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The rocks belonging to the ¢ Argillaceous Group’ of Wynne from the vicinity
of Barkhan River, Western Kutch, have been examined for their microfaunal
contents. They have been classified into four biozones. Sixty-seven Burdi-
galian species including four new ones and a new variety belonging to 38
genera have been systematically described and illustrated from the Ammonia
papillosus-Miogypsina Assemblage Zone. :

INTRODUCTION

The marine Tertiary rocks of Kutch were examined by various workers with
interest since the early part of the nineteenth century. Extensive data and
published account of geology, stratigraphy, etec., are available, but taxonomy
and other details of the microfauna have not yet been worked out in detail.
Tiwari (1957), while describing the geology of the area between Waghopadar (23°
29": 68° 47') and Cheropadi (23° 22': 68° 45), indicated in general the presence
of Textularia, Austrotrillina howchini, - Archatas angulatus, Taberina mala-
barica, Operculina, Sorites marginalis, Ammonia, Rotalia, Lepidocyclina (N)
sumatraensts, Miogypsina irregularis and M. (Lepidosemicyclina) sp. nov. in
certain Burdigalian sections examined by him. Poddar (1963), summarizing
the geology and oil possibilities of the Tertiary rocks of Kutch, gave a list
of characteristic Burdigalian species. The foraminifera include Austrotrillina
howchini, Elphidium indicum, Sorites sp., Asterigering sp., Anomalinella sp.,
Lepidocyclina borneensis and Miogypsina irregularis. Sastri et al. (1964),
while dealing with the biofacies of Western India, mentioned more or less
similar foraminifera, as reported by Poddar (1963). The additional forms
being Clavulinoides sp., Taberina malabarica, Operculing sp., Ammonia sp.,
Siphonina sp., Alveolinella sp., Globorotalia sp., Globigerina sp., eto.

The present authors have examined the samples collected by P. Mitra in
1960 from the Miocene sediments exposed along Barkhan River, from Sanosara
(23° 26’ 30": 68°46') to south of Chadopadi (23°22": 68°45’), in Western
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Kutch. The sediments, overlying the Spiroclypeus ranjonae rich marls of
Aquitanian age, have been tentatively divided into four bio-zones, viz., Poorly
Fossiliferous or Barren Zone, Miogipsina Assemblage Zone, Ammonia papillo-
sus-Miogypsina Assemblage Zone and dmmonia papillosus Assemblage Zone.
The smaller foraminifera of Ammonia papillosus-Miogypsina Assemblage Zone
have been described and illustrated. The authors feel this work important
as a step towards the zonation of the Lower Miocene sediments.

GEoLOGY

Poddar (1963) gives the following generalized suc®ession for the Neogene

rocks of Kutch:

Manchar beds (250
metres, marine
to fluviatile).

Mottled yellowish to

brown, pale grey sand-
stones intercalated with
conglomeratic sand-
stones, soft reddish
brown to pale grey
shales, with thin inter-
calated siltstones and
‘sandstones, basal con-
glomerate, dark reddish
brown wijth trap
pebbles and laterite.

Balanus, Ostrea.

Argillaceous beds
(Burdigalian, 250
metres, marine).

Soft brownish sandstone,
khaki, grey to dark
laminated clays, sandy
shales and siltstones
interbedded with marls
and sands. '

Austrotrillina  howchini,
" Elphidium indicum, So-
rites sp., Asterigerina
8p., Anomalinella sp.,
Lepidocyclina  borneen-
si8, Miogypsina trregu-
laris, Gastropods, co-

rals, Bryozoa. »

Arenaceous beds
(Aquitanian, 75
metres, estua-
rine; lower 6
metres; marine),

Fine-grained sandstones,

with bands of grey,
brown, carbonaceous
clays and shales, alter-
nations of marly bands
with clays.

Spiroclypeus ranjanae,
Asterigerina sp., Ano-
malinella sp., Gypsing
globulus, Nephrolepidi-
ne 8p., Miogypsinoides
dehaarti, Trachyleberis
tumefacentis.

iB
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In the Sanosara-Chadopadi area, the sediments overlying the Aquitanian
marls attain an approximate thickness of 180 metres. South of Chadopadi,
still younger Miocene sediments may be present under the cover of alluvium.

GENERALISED MIOCENE SUCCESSION AND BIOZONES
IN CHADOPADI— SANOSARA AREA, KUTCH.

MANCHARS

QUINQUELOCULINA SEMINULUM
TRILOCULINA MARSHALLANA
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Fra. 1.

The dips are gentle, with a general trend towards the coast, i.e. south. The
entire thickness of 180 metres can be divided into four biozones on the basis
of microforaminifera (Text-fig. 1).



162 MADAN MOBAN & D. K. BHATT

Poorly fossiliferous or barren zome.—A 45-metre thick zone, immediately
overlying the Aquitanian marls, comprising mainly of pale green siltstones with
ferruginous brown-red mottlings, bluish-grey siltstones with pink-red-brown
laminations and occasional sandstones, grits, conglomeratic and pebbly beds,
has been tentatively assigned to an Aquitanian-Burdigalian age. Only a few
individuals belonging to the Miliolids and Rotalids could be recorded from
this zone. The paucity of the fauna in this zone may be attributed to the
unfavourable environmental conditions.

Miogypsina assemblage zone—It is a 55-metre thick zone consisting of
marls and clays with subordinate sandstones and siltstones near the top.
This zone contains typical Burdigalian foraminifera, which include Clavuli-
noides cubensis, Textularia gramen, Quingueloculing seminulum, Triloculing
trigonula, T'. tricarinata, Pyrgo elongata, P. subsphaerica, Austrotrillina how-
chini, Lagena laevis, Amphicoryna scalaris, Globulina gibba, Glanduling loevi-
gate, Florilus grateloupi, F. montereyanwm, Elphidium advenum, E. indicum,
E. minutum, Archaias angulatus, Taberina malabarica, Sorites marginalis,
Operculing bartschi, Rotalia cf. indica, Eponides ecuadorana, Asterigerina
carinata, Amphistegina lessonit, Cibicides lobatulus, Anomalinella rostrata,
Gypsina globulus, Orbulina wuniversa, Lepidocyclina (N) borneensis, L. (N)
sumatraensis, Miogypsina antellia, M. panamensis, etc.

Ammonia papillosus-miogypsine assemblage zone.~—It includes 38 metres
of alternating sequence of marls and clays and marks characteristically the
appearance of Ammonia papillosus in the Burdigalian sequence. A. papillosus
suddenly predominates in the fauna in this zone. The other forms continue
in general with slight change from the preceding zone, except that this
zone has a comparatively richer assemblage. The species recorded include
Textularia gramen, T. pseudogramen, T. tumidulum, Clavulinoides cubensis,
Quinqueloculing barkhana n. sp., Q. crassa, Q. lamarckiona, Q. seminulum,
Q. tropicalis, Massilina secans, Sigmoilina chhasrana n. sp., Triloculina inflata,
T. tricarinata, T. trigonula, Pyrgo inornate, P. oblonga, P. subsphaerica, Austro-
trillina howchini, Cornuspira obscura, Dentalina communis, Amphicoryna cf.
A. scalaris, Lagena laevis, Oolina lineata, Globulina gibba, Rectoglandulina
rotundate, Florilus boueanum, Melonis soldanii, Elphidium advenum, E. indicum,
E. minutum, E. poeyanum, E. tumidum, E. sp., Archaias angulatus, Tabering
malabarica, Sorites marginalis, Operculina bartschi, O. elegans, O. sp. A, Spiro-
ling indica n. sp., Alveolinella gquoi, Bulimina sp., Bolivina cf. B. mornhinvegi,
Bolivina latum, Geminaricta virgata var. costifera, Tubulogenerina tubulifera,
Reussella byramensis, Parafissurina curvata n. sp., Discorbis alveata, D. barkeri
n. name, D. pseudodiscoides, D. pseudodiscoides var. kutchensis n. var., D. sp.
A., Eponides ecuadorana, Rotalia umbonata, Ammonia papillosus, A. beccarii,
A. (%) sp. A, Siphonina bradyana, Asterigering subacuta, Amphistegina chipo-
lensis, A. lessonii, Globigerina parabulloides, Orbulina universa, Anomalina
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globulosa, Anomalinella rostrata, Hanzawaia americana var. bundensis, C. foxi,
C. kamadai, C. mckannai, Qypsina globulus, Lepidocyclina (N.) borneensis, Mio-
gypsina antellia and M. panamensis.

Ammonia papillosus assemblage zone—This zone consists of 42-metre
thick sequence of alternating marls and clays with thin basal sandstone and
siltstone bands. The typical Burdigalian foraminifera recorded in the preced-
ing two zones disappear in it and only Awmmonia papillosus occurs in pro-
lific abundance. The associated forms include Textularia pseudogramen.
Quingueloculina  seminulum, Triloculina marshallune, Pyrgo subsphaerica,
Elphidium wdicum, E. tumidum, Discorbis pseudodiscoides, Ammonia beccurii,
Rotalia spp., Asterigerina subacuta, Cibicides lobatulus, cte. A doubtful
Vindobonian age is being suggested for this zone.

The authors have examined the microfauna from the Miocene sequence
from many localities in Western Kutch, namely, from the vieinity of Kotra
(23° 28" 77: 68° 54’ 43”), Wadsar (23° 20’ 30”: 68° 46’ 32”), Chhasra (23°21':
68° 48"), Ghunau (23° 25’ 8": 68° 33’ 44"), Ghuar (23° 38’ 5" : 68° 32’ 12),
Koteshwar (23°41’ 7" : 68° 31" 33”), ete., and have found that the proposed
zonation of Miocene sediments fits in invariably. It is therefore reasonably
expected that a regional classification can be evolved on the similar lines in
future.

In the present paper the smaller foraminifera from the Ammonia papillo-
sus—Miogypsing assemblage zone have been systematically described,
following in general Cushman’s classification (1948). The microfauna has been
taken to designate the upper part of Burdigalian sequence,

SysTEMATIC DESCRIPTION
Order—FORAMINIFERA
Family—Textulariidae
Subfamily—TEXTULARIINAE
Genus—Textularia Defrance, 1924
Textularia gramen d’Orbigny
Pl XIIT, figs. 1a, b.
Textularia gramen A’Orbigny, Foram. Foss. Bassin Tert, Vienne, p. 248, pl. 15, figs. 4-6, 1946.
Test stoutly built, slightly longer than broad, increasing in width rapidly;
initial chambers less inflated than the later ones. Sutures indistinct in the
initial part, later distinct, slightly depressed and slightly curved. Wall finely
arenaceous. Aperture a small, low arched opening at the inner margin of
the last formed chamber.

Length 0-39 mm; maximum breadth 0-38 mm; thickness 0-22 mm,
Occurrence common.
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Textularia pseudogramen Chapman and Parr
Pl X111, figs. 2a, b.

Textularia pseudogramen Chapman and Parr, Foram. Austral. Antarc. Exped. 1911-1914.  Sct.
Repts., Sydney, Aystmlia, ser. C, Vol. 1, pt. 2, p. 153, 1937.

Test thick, longer than wide, subconical, margins acute in the initial
part, later becoming slightly rounded. Chambers numerous, broader than
high. Sutures nearly straight, indistinet in early part. Aperture a slit-
like opening at the inner margin of the last formed chamber.

Length 0-83 mm; maximum breadth 0-5 mm; thickness 0-35 mm.

In our collection, the forms having typical apertural lip-like border are
not recorded. The species is common.

Textularia tumidulum Cushman
Pl X111, figs. 3a, b.
Textularia tumidulum Cushman, U.S. Geol. Surv., Prof. Pap., No. 129-E, p. 89, plL. 15,
figs. 1-2, 1922,

Test compressed, much longer than wide, thickest in the centre, gradually
sloping towards the periphery with acute margins, bluntly pointed at the
apical end, later becoming subparallel; apertural end slightly reduced in
width. Chambers numerous, with slightly pointed ends, the two last formed
chambers inflated and different from the earlier ones. Sutures distinect,
depressed and curved. Aperture an arched opening at the inner margin of
the last formed chamber.

Length 0-81 mm ; maximum breadth 0-47 mm; thickness 0-23 mm,

Occurrence rare.

Figs. 1 to 27. Textularia gramen d’Orbigny ; a, side view, b, apertural view. Xx67. 2,
T. pseudogramen Chapman and Parr; a, side view, b, apertural view. x30. 3, T'. tumidulum
Cushman ; a, side view, b, apertural view. x33. 4, Clavulinoides cubensts Cushman and Ber:
mudez ; a, side view, b, apertural view. x30. 5, Quingueloculina barkhana n. sp., a, b, opposite
views, ¢, apertural view. x30. 6, Q. seminulum (Linné); a, side view, b, apertural view. x32.
7, Q. lamarckiana d’Orbigny ; a, side view, b, apertural view. x33. 8, @. crassa d’Orbigny; a,
side view, b, apertural view. x 32. 9, Q. tropicalis Cushman; g, side view, b, apertural view. x 23.
10, Massilina secans (4’Orbigny); a, b, opposite views, ¢, apertural view. X 40. 11, Sigmoilina
chhasrana n. 8p. ; a, side view, b, apertural view. x32. 12, T'riloculina inflate d’Orbigny ; a, b,
opposite views, ¢, apertural view. x 85. 183, T. tricarinata d’Orbigny ; a, side view, b, apertural
view. x32. 14, T. trigonula (Lamarck); a, side view, b, apertural view. x56. 15, Pyrgo
inornata (d’Orbigny); a, side view, b, apertural view. x24. 16, P. oblonga (d’Orbigny);
a, side view, b, apertural view. x38. 17, P. subsphaerica (d’Orbigny); e, side view,
b, apertural view. x40. 18, Ausirotrilling howchini (Schlumberger); side view. x2L.
19, Cornuspira obscura Heron-Allen and Earland; side view. x22. 20, Dentalina communis
d’Orbigny ; side view. x21. 21, 22, Amphicoryna cf. scalaris Batsch; side views. 21. x 59
and 22. x35. 23, Rectoglandulina rotundata (Reuss); side view. x30. 24, Lagena laevis
(Montagu) ; side view. X 63. 25, Oolina lineata (Williamson) ; side view. x48. 26, Globulina
gibba A'Orbigny; side view. x48. 27, Florilus boueanum (d’Orbigny) ; a, side view, b, apertural
view. X 70.
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Family—Verneuilinidae
Genus—Clavulinoides Cushman, 1936
Clavulinoides cubensis Cushman and Bermudez
Pl. XTIII, figs. 4a, b.
Clavulinoides cubensis Cushman and Bermudez, Contr. Cushman Lab. Foram. Res., Vol. 13,
pt. 1, p. 2, pL. 1, figs. 5-7, 1937,

Test elongate, sides nearly parallel in the middle part of the test, tapering
at either ends, triangular in transverse section, margins acute. Early cham-
bers triserial, indistinct, later uniserial ones distinet, gradually increasing in
height with growth. Sutures in the later part distinet, slightly depressed
and curved upward. Wall finely arenaceous. Aperture terminal.

Length 0-64 mm; breadth 0-29 mm.

Rare occurrence of this species has been recorded from our material.
The forms are comparatively less elongate than those described by Cushman
and Bermudez from the Eocene of Cuba. Our form is comparable to C.
jarvisi, but differs from it in having more parallel sides, more number of
uniserial chambers. )

Family—Miliolidae
Genus—Quinqueloculing d’Orbigny, 1826
Quingueloculina barkhana n. sp.

PL X111, figs. 5a, b, c.

Test longer than broad, elliptical in side view, edges rounded, both aper-
tural and apical ends slightly produced. Chambers tubular, circular in
transverse section. Middle chambers arched, slightly protruding out from
the contour of the test in the apical view. Wall smooth. Aperture quin-
queloculine.

Length 0:6 mm; breadth 0-39 mm ; thickness 0-25 mm.

Occurrence abundant.

These specimens are somewhat similar to Q. glomerata d’Orbigny (1850),
but differ in having a less elongate form and more arched middle chambers.
From Q. ponceana Galoway and Heminway (1941), it is differentiated by its
larger size and more arched middle chambers.

Quingueloculina crassa d’Orbigny
Pl XI11, figs. 8a, b.

Quingueloculina crassa d’Orbigny, Prodrome de. Paleontologie stratigraphique universelle des
animaux mollusques et rayonne’s. Paris, France, V. Masson, Vol. 2, p. 409, 1850. Type fig.
(Fornasini, 1905, Mem. R. Accad. Sci. Ist. Bologna, ser. 6, Vol. 2, pl. 3, fig. 5).

Test ovate, compressed, with five chambers visible, triangular in the
apical view. Periphery subrounded. Surface with fine longitudinal stria-
tions. Aperture a circular opening typically with a tooth.
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Length 0-68 mm; breadth 0-54 mm; thickness 0-37 mm.
QOccurrence rare.

Quingueloculing seminulum (Linnaeus)

Pl X111, figs. 6a, b.

Quingueloculing seminulum (Linnaeus) d’Orbigny, Ann. Sci. Nat., Vol. 7, No. 44, p. 303, 1826;
Cushman, U.S. Nat. Mus., Bull. 71, pt. 6, p. 44, pl. 11, fig. 2.

Test about 1} times as long as broad, triangular in cross-section, edges
rounded. Sutures distinct, slightly depressed. Wall smooth, imperforate.
Aperture typically with a stout tooth.

Length 0-81 mm; breadth 0-54 mm; thickness 0-34 mm.

Occurrence abundant,

Quingueloculina lamarckiana d’Orbigny

PIL. X111, figs. 7a, b.

Quinqueloculina lamarckiana d’Orkigny, De la Sagra. Hist. Fis. Pol. Nat, Cuba, p. 189, pl. 11,
figs. 14-15, 1839,

Test broadly elliptical, maximum breadth near the apical end, edges
rounded. Chambers of uniform width. Sutures distinet, depressed. Wall
smooth, imperforate. Aperture a small oval opening with a definite tooth.

Length 0-67 mm; breadth 0-45 mm; thickness 0-25 mm.

Occurrence fairly common.

Quinqueloculina tropicalis Cushman
Pl X111, figs. 9a, b.

Quingueloculing tropicalis Cushman, Samoan foraminifera. Carnegie Inst. Washington, Publ.
No. 342 (Dept. Marine Biol., papers, Vol. 21), p. 63, pl. 23, figs. 9-10, 1924,

Test 2-2}4 times as long as broad, periphery rounded. Five chambers
visible from outside, distinet, circular in transverse section. Surface rough.
Apertural end with indistinct neck, aperture with a slight lip and tooth.

Length 1-12 min; breadth 0-55 mm ; thickness 0-24 mm.

Occurrence rare.

Genus—Masstlina Schlumberger, 1893
Massilina secans (d’Orbigny)

P1. XTII, figs. 10a, b, c.

Massilina secans (d’Orbigny) Schlumberger, Mem. Soc. Zool. France, Vol. 6, p. 218, pl. 4,
figs, 82.83, text-figs. 31-33, 1893.

Test small, early stages quinqueloculine, later chambers added in one
plane, sides nearly rounded. Chambers distinct, usually four visible on
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each side. Sutures distinct, slightly depressed. Wall smooth, showing
glassy lustre. Aperture elongate with a tooth.

Length 0-44 mm; breadth 0-35 mm; thickness 0-12 mm.

The specimens in the present collection are comparatively smaller for the
size of the species and only few individuals could be recorded.

Genus—~Sigmoiling Schlumberger, 1887
Sigmoilina chhasrana n. sp.
Pl X111, figs. 11a, b.

Test broadly elliptical, compressed, sigmoid in the apical view; with
subacute, indistinctly keeled, entire margins. About six chambers visible
from each side when observed wet. Surface smooth. Aperture a small
rounded opening with a tooth.

Length 0-7 mm; breadth 0-5 mm; thickness 0:-28 mm.

Occurrence rare.

S. imamurai Tai (1954), differs from it in being less broad and relatively
thicker and having finely arenaceous surface.

Genus—T'riloculing d’Orbigny, 1826
Triloculing inflate 4’Orbigny
Pl X111, figs. 12a, b, c.
Triloculing inflata d’Orbigny, Ann. Sci. Nat., ser. 1, Vol. 7, p. 300, 1828,

Test of medium size, oblong, edges rounded. Sutures depressed, distinct.
Chambers slightly inflated. Wall smooth. Aperture typical of the genus.

Length 0-47 mm; breadth 0-32 mm; thickness 0-2 mm.

Occurrence rare.

Triloculina tricarinate d’Orbigny
Pl XIII, figs. 13a, b.
Triloculina tricarinata d’Orbigny, Ann. Sci. Nat., Vol. 7, p. 299, No. 7, 18286.

Test tricarinate, usually longer than wide, triangular in end view, sides
straight. Sutures distinct. Wall smooth. Aperture with a bifid tooth.

Length 0-69 mm; breadth 0-52 mm,

Occurrence abundant.

Triloculina trigonula (Lamarck)
Pl. X1IT, figs. 14a, b.
Miliola trigonula Lamarck, Adnn. Mus., Vol. 5, p. 351, No. 3, 1804,
Triloculina trigonula (Lamarck) d’Orbigny, Ann. Sci. Net., Vol. 7, p. 299, No. 1, pl. 16, figs. 5-9,
1858.
Test triangular in the end view, usually longer than wide, angles rounded,
periphery convex. Sutures distinct. Wall smooth. Aperture with a. bifid
tooth.
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Length 0-34¢ mm; breadth 0-29 mm.
QOccurrence common,

Genus—Pyrgo Defrance, 1824
Pyrgo inornata (d’Orbigny)
Pl. XIII, figs. 15a, b.
Biloculina inornatae d’Orbigny, Foram. Foss. Bass. Tert. Vienne, p. 266, pl. 16, figs. 7-9, 1846.

Test elongate, gradually tapering towards the apertural end, rounded in
opposite end, periphery rounded. Sutures distinct, depressed. Wall smooth.
Aperture typically with a bifid tooth. '

Length 0-76 mm; breadth 0-56 mm; thickness 0-47 mm.,

Occurrence common.

Pyrgo oblonga (d’Orbigny)
Pl. X111, figs. 16a, b.

Biloculina oblonga d’Orbigny, Ramon de la Sagra, Histore physique et. naturelle de Ile de Cuba,
Vol. 8, p. 163, pl. 8, figs. 21-23.

Text nearly oblong, biconvex, maximum breadth at the middle of the
test, sloping towards either ends, apertural end narrower than the opposite
end. The chamber in the front view attaining maximum convexity near the
apertural end. Aperture narrow, elongate with a bifid tooth.

Pyrgo subsphaerica (d’Orbigny)
Pl X111, figs. 17a, b.

Pyrgo subsphaerica (d’Orbigny) Cushman, U.S. Nat. Mus., Bull. 104, pt- 6, p. 68, pl. 18,
figs. 1, 2, 1929.
Test smooth, biconvex, subcircular. Sutures distinct, depressed. Aper-
ture with a tooth.
Diameter 0-48 mm ; thickness 0:42 mm,
Occurrence rare.
Genus—Awustrotrilling Parr, 1942

Awustrotrillina howchini (Schlumberger)
PL. XITI, fig. 18.
" Austrotrillina howchini (Schlumberger) Parr, Mining and Geol. Journ., Vol. 2, p. 361, 1942.

,Test somewhat oval, stoutly built, broadest and thickest in the middle,
triangular in transverse section with rounded angles. Chambers triloculine,
uniform in width. Sutures distinct. Wall thick, alveolate. Aperture not
very well preserved.

Length 1-1 mm; breadth 0-87 mm; thickness 0-56 mm,

Occurrence abundant.
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Family—Ophthalmidiidae
Genus—Cornuspira Schultze, 1854
Cornuspira obscura Heron-Allen and Earland

PL. XIII, fig. 19.

Cornuspira obscura Heron-Allen and Earland, Moorarbool River, Victoria, Australia. Roy. Micr.
Soc. London Journ., London, England, p. 134, pl. 7, figs. 3-4, 1924.

Test lenticular, formed by four to six tight convolutions of a tube. Peri-
phery subrounded, lateral surface filled with secondary clear shell material.
Sutures visible through the shell material when examined wet.

Diameter 0-7 mm ; thickness 0:15 mm.

Occurrence rare.

Family—Lagenidae
Subfamily—NODOSARTINAE
Genus—Dentalina d’Orbigny, 1926
Dentalina communis d’Orbigny
Pl. XTII, fig. 20.

Nodosaria (Dentalina) communis d’Orbigny, Ann. Sci. Ngt., Vol. 7, p. 254, No. 35, 1826.

Dentalina communis (d’Orbigny) Cushman, Ann. Rept. U.S. Nat. Mus., Bull. 104, pt. 4, p. 75,
pl. 12, figs. 3, 4, 15-17, 1923.

Test elongate, tapering. Chambers seven to eight, arranged in a rectilinear
series, rapidly increasing in size in the early stages, comparatively wider than
high. Sutures oblique, distinct, depressed. Aperture terminal, radiate.

Length 0-85 mm ; maximum diameter 0-25 mm.
Occurrence rare,

Genus—Amphicoryna Schlumberger, 1881
Amphicoryna cf. scalaris Batsch
Pl. X111, figs. 21, 22.

Amphicoryna scalaris (Batsch) Barker, Soc. Econom. Palaeontologists and Mineralogists, Sp. Pub.
No. 9, pp. 134-136, pl. 63, figs. 28-31, pl. 65, figs. 7-9, 1960.

Test elongate, having two to three broadly rounded chambers. Chambers
slightly less high than wide. Sutures slightly depressed. Wall smooth,

surface ornamented with distinct costae usually 12-14 in number, becoming
almost indistinct at sutures.

Length 0-37 mm; breadth 0-2 mm.
Occurrence very rare.
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Genus—Rectoglanduling Cushman, 1929
Rectoglandulina rotundata (Reuss)
Pl. X111, fig. 23.

Rectoglandulina rotundata (Reuss), Barker, Soc. Econom. Palaeontologists and Mineralogists, Sp.
Pub. No. 9, p. 128, pl. 61, figs. 17-19, 1960.

Test with subparallel margins in the central portion, sloping rapidly at
either ends, usually with small spine at the initial end. Chambers rapidly
increasing in size, the last formed .chamber covers about half the length of
the test. Sutures indistinet. Wall smooth, polished. Aperture terminal,
radiate.

Length 0-54 mm; diameter 0-32 mm.

Occurrence rare.
Subfamily—LAGENINAE

Genus—Lagena Walker and Jacob, 1798
Lagena laevis (Montagu)

Pl. XIII, fig. 24.

Lagena laevis (Montagu) Brady, Soc. Econom. Palaeontologists and Mineralogists, Sp. Pub.
No. 9, p. 114, pl. 56, figs. 7-9, 1960.

Test of medium size, broadly elliptical in outline, rounded in cross-
section. Wall smooth. Aperture slightly produced, terminal, radiate, with a
neck.

Length 0-3 mm; diameter 0-23 mm.

Occurrence common,

Genus—OQolina d’Orbigny, 1839
Oolina lineate (Williamson)
P1. X111, fig. 25.

Oolina lineata (Williamson), Loeblich and Tappan, Smith. Mise. Ooll., Vol. 121, No. 7, p. 70,
pl. 13, figs. 11-13, 1953,

Test rounded elliptical, surface covered with fine longitudinal striations.
Aperture terminal, radiate,

Length 0-29 mm ; diameter 0-22 mm.

Occurrence rare.

Genus—Globulina d’Orbigny, 1839
Globulina gibba d’Orbigny
Pl X111, fig. 26.

Globulina gibba d’Orbigny, Ann. Sei. Nat., Vol. 7, p. 226, No. 10, 1826.

Test ovate, globular, three chambers visible from outside. Sutures
flushed with surface. Aperture terminal, radiate, '
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Length 0-35 mm; breadth 0-3 mm.
Rare in occurrence.

Family—Nonionidae
Genus—Florilus Montfort, 1808
Florilus boueanum (d’Orbigny)

Pl X111, figs. 27a, b,
Nongon boueanum (d’Orbigny) Hada, Tohoku Imp. Univ. Sci. Rept., ser. 4, Biol.,, Vol. 6, p. 117,
t£. 76, 1931.
Test small, much compressed, umbilical region slightly depressed, peri-
phery rounded. 10 to 11 chambers in the adult coil, last chamber slightly

inflated. Sutures distinct, very slightly depressed. Aperture a low opening
at the base of the apertural face.

Diameter 0-29-0-35 mm ; thickness 0-12-0-15 mm.

The specimens, due to their much compressed nature of the test and less
inflated last chamber, are nearer to the variety N. montereyanum var. came-
loense Cushman and Galliher, reported to occur along with N. monfereyanum
from Monterey shales on the East Fork of Camyon Segundo, California

Occurrence rare.

Genus— Melonis Montfort, 1808
Melonis soldanii (d’Orbigny)

Pl X1V, figs. 1a, b.

Nondon soldanii (d’'Orbigny) Cusbman, U.S. Geol. Survey, Prof. Paper 191, p. 13, pl. 3,
figs. 10-11, 1939.

Test small, closely coiled, umbilical area moderately deep, periphery
rounded. Chambers distinct, of uniform size and shape, slightly increasing
in size as added. Sutures distinct, not depressed, slightly limbate. Aperture
a low opening at the base of the apertural face.

Diameter 0-25 mm thickness 0-12 mm. '

The forms are poorly represented in the assemblage.

Genus—Elphidium Montfort, 1808
Elphidium advenum (Cushman)

Pl. X1V, figs. 3a, b.

Elphidium advenum (Cushman) Cushman, U.S. Nat. Mus., Bull. 104, pt; 7, p. 25, pl. 10,
figs, 1-2, 1930.

Test small, much compressed, periphery acute, umbilical regions with a
small central boss of clear shell material projecting slightly in the peripheral
view beyond the contour of the test. Chambers distinct, 10 to ‘13 in the
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last coil, slightly inflated in the last formed portion. Sutures depressed,
marked with retral processes. Aperture at the base of the apertural face.
Longer diameter 0-44 mm; shorter diameter 0-37 mm; thickness 0-185
mm.
The forms are fairly represented in the assemblage.

Elphidium indicum Cushman
PL X1V, figs. 4a, b.

Elphidium indicum Cushman, Cushman Lab. Foram. Res. Conir., Vol. 12, p. 83, pl. 14, figs. 10n,
b, 1938.

Test of medium size, slightly compressed, umbonate, periphery rounded.
Chambers 15-18 in the last coil, later chambers slightly inflated. Sutures in
the early portion indistinct, later ones distinct, slightly depressed, retral
processes slightly curved. Wall ornate, with rounded costae parallel to the
periphery in the earlier portion, later becoming subdued and limited. Aper-
ture at the base of the last formed chamber.

Longer diameter 0-78 mm ; shorter diameter 0-70 mm ; thickness 0-42 mm,

The forms are fairly well represented in the assemblage.

Elphidium minutum (Reuss)
PlL. XTIV, figs. 5a, b.
Elphidium minuium (Reuss) Cushman, U.S. Geol. Survey, Prof. Paper 191, p. 40, pl. 10,
figs. 22-25, 1939,

Test small, compressed, periphery rounded. Chambers distinct, 12-14
in the last coil, of uniform size and shape, increasing very slightly in size.
Sutures very slightly depressed, indistinet, curved retral processes. Aperture
at the base of the apertural face.

Longer diameter 0-3 mm; shorter diameter 0-23 mm; thickness 0-13 mm.

The forms are rare.

Elphidium poeyanum (d’Orbigny)
Pl. X1V, figs. 6a, b.

Elphidium poeyanum (d’Orbigny) Cushman, U.S. Nat. Mus., Bull. 104, pt. 7, p. 25, pl. 10,
figs. 4-5, 1930.

Test small, compressed, periphery broadly rounded, sides nearly parallet in
peripheral view. Umbilical region slightly depressed. Chambers seven to ten
in the last coil, distinct, slightly inflated. Sutures slightly depressed marked
by very short retral processes. Wall smooth. Aperture at the base of the
apertural face.

Longer diameter 0-32 mm ; shorter diameter 0-27 mm; thickness 0-185 mm.
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The forms are poorly represented in the assemblage and are comparatively
smaller than those described by Cushman from Dry Trotugas, Florida.

Elphidivm tumidum Natland

PlL. X1V, figs. 7a, b.

Elphidium tumidum Natland, Scripps Inst. Oceanography, Bull., Tech. Ser., Vol. 4, p. 144, pl. 5,
figs. 5, 6, 1938.

Test involute, depressed. Periphery rounded, lobulate, umbilical region
slightly depressed. Chambers inflated, about eight in the last volution.
Sutures distinet, depressed, slightly curved. Retral processes slightly elon-
gated. Surface smooth. Aperture—several small openings at the base of the
apertural face.

Longer diameter 0-28 mm ; shorter diameter 0-23 mm ; thickness 0-135 mm.

Frequent juvenile specimens are present in the assemblage.

Elphidium sp.
Pl X1V, figs. 2a, b.

Test of medium size, closely coiled, inflated, umbilical area not depressed,
periphery broadly rounded, not lobulate. Chambers distinct, 8-10 in the last
coil, increasing in size as added. Sutures distinet, flushed with surface,
marked with short retral processes, usually 10-12 visible from one side. Wall
smooth. Aperture a series of pores at the base of the apertural face.

Longer diameter 0-42 mm; shorter diameter 0-33 mm ; thickness 0-32 mm.

This species seems to be somewhat similar to K. tumidum Natland (1938),
but differs in being more broad, in having even umbilical area and an entire
periphery. It is thicker as compared to E. tropical Petri (1954) and has less
elongated retral process. E. sagram (d’Orbigny) var. curvrvense Petri (1954)

Fias. 1 to 24. 1, Melonis soldanit (d’Orbigny); a, side view, b, apertural view. X 80.
2, Elphidium sp.; a, side view, b, apertural view. x58. 3, E. advenum (Cushman); a, side view,
b, apertural view. x56. 4, E. indicum Cushman; g, side view, b, apertural view. x28. 5, K.
minutum (Reuss); a, side view, b, apertural view. x56. 6, H. poeyanum (d’'Orbigny); a, side
view, b, apertural view. x56. 7, E. tumidum Natland; a, side view, b, apertural view. x 70.
8, 9, Operculina bartschi Cushman; a, side view, b, apertural view. 8. x11and 9. x22. 10, 0.
elegans Cushman; side view. X 11. 11, Operculina sp. A ; a, side view, b, apertural view. X 43.
12, Spirolina indica n. sp.; side view. x24. 13, 8. ¢ndica n. sp.; a, side view, b, apertural
view. x21. 14, Bolivina cf. mornhinvegi Cushman; side view. X 587. 15, Bolimina sp.; a, side
view, b, apertural view. x30. 16, Bolivina latum (Todd); side view. x62. 17, Geminaricta
virgata Cushman var. costifera Cushman; a, side view, b, apertural view. x 31. 18, Tubulogenerina
tubulifera (Parker and Jones); side view. x29. 19, Reussella byramensis Cushman and Todd;
a, side view, b, aperturalview. x59. 20, Parafissurina curvatan. sp.; a, front view, b, side view,
¢, top view. x64. 21, Eponides ecuadorana Cushman and Stevenson; a, dorsal view, b, ventral
view. X 59. 22, Discorbis alveata Cushman; a, dorsal view, b, ventral view, c, side view. X 56.
23, D. pseudodiscoides Van Bellen; a, dorsal view, b, ventral view. x 25. 24, D. pseudodiscoides
Van Bellen var, kutchensis n. var.§ a, dorsal view, b, ventral view, ¢, side view. x 30.
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can be differentiated with this species by its different, well elongated retral
process.
Occurrence rare.

Family—Camerinidae
Genus—Operculina d’Orbigny, 1826
Operculina bartschi Cushman
Pl X1V, figs. 8a, b, 9a, b.
Operculina bartschi Cushman, U.S. Nate-Mus., Bull. 100, pp. 336-37, text-fig. 13, 1921,

Test lenticular, evolute, flat with subcentral umbo. Chambers numerous,
about 15 in the last coil, of uniform shape, 21-3 times as high as broad,
regularly increasing in size as added. Sutures raised, strongly curved, beaded.
There is usually a subcentral beaded zone covering the earlier coils. Aperture
median, at the base of the apertural face.

Longer diameter 2 mm; shorter diameter 1-65 mm; thickness 0-50 mm.

Few specimens in our collection recorded under this species have un-
dulating peripheral rim (figs. 9a, b). This character has not been referred to
by Cushman for his species O. bartschi. These types of forms are occurring
consistently in our material and it may be reasonable to put them under a
different variety.

Occurrence common.

Operculina elegans Cushman

Pl XIV, fig. 10.
Operculina elegans Cushman, U.S. Nat. Mus., Bull. 100, Vol. 4, p. 381, pl. 97, fig. 3, 1921.

Test lenticular, compressed, evolute, earlier whorls covered with trans-
lucent shell material, showing 3% whorls when wet, gradually increasing in
height. Periphery rounded to subacute. Chambers 15-19 in the final
volution, about twice as high as broad. Sutures radiate, straight or slightly
curved, slightly depressed or flushed with the surface. Umbonal region
covered with translucent shell material flushed with surface. Aperture median,
at the base of the apertural face.

Longer diameter 1-8 mm; shorter diameter 1-6 mm; thickness 0-42 mm.

Occurrence common.

Operculina sp. A
Pl X1V, figs. 11a, b.

Test small for the genus, lenticular, bisymmetrical, evolute, periphery
subacute, distinctly lobulate, at least in the later part, showing 2-2% whorls.
Chambers 11-13 in the last whorl, subquadrat, higher than broad, regularly
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increasing in size as added. Sutures distinct, depressed, slightly curved near
the periphery. Aperture at the base of the apertural face, median.
Longer diameter 0-44 mm; shorter diameter 0-35 mm ; thickness 0-15 mm.
Occurrence common.

Family—Peneroplidae
Genus—Spirolina Lamarck, 1804
Spirolina indica n. sp.

Pl X1V, figs. 12, 13a, &.

Test planispiral, compressed, evolute, early chambers cloge coiled, later
ones uncoiled, with a tendency to follow uniserial arrangement. Chambers
narrow, numerous, 14-16 in the last coil. Sutures slightly curved and
depressed. Wall smooth or rough. Umbilicus relatively broad and shallow.
Aperture an elongate opening in the apertural face near the periphery.

Longer diameter 0-83 mm; shorter diameter 0-62 mm; thickness 0-18 mm.

Occurrence common.

It is somewhat similar to 8. stenostoma Deshayes (1833), but differs in being
smaller in size, comparatively thinner and in having more number of chambers.

Family—Buliminidae
Subfamily—BULIMININAE
Genus—Bulimina d’Orbigny, 1826
Bulimina sp.

Pl. X1V, figs. 15a, b.

Test triserial, short, inflated, triangular in apertural view, with broadly
rounded angles. Early chambers ‘indistinct, the last three chambers large,
inflated and cover about half of the entire length of the test. Sutures in-
distinct in the early stages, later distinct, depressed. Aperture loop-shaped
at the base of the last formed chamber.

Length 0-975 mm ; maximum breadth 0-87 mm,

Occurrence rare. The forms are badly preserved and thus could not be
specifically identified.

" Subfamily—VIRGULININAE
Genus—Boliving d’Orbigny, 1839
Bolivina cf. mornhinvegi Cushman

Pl. X1V, fig. 14.

Bolivina mornhinvegi Cushman, Conir. Cushman Lab, Foram. Res., Vol. 11, pt, II, p. 32, pl. 5,
figs. la, b, 1935.

Test biserial, compressed, longer than broad, subparallel in the adult
stages, tapering in the initial stage. maximum thickness near the initial
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end, gradually reducing towards the apertural end. Periphery acute, keeled.
Chambers in six to seven pairs, broader than high. Sutures in the early part
raised, slightly curved and merge with the peripheral keel, later slightly
depressed. Apertural end abrupt, oblique, mostly covered by the last formed
chamber. Aperture typical of the genus.

Length 0-37 mm; breadth 0-21 mm; thickness 0-12 mm.

Occurrence rare.

The extension of the keel up to the apertural face has not been shown
in Cushman’s figures (op. cit.), but noticed in the specimens in the present
collection. It is also somewhat similar to B. densa Todd (1957), but differs
in sutures not being raised and width of the apertural face.

Bolivina latum (Todd)
Pl X1V, fig. 16.

Lozostomum latum Todd, U.S. Geol. Surv., Prof. Pap. No. 280 H, p. 304, pl. 66, figs. 21a, b, 1957,

Test elongate, compressed, biserial, tending to become uniserial in the
adult stage. Periphery entire, rounded. Chambers narrow, numerous, about
10-11 pairs. Sutures distinct when wet, straight or slightly curved, strongly
oblique, set at about 40° from the periphery of the test. Surface covered
with extra shell material. Aperture an elliptical opening in the last formed
chamber.

Length 0-42 mm; breadth 0-17 mm; thickness 0-11 mm.

Occurrence rare.

Loxostomum latwm has been changed to Bolivina latum as the type of
Loxostomum has been found to be quadrate in cross-section.

Genus—Geminaricta Cashman, 1936
Geminaricte virgate Cushman var. costifera Cushman

Pl X1V, figs. 17a, b.

Geminaricta virgata Cushman var. cosiifera Cushman, Cush. Lab. Foram. Res., Sp. Pub. 6,
p- 62, pl. 8, fig. 19, 1936.

Test elongate, compressed, early stages biserial, later ones uniserial, 6-7
pairs of chambers in biserial portion followed by 3-4 umniserial ones. Wall
smooth, surface ornamented with pronounced costae, arranged parallel to the
" sutures. Aperture terminal, a pair of small openings, well separated, in an
elliptical depression.

Length 0-57 mm; breadth 0-27 mm: thickness 0-17 mm.

QOccurrence common.
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Genus—Tubulogenering Cushman, 1927
Tubulogenerina tubulifera (Parker and Jones)
Pl XTIV, fig. 18.

Tubulogenerina tubulifera (Parker and Jones) Cushman, Cushman Lab. Foram. Res., Sp. Pub. 9
p. 215, pl. 24, figs. 14-16, 1937.

’

Test small, elongated, conical, with numerous tubuli arranged in a single
row in each chamber. Aperture a narrow subrounded to elliptical opening in
the terminal face.

Length 0-69 mm; maximum diameter 0-28 mm.

Only few individual could be recorded in our material.

Subfamily—REUSSELLINAE
Genus—ZReussella Galloway, 1933
Reussella byramensis Cushman and Todd

Pl X1V, figs. 19a, b.

RBeussella byramensis Cushman and Todd, Cushman Lab. Foram. Res. Conir., Vol. 22, p. 94,
pl. 16, figs. 4-5, 1946. ’

Test triangular, longer than broad, sides slightly concave, angles acute,
Chambers numerous, distinet. Sutures distinet, flushed with surface. Aper-
ture at the base of the last formed chamber.

Length 0-32 mm; breadth 0-21 mm.

It exhibits large variations in the length of the test and pointed initial
end. Qccurrence common.

Family—Ellipsoidinidae
Genus—Parafissuring Parr, 1947
Parafissurina curvata n. sp.

Pl X1V, figs. 20a, b, c.

Test consisting of a single chamber, globular, slightly compressed, ellip-
tical in side view. Aperture a crescentic opening covered by a pronounced,
broadly arched, recurved hood-like extension of the ventral wall of the test.

Longer diameter 0-28 mm ; shorter diameter 0-27 mm ; thickness 0-23 mm.

Occurrence common. .

P, curvata n. sp. is not unlike P. curte Parr (1950), but is smaller in
size, less compressed and has a recurved hood-like extension covering the
aperture.

2
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Family—Rotalidae
Subfamily—DISCORBINAE
Genus—Discorbis Lamarck, 1804

Discorbis alveata Cushman
Pl X1V, figs. 22a, b, c.

Discorbis alveata Cushman, Contr. Cushman Lab. Foram. Res., Vol. 9, pt. 1, p. 16, pl. 2, fig. 4,
1933.

Test planoconvex, dorsal side low cone, ventral side flat to concave, peri-
phery indistinctly keeled, four to six chambers in the final coil. Umbilicus
deep, slightly excavated. - Sutures distinct, strongly curved on the dorsal
side and slightly curved, radial on the ventral side. Wall smooth. Aperture
a ndrrow slit.

Longer diameter 0-34 mm ; shorter diameter 0-27 mm; thickness 0-12 mm.

Occurrence rare.

Discorbis barkeri n. name*
Pl. XV, figs. 1a, b, c.

Discorbis, sp. nov. Barker. Taxonomic Notes. Soc. Econom. Palacontologists and Minerologists,
Sp. Pub. No. 9, p. 180, pl. 87, fig. 2, October 1960.

Test usually planoconvex. Dorsal side convex, showing 2} to 3 whorls.
Ventral side flat or slightly concave, exhibiting chambers of the last volution.
Periphery subrounded, distinctly lobulate. Chambers eight to ten in the final
volution, inflated, rapidly increasing in size as added. The last two to three
chambers slightly more inflated than the rest. Dorsal sutures distinctly
depressed. Ventral sutures depressed and incised about half the way between
the periphery and umbilicus. Umbilical area filled with shell material which
spreads over nearly } part of the chambers in the form of pseudopodia. Wall
smooth, perforate. Aperture near the periphery, on the ventral side, at the
base of the last formed chamber.

Longer diameter 0-68 mm; shorter diameter 0-59 mm ; thickness 0-34 mm.

The specimens were compared with Brady’s type figures (op. cit.). As
already commented by Hornibrook and Vella (The Micropal., Vol. 8, 1954)
it is different from Discorbis vesicularis (Lamarck) and Lamellodiscorbis dimi-
digtus (Parker and Jones). Frequent in occurrence.

Discorbis pseudodiscoides Van Bellen

PL X1V, figs. 23a, b.

Discorbis pseudodiscoides Van Bellen, Netherlands, Geol. Stichting, Meded., Haarlem, ser. C,
Vol. 5, No. 4, p. 53, pl. 6, figs. 10-15, 1946.

Test planoconvex, periphery entire, subacute, ventral side flat, or slightly
convex, showing only last whorl with about seven to nine chambers. Ventral

* Named after R. Wright Barker of Shell Development Company, Texas.
2B )
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sutures depressed, incised, slightly curved, visible to about half-way to the
umbilicus. Umbilicus filled with secondary shell material. Dorsal side a low
cone, showing about 2-2% whorls. Dorsal sutures curved. Umbonal area with
clear shell material. Aperture at the base of the last formed chamber on the
ventral side about half-way between umbo and periphery.

Longer diameter 0-55 mm ; shorter diameter 0-45 mm ; thickness 0-25 mm.

The specimens in the present collection are swaller in size and have less
number of chambers than mentioned by Van Bellen in his type description.
The type Fig. No. 10 of Van Bellen (1946, op. cit.) shows only eight chambers
in the last whorl, though in the type description he mentions 9-11 chambers.
The authors therefore are inclined to retain the same specific name for the
forms. '

Occurrence common.

Discorbis pseudodiscoides Van Bellen var. kutchensis n. var.
Pl XTIV, figs. 244, b, c.

Test planoconvex, ventral side flat or slightly concave, showing about
nine chambers. Ventral sutures radial, straight or slightly curved, depressed,
incised, visible to about half the way to the umbilicus. Umbilicus filled with
secondary shell material. Periphery subacute. Dorsal side low cone. Um-
bonal area occupied by a boss of secondary shell material, showing about 2 to
2% whorls. Dorsal sutures slightly curved, slightly depressed in the later part
of the last coil. Aperture typical of the genus.

Longer diameter 0-57 mm ; shorter diameter 0-45 mm; thickness 0-27 mm.

This variety differs from Discorbis pseudodiscoides in having more convex
dorsal side and inflated last chamber, giving a distinet lobulate look to the
periphery in the final part.

Occurrence common.

Discorbis sp. A
Pl XV, figs. 2a, b, c.

Test nearly circular, planoconvex, periphery subacute, moderately keeled.
Dorsal side a low cone, showing about nine chambers arranged in two whorls.
Ventral side showing only six to seven last formed chambers. Chambers
rapidly increasing in size as added. Sutures slightly curved and depressed on
the dorsal side. Ventral sutures slightly limbate, depressed and curved.
Umbilical area without any umbo or secondary shell material. Aperture a
small arched opening in the last formed chamber, on the ventral side, between
umbilicus and periphery.

Longer diameter 0-4 mm; shorter diameter 0-33 mm; thickness 0:18 mm.

Occurrence rare.
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Subfamily—ROTALIINAE
Genus—Eponides Montfort, 1808
Eponides ecuadorana Cushman and Stevenson
Pl XTV, figs. 21a, b.

Eponides ecuadorana Cushman and Stevenson, Contr. Cushman Lab. Foram. Res., Vol. 24,
p. 64, pl. 10, fig. 16, 1948.

Test small, biconvex, showing 3-3} whorls on the dorsal side. Periphery
subacute, slightly lobulate. Chambers distinct, very slightly inflated, gradu-
ally increasing in size, 7-8 in the final whorl. Sutures distinct, slightly
depressed and curved on the ventral side, obliquely deposed on the dorsal
side. Aperture typical of the genus.

Longer diameter 0-27 mm; shorter diameter 0-25 mm; thickness 0-15
mm.

Ocecurrence common.

Genus—Rotalia Lamarck, 1804
Rotalia wmbonata Le Roy

Pl. XV, figs. 3a, b.

Rotalia umbonata Le Roy, Colorado School Mines Quart., Vol. 39, No. 3, p. 35, pl. 7, figs. 16-18,
1944,

Test trochoid, dorsal side moderately convex showing about 21-3 whorls,
ventral side almost flat. Periphery rounded, very slightly lobulate, if at all, in
the later part. Chambers 12-14 in last whorl, twice as high as broad, narrow-
ing towards the umbilicus. Sutures on the dorsal side slightly raised, straight
or slightly curved. Ventral sutures radial, slightly depressed. Umbilicus
with a stout, subrounded plug. Aperture on the ventral side, at the base of
the last formed chamber. '

Longer diameter 0-5 mm; shorter diameter 0-47 mm; thickness 0-25
mm,

Occurrence common,

Genus—Ammonia Brunich, 1771
Ammonia beccarii (Linnaeus)

PL. XV, figs. ba, b.

Nautilus beccarit Linnaeus, Systema natural, Vol. 1, p. 710, pl. 1, figs. la—c, 1758.
Ammonia beccarit (Linnaeus) Frizzell and Keen, Jour. Pal., Vol. 23, No. 1, p. 106, 1949,
Ammonia beccarii (Linnaeus), Huang, Micropal., Vol. 10, No. 1, p. 52, pl. 2, fig. 6, 1964.

Test biconvex, showing 2} to 3 whorls dorsally, only last formed chambers
visible on the ventral side. Periphery subacute, keeled, slightly lobulate, eight
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to nine chambers in the final whorl of uniform shape. Dorsal sutures thick,
limbate, distinctly raised from the surface. Ventral sutures depressed, being
more so near the umbilical base of the chambers. Umbilicus with a fissured
irregular plug. Wall smooth. Aperture at the base of the last formed
chamber on the ventral side.

Longer diameter 0-42 mm; shorter diameter 0-37 mm; thickness 025
mm,

Occurrence common.

Ammonia papillosus (Brady)
Pl XV, figs. 6a, b.

Rotalia paillosa Brady, Challenger Rept. Zool., Vol. 9, p. 708, pl. 106, fig. 9, 1884,
Streblus paillosus (Brady) Bhatia, Contr. Cush. Found. Foram. Res., Vol. 7, pt. 1, p. 23, pl. 4;
figs. 1, 2, 1956.

Test trochoid, biconvex, periphery subacute with a keel. Chambers
numerous, gradually increasing in size as added, 10-12 in the final volution.
Dorsal sutures strongly raised, beaded. Ventral sutures excavated, with a
double row of beading. Umbilicus with open fissures. Wall thin, perforate,
Aperture at the base of the apertural face on the ventral side.

Longer diameter (-84 mm; shorter diameter 0-78 mm; thickness 0-5 mm.

It has been recorded by Bhatia (1957) from shore sands (recent) of
Western India and also from the Agate Conglomerate of Surat Broach region.
It oceurs abundantly in our material.

Ammonia (?)sp. A
Pl XV, figs. 4a, b.

Test trochoid, biconvex. Periphery subacute, typically with a broad
keel, extending dorsally along the whorl sutures. Dorsal side less convex,
showing about three coils, about ten chambers in the last coil, of uniform
shape, gradually increasing in size as added. Dorsal sutures limbate, slightly
curved, distinctly raised, merging with the keel with slightly rounded ends.
Ventral sutures radiate, straight or slightly curved, deeply incised, wider near
the umbilicus thinning out gradually near the periphery. Umbonal area
filled with a subcircular, star-shaped umbo made up of secondary shell
material. Wall distinctly perforate. Aperture at the base of the last formed
chamber on the ventral side of the test.

Longer diameter 0-79 mm ; shorter diameter 0-71 mm ; thickness 0-38 mm.

Occurrence common.
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Subfamily—SrpHONININAE
Genus—3Siphonina Reuss, 1950
Siphonina bradyana Cushman
Pl. XV, figs. 7a, b.

Siphonina bradyana Cushman, U.S. Nat. Mus, Proc,, Vol. 72, No. 2716, art. 20, p. 11, pl. 1,
fig. 4, 1927.

Test nearly circular, biconvex, periphery acute with a broad, thin carina.
About five chambers in last whorl, not inflated. Sutures distinct, flushed.
Wall perforate, smooth. Aperture elliptical with a short neck and lip.

Longer diameter 0-3 mm; shorter diameter 0-25 mm; thickness 0-15 mm,

Occurrence rare.

Family—Amphisteginidae
Genus—Asterigering d’Orbigny, 1839
Asterigering subacuta Cushman
Pl XV, figs. 9a, b, c.

Asterigering  subacuta Cushman, U.S. Geol. Surv., Prof. Pap. No. 129-E, p. 100, pl. 24,
figs. 1--3, 1922,

Test planoconvex, ventral side convex, consisting of nearly 2-2} whorls,
smooth, a layer of transparent shell material covering the test, through which
nearly all the chambers are visible. Chambers about eight in the last formed
whorl. Supplementary chambers rhomboid and extend out from near the
central boss of clear shell material to nearly two-thirds of the test. Sutures
limbate, flushed with surface, slightly curved backwards joining the distinct
peripheral keel. '

Longer diameter 0-59 mm ; shorter diameter 0-52 mm ; thickness 0-35 mm.

¥ies. 1 to 19. 1, Discorbis barkert n. name; a, dorsal view, b, ventral view; ¢, side view.
% 36. 2, Discorbis sp. A; a, dorsal view, b, ventral view. X 34. 3, Rotalia umbonata Le Roy;a,
dorsal view, b, ventral view. x30. 4, Ammonta(?)sp.A;a,dorsal view, b, ventral view., X 50.
5, Ammonia beccarii (Linné); a, dorsal view, b, ventral view. x50. 6, 4. papillosus (Brady);
a, dorsal view, b, ventral view. x27. 7, Siphonina bradyana Cushman;a, dorsal view, b, ventral
view. X56. 8, Asterigerina subacuta Cushman; a, ventral view, b, dorsal view, ¢, side view.
X 32. 9, Amphistegina chipolensis Cushman; a, dorsal view, b, ventral view. x29. 10, 4.
lessonit d’Orbigny; a, ventral view, b, side view. x82. 11, Globigerina parabulloides Blow;
a, dorsal view, b, ventral view, ¢, side view. x70. 12, Orbulina universa d’Orbigny. Xx25.
13, Anomalina globulosa Chapman and Parr; a, dorsal view, b, ventral view, ¢, apertural view.
% 20. 14, Anomalinella rostrata (Brady); a, side view, b, apertural view. x34. 15, Cibicides
kamadai Asano; a, ventral view, b, apertural view. x6l. 16, C. mckannai Galloway and
Wissler; a, ventral view, b, apertural view. x35. 17, Hanzawata americana (Cushman) var.
bundensis Van Bellen; a, ventral view, b, apertural view. x60. 18, C. foxi Le Roy; a, ventral
view, b, doreal view, c, apertural view. x75. 19, Gypsina globulus (Brady). x1I1.
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The size of our specimens is relatively smaller as given by Cushman
-(1922) in his type description.
Occurrence abundant.

Genus—Amphistegina d’Orbigny, 1826
Amphistegina chipolensis Cushman and Ponton
Pl XV, figs. 9a, b.

Amphistegina chipolensis Cushman and Ponton, Florida Geol. Surv., Bull., No. 9, p. 96, pl. 15,
fig. 1, 1932,

Test lenticular, unequally biconvex, strongly convex and umbonate on
the ventral side, periphery entire, acute, with a distinct keel, adult becoming
slightly evolute. 10-15 chambers in the final whorl, intermediate chambers
visible thraugh the clear shell material near the umbonal region on the ventral
gide, fairly uniform in shape and gradually increasing in size. Sutures slightly
~ limbate, strongly curved. Aperture at the base of the ventral border of the
last formed chamber.

Maximum diameter 0-54 mm; thickness 0-3 mm.

Occurrence abundant.

Amphistegina lessonit d’Orbigny
Pl XV, figs. 10a, b.
Amphistegina lessonit d’Orbigny, Ann. Sci. Nat., Vol. 7, p. 304, No. 3, pl. 17, figs. 1-4, 1826.

Tést lenticular, unequally biconvex, periphery sharp. Umbonal deposits
of clear shell material are visible on both the sides. Chambers numerous.
Sutures slightly limbate, flushed with surface, sharply angled in the middle,
towards the anterior end. Ventral secondary chambers extend half or less the
distance from the umbo to the periphery. Surface smooth. Aperture at the
base of the ventral border of the last formed chamber.

Longer diameter 0-39 mm; shorter diameter 0-34 mm ; thickness 0-18 mm.

The forms are comparatively rare in the assemblage and appear to be
comparable to A. lessontt d’Orbigny var. bowdensis Palmer.

Family—Globigerinidae
Subfamily—GLOBIGERININAE
Genus—Globigerina d’Orbigny, 1826
Globigerina parabulloides Blow
Pl XV, figs. 11a, b, c.

Globigerina parabulloides Blow, Amer. Pal., Bull., Vol. 39, No. 178, pp. 179-180, pl. 10,
figs. 46a-c, 1959.

Test trochospiral showing three whorls on the spiral side. Chambers
ten in number, subspherical, rapidly increasing in size as added. Equatorial
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profile elongate in the direction of last formed chamber. Umbilicus shallow.
Aperture low arched, interomarginal, umbilical, with a rim.
Longer diameter 0-19 mm ; shorter diameter 0-135 mm ; thickness 0-125 mm.
Only two to three juvenile specimens are present in our collection.

Subfamily—ORBULININAE
Genus—Orbulina d’Orbigny, 1839
Orbulina universa d’Orbigny

Pl XV, fig. 12.

Orbulina universa d’Orbigny, De la Sagra, Hist. Phys. Pol. Nat. Cuba, Foraminifers, p. 3,
pl. 1, 1839,

Test small, globular. Wall calcareous, perforate. Young globigerine
stage observed inside the main globular test.

Diameter 0-4 to 0-59 mm.

Only a few forms are present in our material.

Family—Anomalinidae
Subfar_nily——ANOMALINmAE
Genus—Anomaling d’Orbigny, 1826
Anomalina globulosa Chapman and Parr

Pl. XV, figs. 13a, b, c.

Anomalina globulosa Chapman and Parr, Foraminifera, Australasian Antarc. Exped. 1911-1914,
Sei. Repts., Sydney, Australia, ser. C, Vol. 1, pt. 2, p. 117, pl..9, fig. 27, 1937,

Test nearly planoconvex, slightly more inflated ventrally. Periphery
lobulate, rounded, 2 to 2} coils, all of which show on dorsal side, only last-
formed visible ventrally. About eight chambers in the final whorl, inflated.
Sutures distinct, depressed. Aperture almost median, an arched opening at
the base of the last chamber.

Length 0-92 mm; breadth 0-52 mm ; thickness 0-35 mm.

Occurrence rare.

Genus—Anomalinello Cushman, 1927
Anomalinella rostrata (Brady)

Pl XV, figs. 144, b.

Anomalinella rostrata (Brady) Cushmen, Contr. Cushman Lab. Foram. Res., Vol. 3, No. 39,
p. 93, pl. 1, 1927,

Test lenticular, biconvex, umbonate, periphery subacute with a distinct
keel, involute. Approximately ten chambers in the final volution, Sutures



188 MADAN MOHAN & D. K. BHATT

limbate, slightly raised. Wall distinctly perforate. Aperture at the base of
the last formed chamber and a supplementary apical aperture.
Longer diameter 0-55 mm ; shorter diameter 0-47 mm; thickness 0-23 mm.
Commonly present in our material. Young forms do not show supple-
mentary aperture,

Subfamily-;CIBICIDINAE
Genus—Hanzawaia Asano, 1944
Hanzawaia americana (Cushman) var. bundensis Van Bellen

Pl XV, figs. 17a, b.

Cibicides americanus (Cushman) var. bundensis Van Bellen, Netherlands Geol. Stichting, Meded.,
Haarlem, ser. C, Vol. 5, No. 4, p. 77, pl. 11, figs. 19-21, 1946.

Test planoconvex, periphery entire, subacute, slightly keeled. Two to 2}
whorls, all of which show on the dorsal side. About 10 chambers in the last
coil, gradually increasing in size. Sutures distinet, limbate slightly curved,
flushed with surface. Aperture an arched opening at the base of the semi-
quadrate apertural face.

Length 0-29 mm; breadth 0-24 mm; thickness 0-12 mm.

Our specimens differ from Cibicides americanus (Cushman) in being
dorsally evolute.

Occurrence common.

Genus—Cibicides Montfort, 1808
Cibicides foxi Le Roy
PL XV, figs. 18a, b, c.

Cibicides foxi Le Roy, Natuurk. Tijdschr. Nederl, Indie, Batavia, Java, dl. 99, afl. 6, p. 267,
pl. 9, figs. 8-10, 1939,

Test mnearly circular, planoconvex, periphery acute, slightly lobulate,
indistinctly keeled. Dorsal side flat or concave, showing 2-24 whorls. Whorl
as well as chamber sutures limbate and flush. Ventral side strongly convex,
showing about ten last formed chambers, of uniform shape, gradually increasing
in size, last formed chamber slightly inflated. Ventral sutures slightly limbate
and curved, flush with the surface. Umbilical area with secondary shell
material on the dorsal side and an umbo on the ventral side. Aperture a
narrow arched opening at the base of the last chamber near the periphery.

Length 0-29 mm; breadth 0-24 mm; thickness 0-135 mm.

Occurrence common,
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Cibicides kamadar Asano
PL XV, figs. 15a, b.

Cibicides kamadas Asano, Illus. Cat. Japanse Tert. smaller foraminifera, pt. 13, Anomalinidae,
p. 17, figs. 33-35, 1951,

Test planoconvex, periphery entire, acute. Chambers nine to ten in the
last coil, gradually increasing in size as added. Sutures distinct, slightly
limbate, flush with surface. Wall perforate. Aperture an arched slit at the
base of the last formed chamber.

Length 0-34 mm; breadth 0-25 mm; thickness 0-06 mm.

Asano differentiated his species Cibicides kamadai from C. lobatulus
(Walker and Jacob) by the presence of secondary shell material covering the
earlier whorls on the dorsal side. Similar shell material has been observed in
the forms with the authors.

Occurrence rare.

Cibicides Mckannai Galloway and Wissler

Pl XV, figs. 16a, b.
Cibicides mekannai Galloway and Wissler, Jour. Pal., Vol. 1, p. 65, pl. 10, fig. 5, 1927.

Test lenticular, biconvex, nearly all of the whorls visible dorsally and
only last formed visible on the ventral side. Periphery acute, slightly keeled.
Ten to twelve chambers in the final volution. Sutures flushed with surface,
limbate. Wall smooth, punctate. Aperture median, at the base of the last
formed chamber.

Diameter 0-4 mm; thickness 0:19 mm.

Occurrence common.

Family—Planorbulinidae
Genus—Gypsina Carter, 1877
Gypsina globulus (Reuss)
Pl XV, fig. 19.
Gypsina globulus (Reuss) Brady, Challenger Rept., Zool., Vol. 9, pl. 101, fig. 8, 1884.

Test spherical, in thin section chambers are seen arranged in more or
less radial rows. Surface reticulate or irregularly pitted.

Diameter 1-4 mm.

The forms are commonly represented in the assemblage.
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