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CONTRIBUTIONS FROM THE CUSHMAN 
LABORATORY FOR FORAMINIFERAL RESEARCH 

327. FORAMINIFERA FROM THE EOCENE, 
CHACRA FORMATION, OF PERU* 

BY JOSEPH A. CusHMAN and BENTON STONE 

The foraminifera of this formation are of interest as many of them are 
undescribed and others show relationships with other areas. 

CHACRA FORMATION 
Wiedey and Frizzell- proposed the Chacra shale for that part of Bos 

worth's Lobitos formation directly overlying the Parinas sandstone. 
These shales provided the Restin Ioraminifera described by Berry>, The 
formation is named from the International Petroleum Company's garden 
( chacra, in Spanish) which is located southeast of the type locality in 
Square Mile 3-N-33. In view of the extremely poor figures and inade 
quate descriptions in Berry's paper it is considered desirable to publish 
the complete fauna of the Chacra shale. 

Lithologically, the formation consists of firm, thinly laminar shale 
with carbonaceous partings and occasional silty layers. The lower part 
of the formation is sandier, with occasional thin beds of platy, fine 
grained sandstone. In outcrop the middle and upper parts of the forma 
tion are gray in color weathering to bluish-gray and the lower part is 
bluish-gray weathering to tan. Fish scales, bones and teeth as well as 
rare ostracods are present in the lower part of the formation where the 
foraminiferal fauna is more abundant. The upper part of the formation 
contains only rare Ioraminifera and is often completely barren. Due to 
faulting and the unconformity which separates it from the overlying 
Talara shale the Chacra formation is extremely variable in thickness 
and is absent in some areas. Although 900 to 1000 feet is usually con 
sidered maximum thickness for this formation a much greater interval 
* Published with the permission of the International Petroleum Company, Ltd. 
1 Wf cdev. L. ,:y_, and D. L. F'ri zzell. Revl sion or the Eocene atru.tig ru.nhv of northwestern 
Peru, Proc. 6th Pu.cirlc Sui Con gi-eas. 19:l'.-J. 1 

2 Berry, "\V., The for-a.m in i Cera of the ReatIu shale of nor-th wes tet-n Per-u. Eclog ae geol. Hel 
vettue. vol. 21.. 1928, 11n. 1:~0-1~5. 1 text flg. 

3 A desct-intf o n of the coordtnate system emploved by the International Petroleum Co.. Ltd., 
f n northwestern Pei-u may be found in li'i·iz:;o;ell, D. L., Upper Cretaceous Foru.minifei-a from 
nor-thweetei-n Peru, .Joui-n. Pur.. vol. 17, 1943, P. 33G. 
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has recently been encountered in one well. A thickness of some 750 feet 
has been measured in the type area. 
The Chacra formation rests upon the middle Eocene Parinas sand 

stone. It is overlain by the Talara shale from which it is separated by an 
unconformity. The Chacra shale is considered middle Eocene in age and 
the presence of such forms as Robulus cf. rnidioovensis (Plummer) and 
Globigerina cf. jJse1ulobulloides Plummer indicates a relationship with 
the Wilcox-Claiborne groups of the Texas Gulf Coast. Two of the typical 
Chacra species: Virgulina res tinensis (Berry) and Bolivina ignara n. sp., 
are present also in the middle Eocene of Colombia. This fauna, in part 
at least, may be expected to occur at other localities in South America. 

Most of the specimens in this paper come from the outcrop locality 
near the south edge of the Talara Golf Course, but in order to make the 
fauna as complete as possible several forms from well samples have been 
included. These latter species occur chiefly in the almost barren part of 
the formation and are seldom found well preserved in outcrop samples 
where the weathered zone may attain a thickness of some 50 feet. 
We are grateful to the Directors of the International Petroleum Com 

pany, Ltd., for permission to publish this fauna from the Chacra forma 
tion. The drawings of specimens illustrating the fauna were prepared by 
Sr. Manuel Alban of Negritos, Peru. The types and figured specimens 
are deposited in the collections of the Cushman Laboratory for Foram 
iniferal Research at Sharon, Massachusetts. 

Family REOPHACIDAE 
Genus REOPHAX Montfort, 1808 
RIDOl'HAX ? s11. (Pl. V, figs. 1, 2) 

A number of specimens in the Chacra material are difficult to place 
owing to the rather poor preservation. The aperture is evidently small 
and at the end of a short neck as shown in the shorter, broken specimen 
figured. Specimens show a considerable amount of variation. Some ap 
pear possibly biserial in the early stages and others suggest coiling. 

Family AMMODISCIDAE 
Genus AMMODISCUS Reuss, 1861 

AMMODISCUS 1mSTINl'}NSIS Berry (Pl. 9, fts- .. 3) 

An1,-modfrcus restinensi s BERRY, Eclogae geol. Helvetiae, vol. 21, No. 1, 1928, p .. 131, pl., 
fig. ·1; vol. 21, No. 2, 1928, p. 390. 
Specimens occurring frequently in the lower Chacra seem to be iden 

tical with this species described from the Restin shale of Peru and also 
recorded from the Lobitos shales. 
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Family LITUOLIDAE 
Genus HAPLOPI-IRAGMOIDES Cushman, 1910 

HArLor1ntAG~IOJDES cf. lUAURJCENSIS Huwe n.nd J£11is (PI. s. ftg, 4) 

Rare specimens in the Chacra formation seem to be related to this 
species described from the Eocene, Cook Mountain formation, of Louisi 
ana (Howe and Ellis, in Howe, Geo!. Bull. 14, Louisiana Geo!. Survey, 
1939, p. 30, pl. 1, figs. 3-5) and recorded from the Eocene, Yegua forma 
tion, of Texas (Cushman and Applin, Con tr. Cushman Lab. Forarn. Res., 
vol. 19, 19,13, p. 30, pl. 7, fig. 2). 
The Chacra specimens are slightly thicker but otherwise seem closely 

related to the types. The figured specimen is from the Chacra formation, 
I.P.C. well No. 3719, Square Mile 6-N-7, from a core at 2600-2608'. 
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Family TROCHAMMINIDAE 
Genus TROCHAMMINA Parker and Jones, 1859 

TltOCHA1'l~UNA 'l'EASI Cushman and Ellisor (Pl. H. fig. G) 

Trochanimina teasi CusHMAN and ELI.ISOR, Contr. Cushman Lab. Foram. Res., vol. 7, 
1931, p. 52, pl. 7, fig. 3.-ELI.ISOR, Bull. Amer. Assoc. Petr. Geo!., vol. 17, No. 11, 
1933, pl. 1, fig. 9.-CusHMAN and ELLISOR, Journ. Pal., vol. 19, 1945, p. 552, pl. 72, 
fig. 20. 
Fairly well preserved specimens from the Chacra material seem close 

to, although somewhat more compressed than, this species described 
from the Eocene of Texas and recorded from the Oligocene of Texas. 
Specimens are common in the lower Chacra. 

Family LAGENIDAE 
Genus ROBULUS Montfort, 1808 

JtOBULUS UUL'rISEI''l'Al<; (Bern) (Pl. 9, ns. G) 

Cristellari« nuiitis e-plae BnrnY, Eclogae geol. Helveriae, vol. 21, No. 1, 1928, p. 132, pl., 
fig. 2. 
This species was described from the Eocene, Restin shale, of Peru. 

Specimens common in the lower Chacra formation have similar thick 
ened costae and seem to belong to this species. 

Jt013ULUS cf. MIDWAYENSIS (PIurumm-) (Pl. !I. flg;s. 7, S) 

Common specimens in the lower Chacra formation seem to be very 
close to if not identical with this species described from the Paleocene 
of Texas. 

Genus FRONDICULARIA Defrance, 1824 
J1'ItONDICULAltlA CArl'rANA Cushman and Stone, n. SJ). (Pl. 9, fii;;s. 9-11) 

Test fairly large, strongly compressed, microspheric form tapering at 
the base, megalospheric form broad at the base; chambers numerous, 
coiled in the early stages of the microspheric form, increasing very 
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slightly and evenly in height as added; sutures distinct, very slightly 
depressed; wall smooth except for the central area which has three well 
developed costae, the median one extending nearly the whole length of 
the test, the two lateral ones variable in length but not usually more 
than half the length; aperture terminal, radiate, slightly projecting. 
Length 1.85-2.90 rnm.; breadth 1.10-1.60 mrn.; thickness 0.17-0.20 mm. 

Holotype (Cushman Coll. No. 47491) from the Eocene, Chacra for 
mation, sample No. S-145, from east bank of road cut on south edge of 
Talara golf course and at north end of tunnel, Talara, Peru. 
This species is unique in its very strong median costae which are very 

constant in their character. It is fairly common and well preserved and 
is restricted to the lower part of the Chacra formation. 

Family BULIMINIDAE 
Genus BULIMINA d'Orbigny, 1826 

llUJ:,l~UNA 1~UNC'J:A'l,O-C08TAT'A Cushman and Stone, n. s11. (PL 9. figs. 12, la) 

Test tapering from the rounded initial end to the greatest diameter 
at the last-formed whorl, apertural end broadly rounded, sides convex; 
charn bers numerous, increasing very regularly in size as added, slightly 
inflated; sutures distinct, deeply incised; wall coarsely perforate, orna 
mented with numerous longitudinal cost ae, the upper portions of the 
last-formed chambers in the adult often smooth; aperture an elongate 
comma-shaped slit in the apertural face extending to the inner margin. 
Length 0.75-0.90 rnm.; breadth 0.4:5-0.50 mm. 

Holotype (Cushman Coll. No. 47508) from the Eocene, Chacra for 
mation, I.P.C. well No. 3139, Square Mile 12-N-7, from a core at 3299- 
3305', Peru. 
This species differs from B. instabilis Cushman and Parker in the 

coarsely perforate test and the more even costae. It occurs rarely in the 
upper part of the Chacra formation. 

nu1:,11HINA (Ul·~81NOilffLTMlNA) J~XI-ANSA Onstunuu and Stone, n, SJ), (Pl. 9, fig-. 1-1) 

Test with the initial end sub acute, thence expanding rapidly to the 
greatest diameter at the last-formed chamber, apertural end broadly 
rounded; chambers somewhat irregular in height in the early portion, 
very broad and progressively higher in the last-formed portion; sutures 
indistinct, slightly depressed, very irregular in pattern; wall smooth; 
aperture terminal, with a distinct tooth. Length 1.00-1.25 mrn.; breadth 
0.50-0.62 mm. 

Holotype (Cushman Coll. No. 47512) from the Eocene, Chacra for 
mation, I.P.C. well No. 2779, Square Mile 6-N-7, from cuttings at 1980', 
Peru. 
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This species differs from Bulimina ( Desinobulimina} quadrata Plum 

mer in the larger and much more tapering form and broadly rounded 
apertural end. It differs from B. ( D.) diversa Cushman and Stone from 
the Chira shale of Peru in its more gradually tapering form and the ir 
regular pattern of its sutures. 
This species occurs frequently and ranges from middle to lower Chacra. 

It is usually associated with Siphogenerina solitaria n. sp. 

Genus VIRGULINA d'Orbigny, 1826 
VIRGULJNA JtJ£S'l'IN]•:NSIS (Ilorry) (Pl. 9, Hg;s. rs. lG) 

Bolivina restincnsis BERRY, Eclogue geol. Helvetiae, vol. 21, No. 2, 1928, p. 391, pl., fig. 5. 
Virg'll.lina res tinensis CusHMAN, Special Pub!. 9, Cushman Lab. Foram. Res., 1937, p. 11, 

pl. 2, figs. 4, 5. 
Numerous specimens of this rather ornate species described from the 

Restin shale of Peru occur in the Chacra formation. They are restricted 
to the lower part of the Chacra where they are frequently very abundant. 
The type figure is rather indefinite and does not show the surface orna 

mentation but topotypes from the author show the longitudinal costae 
very definitely. Our figured specimens show the extreme development of 
the costae and thickened sutures. Evidently, from our material and the 
topotypes, there is a considerable amount of variation in the species. 

VIRGUJ,.JNA J>l,')·~ItSA Cushman n.nd Stone, n. sn. (Pl. 9, fli;. 17) 

Test small, the triserial portion distinct, biserial portion forming a 
little more than half the test, sides in the biserial portion nearly parallel; 
chamb~rs distinct, inflated, broader than high in the biserial portion; su 
tures. distinct, depressed; wall smooth, distinctly perforate; aperture ter 
minal, elongate. Length 0.45-0.55 mm.; breadth 0.20-0.30 mm. 

Holotype (Cushman Coll. No. 47513) from the Eocene, Chacra for 
mation, I.P.C. well No. 2902, Square Mile 11-N-7, from a core at 3333- 
3345', Peru. 
This species somewhat resembles V. wilcoxensis Cushman and Ponton 

from the Wilcox Eocene of Alabama but differs in the much broader and 
lower chambers and more depressed sutures. Though often compara 
tively rare, V. diver sci first appears in the uppermost part of the Chacra 
shale and ranges through the middle and lower parts of this formation. 

Genus BOLIVINA d'Orbigny, 1839 
IlOLIVINA INSUETA Onshmun a.ml Stone, n. sp. (Pl. 10, fi.;;s. 1, 2) 

Test strongly compressed, initial end subacute, greatest breadth at 
the last-formed pair of chambers, sides nearly straight, slightly lobulate, 
periphery rounded; chambers distinct, inflated, increasing very gradually 
and evenly in size as added; sutures distinct, depressed, slightly curved; 
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wall smooth but coarsely perforate; aperture elongate, in the terminal 
face of the last-formed chamber. Length 0.35-0.40 mm.; breadth 0.20- 
0.23 mm.; thickness 0.10 mm. 

Holotype (Cushman Coll. No. 47514) from the Eocene, Chacra for 
mation, I.P.C. well No. 2902, Square Mile ll-N-7, from a core at 3333- 
33,15', Peru. 
This is an unusual species but a close study of a considerable series 

shows constant characters and that it should belong in Boliuina. It differs 
from B. crenulata Cushman in the thinner test, narrow aperture, and 
lack of indentations along the sutures. 
Bolioina insueta occurs rarely and first appears in the uppermost part 

of the Chacra formation. It is almost invariably associated with Virgu» 
lina diuersa n. sp. and Bulimina punctato-costata n. sp. 

H()J_,lVJNA lGNARA C11shmn11 a.1111 Stune. 11. SJ). (PL 10, fig-s, 3, 1) 

Test elongate, initial encl subacute, early portion rapidly increasing in 
width, main portion of the test with the sides nearly parallel, apertural 
encl broadly rounded, periphery subacute to slightly rounded; chambers 
numerous, earlier ones slightly if at all inflated, increasing very slightly 
in height as added, adult chambers more inflated and much higher, dis 
tinctly crenulate along the lower margin; sutures distinct, earlier ones 
limba te and raised; later ones depressed; wall smooth except for the 
limbate sutures and crenulate margins; aperture narrow, elongate, in the 
terminal face of the last-formed chamber. Length 0.50-0.62 rnm.; breadth 
0,20-0.25 mm.; thickness 0.12-0.14 mm. 

Holotype (Cushman Coll. No. 47494) from the Eocene, Chacra for 
mation, sample No. S-M5, from east bank of road cut on south edge of 
Talara golf course and at north end of tunnel, Talara, Peru. 
This species differs from B. chirana Cushman and Stone in the limbate 

sutures in the early portion and different pattern of the crenulate por 
tion. Its range is from middle to lower Chacra. 

Genus UVIGERINA d'Orbigny, 1826 
UYHa~JtlNA 1\0NU'.rA Cushman u.nd Storm, n. All.. (PL 10. flgs. 5, 6) 

Test elongate, initial end subacute, greatest breadth near the middle, 
apertural end tapering with a distinct neck; chambers inflated, distinct; 
sutures distinct, depressed; wall distinctly hispid or finely spinose; aper 
ture terminal at the end of a distinct neck with a phialine lip. Length 
0.35-0.50 mm.; breadth 0.17-0.20 mm. 

Holotype (Cushman Coll. No. 47497) from the Eocene, Chacra for 
mation, sample No. S-145, from east bank of road cut on south edge of 
Talara golf course, and at north end of tunnel, Talara, Peru. 
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This species differs from U. mantaensis Cushman and Edwards in its 

smaller and more slender test and from U. garzaensis Cushman and Sieg 
fus in its more elongate form. It occurs in the lower part of the Chacra 
formation where it is very rare. 

Genus SIPHOGENERINA Schlumberger, 1883 
SirHOGl~Nl£1tlNA so1 ... rrAU..[A Cushmnn and Storn~. n. SJ}. (Pl. 10, figs. 7' 8) 

Test elongate, stout, about twice as long as broad, rounded at the 
initial end, apertural end broadly rounded, sides slightly convex, circular 
in transverse section; chambers of the early triserial portion rather in 
distinct, later uniserial chambers increasing very gradually in height as 
added, slightly inflated; sutures distinct, depressed, slightly crenulate; 
wall ornamented with numerous low, longitudinal costae, not extending 
across the sutures; aperture terminal, depressed, without a definite lip. 
Length 0.85-1.05 mm.; diameter 0.50-0.55 mm. 

Holotype (Cushman Coll. No. 47511) from the Eocene, Chacra for 
mation, I.P.C. well No. 2779, Square Mile 6-N-7, from cuttings at 1980', 
Peru. 
This species resembles S. h.ughesi Cushman in general shape but differs 

in the costate surface, less distinct triserial portion, and lack of a definite 
neck. It occurs very rarely in the middle to lower Chacra. 

Family ELLIPSOIDINIDAE 
Genus ELLIPSONODOSARIA A. Silvestri, 1900 

ELLil'SONODOSAJUA sn. (Pl. 10. ns. 9) 

A very few specimens from the Chacra formation evidently belong to 
this genus. They somewhat resemble E. curuatura Cushman but there 
are not enough specimens to give the full specific characters. 

Family ROTALIIDAE 
Genus VAL VULINERIA Cushman, 1926 

VAJ .... VULINBltIA SUTUl~ALIS Cushman and Stone, 11. SJ>. (Pl. 10, figs. 10, 11) 

Test trochoid, biconvex, ventral side somewhat more convex than the 
dorsal, periphery rounded; chambers distinct, 6 or 8 in the adult whorl, 
increasing very gradually in size as added, very slightly inflated; sutures 
distinct, curved, limbate and raised on the dorsal side, on the ventral 
side slightly depressed, somewhat curved; wall smooth except for the 
raised sutures on the dorsal side; aperture an elongate opening on the 
ventral margin of the last-formed chamber with a distinct lobular projec 
tion over the umbilical area. Diameter 0.70-0.90 mm.; thickness OA5- 
0.55 mm. 

Holotype (Cushman Coll. No. 47500) from the Eocene, Chacra for- 
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mation, sample No. S-145, from east bank of road cut on south edge of 
Talara golf course and at north end of tunnel, Talara, Peru. 
This species differs from V. fioridana Cushman in the more evolute 

dorsal side, strongly limbate sutures and much thicker test. It is com 
mon and ranges from middle to lower Chacra. 

) 

Genus GYROIDINA d'Orbigny, 1826 
GYitOIDINA SC11.'A Cushman and Stone, n. SJ•. (Pl. 10, fig. 12) 

Test very small, trochoid, composed of about 2 Yz whorls, periphery 
broadly rounded, dorsal side only slightly convex, ventral side deeply 
umbilicate; chambers numerous, 9 or 10 in the adult whorl, of uniform 
shape, increasing very gradually in size as added, only slightly inflated; 
sutures distinct, little if at all depressed, nearly radial in the adult, 
slightly curved in the early stages; wall smooth; aperture a low opening 
under the edge of the last chamber on the ventral side. Diameter 0.18- 
0.20 mrn.; thickness 0.10-0.12 mm. 

Holotype (Cushman Coll. No. 47501) from the Eocene, Chacra for 
mation, sample No. S-145, from east bank of road cut on south edge of 
Talara golf course and at north end of tunnel, Talara, Peru. 
This species belongs to the group of Gyroidinas represented by C. 

scalata Garrett, C. planulata Cushman and Renz, and C. muitdocula 
Coryell and Mossman, but differs from all these 'in its fewer chambers, 
more rounded periphery, and smaller size. It is rare in the lower Chacra. 

Genus EPONIDES Montfort, 1808 
nPONll)I~S cf. l\lINIMUS Cushman (Pl. 10, ns. 13) 

Very rare specimens from the lower part of the Chacra formation are 
very much like this species which is rather widely recorded in the Amer 
ican Eocene. The dorsal side is somewhat less convex than in the types. 

Family CASSIDULINIDAE 
Genus CASSIDULINA d'Orbigny, 1826 

CASSIDUJ~INA lllV.ERSA Cuslunan and Stone, n. su. (PL 10, for. 14) 

Test small, periphery subacute to slightly rounded, chambers distinct, 
slightly inflated, five pairs making up the adult whorl, only a very small 

EXPLANATION OF PLATE 9 
Fies. 1, 2. Reot>/1.ax ? sp. X 55. 3. Am.modiscw restinensi, Berry. X 55. 4. Haplo 

j;/i,ragmoides cf. rnauricensis Howe and Ellis. X 100. a, side view; b, apertural view. 
5. Troch.cm1.mina teasi Cushman and Ellisor. X 55. 6. Robulus midtiseptae (Berry). 
X 35. 7, 8. R. cf. midwayensis (Plummer). X 55. 9-11. Frondic1.i.laria capit ana Cush 
man and Stone, n. sp. X 25. 10, Holotype. 9, 11, Paratypes. 12, 13. Bulimina punc 
tat.o-costat.i Cushman and Stone, n. sp. X 100. 12, Para type. 13, Holotype. 14 .. B. 
( Desinob11.li1nina) expa.nsa Cushman and Stone, n. sp, X 35. 15, 16. Virgu.lina resiin 
ensis (Berry). X 55. 17. V. diversa Cushman and Stone, n. sp. X 55. 

[
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portion of each set showing on the opposite side at the periphery, very 
gradually increasing in size as added; sutures distinct, slightly depressed; 
wall smooth; aperture elongate, on the ventral side of the last-formed 
chamber. Diameter 0.20-0.27 mm.; thickness 0.10-0.12 mm. 

Holotype (Cushman Coll. No. 47503) from the Eocene, Chacra for 
mation, sample No. S-145, from east bank of road cut on south edge of 
Talara golf course and at north encl of tunnel, Talara, Peru. 
This is a very small species, differing from C. crassa d'Orbigny in the 

smaller size and broader chambers. It is common in the lower Chacra. 

Family GLOBIGERINIDAE 
Genus GLOBIGERINA d'Orbigny, 1826 

GLOBIGEltINA cl'. l'SEUllOBULJ,OIDES Pl ummcr (Pl. 10, 1lg. 15) 

Specimens occurring commonly in the lower Chacra seem close to this 
species described from the Paleocene of Texas and recorded also from 
beds of Wilcox age and perhaps younger in the Eocene. 

Family GLOBOROTALIIDAE 
Genus GLOBOROTALIA Cushman, 1927 

G:LOHOR01'ALIA er. T\U~~l\lllltANAC:EA (Ehrenberg) (Pl. 10, fig , lG) 

Very rare specimens in the lower Chacra are very similar to this 
species described from the Upper Cretaceous and recorded also from the 
Paleocene and Wilcox Eocene. 

Family ANOMALINIDAE 
Genus ANOMALINA d'Orbigny, 1826 

ANOMALINA ltES'l'INJcNSIS Herry (Pl. 10, !ig-. 17) 

Anomalina res iinensis BERRY, Eclogae geol. Helveriae, vol. 21, No. 1, 1928, p. 134, pl., 
fig. 1; No. 2, p. 392. 
This species was described from the Eocene, Restin shale, of Peru and 

recorded from the Lobitos shales. Even though the figures and descrip 
tion are rather inadequate, our specimens seem to be enough like the 

EXPLANATION OF PLATE 10 
FIGS. 1, 2. Bolivina insuet.a Cushman and Stone, n. sp. X 100. 1, Paratype. 2, 

Holotype. 3, 4. B. igiwra. Cushman and Stone, n. sp. X 55. 3, Holotype. 4, Para type. 
5, 6. Uoigerina 111,1111.ta Cushman and Stone, n. sp. X 100. 5, Para type. 6, Holotype. 
7, 8. Siphogenerina solitaria Cushman and Stone n. sp. X 55. 7, Holotoype. a, side 
view; b, apertural view. 8, Thin section. 9. Ellipsonodosa.ria sp. X 55. 10, 11. Val 
uulineria suJwral.:S Cushman and Stone, n. sp. X 55. 10, Paratype, ventral view. 11, 
Holotype, dorsal view. 12. Gyroidina. sciia Cushman and Stone, n. sp. X 100. a, dorsal 
view· b ventral view. 13. Eponides d. miniuius Cushman. X 100. a, dorsal view; 
b, ve'ntr~l view. 14. Ca.ssidu.lin.a diversa. Cushman and Stone, 11. sp. X 100. 15. Globi 
gerina cf. psewdob-ulloules Plummer. X 100. a., dorsal view; b, ventral view. _ 16. 
Globorotalia cf. -mem.branacea (Ehrenberg). X 100. a., dorsal view; b, ventral view. 
17. Anomalina restinensis Berry. X 100. a, dorsal view; b, ventral view. 
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original figures to be assigned to this species, It is very rare in the lower 
Chacra. 

328. PAVONINOIDES, A NEW GENUS 
OF THE MILIOLIDAE FROM PANAMA 

BY PEDRO J. BERMUDEZ 

In the marly limestone of the Oligocene (probably middle) of Panama 
were found numerous specimens of this peculiar fragile species of forami 
nifera of the family Miliolidae. The following new genus and new species 
is proposed. 

Genus PA VONINOIDES Bermudez, n. gen. 
Genotype: Pauoninoides j)anamteusLr Bermudez, n. sp. 

Test in the early stages triloculine, later uniserial, flabelliform; wall 
calcareous, imperforate, surface covered with fine granulations; apertures 
in the adult many small openings in a single line along the periphery of 
the last chamber.-Oligocene. 

Pauoninoides jJamamensis Bermudez, n. sp. 

Test large, compressed, very thin, flabelliform, chambers numerous, 
early stages triloculine, later ones uniserial, broad and low, interior un 
divided; wall calcareous, imperforate, with very fine ornamentation 
which consists of a regular fine granulation extending over the entire 
surface of the test; apertures in the adult many small openings in a 
single line along the periphery of the last chamber. Length 1.75-2.00 
mm.; breadth 1.75-2.50 mm.; thickness 0.08-0.10 mm. 

Holotype (Cushman Coll. No. 47'183) from the Oligocene (probably 
middle), Madden Lake, Panama Canal Zone. 
The form of this genus seems to be similar to that of Pavonina of the 

family Buliminidae but the triloculine initial stage and irnperforate wall 
relate the genus to the Miliolidae. 
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329. SPECIES OF THE GENERA ALLOMORPHINA 
AND QUADRIMORPHINA* 

BY JosEPH A. CusHMAN and Rurn Tonn! 

The subfamily Allomorphininae of the foraminiferal family Chilosto 
mellidae includes the genera Allomor-phima and Quo.drimor phino, forms 
which are trochoid throughout and have three or more chambers per 
whorl. The subfamily ranges from the Jurassic, where its occurrence is 
very rare, through the Cretaceous and Tertiary to the Recent. The epoch 
of its greatest abundance, both in individuals and species, is the Upper 
Cretaceous. Since then it seems to have been steadily decreasing in abun 
dance, and Recent specimens, while usually large in size, are quite rare. 

Genus ALLOMORPHINA Reuss, 1850 
Genotype, Allomor-phina trigona. Reuss 

Allomor-pliina Ruuss, Denkschr. Akad. Wiss. Wien, vol. 1, 1850, p. 380.-H. B. BRADY, 
Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 437.-CHAl'MAN, The Foraminifera, 
1902, p. 183.-CusHMAN, Bull. 71, U.S. Nat. Mus., pt.•±, 191'1, p. 3; Bull. 104, pt. 5, 
1924, p. 3.-Warrn, Journ. Pal., vol. 2, 1928, p. 304.-CusHMAN, Contr. Cushman 
Lab. Foram. Res., vol. 12, 1936, p. 71; Foraminifera, 4th Ed., 1948, p. 318. 

Bulimina (part), Eggerella (part), and Chilosiomella (part) of authors. 

Test trochoid, adult with three chambers to a whorl; chambers inflated 
and enlarging rapidly as added, often very involute but not completely 
enclosing the earliest chambers; wall calcareous, perforate; aperture an 
elongate arched opening, below the' border of the last-formed chamber 
on the ventral side, sometimes with a slight lip.-J urassic?, Upper Cre 
taceous to Recent. 

Ecologically, from its Recent records, the genus is a deep-water, prob 
ably benthonic, form. It has been recorded from 80 to 805 fathoms. It 
apparently ranges from tropical to arctic regions. 
In our previous study of Sph.aeroidina it was suggested that that genus 

had originated in the early Eocene from a Pullenia ancestor by the addi 
tion of the later chambers in an irregular and more embracing manner. 
It now seems possible that the genus Sphoeroidina originated from an 
Allomorphina ancestor whose chambers became more embracing so that 
they completely enclosed the spire, and by the changes in the position of 
the aperture, both with respect to the spire and to the adjacent sutures. 
Our previous paper (These Contributions, vol. 25, pt. 1, 1949, pp. 12, 13) 

* Published by permission of the Director, U. S. Geological Survey. 
1 This paper was onlv partly completed at the time of Dr. Cushman's death. Therefore. tho 
responsibility for any errors of fact or tnternretu.tton i s rnv own. R. T. 
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gives a discussion of the structure of Sphaeroidina, and figures 2 and 6 
on plate 4 in that paper show species of Sphaeroidina which may be con 
sidered transitional from Allomor-phina. Allomorphina conica, n. sp., 
described in the present paper (plate 11, figure 8), likewise may be con 
sidered a transitional form tending toward Sphaeroidina. 

Seventeen species and one variety are here included in Allomor-phina 
and are grouped according to geologic age. 

JURASSIC SPECIES 
ALI. .. Oi\'IOH.l)JJINA PJ(ill\'IA 'l'cr11uem (PI. 11. fig, 1) 

Aliomor-phina prima TERQUEM, Mem, Soc. geol. France, ser. 3, vol. 4, 1886, p. 64, pl. 7, 
fig. 20. 
"Test oval-oblong, compressed, smooth, anterior encl broad, posterior 

end rounded and narrowed, oval in end view, composed of a large final 
chamber and three crescent-shaped projecting ones; aperture a straight 
slit with a bordering lip, at the base of the last chamber. Length 0.78 
mm.; breadth 0.70 mm."-Translation. 
The types of this species are from the Jurassic, Fuller's Earth, of 

Wepazow, near Varsovie, France. It has not been recorded elsewhere. 
We have not found any Allomorphinas in any Jurassic material we have 
examined, nor have any other Jurassic Allomorphinas been recorded. 

From the figure and description this would seem to be definitely an 
Allomor-phina and is the earliest record for the genus and family. 

CRETACEOUS SPECIES 
ALL<HIOltl'IUNA OBJAQUA Reuss (Pl. 11, fig. 2) 

Allomor-pliina oblioua Ruuss, Hai<linger's Nat. Abhan<ll., vol. 4, pt. 1, 1851, p. 42, pl. 4, 
fig. 5.-0LSZEWSKI, Sprawozd. Kom. Fizyj. Akad. Umiej, Krakowie, vol. 9, 1875, 
p. 122.-CusHMAN, Contr. Cushman Lab. Forarn. Res., vol. 12, 1936, p. 71. 

Test in front view nearly triangular, the base formed by the earlier 
chambers nearly straight, and the last-formed chamber with the sides 
convex but the encl of the chamber subacute, in end view broadly oval; 
chambers distinct, the last-formed one making up nearly the whole of the 
surface of the test, largely covering the earlier ones; sutures slightly de 
pressed; wall smooth; aperture elongate, very narrow, at the base of the 
last-formed chamber. Length 0.50-0.60 mm. 
The types of this species are from the Upper Cretaceous of Lemberg 

and it has also been recorded from the Upper Cretaceous of Hungary. It 
is somewhat larger than A. cretacea Reuss, the last-formed chamber mak 
ing up a larger proportion of the test, and the whole very different in 
shape. We have not found any specimens in the material from Lemberg 
we have examined. 
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ALJ,OMOitl'lHNA (1RE'l'ACEA Reuss (Pl. 11. fli;s. a. 4) 

Allomar1,h.ina cret.acea Reuss, Haidinger's Nat. Abhandl., vol. 4, pt. 1, 1851, p. 42, pl. 4, 
fig. 6; Sitz. Akad. Wiss. Wien, vol. 44, 1861 (1862), p, 320.-GiiMBEL, Sitz. k.-bay. 
Akad. Wiss., vol. 2, 1870, p. 287 (list).-KARRER, Jahrb. k. k. geol. Reichs., vol. 20, 
1870, p. 182.-0LSZEWSKI, Sprawozd. Korn. Fizyj, Akad. Umiej, Krakowie, vol. 9, 
1875, p. 122.-FRANKE, Abhandl. geol.-pal. Inst. Univ. Greifswald, vol. 6, 1925, p. 28, 
pl. 2, fig. 26.-STORM, Loros, PRAG, vol. 77, 1929, p. 60 (list) .-CUSHMAN, Con tr. 
Cushman Lab. Forarn. Res., vol. 12, 1936, p. 71. 

Test ovoid in front view, slightly broader at one end, periphery broadly 
rounded, broadly elliptical in end view; chambers distinct, strongly in 
volute, the last-formed one making up a large part of the surface and the 
two preceding ones the remainder; sutures distinct, very slightly de 
pressed; wall smooth; aperture an elongate, narrow slit at the ventral 
margin of the last-formed chamber, with a very narrow lip. Length 
0.33-0.50 mm. 
The types of this species are from the Upper Cretaceous of Lemberg: 

It has been recorded from numerous localities in the Cretaceous of Cen 
tral Europe. Reuss also recorded it from Cretaceous greensand of New 
Jersey. Very similar specimens occur in the Upper Cretaceous of Cali 
fornia but are unlike the specimens referred to it by Cushman and 
Church (Proc. Calif. Acad. Sci., ser. 4, vol. 18, 1929, p. 517, pl. 41, figs. 
12, 13). 
A number of Cretaceous records for A. trigona Reuss may belong to A. 

cretacea, but the figures given are not very distinctive, and it would be 
necessary to examine the original specimens to confirm their identification. 

AI,LOMOitl'HINA VELASCOENSIS Cushman (Pl. 11, flg , 5) 

Allomorphina oelascoensis GusHMAN, Bull. Amer. Assoc. Petr. Geo!., vol. 10, 1926, p. 604, 
pl. 20, fig. 20; Contr. Cushman Lab. Foram. Res., vol. 12, 1936, p. 72, pl. 13, fig. 2; 
U. S. Geo!. Survey Prof. Paper 206, 19,16, p. 146, pl. 60, fig. 8. 

Test small, in dorsal view broadly oval, in side view subtriangular, 
consisting of a few chambers, 3 making up each coil, the chambers rapidly 
increasing in size as added, inflated; sutures distinct but only slightly 
depressed; aperture on the ventral side near the central point, with a 
distinct, overhanging lip. Length 0.30 rnm.; breadth 0.30 mm.; thickness 
0.22 mm. 
The types are from the Velasco shale (Upper Cretaceous), of the Tam 

pico Embayment region of Mexico. The other records for the species 
from Colombia and Trinidad probably belong elsewhere, but a larger 
series of specimens is needed to determine their specific position with 
certainty. 

ALJ,OMOltPJHNA NAVAIUWANA Cushman (Pl. 11, as. 6) 

Allomor-phinn naoarroana CusHMAN, Contr. Cushman Lab. Foram. Res., vol. 12, 1936, 
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p. 73, pl. 13, fig. 1.-CusnMAN and Touo, I. c., vol. 19, 19,±3, p. 70, pl. 12, fig. 9. 
CusHMAN, U. S. Geo!. Survey Prof. Paper 206, 1946, p. 145, pl. 60, fig. 5. 
Test of rather small size, trochoid, slightly longer than broad, height 

and breadth about equal, spire low but test not much compressed, pe 
riphery generally rounded; chambers distinct, very slightly inflated in 
early portion, last two of the final whorl making up a very large propor 
tion of the test, rriserially arranged in the young, almost biserial in the 
adult; sutures distinct, very slightly depressed; wall smooth, finely perfor 
ate; aperture ventral, elongate, low, with a distinct, overhanging lip. 
Length 0.30-0.35 mm.; breadth 0.25 mm,; thickness 0.25 mm. 
The types are from the Corsicana marl (Upper Cretaceous), Corsicana 

marl pit near Corsicana, Navarro County, Tex. It is also recorded from 
other localities in the Corsicana marl and Kemp clay of Texas. 
It differs from A. ueiascoen.sis Cushman in the lower, less pointed spire, 

and less inflated chambers with the last two making up a very large part 
of the test. The species tends toward Chilostomella. 

AJ .... I,(fl\l0l{,£ll1INA l\UNUTA Cushman (Pl. 11, fl:;. 7) 

Allomorp/i.ina minuia CusHMAN, Contr. Cushman Lab. Forarn. Res., vol. 12, 1936, p. 72, 
pl. 13, fig. 3; vol. 20, 1944, p. 14, pl. 3, fig. 7; U. S. Geo!. Survey Prof. Paper 206, 1946, 
p. 145, pl. 60, fig. 6. 

Test small, trochoid, with a depressed spire, ventral side flattened, or 
slightly convex, dorsal side slightly convex, periphery rounded; cham 
bers triserially arranged, enlarging rapidly as added, slightly inflated; 
sutures rather indistinct, except in the last whorl, very slightly depressed; 
wall smooth, distinctly perforate; aperture on the ventral side with a dis 
tinct, arched, overhanging lip. Length 0.15 mrn.; breadth 0.12 mm.; 
height 0.08 mm. · 
The types are from the Gober tongue of the Austin chalk, public road, 

east of junction with U. S. Highway 69, in east-facing slope, 1 mile east 
of Trenton, Fannin County, Tex. Other occurrences include the typical 
Austin chalk and the Pecan Gap chalk member of the Taylor marl. 
It differs from A. uelascoensts Cushman in its smaller size and greatly 

depressed spire. 
ALl.OillORl'lIINA CON.lCA Cushman a.nd Todd, n. sn. (Pl. 11, fig. 8) 

Bu}i1nim1. (?) t.roclioides CusHMAN (not "Globigeriua trochoides Reuss"), Tenn. Div. 
Geo!., Bull. 41, 1931, p. 48, pl. 7, fig. 20. 

Allonior-pliino troclioulc s CusHMAN and JARVIS (not "Clolrigerina trochoules Rnuss"), 
Proc. U. S. Nat. Mus., vol. 80, Art. H, 1932, p. 49, pl. 15, fig. 3.-CusnMAN (part), 
U. S. Geol. Survey Prof. Paper 206, 1946, p. HS, pl. 60, fig. 7.-CusnMAN and RENZ, 
Special Publ. 18, Cushman Lab. foram. Res., 1946, p. 46, pl. 8, fig. 6; I. c., Contr., 
vol. 23, 19,17, p. 49. 

Eggerella (?) troclioides CusHM.i\N (part) (not "Globigerina troclioules I{Euss"), Special 
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Pub!. 8, Cushman Lab. Foram. Res., 1937, p. 46, pl. 5, fig. 1 (not fig. 2); U. S. Geo!. 
Survey Prof. Paper 206, 1946, p. 43, pl. 12, fig. 2.-CusHMAN and RENZ, Special Publ. 
18, Cushman Lab. Foram. Res., 1946, p, 22, pl. 2, fig. 20; I. c., Contr., vol. 23, 1947, 
p. 39.-CusHMAN, Bull. 2, Maryland Dept. Geol., Mines and Water Resources, 1948, 
p. 2'17, pl. 21, fig. 10. 

Test triserial, consisting of a small, sharply conical early portion, and 
an inflated later portion made up of the last three chambers in the adult; 
chambers indistinct in the early portion, strongly embracing, becoming 
increasingly inflated and subglobular; sutures distinct and depressed in 
the later portion, early sutures obscure; wall smooth and polished, very 
finely perforate; aperture an elongate, slightly arched slit under the ven 
tral edge of the last-formed chamber. Length 0.40 mm.; breadth 0.35- 
0.38 mm. (measured in conventional position for Allomorphina.); great 
est dimension from tip of spire 0.45-0.48 mm. 

Holotype (Cushman Coll. No. 15458) from the Lizard Springs forma 
tion (Upper Cretaceous), pit at Lizard Springs, near Guayaguayare, SE. 
Trinidad, B.W.I. 

Although there has been considerable confusion about this form, it 
seems to be properly included in this genus, and may provide a clue to 
the connecting link between Allomor-phina and Spha.eroidina.. 
The original description and figures of "Globigerina trochoides Reuss" 

fail to indicate definitely whether the species is a calcareous or an agglu 
tinated one. Only "very fine roughness" is mentioned. It was described 
from the Planermergel of Luschitz. We have been unable to find any 
specimens referable to it in a considerable amount of Luschitz material 
examined, nor in any other European Upper Cretaceous material. 

In the American Upper Cretaceous material, however, there seem to 
be two separate forms, one a finely arenaceous isomorph of the other, both 
of which have been referred to under Reuss' specific name of trochoides: 
Eggerella. ? true/wides (Reuss) (Cushman, U. S. Geo!. Survey Prof. 
Paper 206, 1946, p. 43, pl. 12, fig. 2) and Allomorphina trochoides 
(Reuss) (Cushman,!. c., p. 145, pl. 60, fig. 7). 
It would be necessary to examine the types of Reuss' "Globigerina 

trochoides" to determine in what genus his form belongs. Lacking such 
examination we are erecting the new species conica for those Upper Cre 
taceous forms of North America and Trinidad which we have examined 
and which seem to belong in Allomorphina. These records include the 
Lizard Springs formation of Trinidad, the Selma formation of Tennessee; 
the Annona chalk, Taylor marl and Pecan Gap chalk member of the 
Taylor marl of Texas, and well samples from the Upper Cretaceous strata 
of Maryland. 
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ALLOMOitPIHNA WHANGAIA Ji'inlay (Pl. 11, fii;s. 9-13) 

Allom.orphina whanga.ia FINLAY, Trans. Roy. Soc. New Zealand, vol. 69, 1940, P· ·168, 
pl. 66, figs. 193-197. . 

"Small, inflated, sub-trigonal; spire very depressed, little raised above 
surface of last whorl, 3 closely knit chambers per coil. Somewhat bul 
bous, but base flattened, not globular as in trochoides; aperture at junc 
tion of chambers about half width of shell, hidden by thin sinuous lip 
projecting from last chamber. Size, 0.4 mm."-Finlay. 
The types are from the Upper Cretaceous, Panikau Dome, Whangara, 

New Zealand, and it is recorded from other Cretaceous localities in New 
Zealand, ranging in age from Santonian to Campanian. 
It differs from A. mimcta Cushman in the less compressed test and 

differently shaped chambers. 

TERTIARY SPECIES 
ALLOMOltPIUNA GLOBULOSA Plummer (PL 11, fig-. 14) 

Allonwrphina gloh1dosa PLUMMER, Univ. Texas Bull. 264'1, 1926 (1927), p. 130, pl. 8, 
fig. 4. 

"Test bluntly ellipsoidal, last three chambers only partly embracing 
on superior face thus revealing the inner whorl; chambers very smooth 
and thin shelled; sutures not depressed; aperture a narrow slit at base of 
final chamber and protected by a conspicuous, somewhat flaring lip. 
Length of only specimen .35 mm." 
The type of this species is from the Midway (Paleocene), from a gully 

close to the short NW-SE road about 2 Yz miles S. 25° E. of Littig, Tex. 
The species is based on a single specimen and there are no further records 
for it. 

ALLOi\lOltl'HINA SUU'rltlANGULAitIS (IUinll) (PI. 11, fig. 15) 

Cliilost.omella sub triangularis KLINE, Bull. 53, Mississippi State Geo!. Survey, 1943, p, 56, 
pl. 6, fig. 3. 

EXPLANATION OF PLATE 11 
Fie. 1. Allomorphina prinw. Terquern. (After Terquem). X 30. a, ventral view; 

b, peripheral view. 2. A. obliqua Reuss. (After Reuss). X 40-50. a, ventral view; 
h encl view. 3 4. A. cretacea Reuss. 3, (After Reuss). X 55-80. a, ventral view; 
b' dorsal view·' c, end view. 4, Cretaceous, California. X 35. a, ventral view; b, 
p~ripheral viev~. 5. A. uelascoensis Cushman. Holotype. X 100. a, dorsal view; b, 
peripheral view. 6: A. nauarroana Cushman. Holotype. X 100. a, dorsal view; b, 
ventral view· c peripheral view. 7. A. munita Cushman. Holotype. X 100. a, dorsal 
view; b, ventral view; c, peripheral view. 8 .. A. conlca Cushman and Todd, n. sp. Holo 
type. X 58. a, dorsal view; b, ventral view; c, peripheral view. 9-13. A .. zoluing aia 
Finlay. (After Finlay). X 45. 9, 11, Dorsal views; 10, 12., 13, Ventral views. 14. 
A. globulosa Plummer. (After Plummer). X45. a, dorsal view; b, ventral view. 15. 
1 b l · · l .: (Kl1'11e) (After Kime) X 37 Ventral view. 16. A. paleocenica 1 . s·u. .nangu .m ts · . · · . · ·r 
Cushman. Holotype. X 58. a, dorsal view; b, ventral vie~. 17. _A. abbre·~zata .. er 
quem. (After Terquem). X 35. a, dorsal view; b, ventral view. 18. A. lialli Je~nmgs. 
(After Jennings). X 95. a, dorsal view; b, ventral view.( 19, 20. A. cubensis I dimer 
and Bermudez. (After Palmer and Bermudez). X 23. 19, Apertural view. 20, Oppo 
site side. 

LIBRARY 

CusmvJAN L\BOHATORY 







"T . est s~btnangular, about one and one-half times as long as broad, 
greatest width a little above middle ends bluntly rounded· wall smooth fi. ) ) ) 
nely punctate; aperture narrow, nearly straight. Average length 0.75 

mm." 
The types are from the Porters Creek clay (Paleocene), 1 Yz miles NW. 

of Montpelier, Clay County, Miss. 
_The dorsal side of specimens shows the chambers to be arranged in a 

tnserial manner and the species seems to belong in Allomorphina. We 
have specimens from the Paleocene of Texas and Arkansas that seem 
identical with this species. 
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ALJ,O~IOJtPIHNA l'ALEOCENICA Cushman (Pl. 11. !lg. lU) 

Allomorphina paleocenica CusHMAN, Contr. Cushman Lab. Foram. Res., vol. 24, 1948, 

p, 45' pl. 8, fig. 10. 
Allomorphina irigona PLUM.MER (not REUSS), Univ. Texas Bull. 2644, 1926 (1927), p. 

129, pl. 8, fig. 5.-KLINE, Bull. 53, Mississippi State Geol. Survey, 1943, p. 56, pl. 6, 
figs. 1, 2.-CusHMAN and Tonn, Contr. Cushman Lab. Foram. Res., vol. 22, 1946, 

p. 63, pl. 11, figs. 11, 15. 
Test semi-elliptical in outline, trochoid, one side nearly straight, the 

o~hers strongly curved, periphery broadly rounded; chambers distinct, 
s~ightly inflated, three in a whorl in the adult, increasing very rapidly in 
size as added; sutures distinct, slightly depressed; wall smooth; aperture 
an elongate opening on the ventral side at the base of the last-formed 
~hamber with dis~inct, overhanging lip. Length 0.35-0.45 mrn.; breadth 
.25-0.30 mm.; thickness 0.22-0.27 mm. 
The types are from the Paleocene, 4.6 miles N. of Fentress, Caldwell 

County, Tex. It also occurs in the Paleocene of Alabama, Mississippi, 
and Arkansas. 

EXPLANATION OF PLATE 12 
b Fies. l,_2. Allomorpliina trigona Reuss. 1, (After Reuss). X 40-45. a, ventral view; 
' dorsal view; c, peripheral view. 2, Miocene, Mollersdorf, near Baden, Austria. X 50. A Ventral view; b, peripheral view. 3. A. trigona Reuss, var. obtscsa Andreae. (After 
ndreae). X 50. a, ventral view; b, dorsal view. 4, 5. A. macrostoma Karrer. 4, 

~After Karrer)_.. a.~ ventral view; b, dorsal view; c, peripheral view; cl, end view .. 5, 
C ecenr, off Philippines, X 35. " ventral view; b, peripheral view. 6-9. A. ptic1.fiw 
?-~ishman and Todd, n. sp. 6, Hol~type .. X 140. a, ventral _view; b, peripherat view. b:' (After H .. B. Brady). 7, 8, Ventral views, X 55. 9, Specunen mounted in Canada 

Isam and viewed by transmitted light, showing the arrangement of the chambers. 
~. 95. 10-12; Qua.d-rim.urphina. a.llom.orphimides (Reuss). 11, Type figures. (After 
cuss) · X fo. a dorsal view· b ventral view· c peripheral view. 10, 12, Upper Cre 

taceous, lower Sen~nian WestpJiai'ia Germany. ' X 50. lOa, ventral view; b, peripheral 
view. 12a, dorsal view·' b ventral view. 13. Q. aduena (Cushman and Siegfus). Holo 
type. X 35. a dorsal'vi~w· b ventral view· c peripheral view. 14. "Valv1i.lineria allo- 
morpl · · l ( ' ' ' ' ' / · I . F. l " V i·1:noic es Reuss)" of Cushman and Jarvis = "Rota.mO'fjJ inia cw unan; '111 ay = 
al_vulineria.. Upper Cretaceous, Trinidad. X 30. a, dorsal view; b, ventral view;_ c, 

peripheral view. 15. Valvulineria. californirn Cushman. X 35. Ventral view showing 
overlapping umbilical flaps. ----- 
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It differs from A. trigona Reuss in the much broader form and the wide 

aperture. 
In the original description of A. paleocenica, an error in the use of the 

type figures was made. Figure IOb is not the ventral view of the holo 
type but instead a figure copied from Cushman and Todd (Con tr. Cush 
man Lab. Foram. Res., vol. 22, 1946, p. 63, pl. 11, fig. 11) of a specimen 
from the Paleocene of Arkansas. On our present plate this error is cor 
rected and figures 16a and b are the dorsal and ventral views of the holo 
type of A. -paleocenica; the ventral view, figure 16 b, being first published 
here. 

AI,,J ... 01\lOI~l'UlNA 1-Ii\LJ_.l .Ieunimrs (Pl. 11. flg , 18) 
Allomorpluna halli ]FNNINGs, Bull. Amer. Pal., vol. 23, No. 78, 1936, p. 34, pl. 4, fig. 5. 
-BIWTZEN, Sver. Geol. Under., ser. C, No. '193, 1948, p. 127, pl. 19, fig. 4; text figs. 
39-41. 

Allomor-pliina t.ngona FRANKE (not REuss), Danmarks Geo!. Unders, II, Raekke, No. 46, 
1927, p. 12, pl. 1, fig. 11. 
"Test bluntly triangular in outline; biconvex, slightly compressed; 

periphery broadly rounded, chambers few, 3 or 4 in the final whorl; su 
tures depressed, shell wall thin, smooth; aperture a slit beneath a flap at 
the base of final chamber on the ventral side. Diameter, 0.35 mm.; thick 
ness, 0.23 mm."-J ennings. 
The types are from the Hornerstown marl (Eocene), tributary to 

Crosswicks Creek, south of New Egypt, New Jersey. The species has 
been recorded from the Paleocene of Denmark and Sweden. 

In his original description Jennings referred to Mrs. Plummer's Allo 
mor-phina trigona (not Reuss) (Univ. Texas Bull. 2644, 1926 (1927), p. 
129, pl. 8, fig. 5). Although no material of A. halli has been available for 
comparison, the Texas material seems to be quite different from that 
from New Jersey, differing in its much larger last-formed chamber and 
much smaller earlier chambers, and its more triangular form. 

ALLOMORl'IllNA AllllREVIATA 'I'eruuem (PL 11, fig. 17) 

Allomorpliina abbreuiat a TERQUEM, Mem. Soc. geol, France, ser. 3, vol. 2, 1882, p. 138, 
pl. H (22), fig. 22. 
"Test short, smooth, ovate, anterior encl broad, posterior encl narrow, 

obtuse; first four chambers small, rounclecl, the last-formed one enlarged, 
triangular; aperture narrow, with a very slight lip. Length 0.50 mm.; 
breadth 0.40 mm."-Translation. 
The types are from the Eocene of Vauclancourt, Paris Basin, France, 

where it was recorded as very rare. We have failed to find specimens in 
the material from Vauclancourt that we have examined. 



FOR FORAMINIFERAL RESEARCH 67' 
.AI~l .. OMOltPHINA CUBJ~NSIS Pn.lmer- and Bermriduz (PI. 11, flga. 19, 20) 

Allomor-phina cubensis PALMER and BERMUDEZ, Mem. Soc. Cubana Hist. Na t., vol. 10, 
1936, p. 308, pl. 14, figs. 10, 11. 

"Test small, smooth and very thin-shelled; circularin section; oval in 
side view. Three chambers exposed; strongly embracing so that only a 
small portion of the third chamber appears. Sutures very slightly but 
distinctly depressed. Aperture an elongate slit situated approximately 
one-third the distance from the narrower end of the test and bearing a 
broad, flaring lip. Length 0.55 mrn.; maximum breadth 0.3 mm." 
Palmer and Bermudez. 
The types are from the Oligocene of Cuba. 
It differs from A. globulosa Plummer in its oval instead of elliptical 

shape, somewhat larger and more flaring aperture and more depressed 
sutures. It is recorded as rare at the type locality and not recorded 
elsewhere. 

AJ,J,QMOltl'HINA '.l'ltIGONA Reuss (Pl. 12, figs, 1, 2) 
Allo mor-phina irigona Rruss, Denkschr. Akad. Wiss. Wien, vol. 1, 1850, p. 380, pl. 48, 

fig. 14. 

Test with one end broadly rounded, the opposite end much contracted 
but rounded, broadly oval in end view; chambers distinct, the last 
formed one making up a large part of the surface, the two earlier ones 
extending laterally beyond the breadth of the base of the last-formed 
chamber, one nearly twice as large as the preceding; sutures distinct, 
slightly depressed; wall smooth; aperture a somewhat arched, elongate 
opening at the ventral margin of the last-formed chamber extending from 
the periphery to the middle of the ventral face. Length 0.50-0.70 mm. 
The types are from the Miocene of Baden, near Vienna, Austria, and 

it was also recorded from Mollersdorf and Grinzing, near Vienna, and 
from Wieliczka in Galicia. We have abundant topotypes from Mollers 
dorf and additional specimens which seem to be the same, although con 
siderably larger, from the Septaria clay (Oligocene), from Cothen, An 
halt, Germany. 
There are many fossil and Recent records for this species, mostly with 

out figures, but where figures are given most of them are definitely not 
the same as the typical form from the Miocene of the Vienna Basin. 

AJ,LOMORPHINA '.l'ItlGONA Reuxs, var .. OD'.l'USA Andreuc (Pl. 12, Ilg, 3) 

Allomor phina trigona Reuss, var. obtu.sa ANDREAE, Abhandl. Geo!. Special-Karte Elsass 
Lothringen, vol. 2, 1884, p. 133, pl. 7, fig. 11. 

Variety differing from the typical in the broader form, and more in 
flated chambers. Length 0.4 mm. 
The types are from the Oligocene of Heiligenstein, Alsace, France. 
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ALLOMOIWIIINA !VL\CROSTOMA Iforrcr (Pl. 12, figs. 4, G) 

Allomor-pliina macros toma KARRER, Sitz. Akad. Wiss. Wien, vol. 4't, 1861 (1862), p. 448, 
pl. 2, fig. 4.-NU'ITALL, Journ. Pal., vol. 9, 1935, p. 129, pl. 15, fig. 28.-CusHMAN and 
Tonn, Special Publ. 15, Cushman Lab. Forarn. Res., 1945, p. 64, pl. 11, fig. 3. 

Allornorplwna cf. macrostoma CusHMAN and McMAsTERs, Journ. Pal., vol. 10, 1936, 
p. 516, pl. 76, fig. 7.-RAu, 1. c., vol. 22, 1948, p. 173, pl. 31, figs. 4, 5. 
Test in front view with one end slightly curved and very broadly 

rounded, the opposite end rounded but narrower, periphery very broadly 
rounded, ventral side slightly less convex than the dorsal side, nearly 
circular in end view; chambers fairly distinct, the last-formed chamber 
making up almost the entire ventral surface, the two earlier chambers 
projecting only slightly; sutures rather indistinct, not depressed; wall 
smooth; aperture a moderately arched elongate opening extending nearly 
across the ventral side, at the base of the last-formed chamber, with a 
distinct overhanging lip. Length 0.45-0.60 mrn.; breadth 0.35-0.50 mm. 
The types are from the Miocene of the Vienna Basin. There are typ 

ical specimens in our collection from Voslau near Vienna. Specimens 
from the Miocene of Buff Bay, Jamaica, are very similar. Many of the 
Miocene species of the two areas are identical. Other records included in 
the above synonymy are from the upper Eocene of Venezuela, Llajas for 
mation (middle Eocene), of California, and the Porter shale (Lincoln 
formation of Weaver) (upper Eocene ? ) , of Washington. Other speci 
mens figured and referred to this species from other areas are evidently 
not the same. The figured specimen from Recent dredgings off the 
Philippines is very close to if not identical with this species, but is some 
what larger. 

A. mocrostoma and A. trigona are very close but seem to be separable 
on the following characters: A. mocrostoma is a more compact form with 
the two earlier chambers almost indistinguishable and not at all project 
ing out from the general outline of the test; and in A. macrostoma the 
aperture is more widely open and in side view projects out farther from 
the general oval outline of the test. 

ALT ... O'i\1(0ltl'HlNA PACIJi'IOA Ct18hma11 u.nrl 'Codd, n. sn. (Pl. 12, figs. 6~9) 

Allomorphina irigona H. B. BRADY (not Ruuss) , Quart. Journ. Mier. Sci., vol. 19, 1879, 
p. 67, pl. 8, Jigs. 13, 14; Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 438, pl. 55, 
figs. 2+-26.-EccER, Abhandl. kiin. bay. Akad. Wiss. Munchen, Cl. II, vol. 18, 1893, 
p. 305, pl. 9, figs. 3, 4.-CusnMAN, Bull. 71, U. S. Nat. Mus., pt. 4, 1914, p. 3, pl. 1, 
figs. 6-8; Bull. 100, vol. 4, 1921, p. 284; Bull. 104, pt. 5, 1924, p. 4, pl. 1, figs. ll-13. 
T1111LMANN, Eclogae geol. Helvetiae, vol. 25, 1932, p. 303.-CusHMAN, Special Publ. 
4, Cushman Lab. Foram. Res., 1933, pl. 26, fig. 7; Special Publ. 5, 1933, pl. 33, fig. 8; 
Bull. 27, Bernice P. Bishop Mus., 1925 (1926), p. 133, pl. 17, fig. 2; Foraminifera, 3rd 
Ed, 1940, pl. 26, fig. 7; Key, pl. 33, fig. 8. 
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Valv·u.lineria aff allomorphinoidcs Lt Rov, Colorado School Mines Qnart., vol. 39, No. 3, 

pt. 2, 194'!, p. 87, pl. 3, figs. 21-23. 
Test with one end somewhat broader than the other and nearly 

straight but somewhat incised in the middle, the opposite end broadly 
rounded; chambers very distinct, inflated, the last-formed one making 
up a large part of the test but the preceding two chambers inflated, one 
only slightly larger than the preceding one, the last-formed chamber ex 
tending backward on the ventral side in the middle of the test forming a 
distinct projecting angle; sutures distinct, depressed on the ventral side; 
wall smooth; aperture a low, narrow opening at one side of the ventral 
angle of the last-formed chamber. Length of holotype 0.23 mm.; breadth 
0.17 mm. Length of Recent specimens 0.33-0.46 mm.; breadth 0.26-0.37 
mm. 

Holotype (Cushman Coll. No. 23887) from the Pliocene, marl about 
1 J.\ miles SSE. of Suva Post Office, Fiji. 

Brady recorded the species from two Challenger stations, in 345 fath 
oms, south of Japan, and 620 fathoms, off Tahiti, Society Islands. Le 
Roy's record from the Miocene of West Java seems to be the same. 
The species is apparently limited to the Pacific area. It differs from 

A. trigona Reuss in the larger proportion of the surface occupied by the 
earlier chambers, their more nearly equal size, and the projection of the 
ventral side of the last-formed chamber with the aperture at one side of 
the projection. 

Genus QUADRIMORPHINA Finlay, 1939 
Genotype, Valvulina allomorpliinouies Reuss 

Qtiadrimorpliina FINLAY, Trans. Roy. Soc. New Zealand, vol. 69, 1939, p. 325. 
GymmorJ>h:ina MARJE, 1941. 
Valvd-ina (part), Allomorphina (part), and Valvulineria. (part) of authors. 
Test similar to Allomorphina but with four chambers to the whorl. 

Cretaceous and Tertiary. 
Only three species are here included in this genus. Others will un 

doubtedly be recognized among the already known species assigned to 
V aluulineria. 

(lUAJ)ItIMOitPIIINA ALL0"10ItPHINOIOES (Reuss) (PL 12, figs. 10-12) 
Valvulina allomorphrnoules Reuss, Sitz. Akad. Wiss. Wien, vol. 40, 1860, p. 223, pl. 11, 

fig. 6. 
Allomorphina allomor-phinoides WmTE, Journ. Pal., vol. 2, '!928, p. 304, pl. 41, fig. 8. 
Valvulineria. allomorphinoides CUSHMAN, Contr. Cushman Lab. Forarn. Res., vol. 7, 1931, 

p. 43, pl. 6, fig. 2; Tenn. Div. Geol., Bull. 41, 1931, p. 53, pl. 9, fig. 6.-MoRozovA, 
Bull. Soc. na turalistes Moscou, n. ser., vol. 47, sec. geol., vol. 17, 1939, p. 78, pl. 2, 
figs. 21, 22.-KLJNE, Bull. 53, Mississippi State Geol, Survey, 1943, p. 52, pl. 5, figs. 11, 
12.-CusnMAN (part), U. S. Geo!. Survey Prof. Paper 206, 1946, p, 138, pl. 57, fig. 6 
(not fig. 7). 
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Q1ladrimorphina allomor-phinoules FINLAY, Trans. Roy. Soc. New Zealand, vol. 69, 1939, 

p. 325, pl. 28, figs. 128,129. 

"The species at first glance is very similar in outline to Allomorphina 
trigona Reuss. The test is compressed oviform, occasionally approach 
ing rounded-triangular, periphery rounded angular, on both surfaces 
[dorsal and ventral/ moderately and quite equally inflated. 
"There are only two whorls visible, of which the inner one is very 

small and is represented by only a very flat little knob, on which some 
times a division is indicated by a very shallow furrow. The outer whorl 
increases very quickly in width and comprises the greatest part of the 
test. It consists of only four rounded chambers the last of which is very 
large and comprises more than half the entire test. They are moderately 
inflated and are outwardly separated only by very shallow sutures. In 
most cases the last chamber stands out more. The aperture is concealed 
by a rather broad lip-like projecting process, either truncated or some 
what curved at the edge."-Translation. 
The species was described from a number of localities in Westphalia, 

Germany, of upper and lower Senonian age. We have fairly common to 
abundant specimens of this species from many Upper Cretaceous local 
ities in Germany. Our specimens vary in size from 0.25 to 0.65 mm. in 
length. 

Very similar specimens occur in the Upper Cretaceous of North Amer 
ica and do not seem to be distinguishable in any way. They are from 
the Neylandville marl, Taylor marl, Brownstown marl, Austin chalk, 
and Gober tongue of the Austin chalk, all of Texas, and the Arkadel 
phia marl of Arkansas, and the Selma chalk of Alabama and Tennessee. 
The same species also occurs rather rarely in the Paleocene of Texas and 
Arkansas. 

Other records in the above synonymy include the Upper Cretaceous of 
Mexico and Antigua, the lower Eocene of the Emba region of Russia, and 
the Paleocene of Mississippi. 

<lUADIUMOIWHINA ~IONT.BimJ,ENSJS (Marie) 

Gyrom.orfJ/1,ina. morucrelensis MARIE, Mern. Mus, Nation. Hist, Nat., 11. ser., vol. 12, pt. 1, 
19'11, p. 231, pL 35, figs. 332a-e. 

"Test subglobular, trochoid, composed of a terminal whorl of 4 cham 
bers, globular, crescent-shaped and strongly embracing, entirely enclos 
ing those of the previous whorls. Sutures flush or slightly depressed. 
Wall calcareous, finely perforate, polished. Aperture ventral, elongated 
along the inner margin of the last chamber, which is slightly cleft in the 
middle. Dimensions: height 0.215 mm.; length 0.235 mm.; thickness 
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0.200 mm.; height of the first visible chamber 0.135 mm."-Translation. 

This species was described as extremely rare (2 specimens) from the 
Craie a Il clcninitella rnucronata, Zone II (Upper Cretaceous), at Mon 
tereau, France: 

QUAJ)Rli\lOltI>J-[INA AI}VJDNA (Cushman a.nd Sic1dus) (PI. 12, fig. 1:3) 

Vuloulineria ad.uen a CusHMAN and SrnGFUS, Conrr. Cushman Lab. Foram. Res., vol. 15, 
1939, p. 31, pl. 6, fig. 22; Trans. San Diego Soc. Nat. Hist., vol. 9, 1942, p. 418, pl. 17, 
fig. 30. 

"Test trochoid, unequally biconvex, dorsal side less convex than the 
ventral, somewhat compressed, periphery rounded; chambers few, four 
in the adult whorl, of uniform shape, enlarging rapidly in size as added, 
the last-formed one making up nearly half the surface of the test; sutures 
distinct, slightly depressed, very slightly curved and nearly tangential on 
the dorsal side, ventrally nearly radial; wall smooth, conspicuously per 
forate; aperture a fairly large opening over the depressed umbilical 
region on the ventral side with a narrow but distinct overhanging lip. 
Length 0.50 mrn.; breadth 0.45 mm.; thickness 0.30 mm."-Cushman 
and Siegfus. 
The type is from the Kreyenhagen shale (Eocene), of Little Tar Can 

yon, Calif., and the species appears to be based on this single specimen. 
Examination of the type indicates that it should be placed in Quadri 
mor-pliina. It differs from Q. allomorphinoides (Reuss) in its less rapid 
increase in size so that the last-formed chamber comprises less than half 
of the test and does not project strongly out from the general outline of 
the test. The test is consequently more circular and not elongate, and is 
more compressed in side view. 

At the time of erecting the genus Quadrimor-phina, Finlay also erected 
the genus R .. otamor-phina (genotype R. cush.mani n. sp.) from the Upper 
Cretaceous of New Zealand. He referred to this new species the specimen 
figured under the name of V'aloulineria allomorphinoidcs (Reuss) from 
the Upper Cretaceous of Trinidad (Cushman and Jarvis, Proc. U.S. Nat. 
Mus., vol. 80, Art. 14, 1932, p. 46, pl. 13, fig. 17). We have examined 
this latter specimen together with 'the type figures and description of 
Rotamor-phina cushrnani Finlay (Trans. Roy. Soc. New Zealand, vol. 69, 
1939, p. 325, pl. 28, figs. 130-133) and agree that they are probably the 
same. It seems, however, that they are not related to the Allomorphin 
inae but belong instead to the genus V alvulineria. The Upper Cretaceous 
form from Trinidad (see our plate 12, fig. 14) shows very excellently the 
depressed pad-like umbilical flap rather than the more simple umbilicus 
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with a free lip extending over it, as is characteristic of Allomor pliina and 
Quadrimorphima. In this connection we have figured a topotype of Val 
uulineria caliiornica Cushman (plate 12, fig. 15) to show the typical 
aperture of that genus. The umbilicus is covered by a series of umbilical 
flaps, one above the other, as each chamber has a lobe extending over the 
umbilicus. With proper lighting it is frequently possible to see the edges 
of two or three of these flaps beneath one another. The difference be 
tween the Allomorph·ina-Quadrimorphina-type of aperture and the Val 
vt.tlineria-type of aperture is best seen in peripheral view where the cham 
ber may be seen to have a convex curve down to the edge of the lobe in 
the first case, and a concave curve extending out over the pad-like um 
bilical flap in the second case. Therefore, we believe that the genus 
Rot amor-phina is not different from Valoulineria, and the form from the 
Upper Cretaceous of Trinidad should be renamed as "Valoulineria cu.sh 
mani" is already preoccupied. 

RECENT LITERATURE ON THE FORAMINIFERA 
Below are given some of the more recent works on the foraminifera 

that have come to hand. 
Wood, A. The Structure of the Wall of the Test in the Foraminifera; its Value in 

Classification.-Quart. j ourn Geol. Soc., London, vol. 104, pp. 229-255, pis. 13-15, 
Jan. 31, 1949.-The microsrructure of the wall, studied with the aid of polarized 
light, is described for all the main groups of Foraminifera and it is shown that 
perforation of the wall may occur in any group. 

Cuvillier, J., and V. Szakall, Forarniniferes d'Aquitaine, Premiere Partie (Reophacidae 
a Nonionidae) .-Societe Na tionale des Perroles d'Aquitaine, April 30, 1949, 113 
pp., 32 pls.-Five hundred and nineteen species and varieties recorded and mostly 
described and figured, 14 new, and one new genus, Dexia (genotype D. cenomaaia 
n. sp.). 

Loeblicli, Alfred R., [r., and Helen Tappan. Forarninifera from the Walnut Formation 
(Lower Cretaceous) of Northern Texas and Southern Oklahoma.-Journ. Pal., 
vol. 23, No. 3, May, 19,19, pp, 245-266, pis. 46-51.-Forty-seven species are de 
scribed and figured, 13 new, and 2 new genera are erected: Buccicrenato (genotype 
Anunoboculites subgoodlandensis Vanderpool) and Histopom-ph.us (genotype Glob 
ulina redriuerensis Tappan), 

Cole, W. Storrs. Upper Eocene Larger Foraminifera from the Panama Canal Zone. 
L. c., pp. 267-275, pis. 52-55.-Ten species are described and figured, none new. 
One new name, Lepidocyclina ( L,) monigomericnsis, is proposed. 

Thalmann, Hans E. Bibliography and index to new genera, species and varieties of 
Foraminifera for the year 1947.-L. c., No. 4, July, 19,19, pp. 395-418. 

Stainforth, R. M. Forarninifera in the Upper Tertiary of Egypt.-L. c., pp. 419-422. 
Twenty-three species are recorded and the age of the beds is discussed. 

R. T. 

... 
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