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FOREWORD

This report embraces the results of studies and identification of
foraminifera from the Upper Eocene, including some new species and
varieties, by the senior author, from cuttings from deep water wells.
drilled at the Navy Mine Depot, Yorktown, Virginia, by the Navy
Department during the early part of World War II. The cuttings
were collected by the junior author. The report is, one of the results
of cooperative investigations of the geology and ground-water resources.
of the Coastal Plain region of Virginia by the United States and the
Virginia Geological Surveys.

The manuscript and illustrations were submitted to the printer on
December 11, 1945, during the administration of Dr. Arthur Bevan
as State Geologist. Because of unprecedented difficulties and delays,
beyond the control of the Virginia Geological Survey, this Bulletin
was not printed and delivered to us until the date stamped below.

On September 1, 1947, the undersigned was appointed State
Geologist of Virginia to succeed Dr. Arthur Bevan who resigned on
that date.

Wrrrrerr M. McGrrr,

State Geologist.

Virgina Geological Survey,
Box L428, University Station,

Charlottesville, Virginia,
December 15, 1948.
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LETTER OF TRANSMITTAL

Corr lroNwaALTrr oF Vrrcrnra
Vrncrrqra Georocrcer- SunvBy

tjNrvBnsrrv on VrecrNre

Cuanr-orrnsvrr,r,E, Ve., Decernber 10, 1945.

To tlte Virginia Conservation Com,,nission,:

GsNmrvrBN:

I have the honor to transmit for publication as Bulletin 67 of the
Virginia Geological Survey, the text and illustrations of a report on
An Upper Eocene F'oranoiniferal Fawna frow, Deep Wells in Yorh
Cownty, Virginia, by Joseph A. Cushman and D. J. Cederstrom.

This report is a contribution to the understanding of the sub-
surface and surface geology of the Coastal Plain not only in Virginia,
but in the northern Atlantic Coastal Plain. It should, therefore, be

useful to all who are interested in developing the ground-water and
other economic resources in the Coastal Plain of Virginia and adjacent
areas. The data were obtained from deep wells drilled during the war
by the Navy Department.

The report is based on cooperative investigations of the Coastal
Plain of Virginia by the Federal and State geological surveys. The
field work was done by Mr. Cederstrom of the Federal Survey.

Respectfully submitted,

Anrr'run BsvaN.
State Geologist.

Approved for publication:
Virginia Conservation Commission,

Richmond, Virginia, Decernber 12, 1945.
R. A. Grr,rrart, Erecwtiue Secretar\ and Treaswrer.
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An Upper Eocene Foraminiferal Fauna from
Deep Wells in York County, Virginia*

By Josnru A. CusninaN and D. J. CnonnsrRoM

INTRODUCTION

This publication deals chiefly with an assemblage of foraminifera
not hitherto reported fron-r the northern Atlantic Coastal Plain. The
described fauna was obtained from cable-tool cuttings frorn three
wells at the Navy Mine Depot, Yorktown, Virginia. As the strata
containing the fauna have not been recdgnized in outcrop, it has
seemed desirable to give a new name to the subsurface stratigraphic
unit containing the fossils and to describe briefly the character of
the unit and its relations to the enclosing beds.

In the past two years the senior author has had occasion to
examine and classify several hundred assemblages of foraminifera
obtained bv the junior author from well cuttings in eastern Virginia
and submitted in connection with studies of the geology and grouncl-
water resources of the Coastal Plain of Virginia, a cooperative inves-
tigation by the State and Federal Geological surveys. During the
course of the examination it became apparent that strata other than
tlrose recognized in the surface exposllres as the Patrunkey group, of
early and middle Eocene age, were represented. These strata are
npper Eocene. Their fauna shows many similarities to previously
described faunas of the Jackson group,l but contains manv {orms not
previously recorded in this group, including a number of new species
and varieties.

The specimens recorded here were selected by the junior author
f rom floated samples2 containing hundreds of {oraminifera ancl
mounted for subsequent study by the senior author. All identifications
and descriptions of fossils are the work of the senior author. The
types and figured specimens are deposited in the Cushman Laboratory
for Foraminiferal Research.

The faunal assemblage described occrlrs at a depth of 330 to 390
feet (303 to 363 feet below sea level) in Yorktown Navy Mine Depot

lCushman, J. A., Upper Eocene foraminifera of the southeastern United States: U. S.
Gol. Survey Prof. Paper 181, f035.

eThe samples of well cuttings were washed and foraminifera floated in large part by
Miss N, Morris,

*Published with permission of the Director, United States Geological Survey.
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well 2; at 380 to 500 feet (300 to 420 feet below sea level) in York-
town Navy Mine Depot wells 33 and 4 (samples combined). The
samples studied are as follows : well 2, at depths o{ 330, 360, and 380
feet; wells 3 and 4, at 380-390, 390-400, 400-410, 4IO-420, 420-430,
450-460, 4@-470, 470-480, and 490-500 feet.

Well 2 was drilled in l94l at the Navy Mine Depot to a depth
ol 470 feet. It is located in a ravine south of headquarters at an ele-

vation ol 27 f.eet above sea level. Water from this well is combined
with flow from near-by springs ancl pumped into the distribution
system. Wells 3 and 4 were drilleil in 1942 on the high terrace about
B0 feet above sea level near a circular cement tank a short distance
west of headquarters. The deepest of these wells (3) was drilled to
a depth of 620 feet. Both wells were abandoned because water-
bearing sands were not encounterecl.

The fauna occurring in Navy Mine Depot wells 3 and 4 is com-
posed of unusually large, varied, perfectly preserved specimens. Some

residues obtained from washing a hand{ul of mud contain thousands
of f oraminif era. 'Ihe higher samples are almost pure and are
regarded as being truly representative of the enclosing formation;
the samples flom 460 to 500 feet contain a very few older Eocene

forms at 46O feet, which suggests that samples from 460 to 500 feet
in wells 3 and 4 at the Navy Mine Depot, predominantly Jackson in
foraminiferal content, are largely derived from material washed down
from above. This could occur if the driller did not follow the drill
closely with casing.

CHICKAHOMINY FORMATION

The name Chickahominy formation is here proposed for the beds

approximately B0 feet thick that consist of blue, gray, and dull-brown
clays containing a fauna of Jackson age, that are overlain by the Mio-
cene Chesapeake group and are underlain by the lower and middle
Eocene Pamunkey group. The type locality is in we1ls 3 and 4 at the
Navy Mine Depot, Yorktown, Va.

The Chickahon-riny strata are not appreciably different in appear-
ance from the Miocene strata which immediately overlie them or from
the older Eocene deposits below. Washed residues, however, have

distinctive characteristics that readily distinguish the formation fron.r

the deposits above and below it. The washed residue of the Chicka-
hominy formation generally contains a high proportion of glauconite

I Cederstrom, D. J., Selected well logs in the Virginia Coastal Plain north of James
River: Virginia Geol. Survey Circular 3, pp. 61-62, 1945.
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to quartz (up to 80 per cent glauconite) and is further characterized
by the presence of rather abundant pyrite (up to about 20 per cent).
The abundance of foraminifera and paucity of megascopic fossils also
appear to be constant features of these beds, not only at Yorktown but
elsewhere. The cuttings from the Miocene deposits contain little
glauconite.

The washed residue from the samples at depths of. 4lA-42O ancl

430-440 feet in wells 3 and 4, excluding abundant gypsum which to
date has not been found elsewhere in these beds, contains less than
one-thircl pyrite, less than one-thircl glauconite, and more than oue-
third foraminifera. Other samples contain somewhat smaller propor-
tions of these constituents and more quartz (and gypsum).

In wells 3 and 4 a distinct lithologic break occurs at 460 feet
below the surface. From this level to 62O feet, washed residues
without exception contain less than 5 per cent glauconite and rarely
contain pyrite. Thus the lithologic and fossil evidence'points to the
conclusion that the foraminifera of Jackson age present from 460 to
500 feet were carried down from above and that the lower boundary
of the Chickahominy forrnation should be placed at 460 feet. The
total number of specimens present becomes progressively smaller with
clepth ancl a very few older Eocene forms are present below 460 feet.
The Chickahominy formation in vr,'ells 3 and 4 is therefore considerecl
to extend from 380 to 460 feet below the surface or 300 to 380 feet
below sea level.

In well 2 abundant foraminifera of Jackson age are present from
330 to 380 feet and a {ew are present at 400 feet (373 feet below
sea level). At this lower depth older Eocene fossils appear in abun-
clance. Thus it seems certain that the Jackson fauna is limited to
about 80 feet of section at Yorktown.

Preliminary studies indicate that the Chickahominy formation is
present in the subsurface strata at Camp Peary in York County,
Fort Eustis in Warwick County, Byrdton in Northumberlancl County,

Drivers in Sufiolk County,
and at Norfolk and Nelvport News.
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DESCRIPTION OF FOSSILS

Family TEXTULARIIDAE

Genus Sprnopr,ecraMMrNA Cushman, 1927

Spiroplectammina mississippiensis (Cushman)

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 1, figs. 3

and 4, 1935.)

Tertularia nti,ssissippicnsrs Cushman, U. S. Geol. Survey Prof. Paper
129, pp.90, 125, pl. 14, fig. 4, 1922; Prof. Paper 133, p. 17,
t923.

Cushrnan and Applin, Am. Assoc. Petroleum Geologists Bull., vol.
10, p. 166, pl. 6, figs. lO, 11,1926.

Cushman and Thomas, Jour. Paleontology, vol. 3, p.777, pl.23,
fig. I, 1929.

Cushman, Cushman Lab. Foram. Research Contr., vol. 5, p. 79, pl.
L2, fr,g. 5, 1929.

Howe and Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p. 19,
pl. 1, fig. 7,1932.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 7, pl. 1, figs.
3, 4, 1935.

Davis, Jour. Paleontology, vol. 15, p. 150, pL.24, figs. 15, 17;
pl. 25, figs. 5 and 6, 1.941.

Cushman and Siegfus, San Diego Soc. Nat. History Trans., vol.
9, no. 34, p. 401, pl. 15, fi,g.6,1942.

Goudkoff and Porter, Am. Assoc. Petroleum Geologists Bull., vol.
26, p, 7653 (Iist), 1942.

Kelly, idem, vol.27, pp. 8, 11 (lists), 1943.

Spiroplectanrndna cf. urississippiensis Cushrnan and Applin, Cushman
Lab. Foram. Research Contr., vol. 19, p.30, pI.7,fig.5, 1943.

This species is widely distributed in the Eocene and Oligocene of
America. It has not been recorded north of Mississippi in the Atlantic
area. Specimens occur in wells 3 and 4 at depths oi 380-390, 390-400,
410-430, 43O-44O, 450-460, and 470-480 feet.

Spiroplectammina mississippiensis (Cushman), var. alabamensis
(Cnshman)

(For figr.rres, see U. S. Geol. Survey Prof. Paper 181, pl. 1, Iigs. 5,

6, 1935.)
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Tertwlaria nri,ssissi,ppi.ensis Cushman, var. alabatnensis Cushman, {J. S.
Geol. Survey Prof. Paper 133, p. 17, pl. L, fig.4,1923:

Howe, Jour. Paleontology, vol.2, p. 175 (list), i928.
Ellisor, Am. Assoc. Petroleum Geologists Bull., vol. 17, no. 11, pl.

l, frg. 6, 1933.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 7, pl. 1, figs.
5,6, 7935.

Davis, Jour. Paleontology, vol. 15, p. 150, pl. 25, figs. 2, 3, I94I.
Cushman and McGlamery, IJ. S. Geol. Survey Prof. Paper t97-8,

p. 66, 7942.
Ffowe, Jour. Paleontology, vol. 16, p. 268 (list), 1942.

S pir o ple c tatnnt'ina nois sis sip piensis ( cushman), var. alub anaensis cush-
man and lIerrick, Cushman Lab,. Foram. Research Contr.,
vol.2l, p. 56, pl. 9, figs. I-3, 1945.

This variety is found in the lower Oligocene and upper Eocene of
South Carolina, Georgia, Alabama, Mississippi, and Texas. It occurs
in well 2 at 330 feet and in wells 3 and 4 at 390-400. 400-410. 470-480.
and 490-500 feet.

Genus Toxrultrnre Defrance, 1824

Textularia subhauerii Cushman

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 1, fig. 10,
1e35. )

Tertwlaria swbkawerii, Cushman, U. S. Geol. Survey prof. paper 129,
pp. 89, 126, pl.14, fig.2,1922; Prof. Paper 133, p. 16, 1923.

Applin, Am. Assoc. Petroleum Geologists Bull., vol. 9, p.24, 1925..
Cushman, Jour. Paleontology, vol. 1, p. 148, pL.23, fig.2, 1927.
Cole and Gillespie, Bull. Am. Paleontology, vol. 15, no. 57b, p. 6,

1930.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 8, pl. 1, fig. 10,
1935.

Cushman and McGlamery, Prof. Paper 189-D, p. 103, 1938.
Davis, Jour. Pdleontology, vol. 15, p. 152, pl. 25, fig. 15, 1941.
Ifowe, idem, vol. 16, p. 268 (list), 1942.

This species is recorded from the Oligocene of Alabama, Texas,
and Mexico, ancl from beds of Jackson (Eocene) age of South Caro-
lina, Georgia, Florida, Alabama, and Mississippi. ft occurs in wells
3 and 4 at depths of 380-390, 390-400, 4W-410, 4IO-42A, 430-440, ancl
490-500 feet.
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Family VERNEUILII'IIDAE

Genus GeuonvrNe d'Orbigny, 1839

Gaudryina cf. G. (Pseudogaudryina) alazanensis Cushman

(Plate 1, figure 1)

The single specimen figured trcm 4&-470 feet in wells 3 and 4

resembles this species, known only from the lower Oligocene of Mex-
ico. More specimens are needed to make certain of its specific

identity.

Family VALVULINIDAE

Genus PrncrrNe Marsson, 1878

Plectina virginiana Cushman and Cederstrom, n. sp.

(Plate 1, figure 2)

Test small, elongate, gradually tapering, the greatest breadth near

the apiertural end, periphery slightly lobulated in the later, biserial
portion; chambers of the earliest portion rather indistinct, not inflated,
in the later biserial portion somewhat inflated and distinct, about three
pairs of biserial chambers; sutures of the earlier portion indistinct;
rvall fineiy arenaceous, smoothly finished; aperture in the adult, termi-
nal, rounded, without a distinct neck.

Length 0.62-0.75 mm.; breadth 0.30 mm.
Holotype (Cushman Coll. No. 45M6) from the Chickahominv

formation (Eocene), at a depth of 380-390 feet in Yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia. It also occurs at

depths of 4OO-410 and 410-420 feet in the same well.
This species somelvhat resembles P. zttatersi Cushman but differs

in the smaller, slenderer test and more inflated adult chambers.

Family MiLIOLIDAE

Genus Messrr-rNe Schlumberger, 1893

Massilina decorata Cushman

(For figures, see U. S. Geol. Survey Prof. Paper 181, pl. 3, figs. 14-

I6, 1935.)
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Massilina d,ecorata Cushman, U. S, Geol. Survey Prof. Paper I29, p.

143, pl. 34, fig. 7,7922; Prof. Paper 133, p.55,1923.
Cushman and G. D. Hanna, Califomia Acad. Sci. Proc., 4th ser.,

vol. 16, p.224,1927.
F{owe, Jour. Paleontology, vol. 2, p. 175 (list), 1928.

Cushman, Cushman Lab. Foram. Research Contr., vol. 5, p. 40,

pl.7, fig. l, 1929.
Cole and Ponton, Florida Geol. Survey Bull. 5, p. 29, pl. 10, fig.

5, 1930.
Howe and Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p. 20, pl.

2. frg. 6, 1932.
Cushman and McMasters, Jour. Paleontology, vol. 10, p. 510, pl.

74, fr,g.8, 1936.
Cushman, U. S. Geol. Survey Prof. Paper 181, p. 13, pl. 3, .figs.

14-16, 1935; Cushman Lab. Foram. Research Contr., vol. 15,

p. 52, pl.9, fig. 13, 1939.
Galloway and Heminway, New York Acad. Sci., Scientific Survey

of Porto Rico and the Virgin Islands, vol. 3, pt. 4, p. 314,
pl. 5, fig. l, 1941.

Cushman and McGlamery, U. S. Geol. Survey Prof. Paper 197-8,
p. 66, pl. 4, fig" 3,1942.

Franklin, Jour. Paleontology, vol. 18, p. 308, pt.45, frg.7,1944.
This species apparently has a wide distribution in the American

Tertiary. It is recorded f rom the upper Eocene of Mississippi,
Louisiana, and California; f rom the Eocene in cores taken off the
eastern coast of the United States; from the Oligocene of Florida,
Alabama, Mississippi, and Venezuela; and from the lower Miocene of
Puerto Rico.

It occurs in the Yorktown welis at the following depths well 2,

330, 360, and 380 feet; wells 3 and 4, 380-390, 4lO-420, 430-440,
450-46A, and 470-480 ieet.

Family LAGENIDAE

Genus Roeurus Montfort, 18O8

Robulus alato-limbatus (Gtimbel)

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 6, fig. 2,

1e35. )

Robuli,na alato-limbata Giimbel, K. bayer, Akad. Wiss., Math.-naturh.
Abt., Abh., Kl. 2, vol. IO, p. 641, pl. 1, fig. 70, 1868 (1870).
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Cristellaria alato-limbata Cushman and Applin, Am. Assoc. Petroleum
Geologists Bull., vol. lO, p.171, pl. 8, fig. 8,1926.

Robulus alato-linabatus Cole, 8u11. Am. Paleontology, vol. 14, no. 51,
p. 18, pl. 4, fig. l,1927.

Howe and Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p. 37,

pl. 3, fig. 2,1932.
Cushtnan, U. S. Geol. Survey Prof. Paper 181, p. 15, pl. 6, fig.2,

1935.

Coryell and Embich, Jour. Paleontology, vol. 11, p.299, pl.4I,
fig.16,1937.

Iforve, Louisiana Dept. Cons. Geol. Bull. 14, p. 4O, pl. 4, fig. 18,

1939.
.Cushman and Siegfus, San Diego Soc. Nat. History Trans., vol.9,

no. 34, p. 4U, pl. 15, figs. 19-21, 1942.
Cushman and Applin, Cushman Lab. Foram. Research Contr.,

vol. 19, p. 33, pl. 7, fig.11, 1943.
Cushman and Simonson, Jour. Paleontology, vol. 18, p. 194, pl. 30,

fig.8,7944.
Cushman and Todd, Cushman Lab. Foram. Research Contr., vol.

21, p. 13, pl. 3, fig. IL,1945.

This species, described from the Eocene of southern Europe, is
recorded from the Eocene of America in South Carolina, Alabama,
Mississippi, Louisiana, 'Iexas, and California, and also in Mexico and
Panama.

This species is common in the material from Yorktown, occurring
at the following depths: well 2,330 and 360 feet; wells-3 and 4,
380-390, 390-400, 400-410, 4ro-420, 420-430, 430-440, 470-49O, and
490-500 feet.

Robulus limbosus (Reuss), var. hockleyensis (Cushman and
Applin)

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 4, fig. 15;
pl. 6, fig. 3, 1935.)

Cli,stellaria liw.bosa (Reuss), var. hochleyensis Cushman and Applin,
Am. Assoc. Petroleum Geologists Bull., vol. 10, p. 171, pl. 8,
figs. 3, 4,1926.
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Robwlus litnbosus (Reuss), var. h,ockleyeasis Ellisor, Am. Assoc. pe.
troleum Geologists Bull., vol. 17, no. 11, pl. 1, fig. 11, 1933.

cushman and Dusenbury, cushman Lab. Foram. Research contr.,
vol. 10, p. 52, pl.7, fig. I, I93i,4.

Cushman, U. S. Geol. Survey prof. paper 181, p. 16, pl. 4, fig.
15; pl.6, fig.3, 1935; Cushman Lab. Foram. Research Contr.,
vol. 15, p. 53, pl. 9, fig.2I, 1939.

Cushman and Simonson, Jour. paleontology, vol. 1g, p. 194, pl.
30, fig. 9, 1944.

The records for this variety are from the upper Eocene of North
and South carolina, Alabama, Texas, and california. It also occurs
in the Eocene of a snbmarine core off the eastern coast of the unitecl
States, as well as in the Oligocene of California.

In the Yorktown wells it occurs fairly commonly in well 2 at
330 and 3BO feet and in wells 3 and 4, at 380-390, 390-400, 400-410,
410-420, 430-440, 450-46A, and 420-480 feet.

Robulus articulatus (Reuss), var. texanus (Cushman and Applin)
(For figures, see IJ. S. Geol. Survey prof. paper 181, pl. 4, figs. 16,

17, 1935.)

cristellar'i,a articwlata Reuss, var. tera*a cushman and Applin, Am.
Assoc. Petroleum Geologists Bull., vol. IO, p. I7O, pl. g, figs.
7,2, 1926.

Len'ticulina arti'culota (Reuss), var. te.rana lrowe and wallace, Louisi-
ana Dept. Cons. Geol. BulL2, p. 31, pl. 5, figs. 1,2, lg3Z.

Robulws articwlatws (Reuss), var. te.ranus Ellisor, Am. Assoc. petrole-
um Geologists Bull., vol. 17, no. 11, pI.2, fig.3, 1933.

cushman and Dusenbury, cushman Lab. Foram. Research contr.,
vol. 10, p. 53, pl. 7, figs.2,3,1934.

Cushman, U. S. Geol. Survey prof. paper 1g1, p. 16, pl. 4,
figs. 16, 17, 1935.

cushman and Ffizzell, cushman Lab. F'oram. Research contr..
vol. 19, p. 83, pl. 14, fig. IO,1943.

Cushman ancl Simonson, Jour. paleontology, vol. 18, p. 194, pl.
30, fig. 7, 1944.

The records for this variety inclucle the upper Eocene of South
carolina, Louisiana, Texas, and california, and trre oligocene of cali-
fornia and Washington.
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In the Yorktown welli it occurs in wells 3 and 4 at depths of

390-400, 400-410, 4lO-420, and 420-430 feet. This variety is much

less common than the tlvo preceding forms.

Robulus gutticostatus (Giimbel) (P1' 1, figs. 4, 5)

Robwlina gutti,costata Giimbel. K. bayer. Akad. wiss., Math.-naturh.

Abt., Abh., KL.2, vol. 70, p. 643, pl. 1, fig. 74, 1868 (1870)'

Hantken, Magyar kir. fiildt. int. Evkiinyve, vol. 4, p' 48, pl' 6, fig'

10, 1875 (1876); K. ungar. geol. Anstalt Mitt' Jahrb', vol' 4'

p. 57, pL.6, fig. 10, 1875 (i881).

Robwlws gwtti,costatws Cushman, U. S. Geol. Survey Prof' Paper 181,

p. 15, pl. 5, figs. 1,2, L935.

In the American upper Eocene this species is recorded fronr

Florida, Alabama, and Mississippi. It is not common in the well

samples but occurs in wells 3 and 4 at depths of 380-390, 390-400,

4W-410, 4lO-+2A, 420-430, 450-4ffi, and 460-470 feet.

Robulus virginianus Cushman and Cederstrom' n. sp' (Pl' 1, fig' 3)

Test somewhat compressed, close coiled, periphery spinose; cham-

bers distinct, slightly inflated in the middle, the final chamber with a

clefinite raised peripheral ridge, about ten in the adult coil, each with

a short spine in the middle of the periphery; sutures slightly curved'

very little depressecl; wall with a raised area along the middle of each

chamber, in the earlier ones broken into a ferv spinose knobs; apeftufe

radiate, at the peripheral angle, with a few coarse teeth'

Length of holotype 0.90 mm.; breadth 0'75 mm'

Holotype (Cushman Coll. No. 45108) from the Chickahorninv

formation-f Eocene), at a depth of 38O-390 feet in Yorktown Navy

Mine Depot wells 3 and 4, York County, Virginia'
This species differs from R. gwtticostatws (Giimbel), var' yazoo'

eresrs Cushman in the spinose periphery, the raised areas of the cham-

bers broken into several spinose projections, and the thicker test'

Genus Pr-eNurenre Defrance, 1824

Planularia crassilimbata (Nuttall) (Pl' 1, figs' 6, 7)

Cristellaria crassilinobata Nuttall, Quart. Jour' Geol' Soc', vo1' 84' p'

87, pL.5, figs. 16, 17, text fig' 3, 1928'
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This species was described fro.r the Tertiary of rrinidad ancl has
not l;ee' recordecl elsewhere. very typicar specimens occur in york-
town wells 3 and 4 at depths of 380-390 ancl 390-400 feet.

Planularia sp. (pl. 2, figs. 1,2)
The compressed specimens figured ar.e interesting ones from wells

3 ancl 4 at depths of 450-460 feet. No other specimens are available
at present to give the full characters, but it seems worth while to
figure and recorC these.

Genus MARGINULINA d'Orbigny, 1g26

Marginulina subrecta Franke

(For figures, see IJ. S. Geol. Survey prof. paper i8l, pl. 7, fig. 3,
1e3s. )

Marginu,lina swbrecta Franke, Danmarks geol. undersogerse, vor. 2,
Raekke, no.46, p. 19, pl. l, fig.2g, !922.

Cushman, U. S. Geol. Survey prof. paper 1g1, p. 1g, pl. 7, frg.
3, 1935.

The only other American Eocene record is from South carolina.It is fairly corrmon in the Yorktown wells, occurring in well 2 at a
depth of 33o feet and in rvelrs 3 and 4 at depths oi :lo-soq 390-400,
46-4t0, 410-430, 430-440, 450-460 feet.

t1

Marginulina splendens Ilantken (pl. 2, fig. 3)
Marginulina splendens Hantken, K. ungar. geol. Anstalt Mitt.

vol.4, p.87, p1.4, fig. 11, 1gZ5 (19g1).
Liebus, Neues Jahrb. ftir Min., 1901, p. I24; Jahrb. Geol.

sanst., vol. 56, p. 354, 1906.

This species r,vas describecl and recorcred from the upper Eoceneof Europe. Specimens from yorktown wells 3 and 4, ai depths of
380-390, 400-+10, and 410-430 feet, seern identical.

Marginulina triangularis cl'Orbigny, var. panamensis Coryell
and Embich (pl. 2, fig. 4)

Marginwlina trian'gularis c|orbigny, var. panaiuensis coryer and Em-
bich, Jour. Paleontology, vol. 11, p.297, pl.42, ig.1,1937.

Cushman, Cushman Lab. Foram. Research Contr., .,rol. 15. p. 56,
pl. 9, fig. 26,1939.

Jahrb.,

Reich-



12 lJppsn Eocprvn FonelrrNrrnnar FauNa

This variety was described from the upper Eocene of Panama.

It also occurs in the Eocene of Atlantis core 21-38 from the ocean

bottom off the eastern coast of the United States. At Yorktown it
occurs in wells 3 and 4 at depths of 380-390, 390-400, and 420-43O

feet.

Marginulina subbullata Hantken (P1.2, fig. 5)

Margi,nwlina swbbullq,ta l{antken, Magyar kir. fiildt. int. Evkiinyve, vol.

4,p.39, pl.4, figs.9, 10;pl.5, fig.9, t875 (1876);K. ungar
geol. Anstalt Mitt. Jahrb., vol. 4, p. 46, pl. 4, figs. 9, 10;
pl. 5, fig. 9,1875 (1881).

Cushman, Cushman Lab. Foram. Research Contr., vol. 1, pt. 3,

p.62, pI.10, fig. 3,1925.
Cushman and G. D. Hanna, California Acad. Sci. Proc., 4th ser.,

vol. 16, p.216, pl. 13, fi.g. ll, 1927.

Cole, Bull. Am. Paleontology, vol. 14, no. 51, p. 14, pl. 5' fig. 10,

1927.
Cushman, Cushman Lab. Foram. Research Contr., vol' 5, p. 85,

pl. 12, fig.20,7929.
Nuttall, Jour. Paleontology, voi. 9, p. I25, pl. 14, fig. 16, 1935.

Coryell and Embich, idem, vol. 11, p.297, pl. 42, fig.2, 1937-

Cushman, Cushman Lab. Foram. Research Contr., vol. 15, p. 55,

pl. 9, figs. 30, 31, 1939.

LeRoy, Nat. Tijdschr. Nederl.-Indie, vol. 99, pt.6, p.234, pt.7,
figs. 11-13, 1939.

Cushman and Siegfus, San Diego Soc. Nat. History Trans., vol.
9, no. 34, p. 408, pl. 16, fr'g.2I,1942.

Beck, Jour. Paleontology, vol. 17, p.597, pl. 104, fi'g.7,1943.

The references given are only those accompanied by figures which
seem to belong to this widely distributed species described from the

upper Eocene of Europe. The only specimens from the Yorktown
wells are from 'rvells 3 and 4 at clepths of 430-440 feet. These are

very similar to ones found in the Eocene of a submarine core from
ofi the eastern United States.

Genus DBmrar,rNe d'Orbigny, 1826

Dentalina cooperensis Cushman

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl' 8, figs. 3, 4,

193s.)
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Dentalina cooperensis Cushman, Cushman Lab. Foram. Research
Contr., vol.9, p.B, pl. I, fig. 17,1933; U. S. Geol. Survey
Prof. Paper 181, p. 20, pl. B, figs. 3, 4, 1935.

Palmer and Bermudez, Soc. cubana hist. nat. Mem., vol. 10, p.
263, pl.15, fig. 17, L936.

Coryell and Embich, Jour. Paleontology, vol. 11, p. 298, pl. 42,
fig.7, 7937.

Cushman and Simonson, idem, vol. 18, p. 196, pl. 31, figs. 5-2,
t944.

Cooper, idem, vol. 18, p. 347, pl. 54, frg.2J,, 1941.

This species evidently has a wide distribution, occurring in the
Eocene of South Carolina, Georgia, Florida, Alabama, Mississippi,
Illinois, and Panama, and in the oligocene of cuba and california.
Typical specimens occur at the following depths : well 2,330 feet; wells
i and 4,380-390, 390-,+00, 420-430, and 450-460 feet.

Dentalina cf. vertebralis (Batsch)

(For figures, see reference below.)

Dentali,na cf. D. ztertebralis Cushman, IJ. S. Geol. Survey prof. paper
181, p. 21, pl.8, figs. 13, 14, 1935.

The reference above is from the upper Eocene of South Carolina,
where this form occqrred at three difierent localities. Similar sgieci-
mens occur at the following depths : well 2, 330 and 360 feet; wells
3 and 4,380-390, 390-400, 4IO-42O,430-440, 450-460, and 490-500 feet.

Dentalina cf. jacksonensis (Cushman and Applin)

(For figures, see U. S. Geol. Survey Prof. paper 1Bl, pl. B, figs. 7-9,
1e3s. )

Specimens possibly belonging to this upper Eocene species occur
in wells 3 and 4 at depths of 380-390 feet.

Dentalina capitata (Boll) (pl. Z, figs. 6-10)

Nodosa,ri,a capitata Boll, Geogn. deutsch. Ostseelander, p. lZ7, pl. 2, frg.
13, lA6.

Dentalina capitata Reuss, Akad. Wiss. Wien, Math.-naturwiss. Kl.,
Sitzungsber., vol. 18, p. 223, pl. 1, fig. 4, 1855 (1856); vol.
50,p.454, pl. 1, figs. 8-10, 1864 (1865).
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Hantken, K. ungar. geol. Anstalt Mitt. Jahrb., vol.4, p.35, pl. 3,

fig.16,1875 (1881).
Cushman and Dusenbury, Cushman Lab. Foram. Research Contr.,

vol. 10, p. 56, pl. 7, fr.g.20,1934.

This species, known mostly from the upper Eocene of Europe, has

also been recorded from the Eocene of California. Specimens which

seem typical are common, occttrring at the {ollowing depths ; well 2,

330 and 36O feet; wells 3 and 4,380-390, 390-400, 400-410, 410-420,

420-4A,450-460, and 460-470 feet.

Dentalina intermedia Hantken (P1.2, figs. 11, 12)

Dentalina interwed,ia Hantken, K. ungar. geol. Anstalt Mitt. Jahrb.,
vol. 4, p. 30, pl. 3, figs. 4,8, IB75 (1881).

This species was described from the upper Eocene of central
Europe. Specimens from the Yorktown rvells are rare but are similar
to topotypes, with which they have been compared. They are from
wells 3 and 4 at depths of 380-390, 390-400, 430-440, and 4@-470 teet-

Dentalina soluta Reuss (P1.2, figs. i3, 14)

Dentalina solwta Reuss, Deutsch. geol. Gesell. Zeitschr., vol. 3, p. 60,

pl. 3, fig.4, 1851.
. Bornemann, idem, vol.7, p. 322, 1855.
Stache, Nouara-Exped., Geol. Theil, vol. l, pt. 2, p. 2O3, pl. 22,

fig.29, 1864.
Hantken, K. ungar. geol. Anstalt Mitt. Jahrb., vol. 4, p. 29, pl. 3,

figs.2,14,1875 (1881).
Franke, Mus. Natur.-Heimatkunde Naturw. Ver. Abhandl. Ber.,

vol. 4, pt.2, p. 167, pL.5, fig. 28, 1925; Danmarks geol. Un-
dersogelse, vol.2, Raekke, no.46, p. 13, pl. I, fi.g. 12, 1927.

Plummer, Texas Univ. Bull. 3101, p. 150, pl. 11, fig. 14, 1931.

Cushman, Cushman Lab. Foram. Research Contr., vol. 15, p. 56,

pl. 10, fig. 1, 1939.

Toulmin, Jour. Paleontology, vol. 15, p.587, pt.79, figs.23,24,
r94r.

Franklin, idem, vol. 18, p. 310, pl. 46, fig. L2, 1944'

Cushman and Stainforth, Cushman Lab. Foram' Research Special

Publ. 14, p. 24, pL.3, fig. 18, 1945.

This species was described from the lower Oligocene of Europe

but also occufs in the Eocene. In America it has been recorded from
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the Upper Cretaceous to the Oligocene. It occurs in the Eocene of a

submarine core off the eastern coast of the United States. Specimens
occtrr in wells 3 and 4 at depths of 410-430 feet.

Dentalina bevani Cushman and Cederstrom, n. sp. (Pl. 2,
figs. 15-18)

Test elongate, slencler, gently curved, slightly tapering, initial end
witl-r a short spine; chambers numerous, clistinct, inflated toward the
apertural end, very gradually increasing in size as added; sutures dis-
tinct, slightly limbate, becorning progressively depressed toward the
apertural end, nearly at right angles to the elongate axis; wall orna-
mented with eight to ten, fairly high, longitudinal costae, continuous
over the sutures; aperture at the outer angle of the last-formed cham-
ber, racliate, with a short but distinct neck.

Length up to 2.00 mm.; diameter up to 0.35 mm.
Holotype (Cushmar-r Coll. No. 45163) from the Chickahon-riny

formation (Eocene), at a depth of 390-40O feet in Yorktown Navy
N{ine Depot wells 3 and 4, York County, Virginia.

This species differs fuom Marginulina cocoaensis Cushman, which
it somewhat resembles, in the more rounded and inflated chambers,
straighter and more depressed sutures, and slenderer, lnore curved test.
It is namecl for Arthur Bevan, State Geologist of Virginia.

This is one of the most distinctive and abundant species of the
Clrickahominy formation, occurring at the following depths: well 2,

330, 360, and 380 feet; wells 3 and 4,380-390, 390-400, 400-410, 410-
430,430-440, 450-460, 4ffi-470, 47A-480, and 490-500 feet. This shoulcl
make an excellent index fossil for the Chickahominy formation.

Dentalina sp. (Pl. 2, figs. 19,20)

A very few, mostly incomplete, specimens of a species which is
here figured, occur in wells 3 and 4 at depths of 380-390, 42O-43O,

430-440, ancl 490-500 feet. There are not enough specimens to war-
rant specific cletermination.

In addition, other species ol Dentali,no are represented by too few
or too poorly preserved specimens to give data for identification.

Genus PsBuoocreNDULrNA Cushman, 1929

Pseudoglandulina laevigata (d'Orbigny) (Pl. 3, fiS. 1)

Nod,osari,a (Glandulina) laevigata d'Orbigny, Annales sci. nat., vol. 7,
p. 252, pl. 10, iigs. 1-3, 1826.

l)
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Psewdoglandwiina laevi,galo Cushman, Cushman Lab. Foram. Research
Contr., vol. 15, p. 58, pl. 10, figs. 15,16, 1939.

Specimens similar to those recorded from the Eocene of the
Atlantis submarine core from off the eastern coast of the United States
occur rarely in wells 3 and 4 at 400-410 feet.

Pseudoglandulina conica (Neugeboren) (P1. 3, fi.g, 2)

Gland,wli,na conica Neugeboren, Siebenburg. Ver. Naturwiss. Verh. u.

Mitt., vol. 1, p. 51, pl. 1, fig. 5, i850.

Psewd,oglanduli,na conica Cushman and Barksdale, Stanford {Jniv.,
Dept. Geology Contr., vol. 1, no. 2, p. 65, pl. 12, figs. 1-3,
1930.

Cushman, Cushman Lab. Foram. Research Special Pub. 5, pl. 21,
fig. 16, 1933.

Palmer and Bermridez, Soc. cubana hist. nat. Mem., vol. 10, p.

276, pl.13, figs. 9-ll, 1936.

Glandwlina rad,icwla Cole (not Linn6), Bull. Am. Paleontology, vol. 14,
no. 51, p. 17, pL.3, figs. 6,7, 1927.

This species has been recorded from the Eocene of Cuba anrl
California and the Oligocene of Cuba and Mexico. Specimens appar-
ently identical occur in wells 3 and 4 at 390-400, 450-4ffi, and 460-470
feet.

Pseudoglandulina virginiana Cushman and Cederstrom, n. sp. (Pl.
3, figs. 3, 4.)

Test circular in section, slightly longer than broad, initial end

with a short, stout spine, apertural end broadly rounded; chambers few,
usually three to five in the adult, increasing rapidly in size as added;
sutures rather indistinct, not depressed; wall smooth, polished; aperture
central, terminal, with a distinct, short neck and a slightly toothed lip.

Length 0.80-1.00 mn-r.; diameter 0.60-0.65 mm.
Holotype (Cushman Coll. No. 45196) from the Chickahominy

fornration (Eocene), at a depth oI 430-440 feet in Yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia.

This species closely resembles "Glandwlina napaefomnis Stache"
fron-r the Tertiary of the Australian region, but differs in the larger
size and broader and less tapering early stages. The apertural char-
acters are similar to those of Stache's species.
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This species is cornmon and should
the Chickahominy formation. It occurs
390-400, 4m-4I0, 4tO-420, 420-430, and

make a good index fossil for
in wells 3 ancl 4 at 380-390,
430-44O feet.

t7

Pseudoglandulina sp. (pl. 3, fig. 5)

The specimen figured f rom the sample in wells 3 and 4, at depths
of 430-440 feet, has a very prominent ornamentation consisting of
longitudinal costae, but, as it was the only specimen found, no specific
identification has been atternpted.

Genus SenacnNanra Defrance, 1824

Saracenaria arcuata (d'Orbigny), var. hantkeni Cushman

(For figures, see U. S. Geol. Survey Prof. Paper 18i, pl. 5, figs.6,7,
1e35. )

Cr'i,stellaria arcwata, Hantken (not d'Orbigny), Magyar kir. fcildt. int.
Evkcinyve, vol.4, p.45, pl. 5, figs. 5,6, 1875 (1876); K.
ungar. geol. Anstalt Mitt. Jahrb., vol. 4, p. 53, pl. 5, figs. 5, 6,
1B7s (i881).

Saracenaria arcuata (d'Orbigny) , var. h,antkeni Cushman, Cushman Lab.
Foram. Research Contr., vol. 9, p.4, pl. 1, figs. II, t2, 1933;
U. S. Geol. Survey Prof. Paper 181, p. 77, p|.5, figs.6,7,
1935.

This species occurs in the American upper Eocene of South Caro-
lina, Alabama, and Mississippi. Specimens occur in samples from
rvells at Yorkto.,vn at the following depths : well 2, 33O feet; wells 3
and 4, 380-390, 3%-4m,400-410, 4lO-420, and 430-440 feet.

Genus FRonorcurenrR Defranc e, 1826

Frondicularia virginiana Cushman and Cederstrom, n. sp.
(Pl. 3, figs. 6-9)

Test cornparatively large, nearly as broad as long, strongly com-
pressed, the central portion slightly concave, periphery concave with
slight keel at each side, initial end with occasional, irregular, short,
spinose projections; chambers comparatively few, usually up to seven
or occasionally nine in the adult, increasing only slightly in height,
slightly convex in the middle; sutures distinct, slightly lirrbate, cle-
pressed somewhat, especially toward the middle of the test; wall
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mostly smooth but the earlier portion with a few variecl costae on the
proloculum and the following one to three chambers o{ten with slight
elevations in irregular longitudinal lines; aperture terminal, slightly
extended. radiate.

T,ength of holotype 2.ffi mm.; breadth 2.15 mm.; thickness 0-30

mm,
Holotype (Cushman Coll. No. 45211) from the Chickahominy for-

rnation (Eocene), at a depth of 420-430 feet in Yorktown Navy Mine
Depot wells 3 and 4, York County, Virginia.

This species slightly resembles Frond,icwlaria bratlyan'a Karrer but
differs in the broader test, more even chambers, and the ornamentation
of the early portion.

This is a rather striking species and, although not common, should
make a good inclex fossil. It occurs in well 2 at depths of 330 and
360 feet; in rvells 3 and 4 at 400-410, 410-430,430-4+A, and 464-47O

feet.

Genus LacrNe Walker and Jacob, 1798

Lagena cf. acuticosta Reuss

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 9, figs. 5, 6,

1e3s. )

A few specimens from wells 3 and 4, at depths of 380-390,
410-420, and 43O-44A feet, are referred to this species. They are

vefy rafe.

Lagena costata (Williamson)

(F'or figures, see IJ. S. Geol. Survey Prof. Paper i81, pl. 9, figs. 7, B,

1e3s. )

Entosolenio costata Williamson, Recent Foraminifera of Great Britain,
p.9, pl. 1, fig. 18, 1858.

Lagena costata Reuss, Akad. Wiss. Wien, Math.-naturwiss, Kl., Sitz-
ungsber, vol. 46, p. 329, pl. 4, fig. 54,1862 (1863).

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 23, pl.9, figs.
7,8, 1935.

This species is recorded from the upper Eocene, Ocala limestone
of Georgia. and Cooper marl of South Carolina. Rare specimens occur
in wells 3 and 4 at depths of 380-390, 390-400, 430-440, and 4ffi-4lo
feet.
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Lagena laevis (Montagu) ?

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl.9, figs.3,4,
1935. )

"Serpula (Lagena) laevis ovalis" Walker and Boys, Testacea minuta,
p. 3, pl. 7, fig.9, 1784.

Vernoi,cwlwm laeve Montaeu, Testacea Brittanica, p. 524, 1803.

Lagena laevis Williamson, Annals and Mag. Nat. History, 2d ser., vol.
l, p. 12, pl. 1, figs. I, 2, l8y'.B.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 22, pl.9, figs.
3, 4, 1935.

'Ihe only specimen referable to this species is from wells 3 ancl 4
at depths of 390-400 feet.

FanT ily POLYMORPHINIDAE

Genus Gurrur-rNe d'Orbigny, 1826

Guttulina problema d'Orbigny

(For figures and references, see U. S. Geol. Survey Prof. Paper 181,
p.23, pL.9, fr.g. 72, 1935.)

This is a widely distdbuted species. It occurs at the following
depths : well 2, 330, 360, and 380 feet; wells 3 and 4, 380-390, 390-
400, 4C0-41O, 470-420, 430-440, 450-460, 460-470, and 490-500 feet.

Guttulina irregularis (d'Orbign),)

(For figures and references, see U. S. Geol. Survey Prof. Paper 181,
p. 24, pl.9, figs. 13-16, 1935.)

Specimens referable to this species occur at the following depths:
well 2, 330 and 360 feet; wells 3 and 4, 380-390, 390-400, 400-410,
4lO-420, 430-440, 450-460, ancl 460-47A feet.

Guttulina hantkeni Cushman and Ozawa (Pl. 3, figs. 10, 11)

Polyntorphina acuta llantken (not d'Orbigny), K. ungar. geol. Anstalt
Mitt. Jahrb., vol.4, p. 60, pl. 8, fig. 4, 1875 (1881) (acwmi-
nata on explanation of plate).

t9
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Guttwlina hantkeni Cushman and Ozawa, U. S. Nat. Mus. Proc., vol.
77, art.6, p. 33, pl. 5, figs. 4-6, 1930.

Cushman and Dusenbury, Cushman Lab. Foram. Research Contr.,
vol. 10, p.60, pl.8, fig. 5, 1934.

Cushman and Todd, idem, vol. 18, p. 34, pl. 6, figs. ll, 12, 1942.
Curran, Am. Assoc. Petroleum Geologists Bull., vol. 27, p. I38l

(list),1943.

The types of this species are from the upper Eocene of Hungary.
It has been recoi'ded from the Naheola formation of the Midway group
(Paleocene) of Alabama, the Claiborne or equivalent beds of New

Jersey and Louisiana, and the Poway conglomerate and Tejon forma-
tion of California.

The species is common in the material {rom Yorktown, occurring
at the following depths:.wel|2,330, 360, and 380 feet; wells 3 and4,
380-390, 390-400, 400-410, 4IO-420,420-430, $A-44O, and 450-460 feet.

Genus Groeur,rNe d'Orbigny, 1839

Globulina gibba d'Orbigny

(For figures and references, see U. S. Geol. Survey Prof. Paper 181,
p.25, pl.9, fig. 18, 1935.)

This very common and widely ranging species occurs commonll'
in tlre well material at the following depths : well 2, 360 feet; wells 3
and 4, 380-390, 390-400, 4OO-410, 4LO-430, 43A-44O, 450-460, 470-
480, and 490-500 feet.

Globulina gibba d'Orbigny, var. punctata d'Orbigny (Pl. 3, fig. 12)

Clobuli,na punctata drOrbigny, Foraminif eres fossiles du bassin tertiaire
de Vienne, p. 229, pl. 13, figs. 17, 18, 1846.

Globwlina gi,bba d'Orbigny, var. pwnctata Cushman and Ozawa, U. S.
Nat. Mus. Proc., vol. 77, aft.6, p.69, pl. 17, figs. 4, 5, 1930.

Polyworphina hirsuta H. B. Brady, Parker, and Jones, Linnean Soc.
London Trans., vol.27, p.243, pl. 42, fr,g. 37,1870.

Reuss, Akad. Wiss. Wien, X{ath.-naturwiss. K1., Sitzungsber, vol.
62, pt. 1, p. 486, 1870; von Schlicht, Die Foraminiferen des
Septarienthones von Pietzpuhl, pl. 34, figs. 1-3, i870.

Jones and Chapman, Linnean Soc. Jour. Zoology, vol. 25, p. 511,
text fig. 2I,1896.
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Jones, Foraminifera of the Crag, pt. 3, p. 273, pl. 6, fig. t4, 1896.
Heron-Allen and Earland, Royal Micr- Soc. Jour., 1909, p. 435,

pl. 17, fig.7.
Franke, Greifswald Univ., Geol.-paleont. Inst., Abh., vol. 6, p.79,

pl. 6, fig. 22,1925.

Globu,lina rwgosa d'Orbigny, Foraminiferes fossiles du bassin tertiaire
de Vienne, p. 229, pl. 13, figs. 19, 20, IU6.

Terquem, Essai sur le classement des animaux qui vivent sur la
plage et dans les environs de Dunkerqug, pt. 2, p.77, pl. 10,

fig. 1, 1876.

Polymorphi,na rugoso Cushman, U. S. Nat. Mus. Bull. 104, pt. 4, p.

157, pl,41, fig.6, 1923.

Polym,orpkina globosa Karrer (not von Miinster), Akad. Wiss. Wien,
Math.-naturwiss. Kl., Sitzungsber, vol. 52, pt. 1, p. 497, pl.,

fig. 72,1865.

This variety is widely distributed in Europe and ranges from
upper Eocene to Recent. It has not been recorded from America.
Specimens that seem to belong to this variety occur at the following
depths: well 2, 3ffi feet; wells 3 and 4, 3W-4W, 410-430, and
490-500 feet.

Globulina inaequalis Reuss

(For references and figures, see IJ. S. Geol. Survey Prof. Paper 181,

p. 26, pt.9, flg. 22, 1935.)

' This species is widely clistributed and occurs in the Eocene, Oli-
gocene, and Miocene in America. It is not common in this material,
but occurs at the following depths: wells 3 and 4, 390-400, 400-410,
410-420, and 460-470 feet.

Globulina miinsteri (Reuss)

(For references and figures, see IJ. S. Geol. Survey Prof. Paper 181,

p. 27, pl. 9, fig. 25, 1935.)

The only specimen referable to this species was from wells 3 and
4 at depths of 42O-430 feet.

21
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Genus Poryl"ronpHrwe d'Orbigny, 1826

Polymorphina advena Cushman

(For figures, see lJ. S. Geol. Survey Prof. Paper 181, pl. 10, fig. 8,

193s. )

Polytnorpkina advena Cushman, U. S. Geol. Survey Prof. Paper I29,
p" 132, pl. 31, fig. 4, 1922; Cushman Lab. Forarn. Research
Contr., vol. 5, p. 41, pl. 7, fig. 5, 1929.

Cushman and Ozawa, U. S. Nat. Mus. Proc., vol. 77, art. 6, p.
118, pl. 30, fig. 10, 1930.

Cushman and Ponton, Florida Geol. Survey Bull. 9, p.67, pl. 10.
fig. 4, 1932.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 29, pl. 10, fig.
8, i935.

Cushman and McGlarnery, iclern, Prof. Paper 189-D, p. 106, pl.
24, fig.21, 1938.

Howe, Jour. Paleontology, vol. 16, p. 268 (list), 1942.
Cushman and Herrick, Cushnran Lab. Foram. Resealch Contr.,

vol. 21, p. 61, pl. 10, fig. 5, 1945.

This species is known from the Miocene of Florida, the Oligocene
of Alabama and lVlississippi, and the upper Eocene of Georgia, South
Carolina, Alabama, and Mississippi.

It is rare in the n-raterial from Yorktown, occurring only in wells
3 ancl 4 at depths of 400-410 feet.

Genus Srcuolronprrrxe Cushman and Ozawa

Sigmomorphina semitecta (Reuss), var. terquemiana (Fornasini)
(P1. 3, figs. 13, 14)

(For references, see U. S. Geol. Survey Prof. Paper 181, p. 28, 1935.)

The only occurrence of this variety is from wells 3 and 4 at
depths of 490-5@ feet.

Gentrs Srcuoroerr,a Cushman and Ozawa, 1928

Sigmoidella plummerae Cnshman ancl Ozarn,a (Pl. 4, figs. 1, 2)

Sigwoidella plwnunerae Cushman and Ozawa, U. S. Nat. Mus. Proc.,
vol.77, aft.6, p. I42, pL.39, fig. 3, 1930.
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Cushman, Cushrnan Lab. Forarn. Research Contr., vol. 6, p. 101,
1930; U. S. Geol. Survey Prof. Paper 181, p. 29, pl. 1O fig.
13, 1935.

Howe, Louisiana Dept. Cons. Geol. Bull. 14, p.56, pI.7, fig. 14,
1939.

This species occurs in the Cook Mountain formation of the crai-
bor'e group (Eocene) in Texas and Louisiana and is common in the
cooper marl of Jackson age (Eocene) in South carolina. It is common
in the samples from Yorktown at the following depths: well 2, 330
feet; wells 3 and 4, 380-390, 390-400, 400-410, 4lO-420, 42A-430,
130-440, 450-460, and 490-50O feet.

' Genus PorylronpnrNEr.r,A Cushman and, Hanzawa, 1936

Polymorphinella gracilis Cushman and Ceclerstrom, fl. sp.
(P1. 4, fiS. 3)

Test elongate, slender, early portion tapering to an acute point,
later portion with the sides nearly parallel, dorsal margin slightly con-
cave, ventral margin convex, apertural end bluntly pointed; chambers
distinct, the early biserial portion with four or five, slightly enlarging
chambers, three in the adult uniserial portion; sutures clistinct, slightly
depressed in the later portion; wall smooth; aperture terminal, radiate.

Length 0.76-0.90 mrr.; breadth O.12-0.15 mm.
Holotype (Cushman Coll. No. 45286), frorn the Chickahominy

formation (Eocene), at a depth of 390-400 feet in yorktown Navy
Mine Depot wells 3 and 4, Ylork County, Virginia. Specimens occur
also at 400-410 feet and in rvell 2 at 330 feet.

Tlris species differs from P. erongata Tour.rin in the smarler.
slenderer test, more pointed base, ancl less oblique sutures.

Family NONIONIDAE

Genus Nor.rroN Montfort, 1g0g

Nonion planatum Cushman and Thomas (pl. 4, fig. 4)

Nonion planatwn Cushn-ran ancl Thomas, Jour. paleontology, vol. 4,
p. 37, pl.3, fig. 5, 1930.

cushman and Dusenbury, cushman Lab. Foram. Research contr.,
vol. 10, p. 60, pl. 8, fig.6, 1934.

Cushman and Garrett, idem, vol. 15, p. gi, pl. 14, figs. lZ, 13,
1939.
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Howe, Louisiana Dept. Cons. Geol. 8u11. 14, p. 58, pl. 7, fr.gs, 24,
2( 10?O

Cushman, U. S. Geol. Survey Prof. Paper 191, p. 4,p|. l, fig. 15,

t939.
Beck, Jour. Paleontology, vol.17, p. 603, pl. lO7, fr.gs. 12,13,1943.
Cushn-ran and Applin, Cushman Lab. Foram. Research Contr., vol.

19, p. 37, pl. 7, fi.g. 2+, t9+3.
Kelley, Am. Assoc. Petroleum Geologists Bull., vol. 27, pp.8, Il

(lists),1943.
N{artin, Stanford Univ. Publ., Univ. Ser., Geol. Sci., vol. 3, no.

3, p. 11 (list), 1943.

Bandy, Jour. Paleontology, vol. 18, p. 370, pl. 60, fig. 15, 1944.

Cushman and Todd. Cushman Lab. Foram. Research Contr., vol.
2I, p. 15, pl. 3, fig. 29, 1945.

Cushman and Herrick, idem, vol.2l, p.61, pl. 10, fig. B, 1945.

This species is found especially in the Eocene in beds of Claiborne
age, but also in beds of Wilcox and Jackson age. It is recorded from
Georgia, Alabama, Mississippi, Louisiana, Texas, California, Oregon,

and Washington. It occurs in wells 3 and 4 at depths of 380-390, 390-

400, 400-410,47O-42A, and 430-440 feet.

Nonion danvillensis llowe ancl Wallace (Pl. 4, fig. 5)

Nonion danrillensis lfowe and Wallace, Louisiana Dept. Cons. Geol.

BulL2, p. 51, pl. 9, fig. 3, 1932.
Cushman, U. S. Geol. Survey Prof. Paper 191, p. 5, pl. 1, fig. 19,

1939.
Howe, Jour. Paleontology, vol. 16, p. 267 (list), 1942.

The records for this species are from the Jackson {ormation
(Eocene) of Louisiana and the Glendon formation (lower Oligocene)
of Alabanra. A single specimen from wells 3 and 4, at 430-440 |eet,
seems typical.

Genus NonroNBrr-a Cushman, 1926

Nonionella hantkeni (Cushman and Applin), var. spissa Cushman
(Pr. 4, fis. 6)

Nonionella hantkeni (Cushman and Applin), var. s/isso Cushman,

Cushman Lab. Foram. Research Contr., vol.7, p. 58, pl. 7,

fig. 13, 1931.
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Ellisor, Anr. Assoc. Petroleum Geologists Bu11., vol. 17, no. II,
pl. 2, figs. 70, 12, 1933.

Cushrrrarr, U. S. Geol. Survey Prof. Paper l8l, p.31, pl. 12, frg.
6, 1935.

Cushman ancl McGlamery, Prof. Paper 189-D, p. 106, pl. 25, fig.
2, 1939.

Cushman, Prof. Paper 191, p. 30, pl. 8, fig. 5, 1939.
Cushrnan and Herrick, Cushman Lab. Foram. Research Contr.,

vol.2l, p. 63, pl. 10, fig. 12,7945.

This variety occurs in the upper Eocene of South Carolina, Geor-
gia, Florida, Alabama, Mississippi, and Texas, and in the Oligocene of
Alabama. It occurs in wells 3 ancl 4 at depths of 380-390, 390-400,
and 4lO-420 feet.

Family HETEROHELICIDAE

Genus Gurrnnr,rNa Egger, 1899

Giimbelina cubensis Palmer, var. heterostoma Bermudez
(Pl. 4, fis. 7)

Giim,belina cwbensis Palmer, var. heterostonoa Bermuclez, Soc. cubana
hist. nat. NIem., vol. 11, p. 143, pl. 17, figs.5-7,1937.

The only previous record for this variety is from the Eocene of
Ctrba. Specimens from wells 3 and, 4, at depths of 3g)-400, 410-430,
and 430-440 feet, seem to be identical with this variety.

Genus Pr,rcrornoNDrculARrA Liebus, 1903

Plectofrondicularia cookei Cushman

(For figures, see IJ. S. Geol. Survey prof. paper 181, pl. 13, figs. 11,
12, t935.)

Plectofrondiculario coohei cushman, cushman Lab. Foram. Research
Contr., vol. 9, p. 11, pl. 1, fig.26, 1933; U. S. Geol. Survey
Prof. Paper 181, p. 34, pl. lZ, figs. 7I, 12,1935. '

Coryell and Embich, Jour. Paleontology, vol. 11, p. 303, pL.42, flg.
14, 1937.

Bermudez, Soc. cubana hist. nat. Mem., vol. 72, p. 19, 1938.
Martin, Stanford Univ. Publ., Univ. Ser., Geol. Sci., vol. 3, no.

3, p. 72 (list), 1943.
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Weaver, Washington Univ. (Seattle) Pub. in Geology, vol. 6, no'
I, p.25 (list), 1944.

Cushnran and Stainforth, Cushman Lab. Foram. Research Special

Pub. 14, p. 36, pl. 5, fi,g. 12, 1945.

This is a species of the upper Eocene, recorded from South Caro-
lina, Cuba, Panama, Trinidad, and California.

Rather typical specimens occur in wells 3 and 4, at depths of
450-460 and 470-480 feet.

Plectofrondicularia virginiana Cushman and Cederstrom, n. sp.

(Pl. 4, fig. 8)

Test very strongly compressed, rhomboid, longer than broad, initial
end somewhat rounded, periphery acute but not keeled; chambers
numerous, earlier ones biserial, soon becoming uniserial, low, extending
backrvard at the periphery, at least to the middle even in the final
chamber, not inflated; sutures distinct, strongly limbate; wall smooth
except for the very earliest portion which is raised somewhat in the

midclle; aperture terminal, without a neck.
Length 1.00-1.25 mm.; breadth 0.40-0.60 mm.; thickness 0.05 mm.' Holotype (Cushman Coll. No. 45306) from the Chickahominy

formation (Eocene), at a depth of 390-400 feet in Yorktown Navy
Mine Depot wells 3 and 4, York County; \rirginia.

This species is rather common and should make a good inclex

fossil. It occurs at the following depths: well 2, 33A and 360 f eet ;

wells 3 and 4, 380-390, 390-400, 4AO-41O, 410-430, 430-440, 45A-460,

170-480, and 490-500 feet. It differs from P. packardi' Cushman and

Schenck in tl-re smaller size, more rhomboid form, much more strongly
compressed test, and the basal portion with a single raised area.

Fan-rily BULIMINIDAE

Genus BultlrrNa d'Orbigny, 1826

Bulimina ovata d'Orbigny

(For figures ancl references, see U. S. Geol. Survey Prof. Paper 181,

p. 35, pl. 13, figs. 75,16,1935.)

This occurs comntonly at the following depths : well 2, 330 anrl
360 feet; wells 3 and 4, 380-390, 390-400, 400-410, 4lO-+20,424-430,
430-440. 4$-47A. ancl 490-500 {eet.
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Bulimina jacksonensis Cushman, var. cuneata Cushman

(For figures, see IJ. S. Geol. Survey prof. paper 181, pl. 13, figs. 10,

11,1935.)

Bulim'ina jacksonensis cushman, var. c,neata cushman, cushman Lab.
Foram. Research Contr., vol.2, pt.Z, p. 35, 1926; U. S. Geol.
Survey Prof. Paper 181, p.35, pl.13, figs.10,11,1935.

The only records for this variety are from the upper Eocene of
South carolina and Alabama. It is a common species in the material
frorrr Yorktorvrr occurrirrg at the following depths : wer 2, 380 feet;
wells 3 and 4, 380-390, 390-400, 430-440, 4SO-4(f., 460-420, 4ZO-480,
and 490-500 feet.

Bulimina cooperensis Cushman

(For figures, see U. S. Geol. Survey Prof. paper 181, pl. 13, figs. 12-
14, 1935.)

Bulhnina cooperensis cushman, cushman Lab. Foram. Research contr.,
vol.9, p. 12, pL. 1, fr.g.32, 1933; U. S. Geol. Survey prof.
Paper 181, p. 35, pl. 13, figs. 12-14, 1935; Cushman Lab.
Foranr. Research Contr., vol.27, p. 8, 1945.

'l-he records for this species are from the upper Eocene, Cooper
marl of South carolina and rwiggs clay member of the Barnwell for-
matior of Georgia. The only occllrrence in the rnateriar from york-
town is in well 2, at a depth of 360 f eet.

Genus VrncurrNe d'Orbigny, 1826

Virgulina minutissima Cushman (p1.4, fiS. 9)

virgulina winwtissimo cushman, cushman Lab. Foram. Research
Contr., vo|.27, p. 8, pl. 2, frg.7,1945.

This species, clescribeci from the Twiggs clay member of the
Barnwell formation (upper Eocene) of Georgia, occurs i* wells 3 ancl
4 at depths of 380-39Q 390-400, 400-410, 4IO-420, ancl 430-440 feet.

Virgulina recta Cushman, var. howei Cushman (pl. 4, fig. 10)

l/irgulina rccfa cushnralr. var. /iot"r,'i cushuran, cushrnan Lab. Foram.
Research Special Pub. 6, p.47, pL.7, fig. 4, 1936; Special
Pub. 9, p. 8, pl. 1, figs. 24,25, 1937.
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This variety from the Jackson formation (upper Eocene) in
Louisiana, is present in wells 3 and 4 at 390-400, 400-410, and 430-

440 feet.

Genus Ror-rvrxa d'Orbigny, 1839

Bolivina gardnerae Cushman, var. lineata Cushman and Ceder-
strom, n. var. (P1. 4, fig. 11)

Variety differs from the typical in the more rounded periphery

and the arrangement of the coarse perforations in distinct, longitu-
dinal lines.

Holotype of variety (Cushman Coll. No. 45347) from the Chick-

ahominy formation (Eocene), at a depth of 430-440 feet in Yorktown
Navy Mine Depot wells 3 and 4, York County, Virginia. Specimens

also occur in well 2, at 360 feet, and wells 3 and 4, at 410-42A, 420-430,

450-460, 470-480, and 490-500 feet.

Bolivina virginiana Cushman and Cederstrom, n. sp. (Pl. 4, fig. L2)

Test small, about twice as long as broad, initial end broadly
rounded, very gradually tapering, periphery acute, sometimes slightly
keeled near the initial end; chambers rather indistinct, increasing verv
gradually in size and height as aclded, not inflated; sutures in the later
portion lirnbate ancl slightly raised. gently curved; wall ornamented

with irregular, longitudinal costae on the earlier half, gradually becom-

ing obsolete toward the apertural end; aperture a fairly narrow open-

ing at the inner end of the terminal face of the last-formed charhber,

often with a slight lip.
Length 0.28-0.35 mm.; breadth 0.12-0.18 mm.
Holotype (Cushman Coll. No. 45354) from the Chickahominy

formation (Eocene), at a clepth of 380-390 feet in Yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia. The species also

occurs at depths of 390-400 and 400-410 feet in the same wells.

It differs from B. tectif ormis Cushman which it resembles, in the
thinner periphery, more irregular ornamentation, and lack o{ a distinct
median elevation.

Genus Loxosrorrurl Ehrenberg, 1854

Loxostomum longiforme Cushman and Cederstrom, n. sp. (P1. 4,
fig. 13)
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Test elongate, slender, about three times as long as br-oaci,
periphery rounded, base bluntly rountlecl, early portion slightly taper-
ing, adult portion with the sides nearly paraller or even contracting
slightly toward the apertural end; chambers numerorls, distinct, later
ones inflated, increasing gradually in height as add.ecl; sutures distinct,
stro.gly oblique but not curved, depressecl except in the earry portion;
wall coarsely perforate, with a tendency to a longitudinal arrange-
ntent, in sonre specimens very finely spinose; aperture ter'rinal,
elliptical.

Lengtl-r 0.32-0.40 mm.; breadth 0.10-0.12 mm.
Holotype (Cushrnan Coll. No. 45353) from the Chickahominy

formation (Eocene), at a depth of 380-390 feet in yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia. It also occurs at
depths of 390-400, 4W-4IO, 4lO-43O, and 430-44A feet in the same
wells.

This species differs from l. claibornense cushman in the straight-
er sutures and more nearly parallel sides.

Genus lJvrcBnrNe d'Orbigny, 1826

Uvigerina cookei Cushman

(For figures, see U. S. Geol. Survey prof. paper 181, pl. 15, figs. 14-
i6, 1935.)

Uztigerina cookei Cushman, U. S. Geol. Survey prof . paper 1g1, p. 39,
pl. 15, figs. 14-16, 1935.

Cushman and Edwards, Cushman Lab. Foram. Research Contr..
vol. 13, p.76, pl.11, figs. 10, II, 1932.

This species occurs in beds of Jackson age (Eocene) in North
carolina, South caroiina, Georgia, and Alabama. It is. co*rmon in the
nraterial from Yorktown at the following depths : wefi 2,330 and 360
feet; wells 3 and 4; 380-390, 390-400, 4W-4I0, 4lO-42A, 420-430,
430-440, 45A-460, and 470-480 feet.

Uvigerina dumblei Cushman and Applin
(For figures, see U. S. Geol. Survey prof. paper 181, pl. lS, fig. 17,

1e35. )
uaigerina dwm,blei cushman ancl Applin, Am. Assoc. petroleum Geolo-

gists I3u11., vol. 10, p. 177, pl. 8, fig. 19, 1926.
Cushman, U. S. Geol. Survey prof. paper 181, p. 39, pl. 15, fig.

17, 1935.
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Cushman ancl Eclwards, Cushman Lab. Foram. Research Coutr',
vol. 13, p. 78, pl. 11, fig. 17,1937.

This species has been recorcled only from the upper Eocene of

Texas. It occurs in wells 3 and.4, at depths of 410-430 feet, in typical

form.

Uvigerina gardnerae Cushman

(For figures, see U. S. Geol. Survey Prof. Paper' 181, pl. 15, figs' 18,

19, 1e35.)

Uztigerina gardnerae Cushman, in Cushman and Applin, Am' Assoc'

Petroleum Geologists Bull., vol. 70, p- 175, pl. 8, figs' 16, 17,

1926.
llowe ancl Wallace, Louisiana Dept. Cons. Geol. Bull' 2, p' 63,

pl. 12, fig.6,1932.
Cushman, U. S. Geol. Survey Prof. Paper 181, p' 40' pl' 15, figs'

18, 19, 1935.

cushman ancl Eclwarcls, cushntan Lab. Foram. Research cotltr.,
vol. 13, p. 79, pl. 11, figs' 19, 20, 1937. 

'-

This species is known from the upper Eocene o{ South carolit.ra,

Florida, Alabama, Mississippi, Louisiana, and Texas' Although re-

corcled elsewhere, the figures rlo not seem to be the same of no figtrres

are given. It occurs in wells 3 and 4, at depths of 380-390, 390-'+00'

4N 4I0,470-480, and 490-500 feet.

Uvigerina Yazooensis Cushman

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl' 16, figs' 5'

6, 1935.)

[]vi,gerina yazooensis cushman, cushman Lab. Foranr. Research contr.,

vol. 9, p. 13, p1. l, fi'g- 29, 1933;U. S' Geol' Survey Prof'
Paper 181, p.41, Pl' 16, figs. 5, 6, 1935.

cushman and Eclwards, cushman Lab. Foram. Research contr.,

vol. 13, p. 85, Pl. 12, figs. 16,17,1937'

This species is known from the upper Eocene of South Carolina'

Alabama, Mississippi, an<l probably from Mexico' It occurs at the

following depths ; well 2, 330 an<1 360 feet; wells 3 ancl 4, 390-400'

410-420, and 470-480 feet.
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Uvigerina elongata Cole (Pl. 4, fig. 15)

Uvigerina elongata Cole, Bull. Am. Paleontology, vol. 14, no. 51, p.

26, pl.4, figs. 2, 3, 1927.
Palmer and Bermudez, Soc. cubana hist. nat. Mem., vol. 10, p.

292. t936.
Cushman and Edwards, Cushman Lab. Foram. Research Contr..

vol. 13, p.78, p1.11, figs. 15, 16, 1937.
Cushman, idem, vol. 15, p.65, pl. 11, fig. i1, 1939.
Ifowe, Louisiana Dept. Cons. Geol. 8u11. 14, p. 71, pl. 8, fig. 20,

1939.

Galloway and Heminway, New York Acad. Sci., Scientific Survey
of Puerto Rico ancl the Virgin Islands, vol. 3, pt. 4, p. 428,
pl.33, fig. 5, 1941.

A few specin,ens appear to belong to this species described from
the Guayabal formation of lVlexico, and recorded from the Cook
Mountain formation of Louisiana, the Eocene of cores taken off the
east coast of the United States, the Oligocene o{ Cuba, and the upper
Oligocene to lower Miocene of Puerto Rico. The species occurs at
the following depths : well 2,330 feet; wells 3 and 4, 390-400, 400-410,
410-420, and 460-470 feet.

Genus ANcurocenrNe Cushman, 1927

Angulogerina cooperensis Cushman

(For figures, see U. S. Geol. Survey ProI. Paper 181, pl. 76, fi.g.9,
1e3s.)

AnguloEerino cooferensis Cushman, U. S. Geol. Survey Prof. Paper
181, p. 42, pl.16, fig. 9, 1935.

Bermudez, Soc. cubaua hist. nat. NIem, vol. lt, p.338, 1937.

Galloway and Heminway, New York Acacl. Sci., Scientific Sttrvey
of Puerto Rico ancl the Virgin Islands, vol. 3, pt. 4, p. 436,
pl. 34, fig. 13, 1941.

Cushman and Herrick, Cushman Lab. Foram. Research Contri,
vol.2l, p. 66, pl. 10, fig. 28, I9+5.

A few specimens referabie to this species, described from the

Eocene of South Carolina, occur in wells 3 and 4, at depths of 390-

400. 400-410. and 470-480 feet.

?1
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Angulogerina danvillensis Hor,ve and Wallace (P1. 4, fig. 16)

Angulogerina danaillensis Howe and Wallace, Louisiana Dept. Cons.
Geol. Bull. 2, p. 56, pl. 12, fig. 2, 1932.

The only record for this species is from the Jackson formation
(upper Eocene) of Louisiana

Specimens very similar to topotypes of this species occur at the
lollowirrg depths: well 2, 33O, 360, and 380 feet; wells 3 and 4,
380-390, 390-400, 40A-4I0, 4lO-42A, 420-430, 430-440, 450-460, 460-
170,470-480, and 490-500 feet.

Genus Exrosor,BNre Ehrenberg, 1848

Entosolenia cI. apiculata (Reuss) (P1. 4, fig. 14)

A single specimen from wells 3 and +, 41.0-420 feet, seems to
belong to this species.

Family ELLIPSOIDINIDAtr
Genus ErrrpsoNooosr\RrA A. Silvestri, 1900

Ellipsonodosaria atlantisae Cusl-rman, var. hispidula Cushman
(Pl. 4, figs. 17, 18)

E llip s ono d o saria atlant is aa Cushman, var. his pidulo Cushman, Cushman
Lab. Foram. Research Contr., vol. 15, p. 70, pI. \2, fig. 5.

1939.

The types of this variety are from the Eocene of a submarine core
off the eastern coast of the United States. The form is common in
the Eocene of the Yorktown wells at the following depths: well 2, 330
arrd 360 {eet; wells 3 and 4, 380-390, 390-400, 400-410, 4LO-420, 420-
430, 430-41O, 450-4@, and 47A-48A tuet.

Ellipsonodosaria cf. longiscata (d'Orbigny) (Pl. 4, figs. 19-21)

Specimens which may be referred to this species occur at the
{ollowing clepths: well 2, 330 feet; wells 3 and 4, 380-390, 390-400,
400-410, 4LO-430, 45A-460, and 490-500 feet.

Family ROTALIiDAE
Genus Drsconers Lamarck, 1804

i Discorbis alveata Cushman

(For figtrres, see U..S. Geol. Survey Prof. Paper 181, pl. 17, fi.g.4,
1935. )
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Discorbi,s alveata Cushman, Cushman Lab. Foram. Research Contr.,
vol. 9, p. 16, pl. 2, fig. 4, 1933; U. S. Geol. Survey Prof.
Paper 181, p.44, pl. 17, fig.4,1935.

The only record for this species is from the Jackson group (upper
Eocene) of Mississippi. A single typical specimen occurred in rvells

3 and 4 at depths of 4lO-42O feet,

Genus EpoNrons Montfort, 1808

Eponides jacksonensis (Cushman and Applin)

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 19, figs. 4-8,

1e3s. )

Pulvinwlitca jacksonensis Cushman and Applin, Am. Assoc. Petroleum

Geologists 8u11., vol. 10, p. 181, pl. 9, figs. 24,25, 1926.

ETonid,es jochsoncnsis Cushmarr. U. S. Geol. Survey Pro{. Paper 181,

p. 46, pl. 19, figs. 4-8, 1935.

Coryell and Embich, Jour. Paleontology, vol. 11, p.301, pl.43,
fi.g.5,1937.

Cole, Florida Geol. Survey Bull. 19, p.37, pl. 1, figs. 3,4, 1941.

Applin ancl Applin, Am. Assoc. Petroleum Geologists Bull., vol.
28, no. 12, pl. I, fig.6,1944.

Applin ancl Jorclan, Jour. Paleontology, vol. 19, p. 130 (list), 1945.

Cushman, Cushman Lab. Foram. Research Contr., vol. 21, p. 10,

1945.

1'his species is characteristic of the upper Eocene, occurring in
South Carolina, Georgia, Florida, Alabama, Mississippi, and Panama.

A single specinren occurred in wells 3 and 4 at depths ol 470-480 feet.

Eponides umbonatus (Reuss)

(For figures and earlier references, see IJ. S. Geol. Survey Prof. Paper

181, p. 48, pl. 19, fig. 10, i935.)

This species is very wideiv clistributecl in the Tertiary. It occurs

at tlre following depthsl. well2,330 and 360 feet; wells 3 and 4, 380-

390, 390-400, 400-410. 4lO-430, 430-440,450-460, and 470-48O feet.
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Genus Var,vur,rmenre Cushman, 1926

Valvulineria texana Cushman and Ellisor (Pl. 5, figs. 1, 2)

Valz,wlineria te.rana Cushman and Ellisor, Crrshman Lab. Foram. Re-
search Contr., vol.7, p. 56, pl. 7, fig.9, 1931.

lfowe ancl Wallace, Louisiana Dept. Cons. Geol. Bull. 2, p. 70,
pl. 13, fig. 6, 1932.

Ellisor, Am. Assoc. Petroleum Geologists Bull., vol. 17, no. 11, pl.
4, fig. 1, 1933.

Cushman and Herrick, Cushman Lab. Foram. Research Contr.,
vol.2l, p. 68, pl. 11, fig. 6, 1945.

This species is known from the Jackson formation (upper Eocene)
of Texas and Louisiana. Rare specimens occur in wells 3 and 4 at
clepths of 380-390, 400-410, 4IO-420, and 430-44O feet.

Genus Gynororxe d'Orbigny, 1826

Gyroidina orbicularis d'Orbigny, var. planata Cushman

(For figures, see U. S. Geol. Survey Prof. Paper 181, pl. 18, Iig. 3,

1e3s. )

Gyroid.i,na orbictilaris cl'Orbigny, var. pla.nata Cushman, U. S. Geol.
Survey Prof. Paper 181, p. 45, pL.18, fig. 3, 1935.

Cushman and Siegfus, San Diego Soc. Nat. History Trans., vol.
9, no. 34, p. 419, pl. 17, fig. 32, 1942.

Cushman and Frizzell, Cushman Lab. Foram. Research Contr..
vol. 19, p. 87, pl. 15, figs. 2-4, 1943.

The types of this variety are from the Cooper marl (upper Eo-
cene) of South Carolina. It is also recorcled from the Kreyenhagen
shale (Eocene ancl Oligocene) of California ancl the Lincoln forma-
tion (Oligocene) of Washington.

This variety is common in the Yorktown material at the following
depths: well2,330, 360 ancl 380 feet; .lr'ells 3 and 4,380-390, 390-400,
4@-410, 4IO-420, 120-430, 430-440, 450-4ffi, 460-470, 470-4ffi, ancl
490-500 feet.

Gyroidina danvillensis llowe and Wallace (Pl. 5, fig. 3)

Gyroidina d,anaillensis Howe and Wallace, Louisiana Dept. Cons. Geol.
8u11. 2, p. 69, pl. 13, fig. 3, 1932.

Nuttall, Jour. Paleontology, vol.9, p. l2B, pl. 15, figs. 10, 11, 1935.
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Martin, Stanford Univ. Publ., Univ. Ser.. Geol. Sci., vol. 3, no. 3,
p. 11 (list), 1943.

The types of this species are from the Jackson formation (upper
Eocene) of Louisiana. It is also recorded from the upper Eocene of
Venezuela and California. The only specimens are from well 2 at a

depth of 380 feet, and from wells 3 and 4 at depths of 4lO-42O feet.

Genus SrruoxrNe Reuss, 1849

Siphonina tenuicarinata Cushman (Pl. 5, frS. a)

Sifhonino tenuicarinata Cushman, Jour. Paleontology, vol. 1, p. 166,
pI.26, figs. 11, 12, 1927; U. S. Nat. Mus. Proc., vol. 72, art.
20, p. 6, pl. 4, fig. I, 1927.

Cole, Bull. Am. Paleontology, vol. 14, no. 51, p. 30, pl. 5, figs. 1,

2.1927.
Weinzierl and Applin, Jour. Paleontology, vol. 3, p.407,7929.
Cushman, Cushman Lab. Foram. Research Contr., vol. 5, p. 100,

pl. 14, frg.9, 1929.
Ntrttall, Jour. Paleontology, vol. 6, p. 26, 1932.
Hadlev, Bull. Am. Paleontology, vol.20, no.70A, p.23, 1934.
Palmer ancl Bermudez, Soc. cubana hist. nat. Mem., vol. 10, p.

304, 1936.
Coryell ancl Embich, Jour. Paleontology, vol. 11, p.301, pL.43,

frg.7,7937.
Hedberg, iclem, vol. Il, p. 679, pL.92, fig. 4, 1937.
LeRoy, Nat. Tidjschr. Nederl.-Indie, vol. 99, pt. 6, p. 258, pl. 3.

figs. 7-9, L939.
Coryell and Rivero, Jour. Paleontology, vol. 14, p. 337, pl. 43,

fius. 22,29, I94O.
Galloway and Heminway, New York Acad. Sci., Scientific Survey

of Puerto Rico and the Virgin Islands, vol. 3, pt. 4, p. 402, pl.
26, fig. 2, 1941.

Franklin, Jour. Paleontology, vol. 18, p. 316, pl.47, frg.7,1944.
Weaver, Washington Univ. (Seattle) Pub. in Geology, vol. 6, no.

1, p.25 (list), 1944.

'fhis species, from the recorcls, seems to be widely distributed in
formations of upper Eocene to Miocene. It is rather common in the
Yorktown material, occurring at the following depths : well 2, 330 {eet;
wells 3 and 4,380-390, 390-400, 400-410, 4lO-420, 420-430, 430-440.
450-460. arrd 490-500 fect.
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Genus EprsrourNa Terquem, 1883

Epistorpina eocenica Cushmar-r and M. A. Hanna (Pl. 5, figs. 5, 6)

Epistornina eocenica Cushman and M. A. Hanna, San Diego Soc. Nat.
History Trans., vol. 5, no.4, p.53, pl. 5, figs. 4,5, 1927.

Cushman and Schenck, California lJniv., Dept. Geol. Sci., Bull.,
vol. 17, p. 313, pl. 44, fi,g. 9, 1928.

Weinzierl and Applin, Jour. Paleontology, vol. 3, p. 407, L929.
Cushman and McMasters, idem, vol. lQ p.515, pl.76, fig. 5, 1936.
Cushman ancl Frizzell, Cushman Lab. Foram. Research Contr.,

vol. 79, p. 87, pl. 15, figs. 9, lO, 1943.
l\4artin, Stanford Univ. Publ., IJniv. Ser., Geol. Sci., vol. 3, no. 3,

p. 10 (list), 1943.
Cttshman and Simonson, Jour. Paleontology, vol. 18, p. 202, pl. 34,

fig. 6, 1944.

The range of this species seems to be frotr the middle Eocene
(Claiborne) to the lorver Oligocene, and it has been recorcled from
Texas, California, Oregon, and Washington. Our specirnens from
Yorktown seem to be identical with tl-re types with which tl"rey have
beetr cotnparecl. They occur at the following depths : well 2, 380 feet;
wells 3 and 4,380-390, 390-400, 400-410, 410-430, 430-440, and 4ffi-
470 feet.

Family CASSIDULINiDAE

Genus CnnerosurrurNa l'oula, I9l5

Ceratobulimina rotundata Cushman ancl Cederstrom. n. sD.

(P1. 5, fig. 7)

Test only slightly longer than broad, thick, periphery broadly
rounded, the final whorl forn.ring nearly the whole surface of the test;
chambers distinct, very slightly if at all inflated, usually sever.r in the
adult whorl; sutures distinct, the spiral suture on the dorsal side
slightly depressed, sutures sharply depressed on the ventral side,
especially tolvarcl the umbilicus; wall smooth, polished ; aperture nar-
rorv, extending into the apertural face which is clistinctly flattened.

Length 0.45-0.55 mm.; breaclth 0.35-0.45 n.rm.; thickness 0.30-
0.35 mm.

Holotype (Cushman Coll. No. 45477) from the Chickahominy
formation (Eocene), at a depth of 4@-410 feet in Yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia.
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This species differs from C. alozanensis Cushman ancl Harris in
the more rounded form and the much narrower aperture. This shoulcl
make a good index fossil for the Chickahominy formation. It occurs
irr well 2 at 330, 360 and 380 feet; r,vells 3 and, 4, 380-390. 390-400,
400-410, 410-420, 42A-40, 430-440. ancl 470-480 feet.

Genus PurvrNurrNnrra Cushman, 1926

Pulvinulinella atlantisae Cushman (Pl. 5, fiS. 8)

Pulvi,nul'inella atlantisae Cushman, Cush'ran Lab. Foram. Research
Contr., vol. 15, p. 72, pl. 12, flg. 16, 1939.

Cushman and Herrick, idem, vol.21, p.70, pl. 11, fig. B, 1945.

A few specimens seem to be identical with this species describerl
frorn the Eocene o{ a submarine core taken off the eastern coast of
the United States. They are from wells 3 and 4, at depths of 450-4@,
4ffi-470, 470-480, and 490-500 feet.

Pulvinulinella danvillensis Howe and Wallace (pl. 5, fig. 9)

Pulztinulinella d,anai,Ilensz's Howe and Wallace, Louisiana Dept. Cotrs.
Geol. Bull. 2, p.77, pl. 13, fig.7, 1932.

Cushman and Herrick, Cushman Lab. Foram. Research Contr.,
vol.2I, p;,70, pl. 11, fig. 9,1945.

This species was clescribecl from the Jackson forruation (Eocene)
o{ Louisiana and recorclecl from the McBean forn-ration of Georgia.
A number of typical specirnens occur in wells 3 and, 4 at clepths of
4lO-420 feet.

Genus CassrourrNa d'Or-bigny, 1826

Cassidulina globosa Hantken
(For figures and references, see U. S. Geol. Survey Prof. Paper 181,

p. 49, pl. 20, fig. 12, 1935.)

This species is particularly common in the Cooper marl (upper
Eocene) of South Carolina. A few specimens occur in .lvells 3 and 4
at depths of 390-400, 4m-410, and 4lO-420 feet.

Family CHILOSTOMELLIDAE
'Genus Punnxre Parker ancl Jones, L862

Pullenia quinqueloba (Reuss), var. angusta Cushman and Todd
(PI. 5, fig. 10)
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Pullenia Etinqweloba (Reuss), vat. angwsta Cushman and Todd, Cush-
man Lab. Foram. Research Contr., vol. 19, p. 10, pl. 2, fi.gs-

3, 4, 7943.

The records for this variety are mostly from the lower Eocene,

including Alabama, Texas, Mexico, and western Europe. Specimens,
evidently to be included in this variety, occur at the following depths:
well 2,360 f eet ; and wells 3 and 4,400-410, 4lO-42A, and 420-430 feet.

Family HANTKENINIDAE

. Genus HINTxENTNA Cushman, 1924

Hantkenina alabamensis Cushman, var. primitiva Cushman and

Jarvis (Pl. 5, frg. 11)

Hantkenina alabatnensis Cushman, var. primitiva Cushman and Jarvis,
Cushman Lab. Foram. Research Contr., vol. 5, p. 16, pl. 3,

figs. 2, 3,7g2g.
Renz, Sth Am. Sci. Congress Proc., p. 541 (list), 1942.

The only previous records for this variety are from the upper
Eocene of Trinidad. Rare specimens from well 2, at a depth of 33O

feet; and wells 3 and 4, at depths of 40O-410 feet, seem identical.

Family GLOBOROTALIIDAE

Genus Gr,ononorerre Cushman, 1927

Globorotalia cocoaensis Cushman

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 21, figs. 1-3,

1935. )

Globorotalia cocoaen,sis Cushman, Cushman Lab. Foram. Research

Contr., vol. 4, p.75, pl. 10, fig. 3, 1928.

Holve and Wallace, Louisiana Dept. Cons. Geol. 8u11. 2, p. 75,

pl. 14, fig.4,1932.
Ellisor, Am. Assoc. Petroleum Geologists Bull., vol. 77, no. ll,

pl. 4, fig. 6, 1933.

Cushman, U. S. Geol. Survey Prof. Paper 181, p. 50, pl. 21, figs.
1-3. 1935.

Coryell and Embich, Jour. Paleontology, vol. 11, p. 301, pl. 43,
fig. 17. 1937.
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Thalmann, Stanford Univ. Publ., Univ. Ser., Geol. Sci., vol. 3, no.
l, p.9 (Iist), 1942.

Cushman and Herrick, Cushman Lab. Foram. Researc! Contr.,
vol' 21, p. 71, pl. 11, fig. 13, 1945.

The records for this species are from the upper Eocene, including
Sc-ruth Carolina, Georgia, Florida, Alabama, Mississippi, and Panama.
It is also recorded from the E,ocene of Borneo. It is rare in the
material from Yorktown, occurring in wells 3 and 4 at depths of 390-
400 and 490-500 feet.

Globorotalia centralis Cushman and Bermudez (Pl. 5, fig. t2)
Globorotalia centrqlis Cushman and Bermuclez, Cushman Lab. Foram.

Research Contr., vol. 13, p. 26, pl. 2, figs. 62-65, 1937.
Howe, Louisiana Dept. Cons. Geol. Bull. 14, p. U, pl. 12, figs. 4-

6, 1939.

Cushn-ran and Herrick, Cushman Lab. Foram. Research Contr.,
vol. 2I, p. 71, 1945.

The records for this species are from the upper Eocene of Cuba,
the Cook Mountain fornation (middie Eocene) of Louisiana, and the
NIcBean {ormation of Georgia. Typical specimens occur rarely in well
2 at a depth of 330 feet, and in wells 3 and 4 at depths of 380-390,
390-400, .+00-410, and 4lO-42O feet.

Globorotalia crassata. (Cushman), var. densa (Cushman)
(Pl. 5, fig. 13)

Pulvinwlina crassa.ta Cushman, var. d,ensa Cushman, Am. Assoc.
Petroleum Geologists Bull., vol. 9, p. 3Ol, 1925.

Globorotalia crassata (Cushman), var. d,ensa Cushman and Barksdale,
Stanford Univ., Dept. Geology, Contr., vol. 1, no. 2, p. 68,
pl. 12, fig. 8, 1930.

Glaessner, Moscow Univ. Studies in Micropaleontology, vol. 1, p.

32, pL. I, frg.8,7937.
Cushnran, Cushn'ran Lab. Foram. Research Contr., vo7, 15, p. 74,

pl. 72, flg. 24, 1939.
Martin, Stanford Univ. Publ., IJniv. Ser., Geol. Sci., vol. 3, no. 3,

p. 11 (list), i943.

The types of this species are from the Eocene of Mexico. It is
also recorded from the E,ocene o{ California, the Caucasus region, and
from a submarine core taken off the eastern coast of the United
States. The only occurrence in our material is in wells 3 and 4.

at depths of 47A-480 feet,

39
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Family ANOMALiNIDAE

Genus Crsrcrons Montfort, 1808

Cibicides ouachitaensis Horve and Wallace (Pl. 6, fig. 1)

Cibicidcs ouachitaensis Howe an<I Wallace, Louisiana Dept. Cons. Geol.
BulL 2, p. 78, pl. L4, fig. 6, 1932. .

The only record for this species is from the Jackson formation
(upper Eocene) of Louisiana. It is fairly common in the Yorktown
wells at the following depths well2,36O and 380 feet; wells 3 and 4.
380-390, 400-410, 450-460, 47O-48A, and 490-500 feet.

Cibicides ocalanus Cushman (Pl. 6, frg. 2)

Cibicid,es ndssissippienszs (Cushman), var. ocolanus Cushman, U. S.
Geol. Survey Prof. Paper 181, p. 54,1935.

Applin and Jordan, Jour. Paleontology, vol. 19, p. 130 (list) ;

p. 148. 1945.

This f orm seems to be enough different f rorn typical C. noississip-

fiensis to warrant making it a distinct species. It is recorded from
becls of Jackson age (upper Eocene) from South Carolina, Georgia,
Florida, ancl Aiabama. It is common in the well material, occurring
at the following clepths: welT 2,330, 360 and 380 feet; wells 3 and 4,
380-390, 390-400, 400-410, 410-420, 420-430, 430-440, 450-460, 4@-
47O.470-480. and 490-500 feet.

Cibicides cf. pseudoungerianus (Cushman)

(For references and fiSy;r, :*^y ^S. 9.:t:j.r,t*y Prof. Paper 181.

p. 52, pl.23, fig. 1, 1935.)

Rare specimens from wells 3 and 4, at depths of 400-410 feet
ancl 410-420 feet are close to this species but not entirely typical.
More specimens are needed to confirm the soecific identitv.

Cibicides cf. cooperensis Cushman

(For figures, see IJ. S. Geol. Survey Prof. Paper 181, pl. 23, frg. 3,

1e35.)

Cibicides cooperensis Cushman, Cushn-ran Lab. Foram. Research
Contr., vol. 9, p. 2O, pl. 2, fig. ll, 1933; U. S. Geol. Survev
Prof. Paper 181, p. 53, pl. 23, fig.3, 1935.
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The only previous record for this species is from the Cooper
ruarl (upper Eocene) of South Carolina. Specimens that seem to
belong here are from well 2 at a depth of 330 feet, and wells 3 and
4 at depths of 390-400, 400-410, 410-430, and 430-440 feet.

Cibicides speciosus Cushman and Cederstrom, n. sp.
(Pl. 6, figs. 3, 4)

Test 
'early plano-convex, ventral side strongly convex, clorsal

side flattened or slightly convex in the middle, periphery acute but not
keeled; chambers distinct, not inflated, ten to twelve in the adult
whorl, of nearly u'iforn.r shape, very gradually increasing in size as
added; sutures distinct, on the ventral side, limbate and iaised above
the general surface, dorsally curved, limbate and very slightly raised;
wall coarsely perforate, dorsal side with a[ but the hnal who.l orr'a-
rnented with a complicated pattern of raised areas and depressions;
aperture extending onto the dorsal side with a distinct lip on the
inner margin of the last-formed chamber.

Diameter 0.65-0.80 mm.; thickness 0.25-0.35 mm,

_ Holotype (cushman coll. No. 4ss4o) from the chickahominy
formation (Eocene), at a depth of 390-400 feet in yorktown Navy
Mine Depot wells 3 and 4, York County, Virginia.

This species differs from C. pseudoungerianus (Cushman) in the
raised sutures and highly ornamented central area of the dorsal side.
It occurs in well 2, at depths of 330, 360 and 3g0 feet; and wells 3
and 4, at depths of 38O-390, 390-400, 400-410, 4lO_43A, 43O_44A.
45o-4ffi, 4ffi-470, 470-490, and 490-500 feet.

Cibicides sculpturatus Cushman and Cederstrom, n. sp.
(Pl. 6, figs. 5, 6)

Test plano-conl'ex, ventral side strongly convex, dorsal side flat-
te.ed or distinctly concave in some specimens, periphery in the early
stages subacute, rounded in the adult ancr slightly lobulate; chambers
of the early portion indistinct, as many as nine in the final whorl where
they are slightly inflated; sutures of the later portion distinct, slightly
curved and gradually more depressed as growth proceeds; wall very
coarsely perforate, the eclges of the pores raisecl to form a complex
pitted surface; aperture peripherar and extending into the dorsal side
*'ith a thi,, curved lip on the inner .rargin of the last-formed chamber.

Diameter 0.85-1.25 mni.; thickness. 0.40_0.50 mm.

^1at
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Holotype (Cushman Cotl. No. 45555) from the Chickahorninv

formation (Eocene), at a depth of 410-430 feet in Yorktown Navy

Mine Depot wells 3 ancl 4, York County, Virginia.
This species differs from C. lobatulus (Walker and Jacob) in the

very highly ornate test. It occurs commonly at the following depths

ancl should make a good index fossil: well 2, 330 feet; wells 3 and 4,

390-4m. 400-410. 410-430. 430-440, and 450-460 feet.
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. Prrrro 1

Frcune

l. Caud,ryina cf. G. (Pseudogaudryina) alazanensis Cushman.
x27.

2. Plectina ai,rginiana Cushrnan anci Ceclerstrorx, 11. sp. X62.
o, Front view; b, apertural view.

3. Robwlus z,irginianus Cushman and Cederstrom, 1r. sp. XZZ.

4, 5. Robulws gutticostatus (Giimbel). >.22.

6, 7. Plarularia crassilittftata (Nuttall) . X27.

t4sl
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Pr-eT'a 2

Frcune

l, 2. PLanwlaria sp. X.27.

3. Marginulina splenderis llantker-r. X42.

4. Marginulina triangutaris d'Orbisny, var. panauoensi,s Coryell
and Embich. X62.

5. Marginulina sultbwllata Hantken. )162.

6-10. Dentalina capitata (Boll). X2Z.

17, 12. Dentalina intermetlia I{antken. 17, XZZ. 12, X4Z.

73, 14. Dentqlina softzlo Reuss. X27.

15-18. Dentalina bez,ani Cushman an<1 Cederstrorn, n. sp. XZ7. 15,
Holotype. 16-18, paratypes.

19, 20. Dentalina sp. X42.

l47 l



Vrncrxr,t Grorocrcel SunvBy Burr-n:ux 67 Pr-a.rr 3



Vrncrxr.l Gror-octclr- Sunr-rv Brrur:rrx 67 Pr,trr 3



Pr,ara 3

Frcunn

l. Pseudoglandulina laeaigala (d'Orbigny). X62.

2. Pseud,oglandnlina conica (Neugeboren). X62.

3, 4. Pseud,ogland,ulittq virginiana Cushman and Cederstronr, n. sp.

X27. 3, Paratype. 4, Holotype.

5. Psewdogland,wlina sp. X27.

6-9. Frondicularia uirgiuiona Cushnran ancl Cederstrom, n, sp.

X27. 6-8, Paratyp es; 6, 7 , Young. 9, Holotype.

10, 11. Gu,ttulina hantkeni Cushman and Ozawa. X62.

12. Globwlina gibba d'Orbigny, var. putxctqta d'Orbigny. X27.

13, 14. Si,gnoom,orphina sendtecta (Reuss), var. terquemiana (Forna-
sini). X62.

i4el



Vrncrxr,t Grolocrc,lr Sunvny Buurtrx 67 Prere 4



\irnr;rsr-l Groloc;tcl.r- Sttntr:v Bur-r-rlrx 67 Pr.rta .{



Pr,err 4

Frcunn

1, 2. Sigwoidella plurnruerae Cushman and Ozawa. X27.

3. Polymorphinelta gracili,s Cushman and Cederstron, n. sp, X4Z.

4. Nonion planatwm. Cushman and Thomas. X62.

5. Nonion d,arruillensis Howe and Wallace. X62.

6. Nonionella hantheni (Cushman and Applin), var. spisso Cush-
man. X62.

7. Giimbelina cwbensis Palmer, vat. heterostonca Bermudez.
x100.

8. Plectofrond,icularia ztirginiana Cushman and Cederstrom, n.
sp. X42.

9. Virgwlina ncinutissirua Cushman. Xl2O.

10. Tirgulina recta Cushman, var. kowei Cushman. X120.

ll. Boliz,ina gardnerae Cushman, var. lineate Cushman and Cecler-
strom, n. var. X 100.

12. Botiztina uirgitti,ana Cushman and Ced.erstrom, n. sp. X100.
a, Front view; b, aoertural vierv.

13, Lotostonoww, longiforme Cushman and Cederstrom, n. sp.
x 100.

14. Entosoleniacf. apiculata (Reuss). X100.

15. Uviger'ina elongata Cole. X100.

16. Angulogerina danaillersrs Howe and Wallace . )162.

17, 18. Ellipsonodosaria atlant,i.sae Cushman, var. kispid.ula C.,shman.
x100.

19-21. Ellipsonodosaria cf . longiscatc (<i'Orbigny). X42.

tsl l
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Pr,eru 5

FrcunE

1. 2. Valawli,neri.a lenana Cushman and Ellisor. X100,

3. Gyroidina danaillensi.s Howe and Wallace. X100.

4. Siphonina tenuicarinalo Cushman. X62.

5, 6. Epistow,ina eocenica Cushman and \{. A. Hanna. 5, Section.
X42. 6, Ventral view. X62.

7. Ceratobulintitn rotundofo Cushrnan and Cederstroln, n. sp.

x62.

8. Pulainutinella otlantisne Cushman. X62.

9. Pulainulinella dqnz)illetcsis Howe and Wallace. X160.

IO. Pullenia qwinEteloba (Reuss), var. atr.gwsta Cushman arrd
Todd. X62.

1I. Hantkenina alabataemsis Cushrnan, var. pritnitiva Cushman
and Jarvis. X62.

12, Globorotalia ceiltrqlis Cushman and Bermudez. X62.

13. Globorotalia uassata (Cushman), var. densa (Cushman).
x62.

ls3l
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Pr,ltr 6

FrcunE

1. Cibicid,es ouachitaensis Howe and Wallace. X42. a, Dorsal
view; 1,, ventral view.

2, Ci,bicides ocalanus Cushman. X62.

3, 4. Cibi,cides sfeciosus Cushman and Cederstroln, n. sp. X42.' 3, Paratype. o, Dorsal view; D, ventral view. 4, Holotype.
o, Dorsal view; b, ventral view.

5, 6. Cibicitles sculpturalus Cushman anC Ceclerstrotr, n. sp. X42.
5, Holotype. n, Dorsal view; D, ventral vierv. 6, Paratype.
o, Dorsal view; D, ventral vien,.
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