrae in apj^earance. It lacks di- 
vergent double keels and shows rather vaulted chambers 
spirally. The paratypes of G. fornicala ackermanni figured 
by Gandolfi seem assignable to G. nothi (Bronnimann and 
Brown) . Marginotruticana pauperata Hofker is synono- 
mous with G. nothi. Furthermore, its generic characteristics 
clearly indicate that it shoidd be placed with Globolrnn- 
cana and not with Marginotntncana (.see emended defini- 

tion of Marginotruncana herein). 

It is likely that G. nothi evolved from G. fornicata as 

suggested in Text-figure 35. 
Range.—G. fornicata—stiiartifortiiis assemblage zone. 

G. elevata subzone (G. calcarata zonule) to G. contusa— 
stiiartiformis assemblage zone, A. mayaroensis subzone. 

Occiirrcnce.-ln the course of the present study G. 
nothi has been observed in the Late Campanian portion of 
the Mendez shale of Mexico in the Tampico area. In Texas 
this species occurs abundantly in the "Upper Taylor marl' 
member of the Taylor formation in Limestone County in 
a rich fauna containing G. ventricosa, G. calcarata, and a 
number of species indicative of the G. elevata subzone  (G. 
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cakarata zonule). In S.W. Arkansas it occurs in the Marl- 
brook marl, in the Saratoga chalk, and in the Arkadelphia 

marl. 

Bronnimann and Brown (1965) originally described 
G. notlti from the Late Maestrichtian {A. mayaroensis sub- 
zone) of Cuba. Elsewliere in the Western Hemisphere G. 
notlii has been recorded and figured by Olsson (1964) from 
the  Redbank formation of New Jersey and by  Gandolfi 
(1955, part) under the name of G. fornicata ackermanni 

Gandolfi from the Colon formation of Colombia. 

In  Europe  G.  nothi  has  been  recorded  by  Hofker 
(1956) under the name oi Marginotruncana pauperata Hof- 
ker from the Maestrichtian of Holland. 

Globotruncana plummerae Gandolfi 

Plate 66, figures 3-8; Plate 96, figure 9 

lOS.'i. (.loholt uuctiun fornicata pluiiimcrae Cianilolfi, Bull. Aim-r. 
Paleont., vol. 36, No. 155. p. 42, pi. 12. figs. 3a-c: 4ac. 

1955. Gtobolruiicatia jornicata ackermanni Gandolfi (part). Bull. 
Amer. Paleont.. vol. 36, No. 155, p. 42, pi. 2, figs. 5a-c; not 
6a-c. 7a-c. 

1963. Clobotruncana fornicata Pliimmer, Bronnimann and Rigassi. 
Eclogae Geol. Helv., vol. 56. No. 1. pi. 17, figs. 3a-c, (no pagina- 
tion) . 

1963. Clobotruncana (Globotruncana) fornicata plummerae Gandolfi, 
\an Hinte, Jalirb. Geol. Bund., Sond. 8, p. 63. pi. 3, figs. la-c. 

D<-scri plioti.—Tesl trochospiral, spiroconvex (mean 
T'X/TX value for seven measmed speciinens=0.255) with 
prominent double keel which is reflected unibilically. 
Chambers arranged in two to two and one-half whorls; ex- 
pand greatly in size as added; four to five chambers in 
final whorl. Chambers in last whorl spirally elongate, cres- 
cent-shaped, highly \aidted, separated by depressed, ciuved 
sutures usually lacking beads; chambers in early whorls 
globigerinifonn. Chambers umbilically subrectangular in 
shape, slightly inflated, separated by depressed straight to 
slightly curved siuures usually lacking beads. First two or 
three spiral chambers of final whorl usually possessing 
coarse spines and rugosities on their surfaces. Umbilicus 
deep, lacking beaded umbilical shoulder, covered by spiral 
system of tegilla with intralaminal and infralaminal acces- 
sory apertures. Priinary aperture, interiomarginal, umbili- 
cal in position. Outer wall radial hyaline perforate except 
for keels, spines, and rugosities. Keels radial hyaline and 
ultragranular hyaline, imperforate ("variety" of type 2; 
Text-figure 40) ; coarse spines and rugosities idtragranular 
hyaline, imperforate. Septal walls and tegilla miciogranidar 

hyaline perforate. 

Remarks.—G. phitnmerae Gandolfi is somewhat similar 
to G. fornicata Plummer. It differs from the latter species 
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D   D' 0.443 0.448 0.471 0.434 0.476 0.463 0.476 

II   l.j' 0.224 0.196 0.252 0.205 0.196 0.238 0.224 

T   . 0.205 0. 182 0.154 0.168 0.127 0.140 0.182 

1 'x 0.028 0.042 0.042 0.042 0.028 0.042 0.056 

Angle XD'U' 
18.0° 22.0° 30.0° 33.0° 16.0° 31.0° 27.0° 

Aiiqlo XD'T 40.0° 30.0° 30.0° 39.0° 27.0° 27.0° 32.0° 

Angle  XDU 
18.0° 26.0° 24.0° 18.0° 20.0° 20.0° 33.0° 

Angle   XDT 44.0° 48.0° 40.0° 39.0° 40.0° 46.0° 44.0° 

XD 0.205 0.168 0.205 0.238 0.196 0.154 0.252 

\l  ' 
0.238 0.280 0.266 0.196 0.280 0.309 0.224 

T'\/TX 0.137 0.2 30 0.273 0.25 0.22 0.30 0.31 

Ht.   double 
keel   at   D 

0.084 0.084 0.070 0.070 0.054 0.070 0.070 

Ht.   double 
keel   at   D' 

0.0 0.0 0.042 0.070? 0.0 0.042 0.0 

All measurements   in millimeters. 

Note: T'X for specimen Pe 775  —  0.041. 
rX/TX for specimen Pe 77'  =  0.20. 

(I) by possessing vaulted, noncrenulate, spinose, chairibers 
spirally and (2) by possessing markedly depressed sutmes 
both spirally and umbilically. Both species possess elongate, 
crescent-shaped chambers spirally, subrectangularly shaped 
chambers umbilically, and umbilically reflected double 
keels. As suggested in Text-figure 35 herein, it is likely that 
G. pluvtmerae evolved from G. fornicata largely via the 
arching of the chambers spirally and the development of 
depressed sutures. Gandolfi (1955, p. 39) likewise favored 
the evolution of G. plummerae from G. fornicata. How- 
ever, a possible phylogenetic link between this species and 
G. bulloides Vogler should be further investigated. 
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G. plummerae Gandolfi differs from G. nolhi (Bronni- 
mann and Brown) (1) by possessing liighly arched cliam- 

bers spirally; (2) by showing a rapid expansion in chamber 
size;   and   (3)   by   usually   lacking  raised   beaded   sutures 

spirally. 
Rangc.-G. fornicnla-stuartiformis assemblage zone, 

G. clrvatn subzone (P. degans zonule) to R. subcircum- 

jiodifcr (G. lapparenti s.s. zonule)  insofar as known. 
Orf?/rre«f^.-This species has been observed in the 

Late Campanian and Early Maestrichtian portions of the 
Mendez shale of the Tampico area of Mexico. It also occurs 
in deposits of the same age (Papagallos shale) north of 
Mamulique Pass along the Mexico, D.F.-Nuevo Laredo 

Highway  (Rt. 85). 
In Texas, G. plummerae occins in the middle to upper- 

most portions of the Wolfe City sand in McLennan and 
Falls County; in the Pecan Gap chalk of McLennan County; 
and in the "Upper Taylor marl' of Travis and Limestone 
Counties. It likewise has been observed in the Neylandville 
marl of Navarro County and Delta C:oimty (Locality No. 

52, Cushman, 1946, p. 3). 
In southwestern Arkansas G. plummerae occurs in the 

Annona chalk, the Marlbrook mail, and  in  the Saratoga 

chalk. 
This species was originally described by Gandolfi 

(1955) from Colon shale of Colombia. It was figured by 
Bronnimann and Rigassi (1963) under the name of G. 

foruicala Plummer from the Campanian of Cuba. 

Globotruncana rosetta (Carsey) 

Plate 70  figures 9-12; Plate 73, figures 5-8; Plate 98, figure 14; 
Plate 97, figures 19-23 

Globigerina rosetta C.aisey. Univ. Texas Biill., 2612. p. 44, pi. .5. 
figs. 3a-c. .,  .     _. _   ,, 
Globotruncana  area    (Cushman),   Plummer.   Iniv.  Texas   Bull. 
3101   pi. 195. pi. 13, figs. Ua-c; not 7a-c. la-c; 9a-c. 
Globotruncana cretacea Cushman, Contr. Cushman Lab. Foram. 
Res., vol. 14. p. 67, pi. 11. figs. 6a-c. „    .   „ 
Globotruncana cretacea Cushman.   V.S.  Geol. ,Sur.,  Prof. Paper. 
No. 206, p. 151, pi. 62. figs. 7a-c. 
Not Globotruncana rosetia   (Carsey), Bandy. Jour. Paleont., vol. 
25, No. 4, p. 509, pi. 75, figs. 4a-c. 
Not   Globotruncana   rosetta   (Carsey) 
Neft.  Nauckno—Issleti.  Geol. Razved. 
197, pi.  13, tigs. 5a-c;  6a-c. 
Not  Globotruncana rosetta   (Carsey) ,  Hamilton, Jour.  Paleont 
vol. 27, No. 2, p. 233, pi. 29, figs, 26-28. 
Not   Globotruncana   rosetta   rosetta    (Carsey) 
Amer.  Paleont.,  vol.  36.  No.   155.  pp.  66 
?text-figure  10. 
Globotruncana   area   caribica   Gandolfi 
vol. 36, No. 155. p. 64. pi. 5. figs. 5a-c. 
Globotruncana    ventricosa   ventricosa    White. 
Amer. Paleont., vol. 36. No. 155. p. 22, pi. 1. figs. 5a-c. 
Globotruncana rosetta   (Carsey) , Bronnimann and Brown, Eclo- 
gae Geol. Helv., vol  48, No. 2, pp. 545. 546. pi. 21, figs. 11-13. 
Globotruncana   rosetta   (Carsey),   Ayala   (part) ,   Univ.  Nacional 
.\ut. Mexico. Instit. Geol.. Paleont. Mexicana, No. 4, p. 25, pi. 
5. fig. 2; not pi. 5. fig. 3; not pi. 6, fig. 4. 

1926. 

1931. 

1938. 

1946. 

1951. 

1953. 

1953. 

1955. 

1955. 

1955. 

1956. 

1959. 

,  .Subbotina,  Trudy,  Vses, 
Instit., n. .ser., No. 76. p. 

Gandolfi,   Bull. 
6.  figs,   lac; 

Bu 

67.  pi.  6,  figs. 

.Amer.   Paleont.. 

Gandolfi,    Bull. 
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1)   u' 0.266 0.295 0.322 0.295 0.295 0.350 0.309 0.280 0.224 0.309 0.266 0.238 

TX 0. 0S4 0.054 0. 084 0.084 0.070 0.112 0.07 7 0.077 0.070 0.098 0.070 0.098 

7 '.X 0.154 0. 140 0.140 0.154 0.154 0.182 0.140 0.205 0.140 0.140 0.098 0.140 

Angle  X[''ll' 43.0' 52.0" 50.0° 49.0" 49.0" 34,0" 39.0° 44.0" 52.0° 50.0" 47.0° 42.0" 
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XD' 
0.322 0.309 0.364 0.350 0.350 0.322 0.337 0.337 0.238 0.280 0.295 0.309 

T'X/T- 1.83 2.59 1.67 1.83 1.83 1.62 1.87 2.67 2.0 1.42 1.40 1.42 

Ht.   double 
keel   at   D 

0.084 0.098 0.084 0.054  0.054 0.084 0.098 0.08.' 0.054 0.084 0.098 0.07( 

Ht.   double 
keel    at   D' 0.056 0.070 0.04 2 0.0 0.0 0.0 0.0 0.0 0.054 0.070 0.054 0.05< 

AH   moasurements   in  inll 1 imeter s . 

1960. Globotruncana tnarei Banner anil Blow, Contr. Cushman 
Found. Foram. Res., vol. II, pt. 1. p. 8, ( = G. cretacea Cush- 
man,  1938). 

1960. Globotruncana (Globotruncana) rosetta (Carsey) , Pessagno, 
Micropaleonl.. vol. 6, No. 1, p. 100, pl. 3, ligs. 4-7; pi. 5, figs. 
6, 9. 

1962. Globotruncana {Globotruncana) rosetta (Carsey) , Pessagno, Mi- 
cropaleonl., vol. 8. No. 3, p. 362, pl. 4, figs. 6-8. 

1962. Globotruncana (Globotruncana) rosetta (Carsey) , Berggren, 
.Stockholm Contr. Geol., vol. 9, No.  1, p. 56, pl. 10, figs. lac. 

1962. Not Globotruncana rosetta (Carsey) , Barr, Paleontology, vol. 4, 
pt. 4, pp. 575. 576. pl. 70. figs. 4a-c. 

1963. Globotruncana (Globotruncana) rosetta rosetia (Carsey). Van 
Hinte (part). Jahrb. Geol. Bund.. Sond. 8, pp. 89-91, pl. 9, figs. 
3a-c; not figs,  la-c: 2a-c; not pl.  10, figs.  la-c. 

1964. Globotruncana rosetta (Carsey) , Olsson, Micropaleonl., vol. 10. 
No. 2, pp. 168. 169, pl. 4, figs. 5a-c. 7a-c. 

1964.   Globotruncana  tnarei Banner and  Blow,  Ols.son,  Micropaleonl.. 
vol. 10, No. 2, pp. 167. 168, pi. 4, figs. 8a-c: not lOa-c. 

1964.   Not Globotruncana rosetta   (Carsey) , Martin, Jahrb, Geol. Bund. 
.Solid. 9, p.  83.  pl.   10, figs. ,5a-c. 

Deseription.—Teai tiochospiral, planoconvex (mean 
T'X/TX value for 12 measured specimens=1.85), peri- 
phery lobulate, acutely angled, truncated by narrow double 
keel which frequently merges to form a single keel at some 
point in last whorl; double keel becoming progressively 
narrower from nepionic stage of development to ephebic or 
gerontic stage of development. Chambers arranged in two 
and one-half to three whorls; increasing in size at a rather 
constant rate; five to six chambers in last whorl which are 
crescent-shaped s]Hrally and subreclanguhii  iimbilitally. Sti- 



(illll' OKKI ACl'.Ol'S I'OKAMINII KKA:   I'lSSACNO 353 

tines niived, raised, beaded spirally; straight to slightly 
curved, beaded umbilically. Sectioned specimens usually 
showing a well-developed double-keeled G. linnciana (d'Or- 
bigny) stage of development. Umbilicus deep, moderately 
wide, covered by a spiral system of tegilla with intralaminal 
and infralaminal accessory apertmes. Primary apertiue in- 
teriomarginal, umbilical in position. Outer wall radial hya- 
line perforate except for keel which is both radial hyaline, 
imperforate and ultragranidar hyaline imperforate (variety 
of type 2; Text-figure 40) ; single keel when present radial 
hyaline, imperforate. Tegilla and septal walls microgranular 
hyaline, perforate. 

/?f?«rtrA'.y.—Bronnimann and Brown (1956) examined 
the holotype of Globotruncana rosctta (Carsey) in the col- 

lections of the University of Texas. They noted that the 
holotype possessed a narrow doidjle keel on the early cham- 
bers of the last whorl which merged to form a single keel 
on the final chambers. Plummer (1931) failed to indicate 
this double keel in her drawing's of Carsey's holotype. The 
writer collected and examined a great deal of topotypic 
material from the "Upper Taylor marl" in Travis County, 
Texas   (TYPE 6A-C; see Appendix). 

Globotruncana rosetla (Carsey) is most easily con- 
fused with Cjlobotruncana vcntricosa White and Globo- 

trunauia acpypliaca Nakkady. It differs from G. vcntricosa 

White (I) by ha\ing a more shaiply angled |)eriphery: (2) 
by having a much narrower double keel that merges to form 
a single keel in ephebic or gerontic specimens (compare 
sum of keel heiahis of G. rosetta and G. xicntricosn in Text- 
figines 54, 60) ; (3) by being less convex lunbilically (mean 
T'X/TX value for 12 specimens of G. rosetta^\.9>5; mean 
T'X/TX value for 13 specimens of G. ventricosa^2..&b) : 
and (4) by lacking heavily beaded sutiues and markedly 
petaloid   (G.  //n/ic/o^fl-shaped)   chambers spirally. 

G. rosetta and G. vcntricosa are closely related phylo- 
genetically. Both species share well-developed G. liunciana- 

type nepionic stages with wide double keels. However, the 
double keel of G. rosetta narrows much more rapidly be- 
tween the nepionic and ephebic stages of development. 

G. rosetta (Carsey) is often nearly homeomorphic 
for G. aegyptiaca Nakkady. It differs from G. aegyptiaca (1) 
by possessing a somewhat smaller mnbilicus; (2) by being 
more convex umbilically; (3) by being nonrugose both 
spirally and umbilically; and (4) by possessing a promi- 
nent double-keeled G. tinneiaua nepionic stage rather than 
a single-keeled nepionic stage. The fourth difference cited 
above is regarded as the most definitive way of differenti- 
ating these two species. Thin-sectioned s]3ecimens of both 
species are figureil herein. 

G. rosetta (Carsey) has been confused by Bandy 
(1951), Subbotina (1953), Hamilton (1953), Barr (1962), 
and various other workers with G. clevata (Brotzen). 
Part of this confusion was undoubtedly due to Plummer's 
(1931) failure to illustrate the narrow double keel pres- 
ent on the early chambers of Carsey's holotype [see 
remarks on G. elevata   (Brotzen)   herein]. 

The writer regards Globotruncana crctacea Cushman 
{= Crlobotriincana ward Banner and Blow) as a small, 
immatiue form of Globotruncana rosetta (Carsey). Cush- 
man's holotype of G. cretacca Cushman has been re- 
illustrated herein (PI. 73, figs. 5-8). Illustrations of 
the same specimen by Cushman (1946, pi. 62, figs. 7a-c) 
and by Olsson (1964, pi. 4, figs. 8a-c) do not show 
the proper inflation of chambers on the umbilical side 
of the test. Approximate measurements of the T'X/TX 
values of the holotype of G. cretacca (refigured herein) 
indicate that T'X/TX = 1.2. Hence, G. crctacea is rela- 
tively planoconvex rather than bicon\ex as illustrated by 
Cushman (1944) and Olsson (1964). The absence of a 
single keel in the final whorl of G. cretacca is not regarded 
as an important criterion for separating this species from 
G. rosetta as smaller, immature specimens of G. rosetta 

commonly possess a narrow double keel throughoiU their 
last whorl. Thus, G. crctacea is treated a a junior synonym 
of G. rosetta. 

The writer examined the holotype of G. area caribica 
Gandolfi (No. 20854) at the Paleontological Research 
Institution, Ithaca, New York, and considers this form 
to be a jimior synonym of G. rosetta   (Carsey). 

Range.—G. fornicata—stuartiformis assemblage zone, 
A. blou'i subzone (D. niulticostata zonide) to R. subcir- 
cuinnodijer sub/one (R. subpennyi zonidc) : possibly 
higher. 

Occurrence.—\n the course of this study, G. rosetla 

has been observed in the Early Campanian portion of the 
San Felipe in the type area of this unit near the village 
of San Felipe west of Tampico and at Peregrina Canyon 
northwest of Ciudad Victoria (Text-figures 1, 2). It like- 
wise has been observed in the Campanian and Early Mae,s- 
trichtian portions of the Mendez shale throughout the 
area of study (Text-figines I, 2). It also occurs in Late 
Campanian and Early Maestrichtian portions of Papagallos 
shale north of Mamulique pass on the Mexico, D.F.— 
Nuevo Laredo Highway   (Rt. 85) . 

In Texas G. rosetla occius throughout the Tavlor 
formation: in the "Lower Taylor marl" member of Travis 
and McLennan Coimties; in the Pecan Gap chalk member 
of McLeiman Coimty:  and  in  the "Upper Taylor marl" 
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member of Travis and Limestone Comities. It likewise 
occurs in the Early Maestrichtian portion of the Upson 
clay in Maverick County and in the Neylandville marl 
of Navarro County. 

In southwestern Arkansas G. rosctla occms in the 
Late Campanian Ozan formation and Annona chalk and 
in the Early Maestrichtian Marlbrook marl and Saratoga 
chalk. 

Olsson (1964) recently recorded this species from tlie 
Mt. Lamel-Navesink formation of Delaware and from 
the Marshalltown and Mt. Lamel formations of New 

Jersey. 
In the West Indies it was noted by Bronnimann and 

Rigassi (1963) from the Via Blanca beds of Cuba under 
the name of G. marei Banner and Blow. It has been re- 
corded by Ayala (1959) from Late Campanian and Early 
Maestrichtian strata of Haiti, and by Pessagno (1960, 
1962) from the Campanian and Early Maestrichtian por- 
tions of the Parguera limestone and Rio Yauco formation 
of Puerto Rico. The occinrence in the Cariblanco forma- 
tion cited by Pessagno (1962, p. 362; not Chart 4) was an 
error. Elsewhere in the Western Hemisphere, G. roselta 
is known from the Colon formation of Columbia. 

Berggren (1962, p. 60) noted G. rosclla from the Maes- 
trichtian of Denmark. 

Globotruncana spinea Kikoine 

1947.   Globotruncana spinea Kikoine. Sot. Gcol. France, C. R. Soiiiiii.. 
Nos. 1-2, p. 21, tfs., p. 21. 

1957.   Globotruncana   (Globotruncana)   spinea Kikoine, Filgell.  Mitio- 
paleont., vol. 3, No. 2. p. 115, pi. 2. figs. 1-3. 

Remarks.—G. spiiira is the only double-keeled sjjecies 
of Globotruncana s.s. possessing tubulospines. Its crescent- 
shaped chambers spirally, subrectangidar chambers iimbili- 
cally, parallel sides, and moderately wide double keel indi- 
cate a close kinship with G. lapjmrciiti s.s. Brotzen 
(emended herein). 

Kikoine (1947, p. 21) suggested that this species 
evolved from G. area Cushman and in turn gave rise to 
G. calcarata Cushman. As noted above and in Text-figure 
35, the writer favors the idea of its evolution from G. 
lapparcnti s.s. It is in no way closely related to G. calcarata 
Cu.shman. G. calcarata possesses a single keel throughout 
all but its embryonic (globigeriniform) stage of develop- 
ment. 

7?«?;gr.—Uncertain. G. fornicata—stuartiformis assem- 
blage zone, A. blowi subzone {D. multicostata zonule) 
insofar as known. 

Occurrence. — G. spinea is rare in the Upper Creta- 

ceous deposits of the Western Hemisphere. To date, it has 
only been observed in the uppeimost part (Early Cam- 
j)anian) part of the San Felipe formation in the Tampico 
area. 

Elsewhere it is known from the Cretaceous of France 
and Australia. 

Globotruncana stephensoni Pessagno, n. sp. 

Plate 69, figures 1-7; Plate 96, figures 5, 6 

1931. (ihihdli nn((nia area (Cuslmian), I'Uimiiicr (pail). I'niv. Texas 
Bull. 3101. pp. 195-198. pl. 13, figs. 7a-c; not figs. 8. 9, 11. 

1957. Globotruncana (Globolruncana) area (Cushman). Edgell (part) . 
Micropaleont., vol. 3. No. 2. pp. 110, 111: pl. 1. fig^. 10-12: nol 
pl. 3, figs.  1-3,  13-15. 

1962. Globotruncana eonica White. Pessagno. Micropaleont.. vol. 8, 
No. 3, p. .302, text-fig. 4. pi. 4. figs. 13. 14. 

1963. Globotruncana (Globolruncana) rosetta rosetta (Carsey) , Van 
Hinte (part) , Jahrb. Geol. Bund., Sond. 8. pp. 89-91, pl. 9. figs. 
lac: 2a-t; not pl. 9, figs. .3a-c: pl. 10, figs. lac. 

Description.—Test trochospiral, spiroconvex (mean 
T'X/TX value for five measured sj^ecimens = 0.388) ; 
peri])hery sharply angled with narrow double keel merg- 
ing to form a single keel in last whorl; rare specimens 
single-keeled entirely in final whorl, but when sectioned 
showing double keel in preceding whorl; double keel when 
present, stiongly reflected innbilically. Test having about 
thiee whorls of chambers which slowly expand in size; 
six to seven chambers in last whorl. Chambers spirally, tvpi- 
cally trapezoidal to subtrapezoidal, but often jjctaloid. 
crescent-shaped, or subtriangular, separated by straight to 
slightly curved, raised, often beaded sutures. Chainbers 
individually smoothed surfaced, containing few if any 
rugosities. Umbilicus deep and wide; surrounded by 
umbilical shoulder which may or may not be beaded; 

umbilicus covered by spiral system of tegilla having intra- 
lanunal and infralaminal accessory apertures. Primary 
apertme interiomarginal, umbilical in position. Outer w.il! 
radial hyaline, perfoiale except for keels. Keels wh'jii 
single predominantly iadi:il hy;iline, imperforate; when 
double in pan ladial hyaline, imperfoiate, and ultra- 
granular hyaline, imperforate ("variety" of type 1; Text- 
figure 40) : lunbilical rim of double keel weak, entirely 
ultragramdar hyaline, imperforate; spiral rim with radial 
hyaline, imperforate base which is strengthened by accre- 
tion of ultragranular hyaline outer portion. Septal walls 
and tegilla microgranidar hyaline, finely perforate. 

Remarks.—G. stephensoni Pessagno, n. sp. is closely 
related phylogenetically to G. area (Cushman). Ephebic 
individuals of G. stephensoni, n. sp. differ from those of 
G. area having approximately the same diameter by (I) 
possessing  angled   peiipheries;    (2)    narrow   double   keels 
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^\•llich merge to form a single keel in the last whorl; and 
(3) by usually having more trapezoidally shaped chambers. 
Both species possess double keels which are strongly re- 
flected umbilically and have similar structure (TYPE 1; 
Text-figure 40). 

G. stcpJtensoni, n. sp. may be perfectly homeomorphic 
externally for either high-spired forms of G. stuarli (dc 
Lapparent) s.s. or for G. conica White and can only be 
separated in thin-section from these latter species. Most 
Campanian and Early Maestrichtian occurrences of G. 
conica and G. sluorti (de Lapparent) s.s. most likely rej)- 
resent occurrences of G. stcphcnsoni, n. sp. For example, 
Pessagno (1960, p. 91, chart 2: 1962, p. 355, chart 1) noted 
G. conica in Puerto Rican strata of Late Campanian and 
Early Maestrichtian age. The sectioned specimen figmed 
as G. conica White by Pessagno (1962, text-figure 4, p. 362) 
resembled G. conica externally. It possessed siibtra|3ezoidal 
chambers spirally and showed a spiroconvex test. However, 
it also showed a narrow double keel in the ]josterior por- 
tion of the last whorl and in the preceding whorl. 

G. stcphcnsoni Pessagno, n. sp. is named in honor of 
the late L. W. Stephenson in recognition of his great 
contributions to the study of the Cretaceous stratigraphy 
of the Atlantic and Gulf Coastal Plains. 

Form analysis data for sectioned specimens of G. 
stcphcnsoni, n. sp. are includeil in Text-figure 55. 

Type locality—T\ 291-B. Taylor formation ("Upper 
Taylor marl" member). Buff calcareous mudstone breaking 
with concoidal fracture; collected from ditch crossing 
State Route 73; 2.4 miles east of intersection of Route 73 
with Farm Road 737 in town of Prairie Hill, Limestone 
County, Texas. 

Deposition of types.—The holotype and figured paia- 
ty|3es of G. steptiensoni will be deposited in the collections 
of the U.S. National Museum, Washington, D.C. Unfig- 
ured paratypes will be deposited at the Paleontological 
Research Institution, Ithaca, New York. 

Range.—G. fornicata—stiiartiforniis Assemblage zone, 
A. blowi subzone (D. muhicostata zonide) to R. subcir- 

cinnnodifcr subzone (R. subpcnnyi zonule) in so far as 
known. 

Occurrence.—In Mexico this species occins in the 
Early Campanian to Early Maestrichtian portions of tlie 
Mendez shale and in the Early Campanian portion of the 
San Felipe formation. 

In Texas it occurs in the Pecan Gaj) chalk of McLen- 
nan County; the "Upper Taylor marl" of Travis and Lime- 
stone Counties: and in the LIpson clay of Maverick County. 

In southwestern Arkansas G. stcphcnsoni, n. .sp. occurs 

TEXT-FIGURE 55: 
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D-D' 0.491 0.547 0.490 0.504 0.448 

U-U' 0.340 0.266 0.252 0.252 0.238 

TX 0.140 0.154 0.154 0.182 0.127 

T'X 1.056 0.070 0.070 0.056 0.042 

Ang e  XD'U' 25.0° 28.0° 30.0° 26.0° 34.0° 

Anq e  XD'T 24.0° 22.0° 29.0° 32.0° 27.0° 

Ang e  XDU 28.0° 35.0° 21.0° 27.0° 23.0° 

Ang e  XDT 35.0° 38.0° 36.0° 48.0° 35.0° 

XD 
0.182 0.252 0.224 0.238 0.224 

XD' 0.309 0.295 0.266 0.266|0.224 

T 'X/TX 0.40 0.45 0.45 0.31 0.33 
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0.0 0.063 3.056 0.070 0.056 

kee 1   at   D 

Hr double 
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kee 1   at   D' 

Double   keel 
-1- + -1- + + 

ear ly vjhorls 

All measurements in millimeters. 

" + = presence of double keeled early stage, 
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in the O/aii lormation ami Annona chalk ol Sevier County 
and in the Saratoga chalk of Hempstead Ciounty. 

Van  Hinte   (1963,   part)    figured  G. stephensoni  as   G. 
roscltn   (C;arsey)    from   the  lli)])er  Cretaceous  of  Austria. 

Globotruncana stuarti  (de Lapparent) 

81, figures 1-6; Plate 93, figm-es 9-11; Plate 94, figure 7 

liosaliua stuarti de Lapparent. Serv. Carte Geol, Mem., Paris. 
Fiance, p. 11, pi. 1, ?figs. 5. (i; 7; tf. 4 (p. 12); tfs. 5a, b. .^c (p. 
13).   (Lectotype  designateil   herein;   tf.  4   (p.   12) ,  lower  3   tig- 

nol Clobotriwcuna stimrti (de Lapparent), Renz, Eclogae Geol. 
Helv vol. 29, No. 1. pi. ('), tigs. 35-41; pi. 8, fig. 4. figs. 3/-38 = 
G elevata (Brotzen); figs. 39-H\ = G. sluaitiloimis Oalbiez) . 
Not Glalmtnwcana linnci slunrli Voglcr. ['alacoiuograpliica. 
Siippl. Ikl. 4, Abt. 4, p. 289. pi. 24, figs. 8-13. 
Not C.tobotriwcana stuarti (de Lapparent), Vogler, I'alaeonto- 
giaphica. .Suppl. Bd. 4, Abt. 4. p. 289. pi. 23. figs. 4(), 41 (=G. 
elevata   (Brotzen) . 
Globotruncana stuarti (de Lapparent). Bolli (pari). Eclogae 
Geol. Helv., vol. 37, No. 2. p. 236. pi. 19, fig. 18; not te.xt-fig. 1: 
fig. 27; ? 28. 
Globotruncana (Globotruncana) stuarti (de Lapparent), Reictiel 
(part) , Eclogae Geol. Helv.. vol. 42. No. 2. pp. 613-615. pi. 16. 
tig. 10; pi. 17, fig. 10; not text-fig. 7a. 
5 Globotruncana area   (Cushntan)   var. esnehensis Nakkady. Jour. 
I'alcont.. vol. 24. No. 6. p. (i90. pi. 90. figs. 23, 24. 
Not Globotruncana stuarti   (de Lapparent) . Bolli, Jour. Paleont.. 
vol.   25,   No.   2.   p.   196,   pi.   34.   figs.   10-12    ( = Globotruncana 
stuartifortnis Dalbiez). 
Not Globotruncana stuarti (de Lapparent) Tilev, Lausanne 
Univ., Mus. Geol., Lab. Geol.. Min., Gcopliys.. Bull. No. 103, 
pp. 34-41. text-figs. 7a-c; 8a-d (figs. 7a-c = G. elevata Brotzen; 
figs. 8a-d = C. stuartiforniis Dalbiez) . 
Globotruncana   falsostuarti   .Sigal.   19th   Congr.   Gc-ol.   Internal., 
Monogr. Reg.. Alger, ser.  1, No. 26. p. 43, lexl-fig. 46. 
Not  Globotruncana stuarti   (ile  Lapparent) ,  Siibbotina, Trudy, 
Vses.  Nell.   Nauckno—Isslcd.  Geol.   Razved.   Instil.,  n.  ser..  No. 
76, p. 201. pi. 15. figs. 3a-5c   (Figs. 3a-c; 5a-c=G. elevata Brotzen; 
figs.   4a-c: = transilional    form    between    G.   stuartiforniis   and 
G   elevata with approximate T'X/TX value of 1.10). 
Globotruncana    (Globotruncana)    stuarti    (de   Lapparent),   Dal- 
biez, Micropaleonl., vol. 1. No. 2, p. 170 text-figs. 4a-c. 
Not   Globotruncana   stuarti   stuarti    (de   Lapparenl)    Gandolfl. 
Bull. .\mcr. I'aleonl., vol. 36. No. 155. p. 64, pi. 5, figs. 6a-c. 
Not  Globotruncana stuarti   (de  Lapparent),  Said  and   Kenawy. 
Micropaleonl., vol. 2. No. 2, p. 151. pi. 5, figs. 22a-c [ = transi- 
tional  form  between  G. cmiiea While and  G. stuarti   (de Lap- 
parenl)   with an approximate T'X/TX value of 0.46]. 
Not   Marginotruncana  stuarti    (de   Lapparenl) .   Hofker.   Neues 
Jahrb.  Geol.  I'aleonl., Abli.  103.  pp.  332,  333;   text-fig.  23. 
Gloholruncana   stuarti    (de   Lapparenl),   .Sacal   and    Debourle 
(part) , Soc.  Geol.  France,  n. ser.,  Mem. No.  78,  p. 60.  pi. 26. 

fig. 5; not pi. 27, figs. 15. 19. 
Globotruncana rosetta (Carsey) , Said and Kerdanv, Micropal- 
eonl., vol. 7, No. 3, p. 331, pi. 2, figs. I3a-c. 
Globotruncana sp. ind. C.orniinboeut. Eclogae Geol. Helv., vol. 
54, No. 1, p. 117, pi. 2, ligs. 2a-c. 
Globotruncana (Globotruncana) stuarti (de Lapparenl). Berg- 
gren. Stockholm Contr. Geol., vol. 9, No. 1, pp. 60-64, pi. 10, 
figs. 2a-c. 
Globotruncana (Globotruncana) stnnrti stuarti (ile Lapparenl) , 
Pessagno, Micropaleonl.. vol. 8, No. 3. pi. 2. figs. 1-3 (no 
pagination) . 
Not Globotruncana stuarti stuarti (de Lapparent) , Olsson, Mi- 
cropaleonl., vol. 10, No. 2. pp. 58-60, pi. 8. figs. 9a-c (=G. 
stuartiforniis Dalbiez; nearlv transitional to G. elevata Brotzen) . 

Plate 

1918. 

1936. 

1941. 

1941. 

1945. 

1950. 

1950. 

1951. 

1951. 

1952. 

1953. 

19.55. 

19.55. 

1956. 

1956. 

1957. 

1961. 

I96I. 

1962. 

1962. 

1964. 

l)cs(rij)lioii.—Test  troihospiial,  sjjirocon\ex, occasion- 

ally biconvex (mean T'X/TX value lor 18 measured speci- 
mens = 0.79: cf. Text-figures 37, 58: Chart 2). Peripheral 
outline ahriost ciixidar; axially acutely angled, possessing 
well-developed single keel: sectioned specimens showing 
single keel in all but embryonic (globigeriniform) stage 
of development. C;iKimbers spirally, trapezoidal to crescent- 
shaped: typically, trapezoidal; separated by straight to 
slightly curved, raised, beaded sutures; chambers umbili- 
cally subrectangtdar; separated by straight to slightly curved 
raised, beaded sutures. Umbilicus small relative to test 
diametei, surrounded by prominent, beaded umbilical 
shoidder; covered by sjjiral systenr of legilla displaying in- 
tralaminal and infralaminal accessory apertures. Primary 
aperture interiomarginal, umbilical in position. Outer wall 
radial hyaline, perforate except for beads and single keel. 
Beads ultragranidar hyaline, imperforate: keel radial hya- 
line, imperforate. Early whorls of test usually showing wide 
radial hyaline, imperforate bands situated umbilically 
beneath keel [cj;., fig.s. 5a-b, p. 13, De Lapparent 1918; 
PI. 93, figs. 9-11   herein]. 

Remarks.—a. .sliiarti s.s. (de Lapparent) is closely re- 
lated to G. coiiica White and undoubtedly gave rise to 
the latter species (Text-figure 34). These two species are 
separated principally on the basis of their spiral convexity. 
Criteria used herein for their separation have been discussed 
under G. ronic/i White (see also Text-figures 36, 37, .58, 
Table 2) . 

G. stuarti s.s. (de Lapparent) is also closely related 
pliylogenetically to G. stuartiformis Dalbiez. Many micro- 
spheric specimens of G. stuarti s.s. show a G. stuartiformis 

stage with subtriangtdarly shaped chambers in their earlier 
whorls. G. stuarti s.s. (de Lapparent) can be usually tliffer- 
entiated from G. stuartiformis Dalbiez externally by pos- 
sessing trapezoidally shaped chambers in its final whoi 1. 
Its chambers may be entiiely trapezoitlal or may be in 
part crescent-shaped or sometimes subtriangular. The ]3ro- 
portion of trapezoiilal chambers is variable. In thin section, 
G. stuarti s.s. differs from G, stuartiformis (I) by |jos,sess- 
ing witle radial hyaline imperforate bands in earlier whorls 
inuiiediately beneath the keel uirrbilically aird (2) by usu- 
ally possessing a smaller umbilical diameter relative to its 
test diameter (cf. Text-figines 36, 58, Table 2) . The 
T'X/TX values of both species are relatively similar (mean 
T'X/TX ^ 0.79 foi 18 ineas'tired specimens of G. stitarti s.s.; 
mean T'X/TX value ^= 0.92 for 26 measured specimens of 
G. stuartiformis). The wide radial hyaline imperforate 
bands noted above seem to represent the reconstitution of 
the perforate part of the test probably at the adidt stage of 
development.  Otcasional  specimens may  have  completely 
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radial hyaline imperfoiate early whorls. This same ciiarac- 
terisiic is shared b)  O. con'ua White. 

G. sluarti (de Lapparent) is the earliest name ap- 
jjlied to single-keeled Campanian and Maestrichtian species 
of Globotriinrana. Most earlier workers simply included 
all single-keeled species, herein assignable to the G. sluarti 
lineage group, imder G. stuarti (de Lapparent) . For 
example, forms herein assignable to G. elevata (Brotzen) 
and G. stiiartiforniis (Dalbiez) were frecjiiently assigned 
by previous workers to G. stuarti (de Lapparent). The 
modern tendency, however, is to treat G. elevata, G. stuarti- 
fonnis and G. stuarti s.s. as separate species. 

It is likely that both G. rsuclwusis Nakkady and G. 
jaJsostuarti Sigal are jimior synonynrs of G. stuarti s.s. 
Comparative specimens of G. falsostuarti given to the writer 
by Dr. f. Sigal appear either to be assignable to G. stuarti 
s.s. or to G. couica. The holotype of G. falsostuarti is rela- 
tively biconvex and falls well within the range of G. stuarti 
s.s. in terms of its T'X/TX value. Comparative specmens 
of G. csnehensis given to the writer by Dr. Z. R. El-Naggar 
from tlie Maestrichtian of Egypt are similar to G. stuarti 
in terms of their T'X/TX values. However, their chambers 
are somewhat more pctaloid spirallv than typical for the 
latter species. 

The phylogenetic relationships of the G. stuarti lineage 
group are indicated in Text-figure 34. 

Text-figure 58 and Table 2 give form analysis data 
for G. stuarti s.s. Text-figure 37 is a scatter plot of the 
T'X/TX values and D-D' values of G stuarti s.s. and G. 
conica. 

Range—G. contusa—stiiartiforniis assemblage zone, G. 
gaiisscri subzone (uppermost part) to A. rnayaroensis sub- 
zone (uppermost part). This is one of the most important 
zone fossils m the U])per Cretaceous of the Western Hemis- 

phere. 
Oirurrcnrr.—In the jsresent study G. stuarti s.s. has 

been foiuid at a nmnber of localities in the Mendez shale 
of Mexico in strata assignable to the A. inayarot-nsis sub- 
zone. It is particularly abinidant. for example, at the type 
locality of G. conica ^Vilitc. In noithern Mexico, north of 
Monterrey and Mamulique Pass along the Mexico, D.F.— 
Nue\o Lareilo Highway, G. stuarti occurs in the Papagallos 
shale strata which are of Late Middle Maestrichtian age 
(uppermost part of G. gansscri subzone) (MX 174, see 
Appendix). 

In Texas. G. stuarti s.s. has been observed only at 
localities TX 267A-C, 268-270 (see Appendix) in the 
ujjper part of the Kemp clay in Falls Coimty from 20 feet 
below to immediateh below the Miilway  (Kincaid) —Kemp 

clay contact. Elsewhere in the Western Hemisphere, the 
writer has seen G. stuarti s.s. in samples from the Late 
Maestrichtian part (A. nutyaroensis subzone) of the Guay- 

aguayare formation of Trinidad. 

G. stuarti s.s. is known from the Maestrichtian of 
France, Switzerland, Denmark, Egypt, Tiuiisia, and Algeria. 
Berggren (personal comminiication) informed the writer 
that G. stuarti s.s. occurs in strata assignable to the upper 
part of G. gansseri subzone and to the A. uiayaroeusis sub- 

zone in Libya. 

Globotruncana   stuartiformis  Dalbiez 

Plate 80, figures 3-6 (G. stuartiformis transitional to G. elevata 
Brotzen);   Plate 92, figures  1-3;   Plate 93, figures 6, 7.  Text- 

figure 44; figure 17 only 

193G.   (.lubotiuiicfinii   ■.luarti    (dc    Lapparent),   Renz.   Eclogae   Geol. 
Helv., vol. 29. No. 1. pp. 3^). 36, pi. 6; tigs. .S9-4I; not 37, 38; not 
pi.  8.  fig.  6. 

194.5.   Not Globotruncana sluarti   (ile Lapparent) . Bolli. Eclogae Geol. 
Helv.. vol. 37, No. 2. p. 236. textfig. I. figs. 27, 28; pi. 19. fig. 18. 

19.')0.   Globotruncana sluarti   (de Lapparent) .  Reicliel   (part), Eclogae 
Geol. Helv., vol. 42, No. 2. pp. 613-615. text-fig. 7a;  not pi.  16, 
fig. 10: not pi. 17. fig. 10. 

19.51.   Globotruncana sluarti   (de Lapparent). Bolli, Jour. Paleont.. vol. 
25. No. 2. p. 196, pi. 34. figs. 10-12. 

1951.   Globotruncana sluarti   (de Lapparent), Tilev   (part), Lausanne 
Univ..   Mus.  Geol.,  Lab.  Geol.,  Min.,  Geophys..  Bull..  No.  103, 
pp. 34-41. text-figs. 8a-d; not 7a-c. 

1953.   Globotruncana <ituarti  (de Lapparent) , .Subbolina   (part) , Trudy 
Vses. Ncft. Naukno. Issled. Geol.—Razved. Instit.. n. scr.. No. 76, 
p. 201. pi. 15. figs. 4a-c; not 3a-c. 5a-c. 

1953.   Globotruncana   sluarti    (de   Lapparent) ,   Hamilton.   Jour.   Pal- 
eont., vol. 27, No 2, p 233, pi. 29. figs. 11-13. 

1955.   Globotruncana    (Globotruncana)   elevata   stuartiformis   Dalbiez, 
Micropaleont., vol.  1. No. 2, p. 169, text-figs.  lOa-c. 

1955.   Clobolruncana sluarti sluarti   (de  Lapparent) .  Gandolfi.  Bull., 
.\mer. Paleont., \ol. 36. No. 155. p. 64. pi. 5. figs. 6a-c. 

1955.   Globotruncana stuarti parva Gandolfi, Bull. .Anier. Paleont., vol, 
36. No. 155, p. 65, pi. 5, figs. 7a-c. 

1959.   Globotruncana stuarti   (de Lapparent). Olvera. LIniv. Nac. Aut. 
Mexico,  Facultad  Ciencias.  Dept.   Biol..  Tesis   Prof.,  pp.  58-60, 
pi. 8, tigs. 7-9. 

1959.   Globotruncana    (Globotru)uana)    elevata   stuartiformis   Dalbiez, 
Banner and  Blow, Paleontologv, vol. 2. pt.  1. p. 24, pi. 2. figs. 
2a-c. 

1962.   Globotruncana   (Globotruncana) stuartiformis Dalbiez, Pessagno, 
Micropaleont., vol. 8. No. 3. p. 362. pi. 2. figs. 4-6. 

1962.   Globotruncana    (Globotruncana)    sluarti   subspinosa   Pessagno, 
Micropaleont.. vol. 8. No. 3. p. 362. pi. 2, figs. 7-9. 

1962. Globotruncana elevata stuartiformis Dalbiez. Herm. Bayer. 
Akad. VViss. Math.-Nat. Kl. Abh., n. ser.. No. 104, p. 77, pi. 8, 
figs. 2. 

1963. Globotruncana (Globotruncana) elevata subspinosa Pessagno, 
Van Hinte, Jahrb. Geol. Bunil.. Sond. 8, p. 71. pi. 3, figs. 3a-c; 
pi. 4. figs. la-c. 

1964. Globotruncana stuarti stuarti (de Lapparent) , Olsson. Micro- 
paleont., vol. 10, No. 3. pp.  169.  170, pi. 4. fig>*. 9a-c. 

19(>4. Not Globotruncana stuarti stuartiformis Dalbiez. Olsson, Micro- 
paleont.. vol. 10. No. 3. pp. 169.  170, pi. 4, figs. 9a-c. 

1964. Globotruncana rosetta (Carsey) , Martin. Jahrb. Geol. Bund. 
,Sond.. 9. p. 83. pi. 10, figs. 5a-c. 

Description.—Te'it trochospiral, lentictdar, nearly bi- 
convex (mean T'X/TX value for 26 measured specimens = 
0.92)   with sharply angled, single-keeled  peripheiy. Single 
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keel present in all but embryonic (globigeriniform) stage. 
Test consisting of two and one-half whorls of chambers; 
usually six or seven chambers in final whorl. Chambers 
spirally subtriangular to crescent-shaped; typically sub- 
triangular; separated by raised, beaded, straight to slight!) 
(inved sutines (Text-figure 44, fig. 17). Chambers um- 
bilically subrectangular to subtriangular, separated by 
beaded, straight to curved sutines. Indi\idual chamber sur- 
faces both spirally and umbilically relatively flat and un- 
oinamented. Umbilicus large, deep, bordered by umbilical 
shoukler which may be beaded: covered by spiral system 
of tegilla displaying intralaminal and infralaminal acces- 
sory a])ertures. Primary aperture interiomarginal, umbilical 
in ])Osition. Outer wall except for single keel and beads 
radial hyaline, perforate. Keel radial hyaline, imperforate; 
beads ultragranular hyaline, imperforate. Septal walls and 
tegilla microgranular hyaline, finely perforate. 

Remarks.—G. stuartiforiiiis Dalbiez is the basic species 
of the single-keeled G. stuarti lineage group (Text-figure 
.34) . It gave rise through transitional forms to both G. 
clmata (Brotzen)  and to G. stuarti s.s.  (de Lapparent). 

G. stuartiformis can be differentiated from G. elevata: 
(1) by the nearly bicon\ex natme of its test (mean T'X/ 
TX value for 26 measured specimens of G. stuartiformis = 
0.92; mean T'X/TX value for 35 measured s]3ecimens of 
G. rlevata = 2.31; cf. Text-figures 42. 43, 59; Table 2); 
(2) by usually having subtriangular or crescent-shaped 

I hambers spirally as opposed to petaloid or crescent-shaped 
thambers; and (3) by being more finely perforate. As 
noted in the discussion of G. elevata, the writer regards the 
first of these criteria as being the most important in the 
separation of these species. The basis for the separation of 
these species using form analysis data is cited imder G. ele- 
vata and is summarized in Text-figure 43 and Table 2. 
Specimens having T'X/TX values greater than 1.07 and 
less than 1.25 are considered transitional herein. 

The basis for separating G. stuartiformis Dalbiez from 
G. stuarti s.s. (de Lapparent) has been discussed under the 
latter species. Previous to Dalbiez's erection of G. stuarti- 
formis in 1955, numerous workers included this form under 
G. stuarti s.s. This is well documented in the above 
synonomy. 

The writer has examined the holoty|je of G. stuarti 
parva Gandolfi (No. 20855) at the Paleontological Re- 
search Institution, Ithaca, New York, and considers it to 
be a variant of G. stuartiformis Dalbiez. 

The specimen figured by Pessagno (1962) as G. stuarti 
subspinosa Pessagno has a measured T'X/TX value of 
1.0 and is treated herein as G. stuartiformis. The holotype 

of G. subspinosa Pessagno and the paratypes of G. subspi- 
nosa Pessagno show higher T'X/TX values which fall 
within the lower limits of G. elevata Brotzen. In this 
monograjih, G. suhpsiiiosa is regarded as a variant of 
G. elevata. 

The two specimens figured by Olsson (1964) as G. 
stuarti stuartiformis both have high T'X/TX values and 
fall well wiiliin the limits of G. elevata established herein. 
On the other hand, the biconvex specimen (approximate 
T'X/TX value = 1.0) figured by Olsson (1964) as G. 
stuarti stuarti (de Lapparent) lacks trapezoidal chambers 
spirally; has a large imibilicus; and possesses occasional sub- 
triangular chambers. The writer feels that this specimen is 
referable to G. stuartiformis Dalbiez. 

The specimen figured by Martin (1964) as G. rosetta 

(Carsey) lacks a double keel and is clearly a member of the 
single-keeled G. stuarti lineage group. Although it has cres- 
cent-shaped chambers and lacks subtriangidar chambers 
spirally, it has an approximate T'X/TX value of 1.0 
Thus, heiein it is regartled as a variant of G. stuartiformis 
Dalbiez. 

As noted ])re\iously, G. stuartiformis Dalbiez forms the 
basic stock from which other species of the G. stuarti line- 
age group evolved either directly or indirectly. The phylo- 
genetic relationships indicated in Text-figure 34 have been 
well-documented by the examination of specimens from 
numerous sam|)les from the West Indies, Mexico, Texas, 
Arkansas, and elsewhere in the Western Hemisphere. G. 
eleiiata evohed directly fiom G. stuartiformis during Late 
Campanian times (G. elevata subzone) through dorsal flat- 
tening and the acquisition of predominantly crescent-shaped 
or petaloid chambers in the last whorl. Most specimens of 
G. elevata show a suppressed G. stuartiformis stage of de- 
velopment in earlier whorls both in thin-section and ex- 
ternally on the s]jiral sides of their tests. The specimen 
ligured in Plate 80, figs. 3-6 herein, is pei fectly transitional 
between these two species. 

G. elevata in tiun ga\e rise to G. ealcarala (aishman 
probably T';V/ a "G. subspinosa Pessagno"-type variant. In 
late Middle Maestrichtian times (upper part of G. gansseri 
subzone) , G. stuartiformis gave rise to G. stuarti s.s. through 
a slight increase in spiral convexity and a change in cham- 
ber shape from triangular or crescent-shajjed to subtrape- 
/oidal. A G. stuartiformis stage with triangidarly shaped 
chambers is frequently reflected in the early whorls of G. 
stuarti s.s. G. stuarti s.s. in turn ga\e rise to G. eoniea White 
through a great increase in the spiral convexity of the test 
and the acquisition of more trapezoidal thambers. 

Range.—G. fornieata—stuartiformis assemblage zone, A. 
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bJnii'i subzone {D. tniilticostntn zonule) to G. contiisa— 

stiinrtiformis assemblage zone, A. mayarocnsis subzone. This 
is one of the most important zone fossils in the Upper 
Cretaceous. In the Western Hemisphere, G. stitartiformis 
uni\ersally makes its first apjjearance in the earliest Cam- 
panian deposits. It is probable that Collignon's (1959, 
p. 52, Table 5) reference to G. clcriala in the Atiapachy- 
discits wiitckiudi zone (ammonite) of the earliest Cam- 
panian of Madagascar refers to G. elexmtn s.I. or G. elevala 
stiiarlifortnis Dalbiez in the sense of French workers. Irre- 
gardless of the precise specific identity of Collignon's re- 
corded specimens, it is important to note that a member 
of the single-keeled G. stuarii lineage group has been 
recorded in the earliest Campanian deposits of Madagas- 
car and that no members of this lineage group have been 
recorded by Collignon  (ibid., table 4)  from the Santonian. 

Occurrence—In the present study G. sttmrtiformis was 
observed in Mexico in the upper (Early Campanian) por- 
tion of the San Felipe formation princijially in the following 
areas: (1) in the type area of this imit near the village of 
San Felipe immediately west of the Sierra del Abra and 
east of Ciudad \'alles; (2) in the Sierra Madre Oriental 
west of Tampico along the road (Rt. SO) between Antiguo 
Morelos and Ciudad del Maiz: (3) immediately west of 
where the Mexico City, D.F.—Nue\o Laredo Highway (Rt. 
85) crosses the southwest flank of the Sierra del Abra (MX 
69, see Appendix) to the northwest of Antiguo Morelos; 
and (4) at Peregrina Can)on northwest of Ciudad \'ictoria 
(Text-figures 1,2). G. stiiartiformis also occurs in the 
Mendez shale in deposits ranging from Early Campani.in 
to Late Maestrichtian age in the Tampico area and the 
Sierra Madre Oriental to the west   (Text-figures  1-2). 

In Texas G. stuartiforinis occius in the reworked u])per- 
most part of the Austin chalk in Dallas County in deposits 
which are of Early Campanian age (A. blowi subzone, P. 
glabrata zonule). To date, it has ?iol been observed any- 
where in the type area of the Austin chalk at Austin. 
However, Young (1963, pp. 17-24) on the basis of the am- 
monite assemblage maintained that the upper portion of 
the type Austin (Dessau, Burditt, "Big House " members) is 
of Early Campanian age. His dating is largely based on 
ammonites such as Delawarella delawarensis (Morton), 
Delawarella cdinpnniensis (Grossouvre) , and other species 
which are characteristic of the Campanian of Europe and 
Madagascar. A more detailed discussion of the age of the 
type Austin chalk will be presented elsewhere. G. sttiarti- 
formis occurs throughout the Taylor formation in the 
following members: (1) the "Lower Taylor marl" of Travis, 
McLennan, and Dallas Counties: (2) the Wolfe City sand 
of McLennan County;   (3)   the Pecan Gap chalk of Mc- 

Lennan County; and (4) the "Uppei Taylor marl' of Travis 
and Limestone Counties. It likewise occurs in the Upson 
Clay of Ma\'erick County; the Corsicana marl of Travis 
and Navarro Counties: and the Kemp clay of Falls County. 

In southwestern Arkansas G. sliiartiforinis has been 
observed in the lower jjortion of the Brownstown marl; in 
the Ozan formation; in the Marlbrook marl; in the Sara- 
toga chalk: and in the Arkadel]3hia marl. 

Elsewhere in North America, this species was figured 
by Olsson (1964) as G. stuarti s.s. (de Lapparent) from 
the Redbank formation of New Jersey and by Martin 
(1964) as G. rosctta (Carsey) from the lower part of the 
Uhalde formation (Panoche group) of Fresno County, 
California. The writer has seen lately this species in thin- 
sectioned Late Campanian and Early Maestrichtian lime- 
stones from Panama. 

In the West Indies G. stiiiirtiforniis has been observed 
by the writer in samjiles from Cuba and Hispaniola. In 
Puerto Rico it occurs in the Parguera limestone, Rio Yauco 
formation, and in the upper part of the Cariblanco forma- 
tion (cf. Pessagno 1960, 1962) . In Trinidad G. stuartiformis 
occurs in the upper part (C^anipanian) of the Naparima 
Hill fonnation and throughout the Guayaguayare formation 

(Maestrichtian) . 
In Einasia G. stniirlifoniiis has been recorded luider 

various names from the Campanian and Maestrichtian de- 
posits of France, Italy, Switzerland, Austria, and Russia. 
In Africa it is known from the Campanian and Maestrich- 
tion of Tunisia and from the Campanian of Tanganyika. 
It is also known from the mid-Pacific guyot area. 

Globotruncana trinidadensis Gandolfi 

Plate 84, figures 4-12; Plate 90, figures 910; 
Plate 96. figures 1, 2; Text-figure 57 

1918. Not Rnsalinn linnei d'Orbigny "imitation calicifoime" de Lap- 
paieiu. Mem. Carte Ceol. France, p. 8, tf. 2. fig. j, pi. 1, fig. 2 
[notnen nudum. also = f.. caiilusa   (Cushman) . 

1941. Not Globotruncana linnei d'Orbigny caliciformis Vogler, Pal- 
aeontograpliica. Siippl. Ikl. 4, Abt. 4, p. 228, pi. 24, fig. 23 (= 
G. contusa   (Cushman). 

1951. Globotruncana caliciformis (de Lapparent) , BoUi, Jour. Pal- 
eont., vol. 25, No. 2, pp. 195, 196. pi. 34. figs. 4-6. 

1953. Globotruncana caliciformis (de Lapparent), Haniillcm, Jour. 
Paleont., vol. 27, No. 2, p. 232. pi. 29. figs. 6-8. 

1955. Globotruncana caliciformis trinidadensis Gandolfi. Bull. .\mer. 
Paleont., vol. 36, No. 155. p. 47, pi. 3, figs. 2a-c (holotype re- 
illustrated in Text-figure 57 herein) . 

1955. Globotruncana caliciformis sarmientoi Gandolfi. Bull. .-\mer. 
Paleont., vol. 36, No. 155, pp. 47, 48, pi. 3, figs. 3a-c. 

1955. Globotruncana caliciformis caliciformis (de Lapparent). Gan- 
dolfi, Bull. .\mer. Paleont.. vol. 36, No. 155, pp. 46, 47, pi. 3, 
figs. la-c. 

1957. Globotruncana fornicata Plummer, Sacal and Debourle (part) , 
Soc. CJeol. France, n. ser. Mem. No. 78. p. 61. pi. 28, fig. 8; not 
figs. 6, 7, 14. 15. 
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Emcnilation.—Tefit trochospiial, s|3iroconvex (mean 
T'X/TX value for 8 specimens = 0.44), truncated by um- 
bilically reflected double keel which may merge to form a 
single keel; two and one-half to three whorls of chambers, 
rapidly expanding in size; four to five chambers in final 
whorl: final whorl 2.1 to 2.4X size of preceding whorl. 
Chambers in final whorl spirally with vaulted surfaces; 
crescent-shaped tending to become petaloid; separated by 
raised, heavily beaded, straight to curved sutiues. Chambers 
umbilically flat surfaced, subrectangular in shape, separated 
by slightly depressed to flush, lightly beaded sutures. 
Ciiambeis in early whorls often globigeriniform in shape. 
Chambers siafaces both spirally and umbilically often 
slightly rugose. Umbilicus deep, siurounded by beaded to 
nonbeaded umbilical shoulder: covered by spiral system 
of   tegilla   with   intralaminal   and   infralaminal   accessory 

TEXT-FIGURE 57: 

Holotvpe of Globotruncono trinidndensis GnndoUi.    X54 

TEXT.FIGURE 56; 
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D   D' 0.435 0.435 0.471 0.406 0.364 0.392 0.364 0.406 

U-U' 0.168 0.238 0.252 0.205 0.196 0.196 0.238 0.182 

TX 0.127 0.154 0.127 0.127 0.143 0.140 0.112 0.112 

T'X 0.042 0.042 0.084 0.056 0.042 0.05b 0.070 0.056 

Angle  XD'U' 14.0° 15.0° 33.0° 34.0° 39.0° 35.0° 42.0° 41.0° 

Anqle XDT 30.0° 27.0° 24.0° 25.0° 28.0° 29.0° 25.0° 25.0° 
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Ht.   double 
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Ht.   double 
keel  at  D' 

0.070 0.0 0.0 0.0 0.056 0.056 0.084 0.056 

All  measurements   In millimeters   (except   angles). 

apertiues. Piimary aperture interiomarginal, umbilical in 
position. Oiuer wall radial hyaline, perforate except for 
keel, rugosities, and beads. Single keel in final whorl 
radial hyaline, imperforate; double keel in final whorl 
radial hyaline, imj^erforate and idtragranular hyaline, im- 
perforate ("variety" of type 2; Text-figure 40) ; double 
keel in preceding whorl radial hyaline imjjerforate and 
idtragranular hyaline imperforate with umbilical rim en- 
tirely idtragranular hyaline imperforate ("variety" of 
type 1, Text-figure 40). Beads and rugosities idtragranu- 
lar hyaline perforate septal walls and tegilla microgranular 
hyaline, finely ])erforate. Earlier whorls of test often 
completely imperforate and consisting of radial hyaline 
calcite. 

Rciiiarks.-RoUi (195!) and Gandolfi (1955) corre- 
lated this form with Rosal/un liniwi d'Orbigny "mutation 

calciforme" de Lapparent (1918, p. 8, tf. 2, fig. j: pi. I, fig- 
2). De Lapparent's form is definitely assignable to G. con- 

lusa (Cushman). Furthermore, as noted under G. contusa, 
De Lapparent's name is invalid (= a nomen nudum) be- 
cause it is not in Latin and does not conform to the Code of 
Zoological Nomenclature. As indicated by Ellis and Mes- 
sina (Catalogue of Foraminifera), Vogler's (1941) Latin- 
ized name, G. linnei coliciformis, represents the first valid 

use of this name. 

The first valiil name actually applied to the form 
figured herein and by Bolli (1951, pp. 195,196, pi. 34, figs. 
4-6) seems to be G. trinidadensis Gandolfi. The writer ex- 
amined the holotypes of G. caliciformis trinidadensis Gan- 
dolfi   (No. 22840)   and G. calicifonuis saniiicnloi Gandolfi 
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TEXT-FIGURE 58: 
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D- D 0.560 3.519 3.525 0.364 0.410 0.400 0.475 0.462 0.471 0.701 0.518 0.448 0.415 0.420 0.590 0.501 0.555 0.428 

U-U' 0.238 0.238 3.238 0.238 0.110 0.210 0.168 0.238 0.350 0.2 24 0.252 0.182 0.168 0.224 0.182 0.280 0.178 

TX 0.154 0.098 3.140 0.112 0.090 0.170 0.150 0.140 0.127 0.205 0.127 0.127 0.112 0.127 0.154 0.098 0.168 0.125 

T'X 0.098 0.098 0.098 0.084 0.080 0.140 0.125 0.070 0.127 0.154 0.112 0.098 0.084 0.070 0.140 0.070 0.140 0.125 

A ,gle XD'U' 30.5° 48.0° 42.0° 42.0° 38.0° 60.0° 31.0° 32.0° 46.0° 39.0° 45.5° 34.0° 34.5° 30.0° 48.0° 35.0° 44.0° 

A qlc   XD'T 25.5° 22.0° 22.0° 18.0° 23.0° 23.0° 30.0° 31.0° 28.0° 32.0° 24.0° 25.5° 23.0° 26.0° 21.0° 25.0° 23.0° 

A ,gle XDU 38.5° 33.5° 24.0° 39.0° 42.0° 45.0° 29.0° 32.0° 41.0° 27.0° 42.0° 41.0° 28.0° 27.0° 31.0° 34.0° 34.0° 

A ,g\n   XDT 33.5° 30.8° 38.0° 37.0° 23.0° 23.0° 34.0° 25.0° 33.0° 34.5° 35.0° 36.5° 38.0° 41.0° 31.0° 29.0° 36.0° 

XD 0.238 0.224 0.203 0.168 0.196 0.205 0.337 0.252 0.168 0.194 0.168 0.295 0.196 0.205 

XD' 0.322 0.295 0.322 0.196 0.266 0.266 0.364 0.266 0.280 0.221 0.252 0.295 0.205 0.350 

T'X/T\ n.64 1.0 0.70 0.75 0.89 0.82 0.83 0.50 1.0 0.75 0.88 0.7 7 0.75 0.55 0.91 0.71 0.83 1.0 

All  measurements   in millimeters. 

*  Specimen  of  G.   esnehensis  Nakkady   from El-Naggar. 

**  Specimen  of  G.   falsostuarti  Sigal   from  Sigal.     Upper   Cretaceous  of  Tunisia. 

V.-**  Transitional   to  G.   conlca White 

(No. 2()S11) at the Palcomoloi^ical Research liisiitulion, 
lihaca, New York. Both G. trjjudadcusis and G. sarmientoi 

represent sHghtly cHfferent variants of the same taxonomic 
unit. As the holotype oi: G. trinidadcnsis is more typical of 
this taxonomic iniit than that of G. .sdiniiciiloi. the name 
G. iriuidadrusis Gandolfi is used herein. Ganclolfi's (1955) 
illustrations of the holotype of G. trinidadcnsis are some- 
uhat distorted. Hence, new illustrations were prepared of 

the holotype herein  (Text-figure 57). 
Form analysis data for G. trinidadcnsis Gandolfi are 

presented in Text-figure 56. G. trinidadcnsis is similar to 
G. fornirata Plummer in thin-section and shows similar 
T'X/TX values (mean T'X TX value for 19 measured 
specimens = 0.422) . It can be readily differentiated from G. 
forriicata in thin-section: (1) by the vaulted nature of the 
spiral  surfaces of  its  chambers;   (2)   by  the  imperforate. 

radial h)aline character of large jjortions ot ils early whorls; 
and (3) by the weak natine of the umbilical rim of its 
double keel in earlier whorls. Externally the differences 

are apparent. ('•. trinidadcnsis lacks the crenidate or plicate 

spiral chamber surfaces preseiu in G. fornirata. Text-fig- 

me 35 suggests that G. trinidadcnsis Gandolfi e\ol\ecl from 

G. area (Cushman) . Though this phylogenic link cannot be 

as firmly established as suggested in Text-figine 35, sonre 

evidence can be cited in its support. For example, G. trini- 

dadcnsis seems to show G. area type of keel struct in e (cf. 

t\pe 1, Text-figure 40) in its early whorls. In addition G. 

trinid/idcnsis sometimes shows G. arca-Uke radial hvaline 

imperforate early whorls. It is still possible, however, that 

this species evohed from f;. fornirata as suggested by Bolli 

(1951, p. 1H9, (.. calinforinis, Table 1) . 
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Range.—G. contusa—stuartiformis assemblage zone: G. 
gansseri subzone to A. mayaroensis siibzone. 

Occurrence—In Mexico this species has been observed 
in the Late Maestrichtian (A. mayaroensis subzone) por- 
tion of the Mendez shale antl in deposits of the late 
Middle Maestrichtian age (upper part of G. gansseri sub- 
zone) north of Mamulique Pass along the Mexico, D.F.— 
Nuevo Laredo Highway  (Rt. 85). 

In Texas G. trinidadensis occurs abundantly in the 
Corsicana marl of Travis and Navarro Counties and in the 
Kemp clay of Travis and Falls County. 

In southwestern Arkansas it has been observed only 
in the Arkadelphia marl of Hempstead County. 

In the West Indies G. trinidadensis Gandolfi was fig- 
ured antl recorded from the Guayaguayare formation of 
Trinidad by Bolli (19,51, 1957) under the name of G. 
calicijormis (de Lapparent) . In Trinidad Bolli (1957, p, 
53, fig. 10), noted that the .species is restricted to the G. 
gansseri and A. mayaroensis subzones. 

Gandolfi originally described this form from the Colon 
formation of Colombia, It is also known from the Upper 
Cretaceous of France and from the mid-Pacific guyot area, 

Globotruncana ventricosa White 

TEXT.FIGURE60: 
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[VC>a* 0.504 0.54b 0.604 0.607 0.519 0.462 0.505 0.588 0.560 0,546 0.631 O.490 0.630 

U'U' 0.295 0.322 0.393 0.420 0.364 0.238 0.309 0.337 0.350 0.364 0.420 0.350 0.337 

Tx 0.098 0^098 0.042 0.084 0.070 0,070 0,098 0.098 0.070 0.056 0.084 0.04! 0,098 

T' ■ 0.140 0.140 0,266 0-224 0.182 0, 140 0.140 0,205 0.196 0- 182 0.196 0,16( 0,205 

Angle  XD'U' 53.0» 46.0° 73.0° 68.0° 64.0° 57.0° 47.0° 60.0° 61.0° 69.0° 61.0° 70.0° 57.0° 

Anqlp  XDT 19.0* 17.0° 8.0° 14.0° 13.0° 18,0° 21.0° 17.0° 14.0° 10.0° 16.0° 6,0° 17.0° 

Angle    XDU 56.0° 53.0° 78.0° 72.0° 70.0° 53.0" 49.0° 67.0" 60.0° 61,0° 62.0° 73,0° 52.0* 

AugU    VM 22.0° 25.0° 3.00° 20.0° 15.0° 18.0° 30.0" 22.0° 16,0° 13,0- 16.0" 11,0* 23,0° 

\D 0.224 0.266 0.295 0.266 0.224 0.238 0.196 0.238 0,280 0.224 0.322 0,238 0.266 

XD' 0.280 0.280 0.309 0.337 0.295 0.224 0.309 0,350 0.280 0. 322 0.309 0.252 0.364 

T'X/T< 1,43 1.43 6.33 2.67 2.60 2.00 1.43 2,14 2,80 3.25 2.34 4.0 2.09 

Db-D'b* 0.295 0.266 0.337 0.364 0,266 0.224 0.280 0,309 0,309 0,325 0.309 0.252 0.322 

Ht.   double 
keel   at   D 

0.098 0.U2 0.098 0.098 0,098 0.084 0.112 0,084 0,098 0.098 0.098 0,098 0.098 

Ht.   double 
keel   at   D' 

0.112 0.112 0.0 0.084 0,084 0.070 0.084 0,070 0.070 0.070 0.070 0,084 0.070 

1.7 2.06 1.79 1.67 1,95 2.06 1.80 1,90 1.81 1.68 2,04 1,95 1.96 

All measurements In mill 

* ^a'^'a  "" diameter of 1 

imeters . 

ast whorl. Db-D'i ■ diameter of next to last whorl. 

Plate 75, figures 21-26; Plate 79, figures 9-14; Plate 95, figures 
10, 11; Plate 99, figure 2 

1928b.   Globotruncana  canaliciilata  var.   ventricosa  White,   jour.   Pal- 
eont,. vol. 2, No. 4, p. 284, pi. 38. figs. 3a-c. 

1932.   Globotruncana  canalicutata   (Reus.s) .   .Sandidgc,  Jour.   Paleont., 
vol. 6, No. 3, pp. 284, 28,5, pi. 44. figs. 3-5. 

1941.   Globotruncana    linnet    Iricarinata    (Quereaii) ,    Vogler     (part) 
Paleontographica, .Suppl, Bd. 4, Abt. 4, p. 287, pi. 23, figs. 29, 
30;  not  figs.  22-28,  31. 

1946.   Globotruncana ventricosa White, Cushman, U.S, Geol. Sur., Prof. 
Paper, No. 206, p,  1,50, pi. 62. figs, 3a-c. 

1953.   Globotruncana   fundiconulosa   .Subbotina    (part) ,   Trudy,   Vses. 
Neft.   Naukno.   Issled.   Geol.—Razved.   Instit.,   n.  sei°.,   No.   76, 
p. 200, pi. 14. figs. 4a-c: not figs.  la-3c [=;A/. concavala   (Brot- 
zen)]. 

1953.   Globotruncana rosetta   (Carsey) , Subbotina   (part), Trudy. Vscs. 
Neft.  Naukno.  Issled.  Geol.—Razved.  Instit.,  n. ser.,  No.  76,  p. 
197, pi,  13, figs. 5ac, not 6a-c. 

1953.   Not   Globotruncana   ventricosa  White,   Subbotina.   Trudy   Vses. 
Neft.   Naukno.   Issled.   Geol.—Razved.   Instit.,   n,   ser.,   vol,   76, 
p.  194, pi.  13, figs.  la-4c, 

1953,   Globotruncana lobata de Klasz, Contr. Cushman Found. Forani. 
Res., vol. 6, pt. 1, p, 43, pi, 7, figs. 2a-c. 

1955.   Not   Globotruncana   ventricosa   ventricosa   White,   Dalbiez,   Mi- 
cropaleont.. vol. 1. No. 2, p, 168, text-figs. 7a-d [ = A/. concavata 
(Brotzen)]. 

1955.   Not   Globotruncana  ventricosa   carinata   Dalbiez,   Micropaleont,, 
vol, 1, No. 2, pp. 168, 169, text-figs. 8a-d [ = M. concavata   (Brot- 
zen)]. 

1955.   Not Globotruncana ventricosa ventricosa White, Gandolfi, Bull. 
Amer.  Paleont.,  vol.  36,  No.   155,  p.  22,  pi.   1,  figs.  5a-c=G. 
rosetta   (Carsey). 

1957.   Globotruncana   (Globotruncana)    paraventricosa   (Hofker) ,   Ed- 
gell, Micropaleont.. vol. 3, No. 2. p. 114, pi. 1, figs. 1-3. 

1957.   Globotruncana   ventricosa  White,   Bolli,   U.S.   Nat.   Mus.,   Bull,, 
No. 215, p. 57. pi. 13. figs. 4a-c. 

1957.   Giobolruncnnn   xienlriaisa   White.   Satai   anil   Dcboiirlc    (part), 
Soc.  Geol,  France,  n.  ser.,  Mem.  No.  78.  p.  62,  pi,  27,  ?fig.  3; 
figs. 5,  13;  not fig.  14. 

1959.   Globotruncana   tricarinata    (Quereau) ,   Ayala,   Univ.   Nacional 
Aut. Mexico, Instit. C;eol., Paleont. Mexicana, No. 4, p. 24, pi. 
7, fig. 2. 

1959.   Globotruncana   ventricosa   \Vhite.   Ayala,   Univ,   Nacional   Aut. 
Mexico, Instit, Geol., Paleont, Mexicana, No. 4, pp. 26, 27, pi, 6, 
fig, 5, 

1959, Globotruncana rosetta (Carsey) , .\yala (part), Univ. Nacional 
AM. Mexico, Instit. Geol., Paleont. Mexicana, No, 4, p. 25, pi, 5, 
figs, 2, 3; not pi. 6, fig. 4. 

1960. Globotruncana ventricosa ventricosa White, Tollmann, Jahrb. 
Geol. Bund.. Bd. 103, pp. 195, pi. 196, p. 21, figs. 7a-c. 

1961, Not Globotruncana ventricosa VV'hite, (Iraham and Clark, Contr, 
Cushman Found. Foram. Res., vol. 12. pt. 3, p. 112, pi, 5, figs. 
9a-c, 

1962. Globotruncana cf. ventricosa \Vhite. Barr, Paleontology, vol, 4, 
pt, 4, pp. 577-578, pi. 71, figs. 2a-c. 

Description.—Test low trochospire. planoconvex (mean 
T'X/TX value for 13 specimens = 2.65), truncated by wide 
double keel [G. linneiana (d'Orbigny)-type] which follows 
a distinctly lobulate spiral periphery. Preceding whorls 
usually showing a well-developed G. linneiana (d'Orbigny) 
stage of development in thin-section (cf. Plate 95, figures 10, 
11). Embryonic whorl of chambers globigeriniform, lacking 
a double keel. Chambers arranged in two and one-half 
to three whorls which gradually expand in size; six to 
nine ch;imbers in the last whoi 1. Chambers spirally typically 
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D-D' 0.786 0.730 0.840 0.621 0.715 0.813 0.842 0.842 0.789 0.715 0.840 0.715 0.770 0.588 0.870 0.870 0.827 0.790 0.471 0.616 0.649 0.575 0.574 0.631 0.660 0.430 

U-U' 0.350 0.322 0.406 0.322 0.350 0.406 0.337 0.420 0.477 0.420 0.364 0.420 0.364 0.280 0.420 0.393 0.295 0.378 0.205 0.337 0.280 0.280 0.238 0.434 

TX 0.205 0.322 0.168 0.337 0.182 0.196 0.168 0.182 0.224 0.140 0.168 0.140 0.196 0.154 0.205 0.168 0.182 0.182 0.098 0.182 0.154 0.140 0.140 0.182 0.160 0.100 

T'X 0.154 0.309 0.182 0.295 0.154 0.182 0.168 0.182 0.154 0.168 0.182 0.168 0.168 0.112 0.196 0.205 0.168 0.154 0.098. 0.127 0.154 0.140 0.140 0.168 0.160 0.120 

Angle XD'U' 33.5° 40.0° 43.0° 38.5° 50.0° 28.5° 38.0° 33.0° 42.0° 31.0° 42.0° 13.7° 41.0° 25.1° 34.0° 39.0° 33.0° 44.0° 50.0° 53.0° 42.5° 41.0° 54.5° 48.0° 61.0° 

Anqle XD'T 22.0° 21.5° 21.0° 25.0° 22.5° 22.0° 20.0° 22.0° 18.5° 19.0° 18.5° 27.5° 20.0° 22.0° 24.0° 27.0° 19.0° 19.0° 23.0° 26.0° 44.0° 24.0° 22.5° 20.0° 22.0° 

Angle XDU 55.0° 32.5° 34.0° 33.0° 40.0° 37.0° 28.0° 40.0° 32.0° 31.0° 44.5° 31.0° 34.0° 47.0° 32.0° 29.0° 27.0° 33.0° 36.0° 35.0° 34.0° 30.0° 31.0° 38.0° 32.0° 50.0° 

Angle XDT 52.0° 29.0° 21.5° 31.0° 29.0° 25.0° 22.0° 34.0° 31.0° 20.0° 24.5° 20.6° 14.9° 12.0° 26.9° 31.0° 22.0° 29.5° 25.0° 34.0° 27.0° 34.0° 29.0° 26.5° 30.0° 28.0° 

XD 0.309 0.310 0.406 0.350 0.309 0.393 0.393 0.393 0.355 0.393 0.350 0.393 0.350 0.224 0.393 0.393 0.434 0.295 0.205 0.252 0.295 0.238 0.252 0.238 

XD' 0.477 0.420 0.434 0.371 0.406 0.420 0.449 0.463 0.434 0.322 0.490 0.322 0.420 0.364 0.477 0.477 0.393 0.490 0.266 0.364 0.354 0.337 0.322 0.393 

T'X/TX 0.75 0.96 1.09 0.88 0.85 0.93 1.0 1.0 0.69 0.58 1.08 1.20 0.86 0.73 0.96 0.82 0.92 0.85 1.0 0.70 1.0 1.0 1.0 0.92 1.0 1.20 

All measurements in millimeters 

* = Transitional to G. elevata (Brotzen) 
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])hmofomi, petaloid to crescent-.sha]3ed, closely resembling 
those of G. linncidua (d'Orbigny) : separated by curved, 
raised, coarsely beaded sutures; chambers umbilically highly 
convex, crudely subrectangular; separated by slightly de- 
]jressed, curved, finely beaded to nonbeaded sutures. Um- 
bilicus. dee]j, bordered by well-developed, often coarsely 
beaded umbilical shoulder; co\ered by spiral system of 
tegilla disjjlaying iirfralaminal and intralaminal accessory 
apertures. Primary aperture interiomarginal, imibilical in 
position. Chamber smfaces relatively smooth spirally except 
for coarsely beaded sutures, biit umbilically occasionally 
showing abundant, nonaligned rugosities on first several 
chanrbers of final whorl. Outer wall except for double keel 
radial hyaline, imperforate showing ultragranular hyaline, 
imperforate calcite on outer portions of spiral and umbilical 
rims (variety of type 2; Text-figure -10) . Rugosities and 
beads idtragranular hyaline, imperforate. Septal walls and 
tegilla microgranular iiyaline. finely perforate. 

/?('//((;r/,',5.—Abunchuit tojjotypes of G. vcntricosii White 
were collected and examined during the course of this 
study. A number of tojjotypes have been illustrated herein. 

As previously noted. G. xn'iitricosa has often been con- 
fused by various workers with M. roncaxmla (Brotzen). Cri- 
teria for .sejiarating these species both externally and iir 
thin-section ha\e been presented mider M. concnxmta 
(Brotzen). In terms of the form analysis data presented 
in Text-figiues 2(1 and 60 for these two species, they seem 
to be most readily separated on the basis of their Da-D'„/ 
Di,-D'i. values   (cf. Text-figure fil)." 

G. lobata de Klasz (19,53) is regarded as a jimior 
synonym of G. vrnlricosa White. Larger gerontic speci- 
mens similar to G. lobata de Klasz occur in material from 
the type locality of G. ventricosa. Furthermore, both De 
Klasz's form and G. ventricosa have the same geologic 
range. The holotype of G. lobata de Klasz was examined in 
the collections of the U. S. National Museum during the 

course of this study. 
G. ventricosa differs from G. rosctta (Carsey) (I) by 

possessing more petaloid chambers spirally which are 
separated by highly beaded sutures: (2) by being more in- 
flated umbilically and thus having higher T'X/TX values; 
and (3) by ha\ ing a wide double keel instead of a narrow 
double keel which invariably merges to form a single keel. 
Both species share G. linneiana (d'Orbigny) early stages 
and appear to have evolved from this latter species (Text- 

figure 35). 
Range—G.   fornicatu—stuartifortnis   assemblage   zone: 

"D,-D',^^iamctei  of final whoil. 
Db-D',,=diameter of preceding vvhoil. 

A. bloiui subzone (D. multicostata zonule) to G. elevata 
subzone (G. calcarata zonule). This species is much more 
abimdant in the G. elevata subzone than it is in the A. 
blou'i Subzone. 
Occurence.—The type locality of G. ventricosa near Bar- 
ranco,   Mexico   was   relocated   as   accurately   as   possible 
during the (ouise of this study   (see TYPE 4, Appendix) 
and abimdant topotypic material was collected. The fauna 
at T\PE 4 includes the following species: 

Globotruucnna calcarata Cirshman 
ventricosa White 
elevata   (Brotzen) 
fornicata Plummer 
rosctta   (Carsey) 
stuartijormis Dalbiez 
stephensoni Pessagno, n. sp. 

Rngotruncana subcircinnnodifer   (Gandolfi) 
Globotruncana nothi  (Bronnimann and Brown) 
Riigoglobigerina ritgosa   (Plummer) 
Psextdogiiembelina costulata   (Cushman) 
Psendotcxtularia elegans  (Rzehak) 
Globigerinelloides  prairiehillensis   Pessagno,   n.   sp. 

yaucoensis   (Pessagno) 
and other forms indicative of the G. elevata subzone, G. 
calcarata zonide and a Late Campanian age. 

In Mexico G. ventricosa has been observed in the Early 
Campanian portion of the San Felipe formation at the 
type locality of this unit near San Felipe east of Ciudad 
Valles. It was also observed at numerous localities in the 
Mendez shale in the Tampico area and the Sierra Madre 
Oriental. It occurs in the Papagallos shale strata of Late 
Campanian age along the Mexico, D.F.—Nuevo Laredo 
Highway   (Rt. 85)   north of Mamulique Pass. 

In Texas G. ventricosa has been observed in this study 
in  the  "Lower Taylor marl" of  McLennan  Coiuity:   the 
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Pecan Gap dialk of McLennan Comity; aiul the "Uppei 
Taylor mail" of Limestone and Travis Comities. It also has 
been observed in sample number 52 of Cushman (1946, p. 
3). Cnshman (ibid.) stated that this sample is from the Ney- 
landville marl of Delta County. No specimens of this 
species were observed in samjiles from the Neylandville 

marl of Navarro County. 
In southwestern Arkansas G. ventricosa has been noted 

in the lower part of the Brownstown marl (AR 7-A; see 
Appendix) and in the Annona chalk (AR fi; see Appen- 

dix) . 
In the West Indies G. ventricosa is known from the 

Campanian of Haiti (cf. Ayala, 1959) and from the 
Campanian portion of the Naparinia Hill foiination of 

Trinidad   (cf. Bolli, 1957, p. 53). 
This species is known elsewhere from the Campanian 

of France, the Isle of Wight, Russia, Bavaria, and Australia. 
It also has been figured by Vogler (1951) mider the name 
of G. linnei tricarinata from the Upper Cretaceous of the 

East Indies. 

Genus RUGOGLOBIGERINA Bronnimann, 1952 

Type species:  Globigcriua riigosa Plimimer,  1927. 

1952.    l{iii:,(iiihihiiiciiim Kroniiimann,  lUill. AiiKT.  I'alcont., vol. 34, No. 
140, p.  16^ 

19.')2.   Trinitella Bronnimann.  Bnll.  Anicr.  I'alcont.,  vol.  34,  No.  140, 
p. .56. 

1952.   Phiininerild  ISronnirnann. Conlr.  ( nshinan   lonnd.   Inrani.   Res.. 
vol. 3. pt,s. 3, 4, p. 146. 

1956. Kuirlerina Bronnimann and  Brown, 1 ,i logac (.col. Hclv.. vol. 48. 
No" 2, p. 557. 

1957. Rugoi^lnbigerina   Bronnimann.   Bolli,   ti   iil.    (part),   U.S.   Nat. 
Mus.,"Buir.. No. 215. pp. 43. 44. 

1960.   Rugoglobigerina     Bronnimann,     Banner     and     Blow      (pan) . 
Paleontology, vol. 2, pi. 1. p.  11 

1964.   Rugoglobigerina   Bronnimann.   locblidi   and     lappan.    (part) 
Treatise on  Invert. I'alcont.. \ol. 2. pt. C.  I'rotisia 2. p. (.663. 

Emended definitiou.—Tesi trochosjiiral, biconvex to 
spiroconvex; chambers usually spherical or ovoidal; 
occasionally partially angled. Sutures radial, depressed, 
never beaded, curved to nearly stiaight spirally and umbili- 
cally. Periphery occasionally with imperforate peripheral 
band or weak double keel. Ornamentation ahvays consist- 
ing of rugosities or costellae aligned in a meridorial pat- 
tern. Umbilicus covered by spiral system of tegilla with 
intralaminal and infralaminal accessory apertures. Primary 
aperture interiomarginal, umbilical in position. Outer 
wall radial hyaline perforate except for double keel, 
imperforate peripheral bands, and rugosities. Imperforate 
peripheral bands radial hyaline. Double keels having 
radial hyaline base (equivalent to imperforate peripheral 
liand) and rims consisting donrnantly of ultragranular 
hyaline  imperforate calcite.   Rugosities  ultragranular hya- 

line, inijjerforate. Septal walls and tegilla microgranular 
hyaline,  finely perforate. 

Remarks.—Ru<ros:Iobis:crina Bronnimann differs from 
ArchaeogJobigcrina Pessagno. n. genus by possessing cos- 
tellae or rugosities which are aligned in a meridorial 
pattern. Species of both genera may show weakly devel- 
oped double keels which do little to truncate the periph- 
eral maigins of their globigeriform tests. 

Rugoglobigerina evolved from Archaeoglobigerina 

during Early Campanian times (A. bloivi snbzone, P. 

glabrata zonide) through the acquisition of meridorially 
aligned rugosities or costellae (Text-figure 26) . Whereas 
Arcliaeoglobigerina gave rise to Globotriincana Cushman, 
Rugoglobigerina gave rise to Rugotrunra)ia Bronnimann 
and Brown. This is perhaps the best case of paiallel evo- 
lution among the planktonic Foraminifera. 

Range.—G. fornicata—stuartiformis assemblage zone. 
A. blowi subzone (P. glabrata zonule) to G. contusa— 

stuartiformis assemblage zone, A. mayaroensis subzone. 
The first appearance of common Rugoglobigerina in 

the P. glabrata zonule serves as one useful criterion for 
separating this zonule from the underlying /). mullicostala 

zonule in Early Campanian strata of the Gulf Coast and 

the West  Indies. 
Occurrence.—Cam\i?.m^n and Maestrichtian strata; 

world-wide. This species does not occm- in strata older 
than Camjjanian age in the Gulf Coast and West Indies 
sections. All older occmrences of Rugoglobigerina when 
carefully investigated include forms herein assignable to 
other genera such as Archaeoglobigerina. n. genus, Hed- 

bergella. and others. 

Rugoglobigerina   hexacamerata  Bronnimann 

Plate 74, figure 4; Plate 91, figures 5-7 

1952.   I\u;j,<igliil)ig(iiii(i     ii'idiili     hf\ncai)iciala     Bronnimann,     Bnll. 
Anier. I'alcont.. vol. 34, No.  140, pp. 23-25. pi. 2, lignres  10-12; 
tcxt-fignre 8: fig.s. am, 

1955.   CUdbolriincntia     (Rugoglobigerina)     liexiicnnierata   subhexainni- 
eratn C;andolfi, Bidl. .\mer. I'alcont., vol. 36, No. 155, p. 34, pi. 
1.  figs,   lla-c. 

Remarks.—Rugoglobigerina hexacamerata Bionniman 
is one of the more distinctive species of Rugoglobigerina. It 
differs from Rugoglobigerina reicheli Bronnimann by pos- 
sessing (1) a less spinose periphery; (2) a greater number 
of chambers in the last whorl (six to seven as opposed to 
four or five) ; (3) and chambers which gradually increase 
in size throughout two whorls. It differs from R. rngosa 
(Phimmer) (1) by being much lower spired; (2) by 
having  a  much   thinner  test  measured  along  tiie  axis  of 
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coiling (T-T') ; (3) by having chambers whiih increase 
gradually in si/e; and (I) by being smaller and more 
spinose. 

The writer has examined the holotype of R. reichcU 
hexacamcrnta Bronnimann in the collections of the U.S. 
National Museum, ^\'ashington, D.C. An examination of 
the holotype of G. (R.) hexacamerata subhcxacamcrala 

Gandolfi (No. 20831) in the Paleontological Research 
Institution. Ithaca. New York, indicates that it differs 
from R. hexacamerata s.s. only by its possession of a 
weakly developed double keel on the first several cham- 
bers of the last whorl. ^\'eakly developed double keels 
occiu" occasionally on most species of Rugoglobigerina and 
seem to represent mere variants in a species population. 

Range.—G. contusa—stuartiforinis assemblage zone: G. 
gansseri subzone to A. mayaroensis subzone. 

Occurrence.—In Mexico this species has been observed 
in the Late Maestrichtian (A. mayaroensis subzone) por- 
tion of the Mendez shale in the Tampico area and in 
Middle Maestrichtian (upper part of G. gansseri subzone) 
portion of the Papagallos shale (MX 174; see Appendix) 
occmring north of Mamulique Pass and south of Nuevo 
Laredo on the Mexico, D.F.—Nuevo Laredo Highway (Rt. 
8.5). 

In Texas R. Iirxacainerata was noted in the Corsicana 
marl of Travis and Navarro Comities and in the Kemp 
clay of Falls County. 

In soutliwestern ,\rkansas it otcius in ihe .\rkadelphia 
marl of  Hempstead Coimty. 

R. hexacamerata was originally described b\' Bronni- 
mann (1952) from the Late Maestrichtian portion of the 
Ciuayaguayare formation of Trinidad. It is also known 
from  the  Maestrichtian  Colon   formation  of  Colombia. 

Rugoglobigerina  reicheli  Bronnimann 

Plate 65, figures 5-7; Plate 91, figure 3 

\9y.!. Rtn^os^lobii^eriiHi reicheli reicheli Biomiiinanii, Hull. \nui. 
Paleont.. vol. 34. Xo, 140, pp. 18-20, pi. 3. figs. 10-12: tcxi-fig. 4: 
figs, am;  text-fig. 5:  tigs. a-c. 

Remarks.—Rugoglobigeriria reicheli s.s. Bronnimann 
differs from Rugoglobigerina rugosa (Pluramer) (1) by 
the markedly spinose and often clavate character of the 
early chambers of its final whorl and (2) by the thinner 
nature of its test (measured along the axis of coiling 
T-T'). A comparison of this species to R. hexacamerata 
Bronnimann has been presented under the remarks on 
the latter species. 

The writer has examined the holotype of R. reicheli 

reicheli Bronnimaini at the U.S. National Museum. Wash- 
ington, D.C. 

Range.—G. coutusa—stuarliformis as,seinblage zone: G. 
gansseri subzone to A. mayaroensis subzone. 

Occurrence.—In the present study R. reicheli has been 
observed in Mexico in Middle Maestrichtian Papagallos 
shale deposits (ujjjjer part of G. gansseri subzone) (MX 
174; see Appendix) north of Mamulique Pass along the 
Mexico, D.F.-Nuevo Laredo Highway (Rt. 85) . It has 
not been observed in the Tampico region to the south. 

In Texas R. reicheli has been observed only in the 
Kemp clay of Falls County (TX 267A-C and TX 268; see 
Appendix). It also occurs in the Arkadelphia marl of 
southwestern Arkansas   (AR 8; see Apjjendix) . 

Bronnimann (1952 ) originally described this species 
from the Late Maestiichtian (A. mayaroensis Subzone) part 
of the Guayaguayare formation of Trinidad. 

Rugoglobigerina rotundata Bronnimann 

Plate 65, figures 1-3; 4; Plate 68, figures 1-3 

1952. RugogIol>igerina rugosa rotundata Bronnimann, Bull. .■Xmer. 
Paleont., vol. 34. No. 140, pp. 34-36, pi. 4, figs. 7-9: text-fig. 15: 
tigs, a-e; text-fig. 16: figs. a-c. 

1955. Globolruncana {Rugoglobigerina) rotundata rotundata (Bronni- 
mann) , Gandolfi, Bull, \rner. Paleont., vol. 36, No. 135, p. 70, 
pi.  7.  tigs.  2a-c. 

1956. Kuglerina rotundata (Bronnimann) , Bronnimann and Brown, 
Eclogae Cieol. Helv., vol. 48. No. 2. p. 557. 

Rcmarlis.—Tbia distinctive species has been adequately 
described by Bronnimann (1952) and by Bronnimann 
and Brown (1956). It differs from other species of Rugo- 
globigerina by the globular natinc of its test and by its 
considerably smaller umbilicus. 

Bronnimann and Brown (1956, p, 557) designated 
this species as the type species of Kuglerina Bronnimann 
and Brown. They stated that Kuglerina differs from Rugo- 

globigerina by being "higher spired"; by having a smaller, 
deeper umbilicus; and by lacking an umbilical cover plate. 
As noted by Bolli, et al. (1957. p. 44). the first of the.se 
two characteristics are of only specific importance. Fmther- 
more, tegilla with infralaminal and intralaminal acces- 
sory apertiues have been observed by the writer on well- 
preserved specimens of this species from the Kemp clay of 
Falls Coimty, Texas. 

Dining the course of this suid), the writei exam- 
ined the holotype of R. rugosa rotundata in the collections 
of the U.S. National Museum, Washington, D.C, as well 
as abundant comparative material from the Guayaguayare 
formation of Trinidad. 
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Range—G. conlusa—sluartiformis assemblage zone: 
upper part of G. gansscri subzone to A. muyaroensis sub- 

zone. 
Occurrence—In Mexico this species has been observed 

in the Late Maestrichtian {A. mayarocnsis subzone) por- 
tion of the Mendez shale of the Tampico area. It also occurs 
north of Monterrey and Mamidique Pass along the Mex- 
ico, D.F.-Nuevo Laredo Highway (Rt. 85) in the Middle 
Maestrichtian portion of the Papagallos shale (MX 174; see 

Ajjpendix). 
In Texas R. rotundata has only been observed in the 

uppermost part of the Kemp clay of Falls County from 
immediately below to about 20 feet below the Midway 
(Kincaid)-Kemp clay contact. Here it is associated with 
Globolruncana conica White, Globotrnncunn stuarti s.s., 

RucemigucmbeJina fructicosa (Egger) and other species 
that make their first appearance in the upper part of the 
G. gansseri subzone in both Texas and northern Mexico. 

This species was originally recorded by Bronnimann 
(19.52) from the Late Maestrichtian (A. muyaroensis sub- 

zone) portion of the Guayaguayare formation of Trinidad. 
It has also been figined by Gandolfi (1955) from the 
Maestrichtian Colon  formation  of Colombia. 

As far as the writer is aware, this sj^ecies has not yet 
been figured from the Maestrichtian dejjosits of Eurasia, 

Africa, or Australia. 

Rugoglobigerina rugosa (Plumtner) 

1927. 

1931. 

1932. 

1952. 

1952. 

1952. 

1953. 

1955. 

1955. 

1955. 

1957. 

1960. 

1960. 

Plate 75, figures 2-3; Plate 101, figures 8, 9 

Globigerina   rugom   I'Uminicr.   LIniv.   Texas.   Bull.  2644,  p.   38, 
pi. 2, fig. 10. 
Globigerina   rugosa    I'hiiiiincr.    riumnicr,    lliin.     I cxas.   Bull. 
3101, pp.  194.  i95. 
Rugoglobigerina rugosa juiiiixi  Bronuiiiiaun.  Bull.  Anier.  Palc- 
Amer. Paleont., vol.' 34. No. 140. pp. 28-33. tcxt-lig. II:  figs, a-i; 
text-fig. 12: figs, a-i: text-fig. 13: figs. a-i. 
Rugoglobigerina  rugosa jiennyi Bronnimann.  Bull. Amer. I'ale- 
ont', vol. 34, No.  l'4<), p.  34. pl. 4,  figs.  1-3;  text-fig.  14:  figs. 
a-i. 
Rugoglobigerina niacrnccjiliala ornata Bronnimann. Bull. .\mcr. 
Paleont.. vol.  34,  No.   140.  pp.  27.  28,  pl.  2,  figs.  4-6;   text-fig. 
10: a-i. 
Rugoglobigerina   reicheli   puslulata   Bronnimann.   Bull.   .^mer. 
Paleont., vol. 34. No. 140. pp. 20-23. pl. 2, figs. 7-9; text-fig. 6: 
figs, am; text-fig. 7: figs. a-i. 
Rugoglobigeri7ia   rugosa   rugosa    (Plummer) .   Hamilton,   Jour. 
Paleont.. vol. 27, No'. 2. p. 227. p. 30. figs. 1-3. 
Globolruncana    (Rugoglobigerina)   rugosa   rugosa    (Plummer) , 
Gandolfi, Bull. Amer. Paleont., vol. 36, No. 155, p. 72, pl. 7, figs. 
6a-c. 
Globolruncana    (Rugoglobigerina)   ornala   subornala   Gandolfi, 
Bull. .\mer Paleont.."vol. 36, No. 155, p. 50. pl. 3, figs. 6a-c. 
Globolruncana    (Rugoglobigerina)    rugosa   subrugosa   Gandolfi, 
Bull. .\mer. Paleont." vol. 36. No. 155. p. 72. pl. 7, figs. 5a-c. 
Rugoglobigerina rugosa   (Plummer) . BoUi, el al., U.S. Nat. Mus., 
Bull., No. 215, pp. "43, 44, pl. 11, figs. 2a-c. 
Rugoglobigerina rugosa rugosa Plummer. Olsson. Jour. Paleont., 
vol. .34, No. 1. p. 50. pl. id, figs. 16-18. 
Rugoglobigerina   reicheli   puslulata   Bronnimann.   Olsson,   Jour. 
Paleont., vol. 34. No.  1, p. .50. pl.  10, figs.  13-15. 

1961. Rjigoglubigerina rugosa rugosa (Plummci), Corminboeut, Ec- 
logae. Geol. Hclv., vol. 54, No. 1, p. 119, pl. 2. figs. 5a-c. 

1961. Rugoglobigerina macrocephala ornala Bronnimann, Cormin- 
boeut. Eclogae Geol. Helv.. vol. 54. No. 1, p. 118, pl. 2, figs. 4a-c. 

1961. ? Rugoglobigerina rugosa (Plummer) . Graham and Clark, Contr. 
Cushman Found. Forani. Res., vol. 12. pt 3. p. Ill, pl. 5. figs, 
la-c   (illustrations show an  extraumbilical  primary aperture). 

1962. Rugoglobigerina rugosa subrugosa Gandolfi. Pcssagno, Micro- 
paieont.. vol. 8. No.' 3. p. 360. pl. 6. figs. 10-12. 

1962.   Rugoglobigerina   rugosa    (Plummer) ,   Pcssagno,   Micropaleont., 
vol'. 8". No. 3, p. 360'; pl. 5. fig. 13. 

1962.   Rugoglobigerina rugosa rugosa   (Plummer) , Herni. Bayer. .\kad. 
Wiss., Math.-Nat. Kl.. Abli.. No. 104, p. 60. pl. 3. fig. 2. 

1962.   Rugoglobigerina puslulata Bronnimann, Bcrggicn   (part) , Stock- 
hol'm'^Contr. Geol.. vol. 9, No.  1,  pp. 78-80. pl.  13.  tigs,  la-c; 
not text-fig. 10: figs. 712. 

1962.   Rugoglobigerina rugosa   (Plinnmer). Berggren. .Stockholm Contr. 
Cieol.. vol. 9.  No.  1. pp.  71-75. pl.  11,  figs.  la-5b:  text-fig. 8: 
figs.  I-,5c. 

1962. Rugoglobigerina macrocephala Bronnimann. Berggren (part), 
Stockholm Contr. (;eol., vol. 9. No. I. pp. 76-78. pl. 12, figs. 
4a-6c; text-fig. 9:   la-5:  not text-fig. 10. figs.  1-5. 

1963. Rugoglobigerina rugosa rugosa (Plummer) , Bronnimann and 
Rigassi. Eclogae Geol. Hclv.. vol. 56, No. I. pl. 18, figs, la-c 
(no pagination) . 

1964. Rugoglobigerina rugosa rugosa (Plummer). Olsson, Micropal- 
eont.. vol. 10. No. 2. p. 173. pl. 7. figs. 3a-4c; ?2a-c; ?5a-c. 

1964. Rugoglobigerina macrocephala (Bronnimann) , Olsson, Micro- 
paleont., vol. 10, No. 2, p. 172. pl. 6. figs. 9ac. 

1964. Rugoglobigerina rugosa (I'liuiimer) . I.oeblich and Tappan, 
Treatise on Invert. Paleont., pt. C. Protista 2, vol. 2. p. C663, fig 
530: 3a-c. 

1964. Rugoglobigerina rugosa (Plummer) , Said and Sabrv. Micropal- 
eont.. vol. 10. No. 3, p. 386, pl. 3, figs. 18ac. 

Rrmiirks.—The writer has examined the syntypes of 
of Globigerina rugosa Plummer (1927) (Nos. 20739- 
20742 PRI). He has also examined the holotypes of 
Rugoglobigerina iiiaerixepiiala ornata Bronnimann, Rugo- 

globigerina macrocephala macrocephala Bronnimann, 
Rngogh)bigerina reicheli puslulata Bronnimann, and 
Rugoglobigerina rugosa pennyi Bronnimann at the U.S. 
National Museum, Washington, D.C. At present, it is 
felt that all of these forms except for R. macrocephala s.s. 
(cf. Pl. 66, figs. 1-2) should be treated as variants of R. 
rugosa (Pluminer) . R. macrocephala s.s. is regarded as a 
\alid species although it is often diffitiilt to sejjarale fiom 
R. riigcisa. 

G. (R.) rugosa stilniigosa (iandolfi (hololype. No. 
20863 PRI) is treated as a variant of R. rugosa. Its double 
keel is weakly developed and does not truncate the test 
periphery. 

Range.—G. fornicata—stuartiformis assemblage zone: 
A. bloiui subzone (P. glal>rata zonule) to G. contusa— 

stuartiformis assemblage zone: A. mayaroensis subzone. 
Occurrence.-ln Mexico R. rugosa is common to abun- 

dant throughout the Campanian and Maestrichtian por- 
tions of the Mendez shale. It also occurs in Campanian 
and Maestrichtian portioii of the Papagallos shale north of 
Mamuliciue Pass along the Mexico, D.F.—Nuevo Laredo 
Highway. 
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In Texas R. riigosa OCCLIIS in the "Lower Taylor marl" 
of Travis, McLennan, Dallas, and Ellis Counties; the 
Wolfe City sand of McLennan and Falls Counties; the 
"ITpper Taylor marl" of Travis and Limestone Counties; 
liie Llpson clay of Maverick County; the Neylandville marl 
of Navarro and Delta Counties; the Corsicana marl of 
Travis and Navarro Comities; and the Kemp clay of 
Travis, and Falls Counties. 

In southwestern Arkansas it occins in the Browns- 
town marl of Sevier Comity; the Ozan formation of Sevier 
County; the Annona chalk of Sevier County; the Marlbrook 
marl of Howaril County; the Saratoga chalk of Howard 
Comity; and the Arkadeljjliia marl of Hempstead Comity. 

Elsewhere in North America it is known from the 
Navesink, Mt. Lamel, and Red Bank formations of New 
Jersey   (cf. Olsson  1960,  1964). 

In the West Indies it has been recorded from the 
Via Blanca and Penaher formations (Habana Group) of 
Cuba by Bronnimann and Rigassi (1963) ; from the Rio 
Vauco formation, Rio Blanco formation, and Pargueia 
limestone of Puerto Rico by Pessagno (1960, 1962) ; and 
in the Guayaguayare and Naparinia Hill formations of 
Trinidad by Bronnimann (1952) . Elsewhere in the West- 
ern Hemisphere, it was figured by Gandolfi (1955) from 
the Colon  formation  of Colombia. 

R. riigosa is well known in the Campanian anil Mae- 
strichtian deposits of Eurasia and Africa. It also has been 
noted in submaiine core samples by Hamilton (1953) from 
the Mid-Pacifu   gu>ot area. 

Rugoglobigerina scotti (Bronnimann) 

Plate 74, figures 914; Plate 75, figures 4-6 

1952.   Triniiflla   Molti   Bronnimann,   Bull.   Anicr.   I'alcont..   vol.   .S4. 
No.  140. \>. .17. pi. 4. figs. 4-6:  text-fig. ?,0: figs. a-ni. 

19.")(5.   Triniiflla snilli  Bronnimann. Bronnimann  anil  Brown,  Etiogae 
Gcol.   Hclv..   vol.  48,   No.  2,  p.  555,  pi.  2:!,  figs.   13-15;   pi.  24, 
fig  3. 

1957.   Rue,(inlol>iiifiitia  scDtli    (Bronnimann) ,   Bolli.   ct   al..   VS.   Nat. 
Mns.'BnlL No. 215, p. 43, pi.  11. figs. 3a-4r. 

19(51.   Triitilella scotti Bronnimann. Corminboenl, l-.clogae Geol. Helv.. 
vol. ,54. No.  1. pp.  119.  120, pi, 2, figs, (ia-c, 

1963. Trinitella scotti Bronnimann. Bronnimann and Rigassi. Eclogae 
Geol. Helv., vol. 56. No.  1, pi.  16. figs. 3a-c. 

1964. Trinitella scotti Bronnimann. Olsson, Micropaleont. vol. 10. 
No. 2. p.  173. pi. 6. figs.  lOa-c. 

1964. Ttinitclla scotti 15ronnimann. Loeblich and Tappan, Treatise 
on Invert. Paleont., pt. C. Protista 2. vol. 2. p. C663, fig. 530: 
2a-c   (p. C662) . 

Rcmiiiks—The writer sees no reason at present to 
separate TrhiilcUa from Riigoglobigcrittd. .Although T. 

scotti possesses final chambers that are flattened spirally 
producing a subaiigular periphery, it is little different in 
character fiom oihei  s])ecies of RugogJobigcrinn. Its cham- 

beis like those of Rugoglobigerina are for the most part 
globigeriniforni; separated spirally and umbilically by de- 

pressed siitmes; and possess rugosities or costellae arranged 
in a meridorial jjattern. 

Range—G. fornicatastiiarliforinis assemblage zone, 
R. subcirni/n?iodifcr subzone (R. subpennyi zonule) to G. 
contusa—sttttirtiformis assemblage zone, A. niayarocnsis sub- 
zone. 

Ocnirreiirc.-ln Mexico, R. scotti has been observed 
only in the Tamjjico area in Mendez strata assignable to 
the Late Maestrichtian A. niayarocnsis subzone. North of 
Monteirey and Mamulique Pass it occurs in Papagallos 
shale strata which are assignable to the upper part of the G. 
gansscri subzone  (MX 174, see Appendix). 

In Texas R. scotti occms in the Middle Maestrichtian 
(G. gansscri subzone) Corsicana marl of Travis and Nav- 
arro Counties and in the Kemp clay of Falls County. 

Elsewhere in North America this species has been re- 
corded by Olsson (1964. p. 74) from the Redbank forma- 
tion of New Jersey. 

In the West Indies, R. scotti has been recoided by 
Bronnimann and Rigassi (1963, p. 261) from the Mae- 
strichtian Penalver formation (Habana Group) of Caiba; by 
Pessagno (]9()0, p. 91) from the Early Maestrichtian portion 
(R. siibcirciininodifer subzone) of the Rio Yauco forma- 
tion and the Parguera limestone of Puerto Rico; and by 
Bronnimann (19,52. text-fig. 1, p. 51) in the Late Mae- 
strichtian (A. niayarocnsis subzone) and possibly the Mid- 
dle Maestrichtian (G. gansscri subzone) portions of the 
Guayaguayare formation in Trinidad. 

Rugoglobigerina tradinghousensis Pessagno, n, sp. 

Plate 64, figures 1-8 

Dcstriplioii.—Test trochospiral, typically spiiocoiuex, 
comprised of three whorls of spherical chambers; thiee or 
five chambers in final whorl. Earlier whorls coiled in higher 
plane than final whorl; typically offset above the plane of 
coiling of final whorl. Early whorls strongly rugose with ru- 
gosities or costellae arranged meridorially; last whorl more 
weakly rugose, sometimes completely lacking rugosities. Um- 
bilicus small, deep, covered by spiral system of tegilla with 
infralaininal and intralaminal accessory apertures in well- 
preserved specimens. Primary aperture interiomarginal, 
miibilical in position. Outer wall except for rugosities 
radial hyaline, perforate. Rugosities ultragranular hyaline, 
imperforate. Sejjtal walls and tegilla microgranular hyaline, 
finely perforate. 

Remarks.—Rugoglobigerina tradinghousensis Pessagno, 
n. sp. differs fiom Rugoglobigerina riigosa   (Plummer)   (I) 
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by possessing a distinctly smaller and deeper umbilicus; (2) 
by being higher spired; and (3) by having only weakly 
rugose chambers in its final whorl. 

This species is named tor Tradinghouse Creek. McLen- 
nan County, Texas. 

Type locality—Taylor formation ("Lower Taylor 
marl" member). TX 246: Dark gray calcareous mudstone 
collected 13.5 feet above le\el of creek in a section includ- 
ing 77.5 feet of exposed strata. Tradinghouse Creek, Mc- 
Lennan County, Texas: 1.5 miles due west of junctme be- 
tween Teiiuacana Cheek and Tradinghouse Creek; 1 mile 
S65E of Harrison Switch (large meander in Tradingliouse 
Creek) , Waco East Quadrangle; USGS 7.5' quadrangle. 

Deposition of types.—The holotype and figmed para- 
types of K. tradinghousensis. n. sp. will be deposited in the 
collections of the LI..S. National Museinn, Washington, D.C. 
Unfigiired paratypes will be de|30sited at the Paleontologi- 
cal Research Institution, Ithaca. New York. 

Range.—G. foruieata—sluartiforynis assemblage zone; 
A. bloiL'i subzone {P. glabiata zonule) to G. elevata sub- 
zone (P. elegans zonule) . 

Occurrence.—In Texas, this species has been observed 
in the Lower Taylor marl of Travis, McLennan, and Ellis 
Counties and in the Wolfe City sand of McLennan County. 

In southwestern Arkansas R. tradinghousensis, n. sp. 
occurs in the Brownstown marl and the lower piart of the 
Ozan formation of Sevier County. 

Genus RUGOTRUNCANA Bronnimann and Brown, 1956 

Type species.—Rugotruncana tilevi Bronnimann and 
Brown. H)56 (^ Rugolrunciina suhcirciimnodifer (Gan- 
dolfi)   1955) . 

19.^>(5. Rtiii^ulnnicana Bronnimann and Bvown, F.clogac Cicol. Hclv.. \o]. 
48.'NO. 2. pp. .546. 547. 

1959. (Mohntynncayia (Hitt^oli uii< tniii) Bronnimann and Brown. Ban- 
ner and Blow, Paleontology, vol. 2, pt.  I. p.  11. 

1900. ('•lolxilniiiraita (Riti^otntncdiia) Bronnimann and Brown. I*es- 
sagno. Micropaleonl.. vol. 6. No.  1. p.  102. 

1962. (ilnholiumaiia (Rugotrinicana) Bronnimann and Brown. Berg- 
gren. Sioekliolm C'.ontr. Geol., vol. 9, Xo.  1, p. 67. 

Emended definition.—Tebl trochospiral, planoconvex 
to spiroconvex with j^eriphery truncated by double keel; 
double keel often merging to form a single keel at some 
lime in last whorl. Sutures raised or depressed spirally and 
lunbilically; usually beaded. Coarse rugosities or costellae, 
always arranged in a distinctive meridorial pattern, present 
on the sinface of test. Early whorls usually showing a 
rugoglobigerine stage both externally and in thin-section. 
Umbilicus covered by a spiral system of tegilla having both 
intralaminal and infralaminal accessory apertiues. Primary 
aperture interiomarginal, umbiHcal in position. Outer wall 

radial hyaline, perforate except for keel and rugosities. 
Keel is both radial hyaline and idtragranidar hyaline, im- 
perforate when double and predominantly radial hyaline, 
imperforate when single. Rugosities idtragianidar hyaline, 
imperforate. Septal walls and tegilla microgranidar hyaline, 
finely perforate. 

Remarks.—Rugotruncana Bronnimann and Brown is 
restricted herein to Globotriuicanidae that (1) have their 
rugosities or costellae ahuays arranged in a meridorial pat- 
tern; (2) have peripheries truncated or angled by double 
or single keels: anil  (3)  ha\e rugoglobigerine early stages. 

Of the nine species originally included in Rugotrun- 
cana by Bronnimann and Brown (1956) only the type 
species. Rugolruntana tHexn Bronnimann and Brown, and 
Rugotruncana rllisi Bronnimann and Brown possess meri- 
dorially  arranged  rugosities  or  costellae. 

Olsson (1964, p. 159) minimized the importance of 
meridorially arranged rugosities or costellae exhibited by 
Rugoglobigerina and Rugotruncana and implied that this 
is at best only a criterion useful in tiie sepaiation of taxa 
at the species level. He stated  (ibid.)   that: 

.\ rugosity is actually a coarse flattened spine, but because of preserva- 
tion it often appeals as a thin ridge when only the base of the spine 
is preserved. Tlie meridorial arrangement of rugosities is. basically, 
a mathematical problem. Tiie spines of planktonic loraminifeia are 
usually set normal to the chamber wall and are generally, evenly dis- 
tributed over the surface of the test. The radial hvaline wall of these 
planktonic oiganisms undoubtedlv controls the arrangement of the 
spines. 

The writer disagrees with Ols.son over many of the 
above statements. To begin with, meridorially arranged cos- 
tellae or rugosities on Rugoglobigeriria and Rugotrinicana 

are morphologically and ]jhylogenetically unic|ue structures 
among the Globigerinacea whicii are restricted to a par- 
ticular Campanian-Maestrichtiaii stock of the Cdobo- 
truntanidae. The arrangement of the costellae in a distinc- 
tive meridorial pattern is a complex mor|jhological feature 
whicli is governed by an equally complex genetic code. 
Furthermore, the meridorial arrangement of the discon- 
tinuous costellae is in no way controlled by the packing 
of the elongate calcite prisms in the radially hyaline portion 
of the test as has been suggested by Olsson. A thorough 
investigation of these meridorial arranged ridges by the 
writer using thin-sectioning and crushing techniques indi- 
cates that they are formed of idtragranular hyaline imper- 
forate calcite which has been plastered over the radial 
hyaline perforate part of the test (cf. Plate 101, figures 
8,9) .■■* At high magnifications, ti.sing a petrographic micro- 
scope, the writer has noted that tiliiagranular hyaline cal- 

x.Sec footnote  1, p. 252. 
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cite covers and ihokes off the large pore frames comprising 
the radial Inaline oiitei surface of the test in much the 
same fashion as does the radial liyaline calcite crust layer 
secreted by Recent sjjecies of Globorotdlin s.s. (cf. Be and 
Erickson. HKi.S, pp. fi5-81). The costellae clearly represent 
an overlay of ultragranular Inaline calcite and are no way 
related to the radial hyaline structure beneath. 

Olsson also maintained that the discontinuous rugosi- 
ties or costellae represent bases of coarse spines. It is diffi- 
cult for the writer to visualize how the often elongate and 
fine costellae of Riigoglobi^erina and Rugotruncana can 
indi\idually represent the bases of stout spines. Stout spines 
are present among specimens of Riigoglobigerina rcichcli 

Bronnimann, but often several of these may originate from 
an indi\idual costella. 

Riigotrinuana as suggested by Bronnimann and Brown 
(1956, pp. 522-525) and by Pessagno (1960, pp. 100, 102), 
evolved from Rugoglobigerina Bronnimann. As indicated 
imder Rugoglobigerina many species of the latter genus 
such as R. rugosii, R. macroccphala, and R. hexacamerata 
may occasionally possess either imperforate jjeripheral 
bands or weakly de\eIoped double keels. Many of these 
double-keeled variants of Rugoglobigerina [e.g., R. rugosa 
suhrugosd (Ciandolfi) . R. subhexacamerata (Gandolfi) ] 
were first noted by Gandolfi (1955) . At some horizons, 
particularly in the Lower Maestrichtian (/?. sub( ircum- 

uodifer subzone) , they are profusely abundant. At this 
hori/on in the Rio ^;uu() lormation of Puerto Rico, the 
writer has noted a lonipletel) transitional series of speci- 
mens between the double-keeled \ariani of Rugog'obigeriua 
rugosa [^R- rugosa subriigosa (Gandolfi) ] and Rugotrun- 
cana sub( irruninodifrr (Gandolfi) [=/?. tilctii Bronni- 
mann and Brown, 1951)] and Rugotruncana subpeunyi 
(Gandolfi) [^R- ganssrri dKarinuta Pessagno (]3art) ; see 
Pessagno, I9(i0]. It should be noted that the double-keeled 
\ariant of Riigog'obigerina rugosa does not appear in the 
Cam|)anian and Maestrichtian section of the Ciulf Coast 
until Late Campanian and Early Maestrichtian times. 

It is apparent from the analysis of this remarkable 
Puerto Rican faima that Rugoglobigerina gave rise to 
Rugotruncana (1) by the flattening of its chambers either 
spirally or both spirally and imibilically and (2) by the 
development of a strong double keel. 

Gandom (1955) , Berggren (1962), and Olsson (1964) 
generally imply that Rugoglobigerina e\ol\ed palingeneti- 
cally from Globotruncana. For exam]5le, Berggren (1962b, 
p. 120) maintained that Rugotruncana is descended di- 
rectly from Clobolruncana "—having retained the essen- 
tial   morphological   featines   of   the   genus,   i.e.   |>rimary 

carina (e) and coverplates while acquiring a rugoglobigerid 
wall stiucture." However, it should be pointed out that 
some of the species [e.g. G. (R) gansseri Bolli] included 
by Berggren luider Globotruncana (Rugotruncana) are 
not placed under RugotruiKana herein. As species of Rugo- 
truncana (under its emended definition herein) such as 
R. subcircumnodifer and R. subpennyi all possess well- 
developed rugoglobigerine early stages of development, it 
is difficult for the writer to visualize how they can be pos- 
sibly derived from Globotruncana s.s. As noted in many 
places in this monograph, the writer finds little evidence 
to support the hypothesis that Rugolnnuana e\<)i\ecl from 
Globotruncana. 

Range.—G. fornicala—stuartiformis assemblage zone, 
G. elevata subzone (G. calcarata zonule) to G. contusa— 
stuartiformis assemblage zone, A. mayaroensis subzone. 

Occurrence.—V^'dle Campanian and Maestrichtian of 
North America, West Indies, South America, and Eurasia. 

Rugotruncana subcircumnodifer (Gandolfi) 

Plate 62, figures 14-16; Plate 74, figures 1-3 

19,51. CIntwtruncana c£. gtohie,erinoides Biot/cn, Hulli. )(nn. I'alcont., 
vol. 25, No. 2, p. 198, pi. 35. figs. 1618. 

1955. (ilol)otruticana (Rugoglnliigeiina) ciiruinnodifer suliciicum- 
nodifer Gandolfi. Bull. .\mer. Paleont.. vol. 36. No. 155, p. 44, 
pi. 2. figs. 8a-c. 

1956. Rugotruncana liltvi Bronnimann and Brown, Eclogac Geol. 
Hefv.. vol. 48, No. 2. p. 547. pi. 22. figs.  1-3. 

1956.   ?   Rugotiiincana  elHsi   Bronnitnann   and   Brown.   Eclogae   Geol. 
Helv.. vol. 48, No. 2. p. 547. pi. 22. figs. 7 9. 

1960.   Globotruncana   (Rugotruncana)   tilex'i Bronnimann and  Brown, 
Pessagno. Micropaleont.. vol. 6. No.  1. p.  102, pi. 5. fig.  10. 

1962.   (iluliotruncatm   (Rugotruniami)   lilevi Bronnimann and  Brown. 
Pessagno,   Micropaleont.,  vol.  8.  No.  3.  p.  364.  pi.  4,  figs.   1-3. 

1962.   Clobolruncanii      (Rugolruncana)      subcircumnodifer     Gandolfi. 
Berggren,  Stockholm  Gontr.  in  Geol..  vol.  9,  No.   1.  pp.  67-69, 
pi,  10. figs. 4a-c. 

1964.   ?  Clubotruncana subcir( uinnodijcr  Gaiulolli,  Olsson.   Micropale- 
ont., vol.  10, No. 2. pp.  170,  171. pi, 6, figs,  1-2; 4-6, 

1964.   ?  Globotruncana tilevi   (Bronniman  and   Brown),  l.ochlicli  and 
Tapi)an, Treatise on  ln\iii    I'likiml,,  p(,  G,  Protista  2,  vol, 2. 
p. C;662. fig. 529:  4a-c. 

Description.—Te^i trochospiral, biconvex, mildly lobu- 
late, and truncated peripherally by well-developed double 
keel. Test consisting of three whorls of chambers; five to 
six chambers in the final whorl. Chambers of earlier 
whorls typically Rugoglobigerina-Uke in terms of their 
shape and ornamentation. Chambers in final whorl peta- 
loid, compressed, subglobidar to slightly elevated, beaded 
to nonbeaded, curved sutures spirally and umbilically. 
Chambers surfaces both spirally and umbilically covered 
for most part by meridorially arranged costellae which 
may be coarsely s|jinose;  last one or two chambers some- 
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times smooth. Umbilicus moderately deep; covered by a 
spiral system of tegilla with intralaminal and infralami- 
nal accessory apertures. Primary aperture interiomarginal, 
umbilical in position. Outer wall radial hyaline perforate 
except for double keels and costellae. Double keels in part 
radial hyaline imperforate and in part ultragranular hya- 
line imperforate ("variety" of type 2, Text-figure 40). Cos- 
tellae and rugosities ultragranular hyaline imperforate. 
Septal walls and tegilla microgranular hyaline, finely per- 

forate. 
Remarks: As noted by Berggren (1962, pp. 67-69) . 

R. tilevi Bronnimann and Brown is a junior synonym ot 
R. siibcircwnnodifer (Gandolfi). The writer has exam- 
ined the holotypes of both species (Paleontological Re- 
search Institution, U.S. National Museum) during the 

course  of  this  study. 
The specimens figured by Olsson (1961, pi. 6, figs, la-c; 

2a-c) as G. stibcirciniinodifcy Gandolfi and by Loeblich 
and Tappan (1964, fig. 529; 4a-c) as G. tilevi (Bronnimann 
and Brown) do not show rugosities or costellae arranged in 
a meridorial pattern and thus appear referable to Globo- 

truncana rather than to Riigotrunaiiia. 
Range—G. foruicata—sliiarliforinis assemblage zone, 

G. elevata subzone (G. calcarata zonule) to G. contusa— 
stuurliformis assemblage zone, A. mayarocnsis subzone. 

Occurrence—In Mexico this species occurs in the Late 
Campanian and Maestrichtian portions of the Mende/ 
.shale. In Texas it occurs in the "Upper Taylor marl' of 
Limestone County; the Upson clay of Maverick County; 
the Escondido formation of Maverick County; and the 
Corsicana marl of Travis and Navarro Counties. 

In southwestern Arkansas it has been observed in the 
Annona chalk of Sevier County and in the Marlbrook marl 

and Saratoga chalk of Howard County. 
Bronnimann and Brown (1956) recorded this species 

under the name of R. lilevi from the Late Maestrichtian 
A. mayaroensis subzone of Cuba. Pessagno (I960, 1962) 
noted abundant specimens of this species under the name 
of R. tilevi from the Early Maestrichtian portion of the 
Rio Yauco formation of Puerto Rico. 

Gandolfi originally described R. siibcircumnodifer 
(Gandolfi) from the Maestrichtian C^olon formation of 

Colombia. 
In Eurasia R. siibcircumnodifer has been figured by 

Berggren from the Maestrichtian of Denmark. 

Rugotruncana subpennyi (Gandolfi) 

Plate 76, figures 12-14; Plate 91, figures 8-15 

1955. Globotruncana {Rugoglobigerina) pennyi subpennyi Gandolfi, 
Bull. Amer. Paleont.. vol. 36, No. 155, p. 73, pi. 7, figs. 7a-c 
(mislabeled) . 

1960.   Globotruncana    (Ritgolruncana)    gansseri   dicannalu    Pessagno 
(pan), Micropaleont., vol, 6, No.  1, p.  103, not pi. 2, figs. 9-11 
(=? G. aegyptiaca Nakkady); pi. 3, figs. 1-3; pi. 5, fig. 2. 

1962.   Globotruncana    (Rugotruncana)    gansseri   dicarinata   Pessagno, 
Pessagno,  Micropaleont., vol. 8, No. 3, Chart 4   (p. 355) . pi. 4, 
figs. 9, 10. 12. 15, 16. 

1904.   Not    Globotruncana    gansseri    dicarinata     (Pessagno),    Olsson, 
Micropaleont..   vol.   10,   No.   2,   p.   166,   pi.   3,   figs,   lac    (= G. 
gansseri BoUi). 

1964.   ?   Globotruncana   aff.   G.   subcircumnodifer   Gandolfi,   Olsson, 
Micropaleont., vol.  10, No. 2, p.  184, pi. 6, figs. 3a-c. 

Dcscyi [)l ion .—Teal irochospiral; spiral side flattened to 
mildly convex; ventral side quite convex. Chambers hemi- 
spherical in shape; aiianged in two and one-half to three 
whorls; f\\e to six chambers in final whorl. Chambers 
petaloid spirally, sejjarated by slightly ciuved sutures which 
may be either elevated and beaded or somewhat depressed 
and nonbeaded. Coarse costellae arranged in a distinctive 
meridorial pattern present on spiral and imibilical cham- 
ber surfaces though somewhat better developed umbili- 
cally. Prominent double keel present throughout much of 
ontogeny; often merging to form a single keel in chambers 
of last whorl. Umbilicus covered by spiral system of tegilla 
with intralaminal and infralaminal accessory apertures. 
Primary aperture interiomarginal, umbilical in position. 
Outer wall radial hyaline perforate except for costellae 
and keels. Keel when double, both radial hyaline imperfo- 
late and ultragranular hyaline imperforate ("variety" of 
ty])e 2, Text-figure 10) ; when single, radial hyaline im- 
perforate. Costellae rugosities ultragrantdar hyaline imper- 
forate. Septal walls and tegilla microgranidar hyaline, finely 

perforate. 
Remarks—The holotype of G. (R.) gansseri dicarinata 

Pessagno was a poor choice of a type sjsecimen as it lacked 
rugosities arranged in meridorial pattern and was non- 
rugose. It probably is assignable to Globati itncana aegyp- 

tiacu Nakkady. The paratypes correspond better to Pessag- 
no's description and concept of this form and are definitely 
assignable to Rugotruncana subpennyi   (Gandolfi) . 

The writer has examined the holotype of G. (R.) 
pennyi subpennyi (No. 20864) at the Paleontological Re- 
search Institution, Ithaca, New York. This form is like 
the paratype specimens of G. (R.) gansseri dicarinata Pes- 
sagno. It shows hemispherical chambers and a double keel 
which generally follows the spiral periphery of the last 
whorl, but merges to form a single keel on the last 

chamber. 
/;. siibpcnn\i evolved from a double-keeled variant of 

Riitioi^lobigerina riigosa as noted by Pessagno (1960, p. 100) 
by spiral flattening and the development of a strong double 
keel. However, it did not give rise to G. gansseri Bolli as 
suggested by Pessagno (ibid.) . R. subpennyi and G. gansseri 
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are phylogenetically independent. 7?. siibprunyi evolved 
from a double-keeled \ariant of R. rugosa whereas G. 
gansseri evolved from a double-keeled variant of A. bloiui 
Pessagno, n. sp.  (cf. Text-figme 35 and G. gansseri herein). 

Raugr.—G. fornicatiistiiayliformis assemblage zone, 
R. 5iib( ire iimiiodifer subzone (R. subpennyi zonule) to 
G. contusa—stiiartiformis assemblage zone. G. sansseri siib- 
zone, ? A. mayaroensis subzone. 

Occurrence—\n the present study R. subpennyi has 
been observed in the Early Maestrichtian jiortion of the 
Mendez shale and in the Middle Maestriditian portion of 
the Papagallos shale of Mexico. 

In Texas it occurs in the Middle Maestrichtian (G. 
gansseri subzone)   Corsicana marl of Travis County. 

In southwestern Arkansas it occius in the Early Mae- 
strichtian Saratoga chalk of Howard County. 

This species is common in the Early Maestrichtian 
portion of the Rio Yauco formation of Puerto Rico. It 
also occurs in the Rio Blanco formation (cf. Pessagno 1960, 

1962). 

7?. subpennyi was originally described by Gandolfi 
(1955)   from the Colon formation of Colombia. 

Family ABATHOMPHALIDAE Pessagno, new family 

Type genus.—Abiilhoinplidlus Holli, Loeblich, and 

Tappan,   1957. 
Definitiou.—Tesis irochospii al, spirocon\ex to bicon- 

vex with or without a double or single keel. Chambers 
spherical, ovoidal (compressed) , or trinicate; separated 
I:)y raised or depressed siUmes. Umbilicus relatively small, 
covered by tegilla having infralaminal accessory apertures, 
hut lacking intralaminal accessory apertures. Primary aper- 
luie, interiomarginal, extraumbilical-umbilical in position. 
Outer wall radial hyaline perforate to imperforate. .Septal 
walls and tegilla microgranular hyaline, finely perforate. 

ReiiKiyks.—The Abathomphalidae differ from the Glo- 
botriuicanidae (!) by possessing primary apertures which 
aie extraumbilual-uinbtlual in ]jositi<)n and (2) by pos- 
sessing tegilla with only infralaminal accessory apertines. 
They differ from the Marginotruncanidae Pessagno, n. 
lam. in tlieir possession of large, well-developed tegilla 
rather than jjortici. 

The Abathomphalidae may ha\e been dcri\ed from 
either the Globotriurcanidae or the Rotaliporidae (Text- 
figure 6) . It is not likely that the .\bathomplialidae 
evolved from the Marginotrinicanidae as this group was 
extinct well before the time of the former group's first 
appearance in Late Ciampanian times. 

It is likely that the early globigeriniform Aba- 
thomphalidae like Globotrunranella evolved from either 
globigeriniform Rotaliporidae like HedbergcJla or from 
globigeriniform Globotnnicanidae like Archacoglobigcrina. 
The evolution of GlobotruucaneUn from HcdberzcUa could 
have been readily perpetuated tliiough the enlargement of 
the portici to form tegilla. The evolution of Globolnm- 
canella from Archacoglobigcriuu would involve the shift 
of the primary aperture to an extramnbilical-umbilical 
position and the loss of intralamiiral accessory apertures. 
Inasmuch as the Rotaliporidae had greatly reduced breed- 
ing jjopidations by Campanian times, it seems more likely 
to the writer that the Abathomphalidae evolved from the 
rapidly evolving Clobotriuicanidae. Several Maestrichtian 
species fornrerly jjlaced in HedbcrgeUa hy various workers 
can now be definitely placed in Globotruncattelhi. It ap- 
pears inilikely that HedbcrgeUa existed after Early Cam- 
panian times. 

Range.—G. jornicata—stuarlijorniis assemblage zone, 
R. subcircurnnodifer sub/one to G. co)ilii.»i—sluartiforniis 

assemblage zone, A  mayaroensis subzone. 

Orr^/rrcnrc*.—Maestrichtian of Boreal, Austral, and 
Teth)an   faunal   |)rovinces. 

Genus ABATHOMPHALUS Bolli, Loeblich, and Tappan, 1957 

Type species.—Globotruncana mayaroensis Bolli, 1951. 

Remarks.—The^ diagnosis of Loeiilich and Ta])]3an 
(1964, p. C663) is generally accepted herein with the 
following minor emendations: (1) The imil)ilicus does 
not seem to be consistently covered by a single tegillimr 
as suggested by Loeblich and Tappan (ibid.). Tegilla 
extend om from each chamber as indicated by Cormin- 
boeuf (1961, p. 115, pi. 1, figs. 4a-c). The specimen illus- 
trated and described by Corminboeuf shows individual 
tegilla with infralaminal accessory apertures. It is possible 
that these tegilla become fused together in some individ- 
uals to give the ajjjjearance of a single tegilhnn. It is also 
possible that the specimen figured by Loeblich and Tap- 
pan (1964, fig. 529:5) is not so well preserved as that of 
Corminboeuf. The single tegillum figured by these authors 
is small and may only represent a tegillar extension from 
one of the early chambers of the test. Tegilla from subse- 
quent chambers may have been broken off during sample 
preparation or dining sedimentation. (2) The double keels 
of Abathomphahis mayaroensis are entirely radial hyaline 
imperforate and are not strengthened by idtragranular 
hyaline imperforate accretions of material as is the case 
with  double-keeled species of  Globotruncana.   (3)   Septal 
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walls and tegilla are microoranulai h)alinc. finely per- 

forate. 
Loeblich and Tappan (1964, p. C662) correctly noted 

the extraumbilical-unibilical position of the aperture of 
Abatlioniphaliis. but, nevertheless, included this genus in 
the Globotrnncanidae which they slated includes forms 
with primary apertures in an  umbilical position. 

Rmio^e.—G. contusa—sliiartijornus assemblage zone; A. 

mayaroensis subzone. 
Occwrrrncf.—Late Maestriditiau of Boreal, Tetliyan, 

and  Austral   faunal  provinces. 

Abathomphalus mayaroensis (Bolli) 

Plate 92, figures 4-9; Plate 95, figure 5 

1951.   Globotruncana mayaroensis Bolli.  Jour. I'alfoiit.. vol. 2.'>. No. 2, 
p.  198. pi. 35, figs!  10-12. 

1953.   Global I inicana mayaroensis Bolli. Suhbolina. Trudy Vses. Neft. 
Naukno.—Issled.  Geol.—Razvcd.   Inslit.,   n.  scr..  No.  7fi.  p.   181. 
pi. 8.  ligs.  2a-c. 

1955. Clohotriincaiia iiiayar(ieir\i.\ Bolli, (.aiulolli, Bull. Aiiicr. I'alconl.. 
vol. 36. No. 155, p. 18, pi. 1, tigs. 2a-c. 

1956. Rugolruncatia mayaroensis (Bolli), Broniiiinami and Brown. 
Eclogae Geol. Helv'. vol. 48. No. 2. pp. 55:i. 5.54. pi. 22. figs. 10-12. 

1957. Globolruncana (Globotruncana) planala Edgcll. Micropalcom.. 
vol. 3. No. 2, p. 115, pi. 4. figs. 7-9. 

1957. AbathomjiJialus mayaroeiisis (Bolli). Bolli. l.ocblich. and Tap- 
pan,  U.S. Nat.  Mus.,  Bull.. No. 215.  p. 43. pi.   II  figs.  la-c. 

1961. Globotruncana mayaroensis Bolli. Gonuinboeuf, Eclogae Geol. 
Helv., vol. 54, No.l, pp. 114.  115. pi.  I. ligs. 4a-c. 

1962. Praeglobotnincana (P.) mayaroensis (Bolli) . lU-rggrcn, .Stock- 
holm. Contr. Cleol., vol. 9, No. 1, pp. ,')2 ,'(6. pi. 7. figs. 3a-c. 

1964. Abatliomphnlns mayaroensis (Bolli) . Loeblich and Tappan, 
Treatise in Iinerl. Paleonl., \>l. C. I'rolisla 2, vol, 2, p, C663, fig. 
529: no. 5. 

Description .—Test irochospiral, somewhat spiroconvex, 
truncated by wide, but weakly developed double keel; 
spiral side mildly convex; umbilical side typically concave 
with chambers sloping toward umbilicus. Test with three 
well-developed whorls; earliest whorl .showing Globolrun- 
canella hcwancnsis (Voorwijk) stage of development (PI. 
95, fig. 5) ; four to six chambers in final whorl. Chambers 
spirally with slightly arched roofs, ])etaloid in shape; sepa- 
rated by straight, radial, depressed siUures. Umbilicus 
shallow, covered by system of tegilla on well-preserved 
specimens which display infralaminal, but not intralami- 
nal accessory apertures insofar as known. Primary aperture 
interiomarginal, extraumbilical in jjosition. Outer wall 
radial hyaline perforate except for keel and occasional 
rugosities. Double keel entirely radial hyaline imperforate; 
spiial and luiibilical rims weakly de\eloped, lacking accre- 
tions of idtragranular hyaline, imperforate calcite. Beads 
and rugosities ultragranular hyaline imperforate. Septal 
walls and tegilla microgranidar hyaline, sparsely perforate. 

Hciiiitrl<s.—A   vtayaroftisis   is   nioi phoiogit alh   distinct 

from double-keeled of Globotruncana both internally and 
extern;dly and bears no direct jjhylogenetic relationship 
with these sjjecies. In thin-section it clearly shows a Globn- 
tnincnucUa hananrnsis (Voorwijk) stage of development 
in its earliest whorls. As suggested by Bolli (1951, ]). 198) , 
this species seems to ha\c evohed from a G. citac Bolli 
(= G. haxHinensis Voorwijk)   ancestor. 

The writer has examined the holoty])e of G. iiiaya- 
rooisis Bolli in the collections of the U.S. National Mu- 
seum, Washington, D.C. He has likewise examined and 
thin-sectioned abundant topotypic specimens from the 
Late Maestrichtian portion of the Guayaguayare forma- 
tion  of Trinidad. 

Range.—G. coiitiisa—stiiartiformis assemblage zone; 
A inayaroensis subzone. This planktonic species is one of 
the most important guide fossils for recognizing Late 
^^aestrichtian  deposits  throughout   the  world. 

Occttrrcnce.—\\\ the present study, A. mayaroensis was 
noted only in the Late Maestrichtian portion of the 
Mendez shale in the Tampico area. To date, it has not 
been oljsei\ed in surface outcrop anywhere in the Gidf 
Goasial Plain and .Vtlanlic Goaslal Plain aicas of the 
Unitcil States. 

In the West Indies A. mayaroensis was noied in ihc 
Late Maesti idilian Peilalver formation (Hal)ana group) 
by Bronnimann and Rigassi (19t)3, ]J. 280). It was origi- 

nally describctl by Bolli (1951, 198) from the Pointe-a- 
Pierre Railway Cut marl member of the fiuayaguayare 
formation of Trinidad. Elsewhere in the Western Hemi- 
sphere, this sjjecies has been noted by Gandolfi (1955, 
p. 18)   in the Maestrichtian Colon formation of Colombia. 

In Eurasia A. mayaroensis species has been recorded 
by Berggren (1962) from the Late Maestrichtian of Den- 
mark; by Subbotina (1953), from the Late Maestrichtian of 
Russia; by Sigal (1959) from the Maestrichtian of France, 
by Bolli, C;ita, and Schaub (1962) from the Late Maestrich- 
tian of Italy; and by (^orminboeuf (19()1) from the Late 
Maestritluian of the "Prealpes Externes" of Switzerland. 
Dalbiez (1955, p. 167) recorded but ditl not figure this 
species from  the Late Maestrichtian of Timisia. 

A. mayaroctisis was figiued by Edgell (1957, p. 115) 
imder the name of Globolruncana (G.) platiala Edgell 
from  the   Late   Maesliichtian  of Australia. 

Genus GLOBOTRUNCANELLA Reiss. 1957 (emended herein) 

Type species.—Globotriincaita cilae Bolli. 1951 (=i Glo- 

bolruncana havnnetisis Vooiwiik. 1937). 

1957.   Globotrnniauclla   Reiss,   Contr.   fUishiiian   lound.   I'orain.   Res., 
vol. H. pi, 4. pp.  135,  136, texlfig. 5c. 
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Emended dcfiiiilioii.—l'efii iiochospiial, biconvex to 
spiroconvex; lacking keels but .sometimes with imperforate 
peripheral bands. Chambers spherical to ovoidal, com- 
pressed; separated by depressed, curved, nonbeaded sutures 
both spirally and umbilically. Wall surface smooth to 
hispid, llmbilicus covered by sjjiral system of tegilla with 
iiifralaminal accessory apertures in well-preserved speci- 
mens. Primary aperture interiomarginal, extraiunbilical- 
umbilical in position. Outer wall radial hyaline, perforate 
except for fine sjjines which are ultragranidar hyaline im- 
perforate. Septal walls and tegilla microgranular hyaline, 
finely perforate. 

Remarks.—Globotrinicanella Reiss differs from Hed- 

bergella Bronninrann and Brown by the development of 
tegilia \vith infralaminal accessory apertures. The tegilla of 
some specimens seem to be fused together to form a single 
comjjoiuid plate (cf. Loeblich and Tappan, 196-1, p. CGtil, 
fig. ,529; 3a-()." As tegilla are only present in perfectly pre- 
served material, many Maestrichtian species herein as- 
signed to (ilobotruncanella were assigned by numerous 
other workers to Hcdbergella because tegilla could not be 
observed. It is likely that tegilla will be found on well- 
preserved specimens of Hedbergella homedelcnsis Olsson 
and HedbergelUi maltsntii   (Pessagno) . 

CIobotniiKdiiella Reiss gave rise to Abathomphalus 
Bolli, Lt)cblich, and Tappan through the spiral-umbilical 
compression of the test and the acquisition of a double- 
keeled  peripiiery. 

Range.—G. foiiiicata—stuurtiformis assemblage zone; 
R. subcirciimnodifer subzone to G. contu.sa—stuartiformis 
assemblage /one, A. mayaroensis subzone insofar as known 
from present data. 

Oct KncHcr.—VVorld-wiile; Boreal, 1 etiiyau, ami Aus- 
tral  faiuial  pro\inces. 

Globotruncanella havansnsis (Voorwijk) 

Plate 84, figures 1-3 

1937.   Gluboliuitcana   htwaiifusis   Voorwijk,    Ron.   .\ka(l.    W'elcnsch., 
Proc, vol. 40, p. 195, pi.  1. tigs. 2'). 26, 29. 

1943.   Globorotalia sp.  Van   VVes.seni,   Rijks.-Univ.   Meck'deel,   Utrecht. 
Geog., Geol. ser. 2, No. b. p. 48, pi. 2, figs 3-4. 

194G.   Globorulalia  psiiadae   Reller,  Soc.   Nat.   Moscow,   Bull.,   n.   sei., 
vol. 51. No. 3, pp. 99.  108. pi. 2, figs. 4-6. 

1951.   GJohoti uncana cilae 15olli, Jour. I'aleont., vol. 25. No. 2, p. 197, 
pi. 35, figs. 4-6. 

1953. Globorotalia {ishadac Keller, Subbotina. Tiucly \'ses. Neft. 
Naukno. Issled. (.eol.—Ra/vcd. Instil., ii. ser.. No. 7(i. p, 204, 
pi. 16. Iigs. la-6c. 

1954. Globuli uncana cilae Bolli, ,\vala, .\ssoc. Mex. I'etiol. Ccol., 
Bol., vol. 6. p. 387, pi. 3, figs. 2a-c. 

1954, Globotruncana havancnsis Voorwijk, Avala, .\.s.soc. Mex. Petrol. 
Geol., Bol., vol. 6, p. 396. pi. 6. figs. 2ac. 

1955. Gluboli uncana cilae Bolli, Gandolfi, Bull. .\mer. rakoiit., vol. 
36, No. 155, p. 51, pi. 3. figs, lla-c. 

1955. yCUnlnih uniana (Rui^oglobigciinn) jiclaloidea siibjielaUiidea 
Gandolfi, Bidl. Anier. I'alconi., vol. 36, No. 155, p. 52, pi. 3, figs. 
12a-c. 

1956. Rugohiincana havanensis (Voorwijk), Bionnimann and Brown, 
Eclogae Geol. Hclv., vol. 48, No. 2, p. .552, pi. 22, figs. 4-6- pi 
24, fig 5.  (pt.). 10. 

1956. Maiginotiuncana cilae (Bolli). Hofker, Neues Jahib. Geol. 
Paleont.. Abb.  103, p. 334. fig. 25. 

1957. (.lobolruncanella cilac (Bolli), Reiss, Contr. Cushman Found. 
Foram. Res., vol. 8, pt. 4, pp.  135,136, lextfig. 5c. 

1957. Globolt uncana (Globoliuncann) cilae Bolli, Edgell, Micro- 
paleont., vol   3, No   2. p.  111. pi.  1, figs.  13-15. 

I960. Glohohuncana (Rugoliuncana) liavanensis Voorwijk, Pessagno, 
Miciopaleont.. vol. 6. No   1. p. 103. 

1962. Praeglubolruncana havanensis (V'oowijk) , Berggren, Stockholm 
Contr. Geol., vol. 9. No. 1, pp. 26-30, pi. 7. figs, la c. 

1963. Globoli uiica)iella haxmnensis (Voorwijk) , Bronniniann and 
Rigassi, Fclogae Geol. Helv.. vol. 56. No. 1, pi. 17, figs. 2a-3c (no 
pagination) . 

196f. Glubolruncana liananensis Voorwijk, Loeblich and Ta|)pan, 
Treatise on Invert. Paleont.. pt. c. Protista 2, \i)l. 2, p. C662; 
fig. 529, 3ac. 

/{(•//)rn7v.y.—Broiuiimaiui and Brown (19,56, p. 552) 
noted that this species j^ossesses long apertmal flaps which 
extend into the umbilicus and which in later chambers 
form a piotinded iiiribilical cover plate with accessory 
apertuies. Loeblich and Tappan (1964, fig. 529; 3a-c) 
figured a Cluban specimen of G. havanensis (Voorwijk) 
with an umbilical cover plate (fused tegilla ?) and with 
infralaminal accessory apertures." The extraumbilical posi- 
tion of the primary aperture was noted by Beiggren (1962, 
pp. 26-30) and various other workers. The writer finds 
that specimens of Globotruncanella havanensis luay either 
possess or lack imperforate peripheral bands. 

There seems little doubt that A. mayaroensis (Bolli) 
e\()hed fiom a stock of Globotruncanella havanensis (Voor- 
wijk) possessing impeiforate jieripheral bands as A. tnayi- 
roensis possesses a suppressed G. havanensis early stage of 
development   (cf. Plate 95, figure 5). 

Range.—G. fornicata—stiiarliforniis assemblage zone, 
G. elevata subzone to G. conlusa—stiiarti^orinis assemblage 
zone, A. mayaroensis subzone. 

Occurrence.—\n the present study this species is only 
knowir from the Late Campanian to Late Maestrichtian 
portions of the Mendez shale in the Tampico Embayment 
area of Mexico. 

Elsewhere in the Western Hemisphere it is known froiri 
the Maestrichtian of Cuba, Puerto Rico, Trinidad, and 

Colombia. 
In Eurasia G. havanensis is known from the Maestrich- 

tian of Denmark, Germany, Holland, and Ru,ssia. It is 
also known horn the Maestrichtian of Australia. 

'JT. Saito (Lament Geol. Obscrv.) recently sent the writer well- 
preserved specimens of G. Iiavanensis with a tegulUnn extending out 
from each (hamber in  the last whorl. 
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Globotruncanella monmouthensis (Olsson) 

Plate 61, figures 1-3 

1960.   Clobornlalia ntoninoutlieush Olssciii.  Join. I'aleonl., vol. 34. No. 
1. p. 47. pi. 9, figs. 22-24. 

19fi2.   Praenlobolruiicnnd (Hedberi^ella) iiiDiiiiiuutheiisis   (Olsson). Berg- 
grenl  Stockholm  Contr.   Geol..   vol.  9,   No.   I.   pp.  .17-40,  pi.  H. 
figs. la-.Sc:  lext-fig. 4;  la-Bc. 

1964.   Hedhergelln   monmouthensis    (Olsson).   Midopalconl.,   vol.   10, 
No. 2, p. 161. pi. 1. figs. 3. 

Rcinarks.—CJohotrinuduclUi luoiunnuthcnsh (Olsson) 
is characieri/ccl by its low tiodiispiial test with sjjhciical 
to subspheiital clianibeis. Its cliamijcis increase rapidh in 
size, the later chambers tendiTi^ to be less sjjherical. The 
umbilicus is small, deep, anil round. Well-preserved speci- 
mens horn the Kem]> clay and Corsicana marl possess 
well-develo]5etl. Iraf^ile tegilla with infralaminal accessory 
apertures. The piimary apeituie of G, luoutnoutticnsis is 
a highly arched, rounded opening which is extraumbilical- 
umbilical in  position. 

The observation of tegilla on sjjecimens of this species 
definitely places it within Clol/nlnnirnurJla Reiss (see 
emended definition herein), 

The writer examined the iiolotoype of O. iitouutouth- 
crisis Olsson in the collections ol the I'.S. National .Mu- 
seum, Washington, D.C. 

Range—G. foiiliisa—stiitirliforniis assemblage zone: G, 
gansscri subzone insofar as known from this study, Berg- 
gren (1962, pp. 18, 41) inferred that this species occurs 
in the A. mayaroensis subzone in the Kjolby Gaard marl 
of  Jutland, Denmark. 

Ocf»rrc;Hrr'.—In the jjresent study G. monrnniithcnsis 

was noted in the Corsicana marl of Navarro County, Texas, 
and in the Kem]j clay of Falls County, Texas (see locali- 
ties TX 284, 267-C:, Appendix). The occurrence in the 
Kemp clay is from a sani]3le 20 feet below tiie Midway 
(Kincaid) contait in a fauna which is assignable to the 
upper part of the G, gansseri subzone. G. iiiDinnonllicnsis 
has also been noted in the Arkadel|:>hia m.nl ol .S.AV. 
Arkansas   (AR 8, see Appendix). 

Olsson (1964. p. 11)1) noted that "H. uioiniioiitlicyisis" 
is restricted to the Redbank formation of New [ersey. The 
Redbank formation seems to contain a planktonic assem- 
blage that is assignable to the wiiter's G. contusa—stiiarti- 
formis assemblage zone,  G. gansseri subzone. 

As previously noted this species was noted and figured 
by  Berggren  from   the  latest   Maestrichtian  of Denmark. 

To date, G, niDumouthensis (Olsson) is only known 
from  the  Maestridiiian  of  the  Boreal   fauna!   province. 

Globotruncanella   petaloldea   (Gandolfi) 

Plate 82, figures 6-8, 9 

19.5.5. Globnhuncana (Riigogb)bini'iiiui) pelaloidra pctnloidea Gan- 
dolfi. Bull. Amer. Paleonl..' xol. 36. No. 1.5.5. p. 52, pi. 3, figs. 
I3a-c. 

1960.   Rnnoglobigrrinn  jerseyensh  Olsson.   Join.   I'alronl..  vol.  34.  No. 
I, p. 49, pi. 10, figs. 19,20. 

1962.   Piaeglobolrnncana   {Hedbcigclla)   pcliiloidca   ((.andolfi) ,   Berg- 
gien, .Sloikliolni Comr. (.col., vol. 9, No. 1, i)]). 41-43, pi. 7, figs. 
4a-c. 

1962.   Rugoglobigeiina pclalnidta pcUiloidea   (Gandolfi), Herm, Bayer. 
Akad. Wiss., Math.-Nat. Kl.. Alih. No. 104. p. .59, pi. 2, fig. 5. 

1962.   Rugoglobigerina jerseyrnsis Olsson, Jordan. Delaware Geol. .Sur., 
Rept.. No. 5, p. 7, pK 2. figs. 2a-c. 

1964.   Praegloboiruncana pelaloidcn   (Gandolfi) , Olsson, Micropaleonl.. 
vol. 10, No. 2, p. 162, pi. 1. figs. 6a-c, 7a-c; pi. 2, figs. la-c. 

Remarks—GlobotritncancUa petaloidea (Gandolfi) is 
similar to Globotruncanella hax'anensis (Voorwijk) . It 
differs from this latter species by having much more 
inflated and spherical chambeis. However, it is probable 
that these species are closely related phylogenetically. 

Gandolfi originally phued tiiis species in Globotrun- 
cana Cushman. Although it possesses tegilla, it cannot be 
assigned to Globotriincana because of the extraumbilical- 
undjilical jjosition of its aperture, Rugoglobigerina jersey- 
ensis Olsson is a junior synonym of G, (/?.) petaloidea s.s. 

Gandolfi. The writer examined Gandolfi's holotype (No. 
20847) at the Paleontological Research Institution, Ithaca, 
New York, and Olsson's type specimens deposited at the 
U.S. National Museum, Washington, D.C. Olsson (1960, 
p, 49) noted the presence of tegilla extending across the 
umbilicus of R. jerseyensis Olsson. In 1961, Olsson (pi. 1, 
figs. 6a-c) figured a specimen of Globotruncanella peta- 

loidea (Gandolfi) showing a tegillum extending com- 
])letely across the mnbilicus fioni the last chamber. 

Olsson (1964, p, 162) stated that he has observed an 
imperforate peripheral band associated with this species 
at high magnifications. As already noted, imperforate 
j^eripheral bands are not uncommon among .some speci- 
mens of Globotruncanella  Jiavanensis   (Voorwijk) . 

Range.—G. fornicata—sluartijormis assemblage zone, 
7^, subcircuiiniodifer subzone to G. contu.sa—stuartiformis 

assemblage zone: G. gansseri subzone to A. nuiyaroensis 
subzone insofar as known from the present study. The 
range zone presented in T'ext-figme 5 should be corrected 
for this species. 

Occurrence.—\n Mexico G. petaloidea (Gandolfi) has 
been observed by the writer in Mendez strata assignable 
to the A. mayaroensis subzone. In Texas G. petaloidea 
(Gandolfi)   occurs  in  the San   Miguel  form;ition  of Mav- 
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11 ick County, the Corsicana marl of Travis and Navarro 
(loimties, and the Kemp clay of Falls County. 

Olsson (1964, p. 162) observed G. pctiiloidca in the 
Marslialltown, Mt. Laurel. Na\esink. and Redbank for- 
mations of New Jersey. 

Elsewhere in the Western Hemisphere, this species 
li.is been recorded from the Colon formation of Colombia 
hv  Gandolfi   (19,55). 

Berggren (1962, p, 43) figured G. pctiiloidca (Gan- 
dolfi)   from the Kjolby Gaard marl of Jutland, Denmark. 

The present data seem to indicate that G. pctiiloidca 

is both a Boreal and Tcthyan Macsti ithtian species. 

APPENDIX A 

SAMI'lK I'RI'.I' \RA HON 

Foraminiferal-bearing sanijiles were prepared for ex- 
amination through the utilization of tlie following combi- 
nation of techniques: 

Step A: Disintegratio?! of samples.—Crushed sample 
(about 2 mm.-sized particles) is placed with water in a 
Waring Blender. Mudstones or shales can be reduced to 
mud in 30 to 60 seconds. The disintegrated material is 
then wet sieved in a 230 mesh sieve to wash away the very 
fine clay fraction. 

Step B: Cleaning of inii rofo.s.sils.—1'he siexed material 
from the blenilcr is then placed in an ,\coustica (Model 
DR 250 AH) ultrasonic cleaner for two or more hours. 
Most or all of the matrix is cleaned fiom tlic fossils duiing 
this time. The more inchnated the sample the longer it 
takes to clean matiix from tiie fossils. Samples are placed 
in 1 quart jars filled with water and a small amount of 
liquid detergent. Tiie jars are placed in the cleaner tank 
and the water level of the tank is adjusted so that three- 
quarters of a given jar is submerged. 

Step C: Concentration of microfossils.—The sample 
after being treated in the ultrasonic cleaner is wet sieved, 
broken down into 230-80 mesh, 80-40 mesh, and 20-40 mesh 
size fractions and dried in an oven. 

If the sample contains a sparse microfauna, the 230-80 
mesh and 80-40 mesh size fractions are placed in a Franz 
Isoldynamic Separator. Foraminifera, Radiolaria, and ostra- 
cods are concentrated in the nonmagnetic fraction whereas 
clay particles are drawn via the magnetic properties of the 
clay minerals into the magnetic fraction. Often a pure sep- 
arate of Radiolaria and Foraminifera can be obtained 
utilizing this last tethnique. (See Eckert, Hay, ct al., 1961. 
pp.  876, 877).  Furthermore, samples which  would other- 

wise be too sparsely fossiliferous to yield biostratigraphic 
data, yield valuable information utilizing this technique. 

Such a method of sample prcjjaration has saved the 
writer a great deal of valuable time in ]jrocessing numerous 
Upper Cretaceous samples from the Gulf Coast Region. 
The "Waring Blender allows almost total disintegration of 
samples from indurated lithit units such as the Mendez 
shale and the Austin chalk. Much of the material cleaned 
by the ultrasonic cleaner is perfectly preserved and matrix 
free. Planktonic specimens from the Kemp clay and "Upper 
Taylor marl", for example, often show delicate s|jincs and 
tegilla still intact. 

ILLU.STR.\TION  OF  SPECIMENS 

Specimens were illustrated witii a Leitz stereoscopic 
microscope equipped with a Zei.ss Drawing Apparatus. 
Photographs of sectioned specimens were made using a 
Leitz Aristo]jhot apparatus and a petrographic micro- 
scope. Picluies with dark field illumination were made 
with a Leitz phase contrast attachment. 

LOCATION AND DESCRIPTION OV MKROFOSSII. SAMPLES 
MENTIONED IN TEXT 

The list of sample localities presented below iniludes 
microfossil samples collected in Mexico, Texas, Arkansas, 
and Puerto Rico. Mexican samples are prefixed by MX; 
Texas samples by TX; Arkansas .samples by AR: and 
Puerto Rican samples by PR. Type localities of important 
species are prefixed by TYPE. 

A comjilete listing of fossiliferous samjjles (ollectcd 
during this study will be cited in a second publication 
dealing with the Upper Cretaceous stratigraphy per se. 

Mexican localities are largely based on the surveyed 
positions of kilometer posts along highways. 

TYPE 1. Type locality of Globotruiiiynia arm (Cush- 
man) and Clobotruncana lonica A\4iite. Mendez shale. 
Buff calcareous siltstone rich in jjlanktonic Foraminifera 
collected in road cut aboiu 2.2 kilometers east of Tamuin 
(^Guerrero) , San Luis Potoii, Mexico, and innuetliately 

east of bridge crossing of Tampico—Ciudad Valles Highxvay 
(Rt. 110) o\er Rio Huiches at Huiches; several hundred 
feet west of kilometer post K101.00. 
TYPE 2. Type locality of Globotnincana contusa (Cush- 

man). Mendez shale. Gray calcareous siltstone. Coco Sta- 
tion. Kilometer post K574.00 on railroad from Tampico to 

Ciuclad Valles, 
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TYPE 4. Type locality of Globotriincana veyitricosa 
White. Meiiclez shale. Cream-colored calcareous mudstone 
breaking with concoidal fracture. This locality corresponds 
closely with that desigtiated by White (1928, p. 182) as the 
type locality of G. venlricosa (about 2.0 kilometers north- 
east of village of Bananco on road between Maiiuel and Al- 
dama). Sample collected at base of north bank of Arroyo 
Pedregoso about 75 yards north of road (Text-figure 62) . 
Bridge crossing of Mafiuel—Aldama roatl: about 1.29 kilom- 
eters from Barranco and 23.5 kilometers from the inter- 
section with the Tampico—Ciudad Mante Road. 

White's locality was apparently located on an older, 
now abandoned road, between Gonzalez and Barranco. 
Remnants of an old bridge abiument of this road are 
present where the new road crosses Arroyo Pedgregoso. 

MX 5. Mendez sliale. Cream-colored calcareous mudstone 
breaking with concoidal fiacture. Sample collected from 
ditch exposure on west side of Tampico—Ciiidail Mante 
Highway at kilometer post reading: K77:645. 

MX 10. Mendez shale. Cream-colored mudstone breaking 
with concoidal fractine; from ditch exposure on east side 
of Tampico—Ciudad Mante Highway: kilometer post read- 
ing: K71.806. 

MX 14. Mendez shale. BufT calcareous mudstoncs break- 
ing with concoidal fractine. Tamjjico—Ciudad Mante High- 
way. Kilometer post reading: K52.322. Hacienda Margina- 
ritas. 

MX 15. Mendez shale. Red to cream-colored calcareous 
siltstones exposed on north side of Tampico—Ciudad Mante 
Highway. Rancho Elfaisar near kilometer post K51.00 and 
relatively near contact with Velasco. 
MX 23. Mendez shale. Buff calcareous siltstone. Kilometer 
post K96.00 on Tampico—Ciudad Valles Highway (Rt. 
110). Somewhat east of Rio Huiches bridge and Ranchito 
Huiches. 

MX 69. San Felipe formation. Buff to gray marls inter- 
bedded with gray calcilutites weathering buff. Mexico 
D.F.—Nuevo Laredo Highway (Rt. 85) . Kilometer post 
reading: K538.034: southwest flank of Sierra del Abra; 
northeast of Antiguo Morelos. 

MX 78. Mendez shale. Red calcareous mudstone breaking 
with concoidal fracture. Manuel—Aldama Road; 4.5 miles 
(7.2 kilometers) from intersection with Tampico—Ciudad 
Mante Highway: near site where Manuel—Aldama road 
crosses south fork of Arroyo Pedregoso (Text-figure 62). 
MX 79. Mendez shale. Cream-colored calcareous mud- 
stone breaking with concoidal fracture. Manuel—Aldama 
Road; 6.4 miles (10.4 kilometers) from intersection with 
Tamjiico-Ciudad  Mante  Highway   (Text  figure  62). 

TEXT-FIGURE 62: 
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■\,>»# Aldama 

Borronco — -\—J^ \ 
-% 

'S*^ Gonzalez 

'Vxhc ^ 

) 

Km  ', 

}   / N 

Est.  Manuel J^V A\ .-x.^^ 
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Scale: 

1    inch   =   ab out   1 2.5 k t lometers 
Key: 

Ev    -      Velasco 
K m    =      Men de z 
Ksl=      Son   Felipe 

MX 82. Mendez shale. Cream-colored calcareous mud- 
stone breaking with concoidal fractine. Mafiiiel—Aldama 
Road; 5.5 miles (8.8 kilometers) from intersection with 
Tanrpico—Ciudad Mante Highway (Text-figure 62). 
MX 80. Mendez shale. Cream-colored calcareous mud- 
stone breaking with concoidal fracture. Mafiuel—Aldama 
Road; 10.045 miles (16.70 kilometers) from Tampico— 
Ciudad Mante Highway; 2.089 nules (3.31 kilometers) 
from Barranco. 

MX 87. Mendez shale. Daik gray to biown indurated, 
calcareous mudslones breaking with concoidal fractine. 
0.398 miles (().62-(- kilometers) west from intersection be- 
tween Antiguo Morelos Road (Rt. 80) and Mexico, D.F.— 
Nuevo Laredo Highway (Rt. 85) . West side of Antiguo 
Morelos. 
MX 102. San Felijje formation. Ciray, thin-bedded calici- 
lutites and interbedded marls. Road (Rt. 80) between 
Antiguo Morelos, Tamaulijjas and (;iu(lad del Malz. San 
Luis Potosi: 6.63 miles (lO.li kilometers) west of intersec- 
tion between Route 85 and Route 80 in Antiguo Morelos. 
MX 110. San Felipe formation. Buff marls interbedded 
with thin-bedded, gray calcilutites weathering buff. Pere- 
grina Canyon, northwest of Ciudad Victoria (cf. Text- 
figures 1-2) ; bank exposure north of Peregrina Canyon 
Road and irrigation canal; 0.39 miles (0.62 kilometers) 
west of Liberdad on Peregrina Canyon Road. 
.MX 126-151. Measured section of San Felipe formation 
(1075 feet) in Boca Canyon. Buff marls, dark gray calci- 
lutites,   and  chalks  gradalional  into  Agua  Nueva   forma- 
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lion below and Meiide/c shale abo\e. Sail Felipe exposed 
.doiig diit road to Boca Canyon Dam; San Felipe—Agua 
Nueva contact exposed at dam site (see Congreso Geologica 
Internal.. 20th Sesion. Mexico, 1956; Excursions A-14 y 
C-6; Guidebook: pp. 50-51, figure 5) . Boca Canyon is situ- 
ated southeast of Monterrey and northeast of the village 
of Santiago along Mexico, D.F.—Niievo Laredo Highway 
(Rt. 85). A more detailed discussion of this important 

section will be presented elsewhere. Localities referred to 
in text are cited below: 

MX 126. Basal-most San Felipe at contact with imderlying 
Agua Nueva formation (cf. Text-figine 2). Contact grada- 
tional; San Felipe formation separated from Agua Nue\a 
formation at this locality by the first a]jpearance of marl or 
chalky layers. Gray calcilutites weathering buff with in- 
terbedded marls and ihalks. Limestone varying between 
several inches and several feet in thickness. {RotdUpora 

assemblage zone;   R.  cnshmani-i^rccnliornrusis subzone.) 

MX 128. 48 feet above base of San Felipe. Same lithology; 
same age as MX 126. 

MX 129. ] 12 feet abo\e base of San Felipe. Same lithology; 
same age as MX 128. 

MX  130.   137 feet above base of San Feli|)e. Same lithol- 
ogy.   (Approximate contact between Rotnlipora assemblage 
/one and M. hclvclira assemblage zone. M. helvetica assem- 
blage zone. M. sigali subzone, containing reworked species 
from  underlying Rdtiilipora  assemblage zone) . 

MX   133.   201 feet abo\e base of San Felipe. Same lithology 
(M. hehietica assemblage zone, M. sigali subzone) . 

MX  141.   439  feet  above  base  of  San   Felipe   formation. 
Same lithologjy and same age as pre\ious locality. 

MX 142.   464 feet above base of San Felipe. Same lithology 
and same age as previous localit). 

MX  143.   489 feet above ba,se of San Felipe. Same  lithol- 
ogy and same age as previous locality. 

MX  144.   629  feet   abo\e  base  of San   Felipe   formation. 
Same lithology   [M. hehietica assemblage zone,  IF. arehaea- 

rretacea subzone) . 

MX 146.   683   feet   above  base  of  San  Felipe   foimation. 
Same lithology. Same age as noted for MX  144. 
MX  147.   727 feet above base of San Felipe. Same lithology 
{M. renzi assemblage zone). 
MX 148-151. 774 feet to 1075 feet. Same hthology. (G. 
Iiulloides Assemblage zone, M. concavata subzone.) 
MX 156. San Felipe formation. Buff marls interbedded 
with gray calcilutites weathering buff; N45E; 8° SE. 
Mamidicpie Pass. Kilometer post reading: K 1030.839 on 
Mexico, D.F.—Nuevo Laredo Highway   (Rt. 85) . 

MX 157. San Felijje foimation. Buff marl interbedded 
with gray calcilutites weathering buff; N35E; 15° SE. 
Mamulicjue Pass; kilometer post reading: K 1047.678 on 
Mexico, D.F.-Nuevo Laredo Highway (Rt. 85). 
MX 173. Papagallos shale. Dark gray calcareous mudstones 
resembling those of Corsicana marl of Central Texas. 
Mexico, D.F.-Nuevo Laredo Highway (Rt. 85) north 
of Mamulique Pass. Outcrop near road. Kilometer jsost 
reading;  KII66.034. 

MX 174. Papagallos shale. Buff calcareous mudstones 
from auger hole near mapped Upjaer Cretaceous—Lower 
Tertiary contact. Low lying hill east of Mexico, D.F.- 
Nuevo Laredo Highway (Rt. 85) ; near road etitrances 
to Ranchos Santa Celia and La Esparanza. Kilometer ]:)0st 
reading: Kl 174.57. 

MX 206. Mendez shale. Red calcareous nuiclsiones. Type 
locality of Mendez shale; 300 meters east of Mciidez Sta- 
tion: kilometer post 629.3 on the railroad between Tampico 
and Ciudad Vallcs. (Sample from ^\'. Storrs Cole, Cornell 
Univ.). 

TEXAS 

Rio Grande Area 
RIO CRANDE AREA 

TX 5. Eagle Ford group, Chispa Summit formation. 
Chispa Summit, western Jeff Davis County. Thin-bedded 
calcilutites and interbedded marls about 50 feet above 
contact with underl)ing Buda limestone; west of locality 
2660 of Adkins (1931, ]j. 39). About 0.25 miles east of 
abandoned railroad cut (now a dirt road) ; 1 airline mile 
N60E of Needle Peak and 4.75 airline miles N67E of town 
of Chisjja (see LI.S.G.S. Chispa Sheet, 1892). Rotalipora 

assemblage zone; R. rushnmni—greenhornensis subzone) . 
TX 19. Grayson formation (= Del Rio clay). Light gray 
claystone; 17.5 feet abo\e contact with underlying George- 
town. Evans Creek, Val Verde County; 0.8 airline miles, 
N85W of bridge crossing of U.S. Route 90 bridge over 
creek. Route 90 bridge over Evans Creek is 26.6 miles 
from Pecos River Bridge (Rt. 90) and 2.8 miles from 
Devils River Bridge (Rt. 90) . U.S. Army Corps of Engi- 
neers, Feely Quadrangle   (15'). 
TX 25-35. Eagle Ford group (Bocjuillas formation undif- 
ferentiated) ; 112 foot exposure showing gradational con- 
tact between Upper Eagle Ford and basal part of Austin 
chalk ("Atco" member of Durham, MS. (1957). Sycamore 
Creek; Val Verde—Kinney Comity line; south bank of 
horseshoe-shaped meander w4iich is convex to south; 1.2 
airline miles N52\V of Sycamore Ranch House; 3.3 miles 
due west of Rio Grande and international boundary. 
U.S.G.S. Sycamore Ranch Quadrangle   (15'). 
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Locality mentioned herein: TX 30. Eagle Ford group. 
Buff calcareous siltstone; 61.5 feet above level of pond in 
creek bed (M. hehictica assemblage zone; IF. archaeocre- 
tacea subzone) . 

TX 36-41. Austin chalk. ["Atco" member of Durham, 
MS. (1957)] Massive chalks and interbedded marls; 0.50 
miles downstream (due soiuh) from Route 277 (85) bridge 
over Pinto Creek. U.S. Army Cor])s of Engineers, Teques- 
cjuite Creek Quadrangle (15'). Kinney (bounty. 

Samples mentioned herein: TX 36. Marl collected 3 feet 
above creek level. TX 40. Marlstone partings collected 43 
feet above creek level. 

TX 55. Austin chalk ["Atco" member of Durham, MS. 
(1957)]. Interbedded chalks and niarlstones 1 to 2.5 feet 

thick in an exposure of 20.5 feet. Sample collcctetl on south 
bank of Cow Creek (Kinney Comity) immediately down 
stream from Rt. 277 (85) bridge crossing; 10.5 feet above 
level of creek. U.S. Army Corps of Engineers, Tequesquite 
Creek Quadrangle   (15'). 

TX 60 A-C. Uj:)son Clay (lower part) . Cireenish gray 
calcareous mudstones weathering brown. Low lying hills; 
0.40 airline miles east of Farm Road 1908; 2.0 airline miles 
NllE of intersection between irrigation canal and Farm 
Road 1908; 0.8 airline miles N30W northwest of M. Wipff 
Ranch, Maverick County. U.S. Army Corps of Engineers, 
Quemado Sheet   (15'). 
TX 61. Upson clay (lower part) . Greenish gray calcare- 
ous mudstones weathering brown. Road cut (near wind- 
mill) on Farm Road 1908; 6.8 miles down road from its 
intersection with RoiUe 277; 3.5 miles northeast of inter- 
section between F'arm Road 1908 and irrigation ditch. 
U.S. Army Corps of Engineers, Tequesquite Creek Quad- 
rangle   (15'); Maverick County. 
TX 75. Escondido formation (lower part) . Bluff to soiuh 
of Eagle Pass—Indio Highway; intersection of Austin and 
Cooledge Streets in Eagle Pass, Maverick County. About 
60.5 feet of exposiue. Sample TX 75 collected at base of 
bluff; consisting of buff calcareous mudstone. U.S. Army 
Corps of Engineers, Eagle Pass Quadrangle (15') ; Maver- 
ick County. 
TX 89. Escondido formation (middle part). Dark gray 
calcareous mudstone; 1.6 miles S15E of F. Dolch Ranch; 
3.1 miles S45W of Wiff Farm; about 0.9 miles west of 
Central Power and Light Company power line. U.S. Army 
Corps of Engineers, Eagle Pass Quadrangle (15') ; Mav- 
erick County. 

Austin area 

Austin area 
TYPE 5:   Grayson  formation   (= Del  Rio clay)   exposed 

on .Shoal Creek just south of 34th Street Bridge, Austin, 
Travis Comity. Type locality of Hedbergella delrioensis 

(Carsey), Praeglobotrtmcana bronnimanni Pessagno, n. sp., 
Praeghbotruncana delrioensis (Phmimer), and Hedberg- 
ella uiushilensis (Carsey). Samples mentioned herein: 
TYPE 5-A. Cream-colored calcareous mudstone collected 
20 feet above level of Shoal Creek. TYPE 5-B. Same lithol- 
ogy. 25 feet above level of Shoal Creek. TYPE 5-C. Same 
lithology; 30 feet above level of Shoal Creek. TYPE 5-D. 
Same lithology; 40 feet above level of Shoal Creek and 
5 to 7 feet below contact with Buda limestone (Buda 
somewhat slumped at this locality) . 

TYPE 6: Upj)cr Taylor marl member of Taylor forma- 
tion exposed on Onion Creek (south bank) ; bluffs 0.4 
miles due west of Moores Crossing; U.S.G.S. Montopolis 
Quadrangle (15'). Type locality of Globotruncana forni- 
cata Phnntner and Globotruncaria rosetta (Carsey). Sam- 
ples noted herein: TYPE 6-A. Gray calcareous mudstone 
at level of Onion Creek. TYPE 6-B. Same lithology; 10 
feet above level of creek. TYPE 6-C. Saine lithology; 20 
feet above level of creek. TYPE 6-D. Gray calcareous mud- 
stone weathering buff; 35 feet above level of creek and 
about 7 feet from tojj of bluff. 

TX 103-108: Disconformable contact between Eagle Ford 
group (South Bosipie formation) and Austin chalk ["Atco" 
member of Diuham, MS. (1957)]. Measured section at 
Bouldin Creek east of Mary Street; about 280 yards down 
Missouri Pacific Railroad tracks east of Mary Street Cross- 
ing; Austin, Travis County; U.S.G.S. Austin West Quad- 
rangle (7.5'). Samples mentioned herein: TX 105. South 
Bosque formation. Black calcareous shale; 12 feet above 
level of Boiddin Creek. TX 107. Top of South Bosque 
formation. Buff niarlstones with borings from overlying 
Austin chalk; immediately below "Adkin's condensed 
zone". 

TX 128. Austin chalk. Burdilt mail memi)er. Buff marl 
containing Exogyra pnitderosa Roemer; 15 feet alcove the 
contact between Dessau chalk member and Burditt marl 
member; 34 feet above creek level. Little Walnut Creek, 
O.K) miles ujjstream from bridge crossing of U.S. 290; 0.32 
miles south, southeast of Travis County Dump; U.S.G.S. 

Austin East Quadrangle   (7.5') . 
TX 157-161: Taylor formation ("Ujjper Taylor mail" mem- 
ber) Gray to buff calcareous mudstones; 50 feet of expo- 
sure. Webberville Road (Farm Road 969) ; 1300 feet west 
of entrance to Travis State School (Farm Colony). Samples 
collected from ditch on north side of road. U.S.G.S. Austin 
Quadrangle (15'). Sanijiles noted herein: TX 157 collected 
at base of ditch exposme; TX 158, 5 feet above TX  157; 



(ill !• Ckl' lACKOlIS lM)k AMIMI I K \:   I'|;.S.SA(;N( ) ;i7!) 

rx   159,  30  feet  above TX   157;  TX   160,  5  feet  above 
IX 159: TX 16], 10 feet above TX 160. 
IX 169-184: Corsicana marl. Dark gray to buff calcareous 

iiiiidstones. Measured section (97 feet) just upstream 
I (north) of Route 71 bridge crossing over Onion Creek, 
Travis Coimty. U.S.G.S. Montopolis Quadrangle (15'). 
TX 169. Dark gray mudstone collected 5 feet above creek 
level. TX 173. Dark gray mudstones collected 29.5 feet 
above level of creek. Cominon Exogyra costata Say. TX 183. 
Buff mudstone at 85 feet above creek level. 
TX 185-189. Kemp clay. Bluffs on .south side of Colorado 
River; 2.0 airline miles N20E of Garfield Cemetery; 2.2 air- 
line miles S30W of \\'ebberville. Greenish gray, glauco- 
nitic, calcareous mudstones containg Exoi^'ra costata Say, 
TurritcUa sp., and other megafossils. .Samples mentioned 
herein: TX 186. 30 feet above le\el of Colorado River. 

Waco area 

TX 190. Ujjper Mainstreet formation exjiosed on Middle 
Bosque River, upstream from bridge crossing of county 
road; 0.6 miles northwest of Liberty Hill, McLennan 
County. White nodular limestone beds with gray to light 
brown fissile shale partings; 11.5 feet above creek level; 
8 feet below Mainstreet—Grayson (^ Del Rio) contact 
(Baylor Geological Society, 1958, Stop 8, pi. 8). 
TX 193-197. Measiued section of upper part of Grayson 
formation (^ Del Rio day): 35 feet of upper Grayson 
exposed along a tributary of the Soiuh Boscjue River, ap- 
proximately 0.9 miles east of Farm Road 2116 and 2.1 miles 
northwest of Spring \'alle\. McLennan County. (Baylor 
Geological Society, 1958, Stop 9, |3l. 9). Localities men- 
tioned herein: TX 193. Light gray calcareous mudstones 
at creek level; 35 feet below Gra\son—Pepper shale con- 
tact. TX 195. Light gray calcareous mudstone containing 
minute pelecypods; 20 feet above creek level; 15 feet below 
Grayson—Pepper shale contact. 
TX 220-229. Austin chalk [".\tco" member of Durham, 
MS. (1957)]. Measured sectioned (136 feet) at Lover's 
Leap; Cameron Park, Waco, McLennan County. U.S.G.S. 
Waco East Quadrangle (7.5'). Samples mentioned herein: 
TX 226: White marlstones interbedded with massive chalks: 
107' above Bosque River. TX 228. ^Vhite platy chalk or 
marlstone; 126 feet above Bosque River. 
TX 237-243. Austin chalk ["Bruceville" member of Dur- 
ham, MS (1957) ]. Measured section (49 feet) . Gray marl- 
stones and interbedded chalks with marlstones predomi- 
nating. White Rock Creek; exposure about 0.3 miles south- 
east of bridge crossing of road between Farm Road 933 and 
town of Elm Mott. U.S.G.S Elm Mott Quadrangle (7.5'). 
Sample  mentioned   herein:   TX   242.   Gray   marlstone   41 

feet above level of White Rock Creek; upper part of 
Austin chalk near contact with Lower Taylor marl. 

TX 244-254. Taylor formation ("Lower Taylor marl" mem- 
ber) ; 77.5 feet of buff to gray calcareous mudstones break- 
ing with concoidal fracture. Exposine on south bank of 
Tradinghouse Creek, McLennan Comity; 1.5 miles west 
of juncture between Tradinghouse Creek and Tehuacana 
Creek; 1 airline mile S68E of Harrison Switch (large mean- 
der in Tradinghouse Creek) ; 0.2 miles due south of county 
road bridge over Tradinghouse Creek. Waco East Quad- 
rangle (7.5'). Localities mentioned herein: TX 244. Dark 
gray calcareous mudstone; 3.5 feet above creek. TX 245. 
Same lithology; 8.5 feet above creek. TX 251: Buff cal- 
careous mudstone; 43.5 feet above creek. TX 252. BufF 
calcareous mudstone; 53.5 feet above creek. 

TX 255 A-B. Taylor formation (VV^olfe City sand mem- 
ber) . Silty, buff-colored marls exposed on tributary of 
Tradinghouse Creek immediately north of county road; 
1.8 airline miles N31E of Hallsburg and 1.1 airline miles 
S24W of west end of New Lake Mart; McLennan County. 
TX 256 A-TX 258. Measured section of top of Wolfe 
City sand and lower part of Pecan Gap chalk; 0.8 airline 
miles east of juncture between State Highway 6 and Farm 
Road 2307: southeast of Perry, Falls County. Samples men- 
tioned herein: TX 256 A. Wolfe City sand. Silty marl 1 
foot below contact with Pecan Gap chalk. TX 256 B. 

Pecan Gap chalk immediately above contact. TX 257. 
Pecan Gap chalk 7 feet above Wolfe City-Pecan Gap 
contact; platy chalk. TX 258. Same lithology; 9 feet above 
contact. 

TX 267 A-C; TX 268, TX 269, TX 270: Kemp clay. 
Greenish gray, calcareous, glauconitic mudstones. Farm 
Road 413 Bridge over Brazos River: 2.4 airline miles south- 
east of Highland, Falls County: 2 airline miles north 
of ]joint where Brazos River enters Milam Coimty from 
Falls Coimty. TX 267 A-C: Samples collected along east 
bank of river immediately north of bridge. Sample TX 
267 A colected at river level: TX 267 B collected 2.5 feet 
above TX 267 A; TX 267 C collected 2 feet above 
TX 267 B. All 3 samples from an horizon approxiinately 
20 feet below Kemp Clay—Kincaid (Midway) contact. 
TX 268-270: Kemi> clay—Kincaid (Midway) contact ex- 

posed 0.5 airline miles downstreain (.south) from Farm 
Road 413 bridge on west side of Brazos River. TX 268. 
River level: 6 feet below Kemp—Kincaid contact. TX 269. 
3 feet above river; 3 feet below Kemp Clay—Kincaid 
(Midway) contact. TX 270. Immediately below Kemp 
Clay—Kincaid contact. 
TX 281-287.   Measured   section    (39.5   feet)   of  Corsicana 
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marl. "Old Corskana Clay Pit"; 2.0 miles south of Court- 
house in Coi'sicana, Navarro Coimty; off Farm Road 70*1 
(15th Street) ; dark gray to buff colored calcareous mud- 
stone breaking with concoidal fractme. Localities men- 
tioned herein: TX 281. Ba,se of quarry as of 1962: dark 
gray, calcareous mudstone with Bantlilcs. TX 28J. Dark 
gray to buff mudstone; 15 feet above quarry floor. 
TX 291 A-C. Taylor formation ("Upper Taylor marl" 
member). Buff, calcareous mudstones breaking with con- 
coidal fracture; collected from ditch crossing State Route 
7.S: 2.4 miles east of intersection of Route 73 with Farm 
Roail 737 in town of Prairie Hill, Limestone Coiuity. 
Samples collected at one foot intervals in exposiue of 
several   feet. 
TX 344-363. Socony Mobil Oil Co., Field Research Lab.. 
Atco Core of Eagle Ford group (see Brown and Pierce, 
1962, pp. 2133-2147). Core taken at Atco Cement plant 
(Corehole No. 18), Atco, McLennan County. Samples 
mentioned herein: TX 353. Lower part of South Bosque 
formation: sample from 156 feet; brownish-gray, fissile, 
laminated shale. TX 357. LIpper part of Lake Waco for- 
mation; sample from 200 feet; brown to gray-brown fis- 
sile, calcareous,  laminated shale. 

Dallas area 

TX 300-342; 402-417. Socony Mobil Oil Co., Field Re- 
search Lab., Dallas Core of type Eagle Ford (see Brown 
and Pierce, 1962. pp. 2I33-2I47). "5.2 miles south of the 
old Eagle Ford Station on the Texas Pacific Railroad; 
3.5 miles south of Arcadia Park; 10 miles north-northwest 
of Britton and 12.5 miles southeast of the old Tarrant 
Station on the St. Louis. San Francisco, and Texas Rail- 
road." Samples mentioned herein: TX 311. Lower part 
of Arcadia Park formation. Gray calcareous, fissile shale 
at 201 feet. TX 312. Britton formation; dark gray to 
brown, calcareous, fissile shale at 211 feet. TX 329. Brit- 
ton formation; dark gray to brown, calcareous, fissile, shale 
at 404 feet. TX 330. Britton formation; dark gray to 
brown, calcareous, fissile shale at 414 feet. TX 333. Brit- 
ton formation: dark gray to brown, calcareous, fissile 
shale at 444 feet. TX 335. Britton formation; dark gray 
to brown calcareous, fissile, shale at 464 feet. TX 338. 
Britton formation; dark gray to brown, calcareous, fissile 

shale at 494 feet. 
TX 375-382. Taylor formation ("Lowei Taylor marl' mem- 
ber) . Clay pit of Baron Brick Company at Palmer, Ellis 
County; 38 feet of section sampled. Gray to bulf, calcare- 
ous, mudstones with concoidal fracture. Samples men- 
tioned herein: TX 375. Base of clay pit as of 1962. 
O-I.   Austin chalk.   ["Bruteville" member of Durham MS 

(1957) ] from J. Hazel, U.S. Geological Survey, Washing- 
ton, D.C. 1.6 miles east of Garland Courthouse on State 
Highway 7; downstream fifty yards fronr the crossing of 
a small tributary to a large branch of Rowlett Creek. Blue 
marl below last good chalk. 

L-1.   Austin chalk  ["Bruce\ille" member of Durham, MS. 
(1957)] from f. Hazel, U.S. Geological Survey, Wash- 
ington, D.C.) 1.2 miles southwest of Rockett (northern 
Ellis County) on State Highway 813; 25 yards downstream 
from crossing of small tributary of Red Oak Creek; 30 
feet of section exposed; sam])le four feet below discon- 
formable contact (erosional break) with overlying "Lower 
Taylor ntarl". This sample is important because it is of 
Early Taylorian age. It contains G. sluartifnrmis Dalbiez 
and other Taylorian or Camjianian species plus reworked 
Santonian    species    such    as   MdrgiiiolriiiKana    concaxiala 

(Brotzen) . The four foot interval of the Austin chalk 
below this erosional break probably was reworked by 
worms and other burrowing organisms dining Early Tay- 
lorian times. 

SOUTHWESTFRN ARKANSAS 

AR 1-6. White Cliffs Landing of Little River. Sevier Comi- 
ty. Exposme of upper part of O/an foini.ition and 87 feet 
of Annona chalk. Locality mentioned herein: AR 6: 82 feet 
above Annona—Ozan contact. 

AR 7A. Lower part of Brownslown marl. Daik gray 
mudstone breaking with (oiuoidal fiadure; containing 
common Exogyra poiidcrosti Roemer. 1.7 miles west of 
Brownstown on Brownstown—Ben LomiiioTul Road, Se\ier 
Coimty. 

AR 8. Arkadelphia marl. Bull mailstones. 2.<) miles north 
of Fulton on Route 355; 0.8 miles from McNab; road 
between Fulton and McNab, Hem])stead County. Sample 
from ditch west of road. 

AR II. Marlbrook marl. Giay calcareous mudstone break- 
ing with concoidal fracture exposed in road cut of State 
Route 355. 0.6 miles north of Saiatoga: 0. 25 miles south 
of powei line crossing road; 0.5 miles south of turnotf to 
Okay and Ideal Cement Company Plant, Howard County. 

AR 18. Arkadelphia marl. Buff marlstone; 3 miles west 
of Prescott, Nevada County on State Route 24. Auger 

hole in ditch. • 

IMIFRIO RiCO 

PR 789.00.   Rio   "\au(o   Inrmatiou:   see   Pessagno    (1960, 

p. 88. text-fig. 1) . 

PR 789.32.   Rio   "Vauco   formation;   see   Pessagno    (1960, 

p. 88, text-fig.  1). 
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MISCELLANEOUS 
TEXT-FIGURE 63: 

C.-!). UpiJCi Cainpaiiian of Bavaria from W. W. May. Rail- 
road cut 350 meters south of Eisenaerat. Contains G. 
vcntricosa YVhite and G. calcarala Ciishman. 

G-19. Marl of Late Coniacian to Early Santonian age from 
the Lowei (iosau. .Sam]3le collected by Dr. \V. W. Hay from 
an outcrop of marl beside a trail that crosses the Edlbach 
(=Edelbach) . Gosaiital. Edelbachgraben, Austria. Local- 

ity G-19 is about 250 meters S77E of Auer and N61W of 
the western part of Ramsau. This is the type locality of 
the neotype selected herein for Rosalina cnnaliculnta Reuss. 
It is also the type locality of Marginotrimcana pseudoUn- 
neiana Pessagno, n. sp. (See map; Text-figme 63). 

C-52. "Neylandville marl"; see Cushman (1946, p. 3). 
From W. Berggren. 
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EXPLANATION  OI   I'l.ATF. 48 

Figure Page 

1,2,3-5. Hedbergella clelri(jfniis   (Caisey) 282 
TYPE 5B.   Grayson  loimation;  topotypcs;   KJOx- 

6. Schackoina  cenomana   (Schacko) 279 
TX 329.   Eagle Ford gioup  (Britton formation); 200x. 

7-8,9. Heterohelix sp. cf. H. rnoremani   (Cushman)   ,   2()0 
TX 329.   Eagle Ford group   (Britton  formation);  216x. 

10-11 Helerolielix moreinani   (Cushman) 200 
TX 329.   Eagle Ford group  (Britton loimalion); 21Gx. 

12.13. Guembililria   liuiihi   Tappan 258 
TX 329.   Eagle  Ford  group   (Britton   lorinalion);  206x. 

17-19. Loeblichetla liessi   (Pessagno) 288 
TX 312. Eagle Ford group (Britton formation). Note sutural supplementary aper- 
tures on spiral side of test; lOOx. 

14,16,20. LoeblicheUa   coarclata    (Bolli)   288 
TX 312.   Eagle  Ford  group   (Briuoii   loimalion);   lOOx- 

15. LoeblicheUa sp    28H 
TX 312. Eagle Ford group (Britton lormalion). This seems to be a trairsllional 
form between //. (Iehii)eri.\ii (C.aisey) and /,. Iirnsi (Pessagno). Kudimentaiv supple- 
mentary sutinal aperluies are present;  lOOx- 
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EXPLANATION OF PLATE 49 

figure Page 

i. Hedhergflla  irasliilctisis   (Carscy) 284 
TX 190.   Washita group   (Mainsuccl  liimialion):  02.5x- 

2-3. Globigerinelloicles casexi   (liolli. Loeblith, and Tappan) 276 
TX 33.S.   Eagle Font group  (Biilton formation); 2It)x 

4-5. Glohigciinelloides case\i   (Bolli. Loeblidi. anil Tappan) 276 
TX 329.   Eagle  Ford  group   (Biitton   fonnation);  21()X- 

6-8. Praeglolxihiitnaiia  brnuiiimanni, n.  sp. 286 
r\ PE 5-H. Washita group   (C.iayson lonnalion):  lioloivpe:  HM)x. 

9-l(*. Piat'glohtitruiiftnid   h)ntmimiDini.  n.  sp. 286 
TX  195.   Washita gioup   ((.layson formation). Paratypc.  144x- 

11. Praeglobolruncana  broutiinianui, n.  sp. 286 
TX  19.   Washita gioup   ((.ravson roriiiation):  l'arat\pe;  lOOx. 

12-14. Rotalifmra ejioliila Sigal 294 
Type 5-Ii.   Washita  group    ((.ravson   formation):   H'Ox- 
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EXI'LANAHON Ol" PI,A IF, r>0 

rig,urc ^"g*^ 

1.2,4-fi. Ttotalilmia al>l>enninica   (O. Renz) 289 
MX IfiC).   .San Felipe formation; 62.5x- 

3. Rol/ililxiia  giceiihornensis    (Morrow) 295 
MX ISe.   San Felipe formation; 62.5X. 

7-8. HedbergeUa   (?) inatlsnni   (Pessagno) 283 
TX 291"A. Taylor formation   ("Upper Taylor iiKnl" IIUMIIKI):  M4X- 

9-11. Praeglaboliuncana sh'lihiiiii   (f.andoUi) 287 
TX 417.   F.agic  Ford jit(iii|)   (Biillon  lonii;uioii);   I44x- 
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EXl'LANA 1 ION  Ol   I'l,A I K 51 

Figure I'age 

1. Hcdbergella f)hiiiisj)ira   (Tappaii)    283 
TX 311.   Eagle  Ford  group   (Britlon  formalion);  72x- 

2-4.  Whileint'lla atrhacocrelarea. n. gen., n. sp. 298 
TX 105.   Eagle Ford gioup   (Soutli Bosque fonnaliou): I'aralvpc: 72x. 

5. Hastigerinoides  walersi   (Cushman) 274 
USNM, Holotype: Austin chalk; 72x. 

6. Rotalipora cusliiiiniii   (Morrow)   292 
TX 5.   Eagle Ford group   (Cliispa Suinniit  lorniation); 72x. 

7-9. Rotalipora   cushinani   (Morrow) 292 
TX 333.   Eagle Ford group  (Brilton formation); 72x. 

10-12. Rolnlipora appenninica   (O. Ren/) 289 
MX  156.   San  Felipe  formation;   72x. 

|;M4,18. Rolnlipora greenliorncnsis   (Morrow) 295 
TX 5.   Eagle Ford group   (Chispa Stunniii  lormation); 72x- 

15-17.19-21. Roldlipora greeiiliornensis   (Morrow) 295 
MX  156.   San  Felipe formation; 72x. 



392 PALAEONTOGRM'HICA AMERICANA (V, 37) 

EXI'LANAIION  Ol'   1>I.A 1 K b'Z 

Figure PaS'^ 

1-2. Clavilicdbergella simplex   (Morrow)   285 
TX 330.   Eagle Ford group  (Britton formalion); 21(>x. 

3-5.   Praegiobolruncana delrioensis   (Plummcr) 2S() 
TX 194.   Washita group   (Grayson  formation);  216x. 

6-8. Hedbergella amabilis Loeblich and Tappan        281 
TX 338"   Eagle  Ford  group   (Britton  formation);   lOOx. 

9-11,12. Hedbergella brittoiiensis Loeblich and Tappan 282 
TX 335.   Eagle Ford group   (Britton formation);  lOOx. 
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Gui.i CRKTACKOUS FOKAMINIIKRA: PESSAGNO 3()8 

i:\l'I.ANAl l()\  Ol   I'l  \ I I. 53 

figure pg^^ 

1-2,3-4. HedhergelUi phmhpira   (Tappan) 2R3 
TX 311.   Eagle  Foril group   (Brittoii  fnnnalion):   U4x- 

6-8. Rotalipora ei'olnla Sigal 294 
TX  193.   Washita gioiip   (Grayson  formation):   I44x- 

5. Clavihedbergella inoretuani   (Ciisliman)   285 
USNM, Holotype; Eagle Ford group; 216x. 

9-10.11-12.13. Afrt/;!;/n/r»)iffl)ia  helvetica   (Bolli) 30G 
MX  142.   San Felipe formation: 62.5x. 



394 PALAKONTOGRAPHICA AMERIC;ANA (V, 37) 

EXl'LANAl'ION Ol'  I'l.VTE 54 

Figure I'age 

1-3. Marginolruncaiia helvetica  (BoUi)   306 
TX 105.   Eagle Ford group   (South Bosque formation); 50x- 

4-6.   Marginolruncana sigali   (Reichel)     313 
MX 142.   San Felipe" formation; 50x- 

7-i».10-12.Ui-lH. A(a);s;(ii"^i!()ifa;irt   iiiiirgiiiala   (Reuss) 307 
TX  105.   Kagle Ford gioup   (Soiilh  I5os(iiie formation); 72x- 

19-21,22-24,25.  Whileinella archaeocrelacea, n. sp 298 
TX 105. Eagle Ford group (South Bosque formation). Figures 19-21, 25 = 
paratvpes; figures 22 24 = holotype. Note slightly cxtraumbilital position of 
primary aperture; 72x- 

13-15. Marginolrtmcana bnulditiensis, n. sp.     301 
TX 105.   Eagle Ford group  (.Soulli Boscpic formation); liololype; 72x- 
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GULF CRETACEOL'S FORAMINIIERA: PESSAGNO 395 

tXl'LANAHON  Dl  I'LAIE 55 

Figure I'age 

1-2. Clavihedbergella   iiwreiiiaiii   (Ciishnian)   285 
TX 330.   Eagle Ford group  (Britton formation): lOOx- 

3,8-10. Marginotruncana indica   (Jacob and Sastry)        307 
TX 353.   Eagle Ford group   (South Bosque formation);  lOOx- 

4-7. Marginotruncana  renzi   (Gandolfi)     310 
TX 353.   Eagle Ford group   (South Bosque fortnalion);  lOOx- 



396 PAI.AKUNIOGR.MMIICA y\MEKii;ANA (V, 37) 

EXI'LANAIION Ol   I'lAIi: 50 

Figure Page 

1-3. Marginalriiticatia  sigali   (Rciclicl) 313 
TX 353. Eagle Foul group   (Soiilh Bosque loi iiialioii).  117x- 

4-6,7-9. Margitwtninraiiu  bouldinensis. n. sp. 301 
TX 3.53.   Eagle Ford group   (South Bosque fornialiun): paratypes;  117x. 

10-12. Marginolruncana marginala   (Reiiss)    307 
TX 353.  Eagle Ford group   (South Bosque formation):  117x- 
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Giii.i' CiRKiACEous FORAMINIIKRA: PKSSAONO 397 

EXIM ANAIION  Ol'  I'LA Ili 57 

figure Page 

\-2. Marghwhuiicaim  sii^ali   (RciclicI)      313 
TX  105.   Eagle Eoid group   (South Bosque formation);  II7x- 

3-5. Marginotruncarm  itiibrkala   (Mornod)       306 
MX 142.  San felipe formation; 117X. 

6-9. Marginotruncana indica  (Jacob and Sastry)   307 
TX 353.   Eagle Ford group  (South Bosque formation). Note infralaininal accessory aper- 
tures bordering portici; 117x- 



398 I'AKAliONlCK.KAl'IlIC A AMKRK ANA   (V, 37) 

tXI'I.ANAIION  Ol   ri.AlK 58 

Hgurc Page 

1-2. Margiiiohuncuna concavnta   (Biolzen)  304 
TX 228. Austin chalk   ("Atco" niembei); 72x- 

3-6,7-9. Margiiiotiuncaiia  concavala   (Brotzen) 304 
TX 242. Austin chalk  ("Bniceville" meml)er); 144x. 



PALAEONTOGRAPHICA AMERICANA, VOL. V Plate 58 

\ -'J 

V 
.^' 

.'■J 



PALAEONTOGRAPHICA AMERICANA, VOL. V Plate 59 

,4^ 

10 



Gui.F CRETACEOUS FOR,\MINIFERA: PESSAGNO 399 

EXPLANATION OF PLATE 59 

Figure Page 

I-3.4,S-10. Archaeoglohigerina   lilou'i.  n.  sp.    ;ilG 
TX 252. Taylor foimatioii  ("Lower Taylor marl" mcmljer): paralypes: IHx- 

5-7. Archaeoglobigerina   blou'i,  n.  sp  316 
TX 252. Taylor formation   ("Lower Tavlor marl' iiiemher): liolotype;  ll4x. 



400 PALAEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PLATE 60 

Fhure Page 

1. Schackciina itiullispinnla   (Ciisliiiian and Wiikcmlcii) 280 
MX 80. Mcntle/ shale; 216x. 

2-3. Glohigerinelloides prairiehillensis, n. sp        277 
TX 244. Taylor formation   ("Lower Taylor marl" member);  144x- 

4-5. Glohigerinelloides  usf/erus   (Ehrenberg)     274 
TX  128. Austin chalk   (Burditt marl member);  hypotypc;  216x. 

6. Hasligerinoides iiU\ii>ideti   (CUishnian)   273 
USNM   (Cushinan C'.olleclion No. 15750); hololype; .\ustin chalk;  144x. 

7-i>. Archaeoghliigeriiia  hosquensis, n. sp. 'iKj 
TX 226. .\iistin chalk  (".\tco" member); paraivpe;  144x- 

1012. Archaeoglohigerinu hosquensis, n. sp  3I() 
TX 226.   .\iistin chalk   ("Atco" member);  holotype;   144x- 
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Giu.F CRF.TACF.OILS P^ORAMINIFF.RA: PF.SSAGNO 401 

EXPLANATION OF PLATE 61 

n a II re Pag* 

L3. CInboli uncatiella  monmoutlienxis   (Olsson) 374 
TX  284.  Coisicana  mail;   144x- 

4-5. Loeblichella  coaiclata    (Bolli) 2H8 
AR 7A.   Brownstown marl;  144 x- 

(1-8.9 II. I^oeblichella hessi   (Pessagno) 288 
.\R 7\.   Uiownslown mail:  I44x- 



402 PAIAEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION  OF IM.ATF. 02 

Figure f"S>' 

1-3,6-8. Loeblicliella coairlala   (Bolli) 288 
AR 7A.   Brownstown mail;  1-44x- 

4. Globotruncanella sp. aff. G. luoiuitoiilhcuii.s   (Olssoii)    374 
TX 267-C..   Kemp clay; 144x- 

5. Globigerhielloides bolli, n. sp  275 
TX 29I-C. Taylor ioimalion  ("Upper Taylor marl" member): paralypc; lOOx- 

9. C.lobigerinelloide.i VDIUIUS   (VVIiilc)   (=iii('S.siiiiif s.\.   (liromiimanii) 278 
MX 78. Mende/. shale; 144x- 

10-11. Globigeii}telloide.s volutus   (While)   (=   nwssinac ss.   (liromiimanii) 278 
TX 281.   Navarro group   (Corsicana tlav);   I44x. 

12.13. Globigerinflloiilrs   subcdiinalus    (Bronnimaiin) 278 
MX To. Memle/^ shale; 216x. 

I4-I(i. Rxigolrinica>]a   subcircuinnodifei    ((jandolli) .3r)!) 
M\  173.  \I.-M<k/ shale;  144X- 
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Gui.F CRETACEOUS FORAMINIFKRA: PESSACNO 403 

EXPLANATION  OF PLAT E 63 

Figure Page 

1-2. Globotruncana fornicata  Plummer       338 
TYPE 6-C. Taylor formation   ("Upper Taylor marl" member); topotypes; 62.5x- 

3.4-6,7-9. Globotruncatia   fornicata   Plummer         338 
TX 24.5. Taylor formation   ("Lower Taylor marl" member);  fig. 6 oversized due 
ID illustration error; 62.5x- 



4{)\ PALAEONTOCRAPHICA AMERICANA (V, 37) 

FXI'I.AN \TK)N  OF IMA TF, M 

ri,u.n>r !'»?.« 

1-3. Rugoglobii^fiina Iradinghousensis. n. sp. 3fi7 
TX 240. Taylor formation   ("Lower Taylor marl" member); holotype;  108X- 

4.,'>,6-8. Rxigogluhigerina tradinghousensis, n. sp. 367 
TX 246. Taylor formation   ("Lower Taylor marl" mcmlKr): paratypes; 108x. 

9-11. C.toboti uiKiiiia   liilli.   n.  sp  343 
r\ 291-C:.   Taylor formation   ("Upper Taylor iiiail' mcml)cr); holotype;  108x. 

12-14.21-23. C.luhuliuiicaiia liilli. n. sp. 343 
TX 291-C.    Tavlor lormatioii   (Upi)ei   I'ayloi  iii.iil iiicmbcr); paiatyjics;  lOSx- 

l.'i-l". Globolruncana  bulUiides  Vogler 324 
TX  29l-('..   Taylor   ftvrmation    ("Upper   Tayloi   m;M T'   iiiembcr).  (Icrontic   form 
similar to ('.. lulverensis Barr; 50x. 

18 19. Cliibiili iiiKiina calcarala Ciishman  . 326 
TX 29l-(;.   Taylor formation   ("Upper   Tayloi   iiiail"  mcmliei); 66x. 

20. Clobolniucana calcarala Ciishman 326 
MX  87.  Mi'nde/ shale;  66x. 
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Giii.F CRFTACEOHS FORAMINIFF.RA: PKSSAGNO 405 

EXPLANATION OF I'l ATE Gf) 

Figure Page 

1-3.4. Hugogtobigerhiu  roluiulala  Bi(Jiinimann 365 
MX 174, Papagallos shale; 72x- 

5-6,7. Rugoglobigeri7ta  reicheli   Broniiimanii 365 
AR 8.   Aikadelphia marl; 72X- 

8-10. Globotriincanti conica White   328 
TYPE  1. Miiulc/: shale; tnpolype; 72X- 

11-13. Marginolruncaiia ri>ioiiiila   (Bolli) 305 
(;-19. Lower (.(isaii  heds;  Go.saiiial. Eilelbachgiaben, Ausiiia;  72x- 

14-16. Margiiwirumana iiiigiislicareymln   (CJandoIfi) 300 
TX 40. Austin chalk   ("Ata)" member);  72x- 

17-19. Marginotiuncana  anguslicarenala   (Ganclolfi) 300 
TX  107.   Eagle Ford group   (South  Bosque formation); 72x- 

20-23. Marginolruncana  retizi   (GandoHi) 310 
TX 55.   Austin chalk   ("Atco" member); 72x- 

24-27. MarginotriiuKuiu   lisiiiiloliiniridiKi,  n.  sp. 310 
G-19.   Lower Gosau  beds;  (iiisaui.il,  1 iUlbaihgral)eii,   \usiiia:  lioliitype;  72x- 



4Q(5 PALAEONTOCRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PLATE G6 

Figure P«g* 

1-2. Rugoglobigfiiiia   macrocephala   Bronnimann  366 
TX 28L   Navarro group   (Corsicana marl);   144x- 

3-4,5,6-8. Globoiruncaiia   plummerae  Gandolfi 351 
TX 291-B. Taylor formation   ("Upper Taylor marl" member);   lOOx- 
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Giii.i' CRETACEOUS FORAMINII'ERA: PESSAGNO 107 

EXI'LANATION OF I'LA I E 07 

Figure page 

1-3. Globotruncana  buUuides Vogler      . 324 
TX 256-A.   Taylor formation   (Wolfe City sand member):  144x- 

4-6,7-9. Clobotruncana nothi   (Bronnimann and Brown) 350 
TX 291-B. Taylor formation  ("Upper Tavlor marl" member); 144x. 



408 PALAEONIOGRM'HICA AMKRICANA (V, 37) 

KXl'LANA I ION  Ol'   I'l.AlE 68 

Figure /'"g<^ 

1-3. Riigoglobigeritia  rutundata   Bionnimaiiii     365 
MX 174. Papagallos shale; 144 x- 

4,5. Pseudoguembelina  excolata   (Cushman)     267 
TX 281.  Navarro group  (Corsicana clay): 144x. 

6-8. Globotruncana nolhi   (Bronnimann and Brown)     350 
TX 291-B. Taylor formation   ("Upper Taylor marl" member); 144x. 
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Gi'H' CRETACEOUS I'oRAMiNuiiRA: PESSAGNO IOO 

EXI'LANA I ION  OV I'l.A IK iV.) 

Figure i;,^,e 

1-3,7- Glohnlruncana stejihensoni,  n.  sp. 354 
TX 291-B. Taylor loimation   ("Upper Taylor marl"  inciiibii): paratopes:  144x- 

4-6. C.lohntruncana slejihcnsoni, n. sp  354 
TX 291-B. Taylor formation   ("Upper Taylor marl" member);  holotype:   ll4x. 



110 PAKAI;ONI()GRAI'1IK:A AMERICANA (V, 37) 

EXPLANATION OF I'LAl E 70 

figure Page 

1,2. (ilobigerinelluidcs   mitltisjiiiia   (Lalitkcr) 276 
rX 281.   Navairo group   (Coisicana clay);   lOOx- 

3-5,6-8. Archaeogtobigeriria cretaceii   (d'Orbigny) 317 
TX 255-.'\.   Taylor formation  (Wolfe City sand member); lOOx- 

9-12. Ghbotruncana  rosetta   (Car.sey)     352 
TX 291-A. Taylor formation   ("Upper Taylor marl" member);  120x. 
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GULF CRETACEOUS FORAMINHERA: PESSAGNO 111 

EXl'LANA I ION Ol' PLATE 71 

I'igure Page 

1-2. Hasligerinoides  tvalcrsi   (Cushnian) 274 
TX 244. Immature specimen lacking bulbus chamber lips. Taylor formation 
("Lower Taylor marl" member); lOOx- 

3-5. Wliilehtella   itioniala   (BoUi)     299 
TX 351.   Eagle Ford group   (South Bosque formation); lOOx- 

6-8.9-11,12-13. f;/o/)o*;u»ra»n   Inppaienti    (Brotzen) 344 
TX 246. Taylor formation   ("Lower Taylor marl" member); lOOx- 



412 PAl.AEONKXiRAl'IIICA AMKRICANA   (V, 37) 

EXl'LANA I ION Ol   I'l.A I K 72 

figure /'flgt 

l-2,3-4,7-9. C.lobolruncana   linneiana   (d'Oibigny) .  346 
TYPE 4. Mcndez shale;  lOOx- 

5-6. Globolruncana calcarata Cushman    326 
TX 29IC. Taylor formation   ("Upper Taylor marl" member); 62.r)X- 
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GULF CRETACEOUS I'ORAMiNiFERA: PESSAGNO 413 

EXri.WA I ION  Ol' n.AI K 73 

figure p„g^ 

1-4.   Globotruncana  loeblichi, n. sp  349 
TX 375. Taylor formation   ("Lower Taylor marl" member); holotype;  144x- 

5-8. Globotruncana rosetta   (Carsey)   352 
USNM   (Cushman Collection). Ripley formation; holotype of G. cretacea C.ushman and 
G. marei Banner and Blow; 144 x- 

910. Globotruncana bulloides Vogler   324 
TX 256-.\.  Taylor formation   (Wolfe City sand member); 144x. 



■114 I'ALAliONlOGKAI'HICA/VMERIOANA   (V, S7) 

EXPLANATION Ol' TLA IE 71 

Figure Page 

1-3. Marginlotruncana   j)ieu(fiiliiiiieiaiia,   n.   sp. ^10 
PR 789.32.   Rio Yauco loimation   (I'uerlo Rico); HIx. 

4.   Rugoglobigerina hexacaiiierala Bionniinann 3G4 
MX 174. Papagallos shale; lOOx- 

5-8. Margiriotruncana canaliculala   (Reiiss) 302 
G-19. Lower C.osau  beds, Edclbachgiabcii,  .\iisiiia.  Neotvpe selected  herein for 
Rosalina canaliculala Reiiss. 1854; 144x. 

9IM214. Rugoglobigerina scoiti   (Bronniniann) 367 
MX 174. Papagallos shale; I44x. 
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GULF CRETACEOUS FORAMINIFERA: PESSAGNO 415 

EXPLANATION OF PLATE 75 

Figure Page 

1. Globotruncana gansseri Bolli    341 
TX 28L Navaiio group   (Corsicana mail); 50x- 

2-3. Rugoglobigcrina rugosa   (Plummer)    366 
MX n4. Papagallosshale; 54X- 

4-5.0-8. Cloholintiraria  bulloides Vogler      -  306 
TX 291-A. Taylor formation   ("Upper Taylor marl" member); 54x. 

!)-10.27. (•lobigerineUoides yaucoensis   (Pessagno) 279 
TX 291-.\.  Taylor  formation   ("Upper Taylor   marl"  member);  60x. 

11. Gublerina  robusta de  Klasz 265 
TX 281. Navarro group   (Corsicana marl); .50x. 

12-14,15-17   Pseudoleslularia elegans s.l.   (Rzehak) 268 
MX 5. Mendez shale; 50x- 

18-20. Globotruncana contusa s.l.   (Cushman)    330 
TX 281. Navarro group   (Cloisicana  marl); 50x. 

21-24. GUibolruncana ventricosa White 362 
TX 291-.\. Taylor formation   ("Upper Taylor marl' member); .50x. 

25-26. Globotruncana  ventricosa  White 362 
TYPE 4. Mendez shale; topotype; ,54 X- 



4]5 PALAEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PIATF. 76 

Fijyure ''",'!'■ 

\-^. Mar;j,iiioliiiiicaiia  jiseudotinnfiana.  n.  sp. 310 
G19. Lower C'.osaii; Austria: paratypc;   144x- 

4-6. Rugoglobigerina  scolli   (Bronnimann) 367 
MX 174. Papagallos shale; 144 X- 

7-9. LoeblicheUa coaictala   (Bolli)   288 
TX 281. Navarro group   (Corsicana marl): 144x- 

10-11. GlobiaeiineHoides   henloneiish   (Morrow) 27.") 
MX 156.   San Felipe fornialion: 144x- 

12-14. Rugotntncana subpennyi   (Ganilolfi) 370 
PR 789.32.   Rio Vauco loriiuilion;  Piieilo Rico; 8i;x- 
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GULF CRETACEOUS FORAMINIFERA: PESSAGNO 

EXPLANATION OF I'lA IF. 77 

/■'iljinr Page 

1-3. Rugolruncana snhtircuinnnclifi'r   (Candolfi) 369 
TX 281. Navano group   (Coisiiana marl);  KlOx- 

4-fi,7-9. Globolrnncana contma s.s.   (Ciishnian) 330 
MX 79. M<:ndcz shale; 62..5x- 



418 PAI.AEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PLATE 78 

rii!,ure Page 

1 2,3. Pseudoguembelitia palpehra  Bronnimann 267 
TX 267-C.   Navarro group   (Kemp clay);  lOOx- 

4-5. Heterohelix striata   (Ehrenberg)    264 
TX 244. Taylor formation   ("Lower Taylor marl" member); 72x- 

(! 8,9-11. Clohotruncana  contusa sj.   (Ciisbman)    330 
MX ,5. Mcndez shale; 62.5 x- 

12-14. Clohotruncana elevata   (Rvouen)        336 
TX 291-C. Taylor formation   ("Upper   Taylor  iii:iil'  imiiilitr); 64X- 
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GULF CRETACEOUS FORAMINIFERA: PESSAGNO 419 

EXPLANATION OF PLATE 79 

Figure Page 

\. Pseudogitenibelina   costulala    (Ciishmaii) 26fi 
MX rj.'Mcndez shale;  lOOx- 

2-4.   C,lol)t)lrun(nna iiegvpliani Nakkailv 319 
MX  174. I'apagallos shale:  I44x. 

.5.(5-8. Glnholiuiicaiia  ana   (Ciishman) 321 
,"). MX "). Mendcz shale; 62.5 x- 

fi-8. MX 79. Mcndez shale: 72x. 

9-Ut.ll-l2. Globniiiiiuana   ivnlrirosa  White 362 
TYPE 4.  Menclez shale;  topotypes;  62.!)x. 

13-14. C.lobotruncana vfiilricosa White   362 
MX 82. Meiulez shale: 62.5x- 



420 PALAEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PI.A FE 80 

1-2. (,liih,>huiic(iiiii  tiex'ala   (Brotzen) SSfi 
MX 8. Mcncicz shale; 62..5x. 

3-fi. Clobolnincaiia stuaitifoniiis Dalhie/, tiaiisilidnal to (iloholiuuciina flevalii   (Biot/.en) ;i:!0.337 
rX 157. Taylor formation   ("Uppci  Taylor marl" member). Note that the last two 
chambers of the final whorl arc C. flev<tlii-\i\^c both in terms of their shape spirally 
and their keel angles: 62.5x. 

7-0.  Clubolrutuiuui fnniirfila  t'liiinnici 338 
TX 242.   .\nsiin chalk   (■'111 nccvillc"  mcnibci);   14-lx- 
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GULF CRETACEOUS FORAMINIFERA: PESSAGNO 421 

EXPLANATION OF PLATE «1 

Figure Page 

1-3. Globotrunrana sluarti   (de Lapparent) 356 
Guayaguayaic formation of   Tiiniilail   (A. inayaroensis subzone);  67.5x- 

4-6. Globolruncana sluarti   (de Lapparent) 356 
MX 174. Papagallos shale; 62.5 x- 

7-8. Globigerinelloides  bollii n. sp  275 
TX 291-C. Taylor formation   ("I'pper Taylor marl" nieniber);  holotype:  10()x. 

9.l0-\\. Globolruncana elevata   (Brolzen)     336 
MX 5. Mendez shale; 62.5x- 

12-14. Globolruncana elrvata   (Brotzen) 336 
MX 80. Mendez shale; 62.5 X- 



A22. PALAEONTOGRAPHICA AMERICANA (V, 37) 

EXPLANATION OF PLATE 82 

Figure Page 

1-2,3-5. Globotruncaiia ronica White 328 
MX 174. Papagallos shale; 72x- 

(5-8,9. Hedbergella petiiloidea   (Gandolfi)  374 
r\  281.  Navarro group   (Corsicaiia  marl):  72x- 

lull. (.lohigerinelloides   mullispina   (Lalitker) 276 
r\ 291-(;.   Tavlor forinatloii   ("Upper   Tayloi  mail" member);   KlOx- I'igine 11, some 
whal giealer than lOOx- 

I2-Ir>. Globtitruncaiui  nusliiiemis   daiuloiri 323 
TX  291-Cl.   Tavlor  lormalioii    ("I'ppcr   l;i\lor  marl"  member);   lOOx. 
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GuLFCRErACKOl'S FORAMINIIKRA:  PlCSSAGNO 423 

EXl'I.W A HON  Ol   I'l.ATE H3 

I'iiiiiic PuM 

1. ('•lohigciiuclloidt's jji(iiiiihilU'iisi.\. n. sp. 277 
TX 291-('.. Taylor formation   ("Upper   laslor  marl"  iiifnibcr);   paratypc;   lOOx- 

2-7. Globoti uiiciDia duu'i Nakkady . 333 
TX 267C. and TX    268.   Navarro gioup   (Kemp clay);  lOOX- 

8-10. Globotruncana aegxiiliara i.5. Nakkadv   319 
TX 267-C  and   TX 268.   Navarro  group    (Kemp   clay);   D.-D'./Dj-D'b = 2.5;   lOOx- 



424 PALMCONTOGRAPHICA AMERICANA   (V, 37) 

KXl'l.ANAlION  OK i'l.A IE 81 

rigiire Pigc 

1-3. GlubotruncancUu   hmmmnsis    (\ooiwijk) 373 
MX 78. Mendez shale; 144 x- 

A-ei.\{)-\2. Glohnlruncana   trinidadcnsis  Gandolti 359 
TX 281. Navarro group   (Corsitana marl):  144x. 

7.9, C.lohotnituuiia Iriiiiiliidciisis GaiuloKi 359 
MX 174. Papagallos shale; 144x. 
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GiLi' CRKTACKOUS FOKAMINUKRA: PKSSACNO 

i:\ri,AN \ 11()\ oi  I'l \ II', Hfi 

/•'«'"■<-' Page 

l-2,3-4,5-6,7-8,9. Helerolielix   irii.sii    (Clushinaii)     ... 263 
TX 353. Eagle Ford gioup   (South Bosque formation); 2IfiX- 

10-11. Pseudotextularia elegans   (Rzeliak)  s.s. 268 
TX 246. Tavlor foruiation   ("Lower   Taylor  mail"  memhci):   lOOx. 



426 PALAKONTOGRAFIUCA AMERICANA (V, 37) 

EM'LANA I ION  OF PLATE 86 

l-'Z. Hclcruhclix   tcussi   (Ciisliinaii)   203 
USNM   (C:usliiiian Collcclion ): Imlotypc; Austin chalk; 144x- 

3-4. Ht'lcroliflix pUimila   (Cusliman) 2012 
USNM   (Cuslinian Collcxlioii): luilotype;  Taylor fDmiation  ("Uppci Taylor marl" mem- 
ber;  144 X- 

5-G. Hflerolielix globocaniiala   (Ciisliman)     259 
USNM  (Cuslinian Collecti(m); liolotvpe:   Tavlor formation   ("Upper Tavlor marl" mem- 
ber);  144 X- 

7-8. Heli'iohclix jiiinclulota   (Cuslinian) 2(52 
MX 80. Mendcz shale; 144x- 

9-10. Helerolielix jniiichilata   (Cuslinian) 21)2 
U.SNM  (Cushnian Colltclion); bolotype: Taylor formation   ("Upper  TaNlor marl" mem- 
ber);  144 X- 

11. Pseudolexliiliiiia iiilciincdia tie  Rlas^ 269 
MX 78. Mtiitlez shale; 144x- 
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GuLi' CRKTACEOUS FORAMINHERA: PESSAGNO 427 

EXPLANATION Ol' I'LATE 87 

f ionic Page 

1,2,3. Guembelilria crelacea Cushman      258 
TX 183. Navarro group   (Corsicana marl); 216x. 

4. Heterohelix pulchra  (Brotzen)    262 
TX 291-A. Taylor formation   ("Upper Taylor marl" member);  144x- 

5-9,11-13. //(■(ero/ie/i.v g/oftw/oia  (Ehrenberg)   260 
TX 255-.\.   Taylor formation   (Wolfe City sand member):  lOOx- 

10,16. PlanoglobuUiHi rarsexae   (Plummcr) 271 
TX 281. Navarro group   ^C.orsica^a  marl);   lOOx- 

14. Planoglnbulina  aceivulinoides   (Eggcr) 271 
MX 174. Papagallos shale; lOOx- 

15. Planoglohulina carseyae   (Plummer) 271 
MX \H. Papagallos shale;  lOOx. 



428 PAI.AI,()N1()(;KAI'1I1(:A AMI;RK;ANA (V, 37) 

I LMO-U. 

KM'l.ANA I ION  ()!■   1'1.\ 1 I. HK 

ll(ici(ilicli\   !^lahnni.-,    ((:li^lllllaIl) 
TX 2HI.  Navarro group   (C'.oisiiana  marl);   lOOx- 

3-4,5. Hclcrohclix siriala   (Klirciibcrg) 
TX 244. Taylor foniialion   ("Lower   I'aylor mail" mciiibcr);  72x- 

(i 7. Ilrlfioliclix  siriala    (Klirciil)crg) 
IX 244. Taylor formation   ("Lower   Tavloi   ni.iil     member);   M4x- 

H-'.l. l'\cii(loniicinl>rliiin   coshihilii    ((aishmaii)      
IX  2H;!.  Navarro group   (Corsicana  marl);  2I()X- 

I'J.I.'i.lT. I'linid'^ldlniliiui   '^lahralii   (Cusbman)   
TX 214.   Taylor lormalioii   ("Lower   Taylor  mail"  member);  lOOx. 

TM(). rsiuddlixhilaiia elr^aiis  s.s.   (R/eliak) 
TX 246. Tavlor lormalioii   ("Lower   Ta\loi   mail '  member);   lOOX- 

I'agc 

2.'')9 

264 

2(if> 

272 

268 
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GuLf CRKTACEOI s I\)R.s.MiMi liRA: PKS.SACNO 429 

KXl'LANAIIO.N  Ol   I'l.A 11, H'J 

figure I'agc 

1-2. Helerohelix  moremani   (C.iisliiiian) 261 
USNM   (Ciishman Collection):  holotypc;  Eagle loul group:   lOOx- 

3-4. Psetidoguemhelina palpebra   Bionniniann  and   Brown 267 
MX 174. Papagallos shale; 144 x- 

5,12-14. Psrudogui'inhelhia sp. aff. P. Paljjchiii 267 
MX 174. Papagallos shale; 144x. 

6-7. Hctcrnhelix   planaln   (Cushman) 262 
TX 281. Navarro gioiip   (Corsicana mail). Note acccssor\  aperliircs: 2l(>x. 

8-9. Heterohelix   navarroeiisis   Loeblich     261 
TX 283. Navarro group   (Corsicana marl): 2l6x. 

1011. Pseudotextularia elegatis s.s.   (R^cliak) 268 
TX 244. Taylor formation   ("Lower Taylor marl" nicmhcr);  lOOx- 

15. Plannglohuliim multirainerala   (dc  Klasz) 272 
MX 80. Mendez shale;  lOOx- 



430 PALAEONTOGRAPHK:A AMERICANA (\^ 37) 

EXl'LAN AlKJN  OV I'LA lli 'JO 

Fig\iie Page 

1-2,4. GliibincrinclloiiU's   pidiiiiliilliusis,   ii.   sp.   277 
TX 291-C.. Taylor formation   ("Upper Taylor  mail"  mcmhcr).  1-2  =   liol(>l\|)c: 
4 = paratypc; 100 x- 

3. Pseudoguemhelina cosluliila   (Ciisliman) 26G 
PR 789.32.   Rio Vauco formation; Puerto Rico; 90x. 

5. Pseudoguenibelina excolala   (Cushman)   267 
TX 267-A.   Navarro group   (Kemp clay);  lOOx- 

6-8. Globoliunrana   area    (Cushman) 3.'j9 
MX 79. Mcnilez shale; 62.,'ix- 

9-10. Glohotnincana   trinitlndensis   Gandolfi 359 
MX 78. Nfendez shale; 62.5 x- 

11-13. Globotiuiicana sp. cf. G. Iriiiidiitlctni.s (.anclolfi     359 
MX 78. Mendez shale; 62.5 x- 

14-15. Racemiguonbeliita fniclicasa   (Egger) 270 
TX 267-B.   Navarro gionp  (Kemp clay); lOOx- 

16. Pseudotextularia defoiinis   (Kikoine) s.l. 269 
TX 267-B.   Navarro gioiip   (Kemp clay); lOOx- 
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CuiF CRETACEOUS FoRAMiNiFERA: PESSACNO 431 

EXPLANATION OF PLATE 91 

Figure Page 

1-2. C.Iohigeiiiielloiiles   mullisphia   (Lalicker)     276 
TX 291-A. Taylor formation   ("Upper Tavlor iiiail" member);  144x- 

3. Rugoglobigerina   reicheli   Bronnimann   365 
MX 174. Papagallos shale; 144 x- 

4. Rugolruncana suhpennyi   (Gandolli) SVO 
MX 5. Mcnde/ shale; 144x- 

5-7. Rugoglobigerina hexacamerala Brdiuiimann   364 
.\R 8.   Navarro gioiip   (Arkailclphia marl); I44x- 

S.I 1,12-15. Rugolruiicnnn suhpennyi   (Gaiidolh) 370 
TX 173. Navarro group   (Corsicana marl); 144x. 



432 I'M.AEONTOGRAPHicA AMERICANA (V, 37) 

EXPLANATION OF PLATE 92 

Figure Page 

1-3. Glubiili timaiia sluarlifoimis Dalbic/ 357 
MX fi. Mcndcz sliale; 54 x- 

4-G.7-9. Aballioinp)ialus  niayaroensis   (Bolli)   372 
MX 78. Meinle/ shale; 54X- 

10-12. Globotruncana contusa   (Ciishmaii) s..s. 330 
MX 79. Mendez shale; 54 x 

1315.16-18. Clobnlruncana  gansseri   Bolli 341 
TX 281. Navarro group   (Corsicana marl); figs. 14,  Ki iiiulersi/cil lUie l<i illustrat- 
ing error; 50 X- 

19-21. Pseudolextularia defonriis   (Kikoinc) s.s. 2()9 
MX 174. Papagallos shale; 54x- 
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GULF CRETACEOUS FORAMINIFERA: PESSAGNO 433 

EXPLANA'I ION OF PLATE 93 

Figure Page 

l-ri.H. Cloholruncaiia elciutlii   (Biolzen)     33G 
I. PE 653. TX 291C. Taylor foimalion ("Upper Taylor marl" member); vertical sec- 
tion; lOOx- 2. PE 658. TX 291-C. Taylor formation ("I'pper Taylor marl" member); 
vertical section; lOOx. 3. PE 652. TX 291-C. Taylor formation ("I'pper Taylor marl" 
member); vertical section; lOOx- ^ PE 645. TX 291C. Taylor formation ("Upper 
Taylor marl" member); vertical secti(m; 84.3x- 5. PE 659. TX 291-C. Taylor forma- 
ticm ("Upper Taylor marl member); horizontal section; 120.5x- 8. PE 671. T\ 157. 
Taylor formation   ("Upper   Taylor marl" member); vertical section;  lOOx. 

fi.7. CIdbohuncana sluarlifoniiis  Dalbiez    357 
(i. PE 672. TX 157. Taylor formation ("Upper Taylor marl" member); vertical section; 
UIOx. 7. PE 670. MX 80. Mendez shale; vertical section;  lOOx- 

9-11. (Uoboliuiicatm sluarti   (ile Lapparent)   356 
9. PE 732. TX 268. N'avario group (Kemp clay). Note spines in posterior keel region. 
X'ertital section;  lOOx. 10. PE 684. MX  174. Papagallos shale; vertical section;  lOOx- 
II. I'l'. 675. MX  174. Papagallos shale; vertical section;  lOOx. 

12.13. (.liilxiliiiiictDia  arnica  White 328 
12. PE 623-b. MX 174. Papagallos shale; vertical section; lOOx- 13. PE 630. .\1X 78. 
.Mende/ shale;  vertical section;  lOOx- 

14. Clohoh tiiicaim cnUiiiiiln Ciishman 326 
PE 657. TX 291-15. Tavlor formation ("Up|)er Tavlor marl" member); vertical section; 

117.5X. 



434 PAI.AEONTOORAPHICA AMKKICANA (V, 37) 

KXI'l.ANAl ION OF I'l.ATF. !)4 
(All photos wilh ilaik  field  illiiniiiialcd) 

I'inuie Page 

1. C.loliohuniaiia liilli. n. sp   343 
1>E 942. TX 291-C. Taylor formation ("I'pprr Tavlor marl" member); paratypc: half sec- 
tion showing spiral side of test; lOOx- 

2,3. Archiicoij^lohigciina himri, n. sp. - ,   316 
2. I'K 1021. TX 2,52. laylor rormatioii ("l.dvvcr Taylor mail" member); vertical section 
of a paralype. lOOx. 3. I'K 1019. I'X 2.'>2. laylor formation ("Lower I'avlor mail" 
member);  half section showint; spiral side of lest;  paratvpe:   lOOx. 

4.,5. Arcliaeojfloliigeritiu cretacea   (d'Orbigny)     .'117 
4. Pli 125. TX 291-C. Taylor formation ("Upper Ta\lor mail" iiiembei); vertical section: 
lOOx. 5. PE 1023. TX 291-C:. Taylor formation ("Upper Taylor marl" member): half 
section sluiwing spiral side of test.  lOOx- 

(i. C.lol/oliuncana aegyptiata s.s. Nakkadv   319 
PF. 710. TX 267-C. Navarro group   (Kemp rlav): vertical sedioii;  lOOx- 

7. Globolruncana slimili   (de Tappareiii) 350 
PT", 732.   TX 2l)H.    Navaiio gioiip   (Kemp day); \eili<al seilioii;   I70x. 

S.  (ilohoh iiiicdiui  iiilciiiula  (Uislimaii 326 
PE 649. TX 29l-(;. Taylor formation ("Upper Taylor mail" mcnd)er). Half scition 
shows spiral side of test; note liiblospliics in next to last whoil;  lOOx. 

9. Clohntruncana auilinensis flaiulolli 323 
PF. 863. TX 291C'.. Taylor formation ("Upper Taylor mail" member); veiliial seition. 
Note depic-ssed spiral surface of carlv whorls;  176x- 
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C.ui.i' CkiiTACEous FOKAMINHKKA: PESSAGNO 43!; 

EXl'LAN A HON OF I'LA 1 E 95 

Hgiiic Page 

1-4. C,I(ih<iliii)iiaiia gamscii Bolli   341 
I.PE 697. TX 281. Navarro group (Corsiiaiia marl); liori^nual ^L•c^il)ll: lIWx- '-i- I'E 
699. TX 281. Navarro group (Corsitana marl); vertical section; lOOx- 3. I'E 698. 
TX 281. Navarro group (Corsicana marl); vertical section; lOOx- 4. I'E 690. TX 281. 
Navarro group   (Corsicana marl);  vertical section;   lllOx. 

.'i. Ahalhnnilihaltis mayaroensis   (Bolli)   .372 
I'E 757. MX 78. Mendez shale. Note GloholnniraiiclUi limiaiwtisis stage; vertical sec- 
tion; lOOx- 

6,7. Marginoiruncaiui roiiKn'tiln   (Brot/en) 301 
6. PE   1038.  L-1.  Austin  chalk   ("Hutchins  tlialk"  meniher);   vertical  section;   lOOx- 
7. I'E 837. I'pper Cretaceous of Tiuiisia (from .Sigal via H. Bolli); vertical section; 
lOOx-. 

8-9. (Uobolntnraua ai'gxjiliura sj. Nakkatly 319 
8. PE 716. TX 267-C. Navarro group (Kemp clav) vertical section; lOOx- 9. PE 705. 
TX 267-.\. Navarro group (Kemp clay) (U„-0'„/D„-»'i, = 2.5 mm.); horizcmtal (half) 
section;  118x- 

1(1,11.  (.Iiihiiti uiirnna Tciilrirnsa White      362 
111. I'E H30. rVI'E 4, Menilc/ shale: topotypc; vertical section lOOx, 11, PE 812. TX 
291-B.   ra\lor formation   ("Upper Taylor uiarl" inember); vertical section  115.3x- 

12 II. (.lolioli iiiiraiia   tliiu'i   Nakkady     333 
12. PE 715. TX 267-C:. Navarro group (Kemp clay); vertical section; 2(>0x. 13. PE 
715. Same specimen as shown in 12. Enlargement of tegilhnu showing pores and micro- 
granular wall structiue: 582x- '4 PE 715. Same specimen as shown in 12. Enlargement 
showing double keel, canalicidale radial hyaline wall, and ultragraiudar hyaline spines. 
Note pore cutting otherwise imperforate keel. Double keel structure radial hyaline, 
imperforate in part and ultragrantdar hyaline, imperforate in part (cf. Text-figure 40. 
variety of  lYPE 2); 582x- 



436 PALAEONTOGRAPHKIA AMERICANA (V, 37) 

liXl'LANATlON  Ol'  I'l.A IE 90 

Figure Page 

1,2. Gtobulruncana triniiladensis GandoHi   359 
I. PE 729. TX 268. Navarro gioup (Kemp clay); vertical section; U)Ox. 2. I'E 968. 
TX 267-C. Navano gioup   (Kemp clay); vertical section; lOOx. 

3,4. Clohnlrumaiia  jiirniciila   I'lummer       338 
3. I'E 762. TYPE 6-D. Taylor formation ("Upper Taylor marl" member); topotypc 
vertical section: lOOx. 4. PE 769. TX 252. Taylor formation ("Lower Taylor marl" 
member); vertical section;  lOOx- 

5,6. Globotruncuna sleliliensntii, n. sp.     354 
5. PE 792. TX 291A. Taylor formation ("Upper Taylor marl" member); paralype; 
vertical section; lOOx- 6. PE 793. TX 291-.V. Taylor formation ("Upper Taylor marl" 
member); paratype; vertical section;  lOOx. 

7,8,17. Clubiiliunraiin   area    (Cushman)     321 
7. PE 881. TX 291-A. Taylor formation ("Upper Taylor marl" member); vertical sec- 
tion; lOOx. 8. PE 805. TX 29l-\. Taylor formation ("Upper Taylor marl" member); 
vertical section; lOOx. 17. PK 805. Enlargement of tlonble keel: a ^ radial hyaline 
imperforate; b = ultragrannlar hvaline imperforate; 190x. 

9. Gldbolnnicaiia phunnwraf Ciaiulolfi    ,  351 
PE 785. .\R 11. Marlbrook marl: vertical section;  lOOx- 

10. Globolruiirana tuiliti   (Bronnimann and Brown) 350 
PE 790. TX 291-B. Taylor formation ("Upper Taylor marl" member); vertical sec- 
tion; lOOx- 

11.13-16. Globolruncanii coutusa   (Cushman)  330 
II. PE 748. TX 281. Navarro group (Corsicana marl) ( = G. conlusa s.L): vertical 
section: lOOx. 13. PE 737. TX 281. Navarro group (Corsicana marl). (= G. contusa 
S.I.): vertical section;  lOOx-  14. PE 738.   TX 281. Navarro group   (C:orsicana marl). 
(= G. conlusa s.s.): vertical section; lOOx. 15. PE 750. MX 78. Mcndez shale; 
(= G. conlusa s^.): lOOx. 16. PE 753. MX 78. Mcndez shale; (^= contusa s.s.): 

116x. 

12. Globolruncana sp. cf. G. contusa   (Cushman) 331 
PE 736. TX 281. Navarro group  (Corsicana marl); vertical section: lOOx. 
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CFULF CRK.TACEOUS FORAMINU I:RA: PKSSAGNO 437 

KXl'I.ANAllOX OF I'LA ri'. 97 

figure Page 

1.2. C.lohi«eri>ii'lltiidrs  boUii, n. sp.    27.5 
I. PE 1040. r\ 29IC. Taylor formation ("llpper Taylor marl" member); half section: 
side view; paratype; lOOx- 2. I'E 1041. IX 291-C. Tavlor loniialion ("Upper Taylor 
marl" member); vcrtiial section; paratope;  lOOy. 

3,4. Globigerinellnides prairieliillensis, n. sp.   277 
3. PE1033. TX 291-C.. Tavlor formation ("llpper Taylor marl" member); side view; 
half section; paratype; lOOx- 4. PE 103.'). TX 291-C:. Taylor formation ("Upper Taylor 
marl"  member);  vertical section;  paratype;   lOOx- 

.'V.fi. Globigeriiu'lloides   \au(or)isis    (Pessagno)    279 
,5. PE 1031. TX 291-C;. Taylor formation ("Upper I ay lor marl" member); half section; 
side view; lOOX- <>. PE 1029. IX 29l-(:. Tavlor formation ("Upper Taylor marl" mem- 
ber); vertical section;  lOOx- 

7. Glohotrunrana  liilli. n. sp. 343 
I'E 944. TX 291-C. Tavlor lormation ("Upper Tavlor marl" mcmbei); vertical section: 
])aratype;  lOOx- 

8.9. Clobnlrunraim   lapparfiiti   (Brotzen) 344 
8 PE S.IS. 'TX 2.''>1. Tavlor lormation ("Tower Tavloi marl" member); vertical section; 
11(>X- 9. PE. 8.')2. TX 2.M. Tavlor lormalion ("Tower Taylor marl" member); vertical 
section;  1H>X- 

10. Globolruiiriind locbliihi. n. sp.   349 
PE 936. TX 37.5. Taylor loimalion ("Towei Tavloi marl" member): vertical section; 

lOOx- 

]\-\^. Globotruncaiin   linueiiina    (d'Orbignv)     346 
II. PE 923. TX 291-C. Tavlor lormation ("Upper Taylor marl" member); vertical sec- 
lion; 79.6x. 12 Same specimen; enlargenRiu of anierior double keel: T59x- 13. PE 
922.   TX  29TC.   lavlor  lormalion   ("Upper   I avlor  marl"  member):  vertical  sedion; 

11 Ox- 

Tt,T5.  r;/f)/)0/i»)/r«)/(/   hulloiih-s   \'ogler          324 
14. PE 903. T\ 158. lavlor lormation ("Upper Taylor marl" member); vertical sec- 
tion; 116x- 15. PE 895. T\ 251 Taylor lormation ("Tower Taylor marl" member): 
vertical section:  116x- 

16.17. Pseudnlexlulaiin   dtionnU    (Kikoine)        269 
16. ,5./. PE 1132. TX 262-C. Navarro group (Kemp ilat); half section; llfiX- 17. ■<■'■■ 
PE 1131. MX  174. Papagallos shale.  lilOx- 

18. PseudntexluUuia  elcgtnis  v./.   (Rzehak) 
PE  1137.  MX  5.  Meixlc/ shale:   IIK»x. 

268 

19 23.  (.loJioli iiiKdiin  roii-lln   (Carsei.)     352 
19. PE 888. TX 291-C. Tavlor formation ("Upper Taylor marl" member); vertical 
sedion; lOOx- 20. PE 889. 1 X 291-C. Taylor lormation ("Upper Taylor marl" mem- 
ber); vertical section; lOOx- 21. PE 1143. TX 29M5. Taylor formation ("Upper Tavloi 
marl" member); vertical sedion: lOOx- 22. PE 885 J \ PE 4. Monde/ shale: lOOx- 
23. PE 1134. TX 291 II l.nloi lormalion ("Uppci Tavloi mail" member); veiliial 
sedion;  lOOx- 



138 rAi.AK()NT()(;RAPiiif;A AMKUICANA (V, 87) 

KXI'IAN A I ION  Oh   IM.A I !■. !IK 

Fisyurc Page 

I. Morniiiiili iiiK tiiin  liiiiil(liiii')isis,  ii. s[). ."iOI 
I'K iWI. r\ 105. V.i^W liiiil gii>ii|> (Siiiilh ll(>s(|iic liiiiiiiiliiiii); vcrlicil scilinii; 
paiatypc:  120x- 

2. Miirtiiiintrnncinia iiulica   (Jaiol) and Sasliy)   W7 
I'K !ll)9. TX 35.'!. Kagle Ford groiip (.Souili ll(isi|iic' liuinaiiim): vertical scdioii; 

lOOx- 

.'i,4. Miiri^iiKili iiiKiimt   iiir.i    ((.an<l(illi) .'il(l 
.'!. I'k. il7(). TX ;i5.'i. V:.\f^\i' lord K'<'"l' C^i'inli lSiisi|in' Ini iiial ion): \<Tli(jl si'ilidii; 
lOOx. 
4. I'K 'M')\i. TX .'iO. Eagle loul t;iiiu|)   (K(M|inlhis loi iiMii(iii):  Mili<al -.eilioii:  lOOx- 

fi.7. Mtiiiiiiiiitrtitirnvn  sirrali   (Reitlicl)      SK! 
(). I'K  1005.   IX  105. Ka^le lord frroiip   (.Soiuli l!()s(nie loniialion); vertical section; 
lOOx. '■ I'l'- 10110. Ilypolvpe hciiii Sigal: |I|)|MM Ciclaicoiis ('riiroiiian ol Tunisia); 
vertical section;  lOOx. 

,5.9-11. Mmniiiolruurana   anniislicdicnata    (CiaiuloUi)     .WO 
5. I'K 95S. TX 55. .\ustin chalk (".Vtco" ntember); vertical .section; lOOx- !'. I'K 
957. TX  55.  .\Mstiii  chalk   (".\tco"  meinhcr);   vertical  section;   lOOx-   10.   I'K  9()0. 
TX 2.'i2. Austin chalk (".\tc(>" niemher); vertical seclicJii; lllx- H- Tl' 917. IN 

3(i. .\nstin chalk   ("AKO" nienihei); vertical .section;  lltix- 

12. Rolalipnm   ivdiiiln   .Sigal         291 
I'E  I08().   TYl'K 5-15. Grayson lormation   (=  Ilel  Rio chiv); \crtii:d section;   lOllx- 

1.^. Rolnlipoia appcitninka   (O.  Ren/)        2K9 
I'K. 1075.  TX 357. Eagle Kord .i;roiip   (l.^ike Wuco loi MKilion); vertical .section; l(H)x. 

H. Gli>l)<>liuu(aua  rosella   (C.arsey) 352 
I'K 1141. TX 29l-,\. Tavlor Im iii.ilioii (' I ppci I.i\lcii MI.III" iiiciubei); vertical 
sec I ion;  1 Kix • 

15,17 18. 7'MH(/')/C.V/»/(()/</  (l<liiiinis   (Kikoine)      2ri9 
15. s.l. I'K 11.33. TX 2(i7-(;. Navarro group (Kemp clay); lOOx. 17. ,s„v. I'K 1130, 
MX 174. I'apagallos shale; ll(>X- '**■ «•'■ ''I'- '!-■'• ''^ 2I)7-C, Navarro group (Kemp 
clay); lOOx- 

1(5. Ilrlrrolielix   shiala    (Khreid)erg) 201 
I'K   1122. TX 244.   laylor  lormation   ("Lower   l;i\lc)r  MKIII"   iiic-mher);   lOOx. 

19.20 PsnuUilexlulurid clcguiis s.s.   (Rzchak) 2(iH 
19. I'K   Il3(i.   TX  291-(:.   Kavlor  lormation   (Tpper   i;i\loi   iTi.iri"   iTKinhcr;   l(K)x. 
20. I'K   1139.   IX  291-C..   Kavlor hiniuilion   (' Tppci    l.ivlci   iii;ii I'  nundier);   lOOX- 

21. Ilili'iolii'lix si'iniiDxhitii   ((.iishinan) 2'>3 
I'K (i(i4. C-,52. Neylandville marl;  lOOx. 
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GuiF C;RI;TACEOUS FORAMINIFERA: PESSAGNO 439 

F.Xl'hAN \HON or I'LA ri'. 90 

(All  pholos will)  (1,11 k   held   ilhmiiiialioii) 

Figure Pai^r 

1 „'!. !\{<irniiwlruiirann coiirmmla   (15iol?cn)   301 
I. I'K 841. TX. 242. Aiisiiii dialk   (•■Rriiccvilk" mcnibci); vertical section:  lOOx- 3. I'E 
772. TX 242. ,\ustin chalk   ("Brmcvillc" im-iiihcr); luiM scdidii;  lOOy. 

2. Ciloholi iiiiraiin   ivntrirosn   While 'M\'2. 
PE 810.   r\  29I-.\.   liislor fiirmalidu   ("Upper   lavlnr  marl"  iiiembei);  \c-iliial settiiiii; 
lOOx. 

4. Mar«iiii>hiiiirniia   lifli'cliin    (Holli)   .'iIKi 
I'E 998.   TX 105. Eagle I'orcl group   (Soijlh Uosquc fornialioii):  Ki.'ix- 

.5-7. Marginolruncay}a marginala   (Reuss) ."id? 
5. I'E 983. TX 353. Eagle Ford group  (Soiah ISostiuc fonnalion): vertical section: lOOx- 
0.  I'E 982. TX  353.  Eagle Foid group   (South   Boscpie formation);  half section: 176x. 
7. I'l'. 988.   TX. 353.  Eagle  Eoid gioup   (Soulli   Uoscpie loiniation);  half section: IfiSx- 



i\.\{) PAI.AI'.ONTOGRAPIIICA AMKRICANA (V, 37) 

EXPLANATION Ol' PLATF. 100 

(All phoios "with dark field  ilhiiiiiiKiiioii) 

Figure Pni^e 

\-2. l.oehlitliella   lies\i    (Pcssagno)     2H8 
1. PE.  1054. TX .'ill.  Eagle Eorcl group   (Biitton loinialion);  halt section;   IfL^X. 2. PE 
1051. TX 311. Eagle Idnl group  (Britten formation); vertical section; 165x- 

3. Globigerinelloides  hollii. n. sp  275 
PE 1040. TX 291-C.  Taylor formation   ("Upper  Taylor mail" member); paralypc; ir>5x- 

4. Marginnlrunrtinn   hclfiiini    (RoUi) .'!()<> 
PE 997.   TX   lOF).  Eagle  lord  group.   (.South   Bosipie  lormalion);   last  diamher  injureil 
assumeillv iluriug lilc ol inilividual; vertical section;  Hi5x- 

5. Whiteinilla  hunniilu   (Bolli)     29<l 
PE 1013. TX. 105. Eagle Ford group   (.Soulli  Boscpie lormalion); verlical section:  H)5x- 

6. Marginotruncana cornnata   (Bolli) 
PE 1012. TX 105. Eagle Ford group   (Soulh  Koscpic loriiiatioii); 165x- 

7. Praegloholnincana  ilclrioensis   (Plummer) 
PE 1()40. TX 423. Clravson formation; 165X- 

8. Whileinella arcltaeocretattu.  w.  sp. 208 
PE 1015. TX 105. Eagle Tord group   (Soulh  ISnsipie loinialion):  paralypc;   l()5x- 

9. Globigerinelloides  volithis   (White)   278 
PE  1044. 'TX 291-A.   Tavlor  formation   ("I'ppii    Ta\loi   mail"  iiieiiiher);   165X- 

305 

28f. 
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Gui.i' CKKIACKOUS I'DKAMINIII'.KA: PI;S,SA(;NO MI 

KMM  \.NA ri()\  Ol   I'l A 1 I    Mil 

(Figuics 1-7 will) ihnk (ickl illumiiialion; (imiicvs S-'.l widi cioss iii(ols). 

Figure Page 

1-2. I{()tnliji<>ia upJHuninidi   (().  Rcnz)       289 
1. I'K l(ri(). M\ I'lG. Sail I'clipc formation; vertical section: lOOx- 2. I'K 1076. TX 5. 
I'.agle lord group   (Cliispa .Summit formation); vertical section; lOOx- 

3-4. Holalipnra greenliornensis   (Morrow) .     29!> 
.'i. I'E 1061. MX l.W. San Rlipc formation; vertical section. lOOx- '. I'K 1057. MX ir,6. 
San Felipe formation; vertical section;   lOtJx- 

.5-7.  liolaUporn   cushiiiani   (Morrow)     292 
.'). I'K 1090. TX 3.')7. P'.agle Ford gioup (Uritton formation); vertical section; lOOx. 6. 
I'E 1088. TX '!,')7. P>glc F(ir<l group (Urillon fonnalion). Note pores In septal wall; 
vertical section; lOOx. 7. I'F 1091. I'X .5. Kagle Ford group (C.hispa Summit formation); 
vertical Section;   lOOx. 

8-9. Wall  strudure of  Rugoi^loliiticriiia  rugo.sa   (I'lummer)      .366 
.Showing radial livalinc. perf<irate principal wall (R) and ultragranular hyaline, imper- 
forate (I ) rugosities or (ostcllae. I'llragraiuilar hyaline, calcite material is plastered on 
radial hyaline, perlorate pait of test, tending to choke off pores. I'E 1147-48. TX 267-C. 
Kemp clay; .\l)out lOOOx- 



Abathomphalus 
acervulinoides, 

Planoglobulina 
ackermanni, 

Globotruncana 
aegyptiaca, 

Globotruncana 
Aldama, Mexico 
alexanderi, 

Hastigerinoides 
amabilis, 

Hedbergella 
angusticarenata, 

Marginotruncana 
appenninica, 

Rotalipora 
aprica, 

"Ticinella" 

INDEX 

NUMBER 37 

Note: Light lace liyiires refer to the page niiinbcrs. Bold Tace figures refer 
to the plate numbers. 

371 

87 271 

350 

79, 83, 94, 95 319 
 376 

sp.. 

area, 
Globotruncana 

archaeocretacea, n. 
Whiteinella 

Archaeoglobigerina, n. gen. 
Arkansas, S.W.    
Arroyo Pedregoso, Mexico    
aspera, 

Rotalia 
asperus, 

Globigerinelloides 
asymetrica, 

Globotruncana  
Austin area, Texas   
Austin Chalk (age of type Austin) 
austinensis, 

Globotruncana 

B 
Banner and Blow; classification of 

Globigerinacea     
Barranco, Mexico   
beldingi s.s., 

"Globotruncana  (Rugoglobigerina)" 
beldingi subbeldingi, 

"Globotruncana   (Rugoglobigerina)" 
bentonensis, 

Globigerinelloides 
biforaniinata, 

Globigerinelloides 
Biglobigerinella 
blowi, n. sp., 

Archaeoglobigerina 
Boca Canyon, Mexico 
Bolli, et al.; classification of 

Globigerinacea     
bollii, n. sp., 

Globigerinelloides 
bo,squen.sis,  n.  sp., 

Archaeoglobigerina 
Bouldin Creek, Travis County, Texas 
bouldinensis, n. sp., 

Marginotruncana 
brittonensis, 

Hedbergella 
Bronnimann and Brown (see emendations 

on wall structure of Globigerinacea) 

60 273 

52 281 

65, 98 300, 301 

50, 51, 98, 101  289, 290 

298 

79, 90, 96 321 

51, 54, 100 299 
315 
380 
376 

275 

.60 274 

76, 

304 
380 
359 

82, 94 323 

252 
376 

279 

278 

76 275 

277 
275 

59, 94 316 
376-377 

252 

81, 97, 100 275 

60 Slf) 
378 

54, 56, 98 301 

48 282 

252 

bronnimanni, n. sp.. 
Praeglobotruncana 49 286 

bronnimanni, 
Pseudotextularia       269 

brotzeni. 
Thalmanninella 297 

bulloides. 
Globotruncana 64, 67, 73, 75, 97 324 

calcarata 
C 

Globotruncana 64, 72, 93, 94 326 
Calcite crust 314 
caliciformis 

Globotruncana 359 
Cameron Park, McLennan County, Texas 379 
canaliculata. 

Marginotruncana 74 302, 303 
carseyae. 

Planoglobulina 87 271 
caseyae, 

Globigerinelloides 49 276 
cenomana. 

Schackoina 48 279 
Chispa Summit, Jeff Davis County, 

Texas 377 
Ciudad del Maiz, Mexico 376 
Ciudad Mante, Mexico 376 
Ciudad Valles, Mexico 375 
Ciudad Victoria,  Mexico 376 
Clavihedbergella  285 
coarctata. 

Loeblichella 48, 61, 62, 76 288 
Coco Station 375 
coldreriensis. 

Globotruncana 310 
concavata. 

Marginotruncana 58, 95, 99 304 
conica, 

Globotruncana 65, 82, 93 328 
contusa s.l.. 

Globotruncana 75, 77, 92, 96 330 
contusa .s.s., 

Globotruncana 77, 78, 92, 96 330 
coronata. 

Marginotruncana 65, 100 305 
cornuta. 

Pseudoguembelina 267 
"Corsicana Clay Pit" 380 
costulata, 

Pseudoguembelina 79, 88, 90 266 
Cow Creek, Kinney County, Texas 378 
cretacea, 

Archaeoglobigerina 70, 94 317 
cretacea. 

Globotruncana 352 
cretacea. 

Guembilitria 87 258 
cushmani. 

Rotalipora 51, 101  292 

Dallas  area 
•    D 

379 
decoratissima. 

Gublerina 265 
deformis. 

Pseudotextularia 90, 92, 97, 98 269 

442 
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delrioensis, Hastigerinoides  273 
Hedbergella  48 282 havanensis, 

delrioensis, 
52, 100 286 

Globotruncanella   84 373 
Praeglobotruncana Hedbergella    281 

difformis, helvetica. 
Marginotruncana 

duwi, 
54, 56, 99 307 Marginotruncana                       

hessi, 
53, 54, 99, 100 306 

Globotruncana                              83, 95 333 Loeblichella   48, 61, 100 288 
Heterohelix 258 E hexacamerata, 

Eagle Pass,  Maverick County, Texas 378 Rugoglobigerina 74, 91 364 
Edelbachgraben  (Austria) 381 hilli, n. sp.. 
ehrenbergi. Globotruncana 64, 94, 97 343 

Globigerinelloides  276 homedelensis. 
elegans s.l., Hedbergella (?)    283 

Pseudotextularia 75, 97 268 hozli. 
elegans s.s., Globigerina                         298 

Pseudotextularia 85, 88, 89, 98 268 
elongata. 1 

Pseudotextularia 268 imbricata. 
elevata. 

78, 80, 81, 93 336 
Marginotruncana  57 306 

Globotruncana indica. 
esnehensis. Marginotruncana 55, 57, 98 307 

Globotruncana  357 inornata. 
Evans Creek, Val Verde County, WhiteineUa 71, 100 299 

Texas    .             377 intprmpfiifl 
evoluta. Pseudotextularia 86 269 Rotalipora 49, 53, 98 294 
excolata, J Pseudoguembelina 68, 90 266 jerseyensis. 

F Globotruncanella                 374 
falsostuarti. Jirova's neotype for Rosalina 

Globotruncana  357 marginata Reuss  307 
First striate Heterohelicidae  258 
fornicata, L 

Globotruncana 63, 80, 96 338 lapparenti s.s.. 
fructicosa. Globotruncana 71, 97 344 

Racemiguembelina  90 270 leupoldi. 
fundiconulosa, Globotruncana  340 

Globotruncana  304 linneiana. 
Globotruncana 72, 97 346 

G Loeblichella, n.  genus 288 
galeoides. loeblichi. n. sp., 

Globotruncana  332 Globotruncana 73, 97 349 
gansseri. Lozier Canyon, Terrell County, Texas    301 

Globotruncana 75, 92, 95 341 lugeoni. 
glabrans, Globotruncana                342 

Heterohelix 88 259 Luzice, Northern Bohemia 307 
glabrata, 

Planoglobulina 88 272 M 
glaessneri. Maiiuel,  Mexico 376 

Gublerina 265 Mamulique Pass, Mexico 377 
Globigerinelloides 274 marginata s.s., 
globocarinata, Marginotruncana 307 

Heterohelix   86 259 Marginotruncana 299 
Globotruncana                318 mattsoni. 
Globotruncanella            372 Hedbergella (?) 50 283 
globulosa. mayaroensis. 

Heterohelix 87 260 Abathomphalus 
Mendez Station, Mexico 

92, 95 372 
377 Gonzalez  376 

Gosau                                                381 messinae s.s., 
greenhornensis. Globigerinelloides 278 

Rotalipora 50, 51, 101 295 monmouthensis. 
Gublerina  265 Globotruncanella 61  374 
Guembilitria  258 moremani, 
Guerrero ( = Tamuin), Mexico  375 Heterohelix 

moremani. 
48, 89 260 

H Clavihedbergella     53, 55 285 
Hacienda El Limon, Mexico  323, 376 Moore's Crossing, Travis County, Texas 378 
harrisi. multicamerata. 

Guembilitria                              48 258 Planoglobulina 89 272 
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multispina, 
Globigerinelloides 

multispinata, 
Schackoina 

navarroensis, 
Heterohelix 

nothi, 
Globotruncana 

Onion Creek, Travis County, Texas 

Palmer, Ellis  County, Texas 
palpebra, 

Pseudoguembelina 
patelliformis, 

Globotruncana 
Peregrina Canyon 
petaloidea, 

Globotruncanella 
Pinto Creek, Kinney County, Texas 
planata, 

Heterohelix 
Planennergel 
planispira, 

Hedbergella 
Planoglobulina 
plicata, 

Globotruncana 
plummerae, 

Globotruncana   
Plummerita   
Praeglobotruneana 
praehelvetica, 

Whiteinella     
Prairie Hill, Limestone County, Texas 
prairiehillensis, n. sp., 

Globigerinelloides 
Pseudoguembelina 

70, 82, 91  276 

60 280 

89 261 

67, 68, 96 350 

378 

 380 

78, 89 267 

332 
376 

82 374 
378 

86, 89 261 
307, 309 

51, 53 283 
 271 

332 

66, 96 351 
 364 
 286 

pseudolinneiana, n. sp., 
Marginotruncana 

Pseudotextularia 
pulehra, 

Heterohelix 
punctulata, 

Heterohelix 

Racemiguembelina 
reieheli, 

Rugoglobigerina 
renzi s.s., 

Marginotruncana 
repanda, 

Globotruncana 
reussi, 

Heterohelix   
Rio Grande area   
Rio Huiches, Mexico 
robusta, 

Gublerina   
rosetta, 

Globotruncana     
Rotalipora     
rotundata, 

Rugoglobigerina 
Rugoglobigerina     

306 
380 

60, 83, 90, 97 277 
265 

. 65, 76 310 
267 

87 262 

86 262 

 270 

65, 68 365 

55, 65, 98 310, 312 

 255 

85, 86 263 
377 
376 

  75 265 

70, 73, 97, 98 352 
289 

65, 68 365 
 364 

Schackoina   279 
scotti. 

Rugoglobigerina 74, 76 367 
schneegansi. 

Globotruncana      313 
semicostata. 

Heterohelix 98 263 
Shoal Creek, Travis County, Texas  378 
Sierra del Abra, Mexico 376 
Sierra Madre Oriental 305, 317 
sigali, 

Marginotruncana 54, 56, 57, 98 313 
simplex. 

Clavihedbergella         52 285 
South Bosque River, McLennan County, 

Texas      379 
spinea, 

Globotruncana            354 
spinifera. 

Heterohelix                                   260 
stephani. 

Praeglobotruneana 50 287 
stephensoni, n. sp., 

Globotruncana     69, 96 354 
striata. 

Heterohelix 78, 88, 98 264 
stuarti .s..s.. 

Globotruncana 81, 93, 94 356 
stuartiformis, 

Globotruncana 80, 92, 93 357 
subcarinatus. 

Globigerinelloides 62 278 
subcircumnodifer. 

Rugotruncana 62, 74 369 
subpennyi. 

Rugotruncana 76, 91 370 
Sycamore Creek, Val Verde—Kinney 

County line, Texas 377 

Tradinghouse Creek, McLennan County, 
Texas               

tradinghousensis, n. sp., 
Rugoglobigerina 

tricarinata, 
Globotruncana 

trinidadensis, 
Globotruncana   

Trinitella   

U 

rugosa, 
Rugoglobigerina 

Rugotruncana     
75, 101  366 
 368 

ultimatumida, 
Heterohelix 

ventricosa, 
Globotruncana 

ventricosa carinata, 
Globotruncana 

volutus ( = messinae s.s.), 
Globigerinelloides 

Waco area, Texas 
washitensis, 

Hedbergella 
watersi, 

Hastigerinoides 
Webberville Road, Texas 

379 

64 367 

346, 348 

84, 90, 96 359 
364, 367 

264 

W 

75, 79, 95, 99 362 

304 

62, 100 278 

 379 

  49 284 

51, 71 274 
378 
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White Cliffs Landing, Sevier County, 
Arkansas   380 

Wiiiteinella 298 
White Rock Creek 304 
wilsoni, 

Marginotruncana 309 

yaucoensis, 
Globigerinelloides 75, 97 279 
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XLl. 

XLIl. 

XLIII. 

XLIV. 

XLV. 

XLVI. 

XLVII. 

XLVIII. 

XLIX. 

LI. 

LII. 

Volume I. 

II. 

Ill 

IV 

(Nos. 177-183).+48 pp., 36 pis     16.00 
Panama Caribbean mollusks, Venezuelan Tertiary formations 

and forams, Trinidad Cretaceous forams, American-Eur- 
opean species, Puerto Rico forams. 

(No. 184). 996 pp., 1 pis     16-00 
Type and Figured Specimens P.R.1. 
(Nos. 185-192). 381 pp., 35 pis     16.00 
Australian Carpoid   Echinoderms, Yap forams. Shell Bluff, 

Ga. forams. Newcomb mollusks, Wisconsin moUusk faunas, 
Camerina, Va. forams, Corry Sandstone. 

(No. 193). 673 pp., 48 pis     16.00 
Venezuelan Cenozoic gastropods. 
(Nos. 194-198).+27 pp., 39 pis     16.0C 
Ordovician stromatoporoids, Indo-Pacific camerinids, Missis- 

sippian forams, Cuban rudists. 
(Nos. 199-203). 365 pp., 68 pis     16.00 
Puerto Rican, Antarctic, New Zealand forams Lepidocyclina, 

Eumalacostraca. 
(No. 204). 564 pp., 63  pis     16.00 
Venezuela Cenozoic pelecypods 
(Nos. 205-211). 419 pp., 70 pis     16.00 
Large Forarainifera, Texas Cretaceous crustacean, Antarctic 

Devonian terebratuloid, Osgood and Paleocene Foraraini- 
fera, Recent molluscan types. 

(Nos. 212-217). 584 pp., 83 pis -    16.00 
Eocene    and    Devonian    Forarainifera,    Venezuelan    fossil 

scaphopods and polychaetes, Alaskan Jurassic ammonites, 
Neogene mollusks. 

(No. 218). 1058 pp., 5 pis     18-00 
Catalogue  of  the  Paleocene   and  Eocene  Mollusca  of  the 

Southern and Eastern United States. 
(Nos. 219-224). 671 pp., 83 pis ■■■■■    16-00 
Heneroplid and Australian forams. North American carpoids, 

South Dakota palynology,  Venezuelan  Miocene  mollusks, 
Foluta. 

(Nos. 225-230). 518 pp., 39 pis     16-00 
Venezuela and Florida cirripeds, Antarctic forams, Linnaean 

Olives, Camerina, Ordovician conodonts, Niagaran forams. 
(Nos. 231-232). 420 pp., 10 pis     16-00 

Antarctic bivalves, Bivalvia catalogue. 
(Nos. 233-235). 208 pp., 32 pis -••       8-25 

New   Zealand   forams,   Stromatoporoidea,   Indo-Pacific 
forams. 
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See Johnson Reprint Corporation, 111 Fifth Ave., New York, 
N.Y. Monographs of Areas, Lutetia, rudistids and venerids. 
(Nos. 6-12).      531  pp., 37 pis  21.00 
Heliophyllum halli, Tertiary turrids. Neocene Spondyli, Pale- 

ozic cephalopods. Tertiary Fasciolarias and Paleozoic and 
Recent Hexactinellida. 

(Nos. 13-25).     513 pp., 61 pis • ;-   25.00 
Paleozoic cephalopod structure and phylogeny. Paleozoic 

siphonophores, Busycon, Devonian fish studies, gastropod 
studies, Carboniferous crinoids. Cretaceous jellyfish, Platy- 
strophia, and Venericardia. 

(Nos. 26-33).     492 pp., 72 pis ---- •^--    25.00 
Rudist studies, Busycon, Dalraanellidae,^ Byssonychia, De- 

vonian lycopods, Ordovician eurypertids. Pliocene mol- 
lusks. 

(Nos. 34-36).     241 pp., 47 pis --•-..•     15.60 
Tertiary Arcacea, Mississippian pelecypods, Arabonychudae. 



BULLETINS OF AMERICAN PALEONTOLOGY 

Vols.    I-XXIII.    See Kraus Reprint Corp.,  16 East 46th St., New  York, 
N.Y. 10017, U.S.A. 

XXIV.    (No!,. 80-87).     33+ pp., 27 pis      10.50 
Mainly Paleozoic faunas and Tertiary Mollusca. 

XXV.    (Nos. 88-94B).  306 pp., 30 pis     lO.OC 
Paleozoic fossils of Ontario, Oklahoma and Colombia, Meso- 

zoic echinoids, California Pleistocene and Maryland Mio- 
cene mollusks. 

XXVI.    (Nos. 95-100).   420 pp., 58 pis     12.00 
Florida Recent marine shells, Texas Cretaceous fossils, Cuban 

and Peruvian Cretaceous, Peruvian Eogene corals, and 
geology and paleontology of Ecuador. 

XXVII.    (Nos. 101-108).    376  pp.,  36 pis     12.00 
Tertiary Mollusca, Paleozoic cephalopods, Devonian fish and 

Paleozoic geology and fossils of Venezuela. 

XXVIII.    (Nos. 109-114).    412  pp.,  54 pis     12.00 
Paleozoic cephalopods, Devonian of Idaho, Cretaceous and 

Eocene mollusks, Cuban and Venezuelan forams. 

XXIX.    (Nos. 115-116).    738 pp..  52 pis     18.00 
Bovvden forams and Ordovician cephalopods. 

XXX.    (No. 117). 563  pp.,  65  pis       16.00 
Jackson Eocene mollusks. 

XXXI.    (Nos. 118-128).    458 pp., 27 pis     12.00 
Venezuelan and California mollusks, Chemung and Pennsyl- 

vanian crinoids, Cypraeidae, Cretaceous, Miocene and Re- 
cent corals, Cuban and Floridian forams, and Cuban fossil 
localities. 

XXXII.    (Nos. 129-133).    294 pp., 39 pis     12.00 
Silurian cephalopods, crinoid studies, Tertiary forams, and 

Mytilarca. 

XXXIII. (Nos. 134-139).    448 pp., 51  pis     14.00 
Devonian annelids. Tertiary mollusks, Ecuadoran strati- 

graphy paleontology. 

XXXIV. (Nos. 140-145).    400  pp.,  19 pis     13.00 
Trinidad Globigerinidae, Ordovician Enopleura, Tasmanian 

Ordovician cephalopods and Tennessee Ordovician ostra- 
cods and conularid bibliography. 

XXXV.    (Nos. 146-154).    386 pp., 31 pis     16.00 
G. D. Harris memorial, camerinid and Georgia Paleoceue 

Foraminifera, South America Paleozoics, Australian Ordo- 
vician cephalopods, California Pleistocene Eulimidae, Vol- 
utidae, and Devonian ostracods from Iowa. 

XXXVI.    (Nos. 155-160).    412 pp.,  53  pis     16.00 
Globotruncana in Colombia, Eocene fish, Canadian Chazyan 

fossils, foraminiferal studies. 

XXXVII.    (Nos. 161-164). 486 pp., 37 pis     16.00 
Antillean Cretaceous Rudists, Canal Zone Foraminifera, 

Stromatoporoidea. 

XXXVIII.    (Nos. 165-176). 447 pp., 53 pis     16.00 
Venezuela geology, Oligocene Lepidocyclina, Miocene ostra- 

cods, and Mississippian of Kentucky, turritellid from Vene- . 
zuela, larger forams, new mollusks, geology of Carriacou, 
Pennsylvania plants. 
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