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Tertiary Foraminifera from St. Croix, Virgiﬁ Islands

By J.‘A. CusaMAN

ABSTRACT

This paper records the Foraminifera found in three wells
drilled on the island of St. Croix, V. I. The species and varieties
found total 103 forms, of which 5 were originally described from
this material. Two of the wells and the upper part of the third
appear to cut Miocene rocks. The lower part of the third well
appears to have reached Oligocene rocks.

INTRODUCTION

"This paper is based on the Foraminifera found in the
cuttings from three test wells drilled in the winter of
1938-39 on the island of St. Croix, V. I. These wells
were drilled as part of a program of test drilling for
ground water financed by the Public Works Adminis-
tration and were located on lands owned by the United
States Government that have been put to economic use
by the Virgin Islands Co., a quasi-government corpora-
tion., The wells were drilled by the rotary, clay-seal
method, and much mixing of material from lesser depths
with that of greater depths has taken place. It is
believed, however, that valuable data have been ob-
tained-from the cuttings and that the results ave well
worth recording. '

" The ge()%raphic and geologic setting of the wells is
described by D. J. Cederstrom, of the Geological
Survey, who made a study of the geology and ground-
watér conditions of the, island, supervised the test

drilling, and collected the cuttings on which this paper

is based.
NOTE ON THE GEOLOGY OF ST. CROIX, VIRGIN ISLANDS
By D. J. CEpERSTROM

The island of St. Croix lies about 95 miles south-
southeast of San Juan, P. R., and is one of the Virgin
Islands group, of which St. Thomas, St. John, and St.
Croix belong to the United States. The island is about
21 miles long. The western part is about 6 miles wide,
but the eastern part tapers to a width of less -than 1
mile at the eastern end.

The western part of the island is made u{)

a

mountainous area on the north and a rolling plain on

the south. The eastern part of the island is moun- |
(See fig. 1.) The mountainous areas are |

tainous.
composed of limestones, breccia, tuff; and volcanic
flows of Cretaceous age, strongly folded, metamor-
phosed, and intruded by dioritic rocks of early Ter-
tiary(?) age. The rolling plain flanking the northern
range of mountains is underlain by Tertiary sediments
chiefly soft white or creamy marls with intercalated

of 8}, outlined.in two papers.®

somewhat more consolidated thin-bedded white lime-
stone strata. These beds are gently folded along axes
that trend west-southwest. The test drilling revealed
that these limy strata are underlain by a gray clay and
included limestone conglomerate whose maximum
thickness is unknown.! In test well No. 1, the location
of which is shown in figure 1, a thickness of 1,400 feet
of this formation was penetrated. In test well No. 2
the gray clay is underlain by a basal limestone conglom-
erate, as shown in the accompanying log of the well
and in the diagram, figure 2. :

The older Upper Cretaceous rocks making up the

mountainous areas, referred to by Kemp * as the
Mount Eagle series, are referred to now as the Mount
Eagle volcanics. The marly Tertiary rocks exposed at
the surface of the rolling plain were named the Kingshill
series by Kemp.? They are now referred to as the

;-

Kingshill marl. The dark clays and included conglom- -

eratic material found below the light colored Kingshill
marl have been named by the writer * the Jealousy
formation. :

Much has been written on the geology of St. Croir
by Danish, German, Swedish, and American geologists.
Most of the reports written before 1927 are reviewec
by Kemp in the publication referred to above. The
report by Vaughan ® on the stratigraphy-of St. Croix is

- of especial interest to students of paleontology. Foram-

inifera and other fossils are listed in his report that
were found in samples taken from outcrops at Evéning

| Hill and Montpelier, 1 mile and 3 miles, respectively,
- northwest of Christiansted; at Annas Hope, 2 miler

southwest of Christiansted; and near Wheel of Fortune
Estate, 1 mile south of Frederiksted. Vaughan found
that the strata at Evening Hill and Montpelier are prob-

- ably late Oligocene in age, although they may possibly

be assigned to early Miocene. At Annas Hope the

" horizon was determined to be very low in the Miocene,

and near Wheel of Fortune the strata were assigned tc
the middle Oligocene.
The main geologic features of the island of St. Croix

1 Cederstrom, D. J., Notes on the physiography of 8t. Croix, V. I.: Am. Jour.
8ci., vol. 239, %t. 2, No. 8, pp. 553-576, 1941.
? Kemp, J. F., Introduction and review of the literature on the geology of the

Virgin Islands: New York Acad. Sci., Scientific Survey of Porto Rico and the

. Virgin Islands, vol. 4, pt. 1, p. 49, 1926.

3 Idem, p. 28.

4 Cederstrom, D. J., op. cit., % 557,

s Vaughan, T. W., Stratigraphy of the Virgin Islands of the United States and of
Culebra and Vieques Islands, and notes on eastern Porto Rico: Washington Acad.

. 8ci. Jour.. vol. 13, pp. 303-317, 1923,

8 Cederstrom, D. J., Notes on the physiography of 8t. broix, V. L: Am. Jour.
Sei., vol. 239, pt. 2, No. 8, Ipp. 553576, 1941; Geologg and ground-water resources of
8t. Croix, V. L.: U. 8. Geol. Survey Water-Supply Paper——(in preparation).

1
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FIGURE 1.—QCeneralized geologic map of 8t. Croix, V. L.

The logs of the three wells, from which the material
used in this paper were derived, are as follows:

Test well No. 1, 500 yards east-northeast of Bethlehem

Thickness Depth
(feet) (feet)
Yellowmarl._______.__________________ 18 0-18
Coarsesand__- . ______________________ 4 18-22
. Coarse gravel . __ ______________________ 3 22-25
Yellow marl___________________________ 83 25-108
Greenish gray clay (thin, bard layers of
limy rock at 728, 732, 762, 770, 778, and
802 ft.) oo oo e 987 108-1, 095
Conglomerate-boulders of older, hard rock
cemented by lime; clayey streaks present. 16 1,095-1, 111
Gray clay . . 85 1,111-1,196
Conglomerate._ _ oo 1, 196-1, 201
Gray clay, with hard streaks at 1,291,
1,305-1,307, and 1,448 f¢t_ . ___._______ 305 1, 201-1, 506

Test well No. 2, 300 yards west of great-house at Jealousy

Yelloﬁ marl (containg hard, limy layers,
each a few inches in thickness, at 81, 83,

84, 85,and 88 ft.) ... __ . __. 91 0-91
Gray elay____ o ___. 133 91-224
Clay and boulders - 4 224228
Gray €elay _ - e 17 228-245
Gray and black clay containing a con-

siderable amount of rounded pebbles

and small boulders__ ... ___ ... ___.___ 10 245-255
Gray clay containing a variable but small

amount of sand and pebbles___..__..__ 143 255-398
Hard limestone conglomerate__....__.._..._ 61 398459
Hard basement rock_ - - _____ . ____.___ 11 459470

Test well No. 3, at Fair Plain, five-eighths of a mile west of
Anguilla

Fine sand, gradually becoming a coarse

gravel withdepth___._________________ 3 0-33
Clay, somewhat sandy or gravelly. _ . ____ 24 33-57
Coarse sand and gravel (water bearing) ... 5 57-62
ClaY o e 62-70
Sand and gravel (water bearing) .. _._____ 3 70-73
Yellowishmarl . ... _______ 89 73-162
Limestone. _ - - oo .. 5 162-167
Yellowish to white marl_ . _____________. 8 167-185
Limestone and marl____________________ 10 185-195
Yellowishmarl _ _ . _______.__ 13 195208
Blue elay - oo v oo 17 208-225

FORAMINIFERA
By J. A. CusaMaN
DISTRIBUTION AND AGE

Foraminifera are numerous in the wel' cuttings, 103
forms having been recognized. As noted above, the
manner of drilling of the three wells vas such that
much mixing of materials was possible. Only the level
of first appearance of a species is therefore significant,
that is, the highest level in the wells, for lower appear-
ances may be merely the effect of mixing. .

The distribution of the species in each well is shown
on the accompanying chart. On the following pages
notes are given on the distribution of the species in the
samples, and their known occurrences elsewhere for
comparison. ,

The age of the samples from test well No. 2 and test
well No. 3 and from the upper part- of test well No. 1
seems to be definitely Miocene. The lower part of test
well No. 1 contains species that are known to ocecur
particularly in the Oligocene, and from these species it
is inferresdy that the well penetrated the Oligocene.

NOTES ON THE SPECIES
Family TEXTULARIIDAE
Genus TEXTULARIA Defrance, 1824
Textularia leuzingeri Cushman and Renz

Textularia leuzingers Cushman and: Renz, Cushman Lab. Foram.
Research Contr., vol. 17, p. 8, pl. 1, figs. 2a—c, 1941.
Cushman and Stainforth, Cushman Lab. Foram. Research
Sﬁecial Pub. 14, p. 15, pl. 1, figs. 19, 20, 1945.
Cushman and Todd, Cushman Lab. Toram. Research
Special Pub. 15, p. 3, pl. 1, figs. 6a, b, 1945.

Test of medium size, broadly rounded at the initial
end, sides in the adult nearly parallel, strongly com-
pressed- toward the periphery, which is subacute;
chambers numerous, low and broad, the early ones
indistinet, later ones with the anterior pcrtions strongly
raised, concave posteriorly; sutures indistinct, nearly
straight, oblique; wall rather coarsely arenaceous, sur-
face somewhat roughened; aperture a varrow, slightly
rounded opening in the median line at the base of the
apertural face. Length, 0.60~0.90 mm,; breadth
0.45-0.50 mm. ; thickness 0.25 mm.
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F16URE 2.—Cross section of central part of 8t. Croix, V. L, showing location of test wells with reference to the geologicieatures.

Specimens referable to this species, described from
Venezuela, are rare in test well No¥1 at 960, 1,029,
1,390, and 1,430 feet and in test well No. 3 at 100 feet.
The species occurs in Venezuela in beds ranging from
the upper Oligocene to the middle Miocene, in tle
Oligocene Cipero formation of Trinidad, and in the
Miocene of Buff Bay, Jamaica. '

* Genus VULVULINA D’Orhigny, 1826
Vulvulina spinosa Cushman var. miocenica Cushman

Vulvulina spinosa Cushman var. miocenica Cushman, Cushman
%gbigggram. Research Contr., vol. 8, p. 80, pl. 10, fig.
s L o
Coryell and Rivero, Jour. Paleontology, vol. 14, p. 325,
pl. 41, fig. 1, 1940.
Cushman and Todd, Cushman Lab. Foram. Research Special
Pub. 15, p. 4, 81. 1, fig. 10, 1945.
Vulvuling capreolus Cushman [not D’Orbigny], Cushman Lab.
Foram. Research Contr., vol. 5, p. 80, pl. 12, fig. 6, 1929.
Vulvulina capreolus D’Orbigny var. spinese Nuttall, Jour.
Paleontology, vol. 6, p. 6, 1932.

This variety occurs in the Miocene of Jamaica, Haiti,
Trinidad, Venezuela, and Ecuador. It is present in
test well No. 1 at 13090 and 1,430 feet. A single imma-
ture specimen from test well No. 2 at 30 feet may belong

to this variety.
Family VALVULINIDAE

Genus KARRERIELLA Cushman, 1933
Karreriella bradyi (Cushman)

Karreriella brady: Cushman, Cushman Lab. Foram. Research
Special Pub. 8, p. 1385, pl. 16, figs. 6-11, 1937.
Coryell and Rivero, Jour. ' Paleontology, vol. 14, p. 326,
pl. 43, fig. 5, 1940,
Franklin, Jour. Paleontology, vol. 18, p. 307, pl. 44, figs.
16a, b, 1944,
Cushman and Todd, Cushman Lab. Foram. Research Special
Pub. 15, p. 8, %1 1, fig. 20, 1945,
Gaudryina pupoides H. B. Brady [not D’Orbignyl, Challenger
Rept., Zoology, vol. 9, p. 378, plL 46, figs. 14, 1884.
Gaudryina brady; Cushman, U. S. Nat. Mus. Bull. 71, pt. 2,
p. 67, text figs. 107a~c, 1911,
Gaudryina globulifera Galloway and Morrey [not Reuss], Bull.
ﬁgg Paleontology, vol. 15, No. 55, p. 33, pl. 5, figs. 3, 4,

This species is widely distributed and ranges from tl'»
Oligocene to the Recent. The records in the Miocene
are from Ecuador, Haiti, Jamaica, and Egypt. In
the material from St. Croix it is present in all three
wells. Only a few of the references are given above.

Genus SCHENCKIELLA Thalmann, 1942
Schenckiella cf. 8. petrosa (Cushman and Bermiidez)

A single specimen from test well No. 1, at a depth of
1,360 feet, 1s very similar to this species, described
from the Eocene of Cuba and recorded from ‘tl=
Oligocene of Cuba and Trinidad.

Family MILIOLIDAE
Genus QUINQUELOCULINA D’Orbigny, 1826
Quinqueloculina venusta Karrer

Quinqueloculina venusta Karrer, Akad., Wiss. Wien Sitzungsbe~.,
vol, 58, pt. 1, p. 147, pu. 2, fig. 6, 1868.
Cushman, U, 8. Geol. urvey Bull. 676, pp. 23, 70, pl. £8,
fig. 3; pl. 29, fig. 2, 1918.
Miliolina venusta (Karrer) H. B. Brady, Challenger~ Rep*.,
Zoology, vol. 9, p. 162, pl. 5, figs. 5, 7, 1884,
FlilntégU. S. Nat. Mus. Rept. for 1897, p. 289, pl. 44, fig. 2,
899.

H
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been recorded from ‘the
Miocene of the eastern Coastal Plain region of the
United States. It is present in test well No. 1 at
depths ranging from 100 to 1,430 feet.

This species has alread

Quinqueloculina seminula (Linné)

This species has been widely recorded. Single speci-
mens from test well No. 1, at 1,120 and 1,450 feet, may
be referred to it.

Quinquelgculina lamarckiana D’Orbigny

A single slightly broken specimen with angular peri-
phery is similar to this species.

Genus SPIROLOCULINA D'Orbigny, 1826
Spiroloculina obscura Cushman and Todd

Spiroloculina grateloupi D’Orbigny [not Terquem,
Annales sci. nat., vol. 7, p. 298, 1826,
Terquem, Soc. géol. France Mém., 3d ser., vol. 2, p. 155,
pl. 16 (24), figs. 6 a, b, 1882.
Fornasini, Accad. sci. Ist. Bologna Mem., ser. 6, vol. 1, p. 4,
pl. 1, figs. 3a, b, 1904,
Spiroloculina obscura Cushman and Todd, Cushman Lab.
Foram. Research Special Pub. 11, p. 20, pl. 1, figs. 8a, b;
pl. 3, figs. 22-25, 1944,

This species was named from the Miocene of France
and also recorded from the Eocene of France. A single
specimen from test well No. 1 at 520 feet is of the
general form of this species.

1878],

Genus SIGMOILINA Schlumberger, 1887
Sigmoilina schlumi)ergeﬁ A. Silvestri

A single specimen from test well No. 3 at 130 feet is
typical. The species has been recorded from the
Miocene of Haiti by Coryell and Rivero (Jour. Paleon-
tology, vol. 14, p. 324, 1940) and the Miocene of
Jamaica by Palmer (Bull. Am. Paleontology, vol. 29,
No. 115, p." 31, 1945) and by Cushman and Todd
(Cushman Lab. "Foram. Research Special Pub. 15,
p. 11, pl. 2, fig. 3, 1945).

Genus TRILOCULINA D’Orbigny, 1826
Triloculina gracilis D’Orbigny

Triloculina gracilis D’Orbigny, in De la Sagra, Historia fisica,

politica y natural de la isla de Cuba, Foraminiféres, p.
181, pl. 11, figs. 10-12, 1839.

Cushman, Carnegie Inst. Washington Pub. 311, p. 74, 1922;
}{).23. Nat. Mus. Bull. 104, pt. 6, p. 59, pl. 14, figs. 4a—c,

Cushman and Wickenden, U. 8. Nat. Mus. Proc., vol. 75,
art. 9, p. 3, pl. 1, figs. 3a—c, 1929.

Cushman and Ponton, Florida Geol. Survey Bull. 9, p. 53,
pl. 6, figs. 8, 9, 1932.

Slender specimens referred to this species are present
in test well No. 1 from 1,200 to 1,430 feet and in test
well No. 2 at 160 and 360 feet. The species was
originally described from the West Indian region, and
it has been recorded from the Miocene Chipo%al, forma-
tion of Florida.

Genus PYRGO Defrance, 1824
Pyrgo depressa (D’Orbigny)

This is a species of rather deep, cool waters. Single
typical specimens are present in material from test well
No. 1 at 100 and 480 feet. It occurred also in late

Tertiary material from the Georges Bank in the western
Atlantic Ocean (Cushman, Geol. Soc. America Bull.,
vol. 47, p. 430, pl. 4, fig. 10, 1936).

Pyrgo murrhina (Schwager)

Biloculina murrhina Schwager, Novara-Exped., Geol. Theil, vol.
2, p. 203, pl. 4, figs. 15a—c, 1866.
Pyrgo murrhina Cushman, U. 8. Nat. Mus. Fll. 104, pt. 6,
p. 71, pl. 19, figs. 6, 7, 1929. ’
Cushman and Jarvis, Jour. Paleontology, vol. 4, p. 357, pl.
32, figs. 7a, b, 1930.
Coryell and Rivero, Jour. Paleontology, vo'. 14, p. 324, pl.
43, fig. 9, 1940.
Cushman and Stainforth, Cushman Lab. Foram, Research
Special Pub. 14, p. 21, pl. 2, fig. 22, 1945.
Cushman and Todd, Cushman Lab. Foram. Research
Special Pub. 15, p. 12, pl. 2, fig. 5, 1945,
This is another species of fairly deep vater. It has
already been recorded from the Miocene of Jamaica
and Haiti and the Oligocene of Trinidad.

Family LAGENIDAE
Genus ROBULUS Montfort, 1808

A few specimens of Robulus, nearly all of them young
stages and therefore difficult to identify with any
degree of certainty, are perhaps referable to R. amer:-
canus (Cushman), and one or two others to R. catenu- -
latus (Cushman). ’

Genus PLANULARIA Defrance, 1874
Planularia cf. P. venezuelana Hedkberg

This species was described from the upper Oligocene
of Venezuela. A single specimen was found in the
sample from test well No. 1 at a depth of 1,390 feet.

Genus MARGINUL’INA D’Orbigny, 1826
Marginulina glabra D’Orbigny

A number of specimens may be referred to this species,
and as usual the specimens s{ow 8 wide ronge of varia-
tion. In test well No. 1 the specimens vere found at
depths of 230, 520, 1,270, and 1,430 feet; in test well
No. 2 at 90 feet; and in test well No. 3 at 90 feet.

Marginulina cf. M. dubia Neugeboren

A specimen from test well No. 1 at 5%0 feet seems
fairly typical; another from test well No. 2 at 330 feet
is less typical. The species has been recorded from the
Miocene of Florida and elsewhere.

Genus DENTALINA D’Orbigny, 1804
Dentalina communis D’Orbigny

In the Florida Miocene this species seems confined
to the Choctawhatchee formation. It occurs also in
the Miocene Gatun formation of the Panama Canal
Zone and in the Miocene of Buff Bay, Jamaica. In
test well No. 1 the occurrences are at 70, 280, 480,
1,120, and 1,430 feet, and in test well No. 3, at 130 feet.

Dentalina consobrina D’Orbigny var. emaciata Reuss

Records include the Miocene Shoal River formation
of Florida and Yorktown formation of Virzinia. Speci-
mens are present in test well No. 1 at 100, 580, and 690

feet.
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1
Dentalina cf. D. mucronata Neugeboren

Specimens resembling this species are from test well

No. 1 at 100 and 920 feet and test well No. 3-at 100 °

feet.
Dentalina cf. D. isidroensis Cushman and Renz

A single incomplete specimen from test well No. 1,
at 960 feet, closely resembles this species, described
from the Miocene of Venezuela.

Genus NODOSARIA Lamarck, 1812
Nodosaria vertebralis (Batsch)

A single typical megalospheric specimen from test
well No. 1 at 640 feet is the only record from these wells.

Genus PSEUDOGLANDULINA Cushman, 1929

Pseudoglandulina laevigata (D’Orbigny) var. occidentalis
Cushman

A single specimen from test well No. 2 at 100 feet
is the only representative of this variety. It has been
recorded from the late Tertiary of Georges Bank, in
the western Atlantic Ocean.

Pseudoglandulina gallowayi Cushman

Records for this species include the Miocene of
Ecuador, Trinidad, and California and the Oligocene
of Trinidad. A single specimen was found in test well
No. 1 at 1,110 feet.

Genus SARACENARIA Defrance, 1824
Saracenaria acutauricularis (Fichtel and Moll)

This species is known from the Miocene of Trinidad,
Venezuela, and Haiti, and from the Miocene*Choctaw-
hatchee and Shoal River formations of Florida. The
only specimen in the present material is from test well
No. 1 at 24 to 30 feet. ‘

Genus LINGULINA D’Qrbigny, 1826
Lingulina seminuda Hantken

This species has been recorded from the Miocene of
Buff Bay, Jamaica. A single specimen was found in
test well No. 1 at a depth of 1,390 feet.

Genus LAGENA Walker and Jacob, 1798

A number of species of this genus, mainly represented
by single specimens, were found in the material from
St. Croix. Larger series of most of them are needed
to show possible variation, and they are not here specifi-
cally identified. )

Family POLYMORPHINIDAE
Genus GUTTULINA D’Orbigny, 1839
Guttulina irregularis (D’Orbigny)

Globulina irregularis D’Orbigny, Foraminiféres fossiles du bassin
tertiaire de Vienne, p. 226, pl. 13, figs. 9, 10, 1846,
Guttulina irregularis Cushman and Ozawa, U. S. Nat. Mus.

ng(c)., vol. 77, art. 6, p. 25, pl. 3, figs. 4, 5: pl. 7, figs. 1, 2,

Cushman, Florida Geol. Survey Bull. 4, p. 33, 1930,

Cushman and Ponton, Florida Geol. Survey Bull. 9, p. 64,

pl. 9, figs. 10-12, 1932.

Cushman, U, 8. Geol. Survey Prof. Paper 181, p. 24, pl. 9,
figs. 13-16, 1935.

This species has been recerded from the Miocene of
Florida as well as from most of the Tertiary of the Gulf

Coastal Plain area. It is present in test well No. 2 at
depths of 30 and 100 feet and in test well No. 3 at a
depth of 90 feet.

Guttulina lactea (Walker and Jacob)

(For references to this species see Cushman and Ozawa, U, S.
Nat. Mus. Pr.oc., vol., 77, art. 6, p. 43, 1930.)

This widely distributed species has been recorded
from the Miocene of Florida (Cushman and Ponton,
Florida Geol. Survey Bull. 9, p. 65, pl. 9, figs. 15a, b,
1932), where it occurs in the Shoal River and Chipola
formations. The only occurrence in the St. Croix
material is in test well No. 2 at & depth of 30 feet.

Guttulina caudata D’Orbigny

This species, like the preceding, has been recorded
from the Miocene of Florida, from both the Shoal
River and Chipola formations (Cushman and Ponton,
Florida Geol. Survey Bull. 9, p. 65, pl. 9, figs. 18, 17,
1932). It is present in test well No. 1 at a depth of
580 feet. )

Genus PYRULINA D’Orbigny, 1839

Pyrulina albatrossi Cushman and Ozawa

Pyrulina albatrossi Cushman and Ozawa, U. 8. Nat. Mus.

Proc., vol. 77, art. 6, p. 58, pl. 15, figs. 1-3, 1930.

Cushman, Florida Geol. Survey Bull. 4; p. 34, pl. 5, fixs,
17, 18, 1930.

Cush:;na.n and Ponton, Florida Geol, Survey Bull. 9, p. 66,
1932. ‘

Cushman and Cahill, U. 8. Geol. Survey Prof. Paper 175-A,
p. 18, pl. 6, figs. 5a, b, 1933.

This species is known from the Miocene of the Coastal
Plain region of the United States. The types are Recent
from a station off Cuba. , s

Genus PSEUDOPOLYMORPHINA Cushman and Ozawa, 1628
Pseudopolymorphina dumblei (Cushman and Applin)

Polymorphina compressa D’Orbigny var. dumble Cushman snd
Applin, Am. Assoe. Petroleum Geologists Bull., vol. 10,
p. 173, pl. 9, figs. 4, 5, 1926.
Pseudopolymorphing dumblet Cushman and Ozawa, U. S. Nat.
us. Proc., vol. 77, art. 6, p. 97, pl. 25, figs. 1a, b, 19%0.
Cushman, Florida Geol. Survey Bull. 4, p. 35, pl. 6, fig. 5,
1930.
Cushman and Ponton, Florida Geol. Survey Bull. 9, p. 67,
1932, ) : .
Ellisor, Am. Assoc, Petroleum Geologists Bull., vol. 17,
no. 11, pl. 7, fig. 2, 1933,
Cushman and Cahill, U, 8. Geol. Survey Prof. Paper 175-A,
p. 19, pl. 6, figs. 10a, b, 1933. .
Cushman, U. 8. Geol. Survey Prof. Paper 181, p. 29, pl. 10,
figs. 14, 15, 1935.

Although first described from Eocene deposits, in
which it is found at various localities, the form also
occurs in the Miocene Shoal River and Chipola forma-
tions of Florida, and in the Miocene St. Marys and
Calvert formations of Maryland. Tt was found in ma-
terial from test well No. 2 at depths of 90 and 330 feot.

Family NONIONIDAE
Genus NONION Montfort, 1808
‘Nonion pompilioides (Fichtel and Moll)

(For references see Cushman, U. S. Geol. S8urvey Prof. Paper .
191, p. 19, 1939.)

This species is recorded from the Miocene of Ecuador,
Venezuela, Trinidad, and Haiti, from the late Tertiary
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of Georges Bank in the western Atlantic Ocean, and
from the American Pliocene and Oligocene. Specimens
are present in samples from test well No. 1 at depths of
230 to 1,390 feet and from test well No. 3 at 330 feet.

Nonion affine (Reuss)

(For references see Cushman, U. 8, Geol. Survey Prof. Paper
191, p. 9, 1939.)

This species is common in the Oligocene of Europe
and has been recorded from the Miocene of Venezuela
and Ecuador.. It is also recorded from California in
formations of similar age. It occurs in test well No. 1
at depths ranging from 24 to 1,360 feet and in test well
No. 3 from 90 to 130 feet.

Nonion grateloupi (D’Orbigny)

(For references see Cushman, U. 8. Geol. Survey Prof. Paper
191, p. 21, 1939.)

This species was described from the West Indian

region. In the American Miocene it oecurs in the

Choctawhatchee, Shoal River, Oak Grove, and Chipola

formations of Florida; the Choptank and Calvert for--

mations of Maryland; and the Yorktown formation of
Virginia.
features similar to Nonion extensum (Cushman).
few specimens are from test well No. 1 at depths of
780 and 1,120 feet and from test well No. 2 at 100 feet.

Nonion medio-costatum (Cushman)

(For references see Cushman, U. 8. Geol. Survey Prof. Paper
191, p. 15, 1939.)

This species, known from the Miocene Monterey
shale of California, is represented by a single typical
specimen from test well No. 1 at a depth of 580 feet.

Genus ELPHIDIUM Montfort, 1808

Elphidium sagrai (D’Orbigny)

{For references see Cushman, U. 8. Geol. Survey Prof. Paper

191, p. 55, 1939.)

This species was originally described from the shore
sands of Cuba and is widely distributed in the general
West Indian region. It occurs in the Miocene in Cuba,
Puerto Rico, and Jamsica; in the Choctawhatchee,
Chipola, and Oak Grove formations of Florida; and in
the Duplin marl of North Carolina. It is found in
test well No. 1 at depths of 580 and 1,090 feet and in
test well No. 2 at 90 feet.

Family BETEROHELICIDAE
Genus PLECTOFRONDICULARIA Liebus, 1903
Plectofrondicularia jarvisi Cushman and Todd

Plectofrondicularia vaughani Cushman and Jarvis [not Cushman},
Jour. Paleontology, vol. 4, p. 361, pl. 33, fig. 4, 1930.
Cushman, Cushman Lab. Foram. Research Special Pub. 5,
pl. 26, fig. 27, 1933.
Coryell and Rivero, Jour. Paleontology, vol. 14, p. 341,
pl. 42, fig. 28, 1940.
Cushman, Foraminifera, 3rd Ed., Key; pl. 26, fig. 27, 1940.
Plectofrondicufaria jarvisi Cushman and Todd, Cushman Lab.
Foram. Research Special Pub. 15, p. 38, pl. 6, fig. 4, 1945.

This species was described from the Miocene of Buff
Bay, Jamaica, and it occurs in the Miocene of Haiti.

A typical specimen was found in test well No. 1 at a
depth of 1,330 feet. '

| side.

The specimens from St. Croix are in some’
The .

Plectofrondicularia hedbergi Cushnirn

Plectofrondicularia californica Hedberg [not Cushman and
gtev;a.rlts]),a 7Jour. Paleontology, vol. 11, p. 675, pl. 91,

Plectofro%zdiéularia hedbergi Cushman, Cushman Lab. Foram.
Research Contr., vol. 19, p. 90, pl. 16, fig. 1, 1943.

Test compressed, elongate, sides nearly parallel for
most of their length, broad faces flattened or slightly
concave, periphery keeled with'an additional lateral
keel at either side near the margin ; chambers numerous,
biserial in early stages, uniserial in the adult and in-
creasing rapidly in height, in the adult higher than
broad ; sutures limbate, slightly depressed; wall smooth,
except for a central costa for most of the length of the
test and occasionally other less developed ones at each
Length 0.50-0.60 mm. ; breadth 0.20 mm.

This species,. described from the upper Oligocene
Carapita formation of Venezuela, has been confused
with  Plectofrondicularia californica Cushman and
Stewart. It differs from that species in the smaller
size, nearly parallel sides throughout, more elongate
median costa, and much higher chambers.

Specimens comparable to those from Venezuela were
found in test well No. 1 at 580 and 1,210 feet and test
well No. 2 at 30 feet.

Plectofrondicularia sp.

A few specimens of a species somewhat similar to the
preceding but- with a tapering test, lower chambers,
more costae, and the broad faces distinctly concave,
were found in test well No. 1 at 1,430 feet. Not
enough specimens are available to warrant description,
although the species appears to be undesc ibed.

Family BULIMINIDAE
Genus BULIMINELLA Cushman, 1811
‘Buliminella subfusiformis Cushman

This species was described from the Miocens of
California, but also occurs in the Miocene Choctawhat-
chee, Shoal River, and Oak Grove formations of
Florida, and in the Duplin marl of North Carolina. It
is found in test well No. 1 at 870 feet.

Buliminella brevior Cushman

This species has been known previourly only from
the Miocene of California. It occurs in typical form
in test well No. 1 at a depth of 70 feet.

Buliminella elegantissima (D’Orbigny)

This species is known from a wide range in the
American Tertiary. It occurs in the Mincene of both
the east and west coasts of America. .Tle only record
in the present material is from test well No. 2 at 360
feet.

Genus BULIMINA D’Orbigny, 1£26

Bulimina ovula D’Orbigny

Bulimina evula D’Orbigny, Voyage dans I’ Améritue méridionales,
vol. 5, Foraminiféres, p. 51, pl.-1, figs. 10, 11, 1839.

Cushman and Parker (part), Cushman Lab. Foram. Re

sltzﬁl:h Contr., vol. 16, p. 10, pl. 2, figs. 13 14 (not fig. 15),

This species was described from Recent material off
Chile and Peru. It has been recorded from the Mio-
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cene of California and seems to be common in the well
samples from St. Croix. Specimens were found in
test well No. 1 {rom 100 feet to the bottom of the well;
in test well No. 2 from 30 to 330 feet; and in test well
No. 3 {rom 90 and 130 feet.

Bulimina siriata D’Orbigny var. mexicana Cuashman

Bulimina inflata Seguenza var. mexicana Cushman, U. 8. Nat.
Mus. Bull. 104, pt. 3, p. 95, pL. 21, fig. 2, 1922.
Bulimina inflata Flint [not Seguenza) (part), U. S. Nat. Mus.
Rept. for 1897, p. 291, pl. 37, fig. 5, 1899.
Cushman and Jarvis, Jour. Paleontology, vol. 4, p. 362, pl.
33, fig. 5, 1930. .
Bulimina striate D’Orbigny var. mericana Cushman and Parker,
Cushman Lab. Foram. Research Contr., vol. 16, p. 16,
pl. 3, fig. 9, 1940,
Cushman and Todd, Cushman Lab. Foram. Research
Special Pub. 15, p. 40, pl. 6, fig. 10, 1945,

The: types .are from an Albairess station in 210
fathoms in the Gulf of Mexico. The variety has been
recorded from the Miocene of Buff Bay, Jamaica. ln
test well No. 1 it is present {from 100 to 1,450 feet, in
test well No. 2 at 360 feet, and in test well No. 3 at
62 to 70 feet.

Bulimina alazanensis Cashman

Bulimina alazanensis Cushman, Jour. Paleontology, vol. 1, p.
61, pl. 25, fig. 4, 1927.

Palmer and Bermiddez, Soec. cubana historia nat. Mem.,
vol. 10, p. 286, 1936. )

Belrsx)?)gdez, Soc. cubana historia nat. Mem., vol. 11, p. 341,

Parker and Bermiddez, Jour. Paleontology, vol. 11, p. 514,
pl. 58, figs. ba—ec, 1937. :

Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub. 14, p. 40, pl. 6, fig. 2, 1945.

This species was originally described from the
Oligocene Alazan shale of Mexico. It is common in
the samples from St. Croix. In test well No. 1 it
ranges from 24 to 1,390 feet; in test well No. 2, from
?0 to 390 feet; and in test well No. 3, from 90 to 100
eet.

Genus ENTOSOLENIA Ehrenberg, 1848
Entosolenia marginata (Walker and Boys)

A number of specimens referable to this species are
present in the well samples, from test well No. 1 at
1,210 feet and test well No. 2 at 30, 100, 330, and 390
feet. As usual in any series referred to this species,
]’o{hefe is a wide range of variation in the width of the

eel. :

Entosolenia squamosa (Montagu)

A single specimen from test well No. 2 at 100 feet is
typical.

Entosolenia orbignyana (Seguenza) var. trinitatensis (Nuttall)

Rather typical specimens of this variety, described
by Nuttall from Trinidad, are present in test well No.
3 at 90 and 100 feet. ,

Entosolenia orbignyana (Seguenza) var. elliptica Cushman

Well characterized specimens of this variety are
present in test well No. 1 at 230, 480, and 1,360 feet
and in test well No. 3 at 130 feet.

690172—46——2

i

Entosolenia sp.

Numerous other species, lﬁost.ly represented by sirgle
specimens in the St. Croix material, are difficult to
identify positively, and are merely noted here.

Genus VIRGULINA D’Orbigny, 1826
Virgulina implicata Cashman

Virgulina implicata Cushman, Cushman Lab. Foram. Rese~rch
Contr., vol. 19, p. 90, pl. 16, figs. 3a, b, 1943.

Test elongate, slender, strongly twisted ; early portion
triserial, remainder of the test biserial, slightly fusi-
form; chambers distinct, slightly inflated, increasing
gradually in height as added; sutures distinet, sligl tly
depressed; wall smooth, coarsely perforate; aperture’
broadly rounded, at the base of the last-formed cham-
ber. Length up to 0.40 mm.; diameter 0.12 mm.

This species was described from material fror~ a
depth of 230 feet in the Bethlehem Test well No. 1,
at a locality 500 yards east-northeast of Bethlehom,
Island of St. Croix, V. I. ‘It differs from Virgulina
delmoniteensis Cushman and Galliher in its more slender,
more strongly twisted test, and larger, more rounded
aperture. It is common in the well samples, in test
well No. 1 from 90 feet at intervals to 1,270 feet, and
in test well No. 2 at 100, 280, 360, and 390 feet.

Genus BOLIVINA D’Orbigny, 1839
Bolivina tortuosa H. B. Brady

Bolivina tortuosa H. B. Brady, Quart. Jour. Micr. Sci., vol. 21,

p. 27, 1881;, (part), Challenger Rept., Zoology, vo'. 9,
p- 420, pl. 52, figs. 31, 32 (not %Es 33, 34), 1884. .

Egger, K. bayer, Akad. Wiss., Math.-naturh. Abt., Abh.,
Kl 2, vol. 18, pt. 2, p. 298, pl. 8, figs. 43, 44 (part), 18€3.

Millett; Royal Mier. Soe. Jour., p. 543, 1900. -

Chapman, Linnean'Soc. Jour., Zoology, vol. 28, p. 187, 1900;
p. 382 (list), 1902. R .

Sidebottom, Royal Mier. Soe. Jour., 1918, p. 127.

Cushman, Carnegie Inst. Washington Pub. 342, p. 1§, pl.
5, figs, 4, 5, 1924,

Heron-Allen and Earland, Royal Miecr. Soc. Jour., 1924, p.
145; Linnean Soe. Jour., Zoology, vol. 35, p. 621, 1924.

Yabe and Hanzawa, Japanese Jour. Geology and deogranhy,
vol. 4, p. 50 (list), 1925 (1926).

Hanzawa, Japanese Jour. Geology and Geography, vcl. 4,.
p. 40 (table), 1925 (1926). :

Macfadyen, E%pt Geol, Survey, 1930, p. 57, 1931.

Cushman and Parker, U. S. Nat. Mus. Proc., vol. 80, art.
3, p. 16, pl. 3, figs. 22a, b, 1931.

Belrr?),lgdez, oc. cubana historia nat. Mem., vol. 9, p. 195,

Cushman, Cushman Lab. Foram. Research Special Pub.
9, p. 133, pl. 17, figs. 11-19, 1937.

Cushman and MecGlamery, U. 8. Geol.
Paper 189-D, p. 107, pl. 25, figs. 13, 21, 1938. f

Pallg]eg, Soe. cubana historia nat. Mem., vol. 14, p. 301,

4 .

Cushman, Smithsonian Mise. Coll., vol. 99, no. 9, p. 10,
1941; U. 8. Nat. Mus. Bull. 161, pt. 3, p. 20, pl.'7, figs.
1a, b, 1942, -

Cushman and Mc¢Glamery; U. 8. Geol. Survey Prof. Piper
197-B, p. 70, 1942.

Cushman and McCulloch, Allan Hancock Pacific Exped.,
vol. 6, No. 4, p. 220, pl. 27, figs. 12a, b, 1942,

Macfadyen, Geol. Mag., vol. 779, p. 136 (list), 1942,

Palmer, Bull. Am. Paleontology, vol. 29, no. 115, p. 48, 1945.

Cushman and Todd, Cushman Lab. Foram. Resewrch
Special Pub. 15, p. 44, pL. 7, fig. 6, 1945.

The American records for this species as a fossil are
from the Oligocene of Alabama and Cuba and the

Survey Prof.
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Miocene of Jamaica. It occurs in the Miocene of
Egypt, where numerous other species occur that are
identical with those of the Miocene of tropical America.

Specimens are rare but occur in test well No. 1 at
depths of 24 to 30, 100, and 370 feet, and in test well
No. 2 at a depth of 10 feet.

Bolivina pisciformis Galloway and Morrey

Bolivinag pisciformis Galloway and Morrey, Bull. Am. Paleontol-

ogy, vol. 15, no. 55, p. 36, pl. 5, figs. 10a, b, 1929,

Cushman, Cushman Lab. Foram. Research Contr., \vol. 5,
p- 93, pl. 13, fig. 26, 1929,

Palmer and ﬁermﬁdez, Soc. ¢ubana historia nat. Mem.;
vol. 10, p. 289, 1936. ‘

Cushman, Cushman Lab. Foram. Research Speeial Pub. 9,
p. 92, pl. 11, figs. 20, 21, 1937.

Kleinpell, Miocene stratigraphy of California, p. 279, pl. 4,
fig. 10, Tulsa, 1938.

Renz, 8th Am. Sei. Congress Proc., pp. 546, 553 (lists), 1942.

This species is known from the Miocene of Ecuador,
Venezuela, Trinidad, and California and the Oligocene
of Cuba and Trinidad. It is present in test well No. 1
from 370 to 1,450 feet and in test well No. 2 from 30
to 280 feet.

Bolivina pisciformis Galloway and Morrey var. optima Cushman

Bolivina pisciformis Gallowayand Morrey var. opiima Cushman,

ushman Lab. Foram. Research Contr., vol. 19, p. 91,
pl. 16, figs. 2a, b, 1943.

P® The variety differs from the typical form in having
the early one-third or one-half ot the test with numerous
longitudinal costae, the later portion of the test smooth.
It was described from material at a depth of 520 feet
in the Bethlehem test well No. 1, at a locality 500

ards east-northeast of Bethlehem, St. Croix, V. I.

he main characters of sutures and chambers age like
those of typical B. pisciformis, but the ornamentation
of the early portion is distinctive. Specimens are
common in thé samples from St. Croix.

Bolivina' pisciformis Galloway and Morrey var.

Two specimens with spinose periphery seem in other
essential characters very much like this species. In the
peripheral spines they resemble B. difformis (William-
son) and B. pygmaes H. B. Brady, but not in their main
characters. Full description must await more speci-
mens. These single specimens are from test well No. 1
at 100 and 1,390 feet. :

Bolivina marginata Cushman

Bolivina marginata Cushman, U. 8. Geol. Survey Bull. 676, p.
48, pl. 10, fig. 1, 1918; Cushman Lab. Foram. Research
Contr., vol. 1, pt. 2, p. 30, pl. 5, figs. 5a, b, 1925; vol. 2,

t. 3, p. 54, 1926; Florida Geol. Survey Bull. 4, p. 45 pl.

g, figs. 9a, b, 1930.

Cushman and Laiming, Jour. Paleontology, vol. 5, p. 110,
pl. 12, figs. 6-8, 1931.

Cushman and Parker, Cushman Lab. Foram. Research
Contr., vol. 7, p. 9, pl. 2, fig. 1, 1931,

Cushm932m and Ponton, Florida Geol. Survey Bull. 9, p. 81,
1932.

Barbat and von Estorff, Jour. Paleontology, vol. 7, p. 171,
pl. 23, figs. 144, b, 1933.

Cushman and Cahill, U. S. Geol. Survey Prof. Paper 175-A,
p. 25, pl. 8, figs. 9a, b, 1933.

Woodring, Bramlette, and Kleinpell, Am. Assoe. Petroleum
Geologists Bull., vol. 20, FP 141 (list), 1936.

Cushman, Cushman Lab. Foram. Research Special Pub. 9,
p. 86, pl. 10, figs. 4-6, 1937. ,

Kleinpell, Miocene stratigraphy of California, p. 275, pl. 9,
fig. 2; KL 12, fig. 7, Tulga, 1938.

Ellisor, Am., Assoc. Petroleum Geologists Pwll, vol. 24,
no. 3, pl. 5, figs. 22a, b, 1940.

Cushman and Todd, Cushman Lab. Foram. Research Contr.;
vol. 17, p. 30, pls. 7, 8, 1941. .

Renz, 8th Am. Sci. Congress Proe., pp. 553, 554 (lists), 1942.

LeRoy, Colorado School of Mines Quart., vol. 39, no. 3,
p- 29, pl. 1, figs. 34-37, 1944.

Weaver, Washington Univ. [Seattle] Pub. in Geology, vol. 6,
no. 1, p. 23. (list), 1944.

This is a common species in the Miocen= of Florida
and is confined largely to the middle part, the chphom,
Arca, end Yoldia zones of the Choctawhatchee forma-
tion and all three zones of the Shoal River formation.
It also occurs in the Duplin marl of North Carolina and
in the Miocene of Louisiana, California, Venezuela,
Trinidad, and central Sumatra. =

Bolivina alata (Seglienza)

(For references see Cushman Lab. Foram. Resesrch Special
Pub. 9, p. 106, 1937, and Special Pub. 15, p. 42, 1945.)

Specimens referable to this species have been recorded
from the late Tertiary of Georges Bank, in the western
Atlantic Ocean, in a fauna closely related to that of the
Miocene of the West Indian region. The species is
present in test well No. 1 from 1,200 to 1,330 feet, in
test well No. 2 from 30 to 160 feet, and in test well No. 3
at 90 feet.

Bolivina plicatella Cushman var. mera Cushmar and Ponton

Bolivina plicatelle Cushman var. mera Cushman and Ponton,

Florida Geol. Survey Bull. 9, p. 82; pl. 12, fizs. 4a, b, 1932.

Bergéudez, Soc. cubana historia nat. Mem., vol. 9, p. 195,
1935.

- Cushman, Cushman Lab. Foram. Research S»ecial Pub. 9,
p. 90, pl. 11, figs. 5-8, 1937.

Cushman and McGlamery, U. 8. Geol. Survev Prof. Paper
189-D, p. 108, 1938.

This species was described from the Miocene of
Florida, occurring only in the lower part, the Oak Grove
sand and Chipola formation. It was also found in the
Oligocene of Alabama. In the St. Croix well samples
it 1s present at various depths as follows: test well
No. 1, 180 to 1,020 feet; test well No. 2, 10 and 360
feet; and test well No. 3, at 90 feet.

Bolivina acerosa Cushman

Bolivina acernsg Cushman, Cushman Lab. Formm. Research
Special Pub. 6, p. 54, pl. 8, figs. 1a, b, 1936; Special Pub. 9,
p. 94, pl. 12, figs. 11-13, 1937. ,
Palmer, Soe. cubans historia nat. Mem., vol. 14, p. 297,
pl. 52, fig. 1, 1940. ]

This species was described from the Mior~ene Gurabo
formation of Santo Dominica and has been recorded
from the Oligocene of Cuba. It was founc in test well
No. 1 from 100 to 1,020 feet; test well No. 2 at 90 and
360 feet; and test well No. 3 at 90 and 100 feet. -

Bolivina mantaensis Cushman

Bolivina mantaensis Cushman, Cushman Lab. Foram. Research
Contr., vol. 5, p. 92, pl. 13, figs. 27a, b, 1929; Special
Pub. 9, p. 91, pl. 11, figs. 25, 26, 1937. '

Bolivina applinae Galloway and Morrey [not Pl~mmer}, Bull.
ﬁ)ngg Paleontology, vol. 15, No. 55, p. 35, pl. 5, figs. 9a, b
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This species occurs in the Miocene of Ecuador and
Venezuela. It is present in numerous samples from
test well No. 1, from 24 to 1,330 feet; in test well No. 2,
‘at 90, 160, and 390 feet.

-

Bolivina tongi Cushman

Bolivina tongi Cushman, Cushman Lab. Foram. Research

Contr., vol. 5, p. 93, pl. 13, figs. 29a, b, 1929.

Nuttall, Jour. Paleontolo%y, vol. 6, p. 21, pl. 5, fig. 4, 1932.

Palmer and Bermddez, Soc. cubana historia nat. Mem.,
vol. 10, p. 290, 1936.

Cushman, Cushman Lab. Foram. Research Special Pub, 9,
p. 92, pl. 12, figs. 7, 8, 1937.

Palhée&;, Soc. cubana historia nat. Mem., vol. 14, p. 300,

This species was originally described from the lower
Miocene of Venezuela. It has been recorded from the
Oligocene of Mexico by Nuttall and from the Oligocene
of Cuba by Palmer and Bermtdez. It is present in
test well No. 1 at 180, 1,200, 1,270, and 1,430 feet.

Genus REUSSELLA Galloway, 1933

Reussella miocenica Cushman

Reussia spinulosa Cushman [not Reuss), Florida Geol. Survey
Bull. 4, p. 48, pl. 8, fig. 17, 1930,
Cushman and Ponton (part), Florida Geol. Survey Bull. 9,
p. 84, pl. 12, figs. 14, 16 (?) (not fig. 15), 1932,
Cushman and Cahill, U, 8. Geol. Survey Prof.
175-A, p. 27, pl. 9, figs. la, b, 1933,
Reussella miocenica Cushman, Cushman Lab. Foram. Research
Contr., vol. 21, p. 36, é)l. 6, figs. 19, 20, 1945,
Cushman and 'i‘odd, ushman Lab. Foram. Research
Special Pub. 15, p. 49, pl. 7, fig. 22, 1945,

Paper

This species has been recorded from various parts of
.the Miocene of Florida and South Carolina and from
the Miocene of Buff Bay, Jamaica. The specimens
from St. Croix are few and spinose. They are present
in test well No. 1 at 24 to 30 feet and 520 feet; test
well No. 2 at 90 feet; and test well No. 3 at 100 feet.

Genus UVIGERINA D'Orbigny, 1826

Uvigerina rustica Cushman and Edwards

Uvigerina hispida Galloway and Morrey [not Schwager], Bull.
Am. Paleontology, vol. 15, no. 55, p. 39, pl. 6, fig. 3, 1929,
Cushman, Cushman Lab. Foram. Research Contr., vol. 5,
p. 95, pl. 13, fig. 35, 1929.
Uvigerina auberiana Nuttall [not D’Orbigny], Quart. Jour. Geol.
Soc., vol. 84, p. 94, pl. 6, fig. 16, 1928,
Uvigerina rustica Cushman and Edwards, Cushroan Lab, Foram,
Research Contr., vol. 14, p. 83, pi. 14, ng. 6, 1938.
Palmer, Soc. cubana historia nat. Mem., vol. 15, p. 184,
pl 15, fig. 19, 1941. .
R;elngz4:28th Am. Sci. Congress Proc., pp. 546, 548, 560 (lists),
Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub, 14, p. 47, pl. 7, ﬁ%.) 13, 1945,
Cushman and Todd, Cushman Lab. Foram. Research Special
Pub. 15, p. 50, pl. 7, fig. 26, 1945.

This species was described from material from
Venezuela that is probably of early Miocene age. The
species has been recorded from Trinidad, Ecuador,
Cuba, and Jamaica. It is common in test well No. 1,
from 230 to 1,450 feet; in test well No. 2, from 30 to 390
feet; and in test well No. 3 at 90 feet. .

\
\ : v

Uvigerina anberiana D’Orbigny

Uvigerina auberiana D’Orbigny, in De la Sagra, Historia fisica,
politica y natural de la isla de Cuba, Foraminiféres,
p. 106, pl. 2, ﬁﬁ' 23, 24, 1839.

Cushman, U. 8. Nat. M |
figs. 3, 4, 1923; Cushman Lab. Foram. Research Contr., .
vol. 5, p. 95, pl. 13, fig. 36, 1929; Florida Geol. Survey
Bull. 4, p. 49, pl. 9, fig. 7, 1930.

Culsélgnzlan and Ponten, Florida Geol, Survey Bull. 9, p. 86,

Cushman and Cahill, U. 8. Geol. Survey Prof. Paper 175~A,
p. 27, pl. 9, fig. 3, 1933.

Cushman, Geol. Soc. America Bull.,, vol. 47, p. 423, pl. 2,
figs. 18a, b, 1936. ’

Cushman and Todd, Cushman Lab. Foram. Research Centr.,
vol. 17, p. 44, pl. 18, figs. 4, 5, 1941,

D’Orbigny described this species from the region of
Cuba. It is rare in the Miocene Choctawhatchee and
Shoal River formations of Florida. Specimens from
the lower Miocene 6f Venezuela and from. the late
Tertiary of. Geor%es Bank, in the western Atlantic
Ocean, are probably also to be referred here. T is
species is common in the well samples from St. Crcix,,
occurring in test well No. 1 from 24 to 1,430 feet, test
well No. 2 from 100 to 390 feet, and test well No. 3
from 90 to 130 feet.

Uvigerina ef. U, hispido-costata Cushman and Todd

A number of specimens are.similar to, although
smaller than, this species described from-the Miocene
of Buff Bay, Jamaica, and known from the West Indian
region. In the well samples it is present in test well
No. 1 at 100 feet and is then common from 520 feet to
the bottom of the well at 1,450 feet, in test well No. 2
at 90 feet and 360 feet, and in'test well No. 3 from 62 to

70 feet.
Uvigerina carapitana Hedberg

Uvigerina carapitana Hedberg, Jour. Paleontology, vol. 11, p.
677, pl. 91, fig. 20, 1937,
Cushman and Edwards, Cushman Lab. Foram. Research
Contr., vol. 14, p. 82, pl. 14, fig. 2, 1938.
Palmer, Soe. cubana historia nat. Mem., vol. 15, p. 182, 1941,
Renz, 8th Am. Sei. Congress Proc., pp. 546, 557 (lists), 1942.

This species was described originally from the Oligo-
cene Carapita formation of eenezuela, and similar
specimens occur in the upper Oligocene of Cuba and
the Oligocene and Miocene of Trinidad. It is present
in test well No. 1 at 24 to 30, 580, and 920 feet, and from
there more frequently to the bottom of the well at
1,450 feet; and in test well No. 2 at 90 and 390 feet

Uvigerina gallovi'ayi Cushman

Uvigerina galloway: Cushman, Cushman Lab. -Foram. Research
Contr., vol. 5, p. 94, pl. 18, figs. 33, 34, 1929.
Cushman and Edwards, Cushman Lab. Foram. Reseatch
Contr., vol. 14, p. 75, pl. 13, figs. 8, 9, 1938.
Kleinpell, Miocene stratigraphy of daﬁfomia, pP. 294, pl. 5,
figs. 1, 2, 5, Tulsa, 1938.
Cushman and Todd, Cushman Lab. Foram. Research Contr.,
vol. 17, p. 45, pL. 13, fig. 11, 1041, o
Galloway and Heminway, New York Acad. Sei., Sei.
Survey Porto Rico and Virgin Ids., vol. 3, pt. 4, p. 429,
' pl. 33, fig. 8, 1941. : .
Cushman and Simonson, Jour. Paleontology, vol. 18, p. 279,
pl. 32, ags. 18, 19, 1944
Weaver,
no. 1, p. 25 (list), 1944, .
Cushman and Stainforth, Cushman Lab. Foiam. Reseav¢h
Special Pub. 14 JJ 48, pl. 7, fig, 14, 1945.
Cushman and Todd, Cushman Lab. Foram. Research Specia
Pub. 15, p. 49, pl. 7, fig. 24, 1945. .

us. Bull. 104, pt. 4, p. 163, pl. 42," '

ashington Univ. [Séattle] Pub. in Geology, volt 6,
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This species is known from the lower Miocene or
possibly upper Oligocene of Ecuador and Venezuels,
the Oligocene and Miocene of California, the Oligocene
of Puerto Rico and Trinidad, and the Miocene of Buff
Bay, Jamacia. Rather typical material occurs in test
well No. 1 at 740, 820, and 1,190 feet.

Genus SIPHOGENERINA Schlumberger, 1883
Siphogenerina lamellata Cushman

Siphogenerina lamellata Cushman, T. S. Geol. Survey Bull. 676,
p. 55, pl. 12, fig. 8, 1918; U. 8. Nat. Mus. Proec., vol. 67,
art. 25, p. 10, pl. 1, fig. 13, 1926; Florida Geol. Survey
Bull. 4, p. 49, pl. 9, fig. 10, 1230. .

Cllfgglea,n and i’onton, Florida Geol. Survey Bull. 9, p. 86,

Cushman and Cahill, U. 8. Geol. Survey Prof. Paper 175-A,
p. 28, pl. 9, fig. 4, 1933.

001}8’3 glorida Geol. Survey Bull. 16, p, 18 (list), pl. 1, fig. 1,

Ellisor,- Am. Assoc. Petroleum Geologists Bull.,, vol. 24,
No. 3, pl. 4, ig. 6, 1940.
Renz, 8th Am. Sci. dongress Proc., pp. 554, 557 (lists), 1942.

This species was found in test well No. 1 from 230
]t;o 1,450 feet, and in test well No. 2 at 30, 100, and 360
eet.

'Siphogenerina cf. S. senni Cushman and Renz

Single specimens from test well No. 1 at 280 and
1,430 feet are close to this species described from the
Miocene of Venezuela.

Siphogenerina basispinata Cushman and Jarvis

Siphogenerina basispinata Cushman and Jarvis, Cushman Lab.
Foram. Research Contr,, vol. 5, p. 13, pl. 3, figs. 4, 5,
1929.
Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub. 14, p. 49, pl. 8, fig. 3, 1945.

A single specimen from 1,360 feet in test well No. 1
is very similar to this species, described from Trinidad,
probably from the early Tertiary.

Siphogenerina multicostata Cushman and Jarvis

Siphogenerina multicostata Cushman and Jarvis, Cushman Lab.
Foram. Research Contr., vol. 5, p. 14, pl. 3, fig. 6, 1929.
Cushman, Cushman Lab. Foram. Research Contr., vol. 5,

p. 95, pl. 13, fig. 38, 1929. .

Hadley, Bull. Am. Paleontology, vol. 20, no. 704, p. 17,
pl. 2, fig. 8, 1934.

Kleinpell, Miocene stratigraphy of California, p. 302, pl. 5,
fig. 7, Tulsa, 1038.

Galloway and Heminway, New York Acad. Sei., Sci. Survey
Porto Rico and Virgin Ids., vol. 3, pt. 4, p. 435, pl. 34,
figs. 3, 4, 1941.

Renz, 8th Am. Sci. Congress Proe., pp. 545, 546, 548, 560
(lists), 1942.

Weaver, Washington Univ. [Seattle] Pub. in Geology, vol. 6,
no. 1, p. 25 (list), 1944,

Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub. 14, p. 49, pl. 8, fig. 1, 1945.

. This species was described from Trinidad and has
been recorded from the Miocene of Venezuela and
California and from the Oligocene of Cuba, Puerto
Rico, and Trinidad. Typical specimens of this species
are present in test well No. 1 at 580 feet.

\
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Siphogenerina multicostata Cushman and Jarvic var. optima
Cushman -

Siphogenerina multicostata Cushman and Jarvis var. oplima
Cushman, Cushman Lab. Foram. Research Contr., vol.
19, p. 91, pl. 16, figs. 9, 10, 1943. .

This variety differs from the typical form in‘ the
finer costae and the uniserial chambers, which tend to
be in an irregular line. It was described from material
at a depth of 90 feet in the Fair Plain test well No. 3,
five-eighths of & mile west of Anguilla, St. Croix, V. 1.

The variety was found in test well No. 1 from 100
to 1,430 feet; in test well No. 2 at 30, 160, and 390 feet;
and in test well No. 3 at 90 feet.

Genus ANGULOGERINA Cushman, 19°7
Angulogerina occidentalis (Cushman)

Uvigerina angulose Cushman [not Williamson), Carnegie Inst.
Washington Pub. 311, p. 34, pl. 5, figs. 3, 4, 1922,
Uvigerina occidentalis Cushman, U. 8. Nat. Mus. I'vill. 104, pt. 4,

p. 169, 1923.
Angulogerina occidentalis Cushman, Florida Geol. Survey Bull.

4, p. 50, pl. 9, figs. 8, 9, 1930. .

Cole, Florida Geol. Survey Bull. 6, p. 44, pl. 2, fig. 5, 1931.

Cushman and Laiming, Jour. Paleontology, vol. 5, p. 112,
pl. 12, figs. 15, 16, 1931 .

Cusghman and Ponton, Florida Geol. Survey Bull. 9, p. 86,
1932.

Palmer and Bermtdez, Soc. cubana historia nat. Mem.,
vol. 9, p. 249, 1935.

This species, described from Recent msterial of the
West Indian region, where it is commcn, has been
found in the Miocene. The records include the Calvert
formation of Maryland, the Yorktown formation of
North Carolina and Virginia, the Duplin marl of North
Carolina, and the Choctawhatchee formation of Florida.
It has been recorded also from the Tertiary of Cuba
and the Miocene of California. In the well-samples
from St. Croix it is present in test well ]7o. 1.almost
throughout the series of sediments penetrated from
24 to 1,450 feet, in test well No. 2 from 10 to 330 feet,
and in test well No. 3 at 90 feet.

Genus TRIFARINA Cushman, 1933
Trifarina bradyi Cushman

Scattered specimens in the well samples soem identical
with this species, as figured from the Miocene of
Venezuels (Cushman, Cushman Lab. Forem. Research
Contr., vol. 5, p. 96, dpl. 13, fig. 39, 1€29) and the
Oligocene of Trinidad (Cushman and Stainforth,
Cushman Lab. Foram. Research Special P1b. 14, p. 50,
pl. 8, fig. 4, 1945). These are present in test well
No. 1 at the following depths: 24 to 30, 70, 580, 690,
1,110, and 1,210 feet; in test well No. 2 at 30 feet; and
in test well No. 3 at 90 and 100 feet.

Family ELLIPSOIDINIDAE
Genus PLEUROSTOMELLA Reuss, 1870

Pleurostomella alternans Schwager

In the American Miocene this species has been re-
corded from Ecuador, Venezuela, Trinidad, and Haiti.
Specimens are fairly common in the well ramples from
St,uCroix, being present almost throughout all three
wells. :
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Pleurostomella brevis Schwager

This species is not so common as the preceding
species but occurs at scattered levels in all three wells.
It has been recorded from the Miocene of Trinidad
and Jamaica and the Oligocene of Cuba.

Genus NODOSARELLA Rzehak, 1895

Nodosarella subcylindrica Cushman

Nodosarella subeylindrica Cushman, Cushman Lab. Foram.
Research Contr., vol. 19, p. 91, pl. 16, figs. 4, 5, 1943.
Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub. ‘14, p. 53, pl. 9, fig. 4, 1945.

Test small, elongate, subcylindrical, slightly tapering;
early stages biserial, adult uniserial; chambers distinect,
slightly inflated, those in the adult uniserial portion
higher than broad; sutures distinct, slightly depressed;
wall -smooth, finely perforate; aperture terminal,
narrow, with a slightly overhanging lip. Length 0.55—
0.65 mm.; diameter 0.10-0.12 mm.

This species was described from material at a depth
of 90 feet. in the Jealousy test well No. 2, 300 yards
west of great-house at Jealousy, St. Croix, V. I. It
differs from Nodosarella pacifica Cushman in the much
smaller size and higher chambers. It also occurs in

test well No. 1 at 230, 740, 1,330, 1,360, and 1,450 feet |

and in test well No. 3 at 90 and 130 feet, and has been
recorded from the Oligocene Cipero formation of
Trinidad. .
Nodosarella robusta Cushman

Nodosarella robusta Cushman, Cushman Lab. Foram. Research
Contr., vol. 19, p. 92, pl. 16, fig. 8, 1943.

Cushman and Stainforth, Cushman Lab. Foram. Research .

Special Pub. 14, p. 53, pl. 9, figs. 1, 2, 1945.

Test of medium size, elongate, subcylindrical;
biserial stage very short; chambers distinet, very
slightly inflated, overlapping, broader than high except
the final chamber; sutures fairly distinct, slig%tly if at
all depressed; wall smooth and polished; aperture
terminal, a narrow opening with a distinctly overhang-
ing lip. Length 1.10-1.25 mm.; diameter 0.28-0.35
mm.

This species was described from material at a depth
of 100 feet in the Bethlehem test well No. 1, at a
locality 500 yards east-northeast of Bethlehem, St.
Croix, V. 1. ‘

This species differs from Nodosarella pacifica Cush-
man in the typically shorter, stouter test, and more
strongly overhanging lip. It oceurs in test well No. 1
at intervals from 100 to 1,360 feet and in test well No.
2 at 90 feet.

Genus ELLIPSONODOSARIA A, Silvestri, 1900

Ellipsonodosaria subspinoesa Cushman

Ellipsonodosaria sp. Cushman and Jarvis,- Cushman Lab.
Foram. Research Contr., vol. 10, pl. 10, figs. 4, 5, 1934.
Ellipsonodosaria subspinosa Cushman, Cushman Lab. Foram.
Research Contr., vol. 19, p. 92, pl. 16, figs. 6, 7, 1943,
Cushman and Stainforth, Cushman Lab. g,Foramu.lReseamch
Special Pub. 14, p. 56, pl. 9, figs. 9, 10, 1945.

Test elongate, subeylindrical, slightly tapering, great-
est breadth near the aperturaj end; chambers distinet,
strongly inflated, increasing gradually in size as added;

sutures distinct, strongly depressed; wall with short
stout spines, either entirely covering the chamber or in
the early stages confined to the lower portion of the
chamber wall; aperture with a subeylindrical neck and
distinct lip with an inwardly projecting tooth. Length
2.50-3.25 rm. ; diameter 0.35-0.90 mm.,

This species was described frora the Oligocene Cipero
formation of Trinidad, originally designated as “lovrer .
middle Miocene, Green clay, Cipero section’ (see Cush-
man and Stainforth, Cushman Lab. Foram. Resear-h
Special Pub. 14, p. 7, 1945). It differs from Ellipsonodo-
saria mappe Cushman and Jarvis in the more elongate,
tapering test, and the surface ornamentation -of short
spines. 1t occurs in test well No. 1 at 640, 870, and
1,430 feet. '

A

Ellipsonodosaria cf. E. gracilis Palmer and Bermiidez

A number of specimens are curved and typically heve
8 row of spines near the base of the chamber, two char-
acters which apparently distinguish- this species, de-
scribed by Palmer and Bermddez from the Oligocene of
Cuba (Soc. cubang historia nat. Mem., vol. 10, p. 296,
pl. 18, figs. 8, 9, 1936). In the later stages of the speci-’
mens from St. Croix, however, additional spines are
found on the upper part of the chambers and in some
specimens these nearly cover the chamber. Specimens
are found in all three wells.

ﬁllipsonodosaria verneuili (D’Orbigny)

A number of specimens, variable in size and amount of
inflation of the chambers, seem to belong to thisl\ipecifzs.
The species has alréady been recorded from the Miocene
of Ecuador, Venezuela, Trinidad, and Jamaica. It is
present in test well No. 1 from 690 to 1,450 feet, and in
test well No. 3 at 90 and 130 feet.

Family ROTALIIDAE
Genus GYROIDINA D’Orbigny, 1826
Gyroidina soldanii Q’Orbipy :

Material referred to this species needs much more
study, as a glance at the figures.of the spe¢imens referrd
to it will show. The species has been recorded from the
Miocene of Ecuador, Colombia, Venezuela, Trinided,
Puerto Rico, Costa Rica, and California, as well as from
the late Tertiary of the Georges Bank in the weste™n
Atlantic Ocean. What seem to be typical specimens sve
gre%a;xlt with a wide range in all three of the wells on

t. Criox.

Gyroidina soldanii D’Orbigny var. altiformis R, E. and K. C.
‘ Stewart -

This variety has:been recorded from the Miocene of
Haiti (Coryell and Rivero, Jour. Paleontology, vol. 14,
p. 337, pl. 43, figs. 19a—¢, 1940) and the Miocene of Buff
Bay, Jamaica (Cushinan and Todd, Cushman Leb.
Foram. Research Special Pub. 15, p. 57, pl. 9, figs. 3a, b,
1945). Although net as common as-the typical form,
specimens referable to the variety are present in test
well No. 1 at 230 to 1,330 feet, test well No. 2 at 280 and
390 feet, and in test well No. 3 at-90 and 100 feet.
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Genus EPONIDES Montfort, 1808
Eponides umbonata (Reuss)

Very typical specimens similar to those recorded from
the Miocene of Ecuador and Venezuela (Cushman Lab.
Foram. Research Contr., vol. 5, p. 98, pl. 14, figs. 8a-c,
1929) were found in material from all three wells.

Genus SIPHONINA Reuss, 1850

Siphonina pulchra Cushman

This species was described {rom the Miocene of Cuba
and has been recorded from the Miocene of Haiti and
Jamaica and from the late Tertiary of Georges Bank in
the western Atlantic Ocean. Specimens occur only in
test well No. 1 at 1,090, 1,190, and 1,430 feet.

Siphonina tenuicarinata Cushman

This species, originally described from the Oligocene
Alazan formation of Mexico, has been recorded from
Eocene to Miocene. It occurs in the lower Miocene
of Venezuela, Trinidad, Haiti, Puerto Rico, and Mexico.
A few specimens are found in all three wells in St. Croix.

Family CASSIDULINIDAE
Genus PULVINULINELLA Cushman, 1926
Pulvinulinella culter (Parker and Jones)

This species has been recorded from the Miocene of
Ecuador, Venezuela, and Trinidad. A few specimens
occur at scattered depths in test well No. 1 and test
well No.2. All the specimens have a very strong keel.

Genus CASSIDULINA D’Orbigny, 1826

Cassidulina crassa D’Orbigny

A few specimens may belong to this species. The
aperture, however, is more elongate than in the typical
form and considerable variation is shown in the series
of specimens. The species has already been recorded
from the Miocene of Venezuela, Florida, North Car-
olina, Virginia, and Maryland, and from the late
Tertiary of Georges Bank in the western Atlantic
Ocean. There are also records from the Oligocene.
Specimens are present only in test well No. 1 at 230,
640, and 1,450 feet.

Cassidulina laevigata D’Orbigny

A very few specimens may be referred to this species.
They most closely resemble the specimens with very
elongated aperture figured by Macfadyen from the
Miocene of Eggrpt, (Egypt Geol. Survey, 1930, p. 63,
pl. 2, figs. 6a, b, 1931). Specimens occur in test well
%\Io. 1 at 100 and 1,430 feet and test well No. 3 at 100
eet.

Cassidulina laevigata D’Orbigny var. carinata Cushman

This variety hasbeen recorded widely in the American
Miocene but is very rare in the present material, occur-
ring only in test well No. 1 at 1,330 and 1,390 feet.

Jate Tertia

Cassidulina subglobosa H. B. Brady

This species is the most common member of the genus
in the well-samples, occurring in all three wells in a
large number of the samples with a wice range. In
the American Miocene it has been recorded from Cuba,
Jamaica, Puerto Rico, Costa Rica, Ecuadcr, Venezuela,
Trinidad, and California.

Cassidulina carapitana Hedberg

This species, described from the upper Oligocene of
Venezuela (Jour. Paleontology, vol. 11, r. 680, pl. 92,
figs. 6a, b, 1937), is represented in the present material
by a single specimen from test well No. 1 at 24 to 30
feet. It has also been recorded from the Oligocene of
Cuba and Trinidad. ’

Genus CASSIDULINOIDES Cushman, 1927

Cassidulinoides bradyi (Norman)

This species has been recorded from the Miocene of
Florida ahd Jamaica and the Oligocene of Trinidad.
Adult specimens are present in test well No. 1 at 580
feet and in test well No. 2 at 360 feet. A few specimens,
perhaps representing young stages, are present also in
some of the other samples.

- Genus EHRENBERGINA Reuss, 18£0
Ehrenbergina bradyi Cushman

Coryell and Rivero have recorded this species from
the l\ﬁocene of Haiti (Jour. Paleontology, vol. 14, p.
342, pl. 44, figs. 22a—c, 1940). It may bo the same as
the form I have identified as E. trigona (Goés) from the
of Georges Bank in the western Atlantic
Ocean (Geol. Soc. America Bull., vol. 47, p. 425, pl.
3, figs. 9a, b, 1936). Scattered specimers are present
in test well No. 1 at 24 to 30, 100, 1,360, and 1,390 feet.

Family CHILOSTOMELLIDAE

Genus CHILOSTOMELLA Reuss, 1850
" Chilostomella oolina Schwager

The only previous American Miocene racord for this
species rests on a single broken specimen from the

hoctawhatchee formation of Florida. It has been
recorded also from the Oligocene of enezuela by
Hedberg.

Single typical specimens are present in test well No.
1 at 230, 1,190, and 1,430 feet; test well No. 2 at 30
feet; and test well No. 3 at 100 feet.

Genus PULLENIA Parker and Jones, 1862
Pullenia bulloides D’Orbigny

(For references see Cushman and Todd, Cushmen Lab. Foram.
Research Contr., vol. 19, p. 13, 1943.)

Under this name have been grouped thase specimens
that are nearly spherical and show little if any sign of .
compression. The species occurs in the late Tertiary
of the Georges Bank in the western Atlantic Ocean, in
the Miocene near Manta, Ecuador, and in the Miocene
of Egypt. It is present in test well No. 1 from 24 to
1,360 feet and in test well No. 3 at 100 and 130 feet.
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Pullenia quinqueloba (Reuss)

(For references see Cushman and Todd, Cushman Lab. Foram.
Research Contr., vol. 19, p. 10, 1943.)

This species is usually recorded with the precedin
and represents a more compressed test. In the Wwe
samples such forms are present in test well No. 1 at
440, 1,170, 1,210, 1,360, and 1,390 feet; test well No.
f2 at 100 and 160 feet; and test well No. 3 at 90 and 130
eet.

Genus SPHAEROIDINA D’Orbigny, 1826 .

Sphaeroidina bulloides D’Orbigny

It is probable that there is little difference between
this species and S. variabilis Reuss. Specimens from
the well samples seem to be identical with those, figured
as S. variabilis, from the Miocene of Ecuador, Venezue-
la, and Trinidad, and with those, figured as S. bulloides,
from the Miocene of Puerto Rico and Jamaica and from
the late Tertiary of Georges Bank in the western Atlan-
tic Ocean. Specimens are present in test well No. 1
at numerous depths from 230 to 1,430 feet, and 'in
test well No. 2 at 330 feet.

M

" Family GLOBIGERINIDAE

This family is now being intensively studied in a
monographic way and the species from St. Croix, which
are represented by abundant specimens, will be includ-
ed in those studies. No attempt has been made to
deal with them in this report.

Family GLOBOROTALIIDAE
Genus GLOBOROTALIA Cushman, 1927
Globoratalia menardii (D’Orbigny)

This species is abundant in nearly all the well-
samples from St. Croix. It occurs also in the Miocene
of Florida and elsewhere. Studies now under way
on this and related species may show that these Miocene
forms are separable from the Recent ones. With
G. menardii in the St. Croix material, are other species
of this genus, but all need special study and comparison
with those of other areas before satisfactory deter-
minations can be made.

Family ANOMALINIDAE
Genus ANOMALINA D’Orbigny, 1826
Anomalina flintii Cushman

Anomalina ammonoides Flint [not Reuss], U. S. Nat. Mus. Rept.
for 1897, p. 335, pl. 78, fig. 4, 1899,
Anomalina flintiz Cushman, U. S. Nat. Mus. Bull. 104, pt. 8,
p. 108, pl. 18, figs. 5a-c, 1931.
Coryell and Rivero, Jour. Paleontology, vol. 14, p. 334,
pl. 44, figs. 8a-c, 1940.

The types of this species are from stations off Cuba.
The species occurs in the Miocene of Haiti and is
present in typical form in the well material from St.
Croix. Specimens occur in test well No. 1 at intervals
from 180 to 1,330 feet, in test well No. 2 at 360 feet,
and in test well No. 3 at 100 feet.
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Genus PLANULINA D'Orbigny, 1826
Planulina cf. P. ariminensis D’Orbigny

A single specimen from test well No. 1 at 24 to 70
feet is close to this species and similar to that figured
from the Miocene of Haiti (Coryell and Rivero, Jour.
Paleontology, vol. 14, p. 337; pl. 44, figs. 7a-c, 1940).

Genus LATICARININA Galloway and Wissler, 1927
Laticarinina bullbrooki Cushman and Todd

Laticarinina bullbrooki Cushman and Todd, Cushman Lab.
f‘&gm. Research Contr., vol. 18, p. 19, pl. 4, figs. 8, 9,
Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub, 14, p. 73, pl. 15, figs. 2a, b, 1945. '
Cushman and Todd, Cushman Lah. Foram. Research Spe-
cial Pub. 15, p. 70, pl. 12, fig. 5, 1945.

Single immature specimens of this species are present
in test well No. 3 at 100 and 130 feet. The specias
occurs in the Miocene and Oligocene of Trindad ard
the Miocene of Bufl Bay, Jamaica.

Genus CIBICIDES Montfort, 1808
Cibicides ‘mississippiensis (Cushman)

A number of specimens seem much more like this
species than like €. americanus. They are all from
test well No. 1 and largely from the lower part of that
well. The species was described from the Oligocene
of Mississippi and seems to be more characteristic of
that part of the section than of the Miocene.

Cibicides americanus (Cushman)

A few specimens from St. Croix apparently belong
to this species but they are rare and are scattered
throughout the well sections.

Cibicides pseudoungerianus (Cushman) var. io Cushman

Cibicides pseudoungertanus (Cushman) var. 70 Cushman, U. S.
Nat. Mus. Bull. 104, pt. 8, p. 125, pl. 23, figs. 1, 2, 1931.
Palmer and Bermiidez, Soc. cubana historia nat. Mem.,
-vol. 9, p. 257, 1935.
Cibicides i0 Coryell and Rivero, Jour. Paleontology, vol. 14, p.
334, pl. 44, figs. 11a-c, 1940,
Galloway and Heminway, New York Acad. Sei., Sei
Survey Porto Rico and Virgin Islands., vol. 3, pt. 4,
p. 392, pl. 22, figs. 4a-c, 1941,

Rather typical specimens of this form, described
from Recent material dredged off Florida, occur in
the well samples. They are from test well No. 1
at 24 to 30, 180, 1,090, and 1,430 feet; test well No. 2
at 30 feet; and test well No. 3 at 100 feet. It has been
recorded from the Miocene of Cuba, Haiti, and Puer‘o

Rico.

Cibicides illingi (Nuttall)

Truncatulina illingi Nuttall, Geol. Soc. London Quart. Jour.,
vol. 84, p. 99, pl. 7, figs. 11, 17; text fig. 5, 1928.

This species was described from the lower Miocene
or upper Oligocene of Trinidad. Typical specimens
are present in the well samples; in test well No. 1 at
960, 1,360, and 1,450 feet; and in test well No. 2 at

100 feet.






.

-
INDEX
——— -
A ~ Prve
Page | Cassidulinidae......ooo.oocooeooemes 12
aceross, Bolving. ..o 8 | Cossidulinoldes bradyi. .. —.o--coeeoceeomocnmeancnnn- 13
acutauricularis, Saracenaria.. "5 | catenulatus, Robulus... ; 4
affine, Nonfon. . oo.oooooromiee, 6 | candats, Guituling . .- o .oooooeeo oo 5
alata, Bolivina.. 8 | Cederstrom, D, J., Note.on the geology of 8t. Croix, V. I 12
alazanens mina. ... 7 | Chilostomella ooina..._..oooooeommmmmaae \
albatrossi, Pyrulina. ... e mmmemmemeemeioesiemecaoaae 5 | Chilostomellidas
alternans, Pleurostomella._. 10 | Gibicides americanus.
altiformis, Gyroidina soldan - u ilingl.__.__..
americanus, Cibioides_ ... ... 13 Voo
RO 4 mississippiensis... 13
ammonoides, Anomalina. e 13 pseudoungerianus io. .13
Angulogerina occidentalis. -e-= 10 | communis, Dentaling...... .o oooooeeeoeeee .4
angulosa, Uvigerina......_. 10 | compressa dumblel, Pédymorphina....__... I |
Anomaling AMMONOIALS ..o oooemooooooo e 13 | consobrina emaciata, Dentalina. ... . .4
B s 13 { crassa, Cassidulina..._..._._. - - 12
Anomalinidae. .. 13 | onlter, Pulvinulinella . ...oooeoocooommc oomcomnn coemee e eeanae 12
applinae, Bolivina.__.._ 8
ariminensis, Planulina. ______ . e 13 D
auberiana, Uvigerina. ... iiicicioos 9
. delmonteensis, Virgulina 7
B Dentalina communis. ....... 4
basispinats, SiphOREREring. ... ...l 10 g"s"b‘m“r emaciata. s
Biloculina mwrrhina..___. . 4 L TTTTTTTEEee
Bolivina 8CErosa .. ............_... 8 8
QBtA. . g | Qepressa, Pyrgo. ... 4
applinae.... 3 difformis, Bolivins. 8
3 dubia, Marginulina_.__._ oo 4
89 dumblei, Polymorphina compressa 5
8 Pseudopolymorphina, 5
8
8
8
8
9
I a 7-8 Ellipsoidinidae..._.....
bradyi, Cassidulinoides_ 12 | Elipsonodosarisgracilis
Ebrenbergina__...__ 12 mappa..... 3
Gaudryina__... 3]  subspinosa............
Karreriella. 3| vermeuili..eo...oo.o....
. Trifarina..____._. 0 | SPeccccceicccnecaaccaecnan
brevior, Buliminella_. _. 8
brevis, Pleurostomella_ _ 11 | Elphidium sagrai- ..o ceeoeoimmaceen ceimeeamana
Bulimina alazanensis. _. 7
inflata... . ......__ 7
mexicana._ 7
ovula..__.._...... 67
striata mexicana. ... cmicicocccacaaan 7
Buliminella brevior-.. . e imciciaaas [ sp
elegantissima__... 6 | Eponides umbonata
subfusiformis. .. 6 | extensum, NODIOD. .. e oo e ecenaas
Buliminidae_____________. 6-10
bullbrooki, Laticarinina. 13 F : -
bulloides, Pullenia...... 12 | flintii, AnOMANN . eeenem e e ie e cceacceceomacmamcnnaaas 13
Sphaeroldina. ... iiieenn 13 | Foraminifera, age and distributionof. .. ... ... 2
[o] L ¢ ) .
californica, Plectofrondiculama.... ... . aiiiien 6 | gallowayi, Pseudoglanduling. ... oo oooim o eiaccceceaeee 8
capreolus, Vulvalina..___.__.____ 3 Uvigerina. ... ‘
spinosa, Vulvualina. . iiiiieee. 8 | Gaudryina bradyi.
carapitana, Cassiduling ... .. ... 13 globulifera.
Uvigerina._..___._..____.__. 9 pupoides. .
carinata, Cassidulina laevigata._. 12 | Geology of the area.
Cassidulina carapitana....._.._. 12 | glabra, Marginuling. ... .c.c.c.o....
erassa..... 13 | Glonigerinidae_......._..
laevigata. ... 13 | Globorotalia tenardif. .. 13
B S 13 | Globorotaliidae. .. B
SUBBIODOSE. oo o oo e 12 | globulifera, GAUArYINs ..o e iiecccc e ccacce e 3

15



16

Globulina irregulards .. ...
gracilis, Ellipsonodosaria.

grateloupi, Nonion
Spiroloculina. .
Guttuling caudata. ... e e
irregularis. . :

Gyroidina soldandi. . ...
soldanii altiformis_ .. . il

hedbergi, Plectofrondicularia. .. . . ... h——
Heteroheliciaae .. ... o el N
hispida, Uvigerina.
hispido-costata, Uvigerina..______.__._..._. [P e m——aaaa

illingi, Cibieides ... ... R
Truncatulma. . )
implicata, Virgulina. .
mflata, Bulimina___.
mexicana, Bulimina. .
io, Cibicides
Cibicides psendoungerianus. .
irregularis, Globulina________
Guttulina..__._____
isidroensis, Dentalina_ ...

«

jarvisi, Plectofrondiculaiia._____
Jealousy fermation, occurrence of.

Karreriella bradyi. ... ._.._
Kingshill marl, occurrence o

carinata, Cassidalina. .._._.
occidentalis, Pseudoglandulina_

lamarckiana, Quinqueloculina. ... ...
1 llata. Siph D

Laticarinina bullbrooki__.
leuzingery, Textularia. . o el
Lingulina seminuda. ... il ...
Location of the area. .. . i

mantaensis, Bolivina_ . ____________ . .

mappa, ENipsonodosaria. - - - - cicemaeas

marginata, Bolivina. ____.____ e aem SN
Entosolenia____.._

medio-costatum, Nonion_ .
mengrdu, Globorotalia ..
* mera, Bolivina plicatella ... ... L ...
mexicana, Bulimina inflata.
Bulimina striate.... .. .. G
Miliolidae. ... .__________ e s e
Miliolina venusta....._.
mi i Reussella.
Vulvuling SPiMOSa. « « o e e oo e e e -
mississippiensis, Cibicides._ ... ... . ...
Mount Eagle volcanics, oceurrence of._. ... . i ...
mucronata, Dentalina. . .. ... :
multicostata, Siphogenerina. .
. optima, Siphbgenerina__..
murrhina, Biloculina.

E-RC I )

INDEX
N
. Page
Nodosarella pacifica. e 1
robusta_.__._____ 1
subeylindrica.. - 1
Nodosaria vertebralis. 5
Nonion affine._..__.. - (]
OXbeNSUM .. .. 6
grateloupd. . .o e 8
medio-costatum . _ e 6
pompitioides. . 5-6
Nonionidae. .. . ..o i 56
(] .
obscura, Spiroloenlina 4
occidentalis, Angualogerina_.________ ... ... 10
Pseudoglandulina laevigata_ . __________________ ... ___ &
Uvigerina._ . e 10
oolina, Chilostomella_ ___ e 12
optima, Bolivina pisciformis______ 8
Siphogenerina multicostata __ 10
orbignyana elliptica, Entosolenia 7
trinitatensis, Entosolenia ... _______ . ... 7
ovula, Bulimina . . cctecca—enn 6-7
P
pacifica, Nodosarella______ ... 11
petrosa, Schenckiella 3
pisciformis, Bolivina_ 8
optima, Bolivina_ . .__.._____.__ R, e e 8
- Planularia venezuelana._ . . ieeieiccceias 4
Planulina ariminensis 13
8
[]
.}
6
[]

plicatella mera, Bolivina. . ceccmmcmnaan
Polymo‘rphina compressa du'.mbleL -
 Polymorphinidae. - - oo
pompilioides, Nonion. . ... ra—aen
Pseudoglandulina gallowayi. .
laevigata oceidentalis. ... . ceccama—aa S

. Pseudopolymorphina dumblei
pseudoungerianus io, Cibicides.
*pulchra, SIPRONING. - oo oo
Pullenia bulloides. -« o oo oeo e e

pupoides, Gaudrying. ......... et mmecm e e mam—m————
pygmaes, Bolivina. ..

Pyruling albatrossi- - - oo oo oo e —————— e

. Q
quinqueloba, Pullenia.. __- Crmmemeemememeeeemevemeneanmwe o mos e - 13
Quinqueloculina lamarckiana._ .. .. - 4
4
R0 L3 7 Y 8-4

i R
" Reussella mioCenics . - .. eiceiceean 9
Reussia spinulosa e eeeeas - 9
Robulus americanus. - - . .-t me e —an 4
. catenulatus_._____ 4
"robusta, Nodosarella ... . e 11
Rotaliidae. oo oo oo cmemmem e mniaaeae 11-12
rustica, Uvigering. - - oo o oo mamm—e—ea——an 9

8
sagral, EIphidium . o oo aea oo oo em e 6
Saracenaria acutauricnlaris. .. .o eeacieaaan - 5
Schenckiella petrosa. . iacmecmemec—ecaen 3
schlumbergeri, Sigmoilina. . .- . iaeoaos 4



INDEX _ 17

seminuda, Lingulina.__.._._.
seminula, Quingueloculina.
senni, SIPHOZeNering. ... .o e
4
10
10
10
10
10
Siphonina pulchra. .. 12
tenuicarinata.._. 12
11
11
13
13
spinosa, Vulvulina capreolus. ... ool 3
miocenica, Valvulina........_._. - 3
spinulosa, Reussia. . ..o - 9
Spiroloculina obscura._. 4
grateloupi........._. . 4
squamosa, Entosolenia. . ... __.______ 7
striata mexieana, Bulimina. . ... ... ... _________. . 7
subeylindrica, Nodosarella_..___._.___.__.. 11
subfusiformis, Buliminella________.__ 6
subglobosa, Cassidulina.___._... 12
subspinosa, Elipsonodosaria ... . L.l ....__ 11

tenuicarinata, Siphonina
Textularia leuzingeri.
Textulariidae ...
tongi, Bolivina_.._..__
Topography of the area.
tortuosa, Bolivina. ..
Trifaring bradyi. - oo iiiilaes Crmeeccmeecaaa- 10

trigona, Ehrenbergina. ......
Triloculina gracilis. ... .. oo 2oeoos
trinitatensis, Entosolenia orbignyana

O

Truncatuling TMngl . e mccam———
U
umbonata, Eponides_......... - 12
Uvigerina angudoss. ... 10
auberiana_ ... . ... - 9
carapitana......_......._... 9
gallowayi ... _..___.. 9-10
hispida__..........__. 9
hispido-costata....... 9
oceidentalis___ . 10
TUSHICA oo e ameceecc e 9
v
Valvulinidae 3
variabilis, Sphaeroidina.... 13
vaughani, Plectofrondicularia 6
" venezuelana, Planularia. .. 4
venusta, Miliolina.. 3
Quingueloculina. . . 3-4
verneuili, Ellipsonodosaria. 11
vertebralis, Nodosaria. 5
Virgulina delmonteensis. 7
implicata_._..._... 7
. Vulvulina capreolus. 3
capreolus spinosa. 3
spinosa mioeeniea. ... 3
w . ;
Wells, 10gS Of < - - oo oo e cee e e e ceceaa PO, 2






UNITED STATES DEPARTMENT OF THE INTERIOR
J. A. Krug, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

Professional Paper 210-B

A PENNSYLVANIAN FLORULE FROM THE FORKSTON COAL
IN THE DUTCH MOUNTAIN OUTLIER
NORTHEASTERN PENNSYLVANIA

BY

CHARLES B. READ

Shorter contributions to general geology, 1946

(Pages 17=28)

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1946

For sale by the Superi d of D U. S. Government Printing Office, Washington, D. C.

Price 15 cents



\\
A\
CONTENTS
Paze
Abstract - . il el i emie oo 17
Introduetion_ ... _______ . _____ .. e oo el oo 17
Position of the fossil plants_ e e 17
Composition of the florule and age of associated strata______. el 18
Description of fossils . ________ . ________ . ____. o el 18
Lacoea Read, n. gen_. e 18
Lacoea seriata Read, n. Sp_—__ . e 18
Neriopteris lanceolata Newberry_______________________ el 20
Archaeopteridium bellasylviana Read, n.sp____________ el 21
Mariopteris Sp_.__ ___ . .. s 21
Neuroplerts SP- - - - o oo - 22
Cordaites Sp—. - . oo oo ______ U . 22
Cardiocarpon phillipst Read, n. sp_.____________ . U 22
Index - e i 27
ILLUSTRATIONS

Page
Prates 1-2. Flora of the Forkston coal __ . ____ L o ___. Facing_ ... 24-25
Figure 3. Reconstruction of Lacoea seriata Read, n. sp., to show gross morphology . ... _____________________________ 20

I



A FLORULE FROM THE FORKSTON COAL IN THE DUTCH MOUNTAIN
OUTLIER, NORTHEASTERN PENNSYLVANIA

By Cuarces B. Reap

ABSTRACT

Dutch Mountain is an outlier of Pennsylvanian strata situ-
ated some 15 miles north of the west end of the Northern An-
thracite coal field. The Forkston coal, semianthracite in rank
and in the midst of a great conglomeratic sandstone, has been
mined on Dutch Mountain for many years. From the roof of
this coal at several points collections of fossil plants have been
obtained. There are Lacoea seriata Read, n. gen. and n. sp,
Neriopteris lanccolata Newberry, Archaeopteridium bellasyl-
riana Read, n. sp., Mariopteris sp., Neuropteris sp., Cordaites sp.,
C'ardiocarpon phillipsi Read n, sp. The age of this flora is
lower Pennsylvanian, and it is believed to indicate approximate
contemporaneity of the Forkston coal with coal-bearing strata
near the position of the lower portion of the Connoquenessing
sandstone member of the Pottsville formation of the Allegheny
Plateau, the Nuttall sandstone member of the Sewell formation
of West Virginia, and perhaps the Makanda sandstone and the
sandstone immediately below the Tarter coal in Illinois. It is
believed that this flora will aid in the difficult problem of estab-
lishing correlations between the anthracite region of eastern
Pennsylvania and the great areas of Pennsylvanian strata of
the Allegheny Plateau.

INTRODUCTION

Dutch Mountain is one of several small outliers of
Pennsylvanian strata that lie north of the western part
of the Northern Anthracite coal fields, in Northeastern
Pennsylvania. It is in Forkston and North Branch
townships, Wyoming County, about 15 miles northwest
of Wilkes-Barre, 15 miles due north of the western end
of the Northern Anthracite field, and 3 miles southwest
of the village of Forkston. From their position in the
drainage basin of Mehoopany Creek these outliers are
sometimes spoken of as the “Mehoopany coal basins.”

The Mehoopany basins are the easternmost of the rem-
nants of Pennsylvanian strata that are scattered from
western Wyoming County across Sullivan, Bradford,
Lycoming, and Tioga Counties to the northern Alle-
gheny Plateau region of Clinton and Potter Counties,
in which there are more continuous areas of the “Coal
Measures.” Because of its position, linking the anthra-
cite basins of the eastern part of the State with the
great area of the Allegheny Plateau in the west, this
chain of outliers has been of interest to stratigraphers
from the time of the early Pennsylvania surveys. Un-
fortunately, exposures in most of the basins are poor,
and they have not furnished the data that an inspection
of the State maps would lead one to expect.

In Dutch Mountain, as well as in several of the other

689523—46

areas, small coal mines have been operated intermit-
tently for many years. During the time of his activity
as a collector, in the latter half of the past centiry,
R. D. Lacoe obtained a very interesting lot of fo-sil
plants from mines in the Forkston coal in Dutch Mo n-
tain. While engaged in field work in Pennsylvanie in
1938, H. A. Swenson, of the Geological Survey, and the
writer paid a brief visit to the Mehoopany coal basins
to investigate the occurrence of the fossils. It is the
purpose of this paper to record the observations made
and to describe the available collection of plants.

POSITION OF THE FOSSIL PLANTS

As is stated above, Dutch Mountain is a small erea
of Pennsylvanian rocks preserved in a syncline and
situated 15 miles north of the west end of the Northern
Anthracite coal field. Outcrops are poor, owing to the
heavy cover of timber and to the mantle of glacial
debris. Coal has been mined at a number of points near
the top of Dutch Mountain, where a few hundred acres
of coal is preserved. At the time of the writer’s visit
only one mine was in operation.

A section of the Pennsylvanian rocks could not, be
measured in the region, owing to the poor exposures.
It was, however, possible to obtain a few facts regarding
their occurrence. The Forkston coal, a semianthracite,
is a rather variable bed, ordinarily maintaining a thick-
ness of 3 feet or a few inches less, but in a few places
increasing to about 4 feet, and at others becoming too
thin to mine. It is underlain by a few inches to 4 feet
of dark-gray carbonaceous, root-traversed, massive to
irregularly bedded siltstone and underclay that con-
tain occasional fernlike pinnules and large Cordaites
leaves. The roof, at points where it was seen in the one
mine entered, was sandstone or conglomerate. Miners
report, however, that in some of the old workings a
few inches to a foot of silty gray shale lies between
the coal and the sandstone.

Under the Forkston coal and its associated root bed is
a conglomeratic sandstone, exposures of which are very
poor but sufficient to indicate a thickness of about 200
feet. Above the coal some 50 feet of conglomerate is
present and in at least two air shafts that have heen
driven through the upper conglomerate a thin coal has
been encountered about 20 feet above the Forkston. bed.
Details of this upper coal bed are not available.
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The florule here described comes from the roof of the
Forkston coal at points in several drift mines not now
in operation.

COMPOSITION OF THE FLORULE AND AGE OF THE

ASSOCIATED STRATA

The composition of the Forkston florule is as follows:

Lacoea seriata Read, n. gen., n. sp.
Neriopteris lanceolata Newberry.
Archaeopteridium bellasylviana Read, n. sp.
Mariopteris sp.

Neuropteris sp.

Cordaites sp.

Cardiocarpon phillipsi Read, n. sp.

As shown by the list, the number of species is small.
Only seven forms are known and but four of these are
specifically identifiable. The significance of these four
is great, however, from the viewpoint of the strati-
graphic paleontologist. Thus Neriopteris lanceolata
Newberry and a form closely related to Archacopteri-
divin bellusylviana, A. stricta (Andrews) (n. comb.),
are known from strata associated with the lower part
of the Connoquenessing sandstone member of the Potts-
ville formation in southern Ohio and with the Nuttall
sandstone member of the Sewell formation in the Kana-
wha-New River Valley of West Virginia. In addition,
a close relative of A. bellusylviana, A. plumosum White,
is known from rocks in the zone just above the Makanda
sandstone in southern Illinois.

Lacoea seriata is known in sandstone above the
Sharon coal in the Youngstown region of northeastern
Ohio and in shale just under the Connoquenessing sand-
stone member of the Pottsville formation in Jackson
County, Ohio. Cardiocarpon phillipsi is a type of seed
common in the strata under the Quakertown coal and
associated with the lower part of the Connoquenessing
sandstone.

It thus appears that the data in hand indicate the
equivalence of the Forkston coal to coal-bearing strata
at the approximate position of the lower part of the
Connoquenessing sandstone of the northern Allegheny
Plateau and the Nuttall sandstones of the West Vir-
ginia region. Approximate correlation with the Ma-
kanda sandstone of southern Illinois or beds just above
it is also suggested.

As regards the position of the Forkston floral zone in
the general section of the anthracite region, it appears
possible to establish it, but pending a more detailed
study of the sequence a report on this must be deferred.
It may be said, however, that the zone appears to be
present near the base of the Pennsylvanian section in
the Northern Anthracite field and completely absent
in the Southern Anthracite field.

DESCRIPTION OF FOSSILS
Genus LACOEA Read, n. gen.

Characters at present those of the single species,
Lacoea seriata. The generic name is in honor of the
collector of the type specimens, R. D. Lacoe.

Lacoea seriata Read, n. sp.
Plate 1, figures 1-14

The most abundant recognizable fossils in the Fork-
ston collection are the flattened impression« and incrus-
tations of a rather remarkable type of fructification.
As usually seen on the bedding planes of the dark-gray
sandy shale, these are roughly oval to ovate and show
a considerable range in size. However, it is relatively
rare to find one larger than 2 centimeters in diameter.
The general appearance of typical individuals is seen
in plate 1, figures 1-10, 13. It is evident that some
specimens are globular .and others sorewhat cup-
shaped. In all a notable feature is the more or less
asymetrical base. The formn of the base differs con-
siderably in the several specimens and, as will be shown
farther on in this paper, is dependent upon the position
of the body with reference to other similar organs.
The main part of the fossil just above the base in many
specimens is somewhat lenticular in transverse section,
a feature indicating that its cross section was circular
prior to fossilization. A very obvious character is the
surface patterns, which in the better-praserved indi-
viduals is made up of abundant small rhomboidal or
diamond-shaped areas (pl. 1, figs. 3 and 5, particularly)
ranging from 1 to 2 millimeters in lengtl and usually
half as broad as long. These are closebhr spaced and
are arranged in what appear to be close svirals. Nor-
mally they stand in relief, with shallow depressions or
furrows between. The general effect of the pattern is,
in fact, superficially similar to that of a fragment of
some small Lepidodendron stem that has lost its foliage.

Fringing distal parts of the structure is a lacinate
border of variable width (pl. 1, figs. 2, 3, 5, 6, 10, 13),
usually a centimeter or more across. Tho tissues that
made up this fringe were evidently rather thin and
delicate, if the present vague limits and the lack of relief
may be taken as criteria. .

The cupular organs just briefly descril~d are borne
in pinnate aggregates of 10 or more pairs and are seated
on short pedicels attached to slender rachises. Some of
these aggregates are seen in plate 1, figures 11, 12, and
14. It is apparent that the cupules are crowded on
the axis, so that a strobilus is simulated. A notable
feature is the small size of the individual structures in
those specimens in which they are attached as compared
to those detached. That the large and smell individuals
are identical in structure is seen by their form as well
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as by their superficial rhomboidal markings. The dif-’

ference in size will be more fully treated in connection
with the interpretation of the fossils.

The specific name refers to the seriate or serrate fringe
at the apex of the specimen.

Interpretation—The interpretation of Lacoea seriata
and the reconstruction of its aspect before crushing and
fossilization demand some thought. If it is recalled
that the specimens were derived from a region of rather
considerable crustal deformation, one in which the strata
have been subjected to a great deal of pressure, as evi-
denced by the very high rank of the coal it will be clear
that the lenticular cross section of the ovate body (pl.
1, fig. 9) of the Lacoea specimens is evidence of an
original rounded form. Thus it would appear that the
structures were originally sphaeroidal or cupular, with
a constricted brim, although without any definite radial
symmetry (pl. 1, figs. 1. 7, 9, particularly). This strik-
ing lack of radial symmetry was noted in an earlier para-
graph and is undoubtedly related to the grouping of the
structures into dense strobiluslike aggregates. How-
ever, the individual bodies are two-ranked on the axis
rather than in whorls or in spirals. In consequence it
is rather clear that the axis upon which these bodies
are borne is a rachis rather than a stem,

A point that has been made in connection with the
grouping of the specimens is that those that are as-
sembled in the pinnate aggregates are much smaller than
those that are detached. (See pl. 1, fig. 14, in which a
group as well as an isolated structure may be seen.)
Likewise, although this was not brought out earlier, the
detached bodies differ considerably in size. The writer
is of the opinion that the strobiluslike groups of these
bodies represent the voung or decidedly immature state
and that, with enlargment of the individual structures
and elongation of the rachis upon which they were borne,
the strobiluslike masses became less rigid and the indi-
vidual bodies were easily detached. Hence it is only
in the very young specimens that large aggregates are
found. As to the difference in size of the individual
specimens, it is certainly related in part to their ma-
turity and probably in part to their position on the
rachis; that is to say, it is quite probable that the basally
placed structures tended to be larger than these situated
apically.

As regards the individual bodies, they seem almost
certainly to represent the spore-bearing or pollen-bear-
ing organs of some early gymnosperm, probably a seed
fern, or pteridosperni. The rhomboidal surface mark-
ings are apparently the basal ends of sporangia or pollen
sacs seen slightly obliquely. From their size and posi-
tion it is believed tha they were situated on a convex or

* The Forkston ceal is classified as semianthracite,

subspherical receptacle, from which they radiated up-
ward and possibly slightly outward.

The relationship of the membranaceous fringe or
border to the sporangia is not clear. The fringe may be
an extension of the ends of the sporangia, for similar
fringes have been observed in Potoniea adiantiformis
Zeiller. Or, as seems more likely, it may represent the
extension beyond the receptacle proper of a sterile sheath
enclosing the sporangia. The distal part of this sheath
is either normally laciniate or else frays readily.

Because of its bearing on the morphology of the
Forkston specimens it is necessary to bring into the dis-
cussion a specimen from the horizon of the lower part
of the Connoquenessing sandstone near Youngstown,
Ohio. The aspect of this specimen is seen in plate 1, fig-
ure 4. As compared with the individuals just reviewed,
the Ohio fragment is relatively uncrushed. In form it
is obconical or funnel-shaped. The sides, in the region
of marked downward tapering, are slightly concave.
The dimensions of the specimen are approximately 2
by 2 centimeters. The upper 0.5 to 1.0 centimeter forms
a sort of rim that is deeply torn at irregular intervals,
the tearing being due beyond doubt to abrasion, or some
other cause related to its preservation. This part is
otherwise structureless and presents no characteris‘ic
markings. Tt evidently represents a rather thin sheath-
ing tissue for the structures next to be described.

Below the rim are seen here and there, almost to the
base of the organ, rhomboidal markings similar to these
noted in the specimens of Lacoea seriata from the Fork-
ston coal. At the very base these markings are absent,
and the surface is covered with a thin unmarked cer-
bonaceous layer. It is apparent that the point of at-
tachment has been broken off, and the base is seen to be
somewhat frayed.

The interpretation of this uncrushed specimen is
rather simple. The obconical structure is a cupule of
rather delicate tissue that is readily disorganized and
that leaves at most only a film of carbon if preserved.
Traces of this sheath arve seen at the apex of the cupule
and also at the base. In the markedly tapering part of
the structure (the obconical part) are closely spaced
rhomboidal or possibly saclike areas. It is evident that
these are the bases of elongate, cylindrical sporangia
attached regularly around the concave inner surface of
the cupule. The rhomboidal rather than circular form
of the bases of the sporangia is due in part to the
oblique course of the rows of sporangia across the walls
of the cupule, and in part to the crowding of the bases
and at the same time their alinement in regular spirals.
To bring out these relationships as well as the general
morphology of the structure, a sketch incorporating
the writer's ideas is presented in figure 3. On the left



20 SHORTER CONTRIBUTIONS IN GENERAL GEOLOGY, 1946

are shown the surface features reconstructed from the
fossil, and on the right a part of the outer receptacle
has been cut away to show the attachment of the indi-
vidual sporangia.

Comparisons.—In the Carboniferous strata of this
country, particularly the Pennsylvanian, a great vari-
ety of polleniferous organs pertaining to pteridosperms
occur, and these are known in collections. Many of
them have been acquired by the Geological Survey dur-
ing field work done in connection with stratigraphic

FIGURE 3.—Reconstruction of Lacoea seriata Read, n. sp., to show gross
morphology.

studies of the upper Paleozoic rocks, and others have
been acquired by the United States National Museum.
Unfortunately most of these remain undescribed.

One of the best known of these fossil polleniferous
organs is Whittleseya elegans Newberry, elucidated by
the recent efforts of T. G. Halle.? A typical specimen
of this species is shown in plate 2, figure 10. As ordi-
narily seen these appear as flattened, fan-shaped, leaf-
like organs somewhat suggestive of Ginkgo leaves. In
fact, W. elegans was originally assigned to the Gink-
goales. It appears, however, that this flat structure is
a crushed cup, the walls of which are formed by closely
spaced tubular sporangia extending the length of the
cup. Thus Lacoea seriata differs markedly from W.
—3_1—121116.-,—’1‘.(}., The structure of certain fossil- spore-bearing organs

believed to belong to pteridosperms: K. svenska vetensk. akad. Handl.,
ser. 3, Band 12, No. 6, pp. 17-24, 1933. *

elegans in the solid nature of the aggregate cf sporangia
and likewise in the presence of a receptacle,

Lacoea seriata, n its features of gross morphology,
is perhaps closer to Dolerotheca or to Potoniea. These
are spore-bearing organs without a hollow central area,
the sporangia extending to the center of the body. In
Dolerotheca there is a ground mass of tissue between
the sporangia, whereas in Potoniea the sporangia are
free save for a leaflike sheath on the exterior of the
whole synangiun. In neither form does there seem to
be a structure entirely comparable to Lacoca, with the
rhomboidal sporangia bases spirally arrenged on a
concave receptable and a long raylike sterile sheath.

No pollen grains have been observed in the material
of Lacoea seriata, nor could any be expected in fossils
found in strata that have undergone such intense pres-
sure as is evidenced by the high rank of the coal.

Genus NERIOPTERIS Newberry
Neriopteris lanceolata Newberry

1873. Neriopteris lanceolata Newberry, Ohio Geol. Survey Rept.,
vol. 1, pt. 2, p. 381, pl. 45, figs. 1-3.

The Forkston collection contains occasional frag-
ments of a large, long-pinnuled fern that is beyond
doubt referable to Neriopteris lanceolata Newberry.
The plant is of the alethopteroid type, with long, strap-
shaped leaflets or pinnules, the apices of which are acute
and set at somewhat less than a right angle to the axis
of the pinna. These pinnules are attached across ap-
proximately their own breadth to the rachis of the pinna, .
the base of the pinnule being decurrent and the upper
margin tending to curve slightly downward, following
the proximal one. As the pinnules are very closely set,
the lamina is thus contimuous from one pinnule to the
next. The venation is of the alethopteroid type, a
heavy midrib extending the complete lengtl of the pin-
nule and giving off, at an acute angle, secondaries that
immediately curve sharply to pass to the margin at ap-
proximately a right angle, forking once or twice. At
the base of the pinnules the midrib or primary vein is
slightly decurrent on the rachis. The material is too
poor to illustrate, but there can be no doubt regarding
its identity.

The writer has recently examined the type specimen
of Neriopteris lanceolata Newberry, which is in the col-
lection of the New York Botanical Garden. It will be
recalled that in Newberry’s original description the pin-
nules were said to be basally constricted. In the figures
accompanying his description they were shown to be
attached across a narrow zone immediately adjacent to
the midrib, and their bases were rounded. Actually
the type specimen does not show these featurss but agrees
very closely with the Forkston plant, in which the pin-
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nules are attached across the whole breadth of the base
and are slightly decurrent.

According to present data, this species, though ex-
tremely rare, is of considerable importance stratigraph-
ically. It is known at several localities in eastern Ohio,
where it occurs either in the extreme upper part of the
Sharon shale or in the lower part of the Connoquenes-
sing sandstone, most commonly in the latter. It is gen-
erally, but not invariably, associated with species of the
genus Cannophyllites.

Neriopteris lanceolata Newberry is perhaps similar in
some respects to the plant that was called T'aeniopteris?
missouriensis by White.> The systematic position of
White’s species is still in doubt, but there is no question
regarding the similarity of the plants from Pennsyl-
vania and those from Missouri. The Missouri plant is
distinguished, however, by its somewhat more widely
spaced pinnules, set more commonly at a right angle
to the rachis, and by the more open venation.

Another form to which there is a certain degree of
similarity, although probably superficial, is Protoblech-
num wongii Halle,* from the Shihotse series in central
China. P.wongiishows, however, a somewhat different
type of venation, oblique rather than at right angles,
and it has somewhat more flabellate pinnules. The simi-
larity in form probably is best regarded as a sort of
homeomorphy whereby widely separated groups may
show a similar external form.

According to Jongmans,?® the American species that
White referred to Taeniopteris? missouriensis should
more properly be placed in Macralethopteris, the geno-
type of which is M. hallié Jongmans and Gothan, from
deposits of Stephanian age in Java. From the figures
given by Jongmans and Gothan one cannot be at all
sure regarding this determination. At all events, in con-
sidering a name for these large, long-pinnuled AZethop-
teris-like plants the genus Neriopteris must be noted
and its relationships to similar plants must be deter-
ntined.

Genus ARCHAEOPTERIDIUM Kidston
Archaeopteridium bellasylviana Read, n. sp.
Plate 2, figures 6-9

Main divisions of the frond unknown, the secondary
pinnae short, linear-lanceolate and acute, with a narrow
lineate rachis. Pinnules alternate, small, short, close,
tending to overlap, obliquely set, rhomboidal to ovate,
6 to 15 millimeters long, 3 to 6 millimeters wide, the
widest point being situated below the middle; pinnules
usually obtusely rounded at the apex, broadly attache

3 White, David, Fossil flora of the Lower Coal Measures of Missouri :
U. 8. Geol. Survey Mon. 37, pp. 140-144, pl. 40, figs. 1-7, 1899.

4 Halle, T. G., Palaeozoic plants from central Shansi: Palaeontologica
Siniea, ser. A, vol. 11, fase. 1, pp. 135-138, pls. 35-36 ; pl. 64, fig. 12, 1927.

5 Jongmans, W. J., and Gothan, Walther, Die Paldobotanischen

Ergebnisse der Djambi-Expedition 1925: Jaarb. mijnwezen Ned.-Indi&
1930, Verh,, pt. 2, pp. 130-132, 1935.

(the attachment about one-half the width of the pin-
nule), slightly decurrent, the border nearly straight for
about two-thirds of the length on the lower side, but
arched strongly on the upper side. Proximal basal
pinnules heteromorphous. Nervation distinct, coarse,
apparently derived from the rachis, and radiating, tl'e
nerves forking once or twice in passing nearly straiglh+
to the margins of the pinnule.

The specific name is derived from the settlement of
Bellasylvia, southwest of Dutch Mountain.

The fragmentary condition of the fossils here de-
scribed and the gritty nature of the matrix prevent tl'e
illustration of large parts of the pinnae. Likewise it
has been impossible to determine all the features of
the apical parts of the pinnules. It is possible that
they may be denticulate, as are the numerous species of
rchaeopteris from the Devonian, with which this ma-
terial was originally identified.

The general aspect of the pinnae of this species is
seen in plate 2, figure 6, which illustrates a specimen
with rather crowded pinnules. A phase with slightly
narrower and somewhat less crowded pinnules is seen
in plate 2, figures 8; in this latter specimen there is a
tendency toward a more erose or denticulate margin cn
the pinnules. An inferior, basal, heteromorphous pin-
nule is shown in figure 9.

Archaeopteridium bellasylviana is perhaps compara-
ble to A. tschermaki Stur from Bohemia.® The latter
has more cuneate, crowded pinnules attached across tl
entire base, and the general habit of the frond is closer
to that generally found in the genus Rachopteris.

Genus MARIOPTERIS Zeiller
Mariopteris sp.

Several specimens in the collection are referable to a
species of Mariopteris. However, these fragments are
scarcely sufficient to warrant specific reference. Tlo
best preserved specimen is a pinna approximately 6
centimeters long and narrowly lanceolate. The pin-
nules are rather variable in shape but in general are
triangular, and from their attitude with reference to
the rachis of the pinna it is evident that they were rather
lax. The venation is partly obliterated by the coarse
grains of the matrix, but where seen it is typical of
the group M. muricata, to which the form evidently
belongs.

Mariopteris sp. recalls, in some measure, a form from
the Eastern Interior coal field of Illinois, recently
studied and described under the name M. speciosu
(Lesquereux) White.” This latter species has a pin-
m J.. Beitrige zur Kenntniss der Flora der Vorwelt. Band
1, Die Culm-Flora; K.k. geol. Reichsanstalt Abh., Band 8, Heft 1,
pp. 57-60, pl. 12, fig. 1; pl. 16, fig. 1, 1875.

7 LesquereuX, Leo, Description of the coal flora of the Carboniferous
formation in Pennsylvania and throughout the United States: Pennsyl-

vania 2d Geol. Survey Rept. Progress P, vol. 1, pp. 216-217, 1880
(under Pseudopecopteris speciosa Lesquereux).
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nule rather similar in form and of the same size. How-
ever, the Forkston species does not bear the sparingly
serrate margins observed in the Illinois plant.
M. speciosa is known from the Battery Rock coal
horizon and in consequence is about the age of the
Sharon coal and its correlatives in the Appalachian
region.
Genus NEUROPTERIS Brongniart
Neuropteris sp.

A few fragments of a Neuropterisin the Duteh Moun-
tain collection may be identical with N. tenuifolia, but
the material is not sufficient to determine the relation-
ships. The fossils are isolated pinnules and very frag-
mentary pinnae, highly macerated and with venation
obliterated by the relatively coarse grains of the matrix.

Genus CORDAITES Unger
Cordaites sp.

Throughout the collection there are abundant frag-
ments of ('ordaites leaves, all greatly macerated, and
all with the details of the venaticn obliterated by the
coarse matrix. It is impossible to form any very close
idea regarding the size or relative proportions of the
leaves.

Genus CARDIOCARPON Brongniart
Cardiocarpon phillipsi Read, n. sp.
Phate 2, figurex 1-3

Seeds very large, some of them as much as 4 centi-
meters in length and 3.5 centimeters in width including
wing, of which the wing makes up about 0.5 centimeter
on either side of the seed proper, about 1 centimeter at
the chalazal end, and 0.5 centimeter at the micropylar
end. Form of the seed with wing somewhat orbicular
to oval, and of seed alone distinctly orbicular, with
the base slightly modified to a truncate or even cordate
shape and the apex tending to be slightly pointed. De-
tails of seed coats or divisions of the testa not distinct.
Wing deeply incised apically in the vicinity of the
micropyle, the glit running to the apex of the seed in &
distinet V directed to the upper end of the micropyle.

The specific name was chosen in honor of Mr. Ben
Phillips, who was associated with Lacoe in making the
collection from the Forkston coal.

The general aspect of Cardiocarpon phillipsi is seen

in plate 2, figures 1-3. A very large number of speci- -

mens of this seed are known, and those figured have been
selected to illustrate the diagnostic features as seen in
the whole range. It is apparent at the outset that one
of the most characteristic features of this species is its
large size. In fact, in this country such large forms of
Cardiocarpon as C. phillipsi are rarely encountered. It
is notable, as has been pointed out by White 8 in a paper

read before the Geological Society of America but pub-
lished only in abstract, that these large species occur
at a rather definite horizon and are commonrly associated
with the remains of Cannophyllites spp. (originally
known as Megalopteris) in the Appalachian region and
also in the Eastern Interior coal field. The narrow
range of these seeds is about the position of the lower
portion of the Connoquenessing sandstone in the north-
ern Appalachians, the Nuttall sandstones of New River.
and the sandstone underlying the Tarter coal in the
IHinois region. Klsewhere the flora is not well known
owing to its inability to compete in other than a very
narrow range of environments.

Although the apices of these seeds are slightly
pointed, they do not show the acute and prominent tips
that characterize so many species of this genus. The
sceds tend to be orbicular rather than to assume the
cordate or heart-shaped outline commonly seen.

It is clear that this seed must have been markedly
flattened even in its original form. Tle residue is
slight, and in none of the specimens examined has there
been any evidence that the impression showed marked
relief when originally made, prior to compaction of
the enveloping sediments.

As has been previously stated, the number of species
of these very large Cardiocarpons is reletively small.
They include Cardiocarpon baileyi Dawson® and C.
newbcrryl Andrews,® both of which differ markedly
from (7. phillipsi in seed form and in the proportions
of the wings: (. samaraeforme Newberry,! whose seed
is similar in size and form but has a rather different
type of wing; and C. ingens Lesquereux (pl. 2, fig. £),1*
which approaches very closely the form and size of C.
phillipsi, but differs in the wings, which are narrower,
basally not so broad, and very deeply cut at the
micropylar end.

Remarkable for its size, which is perhaps the largest
known in the genus, is Cardiocarpon akroni Read, n.
sp. (pl. 2, fig. 5), from the uppermost part of the
Sharon shale near Akron, Ohio. This species has fully
twice the breadth of O. phillipsi or C. ingens. The
illustration is introduced to indicate the wide range
of size of the genus and, with the figure of €. ingens.
for comparison with . phillipsi.
mavid, Megalopteris and the giant-winged cardiocarps
(abstract) : Geol. Soc. America Bull., vol, 44, pt. 1, p. 213, 1933.

? Dawson, J. W., Acadian geology. 34 ed.. p. 555, text fig. 194D, 1878.

10 Andrews, E. B., Descriptions of fossil plants from the Coal Measures
of Oliio : Ohio Geol. Survey Rept., vol. 2, pt. 2, Paleontclogy, pp. 425-426,
pl. 46, fig. 2, 1875.

11 Newberry, J. S., Descriptions of fovsil plants from the Coal Measures
of Ohio: Ohio Geol. Survey Rept., vol. 1, pt. 2, Paleontology, p. 375, pl.
43, fig. 11, 1873.

12 Lesquereux, Leo, Botanical and paleontological report on the
geological State survey of Arkansas, in Owen, D. D., fecond report of a

geological reconnaissance of the middle and southern counties of
Arkansas, p. 311, pl. 4, figs. 4-1a, 1860.
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PLATE 1

Fieures 1-3, 5-10, 13. Lacoea seriata Read, n. sp., individual synangia from the Forkston coal in Dutch Mountain, Pa., showing
features of gross morphology. In figure 1 a large synangium shows the rhomboidal surface markings particu-
larly well. Figures 2, 3, 5, 6, 8, and 9 illustrate the membranaceous sheath extending as a fringe far beyond
the globular to cupular synangium. Note in figures 3, 5, 8, 9, and 10 the rhomboidal scars left by the bases of
sporangia attached obliquely to the plane of the surface exposed. Cotypes, U. S. Nat. Mus. 26217, 26219, 26251,
26213, 26235, 26256, 26252, 26214, 1626, 26247.

4. Lacoea seriata Read, n, sp., an uncrushed specimen from the lower portion of the Connoquenessing sandstone near
Youngstown, Ohio, illustrating the cupular nature of the polleniferous synangia. U. 8. Nat. Mus. 26261.

11, 12, 14. Lacoea seriata Read, n. sp., strobiluslike aggregates of the synangia from the Forkston coal in Dutch Moun-
tain, Pa. Note the crowded, rigid, biseriate arrangement. Cotypes, U. 8. Nat. Mus. 26242, 26241,
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PLATE 2
F1eures 1-8. Cardiocarpon phillipsi Read, n. sp., showing the large size and the form of the seeds. Forkston coal, Dutch Moun-
tain, Pa. Cotypes, U. 8. Nat. Mus, 25391, 25390, 25396.
4. Cardiocarpon ingens Lesquereux, typical specimens of this species introduced for comparison with C. phillipsi.
bearing Bloyd shale, Morrow group, at Lemons coal bank, Washington County, Ark. U. 8. Nat. Mus. 25417,
5. Cardiocarpon ukroni Read, n. sp., an extremely large spceies of Cardiocérpon introduced to show the size that some
species of this group attain. Sharon shale near Akron, Ohio. Holotype, U. 8. Nat. Mus. 25382.
FI1cUREs 6-9. Archaeopteridium bellusylviuna Read, n. sp., two pinnae (figs. 6 and 8) and details of a typical pinnule and a
heteromorphous pinnule (figs. 7 and 9, X2). Forkston coal in Dutch Mountain, Pa. Cotypes in U. 8. Nat. Mux
10. Whittleseya elegans Newberry, a specimen from the upper Sharon shale near Akron, Ohio, introduced for compari-
son with Lacoea seriata. U. 8. Nat. Mus. 18843,

Coal-
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REPTILIAN FAUNA OF THE NORTH HORN F ORMATION
OF CENTRAL UTAH

By CrarLEs W. GILMORE !

ABSTRACT

In Part 1 a sauropod dinosaur from the lower part of the North
Horn formation in central Utah, represented by 30 procoelous eaudal
vertebrae, with chevrons, and the ischia, right forelimb, scapula,
coracoid, and sternal plates, is referred to the species Alamosaurus
sanjuanensis Gilmore. This specimen substantiates a previous dis-
covery of sauropod remains in New Mexico and establishes definitely
the presence of the family Titanosauridae in the Upper Cretaceous

of North America. It also supplies new data on skeletal features
of the late sauropods.

In Part 2, & new species, assigned tentatlvely to the genus Arrhine-
ceratops Parks, and other ceratopsian specimens from the North Hor~
formation of central Utah are described.

In Part 3, the reptilian forms of the fauna are reviewed, and cor-
relation with other Upper Cretaceous faunas is briefly discussed.

Parr 1.

INTRODUCTION

In a brief note 2 attention has recently been directed to
the discovery of a partial skeleton of a large sauropod
dinosaur in the Upper Cretaceous of central Utah. It is
proposed to give here a detailed discussion of its relation-
ships. Its geologic occurrence has been described by E, M.
Spieker.?

The general appearance of the area on which the speci-
men was found is shown on plate 3 and close views of the
quarry on plate 4. The broader relationships of the locality
are shown on the map included by Spieker in his deserip-
tion of the Wasatch Plateau.4

The discovery of the specimen by the 1937 Smithsonian
Paleontological Expedition is of more than ordinary
interest: (1) It substantiates the authenticity of the
original discovery that sauropod dinosaurs may be found
in the Upper Cretaceous of North America; (2) it demon-
strates the presence of a member of the family Titano-
sauridae in North America; (3) it permits for the first
time an adequate diagnosis of the genus Alamosaurus;
and (4) it strongly suggests that the North Horn forma-
tion may be the equivalent in age of the Ojo Alamo forma-
tion of New Mexico.

1 Late Curator of Vertebrate Paleontology, U. 8. National Museum. This
paper is a product of informal cooperation between the Geological Survey and
the U. 8. National Museum and is published by permission of the SBecretary,
Smithsonian Institution.

2 Gilmore, C. W., Sauropod dinosaur remains in the Upper Cretaceous: Science,
new ser., vol. 87, no. 2257, p. 299, 1938.

3 Spieker, E. M., Late Mesozoic and early Cenozoic history of central Utah:
U. 8. Geol. Survey Prof. Paper 205-D, pp. 134-135, 1946.

4 8pieker, E. M., The Wasatch Plateau coal field, Utah: U. 8. Geol. Survey
Bull. 819, pl. 32, 1931.

6 Lydekker, R., Contributions to a knowledge of the fossil vertebrates of Ar-
gentina, 1, The dinosaurs of Patagonia: Paleontologfa Argentina, t. 2, Mus. de
La Plata Anales (unnumbered) p. 3, 1893.

8 Lydekker, R., Notices of new and other Vertebrata from Indian Tertiary
and secondary rocks: India Geol. Survey Rec., vol. 10, pp. 3841, 1877,

7 Depéret, Charles, Note sur les dinosauriens sauropodes et théropodes du
Crétacé supérieur de Madagascar: Soc. géol, France, sér. 3, t. 24, p. 192, 1896.

OSTEOLOGY OF ALAMOSAURUS, A SAUROPOD DINOSAUR FROM THE UPPER CRETACEOU!

Family TITANOSAURIDAE Lydekker

In view of the fact that the Titanosauridae hav~
hitherto not been positively recognized as occurring in
North America, a brief review of the family seems ap-
propriate.

The term Titanosauridae was proposed by Lydekker &
in 1893 to include the sauropodous dinosaurs described
by him from India and South America. At that time he
provisionally defined the family as follows: ’

Sauropodous dinosaurs in which the caudal vertebrae, with th~
exception of the first, are procoelus, the presacrals opisthocoelus,
and the lumbars without lateral cavities; the superior extremities
of the chevron bones being open.

The family Titanosauridae has since become the reposi-
tory of practically all the Cretaceous sauropod dinosaur~
that have been described. In many instances these assign-

| ments rest primarily on the presence of similar procoelu~

caudal vertebrae. If correctly 'referred, representatives
of this family have been reported from India,® Indo-China,
Madagascar,” Egypt,® Transylvania,® southern France,™
Isle of Wight,!* Brazil,*? Patagonia,'® South Africa,* and

-North America.”® Thus it would appear that the Titano-

sauridae have the widest geographical range of any known
family of the Dinosauria.

8 Stromer, E, Ergebnisse der Forschungareisen Prof. E. Stromers in den Wils-
ten Agyptens, II. Wirbeltierreste der Baharle-Stufe (unterstes Cenoman)
11, Sauropoda: Bayer. Akad. WISS Math.-naturwiss. Abt., Abh., neue Folge,
Heft 10, 1932,

9 Nopsca, Francis, On the geological importance of the primitive reptilian
fauna of the uppermost Cretaceous of Hungary; with a description of a new
tortoize (Kallokibotion): Geol. Soc. London Quart. Jour., vol. 79, p. 107, 1923.

10 Depéret, Charles, op. cit., p. 176.

11 Lydekker, R., On certain Dinosauriae vertebrae from the Cretaceous of
India and the Isle of Wight: Geol. Soc. London Quart. Jour., vol. 43, pp. 156-.
160, 1887.

12 Huene, Friedrich von, Los sautrisquios y ornitisquios del Cretdceo Argentinc-
Mus. La Plata Anales, ser. 2. t. 3, p. 167, 1929,

13 Lydekker, R., op. cit. (Paleontologia Argentina, t. 2), p. 1, 1893,

14 Broom, R., On the occurrence of an opisthocoelian dinosaur (Alogosaurus
baurd) in the Cretaceous beds of South Africa: Geol. Mag., dec. 5, vol. 1, pr.
445447, 1904.

15 Gilmore, C. W., A new sauropod dinosaur from the Ojo Alamo formation cf
New Mexico: Smithsonian Mise. Coll., vol. 72, no. 14, 1922,
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Huene ¢ was the first to assign the genus Alamosaurus
to the Titanosauridae, an assignment proved correct by
the specimen here discussed.

From the information furnished by the Utah specimen,
in conjunction with a review of the literature, the defini-
tion of the family Titanosauridae may now be amplified
as follows:

First caudal vertebra with biconvex centrum; other
caudals strengly procoelous; neural arches on most of the
caudals attached to the anterior half of the centrum;
caudals without lateral cavities; presacrals opisthocoelus;
5 or 6 vertebrae in sacrum; all chevron bones open at
articular end; pubes not narrowing distally; ischia short
and wide, without especial distal thickening.

The following genera have been included in this family:
Titanosaurus, India, Indo-China, and South America;
Argyosaurus, Laplatasaurus, Antarctosaurus, Campylodon,
all from South America; Macrurosaurus, England; Hypse-
losaurus, Aepyosaurus, both from southern France; Aegyp-
tosaurus, Egypt; Algosaurus, South Africa; and Alamosau—
rus, New Mexico.

When more complete specimens are found, it is quite
probable that some of these genera will be shown to have
other family affiliations.

- Genus ALAMOSAURUS Gilmore
Alamosaurus Gilmore, Smithsonian Mise. Coll., vol. 72, no. 14, pp-
1-9, pls. 1-2, 1922,

Genotype: Alamosaurus sanjuanensis Gilmore.

The genus Alamosaurus was established on a meager
specimen collected by John B. Reeside, Jr., from the Ojo
Alamo formation, Upper Cretaceous, in New Mexico.
The type material consists of two bones, a left scapula
and a right ischium, somewhat incomplete and perhaps
pertaining to two individuals. The rather unusual pro-
cedure of founding a genus on such scanty evidence was
justified on the ground that this was the first authentic
record of the occurrence of sauropodous dinosaur remains
in the Upper Cretaceous of North America. Fortunately,
the specimen found in Utah has a scapula and both ischia
preserved, thus permitting the fullest possible comparison
to be made.

The present specimen is in close agreement with the
type in all important particulars, and as the slight differ-
ences observed could not be considered of specific impor-
tance, I refer this specimen to Alamosaurus sanjuanensis.

Contributory evidence of the correctness of this con-
clusion is furnished by a second specimen from the type
area—No. 15658, United States National Museum. This
specimen consists of approximately the twenty-first caudal
centrum and a caudal neural spine collected in 1916 by
John B. Reeside, Jr., from a shale bed 3 to 8 feet above
the base of the Ojo Alamo formation, in Barrel Springs
Arroyo, west of the road, 1 mile south of Ojo Alamo,

16 Huene, Friedrich von, op. cit., p. 118, 1929,
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N. Mex. These bon% are in perfect a.gre*ment with the

“caudal vertebrae of the Utah specimen, down to the

smallest details. Thus it is shown that these typically
procoelous caudal vertebrae also may be found in the
same formation as the type materials on vshich the genus
Alamosaurus was established and to that extent verify
the identification of the Utah specimen with the meager
materials from New Mexico. For the first time an adequate
diagnosis of the skeletal characteristics of the genus
Alamosaurus is possible.

Diagnosis: First caudal vertebra with biconvex cen-
trum; other caudals procoelous; spines of auteriorly caudal
vertebrae relatively short; neural arches arising from the.
anterior half of the centra; prezygapophyses long, with
articular faces looking more strongly inward than upward;
transverse processes on first eight caudals, stout and
raking backward; 25 chevrons, the first carried by caudal
1, none bridged across at the articular end; scapula with
blade regularly widening from the narrowest diameter
upward, blade wide throughout; spine at right angles to
longest axis of scapula; ischia short, narrowing but little
distally, joined along median line for their full length;
humerus long in relation to length of radius and ulns;
ulna with short, stout olecranon process; five metacarpels,
stout, first and second subequal in length; sternal bones

very large.

Alamosaurus sanjuanensis Gilmore
Alamo'saurus sanjuanensis Gilmore, Smithsonian Mise Coll. vol*
72, no. 14, pp. 1-9, pls. 1-2, 1922,
Specimen: TUnited States National Museum 15560.
Consists of 30 articulated caudal vertel~ae, beginning

' with the first; 25 chevrons; 2 ischia, right* somewhat in-

complete; left scapula and coracoid; right humerus, ulna,
radius, and metacarpus artieulated; 2 ste'nal plates and
parts of 3 ribs. Although not collected, the sacrum was
observed in the field, and evidence was noted that the
complete sacrum consisted of 5 vertebrae. Found by
George B. Pearce, June 15, 1937.

Locality: Southwest toe of North Horn Mountain,
Manti National Forest, Emery County, U*ah.

Horizon: Lower part of North Horn formation, Upper
Cretaceous.

DETAILS OF THE SKELETAL PARTS
THE TAIL
Caudal vertebrae

The tail is represented by 30 consecutive vertebrae,
begmnmg with the first and retaining all the chevrons.
In place, the tail showed a slight displacement between
the ninth and tenth vertebrae but other~ise formed an
articylated series. All tail vertebrae, exeept caudal 1, are
strongly procoelous. None of the centr~ have lateral



REPTILIAN FAUNA OF THE NORTH HORN FORMATION OFOENTRAL UTAH

cavities. The anterior caudals are relatively long; short
centra, such as are found in Camarasaurus, Apatosaurus,
and Diplodocus, are lacking.

The first caudal in Alamosaurus is characterized by its
biconvex centrum, a feature found elsewhere among the
Reptilia only in the Crocodilidae. Viewed from the front
this centrum is subrectangular in outline, with the greatest
diameter vertically. The anterior ball is mere evenly
rounded than the posterior and projects prominently
forward from the centrum. (See pl. 5, fig. 1.)

The neural arch is low, restricted fore and aft, and arises
wholly from the anterior half of the centrum. The dia-
pophyses are thin, winglike processes that spring about
equally from the sides of the centrum and arch, extending
outward nearly at right angles to the bone. Both proc-
esses are slightly incomplete, but the right one gives a
fairly good idea of its main features. (See pl. 8, fig. 1.)
The upper border slopes steeply downward and ocutward
from the level of the prezygapophyses as a thin plate,
being thickened only along the ventral border. The
extreme outer end is missing on both processes.

The prezygapophyses are lacking, except for their
thih bases adjacent to the spine. These are deep dorso-
ventrally and indicate that the missing articular faces
looked more strongly inward than upward. Superiorly
they are braced by the supraprezygapophyseal laminae.
Additional support is given by the supradiapophyseal
lamina that-terminates near their superior borders. The
postzygapophyses are somewhat beneath the base of the
spine. Their articular faces are poorly defined.

The spine on caudal 1 is badly distorted by crushing,
which somewhat obscures its structure. It is composed
primarily of prezygapophyseal, postzygapophyseal, pre-
spinal, and postspinal laminae. The spine viewed from
the front gradually widens from the base upwards. (See
.pl. 8, fig. 1.) The prespinal and postspinal laminae have
their surfaces rugosely roughened throughout the greater
part of their lengths. The prespinal is the more prominently
developed. There is only slight evidence of emargination
of the top of the spine. On the lower posterior angle chev-
ron facets are developed. Anterior to these facets the
median surface is flattened, with little indication of the
lateral ridges that form such a conspicuous feature in
the most posterior vertebrae.

Caudals two to thirty may be discussed as a group.
From the table of measurements on page 32 it will be
noted that the centra gradually decrease in length poste-
riorly as far as the thirteenth; beyond which they gradually
lengthen for a few vertebrae and then progressively
shorten to the end of the series. The last two show a more
rapid reduction in size than those before, suggesting a
near approach to the whiplash that probably was present,
as in the South American Titanosaurus australis.

The centra have a pronounced ball on the posterior end
with a deep cup on the anterior. Viewed endwise (see pl.
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8) caudal 2 is higher than wide; ‘Whlch proportion pers'<ts
back to caudal 12. The‘fourteenth shows subequal dism-
eters, and the remammg members of the series are wiler
than high.

The chevrons are artieulated intercentrally; and the

. articular facets are-clearly observable posteriorly as far

as caudal 18.

The inferior catidal surfaces, posterior to caudal 1, are

rudely rectangular in outline, but slightly expanded at
either end. Commencing with caudal 2 the conspicurus
feature of the ventral view-is the pair of lateral rid~es
developed on either side of the centrum. Anteriorly thw!e
begin 60 to 70 millimeters: postenor to the lip-of the 1p
and terminate posteriorly at the beginning of the ball}
at the posterior termination of each ridge the ends are
obliquely truncated, thus forming facets for the articula-
tion of the chevron. These ridges become progressiv-ly
less and less conspicuous posteriorly, practically disap-
pearing on caudal 14. Although chevrons persist as far
as caudal 25, distinet facets for their articulation apprat
for the last time on caudal 18. The median longitudinal
channel, which is stich & conspiduous feature of the von-
tral surface on the anterior third of the tail, has all I~
disappeared on the posterior members; on the eighteerth
centrum all that remains are shallow median ‘depressions
at either end, and these persist to the last of the. verteb-al

" series but become shallower and less well defined in the

posterior eaudals. On the anterior ventral end of caud-ls
29 and 30 a decided median noteh appears in the border
of the cup. (See pl. 8.) -

‘Except on the first caudal the transverse'processes ave
heavy, rounded, and. blunt, and they project outwsrd
and backward, springing about equally -from ‘the arch
and the top of the centrum. These processes gradually
decrease in length posteriorly, disappearing after caudal 8.
The next four vertebrae have raised, roughened rectang+-
lar areas (see pl. 6) in lieu of transverse processes, and
from caudal 13 to 26 these areas are replacéd by a raisad
longitudinal ridge. The ridges graduslly decrease in &' w
from front to back, disappearing entirely on caudal 27.

The prezygapophyses are strongly developed through-
out the caudal series and were probably functional as far
back as caudal 23. They regularly increase in size from the
first to the thirtieth. In the anterior caudals the presv-
gapophyses are deep dorso-ventrally, are exceptionally
long, and strongly overhang the ends of the centra. Thay
appear to have a downward curve, an appearance d1e
largely to the convex contour‘of their upper borders. T
articular faces look more strongly inward than upward.
On the anterior vertebrae the prezygapophyses are
strengthened superiorly by supraprezygapophyseal lani-
nae and inferiorly by the walls of the neural arch. T™e
laminae largely disappear posterior to caudal 13. Ne-~r
caudal 13 the prezygapophyses are long and fingerlike,
becoming progressively shorter posteriorly until on caudal
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27 their anterior ends terminate within the end of the
centrum. (See pl. 7, fig. 27.) On many vertebrae one
prezygapophysis is shorter than its opposite fellow.

The postzygapophyses are at the base of and slightly
beneath the spine and face outward and slightly down-
ward. From first to last these articular facets are poorly
defined.

The spine on the caudals is composed primarily of the
prezygapophyseal, postzygapophyseal, prespinal, and
postspinal laminae. Except for the prezygapophyseal,
these laminae largely disappear as distinet structures near
caudal 7.

The neural arches throughout the series arise from the
forward half of the centrum and are present on all 30
vertebrae.

The spines of the anterior caudals are relatively short,
contrasted with the attenuated spines corresponding in
Apatosaurus and Diplodocus. They rapidly decrease in
height posteriorly and disappear as separate structures
near caudal 15, in this respect most nearly resembling
those of Brachiosaurus. The spines are simple, none hav-
ing emarginate tops as in Apatosaurus and Diplodocus.

In comparison with Titanosaurus australis the caudal
vertebrae of Alamosaurus are simple and rectangular,
viewed from the side, with a squarely truncated upper
extremity. The tops of the spines are transversely widened

on the first nine vertebrae, but more especially on the |

first six. In the anterior caudal spines the anterior and
posterior surfaces are strongly rugose, probably in con-

nection with the attachment of strong interspinous liga- |
ments. At the base of the spines both front and back are | 22

deep pits leading into the interior of the bone, and these
continue posteriorly as far as the eighteenth vertebra.

Caudals 5 and 6 are coossified by their centra. (See
pl. 5, figs. 5 and 6.) There is little distortion of the bones,
and very little extraneous bony matter extends over the
joint. It is in no way comparable to the lesion on the
sauropod caudals described and illustrated by Moodie,"
but the union may have been brought about by a slight
injury.

The outstanding features of the caudal region of Ala-
mosaurus sanjuanensis may be summarized as follows:

Caudal 1 withestrongly convex ends.

Caudals 2 to 30 strongly procoelous.

Neural spines arising from the anterior half of centra.

Spines of anterior caudals relatively short, diminishing rapidly in
height posteriorly.

Transverse processes only on caudals 1 to 8.

Functional zygapopyhses ending’on caudal 25.

First caudal chevron bearing,

The type caudal vertebrae on which the genus Tfano-
saurus was established were considered by Lydekker to
belong to the postmedian part of the tail, but comparison
with the articulated caudals of Alamosaurus indicates

17 Moodie, R. L., Two caudal vertebrae of a sauropadous dinosaur exhibiting
a pathological lesion: Am. Jour. Seci., 4th ser., vol. 41, pp. 630-531, fig. 1, 1916.
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they pertain- to the anterior half. The caud-l figured by
Lydekker * belongs about at the thirteenth or fourteenth
from the proximal end of the tail. It is distin~uished from
the Alamosaurus eaudals by its much small>r size, more
compressed centrum, and sharper definition of the chevron
facets. Except for their smaller size, the caudal vertebrae
of Titanosaurus blandfords, illustrated on plate 7 of
Lydekker’s paper, cited above, bear a-closer resemblance
to the Alamosaurus caudals than do those of T. indicus. .

Although the forward position of the neur-! arches dis-
tinguishes the caudals of this animal from all other Nerth
American Sauropoda, this feature is found also in the
genus Titanosaurus.

Measurements of caudal vertebrae, in millimeters

Greatest Greatest Greatest
Greatest horizontal vertical Greatert width
Vertebra { length of diameter diameter height tip to tip '
No. centrum of centrum, | of centrum, over alt lof trahsverse
distal end distal end processes

370 |-
314 195
296 190
280 189
468 f e e

161
270 160
263 153
262 155
249 139
266 121
252 133
238 148
245 149
257 152
251 124
248 153
251 162
245 166
241 160
240 156
235 146
225 134
220 134
210 123
208 117
200 102
200 84
173 73
144 46

Chevrons

Commencing with caudal 1, intervertel~al chevron
bones are present as far back as the twenty-fifth, which,
from its small size, is probably the last of tl = series. For
the sake of clearness in discussing the chevrong they are

‘enumerated with the vertebrae, the most anterior num-

bered one. All were found articulated, and their arrange-
ment here may be considered as positively d~termined.
In having a chevron on caudal 1, Alamosaurus is in
accord with Apafosaurus but differs from Diplodocus,
in which the first chevron is carried on the sesond caudal.
In this series (see fig. 4) there are three auite distinct
types of chevron bones. Nos. 1 to 15 are typically rep-
tilian but open above the haemal canal, the two arms
uniting below to form a laterally compressed spine that -
widens somewhat toward the distal end. Nos. 16 to 18
have the upper portion of chevron joined below but lack

18 Lydekker, R., Fossil Reptilia and Batrachia: Palaeontolovia Indica, ser. 4,
Indian pre-Tertiary Vertebrata, vol- 1. pt. 3, pl. 4, figs. 1, 2, 1879,
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Fi1aure 4.—Chevrons of Ala
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ts Gilmore (U. 8. Nat, Mus. 15560). A, Lateral view; B, posterior view. Nos. 3, 10, 14, 18, 19, 21, and 23 refer to

position in the series, All one-tenth natural size.

a spine. Nos. 19 to 25 have the two halves of chevron
separate. The first type gradually diminishes in length
posteriorly until in the sixteenth chevron little remains
except the cojoined arms. In the succeeding chevrons the
articular ends are the last features to lose their identity.
Even where the two halves are separate the form of the
articular end is retained in the anterior pairs, but succeed-
ing this type are elongated, subrounded, ossiclelike ele-
ments that were attached on their flattened sides to the
outer lower angles of the vertebrae. These paired elements
not only differ in size, but also in shape. The last, or
twenty-fiftth, chevron consists of a single elongated,
rounded ossiclelike bone. Chevrons 7 to 17 display a lack
of symmetry that is unique. On these chevrons the poste-
rior border of the right arms, just before their junction
to form the spine, is noticeably in advance of the left side.
This is probably an individual peculiarity, for none of
the bones gives indieation of being injured or diseased.
The outstanding features of the chevrons are the great
size of the haemal opening and the fact that none is
bridged across with bone on the articular end. In Diplodo-
cus the anterior chevrons have the haemal opening much
reduced in size, whereas in Alamosaurus these openings
are deep, constituting one-half the total length of the
bone. Although retaining considerable depth, in chevrons
4 to 10, inclusive, these openings are somewhat less than
one-half of the total length of the bone. From chevron 10
posteriorly, however, owing to progressive shortening
of the spines, the haemal canal again becomes more than
695452°—46-—2

one-half the total length of the bone. The longest chevrons,
4 and 5, have a greatest length of about 403 millimeters.
)

PECTORAL GIRDLE

The pectoral girdle is represented in this specimen by
the left scapula and coracoid and both sternal plates, all
in an excellent state of preservation.

Sternal plates

The sternal plates, as shown in plate 9, were found
side by side not far removed from their proper relation-
ship to the other parts of .the skeleton. These pairec
plates are elongate, with concave outer borders, bluntly
pointed in front, and with broad squarely truncatec
posterior extremities.

The smooth, slightly concave side apparently is the
upper or visceral surface and the slightly convex side the
lower or outer surface. The lower surface near the outer
anterior border is marked by a sharp ridge that extends
backward from the proximal end. At the anterior end this
ridge stands out prominently from the surface of the
bone and leans strongly toward the outer side of the plate.
Its truncated anterior end contributes to the beveled.
roughened articular surface of the coracoid, and in 2
posterior direction it rapidly recedes in height to merge
mto the thickened portion of the plate. The sternal at
the point of articulation with the coracoid has a greatest:
thickness of about 110 millimeters.

The smooth, outer concave border of the bone is thin,
but it thickens rapidly inward. The broad, truncate
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Fiaure 5.—Outlines of sternal plates of Al us sanj

ts Gilmore (U. 8. Nat. Mus. 15560) showing their probable relationships in the artioulated sternum.

One-twentieth natural size.

posterior end is thickened on the outer third, but gradually
becomes thinner toward the inner edge. The thickened
portion of this end gives faint indication of indentures
for the attachment of the cartilaginous sternal ribs. The
irregular inner border for one-half the length of the plate
is thin, but the anterior half becomes increasingly thick-
ened as it approaches the coracoidal articular facet.

These paired plates are asymmetrical to the extent that
the left plate is longer and narrower than the right. This
same asymmetry is also noted in a pair of sternal bones
(U. 8. Nat. Mus. 13786) of Camarasaurus lentus pre-
served in the National Museum collections. In general
outline and in other particulars these elements are in
fairly close agreement. In size the sternal plates of Ala-
mosaurus (fig. 5) are the largest sternal plates that have
ever come to my attention, the right sternal, which is the
longest, measuring nearly 314 feet in length (approximately
1 meter).

In outline the plates resemble those of Brachiosaurus
more closely than those of Apatosaurus, Barosaurus, or
Camarasaurus.

The proper articulation of these elements in the sauro-
pod skeleton has occasioned much perplexity and much
difference of opinion as to which is the anterior end. The
position of the present plates in the quarry—the heavy,
thickened ends facing forward—confirms the correctness
of Professor Marsh’s determination of the position of the
sternals in a specimen of Apafosaurus excelsus.’® Addi-
tional evidence that this is the correct position is furnished
by a specimen of Camarasaurus lentus (U. S. Nat. Mus.
13786), which had the sternals preserved in situ between
the ribs of the two sides, both of them with the heavy,
more pointed end forward. In this connection it is now
quite evident that Hatcher # and Holland #! were in error
in their interpretation of the sternals of Diplodocus. The

19 Marsh, O. C., Dinosaurs of North America: U. S. Geol. Survey 16th Ann.
Rept., pl. 22, fig. 1, 1896.

20 Hatcher, J. B., Diplodocus Marsh; its osteology, taxonomy, and probable
habits, with a restoration of the skeleton: Carnegie Mus. Mem., vol. 1, no. 1,
p. 39, fig. 12, 1901.

heavy thickened end which they regarded as posterior is
quite certainly the anterior end.

The relationship of one plate to the other along the
median line also offers some perplexities, but the position
of the plates as found in the ground, with th~forward inner
borders nearly in apposition, is probab'y the correct
articulated position of the elements. In this position they
would be as shown in figure 5, with a deep triangular-
shaped cleft between their posterior ends, such as would
be the relation of the sternals of Diplodocus if the position
advocated by Hatcher and Holland were reversed. This
position, furthermore, puts the thickened anterior borders
nearly in apposition instead .of the thimner posterior
borders. By experiment it was determin~d that if the
posterior halves of these bones were joined along the
median line the articular facets for the coracoids would
be approximately 4 feet apart, which would provide a
chest measurement all out of proportion to the known
dimensions of these large sauropod skeletons.

Measurements of sternals, in millime'ers

Right Left
Greatest over-all length. ... . _____._ 1,015 1,071
Greatest width at posteriorend...____________ 600 552
Greatest width at center... ... ... 518 465

Scapula and coracoid

The left scapula coossified with the coracoid was recov-
ered in an almost complete state of preservation, the
coracoid lacking some of its anterior border, as shown in
figure 6. In size these bones rival those cf the largest of
the sauropod dinosaurs, measuring abcut 76 inches,
approximately 2 meters, from end to end. The blade is
especially wide throughout its length. From its narrowest

21 Holland, W. J., The osteology of Diplodocus Marsh, with special reference to
the restoration of the skeleton of Diplodocus carnegieis Hatcher: Carnegie Mus.
Menmn., vol. 2, no. 6, p. 256, fig. 25, 1906. '
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stc Gilmore (U. 8. Nat. Mus 15560), lateral view:co ,coracoid; s¢, scapula. One-tenth natural size.

any
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Fiaure 6.—Left scapula and coracoid of Ak
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diameter it gradually widens from below upwards, as in
the type. There is no special expansion of the anterior
border of the blade, as in Camarasaurus and Titano-
saurus, or of both upper borders, as in Haplocanthosaurus
and Diplodocus, its closest resemblances being with the
scapula of Cetiosaurus ozoniensts. The great width of the
blade as a whole at once distinguishes it from the seapula
of Apatosaurus. The posterior border is sinuous, with an
abrupt downward turn of the thickened portion above the
glenoid fossa. The upper, or suprascapular, end is thick-
ened transversely and gently convex anteroposteriorly.
Its surface is rugosely roughened, probably for the at-
tachment of the suprascapular cartilage.

The spine is prominent and extends forward to the
border, being placed at right angles to the longitudinal
axis of the bone. This ridge is much thickened and along
the side toward the coracoid the bone is deeply excavated,
forming a muscle fossa of great extent. The opposite side
of the spine slopes sharply off to the border. In this respect
it differs from the type scapula of Alamosaurus sanjuan-
ensis, which has a more gradual slope to this edge, as
shown in plate 10, figure 1. On the internal side the
scapula and coracoid are concave from end to end, thus
conforming to the shape of the thorax.

In the formation of the glenoid fossa the coracoid and
seapula contribute, about equally. The sutural union of
these two bones is so fully fused that their line of coales-
cence is difficult of detection. The coracoid has the usual
subrectangular outline, its vertical and longitudinal diam-
eters being about subequal. The outer side is irregularly
convex, the inner concave. Approaching the glenoid fossa
this border rapidly thickens. The bone is perforated by a
large elliptical foramen that passes diagonally backward
through the bone, emerging on the inner side close to the
coraco-scapular suture.

In general the scapula closely resembles the type of
Alamosaurus sanjuanensis, differing only in a few details,
such as having a more sinuous posterior border, & more
rapid slope from the thickened spine upward to the
border, and slightly smaller size. None of the differences
observed could be considered as more than individual
variation, and for that reason, substantiated by the close
resemblance of the ischia to the paratype, this specimen
is referred to Alamosaurus sanjuanensis.

The scapula of Alamosaurus is quite different from the
scapulae of Titanosaurus australis as figured and described
by Huene.?2 In view of the close resemblances found in
the other bones, the total dissimilarity of the seapulae
and coracoids of these two species leads me to question
the validity of the association of the South American
seapulae with the Titanosaurus skeleton, especially since
the corresponding bones assigned to the genus Laplata-
saurus,?® except for size, bear a much closer resemblance

22 Huene, Friedrich von, Los saurisquios y ornitisquios del Cretaceo Argentino:
Mous. La Plata Anales, ser, 2, t. 3, pp. 36-37, pl. 9, 1929,
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to the North American material. Because of the seattered
occurrence of the South American material~, the differ-
ences in the scapulae would suggest an accidental inter-
change of skeletal parts.

Comparative measurements of scapulae, tn millimeters

rd
U. 8. Nat. Mus. | U.S. 'I}‘I};x:‘e Mus.

Greatest over-all length of scapula 1,9484 |occeeaeeee

and coracoid.
Greatest length of scapula_ ... 1,475 1,700
Greatest breadth of scapula...... 815 820
Least diameter of blade_.__._____ 265 290
(S‘rreait;easiii diameter of upper or dis- 490 450

tal end.

THE FORELIMB

The right forelimb, including the foot, was found articu-
lated as shown in plate 4, A. It consists of the somewhat
incomplete humerus, perfect radius and ulna, and five
articulated metacarpals. As found in the quarry the fore-
limb measured about 9 feet (approximately 2.75 meters)
from the proximal end of the humerus to the distal end
of the metacarpus. Its outstanding characteristic is the
great length of the humerus relative to that of the radius
and ulna. In comparison, a radius and an ulna of Apato-
saurus of lengths almost identical with those of the speci-
men under discussion are assoeiated with a humerus that is
8 inches (200 millimeters) shorter than that of Alamosau-
rus (see fig. 7), and this proportional differerse obtains in
both Diplodocus and Camarasaurus.

Humerus

When found, the humerus was protruding from the
outcrop, and much of the anterior face of the proximal
end and the entire inner angle had been eroded away,
though the bone otherwise was excellent'y preserved.
The head is centrally placed, forming a rounded prom-
inence that is especially conspicuous in its porterior aspeet.

The deltoid extends well down on the outer side of the
shaft, is heavy, and overhangs the center of the shaft.
This feature has quite certainly been exaggerated by
ctushing. The outer side of the humerus is unusually
straight (fig. 8), not widening out as in mos* other sauro-
pod genera.

Distally the shaft terminates on the outer side in an
inconspicuous radial condyle, set off by a longitudinal
groove upon its anterior face. The ulnar ccndyle is like-
wise weakly defined. Viewed from the distal end the
humerus is subrectangular in outline, witl' the median
posterior border deeply and broadly hollowed out by the
anconeal fossa. Viewed laterally the distal end shows a
slight inclination forward. Both articular end~ are rugosely

‘roughened.

% Idem, pl. 23, figs. 1, 2. .
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A B

Figure 7.—Fore limbs of Ala us and Apat us, viewed from the front.

A, Ala US AN sts (U. 8. Nat. Mus. 15560); B, Apatosaurus loutsea
(C. M 3018). Both about one-twentieth natural size,
Measurements of humerus

Millimeters

Greatest length_. ... .. 1, 360

Greatest transverse diameter, distalend__________________ 478

Least transverse diameter of shaft_ . _ .. _____.__________. 230

Radius and ulna

The ulna is longer and heavier than the radius. It differs
from most other sauropod ulnae in developing a stout,
blunt olecranon process, which stands up prominently
behind the articular surface for the humerus, as shown in
figure 9. The ulna of Aegyptosaurus barharijensis Stromer,?4
a true member of the Titanosauridae, shows a somewhat
similar blunt olecranon process. Posterior to the projec-
tion just described, and separated from it by a narrow
notch, is a second, lesser projection. Viewed from the
proximal end the ulna has the usual subtriangular out-

24 Stromer, E., Ergebnisse der Forschungsreisen Prof. E. Stromers in den
Wiisten Agyptens. I[. Wirbeltierreste der Baharte-Stufe (unterstes Ceno-
man). 11, Sauropoda: Bayer. Akad. Wiss., Math.-naturwiss. Abt., Abh.,
neue Folge, Heft 10, pl. 1, fig. 2a, 1932,

Ficure 8.—Right humerus of Alamosaurus sanjuanensis Gilmore (U, S. Nat
Mus. 15560), viewed from the front. One-tenth natural size.

line, being hollowed out in front for the reception of tl=
head of the radius. The distal end is reniform in outline,
with the concave side looking inward and backward.
This end is heavier than that of the radius and more
expanded than the angularly rounded end of the ulna
of Apatosaurus. The proximal half of the inner surface is
hollowed out both longitudinally and anteroposteriorly.

The radius has a slightly constricted, bowed shaft, with
ends about subequal. The upper articular end is slightly
concave, the lower convex; the surfaces of both are rugose'y
roughened. In the articulated position in which there
bones were found the shaft of the radius partly cross3s
that of the ulna, as shown in figure 9.

In discussing the various bones found in the “Sauropod
bed” at Bara Simla, India, Huene and Matley % reached
certain conclusions as to their association that in the light

25 Huene, Friedrich von, and Matley, C. A., The Cretaceous Saurischia and
Orinthischia of the central provinces of India: Palacontologia Indica, new s-r.,
vol. 21, Mem. 1, pp. 31-32, 1933.
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Ficure 9.—Right radius and ulna of Al us 8aNJ ts (U. 8. Nat. Mus.
15560), shown as found articulated. A, Viewed from the front; B, lateral
view. One-tenth natural size.

of the articulated forelimb of Alamosaurus seem to be in

error. On the basis of proportionate lengths, Huene and

Matley concluded that the lower-limb bones were too

short for the length of the humerus. If the same ratio

obtains between the two segments of the forelimb as in

Alamosaurus, the radius and ulna assigned to the Indian

form are somewhat overlong instead of being too short,

as shown by the measurements given below:

Length of forelimb of Alamosaurus, in millimeters

Length of Length of Length of

humerus ulna radius
Alamosourus.. . . ... 1360 (= 1) | 885 (= 0.65) | 800 (= 0.59)
Indian specimens.._| 1034 (= 1) | 790 (= 0.76) | 780 (= 0.75)

Although the difference in measurements of the Indian
specimens seems to indicate that these bones do not per-
tain to a single individual, they are at least close enough
to warrant the suggestion that in all probability the seg-
ments of the forelimb bones of Titanosaurus and Antarc-
tosourus had approximately the proportions of the fore-
limb of Alamosaurus.

. Measurements of ulna and radius

Millimeters
Greatest length of ulna__________ e mmm e ————— 885
Transverse diameter of ulna at proximalend______________ 360
Transverse diameter of ulna at distalend _________________ 285
Transverse diameter of ulna at middle of shaft____________ 154
Greatest length of radius_ - ____________________________ 800
Greatest transverse diameter of radius at proximal end_____ 285
Greatest transverse diameter of radius at distalend________ 265
Least transverse diameter, middle of shaft_ ___.___________. 118
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Metacarpus

The metacarpus of Alamosaurus, consis*ing of five
elements, was found articulated, and, except for the badly
abraded anterior surfaces of metacarpals I and II (meta-
carpals I and II, fig. 10), all are in a good stete of preser-
vation. There was no indication of ossified carpal bones.
In order to preserve the precise relationships of these
articulated foot bones, they were prepared in deep relief,
but this procedure has the disadvantage of leaving their
posterior sides partly hidden in the matrix.

Figure 10.—Right t pus of Al us juanensis Gilmore (U. 8.
Nat. Mus. 15560). A, Proximal ends of metacarpals as found articulated;
B, metacarpals, with the exception of III, viewed from the front; I, IX, III,
IV, and V indicate metacarpals one to five, respectively. One-sixth natural
size.

In articulated position the metacarpals interlock at.
their proximal ends (see fig. 10) forming a semicircle, a
structure with a stability that conforms well to the great
weight they are called upon to support. The metacarpus
as preserved has the arc of this semi-circle flattened, so
that metacarpals IV and V lie directly behi~d the other
elements. Thus, in preparing figure 73, I, IT and IIT were
drawn as found articulated, and IV and V separately from
a direct front view of each, in order to show more clearly
their relative proportions.

The metacarpals of Alamosaurus are elongated; I and-II,
the longest of the series, are subequal in length, the remain-
ing metacarpals’ becoming progressively shorter toward
the outside of the manus.

The anterior face of metacarpal I in this snecimen has
been so badly planed off by erosion that its eontours
have been largely destroyed. The posterior sile, however,
is in good preservation. This surface between the expanded
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ends gradually widens from above downward. On the
proximal half of the external side this bone presents a
flattened, beveled triangular surface that forms the chief
articular contact for metacarpal II. Viewed from the end
the distal extremity is rectangular in outline with the
greatest diameter transverse. The articular surface of
this end extends well upward on both anterior and posteri-
or faces, being about subequal in extent. This description
of the distal end of metacarpal I would apply equally
well to the other metacarpals with the exception of V,
which has the most robust distal end of any of the series.

Metacarpal II, which has the same length as I, may be
distinguished by the subreniform outline of the proximal
end. The greatest diameter of this extremity is antero-
posterior. The external concave side of this end articulates
with the internal side of metacarpal III. Viewed from the
front, the shaft is transversely constricted above its
midlength, but regularly widens from this point to the
distal end, especially along the external side.

Metacarpal III is slightly shorter than II but more
slender. The proximal end is triangular in outline, nar-
rowing to an acute angle posteriorly. In a lateral view
the shaft grows regularly wider from the distal third
~upward. In articulated position the proximal end is closely
wedged in between metacarpals II and IV. (See fig. 10.)

Metacarpal 1V, as shown in the table of measurements,
is intermediate in length between III and V. The shaft is
slightly twisted, thus bringing the planes of the two ends,
viewed from the front, slightly out of alignment. Between
the expanded ends the shaft is moderately constructed
transversely. Viewed laterally the shaft widens regularly
from the distal third upward. The proximal end is triangu-
lar in outline.

Metacarpal V is nearly as long as IV and equally stout.
The proximal end is subrectangular in outline, with the
longest diameter transverse. In articulated position little
more than one-half of the anterior surface at the proximal
end is in articulation with metacarpal IV.

Measurements of metacarpals, in millimeters

Greatest Greatest
Greatest diameter transverse
Metacarpal ength of proximal diameter of
end distal end
Y . 410 151 142
m 409 160 131
m._ . 390 165 104
IV . 370 140 137
VL 357 115 131

Among the Sauropoda the metacarpals of Alamosaurus
are exceeded in length only by those of Brachiosaurus
brancai Janensch.?® In Brachiosaurus, metacarpal II is

28 Janensch, W., Das Handskelett von Gigantosaurus robustus und Branchi-
saurus brancat aus den Tendaguru-Schichten Deutsch-Ostafrika: Centralbl.
Mineralogie, 1922, no. 15, pp. 464480,

9

9

the longest, reaching a length of 634 millimeters, or move
than 8 inches (200 millimeters) longer than metacarpal I,
the longest in the Alamosaurus foot. The Alamosaurus
metacarpals have relatively stouter shafts, and their -
proximal ends differ from those of Brachiosaurus in out-
line and relative proportion. The manner of articulation,
however, of the metacarpals in these two genera is r>-
markably similar. ‘

The foot clearly demonstrates the erect columnar posi-
tion of the metacarpals in the articulated manus and
shows them to have been arranged in a semicircular posi-
tion, a relationship made possible by the triangular form
of the proximal ends of metacarpals II, ITI, and IV, os
shown in figure 104. Because of the decrease toward tte
outside in the lengths of the metacarpals, it is quite ap-
pa.rent that the metacarpus had a correspondingly slant-
ing position.

The proportionate lengths of the metacarpals are qulip
unlike those of such sauropods as Apatosaurus and Came-
rasaurus, in which the lateral elements are shortest. This
would seem to indicate for Alamosaurus a foot in which tke
supported weight is more evenly distributed on the sepe-
rate toes than in Apaiosaurus and Camarasaurus. Tt
might also imply a different digital formula, but unfor-
tunately none of the phalangial bones were preserved with
this specimen.

THE PELVIC REGION

Of the bones of the pelvic region, only the ischia were
collected. The sacrum was noted in the field, and it ap-
peared to consist of five vertebrae.

The coossified ischia were found in articulation with
remnants of the ilia arid pubes. The left ischium is frac-
tured below the articular end, and this part is turned up-
ward at nearly right angles to the main part of the bone.
Otherwise it is nearly complete. The right element lacks
the articular ends for the ilium and pubis, but in betweer
a part of the acetabular border still remains.

The ischia are thoroughly coalesced for their full length
along the median line. The exact outline of the antericr
border is somewhat uncertain, either because this border
has been telescoped or because the overlying bone is a
narrow portion of the pubes that has slipped by the articu-
lation and rests upon the ischia. If the latter, it indicates
the pubes were closely joined across the entire antericr
border of the ischia, thus entirely closing the pelvis frora
below.

The ischia are relatively short and broad with little
expansion of their distal ends. Viewed from above, th-~
conjoined ischia are broadly concave from side to sid~
(see fig. 11), becoming more gutterlike distally. The outer
borders are thickened, rounded, and strongly concave.
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Fraure 11.—Coossified ischia of Al us sanj

sweeping outward and upward to the heavy expanded
end for articulation with the ischiac peduncle of the ilium.
The acetabular border is relatively wide, its concave
surface looking outward and forward when articulated.
The upper anterior angle is thickened, with a rugosely
roughened surface for articulation with the pubis. The
anterior border begomes gradually thinner toward the
median line. Transversely, the ventral side of the con-
joined ischia is slightly convex. The distal ends are but
little thickened and may have formed a broad notch on
the median line, but the slightly damaged condition of
this border leaves uncertainty on this point.

Among the various sauropod ischia with which these
bones were compared the closest resemblance was found
with the paratype of Alamosaurus sanjuanensis ¥ from
the Upper Cretaceous of New Mexico. These bones so
closely resemble one another in all of their principal
features that no doubt is left of their generic identity.
Comparison shows at once that the original description
of the Alamosaurus ischium erred in interpretation of the
border for the pubic articulation. What appears to be a
complete rugose border is now recognized as an incomplete
broken edge, and the complete bone would have quite a
different shape on this side. Next to Alamosaurus the
ischium of Titanosaurus australis, as illustrated and de-
scribed by Huene,® is of the same general type, differing
in having a much narrower shaft.

Measurements of tschia

Millimeters
Width across distal end of coossified ischia, about..._______ 395
Length at center. . _____ ... 628

Greatest thickness at distal end_____ . _ . _ . . ________ 55

27 Gilmore, C. W., A new sauropod dinosaur from the Ojo Alamo formation of
New Mexico: Smithsonian Misec. Coll., vol. 72, no. 14, pl. 2, 1922,

sts Gilmore (U. 8. Nat. Mus. 15560), viewed from above.
pubes, One-tenth natural size.

pb, indicates what appears to be an overlap of the

THE SKELETAL PARTS IN PLACT

The specimen of Alamosaurus sanjuanensis described
was an isolated skeleton, that is, there were no bones of
other animals found intermingled with it; thus all parts -
recovered are certainly those of a single individual. The
skeleton was semi-articulated, the dorsal vertebrae pro-
truding from a lens of soft, yellowish, friable sandstone.
These bones lay practically on the surface and were so
disintegrated that no attempt was made to collect them.
They formed an articulated series in line with the sacrum,
and what had been a complete pelvis was present, but
bottom side up. Detached and some 2 feet distant from
the last sacral was the first caudal, beginning an articulated
series to the tenth vertebra. Between the ninth and
tenth was a slight dislocation, but from this point to the
thirtieth, the tail with all the chevrons remsined in artic-
ulated sequence. Most of the ribs lay on either side and
at right angles to tite dorsal part of the vertebral column,
those of the right side, in order and regularly spaced. The
left scapula and coracoid were parallel to the celumn, but
on the right side; whereas the complete art'~ulated right
forelimb, including the foot, was on the left side (pl. 4, A)
and at right angles to the vertebral column. The very large
sternal plates were shifted to one side (pl. 4, B), but their
proper relationship to one another was maintained. The
position of the pelvis, sternal plates, anc' ribs clearly
indicated that the carcass when entombed was lying
on its back.

Of the articulated pelvis, only the ischia were sufficiently
well preserved to be worth collecting. No trece was found
of the hind limbs, and the neck and skull must long since
have been eroded away and destroyed.

28 Huene, Friedrich von, Los saurisquios y ornitisquoios del Cretdceo Argen-
tino: Mus. La Plata Anales, ser. 2, t. 3, pl. 14, figs. 2a, 3b—e, 1029,
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RELATIONSHIPS OF ALAMOSAURUS

It is clearly evident that Alamosaurus represents one
of the larger members of the Sauropoda. The markedly
procoelus character of the caudal vertebrae at once dis-
tinguishes this genus from all the better known sauro-
podous dinosaurs of North America, and indicates that its
family affiliations are with the Titanosauridae. It should
be mentioned, however, that Diplodocus and Brachio-
saurus, and to a lesser degree Apafosaurus, have a few
anterior caudal vertebrae that might be called procoelus,
which are soon superseded by those of amphiplatan style,
not present in Alamosaurus.

Among all North American sauropod genera the pre-
served elements of 4lamosaurus compare most favorably
with Brachiosaurus, and although these two genera can be
adequately distinguished, the several points of resemblance
suggest a relationship whose implications, because of the
paucity of our knowledge of the Alamosaurus skeleton,
cannot be fully weighed at this time.

The most apparent of these common features are an
elongated humerus; a stout and lengthened metacarpus;
relatively short, simple spines of the anterior caudal
region; a lack of pleurocoels in the caudal eentra; wide
ischia without distal expansion; and very large, somewhat
similarly shaped sternal plates.

Of the genera assigned to the family Titanosauridae,
most of which are inadequately known, Alamosaurus
appears to have its closest affinities with the genus Titano-
saurus of India. Insofar as one can determine from the
fltustrations and description of the meager type materials,

605452°—46—3

the Indian Titanosaurus and the North American Alamo- .
saurus seem to be generically identical, yet it must be
kept in mind that other parts of the skeleton might display
points of distinction. In fact, the South American Titano-
saurus, ausiralis, known from more adequate specimens,
appears, because of its much smaller size and differerces
found in the scapula and coracoid, to be readily dis-
tinguishable from Alamosaurus. This fact, coupled with
the wide geographical separation, leads to a decisior to
continue the use of the term Alamosaurus to denote the
North American representative of the Titanosauridae.

Huene has shown that Titanosaurus australis has a
Diplodocus-like skull and dentition, but whether Ala-
mosaurus has a similar development of the crani-um,
as yet we have no evidence.

Little is known of evolutionary trends in the Sauropoda,
and it 1s therefore difficult to fix the phylogenetic value
of the last of the Sauropoda. Altogether Alamosaurvs is
a type that shows no such marked specialization as do
the Diplodocidae.

The neural spines of the anterior caudals are simple,
not bifid, and the centra are without pleurocoels. Thore
may have been an extension of the distal end of the tail
into a long whiplash, as in 7. australis, but as yet we bave
no evidence of this part of the skeleton. It would appear
that in the elongation of the humerus and the metacarvus
some specialization is shown, but here again the lack of
knowledge concerning the proportions of the hind li-abs
leaves us in doubt as to whether the trend was in the
direction of the Brachiosauridae or otherwise.
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Parr 2. DESCRIPTION OF A NEW SPECIES OF THE CERATOPSIA

INTRODUCTION

The first recognizable ceratopsian fossils to be dis-
covered in the North Horn formation were found in 1935
by Messrs. E. M. Spieker and J. B. Reeside, Jr., in the
vicinity of North Horn Mountain, Emery County, Utah.
Additional and better-preserved specimens were collected
there by the 1937 and 1939 Smithsonian Paleontological
Expeditions, and, in all, skeletal parts of 11 individuals
are now available. The incompleteness of these specimens,
especially the lack of certain critical skull parts, leaves
much to be desired for a study of the magerial, but the dis-
coveries have greatly extended the known geographical
range of the Ceratopsia, and one of these specimens is
sufficiently complete to be tentatively assigned as a new
species to the genus Arrhinoceratops Parks. -

AVAILABLE CERATOPSIAN SPECIMENS

The following specimens, all in the United States
National Museum have been studied:

1. No. 15583. Partly disarticulated skull consisting of the right
squamosal, jugal, lachrymal, supraorbital, postfrontal, one
supraorbital horn core, right quadrate, and both quadra-
tojugal bones. Posterior median part of frill, tentatively
associated.

2. No. 15875. Right squamosal and a considerable part of the
median part of the frill.

3. No. 16169. Articulated median part of a very large skull, in-
cluding one complete brow horn and part of the other. Parts
of both squamosals. '

4. No. 16572. Posterior and median parts of the so-called parietal
bone.

5. No. 16577. Palatal part of a skull, with the articulated lower
parts of the jugals, epijugals, and quadrates. Small parts of
both articulated squamosals are also present. All discarded
except right quadrate and epijugal.

No. 16574. Left dentary, with a few poorly preserved teeth.

No. 16575. Right dentary, teeth all missing.

No. 15665. Right pubis.

No. 16576. Left pubis.

No. 16168. Left humerus.

No. 16573. Crest (median) of frill.

MOPXNS

Family CERATOPSIDAE Marsh
Genus ARRHINOCERATOPS Parks

The genus Arrhinoceratops was established hy Parks #
on a well-preserved skull from the Edmonton formation,
which skull he characterized as follows:

Supraorbital horn cores large, directed outwards and forward;
nasal horn core absent; facial region short; crest relatively large,
subquadrate, flat; squamosal long; parietals with oval fontinelles
of moderate size; anterior process of jugal unusually long.

2% Parks, W. A., Arrhtnoceratops brachyops, a new genus and species of Cera-
topsia from the Edmonton formation of Alberta: Toronto Univ. studies, geol.
ser., no. 19, pp. 5-15, pls. 1-2, 1925.

The incompleteness of the present skull renders its
generic assignment to Arrhinoceratops somewhat conjec-
tural, but the presence of a thin, flattened, subquadrangu-
lar crest; a large supraorbital horn core that is directed
strongly forward; and a long wide squamosal are features
in accord with the type. A more complete specimen might
prove the species to be distinet from Arriinoceratops,
but for the present a tentative assignment to that genus
appears to be the more logical course.

Arrhinoceratops? utahensis Gilmore, n. sp.

Type: U. S. Nat Mus. 15583. The articulated right
squamosal, quadrate, quadratojugal, postortital, supra~
orbital horn core, postfrontal, lachrymal, jug-~l, and epi-
jugal. Provisionally associated is a considershle portion
of the posterior part of a parietal. Collected by G. B.
Pearce, July 9, 1937. .

Paratype: U. S. Nat Mus. 15875. A right squamosal
and the posterior part of the parietal. Collected by E. M.
Spieker and J. B. Reeside, Jr., 1935.

Type locality: For the type, west side of ]Torth Horn
Mountain (see fig. 13, locality 6); for the paratype, south- -
west spur of North Horn Mountain (see fig. 13. locality 8),
Manti National Forest, Emery County, Utah.

Horizon: Upper Cretaceous part of the I7orth Horn
formation.

DESCRIPTION OF THE SPECIMEN{

The specimen selected as the type was found disarticu-
lated and in association with the following skull and
skeletal elements, some of which may pertain to this
individual: Pair of lower jaws; fragmentary parts of a
maxillary, premaxillary, and pterygoid; 13 enoccipitals;
posterior parts of three parietals; coossified atlas, axis,
and third cervieal; 5 dorsal vertebrae; 1 cervical rib, 8
thoracic ribs, and numerous fragments. There scattered
bones were found in a small area about 8 by 15 feet in
extent, and at the time of collection all were thought to
pertain to a single individual. Preparatior. however,
disclosed the presence of the posterior parts of three frill
crests, indicating as many individuals and t“us making
it impossible to associate properly many of tl = seattered
bones.

The question of which of the three parietal: pertain to
the type is to some extent solved on the evicence of the
paratype. This specimen, U. S. Nat. Mus. 15875, which
has a squamosal like that of the type, has much of the
posterior half of the parietal associated with it. This bone

a
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resembles in all essential particulars two of the parietal
parts found with the type. On the basis of the above
association it would appear to be fair to assume that one
of these bones pertained to the type skull. For purposes
of description, all three will be used, as they are prac-
tically identical. '

SQUAMOSAL

The squamosal is one of the characteristic bones of the
ceratopsian cranium, and its proportionate length at
once determines to what family of the Ceratopsia a speci-
men belongs. The squamosal of the present specimen is
long and relatively wide, and is therefore referable to the
long-crested line, of which Chasmosaurus, Pentaceratops,
Anchiceratops, Arrhinoceratops, Triceratops, and Torosau-
rus are members.

The squamosal of the present specimen is broad anter-
iorly, narrowing posteriorly. The external surface for
some distance inside the border is gently concave, then
becomes convex, with another concave area paralleling
the parietal border. At the posterior end this external
surface is flattened, and the anterior end is gently convex
from side to side. The parietal border on the posterior
half is much thickened, with the usual smooth, vertical
face, but more anteriorly it appears to overlap the border
of the parietal. In advance of midlength, this bone pre-
sents a rounded inner edge that for a distance of 230
millimeters gives no evidence of having been in contact
with another bone. Lull * calls attention to a Chasmosau-
rus skull in which the parietal does not have a continuous
squamosal border and a similar condition might explain
the rounded nonsutural section in the present skull.

The external surfaces of both squamosals of the type
and paratype are covered with the usual vascular impres-
sions. That the outer border was ornamented by a series
of epoccipital bones is indicated by one on the border of
the type (see epoc in fig. 12). Given the regular quota of
articulated epoccipitals, the frill would have a scalloped
border.

The right squamosal bone is preserved with the paratype
(U. 8. Nat. Mus. 15875) and also with a referred specimen
(U. 8. Nat. Mus. 16169) collected in 1939. The first men-
tioned has the almost complete right element present,
while the other has the anterior half of the right and the
posterior two-thirds of the left preserved. In shape and
other proportions there is the closest agreement among all
three bones. The referred specimen (U. S. Nat. Mus.
16169) is larger than the others, and the external surface
of the squamosal of the paratype is more profusely orna-
mented with vascular impressions, but otherwise all are
closely similar.

30 Lull, R. 8., A revision of the Ceratopsia or horned dinosaurs: Peabody Mus.
Nat. History Mem., vol. 3, pt. 3, p. 25, 1933.
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PARIETAL

The term parietal as used here comprises the median
part of the crest that lies between the squamosals, thus
returning to the use of the original designation of Marsh
for this part of the ceratopsian skull. This procedure is
adopted here to conform to present-day usage and thus
avoid confusion in description, although the evidence
does not yet seem conclusive that the median part of the
frill is the parietal.

The parietal of Arrhinoceratops? utahensis is repre-.
sented by the posterior parts from three individuals, of
which the paratype, U. S. Nat. Mus. 15875, is mcst
complete. The other two were found in association with
the type, but which of these pertains to that specimen
is uncertain. All three have a portion of the left squamosal
border preserved, as shown in plate 11. The squamoral
border of the paratype, as preserved, measures 523 milli-
meters in length. None of the specimens shows the com-
plete transverse width between the squamosal bordes,
but measurements made from the midline indicate a
total width between parieto-squamosal sutures of abot
1,200 millimeters; thus the complete frill would have the
proportions of that of a large T'riceratops. Both specimens
found with the type have portions of the sutural border
for the squamosal preserved, but both have comparatively
smooth upper and lower surfaces, as contrasted with the
longitudinal vascular sinuses that ornament at least one
surface of the paratype.

The extreme thinness of the parietal is one of the out-
standing characteristics of the Arrhinoceratops skull.
In the present specimens, exclusive of the squamosal
borders, which have a greatest thickness of 24 milli-
meters, the maximum thickness of 18 millimeters is et- -
tained about 40 millimeters anterior to the posterior
border, and from that point forward the whole bore
gradually thins toward the broken anterior edge, which
in places is less than 3 millimeters thick. This extrerie
thinness of the incomplete anterior borders strongly
suggests that they participated in the formation of the
boundaries of the frill fontanelles. In fact, one small anter-
ior projection on the parietal of U. S. Nat. Mus. 15583
appears to have a finished edge. If correctly interpreted,
it shows the posterior rim of the fontanelle to be 275
millimeters anterior to the posterior margin of the frill.

In the original description of Arrhinoceratops brachyops,
Parks 3! notes that ‘“there is some evidence of sutures
running back from the fontanelles to the posterior margin.
Such sutures would indicate the existence of an inter-
parietal bone.” From these remarks it is evident that
Parks observed an obscure condition in the type skull
that is in accord with the features found in one of the
present specimens. The incomplete parietal that has be=n

31 Parks, W. A., op. cit., p. 12, 1925,
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provisionally assigned to the type (see pl. 12, fig. 1) differs
from the others in having two longitudinal pseudosutural
divisions on either side of the midline that converge slightly
in an anterior direction. It was first thought these repre-
sented true sutural separations corresponding to those

Epju, epijugal; epoe, epoccipital; f, border sug-

gestive of a foramen; ju, jugal; la, lachrymal; o, orbit; po, postorbital. About one-eighth natural size.

Ficure 12.—Incomplete skull of Arrhinoceratops? utahensts Gilmore, n. sp. Type (U. S. Nat. Mus. 15583), viewed from the right side.

noted by Parks in the type of Arrhinocerators brachyops.
The later discovery of similar divisional edge~ separating
longitudinally the two halves of a ceratopsian squamosal
and the presence of a similar division on the right side of
the midline of the parietal of U. S. Nat. Mus. 16572 that
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is divergent in an anterior direction seems to indicate
these are not true sutures and thus denies the existence
of a distinet element in this part of the ceratopsian frill.

The unusual and misleading character of these pseudo-
sutural divisions of the parietal deserves a detailed de-
scription. These are not fractures of the bone, but are
natural separations that run in a straight line. On the
right side the posterior part of the lateral border presents
a flat vertical face that in the grain of the bone has a
striking similarity to the sutural surfaces between the
hyo-hypoplastral bones in certain trionychid turtles. More
anteriorly the upper half of the edge projects outward
and overlaps a corresponding projection of the lower edge
of the adjacent section, thus making a lap joint. On the
opposite side of the median section of the parietal, this
condition is reversed, the lower half of the border forming
the projecting edge and thus underlapping the contiguous
portion of the upper. There is no indication of these lines
of separation in either of the other two parietals (U. S.
Nat. Mus. ,15583 and 15875). (See pl. 11.) From this
evidence it would seem that a similar condition must have
existed in the skull studied by Parks, which misled him
into concluding that he was dealing with a true suture.

The complete transverse extent of this median section
of the parietal measured between the lateral edges at the
posterior border is 333 millimeters. The surfaces of this
bone are smooth, except for a few vascular depressions
on the ventral side. The median frill region of specimen
U. 8. Nat. Mus. 15875 has one surface, presumably the
ventral, sculptured by deep vascular sinuses, the deeper
ones having a longitudinal direction, as in Arrhinoceratops
brachyops.

SUPRAORBITAL HORN:

The right supraorbital horn core, coalesced with the
postorbital and supraorbital bones, is preserved almost
in its entirety, lacking only the tip, which was lost before
interment. (See fig. 12.) This horn core is moderately
stout, tapers, is compressed laterally, and is elliptical in
cross section throughout the great part of its length, as
in Torosaurus. It appears quite probable that some of
this transverse flattening may be attributed to post-
mortem deformation. The horn core rises well forward
above the orbit, is strongly inclined anteriorly, and differs
from the brow horns of Arrhinoceratops brachyops in being
only slightly inclined outward. The regular forward curve
of the basal half of the horn core is reversed in the upper
half, thus bringing about an upward tilt at the tip. The
surface of the horn core is covered with the usual vascular
impressions, and there is obscure indication of sulcation,
extending downward for a short distance from the tip
on the anterior side. The orbit lies under the-anterior
margin of the horn, as in Pentaceratops.

32 Lull, R. 8., op. cit., p. 129, 1933.
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Comparative measurements of supraorbifal horns in millimeters

T ype of
Arrhino- Type of
ceratops? Arrhino- Specimen.
ulahensis ceratops U. 8. Nsat.
(U. 8. Nat. brachyops | Mus. 16169
Mus. 15583)
Greatest length from upper median 5100 §_o ... 710
rim of orbit to tip.
Greatest length measured along upper 570 555 760
convex margin,
Greatest length measured along lower 485 460 855
concave margin.
Girth at base. - - o ccmvoc e 495 425 612

1 Estimated.

Specimen U. S. Nat. Mus. 16169, which is provisionally
identified as pertaining to Arrhinoceratops? utahensis, is
considerably larger than the type. It has the right supra-
orbital horn core preserved in almost its entirety (see pl.
12) and the detached basal half of the left. The right
horn is of the same slender, tapering form as that of the
type, but it stands more erect, and is nearly 8 inckes
longer. It differs further in having a distinet suleus extend-
ing downward from the tip for more than half its length,
the depth of which has been exaggerated by crushire.
Sulcated horns in the Ceratopsia are rare, and Lull 32 is
of the opinion that their presence or absence is of lit‘le
significance. However, the presence of sulecation in the
brow horns of all the Arrhinoceratops specimens known
at the present tfme suggests a certain constancy in tlis
genus that may have some meaning.

JUGAL

The right jugal is completely preserved, although it
was found detached from the other skull elements. T™e
precise agreement of the sutural borders with those of the
lachrymal and postorbital leaves no doubt that it pertains
to the same individual as the supraorbital horn core ¢=-
scribed above. In its more slender proportions, and espesi-
ally the more restricted expansion of the proximal end, it
differs markedly from the more robust jugal of Arrki-
noceratops brachyops. In fact, the jugal of that species
differs so much from those of other ceratopsians as to lead
one to wonder if its outline has been correctly interpreted.
If correctly delimited, it furnishes important features
for distinguishing Arrhinoceratops brachyops from the
species here described. .

The jugal under deseription has a truncated anterior
process that joins the maxillary, contrasting with the
long and tapering process in Arrhinoceratops brachyops.
Likewise, the posterior proeess that joins the squamosal
is much shorter and narrower. The greatest length of the
present jugal from the orbital border to the distal end is
373 millimeters, and its greatest width from the maxillary
contact to the squamosal border is 355 millimeters. T =
thickened orbital border contributes 65 millimeters to
the inferior rim of the orbit.
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QUADRATOJUGAL

Both quadratojugal bones of U. 8. Nat. Mus. 15583 are
preserved, but they are not quite complete. In articulated
position the quadratojugal is imposed between. the lower
internal side of the jugal and the lower outer side of the
quadrate. A heavy, downwardly projected process articu-
lates with the epijugal by rugose suture. The quadrato-
jugal may have contributed to the formation of the lower
border of the infratemporal fossa, as in Triceratops, but
this feature cannot be positively determined, as, un-
fortunately, both quadratojugals are imperfect in this
respect. In Monoclonius the quadratojugal does not
participate.

LACHRYMAL

The lachrymal is triangular in outline, with a heavy
expanded end that contributes to the anterior rim of the
orbit. It is united closely with the upper border of the
anterior branch of the jugal by a longitudinally grooved,
sutural articulating border. The upper anterior border
is deeply excavated, leaving a slender anterior process
that extends between the jugal and nasal.

EPIJUGAL

The right epijugal was found detached, but its sutural
contact with the jugal clearly indicates that it pertains to
specimen U. 8. Nat. Mus. 15583. In position it articu-
Iates on the lower outer extremity of the jugal, extending
prominently outward, backward and downward. (See
fig. 12.) Its outer end is bluntly pointed, upper surface
shallowly concave, and ventral surface strongly convex.
A triangular, cupped, articular end projects inward below
the level of the jugal to meet a thickened, rounded pro-
jection from the quadratojugal. The outer surfaces are
covered with the usual vaseular markings. In shape and
proportions the present bone has a close likeness to the
epijugal of Arrhinoceratops brachyops.

QUADRATE

A right quadrate found in this same assemblage may
quite certainly be assigned to the type, as indicated by
the close articulation of the sutural surfaces with the
quadratojugal and epijugal bones. The end of the quadrate
that articulates with the lower jaw has a greatest trans-
verse diameter of 115 millimeters, a greatest antero-
posterior diameter of 41 millimeters, and a greatest
length of about 355 millimeters.

EPOCCIPITALS

Thirteen detached epocecipital bones were found in this
quarry, of which about half represent complete elements.
Eight of these, although differing somewhat in size, are
relatively large and closely resemble one another in shape.

Since these eight peripheral elements resemble the
epoccipitals found attached to the squamosal of the type
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and to the parietal of the paratype, it is assimed that all
pertain to Arrhinoceratops? utahensis. These elements are
elongated and have a sharp outer edge and a raised median
apex, as shown in plate 13, figures 1 to 5. Their external
surfaces are ornamented with vascular imprssions which
suggest that in life they probably had a horny, skinlike
covering. Their inner borders are hollowed out longitudi-
nally to conform better to the rounded borders of the
squamosal and parietal, along whose periphery they were
arranged. With the epoccipitals in positior. the border
of the frill must have had a scalloped form.

The five smaller epoccipitals are slender (see pl. 13,
fig. 1), triangular in cross section, and lack the median
apex. Their surfaces also lack vascular markings. Their
position on the frill is not known at this tim-.

RELATIONSHIPS OF THE SPECIMINS

The incompleteness of the type materials s.nd especially
the lack of critical parts has made it difficult to reach a.
satisfactory conclusion as to the true relationships of the
specimen under discussion. As mentioned previously, the
squamosal indicates the affinity of the species with the
long-crested group of the Ceratopsia. The grrater relative
width of the posterior portion of the squamos~l of Arrhino-
ceratops? utahensts distinguishes it from the corresponding
element in Chasmosaurus, Pentaceratops, and Torosaurus,
all of which have the posterior extremity of this bone
narrow and tapering. In general outline and proportions
the squamosal of Arrhtnoceratops? utahensis bas its nearest
counterpart in T'riceratops, but the presence of fenestrae
in the frill satisfactorily distinguishes them. That the
affinities of the present form do not lie with the genus
Anchiceratops is indicated not alone by differences in the
form of the squamosal bones, but also by tl'« absence in
the Utah specimen of the heavy epoccipital processes on
the parietal that form such a prominent feature of the
Edmonton genus. Meager though the evidence may be,
this brief review appears to show that the snecimen here
discussed cannot be satisfactorily included in any of
the above-mentioned genera. Of the known members of
the long-crested Ceratopsia only Arrhinocerciops remains
to be considered. ,

The presence in the Utah specimen of a flat. quadrangu-
lar frill crest having an extremely thin parietal part per-
forated by fenestrae, and of well-developad, sulcated,
supraorbital horns that curve strongly :forward are
features held in common with the skull on which Parks
established the genus Arrhinoceratops. O~ the other
hand, important differences appear in the jugal bones of
the two specimens. In fact, the jugal of the Parks speci-
men differs so decidedly from those of ceratopsians in
general that I am led to believe he must have erred in de-
limiting it. If such an assumption proves to be true, the
observed differences in outline and proportions of the
jugals of the two species have no special sigrificance.
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In view of the above facts it is proposed to refer the | differences found in the brow horn cores. In this spe-ies
North Horn ceratopsian provisionally to the genus | these horns curve strongly forward but with slight out-
Arrhinoceratops, as the species Arrhinoceratops? uiahen- | ward inclination, while in Arrhinoceratops brachyops they
sts, which may be distinguished from the genotype by { turn strongly outward. ,
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Parr 3. REVIEW OF VERTEBRATE FAUNA OF THE NORTH HORN FORMATION

INTRODUCTION

A new locality for Mesozoic reptiles was made known
through the discovery by E. M. Spieker in 1934 of
fragments that could be identified as dinosaurian. This
locality, in the vicinity of North Horn Mountain (see
fig. 13), Manti National Forest, Emery County, Utah,
was again visited in 1935 by Spieker and J. B. Reeside,
Jr., who were successful in obtaining specimens that
could be positively identified as pertaining to ceratop-
sian and hadrosaurian dinosaurs. These fossils def-
initely indicated the Upper Cretaceous age of the lower
member of the sequence that Spieker has since named
the North Horn formation.

In anticipation of opening up a new field for horned
and other dinosaurian specimens and also in the hope of
obtaining materials that would more accurately date
the beds in which the fossils are found, the Smithsonian
Institution in 1937 sent an expedition under my direction
to investigate the area. The success of the first expedi-
tion brought about the organization in 1938, 1939, and
1940 of field parties in the same area under the leadership
of C. L. Gazin.

The localities near North Horn Mountain, where im-
portant specimens have been found by the field parties,
are all clearly indicated on the geologic map. (See fig.
13.) This map is based, with modifications, on Geologi-
cal Survey topographic sheets, and was drawn by Dr.
Gazin, through whose kindness it is presented herein.

Locality 3 in the Dragon Valley has been referred to
as the “lizard locality,””® because of the considerable

number of lizard specimens that have been found there.
Dinosaurian specimens in this same area were found
both above and below the lizard horizon, and a few
characteristic caudal vertebrae of Alamocaurus were
found at the same level. All the vertebrate specimens
came from a large depressed block of Upper Cretaceous
sediments that had been dropped by the north-gouth
faults traversing this area. The precise relationship of
this bone-bearing level to the fossil-bearing zone around
North Horn Mountain has not been determined, but the
presence of Alamosaurus remains in both strongly sug-
gests that they are at about the same loevel in the
formation.

The specimens found on the west side of North Horn
Mountain were considered by Spieker from examination
in the field to be at about the same level in t!'~ formation
as those from locality 1 on the southwest side.

With the exception of Champsosaurus and Crocodylus
remains, which also may be found in the overlying
Paleocene strata, all dinosaurian and otter reptilian
fossils found in this area have come from tl < lower 850
feet of the North Horn formation, which consists of
variegated shales and sandstones that are conglomeratic
in places. One fragmentary dinosaur specimen found
in place a short distance from locality 1, It not col-
lected, was of interest in being at the lowest level in
the formation at which a vertebrate was found. This
specimen was estimated to be less than 200 feet above
the top of the Price River formation, which eutcrops in
this section.

) FAUNAL LIST
A study of the fossil materials accumulated by these list of the fauna of the Ojo Alamo sandstone is placed

four expeditions has resulted in the establishment of

the faunal list given below. For ready comparison a
Fauna of the North Horn formation

Dinosauria:
Alamosaurus sanjuanensis Gilmore.
Arrhinosaurus? ulahensis Gilmore.
Ceratopsian, gen. and sp. indet.
Hadrosaurian (large).
Hadrosaurian (small).
Deinodont (large).
Deinodont (small).
Sauria:
Polyglyphanodon sternbergi Gilmore.
Paraglyphanodon utahensis Gilmore.
Rhynchocephalia:
Champsosaurus sp.
Crocodilia:
Crocodylus sp.
Chelonia:
Basilemys sp.
Adocus sp.
Compsemys sp.
Aspideretes sp.
Pisces:
Leptsosteus sp.

beside it.

Fauna of the Ojo Alamo sandstone
Dinosauria:
Alamosaurus sanjuanensis Gilmore.
Monoclonius sp. '
Kritosaurus navajovius Brown.
Deinodont?
Armored dinosaur.
Sauria:
None known.
Rhynchocephalia:
None known.
Crocodilia:
Crocodylus sp.
Chelonia:
Basilemys®nobilis Hay.
Adocus vigoratus Hay.
Compsemys sp.
Aspideretes vorax Hay.
Aspideretes fontanus Hay.
Aspideretes qusterus Hay.
Thescelus rapiens Hay.
Pisces:
Lepisosteus sp.

3 Gazin, C. L., The mammalian faunas of the Paleocene of central Utah, with notes on the geology: U. 8. Nat. Mus. Proc., vol. 91, no. 3121, p. 7, fig. 1, 1941,
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Fiaure 13,—Geologic map of the region around North Horn Mountain, Emery County, Utah, showing localities where specimens were found: (1) Alamosaurus san
Jjuanensis, skeleton (U. 8. Nat. Mus, 15560); (2) Paleocene mammal locality; (3) lizard locality; (4) ceratopsian skull (U. 8. Nat. Mus. 16169); (5) type of Arrhinoc.

eratops? utahensis (U. S. Nat. Mus. 15583); (6) hadrosaurian femur locality; (7) ceratopsian (U. 8. Nat. Mus. 16577).

The fauna of the North Horn formation, as shown,
consists almost entirely of reptiles. Five different orders
are now recognized. Of these the Dinosauria are the
most significant; they pertain to well-kknown groups
whose geologic history is well understood, and they
definitely indicate that the beds in which the fossils
are found are of Upper Cretaceous age. Until recently
the large sauropod, Alamosaurus sanjuanensis, had been
found in association with horned dinosaurs (Ceratopsia),
duck-billed dinosaurs (Hadrosauridae), and carnivorous

Map drawn by C. L. Gagin.

dinosaurs (Deinodontidae) only in the Ojo Alamo sard-
stone of the San Juan Basin in New Mexico. This s-
sociation strongly indicates the equivalence in .age of
the North Horn formation and thé Ojo Alamo sand-
stone, and the conclusion is further strengthened by the
presence in both formations of four genera of turtles, a
fish, and a crocodile. The fragmentary condition of the
fish and the crocodile renders them of little importance
individually, but collectively they are of value in sho—-
ing the similarity of the faunas of ‘the two formations.
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Recent discoveries 3 made in the Big Bend of the Rio
Grande, Tex., show the presence in that area, also, of
sauropod dinosaurs in association with Upper Creta-
ceous Ceratopsia and Hadrosauridae.

In order to present as complete a picture of the North
Horn fauna as available materials will permit, each of
the known members is briefly reviewed below, and new
information resulting from the latest collecting is in-
corporated. In addition to the recognized genera and
species there are a few fragmentary specimens identifi-
able only as to order or family, and these are briefly
discussed.

Class REPTILIA
Order DINOSAURIA
' Suborder SAUROPODA Marsh
Family TITANOSAURIDAE Lydekker

The large sauropod Alamosaurus sanjuanensis Gil-
more was fully discussed on pages 29 to 41, and it is
only necessary herein to mention the finding of new
materials. Two caudal centra found by the 1939 expe-
dition at the lizard locality, S14 sec. 17, T. 198, R. 6 E,,
in the South Dragon Valley, and from the same level as
one of the specimens of Polyglyphanodon, somewhat
extend the - geographical range of Alamosaurus. The
large size and the procoelous character of these median
caudal cenfra at once establish their identity as pertain-
ing to the genus Alamosaurus.

A second specimen consisting of two very large thoracic
ribs was collected from a small patch of badland ex-
posures on the west side of the South Dragon Valley
(NEY{ sec. 12, T. 19 8., R. 5 E.). These are certainly
the ribs of a sauropod dinosaur, and in all probability
they record the occurrence of a third individual of Al-
amosaurus within this general area.

] Suborder CERATOPSIA Marsh

In addition to the specimens of Arrhinoceratops?
that form the subject matter of part 2 of this paper,
several other fragmentary ceratopsian specimens were
collected by the 1937 and 1939 expeditions.

The most important of these is the palatal part of a
skull (U. 8. Nat. Mus. 16577) articulated with the in-
complete maxillaries and distal portions of the jugals,
epijugals, quadrates, and anterior portions of both
squamosals. This specimen was found by G. F. Stern-
berg on the west side of North Horn.Mountain (SW
14 Sec. 36, T. 18 8,, R. 6 E.). Very large hornlike
epijugals (see pl. 14, fig. 3), large coossified epoccipitals
on the anterior border of the squamosal bones, and a
more opeh squamosal-jugal notch appear to show its
distinctness from Arrhinoceratops. The large size of
the epijugals suggests relationship to Pentaceratops, a
Kirtland genus that might be expected to occur here,

3 Brown, Barnum, oral communication.
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but lack of other diagnostic parts in the present speci-
men does not permit verification of this. The chief
interest in the specimen lies in the fact thet it indicates
the presence in the fauna of a second, as yet undeter-
mined ceratopsian.

Intermingled with the bones of the typ2 of Arrhino-
ceratops? ulahensis were parts of the frill of an individual
that may represent a third type of ceratopsian. These
materials include a median portion of the frill crest, a
considerable section of the median bar of the frill, and
a portion of its anterior end showing the supratemporal
fossa. No direct contacts between there three frill
parts have been found, but their relative positions in
the quarry were such as to suggest strongly that they
belonged to one individual. Furthermore. the relative
thickness of the broken ends, as well as tha contours of
contiguous parts, are in complete harmony with such a
conclusion. These detached parts, arranged in relative
sequence, are illustrated in plate 14, figures 1 and 2.

The crest portion shows a divisional partitioning of the
parietal as in the type of Arrhinocerafops? utahensis.
A pseudosutural edge on the right side of the parietal
is the counterpart of those in the type of Arrkinocera-
tops? utahensis, with the exception that it runs forward
and outward. Thus, if the opposite sutural edge, which
is missing, should have the same course, they would be
divergent, whereas in Arrhinoceratops? u'‘ahensis they
converge in an anterior direction. This crest portion
thickens on the median line, and on the dcmsal side, 100
millimeters anterior to the free margin, a low, rounded
boss marks the midline. (See pl. 14, fig. 2.) In front
of this boss the surface slopes downward cn either side.
The broken anterior end has a thickness of 25 milli-
meters. The under side is regularly concrve from side
to side, the surface being marked by a few vascular
impressions. The free border is slightly undulating
and shallowly concave from side to side as contrasted
with the convex border of the parietal of Arrhinoceratops?
utahensis. The undulations may be the coossified
epoccipital bones.

The median, or bar, portion of the frill (pl. 14, fig. 4)
measures 490 millimeters in length. Th-~ bone as a
whole is roof-shaped, with a heavy, rounded median
ridge. Viewed laterally, the crest of this ridge is un-
dulating, owing to a series of longitudinal swellings ar-
ranged one in front of the other. The bone thins out
away from the midline. On the right side for a short
space near midlength is what appears to be a finished
edge. If this interpretation is correct, it would be a
portion of the inner border of the right fenestra, and
would indicate the median bar to have a width of ap-
proximately 226 millimeters between the fenestrae, thus
resembling Arrhinoceratops and Torosaurus, rather than
the very narrow bar of Chasmosaurus or Anchiceratops.
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The anterior end of the parietal has a rounded median
ridge with steep lateral sides. and-a relative thickness
of the bone that agree with the corresponding features
of the anterior end of the median part described above
and that give every indication that the two parts belong
together. On the left side the outline of the supra-
temporal fossa. is distinctly indicated.

These three frill parts, with some allowance for the
missing connecting pieces, have a combined length from
end to end of about 984 millimeters, thus indicating an
individual having about the same frill proportions as
the type of Arrhinoceratops? uiahensis. The greater
thickness of the frill portions, the concave median-
posterior border, the rounded median boss on the dorsal
surface are all features that show the probable distinct-
ness of this specimen from Arrhinoceratops. The avail-
able materials are too meager for generic designation
and furthermore there is the possibility that this type
of development may pertain to the ceratopsian with the
large epijugals, previously mentioned, of which at the
present time there is no information regarding the frill.

In the collections there are six other individuals of
the Ceratopsia, each represented by a single bone.
These are a left humerus (U. S. Nat. Mus. 16168), a
right pubis (U. 8. Nat. Mus. 15665), a left pubis (U. S.
Nat. Mus. 16576), a right dentary (U. S. Nat. Mus.
16575), a left dentary (U. 8. Nat. Mus. 16574), and
the posterior half of an ilium. These bones are of no
special significance, as genera in the Ceratopsia cannot
be determined from any of them. They do permit the
suggestion, however, that in this area ceratopsian dino-
saurs may have been more abundant than members of
the Hadrosauridae, whereas in most other Upper Creta-
ceous faunas the latter usually predominate in number of
specimens.

- Family HADROSAURIDAE Cope

A complete right femur, U. S. N. M. 16318, collected
in 1939 from locality 7 (see fig. 13), is the only evidence
obtained of the presence in this fauna of one of the
larger representatives of the Hadrosauridae. -In size it
would be comparable to Kritosaurus or Parasaurolophus
of the Ojo Alamo and Kirtland formations, respectively.
This femur (see pl. 14, fig. 1) has a greatest length over
all of 1,122 millimeters.

That a much smaller member of the Hadrosauridae
exists in this fauna is indicated by an articulated ulna,
radius and partial forefoot, U. S. N. M. 13808. In
size it pertains to an animal smaller than Procheniosaurus.
This specimen was collected in 1935 on the southwest
spur of North Horn Mountain, only a few yards from
the site of the partial skeleton of Alamosaurus sanjuan-
ensis discovered in 1937. (See fig. 13, loc. 1).

¥ Gilmore, C. W., New fossil lizards from the Upper Cretaceous of Utah:
Smithsonian Mise. Coll., vol. 99, no. 16, pp. 1-2, 1940.

Family DEINODONTIDAE Brown .

. The presence of .cartivorous dinosaurs in the North
Horn formation is shown by the finding of several char-
acteristic teeth, a large claw ‘pertaining to the manus,
and the distal half of a lateral ‘metatarsal. These were
not found in association, and it is therefore assumed that
each pertained to -a .sepsrate ‘individual. Althcugh
none of the parts is adequate for: generic determination,
each is sufficiently diagnostic to indicate the occurrence
here of a carnivorous dinosaur of the size of the Upper
Cretaceous Gorgosaurus.

Order SAURIA
Family POLYGLYPHANODONTIDAE Gilmore

Nearly complete and partially articulated skeletons of
Polyglyphanodon sternbergi Gilmore enabled me to de-
scribe its skeletal anatomy.® Altogether, the remains of
nearly 50 individuals of Pelyglyphanodon have now ben
assembled, thus making it the best known of all North
American lizards. These specimens came from one small
area (S. 14 sec. 17, T. 198., R.6 E.) located in the eertral
part of the South Dragon Valley and referred to in this
paper as the lizard locality (fig. 13, loc. 3).

Since no fossil lizards are known in the Ojo Alamo or
Kirtland formations at the present time, this new lizard
has no significance for correlation.

FAMILY UNDETERMINED

The lizard Paraglyphanodon uishensis Gilmore also
had been described.?® It was based on a maxilwry
bone found in association with specimens of Foly-
glyphanodon. A specimen, U. 8. Nat. Mus. 16357,
consisting of an anterior end of a right dentary contain-
ing six teeth, was collected by the 1939 expedition.
These six teeth occupy a space 4 millimeters in lenxth,
and, as in the upper series, increase in size from front to
back. The most anterior tooth is very small, and the
tops of all appear to have been much worn, thus ob-
scuring the details of their structure. Two specimens
collected in 1940 have the skulls and a few vertel vae
preserved. All came from the lizard locality and f-om
practically the same geologic level. .

Order RHYNCHOCEPHALIA
The record of Champsosaurus in the North Horn
formation rests upon the half of a vertebral centrum
picked up on the surface on the south side of North
Horn Mountain. Since this aquatic reptile has a long
geologic range it is of little significance for correlation.

Order CROCODILIA ,
A single characteristic vertebral centrum picked up

on the surface shows that extinet Crocodilia were pres-
ent in this fauna.

\

8 Gilmore, C. W., op. ¢it., p. 3.
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The turtles are represented by scattered fragments
that with one exception were found loose on the ground.

A fragmentary part of a carapace of Basilemys as-
gociated with a few limb and foot bones was found in
place at the lizard locality in the South Dragon Valley.
The characteristic sculpturing on the fragments of cara-
pace permits recognition also of the presence of Adocus,

TO GENERAL GEOLOGY, 1946

Compsemys, and Aspideretes. All four. genera are pres-
ent also in the Ojo Alamo.

Class PISCES

A single bony lozenge-shaped scale of a ganoid fish
from the North Horn formation is referred, according
to the usual practice, to the genus Lepisostous.
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BULIMINA AND RELATED FORAMINIFERAL GENERA

By Josepr A. CusEMAN AND FrRANCES L. PARKER

ABSTRACT

This paper describes and illustrates the species belonging to the
genera of the first 3 subfamilies of the Family Buliminidae, the
Terebralininae, Turrilininae, and Bulimininae except Emntosolenia.
In the Terebralininae the genus Terebraling includes 1 species.
In the Turrilininae the genus Turrthina includes 2 species, Buli-
wminella 49 species and varieties, Bulimninoides 1 species, Ungulatella
4 species, Robertina 19 species, and Pseudobulimnina 3 species. In
the Bulimininae the genus Buliminag includes 196 species and
varieties, the subgenus Destnobulisnina 5 species; 97 other species
assigned originally to Buliming have been assigned to other genera
or are indeterminate. Neobuliminag includes 4 species, Globobuli-
mina 9 species and varieties. Four species are new and one new
name is proposed. Twenty-one species and varieties described
since this work was completed are listed in a supplement.

INTRODUCTION

The genus Bulimina is represented by many species
from the Jurassic to the present time. Other related
genera, nine in number, forming the first three sub-
families of the Foraminiferal family Buliminidae, are also
included here. The genus Entosolenia is not included,

as without recourse to the actual types it is very difficult

to place many of the species.

A study has been made of the older types, where avail-
able, and of other species topotype material has often
been examined As a result a great majority of the de-
scribed species has been studied from actual material.
Original figures and descriptions are given for most of
the other species for which actual material is not avail-
able. During the several years that this study has been
carried on, numerous short papers have been published
giving descriptions and figures of new species and vari-
eties as well as notes on the older species. Most of the
records for the genera and species will be found in the
references. References in the literature that are without
figures usually have not been included unless original
material or material from the same area has been avail-
able,

ACKNOWLEDGMENTS

Our thanks are due particularly to Miss Ann Shepard
for her careful and accurate drawings of many of the
species and redrawing of many of the types of the older
species, the results of which appear in the accompanying
plates; to Miss Anna Laura Dorsey for help in making
up the plates and checking the manuscript; and to Miss

Alice E. Cushman for the typing of portions of the mant-
script.

Our thanks are due also to Dr. John B. Reeside, Jr.,
Chief of the Section of Paleontology and Stratigraphy
of the Geological Survey, for making possible the com-
pletion of this work as part of the regular work of the
Survey. ,

We are indebted to many co-workers for sending us
material from various regions. Mr. Bradford C. Adams
sent us very fine series of Bulimina and related forms
from the Tertiary of California. Material from Venezuela
was received from Dr. Hollis Hedberg, from Trinidad
from Mr. P. W. Jarvis and Dr. H. H. Renz, and from
Cuba from Dr. Pedro J. Bermtidez. Our thanks are due
to Mr. Arthur Earland of England, Dr. A. Franke c¥f
Germany, Mr. W. J. Parr of Australia, Dr. Shoshiro
Hanzawa of Japan, and many others for valuable material
yielding specimens of Bulimina and other related genera.

SYSTEMATIC DESCRIPTIONS
Family BULIMINIDAE
Subfamily 1. TEREBRALININAE

Test in an elongate, close spiral, not divided.into cham-
bers; all calcareous, perforate; aperture rounded, sut-
terminal.

Genus TEREBRALINA Terquem, 1866 -

Terebralina Terquem, Sixiéme mémoire sur les foraminiféres du
Lias, p. 473, 1866.
Cushman, Cushman Lab. Foram. Research Contr., vol. 3, p.
65, 1927; idem, Special Pub. 1, p. 243, 1928; idem, Specisl
Pub. 4, p. 216, 1933.

Genotype, Terebralina regularis Terquem.

Test consisting of a proloculum and elongate, undivided,

‘| tubular, second chamber in an elongate close spiral; wall

calcareous, perforate ; aperture rounded, terminal. Jurassic.
There is a single species known.

Terebralina regularis Terquem

Plate 15, figure 1
Tercbralina regularis Terquem, Sixiéme mémoire sur les foram-
iniféres du Lias, p. 473, pl. 19, fig. 3, 1866.

Cushman, Cushman Lab. Foram. Research Special Pub. 1,
pl. 35, fig. 6; pl. 37, fig. 1, 1928; idem, Special Pub. 4, p".
22, fig. 1, 1933; idem, Special Pub. 5, pl. 22, fig. 1, 1933.
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Test elongate, a close spiral about the vertical axis, un-
divided into chambers, circular in transverse section; wall
calcareous, perforate, smooth; aperture rounded, subter-
minal, the apertural end somewhat contracted and pro-
longed.

The types are from the Jurassic, lower Lias, “les Bos-
sons (prés de Nohant, Indre)”, France. It is recorded
as very rare.

Subfamily 2. TURRILININAE

Test an elongate, close spiral, divided into chambers,
usually more than three to a whorl, lines of the spiral very
distinct.

Genus TURRILINA Andreae, 1884

Turrilina Andreae, Abh. geol. Specialkarte Elsass-Lothringen, vol.
2, pt. 3, p. 120, 1884. .

Cushman, Cushman Lab. Foram. Research Contr., vol. 3, p.
65, 1927; idem, Special Pub. 1, p. 246, 1928; idem, Special
Pub. 4, p. 217, 1933.
Bulimina (part) of authors.

Genotype, Turrilina alsatica Andreae.

Test an elongate, close spiral; chambers three or more
in a whorl, spiral suture deep and continuous; wall cal-
careous, perforate; aperture at basal margin of chamber,
broad, little if at all twisted. Jurassic? to Recent?

In this genus the spiral suture is very strongly marked,
more so than those between the chambers.

Certain species that have been placed in this genus
evidently belong elsewhere. The species referred to by
White and others as “Turrilina trochoides (Reuss)”
(White, Jour. Paleontology, vol. 3, p. 46, pl. 5, fig. 4,
1929) does not belong here. Sandidge has described and
figured a species, “Turrilina angulata”, from the Cretace-
ous (Am. Midland Nat., vol. 13, p. 198, pl. 19, figs. 7, 8,
1932) which should not be included in this genus.

Turrilina alsatica Andreae
Plate 15, figure 3

Turriling alsatica Andreae, Abh. geol. Specialkarte Elsass-Loth-
ringen, vol. 2, pt. 3, p. 120, pl. 8, figs. 18, 19, 1884.

Cushman, Cushman Lab. Foram. Research Special Pub. 5,
pl. 27, figs. 3a-c, 1933.

Test small, 1% to 2 times as long as broad, rapidly
tapering, greatest breadth formed by the last whorl, initial
end subacute; chambers distinct, inflated, 3 to a whorl,
increasing rapidly but uniformly in size as added ; sutures
distinct, the spiral suture very distinct and depressed;
wall smooth; aperture low and broad, at the base of the
apertural face, with a distinct margin. Length 0.20 to
0.25 mm. ; diameter 0.15 to 0.18 mm.

The types of this species are from the Oligocene of
Alsace. We have specimens from Andreae’s locality of

.
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Lobsann and from other localities in the middle Oligocene
of Germany.

Tuarrilina andreaei Cushman
Plate 15, figure 2

Turrilina andreaei Cushman, Cushman Lab. Foram. Research
Special Pub. 5, pl. 27, figs. 2a, b, 1933.

Buliminag acicula Andreae (not Costa, 1856), Al4. Specialkarte
Elsass-Lothringen, vol. 2, pt. 3, p. 277, pl. 12, fig. 13, 1884.

Paalzow, Offenbacher Ver. Naturkunde Ber., 1912-24, p. 65,
pl. 1, fig, 6, 1912,
Turrilina acicule Cushman, Cushman Lab, Foram. Reséarch
Contr., vol. 3, p. 67, pl. 14, fig. 2, 1927; Scc. sci. Seine-et-
Oise Buil, ser. 2, vol. 9, p. 52, pl. 2, figs. 5a, b, 1928;
Cushman Lab. Foram. Research Special Pub. 4, pl. 22, fig.
2, 1933,

Test elongate, spiral, conical, 3 to 5 whorls in the adult,
greatest width formed by the last whorl; chambers dis-
tinct, only slightly inflated, 5 or 6 in the adult whorl;
sutures distinct, the spiral suture partictlarly so and
more depressed than those between the chambers; wall
smooth; aperture a high, arched opening ¢t the base of
the truncated or somewhat concave apertural face, with
a slight lip. Length 0.25 to 0.40 mm., diameter 0.10 to
0.15 mm.

This species is known from the Oligocene of Alsace-
Lorraine from the material described by Andreae, from
the Mainz Basin recorded by Paalzow, and from Ormoy
in France recorded by Cushman.

Genus BULIMINELLA Cushman, 1911

Buliminells Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 88, 1911;
idem, Bull. 104, pt. 3, p. 108, 1922; Cushman Lab. Foram.
Research Contr., vol. 3, pt. 1, p. 65, 1927; idem, Special
Pub. 1, p. 246, 1928; idem, Special Pub. 4. p. 217, 1933.

Genotype Bulimina elegantissima d’Orbigny.

Test an elongate, close spiral, the spiral suture distinct;
chambers 3 or usually more in awhorl; wall calcareous,
perforate; aperture elongate, loop-shaped, very slightly
twisted. Cretaceous to Recent.

Species are numerous in this genus, the earliest of
which appear in the Cretaceous. Most species are smooth
and the ornamentation, when it occurs, is re'atively simple
in comparison with the ornate character of many species
of Bulimina. As a rule the species are re'atively short-
lived and make good index fossils.

Buliminella obtusa (D’Orbigny) Cushman and Parker
Plate 15, figure 4

Bulimina obtusa D’Orbigny, Soc. Géol. France Mém., ser. 1, vol.
4, p. 39, pl. 4, figs. 5, 6, 1840; Prodrome de Paléontologie,
vol. 2, p. 282, No. 1399, 1850.

Buliminella obtusa Cushman and Parker, Cushman Lab. Foram.
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Research Contr., vol. 10, p. 28, pl. 5, figs. 1 a, b, 1934;
idem.,, vol. 12, p. 6, pl. 2, figs. la-c, 1936.

-Brotzen, Sveriges geol. undersdkning, ser. c, no. 396, p. 131,
pl. 8, figs. 2a, b, 1936.

Test large, slightly tapering, almost twice as long as
broad, consisting of 4 to 5 whorls; chambers 4 to a whorl,
the last-formed chamber constituting slight, lobular pro-
jection; sutures flush with the surface, slightly limbate,
appearing as somewhat darkened lines; wall smooth, pol-
ished, coarsely perforate; aperture loop-shaped, with a
depressed area extending down from it along the suture
bounding the apertural face. Length 0.71 mm., diameter
0.42 mm.

This species was described from the Upper Cretaceous
of Meudon and Sainte Germaine in the Paris Basin, and
of England. We have specimens which may be referred
to this species from Bougival, France.

It seems possible that this form may represent a variant
of Buliminella laevis (Beissel), but lack of evidence makes
it advisable to keep the two species separate for the
present.

Buliminella imbricata (Reuss) Cushman and Parker
Plate 15, figure 5

Bulimina imbricata Reuss, Haidinger’s naturwiss. Abh., vol. 4,
p. 22, pl. 3, fig. 7, 1851.
Franke, Preuss geol. Landesanstalt Abh, n. ser., vol. 111,
p. 159, pl. 14, fig. 20, 1928.

Buliminella imbricata Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 10, p. 31, pl. 5, figs, 19a, b, 1934; idem.,
vol. 12, p. 6, pl. 2, figs. 2a-c, 1936.

Test small, somewhat tapering, usually twice as long
as broad, with about 4 whorls; chambers 4 to a whorl;
sutures distinct, dark, spiral suture slightly depressed;

others flush with the surface; wall smooth, very coarsely

perforate, somewhat polished; aperture comma-shaped,
almost at the apex of the apertural face, which is some-
what rounded. Length 0.18 to 0.28 mm., diameter 0.12
to 0.16 mm.

The species was described from the Upper Cretaceous,
Senonian, of Lemberg, Galicia. Our specimens from
Lemberg are very much smaller than those described by
Reuss. In other respects, however, they appear very
similar and it seems best to refer them to this species.
One of them is figured here. A few other specimens were
found in the Senonian of Germany.

The form is broader and less tapering than Buliminella
pusilla (Brotzen).

Buliminella laevis (Beissel) Cushman and Parker

Plate 15, figure 6

Bulimina laevis Beissel, Preuss. geol. Landesanstalt Abh., n. ser.,
vol. 3, p. 66, pl. 12, figs. 39-43, 1891.
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Buliminella laevis Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 12, p. 6, pl. 2, figs. 3a-c, 1936.

Brotzen, Sveriges geol. undersdkning, ser. ¢, no. 465, p. 49,
1945,

Buliminag elegans Heron-Allen and Earland (not D’Orbigny),
Royal Micr. Soc. Jour., p. 409, pl. 6, fig. 11, 1910.

Buliminag ovulum Franke (not Reuss), Geol. pal. Instit. Univ. -
Greifswald Abh., vol. 6, p. 25, pl. 2, fig. 17, 1925; Preus-~.
geol. Landesanstalt Abh., n. ser., vol. 111, p. 157, pl. 14,
fig. 14, 1928.

Test large, about 145 times as long as broad, consistiny
of 3 or more whorls; chambers 4 to a whorl, very slightly
inflated ; sutures slightly depressed, especially in the earlicr
whorls, giving the test an irregular appearance, usuallr
flush with the surface in the last whorl; wall smootl,
finely perforate, sometimes polished; aperture comme-
shaped, broad at the base, near the apex of the apertural
face, in some specimens with a small depression extendine
down from it along the Base of the last-formed chambe-,

sometimes as far as the suture joining the second an-
third chambers; also in a few specimens a very short,

depressed area extending up from the base of the aperture.
along the same suture. Length 0.54 to 0.91 mm., diamete~
042 to 048 mm. (The occasional dwarfed specimens
which are found at some localities were not used in com-
piling these measurements).

The species was described from Friedrichsberg, near
Aachen, Germany. It is common in the Upper Cretace-
ous, Senonian, of Europe and England. Various authors.
including Reuss himself, in later papers have confused
this form with Bulimina ovulum Reuss (Bulimina reussi
Morrow), which is distinctly a Bulimina. It is a large~
species than Buliminella cushmani Sandidge and differs
from it in the shape of the aperture and the size and share
of the apertural face.

Buliminella pusilla (Brotzen) Cushman and Parker
Plate 15, figure 7; plate 21, figure 5

Bultmina pusilla Brotzen, Sveriges geol. undersSkning, ser. ¢, nn.
396, p. 127, pl. 8, fig. 4; text fig. 44, 1936.

Test small, slender, slightly tapering, about 21/} times
as long as broad, consisting of 4 whorls; chambers 4 to
a whorl, fairly distinct; sutures slightly depressed; wall
smooth, coarsely perforate; aperture loop-shaped, near the
apex of the test. Length 0.20 mm., diameter 0.09 mm.

The above description is given of a single syntype ct
the species sent by Dr. Brotzen. It was originally described
from the Upper Cretaceous, lower Senonian, of Eriksdal,
Sweden. We have one other specimen similar to this
form from Lubitsch, Czechoslovakia.

The species differs from Buliminella imbricata (Reuss)
is being much more slender and more tapering, and in
having the broadest part of the test near the apex.
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Buliminella carseyae Plummer

Plate 15, figure 8

Bulimina compressa Carsey (not Bailey, 1851), Texas Univ. Bull
2612, p. 29, pl. 4, fig. 14, 1926.
Buliminella carseyae Plummer, Texas Univ. Bull. 3101, p. 179,
pl. 8, fig. 9, 1931.
Cushman, Jour. Paleontology, vol. 6, p. 340, 1932.

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 12, p. 8, pl. 2, figs. 6a-c, 1936.

Loetterle, Nebraska Geol. Survey Bull, 2d ser., Bull. 12, p. 37,
pl. 5, figs. 10a, b, June, 1937.

Cole, Florida Dept. Cons. Geol. Bull. 16, p. 35 (list), pl. 4,
fig. 2, 1938,

Cushman, Cushman Lab. Foram. Research Contr., vol. 20, p.
12, pl. 2, fig. 24; p. 93, pl. 14, fig. 10, 194; U. S. Geol
Survey Prof. Paper 206, p. 119, pl. 50, figs. 17-20, 1946.

Buliniinella hofkeri Brotzen, Sveriges geol. undersOkning, ser. c,
no. 396, vol. 30, no. 3, p. 129, pl. §, fig. 3; text fig. 45, 1936.

Test ovate, about twice as long as broad, initial extremity bluntly
pointed; chambers about four in each mature whorl, turgid,
smooth; sutures distinctly depressed, disposed at a strong angle
to the elongate axis of the test; aperture small, comma-shaped,
in a strong depression on the septal face and overhung by a sharp
projection of the apex of the last chamber and marked by a
minute and very narrow apertural flap extending down the long
side of the septal face. Length .39 mm.; diameter .22 mm.—
Plummer.

The types of this species are from the Upper Cretace-
ous, upper part of the Taylor formation, on right bank
of Onion Creek near bridge at Moore and Berry’s Cross-
ing, 8% miles in a straight line southeast of the capitol
in Austin, Texas.

The species is found in the Upper Cretaceous Navarro
group, and the Taylor and Austin formations of Texas.
It occurs rarely in the Navarro but is very widespread
and abundant in the Taylor. In the Austin the form is
not so common and is usually smaller and somewhat
shorter in proportion to its length than the typical form.
We have specimens also from the Turonian and Senonian
of Germany and from the Upper Cretaceous of Grave-
send, England. These forms have been referred by Brot-
zen to the new species Buliminella hofkeri. As they ap-
pear to us to be in every way identical with the American
form, which Brotzen notes that he had no opportunity
of seeing, his species is placed in the synonymy under
Mrs. Plummer’s.

The species is related to Buliminella laevis (Beissel)
but is much smaller and shows much more inflation of
the chambers.

Buliminella earseyae Plummer var. plana
Cushman and Parker

Plate 15, figure 9

Buliminella corseyae Plummer var. plane Cushman and Parker,
Cushman Lab. Foram. Research Contr., vol. 12, p. 8, pl. 2,
figs. 7a-c, 1936.
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Cushman and Hedberg, idem, Contr., vol. 17, p. 94, pl. 22,
figs. 26a-c, 1941,

Cushman and Todd, idem, Contr., vol. 19, p. 65, pl. 11, fig. 20,
1943.

Cushman, U. S. Geol. Survey Prof. Paper 20€, p. 120, pl. 50,
figs. 16, 21, 22, 1046.

Test small, about 114 times as long as broad, consisting
usually of 4 whorls, the last-formed whorl constituting
at least half the test; chambers distinct, somewhat in-
flated ; sutures distinct, depressed; wall smooth, perfor-
ate; aperture comma-shaped. Length 0.18 to 0.24 mm,,
diameter 0.10 to 0.15 mm.

This variety was described from the Upper Cretaceous
Navarro formation on the San Antonio road. 6 miles east
of Castroville, Bexar County, Texas. Our specimens are ‘
from the Navarro or formations of equivalent age in the
Gulf Coast region of the United States and from the
Upper Cretaceous of Columbia.

The variety differs from the typical form in the smaller
size of the test and the lesser inflation of the chambers.

Buliminella cushmani Sandidge
Plate 15, figures 10, 11

Buliminella cushmani Sandidge, Jour. Paleontology, vol. 6, p. 280,
pl. 42, figs. 18, 19, 1932.
Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 12, p. 8, 1936. ]
Cole, Florida Dept. Cons, Geol. Bull. 16, p. 74 (list), pl. 2,
fig. 14, 1938.

Cushman and Deaderick, Jour. Paleontology, vol. 18, p. 337,
pl. 53, fig. 5, 1944,
Applin and Jordan, idem, vol. 19, p. 132, 1945,

Cushman, U. S. Geol. Survey Prof. Paper 206 p. 119, pl. 50,
fig. 15, 1946.

Test medium, tapering, widest portion about 24 of ‘the
length from the initial end, usually consisting of 4 whorls;
chambers distinct, 4 to a whorl, slightly irflated in the
first 3 whorls; sutures distinct, spiral suture slightly de-
pressed, others flush with the surface, usually darker in
color than the rest of the test; wall smooth, finely per-
forate; aperture loop-shaped, near apex of the apertural
face, which 1s flaring and somewhat flattened. Specimens
from the Upper Cretaceous Kemp clay on a branch of
Mustang Creek, 1 mile west-southwest of Noack, 900 feet
downstream from road, Williamson County, Texas.
Length 0.34 to 0.50 mm., diameter 0.22 to .24 mm.

The types of the species are from the Upper Cretaceous
Ripley formation in an exposure at the mouth of Bogue-
chitto Creek, Alabama. We have no topotrpe material,
but there seems little doubt that our specimens may be
referred to Sandidge’s species. This species occurs in the
Upper Cretaceous of the Gulf Coast area cf the United
States in the Saratoga chalk, Corsicana marl, Kemp clay,
Marlbrook marl, and Prairie Bluff formation. It occurs
also in the Upper Senonian of Germany and France.
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Sandidge describes the species as very similar to Bulim-
inella carseyae but differing from it in being smaller and
more compact, with less inflated chambers and more grace-
fully curving sutures. It is also similar to Buliminella
laevis (Beissel), but is smaller, has a broader apertural
face and a broader, less curved aperture.

Buliminella vitrea Cushman and Parker
Plate 15, figure 12

Buliminella witrea Cushman and Parker, Cushman Lab, Foram.
Research Contr., vol. 12, p. 7, pl. 2, figs. 4a-c, 1936.

Cushman, U. S. Geol. Survey Prof. Paper 206, p. 119, pl. 50,
fig. 14, 1946.

Test small, about 11 times as long as broad, slightly
tapering, consisting of 3 to 4 whorls, the last-formed
whorl constituting more than half the test; chambers dis-
tinct, slightly inflated; sutures distinct, depressed; wall
partially transparent, coarsely perforate ; aperture comma-
shaped. Length 0.16 to 0.25 mm., diameter 0.08 to 0.15
mm,

The species was described from the Upper Cretaceous
Selma chalk at a locality 2 miles west of Guntown, Mis-
sissippi. It occurs in the Selma chalk of the eastern Gulf
region and at one locality in the upper Austin of Texas.

The species resembles Buliminella umbricata (Reuss),
but differs from.it in the more curving sutures, the great-
er inflation of the chambers, and the transparency of the
test. -

Buliminella fabilis Cushman and Parker
Plate 15, figure 13

Buliminella fabilis Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 12, p. 7epl. 2, figs. 5a-c, 1936.

Cushman, U. S. Geol. Survey Prof. Paper 206, p. 119, pl. 50,
fig. 13, 1946. ’

? Buliminella imbricata Cushman (not Reuss), idem, vol. 7, p. 42,
pl. 5, figs. 10a-c, 1931.

Test small, about twice as long as broad, tapering, con-
sisting of 4 to 5 whorls, the last-formed whorl taking
up about two-thirds of the test; chambers distinct, those
in the last whorl very slightly inflated; sutures distinct,
slightly depressed; wall smooth, perforate; aperture loop-
shaped, near apex of test. Length 0.16 to 0.20 mm.,
diameter 0.08 to 0.10 mn.

The species was described from the Upper Cretaceous,
lower part of the Taylor formation, in the bank of small
stream, 45 feet north of Hillshoro-Corsicana road, 14.2
miles east of Hillsboro, Texas. It occurs in the Taylor,
Austin, and Eagle Ford formations of Texas.

The form is very close to Buliminella pusilla Brotzen,

but as we have only a single specimen of the latter, kindly
sent by Dr. Brotzen, it seems best not to combine the two.

Buliminella colonensis Cushman and Hedberg
Plate 15, figures 14, 15

Buliminella colonensis Cushman and Hedberg, Cushman Lzb.
Foram. Research Contr., vol. 6, p. 65, pl. 9, figs. 6, 7, 1930.

Cushman, U. S. Geol. Survey Prof. Paper 206, p. 120, pl. 50,
figs. 23, 24, 1946.

Test medium, nearly as broad as long, at least in the
microspheric form, initial end pointed, apertural end
broadly rounded; chambers 5 or 6 in the last-formed
whorl, elongate, rather uniformly increasing in size as
added, very slightly inflated ; sutures distinct, very slightly
depressed ; wall smooth; aperture broadly comma-shaped,
the greatest breadth at the inner end of the aperture.
Length up to 0.40 mm., diameter 0.35 mm."

~ The types of the species are from the Upper Cretaceous
Colon shale in the Department of Escuque, State of Tru-
jillo, Venezuela. The species occurs also in the Upp=r
Cretaceous Velasco shale and Mendez formation of
Mexico.

The species is most cloéely related to Buliminella cush-
mani Sandidge but differs from it in having fewer whorls
and in tapering more rapidly. g

Buliminella fusiforma Jennings
Plate 30, figure 2

Bulininella fusiforma Jennings, Bull. Am. Paleontology, vol. 23,
no. 78, p. 30, plL. 3, fig. 18, 1936.

Test fusiform, initial end pointed, apertural end rounded; about
three whorls to a test, the last forming 80 per cent of the test;
four chambers to a whorl; sutures distinct, depressed, spiral sutvre
much more strongly depressed than transverse; aperture virguline,
in a depression in the septal face forming a strong angle with the
axis of the test. Length 021-0.32 mm.; width, 0.18 mm.—
Jennings.

This species was described from the Upper Cretaceo'ts
Navesink marl of New Jersey.

Buliminella irregularis (Terquem) Cushman and Parker
Plate 15, figure 16

Bulimina trregularis Terquem, Soc. Géol. France Mém.,, ser. 3,
vol. 2, p. 112, pl. 12(20), figs. 1a, b, 1882.
?Bulimina scalariformis Terquem, idem, p. 114, pl. 12(20), fig. 13.

Buliminella irregularis Cushman and Parker (part), Cushm=n
Lab. Foram. Reésearch Contr., vol. 13, p. 68, pl. 9, figs. 6z-c
(not figs. 7a-c), 1937.
. van Bellen, Geol. Stichting Mededeelingen, ser. C-V, No. 4,
p. 45, pl. 4, fig. 11, 1946.

Test small, elongate, tapering from the initial end to
the greatest breadth made by the last-formed whorl, abot
3 times as long as broad, initial end with an acerove
spine; chambers distinct, slightly inflated, almost 4 in the
adult whorl, increasing very gradually in size as added;
sutures distinct, slightlv depressed, somewhat limbate;
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wall smooth, except above the aperture, where there are
numerous radiating lines or slight ridges running down
into the apertural face; aperture very small, broadly loop-
shaped, at the inner margin of the apertural face, which
is strongly depressed and has a rounded lip. Length of
Terquem’s specimen 0.37 mm., diameter 0.16 mm. Length
of our specimen 0.35 mm., diameter 0.14 mm.

The species was described from the Eocene, Vaudan-
court, Paris Basin, France. We have a single specimen
from the sand of Chaméry, in the Paris Basin..

This species may be distinguished by its tapering test,
basal spine, and the depressed apertural face with the
radiating ridges.

Buliminella turbinata (Terquem) Cushman and Parker

Plate 15, figures 18-21

Bulimina turbinata Terquem, Soc. Géol. France Mém. ser. 3,
vol. 2, p. 113, pl. 12(20), figs. 6, 7, 1882.

Bulimina ovula Terquem (not D’Orbigny), idem, p. 113, ol
12(20), fig. 5.

Buliminella turbinata Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 13, p. 68, pl. 9, figs. 8a-c, 9a-c, 1937.

~ Test small, about twice as long as broad, somewhat
fusiform, initial end subacute, last-formed whorl com-
posing the greater part of the test; chambers distinct, 6 or
7 to a whorl, elongate and narrow, slightly, if at all, in-
flated; sutures distinct, usually flush with the surface,
slightly limbate; wall smooth, finely perforate; aperture
loop-shaped, in a distinct depression on the apertural face,
which is otherwise somewhat rounded and formed of
clear shell material. Length of Terquem’s specimens 0.50
to 0.52 mm., diameter 0.24 to 0.30 mm. Length of our
specimens 0.30 to 0.35 mm., diameter 0.10 to 0.15 mm.

Terquem records the species are rare in the Eocene at
Vaudancourt, Paris Basin, France. We have specimens
from several localities of the Calcaire grossier inférieur
and lower Lutétian of the Paris Basin. A single specimen
was found in the Oligocene Stampian at Lounandiére,
France.

The last-formed whorl of this species composes a far
greater proportion of the test than that of either Bulim-
inella intorta (Terquem) or B. glomerata Cushman and
Parker and the spiral suture is not depressed. The test
is more tapering than that of the former species, and the
chambers are somewhat narrower than those of the latter.

Buliminella flexa (Terquem) Cushman and Parker

Plate 16, figure 1

Bulisnina flexa Terquem, Soc. Géol. France Mém., ser. 3, vol. 2,
p. 115, pl. 12(20), fig. 15, 1882.

Test small, slender, slightly tapering, with a rounded
initial end, consisting of 3 or 4 whorls ; chambers distinct,
4 to a whorl ; sutures distinct, flush with the surface; wall
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smooth, finely perforate; aperture small. loop-shaped,
placed toward the top of the apertural face, which is
formed of clear shell material. Length of figured speci-
men 0.30 mm., diameter 0.13 mm, :

The species was described from the Eocene Septeuil,
Paris Basin, France. We have specimens from several
localities in the Paris Basin.

This form has fewer chambers to the whorl than
Buliminella intorta (Terquem), and the spiral suture is
not depressed.

Buliminella intorta (Terquem) Cushman and Parker
Plate 15, figure 17

Bulimina intorta Terquem, Soc. Géol. France Mém., ser. 3, vol. 2,
p. 115, pl. 12(20), fig. 16, 1882.

Bulimina pulchra Terquem (part), idem, p. 114, pl. 12(20),
fig. 10 (not figs. 8, 9, 11, 12).

Buliminella irregularis Cushman and Parker (not Bulimina irreg-
ularis Terquem) (part), Cushman Lab. Foram. Research
Contr., vol. 13, p. 68, pl. 9, figs. 7a, b (not figs. 6a-c), 1937.

Test small, somewhat fusiform, consisting of about 3
whorls; chambers distinct, 5 to a whorl, narrow ; sutures
distinct, spiral suture depressed, others flush with the
surface, darker in color than the rest of the test; aperture
small, loop-shaped, on the apertural face, which is rounded
and does not extend down the side of the test. Length
of figured specimen 0.25 mm., diameter 0.10-mm.

The species was described from the Eo-ene, Septeuil,
Paris Basin, France. We have material frcm Chaméry in
the Paris Basin.

This form has narrower, more curving chambers than
Buliminella flexa (Terquem), and the spiral suture is de-
pressed.

Buliminella conulus (Terquem) Cushman and Parker
Plate 16, figure 2

Buliminag conulus Terquem, Soc. Géol. France Mém., ser. 3,
vol. 2, p. 116, pl. 12(20), fig. 17, 1882.

Cushman and Parker, Cushman Lab. Foram Research Contr.,
vol. 13, p. 73, 1937.

Test- conical, pyramidal, rounded at the top, slender
and obtuse at the bottom, straight on the sides, covered
with very fine perforations arranged in vertical lines,
formed of 5 whorls, not projecting, with transverse
sutures, the first very close, the last widely separated;
chambers smooth, quadrangular, sutures linear, curved;
aperture round, in an ovally pointed depression, sur-
rounded by a thick border. Length 0.53 mm., diameter
0.18 mm.

This description is a translation of Terauem’s descrip-
tion of the species from the Eocene of Septeuil, Paris
Basin, France. We have no typical material.
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Buliminella pupa (Terquem) Cushman and Parker
Plate 16, figure 3

Bulinuna pupa Terquem, Soc. Géol. France Mém.,, ser. 3, vol. 2,
p. 116, pl. 12(20), figs. 18a, b, 1882, .

Bulimina striato-punctata Terquem, idem, p. 116, pl. 12(20),
fig. 19.

Buliminella striato-punctata Cushman and Parker, Cushman Lab.
Foram. Research Contr, vol. 13, p. 69, pl. 10, figs. 3a-c,
1937.

Test small, elongate, 214 to 3 times as long as broad,
sides in the middle portion nearly straight and parallel,
initial end subacute, apertural end somewhat truncate;
chambers distinct, very slightly inflated, usually 3 to a
whorl, with the final chambers somewhat offset from the
others; sutures distinct, very slightly curved, very slightly
depressed, usually dark in color; wall with rather coarse
punctae arranged in longitudinal lines, the bottom part of
the test, and sometimes more, ornamented by faint costae;
aperture elongate, rounded, at the inner margin of the
last-formed chamber in a distinct depression of the aper-
tural face. Length 0.30 to 0.60 mm., diameter 0.12 to
0.16 mm.

The types are from the Eocene at Vaudancourt, Paris

Basin, France. The species occurs at several localities in
the Paris Basin.

It seems probable that B. pupa and B. striato-punctata
of Terquem should be combined, as specimens resembling
the figures of both are found in the same species. The
form may be differentiated from others by the punctate
test and the faint striations or costae, which are some-
times barely visible unless viewed with cross lighting.

Buliminella semi-nuda (Terquem) Cushman and Parker
Plate 16, figures 4, 9

Bulimina semi-nuda Terquem, Soc. Géol. France Mém., ser. 3,
vol. 2, p. 117, pl. 12(20), fig. 21, 1882,
Bulimina obligua Terquem (not D’Orbigny), idem, p. 118, pl
12(20), fig. 23.
Cushman and Parker, Cushman Lab. Foram Research Contr.,,
vol. 13, p. 73, 1937.

Bulimina terquemiana Heron-Allen and Earland, Royal Micr.
Soc. Jour. 1911, p. 314, pl. 9, figs. 13, 14.

Buliminella semi-nuda Cushman and Parker, Cushman Lab.
Foram. Research Contr, vol. 13, p. 70, pl. 10, figs. 4a-c,
Sa-c, 1937, ’

Buliminella terguemiana Cushman and Parker, idem, p. 71, pl. 10,
fig.7.

Test of medium size, about 114 times as long as broad,
initial end acute, often with a short, stout spine, greatest
breadth at about the middle, rapidly tapering, the last-
formed whorl constituting the greater part of the test;
chambers indistinct, 6 to 8 in the adult whorl, increasing
very gradually in size as added ; sutures indistinct, narrow,
usually not depressed except for the spiral suture; wall

€1

ornamented by numerous, irregular, longitudinal costae
which often fade out and become almost untraceable
in the upper portion of the test; aperture rounded, in a
distinct depression of the inner margin of the broad’:
flaring apertural face, which is ornamented with fine,
radiating ridges. Length of figured specimens 0.33 mm.,
0.45 mm. ; diameter 0.20 mm., 0.27 mm.

The species was described from the Eocene at Septeuil,
Paris Basin, France. It occurs at several localities in the
middle Eocene of the Paris Basin, France. We have one
specimen from the Ocala limestone, east bank of the Fliat
River, Mitchell County, Georgia The form described by
Cushman as Buliminella elegantissima (D’Orbigny) var.
semi-nuda (Terquem) (U. S. Nat. Mus. Bull. 104, pt. 3,
p. 108, pt. 23, fig. 5, 1922) is very similar except for the
initial end, which is more rounded; it has well defined
costae that extend to the top of the test and was recorded
from the Recent material at Albaiross sta. D2358 in the
Caribbean. Bermudez records this same form from a
Recent locality north of Cuba (Soc. cubana hist. nat.
Mem., vol. 9, p. 193, 1935). Brady’s species of the same
name (Challenger Rept., Zoology, vol. 9, p. 403, pl. £0,
figs. 23, 24, 1884) from the Indo- Pacific may represent
this variant, although figure 23 pictures a smooth form
that should possibly be referred to Buliminella madagcs-
cariensis (D’Orbigny).

Bulimina terquemiane Heron-Allen and Earland, re-
corded as “fossil” from Selsey Bill, England, has besn
combined with this species, as a study of the Paris Basin
specimens of B. semi-nudae in appropriate cross-lighting
shows invariably that instead of extending only acrcss
the bottom half of the test the costae are continuous
throughout the test. The specimens of B. semi-nuda show
a gradation from the faintly costate forms to those hav-
ing well-developed costae that can be easily seen. T e
costae and the broadly flaring apertural. face differenticte

.| this species from others.

Buliminella pulchra (Terquem) Cushman and Parker
Plate 16, figures 5, 6

Bulimina pulchra Terquem (part), Soc. Géol. France Mém,, ser. 3,
vol. 2, p. 114, pl. 12(20), figs. 8, 9, 11, 12 (not fig. 10),
1882.

Buliminella pulchra Cushman and Parker (not Tolmachoff),
Cushman Lab. Foram. Research Contr, vol. 13, p. 69, pl
10, figs. 1, 2, 1937,

Test smalt, about 214 times as long as broad, composed
of 3 or 4 whorls, the last forming about two-thirds of the
surface of the test; chambers distinct, slightly, if at all,
inflated, 5 or 6 in the adult whorl, fewer in the earlier
whorls, increasing very slightly in size as added; sutures
distinct, spiral suture depressed, especially in the micro-
spheric form, others usually flush with the surface; wall
smooth, very finely perforate; aperture an elongate open-
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ing, in a depression at the inner margin of the last-formed
chamber, placed toward the upper part of the apertural
face, which is narrow and extends well down the-side
of the test. Length 0.40 to 0.45 mm., diameter 0.18 to
0.20 mm. ‘

The species was described from the Eocene at Septeuil,
Paris Basin, France. It is very common in the Paris
Basin material. A single specimen was found in the
Eocene from Kressenberg, Germany. It occurs also in
the London clay at Barton, England.

The species differs from Buliminella intorta (Ter-
quem) in having broader chambers and a longer apertural
face that extends down the side of the test.

Buliminella alabamensis Cushman
Plate 16, figure 7

Buliminells alabamensis Cushman, Cushman Lab. Foram. Re-

search Contr.,, vol. 2, p. 32, pl. 4, figs. 8, b, 1926; U. S.,

Geol. Survey Prof. Paper 181, p. 34, pl. 13, figs. 6a, b,
1935.

Test small, ovate, broadest in front view slightly above the
middle, initial end pointed, apertural end broadly rounded, some-
what obliquely truncated, whole test of 1% to 2 coils; chambers
fairly distinct, not inflated; sutures distinct but not depressed;
apertural face with a very large open area somewhat broadening
toward the base which reaches to at least the middle of the test;
wall very thin and transparent. Length 0.22 mm.—Cushman,

The species was described from the upper Eocene at a
locality a quarter of a mile west of Water Valley, Choc-
taw County, Alabama. It is not known elsewhere.

This species may be easily recognized by the peculiar
opening in the apertural face.

Buliminella robertsi (Howe and Ellis) Martin
Plate 16, figure 8

Buliming roberisi Howe and Ellis, in Howe, Louisiana Dept.
Cons. Geol. Bull. 14, p. 63, pl. 8, figs. 32, 33, 1939.
Buliminella robertsi Martin, Stanford Univ. Publ,, Univ. Ser.,
Geol. Sci., vol. 3, no. 3, p. 9 (list), 1943.
Cushman and Herrick, Cushman Lab. Foram. Research Contr.,
vol. 21, p. 64, pl. 10, fig. 15, 1945,
Cushman and Todd, idem, Contr., vol. 21, p. 94, pl. 15, fig. 12,
1945,
Buliming guayabalensis Cushman and Thomas (not Cole), Jour.
Paleontology, vol. 4, p. 38, pl. 3, figs. 6a, b, 1930.

Test very small, ovate in side view, subcircular in end view,
composed of numerous short chambers which are coiled slightly
more than three chambers to the whorl, wall thick, smooth;
sutures only slightly depressed; aperture a low arched slit at the
base of the last chamber.—Howe and Ellis.

Length of holotype 0.16 mm., diameter 0.11 mm.

The types are from the Eocene Cook Mountain for-
mation, St. Maurice, Winn Parish, Louisiana. We have
material from the Eocene Claiborne formation of Texas,
and from the Atlantis cores 12-36 and 21-38 taken off
the northeast coast of the United States. It has been
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recorded from the Eocene Lodo formatior of California
and McBean formation of Georgia.

The shape of the chambers, the number of chambers
to a whorl, and the marked spiral suture are the charac-
teristics which indicate that this species belongs in the
genus Buliminella. It may be differentiated by its small,
relatively round (in transverse section) test, and by the
low, arched aperture.

Buliminella basistriata Cushman and Jarvis

Plate 16, figure .10

Buliminella basistriata Cushman and Jarvis, Cushman Lab. Foram.
Research Contr., vol. 5, p. 11, pl. 2, figs. 17-19, 1920.
Renz, Proc. 8th Amer. Sci. Congress, p. 541 (list), 1942.

Test small, somewhat fusiform, tapering from the great-
est width near the apertural end; chambers distinct, 4
to a whorl, slightly inflated ; sutures distin=t, slightly de-
pressed ; wall, except for the basal portion, smooth, finely
perforate, basal portion with very fine striations; aperture
large, in a small depression on the apertural face, which
is small and rounded. Length 0.30 to 0.40 mm., diameter
0.15 mm.

The types are from the Eocene Mount Moriah beds of
Vistabella Quarry, Trinidad. Similar specimens are found
in the lower Miocene of the Maracaibo Basin, Venezuela,
and the Tertiary of Santa Elena, Ecuador.

This species is much smaller than Buliminella subfusi-
formis Cushman, the chambers are'less inflated, and the
last-formed whorl makes up a greater prcportion of the
test.

Buliminella basistriata Cushman and Jarvis
var. nuda Howe and Wallace

Plate 16, figure 11

Buliminella basistriata Cushman and Jarvis var. nuda Howe and
Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p. 60, pl. 11,
fig. 4, 1932.
Cushman, Cushman Lab. Foram. Research Special Pub. 16,
p. 22, pl. 4, fig. 30, 1946. .
Buliminella subfusiformis Ellisor (not Cushman), Am. Assoc. Pe-
troleum Geologists Bull,, vol. 17, pl. 3, fig. 1, 1933.

Variety differing from the typical in the lack of orna-
mentation of the initial end.

The types are from the Eocene Jackeon formation,
Danville Landing, Ouachita River, Catchoula Parish,
Louisiana. The variety occurs also in the Jackson group
of Texas.

Buliminella grata Parker and Bermiidez
Plate 16, figure 12

Buliminella grata Parker and Bermiidez, Jour. F~leontology, vol.
11, p. 515, pl. 59, figs. 6a-c, 1937.

Bermiidez, Soc. cubana hist. nat. Mem., vol. 11, p. 342, 1937.
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Cushman and Siegfus, Cushman Lab. Foram Research Contr.,
vol. 15, p. 27, pl. 6, figs. 14a, b, 1939; San Diego Soc. Nat.
History Trans., vol. 9, no. 34, p. 411, pl. 16, figs. 37a, b,
1942,

Cushman and Stainforth, Cushman Lab. Foram. Research
Special Pub. 14, p. 40, pl. 6, fig. 1, 1945,

Test of medium size, slightly longer than broad, taper-
ing rapidly; consisting of 2 or 3 whorls; chambers 4 to a
whorl; sutures distinct, broad, flush with the surface,
usually incised to give a scalloped effect (especially notice-
able when wet) ; wall smooth, finely perforate; aperture
rounded, with smiall, narrow, radial depressions extending
from it. Length 0.24 to 0.46 mm., diameter 0.18 to
0.38 mm.

The types are from the Eocene at Loma Principe, cut
between Calle F and Avenida de los Presidentes, 20
meters west of José M. Gomez monument, Havana, Cuba.
Besides the Eocene of Cuba the species occurs in the
Eocene of California: in a small canyon, 50 feet strati-
graphically above the top of a massive sandstone on the
south slope of hill 2217 (Cholame quadrangle), about
half a mile east of Tar Canyon, Kings County; and in
the Kreyenhagen shale, Garza Creek, Fresno County. It
also occurs in the Oligocene Cipero formation of Trini-
dad.

This species is much larger than Buliminella robertsi
(Howe and Ellis) and has incised sutures.

Buliminella grata Parker and Bermiidez
var. spinosa Parker and Bermtdez

Plate 16, figure 13

Buliminella grata Parker and Bermfidez var. spiinose Parker and
Bermtdez, Jour. Paleontology, vol. 11, p. 516, pl. 59, figs.
7a-c, 1937,
Bermiidez, Soc. cubana historia nat. Mem., vol. 11, p. 343,
1937.

Variety differing from the typical form in its larger
size and in the presence of short, thick, blunt spines in
the lower part of the test, often covering the entire test
of young specimens. Length 0.48 to 0.78 mm., diameter
0.40 to 0.66 mm. :

The types are from the Eocene, north side of Elevador
in Norofia, north of Guanajay, on railroad, Pinar del Rio
Province, Cuba. It is not known elsewhere.

Buliminella westraliensis Parr
Plate 16, figures 14, 15

Buliminella westraliensis Parr, Royal Soc. West Australia Jour.,
vol. 24, p. 80, pl. 2, figs. 3, 4, 1937-38.

Test elongate, subcylindrical, more or less twisted in contour,
initial end blunt, apertural end rounded; chambers numerous,
long and narrow, added obliquely and arranged in a spiral series
of about two and a half coils in the adult; sutures distinct, wall
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smooth; aperture elongate and narrow, in a semi-circular depres-
sion just below the end of the test. Length up to 040 mmr;
diameter 0.1 mm —Parr, .

The types are from the Eocene, King’s Park bore no. 1,
755 feet, Perth, Western Australia. We have no typical

material.

Buliminella obtusata Cushman
-Plate 16, figures 16, 17

Buliminella obtusata Cushman, Cushman Lab. Foram. Researth
Contr., vol. 5, p. 42, pl. 7, figs. 8a, b, 1929.
Cushman and Parker, idem, vol. 13, p. 39, pl. 4 figs. 8, 9a, b,
1937.
Cushman and Todd, idem, vol. 22, p. 91, pl. 15, figs. 21, 22,
1946.

Test elongate, between 2 and 3 times as long as broad,
usually not more than 2 whorls; chambers numerous, 7
or more in the last whorl; sutures distinct, flush with the
surface except for the spiral suture, which may be de-
pressed, somewhat limbate ; aperture in a slight depression
of the apertural face, which is large and concave, gradu-
ally depressed to its deepest at the aperture. Length vo
to 0.46 mm., diameter up to 0.20 mm.

The types are from the Oligocene Byram marl, Byram,
Mississippi. The species occurs in the Oligocene Vicks-
burg group and Red Bluff formation of Mississippi; in
the Miocene, upper Burdigalian of France, and at Nus--
dorf in the Vienna Basin, Austria; and the Pliocene of
Antwerp, Belgium.

This species differs from Buliminella elegantissima
(D’Orbigny) in being less fusiform, with a more flarire
apertural face, and broader chambers.

Buliminella choctawensis Cushman and McGlamery
Plate 16, figures 18, 19

Buliminella choctawensis Cushman and McGlamery, U. S. Geol.
Survey Prof. Paper 189-D, p. 107, pl. 25, figs. 11,-16, 1938.

Test elongate, subcylindrical, of rather uniform diam-
eter throughout, composed of about 3 whorls; chambe-s
distinct, not inflated, 6 to 8 in the adult whorl, rather
uniform in shape throughout; sutures distinct, the spir-l
suture slightly depressed, the others flush with the su--
face; wall slightly roughened, rather coarsely perforate;
aperture an arched, semicircular opening at the base of
the apertural face, in the adult sometimes more elongate
and terminal. Length 0.30 to 0.40 mm., diameter 0.08 to
0.10 mm.

The species was described from the Oligocene lime-
stone 2 or 3 feet above water level, Choctaw Bluff, Ala-
bama River, Alabama. It is not known elsewhere.

This form may be differentiated by its very slender,
elongate test, and the rather coarse perforations.
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Buliminella madagascariensis (D’Orbigny) var. spicata
Cushman and Parker

Plate 16, figure 20

Bulinina elegantissima D’Orbigny var. apiculate Chapman (not
Egger), Linnean Soc. London Jour., Zoology, vol. 30, p.
31, pl. 4, fig. 77, 1907. .

Sidebottom, Royal Micr. Soc. Jour., 1918, p. 23, pl. 3, fig. 11.

Buliminella elegantissima (D’Orbigny) var. apiculota Cushman,
Carnegie Inst, Washington Pub. 342, p. 25, 1924

Buliminella apiculate Cushman, Cushman Lab. Foram. Research
Contr., vol. 5, p. 44, pl. 7, figs. 6, 7, 1929.
Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 13, p. 39, pl. 4, figs. 10a, b, 1937.

Buliminella madagascariensis (D’Orbigny) var. spicate Cushman
and Parker, (in Cushman), U. S. Nat. Mus. Bull. 161,
pt. 3, p. 8, pl. 3, figs. 5, 6, 1942,
Cushman and Todd, Cushman Lab. Foram. Research Contr.,
vol. 2, p. 91, pl. 15, figs. 23, 24, 1946.

Variety differing from the typical form in its some-
what larger size, and in the presence of a stout, basal
spine. Length 0.40 to 0.72 mm., diameter 0.24 to 0.38 mm.

The types are from the Oligocene, Grice’s Creek, Bal-
combe Bay, Kackeraboite Creek, and Altoona Bay Coal
Shaft, Victoria, Australia. We have typical material. The
variety occurs also in the Oligocene Byram marl, Byram,
Mississippi ; in the Miocene and Recent of Australia; and
in the Recent of the Fiji and Samoan Islands.

This variety has been given a new name because of the
priority of Egger’s Bulimina ovate D’Orbigny var.
apiculata (1895).

There is a great variation in size. The Recent speci-
mens are especially large and bear a close resemblance to
Buliminella spinigera Cushman. They differ, however,
in lacking the high polish of the latter, in having more
numerous, more distinct chambers, and a less regular
shape.

Buliminella barbati Cushman and Simonson
Plate 30, figure 1

Buliminella barbati Cushman and Simonson, Jour. Paleontology,
vol. 18, p. 197, pl. 32, figs. 10a-c, 1944.

Test fusiform, 21% to 3 times as long as broad, of.3 to 4 whorls,
greatest breadth usually at or below middle, initial end rounded,
last whorl much constricted at apertural end; chambers distinct,
little if at all inflated, about 5 to a whorl; sutures very slightly
depressed; wall smooth; aperture broadly loop-shaped in an
obliquely truncate apertural face. Length, 0.30-0.33 mm; diameter,
0.15 mm.

This species differs from B. brevior Cushman in the more
elongate form, larger number of whorls, rounded base, and more
truncate apertural face—Cushman and Simonson.

The types of this species are from the Oligocene Tumey
formation of Fresno County, California.
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Buliminella subfusiformis Cushman
Plate 16, figure 21

Buliminella subfusiformis Cushman, Cushman Lab. Foram. Re-
search Contr., vol. 1, pt. 2, p. 33, pl. 5, fig. 12, 1925.

Cushman, Stewart and Stewart, San Diego Soc. Nat. History
Trans., vol. 6, p. 64, pl. 4, figs. 8a, b, 1930.

Cushman and Laiming, Jour. Paleontology, vol. 5, p. 106, pl.
11, figs. 14a, b, 1931.

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 7, p. 8 pl. 1, fig. 29, 1931.

Barbat and von Estorff, Jour. Paleontology, vol. 7, p. 171,
pl. 23, figs. 9a, b, 1933.

Kleinpell, Miocene stratigraphy of California, p. 251, pl. 9,
fig. 8; pl. 22, fig. 5(?), Tulsa, 1938.

LeRoy, Natuurk. tijdschr, Ned-Indié, vol. 9, pt. 6, p. 243,
pl. 5, figs. 16-18, 1939.

Schenck and Childs, Stanford Univ. Publ, Univ. Ser. Geol.
Sci., vol. 3, no. 2, p. 26 (list), 1942.

LeRoy, Colorado School of Mines Quart.,, vol. 39, no. 3, p.
25, pl. 1, fig. 19, 1944,

Weaver, Washington Univ. [Seattle] Pub. in Geology, vol. 6,
no. 1, p. 23 (list), 1944.

Buliminella curta -Cushman (not Cushman, 1925), Florida Geol.
Survey Bull. 4, p. 43, pl. 8, fig. 4, 1930.

Cushman and Cahill, U. S. Geol. Survey Prcf. Paper 175-A,
p. 23, pl. 7, fig. 15, 1933.

Test elongate, fusiform, basal end poirted, apertural
end somewhat rounded; chambers distinct, 4 in a whorl,
inflated ; sutures distinct, depressed, slightlr curved; wall
smooth, with medium sized perforations; aperture very
small, in a depression of the apertural face which is small,
rounded, and does not extend very far down the side of
the test. Length up to 0.62 mm., diameter up to 0.20 mm.

The types are from the Miocene Monterey shale, sec.
24, T. 28 S., R. 14 E.,, M.D.M,, San Luis Obispo County,
California.

Kleinpell records the species from the lower Zemorrian
to the upper Mohnian in the Miocene of California. It
occurs also in the Choctawhatchee, Shoal River, and Oak
Grove formations of Florida, and in the Duplin marl of
North Carolina. Le Roy records it from the Miocene of
Central Sumatra.

This species differs from Buliminella curta Cushman in
being more fusiform, more elongate, and in having a
much smaller, more terminal apertural face. The adult
test has more whorls and more inflated .chambers than B.
bassendorfensis Cushman and Parker.

Buliminella curta Cushman
Plate 16, figure 22
Buliminella curta Cushman, Cushman Lab. Foram. Research

Contr., vol. 1, pt. 2, p. 33, pl. 5, fig. 13, 1925. .
Cushman and Laiming (part), Jour. Paleontology, vol. 5,
p. 106, pl. 11, fig. 16 (not fig. 15), 1931.
Cushman and Ponton, Florida Geol. Surver Bull. 9, p. 75,
1932,
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Cushman and LeRoy, Jour. Paleontology, vol. 12, D 125,
pl. 22, figs. 17a-c, 1938.

Kleinpell, Miocene stratigraphy of California, p. 248, pl. 7,
fig. 3; pl. 15, fig. 4; pl. 16, fig. 8, Tulsa, 1938.

Ellisor, Am. Assoc. Petroleum Geologists Bull, vol. 24, pp.
439, 444 (lists), pl. 4, fig. 4, 1940.

Weaver, Washington Univ. [Seattle] Pub. in Geology, vol. 6,
p. 23 (list), 1944.

Test tapering from the broadest part in the last-
fogmed whorl, initial end pointed, apertural end broadly
rounded, consisting of about 5 whorls; chambers distinct,
inflated, about 4 to a whorl; sutures distinct, depressed;
wall smooth, with medium sized perforations; aperture
small, in a depression of the apertural face which is semi-
circular extending somewhat down the side of the test.
Length 0.45 to 0.50 mm., diameter 0.25 mm.

The types are from the Miocene Monterey shale, sec.
24, T.28 S, R. 14 E.,, M.D.M., San Luis Obispo County,
California. Kleinpell records the species from the lower
-Zemorrian to the lower Delmontian in the Miocene of
California. It occurs also in the Chocawhatchee marl,
Shoal River and Oak Grove formations of Florida and
is recorded by Miss Ellisor from the Miocene in a well
core, Baldwin County, Alabama. Very similar specimens
were found in the Recent deposits at Guide sta. 20(24),
Lat. 43° 05 N., Long. 125° 01’ W., in 640 fathoms, and
in the Pliocene of Castel Arquato, Italy.

This species very closely resembles Buliminella sub-
fusiformis Cushman, possibly is a variation of that form,
It is shorter, more tapering, and has a broader, longer
apertural face.

Buliminella curta Cushman var. basispinata
R. E. and K. C. Stewart

Plate 16, figure 23

Buliminella curta Cushman var. basispinate R. E. and K. C.
Stewart, Jour. Paleontology, vol. 4, p. 63, pl. 8, fig. 6, 1930.

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 14, p. 59, pl. 10, fig. 10, 1938.

Buliminella inconstans (Egger), var. basispinata Coryell and
Mossman, Jour. Paleontology, vol. 16, p. 243, pl. 36, fig. 46,
1942.

Variety differing from the typical form in its larger
size and the presence of short, blunt spines on the initial
portion of the test. Length 0.80 mm., diameter 0.30 mm.

The types are ‘from the Pliocene, upper part of the
Pico shales, Kalorama Canyon, Ventura County, Cali-
fornia. The variety is found also in the Pliocene, Repetto
Hills, Los Angeles, California, and in Cafiada de Aliso,
Ventura County, California, in gray siltstone 5,320 feet
stratigraphically above the base of the first Pico sand-
stone, 2.7 miles S. 78° E. of La Crosse Junction. We
have specimens from the Recent material at Guide sta.
20(24), Lat. 43° 05’ N., Long. 125° 01’ W. It is also
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recorded from the Pliocene Charco Azul formation of
Panama.

Buliminella brevior Cushman
Plate 16, figure 24

Buliminella brevior Cushman, Cushman Lab. Foram. Research
Contr., vol. 1, pt. 2, p. 33, pl. 5, fig. 14, 1925.
Kleinpell, Miocene stratigraphy of California, p. 247, pl. 12,
fig. 10, Tulsa, 1938.
Hanna and Hertlein, State of Calif. Div. of Mines, Bull.
118, fig. 67 [plate] fig. 22, 1941.

Test short, broad, fusiform, the last-formed whorl con-
stituting about three-fourths of the test; chambers dis-
tinct, about 5 to a whorl, inflated; sutures distinct, de-
pressed ; wall smooth, with perforations of medium size;
aperture in a depression of the apertural face that is
narrow and extends down the side of the test. Length
0.50 mm., diameter 0.30 mm.

The species was described from the Miocene Monterey
shale, sec. 24, T. 28 S., R. 14 E.,, M.D.M,, San Luis
Obispo County, California. Kleinpell records it from the
upper Zemorrian to the lower Delmontian of the Miocene
of California. )

This species is more fusiform than Buliminella curta
Cushman, the chambers are more inflated, the last-formed
whorl composes a far greater proportion of the test, and
the apertural face is longer. The chambers are more in-
flated and the apertural face is much narrower than in
B. madagascariensis I’Orbigny.

Buliminella californica Cushman
Plate 17, figure 1

Buliminella californica Cushmar, Cushman Lab. Foram: lfesea*ch
Contr., vol. 1, pt. 2, p. 33, pl. 5, fig. 15, 1925.

Kleinpell, Miocene stratigraphy of California, p. 247, Tulsa,
1938.

Bulintinella curta Cushman and Laiming (not Cushman) (part),
Jour. Paleontology, vol. 5, p. 106, pl. 11, fig. 15 (not fig.
16), 1931.

Buliminella aff. B. californica Kleinpell, Miocene stratigraphy of
California, p. 248, Tulsa, 1938.

Test elongate, narrow, slightly fusiform with almost
parallél sides, initial end subacute, consisting of 5 or 6
whorls ; chambers distinct, about 4 to a whorl, very slight-
ly inflated; sutures distinct, limbate, spiral suture sorie-
what depressed ; wall smooth, with medium sized perfo-a-
tions; aperture in a depression near the top of the ap-r-
tural face, which is otherwise rounded and small in size.
Length 0.50 to 0.55 mm., diameter 0.15 mm.

The types are from the Miocene Monterey shale, sec.
24, T.28 S., R. 14 E., M.D.M., San Luis Obispo County,
California. Kleinpell records the species from the upper
Luisian and lower Mohnian of the California Miocene.
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It occurs also at Los Sauces Creek, Ventura County, Cali-
fornia, in beds of Saucesian and upper Zemorrian age.
We have specimens- from one locality in the Eocene,
Cantua Creek, Fresno County, California, 150 feet below
the base of the Temblor formation.

This species has less inflated chambers and is more
slender than Buliminella subfusiformis Cushman, and
the sutures are more limbate.

Buliminella glomerata Cushman and Parker, n. name
Plate 17, figure 2

Buliminella pulchra Tolmachoff (not Terquem), Carnegie Mus.
Ann, vol. 23, p. 305, pl. 40, fig. 28, 1934.

Palmer, Bull. Am. Paleontology, vol. 29, no. 115, p. 46, 1945.

Test regularly si)iral, of three volutions, the last of which occu-
pies about three-fourths of the whole height of the test. Sutures
well marked between the last whorl and the previous one, rather
indistinct in earlier stage. The final whorl has five or six chambers
separated from each other by distinct sutures. Surface shining,
smooth. Aperture elongate, slightly curved. Length about 0.3 mm.,
the greatest thickness about 0.2 mm.—Tolmachoff.

The type is from the Miocene on the Atrato River,
Colombia, South America. We have no typical material.
Mrs. Palmer has recently recorded it from the Miocene
Bowden marl of Jamaica.

Tolmachoff relates this species to Buliminella turbinata
(Terquem) saying that it differs from Terquem’s first
figure in having fewer chambers in the last whorl and from
the second figure in being less slender. He says that the last
whorl of his species is smaller than that of B. colonensis
Cushman and Hedberg, but that the two have very much
the same general shape.

As Terquem’s “Bulimina pulchra” described in 1882
is a Buliminella, a new name is here proposed for Tol-
machoff’s species. ’

Buliminella dubia Barbat and Johnson
Plate 17, figures 3, 4

Buliminella dubia Barbat and Johnson, Jour. Paleontology, vol. 8,
p. 13, pl 1, figs. 14, 15, 1934,
Kleinpell, Miocene stratigraphy of California, p. 249, pl. 16,
fig. 7, Tulsa, 1938,

Test spiral, consisting of about three and one-half whorls,
tapering or fusiform, greatest width near apertural end, initial end
pointed, apertural end rounded, periphery slightly lobulate; cham-
bers distinct, about four in a whorl, almost as broad as long, more
or less inflated; spiral suture not very distinct, other sutures well-
marked, slightly depressed; wall calcareous, smooth, very finely
perforate; aperture comma-shaped, located in a depression of the
last-formed chamber. Length 0.31 mm.; width 0.17 mm.

This species has fewer chambers than Buliminella curta, and
the chambers are broader in proportion to their length.—Barbat
and Johnson.

This spectes was described from the Miocene Reef
Ridge shale, Leland Stanford Junior Univ. no. 696, Ohio
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Oil Company well, Bearstate no. 23, Belridge field, Kern
County, California, McKittrick quadrangle, sec. 30, T. 28
S., R. 21 E,, M.D.M,, depth 2,266-2,286 fe-t. Kleinpell
records it from the lower Mohnian to the lower Del-
montian of the Miocene of California. We have no
typical material. One specimen in our collection, from
the Pliocene in the Cafiada de Aliso, Ventura County,
California, in gray siltstone 3,200 feet stratigraphically
above the base of the first Pico sandstone, 2.4 miles S.
88° E. of La Crosse Junction, is probably referable
to it.

This species is apparently much smaller than the others
described from the Miocene of California.

Buliminella henryana Cushman and Kleinpell
Plate 17, figure §

Buliminells henryana Cushman and Kleinpell, Cushman Lab.
Foram. Research Contr., vol. 10, p. 4, pl. 1, figs. 1la, b,
1934,
Kieinpell, Miocene stratigraphy of California, p. 250, pl. 20,
figs. 8, 15, 16, Tulsa, 1938. -

Test comparatively short, about twice as long as broad, the
periphery somewhat lobulate; chambers distinct, four or five in
the adult whorl, of rather uniform shape but incrersing gradually
in size and length as added; sutures distinct, very slightly de-
pressed, somewhat limbate, especially toward the udper end; wall
smooth, finely perforate; aperture an elongate, comma-shaped
opening in a depression of the somewhat obliquely truncated
apertural face. Length 040 mm.; breadth 020 rm.~~Cushman
and Kleinpell.

The species was described from the Miocene Monterey
shale, Henry Ranch, Graves Creek, San Luis Obispo
County, California. It is not known elsewhere. -

The authors describe this species as resembling Buli-
minella californica Cushman but having a shorter, stouter
test, and more inflated chambers.

Buliminella bassendorfensis Cushman and Parker
Plate 17, figure 6

Buliminella™ bassendorfensis Cushman and Parker, Cushman Lab.
Foram. Research Contr, vol. 13, pp. 40, 53, pl. 4, figs.
13a, b, 1937; idem, p. 53. '

Test elongate, fusiform, 214 times as long as broad.
consisting of about 5 whorls; chambers distinct, about
4 to a whorl, somewhat inflated; sutures distinct, de-
pressed, somewhat limbate ; wall smooth, fine'y perforate;
aperture at the top of the apertural face, which is small
and rounded. Length 0.55 mm., diameter 0.20 mm.

The types are from the Miocene, south side of Alsea
Bay, Lincoln County, Oregon (Loc. A. 198, see Schenck.
Univ. California, Dept. Geol. Sci. Pub., Bull,, vol. 18, no.
1, p. 33, Nov. 30, 1928). The species is not known else-
where.

This species is similar to Buliminella subfusiformis
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Cushman but has longer, less inflated chambers. It is
more fusiform, with more inflated chambers than B.
californica Cushman,

Buliminella semihispida Kleinpell

Plate 17, figure 7

Buliminella semihispida Kleinpell, Miocene stratigraphy of Cali-
fornia, p. 250, pl. 20, figs. 8, 15, 16, Tulsa, 1938.

Test short, broad, composed of about two whorls, the last-
formed whorl of many distinct chambers; sutures distinct, slightly
depressed; wall finely perforate, lower half of test covered with
numerous short, thick, blunt spines; aperture at base of slightly
concave face of ultimate chamber. Length, 0.75 mm.; breadth,
0.50 mm.—Kleinpell.

The species was described from the Miocene Monterey
shale (sample N-49), near Naples, Santa Barbara County,
California. We have no typical material.

Buliminella multicamera Cushman and Parker
Plate 17, figures 8, 9

Bulinunella wmulticamera Cushman and Parker, Cushman Lab.
Foram Research Contr., vol. 14, p. 60, pl. 10, figs. 11, 12,
1938.

Test elongate, about 214 times as long as broad, taper-
ing, greatest width toward the apertural end which is
truncate, initial end rounded; chambers numerous, very
elongate, with a slight tendency toward becoming irregu-
larly biserial, little, if at all, inflated ; sutures distinct, lim-
bate, not depressed; wall smooth, very finely perforate;
aperture rounded, slightly elongate, in a rather deep de-
pression in the center of the base of the apertural face
which is somewhat flaring and extends well down the side
of the test. Length 040 to 0.45 mm., diameter 0.15 to
0.18 mm. )

The types are from the Pliocene of Castel Arquato,
Italy. We have specimens of Recent age from the Medit-
erranean off Port Said, from the Red Sea, and from
Madagascar. They do not show the biserial chambers
but are otherwise similar.

The species has narrower chambers than Buliminella
madagascariensis (D’Orbigny), and is less fusiform, with
a broader apertural face, than B. elegantissima (D’Or-

bigny).
Buliminella elegantissima (D’Orbigny) Cushman

Plate 17, figures 10-12

Bulimina elegantissima D’'Orbigny, Voyage dans I'Amérique

méridionale, vol. 5, pt. 5, Foraminiféres, p. 51, pl. 7, figs.
13, 14, 1839. :

Williamson, Recent Foraminifera of Great Britain, p. 64,
pl. 5, figs. 134, 135, 1858,

Schlumberger, Feuille jeunes nat., vol. 12, pl. 1, fig. 14, 1881.

H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 402, pl. 50,
figs. 20-22, 1884.

Reade, Geol. Mag., dec. 4, vol. 7, pp. 100, 101 (lists), pl. 5,
fig. 6, 1900.

Sidebottom, Manchester Lit. Philos. Soc. Mem. and Prce.,
vol. 49, no. 5, p. 11, pl. 2, fig. 6, 1905,

Bagg, U. S. Geol. Survey Bull. 513, p. 38, pl. 9, figs. 8a-c,
1912,

Heron-Allen and Earland, Discovery Repts., vol. 4, p. 371,
pl. 8, figs. 35-37, 1932.

Buliminella elegantissima Cushman, U. S. Nat. Mus. Proc., vol.
56, p. 606, 1919; idem, Bull. 100, vol. 4, p. 168, 1921; Cush-
man Lab. Foram. Research Contr., vol. 1; pt. 2, p. 40, pl. 6,
figs. 5a, b, 1925,

Cushman and Wickenden, U. S. Nat. Mus. Proc., vol. 75, art.
9, p. 8 pl. 3, figs. 12a, b, 1929.

Cushman and Kellett, idem, vol. 75, art. 25, p. 6, pl. 3 figs.
1-3, 1929.

Cushman, Stewart and Stewart, San Diego Soc. Nat. History
Trans., vol. 6, p. 64, pl. 4, figs. 7a, b, 1930.

Cushman, Florida Geol. Survey Bull. 4, p. 42, pl. 8, figs. 2,
3, 1930.

Cole, idem, Bull. 6, p. 39, pl. 2, fig. 8, 1931.

Cushman and Parker, U. S. Nat. Mus. Proc., vol. 80, art. 3,
p. 13, pl. 3, figs. 12, 13, 1931.

Howe and Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p.
.61, pl. 11, fig. 3, 1932

Cushman and Ponton, Florida Geol. Survey Bull. 9, p. 75, 1932.

Cushman, Cushman Lab. Foram. Research Special Pub. 4,
pl. 22, fig. 3, 1933; idem, Special Pub. 5, pl. 27, figs. 4a, b,
1933.

Cushman and Cahill, U. S, Geol. Survey Prof. Paper 175-A,
p. 23, pl. 7, figs. 13, 14, 1933.

Barbat and Johnson, Jour. Paleontology, vol. 8, p. 12, pl. 1,
figs. 12, 13, 1934.

Bermiidez, Soc. cubana hist. nat. Mem., vol. 9, p. 193, 1935.

Cushman, Geol. Soc. America Bull,, vol. 47, p. 431, 1936.

Chapman and Parr, Australasian Antarctic Exped., ser. C,
vol. 1, pt. 2, p. 79, 1937.

Kleinpell, Miocene stratigraphy of California, p. 249, pl. 16,
fig. 10, Tulsa, 1938.

Cushman and Henbest, U. S. Geol. Survey Prof. Paper 196-A,
pl. 9, fig. 20, 1940.

Cushman and Parker, Cushman Lab. Foram. Research Cont-,,
vol. 16, p. 21, 1940, .

Hanna and Hertlein, State of Calif., Div. of Mines Bull. 118,
p. 178, fig. 67 [plate], figs. 5-7, 1941.

Macfadyen, Geol. Mag., vol. 79, p. 135, 1942,

Cushman, Cushman Lab. Foram. Research Special Pub. 12,
p. 27, pl. 3, figs. 43, 44, 1944; idem, Contr., vol. 21, p. 7,
pl. 2, fig. 6, 1945.

Buliminella cf. B. elegantissima Cushman and Ponton, Cushman
Lab. Foram. Research Contr., vol. 8, p. 67, pl. 8, figs. 70,
21, 1932.

Cushman and McGlamery, U. S. Geol. Survey Prof. Paper
189-D, p. 107, pl. 25, fig, 15, 1938.

Palmer, Soc. cubana hist. nat. Mem., vol. 14, p. 294, 1940.

Test small, fusiform, consisting of 2 or 3 whorls, initial
end bluntly pointed in the megalospheric form, much
sharper in the microspheric; chambers distinct, 7 to 10
in the final whorl, narrow, slightly inflated; sutures dis-
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tinct, slightly depressed, somewhat curved; wall smooth,
finely perforate; aperture -elongate, narrow, placed near
the top of the apertural face, which is narrow, somewhat
depressed, and flaring, extending well down the side
of the test. Length of specimens from off Payta, Peru,
0.23 to 0.40 mm., diameter 0.13 to 0.18 mm.

The species was described from Recent material off
Payta, Peru; Cobija in Bolivia; and off Valparaiso,
Chile. It is a very widely ranging form, both vertically and
horizontally. It is known from the Eocene Wilcox group
of Alabama and Jackson group of Texas and Louisiana;
the Oligocene Meson formation of Mexico, and Oligocene
beds at Choctaw Bluff, Alabama; and the Miocene de-
posits of the Coastal Plain of the eastern United States.
It was recorded by Kleinpell from the Whiterock Bluff
shale (uppermost part at type locality), Monterey shale
at the type locality, basal Margarita formation in San Luis
Obispo County, and sample E92, Reliz Canyon, Monterey
County, California. It is known from the Pliocene San
Pedro formation and beds in Humboldt County, Cali-
fornia; the Pliocene of Florida; Pleistocene beds in Eng-
land and Florida; and the Recent seas along the east and
west coasts of South America, Falkland Islands, Dry
Tortugas, Antigua, British Isles, Mediterranean, Philip-
pine Islands, and off British Columbia. It is also recorded
from the late Tertiary of the Georges Bank canyons in
the western Atlantic Ocean.

This species may be distinguished by its small, fusi-
form test and numerous, narrow chambers.

Buliminella elegantissima (D’Orbigny) Cushman
var. cochlea Wiesner

Plate 17, figure 13

Buliminella elegantissima (D’Orbigny) .var. cochlea Wiesner,
Deutsche Siidpolar-Exped., vol. 20, Zoology, p. 124, pl. 19,
fig. 237, 1929.

Wiesner describes this variety as having an open cork-
screw type of coiling.

The types are from sta. 56, 385 meters, Lat. 66° 2’
S., Long. 89° 38" W.

It seems very possible that this variety represents the
microspheric form of Buliminella elegantissima (D’Or-
bigny) but as we have no specimens to verify this point
the two forms have not been combined.

Buliminella elegans (D’Orbigny) Cushman and Parker

Plate 17, figure 14

Bulimina elegans D’Orbigny, Annales sci. nat., vol. 7, p. 270, no.
10, Modéles, no. 9, 1826.

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 14, p. 93, pl. 16, fig. 13, 1938.

The type of the species is from the Recent, Rimini,

Italy. It probably belongs to the genus Buliminella, as a

model has the characteristic apertural face and spiral
suture of that genus. The details are too indefinite, how-
ever, for any known material to be definitely referred
to it.

Buliminella punctata (D’Orbigny) Cushman and Parker
Plate 17, figure 31

Bulimina punctata D’Orbigny, Annales sci. nat., vol. 7, p. 270, no.
11, 1826.
Fornasini, Accad. sci. Ist. Bologna Mem., ser. 5, vol. 9, p.
374, text fig. 6, 1901.

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 14, p. 93, pl. 16, fig. 14, 1938.

The type is from the Recent, Rimini, Italy. We have
no material referable to the species but it seems probable
that it should be placed in this genus.

Buliminella madagascariensis (D’Orhigny)
Cushman and Parker

Plate 17, figures 15-17

Bulimina madagascariensis D’Orbigny, Annales sci. nat., vol. 7,
p. 270, no. 17, 1826.
Fornasini, Accad. sci. Ist. Bologna Mem., ser. 6, vol. 5, p. 47,
pl. 1, figs. 13, 13a, 1908.
Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 14, p. 94, pl. 16, figs. 19, 20, 1938.

?Bulimina elegantissima D’Orbigny var. fusiformis Sidebottom
(not Williamson), Royal Micr. Soc. Jour., 1918, p. 23, pl. 3,
figs. 8-10. .

Buliming elegantissinia Heron-Allen and Earland (not D'Orbigny),
Linnean Soc. London Jour. Zoology, vol. 35, p. 620, pl. 35,
figs. 23, 24, 1924, -

Buliminag seminuda Heron-Allen and Earland (not Terquem),
Discovery Repts., vol. 4, p. 351, pl. 8, figs. 38-41, 1932.

Buliminella apiculata (Chapman) var. hebetata Cushman and
Parker, Cushman Lab. Foram. Research Contr, vol. 13,
p. 40, pl. 4, figs. 11, 12, 1937, -

Test composed of 2 or 3 whorls, small, tapering in the
microspheric form, almost cylindrical in the megalo-
spheric; chambers fairly numerous, 6 to 8 in the adult
whorl, distinct: sutures distinct, somewhat limbate, flush
with the surface; wall smooth, polished, finely perforate;
aperture rounded, with a tooth-like process extending up
over it, near the top of the apertural face, which is con-
vex around the outside and depressed toward the aperture.
Length of figured specimens 0.33 to 0.55 mm., diameter
0.20 to 0.25 mm.

The type is from the Recent of Madagascar. The species
occurs in the Oligocene of Australia, and in the Byram
marl, Byram, Mississippi, and in the Recent seas near
Australia, New Zealand, and Madagascar. One very
similar specimen was found off the coast of Brazil. It
has been recorded also from off the Falkland Islands.

It has been found that the Recent form- are identical
with the fossil forms, and for that reason D’Orbigny’s
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name must be used. The species is very variable in shape,
but the number of chambers to a whorl, their size, and
shape all remain the same. The peculiar tooth-like pro-
jection over the aperture is an important characteristic.
The chambers are broader than those of Buliminella

obtusata Cushman, and the apertural face does not extend |

so far down the side of the test as in that species. The
test is less fusiform than that of B. elegantissima D’Or-
bigny, the apertural face is more flattened, and the cham-
bers are broader.

Buliminella spinigera Cushman
Plate 17, figures 18, 19

Buliminella spinigera Cushman, U. S. Nat. Mus. Bull. 104, pt. 3,
p. 113, pl. 23, figs. 1-4, 1922,

Test large, fusiform, the initial end terminated by a
long, stout spine, apertural end rounded; chambers in-
distinct, 6 or 7 in the adult whorl; sutures indistinct,
flush with the surface, limbate; wall very smooth, highly
polished, very finely perforate; aperture near the top of
the broad, flat apertural face, with a flat plate-like tooth
extending up over it. Length (including spine) 0.43 to
0.80 mm., diameter 0.23 to 0.43 mm.

The types are from Albatross sta. D2677, in 478
fathoms, off the coast of North Carolina. The species is
known only from this locality and one other Albatross
station in this region. :

This species is somewhat larger than Buliminella mada-
gascariensis (D’Orbigny) var. spicate Cushman and Par-
ker, has less distinct, somewhat fewer chambers, and a
much more highly polished wall.

Buliminella milletti Cushman
Plate 17, figures 20, 21

Buliminella milletts Cushman, Cushman Lab. Foram. Research
Contr., vol. 9, p. 78, pl. 8, figs. 5, 6, 1933; U. S. Nat. Mus.
Bull. 161, pt. 3, p. 7, pl. 3, figs. 1-4, 1942,

Bultmina elegan’issiima var. Sideboftom, Manchester Lit. Philos.
Soc. Mem. and Proc,, vol. 49, no. 5, p. 11, pl. 2, figs. 7-12;
pl. 3, figs. 1, 2, 1905.

Test small, tapering, initial end bluntly rounded, in-
creasing in diameter toward the apertural end, consisting
of 2 or 3 whorls; chambers distinct, 4 or more inaking up
the last whorl, slightly inflated; sutures distinct, flush
with the surface or slightly depressed, especially the spiral
suture, slightly limbate; wall smooth, very finely perfor-
ate; aperture a semi-elliptical opening at the base of the
apertural face which is broadly rounded, with slight ridges
running into the depressed area at the center. Length
0.30 mm., diameter 0.15 to 0.20 mm.

The types are from Mokaujar Anchorage, Fiji. The
species occurs at various localities in the Fiji Islands;
Pago Pago Harbor, Samoa; Zanzibar; Montego Bay,
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Jamaica; the Dry Tortugas; and St. Johns, Antigua.
It has been reported by Sidebottom from the Island of
Delos.

The species is larger, more tapering, and has fewe~
whorls than Buliminella parallela Cushman and Parker.

Buliminella parallela Cushman and Parker

Plate 17, figure 22

Buliminella parallels Cushman and Parker, U. S. Nat Mus.
Proc., vol. 80, art. 3, p. 13, pl. 3, figs. 15a-c, 1931.
Bermtidez, Soc. cubana hist. nat. Mem., vol. 9, p. 193, 1935.
?Bulimina elegantissima D’Orbigny var. compressa Millett (nct
Bailey), Royal Micr. Soc., Jour., 1900, p. 277, pl. 2, fig. 5.
?Bulimina eleganiissima Millett (not D’Orbigny), idem, p. 27¢.
pl. 2, fig. 4.

Test elongate, slender, the sides usually nearly parallel
for most of their length, both ends broadly rounded,
nearly circular in transverse section, consisting of 3 ‘o~
more whorls; chambers distinct, 5 or more in each whorl,
not much, if at all, inflated; sutures distinct, the spiral
suture somewhat irregularly crenulate, slightly limbate,
flush with the surface; wall smooth, polished, very finely
perforate; aperture rounded, with very slightly raised
costae running in toward it on the surrounding depressed
area of the apertural face, which is small and rounded.
Length 0.25 mm., diameter 0.08 to 0.10 mm.

The types are from the Recent deposits off Ilha Pa-
queta, Rio de Janeiro Harbor, Brazil. The species occurs
in the Recent seas near Dry Tortugas; St. Johns, An-
tigua ; off the north coast of Cuba; at two localities in Rio
de Janeiro Harbor; and at one locality in the Falkland .
Islands. Millett’s specimens from the Malay Archipelag>
are questionably placed here.

The species differs from Buliminella milletti Cushman
in its more slender, parallel sided test, greater number of
whorls, and smaller size.

Genus BULIMINOIDES Cushman, 1911

Buliminoides Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 90,
1911; Smithsonian Misc. Coll., vol. 77, no. 4, p. 36, 1925;
Cushman ‘Lab. Foram. Research Contr., vol. 3, pt. 1, p. 65,
1927; idem, Special Pub. 1, p. 246, 1928; idem, Specicl
Pub. 4, p. 217, 1933; U. S. Nat. Mus. Bull. 161, pt. 3, p. &,
1942.

Bulimina (part) of authors.

Genotype Bulimina williamsoniana H. B. Brady.

Test subcylindrical, elongate, spirally twisted ; chambers
in a spiral, several chambers in a whorl, largely obscured
by the heavy longitudinal costae; wall calcareous, per-
forate; aperture terminal, central, circular, in a depres-
sion at the end of the test. Recent.

A single species is known, rather widely distributed
in the Indo-Pacific and rare in the Gulf of Mexicc.,
It is not known as a fossil.
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Buliminoides williamsoniana (H. B. Brady) Cushman
Plate 17, figures 23, 24

Buliming williamsoniana H. B. Brady, Quart. Jour. Micr. Sci.,
vol, 21, p. 56, 1881; Challenger Rept., Zoology, vol. 9, p.
408, pl. 51, figs. 16, 17, 1884,
Millett, Royal Micr. Soc. Jour., 1900, p. 279, pl. 2, fig. 8.
Bagg, U. S. Nat. Mus. Proc., vol. 34, p. 136, 1908.
Heron-Allen and Earland, Zool. Soc. London Trans., vol. 20,
p. 641, 1915; British Antarctic Exped,, Zoology, vol. 6, p.
130, 1922,
Bulisninoides williamsoniana Cushman, U, S. Nat, Mus. Bull. 71,
pt. 2, p. 90, text fig. 144, 1911; Carnegie Inst. Washington
Pub. 311, p. 31, pl. 3, fig. 7, 1922; U. S. Nat. Mus. Bull,
104, pt. 3, p. 113, 1922; Cushman Lab. Foram. Research

Special Pub, 4, pl. 22, fig. 5, 1933; idem, Special Pub. 5,

pl. 27, figs. 6, 7, 1933.
Bermfidez, Soc. cubana hist. nat. Mem., vol. 9, p. 194, 1935,

Cushman and Parker, Cushman Lab. Foram. Research Contr.,
vol. 16, p. 22, 1940.

+ Cushman, U. S. Nat. Mus. Bull. 161, pt. 3, p. 8, pl. 3, figs.
7-9, 1942,

Test elongate, subcylindrical, composed of numerous
chambers which are not distinct when viewed from the
surface; wall ornamented with longitudinal costae, usually
somewhat spirally twisted, running from the initial end
to the apertural face and across it to the aperture itself,
making a radiate pattern; aperture small, circular, ter-
minal, in the center of the depressed apertural face. Length
up to 0.80 mm., diameter 0.18 to 0.22 mm.

This is mainly an Indo-Pacific species but occurs rarely
in the western tropical Atlantic. Indo-Pacific records are
as follows: From the Challenger stations given by Brady,
_ “Port Stephens and Port Jackson, New South Wales,

2-10 fathoms; off Levuka, Fiji, 12 fathoms; off the New
Hebrides, 125 fathoms; Torres Strait, 155 fathoms;
Humboldt Bay, Papua, 37 fathoms; Nares Harbor, Ad-
miralty Islands, 17 fathoms.” Millett records it from
two localities in the Malay region, and Bagg from a single
Albatross station, H4694, in 865 fathoms, and Cushman
from H2922, in 268 fathoms, both off the Hawaiian
Islands. Heron-Allen and Earland record it from the
Kerimba Archipelago, off the eastern coast of Africa.
Cushman records it from off Samoa in 9 to 50 fathoms,
Heron-Allen and Earland record it also from “Spirits
Bay, near North Cape, New Zealand, in 11-20 fathoms,”
and “7 miles E. of North Cape, New Zealand, in 70
fathoms”. We have a very typical specimen from Al-
batross sta. D5230, 118 fathoms, between Bohol and
Leyte, Philippines. '

In the Atlantic it.has been recorded by Cushman from
off the Dry Tortugas, Florida, and by Bermtdez from off
the north coast of Cuba.

There are a number of other species that show this
same general distribution in the Atlantic and Pacific.

Yabe and Asano have described a new species from the
Pliocene of Java as Buliminoides bantamensis (Tohoku
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Imp. Univ. Sci. Repts., 2d ser., Geol., vol. 19, p. 121,
pl. 17, fig. 20, 1937) but no specimens have been available
for comparison,

Genus UNGULATELLA Cushman, 1931

Ungulatella Cushman, Cushman Lab. Foram, Research Contr., vol.
7, p. 81, 1931; idem, Special Pub, 4, p. 217, 1933; idem,
Contr., vol. 10, p. 102, 1934.

Genotype, Ungulatella. pacifica Cushmarn.

Test with the early portion conical and probably con-
sisting of a series of spirally coiled chambers, later cham-
bers uniserial, forming an elongate, subcylindrical test,
or somewhat compressed toward the apertural end; wall
calcareous, rather coarsely perforate; aperture a loop-
shaped opening in the flattened or some=what concave
terminal face. Recent, Pacific.

This genus is probably derived from Buliminella or
Buliminoides by the development of uniserial chambers
in the adult stage. From what is known of the species it
probably has developed in very recent times in the Indo-
Pacific region. No fossil forms are known.

Ungulatella pacifica Cushman
Plate 17, figures 25, 26

Ungulatelle pacifica Cushman, Cushman Lab. Foram. Research
Contr., vol. 7, p. 82, pl. 10, figs. 11, 12, 1931; idem, Special
Pub, 4, pl. 22, fig. 6, 1933; idem, Special Pub. 5, pl. 27,
figs. 8a-c, 1933; idem, Contr., vol. 10, p. 102, pl. 13, figs.
3, 4, 1934.

Test elongate, the early portion abruptly tapering, later
portion in front view with the sides nearly parallel, in
side view somewhat progressively compressed toward the
apertural end; chambers in the adult uniserial, low and
broad, becoming somewhat oblique in the apertural face,
flattened or slightly concave; sutures distinct, very slight-
ly limbate, flush with the surface; wall with numerous,
comparatively large and distinct perforations except on
the apertural face, which is smooth; aperture somewhat
comma-shaped, at or near the ventral side of the apertural
face. Length 0.35 mm., diameter 0.12 to 0.14 mm., thick-
ness at the apertural end 0.08 to 0.10 mm.

The types are from shallow water off the Island of
Rangiroa in the south Pacific, where it is fairly common.
The shape of the early portion and the aperture show that
it is probably derived from the Buliminella group.

Ungulatella peregrina Cushman

Plate 17, figure 27

Ungulatella peregrina Cushman, Cushman Lab. Foram. Research
Contr., vol. 10, p. 102, pl. 13, figs. 5a-c, 1934.

Test short and broad, much compressed, initial end
with a large, stout spine, remainder of test composed of
a spirally coiled tube, the last 1 or 2 whorls tending to
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show partial divisions into half coils, attached face much
flattened and oblique, concave in the middle, with an outer
flange-like rim; suture marked by a raised, sharp ridge,
representing the peripheral flange at that stage; wall
roughened on the outer side of the coils, very smooth and
polished on the apertural face; aperture apparently open-
ing on the open umbilical area. Length 0.20 mm., diam-
eter 0.15 mm.

The types of this species are from off the Island of
Rangiroa in the south Pacific, and it has not been recorded
elsewhere. The species is small and scale-like, and with
its prominent initial spine and raised ridges is easily
distinguished.

Ungulatella conoides Cushman
Plate 17, figures 28, 29

Ungulatella conoides Cushman, Cushman Lab. Foram. Research
Contr., vol. 10, p. 102, pl. 13, figs. 6, 7, 1934.

Test small, short and broad, conical, initial end pointed,
with a large, stout, solid spine, greatest breadth of test at
the apertural end which is somewhat expanded into a
flaring lip or flange, sides of the test uneven in length,
making the flattened, apertural end at a decided angle to
the elongate axis; sutures mostly indistinct; wall very
closely perforate, or even slightly papillate, the pores
often partially arranged in lines, giving a peculiar ornate
appearance to the surface; apertural face smooth and
polished, slightly concave, especially in the middle, which
has a circular depression; last-formed whorl often par-
tially subdivided into two half coils. Length 0.15 mm.,
diameter 0.15 to 0.20 mm.

The types of this species are from off the Island of
Rangiroa in the south Pacific. It has not been recorded
elsewhere.

Ungulatella capistra Cushman
Plate 17, figure 30

Ungulatella capistra Cushman, Cushman Lab. Foram. Research
Contr., vol. 10, p. 103, pl. 13, figs. 8a-c, 1934.

Test with the main portion a broad cone, but with a
thin, high flange rising even above the initial end which
is smooth and rounded, the coiled chamber seeming to
be partially divided toward the end into portions half a
coil in length, apertural face smooth, the central portion
concave; wall coarsely perforate on the exterior of the
sides. Length, including flange, 0.25 mm., diameter, in-
cluding flange, 0.30 mm.

The types are from off the Island of Rangiroa in the
south Pacific and the species has not been recorded else-
where.

This is a very peculiar form with the flange very highly
developed. '

-1

Genus ROBERTINA D’Orbigny, 1846

Robertina D’Orbigny, Foraminiféres fossiles du bassin tertiaire de.
Vienne, p. 202, 1846.
Cushman, Cushman Lab, Foram. Research Contr., vol. 3, p
65, 1927; idem, Special Pub. 1, p. 246, 1928; idem, Speciat
Pub. 4, p. 218, 1933.
Cushman and Parker, idem, Contr., vol. 12, p. 92, 1936.
Glaessner, Studies in micropaleontology, vol. 1, fasc. 1, p. 23.
1937.
Cushman, U. S. Nat. Mus. Bull. 161, pt. 3, p. 9, 1942,
Bulinuna (part) of authors
Cassidulina (part) of authors.

Genotype, Robertina.arctica D’Orbigny, 1846.

Test an elongate, close spiral, the spiral suture distinct;
chambers several in each whorl, in microspheric young
like Buliminella, later forming a double series; wall cal-
careous, finely perforate; apertures 2 in number, the
primary one elongate, loop-shaped, at basal margin of the
chamber, extending into the apertural face, the secondary
one at the basal margin extending between the last-formed
chambers of the upper and lower series, usually smaller
than the primary one. Eocene to Recent.

The genus is variable, even within the limits of 2
species. The best criteria for establishing a species are
the position and angle of the primary aperture, the num-
ber of chambers to a whorl, and their shape. The genus
has developed along two main ‘lines from the Eocene
forms, one with few chambers, compact and close coilec
with more or less straight sides; the second with many
chambers, and a more open coil, which is much more
twisted.

This genus has been placed by Glaessner close to
Ceratobulimina in a new family Ceratobuliminidae. Itc
early stages, however, are very similar to Buliminella anc
it seems to have developed from that genus. The primary
opening, as described here, has been questioned by Glaess-
ner, who describes it as a fold extending down to the
previous chamber. A study of Robertina arctica D’Or-
bigny and other species, however, seems to show that this
opening is a definite aperture into the chamber and that
the species is related to Buliminella.

Robertina wilcoxensis Cushman and Ponton

Plate 18, figure 1

Robertina wilcoxensis Cushman and Ponton, Cushman Lab. Foram.
Research Contr., vol. 8, p. 66, pl. 8, figs. 19a, b, 1932.
Cushman and Parker, idem, Contr., vol. 12, p. 96, pl. 16, figs

13a, b, 1936.

Cushman and Garrett, idem, Contr., vol. 15, p. 82, pl. 14, fig.
16, 1939,

Cushman and Todd, idem, Contr., vol. 18, p. 36, pl. 6, figs.
22, 23, 1942,

Cushman, idem, Contr., vol. 20, p. 42, pl. 7, fig. 9, 1944; Am
Jour. Sci., vol. 242, p. 11, pl. 1 fig. 17, 1944,



T2

Test about twice as long as broad, slightly compressed,
fusiform, greatest breadth slightly above the middle,
‘initial end sharply pointed and evenly tapering, apertural
end narrowed ; chambers slightly inflated, about 5 pairs in
the adult whorl, increasing rather rapidly but evenly in
size as added; sutures slightly, if at all, depressed, very
slightly limbate ; wall smooth, very finely perforate; aper-
ture narrow, running about one-third of the way across
the apertural face, about in the vertical axis of the test,
secondary aperture slight. Length 0.30 to 0.40 mm., diam-
eter 0.15 to 0.18 mm.

The types of this species are from the Eocene Wilcox
group in a railroad cut 1 mile north of Ozark, Alabama.
It occurs also at Woods Bluff, Clarke County, Alabama,
and in the Paleocene, Naheola formation of Alabama.

This species is smaller than Robertina angusta (Cush-
man) and is more pointed at the ends. It probably repre-
sents the ancestral form of that species. This form and
R. ovigera (Terquem) furnish the oldest records of the
genus.

Robertina mcguirti Howe
Plate 18, figure 2

Robertina mcguirti Howe, Louisiana Dept. Cons. Geol. Bull. 14,
p. 82, pl. 8, figs. 23, 24, 1939.

Test elongate, narrow, apparently composed of about two
whorls, but only a very small portion of the initial whorl visible;
chambers numerous, distinct; sutures distinct, slightly limbate, in
some views faintly depressed; wall smooth; aperture a high slit
in a depression of the apertural face extending upward from the
base of the chamber. Length 0.26 mm., breadth 0.11 mm.—Howe.

The types are from the Eocene Cook Mountain for-
mation, left bank of Saline Bayou beneath the Louisiana
and Arkansas Railroad bridge at St. Maurice, sec. 15,
T. 9 N, R. 6 W, LM, Winn Parish, Louisiana. We
have no typical material.

Robertina plummerae Cushman and Parker
Plate 18, figure 3

Robertina plummerae Cushman and Parker, Cushman Lab. Foram,
Research Contr., vol. 14, p. 73, pl. 13, figs. la, b, 1938.

Howe, Louisiana Dept. Cons. Geol. Bull. 14, p. 82, pl. 8, figs.
43, 44, 1939,

Test almost 214 times as long as broad, greatest breadth
at the middle, initial end subacute, apertural end taper-
ing, rounded; chambers, 6 pairs in the final whorl, in-
creasing " gradually in size as added; sutures distinct,
slightly depressed; wall smooth; aperture elliptical, short,
supplementary aperture almost as large. Length 0.46 to
0.66 mm., diameter 0.20 to 0.24 mm.

The types are from the Eocene Crockett formation
of the Claiborne group, Shipp’s Ford on the Colorado
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River, 33/ miles due east of Smithville, Rastrop County,
Texas. Howe records it from the Eocene Cook Mountain
formation in Louisiana.

This species differs from Robertina wilcoxensis Cush-
man and Ponten in being longer, more twisted, less ovate
in shape, and in having a larger secondary aperture.

Robertina ovigera (Terquem) Cushman and Parker
Plate 18, figure 4

Bulimina ovigera Terquem (part), Soc. Géol. France Mém., ser.
3, vol. 2, p. 108, pl. 11(19), figs. 17, 20 (not figs. 18, 19),
1882.

Robertina ovigera Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 12, p. 98, pl. 16, figs. 15a, b, 1936.

Cushman and Todd, idem, Contr., vol, 21, p. 16, pl. 4, fig. 4,
1945.

Test nearly twice as long as broad, greatest breadth
toward the apertural end which is broadly rounded,
initial end subacute, rapidly tapering; chambers somewhat
inflated, about 5 pairs in the adult whorl, increasing rather
rapidly but regularly in size as added; sutures distinct,
slightly depressed; not limbate; wall smooth, finely per-
forate; aperture elongate, narrow, slightly curved, run-
ning less than halfway into the apertural face; supple-
mentary aperture small, low. Length 0.29 to 0.34 mm,,
diameter 0.15 to 0.20 mm.

Terquem describes this species as rare in the Eocene
calcaire grossier of the Paris Basin, at Vaudancourt and
Septeuil. We have specimens from Grignon, Mouchy,
Fontenay, and St. Félice in the Paris Basin.

This species is very variable, but the general characters
seem to remain the same. It is smaller than the other
known species.

Robertina washingtonensis Beck
Plate 30, figures 3, 4

Robertinag washingtonensis Beck, Jour. Paleontology, vol. 17, p. ~
604, pl. 107, figs. 17, 19, 24, 1943.

Test nearly three times as long as broad, initial end sharply
pointed, evenly tapering, fusiform, greatest breadth slightly above
middle; chambers slightly inflated; 5 pairs in ad :1t whorl, increas-
ing in size as added; sutures moderately depressed; wall smooth,
very finely perforate; aperture narrow, comma-shaped, extending
about two-thirds of way across apertural face, slightly oblique to
vertical axis of test, supplementary aperture indistinct. Length,
0.57 mm.,; breadth, 0.20 mm.

The general shape and chamber arrangemert of this species
is similar to R. wilcoxensis Cushman and Ponton (1932, p. 66,
pl. 8, figs. 19a, b) except that it is narrower. Its aperture, how-
ever, is more than twice as long, and is curved, and oblique to
the long axis of the test.—Beck.

The types of this species are from the Eocene of
Cowlitz River, ‘Lewis County, Washingtcn.
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Robertina' germanica Cushman and Parker
Plate 18, figure 5

Roberting germanica Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 14, p. 73, pl. 13, figs. 2a, b, 1938.

Roberting angusta Cushman and Parker (not Cushman) (part),
Cushman Lab. Foram. Research Contr., vol. 12, p. 96, 1936.

Test twice as long as broad, initial end bluntly pointed,
apertural end flattened; chambers, 7 to 8 pairs in the
final whorl, slowly increasing in size as added; sutures
distinct, slightly limbate, not depressed; wall smooth;
aperture narrow, elliptical, reaching about halfway into the
apertural face, supplementary aperture deeply cut, nar-
row. Length 0.46 to 0.83 mm., diameter 0.22 to 0.40

mim.

The types are from the lower Oligocene of Calbe,
near Magdeburg, "Germany. The species is found also in
the - lower Oligocene of Brundhorst, near Biinde and
Weinkeine near Alzey, Mainz Basin, Germany.

This species resembles Robertina anguste (Cushman)
but differs from it in its greater length in proportion to
its breadth, more pointed initial end, and its slightly more
twisted test.

Robertina angusta (Cushman) Cushman and Parker
Plate 18, figure 6

Buliminella subteres (H. B. Brady) var. angusta Cushman, U. S.
Geol. Survey Prof. Paper 129-F, p. 127, pl. 29, figs. 8, 9,
1922; idem, Prof. Paper 133, p. 24, 1923,

Howe, Jour. Paleontology, vol. 2, p. 174 (list), 1928,
Cushman, Cushman Lab. Foram. Research Contr., vol. 5, p.
42, pl. 7, fig. 4, 1929.

Cushman and Ponton, Florida Geol. Survey Bull. 9, p. 76, pl.
11, figs. 9a, b, 1932.

Roberting angusta Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 12, p. 96, pl. 16, figs. 11a, b, 1936.

Cushman and McGlamery, U. S. Geol. Survey Prof. Paper
197-B, p. 70, pl. 5, fig. 15, 1942,

Cushman and Frizzell, Cushman Lab. Foram. Research Contr.,
vol. 19, p. 85, pl. 14, fig. 15, 1943.

Test usually more than twice as long as broad, irregu-
larly fusiform, initial end somewhat more pointed than the
-apertural; chambers, about 7 pairs in the final whorl,
increasing rather slowly in size as added, all of one series
meeting in the median line on the ventral side; sutures
distinct, limbate, not depressed; wall smooth; aperture
elongate, elliptical, almost closed near the base, more open
toward the inner end, which reaches more than half-
way across the apertural face; supplementary aperture
very small and low. Length 0.32 to 0.60 mm., diameter
0.22 to 0.34 mm.

The types are from the Oligocene Mint Spring marl,
Chickasawhay River, 11/ miles southwest of Boice, Mis-
sissippi. The species also occurs in the Oligocene Red
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Bluff cla)}, Byram marl, and Chickasawhay marl of Mis-

*| sissippi, and the Lincoln formation of Washington. Les<

typical. specimens occur in the Twiggs clay member of the
Barnwell formation of Georgia. Specimens from the
Miocene of Florida seem to be very close to this species.

As in the other early species, Robertina wilcoxensis,
the aperture is broader than in most later species and
the supplementary aperture relatively inconspicuous.

Robertina declivis (Reuss) Cushman and Parker
Plate 18, figure 7

Buliminag declivis Reuss, Akad. Wiss. Wien Sitzungsber., vol. 48,
pt. 1, p. 55, pl. 6, figs. 70a, b; pl. 7, fig. 71, 1863; idem
vol. 62, pt. 1, p. 484, 1870 (Von Schticht, Foram. Sep-
tarienthones Pietzpuhl, pl. 23, figs. 8-12, 1870).

Robertina declivis Cushman and Parker, Cushman Lab. Foram.
Research Contr., vol. 12, p. 94, pl. 16, figs. 5a, b, 1936.

Beck, Jour. Paleontology, vol. 17, p. 604, pl. 107, figs. 1, 7,
25, 1943,

Test somewhat longer than broad, broadly fusiform,
initial end subacute, apertural end broadly rounded;
chambers distinct, inflated, 4 to 5 pairs in the adult whorl,
increasing rapidly in size as added; sutures distinct, de-
pressed; wall smooth, polished; aperture elongate, dis-
tinctly curved, secondary aperture very distinct, often
nearly as broad as the primary. Length 0.41 mm., diam-
eter 0.22 mm. )

The types are from the Oligocene Septarienthon of
Offenbach, Germany. We have specimens from the middle
Oligocene at Hermsdorf, near Berlin, Germany. Reuss
also records this species from a few other German OI-
gocene localities. It has been recently recorded from thte
Eocene of Cowlitz River, Lewis Co., Washington.

Robertina austriaca Reuss
Plate 18, figures 8, 22

Robertina austriaca Reuss, Akad. Wiss. Wien Denkschr., vol. 1, p.
375, pl. 47, fig. 15, 1850.

Cushman and Parker, Cushman Lab. Foram. Research Cont-,,
vol. 12, p. 94, pl. 16, figs. 2, 3, 1936.

Test broadly conical, only slightly longer than broad,
not much compressed, expanding only slightly toward th-
apertural end, initial end either very bluntly pointed or
rounded ; chambers slightly inflated, about 5 pairs in tte
final whorl: sutures distinct, slightly depressed; wall very
finely perforate, smooth; aperture elongate, slight'y
curved, and obliquely placed at the base of the apertural
face, with a secondary aperture at the basal margin.
Length 0.46 to 0.55 mm., diameter 0.31 to 0.32 mm.

Reuss described this species from the'Miocene at Grinz-
ing, near Vienna. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>