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ABSTRACT

An Upper Cretaceous foraminiferal fauna from south-
ern California and northwestern Baja California, Mexico,
consists of 274 species ranging in age from late Campanian
to carly Maastrichtian. These species represent 106 genera
belonging to 38 families; 38 species, 3 genera, and 1 sub-
family are described as new.

Three proposed assemblage zones are traced 70 miles
from southern California into northwestern Mexico.
These are correlated regionally and interregionally pri-
marily by the means of 32 planktonic species and 8 spe-
cialized benthonic species. The zones and their ages are:
Globotruncana rosetta Zone—middle to late Campanian,
Globotruncana marier Zone—late Campanian, and Rugo-
globigerina rugosa Zone—early Maastrichtian. These age
determinations are in agreement with ammonite correla-
tions from the west coast of North America.

Two biofacies indicate two different, but geographical-
ly related, areas of marine deposition. Comparison of the
faunal assemblages with modern bathymetric distribu-
tions suggests an inner shelf biofacies (above 140 m.) at
Carlsbad and bathyal depths at La Jolla, Point Loma, and
Punta Descanso. Displaced faunas are recognized by a
mixing of the two biofacies, an increase in relative species
diversity, and relationship to lithology and sedimentary
and biologic structures.

Four Late Cretaceous planktonic faunal zones are
postulated along the northeastern Pacific margin: equa-
torial, south-central, north-central, and northern. The
equatorial faunal zone contains a Tethyan or tropical
foraminiferal assemblage and is here recognized north to
near the tip of Baja California (lat. 23° N). The south-
central faunal zone with strong Tethyan faunal affnities
includes southern California and northwestern Baja Cali-
fornia and is traced to at least lat. 35° N. The north-
central faunal zone includes the central and northern
California exposures and is here extended into northern
Washington (about lat. 47° N). Finally, the northern
faunal zone includes Vancouver Island and southern and
northern Alaska (lat. 69° N); it seems to represent a
northern temperature zone modified by paleobathymetry
and possibly by increased runoff. The greatest faunal
change occurs at the suggested north-central and northern
water boundary (near lat. 47° N) and closely approxi-
mates the position of the modern faunal boundary near
lat. 50° N.

Late Cretaceous northeastern Pacific foraminiferal zoo-
geography, latitudinal diversity gradients, and faunal
zones suggest oceanic current patterns, continental posi-
tions, and axis of rotation were much as they are today.

INTRODUCTION

Upper Cretaceous foraminiferal assemblages from four
localities in southern California and northwestern Baja
California, Mexico, are large and diversified. The fauna
occurs primarily in siltstone sequences that allow easy
recovery and provide good preservation. Cretaceous fora-
minifers from this region have been described or illus-
trated previously from only a single locality.

The recovery of 274 benthonic and planktonic species,
from strata ranging from late Campanian to early Maa-
strichtian, provides the basis for a series of studies on the
taxonomy, biostratigraphy, and paleoecology of this fauna.
The purpose of the present investigation is 1) to describe
and illustrate the foraminiferal fauna, 2) to recognize the
biostratigraphic zonation, 3) to date and correlate the
fauna with other foraminiferal assemblages both within
and without North America, and 4) to summarize the
paleoecologic and paleozoogeographic data obtained from
this fauna.

The numerous planktonic and specialized benthonic
species in particular were utilized for local and inter-
regional correlation. This fauna already has provided
some insight as to its geographic distribution during the
Cretaceous, both within California and elsewhere in
North America. Special emphasis has been on the recog-

nition of the Boreal, Tethyan, and Indo-Pacific provincial
faunas (DoucLas & SLiTER, 1966).

The only previously described Cretaceous foramini-
feral fauna from southern California or Baja California,
Mexico, is a Campanian assemblage from Carlsbad
(Banby, 1951), although several references to Cretaceous
foraminifers have been made (e.g., HertLEIN & GraNT,
1944, 1954; Sueparp, Lankrorp, & MiLow, 1957; Mirow
& Ennis, 1961).

The 152 samples used for this study were prepared by
the solvent-boiling technique and sieved through a 200-
mesh screen (0.074 mm). This method was satisfactory
and did not require any mechanical reduction of the
samples.

Acknowledgment is made for generous assistance by the follow-
ing persons and organizations: Dr. Avrren R. Logeuics, Jr.,
Chevron Research Company, for the use of personal specimens and
samples; Dr. Ricuaro Cirervi, US. National Museum, and Dr.
KatHerINE V. W. PaLmer, Paleontological Research Institution, for
loan of type specimens; Dr. Dierrich Herm, State Museum of
Paleontology, Munich, for European samples and valuable com-
ments; Dr. Sasuro Yosuina, Department of Geology, Yamagata
University, Japan, for comments on the Cretaceous foraminiferal
zonation of Japan; and Mr. Jouy C. Horpex, Department of
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Dr. Heven Tappax Loesrics for her continued help and guidance
and to Dr. Rosert G. Douvcras, Western Reserve University, Ohio,
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fers. Thanks are extending to the following colleagues who read
all or portions of the manuscript and offered valuable comments:
Drs. W. P. Porenor, C. A. Netsow, D. Caruis, C. A. Harw, and
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drawings were prepared by Mrs. MartHA MATTHEWS, scicntific
illustrator, Department of Geology, University of California, Los
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Acknowledgment is made to the donors of the Petroleum Re-
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STRATIGRAPHY

Cretaceous clastic sediments of southern California
and northwestern Mexico are divided into two general
categories: 1) the rather extensive inland deposits exposed
by structural uplift such as in the Simi Hills, Santa
Monica Mountains, and Santa Ana Mountains, and 2)
the remaining small isolated inland outcrops and narrow
coastal exposures. The latter category is characteristic of
the Upper Cretaceous outcrops in San Diego County,
California, and along the Pacific Coast of Baja California,
Mexico (Fig. 1). Within this area, samples for the
present investigation were collected from Carlsbad, La
Jolla, and Point Loma in San Diego County, and from
Punta Descanso, Arroyo Carmen, Punta Banda, Punta
San José, and San Antonio del Mar, in northwestern
Mexico. In several areas (e.g., Arroyo Carmen, Punta
Banda, Punta San José, and San Antonio del Mar) faunas
consist either of only a few diagnostic species or shells
which have been leached; hence these materials were not
used in the present investigation.

Because of the geographically restricted nature of Cre-
taceous deposits in this region, they previously have re-
ceived little attention. Early authors extended usage of
the northern California formational name “Chico” to
include these strata (Fairsanks, 1893; Hawwna, 1926;
Anperson, 1958). Later, the Rosario Formation (Beat,
1948) of Baja California was applied to the Upper Creta-
ceous clastic deposits of northwestern Mexico and southern
California (DuraAM & Avrvison, 1960; Erviorr & May-
Tum, 1966). In the present report, strata exposed at La
Jolla, Carlsbad, Point Loma, and Punta Descanso are
referred to the Rosario Formation.

Carlsbad —This section consists of 50 feet of flaggy, blue-gray
siltstone, Thin, 1- to 2-inch sandstone beds and lenses occur
throughout but are more common and resistant in the upper half
of the sequence. The lower contact is obscured by alluvial deposits,
and the upper contact lies at the base of the unconformably over-
lying basal pebble conglomerate of the Tertiary.

La Jolla—About 850 fect of siltstone and sandstone referred to
the Rosario Formation by MiLow & Exnis (1961) were sampled at
this locality, These authors differentiated four local units in this
formation and three (siltstone, siltstone-sandstone, and sandstone
members) were sampled in this investigation.

The siltstone member consists of almost 500 feet of predomi-
nantly massive, concretionary, blue-gray siltstone, Thin, 3- to 6-
inch coarse sandstone lenses with shell fragments occur in the upper
half, followed by 2- to 3-foot sandstone beds containing graded
bedding, convolute laminations, siltstone inclusions, and flame
structures interbedded in the siltstone,

The siltstone-sandstone member lies in fault contact with the
underlying siltstone member and is in turn faulted against the
overlying sandstone member. This unit consists of about 100 feet
of olive-gray siltstonce interbedded with tan sandstone. The sand-
stone beds are thicker and make up a greater proportion of the
member than in the underlying siltstone member.

The sandstone member is approximately 250 feet thick and
consists of massive 8- to 12-foot sandstone beds and interbedded
siltstone at the base overlain by a repetitive sequence of thinner
sandstone and blue-gray siltstone beds that represent the dominant
rock type of this unit. Commonly, the upper sandstone beds are
graded and include silistone fragments near their upper contact.
The overlying micaceous, olive-gray siltstone layers have a sequence
of planar laminations, convolute laminations, current-ripple lamina-
tions, and an upper, thin, dark, lignitic layer. These in turn are
overlain by another sandstone and the sequence is repeated. Numer-
ous burrows in this member penetrate both the silty and sandy beds.
Such sedimentary structures are indicative of turbidity-current
deposition (Bouna, 1962; Kuenewn, 1964) including phases of
turbulence, bottom traction, steady and plastic flow, and perhaps
cffects of loading.

Point Loma—The Cretaceous exposures at the southern tip of
Point Loma include about 130 feet of massive to flaggy blue-gray
siltstone and interbedded sandstone. The strike of the beds roughly
parallels the axis of the point with the youngest strata lying on the
eastern side. The lower half of the section contains a repetitious
siltstone-sandstone sequence much like the sandstone member at
La Jolla. The uvpper half consists of massive blue-gray siltstone
with local coneretions.

Punta Descanso—Cretaceous deposits are exposed in low sea-
cliffs about midway between Tijuana and Ensenada in Baja Cali-
fornia, Mexico, where two exposures were sampled. One, just south
of Punta Descanso, consists of 100 feet of alternating siltstone and
sandstone with internal structures much like those of the sandstone
member at La Jolla. The sandstone units commonly are discon-
tinuous and lenslike, contain coarse shell fragments, and locally are
folded into structures termed “slump overfolds” by CroweLL
(1957). The second scries of samples, from exposures near the
settlement of Descanso, are from 21 feet of massive blue-gray,
carbonaceous siltstone with scattered coneretions,
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BIOSTRATIGRAPHIC ZONATION AND AGE

Three biostratigraphic zones are recognized primarily cialized benthonic species (Table 1). These zones are
on the distribution of 32 planktonic species and 8 spe- traced from southern California south to Punta Descanso,
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Fic. 1. Upper Cretaceous collecting localities in southern California and northwestern Baja California with respect to California and the
San Andreas fault.
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TasLe 1.—Stratigraphic Range of Selected Zonal Species.

Pseudoguembelina costulata (Cushman)
Guembelitria cretacea Cushman
Neoflabellina rugosa (d’Orbigny)
Pseudouvigerina plummerae Cushman
Pseudouvigerina californica Sliter, n. sp.
Nonionella cretacea Cushman
Frondicularia goldfussi Reuss
Frondicularia intermittens Reuss
Pseudonodosaria manifesta (Reuss)

Gyroidinoides trujilloi Sliter, n. sp.
Lenticulina modesta (Bandy)

Gaudryina glabrata (Cushman)
Globotruncana bavanensis Voorwijk
Globotruncana mariei Banner & Blow
Globotruncana cretacea (d’Orbigny)
Globotruncana petaloidea Gandolfi
Globotruncana ventricosa White
Neoflabellina pilulifera (Cushman & Campbell)
Bolivinoides laevigatus Marie
Praebulimina aspera Cushman & Parker
Gavelinella stephensoni (Cushman)
Gavelinella whitei (Martin)
Globorotalites spineus (Cushman)
Astacolus jarvisi (Cushman)
Lenticulina spissocostatus (Cushman)
Lenticulina californiensis Trujillo
Lenticulina taylorensis (Plummer)
Lenticulina davisi (Bandy)
Frondicularia inversa Reuss
Pleurostomella subnodosa Reuss
Frondicularia durrelli Trujillo
Marginulina bullata Reuss

Bandyella greatvalleyensis (Trujillo)
Trochammina pilea Sliter, n. sp.
Dorothia retusa (Cushman)
Gyroidinoides bandys (Martin)
Bolivinoides draco miliares Hiltermann & Koch
Bolivina incrassata Reuss

Bifarina douglasi Sliter, n. sp.
Loxostomum eleyi (Cushman)
Racemiguembelina fructicosa (Egger)
Rzebakina epigona (Rzehak)
Ammodiscus glabratus Cushman & Jarvis
Pyramidina szajnochae (Grzybowski)
F'rondicularia lomaensis Sliter, n. sp.
Haplopbragmium luecki (Cushman & Hedberg)
Rugoglobigerina rugosa (Plummer)
Globotruncana sp.

Heterobelix glabrans (Cushman)
Bolivinoides draco draco (Marsson)

Ceratobulimina (Ceratolamarckina) cretacea Cushman & Harris
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Globotruncana rosetta (Carsey)
Globotruncana churchi Martin e

a distance of 70 miles. Furthermore, some elements of
these zones are found along the eastern Pacific margin in
central California (Martin, 1964), northern California

(Doucras & SviTER, 1966; Douctas, 1966), British Colum-
bia (McGueax, 1964) and southern Alaska (Bercquisr,
1961), and are important in interregional correlation. The
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Fic. 2. Relative thicknesses and biostratigraphic zones of the Upper Cretaccous of southern California and northwestern Mexico.

three zones are concurrent-range zones as defined by the
Code of Stratigraphic Nomenclature (1961, p. 656) and
are best developed at La Jolla.

GLOBOTRUNCANA ROSETTA Zone

This zone is found in the lower 250 feet of the silt-
stone member at La Jolla (Fig. 2). The base of the zone
is not determinable there because the siltstone overlies
a lower massive sandstone member. Species locally
restricted to this zone (Table 2a) include the following.

TasLe 2a—Species Locally Restricted to Globotruncana
rosetta Zone.

Globotruncana rosetta (CARSEY)
Globotruncana churchi MarTIN
Pseundoguembelina costulata (Cusiman)
Guembelitria cretacea CusnMan
Neoflabellina rugosa (p'ORBIGNY)
Pseudouvigerina plummerae Cusiman
Psendouvigerina californica SLITER, n. sp.
Nonionella cretacea CusHMAR
Frondicularia goldfussi Reuss

Frondicularia intermittens Reuss
Pseudonodosaria mantfesta (Reuss)
Ceratobuly ( Ceratolamarckina) cretacea
Custiman & Hanris
Gyrotdinotdes trupilloi SLITER, n. sp.
Lenticuling modesta (BaNpy)
Gaudryina glabrata (CusHMAN)
Other species first occurring in this zone (Table 2b)
include the following.

TasLe 2b.—Speeies First Occurring in Globotruncana

rosetta Zone.

Glohotruncana havanensis VoorRwiJK

Globotruncana mariei BANNER & BLow

Globotruncana cretacea (D'ORBIGNY)

Globotruncana petaloidea GanpoLF

Globotruncana ventricosa WHITE

Neoflabellina pilulifera (Cusaman & CaMPBELL)

Pracbulimina aspera CusHMAN & PARKER

Gavelinella stephensani (Cusuman)

Globorotalites spineus (CusHman)

Astacolus jarvisi (CUSHMAN)

Lenticulina spissocostatus (Cusaman)

Lenticulina californiensis TRuTILLO
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Lenticulina taylorensis (PLumMEeR)
Frondicularia inversa Reuss
Pleurostomella subnodosa Reuss
Marginulina bullata Reuss

The major faunal elements of this zone occur through-
out the Carlsbad section and the lower 75 feet of strata at
Punta Descanso.

The diagnostic foraminifers of this zone include
Globotruncana arca (CusumAN), G. rosetta (CARsEY),
G. fornicata Prummir, G. marginata (Reuss), and G.
churchi MArTIN, which are indicative of an age no older
than middle Campanian. European guide species include
the Campanian Neoflabellina rugosa (p’Orsiony) and
the characteristically late Campanian Neoflabellina pilu-
lifera (Cusaman & Camppern). Species which are re-
stricted to this zone and characteristically to strata of
Taylor age in the American Gulf Coast include Pseudo-
guembelina costulata (Cusuman), Nonionella cretacea
Cusuman, Frondicularia goldfussi Reuss, and F. inter-
mittens Reuss. Additional planktonic species beginning
in this zone and ranging from the late Campanian to
Maastrichtian include Globotruncana havanensis Voor-
wijk and G. petaloidea GANDOLFI.

Megafossils from this portion of the Rosario Forma-
tion at La Jolla are inadequately described. Correlative
strata throughout California, however, contain a middle
to late Campanian Metaplacenticeras ammonite assem-
blage (Porenok, ImLay & Mureny).

GLOBOTRUNCANA MARIEI Zone

The upper 250 feet of the siltstone member contains
species of the Globotruncana mariei Zone. Locally re-
stricted to this zone (Table 3a) are the following.

TasLe 3a.—Species Locally Restricted to Globotruncana
mariei Zone.
Bolivinoides draco miliares HiLteErman & Kocu
zehakina epigona (Rzenax)
Ammodiscus glabratus Cusimax & Jarvis
Pyramidina szajnochae (Grzyrowsxi)
Frondicularia lomaensis SLITER, n, sp.
Haplophragmium luecki (Cusuman & HEDBERG)
Racemiguembelina fructicosa (EGGER)
Characteristic species that occur moest commonly in
this zone (Table 3b) but may extend above, below, or
both include the following.

TasrLe 3b.—Characteristic Species of Globotruncana

marier Zone.

Boltvinoides lacvigatus MaRIE

Bandyella greatvalleyensis (Trujiro)

Bolivina incrassata Reuss

Bifarina douglasi SLITER, n. sp.

Trochammina pilea SLITER, n, sp.

Dorothia rettisa (CusHMAN)

Lenticulina davisi (Baxpy)
Frondicularia durrelli TruyiLLO
Loxostomum eleyi (CusHMAN)
Gyroidinoides bandyi (TrujiLLo)
Gavelinella whitei (MARTIN)

This zone also is recognized in the upper 100 feet
exposed at Point Loma and the remaining 47 feet at
Punta Descanso.

The Globotruncana mariei Zone is of latest Campanian
age. The planktonic assemblage includes the common
occurrences of G. havanensis Voorwiyk, G. marter BAN-
NER & Brow, G. arca (Cusuman), and G. petaloidea
Ganvorri, and the uppermost occurrence of G. ventricosa
Whairte. European guide species indicative of this age are
Bolivina incrassata Reuss and Bolivinoides draco miliares
Hivtermann & Koen. Racemiguembelina fructicosa (Ec-
Ger), which occurs rarely, is characteristic of the late
Campanian-Maastrichtian in the American Gulf Coast,
Mexico, Europe, and India. This zone also contains
Bolivinoides laevigatus Marie, which ranges from the late
Campanian to carly Maastrichtian in Israel and Europe.

Megafossils from this zone include the ammonites
Menuites sp. cf. M. menu (Forses) and Baculites lomaen-
sis (Anperson), found at Point Loma, and suggest an
age close to the Campanian-Maastrichtian boundary
(Marsumoro, 1960). In addition, a smooth pachydiscid
reported from Point Loma is correlated with the Pachy-
discus (Neodesmoceras) association occurring in the
Rosario Formation of Baja California, Mexico, and in the
upper member of the Cretaceous sequence from the Simi
Hills, California, also referred to the latest Campanian-
Maastrichtian (Matsumoro, 1960). Crassatella lomana
Cooper from Point Loma has been reported elsewhere
from the Campanian Holz Shale Member of the Ladd
Formation, Santa Ana Mountains (Porenok, 1937).

RUGOGLOBIGERINA RUGOSA Zone

The Rugoglobigerina rugosa Zone is restricted to the
La Jolla section where it occurs in the uppermost part of
the siltstone member and throughout the siltstone-sand-
stone member and sandstone member. The meager fauna
consists primarily of long-ranging calcareous species and
a few agglutinated forms and is characterized by re-
stricted occurrences of Rugoglobigerina rugosa (PLum-
MER), Globotruncana sp., Heterohelix glabrans (Cusu-
MAN), and Bolivinoides draco draco (Marsson).

The assemblage just noted, together with high-spired
but noncrenulate specimens of Globotruncana fornicata
Prummer, indicates an early Maastrichtian age.

Megafossils occur rarely in these beds. The strata are
stratigraphically above those correlated with the Point
Loma pachydiscid horizon and should, therefore, be
within the Maastrichtian.
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TasLe 4—Campanian-Maastrichtian Foraminiferal Biostratigraphic Zonation in California.

[The subzone here termed Globotruncana havanensis Subzone was called Globotruncanella havanensis by Doucras (1966).]
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PACIFIC COAST CORRELATION

Eastern Pacific coast correlations are shown in Tables
4 and 5. The following regional and interregional corre-
lations are based primarily on planktonic species and
specialized benthonic species of Bolivina, Bolivinoides,
and Neoflabellina.

Southern California—Banpy (1951) described an Up-
per Cretaceous foraminiferal fauna from Carlsbad con-
taining 5 planktonic and 51 benthonic species. Most of
these species have been recognized in the present study
and augmented by an additional 16 planktonic and 91
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Upper Cretaceous Foraminifera from California and Mexico 17

benthonic species. Banpy considered this fauna equivalent
to the E zone of Goupkorr (1945) and the Taylor Marl
of Texas, hence of Campanian age. As noted previously,
the Carlsbad fauna represents the late Campanian Globo-
truncana rosetta Zone.

Central Californta—Cusuman & CHurcH (1929) de-
scribed a Cretaceous fauna from the Alcalde Hills of
Fresno County, California, Twelve of the 43 species
occur in southern California, including Globotruncana
churchi Marmin, Planoglobulina ornatissima (CusHMAN
& Cnurcn), and Gyroidinoides quadratus (CusHMAN &
Crurcn). This assemblage also represents the late Cam-
panian Globotruncana rosetta Zone.

Cusiman & Camppers (1935) reported a fauna of 18
species in the subsurface Moreno Formation from a well
near Tracy, San Joaquin County, California. Six of these
species are common to southern California and include
Neoflabellina pilulifera (Cusuman & Cameperr) and
Bolivina incrassata Reuss. As noted by Cusaman &
Campsere, this fauna is younger than that described by
Cusiman & Crurcr (1929) and is here correlated with
the late Campanian Globotruncana mariei Zone.

The foraminifers from the Panoche Hills and Laguna
Seca Hills of Fresno County, California, have been
studied recently by Marrin (1964). Of the 167 species
described by him from the upper Marlife Formation, 67
occur in southern California and northwestern Mexico.
The fauna generally is sparse, with few planktonic or
specialized benthonic species. The upper portion of the
upper Marlife Formation contains a few species common
to the Globotruncana rosetta Zone, namely, G. rosetta
(CarseY), G. churchi MArTIN, Lenticulina modesta (BAn-
py), and Gyroidinoides quadratus martini Surer. Neo-
flabellina rugosa (p'OrsioNy) also occurs in this forma-
tion near the lower boundary. Fifty-seven percent of the
species common to southern California and northwestern
Mexico occur in this stratigraphic interval, and 68 percent
of these are present in the Globotruncana rosetta and G.
marier Zones. In the overlying strata, 83 percent of the
species in common are long-ranging and occur in all three
southern California zones. The faunal assemblage of the
upper portion of the upper Marlife Formation and the
lower two-thirds of the Uhalde Formation thus is sug-
gestive of middle to late Campanian, rather than early
Campanian age. The upper Uhalde Formation contains
long-ranging species that provide little aid for determina-
tion of the Maastrichtian boundary. Rugoglobigerina
rugosa (PLummEr) may be present, but the specimen il-
lustrated by MarTin (1964, pl. 10, fig. 6) is better referred
to Hedbergella. The section at Laguna Seca Creek con-
tains Bolivina incrassata Reuss, Neoflabellina pilulifera
(Cusuman & Camesirr), and Globulina subsphaerica
(BerTHELIN), suggestive of the Globotruncana mariei
Zone; the last two species occur most characteristically in

this zone. Species found above this assemblage are long-
ranging and are not adequate for precise correlation.

The Campanian fauna described by Gramam &
Cuurcn (1963) from the Stanford University campus,
California, contains 150 species, of which 58 are found in
southern California and northwestern Mexico. Of corre-
lative importance are Bolivina incrassata Reuss, Neo-
flabellina pilulifera (Cusuman & Cameserr), Bolivinoides
delicatulus Cusuman (= B. lacvigatus Manie), and Loxo-
stomum eleyi (Cusuman) which are indicative of the late
Campanian Globotruncana marier Zone.

Northern California—Trujio (1960) described 90
Upper Cretaceous foraminifers from the Redding area of
Shasta County, California, that range from middle Tur-
onian to Santonian. Thirty of these are found also in
southern California. Members 1V and VI of TrujiLio
contain 2] species in common, including the long-ranging
benthonic species found in the Globotruncana rosetta and
G. mariei Zones. Among the more restricted species are:
Bandyella greatvalleyensis (TrujiLro), Pleurostomella
subnodosa Reuss, Astacolus jarvisi (Cusuman), Cerato-
bulimina (Ceratolamarckina) cretacea Cusuman & Har-
ris, Frondicularia durrelli TrujiLio, Lenticulina cali-
forniensis TrujyiLro, and Gyroidinoides bandyi (TruyiL-
Lo). Members [V and VI are dated as Santonian to early
Campanian on the basis of mollusks. The foraminiferal
faunas also indicate an age older than the Globotruncana
rosetta Zone.

Along the west side of the Sacramento Valley, plank-
tonic foraminifers from the upper part of the Forbes
Formation correlate with the Globotruncana rosetta and
G. mariei 7Zones of southern California. TaAkavaNaci
(1965) recognized six foraminiferal zones in strata ex-
posed at Putah Creck, bordering Yolo and Solano Coun-
ties (Table 4). The youngest, or Globotruncana subcir-
cumnodifer Zone, includes the upper Guinda Formation
and all of the Forbes Formation. The latter formation
contains Globotruncana putahensis Takavanact (= G.
stuartiformis Davsiez) and G. churchi Martin | = G.
arca (Cusuman) of Takavanact, 1965, pl. 22, fig. 6], the
latter being restricted to the G. rosetta Zone in southern
California.

Recently, Doucras (1966) divided the Forbes Forma-
tion into one zone and two subzones based on the ranges
of planktonic foraminifers (Table 4). The younger or
Globotruncana churchi Subzone of Doucras contains a
planktonic fauna nearly identical to that in the G. rosetta
and G. marier Zones of southern California including
Globotruncana churcht MartiN, G. ventricosa WHITE, G.
fornicata Prommer, G. petaloidea Ganvorrr and Pseudo-
guembelina costulata (Cusniman), all indicative of the
late Campanian,

In the Marsh Creek Formation of Contra Costa
County, California, Doucras recognized the Globotrun-
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cana churchi Subzone overlain by the younger Globo-
truncanella havanensis Subzone. This latter is correlated
with the early Maastrichtian Rugoglobigerina rugosa
Zone of southern California, based on the restricted oc-
currence of R. rugosa (Prummer) and the presence of
Globotruncanella (=Globotruncana) havanensis (Voor-
wijk), G. petaloidea (Ganvovrt), and Globotruncana stu-
artiformis Davsiez. Doucras also reported this zone in
unnamed Upper Cretaceous strata on San Miguel Island,
Santa Barbara County, California.

The “zones” proposed by Goupkorr (1945) for the
central valley of California are of interest for local sub-
surface correlation (Tables 4-5). These zones are defined
by the stratigraphic ranges of 67 species, including 4
planktonic species. As the majority are benthonic forms,
one might assume that they are facies-controlled and char-
acterized by a different stratigraphic range outside the
local geographic setting; in general this has been found to
be true, The present fauna contains 24 species that occur
in Goupkorr's zones G2 to A2, of Turonian to Danian
age. Bolivina incrassata Revss and Neoflabellina piluli-
fera (Cusaman & CameeeLL), however, are of correlative
value. In southern California, the latter first appears in
the Globotruncana rosetta Zone and ranges into the G.
mariei Zone. In the central valley, it ranges from the Fl
to A2 zones. Goupkorr recognized the F1 zone in the
Forbes Formation of Putah Creck which, as noted previ-
ously, contains a fauna correlating with the Globotrun-
cana rosetta and G. mariei Zones. Bolivina incrassata
Reuss first appears in the Globotruncana mariei Zone,
and Goupkorr recorded it ranging from the D2 to A2
zones. The D2 zone was identified in the Ragged Valley
Shale of the Alcalde Hills, Fresno County, and regarded
as early Maastrichtian (Popenok, Imray & Mureny,
1960). Thus, the Globotruncana rosetta Zone correlates
with a portion of the F1 zone, the G. mariei Zone with an
interval including the remaining portion of the F1 zone
and the E zone of later authors, and the Rugoglobigerina
rugosa Zone tentatively including both the D2 and DI
zones.

Canada—An Upper Cretaceous foraminiferal fauna
of 44 species was described by McGucan (1964) from
Vancouver Island, British Columbia. Fourteen of these
species are recorded in southern California and north-

western Mexico, all but one from the Cibicides voltziana
and Bolivina incrassata Zones of McGucan. In general,
the species are long-ranging or confined to the Globotrun-
cana rosetta and G. mariei Zones of southern California.
The Rugoglobigerina Zone of McGuecan includes the
lower Trent River Formation of the Comox basin and the
major portion of the Haslam Formation in the Nanaimo
basin. In Canada this zone contains Ceratobulimina
(Ceratolamarckina) cretacea Cusuman & Harris, that in
southern California is confined to the Globotruncana
rosetta Zone. The Cibicides voltziana Zone includes the
major portion of the Lambert Formation of the Comox
basin and the Cedar district and Northumberland Forma-
tions of the Nanaimo basin. The fauna of this Canadian
zone occurs in both the Globotruncana rosetta and G.
mariei Zones in southern California. The Bolivina incras-
sata Zone includes the uppermost Lambert Formation and
the younger Spray Formation. This zone contains the
first appearance of Bolivina incrassata Reuss and cor-
relates with the Globotruncana mariei Zone of southern
California.

Alaska—Alaskan faunas have been characterized as
containing long-ranging, strongly facies<controlled species,
the majority of which are agglutinated (Bercouist, 1961,
1966; Tappan, 1951, 1962). In southern Alaska, a fora-
miniferal zonation was based on some 78 species (Berc-
Quist, 1961). Most are long-ranging, agglutinated or
nodosariid species of little value for correlation. The B2
faunal zone, however, contains Ceratobulimina (Cera-
tolamarckina) cretacea Cusuman & Harwis, Pullenia
cretacea CusHMAN, Nodosaria septemcostata GeiNitz, and
Neoflabellina sp. aff. N. rugosa (p’OreioNy), suggesting
correlation with the Globotruncana rosetta Zone or older
strata in southern California. In northern Alaska, Tae-
pAN (1962) described a fauna of 155 species ranging in
age from Valanginian to Campanian. Ten of these species
occur in southern California and northwestern Mexico,
including 4 Albian agglutinated species and 6 Turonian
to Campanian species, all but one of which are calcareous.
Of the latter, Praebulimina cushmani (Sanpioce) and
P. venusae (Nauss) first appear in the Globotruncana
rosetta Zone whereas P. carseyae (Prummer) is found
only at Carlsbad.

INTERREGIONAL CORRELATION

Interregional correlations are summarized on Tables
6 and 7. As noted previously, correlation is indicated
primarily by planktonic and specialized benthonic species.
The restricted Tethyan planktonic species also are cor-
related with the southern California zones. Thus, the
local Campanian zones correlate with the occurrences of
Globotruncana calcarata Cusaman whereas the early

Maastrichtian assemblage correlates with the occurrences
of G. contusa (Cusuman), G. subcircumnodifer Gan-
poLrl, G. gagnebini TiLev and G. gansseri Borui. As
noted by Doucras & Sriter (1966), these species, as well
as other restricted Tethyan forms, are unreported from
the eastern Pacific margin north of Central America. If
in fact these species were excluded from the northern
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TasLe 6.—Interregional Cam panian-Maastrichtian Foraminiferal Biostratigraphic Zonation.
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Tasre 7.—Interregional Campanian-Maastrichtian Correlation.
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Pacific Basin, the strata may range into the middle
Maastrichtian  Globotruncana gansseri Zone of Borui
(1957).

American Gulf Coast—Upper Campanian equivalents
in the American Gulf Coast include the Pecan Gap
Chalk, upper Taylor Marl, and Neylandville Marl of
Texas. These strata contain the restricted late Campanian
species Globotruncana calcarata Cusaman (CusHMAN,
1946; Frizzerr, 1954). Reported occurrences of Rugo-
globigerina rugosa (PLummeR) s.s. from these strata are
here referred to Globotruncana subrugosa (GanooLrr) or
G. cretacea (0'Orsiony). The Selma Chalk of Mississippi
contains a correlative Campanian fauna including Neo-
flabellina rugosa (p'Orsiony) (Cusaman, 1946). In
Arkansas, the Marlbrook Marl tentatively is correlated
with the Campanian.

Maastrichtian correlatives in the American Gulf Coast
include the Nacatoch Sand and Corsicana Marl of Texas
and Saratoga Chalk of Arkansas.

Atlantic Coast—The Upper Cretaceous planktonic
foraminifers of New Jersey, Delaware, and New York
recently have been studied (Ovsson, 1964; PERLMUTTER
& Toop, 1965). A late Campanian assemblage occurs in
the Mt. Laurel-Navesink Formation of Delaware, Mar-
shalltown Formation of New Jersey, and Monmouth
Group of New York. The early Maastrichtian is recog-
nized in the Mt. Laurel and Navesink Formations of
New Jersey by the appearance of Rugoglobigerina rugosa
(Prummer) and Hedbergella holmdelensis Ovsson and
the disappearance of Globotruncana calcarata CusHMAN.
Ovusson (1964) recorded the gradual evolution of the
Maastrichtian species G. gansseri Borui in the early
Maastrichtian. Species reported from the Maastrichtian
G. contusa-Hedbergella monmouthensis Zone are sugges-

tive of a middle, rather than late Maastrichtian age on
the basis of the present correlation. It is significant to
note that although Globotruncana petaloidea Ganvovsr is
present, G. havanensis Voorwijk has not been reported
from the upper Atlantic Coast.

Caribbean area-Mexico—Trinidad Cretaceous plank-
tonic zonations by Borrt (1951, 1957, 1966) have formed
a major basis for interregional correlation. Many species
reported by Borur from the Globotruncana stuarti and
G. lapparenti tricarinata Zones of the Naparime Hill and
Guayaguayare Formations are found in southern Cali-
fornia. The G. stuarti Zone of Trinidad is correlated in
part with the G. rosetta Zone of southern California and
contains G. arca (CusHMAN), G. fornicata PLumMer, G.
lapparenti lapparenti Brotzen [= G. linneiana (p'Or-
BiGNY) |, and the first occurrence of Praeglobotruncana
citae (Bowu) (= Globotruncana havanensis Voorwisk).
In southern California, the upper limit of G. ventricosa
Witk is in the overlying G. mariei Zone which occupies
the hiatus found in Trinidad between the G. stuarti and
G. lapparenti tricarinata Zones.

The early Maastrichtian Globotruncana lapparenti tri-
carinata Zone of Trinidad contains G. tricarinata (Que-
REAU), and G. arca (Cusuman) and the last occurrences
of G. linneiana (v’OrsioNy) and G. fornicata PLuMMmER.
This zone correlates with the early Maastrichtian Rugo-
lobigerina rugosa Zone of southern California,

In Cuba, BroNNIMANN & Ricasst (1963) showed the
Via Blanca Formation to range from the Campanian to
the Maastrichtian. Three zones were erected, the Cam-
panian Globotruncana linneiana Zone and the Maastrich-
tian Rugotruncana gansseri and R. mayaroensis Zones.
The Globotruncana linneiana Zone correlates with the
late Campanian-early Maastrichtian zones of southern
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California, Campanian correlative species include G.
linneiana (p'OrsioNy), G. formicata Prummer, G. cal-
carata CusuMmaN, G. cretacea (p’OrsiNY), and several
heterohelicid species. This zone also contains the first
occurrence of Rugoglobigerina rugosa (PLrummer) in the
Tethyan area. The early Maastrichtian fauna from Cuba,
occurring prior to the restricted middle Maastrichtian
Rugotruncana gansseri Zone, contains Globotruncana
havanensis VoorwijK, G. mariei BANNER & Brow, G. sp.
cf. G. tricarinata (Quereav), Rugoglobigerina rugosa
(PLummeRr), and Heterohelix pulchra (Brotzen) in addi-
tion to other heterohelicids.

Mexican late Campanian-early Maastrichtian fora-
minifers have been studied by Erernvop Orvera (1959)
from the Méndez Shale of the Tampico-Tuxpan Basin.
The fauna includes the late Campanian species Globo-
truncana calcarata CusumaN and the Maastrichtian as-
semblage of G. contusa (Cusuman), G. gansseri Borul,
Rugoglobigerina rugosa (Prummer) and Plummerita
hantkeninoides inflata (BRONNIMANN). Abathomphalus
mayaroensis (Borut) also is reported, although the fig-
ured specimen has a large, open umbilicus rather than
the more characteristic small umbilicus. The presence of
Plummerita in association with true abathomphalids
would indicate a late Maastrichtian age for the upper
portion of the Méndez Shale, equivalent to the Abathom-
phalus mayaroensis Zone of Trinidad.

South America—Ganvorrr (1955) described the
planktonic foraminifers from the Manaure Shale and the
Colon Formation of Colombia. The lower portion of the
Colon Formation contains the first appearance of Globo-
truncana havanensis Voorwijk, G. subcircumnodifer
Ganporrr and high-spired, double-keeled specimens re-
ferred to G. contusa patelliformis Ganporrr and regarded
as intermediate between G. formicata Prummer and G.
contusa Cusuman s.s. The assemblage is recognized in
the upper portion of the G. marier Zone of southern Cali-
fornia. The specimens resembling G. contusa patelliformis
Ganporrr are here referred to G. fornicata Prummer.
Globotruncana havanensis Voorw1yK, G. contusa (CusH-
maN), and G. stuarti (pe Lapparent) were reported by
GANDOLFI to range into the uppermost portion of the
Campanian Pullenia cretacea Zone. In addition, G. gans-
seri Bouut and Rugoglobigerina rugosa (PLumMER),
having the same range, were shown to begin at the
Campanian-Maastrichtian boundary. The present corre-
lation suggests that Ganporrr’'s Maastrichtian boundary
is too high and should be lowered within the Pullenia
eretacea Zone to include the occurrences of G. contusa. A
Maastrichtian age for the uppermost portion of the Pul-
lenia cretacea Zone was suggested by Ganoovrr (1955, p.
86, 97). It includes the ranges of Rugoglobigerina rugosa
(Prummer) and the characteristic Maastrichtian species
G. gansseri Borvt. The earlier specimens of Rugoglobig-
erina were reported to be weakly keeled and poorly orna-
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mented and thus indicative of Globotruncana subrugosa
(Ganvorrr). These transitional forms disappear entirely
in the uppermost Pullenia cretacea Zone.

Europe—Planktonic foraminifers of the type Cam-
panian section of southwest France recently were de-
scribed by Van Hinte (1965). The assemblage includes
Globotruncana arca (Cusuman), G. fornicata PLuMMER,
G. linneiana (p'OreioNY), G. marginata (Reuss), G.
tricarinata  (Quereauv), and Psewdotextularia elegans
(Rzenak). Van Hinte referred this assemblage to the
Globotruncana stuartiformis Zone, of middle Campanian
age or prior to the first occurrance of G. calcarata Cusi-
Mman. This fauna correlates with the Globotruncana roset-
ta Zone of southern California.

In southwestern Germany-Austria, Herm (1962) de-
scribed planktonic foraminifers from an Upper Cretaceous
section in the Reichenhall-Salzburg basin. The correla-
tive Campanian assemblage of his zones B and C includes
Globotruncana arca (Cusuiman), G. fornicata PLuMmer,
G. ventricosa Wurte, and G. calcarata Cusuman. This
is overlain by the early Maastrichtian zone D containing
G. contusa (Cusaman) and G. havanensis Voorwiyk.

Van Hinte (1963) zoned a similar sequence from
southern Austria by means of planktonic and specialized
benthonic foraminifers. The Pemberger Folge was shown
to contain a late Campanian-carly Maastrichtian assem-
blage, ranging from the upper part of the Globotruncana
elevata subspinosa through the G. calcarata Zones and
into the lower part of the G. gansseri Zone. Correlative
foraminifers in this formation include G. arca (Cusnu-
MAN), G. fornicata PLuMMmERr, G. calcarata CusumMan, G.
linnetana (p'OrBIGNY), G. havanensis Voorwiyk, Bolivi-
notdes draco miliares HiLtermann & Kocn, and B. drace
draco (MArssoN).

In northern Spain, Herm (1965) recently reported a
similar Upper Cretaceous sequence containing late Cam-
panian-early Maastrichtian planktonic and benthonic fora-
minifers. Upper Campanian-lower Maastrichtian southern
California strata are correlated with this sequence by the
occurrence of Globotruncana linneiana (p'Oreieny), G.
tricarinata (QuereAu), G. arca (CusumaN), G. rosetta
(Carsey), and G. havanensis Voorwijk prior to the first
appearance of the Maastrichtian species G. gansseri Bovvt,
Restricted Tethyan correlative planktonics include G.
calcarata Cusuman and G. contusa (CusHMAN).

Carr (1964) described foraminifers from the scagha
rossa of northern Italy and dated them as Campanian.
Several species, however, are indicative of the late Cam-
panian Globotruncana calcarata Zone (e.g., Globotrun-
cana calcarata CusuMaN, Pseudoguembelina costulata
(Cusunan), Pseudotextularia elegans (Rzenak), and
Bolivinoides draco miliares HiLtermany & Kock),

Japan—Japanese Upper Cretaceous foraminiferal
faunas are of interest because of the similarity of latitudi-
nal distribution and geographic position, and the Indo-



22 The University of Kansas Paleontological Contributions

Pacific character of the North American Pacific Coast
Cretaceous foraminiferal and molluscan faunas. Fora-
miniferal studies of equivalent strata from Hokkaido,
Japan, by Fukura (1957), Takavanacr (1960), and Yo-
suma (1963) point out the dominantly agglutinated char-
acter of the fauna that, with its subordinate calcareous
assemblage, strongly resembles the fauna described from
northern Alaska by Tarpan (1962). Correlation of these
faunas is difficult, as few cosmopolitan planktonic or
specialized benthonic species are present, the majority of
the calcareous species belonging to the Nodosariidae
(Asano & Taravanact, 1965). Yosuma (1963) reported,
however, Bolivina incrassata Reuss and B. sp. cf. B. decur-
rens (Enrensirc) from eastern Hokkaido. On the basis
of the micro- and megafossil assemblage and stratigraphy,
he regarded the lower part of the Namuro Group as
Maastrichtian in age. Asano & Takavanacr (1965) re-
cently pointed out the provincial nature of the Japanese
Late Cretaceous planktonic foraminifers from Hokkaido
and the difficulty in interregional correlation. The faunal

pecularities were suggested to be due to cold-water in-
fluences or a deterioration of local oceanic circulation.

Australia—The basins of western Australia contain
equivalent Campanian-Maastrichtian foraminiferal assem-
blages (Epcerr, 1957; Berrorp, 1959, 1960). The Too-
longa Calcilutite, believed to be lower Campanian (Ber-
Forp, 1960), contains planktonic species common to
southern California and northwestern Mexico, correspond-
ing to the basal Globotruncana rosetta Zone. The Koro-
jon Calcarenite is equivalent to the G. havanensis Zone
and includes Neoflabellina pilulifera (Cusuman & CAmp-
BiLL) and Bolivina incrassata Reuss. The overlying Miria
Marl has a Maastrichtian assemblage, including Globo-
truncana havanensis Voorwiyx, G. lugeoni Tiev (= G.
gansseri Borut), G. contusa (Cusuman), G. planata Ep-
cELL (= Abathomphalus sp.), and Bolivinoides draco
draco (Marsson). This assemblage correlates in part with
the youngest strata in southern California; however, the
presence of Abathomphalus indicates a still younger age
for the upper portion of the formation.

BIOFACIES AND PALEOECOLOGY

Two distinct biofacies are recognized in the Upper
Cretaceous of southern California. These transgress zonal
boundaries and indicate two different, but geographically
related areas of marine deposition—the inner shelf at
Carlsbad and bathyal at La Jolla, Point Loma, and
Punta Descanso,

SHELF ASSEMBLAGE

Comparison of data on the Carlsbad fauna with depth
ranges and distributional patterns of Recent foraminifers
(Norton, 1930; Purecer, 1960; Ucwhio, 1960; Smirs,
1964; WiLcoxson, 1964; Samova, 1965) reveals a distinct
inner-shelf assemblage (above 140 meters). This biofacies
is characterized by species of Quingueloculina, Spirolocu-
lina, Globulina, Guttulina, Vaginulinopsis, Ramulina,
Planorbulina, Pararotalia, Pyrulina, and Polymorphina
and by encrusting genera such as Placopsilina, Carpen-
teria, and Epithemella, n. gen.

The Carlsbad agglutinated foraminiferal fauna in-
cludes only 5 of the 40 species occurring at La Jolla,
Point Loma, and Punta Descanso; i.e., Silicosigmoilina
californica CusuMAN & CuurcH, Gaudryina glabrata
(Cusuman), Dorothia oxycona (Reuss), Spiroplectam-
mina laevis (Roemer), and Dorothia pupa (Reuss).

A paucity of Recent agglutinated foraminifers is gen-
erally true for shelf areas which commonly contain small,
simple species. This pattern is modified, however, by
local environmental conditions such as decreased salinity,
depth, or turbidity. Nevertheless, the relative scarcity of
agglutinated foraminifers at Carlsbad suggests a shelf
environment,

The Carlsbad planktonic assemblage includes all but

two of the species occurring in the equivalent zone at La
Jolla. Globotruncana stuartiformis Davreiez and G. maries
Banner & Brow are lacking. Their absence may reflect
a different planktonic environment at Carlsbad.

Recent planktonic foraminifers are characteristic of
offshore, oceanic water and occur less commonly in conti-
nental shelf water, depending generally on the amount of
runoff and geographic configuration. Thus, the reduced
planktonic assemblage at Carlsbad may represent a more
shoreward depositional environment than that at La
Jolla, Point Loma, and Punta Descanso.

Additional mega- and microfossils at Carlsbad include
the rudist Coralliochama orcutti Wurre, Ostrea sp., Spon-
dylus sp., other small pelecypods, small gastropods, echi-
noid spines and plates, bryozoans, and ostracodes. HoLpen
(1964) examined the ostracode fauna and suggested a
depth range of “middle to outer neritic” in a small coastal
basin.

The Carlsbad foraminiferal fauna is divided into two
assemblages. One is composed of species restricted to this
locality (Table 8) and the second of species occurring
both at Carlsbad and in portions of the other three locali-
ties. The latter assemblage is again divided into two
groups. The first comprises species whose disjunct occur-
rences at La Jolla, Point Loma, and Punta Descanso are
interpreted to indicate faunal displacement (Table 9) and
the second comprises species found in the siltstone-sand-
stone facies of the three localities and representing either
displaced species or merely rare occurrences of environ-
mentally tolerant forms (Table 10). Many of the species
in the latter category are tabular or minute and, as such,
are highly susceptible to dispersal by currents,
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BATHYAL ASSEMBLAGE

At La Jolla, Point Loma, and Punta Descanso, the
foraminiferal fauna is again divided into two assemblages;
one representing the indigenous fauna (Table 11) and
the second, a displaced Carlsbad fauna (see Tables 9-10).
Both of these assemblages are related closely to the litho-
logic facies. The indigenous fauna occurs in the siltstone
sequence whereas a mixed indigenous-displaced fauna
occurs in the siltstone-sandstone facies,

The indigenous fauna includes numerous agglutinated
forms and an increase in species of the families Nonioni-
dae, Osangulariidae, and Anomalinidae.

Tasre 8.—Late Cretaceous Foraminifers Restricted to

Carlsbad, California.

Placopsilina sp.

Spiroloculina cretacea Revss

Dentalina sp.

Palmula primitiva CusHMAN
Pseudonodosaria obesa (LoeBLicH & TAPPAN)
Saracenaria jarvisi (BROTZEN)

Vaginulina olssoni SLITER, n, sp.
Berthelinopsis carlsbadensis SUTER, n. sp.
Guitulina adhaerens (OLsZEWSKI)
Pyrulina apiculata (MARIE)

Pyrulina sp. cf. P. eylindroides (RoEMER)
Seabrookia cretacica BErmUDEZ

Oolina apiculata Reuss

Oolina delicata SLiTER, n. sp.

Fissurina oblonga Reuss

Fissurina laticarinata SLITER, n. sp.
Fissurina akpatii SLITER, n. sp.

Fissurina bandyi SLITER, n. sp.

Fissurina simulata SUITER, n. sp.
Pracbulimina carseyi (PLUMMER)
Epithemella martini (BroTZEN)
Planorbulina pacifica SLITER, n. sp.
Ellipsoidella gracillima (Cusiman)
Quadrimorphina spirata SLITER, n. sp.
Gavelinella henbesti (PLUMMER)
Heterolepa carlsbadensis SLITER, n. sp.
Psendopatelinella cretacea TARAYANAGE
Pseudopatelinella minuta SLITER, n. sp.

TasLe 9.—Displaced Late Cretaccous Shelf Foraminifers
Occurring in Bathyal Assemblages at La Jolla, Point
Loma, and Punta Descanso.

Gaudryina glabrata (CusHMAN)

Cyclogyra sp.

Sprroloculina truncata SLITER, n. sp.
Quingueloculina sp. cf. Q. harrisi Howe & RoBErTs
Quinqueloculina sandiegoensis SLITER, n. sp.
Nodosaria proboscidea Reuss

Nodosaria sp.

Astacolus mundus (CusHMAN)

Lagena semiinterrupta BERRY

Lenticulina revolusa (ISRAELSKY)

Saracenaria triangularis (p'ORrBIGNY)

Vaginulina plummerae (CusiMan)
Vaginulinopsis directa (CusHMAN)
Globulina lacrima (Reuss)
Ramulina globotubulosa CusnMaN
Ramulina psendoaculeata (OrssoN)
Bolivina decurrens (EHRENBERG)
Bolivina incrassata gigantea \WICHER
Eouvigerina hispida CusHMaN
Pararotalia praenaheolensis (Ovsson)
Fursenkoina nederi SLITER, n. sp.
Coryphostoma plaitum (CARsSEY)
Nonionella austinana CusHMAN
Pullenia sp. cf. P. minuta CusaMAN
Gyrotding nonionoides (BANDY)
Globorotalites michelinianus (0'ORBIGNY)
Ceratobulimina ( Ceratolamarckina) cretacea
CusHMAN & Hanrnis

Tasie 10.—Displaced or Environmentally Tolerant Late
Cretaceous Foraminifers from Carlsbad, La [olla, Point
Loma, and Punta Descanso.

Dorothia pupa (Reuss)

Nodosaria amphioxys Revss

Astacolus sp. cf. A. richteri (Brorzen)
Dentalina basiplanata CusHman

Dentalina solvata CUSHMAN

Dentalina stephensoni (CUSHMAN)

Lagena acuticosta Reuss

Lenticulina sp. cf. L. williamsoni (Reuvss)
Marginulina bullata Reuss

Saracenaria saratogana Howe & WAaLLACE
Tristix sp. cf. T. excavata (Revss)

Tristix sp.

Pyramidina prolixa (CusHMAN & PARKER)
Pyramidina triangularis (CusHMAN & PARKER)
Tappanina tuberosa SLITER, n. sp.
Serovaina orbicella (Banpy)

Alabamina dorsoplana (BRroTzEN)
Colomia californica BANDY

TasrLe 11.—Late Cretaceous Bathyal Foraminifers from
Globotruncana rosetta Zone at La [olla.

Bathysiphon brosegei Tappan
Bathysiphon vitta Nauss

Bathysiphon varans SLITER, n. sp.
Hyperammina erugata SLITER, n. sp.
Ammodiscus eretaceus (Reuss)

Reophax globosus SLITER, n. sp.

Reophax prolatus SLITER, n. sp.
Haplophragmoides excavatus CusiMaN & WATERs
Cribrostomoides cretacea CUSHMAN
Spiroplectammina chicoana LALICKER
Spiroplect ina sigmoidina LALICKER
Trochammina bochmi FRANRE
Trochammina texana CusiMAN & WATERS
Trochammina triformis SLITER, n. sp.
Gaudryina bentonensis (CARMAN)
Gaudryina lacvigata FRANKE

Gaudryina tailleuri (TAPPAN)

Dorothia bulletta (Carsey)
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Dorothia ellisorae (Cusinan)

Nodosaria velascoensis CusaMaN

Dentalina catenula Reuss

Frondiculeria frankei Cusiiman

Lagena hispida Reuss

Lagena grahami SLITER, n. sp.

Lenticulina californiensis TrRuyiLLO
Lenticulina ovalis (Reuss)

Lenticulina pondi (Cusamax)

Lenticulina spissocostata (Cusimax)
Marginulina armata Reuss

Marginulinopsis striatocarinata (CusHMAN & WATERS)
Saracenaria californica Suiter, n. sp.

Qolina globulosa (MonTaGU)

Fissurina orbignyana SEGUENZA

Praebulimina cushmani (Saxpince)
Pracbulimina spinata (Cussiman & CaMpRELL)
Pracbulimina venusae (Nauss)

Praebulimina lajollaensis SLITER, n, sp.
Patellina subcretacea CUsHMAN & ALEXANDER
Falsocibicides beaumontianus (0'OmBicNY)
Chil ella trinitatensis Cusuman & Tobp
Quadrimorphina camerata (Brorzex)
Pullenia cretacea Cusiman

Osangularia cordieriana (p'ORBIGNY)
Gyroidinoides goudloffi (TruyiLLO)
Gyroidinoides quadratus martini Surter, n. subsp.
Gavelinella eriksdalensis (Brovzen)
Gavelinella stephensoni (CusiMan)
Gavelinella velase s (Cusiman)
Gavelinella compressa SUITER, n, sp.
Heterolepa minuta SLITER, n, sp.

Currently little qualitative information is available on
the distribution of lower shelf and bathyal Recent fora-
minifers; however, some trends and distributions may be
utilized to suggest a Cretaceous depth zonation.

A dominance of agglutinated foraminifers generally
is characteristic of two diverse depth environments in
modern seas: 1) the inshore areas and lagoons, and 2) the
bathyal to abyssal depths. As noted previously, these dis-
tribution patterns are modified by several environmental
factors.

Among the Nonionidae, several species of Pullenia
and Chilostomella characteristically occur between 200
and 3,000 m. (Parker, 1954). In the Osangulariidae,
Osangularia culter (PArkir & Jones) commonly occurs
between 500 and 2,000 m. whereas Hoeglundina elegans
(p'Orsicny) of the Ceratobuliminidae is characteristic of
depths greater than 100 m. (ParEcer, 1960). Members of
the family Anomalinidac range widely from the inner
shelf to bathyal; maximum numbers, however, are found
on the continental shelf at bathyal depths,

Additional fossils include Inoceramus sp., Baculites
sp., Acila sp., ostracodes, and numerous fish teeth.

The above faunal assemblage at La Jolla, Point Loma,
and Punta Descanso and the uniform lithology of the silt-
stone sequence are suggestive of bathyal deposition far
from the source area of coarse clastics.

The second or mixed foraminiferal assemblage is asso-
ciated with the sandy facies at La Jolla, Point Loma, and
Punta Descanso. These deposits commonly contain slump
or turbidity-current structures in addition to transported
shallow-water megafossils.

The turbidity-current structures are particularly well
developed in the siltstone-sandstone member of the Ro-
sario Formation at La Jolla. The foraminiferal fauna
recovered from the micaceous siltstone containing planar
and convolute laminations resembles that described by
Narranp (1963) from Tertiary sediments of the Ventura
Basin, California. Elongate species commonly are broken,
heavier agglutinated forms are missing, and the assem-
blage as a whole is size-graded. The random examples
shown in Table 12 illustrate the size gradation. The up-
permost lignitic layer, when present, contains a sparse
indigenous fauna and an increased number of planktonics.
The assemblage contains 15 species that are restricted to
a bathyal environment, and only two species restricted to
the upper shelf group.

The numerous burrows in the siltstone-sandstone
facies also suggest a bathyal environment. SerLacHer
(1964) correlated the presence of branching, facies trans-
gressing, complex burrows of endobiotic deposit-feeders
with bathyal, turbidity-current deposits.

The presence of displaced sublittoral foraminifers
mixed with bathyal species within a lithologic sequence
containing graded bedding, planar and cross laminations,
and disturbed bedding strongly favors displacement by tur-
bidity-current flows from the shelf to the decper-basin floor.

Foraminifers from the two biofacies also are recog-
nized at Point Loma and Punta Descanso. Comparison
of these biofacies in the same biostratigraphic zone aids
in identifying the palecenvironment. At Point Loma the
massive siltstone in the upper part of the section contains
an indigenous bathyal fauna. The lower siltstone-sand-
stone sequence contains transported sublittoral species in
addition to the indigenous bathyal fauna. The total fauna
at this location includes 86 percent of the restricted
bathyal species and 15 percent of the upper shelf species.

TasLe 12.—Examples of Size Gradation in Different
Lithologic Facies at La [olla.

LARGEST GLOBULAR AVERAGE
EATIES: SAUPLE SPECIMEN SPECIMEN SIZE
SILTSTONE-| T-28 0.35 mm 0.18 mm
SANDSTONE | BR-1 0.49 mm 0.28 mm
L9 1.40 mm 0.42 mm
SILTSTONE L1-26 1.29 mm 0.49 mm

The Punta Descanso section is essentially the same;
transported species occur in the sandy facies and rarely in
the massive siltstone beds. Analysis of the total fauna
shows it to contain 76 percent of the restricted bathyal
species and 36 percent representing the sublittoral as-
semblage.
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FAUNAL DIVERSITY

The occurrence of foraminifers in the Upper Creta-
ceous sections studied in southern California and north-
western Baja California, Mexico, is summarized in Table
15. Species diversity curves for the four locations (Fig.
3.6) support the biofacies analysis as evidence of an influx
of transported species. The curves which depict the num-
ber of species in each sample for each of the four locations
are discussed briefly below. In each case the sample size,
method of preparation, and recovery technique were
essentially uniform.

At La Jolla (Fig. 3), samples 1 to 20 show regular
fluctuations in the number of species, ranging from 40 to
70 species per sample. The fluctuations seem to result
from a combination of biologic factors affecting the dis-
tribution of the faunas and postdepositional solution of
calcareous tests. The effect of population dilution by de-
trital sediment seems minimal in this massive siltstone
sequence. Beginning at sample 20, transported sublittoral
species appear in increasing numbers and  continue
throughout the rest of the section. The advent of dis-
placed species coincides with an increase in the number
of species, the highest numbers occurring in samples
adjacent to sandstone beds (c.g., samples 27, 31, 34, and
36). Of interest is the increased number of species in
samples 20 to 26 prior to the first discontinuous sandstone
that lies just below sample 27. This increase reflects a
local movement of sediment of insufficient magnitude to
transport coarser detrital material. The peaks in species
numbers in the earlier samples (e.g., 3, 14) may also, in
part, be due to downslope movement.

The faunal diversity in samples of the T and BR
serics reveals the effects of transportation and detrital
dilution. This fauna is composed largely of a fragmented
and size-graded bathyal association.

At Point Loma (Fig. 4), samples 20 and 24 have a
low species number because of post-depositional altera-
tion. Samples 10 to 19 occur in the siltstone-sandstone
facies and both species numbers and the displaced ele-

ments indicate sediment transportation. Samples 8 to 10
following the final sandstone show a diminishing of
displaced species and faunal diversity.

The Punta Descanso fauna (Fig. 5) is much like that
at Point Loma. Samples 6 to 18 occur in the siltstone-
sandstone facies and have large diversity fluctuations. Sev-
eral samples are couplets and so exaggerate the curves,
however the remaining samples are of the same magni-
tude. Samples 25 to 21, from the siltstone facies, show a
more uniform level of fluctuation, but sample 20, contain-
ing slump structures and pelecypod fragments, contains a
higher diversity.

At Carlsbad (Fig. 6), the species diversity fluctuations
in samples 1 to 7 seem due to downslope displacement of
sediment. Sample 8, lying just below the Tertiary uncon-
formity, has been affected by post-depositional alteration.

Recent foraminiferal species diversity shows a decrease
in numbers both shoreward and off the continental shelf
(Uctiio, 1960; Warton, 1964). This information can be
used to compare the depositional environments of the
four southern California localities,

Averaging the stable fluctuations of species shows La
Jolla and Point Loma to be closely similar in number with
58 and 56 species, respectively. Punta Descanso is low-
est, with 24 species and Carlsbad highest, with 94 species.
The higher number of species at Carlsbad is indicative of
a shelf environment, whereas the lower numbers at La
Jolla and Point Loma, in association with the bathyal
faunal assemblage, suggest bathyal depths.

The reduction of species diversity associated with the
sandy facies at La Jolla and Point Loma probably is due
primarily to sediment dilution. These samples retain a
bathyal faunal association in addition to the introduction
of a shelf assemblage. This suggests a temporal change
in the sediment source area rather than a variation in
depth. Little is known, however, of the present depth
ranges of bathyal foraminiferal species much less the
Cretaceous association, Hence, the possibility of basin
shoaling cannot be dismissed.

PALEOZOOGEOGRAPHY

Recent planktonic organisms occur in discrete faunas
that are associated with analogous water masses (Brap-
sHAW, 1959; Biert, 1959; Brinron, 1962; Jounson & Brin-
ton, 1963). These water masses of roughly latitudinal
distribution, are recognized by their characteristic tem-
perature and salinity curves (Sverbrup, Jonnson & FrLem-
MING, 1942; Stepanov, 1964). Brapsaaw (1959) deline-
ated three planktonic foraminiferal assemblages in the
northern and equatorial Pacific: a northern subarctic
fauna, a southern warm-water fauna, and middle transi-
tion fauna (Fig. 7). The warm-water fauna was sub-
divided into a tropical equatorial westcentral fauna and

a subtropical central fauna. These more or less latitudinal
faunas, controlled by climates and currents, provide a
basis for the analysis of past distributions.

Late Cretaceous planktonic foraminifers generally are
referred to two realms or provinces, that were defined by
molluscan distributions: a northern Boreal province and
an equatorial Tethyan province (Umnuig, 1911; ArkeLr,
1956). Pacific Coast Cretaceous molluscan faunas are
differentiated from both the Boreal and Tethyal associa-
tions and define a third or Indo-Pacific province (Marsu-
moto, 1960; Porenok, Inmray & MureHy, 1960; Jonks,
1963; Somt, 1964). This Indo-Pacific fauna is unlike that
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found in the American Gulf Coast and eastern Mexico,
although the latitude of the lower Baja California occur-
rence (30° N.) is comparable to the northern limit of the
Gulf Coast rudist faunas. Likewise, Late Cretaceous
foraminiferal faunas from the eastern Pacific lack the
usual Tethyan late Campanian-Maastrichtian species
(Douctas & SuiTeR, 1966).

The diagnostic Maastrichtian planktonic genera
Abathomphalus, Plummerita, and Trinitella and species
Globotruncana contusa (CusHMAN) s.5., G. gansseri Bovw,
G. gagnebini TiLev, and G. stuarti (pE LAPPARENT) are
unknown from the northeastern Pacific. Their absence
may be due to various factors: 1) strata of this age may
be missing along the Pacific margin, 2) planktonic fora-
minifers may be missing from the youngest strata, or

3) these Tethyan species did not migrate into the north-
eastern Pacific.

Maastrichtian strata are recognized in this region, how-
ever, by the joint occurrence of Globotruncana havanen-
sis Voorw1Ik, G. petaloidea Ganvovr, Heterohelix glab-
rans (Cusuman), Racemiguembelina fructicosa (EcGEr),
Rugoglobigerina rugosa (Prummer), and Bolivinoides
draco draco (MarssoN) in southern California and the
same globotruncanids plus Globotruncana nothi BRonNNI-
MANN & Brown in northern California (Doucras &
SLITER, 1966).

In southern California, the presence or absence of a
preservable fauna is strongly facies-controlled, especially
in the youngest strata. The Maastrichtian section consists
of a repetitive series of sandstone and siltstone beds. The
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Fic. 5. Species diversity at Punta Descanso, Baja California.

most abundant fauna occurs in the upper lignitic layers
of the siltstone beds. This lignitic layer may be 1 to 4 em.
thick, but is commonly lacking, apparently due to post-
depositional current action. Hence, the planktonic fauna
of these deposits is only sporadically recovered. Elsewhere,
as in the Moreno Formation of central California, appar-
ently unbroken (or disconformable) sequences of Creta-
ceous strata can be found extending into the Tertiary, but,
the planktonic foraminifers disappear several hundred
feet below the Tertiary contact (Porenok, IMmray & MuUr-
puy, 1960; Martin, 1964). The disappearance of plank-
tonic foraminifers may be due to local lithologic or paleo-
ecologic conditions, or both. Tethyan species are also ab-
sent in comparable strata throughout northeastern Mexico,
California, Vancouver Island, and Alaska suggesting that
they failed to migrate into the eastern North Pacific.
That the Tethyan Maastrichtian assemblage had access

to the Pacific Basin is demonstrated by the presence of
Globotruncana gansseri Borul and G. contusa (Cusu-
MaN) associated with a coral-rudist fauna on seamounts
in the mid-Pacific (Hamivron, 1963). Furthermore, the
joint occurrence of Globotruncana havanensis Voorwiyk,
G. gansseri, G. contusa, and Abathomphalus in the Mira
Marl of western Australia (EpceLt, 1957) also implies
access to the Pacific.

The eflects of isolation upon the northeastern Pacific
Cretaceous foraminiferal population are noted in several
ways, including 1) the absence of Tethyan species, 2) the
presence of endemic planktonic and benthonic species,
and 3) the presence of morphovariants of cosmopolitan
species.

The effects of oceanic temperature variation have been
interpreted as preventing the northward migration of the
Tethyan Abathomphalus and Plummerita. Neither have
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been recorded north of lat. 25° in North America (Douc-
LAs & SLiTER, 1966). Trinitella, Globotruncana contusa
(Cusiman), G. gagnebini TiLev, G. gansseri Bouui, and
G. stuarti (pE LapparenT) range northward along the
Atlantic Coast to about lat. 39° N (Owsson, 1964), but
none has been recovered from Pacific Coast strata extend-
ing south to 319 N.

Faunal isolation is also indicated by the following
assemblage (Table 13).

Tasre 13—Endemic Late Cretaceous Foraminifers of
Northeastern Pacific.

Globotruncana churchi MARTIN

Planoglobulina ornatissima (Cusiman & CHURCH)
Bifarina douglasi SLITER, n. sp.

Spiroplectammina chicoana LALICKER
Spiroplectammina sigmoidina LALICKER
Frondicularia durrelli TrujnLo

Lenticulina californiensis TrRuymLo

Prachulimina spinata (CusHMAN & CAMPBELL)
Bandyella greatvalleyensis (TrujiLiro)
Gyroidinoides quadrata (Cusiman & CHURCH)

The endemism may, in part, be nomenclatural, and
these species elsewhere differently identified or as yet
unrecorded. For example, several specimens from Russia,
resembling Globotruncana churchi MarTiN, are referred
by Sussorina (1963) to G. arca (CusHMAN).

Isolation or paleoccologic variation also resulted in
morphologic variation of several cosmopolitan Globo-
truncanidae, including Globotruncana rosetta (CArsEY),
G. stuartiformis Dausiez, and high-spired G. fornicata
Prummer. Specimens closely resembling the California
variants of G. stuartiformis Davsiez also are present in
western Australia (EpceL, 1957).

Faunal diversity gradients of Recent and Late Creta-
ceous planktonic foraminifers recently were compared by
Doucras & Surrer (1966). In the present Pacific Ocean,
9 genera and 24 species occur in the equatorial west cen-
tral fauna and 3 genera and 6 species in the subarctic
fauna. In the late Campanian, 10 genera and 25 species
occurred in the Tethyan province, whereas north of 50°
lat., 5 genera and 6 species have been reported.

A closer examination reveals 23 species of planktonic
foraminifers in the late Campanian of northern California
whereas 28 species occur in correlative strata in southern
California (Doucras & SuiTer, 1966; Doucras, 1966).
The early Maastrichtian also shows an increase of 21 to
24 species from north to south.

In addition, the planktonic assemblage differs in its
composition from northern to southern California. In
southern California Heterohelix pulchra (Brorzen) and
Pseudotextularia elegans (Rzenak) are more abundant
and more variable. Five heterohelicids also are found
only in southern California (Table 14).
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Fic. 6. Species diversity at Carlsbad, California,

Tasre 14—Heterohelicid Foraminifers Confined to
Southern California.

Heterohelix glabrans (Cusiiman)
Heterohelix punctulata (Cusaman)
Guembelitria cretacea CusHMAN
Racemiguembelina fructiocosa (EGGER)
Bifarina douglasi SLITER, n. sp.

Northern California populations contain a greater
abundance and diversity of hedbergellid species, and
fewer Globotruncanidae. Globotruncana nothi BRoNNI-
MANN & BrowN is not present in southern California, and
G. havanensis Voorwiyk and other single-keeled species
have not been reported above lat. 40° N along the Pacific
Coast.

These Late Cretaceous foraminiferal diversity gradi-
ents, and the composition of the assemblages themselves
suggest the presence of Cretaceous north-south climatic
zones and latitudinal water masses along the eastern
margin of the North Pacific as today.

The planktonic distributions of the northern hemi-
sphere during the Late Cretaceous indicate that the
present clockwise circulation of oceanic currents had al-
ready become established. This circulation shifts cooler
water southward along the eastern Pacific margin, as by
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Tavre 15.—Stratigraphic Distribution of Foraminifers in Upper Cretaceous Deposits of Southern California and
Northwestern Baja California, Mexico.
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Fissuring sandi SIS, Me 5P
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Citharina sutwralis
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Nodosdrid freobascides
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Fissuring bandyi, n. sp.
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Gavelmella bonbesti
Pseudapatellinella minata, n. sp.
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Placapsilinag sp.
Nowtonella cretacea
Spiraloculing creiacea
Epithemella marting
Nomionella austimanag
Pararatalia praenabeolensis
Saracenaria triangularis
Frondicularia poldfussi
Astacolus jarvisi
Nodosaria amphioxys
Astacolus mundus
Filtipsaidella gracillima
Globotruncans tricdrinala
(ilohotruncana ventricosa
Allomorpbina cretacea
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Gyroidinoides nitidus

Lagena paucicosta
Globotruncana petaloidea
Glab lites mickel
Quadrimarphina spirata, n. sp.
Saracenaria jarvisi
Neoflabeliina rugosa
Lenticuling sp, ¢f L. williamson:
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Saracenaria sdratogana
Eowvigering bispida
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lLagena aculicosta

Guttuling adhaerens

Psendaurigering calijornica, n, sp.
(slobatruncana formicara
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Planorbulma pacifica, n. sp.
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Lenticulina spachbolizi
Lenticuling tayiorensis
Pseudonodosaria manifesta
Prachulimina kickapooensis
Spiroplectammina laevis
Nodosaria sp.
Silicosigmotling californica
Milnstomelle impensia
Tristix sp. cf. T. excavata
Tristix sp,
Psendonodosaria sp.
Dentaling gracilis
Pullenia jarisi
Pullenia sp. cfy P, minuia
Frondicularia archiaciana
Pyruling sp. cb. P, cylindraides
biris I -

All shing s
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4
Globoratalites spinens
Cyelogyra sp.
Lenticuling muensier
Frondicularia inversa
Frondicularia sp, D,
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Matrgimulinnpsis fexasensis

Nodasdria ¢ wldsroensis

'oaiebuliminag lajollaensis, n, sp.
teyraidinaides gusdrata mariing, 0, $3p.

Geventdimetde s paudhafii
Dewpaling meaec ke
fefaburotalites tappawar, n. 3p.
Dentaling aliermaia
Allamarpbing baifi
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Fromdicularia framkei
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the present California Current, and sends tropical water
farther northward along the Atlantic Coast, as by the
present Gulf Stream. Tethyan planktonic species thus
were transported farther along the American Atlantic
Coast than on the Pacific. Their northward migration on
the Pacific Coast would be dependent upon smaller coun-
tercurrents. Evidence of this current system are seen in
the New Jersey-Delaware (lat. 39° N) occurrences of

Tethyan planktonics (Ovsson, 1964) that, as yet, have
not been reported along the Pacific Coast north of 31° lat.
A North Pacific oceanic temperature and current barrier
to the northward migration of warm-water planktonic
species is further indicated by the delayed migration of
species such as Rugoglobigerina rugosa (Prummer). This
species occurs in Campanian Gulf Coast strata but is
absent from the eastern Pacific prior to the Maastrichtian,
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The selective limitation of northward planktonic mi-
gration by the Pacific current system need not have ap-
plied to benthonic foraminifers, lacking pelagic gametes,
unless their migration was limited by other hostile
ecologic conditions. The large number of Gulf Coast
benthonic species present in the Pacific-margin Cretaceous

strata may support this hypothesis of selective restriction
or indicate increased tolerance to cooler water.

The Late Cretaceous faunal boundaries and their asso-
ciated hydroclimates are postulated by examining the
faunal distributions, paleotemperatures and paleogeog-
raphy.
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Fie. 7. Distribution of Recent planktonic foraminiferal assemblages
in the North Pacific (after Brabsuaw, 1959),

The northern boundary of the Cretaceous Tethyan or
tropical province with its characteristic fossil and litho-
logic associations is traced from southern Texas through
central Mexico to the Pacific Ocean. The discovery of a
Tethyan foraminiferal and molluscan fauna in the cen-
tral Pacific (Hamivton, 1953) extends the province east-
west across the Pacific and northward to at least lat. 19°
N. As noted previously, this fauna is unrecorded along
the eastern Pacific margin north of 31° lat.

Although lacking restricted Tethyan globotruncanids,
the Late Cretaceous southern California foraminiferal
fauna contains a large and diversified heterohelicid fauna
with Tethyan affinities. This fauna extends from Baja
California (lat. 31° N) to La Jalama and San Miguel
Island, California (lat. 35° N).

A second fauna is recognized from the Panoche Hills
of central California (lat. 36° 30’ N) to northern Cali-
fornia (lat. 40° N). It differs from southern California
in lacking elements of the heterohelicid assemblage and
having a progressively lower faunal diversity. In contrast,
Hedbergella becomes increasingly more common and di-
versified northward.

North of California a third faunal assemblage is recog-
nized. The Vancouver Island (lat. 49° N) fauna differs
markedly from that of northern California and is char-
acterized by low species diversity and numbers. Aggluti-
nated benthonic species constitute the dominant element
of the fauna whereas planktonic species are rare. Single-
keeled globotruncanids have not been reported from the
castern north Pacific north of 40° lat. In southern Alaska
(lat. 62° N), a remarkably similar fauna contains nearly

an identical planktonic assemblage: Globotruncana arca
(Cusuman), Heterohelix globulosa (EnrensErc), Plano-
globulina sp. cf. P. austinana (CusumAN), and Rugo-
globigerina pilulifera Berrorn, Tappan (1960, 1962) de-
scribed an Upper Cretaccous foraminiferal assemblage
from northern Alaska (lat. 69° N) which likewise is
distinguished from California faunas by a dominance of
benthonic species and a paucity of planktonic forms.

These four faunal assemblages are sufficient in mag-
nitude to imply a degree of ecologic control greater than
that imposed by local geographic conditions. This is
especially true of the planktonic foraminifers, present dis-
tributions of which generally coincide with oceanic water
masses. The faunal differentiation may thus be attributed
to various factors such as temperature, oceanic current
patterns, depth of water, amount of runoff from adjacent
land masses, and their geographic configuration.

Late Cretaceous floras and faunas indicate a lessened
thermal gradient between the equator and poles than at
present, and hence, broader latitudinal temperature zones.
Bere (1957) regarded the flora from the Nanaimo Group
of Vancouver Island as representing a warm temperate
climate. Latest Cretaceous floras from Wyoming, de-
scribed by Dorr (1942) indicate a humid, warm tem-
perate climate approaching subtropical. BarcHOORN
(1953) reported Cretaceous to Eocene broad-leaf hard-
wood forests in high latitudes as indicating humid warm
temperate or temperate climates in the polar region. Like-
wise, faunal data from the Pacific margin suggests a
warmer climate than at present. Durnam (1950) re-
viewed the Late Cretaccous molluscan and coral data
from along the northeastern Pacific margin and suggested
the 18.5° C. isotherm extended north to near 53° lat.
Ammonites from the Nanaimo Group of Vancouver
Island and the wide distribution of Indo-Pacific species,
were believed by Usuer (1952) to indicate a more uni-
form climate. Oxygen-isotope determinations for the
Cretaceous also suggest a lower thermal gradient (Low-
ENsTAM & Epstein, 1954; Emiuiant, 1961; Bowen, 1961
a<c).

The four Late Cretaceous zones are remarkably simi-
lar to those of the present (Fig. 7-9). This may be purely
fortuitous, or perhaps related to some combination of
climatic and geographic conditions which would produce
a similar zonation. Present indications of Late Cretaccous
oceanic current patterns is speculative at best. The con-
figuration of Cretaceous land masses bordering the Pacific
Basin has been inferred by Duriam & Avruson (1960),
Earorey (1962), Weve (1964) and others (Fig. 9).
Oceanic currents and faunal migration routes were af-
fected by scaways then open through the present Bering
Strait and parts of eastern Siberia and the isthmus of
Latin America. Climatic conditions postulated by
Brooks (1951) for the middle latitudes were of mild
winters and hot summers and an absence of cyclonic
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depressions. The polar front did not exist or lay far to
the north. The subtropical anticyclones occurred farther
north than now. The Arctic basin and prevailing west or

southwest winds and a mild humid climate with high
rainfall, and warm ocean currents extended into the high
latitudes. One would expect these conditions to produce
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different boundary locations and water-mass distributions
than at the present unless the overall continental outline
resulted in current divergencies and eddy systems similar
to present ones.

The greatest Late Cretaceous faunal change recog-
nized along the eastern Pacific margin occurs at the
boundary between north-ccntral and northern areas, here
suggested to be ncar lat. 47° N. This boundary approxi-
mates the inferred position of the 18.5° C. isotherm.
Recent planktonic species also show a distinctive faunal
change near lat. 50° N. This change is most pronounced
at the junction of the western North Pacific Kuroshio and
Oyashio Currents and corresponds to the Subarctic Con-
vergence. Along the eastern Pacific margin the transition
zone is broader and less well defined, lying somewhere
between 12° C. and 18° C. (Brapsuaw, 1959). Brinton
(1962, p. 199), however, recognized Arctic boundary
species of euphausiids extending south to lat. 50° N and
four subarctic species concentrated between lat. 45° N
and lat. 55° N. Jomnson & Brinton (1963, p. 386, fig. 1)
reported two forms of the subarctic euphausiid Thysanoes-
sa longipes Branor distributed parallel to a belt of low
faunal density near lat. 50° N in the eastern North Pacific.
The similarity in position of this boundary during the
Late Cretaceous and the Recent may be due to a like con-
vergence of oceanic currents or the effects of unknown
additional Cretaceous paleoenvironmental conditions. Late
Cretaceous foraminiferal faunas occurring above lat. 49° N

resemble one another in faunal character and content. In
northern Alaska, Tappan (1960, 1962) recognized a strong
facies control of the fauna occurring in an intertonguing se-
quence of nonmarine and marine strata. Southern Alaska
and Vancouver Island faunas may likewise reflect fluctuat-
ing water depths and rates of sedimentation. Ammonites
from Vancouver Island, however, were regarded by
Usuer (1952) as indicative, in part, of deep-water neritic
facies in a basin having open connections with the Pacific
Ocean. Likewise, Jones (1963) considered that much of
the Matanuska Formation of southern Alaska was de-
posited below wave base. A probable outer neritic zone
was suggested by the lack of current-produced sedimen-
tary structures and heavy-shelled, shallow-water pelecy-
pods and gastropods and an abundance of ammonites and
Inocerami. The Chignit Formation of the Alaskan Penin-
sula, however, was probably deposited in shallower water
as evidenced by the coarser-grained deposits, intercalated
nonmarine and marine beds and a somewhat greater
percentage of thick-shelled pelecypods (Joxes, 1963). The
foraminiferal fauna of deposits north of lat. 49° N
resembles Recent boreal faunas in their low planktonic
diversity and the abundance of agglutinated species
(Brapsaw, 1959; Samova, 1962; BeLvaeva & Saimpova,
1965). In addition, Tappan (1960, p. 285) noted the local
abundance of the characteristic cold-water radiolarian
Dictyomitra in the Campanian of northern Alaska. The
similarity of faunas occurring above lat. 49° N, their
low planktonic diversity, and the presence of certain
cool-water indicators, together suggest a Late Cretaceous
temperate northern temperature zone, as well as the ef-
fects of paleobathymetry and possibly increased runoff.

Figure 9 shows the postulated distribution of the four
Late Cretaceous ecologic zones within the North Pacific.
These distributions are constructed from the faunal data
of Bransuaw (1959), McGowan (1960, 1963), Brinton
(1962), Jounson & Brinton (1963), and Facer &
McGowan (1963) and the hydroclimactic data of Sver-
prup, Jounson & Fremine (1942) and the NORPAC
Committee (1960), and modified by the inferred Late
Cretaceous paleotemperatures and paleogeography.

The northern boundary of the equatorial zone is
drawn near lat. 25° N to include the central Pacific Teth-
yan assemblage described by HamiLton (1953). Along
the Atlantic Coast this fauna extends to New Jersey,
apparently due to the effect of the Late Cretaceous Gulf
Stream. The suggested northern south-central boundary
reflects the suggested oceanic circulation, i.e., it is ex-
tended northward along the Asiatic Coast due to the com-
bined effects of clockwise circulation and the open Siberian
straits, and is depressed along the eastern margin much as
it is today. The northern north-central boundary is sug-
gested to have been somewhat south of the 185° C. iso-
therm, or about lat. 47° N, and also is modified by the
current pattern.
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The Late Cretaceous foraminiferal paleozoogeography
in the northern hemisphere further supports continental
stability since the end of the Cretaceous. The north-south
faunal diversity gradients, suggested latitudinal ecological

zones, and inferred major occanic currents during the
Late Cretaccous indicate that climatic zones, continental
positions, and the location of the axis of rotation were
then much as they are today.

LOCALITIES

Carlsbad collections (UCLA locality 2412) from dry tributary to
Letterbox Canyon, San Luis Rey Quadrangle, San Diego County,
lat. 33°0817” N, long. 117°17°10" W.

C-1, Basal sample

C-2, 10 feer stratigraphically higher

C-3, 10 feet stratigraphically higher

C-4, 8 feet stratigraphically higher

C-5, 5.5 feet stratigraphically higher

C-6, 5.5 feet stratigraphically higher

C-7, 5.5 feet stratigraphically higher

C-8, 5.5 feet strangraphically higher

La Jolla collections (UCLA locality 5241) siltstone member of
Rosario Formation in sea cliffs bordering eastern side of La
Jolla Bay, at foot of Princess Street, La Jolla Quadrangle, San
Diego County, California, lat. 32°51" N, long. 117°16" W,

§-1 to $-27, composite channel samples starting at base of
exposed section and extending south. Sample 5-27 ap-
proximately 358 feet stratigraphically above sample S-1.

$-28 to §-33, composite channel samples along southern side
of La Jolla Bay. Sample §-33 is approximately 25 feet
stratigraphically higher than sample §-27.

$-34 1o §-38, composite channel samples along southern
side of La Jolla Bay. Sample S-38 is approximately 126
feet stratigraphically higher than sample $-33.

UCLA locality 5237, siltstone-sandstone and sandstone members
of Rosario Formation exposed in sea cliffs extending from
La Jolla Bay to contact with Tertiary stratigraphically about
1,000 feet south of Bird Rock, La Jolla Quadrangle, San
Diego County, California.

T-1a, -1b, -2a, -2b, composite samples near base of siltstone-
sandstone member, along south side of La Jolla Bay.
Sample T-2b is 15 feet stratigraphically higher than T-la.

T-28, in sandstone member at first point about 200 feet north
of Bird Rock. Sample T-28 is approximately 200 feet
stratigraphically above lower contact of this member.

T-29, 25 feet stratigraphically higher than T-28.

T-31, 10 feet stratigraphically higher than T-29.

UCLA locality 5224, sandstone member of Rosario Formation at
La Jolla, at foot of Bird Rock Ave., La Jolla Quadrangle, San
Diego County, California.

BR-1, lee side of Bird Rock exposed at low tide.

BR-2, seaward side of Bird Rock.

BR-3, in small cove 100 feet south of Bird Rock, about 15
feet stratigraphically higher than BR-1,

BR-4, 4 feet stratigraphically higher than BR-3.

Point Loma (UCLA locality 5225)—sea cliffs at southern tip of
Point Loma, Point Loma Quadrangle, San Diego County, Cali-
fornia, lat. 32°39'54” N, long. 117°14°30" W.

L-1 to L-19, composite channel samples extending from
lighthouse northeast around end of point. Sample L-1
approximately 100 feet stratigraphically higher than
sample L-19,

L.-20, on western side of point 225 feet northwest of sample
1L-19 and about 6 feet stratigraphically lower.

L-24, 800 feet northwest of sample L-20, approximately 30
feet stratigraphically lower.

Punta Descanso (UCLA locality 5226)—sea cliffs between Punta
Descanso and Descanso, about 40 km. south of Tijuana in north-
western Baja California, Mexico, lat, 32°18’ N, long. 117°00" W.

E-1 to E-18, composite samples extending from Arroyo
Médano to 1.5 miles north of Don Pancho. Section ap-
proximatcly 100 feet thick.

E-20, 1,155 feet south of Descanso.

E-21, 8§ feet stratigraphically lower than E-20.

E-22, nearly along strike with E-21.

E-23, 4 feet stratigraphically lower than E-22.

E-24, 5 feet stratigraphically lower than E-23,

E-25, 4 feet stratigraphically lower than E-24.

SYSTEMATIC PALEONTOLOGY

The classification followed here is that of LorsricH &
Tappan (1964). Large populations have been studied
whenever possible to determine the intraspecific variation
and the dimorphism.

All illustrated specimens are deposited in the fora-
miniferal collection of the University of California, Los
Angeles.

Citations of dates following authors of generic and
supergeneric taxa are to indicate priority only and are not
necessarily cited in the references. Justification for these
terms is given in LoesLick & Tappan (1964). Numerals
in parentheses following types and occurrence refer to the
position on the range charts; letters indicate chart locality,
i.e,, C-Carlsbad, ]-La Jolla, L-Point Loma, and D-Punta
Descanso.

Superfamily AMMODISCACEA Reuss, 1862
Family ASTRORHIZIDAE Brady, 1881
Subfamily RHIZAMMININAE Rhumbler, 1895

Genus BATHYSIPHON M. Sars in G. O. Sars, 1872

BATHYSIPHON BROSGEI Tappan
Plate 1, figure 1
Bathysiphon brosgei Tappan, 1957, p. 202, pl. 65, fig. 1-5——

Taepax, 1962, p. 128, pl. 29, fig. 1-5.

Test free, elongate, cylindrical, nonseptate, tube com-
monly irregularly bent or with minor surface constric-
tions. Wall finely agglutinated with considerable cement,
nonlabyrinthic, surface smoothly finished. Aperture at
open end of tube.
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Maximum length of figured hypotype, 1.02 mm.; di-
ameter, .21 mm.

Discussion.—The present specimens compare well
with the original illustrations of specimens from the
Upper Cretaceous of Alaska. Bathysiphon brosgei is dis-
tinguished readily from associated species by the com-
monly distorted tube and the smoothly finished, charac-
teristically white wall. The smooth surface, grain size,
and color of the wall closely resemble that of Hyperam-
mina erugata SLITER, n. sp., and the specimens described
here may represent broken extensions of the tubular
chamber of the latter species. As none of the specimens
of H. erugata has a contorted chamber and as the strati-
graphic ranges of these species are not strictly comparable,
they are at present considered distinct. Bathysiphon
brosges ranges from the Albian into the Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44000) from
sample §-26, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J142,
L13, D39).

BATHYSIPHON CALIFORNICUS Martin
Plate |, figure 2

Bathysiphon californicus Marmin, 1964, p. 43, pl. 1, fig. 2.

Test free, elongate, cylindrical. Wall coarsely aggluti-
nated, little cement, surface rough. Aperture consists of
open end of tube.

Maximum length of figured hypotype, 2.24 mm.;
breadth, 0.32 mm.

Discussion.—This species is distinguished by the nar-
row tube, coarse-textured agglutinated material, and rela-
tively thin wall. Bathysiphon californicus was originally
described from Santonian to Maastrichtian strata in
Fresno County, California.

Types and occurrence.—Figured hypotype (UCLA 44001) from
sample S-27, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (J149,
L174, D103).

BATHYSIPHON VARANS Sliter, n. sp.
Plate 1, figure 4

Test free, large, elongate, tubular, with numerous
transverse constrictions, Wall coarsely agglutinated, sur-
face rough. Aperture at open end of tube.

Maximum length of holotype, 2.87 mm.; breadth, 0.74
mm.
Discussion.—This species is distinguished from Bathy-
siphon vitta Nauss (1947), by its smaller diameter, nu-
merous constrictions, coarser agglutinated material, and
rougher surface. It differs from B. dubia (Wwire, 1928a)
and B. alexanderi Cusaman (1933b), in having more
numerous constrictions and a rougher surface texture.
The recorded stratigraphic range of B. varans is Cam-
panian to Maastrichtian.

Types and occurrence.—Holotype (UCLA 44003) and paratype
(UCLA 44004) from sample $-2, Rosario Formation at La Jolla.
Unfigured paratypes from Rosario Formation at Point Loma and
Punta Descanso (J57, L108, D65).

BATHYSIPHON VITTA Nauss
Plate 1, figure 3
Bathysiphon vitta Nauss, 1947, p. 334, pl. 48, fig. 4——TrujIiLLO,
1960, p. 302, pl. 43, fig. 2.——TaxravanNac1, 1960, p. 64, pl. 1,
fig. 4. Tappax, 1962, p. 128, pl. 29, fig. 6-8.——Granam &
Cuurch, 1963, p. 17, pl. 1, fg. 1-2,
Bathysiphon sp. MarTiv, 1964, p. 43, pl. 1, fg. 3.

Test free, large, elongate, tubular, compressed. Wall
finely agglutinated, surface smooth, characteristically
white. Aperture at open end of tube.

EXPLANATION OF PLATE 1

FIGURE

Bathysiphon brosgei Tavean, %52 (p. 39).

Bathysiphon californicus Martin, 325 (p. 40).

Bathysiphon vitta Nauss, X 11 (p, 40).

Bathysiphon varans SLiTeR, n. sp., X 17 (p. 40).

Hippocrepina sp. cf. H. barksdalei (Tappan), X33 (p. 41).

Hyperammina erugata SLITER, n. sp., X23 (p. 41).

7. Saccammina complanata (FrRANKE); 7ab, apertural and side

views, X52 (p. 42).

Ammoadiscus cretaceus (Reuss), X52 (p. 42).

9. Ammodiscus glabratus CusiMaN & Jarvis; 9a,b, side and edge
views, X98 (p. 42).

10. Ammodiscoides lajollaensis SLiTER, n. sp.; 10a-c, side and edge
views, X 89 (p. 42).

£ MALAORE R

&

1l.  Reophax prolatus Suives, n. sp., X52 (p. 43).
12, Reophax globosus SuiTer, n. sp., X25 (p. 43).
13-15.  Silicosigmoilina californica Cusiman & Church; 13a,b,
15a,b, side and edge views showing morphologic variations,
% 33; 14, side view, X52 (p. 43).
16. Haplophragmoides excavatus Cusiman & Waters; 16a,b, side
and edge views, X97 (p. 44).
17. Haplophragmoides sp. cf. H. famosus TaravaNact; 17a-c, side
and edge views, X97 (p. 44).
18. Rzehakina epigona (Rzenak); 18a,b, side and apertural views,
X52 (p. 43).
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Maximum length of figured hypotype, 2.80 mm.;
breadth, 1.23 mm.

Discussion.—Bathysiphon vitta is characterized by its
large size, nonconstricted and parallel-sided chamber, and
fincly agglutinated smooth wall. It is presently differen-
tiated from B. perampla CusumaN & Goupkorr (1944),
from the Cretaceous of Yolo County, California, by its
much smaller size and smoother wall; future work, how-
ever, may show that these two species are synonymous.
Bathysiphon sp. Martin (1964), from the Campanian-
Maastrichtian of Fresno County, California, probably be-
longs to this species. Bathysiphon vitta has been recorded
from California, Canada, Alaska, and Japan. It ranges

from Albian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44002) from
sample §-37, Rosario Formation at La Jolla. Unfigured hypotypes
from the Rosario Formation at Point Loma and Punta Descanso
(J1, L3, D9).

Subfamily HIPPOCREPININAE Rhumbler, 1895
Genus HIPPOCREPINA Parker in G. M. Dawson, 1870

HIPPOCREPINA sp. cf. H. BARKSDALEI (Tappan)
Plate 1, figure 5

Hyperamminoides barkedalei Tavran, 1962, p. 129, pl. 29, fig. 21-

27.

Test free, elongate, compressed, somewhat tapering.
Chamber with transverse constrictions. Wall finely agglu-
tinated, smoothly finished. Aperture terminal, rounded.

Maximum length of figured hypotype, 1.12 mm.
breadth, 0.67 mm.

Discussion.—The specimen here figured, although
somewhat deformed, appears similar to the forms original-
ly described from the Albian of Alaska.

Type and occurrence.—Figured hypotype (UCLA 44005) from
sample §-28, Rosario Formation at La Jolla (J203).

Genus HYPERAMMINA Brady, 1878

HYPERAMMINA ERUGATA Sliter, n. sp.
Plate 1, figure 6

Hyperamntina elongata Brady, Norn, 1951, p. 24, pl. 6, fig. 6.
Hyperammina sp. cf. H. elongata Brady, Takavaxacy, 1960, p. 65,

pl. 1, fg. 7-8.——Marmin, 1964, p. 44, pl. 1, fig. 7.

Test free, elongate, cylindrical, initial bulbous prolocu-
lus followed by tubular chamber of smaller diameter.
Wall finely agglutinated, surface smooth. Aperture at
open end of chamber.

Maximum length of holotype, 1.23 mm.; chamber
diameter, 0.32 mm.

Discussion.—The present species differs from Hyper-
ammina elongata Brapy (1878), described from the Re-
cent of the Arctic sea, in being much smaller and in
having a more bulbous proloculus, nearly parallel sides,
and smoothly textured, finely agglutinated wall. Hyper-
ammina erugata ranges throughout the Senonian.

Types and occurrence.—Holotype (UCLA 44006) from sample

S-4; paratype (UCLA 44007) from sample S-26; both from Rosario
Formation at La Jolla (]89).

Family SACCAMMINIDAE Brady, 1884
Subfamily SACCAMMININAE Brady, 1884

EXPLANATION OF PLATE 2

FIGURE

. Haplophragmoide; fraseri Wickenpen; 1ab, side and edge
views, X 66 (p. 44).

2. Haplophragmoides kirki Wickespex; 2ab, side and edge
views, X 89 (p. 44).

3. Cribrostomoides cretacens Cusiman & GOUDKOFF;
and edge views, X45 (p. 44).

4. Cribrostomoides trifolium (Eccer); 4a-c, side and edge
views, X 23 (p. 45).

5.  Ammobaculites alexanderi Custiman; 5ab, side and edge
views, X 66 (p. 45).

6. Haplophragmium lueckei (Cusimas & Hepserc); 6a)b, side
views, X33 (p. 43).

3a,b, side

Placopsilina sp., X25 (p. 45).

8. Spiroplectammina chicoana LavLicker; 8ab, side and apertural
views, X 66 (p. 46).

9, Spiroplectammina lacvis (Rormer); 9ab, side and apertural
views, X 66 (p. 46).

10, Trochammina boehmi Fraxke; 10a-¢, spiral, edge, and umbili-
cal views, X 66 (p. 46).

11. Trochammina texana Custiman & WaTers; 1la-c, spiral, edge,
and umbilical views, X 66 (p. 47).

12. Spiroplectammina sigmoidina LaLicker; 12a.b, side and aper-

tural views, X 66 (p. 46).
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Genus SACCAMMINA M. Sars in Carpenter, 1869

SACCAMMINA COMPLANATA (Franke)
Plate 1, figure 7

Pelosina complanata Fraxks, 1912, p. 107, pl. 3, fig. l.——Taxa-
vaNact, 1960, p. 65, pl. 1, fig. 6.——Martin, 1964, p. 44, pl. 1,
fig. 6.

Test free, subspherical, commonly distorted, nonsep-
tate. Wall finely agglutinated, surface smoothly finished.
Aperture terminal, rounded, at end of distinct neck.

Maximum length of figured hypotype, 050 mm.;
breadth, 0.25 mm,

Discussion.—Tappan (1962) recommended differen-
tiation of Pelosina and Saccammina based on the test
shape. Thus elongate, subcylindrical forms are referred
to Pelosina and subspherical ones to Saccammina. Fol-
lowing this classification, P. complanata is assigned to the
genus Saccamina. S. lathrami Tappanx (1960), a similar
form from the upper Albian to Cenomanian of Alaska,
was distinguished from S. complanata on the basis of its
smaller size and less distinct neck. The specimen of S.
complanata illustrated by Martin (1964), from Fresno
County, California, is comparable in size to S. lathrami
but has a distinct neck. Likewise, the present specimens,
although quite distorted, appear to have a distinct neck.
More information is needed on morphologic variability
within Saccammina in order to clarify the taxonomic
position of these stratigraphically separated but similar
species. 8. complanata has been reported from the upper
Santonian of California (Marrin, 1964), Austin Chalk
and Taylor Marl of the Gulf Coast, and lower Cenoman-
ian-Turonian of Hokkaido, Japan (Takavanaci, 1960).

Types and occurrence.—Figured hypotype (UCLA 44008) from
sample S-31, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Punta Descanso (]202, DI152).

Family AMMODISCIDAE Reuss, 1862
Subfamily AMMODISCINAE Reuss, 1862

Genus AMMODISCUS Reuss, 1862

AMMODISCUS CRETACEUS (Reuss)
Plate 1, figure 8

Operculina cretacea Reuss, 1845, p. 35, pl. 13, fg. 64-65.
Involutina cretacea (Reuss), Taravanact, 1960, p. 67, pl. 1, fig. 10-

12,

Ammodiscus eretacens (Reuss), Taeran, 1962, p. 130, pl. 30, fig.

1-2.——Granam & Cuurch, 1963, p. 12, pl. 1, fig. 17.

Test free; discoidal, globular proloculus followed by
an undivided, planispiral, tubular chamber, partially over-
lapping preceding whorl. Sutures distinct, depressed.
Wall finely agglutinated, may or may not be soluble in
acid, surface smooth. Aperture at open end of chamber.

Maximum diameter of figured hypotype, 0.81 mm.;
thickness, 0.11 mm.

Discussion.—Ammodiscus cretaceus is distinguished
by its relatively wide chamber, few whorls, and large size.

Specimens in the present samples commonly show post-
depositional distortion. Within California, this species
has been observed in Campanian strata on Stanford Uni-
versity campus (Granam & Cauren, 1963). Other occur-
rences include the Campanian of Alaska (Tappan, 1962)
and the Albian to lower Campanian of Hokkaido, Japan
(TakavaNaci, 1960).

Types and occurrence.—Figured hypotype (UCLA 44009) from
sample S-4, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]85,
L57, D82).

AMMODISCUS GLABRATUS Cushman & Jarvis
Plate 1, figure 9
Ammodiscus glabratus Cusuman & Janvis, 1928, p, 86, pl. 12, fig. 6.
Involutina glabratus (Cushman & Jarvis), Martiv, 1964, p. 45, pl.

1, fig. 10-11.

Test free, planispiral, compressed, consisting of small
proloculus and nonsegmented tubular chamber, increas-
ing gradually in size. Sutures distinct, depressed. Wall
finely agglutinated, surface smoothly finished. Aperture
at open end of tube,

Maximum diameter of figured hypotype, 0.36 mm.;
thickness, 0.03 mm.

Discussion.—The present rare specimens are com-
pressed and somewhat smaller than the typical forms, but
otherwise similar in appearance. Ammodiscus glabratus
is separated from A. cretaceus by its smaller diameter,
greater number of whorls, and smaller proloculus. Juve-
nile forms of A. cretaceus have a larger chamber diameter
and fewer whorls, making them distinct from the present
species. Within California, A. glabratus ranges from the
upper Santonian to the Maastrichtian,

Types and occurrence.—Figured hypotype from sample S§-27,

Rosario Formation at La Jolla. Unfigured hypotypes from Rosario
Formation at Point Loma (J196, L168).

Genus AMMODISCOIDES Cushman, 1909

AMMODISCOIDES LAJOLLAENSIS Sliter, n. sp.
Plate 1, figure 10

Test free, small, consisting of proloculus followed by
compressed tubular chamber that is trochospiral in early
stage, and later becomes planispiral. Sutures distinct,
depressed. 'Wall finely agglutinated, surface smoothly
finished. Aperture at open end of tubular chamber.

Maximum diameter of holotype, 0.43 mm.; thickness,
0.17 mm.

Discussion.—Ammodiscoides lajollaensis SviTer, n.
sp., differs from the Cretaceous species referred to the
Recent A. turbinatus Cusuman (1909) in being much
smaller and having a relatively larger chamber diameter.
A. lajollaensis is rare and occurs only in the upper samples
(Maastrichtian) of the La Jolla section.

Types and occurrence.—Holotype (UCLA 44011) from sample
$-36; paratype (UCLA 44012) from sample §-37; both from Rosario
Formation at La Jolla (J168).
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Superfamily LITUOLACEA de Blainville, 1825

Family HORMOSINIDAE Haeckel, 1894
Subfamily HORMOSININAE Haeckel, 1894
Genus REOPHAX de Montfort, 1808

REOPHAX GLOBOSUS Sliter, n. sp.
Plate 1, figure 12

Reophax sp. Martin, 1964, p. 46, pl. 1, fig. 17.

Test free, elongate, uniserial, slightly arcuate. Cham-
bers globular, somewhat overlapping, increasing mod-
crately in size. Sutures distinct, constricted. Wall coarsely
agglutinated, surface rough. Aperture terminal, at end of
shight neck.

Maximum length of holotype, 2.17 mm.; diameter,
0.95 mm.

Discussion.—Reophax globosus Suter, n. sp., is char-
acterized by its large size, globular chambers and slight
apertural neck. This species differs from R. texanus
CusHMAN & WaTers (1927) in larger size and more rapid
increase in chamber size. R. globosus is similar to R.
troyert Tavpan (1960) but is larger and also has a more
rapid increase of chamber size. The specimen illustrated
by Martin (1964) as Reophax sp. is believed to be syn-
onymous although it is smaller in size. R. globosus ex-
tends from the Campanian into the Maastrichtian,

Types and occurrence.—Holotype (UCLA 44015) from sample
S-1, Rosario Formation at La Jolla. Paratype (UCLA 44016) from

sample E-5, Rosario Formation at Punta Descanso. Unfigured para-
types from Rosario Formation at Point Loma (J42, L1635, D53).

REOPHAX PROLATUS Sliter, n. sp.
Plate 1, figure 11

Test free, elongate, uniscrial, rectilinear. Chambers
clongate parallel to axis, inflated. Sutures indistinct, con-
stricted. Wall coarsely agglutinated, little cement, surface
roughly finished. Aperture terminal, rounded, produced
on short neck.

Maximum length of holotype, 1.05 mm.; diameter,
0.35 mm.

Discussion.—Reophax prolatus Suiteg, n. sp., is distin-
guished from R. globosus SuiTer, n. sp., by its elongate
chambers and smaller size. R. prolatus ranges from the
Campanian into the Maastrichtian,

Types and occurrence.—Holotype (UCLA 44013) from sample
§-35. Paratype (UCLA 44014) from sample S-7. Both from the

Rosario Formation at La Jolla. Unfgured paratypes from Rosario
Formation at Point Loma (]105, L172).

Family RZEHAKINIDAE Cushman, 1933
Genus RZEHAKINA Cushman, 1927

RZEHAKINA EPIGONA (Rzchak)
Plate 1, figure 18

Silicina epigona Rzeuax, 1895, p. 214, pl. 6, fig. 1.
Rzehakina epigona (Rzehak), Loesricn & Tappan, 1964, p. C220,
fig. 133,1-3.

Test free, ovate to subcircular in outline, compressed,
periphery subacute, Chambers 2 per whorl, planispiral,
involute, leaving central depression. Sutures indistinct,
Wall finely agglutinated, insoluble in acid. Aperture a
rounded opening at end of chamber, slightly produced.

Maximum length of figured hypotype, 0.63 mm.;
breadth, 0.53 mm.; thickness, 0.21 mm.

Discussion.—The present specimens compare well
with the original illustrations of Rzenax and those given
by Loesricn & Tappan (1964). Rzchakina epigona dif-
fers from R. epigona lata Cusanman & Jarvis (1928) in
lacking prominent rounded peripheral carina. The test
outline of the present form ranges from oval to nearly
spherical.

Types and occurrence—Figured hypotype (UCLA 44017) from
sample L-1, Rosario Formation at Point Loma, Unfgured hypotypes
from the Rosario Formauon at La Jolla (1175, L161),

Genus SILICOSIGMOILINA Cushman & Church, 1929

SILICOSIGMOILINA CALIFORNICA Cushman & Church
Plate 1, figure 13-15
Silicosigmoilina califormica Cusimax & Churen, 1929, p. 502, pl.

36, fg. 10-12. Granam & Cuiuoren, 1963, p. 23, pl. 1, fig.
20. MarTin, 1964, p. 57, pl. 4, hg. 4.

Test free, oval, compressed. Chambers initially plani-
spiral, later sigmoidal. Sutures generally indistinct on all
but last chamber, slightly depressed. Wall finely aggluti-
nated, with siliceous cement, surface smooth. Aperture
terminal, oval, with small tooth.

Maximum length of figured hypotypes, 053 to 0.95
mm.; breadth, 0.26 to 0.70 mm.; thickness, 0.15 10 0.25
mm.

Discussion,—This specics is easily distinguished by its
oval outline, sigmoidal chambers, and characteristically
white siliceous wall. It differs from Rzehakina epigona
(Rzenak, 1895) in being larger, less circular in outline,
and in having sigmoidal chambers and an apertural tooth.
The original description refers to the lack of an apertural
tooth as a disgnostic characteristic; Logsricn & Tappan
(1964), however, reexamined the holotype and showed
the presence of such a tooth. In the present samples this
tooth is observed commonly in well-preserved specimens.
Stlicosigmoilina californica extends from the Coniacian
into the lower Tertiary.

Types and occurrence.—Figured hypotype (Fig. 14, UCLA
44018) from sample §-34; figured hypotvpe (Fig. 13, UCLA 44063)
from sample 8-35; figured hypotype (Fig. 15, UCLA 44064) from
sample §-36; all from the Rosario Formation at La Jolla. Unfigured

hypotypes from Rosario Formation at Carlsbad, Point Loma, and
Punta Descansa (C134, 13, L1, D4).

Family LITUOLIDAE de Blainville, 1825
Subfamily HAPLOPHARAGMOIDINAE Maync, 1952
Genus HAPLOPHRAGMOIDES Cushman, 1910
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HAPLOPHRAGMOIDES EXCAVATUS Cushman & Waters
Plate 1, figurc 16

Haplophragmoides excavata Cusiiman & Watens, 1927, p. 82, pl.
10, fig. 3.——Cusunax, 1946, p. 21, pl. 2, fig. 13-15—Tru-
yiero, 1960, p. 305, pl. 43, fig. 5——Mar7in, 1964, p. 48, pl.
2, fig. 8.

Test free, planispiral, involute, compressed periphery
acute. Chambers 9 to 10 in final whorl, increasing grad-
ually in size, commonly depressed in central portion.
Sutures indistinct, lush. Wall finely agglutinated, surface
smoothly finished. Aperture a narrow equatorial interio-
marginal slit.

Maximum diameter of figured hypotype, 0.27 mm.;
thickness, 0.09 mm. Unfigured hypotypes range to 1.65
mm. in diameter and 0.35 mm. in thickness,

Discussion.—Haplophragmoides excavatus is a com-
mon clement at all localities except Carlsbad. Specimens
are commonly distorted and compressed; thus the degree
of chamber depression is a variable characteristic. This
species is distinguished easily by its acute periphery and
numerous chambers. H. rota Nauss (1947), from the
Upper Cretaceous of Alberta, Canada, may be synony-
mous with H. excavatus, as the characters listed in the
description (i.c., size of test, concavity of chambers, size
of umbilicus, and degree of final evolution) are seen as
variable characters in the present populations. Originally
described from the Gulf Coast area, H. excavatus is re-
ported from the Taylor and Navarro Groups. California
occurrences include the Coniacian to Santonian of Shasta
County (TrujiLro, 1960) and the Campanian to Maa-
strichtian of Fresno County (MarTin, 1964).

Types and occurrence.—Figured hypotype (UCLA 44019) from
sample S-31, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (J17,
L11, D12).

HAPLOPHRAGMOIDES sp. ¢f. H. FAMOSUS Takayanagi
Plate 1, figure 17

Haplophragmoides famosus Taxavaxact, 1960, p. 71, pl. 1, fig. 22.

Test free, planispiral, compressed, not completely in-
volute, periphery subacute. Chambers 6 to 7 in final
whorl, increasing moderately in size, Sutures distinct,
slightly depressed, radial to gently curved. Wall finely
agglutinated, surface smooth. Aperture a low arch at base
of final chamber.

Maximum diameter of figured hypotype, 039 mm.;
other hypotypes range to 0.52 mm., thickness 0.10 mm.

Discussion.—A few specimens are referred tentatively
to this species. Although they appear very similar to the
illustrations given by Taravanaci, the original descrip-
tion does not include information as to the type of plani-
spiral coiling. Haplophragmoides rota Nauss (1947),
another similar species from the Upper Cretaceous of
Canada, differs in being involute throughout and in
having more chambers in the final whorl.

Types and occurrence.—Figured hypotype (UCLA 44020) from
sample E-2, Rosario Formation at Punta Descanso. Unfigured

hypotypes from Rosario Formation at La Jolla and Point Loma
(J163, L109, D54),

HAPLOPHRAGMOIDES FRASERI Wickenden
Plate 2, figure 1
Haplophragmoides fraseri Wickenpen, 1932, p. 86, pl. 1, fig. 2.

——Trugiero, 1960, p. 305, pl. 43, fig. 6.

Test free, planispiral, partially evolute, biumbilicate,
periphery lobulate and rounded. Chambers 7 to 8 in
final whorl, increasing gradually in size, globular, in-
flated. Sutures distinct, slightly curved, depressed. Wall
finely agglutinated, surface smoothly finished. Aperture
obscure on available specimens.

Maximum diameter of figured hypotype, 0.53 mm.;
thickness, 0.25 mm.

Discussion.—This species is distinguished easily by its
partially evolute, biumbilicate test, numerous chambers,
and rounded axial periphery. The present specimens
differ from that in the original illustration in being more
compressed and more coarsely agglutinated. The coarser
wall material also is present in the specimens described by
TruyiLLo from northern California. Originally described
from the Upper Cretaccous of Canada, Haplophrag-
moides fraseri is also reported from the middle Turonian
of Shasta County, California.

Types and occurrence.—Figured hypotype (UCLA 44021) from

sample S-36, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Punta Descanso (]J215, D149).,

HAPLOPHRAGMOIDES KIRKI Wickenden
Plate 2, figure 2

Haplophragmoides kirki Wickenpen, 1932, p. 85, pl. 1, fig. 1.—

MarTiv, 1964, p. 49, pl. 2, fig. 9.

Test free, planispiral, involute, periphery rounded.
Chambers 5 to 6 in final whorl, increasing moderately in
size, inflated. Sutures distinct, depressed, straight. Wall
finely agglutinated, surface smoothly finished. Aperture
a low equatorial interiomarginal arch at base of final
chamber.

Maximum diameter of figured hypotype, 0.42 mm.;
thickness, 0.28 mm.

Discussion.—Haplophragmoides kirki differs from H.
excavatus in the rounded periphery and the less numer-
ous, more inflated chambers. Originally described from
the Upper Cretaceous of Canada, H. kirki also has been
described from the Panoche Group of central California
(MarTiN, 1964).

Types and occurrence.—Figured hypotype (UCLA 44022) from
sample L-19, Rosario Formation at Point Loma. Unfigured hypo-

types from the Rosario Formation at La Jolla and Punta Descanso
(J161, L14, D40).

Genus CRIBROSTOMOIDES Cushman, 1910

CRIBROSTOMOIDES CRETACEUS Cushman & Goudkoff
Plate 2, figure 3
Cribrostomoides cretacea Cusuman & Goupkorr, 1944, p, 54, pl. 9,
fig. 4. TruyiLLo, 1960, p. 306, pl. 43, fig. 7, 8.——MarTIN,
1964, p. 50, pl. 2, fig. 11.
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Test free, planispiral, involute. Chambers 8 to 10 in
final whorl, gradually increasing in size, inflated. Sutures
distinct, depressed. Wall finely agglutinated, surface
smooth, characteristically white. Aperture an areal den-
tate slit, commonly obscured.

Maximum diameter of figured hypotype, 0.91 mm,;
thickness, 0.63 mm.

Discussion.—Specimens of this species commonly are
deformed, obscuring the apertural characteristics. Ran-
dom specimens are sufficiently well preserved to show the
dentate aperture. Cribrostomoides cretaceus originally
was described by Custman & Goupkorr (1944) from the
Upper Cretaceous of central California. Additional Cali-
fornia references to this species include those of TruyILLO
(1960) from Shasta County with a reported range of
Coniacian to Santonian and Marrin (1964) from Fresno
County giving a range of Santonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44023) from
sample S-14, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J5,
L8, DI).
CRIBROSTOMOIDES TRIFOLIUM (Egger)
Plate 2, figure 4
Haplophragmium trifolium Eccen, 1899 [1902], p. 137, pl. I, fig.

10, 32, 53.

Trochammina trifolia (Egger), Takavanact, 1960, p. 86, pl. 4, fig.

3.

Haplophragmoides trifolium (Egger), Marrin, 1964, p. 49, pl. 2,

fig. 10.

Test free, planispiral, involute, few (generally 3)
chambers per whorl, increasing rapidly in size, test com-
monly distorted. Sutures distinct, depressed. Wall finely
agglutinated, surface smooth. Aperture an areal slit.

Maximum diameter of figured hypotype, 1.40 mm.;
thickness, 0.35 mm.

Discussion.—This species, originally described from
the Upper Cretaceous of Germany, is rare in the present
material and occurs only at La Jolla. Specimens com-
monly are distorted as shown by the figured hypotype.
Within California, Cribrostomoides trifolium has been de-
scribed from the Santonian of Fresno County (Martin,
1964). Taravanact (1960) reported this species from
Hokkaido, Japan, as ranging from Turonian to upper
Campanian.

Types and occurrence.—Figured hypotype (UCLA 44024) from
sample $-37, Rosario Formation at La Jolla (J209).

Subfamily LITUOLINAE de Blainville, 1825
Genus AMMOBACULITES Cushman, 1910
AMMOBACULITES ALEXANDERI Cushman
Plate 2, figure 5

Ammobaculites alexanderi Cusmax, 1933b, p. 51, pl. 5, fig. 5.
Test free, elongate, compressed; initially planispiral,
later becoming rectilinear. Chambers increasing moder-
ately in size, becoming longer than broad, ultimate
chamber produced. Sutures indistinct, slightly depressed.

Wall coarsely agglutinated, little cement, surface rough.
Aperture terminal, rounded.

Maximum length of figured hypotype, 0.77 mm.;
breadth, 0.26 mm.: thickness, 0.14 mm.

Discussion.—Originally described from strata of early
Taylor age, this species is a rare clement in the present
agglutinated fauna. It is distinguished by the initial
planispiral coil, relatively high chambers, and produced
ultimate chamber.

Types and occurrence.—Figured hypotype (UCLA 44025) from
sample §-33, Rosario Formation at La Jolla (J210).

Genus HAPLOPHRAGMIUM Reuss, 1860

HAPLOPHRAGMIUM LUECKEI (Cushman & Hedberg)
Plate 2, figure 6

Amgmbarulirzs lneckei Cusiman & Hepsere, 1941, p. 83, pl. 21,
. 4,
Hap!ipbragminm Iteckei (Cushman & Hedberg), Loesuicn & Tap-

raN, 1964, p. C244, fig. 155, 4.

Test free, large; initial portion streptospirally coiled,
later rectilinear. Chambers inflated, globular, increasing
gradually in size, slightly overlapping. Sutures distinct,
depressed. Wall coarsely agglutinated, surface moderately
smooth. Aperture terminal, rounded.

Maximum length of figured hypotype, 1.23 mm.; di-
ameter, .81 mm.

Discussion.—Originally described from the Upper
Cretaceous of Colombia, this species occurs rarely in the
present samples. The form illustrated as Ammobaculites
sp. by Martin (1964) is similar in test size and shape but
differs in having an initial planispiral coil.

Types and occurrence.—Figured hypotype (UCLA 44026) from

sample §-23, Rosario’ Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (J170, L164).

Subfamily PLACOPSILININAE Rhumbler, 1913
Genus PLACOPSILINA d'Orbigny, 1850

PLACOPSILINA sp.
Plate 2, figure 7

Test attached, initially planispiral, later rectilinear,
nearly parallel sided. Chambers generally 7 to 10 in
planispiral stage, broad and low. Sutures gently curved,
somewhat depressed. Wall coarsely agglutinated, surface
somewhat roughly finished. Aperture terminal, simple,
usually obscured.

Maximum length of figured hypotype, 158 mm.;
breadth, 052 mm.

Discussion.—The morphologic development of this
species ranges from forms that are entirely planispiral to
uncoiled predominately rectilinear ones with reduced
initial coils. The present specimens occur only in the
Carlsbad section and most commonly are attached to
pelecypod fragments, although a few specimens are en-
crusted on rock debris. This species resembles Placopsi-
lina cenomana p’OreicNy of Reuss (1854) but differs in
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having a more coarsely agglutinated wall, less inflated
chambers and a more irregular periphery.

Types and occurrence.—Figured hypotype (UCLA 44027) from
sample C-2, Rosario Formation at Carlsbad (C61).

Family TEXTULARIIDAE Ehrenberg, 1838
Subfamily SPIROPLECTAMMININAE Cushman, 1927
Genus SPIROPLECTAMMINA Cushman, 1927

SPIROPLECTAMMINA CHICOANA Lalicker
Plate 2, figure 8

Spiroplectammina anceps (Reuss), Cusimany & CHurch, 1929, p.

500, pl. 36, fig. 1-2.

Spiroplectammina chicoana Lavicker, 1935, p. 7, pl.
Truyiero, 1960, p. 310, pl. 44, fig. 6.

p. 51, pl. 2, fig. 13.

Spiroplectammina semicomplanata (Carsey), Granam & CHURcH,

1963, p. 23, pl. 1, fig. 10-11.

Test free, clongate, tapering, compressed, initially
planispiral, later biserial, periphery irregular in outline,
acute in transverse section. Chambers numerous, low,
broad. Sutures somewhat obscure, flush to slightly ele-
vated, nearly straight. Wall coarsely agglutinated, surface
moderately rough. Aperture an arched opening at base
of final chamber.

Maximum length of figured hypotype, 0.60 mm.;
breadth, 0.29 mm.; thickness, 0.12 mm.

Discussion.—Sprroplectammina  chicoana is distin-
guished by the test shape and 1rrcgul1r periphery. The
species seems distinct from S. jarvisi Cusuman, which
differs in having an even periphery, smooth surface, and
larger size. S. semicomplanata (Carsty, 1926) from the
Corsicana Marl, differs in being thicker more rapidly
tapering and in having a more even periphery.

Types and occurrence.—Figured hypotype (UCLA 44028) from
sample S-14, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]64,
148, D38).

1, fig. 8-9.
Martin, 1964,

SPIROPLECTAMMINA LAEVIS (Roemer)
Plate 2, figure 9

Textularta laevss Roemer, 1841, p. 97, pl, 15, fig. 17.

Spiroplectammina lacvis (Roemer), Cusuman, 1932b, p. 87, pl. 11,
fig. 2.——Horker, 1957, p. 61, fig. 58.

Spiroplectammina laevis (Roemer) var. cretosa Cusuman, 1932b,
p. 87, pl. 11, fig. 3.——Cusuman, 1946, p. 27, pl. 6, fig. 1-3.
Test free, tapering; initially planispiral, later biserial;

periphery subacute; apertural face broad, flat. Chambers

numerous, low and broad, slightly inflated. Sutures dis-
tinet, gently curved to horizontal. Wall finely aggluti-
nated, surface smoothly finished. Aperture an arched
opening at inner margin of last chamber.

Maximum length of figured hypotype, 049 mm.;

breadth, 0.35 mm.; thickness, 0.2]1 mm.
Discussion.—The present specimens of this species,

which originally was described from the Cretaceous of

Germany, are identical to forms from the upper Taylor

Group (loc. 226-T-8 of Texas Bur. Econ. Geol., PLuMMER
loc. no. 347) in my collection. These specimens show
variation in chamber dimensions, test thickness, and
degree of tapering. Cusuman’s Spiroplectammina laevis
cretosa falls within this range of variation and hence is
here placed in synonymy.

Types and occurrence.—Figured hypotype (UCLA 44029) from
sample C-4, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla, Point Loma and Punta Descanso
(C132, J134, L134, D109).

SPIROPLECTAMMINA SIGMOIDINA Lalicker
Plate 2, figure 12

Spiroplectammina sigmoidina Lavicker, 1935, p. 7, pl. 1, fig. 10-11.

Test free, elongate, tapering, compressed; initially
planispiral, later biserial; periphery acute. Chambers
numerous, low, broad. Sutures distinct, flush, gently
curving. Wall finely agglutinated, surface smoothly fin-
ished. Aperture an clongate loop at inner margin of final
chamber.

Maximum length of figured hypotype, 0.60 mm.;
breadth, 0.26 mm.; thickness, 0.10 mm.

Discussion.—This species, described from the Upper
Cretaceous near Coalinga, California, differs from Spiro-
plectammina chicoana in its narrower test, more regular
periphery, and smoother surface. The “sigmoid sutures”
described by Lavickkr as a diagnostic characteristic are a
variable feature in this species, whereas the test propor-
tions and surface texture offer a more positive means of
identification.

Types and occurrence.—Figured hypotype (UCLA 44030) from
sample S-16, Rosario Formaton at La Jolla, Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]2,
L10, D7).

Family TROCHAMMINIDAE Schwager, 1877
Subfamily TROCHAMMININAE Schwager, 1877
Genus TROCHAMMINA Parker & Jones, 1859
TROCHAMMINA BOEHMI Franke

Plate 2, figure 10
Trochammina bohms Franke, 1928, p. 174, pl. 15, fig. 24—

Truyiro, 1960, p. 304, pl. 44, fig. 1.

Trochammina sp. Granam & CHurcn, 1963, p. 24, pl. 1, fig. 18.

Test free, trochoid, low-spired, compressed with lobate,
rounded periphery. Chambers 4 per whorl, increasing
rapidly in size, inflated. Sutures distinct, slightly curved,
depressed. Wall coarsely agglutinated, surface smooth.
Aperture at base of final chamber.

Maximum diameter of figured hypotype, 0.53 mm.;
thickness, 0.21 mm.

Discussion.—Trochammina boehmi is recognized by
the 4 inflated chambers in the final whorl, compressed
test, and lobate periphery. The present specimens closely
resemble the original illustrations of Franke but differ in
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being somewhat smaller. A similar size variation is noted
in California where T. boehmi of TruyiLro (1960) is
larger than the present material, whercas Trochammina
sp. Granam & Cuunrcr (1963), here regarded as synony-
mous, is of similar size. Because size is the only morpho-
logic variation in these occurrences, this probably is a
reflection of local ecologic conditions. T'. bulloides Tawra-
vanaat (1960) appears to be a closely related species that
differs in having a thicker, more compact test, and a
smoother surface texture.

Types and occurrence.—Figured hypotype (UCLA 44031) from

sample $-3, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Pont Loma (J80, L173).

TROCHAMMINA PILEA Sliter, n. sp.
Plate 3, figure 3

Test free, trochoid, relatively high-spired, peripheral
outline nearly circular, margin subacute. Chambers nu-
merous, 6 to § in final whorl, increasing gradually in
size. Sutures indistinct, curved, slightly depressed on
spiral side; distinct, radial, and depressed on umbilical
side. Wall moderately coarsely agglutinated, surface
somewhat roughly finished. Aperture a low interiomar-
ginal, extraumbilical arch.

Maximum diameter of holotype, 0.77 mm.; thickness,
0.42 mm.

Discussion.—This specics is similar to Trochammina
albertensis Wickenven (1932), from the Upper Creta-
ceous of Canada, but differs in being larger and higher-
spired and having more chambers per whorl. Specimens
are commonly crushed and distorted and superficially
may resemble T'. rexana Cusaman & WaTERs; they can be
distinguished by the more numerous chambers and great-
er number of whorls in the test. T. pilea ranges from
Campanian to Maastrichtian.

Types and occurrence.—Holotype (UCLA 44036) from sample
1.-3, Rosario Formation at Point Loma. Paratype (UCLA 44037)
from sample §-24, Rosario Formation at La Jolla, Unfigured para-
tvpes from Rosario Formation at Punta Descanso (J154, 150, D59).

TROCHAMMINA sp. cf. T. RIBSTONENSIS Wickenden
Plate 3, figure 1

Trochaummina ribstonensis Wickenpen, 1932, p. 90, pl. 1, fig. 12.
Nauss, 1947, p. 340, pl. 49, fig. 6. Tavean, 1962, p.

154, pl. 39, fig. 15-17. Martiv, 1964, p. 56, pl. 4, fig. 1.

Test free, small, trochospiral, compressed, spiral side
gently convex with 3 whorls visible, umbilical side con-
cave with only last whorl showing, axial periphery sub-
angular. Seven chambers in final whorl, slightly inflated,
increasing gradually in size. Sutures distinct, depressed,
curved on spiral side, radial on umbilical side. Wall finely
agglutinated, smooth. Aperture a low interiomarginal
arch.

Maximum diameter of figured hypotype, 0.46 mm.;
thickness, 0.11 mm.

Discussion.—The specimen here illustrated is similar
to the original illustration but differs in larger size and
compressed chambers. The compression of the test seems
caused by postdepositional deformation.

Type and occurrence.—Figured hypotype (UCLA 44032) from
sample L.-20, Rosario Formation at Paint Loma (L16).

TROCHAMMINA TEXANA Cushman & Waters
Plate 2, figure 11
Trochammina texana Cusiman & Warters, 1927, p. 85, pl. 11, fig.
8. Truyirro, 1960, p. 304, pl. 44, fig. 3.
Trochammina sp. cl. T. texana Cushman & Waters, GraHAM &
Cnurcn, 1963, p. 24, pl. 1, fig. 16.

Test free, low trochospiral, compressed, generally
planoconvex; spiral side flattened, umbilical side convex;
umbilicate, periphery acute. Six chambers in final whorl,
spiral chambers petaloid, generally concave centrally,
umbilical chambers subpetaloid. Sutures curved; flush on
spiral side; radial, depressed on umbilical side. Wall
finely agglutinated, smoothly finished. Aperture a low
interiomarginal extraumbilical-umbilical arch.

Maximum diameter of figured hypotype, 0,63 mm.;
thickness, 0.21 mm.

Discussion.—Originally described from beds of Navar-
ro age in Texas, this species differs from Trochammina
boehmi in its more numerous, compressed chambers,
umbilicate test, and more angular periphery, The present
specimens are identical to those described by Trujitro
(1960) from the Santonian of northern California and by
Graram & Cruren (1963) from the Campanian of
Stanford University campus.

Types and occurrence.—Figured hypotype (UCLA 44033) from
sample $-25, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]61,
112, D41).

TROCHAMMINA TRIFORMIS Sliter, n. sp.
Plate 3, figure 2

Test free, trochospiral, high-spired, periphery rounded.
Chambers 3 per whorl, increasing rapidly in size, globu-
lar, inflated. Sutures distinct, depressed. Wall finely ag-
glutinated, surface generally smoothly finished. Aperture
a low arch at base of final chamber.

Maximum diameter of holotype, 0.56 mm.; length,
0.74 mm,

Discussion.—T'rochammina triformis differs from T,
globigeriniformis (Parker & Jones, 1865) in having a
higher spire, more inflated chambers, and larger size. It
differs from T. umiatensis Tappan (1957) in being
higher-spired and having 3 chambers per whorl, rather
than 4. T. triformis ranges from the Campanian into
the Maastrichtian.

Types and occurrence.—Holotype (UCLA 44034) from sample
§-22; paratype (UCLA 44035) from sample S$-37; both from
Rosario Formation at La Jolla. Unfigured paratypes from Rosario
Formation at Point Loma and Punta Descanso (113, L44, DI4).
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Family ATAXOPHRAGMIIDAE Schwager, 1877
Subfamily VERNEUILININAE Cushman, 1911

Genus GAUDRYINA d’'Orbigny, 1839

GAUDRYINA BENTONENSIS (Carman)
Plate 3, figure 10

Spiroplectammina bentonensis Carmax, 1929, p. 311, pl, 34, fig.

8-9.

Gaudryina bentonensis (Carman), Cusnmax, 1946, p. 33, pl. 7, fig.

15-16.——Granam & Cuurcn, 1963, p. 19, pl. 1, fig. 3.

Test free, elongate, triserial in early stage, later bi-
serial, in many becoming nearly uniserial. Chambers
indistinct, slightly inflated in later stages. Sutures indis-
tinct, slightly constricted. Wall agglutinated, moderately
rough. Aperture a low interiomarginal arch, usually
obscured by distortion.

Maximum length of figured hypotype, 1.09 mm.;
diameter, 032 mm.

Discussion.—This species is a consistent element of
the fauna at all localities studied except Carlsbad. Speci-
mens generally are compressed or distorted, commonly so
as to obscure apertural details and chamber arrangement.
A few specimens are sufficiently well preserved to show
the initial triserial portion, a biserial mid-section, and the
1 or 2 nearly uniserial ultimate chambers. The last stage
is developed from cuneate biserial chambers and only
occurs in adult specimens. As this species thus has a
loose biserial arrangement, the species is retained in
Gaudryina. Initially described from the Cenomanian-
Turonian Benton Shale of Wyoming, G. bentonensis also
is recorded from the Campanian of Stanford University
campus, California, and the Eagle Ford, Austin, and
Taylor Groups of Texas. A species that may prove to be
synonymous has been illustrated by Taravanact (1960)
as Gaudryinella teshioensis Asano, from the Turonian
Saku Formation of Hokkaido, Japan.

Types and occurrence.—Figured hypotype (UCLA 44038) from
sample S-8, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J16,
L9, D13).

GAUDRYINA GLABRATA (Cushman)
Plate 3, figure 4-5
Dorothia glabrata Cusiman, 1933b, p. 56, pl. 6, fig. 10.

Test free, elongate, tapering, somewhat laterally com-
pressed; early stage triserial, subtriangular; later becoming
biserial. Chambers increasing in thickness more rapidly
than in height, moderately inflated, overlapping. Sutures
distinct, depressed. Wall finely agglutinated, surface
smoothly finished. Aperture an interiomarginal arched
opening.

Maximum length of figured hypotypes, 0.46 to 0.56
mm.; breadth, 0.27 to 031 mm.; thickness, 0.20 to 0.26
mii.

Discussion.—Examination of Corsicana Clay samples
(locs. 26-28 of Cusuman, 1946) in my collection reveals

that, although the present specimens are shorter than the
holotype, they nevertheless fall within the size range of
the Texas material. In all other aspects they are nearly
identical. The specimen illustrated as Bermudezina
extans Banoy (1951) may represent an aberrant form or
broken specimen of Gaudryina glabrata, inasmuch as the
latter species is a common element in the Carlsbad section
and true examples of Bermudezina were not encountered
during the present study. Gulf Coast occurrences of G.
glabrata are from strata ranging from upper Taylor to
Navarro age.

Types and occurrence.—Figured hypotype (fig. 5, UCLA 44039)
from sample S-14, Rosario Formation at La Jolla. Figured hypotype
(fig. 4, UCLA 44040) from sample C-4, Rosario Formation at

Carlsbad, Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (Cl, 62, L150, D125),

GAUDRYINA LAEVIGATA Franke
Plate 3, figure 8
Gaudryina laevigata Franke, 1914, p. 431, pl. 27, fig. 12—

Cushman, 1946, p. 33, pl. 8, fig. 4——Taravanaci, 1960, p.

79, pl. 3, fig. 1.——Graam & Cruzch, 1963, p. 20, pl. 1, fig.

12——McGucan, 1964, p. 940, pl. 150, fig. 6-8.——MarTIN,

1964, p. 52, pl. 3, fig. 2.

Gaudryina pyramidata Cushman, TruyiLre, 1960, p. 308, pl. 44,

fig. 9. Martix, 1964, p. 52, pl. 3, fig. 3.

Test free, clongate, initially triserial, triangular in
transverse section, becoming biserial and subrectangular
in section. Chambers in early stages low and indistinct,
becoming distinct, inflated and overlapping in biserial
stage. Sutures in triserial portion flush, later depressed.
Wall finely agglutinated, surface slightly granular. Aper-
ture a low arch at inner margin of final chamber.

Maximum length of figured hypotype, 154 mm;
breadth, 0.77 mm.; thickness, 0.77 mm.

Discussion—This common species is distinguished
easily by the triangular initial portion and subrectangular
biserial stage. The stratigraphic range of Gaudryina lae-
vigata within California extends from the Santonian to
the lower Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44041) from
sample $-30, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J4,
L7, D6).

GAUDRYINA PYRAMIDATA Cushman
Plate 3, figure 9

Gaudryina lacvigata FRANKE, var. pyramidata Cusaman, 1926b, p.
587, pl. 16, fig. 8.

Gandryina (Pseudogandryina) pyramidata Cushman, Cusaman &
Goupkorr, 1944, p. 56, pl. 9, fig. 7-B.——ETERNoD OLVERA,
1959, p. 65, pl. 1, fig. 1-2.

Gaudryina pyramidata Cushman, Granam & Crark, 1961, p. 109,
fig. 2,1.

Test free, elongate, triangular in transverse section,
carly stage triserial, later biserial. Chambers low, broad,
becoming slightly inflated in biserial portion. Sutures
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distinct, depressed. Wall finely agglutinated, surface
smoothly finished. Aperture a low interiomarginal arch.

Maximum length of figured hypotype, 0.81 mm.;
breadth, 0.77 mm.; thickness, 0.49 mm.

Discussion.—The original description of this species
notes the triangular section, acute test angles, and some-
what longer length than breadth. These criteria clearly
separate this species from Gaudryina laevigata, a more
clongate species with a subrectangular adult stage. With-
in California, some confusion still exists over the distinc-
tion between these two species. Based on the character-
istics just noted, the forms illustrated by TruyrLro (1960)
and Martiv (1964) as G. pyramidata rightly belong to
G. lacvigata. Also, Verneuilina muensteri Reuss of MAr-
TIN appears to be biserial in the adult stage and may
represent G. pyramidata. The Cretaceous foraminiferal
assemblage from Hokkaido, Japan, contains a species re-
ferred to Gaudryina sp. A by Takavanacr (1960), that
closely resembles G. pyramidata. This foraminifer was
described as particularly characteristic of Gounkor¥’s G-1
zone and within California extends from the upper
Turonian to the lowest Maastrichtian. Occurrences in the
Gulf-Caribbean area range from the Campanian into the
Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44042) from

sample L-4, Rosario Formation at Point Loma. Unfigured hypo-
types from the Rosario Formation at La Jolla (J212, L163).

GAUDRYINA TAILLEURI (Tappan)
Plate 3, figure 6-7

Verneuilinoides tailleniri Tappan, 1957, p. 208, pl. 66, fig. 19-22.
Dorothia chandlerensis Tappan, 1957, p. 208, pl. 66, fig. 29-30.
Gaudryina taillewri (Tappan), Taepan, 1962, p. 149, pl. 35, fig.

§-16.

Test free, elongate, narrow, nearly parallel-sided.
Chambers numerous, nearly equal in size, becoming
somewhat inflated, initially triserial, later biserial for one-
third to two-thirds test length, rarely nearly becoming
uniserial. Sutures generally distinct, depressed, horizon-
tal. Wall finely agglutinated, surface commonly roughly
finished. Aperture an arched opening at base of final
chamber, rarely preserved.

Maximum length of figured hypotypes, 0.49 to 1.12
mm.; breadth, 0.18 to 0.19 mm.; thickness, 0.11 mm,.

Discussion.—Originally described as two species from
the Alaskan Cretaceous, Tappan (1962) showed these
forms to be conspecific, possibly representing different
stages in the life cycle. The present specimens are very
similar to paratypes of Gaudryina tailleuri but differ in
having a greater initial taper and being more compressed
and less cylindrical. These differences are not regarded
as sufficient to warrant specific differentiation. The rela-
tive abundance of the two forms is the reverse of that
found in Alaskan material. The elongate, principally
biserial form, rarer in Alaska, is the more common form
in the present samples. Dorothia hokkaidoana TAxAva-

~act (1960) from the Cenomanian to upper Campanian
of Japan is similar in appearance and may be synonymous,
depending on the presence or absence of the initial tro-
chospiral coil. The previous records of G. failleuri indi-
cates its occurrence in the Albian of northern Alaska.
Types and occurrence.—Figured hypotype (fig. 7, UCLA 44044)
from sample S-35, figured hypotype (fig. 6, UCLA 44043) from
sample §-13, both from the Rosario Formation at La Jolla. Unfig-

ured hypotypes from Rosario Formation at Point Loma and Punta
Descanso (J66, L15, D64).

Subfamily GLOBOTEXTULARIINAE Cushman, 1927
Genus DOROTHIA Plummer, 1931

DOROTHIA BULLETTA (Carscy)
Plate 3, figure 11

Gandryina Mlletta Carsey, 1926, p. 28, pl. 4, fig. 4.

Dorothia bulletta (Carsey), Banpy, 1951, p. 491, pl. 72, fig. 4.
Etinvop Ouvera, 1959, p. 67, pl. 1, fig. 6-7.——Granam &
Cuuvren, 1963, p. 18, pl. 1, fig. 9.——MarTiv, 1964, p. 55,
pl. 3, hg. 12.

Test free, elongate, subcylindrical, early portion coni-
cal to rounded. Chambers initially trochospiral, 4 to 5
per whorl, later biserial, becoming more inflated and
cuneate. Sutures distinct, initially flush, later becoming
depressed.  Wall finely agglutinated, surface smooth.
Aperture a low arch at base of final chamber, with small
lip.

Maximum length of figured hypotype, 1.23 mm.;
breadth, 0.46 mm.; thickness, 0.49 mm.

Discussion.—This species is characterized by its sub-
cylindrical test, inflated chambers, and well-developed
biserial stage. California occurrences range from San-
tonian to Maastrichtian in age, whereas in the Gulf Coast
the species extends from the Austin to the Navarro
Groups.

Types and occurrence.—Figured hypotype (UCLA 44045) from
sample $-28, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]135,
L39. Ix11).

DOROTHIA ELLISORAE (Cushman)
Plate 3, figure 12

Marssoncila ellisorae Cusaman, 1936d, p. 44, pl. 4, fig. 11—

McGueax, 1964, p. 940, pl. 150, fig. 9.

Dorothia ellisorae (Cushman), Truyirro, 1960, p. 309, pl. 44, fig.

4.

Test free, elongate, conical; initial and acute, becom-
ing nearly parallelsided; last 1 to 2 chambers may be
reduced. Chambers initially trochospiral with 4 to 5
chambers per whorl, later biserial. Sutures initially flush,
later depressed. Wall finely agglutinated, surface smooth-
ly finished. Aperture a low arch at base of final chamber.

Maximum length of figured hypotype, 0.58 mm.;
diameter, 0.25 mm.

Discussion.—This species differs from Dorothia oxy-
cona (Rruss) in being smaller and nearly parallel sided
in the adult stage. Specimens from the present material
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are identical to those in samples of Pecan Gap in my
collection. California occurrences of D. ellisorae range
from the upper Turonian to the Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44046) from
sample 5-1, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Paint Loma and Punta Descanso (]12,
138, D8).

DOROTHIA OXYCONA (Reuss)
Plate 3, figure 13

Gaudryina oxycona Reuss, 1860, p. 229, pl. 12, fig. 3.——Cusiman

& Cnurcn, 1929, p. 501, pl. 36, fig. 3-4.

Marssonella oxycona (Reuss), Banoy, 1951, p. 492, pl. 72, fig. 8.
Marmin, 1964, p. 56, pl. 3, fig. 14.

Dorothia oxycona (Reuss), Truyro, 1960, p. 309, pl. 44, fig. 5.
LoesLicu & Tappan, 1964, p. C275, fig. 184,5.
Marssonella trochus (d'Orbigny), Granam & CHurcn, 1963, p. 21,

pl. 1, fig. 6.

Test free, conical, initially trochospiral with 4 to 5
chambers per whorl, later biserial, apertural end slightly
concave. Chambers narrow, somewhat overlapping. Su-
tures distinct, flush. Wall finely agglutinated, surface
smooth, Aperture a low slit at inner margin of last
chamber.

Maximum length of figured hypotype, 0.62 mm.;
diameter, 0.46 mm.

Discussion.—This species is characterized by its coni-
cal shape, large size, and smooth to undulating surface.
As described by Cusuman (1946, p. 43) specimens of
Dorothia oxycona grade from broadly flaring forms to
those tapering more slowly and becoming elongated.
Within the present samples some specimens show a
chamber indentation probably resulting from postdeposi-
tional deformation. These specimens are similar to those
described as D. indentata Cusiman & Jarvis (1928) from
Trinidad and Mexico but are intergradational to the
present species. Until the relationship of these two simi-
lar species is determined, the present specimens are
referred to D. oxycona. Within California, D. oxycona
has been recorded from the Coniacian to the Maastrich-
tian,

Types and occurrence.—Figured hypotype (UCLA 44047) from
sample 8-25, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C34, 165, L2, D10).

DOROTHIA PUPA (Reuss)
Plate 4, figure 1

Textularia pupa Reuss, 1860, p, 232, pl. 13, fig. 4.
Dorothia pupa (Reuss), Granam & Cuurch, 1963, p. 18, pl. 1, fig.

7. McGuean, 1964, p. 941, pl. 150, fig. 15-16.

Test free, large, stout, initially trochospiral with 4 to
5 chambers per whorl, later biserial. Chambers slightly
inflated, becoming more inflated toward apertural end.
Sutures distinct, slightly depressed. Wall finely aggluti-
nated, surface smooth. Aperture a low arch at inner
margin of last chamber.

Maximum length of fgured hypotype, 1.16 mm;
breadth, 0.70 mm.; thickness, 0.60 mm.

Discussion.—Dorothia pupa differs from D. bulletta
in having a shorter, thicker test and a reduced biserial
stage. The present forms agree well with the original
illustration of Reuss from the Senonian of Germany.
American West Coast occurrences include the Campanian
of Vancouver Island, Canada, and the Stanford Univer-
sity campus, California. Elsewhere, this species occurs in
the Campanian of England, Egypt, and Australia.

Types and occurrence.—Figured hypotype (UCLA 44048) from
sample §-28, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad and Point Loma (C100, J193,
L166).

DOROTHIA RETUSA (Cushman)
Plate 4, figure 2
Gaudryina retusa Cusuman, 1926b, p. 588, pl. 16, fig. 10—

W, 1928b, p. 313, pl. 42, fig. 8-9.

Dorothia retusa (Cushman), Grauan & Cuurcn, 1963, p. 19, pl.

I, ig. 8.

Test free, stout, carly stage trochospiral with 4 to 5
chambers per whorl, later stage biserial. Chambers slight-
ly inflated. Sutures distinct, depressed, oblique. Wall
finely agglutinated, surface smoothly finished. Aperture
a low arch at inner margin of final chamber.

Maximum length of figured hypotype, 0.67 mm.;
breadth, 0.53 mm.; thickness, 0.53 mm.

Discussion.—Dorothia retusa is separated from D.
pupa by the shorter, stouter test, larger chambers, and
oblique sutures, and has been recorded from the Cam-
panian of Stanford University campus, California, and
the Upper Cretaceous of Mexico and Trinidad.

Types and occurrence.—Figured hypotype (UCLA 44049) from

sample S-28, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (J201, 1.74).

Superfamily MILIOLACEA Ehrenberg, 1839
Family FISCHERINIDAE Millett, 1898
Subfamily CYCLOGYRINAE Loeblich & Tappan, 1961
Genus CYCLOGYRA Wood, 1842

CYCLOGYRA sp.
Plate 4, figure 3

Test free, small discoidal, consisting of small prolocu-
lus followed by planispirally coiled tubular chamber.
Wall  calcareous, imperforate, porcelaneous, surface
smooth with sporadic growth constrictions. Aperture at
open end of chamber,

Maximum diameter of figured specimen, 0.34 mm.;
thickness, 0.09 mm. Other specimens range to 1.0 mm.
in diameter.

Discussion.—Only a few rare specimens of this species
were found, the majority being fragmental or distorted.
The form is easily distinguished, however, by its opaque,
porcelancous wall,
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Types and occurrence.—Figured specimen (UCLA 44050) from
sample L-3, Rosario Formation at Point Loma. Unfigured specimens
from Rosario Formation at Carlsbad and Punta Descanso (C147,
L142, DI21).

Family NUBECULARIIDAE Jones, 1875
Subfamily SPIROLOCULININAE Wiesner, 1920
Genus SPIROLOCULINA d’Orbigny, 1826

SPIROLOCULINA CRETACEA Rcuss
Plate 4, fgure 4
Spiroloculina cretucea Reuss, 1854, p. 72, pl. 26, hg. 9.——Cusn-

aan, 1946, p. 49, pl, 14, fig, 19-23,

Test free, compressed, fusiform in outline, periphery
rounded to truncate. Chambers distinet, 2 per whorl, in-
creasing gradually in size. Sutures distinct, slightly de-
pressed. Wall calcareous, porcelancous, imperforate, sur-
face smooth. Aperture terminal, rounded, at end of short
neck.

Maximum length of figured hypotype, 0.28 mm.;
breadth, 0.15 mm.; thickness, 0.05 mm.

Discussion.—The majority of the present specimens
have a rounded to subacute periphery, but random ones
have the truncate periphery shown in the original illus-
trations. Both types are included within this species as
other morphologic features are identical. Forms illustrated
by Cusaman (1946) also include both specimens having
a truncate and a rounded periphery. The present occur-
rences are limited to Carlsbad, where the species ranges
throughout the section.

Types and occurrence.—Figured hypotype (UCLA 44051) from
sample C-3, Rosario Formauon at Carlsbad (C63).

SPIROLOCULINA TRUNCATA Sliter, n. sp.
Plate 4, figure 8

Test free, compressed, fusiform in outline, periphery
squarely truncate, broad, both sides concave. Chambers
2 per whorl, increasing rather rapidly in size, with sub-
acute peripheral shoulders. Sutures distinct, depressed.
Wall calcareous, porcelaneous, imperforate, surface
smoothly finished. Aperture terminal, rounded, at end
of distinct neck, no tooth visible.

Maximum length of holotype, 0.31 mm.; breadth, 0.19
mm.; thickness, 0.09 mm.

Discussion.—This species is separated from Spirolocu-
lina cretacea by the broad, truncate periphery, concave
sides, and somewhat larger size. The specimen illustrated
by Eccer (1899) as S. cretacea may be synonymous but
differs in being much larger, relatively longer, and not as
thick as the present specimens. §. truncata occurs rarely
throughout the Carlsbad section and in single samples at
both Point Loma and Punta Descanso. The present strati-
graphic range is middle to upper Campanian.

Types and occurrence.—Holotype (UCLA 44052) from sample

C-5; paratype (UCLA 44053) from sample C-5; both from Rosario
Formation at Carlshbad (C96, L143, D122).

Subfamily NODOBACULARIINAE Cushman, 1927
Genus NODOPHTHALMIDIUM Macfadyen, 1939

NODOPHTHALMIDIUM OBSCURUM (Bogdanovich)
Plate 4, figure 5

Foraminella obscurum Bocoaxovien, 1960, p. 19, pl. 1, fig. 1-5.
Nodophthulmidium obscurum (Bogdanovich), LoesLici & Tappan,

1964, p. C456, fig. 345.11.

Test free or attached, uniserial, rectilinear. Globular
proloculus followed by planispiral second chamber and
pyriform chambers in ultimate stage, connected to preced-
ing chamber by tubular neck. Sutures indistinct. Wall
caleareous, porcelancous, imperforate, surface smooth to
irregular. Aperture terminal, generally rounded.

Maximum length of figured hypotype, 048 mm.;
diameter, 0.17.

Discussion.—The present specimens are nearly iden-
tical to those described by Bocpaxovicn (1960) from the
Paleogene of Russia but differ in being smaller. They
also have the same slitlike openings and rounded pro-
tuberances shown in the original illustration. LogksrLicu
& Tappax (1964) suggested that these openings were the
work of boring predators. As the bases of the protuber-
ances are raised and the surface of most specimens show
irregular outlines of attached objects, these may represent
the bases of tubular spines used for attachment or some
other purpose. This species differs from Nedophthalmid-
1um pyriforme (Tappan) from the Lower Cretaceous of
Texas in being smaller, lacking agglutinated coating, and
having distinct protuberances. N. obscurum presently is
found in the upper samples at La Jolla and the mid-
section at both Point Loma and Punta Descanso.

Types and occurrence.—Figured hypotype (UCLA 44054) from
sample 8.26, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J197,
L156, E118),

Family MILIOLIDAE Ehrenberg, 1839
Subfamily QUINQUELOCULININAE Cushman, 1917
Genus QUINQUELOCULINA d'Orbigny, 1826

QUINQUELOCULINA sp. cf. Q. HARRISI Howe & Roberts
Plate 4, hgure 6

Quingueloculing harrisi Howe & Roservs in Howe, 1939, p. 35,

pl. 2, fig. 13-15.

Test free, ovate in outline, axial periphery rounded,
quinqueloculine coiling throughout. Chambers distinct,
each a half coil in length, narrow. Sutures distinct, de-
pressed. Wall calcareous, porcelaneous, imperforate, sur-
face smooth. Aperture terminal, rounded, with small
tooth.

Maximum length of hypotype, 0.44 mm.; breadth,
031 mm.; thickness, 0.22 mm.

Discussion.—This species occurs rarely in all the loca-
tions examined for this study. The specimens are very
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similar to Quinqueloculina harrisi originally described
from the Eocene of Louisiana, and thus may represent a
long-ranging or homeomorphic form.

Types and occurrence.—Figured hypotype (UCLA 44055) from
sample E-12, Rosario Formation at Punta Descanso. Unfigured
hypotypes from Rosario Formation at La Jolla, Carlsbad and Point
Loma (C123, J206, 1L.107, D145).

QUINQUELOCULINA SANDIEGOENSIS Sliter, n. sp.
Plate 4, figure 7

Test free, clongate, ovate in outline, axial periphery
subacute to truncate, quinqueloculine coiling throughout.
Chambers distinct, narrow, each a half coil in length.
Sutures distinct, depressed. Wall calcareous, porcelaneous,
imperforate, surface smoothly finished. Aperture termi-
nal, rounded with small, simple tooth.

Maximum length of holotype, 0.48 mm.; breadth, 0.29
mm.; thickness, 0.20 mm.

Discussion.—Quingueloculina  sandiegoensis  differs
from Q. moremani Cusaman (1937) in having truncate
or less strongly developed chamber angles and more in-
flated chambers. This species occurs in the upper portion
of the La Jolla section, throughout the Carlsbad locality,
and rarely at Punta Descanso. The stratigraphic range is

Campanian to Maastrichtian.

Types and occurrence.—Holotype (UCLA 44056) from sample
C-3; paratype (UCLA 44057) from sample C-3; both from Rosario
Formation at Carlsbad (C16, J194, DI115).

Superfamily NODOSARIACEA Ehrenberg, 1838
Family NODOSARIIDAE Ehrenberg, 1838

Subfamily NODOSARIINAE Ehrenberg, 1838
Genus NODOSARIA Lamarck, 1812

NODOSARIA AMPHIOXYS Reuss
Plate 4, figure 9
Nodosaria amphioxys Reuss, 1875, p. 82, pl. 2 (20), fig. 8.—
Custman, 1946, p, 72, pl, 26, fig. 14.——Baxpy, 1951, p. 501,
pl. 73, fAg. 15.

Test free, uniserial, elongate, tapering, both ends
pointed. Chambers inflated, becoming clongate, increas-
ing rapidly in size. Sutures distinct, depressed. Wall cal-
careous, finely perforate, surface costate, aperture terminal.

Maximum length of figured hypotype, 0.66 mm.;
diameter, 0.17 mm.

Discussion.—Nodosaria amphioxys occurs rarely at
La Jolla and Punta Descanso and somewhat more com-
monly at Carlsbad. The species is easily distinguished by
the pointed ends, tapering test, and elongate chambers.
Originally described from the Upper Cretaceous of Ger-
many, this species ranges from the Campanian to the
Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44058) from
sample C-4, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C70, J108, 192, D84).

NODOSARIA ASPERA Reuss
Plate 4, figure 11

Nodosaria (Nodosaria) aspera Reuss, 1845, p. 26, pl. 13, fig. 14-15.
Nodosaria aspera Reuss, Cusimax, 1946, p. 72, pl. 26, fig. 6.—

Hacx, 1953, p. 49, pl. 4, fig. 28.——Pozarvska, 1957, p. 65,

pl. 7, fig. 3.—Truyneo, 1960, p. 328, pl. 47, fig. 10—

Granam & Cuurch, 1963, p. 41, pl. 4, fig. 17-18,
Stilostomella aspera (Reuss), Bevrorn, 1960, p. 69, pl. 19, fig. 1-2.

Test free, elongate, slightly tapering. Chambers in-
flated, subglobular, increasing uniformly in size, final
chamber may be enlarged. Sutures distinct, depressed.
Wall calcareous, finely perforate, radial in structure, sur-
face spinose. Aperture terminal, at end of slender neck.

EXPLANATION OF PLATE 3

FIGURE

1. Trochammina sp. cf. T. ribstonensis WickeNpen; la-c, spiral,
edge, and umbilical views, X 66 (p. 47).

2. Trochammina triformis SLITER, n. sp.; 2ab, side views, X45
(p. 47).

3. Trochammina pilea SLiTER, n. sp.; 3a-c, spiral, edge, and um-
bilical views, %52 (p. 47).

4-5. Gaudryina glabrata (Cusiman); 4a,b, side views, X66; 5,
side view, X97 (p. 48).

6-7. Gaudryina tailleuri (Tappan); 6a-c, side views, X97; 7ab,
side views, X52 (p. 49).

8. Gaudryina lacvigata Fraxge; 8a,b, side and apertural views,
*33 (p. 48).

9. Gaudryina pyramidata Cusaman; 9a,b, side and apertural
views, X52 (p. 48).

10.  Gaudryina bentonensis (Carman), side view, X352 (p. 48).

Il. Dorothia bulletta (Camsey); 1la,b, side views, X33 (p. 49).

12, Dorothia ellisorae (Cusiman); 12a,b, side and apertural views,
X 70 (p. 49).

13. Dorothia oxycona (Reuss); 13ab, side and apertural views,
®x52 (p. 50).
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Maximum length of figured hypotype, 0.61 mm.;
diameter, 0.30 mm.

Discussion.—This form differs from Nodosaria pro-
boscidea Reuss in being spinose and having more globular
chambers. Originally described from the Cretaceous of
Bohemia, N. aspera ranges from the Coniacian to the
Maastrichtian. It is found in the upper samples at La
Jolla and rarely at Point Loma.

Types and occurrence.—Figured hypotype (UCLA 44059) from
sample §-28, Rosario Formanvon at La Jolla. Unhfigured hypotypes
from Rosario Formation at Point Loma (]177, L170).

NODOSARIA DISTANS Reuss
Plate 4, figure 18
Nodosaria distans Revss, 1855, p, 264, pl. 8, fig. 5.——Cusumax,

1946, p. 71, pl. 26, fig. 1-2.

Test free, elongate, gradually tapering. Chambers in-
flated, subglobular, generally somewhat separated, increas-
ing gradually in size. Sutures distinct, depressed, limbate,
Wall calcareous, finely perforate, radial in structure, sur-
face ornamented by longitudinal costae. Aperture termi-
nal, radiate, somewhat produced.

Maximum length of figured hypotype, 1.05 mm.;
diameter, 030 mm.

Discussion.—The present specimens agree closely to
the original illustrations from the Turonian of Germany.
This species differs from Nodosaria septemcostata GENiTz
in being less robust and having distinctly separated
chambers. In the present samples, N. distans is limited
to the upper portion of the section at La Jolla locality and
occurs throughout the Point Loma section. In the Ameri-
can Gulf Coast it ranges from the Coniacian to the
Campanian; the present record extends the overall strati-
graphic range into the Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44060) from
sample L-10, Rosario Formation at Point Loma. Unfigured hypo-
types from the Rosario Formation at La Jolla (]157, L72).

NODOSARIA LIMBATA d'Orbigny
Plate 4, figure 15
Nodosarta imbata p'Orsieny, 1840, p. 12, pl. 1, fig. 1.—Cusn-

MaN, p, 74, pl. 27, fig. 1-2. Samn & Kenawy, 1956, p. 133,

pl. 2, fig. 32.

Nedosaria concinna Custimay & Jarvis (non Revss), 1928, p. 97,

pl. 14, fig. 5, 11.

Test free, large, clongate, uniserial. Chambers globu-
lar, inflated, of nearly equal size. Sutures distinct, de-
pressed, limbate. Wall calcareous, finely perforate, radial
in structure, surface smoothly finished. Aperture termi-
nal, radiate.

Length of figured hypotype, 1.67 mm.; diameter, 0.54
mm.

Discussion.—The present specimens are nearly identi-
cal to the original illustrations from the Craie Blanche.
This species is distinguished by its nearly equal, sub-
globular chambers and deeply depressed sutures. In the
present samples, Nodosaria limbata is most commonly
found in the upper La Jolla and Point Loma sections.

Types and occurrence.—Figured hypotype (UCLA 44061) from

sample §-26, Rosario Formation at La Jolla. Unhgured hypotypes
fram Rosario Formation at Point Loma (J165, L949).

NODOSARIA NAVARROANA Cushman
Plate 4, figure 10

Nodosaria navarroana Cusuman, 1937b, p. 103, pl. 15, fig. 11—
Cusuman, 1946, p. 73, pl. 26, fig. 23-24.
Test free, elongate, slightly tapering. Chambers in-
flated, subglobular, increasing gradually in size. Sutures
distinct, depressed. Wall calcareous, finely perforate,

EXPLANATION OF PLATE 4

FIGURE

1. Dorothia pupa (Reuvss); lab, side and apertural views, X33
(p. 50).

2. Dorothia retusa (Cushman) ; 2ab, side and apertural views,
%52 (p. 50).

3. Cyclogyra sp.; 3a.b, side and apertural views, X97 (p. 50).

4. Spiroloculina ereracea Reuss; 4ab, side and apertural views,
X 66 (p. 51).

5. Nodophthalmidium obscurum (Bocpanovicn), side view, X066
(p. 51).

6. Quingueloculina sp. cf. Q. harrisi Howe & Roserts; 6a-c, side
and apertural views, X 89 (p. 51).

7. Quinqueloculina sandiegoensis SLITER, n. sp.; 7a-<c, side and
apertural views, X 66 (p. 52).

8. Spiroloculina truncata SLITER, n. sp.; 8a,b, side and apertural
views, X 66 (p. 51).

9. Nodosaria amphioxys Reuss; side view, X66 (p. 52).

10. Nodosaria navarroana Cusaman; side view, X66 (p. 53).

11. Nodosaria aspera Reuss; side view, X066 (p. 52),

12-13. Nodosaria probosadea Reuss; 12ab, side and apertural
views, X 89; 13, side view, X589 (p. 54).

14. Nodosaria sp.; 14a,b, side and apertural views, X97 (p. 54).

15. Nodosaria limbata o'OrsioNy; side view, X23 (p. 53).

16. Nodosaria septemcostata Grnirz; side view, X33 (p. 54).

17. Nodosaria velascoensis CusiMan; side view, X45 (p. 54).

18. Nodosaria distans Reuss; side view, %52 (p. 53).

19-21. Astacolus jarviss (Cusuman); 19a,b, 20, side and face
views, X33; 2lab, side and face views, X66 (p. 54).
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radial in structure, with 5 longitudinal costae. Aperture
terminal, radiate.

Maximum length of figured hypotype, 0.46 mm.;
diameter, 0.17 mm.

Discussion.—A single specimen from the upper por-
tion of the La Jolla section is referred to this character-
istically Maastrichtian species.

Types and occurrence.—Figured hypotype (UCLA 44062) from
sample S-36, Rosario Formation at La Jolla (J221).

NODOSARIA PROBOSCIDEA Reuss
Plate 4, figure 12-13

Nodosaria proboscidea Reuss, 1851, p. 7, pl. 1, fig. 6.——CusHMAN,

1946, p. 72, pl. 26, fig. 12-13.

Test free, uniserial, rectilinear, elongate. Chambers
distinet, subglobular, inflated. Sutures slightly limbate,
depressed. Wall calcareous, finely perforate, surface cos-
tate. Aperture terminal, radiate, produced on distinct neck.

Maximum length of figured hypotypes, 0.40 to 0.56
mm.; diameter, 0.09 to 0.17 mm.

Discussion.—The present specimens are somewhat
thinner and more elongate than those of the original illus-
tration but closely resemble forms from the American
Gulf Coast. This species occurs rarely at Point Loma and
throughout the Carlsbad section. Carlsbad specimens are
thinner and less strongly ornamented, but this seems
merely to represent an intraspecific variation. Originally
described from the Upper Cretaceous of Poland, Nodo-
saria proboscidea is characteristic of the Campanian.

Types and occurrence.—Figured hypotype (Fig. 12, UCLA
44066) from sample L.-3, Rosario Formation at Point Loma. Figured
hypotype (Fig. 13, UCLA 44065) from sample C-3, Rosario Forma-
tion at Carlsbad (C33, L138).

NODOSARIA SEPTEMCOSTATA Geinitz
Plate 4, figure 16
Nodosaria septemcostata Gewrz, 1842, p. V, 69, pl. 17, fig. 20.
Banpy, 1951, p. 502, pl. 73, fig. 14.
Nodosaria affinis Reuss, Cusuman, 1946, p. 70, pl. 25, fig. 8-23.

Test free, large, elongate, gradually tapering. Cham-
bers inflated, subglobular, increasing gradually in size.
Sutures distinct, limbate, depressed. Wall calcareous,
finely perforate, radial in structure, with 7 to 13 longitu-
dinal costae. Aperture terminal, radiate.

Maximum length of figured hypotype, 1.28 mm.;
diameter, 0.46 mm.

Discussion.—This species, originally described from
the Cretaceous of Bohemia, differs from N. alternata in
being larger, having subglobular chambers throughout,
and lacking secondary costae. The present occurrences
are limited to Carlsbad, the lower portion of the section
at La Jolla, and two rare occurrences at Punta Descanso.
In the American Gulf Coast, this long-ranging species is
of Austin to Navarro age.

Types and occurrence.—Figured hypotype (UCLA 44067) from
sample S-1, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad and Punta Descanso (C43,
148, D117).

NODOSARIA VELASCOENSIS Cushman
Plate 4, figure 17

Nodosaria fontannesi BertHeLIN var. velascoensis Cusamax, 1926,
p. 504, pl. 18, fig. 12.

Nodosaria veluscoensis Cushman, Cusaman & Cameserr, 1935, p.
72, pl. 11, fig. 3.——Cusmman, 1946, p. 73, pl. 26, fig. 27-30.
——MarTin, 1964, p. 58, pl. 4, fig. 7-8.

Test free, elongate, gently tapering. Chambers initial-
ly indistinct, becoming distinct, slightly depressed. Wall
calcareous, finely perforate, radial in structure, surface
with numerous longitudinal costae which tend to be
twisted in early portion of test. Aperture terminal, radiate.

Maximum length of figured hypotype, 0.48 mm,;
diameter, 0.24 mm.

Discussion.—This species is rather rare in the present
samples and is represented mainly by broken fragments
of the basal portion of the test. These specimens agree
more closely with illustrations by CusuMAN & Jarvis
(1928) of specimens from the Lizard Springs Formation
of Trinidad than with original illustration of a specimen
from the Velasco Shale of Mexico. The California speci-
mens reported by Cusuman & Campesere (1935) and
Martiv (1964), however, closely resemble the type ma-
terial. The present specimens are limited to the middle
portions of the sections at La Jolla and Punta Descanso.
Nodosaria velascoensis seems to range from the upper
Campanian to the Paleocene.

Types and occurrence,—Figured hypotype (UCLA 44068) from

sample S-16, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Punta Descanso (J126, D137).

NODOSARIA sp.
Plate 4, figure 14

Test free, small, elongate. Chambers globular, usually
3 in number, nearly subequal, final chamber may be some-
what reduced in diameter. Sutures distinct, depressed.
Wall calcareous, finely perforate, surface smooth. Aper-
ture terminal, small, rounded.

Maximum length of figured specimen, 0.37 mm.;
diameter, 0.17 mm.

Discussion.—This small nodosariid is rare at all 4
locations. It is distinguished from related species by the
relatively small size, few and subequal chambers and
small, nonradiate aperture. As specimens commonly have
only 3 to 4 chambers, they may represent the juvenile
stage of some larger species.

Types and occurrence.—Figured specimen (UCLA 44069) from
sample L-10, Rosario Formation at Point Loma. Unfigured hypo-

types from Rosario Formation at La Jolla, Carlsbad and Punta
Descanso (C133, J225, L78, D80).

Genus ASTACOLUS de Montfort, 1808

ASTOCOLUS JARVISI (Cushman)
Plate 4, figure 19-21
Marginulina jarvisi Cusaman, 1938b, p. 35, pl. 5, fig. 17-18.——
Cusuman, 1946, p. 63, pl. 22, fig. 18-20.
Vaginulinopsis jarvisi (Cushman), Pozaryska, 1957, p. 116, pl. 11,
fig. 10,
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Astacolus jarvisi (Cushman), Truriro, 1960, p. 317, pl. 46, fig. 2.
Astacolus sp. aff, A. jarvisi (Cushman), Granam & Cuurcw, 1963,

p. 25, pl. 2, fig. 5-6.

Test free, elongate, arcuate, compressed, periphery sub-
rounded, initial stage planispirally coiled, later uncoiling.
Chambers overlapping, elongate, narrow. Sutures distinct,
limbate, gently curved. Wall calcarcous, finely perforate,
radial in structure, surface smoothly finished. Aperture
terminal, marginal, radiate.

Maximum length of figured hypotypes, 0.68 to 1.17
mm.; breadth, 0.17 to 0.68 mm.; thickness, 0.12 to 036
mm.

Discussion.—Present in most samples, this species has
considerable morphologic variation in the presence or
absence of the initially coiled portion, test dimensions,
and degree of axial curvature. The Carlsbad forms are
included here although they are smaller and less robust.
Other characteristics are similar to those of specimens
from the other areas, hence this size variation is regarded
as environmentally caused. The present specimens are
nearly identical to the original specimens illustrated from
the lower Tertiary of Trinidad, and the species apparent-
ly represents a long-ranging stock.

Types and occurrence.—Figured hypotype (Fig. 19, UCLA
44071) from sample S-17; figured hypotype (Fig. 20, UCLA
44072) from sample $-25; both from Rosario Formation at La
Jolla. Figured hypotype (Fig. 21. UCLA 44070) from sample C-3,

Rosario Formation at Carlsbad. Unfigured hypotypes from Rosario
Formation at Point Loma and Punta Descanso (C69, |92, L43,

D25).

ASTACOLUS MUNDUS (Cushman)
Plate 5, figure 1-2

Marginulina munda Custman, 1938b, p. 34, pl. 5, fig. 11-12—

Cusiman, 1946, p. 60, pl. 21, fig. 2-3.

Test free, elongate, compressed, periphery subacute,
initial stage planispirally coiled, later uncoiling. Chambers
becoming elongated and slightly inflated. Sutures dis-
tinct, limbate, gently curved, initially flush, later slightly
depressed. Wall calcareous, finely perforate, radial in
structure, surface smooth. Aperture terminal, marginal,
radiate.

Maximum length of figured hypotypes, 0.53 to 0.88
mm.; breadth, 0.31 to 039 mm.; thickness, 0.15 to 0.22
mm.

Discussion.—Astacolus mundus is most common at
Carlsbad and rare at the 3 other localities. It is well
distinguished from A. dissonus Prummer (1931) by its
relatively smaller test, less pronounced planispiral stage,
and lack of raised sutures and weak costae. The latter
species may represent 4. mundus as modified by evolu-
tion in the Maastrichtian. Originally described from the
upper Taylor Marl, this species is characteristic of Cam-
panian strata.

Types and occurrence.—Figured hypotype (Fig. 1, UCLA
44073) from sample C-1, Rosario Formation at Carlsbad. Figured
hypotype (Fig. 2, UCLA 44074) from sample E-10, Rosario Forma-

tion at Punta Descanso. Unfigured hypotypes from Rosario Forma-
tion at La Jolla and Point Loma (C71, J183, L101, D58).

ASTACOLUS sp. ¢f. A. RICHTERI (Brotzen)
Plate 5, figure 3-4

Planularia richteri Brorzex, 1936, p. 59, pl. 3, fig. 3.

Test free, clongate, compressed, outer margin sub-
acute, inner margin broadly truncate, initial stage in loose
planispiral coil, later uncoiling. Chambers elongate, nar-
row, increasing rapidly in length. Sutures distinct, gently
curved, flush. Wall calcareous, finely perforate, surface
smoothly finished. Aperture terminal, marginal radiate.

Maximum length of figured specimens, 0.61 to 0.88
mm.; breadth, 0.22 to 0.34 mm.; thickness, 0.15 to 0.19
mm.

Discussion.—This species is rare at Carlsbad, La Jolla,
and Point Loma. Specimens resemble Astacolus richteri
from the Senonian of Sweden in their flattened inner
periphery and elongate, narrow chambers, but differ in
being somewhat smaller and less arcuate. These differ-
ences, however, may not be significant.

Types and occurrence.—Figured specimen (Fig. 3, UCLA
44073) from sample $-26, Rosario Formation at La Jolla. Figured
specimen (Fig. 4, UCLA 44076) from sample C-3, Rosario Forma-

tion at Carlsbad. Unfigured hypotype from Rosario Formation at
Point Loma (CI125, J190, L122).

ASTACOLUS sp.
Plate 5, hgure 5
Test free, elongate, compressed, with umbonal thick-
ening, outer periphery subacute, inner periphery becom-
ing broadly rounded, initial stage planispirally coiled,
later uncoiling. Chambers elongate, narrow, becoming
inflated. Sutures distinct, gently curved, initially flush,
later depressed. Wall calcarcous, finely perforate, surface
smooth. Aperture terminal, marginal, radiate.

Maximum length of figured specimen, 0.60 mm.;
breadth, 0.26 mm.; thickness, 0.12 mm.

Discussion.—Only a few rare specimens occur in the
upper portion of the section at La Jolla. They have the
umbonate thickening of Astacolus umbonatus (Lokt-
TERLE, 1937) but lack the broadly truncate outer periphery
and raised sutures. A. liebusi Brorzen (1936), from the
Senonian of Sweden, is similar in having inflated cham-
bers but differs in being broadly truncate and relatively
thicker,

Types and occurrence.—Figured specimen (UCLA 44077) from
sample S-24, Rosario Formation at La Jolla (J180).

Genus CITHARINA d'Orbigny, 1839

CITHARINA MULTICOSTATA (Cushman)
Plate 5, figure 6
Vaginulina simondsi Carsey, Cusman & Cuurcn, 1929, p. 508, pl.
38, fig. 10.
Vaginulinag multicostata Cusuman, 1930, p. 28, pl. 4, fig. 4.
Vaginulina sp. cf. V. simondsi Carsey, Cusiiman & Campsere, 1935,
p. 69, pl. 11, fig. 7.
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Vaginulina eriksdalensis Brovzen, 1936, p. 94, pl. 6, fig. 3.
Planularia multicostata (Cushman), Banoy, 1951, p, 495, pl. 72,

fig. 17.

Cr'timﬁina multicostata (Cushman), Pozarvska, 1957, p. 171, pl. 14,

fig. 8.——Ousson, 1960, p. 19, pl. 3, fig. 10.

Citharina sp. B, Granam & Cuurcw, 1963, p. 26, pl. 2, fig. 10.

Test free, elongate, compressed, one margin straight,
other convex, test thickness increases toward convex side.
Chambers numerous, low, elongate, curved, extending
nearly to base, increasing rapidly in breadth. Sutures
curved, somewhat limbate, flush, slightly depressed. Wall
calcareous, finely perforate, radial in structure, surface
ornamented by longitudinal costae which are commonly
initially continuous and distinct, later discontinuous and
finely developed. Aperture terminal, radiate.

Maximum length of figured hypotype, 1.79 mm.;
breadth, 0.34 mm.; thickness, 0.14 mm. Other hypotypes
range to 2.21 mm. in length,

Discussion.—Cusuman (1946, p. 79) noted consider-
able variation in the ornamentation and test dimensions
of Citharina multicostata. The present specimens, iden-
tical to those in my collection from the Kemp Clay (loc.
19 of Cusuman, 1946) also show this variation. The
costae on the initial portion of the test are usually strongly
developed and continuous over several chambers. On the
ultimate chambers, costac are more weakly developed,
discontinuous, and confined to chambers. Broken frag-
ments of the upper portion of tests with weakly developed
costac may even appear to be smooth. The degree of
curvature and basal extension of the chambers also varies.
In some specimens sutures extend nearly to the base, as
illustrated by Granam & Cuurcn (1963, pl. 2, fig. 10),
but in the majority of specimens the chambers are not as
elongate. C. eriksdalensis (Brotzen) is identical to the
present specimens and is here placed in synonymy. In the
present study, C. multicostata occurs most commonly at
Carlsbad and is rare at La Jolla, Point Loma, and Punta
Descanso. The recorded stratigraphic range of this species
is from the Coniacian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44078) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C42, |23, L6Y, D136).

CITHARINA SUTURALIS (Cushman)
Plate 5, figure 7
Vaginulina suturalis Cusuman, 1937b, p, 102, pl. 15, fig. 5-7.
Citharina sutaralis (Cushman), Bevroro, 1960, p. 41, pl. 11, fig.
16-17.
Planularia eriksdalensis (Brotzen), TruyiLro, 1960, p. 321, pl. 46,
fig. 5.
Citharina sp. A, GrauaM & CHuren, 1963, p. 26, pl. 2, fig. 9.
Test free, elongate, slender, compressed, periphery
subrounded to truncate. Chambers broad, low, curved.
Sutures distinct, curved, flush to elevated, strongly oblique.
Wall calcareous, finely perforate, radial in structure, sur-
face costate over sutures. Aperture terminal, radiate.

Maximum length of figured hypotype, 145 mm.;
breadth, 0.29 mm.; thickness, 0.17 mm.

Discussion.—This species is distinguished from Citha-
rina multicostata by its elongate, slender test and distinct
sutural costac. As in the latter species, test shape and
costae vary considerably. In the initial portion of the test,
sutures are generally strongly elevated and weakly costate.
The ultimate stage has flush or more rarely slightly de-
pressed sutures that are distinctly costate. These costae
generally are confined to the sutural area but also may be
developed weakly over the chambers. Examination of the
specimen figured by Truyirro (1960) as Planularia eriks-
dalensis (Brorzen) shows it to be identical. The present
specimens occur throughout the La Jolla and Carlsbad
sections and less frequently at Point Loma and Punta
Descanso. This species, originally described from the
Cretaceous of Arkansas, ranges from the Santonian to
Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44079) from
sample S-1, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C31, ]79, L153, D139).

Genus DENTALINA Risso, 1826

DENTALINA ALTERNATA (Jones)
Plate 5, figure 12-13

Nodosaria zippei Reuss var. alternata Jones, 1886, p. 330, pl. 27,

fig. 10.

Dcmfrh'na alternata (Jones), Cuskman, 1946, p. 64, pl. 22, fig. 29-

33.——Haon, 1953, p. 42, pl. 4, fig. 12.

Test free, clongate, rectilinear to slightly arcuate,
commonly with basal spine, Chambers becoming inflated,
subglobular, increasing gradually in size. Sutures distinct,
depressed. Wall calcareous, finely perforate, radial in
structure, with primary and secondary costae. Aperture
terminal radiate.

Maximum length of figured hypotypes, 0.95 to 1.02
mm.; diameter, 0.19 to 0.26 mm.

Discussion.—This distinctive form is recognized by
the primary and secondary costae and subglobular final
chamber. Originally described as a Nodosaria from the
Cretaceous of Ireland, this species later was placed in
Dentalina. The similar form Nodosaria intercostata
Reuss (1860), may be a conspecific variate as noted by
Pozaryska (1957) and Reuss’ name then would have
priority over D. alternata. From an examination of
topotype material, however, CusumaN (1946) considered
the two as distinct; they are so regarded here. Dentalina
alternata occurs in the middle and upper samples at La
Jolla, throughout the Point Loma sections, and less com-
monly at Carlsbad. American Gulf Coast occurrences
range from strata of Austin to Navarro age.

Types and occurrence.—Figured hypotype (Fig. 12, UCLA
44080) from samples S-16, Rosario Formation at La Jolla. Figured
hypotype (Fig. 13, UCLA 44081) from sample C-3, Rosario



Upper Cretaceous Foraminifera from California and Mexico 57

Formation at Carlsbad. Unfigured hypotypes from Rosario Forma-
tion at Point Loma (C119, [132, L52).

DENTALINA BASIPLANATA Cushman
Plate 5, figure 8-11
Dentalina basiplanata Cussiman, 1938b, p. 38, pl. 6, fig. 6-8.——

Cusiman, 1946, p. 68, pl. 24, fig. 1-6——Baxpy, 1951, p, 499,

pl. 73, fig. 6.—Sam & Kenawy, 1956, p. 132, pl. 2, fig. 29.
Pozaryska, 1957, p. 75, pl. 7, fig. 6.——Berroro, 1960,
p. 25, pl. 7, fig. 1-5——0Ousson, 1960, p. 13, pl. 2, fig. 21-22.
Tappan, 1962, p. 174, pl. 45, fig. 17——Granam &

Cuuren, 1963, p. 27, pl. 2, fig. 1L Martiv, 1964, p. 60,

pl. 4, fig. 13.

Test free, elongate, gently arcuate, slightly tapering.
Chambers initially low, overlapping, slightly compressed,
later becoming inflated and somewhat elongated. Sutures
distinct, slightly oblique, initially flush, limbate, later
depressed. Wall smooth, finely perforate, radial in struc-
ture, surface smoothly finished. Aperture terminal, ec-
centric, radiate,

Maximum length of figured hypotypes, 1.07 to 1.41
mm.; diameter 0.22 to 0.29 mm.

Discussion.—Originally described from the Corsicana
Marl of Texas, Dentalina basiplanata differs from D.
catenula Reuss (1860) in being more elongate and in
having more numerous and more strongly overlapping
chambers, Present specimens are nearly identical to topo-
type material in my collection from the Corsicana Marl
(locs. 26-28 of Cusaman, 1946). In general, the Carlsbad
specimens are not as robust as those from La Jolla nor
do they have the subglobular ultimate chambers. Two
forms occur representing different stages in the life cycle.
The less common form has an acute initial end and more
strongly limbate sutures on the concave side of the test.
Another variant at Carlsbad resembles the specimen il-
lustrated by Tappan (1962) from the Senonian of Alaska.
These specimens are thicker and more robust and have
more strongly overlapping chambers. D. basiplanata is
most common at Carlsbad and the lower samples at La
Jolla but also occurs rarely at Point Loma and Punta
Descanso. American Gulf Coast specimens occur most
characteristically in Navarro strata and less commonly in
the Taylor Group. In California, this species ranges from
Santonian to Maastrichtian,

Types and occurrence.—Figured hypotype (Fig. 8, UCLA
44082) from sample S-1; figured hypotype (Fig. 9, UCLA 44083)
from sample S-5; both from Rosario Formation at La Jolla. Figured
hypotypes (Fig. 10-11, UCLA 44084-44085) from sample C-3,
Rosario Formation at Carlsbad. Unfigured hypotypes from Rosario

Formation at Point Loma and Punta Descanso (C27, 35, L135,
D68).

DENTALINA CATENULA Recuss
Plate 5, figure 14
Dentalina catenula Reuss, 1860, p. 185, pl. 3, ig. 6.——CusHMAN
& Cuurcw, 1929, p. 509, pl. 39, g, |.——Cusuman, 1946, p.
67, pl. 23, fig. 27-32——TruyiLre, 1960, p. 327, pl. 47, fig. 3.
BeLrorn, 1960, p. 27, pl. 8, fig. 1-4.
Dentalina catenula catenula Reuss, Pozaryska, 1957, p. 76, pl. 11,
fig. 3.

Nodosaria sp. cf. N. catenula (Reuss), Granam & Cuurcn, 1963,

p. 42, pl. 4, fig. 19-20.

Test free, elongate, gently arcuate, initial end may be
enlarged and may have an apical spine. Chambers sub-
globular to pyriform, slightly overlapping. Sutures dis-
tinct, depressed, may be initially limbate, Wall calcareous,
finely perforate, radial in structure, surface smooth. Aper-
ture terminal, generally eccentric, radiate.

Maximum length of figured hypotype, 1.26 mm.;
diameter, 0.24 mm. Other hypotypes range to 0.48 mm.
in diameter.

Discussion.—This variable species, originally described
from the Upper Cretaceous of Germany, is distinguished
by the relatively large size, subglobular chambers and
smooth surface. It occurs most abundantly in the middle
samples at La Jolla and the upper samples at Point Loma.
It is also found scattered throughout the Punta Descanso
locality but is lacking at Carlsbad. In the American Gulf
Coast, Dentalina catenula is confined to the middle and
upper Taylor Group with a few occurrences in lower
Navarro strata.

Types and occurrence.—Figured hypotypes from sample $-25,
Rosario Formation at La Jolla. Unfigured hypotypes from Rosario
Formation at Point Loma and Punta Descanso (]74, L21, D55).

DENTALINA GRACILIS (d'Orbigny)
Plate 5, figure 15-16
Nodosaria ( Dentalina) gracilis p'Ormiony, 1840, p. 14, pl. 1, fig. 5.
Dentalina gracilis (d'Orbigny), Cusiman, 1946, p. 65, pl. 23, fig.
3-6. Hacx, 1953, p. 44, pl. 4, fig. 17.—Samn & Kenawy,
1956, p. 133, pl. 2, fig. 25.——Pozarvska, 1957, p. 80, fig. 15,
pl. 7, fig. l.——BevForp, 1960, p. 29, pl. 8, fig. 8-11.——
Taravanaci, 1960, p. 95, pl. 5, fig. 9-10.

Test free, elongate, arcuate, slender. Chambers nu-
merous, initially overlapping, later becoming elongated
and inflated. Sutures distinct, initially transverse, flush,
somewhat limbate, later oblique, depressed. Wall calcare-
ous, finely perforate, radial in structure, surface smoothly
finished. Aperture terminal, somewhat produced, eccen-
tric, radiate.

Maximum length of figured hypotypes, 1.19 to 1.41
mm.; diameter, 0.14 to 0.19 mm.

Discussion.—Specimens referred to this species are
characterized by a slender, arcuate test, oblique sutures,
and pyriform chambers. They differ from elongate forms
of Dentalina legumen (Reuss) in having transverse initial
sutures as well as a less rapidly tapering test. D. wimani
Brotzen (1936), from the Senonian of Sweden, is very
similar and may be synonymous. The specimen from
Carlsbad illustrated as D. wimani by Banpy (1951) may
belong here or may represent the elongated form of D.
legumen. The present specimens of D. gracilis are from
the middle and upper samples at La Jolla and more rarely
at Carlsbad, Point Loma, and Punta Descanso. Originally
described from the Craie Blanche, this species is regarded
as long ranging by some authors (e.g., Cusuman, 1946;
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Takavanaci, 1960). Most references to this species are
from Campanian to Maastrichtian strata. Older occur-
rences of this species require further verification.

Types and occurrence.—Figured hypotype (Fig. 15, UCLA
44087) from sample S-17; figured hypotype (Fig. 16, UCLA 4088)
from sample S-10; both from Rosario Formation at La Jolla. Unfig-
ured hypotypes from Rosario Formation at Carlsbad, Point Loma
and Punta Descanso (C139, J103, 1.171, D72).

DENTALINA LEGUMEN (Reuss)
Plate 5, figure 17-18, 24
Nodosaria ( Dentalina) legumen Reuss, 1845, p. 28, pl. 13, fig. 23-

24,

Dentalina legumen (Reuss), Cusiaman, 1946, p. 65, pl. 23, fig. 1-2.
Poiaryska, 1957, p. 81, fig. 16——Granam & CHURCH,

1963, p. 29, pl. 2, fig. 14-16.

Test free, elongate, gently arcuate. Chambers initially
strongly overlapping, later becoming elongated and in-
flated. Sutures oblique, initially flush, later depressed.
Wall caleareous, finely perforate, structure radial, surface
smoothly finished. Aperture terminal, eccentric, radiate.

Maximum length of figured hypotypes, 0.37 to 0.63
mm.; diameter, 0.12 to 0.19 mm,

Discussion.—The present specimens are placed here
following the observations of Cusuman (1946). Dentalina
legumen is recognized by distinctly oblique sutures and
overlapping chambers. The present forms have consider-
able variation in test outline and dimensions and closely
resemble specimens illustrated by Gramam & CHurch
(1963) from the Campanian of Stanford University
campus. This species is most common at Carlsbad with
scattered occurrences in the remaining 3 localities. The
American Gulf Coast records of this species, originally
described from the Cretaceous of Bohemia, range from
strata of Austin to Navarro age,

Types and occurrence,—Figured hypotype (Fig. 17, UCLA
44089) from sample BR-3; figured hypotype (Fig. 18, UCLA 44091)
from sample $-25; both from Rosario Formation at La Jolla. Figured
hypotype (Fig. 24, UCLA 44090) from sample C-1, Rosario Forma-
tion at Carlsbad. Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C28, J56, L1158, D95).

DENTALINA MARCKI Reuss
Plate 5, figure 19
Dentalina marcks Reuss, 1860, p. 188, pl. 2, fig. 7——Brorzex,
1936, p. BO, pl. 5, fig. 27.——ScHigrFsma, 1946, p. 44, pl. 2,
fig, 5-7——RBaxny, 1951, p. 500, pl. 73, fig. 9.——BELFORD,
1960, p. 31, pl. 9, fig. 1-3.

Test free, elongate, gently arcuate, with apical spine.
Chambers initially strongly overlapping, later becoming
inflated and elongate. Sutures distinet, initially nearly
flush, limbate, later depressed. Wall calcareous, finely
perforate, radial in structure, surface ornamented by 10-12
longitudinal costae on all but final chamber. Aperture
terminal, eccentric, radiate.

Maximum length of figured hypotype, 122 mm.;
diamcter, (.22 mm,

Discussion.—The present specimens are closely simi-
lar to the original illustrations of specimens from the

Upper Cretaceous of Germany. The species differs from
Dentalina solvata Cusaman in being larger and having
more strongly overlapping chambers and more numerous
and distinct costae. D. marcki is most common at Carls-
bad, with rare scattered occurrences at La Jolla and Punta
Descanso. The specimen illustrated by Pozaryska (1957)
as D. marcki is not presently included in synonymy as it
is rectilinear and lacks the eccentric aperture. The strati-
graphic range of this species is reported to be upper
Coniacian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44092) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla and Punta Descanso (C32,
1130, D150).

DENTALINA MARIEI Sliter, n. sp.
Plate 5, figure 26

Test free, elongate, arcuate, compressed, initial end
rounded, greatest diameter nearly uniform throughout.
Chambers 6 to 9 in adult, becoming slightly elongated and
inflated. Sutures distinct, oblique, initially flush, later
depressed. Wall calcareous, finely perforate, radiate in
structure, surface smooth. Aperture terminal, becoming
slightly produced, eccentric, radiate.

Maximum length of holotype, 0.85 mm.; breadth, 0.19
mm.; thickness, 0.17 mm.

Discussion.—This species closely resembles Dentalina
wilcoxensis Cusaman (1944) from the Eocene of Ala-
bama but seems to be distinct. The present specimens
differ in having more numerous, ultimately inflated
chambers, depressed sutures, and a relatively more robust
test. As these forms probably are ancestral to D. wilcox-
ensis, the aforementioned differences may ultimately be
shown to be due to geographic or stratigraphic variation,
or both, and these two species to represent a single evolv-
ing population. D. mariei presently is found in the upper
samples at La Jolla, throughout the Point Loma section,
and more rarely at Punta Descanso. The present strati-
graphic range is Campanian to Maastrichtian.

Types and occurrence.—Holotype (UCLA 44099) from sample

E-22; paratype (UCLA 44100) f{rom sample E-22; both from
Rosario Formation at Punta Descanso (]186, L40, D93).

DENTALINA SOLVATA Cushman
Plate 5, figure 20-21
Dentalina solpata Custnan, 1938b, p. 39, pl. 6, fig. 9-14——

CusHMAN, 1946, p. 69, pl. 24, fig. 13-17, 22.

Dentalina sp. cf. D. guttifera d'Orbigny, Taxavanaci, 1960, p. 95,

pl. 5, fig. 11.

Test free, elongate, gently arcuate. Chambers sub-
spherical to elongated, initially somewhat overlapping,
later separated by the elongate necks. Sutures distinct,
limbate. Wall calcareous, finely perforate, radial in struc-
ture, wall of early chambers ornamented by several longi-
tudinal costae, later stages with weak costae restricted to
sutural area. Aperture terminal, eccentric, radiate.

Maximum length of figured hypotypes, 0.61 to 0.92
mm.; diameter, 0.09 to 0.29 mm.
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Discussion.—Originally described from the Selma
Chalk of Mississippi, this species is recognized by the
separated, subglobular chambers and surface striation. It
is quite variable in test dimensions and strength of costae.
At La Jolla, Point Loma, and Punta Descanso broken
segments of tests with two or three chambers and weak
costae occur. The Carlsbad specimens are smaller, dis-
tinctly costate, and have less globular chambers. These
differences scem to reflect local environmental conditions.
The specimen illustrated as Dentalina sp. cf. D. guttifera
p’OrpioNy by Takavanacr (1960) from the Campanian
of Japan is regarded as synonymous. Another possibly
synonymous specimen is Siphonodosaria sp. of Granam &
Churen (1963), from the Campanian of Stanford Uni-
versity campus. . solvata is most characteristic of Taylor
age strata in the American Gulf Coast.

Types and occurrence.—Figured hypotype (Fig. 21, UCLA
44094) from sample $-33, Rosario Formation at La Jolla. Figured
hypotype (Fig. 20, UCLA 44095) from sample C-2, Rosario Forma-

tion at Carlsbad, Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (CL08, J39, L56, D71).

DENTALINA STEPHENSONI (Cushman)
Plate 5, figure 22-23

Ellipsonodosaria stephensoni Cusiiman, 1936b, p. 52, pl. 9, fig. 10-
15.——CusumMan, 1946, p, 134, pl. 56, fig. 2-7.——Cusiman,
1949, p. 9, pl. 4, fg. 10,

Dentalina stephensons {Cushman), Baxoy, 1951, p. 501, pl. 73, fig.
10-11. Berrorp, 1960, p. 30, pl. 8, hg. 12-14.

Stilostomella stephensons (Cushman), Taxavaxact, 1960, p. 121,
pl. 8, fig. 3.

Test free, elongate, gently arcuate, uniserial. Cham-
bers globular to elongate, inflated, increasing gradually in
size. Sutures distinct, depressed, limbate. Wall calcare-
ous, finely perforate, surface smooth, except for ring of
spines at base of chamber. Aperture terminal, radiate.

Maximum length of figured hypotypes, 0.51 to 0.80
mm.; diameter, 0.12 to 0.15 mm.

Discussion.—The final chamber of this species com-
monly is broken off just above the limbate suture. The
remaining broken portion often resembles the flaring neck
typical of specimens of the genus Stilostomella. The
specimen illustrated as Siphonodosaria pseudoscripta
(Cusiman) by Gramam & Crurcn (1963) from the
Campanian of the Stanford University campus may be
synonymous. Gulf Coast specimens of D. stephensoni
range from Austin to Navarro age. In Japan, this species
ranges from the Santonian to the Campanian.

Types and occurrence.—Figured hypotype (Fig. 23, UCLA
44097) from sample S-8, Rosario Formation at La Jolla. Figured
hypotype (Fig. 22, UCLA 44096) from sample C-3, Rosaria
Formation at Carlsbad. Unfigured hypotypes from Rosario Forma-
tion at Point Loma and Punta Descanso (C44, J55, L94, D92).

DENTALINA VISTULAE Pozaryska
Plate 5, figure 25

Nodosaria ewaldi? Reuss, Cusman & Cuurcn, 1929, p. 510, pl.
39, fig. 7.

Dentalina sp. ¢f, D. consobrina 'Orbigny, Cusamayn, 1946, p. 69,

pl. 24, fig. 23-27.

Dentalina sp. cf. D. pseudofiliformis Brotzen, Banoy, 1951, p. 500,

pl. 73, fig. 8.——Takavanact, 1960, p. 98, pl. 5, fig. 17.
Dentalina vistulae Pozanyska, 1957, p. 89, Ag. 18, pl. 7, fig. 10.
Dentalina sp. Ovsson, 1960, p. 17, pl. 3, fig. 6.

Test free, clongate, slender, arcuate to rectilinear,
Chambers elongate, slightly inflated, increasing rapidly in
length. Sutures distinct, depressed. Wall calcareous, finely
perforate, structure radial, surface smooth. Aperture
terminal, somewhat eccentric, radiate.

Maximum length of figured hypotype, 146 mm,;
diameter, 0.10 mm.

Discussion.—Dentalina vistulae has fewer, more elon-
gated chambers and a less arcuate test than the associated
D. gracilis. The present population includes two forms:
one has an elongate initial chamber, commonly with a
small basal spine and more numerous, less clongated
chambers; the other has a subspherical proloculus and
long, cylindrical chambers. They commonly occur to-
gether and seem to represent lifecycle dimorphism. The
specimen illustrated as D. coalvillensis Pererson by Tru-
jieeo (1960) from the Coniacian and Santonian of
northern California also may be synonymous, but it differs
in having less elongate and more numerous chambers.
United States representatives of D. vistulae, originally
described from the Danian of Poland, range from Cam-
panian to Maastrichtian,

Types and occurrence.—Figured hypotype (UCLA 44098) from
sample S$-31, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C84, ]13, L19, E24),

DENTALINA sp.
Plate 5, figure 27

Test free, small, elongate, fusiform, both ends taper-
ing. Chambers overlapping, increasing gradually in
height. Sutures distinct, nearly transverse. Wall cal-
careous, finely perforate, surface smooth. Aperture termi-
nal, eccentric, radiate.

Maximum length of figured specimen, 031 mm.;
diameter, 0.09 mm.

Discussion.—The few specimens found at Carlsbad
may be a variant of Dentalina basiplanata or small forms
related to D. eylindroides Reuss (1860). They are distin-
guished, however, by their uniform size, fusiform shape,
and smooth outline.

Types and occurrence.—Figured specimen (UCLA 44101) from
sample C-2, Rosario Formation at Carlsbad (C110).

Genus FRONDICULARIA Defrance in d’'Orbigny, 1826

FRONDICULARIA ARCHIACIANA d'Orbigny
Plate 6, figure 2
Frondicularia archiaciana p'Orsicyy, 1840, p. 20, pl. 1, fig. 34-36.
——Cusuman, 1946, p. 91, pl. 37, Ag. 8-20.——PozAryska,
1957, p. 137, pl. 21, fig. 3. text-plate 3, fig. 14——Gravam &
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Cuurcn, 1963, p. 31, pl. 2, hg. 21-22.
73, pl. 7, fig. 10.

Frondicularia chapmani Perner, TruyiLvro, 1960, p. 323, pl. 46, fig.
7

Test free, elongate, compressed, gently tapering, sides
flattened, peripheral outline smooth to slightly lobate,
margin truncate. Chambers distinct, low, increasing grad-
ually in size. Sutures distinct, limbate, slightly elevated
to flush, commonly somewhat sigmoidal. Wall calcareous,
finely perforate, radial in structure; surface smooth, except
for several costae on the globular proloculus. Aperture
terminal, radiate.

Maximum length of largest segment (figured hypo-
type), 2.21 mm.; breadth, 0.63 mm.; thickness, 0.19 mm.

Discussion.—Originally described from the Craie
Blanche, this species is distinguished by its truncate
margin, flattened sides, and smooth surface. Variation in
the present population consists of differences in the lobate
periphery, suture curvature, and test width. Frondicu-
laria bulla Berroro (1960), from the Upper Cretaceous
of Australia, is similar but has an angular periphery and
convex sides. It may represent a geographic variation of
the present species. The specimen illustrated by BeLrorp
(1960) as F. archiaciana p'Orsiony is not here included
in synonymy, as the surface appears to have fine, longi-
tudinal costae, and it seems more closely related to F.
intermittens Reuss. The specimen illustrated as F. chap-
mani Perner by TrujiLro (1960) is indistinguishable
from present specimens. The stratigraphic range of F.
archiaciana is Turonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44102) from
sample S-5, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad and Point Loma (Cl42, ]36,
L90).

MarTiv, 1964, p.

FRONDICULARIA DURRELLI Trujillo
Plate 6, figure 1

Frondicularia durrelli TruyiLro, 1960, p. 323, pl. 46, fig. 8.

Test free, clongate, compressed, sides nearly parallel,
margins truncate, carinate, The 2 to 6 chambers increase

gradually in size. Sutures distinct, generally flush, ob-
lique. Wall calcareous, finely perforate, radial in struc-
ture, with 3 to 6 sinuate, longitudinal costae extending
length of test. Aperture terminal, radiate.

Maximum length of figured hypotype, 151 mm,;
breadth, 0.37 mm.; thickness, 0.20 mm.

Discussion.—The present population includes speci-
mens identical to the types of this species from the Upper
Cretaceous of northern California. The majority of
specimens are more robust, however, and perhaps repre-
sent a geographic variant. Frondicularia durrelli differs
from Gulf Coast specimens referred to F. striatula Reuss
(1844) in having continuous costae, a carinate periphery,
and straight sutures. F. durrelli first appears in the upper
samples at La Jolla. It also ranges throughout the Point
Loma locality and occurs less frequently at Punta Descan-
so. The stratigraphic range is Coniacian to Maastrichtian.

Types and occurrence,—Figured hypotype (UCLA 44103) from
sample $-20, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]J155,
L51, D32).

FRONDICULARIA FRANKEI Cushman
Plate 6, figure 3

Frondicularia frankei Cusuman, 1936a, p. 18, pl. 4, fig. 6-7.—

Custman, 1946, p. 89, pl. 35, fig. 14-16, pl. 36, fig. |.——Sam

& Kenawy, 1956, p. 136, pl. 2, fig. 35.——Pozaryska, 1957,

p. 142, pl. 24, fig. 4, text-plate 3, fig. 19.

Test free, lanceolate, compressed, transverse section
initially ovate, later flattened, periphery subacute in early
stages, later truncate. Chambers gradually increasing in
size, inflated at lower margin, becoming less inflated in
ultimate stage. Sutures distinct, limbate, initially ele-
vated, later may be nearly flush., Wall calcareous, finely
perforate, radial in structure, ornamented by short, dis-
tinct, longitudinal costac where lower chamber margins
overlap limbate sutures. Aperture terminal, radiate.

Maximum length of figured hypotype, 124 mm.;
breadth, 0.25 mm.; thickness, 0.15 mm.

EXPLANATION OF PLATE 5

FIGURE

1-2, Astacolus mundus (Cusaman); lab, side and face views,

% 52; 2a,b, side and face views, X 66 (p. 55).

Astacolus sp. of, A. richteri (Brotzen); 3a,b, side and face

views, X52; 4a,b, side and face views, X66 (p. 55).

5. Astacolus sp.; Sab, side and face views, X66 (p. 55).

6. Citharina multicostata (Cusman); side view, X25 (p. 55).

7. Citharina suturalis (CusimMan); side view, X23 (p. 56).

8-11. Dentalina basiplanata Cusiman; 8-10, 1lab, side views,
%33 (p. 57).

12-13. Dentalina alternata (Jones); side views, X45 (p. 56).

14. Dentalina catenula Reuss; side view, X33 (p. 57).

15-16. Dentalina gracilis (p'Orpiony); side views, X33 (p. 57).

3-4.

17-18. Dentalina legumen (Reuss); 17, side view, X97; 18ab,
side views, X52 (p. 58).

19. Dentalina marcki (Reuss; side view, X33 (p. 58).

20-21. Dentalina solvata Cusaman; 20, side view, X89; 21, side
view, X33 (p. 58).

22-23. Dentalina stephensons (Cusmman); 22, side view, X89;
23, side view, %52 (p. 59).

24. Dentalina legumen (Reuss); side view, X66 (p. 58).

25. Dentalina vistulae Poiaryska; side view, X33 (p. 59).

26. Dentalina mariei SLITER, n. sp.; 26ab, side and apertural

views, X52 (p. 58).
27. Dentalina sp.; 27a,b, side and apertural views, X129 (p. 59).
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Discussion.—The present forms differ somewhat from
illustrations of the type and most of the Gulf Coast hypo-
types illustrated by Cusuman (1946). They most closely
resemble the illustrated specimen from the Pecan Gap
Chalk of the Taylor Group (Cusuman, 1946, pl. 36, fig.
1). The differences appear in the subacute periphery and
ovate transverse section of the major length of the test,
smaller size, and less rapidly tapering outline. The rela-
tionship of this species to Frondicularia intermittens
Reuss needs further clarification. The original descrip-
tion of F. intermittens noted an inflated lower margin of
the chambers. This feature is not present in illustrated
Gulf Coast specimens or those here referred to the species.
In the present samples, F. intermittens occurs in the lower
La Jolla section and at Carlsbad. At La Jolla, a strati-
graphic break of about 50 feet separates this from the
first appearance of F. frankeir. The initial stage of the
latter species is quite distinct from F. intermittens, al-
though the ultimate chambers are similarly flattened, less
strongly ornamented, and truncated at the periphery.
They may represent, therefore, an evolutionary develop-
ment of F. intermittens in test shape and ornamentation.
Reuss’ original specimen of F. intermittens would have
an intermediate place in this succession. That described
by Marie (1941) as F. sagittula from the Campanian of
France is very similar in shape but has a smooth surface.
Another similar specimen is figured by Franke (1928)
as F. linguiformis MagrssoN, emend. Franke, from the
upper Senonian of Germany, but the difference again lies
in the strength of surface ornamentation. Two species
here are recognized on the basis of morphologic variance
and the stratigraphic break, although future investigation
may prove them to be intergradational.

Types and occurrence,—Figured hypotype (UCLA 44104) from
sample $-20, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (]138,
L70, D140).

FRONDICULARIA GOLDFUSSI Reuss
Plate 6, figure 4

Frondicularia goldfussi Reuss, 1860, p. 192, pl. 4, fig. 7——Cusnu-
MaN, 1946, p. 87, pl. 34, fig. 18-20, pl. 35, fig. 1-2——Baxbpy,
1951, p. 497, pl. 72, g. 6.——Sam & Kenawy, 1956, p. 136,
pl. 2, fig. 36. Pozaryska, 1957, p. 143, pl. 22, fig. 4, pl. 25,
fg. 3.

Test free, large, broad, compressed, periphery truncate.
Chambers elongate, low enlarging gradually. Sutures dis-
tinct, flush limbate, oblique, gently curved. Wall calcare-
ous, finely perforate, radial in structure, surface smooth.
Aperture terminal, radiate.

Maximum length of figured hypotype, 1.35 mm.;
breadth, 0.85 mm.; thickness, 0.12 mm.

Discussion.—This species, originally described from
the Cretaceous of Germany, is distinguished by its broad
test, truncate periphery, and elongate chambers. The
species is most characteristic of the Carlsbad locality and
is rare in the lower La Jolla section. The stratigraphic
range of F. goldfussi is reported by Pozaryska to be Tur-
onian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44105) from
sample C-4, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla (C68, ]90).

FRONDICULARIA INTERMITTENS Rcuss
Plate 6, figure 5
Frondicularia intermittens Reuss, 1866, p. 460, pl. 1, fig. 11—
Cusuman, 1946, p. 88, pl. 35, fig. 11-13.
Frondicularia sp. aff. F. intermittens Reuss, GRaHAM & CHURCH,
1963, p. 32, pl. 2. fig. 33.

EXPLANATION OF PLATE 6

FIGURE
. Frondicularia durrelli Truyicro; lab, side and edge views,
X33 (p. 60).

2. Frondicularia archiaciana D'ORBIGNY;
views, X 11 (p. 59).
Frondicularia frankei Cusiman; side view, X33 (p. 60).
Frondicularia goldfussi Reuss; side view, %23 (p. 61).
Frondicularia intermittens Reuss; side view, X23 (p. 61).
Frondicularia inversa Reuss; side view, X23 (p. 62).
Frondicularia mucronata Reuss; 7ab, side and edge views,
%33 (p. 62).
Frondicularia verneuiliana p'Omrsiony; 8, side view, X33;
9, side view, X52; 10a<, side and apertural views of
mutant, X52 (p. 62).

2ab, side and edge

e ol LB T

8-10.

11, Frondicularia lomaensis SLiter, n, sp.; 1lab, side views, %52
(p. 62).

12. Frondicularia sp. A;

13. Frondicularia sp. B;

12a.b, side and cdge views, X52 (p. 63).

13a,b, side edge views, X 66 (p. 63).

14.  Frondicularia sp. C; 14a,b, side and edge views, X 66 (p. 63).

15. Frondicularia sp, D; 15a,b, side and edge views, X 66 (p. 63).

16-18. Lagena paucicosta FRANKE; side views showing variation
in number of costae; 16, X66; 17-18, X129 (p. 64).

19-20. Lagena semiinterrupta Berry; 19, side view, X97; 20, side
view, X129 (p. 64).

21. Lagena hispida Reuss; side view, X187 (p. 64).

22-23, Lagena acuticosta Reuss; 22, side view, X97; 23, side
view of double specimen, X 66 (p. 63).
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Test free, lanceolate, compressed, sides flattened,
periphery initially rounded, later truncate. Chambers
narrow, gradually increasing in size. Sutures oblique,
flush to slightly elevated, limbate, Wall calcareous, finely
perforate, radial in structure, sutures ornamented by
short, fine, longitudinal costae that may partially extend
onto the succeeding chamber surface. Aperture terminal,
radiate.

Maximum length of figured hypotype, 2.89 mm.;
breadth, 0.48 mm.; thickness, 0.15 mm.

Discussion.—Originally described from the Cretaceous
of Rumania, this species differs from Frondicularia
franke; in the noninflated chambers, compressed test and
reduced ornamentation (see remarks under F. franker).
The present specimens of F. intermittens are found in the
lower samples at La Jolla and throughout the Carlsbad
locality. In the American Gulf Coast this species is char-
acteristic of Taylor age strata.

Types and occurrence.—Figured hypotypes from sample C-3,

Rosario Formation at Carlsbad. Unfigured hypotypes from Rosario
Formation at La Jolla (C46, J91).

FRONDICULARIA INVERSA Reuss
Plate 6, figure 6

Frondicularia inversa Reuss, 1844, p. 211; Reuss, 1845, p. 31, pl
8, fig. 15-19, pl. 13, fig. 42.—Brorzex, 1936, p. 96, pl. 6,
fig. 12.——Cusuman, 1946, p. 86, pl. 33, fig. 11-18.——Pozary-
ska, 1957, p. 145, pl. 23, fig. 8, text-pl. 3, fig. |.——Taxava-
Naat, 1960, p. 112, pl. 6, fig. 22.

Test free, elongate, palmate, compressed, periphery
rounded. Chambers numerous, narrow, elongate, later
chambers fail to reach base, proloculus narrow, elongate.
Sutures distinct, flush. Wall calcareous, finely perforate,
radial in structure, surface smooth. Aperture terminal,
radiate.

Maximum length of figured hypotype, 238 mm.;
breadth, 0.80 mm.; thickness, 0.10 mm.

Discussion.—This species is distinguished by its size
and test compression and elongate, narrow chambers that
do not extend to the base. The similar Frondicularia
watersi CusaMaN (1936a) and F. austinana CusHMAN
(1936a) differ in the chambers extending to the base.
The surface is more strongly ornamented. These two
forms and the present species are closely related and are
apparently part of a variable population that extends from
strata of Austin to Navarro age. F. inversa occurs rarely
at La Jolla and Carlsbad.

Types and occurrence—Figured hypotype (UCLA 44107) from

sample S$-10, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad (C149, J115).

FRONDICULARIA LOMAENSIS Sliter, n. sp.
Plate 6, figure 11
Amphimorphina? sp. Cusuman & Gouokorr, 1944, p. 58, pl. 9, fig.
15-16.
Frondicularia sp. B, Grauam & Cuurest, 1963, p. 32, pl. 2, fig, 27-
28,

Test free, elongate, sides nearly parallel, periphery
truncate, with bordering carinae, square in transverse
section, Chambers elongate, slightly inflated, increasing
gradually in size. Sutures distinct, centrally depressed,
chevron-shaped, somewhat limbate. Wall calcareous,
finely perforate, radial in structure, surface smooth,
chamber carinae commonly ornamented with fine longi-
tudinal striae. Aperture terminal, radiate.

Maximum length of holotype, 1.19 mm.; breadth,
0.17 mm.; thickness, 0.15 mm.

Discussion.—The distinguishing characteristics of this
species are the very narrow test and resultant square
transverse section, carinate edges, and chevron-shaped
sutures. Previous records are limited to the Upper Cre-
taccous of California. Frondicularia tetragona (Reuss) is
similar, as noted by Granam & Crurcr (1963), but dif-
fers in having more prominent carinae and more convex
sides than the present form, and in lacking the distinctly
shaped sutures. The present occurrences of F. lomaensis
are limited to the upper samples (Maastrichtian) at La
Jolla and Point Loma.

Types and occurrence.—Holotype (UCLA 44112) from sample
§-23; paratype (UCLA 44113) from sample S-31; both from Rosario
Formation at La Jolla, Unfigured paratypes from Rosario Forma-
tion at Point Loma (J162, L152),

FRONDICULARIA MUCRONATA Reuss
Plate 6, figure 7

Frondicularia mucronata Reuss, 1845, p. 31, pl. 13, fig. 43-44.——

Cusaman, 1946, p. 87, pl. 34, fig. 14-17.——Pozaryska, 1957,

p. 151, hg. 40, pl. 23, fig. 7, pl. 25, fig. 6. Berrorn, 1960,

p. 45, pl. 12, fig. 10-11.

Test free, ovate in outline, compressed, periphery
truncate. Chambers elongate, narrow, increasing grad-
ually in size, proloculus elongate, with central ridge, fol-
lowed by 2 inflated chambers, later chambers not inflated.
Sutures distinct, initially slightly depressed, later flush.
Wall calcareous, finely perforate, radial in structure, sur-
face smoothly finished. Aperture terminal, radiate, with
distinct neck.

Maximum length of figured hypotype, 1.53 mm.;
breadth, 0.62 mm.; thickness, 0.17 mm.

Discussion.—This species is distinguished from Fron-
dicularia goldfussi by the ridged, elongated proloculus,
less numerous chambers, and distinct apertural neck.
Originally described from the Cretaceous of Bohemia, F.
mucronata has been reported from Poland, Australia, and
the American Gulf Coast. The stratigraphic range is
reported to be Turonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44108) from
sample $-36, Rosario Formation at La Jolla (J220).

FRONDICULARIA VERNEUILIANA d'Orbigny
Plate 6, figure 8-10

Frondicularia vernewiliana v'Orsicny, 1840, p. 20, pl. 1, fig. 32-33.
——Cusuman, 1946, p. 90, pl. 36, fig. 12-15. PozARYSKA,
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1957, p. 157, fig. 42, pl. 21, fig. 1, pl. 22, fAig. 1-2, 5, text-pl. 3,

fig. 2. Bruroro, 1960, p. 48, pl. 13, fig. 3-6.

Frondiculania archiaciana d'Orbigny, Banoy, 1951, p. 496, pl. 72,

fig. 7.

Test free, clongate, compressed, sides flat to gently
convex, periphery truncate. Chambers elongate, low,
slightly inflated, increasing gradually in size. Sutures
distinct, oblique, limbate, slightly elevated. Wall calcare-
ous, finely perforate, radial in structure, surface smoothly
finished, with several costae on globular proloculus. Aper-
ture terminal, radiate.

Maximum length of figured hypotypes, 0.88 w0 1.50
mm.; breadth, 0.27 to 0.46 mm.; thickness, 0.09 to 0.10
mm.
Discussion.—This species differs from Frondicularia
archiaciana in being more flaring, relatively more com-
pressed and having more clongate chambers. Of the
present locations, F. vernewiliana is most common in the
lower samples at La Jolla and at Carlsbad, and rare at
Point Loma and Punta Descanso. The Carlsbad forms are
fewer in number, less robust, and more commonly ab-
normal. This species ranges from the Coniacian to the
Maastrichtian.  American Gulf Coast occurrences are
most characteristic in strata of Taylor age.

Types and occurrence.—Figured hypotypes (Fig. 9, 10, UCLA
44110-44111) from sample C-4, Rosario Formation at Carlsbad.
Figured hypotype (Fig. 8, UCLA 44109) from sample 5-16, Rosario

Formation at La Jolla. Unfgured hypotypes from Rosario Forma-
tion at Point Loma and Punta Descanso (C55, J45, L154, DI126).

FRONDICULARIA sp. A
Plate 6, figure 12
Test free, elongate, compressed, sides nearly parallel,
periphery slightly lobate, margin subrounded with bor-
dering carinae. Chambers inflated, increasing gradually
in size. Sutures distinct, flush to gently depressed, sig-
moidal, limbate. Wall calcarcous, hyaline, finely per-
forate, radial in structure, surface smoothly finished.
Aperture terminal, radiate.
Maximum length of figured specimens, 0.97 mm.;
breadth, 0.29 mm.; thickness, 0.17 mm.
Discussion.—Only 2 specimens of this form were
found at the Point Loma locality. They are most similar
to Frondicularia lomaensis Surter, n. sp., but differ in
having inflated chambers, sigmoidal sutures, and a rela-
tively larger test dimension.

Type and occurrence—Figured specimen (UCLA 44114) from
sample L-7, Rosario Formation at Point Loma (L155).

FRONDICULARIA sp. B
Plate 6, figure 13
Test free, palmate, compressed, periphery truncate.
Chambers slightly inflated, narrow, increasing rapidly in
size. Sutures distinct, slightly depressed, arched, some-
what limbate. Wall calcareous, hyaline, finely perforate,

surface smoothly finished. Aperture terminal, radiate,
with distinct neck.

Maximum length of fgured specimen, 0.78 mm.;
breadth, 0.31 mm.; thickness, 0.14 mm.

Discussion.—A single specimen of this distinctive
palmate form found at Point Loma somewhat resembles
the specimen described by Bevroro (1960) as Frondi-
cularia sp. D from the Santonian of Australia, but is
smaller with more numerous chambers.

Type and occurrence.—Figured specimen (UCLA 44115) from
sample L-10, Rosario Formation at Point Loma (1.149),

FRONDICULARIA sp. C
Plate 6, figure 14

Test free, elongate, compressed, periphery truncate.
Chambers slightly inflated, increasing rapidly in height,
initially subglobular, later becoming elongated. Sutures
distinct, slightly depressed, limbate, initially arched, later
oblique. Wall calcareous, finely perforate, surface smooth,
Aperture terminal, radiate.

Maximum length of figured specimen, 0.71 mm.;
breadth, 0.15 mm.; thickness, 0.09 mm.

Discussion.—This species occurs rarely at Carlsbad,
La Jolla, and Point Loma. It is similar to Frondicularia
sp. B in chamber arrangement but differs in being much
narrower and elongate. The 2 forms may represent di-
morphism in the life cycle of a single species.

Type and occurrence.—Figured specimen (UCLA 44116) from

sample L-11, Rosario Formation at Point Loma. Unfigured hypo-
types from Rosario Formation at La Jolla (164, L145),

FRONDICULARIA sp. D
Plate 6, figure 15
Test free, elongate, compressed, periphery rounded.
Chambers slightly overlapping, almost as high as broad,
becoming nearly parallel-sided in later stage. Sutures
distinct, flush, gently arched. Wall calcareous, finely
perforate, somewhat hyaline, surface smooth. Aperture
terminal, radiate.
Maximum length of hgured specimen, 051 mm;
breadth, 0.22 mm.; thickness, 0.14 mm.
Discussion.—This form is restricted to Carlsbad. Tt
somewhat resembles the Recent Frondicularia bassensis
Parr (1950), but is much smaller and lacks the limbate,
depressed sutures and polished surface.

Type and occurrence.—Figured specimen (UCLA 44117) from
sample C.7, Rosario Formation at Carlsbad (C150).

Genus LAGENA Walker & Jacob in Kanmacher, 1798

LAGENA ACUTICOSTA Reuss
Plate 6, figure 22-23
Lagena acuticosta Reuvss, 1862, p. 305, pl. 1, fig. 4. ——Custzax,
1946, p. 94, pl. 39, fAg. 14-15.
Test free, subglobular. Wall calcarcous, finely per-
forate, radial in structure, surface ornamented with 11 to
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19 longitudinal costae. Aperture terminal, at end of short
tubular neck.

Maximum length of figured hypotypes, 0.20 to 0.31
mm.; diameter, 0.15 to 0.20 mm.

Discussion.—This species, originally described from
the Cretaceous of the Netherlands, is recognized by the
subglobular shape and number of costae. It occurs most
commonly at Carlsbad and rarely at La Jolla and Punta
Descanso. The Carlsbad population also includes rare
double specimens connected by the apertural neck. Amer-
ican Gulf Coast records of this species indicate a range
from strata of Austin to Navarro age. The specimen re-
ferred to the Recent Lagena sulcata (WALKER & Jacos)
by Sam & Kenawy (1956) also may be synonymous.

Types and occurrence.—Figured hypotype (Fig. 22, UCLA
44118) from sample S-2, Rosario Formation at La Jolla. Figured
hypotype (Fig. 23, UCLA 44119) from sample C-6, Rosario Forma-

tion at Carlsbad. Unfigured hypotypes from Rosario Formation at
Punta Descanso (C88, J59, E138).

LAGENA GRAHAMI Sliter, n. sp.
Plate 7, figure 2

Lagena sulcata (Walker & Jacob) var. semistriata Williamson, Hacx,

1953, p. 70, pl. 2, fig. 28.

Lagena semiineata Wright, Pozaryska, 1957, p. 51, pl. 1, fig. 5.
Lagena sp. Granam & Cuurch, 1963, p. 33, pl. 3, fig. 8.

Test free, subspherical, may have short apical spine.
Wall calcareous, finely perforate, radial in structure, lower
two-thirds of test ornamented by 11 to 15 longitudinal
costae that become more strongly developed at test base.
Aperture terminal, at end of slender, tapering apertural
neck.

Maximum length of holotype, 0.36 mm.; diameter,
0.26 mm.

Discussion.—This species differs from the Recent
species to which it has been referred in being more
globular and having more distinct costac in the apical
portion of the test. The specimen illustrated by Cusiman
(1946) as Lagena semilineata differs in being more ovate
in outline and having less distinct costae. Specimens of
L. grahami are most common in the middle sections at
La Jolla and the upper samples at Point Loma and Punta
Descanso. The recorded stratigraphic range extends from
Campanian to Danian,

Types and occurrence.—Holotype (UCLA 44127) from sample
5-8; paratype (UCLA 44128) from sample S-16; both from Rosario
Formation at La Jolla. Unfigured paratypes from Rosario Formation
at Point Loma and Punta Descanso (J107, L53, D26).

LAGENA HISPIDA Reuss
Plate 6, figure 21

Lagena hispida Reuss, 1863, p. 335, pl. 6, fig. 77-79.——Cusumax,
1946, p. 93, pl. 39, fig. 13.——Cusuman, 1949, p. 6, pl. 3, fig.
8. Hacn, 1953, p. 68, pl. 2, fig. 31.——Pozaryska, 1957,
p. 47, pl. 2, fig. 8.
Test free, small, subspherical with tubular apertural
neck. Wall calcareous, finely perforate, surface orna-
mented with fine spines. Aperture terminal, round.

Maximum length of figured hypotype, 0.12 mm.;
diameter, 0.09 mm.

Discussion.—A few, small, spinose specimens from
La Jolla and Point Loma are referred to this species,
originally described from the Tertiary of Germany. A
number of previous references seem to represent incom-
plete forms of other species. These include Lagena hispida
of Pozaryska (1957, pl. 3, fig. 3), Marmin (1964, pl. 5,
fig. 7), and Sam & Kenawy (1956, pl. 3, fig. 9).

Types and occurrence.—Figured hypotype (UCLA 44120) from

sample S$-21, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (]J102, L80).

LAGENA PAUCICOSTA Franke
Plate 6, figure 16-18
Lagena amphora Reuss var. pancicosta Franke, 1928, p. 87, pl. 7,
fig. 38.——Cusuman, 1946, p. 94, pl. 40, fig. 4-5.——BeLrorb,
1960, p. 54, pl. 14, fig. 10-11. Martin, 1964, p. 62, pl. 5,
fig. 5.
Lagena sp. Cusaman & Cuurcn, 1929, p. 512, pl. 39, fig. 11.

Test free, pyriform. Wall calcareous, finely perforate,
structure radial, surface ornamented with 5 to 8 longi-
tudinal costae. Aperture terminal, rounded, at end of
short neck.

Maximum length of figured hypotypes, 0.27 to 0.41
mm.; diameter, 0.10 to 0.20 mm.

Discussion.—The present specimens show the same
degree of variation in test width and the number of
costac as do American Gulf Coast specimens referred to
the same species by Cusuman (1946). Lagena acuticosta
differs in being pyriform and having fewer costae. The
present specimens are most common in the lower two-
thirds of the La Jolla section and rare in the other 3 loca-
tions. Originally described from the Upper Cretaceous of
Germany, this species is reported from strata of Austin
to Navarro Age in the American Gulf Coast.

Types and occurrence.—Figured hypotypes (Fig. 16-17, UCLA
44121-44122) from sample S-31, Rosario Formation at La Jolla.
Figured hypotype (Fig. 18, UCLA 44123) from sample E-1, Rosario

Formation at Punta Descanso. Unfigured hypotypes from Rosario
Formation at Carlsbad and Point Loma (C77, ]33, L79, D70).

LAGENA SEMIINTERRUPTA Berry
Plate 6, figure 19-20

Lagena sulcata (WALKER & JAcoB) var. semiinterrupta BErrY in
Berry & KeLLey, 1929, p. 5, pl. 3, fig. 19.——Cusuman, 1946,
p. 94, pl. 39, fig. 18-21.

Lagena isabella (d'Orbigny), Brorzew, 1936, p. 111, fg. 37
(partim), pl. 7, fig. 5.

Lagena acuticosta Reuss var. brevipostica Banoy, 1951, p. 502, pl.
73, fig. 19. MarTin, 1964, p. 61, pl. 5, fig. 3.

Lagena acuticosta Reuss var. proboscidialis Banpy, 1951, p. 503,
pl. 73, fig. 18.

Lagena elegantissima (BORNEMANN) var. semiinterrupta Bemmy,
Haox, 1953, p. 67, pl. 2, fig. 32.

Test free, pyriform. Wall calcareous, finely perforate,
structure radial, surface ornamented by 9 to 20 longi-
tudinal costae that are commonly divided or loop-shaped
at the base of test and at apertural end form thickened
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area with distinct shoulder; may have secondary and
tertiary costae. Aperture terminal, rounded, produced on
short, cylindrical neck.

Maximum length of figured hypotypes, 0.32 to 0.34
mm.; diameter, 0.19 to 0.22 mm.

Discussion,—Originally described from the Maastrich-
tian of Tennessee, this species varies considerably in test
dimensions and number of costae in both the American
Gulf Coast and California. It is distinguished from
Lagena acuticosta by its more pyriform shape, divided
costae, and thickened shoulder. The present specimens
have been compared to material in my collection from
the Kemp Clay and lower Navarro Group (locs. 19, 43,
respectively, of Cusunman, 1946) and found to have the
same degree of variation. Specimens illustrated as L.
isabella by Brotzen (1936) from the Senonian of Sweden,
which here are placed in synonymy also show the char-
acteristic variation of this species. Some of the specimens,
however, in Brotzen's figure 37 may belong to L. acuti-
costa. The specimen referred to L. acuticosta Reuss
proboscidialis Banpy by Martin (1964) probably also
belongs to the present species but the illustration is some-
what stylized. The Recent species L. suleata (WALKER &
Jacos in Kanmacuer) (1798) and L. rsabella (0’Oraic-
ny) (1839) differ from the Cretaceous species in being
more subglobular and in lacking the distinct shoulder
and test thickening at the apertural end.

The present species occurs most commonly at Carlsbad
and forms an intergradational population; it is rare at La
Jolla and Punta Descanso.

Types and occurrence.—Figured hypotype (Fig. 20, UCLA
44124) from sample §-27; figured hypotype (Fig. 19, UCLA 44125)
from sample S$-34; both from Rosario Formation at La Jolla. Un-
figured hypotypes from Rosario Formation at Carlsbad and Punta
Descansa (C19, J195, DI131).

LAGENA STAVENSIS Bandy
Plawe 7, figure |
Lagena sp. cf. L. globosa Montagu, Cushman, 1946, p. 95, pl. 39,
fig. 26.——Sap & Kenawy, 1956, p. 136, pl. 3, fig. 7.
Lagena laceis (MoNTAGU) var. stavensis Banoy, 1949, p. 56, pl. 7,
fig. 15.——Banpy, 1951, p. 503, pl. 73, fig. 18.
Lagena laevis (Montagu), Hacy, 1953, p. 69, pl. 2, fig. 29.
Lagena laevis stavensis Banoy, Granam & Cuurch, 1963, p. 33,
pl. 3, Ag. 7.
Test free, ovoid to subspherical. Wall calcareous,
finely perforate, surface smooth. Aperture terminal,

round, produced on distinct, short, neck.

Maximum length of figured hypotype, 046 mm.;
diameter, 0.39 mm,

Discussion.—This species, originally described from
the upper Eocene of Alabama, occurs in all present sec-
tions except Punta Descanso. It is recognized by the ovoid
to subspherical test, smooth surface, and distinct neck.
Specimens from the Cretaceous and lower Tertiary seem
distinct from the Recent Lagena lacvis (MontAGU)

(1803), which is characterized by the pyriform shape,
hyaline wall and less distinct neck.

Types and occurrence.—Figured hypotype (UCLA 44126) from
sample $-2, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad and Point Loma (C45, )54,
1.54).

Genus LENTICULINA Lamarck, 1804

LENTICULINA CALIFORNIENSIS Trujillo
Plate 7, Agure 3
Lenticulina californiensis Truyiro, 1960, p. 311, pl. 45, hg. 7.——

Gravam & Cuurcn, 1963, p. 34, pl. 3, Ag. 14,

Test free, planispiral, biumbonate, umbones flattened,
wide, periphery with thin, ragged carina. Chambers 10
to 12 in final whorl, increasing very gradually in size.
Sutures distinct, strongly curved, limbate. Wall calcare-
ous, finely perforate, radial in structure, surface smooth.
Aperture at peripheral angle, radiate.

Maximum diameter of figured hypotype, 0.87 mm.;
thickness, 0.31 mm.

Discussion.—The present specimens have been com-
pared to the holotype and agree closely. This species
differs from Lenticulina muensterr (Roemer) in being
smaller and having more numerous chambers, flattened
umbones, and more strongly curved sutures. At La Jolla,
this species first appears in the middle of the section and
become more common toward the top. The specimens
also show a progressive increase in size with the largest
forms appearing in the younger samples. L. californiensis
occurs rarely at Point Loma and Punta Descanso but is
lacking at Carlsbad. The California stratigraphic range
extends from Coniacian to Maastrichtian,

Types and occurrence.—Figured hypotype (UCLA 44129) from
sample S-27, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J118,
L124, DI54).

LENTICULINA CARLSBADENSIS Sliter, n. sp.
Plate 8, hgure 1-3

Test free, large, compressed, initial portion planispiral-
ly coiled or rarely somewhat trochospiral, later stage may
uncoil, periphery rounded to subrounded. Chambers in-
creasing rapidly in size, may become slightly inflated in
ultimate stage. Sutures distinct, limbate, curved, usually
flush but later ones may become somewhat depressed.
Wall calcareous, finely perforate, radial in structure, sur-
face smooth. Aperture at peripheral angle, radiate, with
extension on apertural face.

Maximum diameter of holotype, 1.05 mm.; thickness,
0.31 mm.

Discussion.—This form is casily distinguished from
the associated species by the compressed test, rounded
periphery, and tendency to uncoil in the later stage. The
test outline resembles that of the Eocene Lenticulina in-
flata (Gavcer) and L. winniana (Howe & Eruis) but
differs in the type of periphery, chamber shape and degree
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of inflation, and apertural characteristics. L. carlsbadensis
is most abundant and best developed at Carlsbad with
smaller specimens occurring in the lower samples at La
Jolla and the middle portion of the Punta Descanso sec-
tion. The stratigraphic range is middle to upper Cam-
panian.

Types and occurrence.—Holotype (Fig. 1, UCLA 44143) from
sample C-4: paratype (Fig 2, UCLA 44144) from sample C-3; both
from Rosario Formation at Carlsbad. Paratype (Fig. 3, UCLA
44145) from sample S-8, Rosario Formation at La Jolla (C17, J81,
D56).

LENTICULINA DAVISI (Bandy)
Plate 7, figure 4

Robulus convergens Bornemann, Jennines, 1936, p. 16, pl. 1, fig.

16,

Robulus davisi Baxpy, 1949, p. 59, pl. 8, fig. 4.

Test free, lenticular, planispiral, biumbonate, periph-
ery subrounded. Chambers 8 to 10 in final whorl, in-
creasing gradually in size. Sutures distinct, flush, limbate,
slightly curved, tangential. Wall calcareous, finely per-
forate, radial in structure, surface smooth. Aperture at
peripheral angle of final chamber, radiate, with somewhat
produced apertural extension.

Maximum diameter of figured hypotype, 0.92 mm.;
thickness, 0.56 mm.

Discussion.—Originally described from the Eocene of
Alabama, this species is distinguished from Lenticulina
modesta (Banpy) by the relatively thicker, more robust
test, larger umbonal area, gently curved sutures, and sub-
rounded periphery. The present specimens closely re-
semble illustrations of the type, differing only in the larger
size and somewhat more curved sutures; hence they are
not presently regarded as distinct. The specimen referred
to L. convergens (BorneEmann) by Jennmves from the
Maastrichtian of New Jersey seems synonymous with this
species. In the present samples, L. davisi occurs in the
upper La Jolla and Punta Descanso sections and through-
out the Point Loma locality.

Types and occurrence.—Figured hypotype (UCLA 44130) from
sample S-20, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J158,
L71, D148),

LENTICULINA MODESTA (Bandy)
Plate 7, figure 5

Robulus modestus Banvy, 1951, p. 493, pl. 72, fig. 9.——Marmin,
1964, p. 69, pl. 6, fig. 11.
Lenticulina modesta (Bandy), TruyiLro, 1960, p. 313, pl. 45, fig. 3.
Test free, planispiral, lenticular, biumbonate, periph-
ery acute. Chambers 7 to 9 in final whorl, increasing
gradually in size. Sutures distinct, flush, gently curved,
limbate. Wall calcareous, finely perforate, radial in struc-
ture, surface smooth. Aperture at peripheral angle,
radiate, with apertural extension.
Maximum diameter of figured hypotype, 1.19 mm.;
thickness, 0.43 mm.

Discussion.—Originally described from the Upper
Cretaceous at Carlsbad by Banpy (1951), this species
seems related to Lenticulina stephensoni (CusHMAN)
from the Taylor and Navarro Groups of the American
Gulf Coast. Although smaller and lacking the strongly
limbate sutures and slight keel of the Gulf specimens,
future study may show them to be conspecific. L. modes-
ta occurs in the lower part of the section at La Jolla, pre-
ceding the first appearance of L. taylorensis (PLummer).
The same situation holds true for the lowest samples at
Carlsbad, whereas L. modesta and L. taylorensis occur
together in the upper samples. Previous California occur-
rences of L. modesta range from Turonian to Campanian.

Types and occurrence.—Figured hypotype (UCLA 44131) from

sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla (C56, 150).

LENTICULINA MUENSTERI (Roemer)
Plate 7, figure 9, 13

Robulina miinsters Roemer, 1839, p. 48, pl. 22, fig. 29.
Robulus miinsteri (Roemer), Cusumax, 1946, p. 53, pl. 17, fig. 3-9.
Lenticulina exarata (von Hagenow) Reuss, GrRaHaM & CHURCH,

1963, p. 34, pl. 3, hg. 9.

Test free, planispiral, biumbonate, periphery carinate.
Chambers 8 to 12 in final whorl, increasing gradually in
size. Sutures distinct, limbate, gently curved, flush to
slightly elevated. Wall calcareous, finely perforate, struc-
ture radiate, surface smoothly finished. Aperture at pe-
ripheral angle, radiate.

Maximum diameter of figured hypotypes, 0,94 to 1.53
mm.; thickness, 0.49 to 0.63 mm.

Discussion.—The present specimens agree closely with
the Gulf Coast specimens referred to this species by
Custman (1946). Specimens in the population vary con-
siderably in test dimensions, number of chambers, and
clevation of the thickened umbones and sutures. Gradual
increase in the development of the raised and thickened
umbo occurs at La Jolla. Specimens in the lower samples
have smooth umbones and a small central thickened area,
whereas the umbones of later specimens are strongly pro-
duced and thickened. These variations apparently repre-
sent a single stock that is found throughout the La Jolla,
Point Loma, and Punta Descanso sections and rarely at
Carlsbad. American Gulf Coast specimens occur in the
Austin, Taylor, and Navarro Groups.

Types and occurrence.—Figured hypotype (Fig. 9, 44132) from
sample §-1; figured hypotype (Fig. 13, UCLA 44133) from sample
8-6; both from Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma, and Punta
Descanso (C148. 19, L17, D3).

LENTICULINA OVALIS (Reuss)
Plate 7, figure 12
Cristellaria ovalis Reuss, 1845, p. 34, pl. 8, fig. 49, pl. 12, fig. 19,
pl. 13, hg. 60-63.
Lenticulina ovalis (Reuss), Haew, 1953, p, 36, pl. 3, fig. 6.
Pozaryska, 1957, p. 126, pl. 15, fig. 4——Grauam & CHURCH,
1963, p. 35, pl. 3, fig. 12-13.
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Test free, planispiral, consisting of large globular
proloculus and 2 to 5 chambers, increasing rapidly in size.
Sutures distinct, flush, limbate, curved. Wall calcareous,
finely perforate, surface smooth. Aperture at peripheral
angle, radiate.

Maximum diameter of figured hypotype, 0.65 mm.;
thickness, 0.51 mm.

Discussion.—The present specimens closely resemble
the original illustrations from the Cretaceous of Bohemia.
Whether they represent a distinct species, juveniles, or a
stage in the life cycle of another species such as Lenzi-
culina muenster/, remains to be determined. For the
present they are separated. Specimens of L. ovalis occur
rarely at all the present locations except at Carlsbad. The
species 1s more common in Europe and ranges from
Turonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44134) from
sample §-20, Rosario Formation at La Jolla, Unhgured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J60,
1.73, DI128).

LENTICULINA PONDI (Cushman)
Plate 7, figure 10

Robulus pondi Cusuman, 1931c, p. 25, pl. 2, fig. 9——Custman,

1946, p. 52, pl. 16, hg. 1-5.

Test free, lenticular, planispiral, biumbonate, peri-
phery subrounded, slightly nodose in outline. Chambers
numerous, 12 in final whorl, increasing gradually in
size, Sutures somewhat indistinct, slightly curved, flush.
Wall calcareous, finely perforate, surface smooth. Aper-
ture at peripheral angle, radiate.

Maximum diameter of figured hypotype, 0.97 mm.;
thickness, 0.31 mm.

Discussion.—This species is rare at La Jolla. It is dis-
tinguished from Lenticulina muensteri by the relatively
thinner test and the subrounded, nodose periphery. L.
pondi is characteristic of upper Taylor and lower Navarro
strata in the American Gulf Coast.

Types and occurrence.—Figured hypotype (UCLA 44135) from
sample S-15, Rosario Formation at La Jolla (J140).

LENTICULINA REVOLUTA (Israclsky)
Plate 7, figure 11

Robulus psendocultratus Cole, Banpy, 1951, p. 493, pl. 72, fig. 5.
Robulus revolutus IsmaeLsky, 1955, p. 49, pl. 15, fig. 3-6.
Lenticuling sp. of. L. inerassata Mane, Pozarysxa, 1957, p. 123, pl.

7, fig. 2.

Test free, planispiral, lenticular, biumbonate, periph-
ery carinate. Chambers 8 to 10 in final whorl, low,
arcuate, increasing gradually in size. Sutures distinct,
strongly curved, flush, limbate. Wall calcareous, finely
perforate, radial in structure, surface smoothly finished.
Aperture at peripheral angle, radiate, with somewhat
produced apertural extension.

Maximum diameter of figured hypotype, 1.00 mm.;
thickness, 0.41 mm.

Discussion.—Originally described from the Paleocene
of California, this species differs from Lenticulina muen-
steri in having narrower chambers, more strongly curved
septa, and a wider keel. The present specimens correspond
closely to L. revoluta. Banpy (1951) referred this form
to L. pseudocultrata (Core), but that species lacks the
narrow chambers and strongly curved sutures of the
present specimens. IskaeLsky (1955) noted the similarity
of the specimen illustrated by Banpoy to L. revoluta but
separated them on the basis of test thickness and form of
the apertural process. The present population, however,
includes test and apertural variations that compare well
to the original illustrations of L. revoluta. L. microptera
(Reuss) (1860) is similar in chamber and suture shape
but lacks the clear, thickened umbones of the present
forms. It may represent a Cretaccous variant. The similar
L. pseudovortex Marie (1941), from the Campanian of
France, is differentiated by the lack of a peripheral carina.
The specimen from the Maastrichtian of Poland, com-
pared to L. incrassata Mawie by Pozaryska (1957) scems
conspecific and is here placed in synonymy. The present
specimens of L. revoluta are found commonly at Carls-
bad, with a rare additional occurrence at La Jolla.

Types and occurrence.—Figured hypotype (UCLA 44136) from

sample C-4, Rosario Formation at Carlsbad. Unfigured hypotype
from Rosario Formation at La Jolla (C48, J160).

LENTICULINA SPACHHOLTZI (Reuss)
Plate 7, figure 6
Cristellaria spachholtzi Reuss, 1851, p. 33, pl. 3, fg. 10.

Test free, planispiral, lenticular, somewhat biumbili-
cate, periphery subacute. Chambers 7 to 10 in final
whorl, increasing gradually in size, becoming somewhat
evolute. Sutures distinct, initially flush, limbate, may be-
come slightly depressed. Wall calcareous, finely perforate,
structure radial, surface smoothly finished. Aperture at
peripheral angle of final chamber, radiate.

Maximum diameter of figured hypotype, 0.80 mm.;
thickness, 0.37 mm.

Discussion.—Originally described from the Upper
Cretaceous of Poland, this species is recognized by the
relatively compressed, biumbilicate test. It lacks the
thickened umbonal areas of related species. Variation is
observed in chamber number and test thickness. This
species is rare in all the present localities.

Types and occurrence.—Figured hypotype (UCLA 44137) from
sample S-26, Rosario Formation at La Jolla. Unfigured hypotypes

from Reosario Formation at Carlsbad, Point Loma and Punta
Descanso (C128, 195, L91, D60),

LENTICULINA SPISSOCOSTATA (Cushman)
Plate 7, hgure 7-8
Robulus spisso-costatus (Cushiman), 1938b, p. 32, pl. 5, fig. 2.—
Custman, 1946, p. 52, pl. 16, fig. 11-14, pl. 17, hg. 1.
Test free, large, lenticular, planispiral, biumbonate,
periphery subacute to carinate. Chambers numerous, 9 to
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12 in final whorl, increasing gradually in size. Sutures
distinet, curved, strongly limbate, elevated, becoming
thickened toward umbo. Wall calcareous, finely per-
forate, radial in structure, surface smooth. Aperture at
peripheral angle, radiate.

Maximum diameter of figured hypotypes, 1.46 to 1.87
mm.; thickness, 0.51 to 0.88 mm.

Discussion.—Specimens in the present population ex-
hibit certain morphological features characteristic of both
Lenticulina spissocostata and L. navarroensis extruata
(Cusuman) (1938b). These include the presence or ab-
sence of a peripheral keel, thickened sutures, and degree
of sutural fusion on the umbo. These characters appear
to be gradational in the present population, and the
majority of specimens have a subacute periphery; hence
they are here referred to L. spissocostata. This species
occurs rarely in all present locations. Specimens from the
American Gulf Coast are characteristic of Maastrichtian
strata.

Types and occurrence.—Figured hypotype (Fig. 7, UCLA
44138) from sample S-6, Rosario Formation at La Jolla. Figured
hypotype (Fig. 8, UCLA 44139) from sample C-6, Rosario Forma-
tion at Carlsbad. Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C107, J101, L85, DIS1).

LENTICULINA TAYLORENSIS (Plummer)
Plate 7, figure 14-15

Astacolus taylorensis PLummMer, 1931, p. 143, pl. 11, fig. 16, pl. 15,
fig. 8-11.

Robulus taylorensis (Plummer), Cusiman, 1946, p. 53, pl. 18, fig.
20.

Test free, planispiral, becoming slightly evolute, bi-
umbonate, periphery subacute, with slight keel. Chambers

7 to 9 in final whorl, increasing moderately in size, be-
coming slightly inflated, final chamber may be elongated.
Sutures distinct, gently curved, initially limbate, flush,
later depressed. Wall calcareous, finely perforate, radial
in structure, surface smooth. Aperture at peripheral
angle, radiate, may be somewhat produced.

Maximum diameter of figured hypotypes, 0.63 to 0.75
mm.; thickness, 0.26 to 0.27 mm.

Discussion.—The test shape, produced final chamber,
and gently curved sutures easily distinguish this species.
At La Jolla and Carlsbad, it occurs in the upper half of
the section, whereas at Point Loma and Punta Descanso,
it ranges throughout. In the American Gulf Coast it is
characteristic of the Taylor Group.

Types and occurrence.—Figured hypotypes (Fig. 14, 15, UCLA
44141-44140) from sample S-17, Rosario Formation at La Jolla.

Unfigured hypotypes from Rosario Formation at Carlsbad, Point
Loma and Punta Descanso (C129, J123, L18§, D15).

LENTICULINA sp. cf. L. WILLIAMSONI (Reuss)
Plate 7, figure 16

Cristellaria willtamsoni Reuss, 1862, p. 327, pl. 6, fig. 4.
Lenticuling williamsomi (Reuss), CusuMaN & CHurch, 1929, p. 503,

pl. 36, fig. 13-14.
Robulus williamsoni (Reuss), Cusuman, 1931b, p. 37, pl. 5, fig. 2.

Test free, planispiral, involute, lenticular, biumbonate,
periphery subacute. Chambers 7 to 8 in final whorl, in-
creasing gradually in size. Sutures strongly curved, lim-
bate, overlapping, Aush. Wall calcareous, finely perforate,
radial in structure, surface smooth. Aperture at peripheral
margin, radiate.

Maximum diameter of figured specimen, 0.94 mm.;
thickness, 051 mm.

EXPLANATION OF PLATE 7

FIGURE

1. Lagena stavensis Banpy; side view, X 66 (p. 65).

2. Lagena grahami SLITER, n. sp.; side view, X97 (p. 64).

3. Lenticulina californiensis TruyiLro; 3ab, side and face views,
X33 (p. 65).

4. Lenticulina davisi (Banpy); 4a,b, side and face views, %52

(p. 66).

5. Lenticulina modesta (Banpy); 5a,b, side and face views, X33
(p. 66).

6. Lenticulina spachholtzi (Reuss); 6ab, side and face views,
52 (p. 67).

7-8. Lenticulina spissocostata (Cusiman); 7ab, side and face
views, X25; 8a,b, side and face views, X23 (p. 67).

9,13. Lenticulina muensteri (Roemer); 9a,b, side and face views,

%23; 13ab, side and face views, X33 (p. 66).

10. Lenticulina pondi (Cusaman); 10ab, side and face views,
X33 (p. 67).

11, Lenticulina revoluta (IsRAELSKY); side view X33 (p. 67).

12.  Lenticulina ovalis (Reuss); 12a,b, side and face views, X52
(p. 66).

14-15. Lenticulina taylorensis (PLummer); l4ab, side and face

views, X66; 15a,b, side and face views, X52 (p. 68).

16, Lenticulina sp. cf. L. williamsoni (Reuss); 16ab, side and

face views, X52 (p. 68).
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Discussion.—The present forms closely resemble the
specimen  illustrated by Cusuman (1931) but differ in
being more involute and having a more rounded apertural
face on the final chamber and fush sutures. Another
similar species, Lenticulina discrepans Reuss (1862), from
the Cretaceous of Germany, differs in being less robust
and less involute. Rare in the upper samples at La Jolla
and Point Loma, L. sp. cf. L. williamsoni occurs in a
single sample at Carlsbad.

Types and occurrence.—Figured specimen (UCLA 44142) from
sample §-28, Rosario Formation at La Jolla. Unfigured specimens

from Rosario Formation at Carlsbad and Point Loma (C83, J200,
L147).

LENTICULINA sp.
Plate 8, figure 4

Lenticulina warregoensis Crespin, TrupitLo, 1960, p. 314, pl. 45,

fig. 4.

Test free, lenticular, planispiral, involute, periphery
carinate. Chambers low, elongate, 7 to 9 in final whorl,
increasing gradually in size. Sutures fush, limbate,
strongly curved, overlapping. Wall calcareous, finely per-
forate, structure radial, surface smoothly finished. Aper-
ture at peripheral angle, radiate.

Maximum diameter of figured specimen, 0.99 mm.;
thickness, 0.49 mm.

Discussion.—A few rare specimens differ from Len-
ticulina sp. cf. L. williamsoni in their low, elongated
chambers, peripheral keel, and more strongly curved
sutures. These may represent a subspecies or may be
distinct. The specimen illustrated by TruyiLro (1960) as
L. warregoensis Crespin is identical to the present forms
but differs from the original illustrations in being less

elongate, relatively thicker, and more strongly involute.
Based on the evidence recorded by TrujiLro, this form
ranges from Turonian to Maastrichtian. The extended
range may be indicative of a homeomorphic series. It is
rare in the upper La Jolla samples and throughout the
Punta Descanso location.

Types and occurrence.—Figured specimen (UCLA 44147) from

sample 5-36, Rosario Formation at La Jolla. Unfigured specimens
from Rosario Formaton at Punta Descanso (J213, D79),

Genus MARGINULINA d’Orbigny, 1826

MARGINULINA ARMATA Reuss
Plate 8, figure 5
Marginulina armata Revss, 1860, p, 209, pl. 7, fig. 7.——Cusuman,

1946, p. 60, pl. 21, fig. 1.

Test free, elongate, initially slightly coiled, later un-
coiling, gently arcuate. Chambers inflated, subglobular,
increasing rapidly in size. Sutures distinct, depressed.
Wall calcareous, finely perforate, surface spinose. Aper-
ture terminal, eccentric, radiate, somewhat produced.

Maximum length of figured hypotype, 056 mm.;
diameter, 0.32 mm.

Discussion.—The present specimens are identical to
those of Cusaman (1946) from the American Gulf Coast.
This species occurs commonly in the middle samples at
La Jolla and Punta Descanso and is rare throughout the
Point Loma section. The Texas specimens are from the
upper Taylor Marl.

Types and occurrence.—Figured hypotype (UCLA 44148) from
sample $-9, Rosaric Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (]77,
L128, D110).

EXPLANATION OF PLATE 8

FIGURE

1-3. Lenticulina carlshadensis Suiter, n. sp.; lab, side and face
views of holotype, % 33; 2a,b, side and face views of paratype,
w665 3, side view of paratype, X 17 (p. 65).

4. Lenticulina sp.; 4ab, side and face views, X33 (p, 69).

5. Marginulina armata Reuss; 5a.b, side views, X52 (p. 69).

6-7. Marginulina bullata Reuss; 6ab, side and apertural views,
X66; 7, side view, X52 (p. 70).

8-9. Marginulina sp. cf. M. curvatura Cusaman; 8ab, side and
face views, X97; 9a,b, side views, X66 (p. 70).

10, Marginulina navarrogna Cusaman; side view, XY97 (p. 70).

11. Marginulinopsis  striatocarinata (CussiMaN & CampBELL);
11a,b, side and edge views, X23 (p. 70).

12-13. Marginulinopsis texasensis (Cusiman); 12ab, side and

edge views, X33; 13, side view, X52 (p. 71).

14-15. Palmula primitiva Cusiman; l4ab, side and edge views,

X52; 15, side view, X 66 (p. 72).

16. Pseudonodosaria, sp.; 16ab, side and apertural views, X197
(p. 72).

17. Pseudonodosaria obesa (LoesticH & TAPPAN);
X 66 (p. 72).

18. Pseudonodosaria manifesta (Reuss); side view, X66 (p. 72).

19-20. Neoflabellina pilulifera (CusiMaN & CAMPBELL)}

views, X33, X45 (p. 71).

21. Neoflbellina rugosa (D'Oreicny); side view, X33 (p. 71).

22. Saracemaria jarvisi (Brorzen): 22ab, side and face views,
x52 (p. 73).

side view,

side
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MARGINULINA BULLATA Reuss
Plate 8, figure 6-7

Marginulina (Marginulina) bullata Reuss, 1845, p. 29, pl. 13, fig.
34-38.

Marginulina bullata Reuss, Cusaman, 1946, p. 62, pl. 21, fig. 32-
37. Baxpy, 1951, p. 498, pl. 72, fig. 13. Hacn, 1953, p.
40, pl. 4, fig. |.——Pozaryska, 1957, p. 106, pl. 12, fig. 6.——
Martin, 1964, p. 63, pl. 5, fig. 10.

Test free, elongate, usually gently arcuate, circular in
transverse section, initial portion slightly coiled, later
uncoiling. Chambers becoming inflated, initially increas-
ing rapidly in size, later nearly uniform in size or slightly
reduced. Sutures depressed, nearly transverse. Wall cal-
carcous, hnely perforate, radial in structure, surface
smoothly finished. Aperture terminal, eccentric, radiate,
with distinct cylindrical neck.

Maximum length of figured hypotypes, 0.58 to 0.71
mm.; diameter, 0.27 to 0.31 mm.

Discussion.—This variable species, originally described
from the Cretaceous of Bohemia, is characterized by
inflated chambers and distinct, cylindrical apertural neck.
Two forms are present; one is elongate with uniformly
enlarging chambers, the other is smaller and has fewer,
more rapidly enlarging chambers. Both have approxi-
mately the same stratigraphic range and the distinctive
apertural neck, hence here they are considered to repre-
sent different generations in the life cycle of this species.
The specimen referred to Marginulina bullata by Granam
& Cuuren (1963) differs from the present specimens in
having less inflated chambers and in lacking the apertural
neck. M. bullata of Cusuman & Crurch (1929) may be
correctly referred, although the illustrated specimen is
broken and apertural details are not evident. M. bullata
is common at Carlsbad in the middle samples at La Jolla
and scattered throughout the Point Loma and Punta
Descanso sections. [t is most characteristic of the Taylor

Group in the American Gulf Coast.

Types and occurrence—Figured hypotype (Fig. 7, UCLA
44149} from sample C-2, Rosario Formation at Carlsbad. Figured
hypotype (Fig. 6, UCLA 44150) from sample S-17, Rosario
Formation at La Jolla. Unfigured hypotypes from Rosario Forma-
tion at Point Loma and Punta Descanso (C47, J139, L116, D111).

MARGINULINA sp. cf. M. CURVATURA Cushman
Plate 8, figure 8-9

Marginulina curvatura Cusimax, 1938b, p. 34, pl. 5, fig. 13-14.
CusHaan, 1946, p. 63, pl. 22, fig. 11-14.

Test free, globose to elongate, initially slightly coiled,
later tending to uncoil. Chambers inflated, increasing
rapidly in size. Sutures distinct, depressed, gently curved.
Wall calcareous, finely perforate, surface smooth. Aper-
ture terminal, eccentric, radiate.

Maximum length of figured hypotypes, 0.34 to 0.54
mm.; diameter, 0.20 to 0.39 mm.

Discussion.—The specimens referred to this species
are similar to the two forms of Marginulina bullata but

differ in lacking the apertural neck. Topotype material
from the Corsicana Marl of Texas (locs. 26-28 of Cusn-
MAN, 1946) include specimens identical to those here
figured. The known distribution of these forms also
argues for their separation from M. dullata. At La Jolla,
they appear prior to M. bullata and then extend beyond
the range of the latter. In the Carlsbad section, only
M. bullata is present, whereas at Point Loma and Punta
Descanso, the species occur together. Granam & CHurcH
(1963) assigned very similar forms to the Albian species
M. trunculata (Berrueuin), whereas Tappan (1962)
referred similar forms in the Albian of Alaska to M.
planiuscula (Reuss). Further stratigraphic evidence is
needed to determine if these occurrences indicate a single
long ranging species or homeomorphic growth stages in
various distinct species of Marginulina.

Types and occurrence.—Figured hypotype (Fig. 8, UCLA
44151) from sample L-2, Rosario Formation at Point Loma. Fig-
ured hypotype (Fig. 9, UCLA 44152) from sample S-11, Rosario

Formation at La Jolla. Unfigured hypotypes from Rosario Forma-
tion at Punta Descanso (]26, L55, D28).

MARGINULINA NAVARROANA Cushman
Plate 8, figure 10

Marginulina navarroana Cusumax, 1937a, p. 98, pl. 14, fig. 17-18,

——Cusuman, 1946, p. 62, pl. 22, fig. 1-5.

Test free, clongate, tapering, slightly coiled initially,
rapidly becoming uncoiled. Chambers inflated, increasing
moderately in size. Sutures initially obscure, later dis-
tinct, depressed and slightly oblique. Wall calcareous,
finely perforate, surface ornamented by distinct longi-
tudinal costae that are slightly twisted on the initial por-
tion of the test. Aperture terminal, marginal, radiate and
somewhat projecting.

Maximum length of figured hypotype, 0.36 mm;
diameter, 0.12 mm.

Discussion.—This species occurs rarely in the upper
samples at La Jolla. It is distinguished by the tapering
test and twisted costae. In the American Gulf Coast it is
characteristic of Navarro strata.

Types and occurrence.—Figured hypotype (UCLA 44153) from
sample §-23, Rosario Formation at La Jolla (J174).

Genus MARGINULINOPSIS Silvestri, 1904

MARGINULINOPSIS STRIATOCARINATA (Cushman &
Campbell)
Plate 8, figure 11
Marginulina striato-carinata CusiMaN & CameseLr, 1935, p. 67, pl.

10, fig. 4, 7.

Test free, elongate, rectilinear to gently arcuate, initial
portion planispirally coiled, compressed, periphery acute
or carinate, later uncoiling and circular in transverse sec-
tion. Chambers initially overlapping, later becoming in-
flated. Sutures distinct, initially flush and commonly
limbate, later depressed. Wall calcareous, finely perforate,
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radial in structure, surface ornamented by fine longi-
tudinal costae extending nearly to final chamber, com-
monly more distinct across sutures, or surface may be
nearly smooth. Aperture terminal, eccentric, radiate.

Maximum length of hgured hypotype, 1.75 mm.;
diameter, 0.39 mm.

Discussion.—Originally described from the Moreno
Formation of California, this species is more elongate and
relatively thinner than Marginulinopsis texasensis (Cusu-
MmAn) and has a carinate initial periphery and numerous
costac, The present specimens differ considerably in
strength of the costace, as well as in presence of the initial
carina. Some specimens are nearly smooth and are nearly
identical to those illustrated by Gramam & CHurcH
(1963) as M. hemicylindrica (Noru). These may be
synonymous to the present species and represent a non-
costate variation. M. striatocarinata is most common in
the lower samples at La Jolla and rare at Point Loma.

Types and occurrence.—Figured hypotype (UCLA 44154) from

sample S-1, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (]52, L158).

MARGINULINOPSIS TEXASENSIS (Cushman)
Plate 8, figure 12-13

Marginulinag texana CUsaman, (non GarrerT & Enuis), 19373, p.
95, pl. 14, fig. 1-4.

Marginulina texasensis Cusumax, 1938, p. 95, Cusrivan, 1946,
p. 61, pl. 21, fg. 21-29, 38, 40. Takavanact, 1960, p. 90,
pl. 4, fig. 13.

Margintlina sp. Granam & CHurcH, 1963, p. 39, pl. 4, fig. 6-7.

Test free, elongate, early portion planispirally coiled,
compressed, margin subacute, later uncoiling, rectilinear
to gently arcuate, circular in transverse section. Chambers
overlapping, becoming inflated. Sutures distinet, limbate,
depressed in later stage. Wall calcareous, finely per-
forate, radial in structure, surface smooth. Aperture
terminal, marginal, radiate.

Maximum length of figured hypotypes, 0.88 to 1.10
mm.: diameter, 0.29 to 032 mm.

Discussion.—This species was originally described
from the Pecan Gap Chalk Member of the Taylor Marl
of Texas and is recognized by the initial compressed coil
and later inflated, noncompressed chambers. The speci-
men illustrated by Cusaman & Cuurcn (1929) as Mar-
ginulina elongata v'OrsicNy may be synonymous as they
describe the later chambers as nearly circular in trans-
verse section. The illustrations, however, clearly show the
entire test to be compressed, so that it is not included in
the synonymy. The 2 specimens here illustrated show the
variation present in the initial coil. The present specimens
are most common at Carlsbad and rare at La Jolla and
Point Loma. American Gulf Coast occurrences include
the Taylor and lower Navarro Groups.

Types and occurrences,—Figured hypotype (Fig. 12, UCLA
44155) from sample S-11; figured hypotype (Fig. 13, UCLA 44156)
from sample §-38; both from Rosano Formation at La Jolla. Unfig-

ured hypotypes from Rosario Formation at Carlsbad and Point Loma
(C112, 1125, L100).

Genus NEOFLABELLINA Bartenstein, 1948

NEOFLABELLINA PILULIFERA (Cushman & Campbell)
Plate 8, figure 19-20

Flabellina pilulifera Cusimax & Campsery, 1935, p. 67, pl. 10, fig.
0.

Flabellina numismalis Wepekiso, 1940, p. 200, pl. 9, fig. 1-3, pl.
11, hg. 89,

Neoflabellina pilulifera (Cushman & Campbell), Grasam & Churen,
1963, p. 40, pl. 5, fig. 4-5. Marnin, 1964, p. 72, pl. 7, fg. 8.

Test free, large, broad, compressed, initial end blunt,
periphery truncate, sides parallel. Chambers initially
planispiral, later rectilinear, clongate, narrow, equitant.
Sutures distinct, elevated, acute, tuberculate in early por-
tion, later continuous. Wall calcareous, perforate, surface
between sutures generally smooth. Aperture, radiate,
terminal, slightly produced.

Maximum length of fgured hypotypes, 1.07 to 1.11
mm.; breadth, 0.75 to 0.92 mm.; thickness, 0.14 to 0.21
mm.

Discussion.—The distinguishing features of this species
are the broad, initially flattened test, initially tubercu-
late sutures, and smooth intersutural surface. The Euro-
pean species Flabellina numismalis WEDEKIND also pos-
sesses these morphologic characteristics and has the same
relative size and stratigraphic range, hence is regarded as
synonymous to N. pilulifera. California records of N.
pilulifera include the original description from the Upper
Cretaceous Moreno Shale, the Campanian of Stanford
University campus (GrAHAM & CHuren, 1963), and the
Maastrichtian of the Panoche Group, Merced County
(MarTin, 1964). European occurrences include the mid-
dle and upper Campanian of Germany.

Types and occurrence—Figured  hypotype  (Fig. 19, UCLA
44157) from sample S-11; figured hypotype (Fig. 20, UCLA 44158)
from sample S-4: both from Rosario Formation at La Jolla. Un-

figured hypotypes from Rosario Formation at Point Loma and Punta
Descanso (]88, L131, D143).

NEOFLABELLINA RUGOSA (d'Orbigny)
Plate 8§, hgure 21
Flabellina rugosa p'Ormeny, 1840, p. 23, pl. 2, hg. 45, 7——

Brotzexn, 1936, p. 107, fig. 35.

Palmula rugosa ('Orbigny), Cusumax, 1946, p. 83, pl. 31, fig. 9-

16 (not 17).

Neoflabellina rugesa (d'Orbigny), Loesticu & Tarean, 1964, p.

€522, fig. 407, 6——Marmiy, 1964, p. 72, pl. 7, fig. 9.

Test free, large, palmate, compressed, periphery trun-
cate, sides parallel. Chambers imitially planispiral, later
rectilinear, elongate, narrow, equitant. Sutures distinct,
elevated, acute, continuous. Wall calcareous, perforate,
surface between sutures tuberculate. Aperture terminal,
radiate, produced.

Maximum length of figured hypotype, 1.35 mm.;
breadth, 0.79 mm.; thickness, 0.18 mm.
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Discussion.—This species, originally described from
the Craie Blanche, is distinguished from Neoflabellina
pilulifera by the palmate test, slightly wider chambers,
and tuberculate surface ornamentation. The present
specimens are relatively scarce and vary considerably in
test outline. Many are identical to the European sub-
species N. rugosa leptodisca (WepEkinD) but are inter-
gradational to other forms in the population. For this
reason, the recognition here of the subspecies recorded in
Europe by Wepekino (1940) and Hirtermany & Kocn
(1955, 1956, 1957, 1960) must await the recovery of
larger populations. In the La Jolla section, N. rugosa is
restricted to the lower samples whereas N. pilulifera
extends higher in the section. The specimens illustrated
as N. rugosa by McGucan (1964) from the Senonian of
Vancouver Island, Canada, are not presently included in
the synonymy as they lack the distinctly tuberculate sur-
face ornamentation. N. rugosa occurs throughout Austin,
Taylor, and Navarro strata in the American Gulf Coast
and the Senonian of Europe.

Types and occurrence.—Figured hypotype (UCLA 44159) from
sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla and Punta Descanso (C82, J83,
DI141).

Genus PALMULA Lea, 1833

PALMULA PRIMITIVA Cushman
Plate 8, figure 14-15

Palmula primitiva Cusaman, 1939, p. 91, pl. 16, fig. 4-5.——Cusu-
MaN, 1946, p. 84, pl. 32, fig. 1-2.——Banpy, 1951, p. 495, pl.
72, fig. 14——Mantin, 1964, p. 72, pl. 7, fig. 2.

Falsopalmula primitiva (Cushman), Pozarvska, 1957, p. 169, pl.
20, fig. 2.
Test free, clongate, compressed, initially planispirally

coiled, later uncoiled, rectilinear, with low, arched
chambers. Sutures distinct, limbate, slightly depressed to
flush. Wall calcareous, finely perforate, surface may have
fine longitudinal striae, especially over sutures. Aperture
terminal, radiate.

Maximum length of figured hypotypes, 0.66 to 0.85
mm.; breadth, 0.22 to 0.29 mm.; thickness, 0.10 to 0.12
mm.

Discussion.—Palmula primitiva is presently restricted
to Carlsbad where it occurs in all but one sample. Two
forms are present; one has a globular proloculus, a more
elongate test, lacks striations, and shows less tendency to
develop chevron-shaped chambers; the other has a wider
test, chevron chambers, and fine striations. These 2 forms
seem to represent different generations in the life cycle.
The present specimens are nearly identical to the original
illustrations from the Pecan Gap Member of the Taylor
Marl of Texas. American Gulf Coast occurrences are
limited to Taylor strata.

Types and occurrence.—Figured hypotypes (Fig. 14-15, UCLA

44160-44161) from sample C-3, Rosario Formation at Carlsbad
(C49).

Genus PSEUDONODOSARIA Boomgaart, 1949

PSEUDONODOSARIA MANIFESTA (Reuss)
Plate 8, figure 18
Glandulina manifesta Reuss, 1851, p. 22, pl. 1, fig. 4.——CusHman
& Cuurch, 1929, p. 511, pl. 39, fig. 10.
Nodosaria larva Carsey, 1926, p. 31, pl. 2, fig. 2.
Pseudoglandulina manifesta (Reuss), Cusumax, 1946, p. 76, pl. 27,
Ag. 20-26.
Pseudonodosaria larva (Carsey), Loksricu & Tappan, 1955, p. 6,
pl. 1, fig. 1-7. MarTiN, 1964, p. 59, pl. 4, fig. 11.
Rectoglandulina sp, B, Granam & ChurcH, 1963, p. 46, pl. 5, fig. 3.

Test free, elongate, uniserial, rectilinear. Chambers
strongly overlapping, becoming inflated. Sutures distinct,
initially flush, limbate, later depressed. Wall calcareous,
finely perforate, surface smooth. Aperture terminal,
radiate.

Maximum length of figured hypotype, 0.43 mm.; di-
ameter, 0.10 mm.

Discussion.—This species is distinguished by the
strongly overlapping chambers, short, tapering test and
radiate aperture. The present forms are identical to those
in my collection from the Kemp Clay (loc. 19 of Cusn-
MAN, 1946). Morphologic variation is noted in the degree
of apical bluntness, depression of sutures, and length
of test. Originally described from the Upper Cretaceous
of Poland, this widespread species ranges from Austin to
Navarro age in the American Gulf Coast.

Types and occurrence.—Figured hypotype (UCLA 44162) from
sample C-5, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla and Punta Descansa (CI130,
J46, DI55).

PSEUDONODOSARIA OBESA (Locblich & Tappan)
Plate 8, figure 17
Rectoglandulina obesa Loesricu & Tappan, 1955, p. 5, pl. 1, fig.

5-6.——Granam & CHurch, 1963, p. 46, pl. 5, fig. 1.

Test free, ovate in outline, initial end pointed. Cham-
bers distinct, strongly embracing, uniserially arranged,
rectilinear. Sutures distinct, flush. Wall calcareous, finely
perforate, surface smoothly finished. Aperture terminal,
radiate.

Maximum length of figured hypotype, 0.39 mm.; di-
ameter, 0.29 mm.

Discussion.—Originally described from the lower
Campanian Ozan sand of Arkansas, this species is recog-
nized by its oval outline and large final chamber. The
present specimens occur characteristically at Carlsbad with
a single additional occurrence at Point Loma.

Types and occurrence.—Figured hypotype (UCLA 44163) from

sample C-3, Rosario Formation at Carlsbad. Unfigured hypotype
from Rosario Formation at Point Loma (CI113, L110).

PSEUDONODOSARIA sp.
Plate 8, figure 16

Test free, small, elongate, rectilinear. Chambers uni-
serial, overlapping, becoming slightly inflated. Sutures
distinct, depressed. Wall calcareous, hyaline, finely per-
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forate, surface smooth, Aperture terminal, radiate, slight-
ly produced.

Maximum length of figured specimen, 0.26 mm.;
diameter, 0.10 mm.

Discussion.—Only rare specimens were found at La
Jolla and Carlsbad. They resemble Pseudonodosaria
kirschneri (Tappax, 1957) from the Albian of Alaska but
are smaller and lack the inflated final chamber.

Types and occurrence,—Figured specimen (UCLA 44164) from

sample S-3, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad (CI138, J78).

Genus SARACENARIA Defrance in de Blainville, 1824

SARACENARIA CALIFORNICA Sliter, n. sp.
Plate 9, hgure 5

Test free, lenticular, initial portion planispirally coiled,
later uncoiling, periphery carinate, apertural face flat-
tened. Chambers numerous, 10 to 12 in final whorl, low,
clongate, increasing gradually in size. Sutures distinct,
limbate, flush, curved. Wall calcareous, finely perforate,
surface smoothly finished. Aperture at peripheral angle,
radiate.

Maximum diameter of holotype, 0.58 mm.; thickness,
0.27 mm.

Discussion.—This species is casily recognized by the
numerous chambers, keeled periphery, and tendency to
uncoil in later stage. A somewhat similar species, Sara-
cenaria sina (Karrer) (1870) from the Upper Cretaceous
of Germany, becomes more elongate and has a more dis-
tinctive apertural face and sinuous sutures. S. californica
occurs at La Jolla, Point Loma and more rarely at Punta
Descanso in strata of Campanian to Maastrichtian age.

Types and occurrence—Holotype (UCLA 44170) from sample
$-15; paratype (UCLA 44171) from sample S-17; both from

Rosario Formation at La Jolla. Unfigured paratypes from Rosario
Formation at Point Loma and Punta Descanso (J76, L117, D9%4).

SARACENARIA JARVISI (Brotzen)
Plate 8, figure 21

Astacolus jarvisi Brovzen, 1936, p. 56, fig. 17 (partim), pl. 3, fig.

6-7.

Saracenarta jarvisi (Brotzen), Scuiyrsnma, 1946, p. 61, pl. 3, fig. 2.

Test free, elongate, initially planispiral, later uncoiling,
apertural face relatively narrow, margins acute. Cham-
bers elongate, narrow, curved. Sutures distinct, flush to
slightly depressed, limbate. Wall calcareous, finely per-
forate, radiate in structure, surface smooth. Aperture
terminal, radiate.

Maximum length of figured hypotype, 0.87 mm.;
breadth, 0.46 mm.; thickness, 0.32 mm.

Discussion.—A few rare specimens at Carlsbad, re-
ferred to this species, differ from Saracenaria saratogana
Howe & Wavrrack in being smaller, more compressed and
in having acute margins. In the original concept of the
species, Brorzen included 2 types which he believed to

be representative of variation within the population. In
the present samples, they seem not to be intergradational.
Type 1 (Brorzen, 1936, fig. 17,1-2) represents specimens
here placed in §. triangularis (p'Orsiony) while type 2
(3-5) is similar to the present forms. Thus the concept of
S. jarvisi is restricted to those specimens illustrated by
Brotzen (fig. 17,3-5; pl. 5, fig. 6-7). A similar form il-
lustrated by Takavanact (1960) as S. saratogana may be
synonymous.

Types and occurrence.—Figured hypotype (UCLA 44165) from
sample C-1, Rosario Formation at Carlsbad (CS1).

SARACENARIA NAVICULA (d'Orbigny)
Plate 9, figure |
Cristellaria navicula p'Ormicyy, 1840, p. 27, pl. 2, fig. 19-20.
Lenticnling navicula (d'Orbigny), Cusiman, 1946, p. 56, pl. 18,
fig. 16,
Saracenaria navicnla (0'Orbigny), Baxoy, 1951, p, 493, pl. 72, fig.
12. Hax, 1953, p. 52, pl. 6, fig. 6.

Test free, planispiral, periphery subacute to acute,
apertural face of final chamber flattened to gently convex,
broad, periphery subacute to somewhat rounded. Cham-
bers 7 to 9 in final whorl, increasing moderately in size,
becoming elongated. Sutures distinct, curved, limbate,
flush. Wall calcareous, finely perforate, surface smooth.
Aperture at peripheral angle, radiate.

Maximum diameter of figured hypotype, 0.83 mm.;
thickness, 0.48 mm.

Discussion.—Originally described from the Craie
Blanche, Saracenaria navicula is distinguished from §.
jarvisi by the involute test and relatively wide apertural
face. Specimens are quite variable. In the lower samples
at La Jolla, they have a broad flattened apertural face
with a distinctly angular periphery. By the top of the
section, a second form has appeared, which is recognized
by the thinner test and more convex apertural face with
less angular periphery. The latter type is also found most
commonly at Carlsbad but intergrades with a less com-
mon angular form. Both types are presently included in
S. navicula,

Types and occurrence.—Figured hypotype (UCLA 44166) from
sample S-18, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C41, 119, L45, D29).

SARACENARIA SARATOGANA Howe & Wallace
Plate 8, figure 2

Saracenaria italica Cushman (non Defrance), Cusuman, 1931a, p.

305, pl. 34, fig. 15-16.

Saracenaria saratogana Howe & Warrace, 1932, p. 40.——Cusu-

MaN, 1946, p. 58, pl. 28, hg. 4-6.

Test free, large, elongate, initially biserial, later un-
coiling, margins subacute to rounded. Chambers elongate,
curved, increasing rapidly in size. Sutures distinct, flush,
curved. Wall calcareous, finely perforate, radial in struc-
ture, surface smooth. Aperture terminal, radiate.
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Maximum length of figured hypotype, 0.99 mm.;
breadth, 0.56 mm.; thickness, (.58 mm.

Discussion.—Originally described from the Saratoga
Chalk of Arkansas, this species has a tendency to uncoil
in the later stage and has rounded margins and an elon-
gate test. The present specimens are most common at
Carlsbad and infrequent at La Jolla and Point Loma. In
the American Gulf Coast, Saracenaria saratogana is char-
acteristic of Maastrichtian strata.

Types and occurrence.—Figured hypotype (UCLA 44167) from
sample S-1, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad and Point Loma (C85, J4I,
L98).

SARACENARIA TRIANGULARIS (d’Orbigny)
Plate 9, figure 3-4
Cristellaria triangularis D'OrpiGNY, 1840, p. 27, pl. 2, fig. 21-22.
Saracenaria triangularis (d'Orbigny), Cusimax, 1946, p. 58, pl. 28,
fig. 1-3. Banpy, 1951, p. 494, pl. 72, fig. 11.——Haox,

1953, p. 52, pl. 6, hig. 4.——Saw & Kenawy, 1956, p. 131, pl.

3, fig. 1. TruyiLro, 1960, p. 316, pl. 45, fig. 12.
Saracenaria sp. cf. S. triangularis (d'Orbigny), Takavanaci, 1960,

p. 106, pl. 6, fig. 8.

Saracenaria jarvisi (Brotzen), Granam & Cuurch, 1963, p. 46, pl.

5, fig. 13.

Test free, large, initially planispirally coiled, later
tending to uncoil, triangular in transverse section, mar-
gins acute. Chambers elongate, curved, increasing rapidly
in size. Sutures distinct, flush to slightly depressed,
curved. Wall calcareous, finely perforate, structure
radial, surface smooth. Aperture terminal, radiate.

Maximum length of figured hypotypes, 0.46 to 1.29
mm.; breadth, 0.34 to 0.70 mm.; thickness, 0.31 to 0.66
mm.

Discussion.—Specimens here assigned to this species
show considerable variation and, with the exception of
Carlsbad, occur rather sporadically. They appear to be
part of a gradational population that is distinguished
from Saracenaria saratogana by its wider, more distinct
triangular section, acute margins, and a lessened tendency
to uncoil. Certain forms resemble S. psewdonavicula
Marie (1941) but no basis is presently available for sep-
arating these as a distinet species. Originally described
from the Craie Blanche, S. triangularis ranges in the
American Gulf Coast from Austin to Navarro age.

Types and occurrence.—Figured hypotvpe (Fig. 3, UCLA
44169) from sample S-1, Rosario Formation at La Jolla. Figured
hypotype (Fig. 4, UCLA 44168) from sample C-2, Rosario Forma-
tion at Carlsbad. Unhgured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C67, J40, 1136, D83).

Genus TRIBRACHIA Schubert, 1912

TRIBRACHIA sp.
Plate 9, figure 6

Test free, elongate, narrow, uniserial, rectilinear, tri-
angular in section, peripheral angles truncate. Chambers
distinct, numerous, low, strongly arched. Sutures distinct,
strongly curved, slightly depressed. Wall calcareous, hya-

line, finely perforate, surface smooth, with longitudinal
costac. Aperture terminal, radiate.

Maximum length of figured specimen, 148 mm.;
breadth, 0.26 mm.

Discussion.—Only 2 fragments of this form were re-
covered from the upper samples at La Jolla. Tt differs
from Tribrachia tricarinata (0'Orsrony) (1840). original-
ly described from the Craie Blanche, in having longi-
tudinal costac and a somewhat less lobate periphery.
Nevertheless, it appears to be closely related to the latter
species and may constitute a morphologic variant.

Type and occurrence.—Figured specimen (UCLA 44172) from
sample S-26, Rosario Formation at La Jolla (J192),

Genus VAGINULINA d’Orbigny, 1826

VAGINULINA OLSSONI Sliter, n. sp.
Plate 9, hgure 7
Nodosaria confluens Reuss, Ecoer, 1899-1902, p. 72, pl. 9, fig. 27-

28,

Test free, elongate, straight to slightly arcuate, com-
pressed, with basal spine. Chambers initially overlapping,
later elongate and inflated. Sutures distinct, transverse to
the longitudinal axis, limbate, flush in early stage, later
depressed. Wall calcareous, finely perforate, surface orna-
mented with numerous, distinct, longitudinal costae.
Aperture terminal, marginal, produced on distinct neck,
radiate.

Maximum length of holotype, 1.36 mm.; breadth, 0.24
mm.; thickness, 0.19 mm.

Discussion,—This species differs from the original
illustrations of Dentalina confluens (Reuss, 1862) in being
compressed throughout, in lacking subglobular ultimate
chambers, and in having a more distinct apertural neck.
The form referred to the latter species by Eccer is nearly
identical to the present specimens and is here included in
synonymy. Examined hypotypes from the upper Taylor
Marl (loc. 148 of Cusaman, 1946) in the American Gulf
Coast which are referred to D. confluens do indeed belong
to that genus. Furthermore, the specimen illustrated by
Ovusson as D. crosswicksensis Orsson (1960) from the
Hornerstown Formation of New Jersey appears to be a
topotype of D. confluens, originally described from the
Cretaceous greensand of New Jersey. It seems obvious
that the present specimens are clearly distinct from D.
confluens and represent a new species of Vaginulina.
This species is presently limited to the Carlsbad locality
and occurs throughout the section.

Types and occurrence—Holotype (UCLA 44174) from sample

C-4; paratype (UCLA 44175) from sample C-7; both from Rosario
Formation at Carlsbad (C20).

VAGINULINA PLUMMERAE (Cushman)
Plate 9, figure §
Marginudina plummerac Cusaman, 1937a, p. 97, pl. 13, fg. 21-23.
—Pozaryska, 1957, p. 110, pl. 13, fig. 5.
Vaginulina plummerae (Cushman), Baxoy, 1951, p, 494, pl. 72,
fig. 15.
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Test free, clongate, straight to gently arcuate, com-
pressed, more strongly so in early stage. Chambers
numerous, initially overlapping, later becoming inflated.
Sutures distinct, flush to slightly raised in early stage,
especially limbate in middle portion, later depressed,
Wall calcareous, finely perforate, surface smoothly fin-
ished. Aperture terminal, radiate.

Maximum length of figured hypotype, 155 mm.;
breadth, 0.29 mm.; thickness, 0.24 mm. Other hypotypes
range to 2.30 mm. in length.

Discussion.—The present specimens are identical to
hypotypes in my collection from the Kemp Clay (loc. 19
of Cusuman, 1946). They occur most commonly at Carls-
bad, with a few rare specimens present at Punta Descanso.
Originally described from the Corsicana Marl of Texas,
the American Gulf Coast occurrences of this species are
charactenistic of the Navarro.

Types and occurrence.—Figured hypotype (UCLA 44173) from

sample C-3, Rosario Formation at Carlsbad. Unfgured hypotypes
from Rosario Formation at Punta Descanso (C57, D112).

Genus VAGINULINOPSIS Silvestri, 1904

VAGINULINOPSIS DIRECTA (Cushman)
Plate 9, hgure 9

Marginulina austinana Cushman var. directa Cusiimax, 19373, p.

93, pl. 13, fig. 5-8——Custsan, 1946, p. 59, pl. 20, fig. 11-16.
Marginuling directa Cushman, Basoy, 1951, p. 498, pl. 73, fig. 1.

Test free, clongate, compressed, initial portion plani-
spirally coiled, later uncoiling. Chambers numerous, in-
creasing gradually in size in later stage, becoming slightly
inflated. Sutures distinct, gently curved, flush in early
stage, later depressed, limbate throughout, somewhat more
strongly centrally and at outer margin. Wall calcareous,
finely perforate, surface smoothly finished. Aperture
terminal, marginal, radiate.

Maximum length of figured hypotype, 1.87 mm,
breadth, 0.65 mm.; thickness, 0.43 mm.

Discussion.—Originally described from the Austin
Chalk of Texas, this species differs from Vaginulinopsis
silicula (PLusmmer, 1931) in being relatively smaller and
less compressed and in lacking the basal spines and raised,
limbate sutures. The species is locally confined to the
Carlsbad section with two rare occurrences at La Jolla.
The American Gulf Coast specimens range from upper
Austin to the middle of the Taylor Group.

Types and occurrence.—Figured hypotype (UCLA 44176) from

sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla (C121, JI81).

Subfamily LINGULININAE Locblich & Tappan, 1961
Genus LINGULINA d'Orbigny, 1826
LINGULINA PYGMAEA Recuss

Plate 9, figure 10

Lingulina pygmaea Rruss, 1875, p. 90, pl. 2 (20), fig. 23—
Grananm & Cuuren, 1963, p. 37, pl. 3, fig. 24-25.
Linguline californiensis Trupiiro, 1960, p. 314, pl. 45, fig. 8.

Test free, elongate, compressed, uniserial, nearly
parallel-sided, periphery slightly lobate, edge subacute,
initial end commonly blunt, with ragged periphery.
Chambers slightly inflated, overlapping, increasing grad-
ually in size. Sutures distinct, slightly depressed, limbate.
Wall calcareous, finely perforate, surface smooth. Aper-
ture a terminal, ovate slit.

Maximum length of figured hypotype, 0.34 mm
breadth, 0.22 mm.; thickness, 0.15 mm.

Discussion.—This distinctive species is rare at La Jolla
and Point Loma and the specimens are identical to those
recorded by Granam & Crurch (1963) from the Cam-
panian of the Stanford University campus. Examination
of the holotype and paratypes of Lingulina californiensis
Trujiro from the Coniacian of northern California
shows it to be synonymous. L. californiensis of MarTiN
(1964), from the upper Santonian of California, differs
in having the small projecting keels characteristic of L.
taylorana Cusuman. The Gulf Coast specimen referred to
by Cusuman (1946) differs in having relatively fewer,
higher chambers and less limbate sutures. These speci-
mens may represent a morphologic variation or a distinct
species. The California stratigraphic range of L. pygmaca
is from Coniacian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44177) from

sample 8-30, Rosario Formation at La Jolla, Unfigured hypotypes
from Rosario Formation at Point Loma (]144, L167).

LINGULINA sp.
Plate 9, figure 11

Test free, elongate, compressed, slightly arcuate, pe-
riphery rounded. Chambers inflated, overlapping, increas-
ing moderately in size. Sutures distinct, depressed. Wall
calcareous, finely perforate, hyaline, surface smoothly
finished. Aperture an clongate, terminal slit, displaced to
one side.

Maximum length of hgured specimen, 0.54 mm.;
breadth, 0.17 mm.; thickness, 0.15 mm.

Discussion.—This specimen bears some resemblance
to the arcuate Albian species, Lingulina stillula BerTHE-
LIN.

Types and occurrence.—Figured specimen (UCLA 44178) from
sample E-12, Rosario Farmation at Punta Descanso (D142).

Genus BERTHELINELLA Loeblich & Tappan, 1957
BERTHELINELLA MINUTA (Sullivan)
Plate 9, figure 12-13
Plectofrondicrdaria minuta Surrvax, 1962, p, 269, pl. 13, fig. 1-4.

Test free, elongate, compressed, initially biserial or
uniserial, faring, later nearly parallel-sided, uniserial,
periphery subrounded. Chambers few, biserial portion
generally consisting of 3 globular chambers, followed by
curved, narrow and inflated uniserial chambers; peripheral
spines at base of chamber tend to become reduced in adult
stage. Sutures distinct, depressed. Wall calcareous, finely
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perforate, surface granular. Aperture a terminal elongate
shit,

Maximum length of hypotype, 1.16 mm.; breadth,
0.37 mm.; thickness, 0.10 mm.

Discussion.—Originally described from the Eocene of
California, this species includes 2 forms; the rarer speci-
mens have a globular proloculus followed by uniserial
chambers while in the more common forms, the initial
chambers are biserially arranged. Specimens lacking a
biserial stage somewhat resemble Lingulina praelonga
Ten Dam (1946) from the Lower Cretaceous of the
Netherlands but are larger and have a spinose periphery
and granular texture. The present specimens are here
referred to Berthelinella on the basis of the nonradiate,
slitlike aperture and elongate, palmate test. This species
occurs in the upper samples at La Jolla and the lower
samples at both Point Loma and Punta Descanso. The
stratigraphic range is Campanian to Eocene.

Types and occurrence.—Figured hypotype (Fig. 12, UCLA
44179) from sample $-24, Rosario Formation at La Jolla. Figured

hypotype (Fig. 13, UCLA 44181) from sample E-6, Rosario Forma-
tion at Punta Descanso (J178, L81, D57).

Genus BERTHELINOPSIS Sliter, n. gen.

Type species.—Berthelinopsis carlshadensis SLITER, n. sp.

Test free, elongate, compressed, periphery subrounded.
Chambers elongate, narrow, biserially arranged through-
out. Wall calcareous, finely perforate, radial in structure.
Aperture terminal, slitlike.

Discussion.—Berthelinopsis differs from the genus
Berthelinella in lacking the uniserial ultimate stage, trun-

cate periphery, and palmate outline. The final chamber
may be elongate, but the aperture remains terminal rather
than at the base of the final chamber as in Bolivina, and
there is no tooth plate.

BERTHELINOPSIS CARLSBADENSIS Sliter, n. sp.
Plate 9, figure 16

Test free, small, elongate, compressed, periphery sub-
rounded. Chambers biserially arranged, elongate, nar-
row, slightly overlapping from 3 to 4 pairs in adult. Su-
tures distinct, flush. Wall calcareous, finely perforate,
radial in structure, surface smooth. Aperture an elongate
slit in plane of compression.

Maximum length of holotype, 0.31 mm.; breadth, 0.14
mm.; thickness, 0.90 mm.

Discussion.—This minute species occurs rarely at
Carlsbad and shows some morphologic variation in the
shape of the final chamber and the amount of slight twist-
ing of the initial chambers. The stratigraphic range is
middle to upper Campanian.

Types and occurrence.—Holotype (UCLA 44182) from sample
C-4; paratype (UCLA 44183) from sample C-3; both from Rosario
Formation at Carlsbad (CI118).

Genus ELLIPSOCRISTELLARIA Silvestri, 1920
ELLIPSOCRISTELLARIA sp.
Plate 9, figure 14
Globulina sp. A, Granam & Cuurch, 1963, p. 49, pl. 5, fig. 17.

Test free, small subspherical, slightly compressed,
planispiral, 3 chambers in final whorl. Chambers sub-
globular, inflated, strongly embracing. Sutures distinct,

EXPLANATION OF PLATE 9

FIGURE

1. Saracenaria navicula (D'ORBIGNY);
%52 (p. 73).

2. Saracenaria saratogana Howe & WaLLAcg; 2a,b, side and face
views, X45 (p. 73).

3-4. Saracenaria triangularis (p'Ommiony); 3ab, side and face
views, > 89; 4a,b, side and face views, X33 (p. 74).

5. Saracenaria californica SuiTer, n. sp.; Sab, side and face
views, X 66 (p. 73).

6. Tribrachia sp.; 6ab, side and apertural views, X33 (p. 74).

7. Vaginulina olssoni Svrrew, n. sp.; 7ab, side and apertural
views, X33 (p. 74).

8. Vaginulina plummerae (CusuMaNn); side view, X23 (p. 74).

9. Vaginulinopsis directa (Cusuman); side view, X23 (p. 75).

la,b, side and face views,

10. Lingulina pygmuaca Reuss;
%97 (p. 75).
11. Lingulina sp.; 1lab, side and apertural views, X89 (p. 75).
12-13. Berthelinella munuta (Surrivan); 12, side view of holo-
type, X52; I3ab, side and edge views of paratype, X66
(p. 75).
14, Ellipsocristellaria sp.; 14ab, side and apertural views, X187
(p. 76).
15. Lingulinopsis sp.; 15a,b, side and edge views, X66 (p. 77).
16. Berthelinopsis carisbadensis SLrter, n. gen., n. sp.; 16ab, side
and apertural views, X97 (p. 76).
17. Globulina lacrima (Reuss); 17a-c, opposite sides and apertural
views, X97 (p. 77).

10a,b, side and apertural views,
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flush. Wall calcareous, finely perforate, surface smoothly
finished. Aperture a terminal slit, parallel to plane of
compression.

Maximum length of figured specimen, 0.14 mm.;
thickness, 0.12 mm. Other specimens range to .27 mm.
in length.

Discussion.—Only a few, rare specimens of this fora-
minifer were found in the upper samples at La Jolla. The
subglobular, planispirally arranged chambers and slitlike
aperture distinguish this form.

Types and occurrence.—Figured specimen (UCLA 44184) from
sample §-22, Rosario Formation at La Jolla (J172).

Genus LINGULINOPSIS Reuss, 1860

LINGULINOPSIS sp.
Plate 9, figure 15

Test free, slightly compressed, initially enrolled, later
uncoiling, becoming uniserial, periphery subrounded.
Chambers numerous, inflated, strongly embracing, earlier
chambers narrow, arcuate. Sutures distinct, slightly de-
pressed. Wall calcarcous, finely perforate, smooth. Aper-
ture an clongate, terminal slit in plane of compression.

Maximum length of figured specimen, 0.53 mm,
breadth, 0.31 mm.; thickness, 0.29 mm,

Discussion.—A single specimen of this distinctive
form was recovered from Point Loma.

Types and occurrence.—Figured specimen (UCLA 44185) from
sample L-13, Rosario Formation at Point Loma (L132).

Family POLYMORPHINIDAE d'Orbigny, 1839
Subfamily POLYMORPHININAE d'Orbigny, 1839

Genus GLOBULINA d'Orbigny, 1839

GLOBULINA LACRIMA (Recuss)
Plate 9, figure 17; Plate 10, figure 1
Polymorphina (Globulina) lacrima Reuvss, 1845, p. 40, pl, 12, fig. 6,

pl. 13, Ag. 83.

Globulina lacrima Reuss, Cusimax, 1946, p. 96, pl. 40, fig. 11-12.
Horker, 1957, p. 170, fig. 212-213.
Globulina lacrima lacrima (Reuss), Gravam & Cuumen, 1963, p.

48, pl. 5, fig. 15.

Test free, subglobular, tending to become elongate.
Chambers strongly appressed, extending nearly to the
base, becoming sigmoidal. Sutures distinct, flush. Wall
calcareous, finely perforate, surface smooth. Aperture
terminal, radiate.

Maximum length of figured hypotypes, 0.36 to 0.41
mm.; breadth, 0.31 mm.; thickness, 0.27 to 0.31 mm.

Discussion.—This cosmopolitan species is character-
ized by the somewhat elongate, subglobular test and
flush sutures. It is common at Carlsbad and rare at La
Jolla and Point Loma. This species occurs in Europe and
in North America where it is most characteristic of
Taylor and Navarro strata.

Types and occurrence.—Figured hypotype (Fig. 17, UCLA
44187) from sample §-37, Rosario Formation at La Jolla. Figured
hypotype (Fig. 1, UCLA 44186) from sample L-19, Rosario Forma-
tion at Point Loma. Unfigured hypotypes from Rosario Formation
at Carlsbad (C127, J173, L82).

EXPLANATION OF PLATE 10

FIGURE
1. Globulina lacrima (Revss); la-c, opposite sides and apertural
views, X 66 (p. 77).
2-3. Globulina subsphaerica (BerteLIN); 2a-¢, opposite sides and
apertural views, X97; 3a-c, same, X129 (p. 78).
. Guttulina adhaerens (OLszewskl); 4a-c, opposite sides and
basal views, X66; 7a-c, same, X97 (p. 78).
5. Guttulina cuspidata Cusuman & Ozawa; 5a-c, opposite sides
and apertural views, %89 (p. 78).
6. Pyralina apiculata (MAmE); side view, X97 (p. 78).
8. Ramulina pseudoaculeata (Ovsson); side view, X33 (p. 79).
9. Ramulina globotwbulosa (CusHman); side view, X129 (p.
79).
10. Pyrulina sp. cf. P. cylindroides (Roemer); side view, X17
(p. 78).
11. Sigmomorphina sp.; 1lab, opposite sides, X97 (p. 79).

12.  Vitriwebbina bioseulata Frazzery; side view, X33 (p. 79).
13. Oolina apiculata Revss; side view, %97 (p. 80).
14. Oolina globulosa (Montacue; side view, X66 (p. 80).
15. Tristix sp.; 15a,b, side and apertural views, X52 (p. 80).
16, Trixtix excavata (Reuvss); 16a,b, side and apertural views,
X129 (p. 79).
17. Seabrookia cretacica Bemmipez;
views, X 187 (p. 80).
18-19. Fissurina oblonga Reuss; 18a,b, 19ab, side and apertural
views, X129 (p. 82),
20. Oolina sp. cf. 0. tokaot (Asano); side view, X129 (p. 81).
21-22. Oolina delicata Svuiter, n, sp.; 2lab, side and apertural
views of holotype, X 129; 22a,b, side and apertural views
of paratype, X187 (p. 80).

17a,b, side and apertural
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GLOBULINA SUBSPHAERICA (Berthelin)
Plate 10, figure 2-3

Polymorphina subsphaerica Berruerin, 1880, p. 58, pl. 4, fig. 18.
Globulina lacrima Reuss var, subsphaerica (Berthelin), Cusiman &

Goupkorr, 1944, p, 57, pl. 9, fig. 14——Cusumax, 1946, p, 96,

pl. 40, fig. 13. Horker, 1957, p. 171, fig. 214-215,
Globulina lacrima Reuss subsp. subsphaerca (Berthelin), MarTix,

1964, p. 73, pl. 7, fig. 13, pl. 8, fig. 1.

Test free, subglobular, slightly compressed, chambers
strongly overlapping, usually 3 visible in final whorl, in-
creasing rapidly in size, causing test to be more produced
on one side. Sutures distinct, usually flush. Wall cal-
careous, finely perforate, surface smooth. Aperture ter-
minal, radiate.

Figured hypotypes range in length from 0.15 to 0.27
mm.; breadth, 0.14 to 0.27 mm.; thickness, 0.12 to 0.24
mm.

Discussion.—This species is characterized by the sub-
globular, slightly compressed test. The present specimens
are smaller than the Gulf Coast material but otherwise
identical. Occurrences are limited to the upper samples
at La Jolla and less commonly at Point Loma and Punta
Descanso. Originally described from the Albian of
France, this species ranges to the Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 3, UCLA
44188) from sample BR-2, Rosario Formation at La Jolla. Figured
hypotype (Fig. 2, UCLA 44189) from sample L-2, Rosario Forma-

tion at Point Loma. Unfigured hypotypes from Rosario Formation
at Punta Descanso (J143, L41, D31).

Genus GUTTULINA d'Orbigny, 1839

GUTTULINA ADHAERENS (Olszewski)
Plate 10, figure 4, 7
Polymorphina adhaerens Ovszewsk, 1875, p. 119, pl. 1, fig. 11.
Guttnlina adhaerens (Olszewski), Cusanan, 1946, p. 96, pl. 40, fig.

8-10.——Horxker, 1957, p. 165, Ag. 204,

Test free, compressed, ovate in outline, tending to
become elongate. Chambers distinct, inflated, added in
quinqueloculine series, increasing rapidly in size. Sutures
distinct, slightly depressed. Wall calcareous, finely per-
forate, surface smoothly finished. Aperture terminal,
radiate.

Maximum length of figured hypotypes, 0.39 to 0.48
mm.; breadth, 0.24 to 0.29 mm.; thickness, 0.14 o 0.20
mm,

Discussion.—This species is recognized by the com-
pressed test, inflated chambers and slightly depressed
sutures. The earlier chambers tend to project from one
side, while the other side is concave. The American Gulf
Coast representatives of this species, originally described
from the Senonian of Poland, are most characteristic of
Navarro strata.

Types and occurrence.—Figured hypotypes (Fig. 4, 7, UCLA

44191-44190) from sample C-3, Rosario Formation at Carlsbad
(C89).

GUTTULINA CUSPIDATA Cushman & Ozawa
Plate 10, figure 5

Guttulina adhaerens (Olszewski) var. cuspidata CusHMAN & OzAwa,

1930, p. 37, pl. 6, fig. 6.
Guttulinag candata d'Orbigny, Horker, 1957, p. 166, fig. 205.

Test free, compressed, flattened on one side, generally
with distinct basal spine. Chambers inflated, in quin-
queloculine arrangement, somewhat sigmoidal, increasing
rapidly in size. Sutures distinct, depressed. Wall cal-
careous, finely perforate, surface smoothly finished. Aper-
ture terminal, radiate.

Maximum length of figured hypotype, 0.27 mm.;
breadth, 0.22 mm.; thickness, 0.17 mm. Other hypotypes
range to 0.31 mm. in length.

Discussion.—This species, originally described from
the Cretaceous of England, is distinguished from Gutru-
lina adhaerens by its smaller size, more depressed sutures,
relatively thicker test, and distinct basal spine. The speci-
men illustrated by Horker (1957) as Guttulina caudata
p'OreIGNY, seems synonymous. The present occurrence is
limited to the upper samples at La Jolla and a rare occur-
rence at Point Loma.

Types and occurrence.—Figured hypotype (UCLA 44192) from

sample S-22, Rosario Formation at La Jolla. Unfgured hypotype
from Rosario Formation at Point Loma (J169, L169).

Genus PYRULINA d’Orbigny, 1839

PYRULINA APICULATA (Maric)
Plate 10, Agure 6

Pyrulina cylindroides (Roemer) var. apiculata Marie, 1941, p. 175,
pl. 27, fig. 257-258.

Apiopterina apiculata (Marie), Baxpy, 1951, p. 503, pl. 73, fig. 17.
Test free, fusiform, initial end more sharply pointed.

Chambers initially triserial, later biserial, elongate, some-

what overlapping, increasing rapidly in size. Sutures

distinct, flush. Wall calcareous, finely perforate, surface

smooth, Aperture terminal, radiate.

Maximum length of figured hypotype, 043 mm.;
diameter, 0.15 mm.

Discussion.—The present specimens compare favor-
ably to the original illustration from the Campanian of
France (Maxrig, 1941). This species differs from Pyrulina
cylindroides (Roemer) in being more pointed apically,
relatively thicker and less elongate. The specimen illus-
trated by MartiN (1964) as Apiopterina cylindroides
(RoEmER) may be more closely related to this species.
The present specimens of P. apiculata are only from the
Carlsbad locality.

Types and occurrence—Figured hypotype (UCLA 44193) from
sample C-4, Rosario Formauon at Carlshad (C120).

PYRULINA sp. cf. P. CYLINDROIDES (Roemer)
Plate 10, figure 10

Polymorphina cylindrordes Roemer, 1838, p. 385, pl. 3, fig. 26.
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Pyrulina cylindroides (Roemer), Cusninmax, 1946, p. 97, pl. 40, fig.
18-19. Horkreg, 1957, p. 168, fig. 207-209,

Test free, large, clongate, initially triserial, later irreg-
ularly biserial. Chambers elongate, somewhat embracing.
Sutures flush, initially somewhat indistinct, later distinct.
Wall calcareous, finely perforate, surface smoothly fin-
ished. Aperture terminal, radiate.

Maximum length of figured hypotype, 221 mm,
diameter, 049 mm.

Discussion.—A single irregular specimen is compared
to this species. It differs from Pyrulina apiculata in being
much larger, more cylindrical and in having a blunt initial
end.

Types and occurrence.—Figured hypotvpe (UCLA 44194) from
sample C-5, Rosario Formation at Carlsbad (C143).

Genus SIGMOMORPHINA Cushman & Ozawa, 1928
SIGMOMORPHINA sp.
Plate 10, figure 11
Stgmomorphina sp. Granam & Cuorctt, 1963, p, 50, pl. 5, hg. 23,

Test free, clongate, compressed, with apical spine.
Chambers distinct, elongate, sigmoidal, added nearly 180°
apart. Sutures distinct, depressed. Wall calcareous, finely
perforate, surface smooth. Aperture terminal, radiate.

Maximum length of figured specimen, 0.34 mm,;
breadth, 0.10 mm.; thickness, 0.07 mm.

Discussion.—The single specimen found is identical
to that figured by Granam & Crurcn (1963) from the
Campanian of the Stanford University campus.

Types and occurrence.—Figured specimen (UCLA 44195) from
sample 8-36, Rosano Formaton at La Jolla (J214).

Subfamily WEBBINELLINAE Rhumbler, 1904
Genus VITRIWEBBINA Chapman, 1892

VITRIWEBBINA BIOSCULATA Frizzell
Plate 10, figure 12
Bullopora laevis (Sollas), Custiman & Toop, 1943b, p. 63, pl. 11,
fig. 8. Custiman, 1946, p. 98, pl. 42, fig. 1-4.
Vitriwebbina biosculata Frizzerr, 1954, p. 158,

Test attached, consisting of initial oval chamber sur-
rounded by collar-like flange, followed by series of pear-
shaped chambers. Wall calcareous, finely perforate, sur-
face smooth. Aperture at open end of 1 10 4 (typically 2)
small tubular projections.

Maximum length of figured hypotype, 051 mm.;
breadth, 0.24 mm.

Discussion.—This species occurs rarely throughout the
Carlsbad section. The specimens agree well with the
original illustrations from the Corsicana Marl of Texas.
Specimens from the American Gulf Coast range from
Austin to Navarro age.

Types and occurrence.—Figured hypotype (UCLA 44196) from
sample C-2, Rosanio Formation at Carlsbad (C58).

Subfamily RAMULININAE Brady, 1884
Genus RAMULINA Jones in Wright, 1875

RAMULINA GLOBOTUBULOSA Cushman
Plate 10, figure 9
Ramulina globo-tubulosa Cusuman, 1938b, p. 44, pl. 7, fig. 16.

Test free, consisting of a globular chamber with
numerous radiating tubular extensions. Wall calcareous,
finely perforate, surface hispid. Aperture at open ends of
tubular extensions.

Maximum diameter of chamber, (.15 mm.

Discussion.—Originally described from the Ripley
Formation of Tennessee, this species is recognized by the
globular chamber and tubular projections. The present
specimens are rare at Carlsbad and La Jolla.

Types and occurrence.—Figured hypotype (UCLA 44197) from

sample C-7, Rosario Formation at Carlsbad., Unfigured hypotype
from Rosario Formation at La Jolla (C145, J224).

RAMULINA PSEUDOACULEATA (Olsson)
Plate 10, figure 8
Dentalina aculeata (J'Orbigny), Cusuman, 1946, p. 67, pl. 26, fig.
17-18. Hanpy, 1951, p. 499, pl. 73, fg. 4 Mantin,
1964, p. 60, pl. 4, fig. 12.
Dentalina pseudoaculeata Ovssox, 1960, p. 14, pl. 3, hg. 1-2.

Test free, consisting of globular chambers with single
connecting tube. Wall calcareous, finely perforate, sur-
face spinose. Aperture at end of tubular extension.

Maximum length of figured hypotype, 0.94 mm.;
diameter, 0.39 mm.

Discussion.—This species differs from Ramulina acu-
leata (0'OrsioNy) (1840) in having more globular
chambers and more distinctly elongate, tubular necks.
Originally described from the Upper Cretaccous of New
Jersey, R. pseudoaculeata has also heen recorded from the
American Gulf Coast and California. The reported Cali-
fornia stratigraphic range is upper Santonian to Maa-
strichtian.

Types and occurrence.—Figured hypotype (UCLA 441Y8) from
sample §-27, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad and Point Loma (CY8, J166,
L83).

Family GLANDULINIDAE Reuss, 1860
Subfamily GLANDULININAE Reuss, 1860
Genus TRISTIX Macfadyen, 1941

TRISTIX sp. of. T. EXCAVATA (Reuss)
Plate 10, hgure 16

Rhabdogonum excavarum Revss, 1863, p. 91, pl. 12, fig. 8.
Tristix excavata (Reuss), Horkew, 1957, p. 141, hg. 163,

Test free, elongate, uniserial, rectilinear, triangular in
section. Chambers narrow, curved, increasing gradually
in size. Sutures distinct, curved, slightly depressed. Wall
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calcareous, hyaline, finely perforate, surface smooth.
Aperture obscure,

Maximum length of figured hypotype, 0.32 mm.;
breadth, 0.14 mm.

Discussion.—These specimens are compared to this
characteristically carly Cretaceous form.

Types and occurrence,—Figured hypotype (UCLA 44199) from
sample C-4, Rosario Formation at Carlsbad. Unfigured hypotype
from Rosario Formation at La Jolla (C136, J191).

TRISTIX sp.
Plate 10, figure 15

Test free, large, robust, ¢longate, uniserial, rectilinear,
triangular in section, axial periphery ragged. Chambers
numerous, narrow, curved, becoming spinose at periph-
eral angles. Sutures distinct, depressed, curved. Wall
calcarcous, finely perforate, surface smooth. Aperture
terminal, radiate.

Maximum length of figured specimen, 0.94 mm.;
breadth, 0.39 mm.

Discussion.—This form differs from Tristix sp. cf. T.
excavata in being larger, more robust, and in having
spinose peripheral chamber projections. It is very rare,
occurring at La Jolla and Carlsbad.

Types and occurrence.—Figured specimen (UCLA 44200) from
sample S$-26, Rosario Formation at La Jolla (C137, ]189).

Subfamily SEABROOKIINAE Cushman, 1927
Genus SEABROOKIA Brady, 1890
SEABROOKIA CRETACICA Bermidez

Plate 10, figure 17
Seabrookia cretacica BermGpez, 1938, p. 164, fig. 1-3.

Test free, small, ovate, compressed, one side more
convex than other, periphery carinate. Chambers indis-
tinct, last chamber involute. Sutures indistinct, visible as
slight depressions. Wall calcareous, finely perforate, sur-
face smoothly finished. Aperture terminal, elongate, with
short neck and distinct lip.

Maximum length of figured hypotype, 0.15 mm.;
breadth, 0.10 mm.; thickness, 0.05 mm.

Discussion.—Originally described from the Upper
Cretaceous of Cuba, this species is very rare in the present
samples, occurring only at Carlsbad. The test shape and
apertural characteristics make this form easily recognized.

Types and occurrence.—Figured hypotype (UCLA 44201) from
sample C-2, Rosario Formation at Carlsbad (C111),

Subfamily OOLININAE Loeblich & Tappan, 1961

Genus OOLINA d'Orbigny, 1839
OOLINA APICULATA Reuss
Plate 10, Agure 13

Oolina apiculata Revss, 1851, p, 22, pl. 2, fig. |.——LoEBLicH &
Tarran, 1964, p. C540, g, 425,5.

Lagena apiculata (Reuss), Cusunan, 1946, p. 94, pl. 39, fig. 23.
——Pozaryska, 1957, p. 40, pl. 3, fig. 9.——Mar7iv, 1964, p.
62, pl. 5, fig. 6.

Test free, consisting of single subglobular chamber,
with small apical spine. Wall calcareous, commonly hya-
line, finely perforate, surface smooth. Aperture terminal,
rounded, with entosolenian tube, at end of distinct neck.

Maximum length of figured hypotype, 026 mm.;
diameter, 0.19 mm.

Discussion.—This species was originally described
from the Upper Cretaceous of Poland. It is characterized
by the apical spine and apertural neck. The present speci-
mens are confined to Carlsbad.

Types and occurrence.—Figured hypotype (UCLA 44202) from
sample C-3, Rosario Formation at Carlsbad (C99).

OOLINA DELICATA Sliter, n. sp.
Plate 10, figure 21-22

Test free, consisting of single ovate chamber, may
have short apical spine. Wall calcareous, hyaline, finely
perforate, surface smooth or finely costate at apical end.
Aperture terminal, radiate, with entosolenian tube.

Maximum length of holotype, 0.24 mm.; diameter,
0.12 mm. Paratype 0.17 mm. in length, 0.09 mm. in
diameter.

Discussion.—This species differs from Oolina apicu-
lata in being more tapered and elongate, having basal
costae, and a reduced basal spine, and lacking a distinct
neck. The present forms are restricted to Carlsbad (mid-

dle to late Campanian).

Types and occurrence.—Holotype (Fig. 21, UCLA 44207) and
paratype (Fig. 22, UCLA 44208) from sample C-3, Rosario
Formation at Carlsbad (C59).

OOLINA GLOBULOSA (Montagu)
Plate 10, figure 14
Vermiculum globosum Monracu, 1803, p. 523.
Entolagena globosa (Montagu), Siwvesrri, 1900, p. 4.
Lagena globosa (Montagu), Brovzen, 1936, p. 109, pl. 7, fig. 3.
Scuiyrssma, 1946, p. 54, pl. 2, fig. 16. Haox, 1953, p.

68, pl. 2, fig. 30.

Test free, large, subglobular. Wall calcareous, finely
perforate, radial in structure, surface smoothly finished.
Aperture terminal and radiate, Recent specimens with
internal tube which is not seen in present Cretaceous
specimens because of preservation,

Maximum length of figured hypotype, 0.44 mm.;
diameter, 0.36 mm.

Discussion.—This species was described originally
from the Recent of England; it may represent a long-
ranging form or a homeomorphic series. Lagena simplex
(Reuss) (1851), from the Upper Cretaceous of Poland,
may be a Cretaceous representative of this series but
differs from the present specimens in having a central,
rounded aperture. The present specimens are very similar
to the initial chamber of Nodosaria limbata p’OreicNy
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(1840), but they appear lower in the section at La Jolla
than does N. limbata,

Types and occurrence.—Figured hypotype (UCLA 44203) from
sample $-2, Rosario Formation at La Jolla, Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso ()53,
L44, D30).

OOLINA sp. ¢f. 0. TOKAOI (Asano)
Plate 10, figure 20
Entosolema tokaoi Asaxo, 1952, p. 98, pl. 6, fig. 3.

Test free, pyriform. Wall calcareous, finely perforate,
surface ornamented by series of longitudinal costae
crossed by short transverse costae to form a series of sub-
quadrangular depressions, costac coalesce into thickened
collar at apertural end. Aperture terminal, rounded, with
short neck.

Maximum length of figured specimen, 0.26 mm.;
diameter, 0.15 mm.

Discussion.—Rare specimens occur in the upper
samples at La Jolla and in a single sample at Punta
Descanso. Both the number of longitudinal costae and
size of the depressions vary. They most closely resemble
this species from the middle Miocene of Japan but are
more globular and have more numerous costae. Lagena
mariae Karrer (1877), from the Miocene of Austria, is
similar in shape but has more numerous depressions and
lacks the thickened collar. The same is true of the Recent
species Oolina melo p'Orsiony (1839).

Types and occurrence.—Figured specimen (UCLA 44206) from
sample E-11, Rosario Formation at Punta Descanso. Unfigured
specimen from Rosario Formation at La Jolla (]J167, D130).

Genus FISSURINA Reuss, 1850

FISSURINA AKPATII Sliter, n. sp.
Plate 11, figure Y

Test free, ovate, compressed, with peripheral keel and
2 weakly developed marginal keels, one on each side, all
radiating from aperture; initial end may have 1 or 2
radiating costac. Wall calcarcous, finely perforate, with
fine longitudinal costac and aligned punctac. Aperture
terminal, an elongate slit, with entosolenian tube.

Maximum length of holotype, 0.20 mm.; breadth,
0.14 mm.; thickness, 0.07 mm.

Discussion.—The compressed test, 3 carinac, and
aligned punctae readily distinguish this species. It occurs
rarely throughout most of the Carlsbad samples (middle
to late Campanian).

Types and occurrence.—Holotype (UCLA 44215) from sample
C-3; paratype (UCLA 44216) from sample C-3; both from Rosario
Formation at Carlsbad (C60).

FISSURINA BANDYT Sliter, n, sp.
Plate 11, figure 7
Test free, ovate, somewhat compressed, consisting of
subglobular chamber with narrow bordering keel; 2
weakly marginal keels more divergent at initial end.

Wall calcareous, finely perforate, costate, with aligned
punctae. Aperture terminal, ovate, with entosolenian
tube,

Maximum length of holotype, 0.27 mm.; breadth, 0.22
mm.; thickness, 0.17 mm.

Discussion.—This form, rare throughout the Carlsbad
section (middle to late Campanian), differs from Fis-
surina sandiegoensis SLITER, n. sp., in being larger and
thicker and in having weakly developed marginal keels
and coarser punctae. The specimens show considerable
variation in size of punctae; some as much as 0.02 mm. in
diameter,

Types and occurrence.—Holotype (UCLA 44220) and paratype

(UCLA 44221) from sample C-3, Rosario Formation at Carlsbad
(C35).

FISSURINA LATICARINATA Sliter, n. sp.
Plate 11, figure 6

Test free, compressed, ovate, with subglobular cham-
ber surrounded by single, wide, hyaline keel. Wall cal-
careous, finely perforate, surface smooth., Aperture ter-
minal, ovate, connected to chamber by tubular extension
through keel.

Maximum length of holotype, 0.24 mm.; breadth, 0.22
mm.; thickness, 0.11 mm.

Discussion.—Rare at Carlsbad, these specimens differ
from Fissurina orbignyana Secuenza in having a wide,
single, hyaline keel, a more circular chamber, and
smoother surface. A similar species from the Miocene of
Sicily, F. elegans Skcuenza (1862), has a more circular
chamber and lacks apertural thickening in the carina.
Stratigraphic range middle to upper Campanian.

Types and occurrence.—Holotype (UCLA 44213) from sample
C-4; paratype (UCLA 44214) from sample C-3; both from Rosario
Formation at Carlsbad (C106).

FISSURINA MEYERIANA (Chapman)
Plate 11, figure 1-2

Lagena meyeriana Cuapman, 1894, p. 706, pl. 34, fig. 7.

Test free, ovate to nearly circular in outline, com-
pressed, periphery truncate, carinate, with bordering de-
pression, both sides gently convex. Wall calcareous, finely
perforate, surface smoothly finished. Aperture terminal,
slitlike, with entosolenian tube.

Maximum length of figured hypotypes, 0.17 to 0.24
mm.; breadth, 0.14 mm.; thickness, 0.07 to 0.10 mm.

Discussion.—This species, originally described from
the Lower Cretaceous of England, is distinguished readily
by its truncate periphery and carinate margins. It con-
stitutes a rare but persistent member of the fauna in all
present locations. The population also includes a few
clongate, relatively larger specimens with a small apical
spine; there seems to be a morphologic variant of the
species.

Types and occurrence.—Figured hypotype (Fig. 1, UCLA 44210)
from sample §-20, Rosario Formation at La Jolla. Figured hypotype
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(Fig. 2, UCLA 44211) from sample C-3, Rosario Formation at
Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C18§, 1100, L137, D129).

FISSURINA OBLONGA Reuss
Plate 10, figure 18-19

Fissurina oblonga Reuss, 1863, p. 339, pl. 7, fig. 89.

Test free, ovate, compressed, periphery subrounded to
subacute, apertural end elongated. Wall calcareous, finely
perforate, surface smooth. Aperture terminal, ovate, with
entosolenian tube,

Maximum length of figured hypotypes, 0.22 to 0.24
mm.; breadth, 0.12 to 0.15 mm.; thickness, 0.07 to 0.09
mm.

Discussion.—These rare forms are found only at
Carlsbad. Originally described from the Oligocene of
Germary, this species is distinguished by its elongate,
tapering form.

Types and occurrence.—Figured hypotypes (fig. 18-19, UCLA
44205-44204) from sample C-3, Rosario Formation from Carlsbad
(C104).

FISSURINA ORBIGNYANA Seguenza
Plate 11, fAigure 3
Fissurina orbignyana Secuenza, 1862, p. 66, pl. 2, fig. 25-26——
Pozaryska, 1957, p. 61, pl. 6, fig. 1-3. MarTin, 1964, p. 63,
pl. 5, fig. 9.
Lagena orbignyana (Seguenza), Cusiman, 1931c, p. 39, pl. 6, fig. 2.

Test free, consisting of a subglobular chamber sur-
rounded by a distinct lateral keel; 2 narrow bordering
keels. Wall calcarcous, finely perforate; surface smooth,
may be costate near aperture. Aperture terminal, ovate,
situated within thickening of lateral keel, with entosolen-
ian tube.

Maximum length of figured hypotype, 0.27 mm.;
breadth, 0.24 mm.; thickness, 0.17 mm.

Discussion.—Fissurina orbignyana differs from F.
meyertana in its distinct lateral keel and smaller border-
ing carinae.

Types and occurrence.—Figured hypotype (UCLA 44212) from

sample $-31, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Punma Descanso (J109, D104).

FISSURINA SANDIEGOENSIS Sliter, n. sp.
Plate 11, Rgure 4-5

Test free, compressed, circular in outline, subglobular
chamber surrounded by narrow peripheral carina, may be
bordered by aligned punctae. Wall calcareous, finely
perforate, surface smooth to fine costate. Aperture termi-
nal, slitlike, with entosolenian tube.

Maximum diameter of holotype, 0.17 mm.; thickness,
0.09 mm. Paratype diameter 0.19 mm.; thickness, 0.09
mm.

Discussion,—This species is distinguished from Fis-
surina laticarinata by its circular outline, narrower keel,
and common costae. The specimens differ in the presence
or absence of costae, bordering punctae, and degree of

compression. F. sandiegoensis occurs rarely throughout
the La Jolla and Carlsbad localities and in a single sample
at Punta Descanso. Stratigraphic range middle to upper
Campanian.

Types and occurrence,—Holotype (Fig. 4, UCLA 44217) from
sample C-3, Rosario Formation at Carlsbad. Paratype (Fig. 5, UCLA
44219) from sample S-2, Rosario Formation at La Jolla. Unfigured

paratypes from Rosario Formation at Punta Descanso (C29, |58,
D127).

FISSURINA SIMULATA Sliter, n. sp.
Plate 11, figure 8§

Test free, ovate, compressed; consisting of subglobular
chamber with thickened peripheral keel that may be
slightly extended in plane of compression. Wall calcare-
ous, finely perforate, smoothly finished. Aperture termi-
nal, slitlike opening in distinct carinal thickening, with
entosolenian tube.

Maximum length of holotype, 0.24 mm.; breadth, 0.15
mm.; thickness, 0.09 mm.

Discussion.—Qccurring rarely throughout the Carls-
bad locality (middle to late Campanian), this species dif-
fers from Fissurina laticarinata in being more ovate and
in having a narrow carina and apertural thickening. The
specimens vary in width and extension of the peripheral
keel, the latter commonly being narrow and thickened.

Types and occurrence.—Holotype (UCLA 44222) from sample
C-7; paratype (UCLA 44223) from sample C-3; both from Rosario
Formation at Carlsbad (C30).

Superfamily BULIMINACEA Jones, 1875
Family TURRILINIDAE Cushman, 1927
Subfamily TURRILININAE Cushman, 1927
Genus NEOBULIMINA Cushman & Wickenden, 1928

NEOBULIMINA CANADENSIS Cushman & Wickenden
Plate 11, figure 10, 14
Neobulimina canadensis CusimaN & Wickenpen, 1928, p. 13, pl. 1,
fig. 1-2. Jexnings, 1936, p. 31, pl. 3, fig. 22.——CusHman,
1946, p. 125, pl. 52, fig. 11-12. Taeran, 1962, p. 185, pl. 48,
fig. 18-27, LoesrLicH & Tapean, 1964, p. C544, fig. 426,6-7.

Test free, small, elongate, initially triserial, later bi-
serial. Chambers subglobular, inflated. Sutures distinct,
depressed. Wall calcareous, finely perforate, surface
smoothly finished. Aperture loop-shaped, extending up-
ward from base of final chamber.

Maximum length of figured hypotypes, 0.19 to 0.22
mm.; breadth, 0.10 to 0.14 mm.

Discussion.—Neobulimina canadensis occurs in all
present sections and is recognized easily by its chamber
shape and arrangement and type of its aperture. Orig-
inally described from the Upper Cretaceous of Canada,
this species is reported from Turonian to Maastrichtian.

Types and occurrence—Figured hypotype (Fig. 10, UCLA
44224) from sample C-3, Rosario Formation at Carlsbad. Figured
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hypotype (Fig. 14, UCLA 44225) from sample S-1, Rosario Forma-
tion at La Jolla. Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C3, 129, L141, D37).

Genus PRAEBULIMINA Hofker, 1953

PRAEBULIMINA ANGULATA Sliter, n. sp.
Plate 12, fgure 6

Test free, small, transverse section subtriangular with
nearly flat sides. Chambers distinct, inflated, higher than
broad, increasing rapidly in size. Sutures distinct, gently
depressed.  Wall calcareous, finely perforate, surface
smooth. Aperture loop-shaped, extending up face of final
chamber.

Maximum length of holotype, 0.17 mm.; breadth, 0.10
mm.

Discussion.—This species is characterized by its sub-
triangular section, small size, and inflated chambers. It is
most similar to  Praebulimina trihedra (Cusnman)
(1926b), from the Upper Cretaceous of Mexico, but is
much smaller and has a reduced spire. Future investiga-
tion may show the smaller West Coast forms to be synony-
mous to the Mexican and Gulf Coast species. Praebu-
limina angulata occurs throughout all present Campanian
locations and ranges into Maastrichtian strata.

Types and occurrence.—Holotype (UCLA 44239) from sample
S-1: paratype (UCLA 44240) from sample S-26; both from Rosario
Formation at La Jolla. Unfigured paratypes from Rosario Forma-

tion at Carlsbad, Point Loma and Punta Descanso (C2, 120, L26,
D74).

PRAEBULIMINA ASPERA Cushman & Parker
Plate 11, figure 11-13
Bulinuna aspera Cusivan & Parker, 1940, p. 44, pl. 8, fig. 18-19,
Custman, 1946, p, 121, pl. 51, fig. 7, 10, 13, 15-16.—

Cusnman & Parker, 1947, p. 83, pl. 19, fig. 28-30, pl. 21, fig.

1-2: Martin, 1964, p. 86, pl. 11, fig. 4.

Test free, elongate, gently tapering, circular in cross
section. Chambers numerous, inflated, subrectangular,
commonly arranged directly above one another or slightly
offset in spiral fashion. Sutures distinct, depressed. Wall
calcareous, finely perforate, surface may be initially
roughened, later smooth. Aperture loop-shaped, at base
of final chamber, with simple tooth plate.

Maximum length of figured hypotypes, 0.20 to 0.71
mm.; breadth, 0.15 to 0.33 mm. Majority of specimens
near 0.43 mm. in length.

Discussion.—This relatively large species is distin-
guished from Pracbulimina kickapooensis (Cork) by
somewhat smaller size, subrectangular chambers, and
nearly vertical chamber arrangement. It first occurs
abundantly in the middle samples at La Jolla associated
with P. kickapooensis and extends to the youngest sam-
ples. The oldest specimens are larger than those from the
type locality, but they become smaller in later samples.
Two forms are present throughout, one with a blunt apex
and one pointed. These scem to represent dimorphic

stages in the life cycle. The presence of the initial rough-
ened portion of the test and of the apical spines varies
considerably within the present population. Specimens
having a roughened test are more common in the older
samples. Specimens illustrated by Martin (1964) as
Bulimina prolixa CusumAN & Parker may be synony-
mous. The size, circular transverse section, and degree of
flaring are more indicative of the present species than of
P. prolixa. P. aspera is characteristic of Taylor and
Navarro strata in the American Gulf Coast.

Types and occurrence.—Figured hypotypes (Fig. 11-13, UCLA
44226, 44227, 44228) from sample S-13, Rosario Formation at

La Jolla. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (]99, L46, D19).

PRAEBULIMINA CARSEYAE (Plummer)
Plate 11, higure 16

Buliminella carseyae PLumser, 1931, p. 179, pl, 8, fig. 9.——Cusn-
sax, 1946, p. 119, pl. 50, fig. 17-20——Cusuman & PARKER,
1947, p. 58, pl. 15, fig. 8.——Marmin, 1964, p. 88, pl. 11, fig.
11.

Buliminella hofleri Brovzex, 1936, p. 129, fig. 45, pl. 8, fig. 3.

Pracbulimina carseyae (Plummer), Horker, 1957, p. 192, fig. 235-
236, 237 ( partim ) ——Tareax, 1962, p. 186, pl. 48, fig. 11-15.
Test free, small, ovate, tapering. Chambers commonly

4 per whorl, increasing gradually in size, slightly inflated.

Sutures distinct, depressed. Wall calcareous, finely per-

forate, surface smooth. Aperture loop-shaped, extending

up face of final chamber.
Maximum length of figured hypotype, 029 mm.;

breadth, 0.19 mm.

Discussion.—This species was described originally
from Texas and is recognized by its small size and 4
slightly inflated chambers per whorl. It occurs in Austin,
Taylor, and lower Navarro strata in the Gulf Coast,
Senonian of Alaska, and Santonian of central California.
The present specimens are restricted to the Carlsbad area.

Types and occurrence.—Figured hypotype (UCLA 44229) from
sample C-3, Rosario Formation at Carlsbad (C6).

PRAEBULIMINA CUSHMANI (Sandidge)
Plate 11, figure 15
Beuliminella cushmani Saspice, 1932, p. 280, pl. 42, fig. 18-19,
—Cusuman, 1946, p. 119, pl. 50, fig, 15.——CusHman &
Parker, 1947, p. 58, pl. 15, fig. 10-11. Martin, 1964, p.
89, pl. 11, fig. 13.
Pracbuliminag cushmani (Sandidge), Horker, 1957, p. 188, fig.
228-229, Tarpax, 1962, p. 187, pl. 49, fig. 1-5.——Granan
& Cuurcn, 1963, p. 54, pl. 6, fig. 2-3.

Test free, small, robust. Chambers inflated, 4 in final
whorl, increasing rather rapidly in size. Sutures distinct,
depressed. Wall calcareous, finely perforate, surface
smooth. Aperture a broad loop extending up face of final
chamber.

Maximum length of figured hypotype, 0.18 mm.;
breadth, 0.15 mm. Other hypotypes range to 0.22 mm.
in length.
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Discussion.—This species is distinguished from Prae-
bulimina carseyae by its smaller size and wider, more
flaring test. The present forms are identical to those de-
scribed by Tapean (1962) from Alaska but differ from
illustrations of the original specimens in being somewhat
wider and more robust and in having more inflated
chambers. As topotype specimens are not available for
comparison, the present specimens here are included with-
in this species. Originally described from the Upper
Cretaceous Ripley Formation of Alabama, this species also
occurs in Austin to Navarro age strata in the American
Gulf Coast, Senonian of Alaska, and Santonian and Cam-
panian of central California. P. cushmani first appears in
the lower La Jolla section and continues to the top. It
also is found at Point Loma and Punta Descanso but does
not occur at Carlsbad.

Types and occurrence.—Figured hypotype UCLA (44230) from
sample §-22, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]122,
165, D86).

PRAEBULIMINA KICKAPOOENSIS (Cole)
Plate 11, figure 17-19

Bulimina kickapooensis Corg, 1938, p. 45, pl. 3, fig. 5——Cusu-
MAN, 1946, p. 123, pl. 51, fig. 11-12, 14——Cusimaxy &
Parker, 1947, p. 81, pl. 19, fig. 19.

Bulimina aspera Cushman & Parker, Baxoy, 1951, p. 511, pl. 75,
fig. 10.

Pracbulimina kickapooensis (Cole), Horker, 1957, p. 190, fig. 233-
234——Granam & CHurcw, 1963, p. 54, pl. 6, fig. 4-7.

Test free, elongate, tapering. Chambers numerous,
distinct, high, slightly inflated. Sutures distinct, gently

depressed. Wall calcareous, finely perforate, surface
smooth. Aperture loop-shaped, at apex of final chamber,
with simple tooth plate.

Figured hypotypes range in length from 0.26 to 0.77
mm.; breadth, 0.22 to 0.51 mm.

Discussion.—This relatively large species, originally
described from the Taylor Marl of Texas, is distinguished
from Praebulimina aspera by its larger size, higher, less
inflated chambers, and chamber arrangement. The pres-
ent specimens are identical to the original illustrations
and show the same type of morphologic variation. In the
middle of the section, prior to the last appearance of this
species, some specimens become thicker and more flar-
ing yet remain part of the gradational population. The
population consists of both blunt and pointed individuals,
representing different stages in the life cycle. This species
ranges from Coniacian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 18, UCLA
44231) from sample S-17; figured hypotype (Fig. 17, UCLA 44232)
from sample S-21; figured hypotype (Fig. 19, UCLA 44233) from
sample §-34; all from the Rosario Formation at La Jolla. Unfigured

hypotypes from Rosario Formation at Carlsbad, Point Loma and
Punta Descanso (C131, J43, L4, D63).

PRAEBULIMINA LAJOLLAENSIS Sliter, n. sp.
Plate 12, figure 9-10
Test free, small, globular, single whorl visible, com-
posed of 3 to 4 inflated, subglobular chambers. Sutures
distinct, depressed. Wall calcareous, finely perforate, sur-
face smooth. Aperture loop-shaped, at base of final
chamber, with simple tooth plate.

EXPLANATION OF PLATE 11

FIGURE
1-2. Fissurina meyeriana (Cuapman); lab, 2ab, side and aper-
tural views, X129 (p. 81).
3. Fissurina orbignyana SEGUENZA;
views, X97 (p. 82).

4-5. Fissurina sandiegoensis SLITER, n. sp.; 4a-c, side, apertural,
and edge views of holotype, X129; 5a,b, side apertural views
of paratype, X187 (p. 82).

6. Fissurina laticarinata SLITER, n. sp.; 6ab, side and apertural
views, X129 (p. 81).

7. Fissurina bandyi SLITER, n. sp.; 7ab, side and edge views,
X129 (p. 81).

8. Fissurina simulata Suiter, n. sp.; 8ab, side and apertural

views, X129 (p. 82).

3a,b, side and apertural

9. Fissurina akpatsi SLITER, 1. sp.; 9a,b, side and apertural views,
X129 (p. 81).
10, 14, Neobulimi ts CusHMAN & WICKENDEN;
side views, X129; 14ab, side views, X187 (p. 82).
11-13,  Praebulimina aspera Cusuman & Parxer; lla-c, side and
apertural views, X66; 12ab, 13ab, side and apertural
views, X52 (p. 83).
15. Prachuliminag cushmani (Sanoince); 15a,b, side views, X187
(p. 83).
16. Pracbulimina carseyae (PLummER); 16a-c, apertural, side, and
basal views, X97 (p. 83).
17-19.  Pracbulimina kickapooensis (Core); 17a,b, 18a,b, side and
apertural views, X66; 19ab, side and apertural views,
52 (p. 84).

P

10a-c,
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Maximum length of holotype, 0.34 mm.; breadth, 0.31
mm.: thickness, 0.27 mm.

Discussion.—This species is easily distinguished by
the 3 to 4 subglobular chambers and loop-shaped aperture.
It is associated with Pracbulimina kickapooensis in sev-
eral samples but does not intergrade. This form is not
regarded as a juvenile stage of P. kickapooensis owing to
its relatively large size and uniform morphologic char-
acters. P. lajollaensis occurs in the middle samples at
La Jolla and rarely at Point Loma (middle to late
Campanian).

Types and occurrence.—Holotype (Fig. 9, UCLA 44241) from
sample S-18; paratype (Fig. 10, UCLA 44242) from sample S-7;

both from Rosario Formation at La Jolla. Unfigured paratypes from
Rosario Formation at Point Loma (]127, L140).

PRAEBULIMINA REUSSI (Morrow)
Plate 12, figure 1-2

Bulimina ovulum Reuss, 1844 (non B. orula p'Orsicyy, 1839), p.
215, Reuss, 1845, pl. 8, fg. 57, pl. 13, fig. 73.

Bulimina renssi Morrow, 1934, p. 195, pl. 29, fig. 12——Cusn-
MaN & Parker, 1935, p. 99, pl. 15, fig. 8, 10.——Cusimax,
1946, p. 120, pl. 51, Ag. 1-5.—Cusiman & Parxer, 1947,
p. 84, pl. 19, fig. 31, pl. 20, fig. 1-5.—Marmin, 1964, p. 88,
pl. 11, fig. 9.

Bulimina ventricosa Brovzen, 1936, p. 124, fig. 42-43, pl. 8, fig. 1.

Prachulimina reusss (Morrow), Horker, 1957, p. 187, fig. 227
{partim ),

Praebulimina ventricosa (Brotzen), Horxer, 1957, p. 187, fig. 223-
224,

Test free, small, ovate in outline, tapering. Chambers
distinct, inflated, increasing rapidly in size. Sutures dis-
tinct, depressed. Wall calcareous, finely perforate, surface
smoothly finished. Aperture loop-shaped, extending up
flavtened apertural face.

Maximum length of figured hypotype, 0.17 to 0.20
mm.; breadth, 0.14 mm.

Discussion.—This species differs from Pracbulimina
venusae (Nauss) (1947) in being smaller and more ovate
in outline and in having a more widely flaring test. The
present forms vary considerably in size, outline, and num-
ber of whorls but occur together in a single gradational
population. Certain specimens are identical to the Euro-
pean forms referred to Bulimina ovulum Reuss, which
was subsequently placed in synonymy with this species by
CusumaAN & Parker (1935). P. reussi ranges from Tur-
onian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 1, UCLA 44234)
from sample C-3, Rosario Formation at Carlsbad. Figured hypotype
(Fig. 2, UCLA 44235) from sample S-20, Rosario Formation at

La Jolla. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C23, J75, L.77, D52).

PRAEBULIMINA SPINATA (Cushman & Campbell)
Plate 12, figure 3-4

Bulimina spinata Cusumax & Campnriy, 1935, p. 72, pl. 11, fig. 1.

—Cusuman & Parxer, 1947, p. 86, pl. 20, fig. 21 ——Mar-

TN, 1964, p. 88, pl. 11, fig. 10

Test free, small, tapering, generally with 4 whorls.
Chambers distinct, inflated, increasing rapidly in size,
lower margin acute with distinct shoulder, initial
chambers with short spines projecting toward apex, later
chambers smooth. Sutures distinct, depressed. Wall cal-
carcous, finely perforate, surface smooth. Aperture loop-
shaped, at basc of final chamber.

Figured hypotypes range from 0.14 to 0.22 mm. in
length; 0.09 to 0.12 mm. in breadth. Other hypotypes
range to 0.26 mm. in length.

EXPLANATION OF PLATE 12

FIGURE
1-2. Praebulimina reussi (Morrow); lab, side and apertural
views, X 187; 2ab, side views, X187 (p. 85).
3-4. Praebulimina spinata (Cusniman & Campeserr); 3ab, 4ab,
side and apertural views, X187 (p. 85).
5. Pracbulimina venusae (Nauss); 5a,b, side and apertural views,
X129 (p. 86).
6. Pracbulimina angulata SLrrer, n. sp.; 6a-c, side and apertural
views, X187 (p. 83).
7-8. Pyramidina prolixa (Cussiman & Parxer); 7ab, side and
apertural views, X129; B8ab, side and apertural views, %97
(p. 86).
Prachulimina lajollaensis Suiter, n, sp.; 9ab, side views of
holotype, X97; 10a,b, side and apertural views of paratype,
X97 (p. 84).

9-10,

11. Pyramidina triangularis (Cusiman & PARKER);
and apertural views, X187 (p. 87).

12, Pyramidina rudita (CusiMaN & PARKER);
apertural views, X187 (p. 86).

13. Pyramidina szapnochac (Grzvsowski); 13ab, side and aper-
tural views, X97 (p. 87).

14, Bolivina incrassata Reuss; 14ab, side and edge views, x129
(p. 88).

15. Bolivina incrassata gigantea WICHER;
views, X52 (p. 88).

16. Bolivina decurrens (Enrenserc); 16ab, side and apertural
views, X 187 (p. 87).

17, Bolwinoides draco draco (Marsson); 17a,b, side and apertural
views, X97 (p. 88).

1la,b, side

12a,b, side and

15a,b, side and edge
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Discussion.—The present specimens form a common
element of the smaller species at La Jolla, Point Loma,
and Punta Descanso. In these samples considerable varia-
tion is noted in test size and development of chamber
spines. Because of this variation and the identical mor-
phologic characteristics, some specimens of smaller size
are included in the present species. The 2 forms seem to
represent different stages in the life cycle, one being
larger and more elongate, and the other more ovate in
plan and commonly more distinctly ornamented. This
species was described originally from the Upper Creta-
ceous of central California and also has been found by
Martin (1964) in the Campanian-Maastrichtian of Mer-
ced County, California. Bulimina joaquinensis MarTIN
may be synonymous and represent another part of the
variable population,

Types and occurrence.—Figured hypotypes (Fig. 3-4, UCLA
44236-44237) from sample S-1, Rosario Formation at La Jolla.

Unfigured hypotypes from Rosario Formation at Point Loma and
Punta Descanso (J18, L25, E21).

PRAEBULIMINA VENUSAE (Nauss)
Plate 12, figure 5

Bulimina venusae Nauss, 1947, p. 334, pl. 48, fig. 10.
Prachulinina venusae (Nauss), Tappan, 1962, p. 188, pl. 49, fig.

19-21.

Test free, small, clongate, flaring. Chambers numer-
ous, inflated, initially arranged in regular triserial series,
later increasing rapidly in size. Sutures distinct, de-
pressed. Wall calcareous, finely perforate. Aperture loop-
shaped, extending up face of final chamber.

Maximum length of fgured hypotype, 029 mm.;
breadth, 0.17 mm. Additional hypotypes range in length
from 0.12 mm. to 0.29 mm.

Discussion.—This species is more elongate than Prae-
bulimina cushmani (Sanpipce) (1932) and has 3 inflated
chambers in the final whorl. The initial regular triserial
portion, generally consisting of 3 whorls followed by the
enlarged later chambers also distinguishes this species.
Originally described from the Senonian of Canada, P.
venusae also has been recorded from the Senonian of
Alaska. The present specimens are somewhat thicker
than those shown in the original illustration but seem to
fall within the degree of variation reported for this
species. The species first occurs in the middle of the
La Jolla section but does not become common until the
upper samples. A rare occurrence also is noted at Point
Loma.

Types and oceurrence.—Figured hypotype (UCLA 44238) from
sample $-37, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (J136, L160).

Genus PYRAMIDINA Brotzen, 1948

PYRAMIDINA PROLIXA (Cushman & Parker)
Plate 12, figure 7-8
Bulimina proliva Cusuman & Parkewr, 1935, p. 98, pl. 15, fig. 5.

——Cusuman & Goupbkorr, 1944, p. 58, pl. 10, fig. 1.
Cusaman, 1946, p. 122, pl. 51, fg. 19-22——Cusuman &
PArkeR, 1947, p. 84, pl. 20, fig. 7-8.

Reussella proliva (Cushman & Parker), Horxer, 1957, p. 209, fig.
255-256 (partim),

Test free, small, elongate, narrow, gradually tapering,
subtriangular in transverse section with rounded angles.
Chambers numerous, distinct, increasing rather slowly in
size, slightly inflated, arranged directly over one another
or somewhat twisted. Sutures distinct, slightly depressed.
Wall calcareous, distinctly perforate, surface smooth.
Aperture nearly terminal, loop-shaped, at base of final
chamber.

Maximum length of figured hypotypes, 0.27 to 0.36
mm.; breadth, 0.14 to 0.15 mm.

Discussion.—This species, originally described from
the Upper Cretaceous Selma Chalk of Tennessee, is rec-
ognized by its narrow and elongate test, subtriangular
section, vertically aligned chambers, and nearly terminal
aperture. Bulimina prolixa Martin (1964) has been
omitted from synonymy as the illustrated specimens lack
several diagnostic features. At La Jolla, the species is
scattered throughout the section but becomes most
abundant toward the top. It occurs commonly at Carls-
bad, rarely at Point Loma, and is lacking at Punta
Descanso. This species is reported from the Upper Cre-
taceous of Europe and North America and is character-
istically found in strata of upper Taylor to Navarro age
in the Gulf Coast area.

Types and occurrence.—Figured hypotype (Fig. 7, UCLA 44245)
from sample S-34, Rosario Formation at La Jolla, Figured hypotype
(Fig. 8, UCLA 44244) from sample C-3, Rosario Formation at

Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma (C5, J114, L126),

PYRAMIDINA RUDITA (Cushman & Parker)
Plate 12, figure 12

Bulinina ornata CusiMan & Parger, (non Eccer), 1935, p. 97, pl.
5, fig. 4.

Bm':'lminﬁgmdira CusiMaN & Parker, 1936, p. 45.——CusHman,
1946, p. 122, pl. 51, hg. 24.——CusumMax & Parker, 1947, p.
82, pl. 19, fig. 26.

Reusella minima Brotzen, 1936, p. 136, fig. 48 (partim), pl. 8,
fig. 6.

Test free, small, tapering, triangular in transverse sec-
tion, with rounded angles, sides concave, some specimens
twisted on axis. Chambers distinct, slightly inflated, ar-
ranged in regular triserial fashion. Sutures distinct, de-
pressed, becoming sigmoidal. Wall calcareous, finely
perforate, hispid. Aperture nearly terminal, loop-shaped,
at base of final chamber, with slight lip.

Maximum length of figured hypotype, 0.20 mm.;
breadth, 0.12 mm.

Discussion.—This small, distinctive species, originally
described from the Taylor Formation of Texas, is a con-
sistent faunal element in all the present locations. The
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variable characters observed in the present population in-
clude test dimensions and degree of axial twisting, Rues-
sella minima, from the Senonian of Sweden, seems synony-
mous, although it differs in having the spines limited to
the basal part of the test. In the American Gulf Coast,
Pyramidina rudita ranges from Coniacian to Maastrich-
tian.

Types and occurrence.—Figured hypotype (UCLA 44246) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla, Point Loma, and Punta Descan-
so (C36, ]7, L27, D20).

PYRAMIDINA SZAJNOCHAE (Grzybowski)
Plate 12, figure 13

Vernewilina szapnochae Grzysowski, 1896, p. 287, pl. 9, fig. 19.

Brilimina limbata Wiite, 1929, p. 48, pl. 5, fig. 9.

Reussella californica Cusinian & Govpkory, 1944, p, 59, pl. 10, fig.
3-5.

Reussella szapnochae caltfornica Cushman & Goudkoff, Norn, 1951,
p. 65, pl. 7, fig. 6. Everxon Ouvera, 1959, p. 83, pl. 3, fig.
1-2,

Reussella szapnochae (Grzybowski) subspp., Berrorp, 1960, p. 66,
pl. 16, fig. 16-19.

Reussella szapnochae (Grzybowski), Granam & Ceurcwl, 1963, p.
53, pl. 6, Ag. 9.——Magmin, 1964, p. 91, pl. 12, fig. 4.

Test free, small, nearly as broad as long, triangular in
transverse section, flaring. Chambers numerous, subtri-
angular, with sharp peripheral ridge. Sutures distinct,
depressed, rather deeply excavated. Wall calcareous,
finely perforate, surface smooth. Aperture nearly termi-
nal, loop-shaped, extending from lower margin of final
chamber.

Maximum length of figured hypotype, 0.26 mm.;
breadth, 0.22 mm.

Discussion.—Only a few small specimens of this dis-
tinctive species were recovered. Previous California occur-
rences range from Santonian to Campanian.

Types and occurrence.—Figured hypotypes (UCLA 44247) from
sample S-31, Rosario Formation at La Jolla (J207).

PYRAMIDINA TRIANGULARIS (Cushman & Parker)
Plate 12, figure 11
Bulimina triangularis Cusuman & Parker, 1935, p. 97, pl. 15, fig.
4. Cushman, 1946, p. 122, pl. 51, fg. 23.——CusHMaN &
Parker, 1947, p. 82, pl. 19, fig. 25.——Brvrrorn, 1960, p. 65,
pl. 16, hg. 10-12.
Reussella buliminoides Brotzen, Ho¥xer, 1957, p. 207, fig. 251-253.

Test free, small, flaring, robust, triangular in trans-
verse section with rounded angles. Chambers somewhat
indistinet, very slightly inflated, increasing rapidly in
size. Sutures commonly indistinct, slightly depressed.
Wall calcareous, distinctly perforate, surface initially
smooth to spinose, later smooth. Aperture nearly terminal,
loop-shaped, at base of final chamber.

Maximum length of figured hypotype, 0.15 mm
breadth, 0.10 mm. Other hypotypes range to 0.22 mm. in
length.

Discussion.—This species differs from Pyramidina
rudita (Cusnsan & Parker) (1936) in being propor-
tionately shorter but mote widely flaring and having a
smoother surface texture. As Horker (1957, p. 208)
noted, specimens illustrated as Reussella buliminoides
Brotzen (1936) are very similar to the present species;
they here are placed in synonymy. These specimens,
however, as well as the original illustrations of P. tri-
angularis from the Taylor Formation of Texas, differ
from Reussella buliminoides in being more triangular in
section, more widely flaring, and more coarsely perforate.
The present rare specimens of P. triangularis are found
scattered throughout all locations. In the American Gulf
Coast, this species is most characteristic of strata of Taylor
age.

Types and occurrence.—Figured hypotype (UCLA 44248) from
sample S-30, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta Descan-
so (C114, 137, L106, D106},

Family BOLIVINITIDAE Cushman, 1927
Genus BOLIVINA d'Orbigny, 1839
BOLIVINA DECURRENS (Ehrenberg)

Plate 12, figure 16
Bolivina decurrens (Ehrenberg), Cusinan, 1946, p. 127, pl. 53, fg.
-13.

Grm]'nzn:oﬁomnm}’ decurrens Ennensere, 1854, pl. 30, fg. 17,

Test free, small, elongate, compressed, periphery sub-
acute. Chambers somewhat overlapping, increasing mod-
erately in size, with distinct projection at peripheral basal
margin of each chamber. Sutures distinct, oblique,
slightly depressed, straight. Wall calcareous, fincly per-
forate, surface smooth. Aperture nearly terminal, elongate.

Maximum length of hgured hypotype, 0.19 mm.;
breadth, 0.10 mm.; thickness, 0.05 mm. Other hypotypes
range to 0.29 mm. in length.

Discussion.—Bolivina decurrens is distinguished from
B. incrassata Reuss in its smaller size, more oblique su-
tures, and pointed chamber margins. The present speci-
mens, which are quite rare, occur in the upper portion of
the La Jolla section, at Punta Descanso, and in most
Carlsbad samples. The Carlsbad forms differ in being
somewhat more robust and less clongate than those from
La Jolla and Punta Descanso. Specimens from all four
locations, however, lie within the range of variation of this
species as shown by specimens in my collection from the
Corsicana Marl (locs. 2628 of Cushumax, 1946). The
American Gulf Coast specimens of this species, originally
described from the Upper Cretaceous of Europe, occur
characteristically in strata of Navarro age.

Types and occurrence.—Figured hvpotype (UCLA 44249) from
sample E-14, Rosario Formation at Punta Descanso, Unfigured hypo-
types from Rosario Formation at La Jolla and Carlsbad (C126, 208,
D119).
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BOLIVINA INCRASSATA Reuss
Plate 12, figure 14
Bolivina incrassata Reuss, 1851, p. 29, pl. 5, fig. 13.——CusHman
& CampseLr, 1935, p. 73, pl. 11, fig. 10——Horker, 1957, p.
228, fig. 282-286, 291.——Granam & Cuurch, 1963, p. 52,
pl. 5, fig. 26. Martin, 1964, p. 90, pl. 11, fig. 14—
McGueax, 1964, p. 942, pl. 150, hg. 22-23.

Test free, elongate, biserial, compressed, periphery
subacute to acute. Chambers low, broad, increasing
gradually in size, gently arcuate, commonly becoming
slightly inflated. Sutures distinct, gently curved, limbate,
especially near longitudinal axis, initially fush, later
depressed, may be slightly elevated axially. Wall cal-
carcous, finely perforate, radial in structure, surface
smooth. Aperture an elongate loop at base of final
chamber, with tooth plate.

Maximum length of figured hypotype, 029 mm.;
breadth, 0.12 mm.; thickness, 0.06 mm.

Discussion.—Bolivina incrassata is recognized by the
test and chamber dimensions, limbate sutures, and rela-
tive size. Specimens from present localities gradually
trend toward thinner and more compressed tests, curved
sutures, and acute periphery; this seems a slow evolu-
tionary change with time. The species is separated from
the thicker, larger bolivinid B. incrassata gigantea
Wicsner, which locally is restricted to Carlsbad and Punta
Descanso. These localities are referred to an upper-shelf
environment, whereas localities containing B. incrassata
s.5. represent deposition in deeper water. A somewhat
similar variation in the test dimensions of Recent boli-
vinids has been reported by Lurze (1964) and correlated
with a depth parameter, in this case the oxygen content
of the bottom water. The stratigraphic range of this
species in Europe, North America, Mexico, and the Near
East is Campanian to Maastrichtian,

Types and occurrence.—Figured hypotype (UCLA 44250) from
sample S§-20, Rosario Formation at La Jolla. Unfgured hypotypes
from Rosario Formation at Point Loma (J153, L162),

BOLIVINA INCRASSATA GIGANTEA Wicher
Plate 12, figure 15

Bolivina incrassata Reuss, Cusuman, 1946, p. 127, pl. 53, fig. 8-11.
Banoy, 1951, p. 510, pl. 75, fig. 5.—Sam & Kenvawy,
1956, p. 144, pl. 4, fig. 6.——ETternvop OLvera, 1959, p. 79,

pl. 2, fig. 17-18.

Bolivina incrassata Reuss forma gigantea Wicuer, 1949, p. 57
{(Serbian), 85 (English), pl. 5, fig. 2-3.

Bolivina incrassata gigantea Wicher, BETTENsTAEDT & WICHER,
1955, p. 502, pl. 2, fig. 19. HiLTerMANN & Koch, 1960, p.
75, table 3.

Test free, clongate, biserial, compressed, periphery
subrounded. Chambers broad, low, increasing gradually
in size, subrectangular. Sutures distinct, gently curved,
limbate, generally flush, may be slightly elevated axially.
Wall calcareous, finely perforate, radial in structure, sur-
face smooth, wall commonly thickened with clear calcite.
Aperture an elongate loop at base of final chamber, with
tooth plate.

Maximum length of figured hypotype, 0.60 mm.;
breadth, 0.17 mm.; thickness, 0.10 mm.

Discussion.—Bolivina incrassata gigantea originally
was described from Maastrichtian deposits at Nierental,
Austria, and separated from B. incrassata by the larger
size and typical Maastrichtian development. In the pres-
ent localities, it is restricted to Carlsbad and Punta
Descanso and appears prior to the initial appearance of
B. incrassata. These 2 localities seem to represent an
upper-shelf depositional environment, and the restriction
of the larger, thickened B. incrassata gigantea to these
locations may reflect the effects of ecologic conditions
rather than a typical Maastrichtian development as in
northern Europe.

Types and occurrence.—Figured hypotype (UCLA 44251) from

sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at Punta Descanso (C21, D98).

Genus BOLIVINOIDES Cushman, 1927

BOLIVINOIDES DRACO DRACO (Marsson)
Plate 12, figure 17

Bolivina draco Marsson, 1878, p. 157, pl. 3, fig. 25.
Bolivinoides rhomboidea Cusaman, 1927, p. 90, pl. 12, fig. 10.
Bolirinoides draco draco (Marsson), HiLtermany & Kocn, 1950,

p. 598, hg. 1,72-73, 2-4,52-54, 58-60, 5,53, 69-70. EpceLr,

1954, p. 73, pl. 13, fig. 1-3, pl. 14, fig. 1-3.——Reiss, 1954, p.

155, pl. 29, fig. 1-3.——va~ HintE, 1963, p. 106, pl. 14, fig. 3.
Bolivinoides draco (Marsson), MonTaNARo Garvrrerny, 1957, p.

145, pl. 33, fig. 14-16. Erernop OLvera, 1959, p. 80, pl. 2,

fig. 10, 12.

Test free, rhomboidal, compressed, flaring. Chambers
biserially arranged, low, broad and oblique. Sutures
generally indistinct except along outer margins, oblique,
gently curved, flush. Wall calcareous, finely perforate,
radial in structure, surface ornamented by 2 distinct
longitudinal costae separated by median sulcus, with less
well developed lateral costae and tubercules. Aperture
clongate, loop-shaped, at base of final chamber, with tooth
plate and narrow lip.

Maximum length of figured hypotype, 0.35 mm.;
breadth, 0.27 mm.; thickness, 0.17 mm.

Discussion.—The present specimens occur rarely in
the upper samples at La Jolla. The typical subspecies,
originally described from the Upper Cretaceous of Ger-
many, is distinguished from Bolivinoides draco miliares
Hivrermann & Kocu (1950) by the stronger ornamenta-
tion which results in a pair of distinct longitudinal costae.
In the La Jolla section, B. draco miliares appears first and
then together with B. draco draco but in reduced num-
bers. Finally, the youngest samples contain only the latter
species. As noted by Barr (1966), B. draco draco appar-
ently evolved from B. draco miliares during the upper
part of the lower Maastrichtian. This species is reported
from Europe, Israel, Australia, and Mexico.

Types and occurrence.—Figured hypotype (UCLA 44252) from
sample §-24, Rosario Formation at La Jolla (]223).
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BOLIVINOIDES DRACO MILIARES Hiltermann & Koch
Plate 13, figure 1
Bolivinoides draco miliares Hirermany & Koen, 1950, p. 604, fig.
2-4,26, 32-34, 39-41, 46-48, hg. 5,39. Ress, 1954, p. 155,
pl. 28, fig. 9-12, 14——vax Hinte, 1963, p. 106, pl. 13, fig.
7-8. Barn, 1966, p. 234, pl. 35, fig. 4-5.

Test free, rhomboidal, compressed, flaring, periphery
subacute. Chambers biserial, somewhat indistinct, low,
broad. Sutures commonly obscured by surface ornamen-
tation except along outer margins, oblique, gently curved,
flush. Wall calcareous, fincly perforate, structure radial,
surface ornamented by distinct lobes that are discontinu-
ous along longitudinal median sulcus. Aperture an
clongate loop at base of final chamber, with internal tooth
plate.

Maximum length of figured specimen, 046 mm.;
breadth, 0.31 mm.; thickness, 0.17 mm.

Discussion.—This subspecies is differentiated from
Bolivinoides draco draco by the initial, pustulose orna-
mentation that later fails to develop the distinctive, con-
tinuous longitudinal costac of the former subspecies. B.
draco muliares, originally described from the upper Se-
nonian of Germany, occurs in the upper samples at La
Jolla preceding the first appearance of B. draco draco.
The stratigraphic range of the former species is upper
Campanian to lower Maastrichtian. [t has previously
been reported from Europe and Israel.

Types and occurrence.—Figured hypotype (UCLA 44253) from
sample §-24, Rosario Formation at La Jolla (]176).

BOLIVINOIDES LAEVIGATUS Marie
Plate 13, hgure 2
Bolivinoides decorata (Jones) var, lacvigata Mawig, 1941, p. 189,
pl. 29, fig. 281.
Bolivinoides praecursor Ress, 1954, p. 156, pl. 30, fig. 4-7.
Bolivinoides laevigata Maric, HiLtermany & Kocu, 1955, p. 367,
pl. 27, fig. 13-15.——Hitermasy & Koow, 1960, p. 72, table
3. Barr, 1966, p. 237, pl. 34, fig. 7, pl. 38, fig. 1-5.
Bolivinoides delicatulus Cushman, Granam & Cuurch, 1963, p. 51,
pl. 5, fig. 24.

Test free, clongate, flaring, compressed, periphery
acute. Chambers biserial throughout, low, broad. Sutures
slightly depressed, partially obscured by surface orna-
mentation. Wall calcareous, perforate, surface orna-
mented by distinct, slightly clongate tubercules, irregular
on early chambers, later developing two paramedian rows.
Aperture an elongate loop at base of final chamber, lip
weakly developed.

Maximum length of figured hypotype, 0.30 mm.;
breadth, 0.18 mm.; thickness, 0.10 mm.

Discussion.—As noted by Barr (1966), Bolivinoides
laevigatus differs from B. decoratus (Jonks) in being
smaller, more compressed, and having much more weakly
developed ornamentation. The present classification fol-
lows that of Barr, who regards B. praccursor Reiss as a
junior synonym of B. laevigatus. The specimen illustrated
by Granam & Cuurce (1963) from the Campanian of

the Stanford campus is identical to the present forms in
size and morphologic characteristics; hence it is here
regarded as B. lacvigatus. Originally described from the
Belemmnitella mucronata Zone of the Paris Basin, this
species ranges from the upper Campanian to the lower
Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44254) from

sample 5-22, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (]159, L95).

Genus TAPPANINA Montanaro Gallitelli, 1955

TAPPANINA SELMENSIS (Cushman), 1933
Bolivinita selmensis Cusunmax, 1933b, p. 58, pl. 7, fig. 34—
Cusumayn, 1946, p. 114, pl. 49, fig. 1 (not hg. 2)——
Brovzen, 1948, p. 56, fig. 16, pl. 9, fig. 7.

Tappanina selmensis (Cushman), Moxtaxaro Gavireeet, 1956, p.
37, pl. 7, fig. 34, PerLamurrer & Toop, 1965, p, 115, pl. 2,
ﬁx. 16.

Test free, small, tapering, nearly rectangular in trans-
verse section, sides concave, periphery rounded. Chambers
distinct, flattened, slightly inflated in adult. Sutures
arched, becoming depressed and less distinct in later stage.
Wall calcareous, finely perforate, surface smooth with
rounded carinae becoming more strongly developed in
adult. Aperture loop-shaped, at base of final chamber.

Maximum length of hypotypes, 0.14 10 025 mm.;
breadth, 0.11 to 0.14 mm.; thickness, 0.07 to 0.08 mm.

Discussion.—Tappanina selmensis is recognized by
the concave sides, slight axial twisting in direction of coil-
ing and transverse carinae developed on later chambers.
Originally described from the Selma Chalk of Tennessee,
this widespread species is reported to range from Cam-
panian to Paleocene. The present occurrences are re-
stricted to Carlsbad.

Types and occurrence.—Unhgured hypotypes from Rosario For-
mation at Carlsbad (C105).

TAPPANINA TUBEROSA Sliter, n. sp.
Plate 13, figure 3

Test free, small, tapering, biserial, compressed, sides
concave, periphery rounded. Chambers subrectangular,
inflated, with truncate lower margin, increasing mod-
erately in size. Sutures indistinct, nearly perpendicular to
axis, depressed, central median suture strongly depressed.
Wall calcareous, finely perforate, surface hispid, becoming
coarser along the truncate base of each chamber. Aper-
ture loop-shaped, at base of final chamber.

Maximum length of holotype, 0.26 mm.; breadth, 0.12
mm.; thickness, 0.10 mm.

Discussion.—This species differs from Tappanina sel-
mensis (Custman) (1933b) in being less twisted axially,
hispid, having less concave sides and more inflated
chambers and lacking the distinct carinae, Carinae are
replaced on the present specimens by unconsolidated
pustules, which may become quite pronounced. T. tube-
rosa occurs stratigraphically higher than T. selmensis in
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the upper portion of the La Jolla section (upper Cam-
panian to Maastrichtian).

Types and occurrence.—Holotypes (UCLA 44255) and paratype
(UCLA 44256) from sample $-29, Rosario Formation at La Jolla
(J204).

Family EOUVIGERINIDAE Cushman, 1927
Genus EOUVIGERINA Cushman, 1926
EQOUVIGERINA HISPIDA Cushman
Plate 13, fgure 4, 9
Eounwvigerina hispida Cusuman, 1931¢, p. 45, pl. 7, fAig. 12-13.—

Cushman, 1946, p. 115, pl. 49, fig. 7-8.

Test free, elongate, compressed, initially biserial, later
becoming uniserial, with apical spine. Chambers sub-
globular, inflated, increasing rapidly in size. Sutures dis-
tinct, depressed. Wall calearcous, finely perforate, surface
spinose, initial end more strongly ornamented. Aperture
terminal, rounded, with short neck and small lip.

Maximum length of figured hypotypes, 0.20 mm.;
breadth, 0.09 to 0.10 mm.; thickness, 0.07 to 0.09 mm.
Other hypotypes range from 0.14 to 0.20 mm. in length,

Discussion.—This distinctive species is easily recog-
nized by its compressed test and hispid surface ornamen-
tation. It occurs most commonly at Carlsbad but is also
found rarely at La Jolla.

Types and occurrence.—Figured hypotype (Fig. 4, UCLA 44257)
sample 8-36, Rosario Formaton at La Jolla. Figured hypotype (Fig.
9, UCLA 44258) from sample C-4, Rosario Formation at Carlsbad
(CH6, J219).

EOUVIGERINA ROSARIOENSIS Sliter, n. sp.
Plate 13, figure §

Test free, small, cylindrical, biserial throughout, final
chamber central, nearly uniserial, periphery rounded.
Chambers distinct, subglobular, inflated, overlapping,
initially increasing rapidly in size, and later more slowly,
so that test has nearly parallel sides. Sutures distinct,
depressed, Wall calcarcous, finely perforate, surface
hispid. Aperture circular, terminal, with distinct neck
and phialine lip.

Maximum length of holotype, 0.19 mm.; diameter,
0.09 mm.

Discussion.—This species differs from Fouvigerina
hispida Cusuman in being somewhat smaller, more cy-
lindrical and less compressed and in having more over-
lapping chambers. Uvigerina magqfiensis Leroy (1953),
described from the Paleocene-lower Eocene of Egypt, is
somewhat similar in outline and chamber arrangement.
It differs, however, in being twice as large, more elongate
and coarsely hispid, having a greater biserial portion of
the test, and heavier, more pronounced apertural neck.
The present occurrences of E. rosarioensis are restricted
to Carlsbad and the middle and upper portion of the La
Jolla section (middle to late Campanian).

Types and occurrence.—Holotype (UCLA 44259) from sample
§-20; paratype (UCLA 44260) from sample S-21; both from
Rosario Formation at La Jolla (C101, J151).

Genus STILOSTOMELLA Guppy, 1894
STILOSTOMELLA IMPENSIA (Cushman)
Plate 13, figure 5
Ellipsonodosaria alexanderi Cushman var. impensia CusHMAN,

1938b, p. 48, pl. 8, fig. 4-5.——Cusunmaxn, 1946, p. 136, pl. 56,

fig. 16-18. Cusuman, 1949, p. 9, pl. 4, fig. 11.

Nodosaria spinifera Cushman & Campbell, TruyiLo, 1960, p. 328,

pl. 47, fig. 7.

Test free, elongate, gently arcuate, uniserial. Chambers
inflated, becoming elongated, increasing gradually in size.
Sutures distinct, depressed. Wall calcareous, hyaline,
finely perforate, surface distinctly spinose. Aperture
terminal, produced on short neck, with indentation on
one side.

Maximum length of figured hypotype, 1.77 mm.;
diameter, 0.29 mm.

Discussion.—The present specimens arc identical to
hypotypes from the Corsicana Marl (locs. 26-28 of Cusu-
MAN, 1946). The figured specimen illustrates the grada-
tion in the strength, number, and position of spines be-
tween the initial end and, in this case, the regenerated
later less calcified portion of the test. This species, orig-
inally described from the Corsicana Marl of Texas as a
variety of Ellipsonodosaria alexanderi, is characteristic of
Navarro strata in the Gulf Coast of North America. On
the West Coast, the specimen illustrated as Nodosaria
spinifera CusamaN & CampserL by Trujiro (1960) be-
longs to this species. The original illustration of N.
spinifera by Cusaman & Cameserr (1935) as well as the
specimen illustrated by Marrin (1964) differ from the
present forms in being more cylindrical and having
elongate chambers.

Types and occurrence—Figured hypotype (UCLA 44261) from
sample §-31, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C135, J10, L20, D27),

STILOSTOMELLA PSEUDOSCRIPTA (Cushman)
Plate 13, fgure 6-7
Ellipsonodosaria psendoseripta Cusnman, 1937b, p. 103, pl. 15, fig.

14.

Nodogenerina spinosa Horker, 1956, p. 69, pl. 6, fig. 26.
Stilostomella spinosa (Hofker), Horker, 1957, p. 142, fig. 164.
Siphonodosaria sp. cf, S. paleocenica (Cushman & Todd), Granam

& CHurch, 1963, p. 55, pl. 6, Ag. 10-12,

Test free, elongate, gently tapering, uniserial, rectilin-
ear. Chambers inflated, initially globular, later pyriform.
Sutures distinct, depressed, somewhat limbate. Wall cal-
careous, finely perforate, surface spinose, becoming
coarser at base of chamber, suture area may be smooth.
Aperture terminal, rounded, with simple tooth and
phialine lip.
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Maximum length of figured hypotypes, 0.57 to 0.66
mm.; diameter, 0.10 mm.

Discussion.—This species is distinguished from the
related species by its smaller size and less distinct orna-
mentation. Unlike the Texas specimens, the present forms
show a morphologic variation in strength of spines and
shape of chambers. The population includes intergrada-
tional forms that closely resemble Sulostomella plumme-
rae (Cusnman) (1940b) from the Midway Group of
Alabama. These specimens have a less elongate, more
subglobular ultimate chamber that is commonly excavated
at the base. Because of the intergradational nature of
these 2 forms and the prevalence of the elongated speci-
mens, both are here included in the present species. The
specimens illustrated by Granam & Church (1963) as S.
sp. f. 8. paleocenica (Cusuman & Topp) from the Cam-
panian of the Stanford University campus are identical
to the present forms. S. spinosa (Horker) from the
Maastrichtian of Denmark also is nearly identical. The
stratigraphic range of S. pseudoscripta, originally de-
scribed from the upper Taylor Marl of Texas, is from
Santonian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 6, 44262) from
sample S-2: figured hypotype (Fig. 7, 44263) from sample S-15:
both from Rosario Formation at La Jolla. Unfigured hypotypes from
Rosario Formation at Carlsbad, Point Loma, and Punta Descanso
(C117, 125, L68, D69).

Family UVIGERINIDAE Haeckel, 1894
Genus PSEUDOUVIGERINA Cushman, 1927

PSEUDOUVIGERINA CALIFORNICA Sliter, n. sp.
Plate 13, figure 10

Test free, small, tapering, triserial throughout, periph-
cry rounded. Chambers subglobular, inflated. Sutures
distinct, depressed. Wall calcareous, finely perforate, sur-
face smooth. Aperture terminal, rounded, with short
neck and lip.

Maximum length of holotype, 0.17 mm.; breadth, 0.09
mm.

Discussion.—This species most closely resembles Eou-
vigerina hofkeri Sam & Kenawy (1956) from the Upper
Cretaceous of Egypt; the latter, however, is much larger,
more elongate, and reportedly becomes biserial in its final
stage. The small size, triserial arrangement, and globular
chambers distinguish the California species. The Eocene
species Uvigerina minuta CusuMaN & Stone (1949) and
U. garzaensis Cusaman & Siecrus (1939) both differ
from Pseudouvigerina californica in being more robust,
twice as large, hispid and having a less acute initial end.
The present specimens occur most commonly at Carlsbad
but also are found rarely in the lower portion of the
L.a Jolla section in strata of Campanian age.

Types and occurrence—Holotype (UCLA 44265) from sample
C-2; paratype (UCLA 44266) from sample C-3; both from Rosario
Formation at Carlsbad (CY0, J110).

PSEUDOUVIGERINA PLUMMERAE Cushman
Plate 13, hgure 11

Pseudonvigerina plummerae Custmax, 1927b, p. 115, pl. 23, fig. 8.

——Cusuman, 1946, p. 116, pl. 49, fig. 14-16.

Pseudonvigerina cretacea Cushman, Baxoy, 1951, p. 513, pl. 75,

fig. 13.

Test free, small, elongate, triserial throughout, tri-
angular in section. Chambers distinct, increasing rapidly
in size, somewhat inflated, periphery rounded or with 2
weak vertical costae. Sutures distinct, depressed. Wall
calcareous, finely perforate, surface smooth. Aperture
circular, terminal, with short neck and phialine lip.

Maximum length of figured hypotype, 0.31 mm;
breadth, 0.19 mm.

Discussion.—This species, originally described from
the Pecan Gap Chalk of Texas, is distinguished by the
double peripheral costae, crenulate margins, and triangu-
lar section. Banpy (1951), referred these California rep-
resentatives to Pseudouvigerina cretacea CusHMAN, but
that species has a subrounded section and lacks the sur-
face ornamentation. The present species is characteristic
of the Carlsbad section and varies in the strength of the
vertical costae. Identical specimens in my collection from
the upper Taylor Marl (loc. 226-T-8 of Texas Bur. Econ.
Geol., PLummer loc. no. 347) also exhibit the degree of
variation mentioned by Cusuman (1946, p. 117). The
Carlsbad specimens are more robust than the Texas rep-
resentatives but less strongly ornamented. P. plummerae
also occurs in the basal portion of the La Jolla section.
This species has been reported to range from upper
Austin to Navarro strata.

Types and occurrence.—Figured hypotype (UCLA 44264) from
sample C-3, Rosario Formation at Carlsbad, Unfigured hypotypes
from Rosario Formation at La Jolla (C4, ]116).

Superfamily DISCORBACEA Ehrenberg, 1838
Family DISCORBIDAE Ehrenberg, 1838

Subfamily SEROVAININAE Sliter, n. subf.

Test free, trochospiral, umbilical area closed. Wall
calcareous, perforate, radial in structure, monolamellar.
Aperture basal.

Genus SEROVAINA Sliter, n. gen.

Type species—Serovaina orbicella (Banoy),

Test free, trochospiral, umbilicate, periphery rounded.
Chambers increasing rather rapidly in size. Sutures dis-
tinct, radial, depressed. Wall calcarcous, finely perforate,
radial in structure, monolamellar, surface smooth. Aper-
ture slitlike, interiomarginal, at base of final chamber,
with slight lip on upper border.
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Discussion.—The examination of numerous specimens
shows the wall structure to be radially constructed and
monolamellar, thus excluding it from the superfamily
Cassidulinacea. These forms are referred to the Discor-
bacea and are interpreted to represent a new subfamily
and genus. The apertural modifications of the subfamily
Baggininae and the genus Valvulinaria are clearly distinct
from the present specimens. Thus, a new subfamily is
proposed to include these monolarmelliar forms having
radial wall structure, an open umbilicus, and a slitlike
aperture extending from periphery to umbilicus.

SEROVAINA ORBICELLA (Bandy)
Plate 13, figure 12

Gyroidina globosa (Hagenow) var. orbicella Banpy, 1951, p. 505,
pl. 74, fig. 2.

Gyroidina glabosa orbicella Bandy, Martin, 1964, p. Y5, pl. 13, fig.
2.

Test free, trochospiral, spiral side partially evolute, all
chambers visible, gently convex to flattened, umbilical side

involute, strongly convex with small umbilicus, axial pe-
riphery broadly rounded. Chambers 6 to 8 in final whorl,
increasing rather rapidly in size, becoming inflated.
Sutures distinct, radial, depressed. Wall calcareous, finely
perforate, radial in structure, monolamellar, surface
smoothly finished. Aperture a low interiomarginal slit at
base of high apertural face extending from near periphery
to umbilicus, occasionally with small lip.

Maximum diameter of figured hypotype, 0.29 mm.;
thickness, 0.17 mm. Other hypotypes range to 031 mm.
in diameter.

Discussion.—Baxpy (1951) described this species as a
new variety of Gyrordina globosa. Due to the wall struc-
ture and apertural characteristics it is here referred to
Serovaina Suiter, n. gen. This species is found through-
out the La Jolla and Carlsbad sections and more sporad-
ically at Point Loma and Punta Descanso. In the La
Jolla samples, a trend toward increased size is noted;
nevertheless, the specimens are not as large as the Carls-
bad forms. This variance seems to represent an environ-
mental difference between these two localities. The
stratigraphic range is Campanian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44267) from
sample S-11, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C13, ]51, L115, D107).

Superfamily SPIRILLINACEA Reuss, 1862
Family SPIRILLINIDAE Reuss, 1862
Subfamily PATELLININAE Rhumbler, 1906

Genus PATELLINA Williamson, 1858

PATELLINA SUBCRETACEA Cushman & Alexander
Plate 13, Figure 14

Parellina subcretacea CusiMaN & ALExasper, 1930, p. 10, pl. 3,
fig. |——LorsLicH & Tapran, 1949, p. 264, pl. 51, fig. 3.

EXPLANATION OF PLATE 13

FIGURE

1. Bolivinoides draco miliares HiLTERMANN & Kocn; lab, side
and apertural views, X97 (p. 89).

2. Bolivinoides lacvigatus Mamie; 2ab, side and apertural views,
X129 (p. 89).

3. Tappanina tuberosa SLITER, n. sp.; 3a,b, side and edge views,
X187 (p. 89).

4,9. Eouvigerina hispida Cusiman; 4a-c, side apertural, and edge
views, X 187; 9, edge view, %129 (p. 90).

5. Stilostomella impensia (Cusiman); side view showing re-
generated chambers, X33 (p. 90).

6-7. Stilostomella pseudoscripta (Custiman); side views, X66
(p. 90).

8. Eounvigerina rosarioensis SLITER, n. sp.; 8ab, side views,
X 187 (p. 90).

10. Psendouvigerina californica SLITER, n. sp.;
apertural views, X187 (p. 91).

11. Pseudouvigerina pl ae Cusiman; 1la,b, side and aper-
tural views, X129 (p, 91).

12, Serovaina orbicells (Banpy); 12a-c, spiral, edge, and umbilical
views, X97 (p. 92).

13. Heterohelix striata (Enrenserc); 13ab, side and edge views,
X97 (p. 96).

14.  Patellina subcretacea CusHMAN & ALEXANDER; lda-c, spiral,
edge, and umbilical views, X 97 (p. 92).

15.  Pararotalia praenaheolensis (Ovrsson); 15a-c, spiral, edge, and
umbilical views, X187 (p. 93).

16.  Guembelitria cretacea Custman; side view, X187 (p. 94).

17. Heterohelix glabrans (Cusumax); 17a,b, side and edge views,
X187 (p. 94).

10a-¢, side and
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Test free, conical, spiral side convex, evolute, consist-
ing of proloculus followed by short undivided chamber,
later with 2 narrow and crescentic chambers per whorl,
umbilical side concave, involute, axial periphery acute.
Sutures distinct, gently depressed. Wall calcareous, hya-
line, distinctly perforate, surface smooth, finely corrugated.
Aperture a low arch under scroll-like median septa.

Maximum diameter of hypotype, 0.21 mm.; thickness,
0.10 mm. Other hypotypes range from 0.14 to 0.21 mm.
in diameter.

Discussion.—This species occurs rarely in the present
samples. The specimens show considerable variation in
test height which, in adult forms, results from postdeposi-
tional deformation. Juvenile tests, however, are relatively
higher-spired than the adults. The secondary septa are
weakly developed, with surface corrugations commonly
being the only indication of their presence. Specimens are
distinctly perforate, more coarsely so on the initial
chambers, with the later ones developing a nonperforate
band just above the suture. The morphologic characters
correspond so well to Patellina subcretacea as not to war-
rant the proposing of a new species name. It thus repre-
sents a long-ranging form, being originally described
from the Albian of Texas. The range may possibly indi-
cate homeomorphism.

Types and occurrence.—Figured hypotype (UCLA 44269) trom
sample §-25, Rosario Formation at La Jolla. Unfgured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (]137,
L&4, D36).

Superfamily ROTALIACEA Ehrenberg, 1839
Family ROTALIIDAE Ehrenberg, 1839
Subfamily ROTALIINAE Ehrenberg, 1839
Genus PARAROTALIA Y. Le Calvez, 1949
PARAROTALIA PRAENAHEOLENSIS (Olsson)

Plate 13, hgure 15
Lamarckina praenaheolensis Ovsson, 1960, p. 37, pl. 6, fig. 18-20,

Test free, trochospiral, biconvex to planoconvex, spiral
side more strongly convex, evolute, all chambers visible,
umbilical side flattened, involute, only final whorl show-
ing, umbilicate, umbilical plug may or may not be visible,
axial periphery acute, with imperforate keel. Chambers
usually 6 in final whorl, increasing rapidly in size, broadly
rounded, each with blunt peripheral spine. Sutures dis-
tinct, strongly curved, limbate, flush on spiral side, radiate
to sinuate, slightly depressed on umbilical side. Wall cal-
careous, finely perforate, radial in structure, surface
smoothly finished. Aperture consisting of interiomarginal,
extraumbilical-umbilical arched openings bordering um-
bilicus, with small lip and ovate arcal aperture.

Maximum diameter of figured hypotype, 0.17 mm.;
thickness, 0.09 mm. Other hypotypes range from 0.10 to
0.31 mm. in diameter.

Discussion.—This species is easily recognized by its
peripheral chamber spines, areal aperture, and umbilical
plug. The present specimens scem conspecific with the

EXPLANATION OF PLATE 14

FIGURE
1-3, Heterohelix globulosa (Emmenserc); lab, side and edge
views, X 187; 2, side view, X 187; 3a,b, side and edge views,
X97 (p. 94).
4-6,9. Heterohelix pulchra (Brorzen); 4ab, 5Sab, 9a,b, side and
edge views, X97; 6, side view, X97 (p. 95).
7. Heterohelix punctulata (Custimax); 7a.b, side and edge views,
X 66 (p. 96).
8. Bifarina douglast Suiter, n. sp.; 8ab, side and edge views,
X 66 (p. 96).

10. Planoglobulina ornatissima (Cusuman & CHurcH);
side and cdge views, X 66 (p. 97).
11-12.  Psendoguembelina costulata (Cusiman); 1lab, side and
edge views, X 133; 12ab, same, X129 (p. 97).
13-15.  Pseudotextularia elegans (Rzemax); 13ab, side and edge
views, X97; 14a,b, side and edge views, X187; 15, side
view, X 187 (p. 98).
16. Racemiguembelina fructicosa (Eccer); 16a,b, side and aper-
tural views, X97 (p. 98).

10a,b,
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form illustrated by Ovsson (1960) as Lamarckina prae-
naheolensis Ovsson, although the original description
lacks any reference to the areal aperture. The species is
here placed in the genus Pararotalia on the basis of the
test and chamber characteristics. Considerable morpho-
logic variation is noted in the present population in
regard to the visibility of the umbilical plug and to the
test thickness. The Carlsbad forms are commonly higher-
spired than those from the other locations. This species is
similar to P. inermis (Terquem) (1882), from the
Eocene of France but differs in being more spirally con-
vex, having fewer chambers, and in lacking a distinctly
lobate periphery.

Types and occurrence.—Figured hypotype (UCLA 44270) from
sample S-29, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad and Point Loma (C66, J205,
L144).

Superfamily GLOBIGERINACEA Carpenter,
Parker & Jones, 1862

Family HETEROHELICIDAE Cushman, 1927

Subfamily GUEMBELITRIINAE Montanaro Gallitelli,
1957

Genus GUEMBELITRIA Cushman, 1933

GUEMBELITRIA CRETACEA Cushman
Plate 13, figure 16

Giimbelitria cretacea Cusaman, 1933a, p. 37, pl. 4, fig. 12—
Jenxings, 1936, p. 28, pl. 3, Ag. 12. CusHMaN & HEDBERG,
1941, p. 91, pl. 22, fig. 17.——Cusamax & Toop, 1943, p. 65,
pl. 11, fig. 16.

Guembelitria cretacea Cushman, MontaNaro GaLuiTernr, 1958, p.
19, pl. 3, fig. 1-3.——Owssown, 1960, p. 27, pl. 4, fig. 8.

Test free, small, triserial. Chambers inflated, sub-
spherical. Sutures distinct, depressed. Wall calcareous,
finely perforate, smooth, Aperture a low arch at base of
final chamber, with slight lip.

Maximum length of figured hypotype, 0.12 mm.;
breadth, 0.09 mm.

Discussion.—The figured specimen is smaller and
more tapering and has a smaller aperture than the holo-
type. In this respect it more closely resembles the speci-
men illustrated by MonTanaro Garurrerer (1958) from
northern Italy. This is a rare species in California, re-
corded only from Punta Descanso. Similar forms are
characteristic of Navarro age strata in the Gulf Coast and
New Jersey. The species has also been recorded from
the Upper Cretaceous of Colombia and Italy.

Types and occurrence—Figured hypotype (UCLA 44271) from
sample E-10, Rosario Formation at Punta Descanso (E101).

Subfamily HETEROHELICINAE Cushman, 1927
Genus HETEROHELIX Ehrenberg, 1843

HETEROHELIX GLABRANS (Cushman)
Plate 13, figure 17
Giimbelina glabrans Cusnmax, 1938a, p. 15, pl. 3, fig. 12—

Cusuman & Toop, 1943b, p. 64, pl. 11, fg. 14.

Test free, small, biserial, early portion of test slightly
keeled. Chambers subrectangular, slightly compressed,
periphery moderately acute, 5 pairs of chambers in adult,
increasing rapidly in size. Sutures distinct, depressed,
slightly curved. Wall caleareous, very finely perforate,
surface smooth, polished. Aperture a broad, low arch at
inner margin of final chamber, with small lip and lateral
flanges extending onto previous chamber.

Maximum length of figured hypotype, 020 mm.;
breadth, 0.15 mm.; thickness, 0.09 mm.

Discussion.—Comparison of the figured hypotype to
the holotype (Cusiman coll. 24382) and to hypotypes
from the Corsicana Marl (loc. 43 of Cusuman, 1946)
shows it to be identical. Hererohelix glabrans differs from
H. globulosa (EHreNBERG) in the subacute periphery, sub-
rectangular chambers, and polished surface. The speci-
mens illustrated by Cusuman & Hepeere (1941) from
Colombia as H. glabrans more closely resemble H. pulchra
(Brorzen). This species is known from Navarro-age
strata within the Gulf Coast.

Types and occurrence—Figured hypotype (UCLA 44272) from
sample $-36, Rosario Formation at La Jolla (J218).

HETEROHELIX GLOBULOSA (Ehrenberg)
Plate 14, figure 1-3

Textularia globulosa Enrenserc, 1839 [1840], p. 135, pl. 4, fig.
4B.

Heterohelix globulosa (Ehrenberg), Montanaro Gavvirerny, 1957,
p. 137, pl. 31, fig. 12-15——FETernvop OLvera, 1959, p. 69,
pl. 1, fig. 17-18. Berrorp, 1960, p. 59, pl. 15, fig. 10-11.
——Tarpan, 1962, p. 196, pl. 55, hg. 1-2——GraHam &
Cuurcw, 1963, p. 61, pl. 7, fig. 11l.—Marrin, 1964, p. 84,
pl. 10, fig. 10, Taxavanact, 1965, p. 195, pl. 20, fig. 1.
Test free, small, biserial, flaring, initial chambers

commonly planispiral, ultimate pair of chambers in large

specimens less flaring to parallel sided. Chambers globu-
lar, 5 to 7 pairs, increasing moderately in size. Sutures
distinct, depressed, straight. Wall calcareous, finely per-
forate, surface smooth to finely striate. Aperture a broad
low arch with slight lip at inner margin of final chamber.

Hypotypes range in length from 0.10 to 032 mm.;

breadth, 0.10 to 0.19 mm.; thickness, 0.09 to 0.12 mm.
Discussion.—Examination of the plesiotypes of Guem-

belina globulosa (EHRrENBERG) in the Cusaman collection

(nos. 24397, 24399, 24400) show them to be identical to

the present specimens. This species is characterized by

the globular chambers, generally smooth surface, and
small size. Morphologic variation is noted in the position
of the final chamber, presence of the initial planispiral
coil, and presence or absence of surface ornamentation.
The present specimens as well as the plesiotypes show
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varying degrees of faint striation or alignment of fine
pores, producing a striated effect. This feature depends,
of course, on the degree of preservation. Although Hezer-
ohelix globulosa has generally weaker striations than H.
striata (Enrenserc), the species also may be differen-
tiated by test and chamber proportions. H. globulosa
differs from H. striata in being smaller, more slowly
tapering, and with globular chambers that increase more
gradually in size. This last feature causes the last-formed
pairs of chambers to be nearly equal in thickness. Large
populations of H. globulosa include some individuals
with as many as 14 chambers. Specimens of this size
resemble H. moremani (Cusiman) (1938a) whose holo-
type has 19 chambers. Both species have the same thick-
ness, chamber shape, and pore alignment. H. globulosa
typically differs, however, in having fewer chambers and
a test that tapers more rapidly until the 4th or 5th pair
of chambers and then becomes nearly parallel-sided.
Examination of topotype material of H. moremani is
needed to indicate the relationship between these similar
species. H. globulosa occurs in Europe, Far East, Aus-
tralia, Africa, mid-Pacific, and North and South America.
In California the species is recorded from Santonian to
Maastrichtian.

Types and occurrence.—Figured hypotype (Fig, 3, UCLA 44273)
from sample S-1, Rosario Formation at La Jolla. Figured hypotypes
(Fig. 1-2, UCLA 44274-44275) from sample C-4, Rosario Forma-

tion at Carlsbad. Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C10, J31, L159, D49).

HETEROHELIX PULCHRA (BROTZEN)
Plate 14, figure 4-6, 9

Gumbelina pulchra Brorzes, 1936, p. 121, pl. 9, fig. 2-3.

Grimbelina psendotessera Cusnman, 1938a, p. 14, pl. 2, fig. 1921,

Glimbelina planara Cusiman, 1938a, p. 12, pl. 2, fig. 13-14.

Gublerina hedbergs BronniMany & Browx, 1953, p. 155, fig. 11-12.

Gublerina acuta robusta e Krasz, 1953, p. 247, pl. 8, fig. 4-5.

Hererohelix pulchra (Brotzen), Montanaro Garuirerei, 1957, p.
137, pl. 31, fig. 20. Pessacno, 1962, p. 358, pl. 1, fig. 3.——
Marmin, 1964, p. 85, pl. 11, fig. 2.——TaravaNaci, 1965, p.
197, pl. 20, fig. 3.

Guembelina lata (Egger), Moxtanaro Gavvrrervs, 1957, p. 137,
pl. 31, Ag. 19.

Heterohelix planata (Cushman), MoxTaxNarRo Gavrvrrerns, 1958, p.
20, pl. 2, fig. 9-10.

Gublerina ornatissima (Cushman & Church),
Ricassi, 1963, pl. 17, fig. 4.

Heterohelix sp. cf. H. planata (Cushman), TakayaNaci, 1965, p.
196, pl. 20, fig. 2.

Test free, small, biserial, flaring, initial chambers com-
monly planispiral, later biserial, may become irregular,
producing flabelliform test, initial periphery keeled, later
subrounded. Chambers 5 to 7 pairs, increasing rapidly in
size, initially globular, later reniform or irregular, com-
pressed. Sutures distinct, depressed, limbate. Wall cal-
careous, perforations often initially coarse, later becoming
fine, surface finely striate to smooth. Aperture a high
arch at inner margin of last chamber, with distinct lateral

BRONNIMANN &

flanges, may be hooded, irregular or multiple in final
stage.

Maximum length of figured hypotypes, 0.34 1o 0.36
mm.; breadth, 0.21 to 0.29 mm.; thickness, 0.10 to 0.12
mm.
Discussion.—This species is distinguished from the
associated heterohelicids by its reniform chambers, com-
pressed test, apertural flanges, and sporadic presence of a
flabelliform stage. A complete gradation occurs from the
more numerous biserial forms to the rarer ones with a
flabelliform stage. The latter is encountered more fre-
quently in the Carlsbad section. This flabelliform stage is
very similar to that illustrated for the microspheric
Heterohelix pulchra by Brorzen (1936, pl. 9, fig. 2) from
the Senonian of Sweden but differs in being somewhat
larger and having less deeply depressed sutures. A paratype
of Gublerina hedbergi Bronnmann & Brown (USNM
no. P5441) (= G. acuta robusta pe Kvasz) is identical to
specimens in the present material. MonTanaro GALLI-
TELLI (1957, p. 141) examined the paratype of G. hedbergi
and concluded that although the specimen is bicamerate,
unlike Gublerina, it has the wide central area typical of
the genus. As noted by Takavanact (1965, p. 197) this
central area is produced by the apertural flanges and be-
comes more extreme in wider specimens until the advent
of the irregular chambers. Furthermore, the initial por-
tions of both biserial and flabelliform types are identical
in shape, surface ornamentation, and apertural modifica-
tions. On the basis of these features and the intergrada-
tional sequence, G. hedbergi is here placed in synonymy
with H. pulchra. The holotype of G. glaessneri Broni-
MANN & Brown (USNM no. P5442) differs from H.
pulchra in being much larger and having a wider central
area and coarser surface ornamentation. It thus seems
cvident that the present interpretation of Gublerina en-
compasses 2 morphologically similar taxa: the irregular
forms of Heterohelix such as the irregular stage of H.
pulchra that possibly represents a reproductive modifica-
tion, and the distinctive forms with a definite biserial
divergence belonging to Gublerina. The holotypes of H.
pseudotessera (Cusiman) and H. planata (CusHMAN)
(Cusuman collection nos. 24380 and 24376 respectively)
were examined and found to be synonymous to H. pul-
chra. A trend in the appearance and increase in size of
the apertural flaps is noticed between Coniacian and
Campanian specimens here referred to this species. Conia-
cian specimens commonly lack flaps, whereas by Cam-
panian time they are generally well developed. The late
Campanian-early Maastrichtian biserial chamber diver-
gence and lateral extension of the apertural flaps produces
a progressive increase of flabelliform specimens.

Heterohelix lata (Eccer) of Cusuman (1938a) and
MonTtanaro Garvrrerer (1957) also appears to be similar
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to the present species. The original illustration of H. lata,
however, differs from the present species in showing sub-
rectangular chambers, a less rapidly tapering test, distinct
striations, and a larger size; hence the species seem dis-
tinct. H. pulchra as here recognized ranges from Conia-
cian to Maastrichtian. Recorded occurrences include the
Gulf and Atlantic seaboard, Western Interior and Pacific
Coast of America, mid-Pacific, Cuba, Puerto Rico, and
Europe,

Types and occurrence.—Figured hypotypes (Fig. 5-6, UCLA
44278-44279) from sample C-4; hypotype (Fig. 9, UCLA 44276)
from sample C-1; all from Rosario Formation at Carlsbad. Figured
hypotype (Fig. 4, UCLA 44277) from sample S-13, Rosario Forma-
tion at La Jolla. Unfigured hypotypes from Rosario Formation at
Point Loma and Punta Descanso (C39, J14, L34, D23).

HETEROHELIX PUNCTULATA (Cushman)
Plate 14, figure 7

Giimbelina punctulata Cusiman, 1938a, p, 13, pl. 2, fig. 15-16.
Psendoguembelina punctulata (Cushman), BrRONNIMANN & Browx,

1953, p. 154, fig. 7-8.

Heterohelix punctulata (Cushman), Pessacyo, 1962, p. 358, pl. 1,

fig. 11.

Test free, large, biserial, initial portion more widely
flaring than in adult early chambers may be slightly
keeled. Chambers globular, increasing less rapidly in size
in adult stage. Sutures distinct, initially flush and some-
what limbate, later becoming depressed. Wall calcareous,
perforate, initial chambers commonly costate, chambers in
mid-portion of test pitted and lightly striate, ultimate
chambers lightly striated to smooth. Aperture a broad
arch at inner margin of final chamber, with narrow lip
and small lateral flanges.

Maximum length of figured hypotype, 0.53 mm.;
breadth, 0.39 mm.; thickness, 0.28 mm.

Discussion.—This species, placed in the genus Pseudo-
guembelina by Bronnimvann & Brown (1953) was re-
studied by MonTaNaro GavrLiteLLr (1957) and reassigned
to Heterohelix. At that time, Pseudoguembelina was
restricted to forms with strong chamber modification
producing accessory apertures, whereas those with occa-
sional accessory apertures, i.c., H. punctulata and H.
striata (EHRENBERG), were referred to Heterohelix. In the
present samples the accessory apertures are rarely pre-
served but the species is ecasily distinguished by its
punctate surface, globular chambers, and relatively large
size. H. punctulata is characteristic of Campanian-
Maastrichtian strata and occurs in the Gulf Coast of
America, Cuba, and Puerto Rico.

Types and occurrence.—Figured hypotype (UCLA 44280) from
sample S-11, Rosario Formation at La Jolla. Unfgured hypotypes
from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C93, J71, L89, D46).

HETEROHELIX STRIATA (Ehrenberg)
Plate 13, figure 13
Textularia striata EHRENBERG, 1839 [1840], p. 135, pl. 4, fig. 1-3.
Giimbelina striata (Ehrenberg), Banoy, 1951, p. 510, pl. 75, fig. 8-9.

Heterohelix striata (Ehrenberg), ETerxon Ouvera, 1959, p. 71, pl.
2, fig. 4, 8. Bercoren, 1962, p. 21, pl. 4, fig. 1.5——
MarTin, 1964, p. 85, pl. 11, fig. 1.

Psendoguembelina striata (Ehrenberg), Beuvoro, 1960, p. 60, pl.
15, fig. 12-13.

Heterohelix globulosa (Ehrenberg), Truyinio, 1960, p. 344, pl. 50,
fig. 10,

Test free, small, flaring, biserial, initial chambers
commonly planispiral. Chambers globular to subglobu-
lar, from 5 to 7 pairs in adult, increasing rapidly in size.
Sutures distinct, depressed, straight. Wall calcareous,
finely perforate, surface ornamented with longitudinal
striae that become fine or lacking in the ultimate chamber.
Aperture a broad low arch with distinct lip at the inner
margin of the final chamber, lateral flanges poorly de-
veloped or lacking.

Maximum length of figured hypotype, 0.31 mm
breadth, 0.22 mm.; thickness, 0.12 mm.

Discussion.—The species is characterized by inflated,
globular chambers, rapid increase in size and thickness,
and striated surface. Examination of large groups of
specimens reveals several types of morphologic variation:
specimens generally taper evenly throughout but may
have nearly parallel sides in the final stage; the final
chamber may be displaced centrally, toward the plane of
biseriality, and may be reduced in size; accessory apertures
occur rarely at inner margin of final 2 chambers; and
striations vary from quite prominent to barely visible.
Forms with weak striations closely resemble the holotype
of Heterohelix reussi (Cusaman) (1938a) from the Aus-
tin Chalk (Cusaman Coll. no. 24374) and the latter may
be identical. The variation in ornamentation of H. striata
has been mentioned previously (Banpy, 1951; Loesrics,
1951; Horker, 1957; MonTANARO GALLITELLL, 1957; BERG-
GREN, 1962) and further strengthens the need for more
precise specific criteria within the heterohelicids.  As
noted by Taxkavanaci (1965, p. 199), H. globulosa of
TrujiLro should be referred to H. striata on the basis of
its prominent striations, inflated and globular chambers,
and test thickness. H. striata is widely distributed, oc-
curring in the Upper Cretaceous of Europe, Australia,
North America, Mexico, and the Caribbean. California
occurrences include the Campanian of Carlsbad (Banpy,
1951) and the Maastrichtian of Fresno County (MarTIN,
1964).

Types and occurrence.—Figured hypotype (UCLA 44281) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes

from the Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C25, J22, 133, D45).

Genus BIFARINA Parker & Jones, 1872
BIFARINA DOUGLASI Sliter, n. sp.
Plate 14, figure 8
Test free, clongate, initially biserial, later uniserial.
Chambers in biserial portion subrectangular, inflated, with
small marginal spine at base of chamber, uniserial cham-
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bers inflated, globular, with 2 marginal spines. Sutures
distinct, depressed, gently curved. Wall calcareous, finely
perforate, surface smoothly finished. Aperture terminal,
rounded.

Maximum length of holotype, 0.67 mm.; breadth, 0.18
mm.; thickness, 0.16 mm.

Discussion.—This species is rare in the present
samples. It differs from Bifarina cretacea (Cusaman)
(1932a) in being larger and in having more globular
chambers, marginal spines, and no evidence of an aper-
tural neck. B. douglasi occurs in the upper part (Cam-
panian to Maastrichtian) of the La Jolla section and at
Point Loma.

Types and occurrence.—Holotype (UCLA 44282) from sample
BR-1; paratype (UCLA 44283) from sample BR-1: both from
Rosario Formation at La Jolla. Unfigured paratypes from Rosario
Formation at Point Loma ([152, L130).

Genus PLANOGLOBULINA Cushman, 1927

PLANOGLOBULINA ORNATISSIMA (Cushman & Church)
Plate 14, hgure 10
Ventlabrella ornatissima Cusiman & Cuuren, 1929, p, 512, pl. 39,

fig. 12-15.

Gublerina ornatissima (Cushman & Church), Granam & CHuRCH,

1963, p. 61, pl. 7, fig. 10——Mar71v, 1964, p. 86, pl. 11, fig.

3 ——Taxkavanact, 1965, p. 200, pl. 20, fig. 6-8.

Test free, large, initially biserial, flaring, later flabelli-
form, with numerous chambers in biserial plane, com-
pressed. Chambers subglobular, initially more inflated,
periphery of biserial portion subrounded, adult periphery
rounded. Sutures distinct, limbate, initially depressed,
later flush to slightly elevated. Wall calcareous, finely
perforate, surface initially costate, later smooth. Aperture
not observed, owing to broken ultimate chambers.

Maximum length of figured hypotype, 0.63 mm.;
breadth, 0.53 mm.; thickness, 0.21 mm.

Discussion.—Some confusion exists concerning the
taxonomic position of this species. Planoglobulina orna-
tissima is characterized by a flabelliform test, proliferation
of chambers in the plane of biseriality that completely
fill the test arca, and thicker, costate, and commonly
pustulose initial portion. The absence of a nonseptate
central area clearly separates this species from the genus
Gublerina but not from Planoglobulina. The species is
casily distinguished and common to all the present loca-
tions. Examination of numerous specimens shows the
central area to be filled with inflated chambers surrounded
by limbate sutures. The central chambers have 2 arched
apertures communicating with the adjacent chambers in
a diagonal series. P. ornatissima thus is not synonymous
with G. cuvillieri Kixdine (1948). Examination of the
holotype of G. glaessneri BRONNIMANN & Brown (USNM
no. P5442) from the Maastrichtian of Cuba demonstrates
a close resemblance to P. ornatissima. G. glaessneri is
pustulose and thickened in the early portion of the test

but differs in the thinner walls, more compressed ultimate
stage, and apparent tendency for biserial chambers to
diverge and leave the central nonseptate area character-
istic of Gublerina. P. eggeri (Cusaman) differs from P.
ornatissima in the less developed early biserial stage, dis-
tinctly inflated chambers, more uniform lateral compres-
sion, less limbate sutures, less pronounced initial costae,
and smaller size. P. acervulinoides (Eccer) (1899) differs
from P. ornatissima in the less strongly ornamented initial
portion of the test, less limbate sutures, and larger size.
The latter species is apparently restricted to the Upper
Cretaceous of the Pacific Coast. Future investigation may
show that some species now placed in the genus Gublerina
and having distinct initial ornamentation and later pro-
liferation of chambers are closely related to this species,
thus expanding the geographic distribution. P. ornatis-
sima has been recorded from the northern, central, and
southern sections of California. The form referred 1o
Ventilabrella sp. cf. V. austinana Cusuman by McGuean
(1964) from the Upper Cretaceous of Vancouver Island,
Canada, is probably more closely related to the present
specices,

Types and occurrence.—Figured hypotype (UCLA 44284) from
sample §-20, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C24, |72, L32, D67).

Genus PSEUDOGUEMBELINA Bronnimann & Brown,
1953

PSEUDOGUEMBELINA COSTULATA (Cushman)
Plate 14. higure 11-12

Giimbelina excolata Cushman, Voorwiyk, 1937, p. 194, pl. 1, fig.
7-8.

Giimbelina costulata Cusuman, 1938a, p. 16, pl. 3, fig. 7-9——
Civrieux, 1952, p. 271, pl. 6, fig. 15. Hasiuton, 1953, p.
234, pl. 30, fig. 12.

Psetdoguembelina costuluta (Cushman), MoNTANARO GALLITELLL,
1957, p. 139, pl. 31, fig. 21-22. Pessacno, 1962, p. 358, pl.
1, fig. 6.

Test free, small, biserial, initial chambers commonly
keeled. Chambers slightly inflated, reniform. Sutures
limbate and flush in carly portion, later becoming de-
pressed. Wall calcarcous, perforate, ornamented through-
out with fine longitudinal costae. Principal aperture a low
arch with lip at inner margin of last chamber, accessory
apertures developed by the extension of lateral flaps.

Maximum length of figured hypotypes, 0.25 to 032
mm.; breadth, 0.16 to 0.21 mm.; thickness, 0.11 mm.

Discussion.—The costate ornamentation, compressed
test, reniform chambers, and common accessory apertures
characterize this species. It differs from Pseudoguembe-
lina excolata Cusuman (1926a) of the Gulf Coast in the
smaller size, less coarse ornamentation, and less inflated,
more reniform chambers. These characteristics, plus the
presence of accessory apertures, serve to distinguish this
species from Heterohelix striata. P. costulata was original-
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ly described from the Campanian of Texas and has since
been recorded from the Campanian and Maastrichtian of
the Gulf Coast (Cusuman, 1946), the Upper Cretaceous
of the mid-Pacific (HaMiLTON, 1953), and the Campanian-
Maastrichtian of Venezuela (Crvrieux, 1952) and Puerto
Rico (Pessagro, 1962).

Types and occurrence.—Figured hypotype (Fig. 12, UCLA
44285) from sample C-4: figured hypotype (Fig. 11, UCLA 44286)
from sample C-1; both from Rosario Formation at Carlsbad. Unfig-

ured hypotypes from the Rosario Formation at La Jolla and Punta
Descanso (C40, J47, D146).

Genus PSEUDOTEXTULARIA Rzehak, 1891

PSEUDOTEXTULARIA ELEGANS (Rzchak)
Plate 14, figure 13-15

Cuneolina elegans Rzenax, 1891, p. 4.

Guembelina plummerae Loerrerie, 1937, p. 33, pl. 5, fig. 1-2——
Civrievx, 1952, p. 270, pl. 6, fig. 11-12. Hanmivron, 1953,
p. 234, pl. 30, fig. 10.——Nacarpa, 1959, pl. 7, fig. 5-6.

Pseudotextularia elegans (Rzehak), aff. var. deformis (Kikéine),
pe Kurasz, 1953, p. 232, pl. 5, fig. 3.

Psendotextularia elegans (Rzehak), Montavaro Garvrreriy, 1957,
p. 138, pl. 33, hg. 6.——Grananm & Crark, 1961, p, 111, pl. 5,
fig. 5.——PessacNo, 1962, p, 356, pl. 1, fig. 9.

Heterohelix striata (Ehrenberg), Granam & Cuurcw, 1963, p. 62,
pl. 7, fig. 12, Taravanaci, 1965, p. 198, pl. 20, fig. 4.
Test free, large, biserial, flaring. Chambers initially

subglobular, later one strongly inflated, laterally com-
pressed with thickness commonly exceeding breadth, ulti-
mate chamber may be nearly central in position and may
be ecither enlarged or reduced in size, small peripheral
chambers may be added in plane of biseriality. Sutures
distinct, depressed, straight to slightly curved. Wall cal-
careous, finely perforate, surface distinctly costate. Aper-
ture a broad, low interiomarginal arch, with slight lip.

Maximum length of figured hypotypes, 034 to 0.42
mm.; breadth, 0.17 to 0.25 mm.; thickness, 0.17 to 0.21
mm.

Discussion.—This species is distinguished by the
lateral compression of the test so that test thickness equals
or exceeds its breadth, common central position of the
final chamber, costate ornamentation, and relatively large
size. Specimens from all 4 locations exhibit variations in
test length, breadth, and thickness similar to those illus-
trated by Noru (1951) from the Austrian Alps. Spo-
radically the degree of thickness approaches that in mate-
rial from the Taylor Formation of Texas. The early
chambers of Pseudotextularia elegans, prior to the advent
of lateral compression, superficially resemble those of
Heterohelix striata but the species may be differentiated
by the strong costae and the more subrectangular cham-
bers. A progressive increase in the strength of the costate
ornamentation, both in the amount of relief and the
lateral separation of individual costae, is noticed between
Coniacian and Maastrichtian specimens. A widespread
Upper Cretaceous species P. elegans has been reported
from the Gulf, plains, and western states of America, and

from Mexico, Venezuela, Europe, Egypt, India, and the
mid-Pacific. Two California occurrences closely resem-
bling P. elegans and here included in the synonymy are
H. striata of Grauam & CHurcH (1963) and H. striata of
Takavanact (1965).

Types and occurrence.—Figured hypotypes (Fig. 14-15, UCLA
44288-44289) from sample C-4, Rosario Formation at Carlsbad.
Figured hypotype (Fig. 13, UCLA 44287) from sample $-20,
Rosario Formation at La Jolla. Unfigured hypotypes from Rosario
Formation at Point Loma and Punta Descanso (C52, [32, L67,
DA47).

Genus RACEMIGUEMBELINA Montanaro Gallitelli,
1957

RACEMIGUEMBELINA FRUCTICOSA (Egger)
Plate 14, figure 16
Giimbelina fructicosa Eccer, 1901, p. 35, pl. 14, fig. 8-9.
Pseudotextularia varians Rzehak, Cusaman, 1946, p. 110, pl, 47, fig.
4-9. Hamivron, 1953, p. 235, pl. 30, fig. 9.
Racemiguembelina  fructicosa (Egger), MoNTANARO GALLITELLI,
1957, p. 142, pl. 32, fg. 14-15——FErervon Orvera, 1959,
p. 78, pl. 2, Ag. 5-7, 11.
Pseudotextularia elegans (Rzehak), Nacarra, 1959, pl. 7, fig. 7-8.

Test free, subconical, early chambers biserial, later
becoming proliferated perpendicular to growth axis. Early
chambers globular, later ones irregular, inflated. Sutures
distinct, depressed, slightly curved. Wall calcareous, finely
perforate, surface ornamented with longitudinal costae.
Aperture a broad low arch, with slight lip, at base of
terminal chamber.

Maximum length of figured hypotype, 043 mm.;
breadth, 0.34 mm.

Discussion.—A single specimen of this distinctive
species was found. Racemiguembelina fructicosa differs
from Pseudotextularia elegans in the proliferation of
chambers at the crown producing the subconical test. Tt
has been recorded previously from the Navarro of the
Gulf Coast (Cusuman, 1946), Campanian and Maastrich-
tian of Mexico (Eternop Orvera, 1959), Upper Creta-
ceous of the mid-Pacific (Hamirron, 1953), Upper
Cretaceous of northwest Germany (Horker, 1957), and
Maastrichtian of northeast India (Nacarpa, 1959).

Type and occurrence—Figured hypotype (UCLA 44290) from
sample L-12, Rosario Formation at Point Loma (L139),

Family PLANOMALINIDAE Bolli, Loeblich & Tappan,
1957

Genus GLOBIGERINELLOIDES Cushman & ten Dam,
1948

GLOBIGERINELLOIDES ALVAREZI (Eternod Olvera)
Plate 15, figure 1-2

Planomalina alvarezi Evervop OLvera, 1959, p. 91, pl. 4, fig. 5-7.
Marmin, 1964, p. 84, pl. 10, fig. 8-9.

Planomalina yaucoensis Pessacno, 1960, p. 98, pl. 2, fig. 14-15.
Globigerinella aspera (Ehrenberg), Herm, 1962, p. 49, pl. 3, fig. 6.
Planomalina (Globigerinelloides) aspera aspera (Ehrenberg), van

Hixte, 1963, p. 97, pl. 12, fig. 2.
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Globigerinelloides asper (Ehrenberg), Takavanaci, 1963, p. 201, pl.

20, fig. 9.

Test free, small, planispiral, biumbilicate, periphery
moderately lobate. Chambers 7 to 8 in the final whorl,
inflated, globular, slightly overlapping. Sutures distinct,
depressed, radial. Wall calcareous, finely perforate, sur-
face smooth to finely hispid. Aperture a moderately high
arch at base of final chamber, with small lip and occa-
sionally preserved relic apertures.

Maximum diameter of figured hypotypes, 0.22 mm.;
thickness ranges from 0.09 to 0.11 mm. Other hypotypes
range from 0.17 to 0.31 mm. in diameter.

Discussion.—This species, originally described from
the Campanian-Maastrichtian of Mexico, is distinguished
from Globigerinelloides messinae (BronNimMann) by the
greater number of chambers in the final whorl, thinner
test, and commonly greater diameter. In the present
samples, 2 species of Globigerinelloides are consistently
observed. These have been referred to the present species
and to G. messinae, omitting any reference to G. asper
(Eurenserc) (1854) owing to its confused taxonomy
(see remarks under G. messinae). Nevertheless, were the
status of G. asper clarified, the original illustrations are
of a form with 5 to 6 chambers in the final whorl, and
thus differing from the present specimens. This species
may represent a long-ranging conservative stock or the
Campanian-Maastrichtian examples may be stratigraphi-
cally distinct. For the present, the latter possibility is
chosen. The specimen illustrated by Takavanact from
the Campanian of northern California appears identical
to the present material. The stratigraphic range of this
species is Santonian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. I, UCLA 44292)
from sample C-2, Rosario Formation at Carlsbad. Figured hypotype
(Fig. 2, UCLA 44291) from samplec S$-37, Rosario Formation at

La Jolla. Unfigured hypotypes from Rosario Formation at Point
Loma, and Punta Descanso (C102, J30, L157, D90).

GLOBIGERINELLOIDES MESSINAE (Bronnimann)
Plate 15, figure 3, 5
Globigerinella aspera (Ehrenberg), Banpy, 1951, p. 508, pl. 75, fig.
3
Globigerinella messinae messinae BRoNNIMANN, 1952, p. 42, fig. 20,
pl. 1, Ag. 6-7.
Globigerinella biforaminata Horxer, 1956, p. 53, fig. 2, 5.
Planomalina (Globigerinelloides) messinae (Brénnimann), Berc-
GreN, 1962, p. 44, fig. 6,1-6, 7,1-8, pl. 8, fig. 4-8.
Globigerinella voluta pinguis Herm, 1962, p, 52, pl. 1, fig. 1.
Planomalina (Globigerinelloides) messinae messinae (Bronnimann),
van Hinte, 1963, p. 100, pl. 12, fg. 6.
Planomalina (Globigerinelloides) messinae biforaminata (Hofker),
van Hinte, 1963, p. 102, pl. 12, fig. 4.
Globigerinelloides messinae (Bronnimann), Ousson, 1964, p. 174,
pl. 7, fig. 6-8.
Planomalina aspera (Ehrenberg), MarTin, 1964, p. 84, pl. 10, fig. 7.

Test free, small, planispiral, biumbilicate, moderately
involute, equatorial periphery lobate, axial periphery
rounded, Chambers 3, rarely 6 in final whorl, increasing

rapidly in size, globular. Sutures radial, depressed. Wall
calcareous, finely perforate, radial in structure, surface
hispid. Aperture in early stages a broad, low interiomar-
ginal, equatorial arch bordered by a lip whose lateral,
umbilical extensions from relict apertures, later stages
commonly develop a bipartite primary aperture, occa-
sionally covered by small, thin walled chamber or bulla.

Maximum diameter of figured hypotypes, 0.24 mm. to
0.27 mm.; thickness, 0.14 mm.

Discussion.—This species, originally described from
the upper Maastrichtian of Trinidad, is characterized by
globular chambers (generally 5 in final whorl), rounded
periphery, open umbilicus, and sporadic bipartite aper-
ture. Present specimens have been compared to the holo-
type and some members of the population are identical
to it. It differs, however, in being slightly larger, some-
what more compressed and having more elongate cham-
bers than average California specimens. These features
are regarded as intraspecific or geographic variations inas-
much as the present examples are identical to Atlantic
Coast holotype material and illustrations of Scandinavian
specimens ( Berceren, 1962), Complete gradations from
specimens with single apertures to the rarer double aper-
tures are found in the present samples. I agree with
Berceren (1962) that Biglobigerinella represents an
artificial genus. Specimens with bipartite apertures have
been found in populations with single apertures from
Aptian (Borui, LoesLicn & Tappan, 1957), Campanian
to Maastrichtian (Sussorina, 1953; Bercoren, 1962;
Ousson, 1964) and Tertiary, ie., late Eocene (Dient &
Proto Drcima, 1964; SuLeiManov, 1966), and apparently
represent an end-point in the morphologic development
of these lineages.

The species Globigerinelloides asper (Enrensirc) has
been purposely omitted from discussion because of agree-
ment with Bronnimany (1952) that the original illustra-
tions and description of this species are inadequate. Fur-
thermore, several of the original illustrations, i.c., pl. 23,
fig. 28; pl. 27, fig. 57; pl. 28, fig. 42; pl. 31, fig. 44 (Enren-
BERG, 1854), show a trochospiral coil indicative of Hed-
bergella. One need only refer to the literature to note the
differing interpretations of this species. Therefore, until
type material is restudied, the present specimens are
placed in G. messinae. The stratigraphic range of this
species within California is upper Campanian to lower
Maastrichtian. Other occurrences include upper Cam-
panian and Maastrichtian of New Jersey and Delaware,
uppermost Cretaceous of the Netherlands, and Maastrich-
tian of Trinidad and Scandinavia.

Types and occurrence.—Figured hypotype (Fig. 3, UCLA 44293)
from sample C-6; figured hypotype (Fig. 5, UCLA 44294) from
sample C-2; both from Rosario Formation at Carlsbad. Unfigured
hypotypes from Rosario Formation at La Jolla, Point Loma and
Punta Descanso (C9, J11, L31, D87).
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Family SCHACKOINIDAE Pokorny, 1958
Genus SCHACKOINA Thalmann, 1932

SCHACKOINA MULTISPINATA (Cushman & Wickenden)
Plate 15, figure 7

Hantkenina multispinata Cusiman & Wickevpey, 1930, p. 40, pl.
6, fig. 4-6.

Hnnr&cﬁina trituberculata Morrow, 1934, p. 195, pl. 29, fig. 24, 26-
28,

Schackoina trituberculata (Morrow), LoerrerL, 1937, p. 47, pl. 7,
fig. 7——Borin, 1952, p. 56, pl. 4, fig. 4.

Schackoina mudtispinata (Cushman & Wickenden), Loesrich &
Tappan, 1961, p. 271, pl. 1, fig. 8-10.——Granant & CHuncH,
1963, p. 61, pl. 7, fg. 9.

Test free, small, low trochospiral; chambers 3 in final
whorl, increasing rapidly in size, radially elongate, pro-
ducing single peripheral tubulospine, later chambers with
2 or 3 additional tubulospines randomly distributed.
Sutures depressed, radial. Wall calcareous, finely per-
forate, surface smooth. Aperture interiomarginal, equa-
torial, with bordering lip.

Maximum diameter of figured hypotype, 0.10 mm.;
thickness, 0.05 mm.

Discussion.—This species i1s characterized by small
size and radially elongate chambers with tubulospines.
Within California, Schackoina multispinata has been
recorded from the Campanian of the Stanford campus
(Granam & CHurcH, 1963). Gulf Coast occurrences in-
clude parts of the Eagle Ford Group, Austin Chalk, and
Pecan Gap Member of the Taylor Marl. Western Interior
occurrences range from Cenomanian to Santonian, where-
as in Europe this species has been recorded from the
middle and upper Senonian of Italy and Maastrichtian of
North Africa, Germany, Russia, and northern Spain.

Types and occurrence.—Figured hypotype (UCLA 44295) from
sample E-2, Rosario Formation at Punta Descanso (D102).

Family ROTALIPORIDAE Sigal, 1958

Subfamily HEDBERGELLINAE Loeblich & Tappan,
1961

T he University of Kansas Paleontological Contributions

Genus HEDBERGELLA Bronnimann & Brown, 1958

HEDBERGELLA HOLMDELENSIS Olsson
Plate 15, figure 6, 8
Hedbergella holmdelensis Ovssox, 1964, p. 160, pl. 1, fig. 1-2.

Test free, small, low trochospiral, spiral and umbilical
sides nearly flat, giving a planispiral appearance, test com-
posed of 3 whorls, equatorial periphery lobate. Chambers
5 to 7 in final whorl, globular, increasing moderately in
size may be somewhat radially elongate in later stage.
Sutures distinct, depressed, radial to slightly curved. Wall
calcareous, perforate, surface finely hispid to smooth.
Umbilicus moderately wide and deep. Aperture a low
arch, interiomarginal, extraumbilical-umbilical, with
small flap, successive apertural flaps visible in umbilicus.

Maximum diameter of figured hypotypes, 0.15 to 0.19
mm.; thickness, 0.09 to 0.10 mm. Other hypotypes range
in diameter from 0.12 to 0.19 mm.

Discussion.—As observed by Ovsson (1964), Hed-
bergella holmdelensis appears to have evolved from H.
planispira (Tappan) (1940) by a reduction in the num-
ber of chambers in the final whorl, an increase in chamber
inflation, and some elongation of chambers. The present
specimens, as compared to topotypes of H. planispira
from the Del Rio Formation, are generally more robust
and have more inflated chambers. Variation within the
species is noted by rare specimens with radially elongate
chambers and a slightly convex spiral side (i.e., Pl. 15, fig.
6). Comparative material from the upper Campanian
Marshalltown Formation of New Jersey contains speci-
mens identical to those in the present samples. A previ-
ous California reference may be the specimen referred to
H. planispira (Tappan) by Taxavanacr (1965, pl. 21, fig.
7) from the Campanian Forbes Formation. The amount
of chamber inflation and elongation closely resembles that
of H. holmdelensis.

Types and occurrence.—Figured hypotype (Fig. 8, UCLA 44297)
from sample C-2, and (Fig. 6, UCLA 44298) from sample C-3,
both from Rosario Formation at Carlsbad. Unfigured hypotypes

EXPLANATION OF PLATE 15

FIGURE
1-2. Globigerinelloides alvarezi (ETernop OLVERA);
side and edge views, X187 (p. 98).
3,5. Globigerinclloides messinae (Bronnimann); 3ab, 5ab, side
and edge views, > 129 (p. 99).
4. Hedbergella monmouthensis (Ousson); 4a-c, spiral, edge, and
umbilical views, X187 (p. 101).

lab, 2ab,

6, 8. Hedbergella holmdelensis (Ovsson); 6a-c, spiral, edge, and
umbilical views, X187 (p. 100).
7. Schackoina multispinata (CusumAN & WICKENDEN);
opposite sides, X187 (p. 100).
9-10. Globotruncana arca (Cusiman); 9a-c, spiral, edge, and
umbilical views, X89; 10a-c, same, X97 (p. 101).

1a,b,
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from Rosario Formation at La Jolla, Point Loma, and Punia
Descanso (C94, ]38, L64, D48).

HEDBERGELLA MONMOUTHENSIS (Olsson)
Plate 15, figure 4

Globorotalia monmouthensis Ousson, 1960, p. 74, pl. 9, fig. 22-24.
Praeglobotruncana (Hedbergella) monmouthensis (Olsson), Berc-

GRreN, 1962, p. 37, fig. 4.1-5, pl. 8, fig. 1-3.

Hedbergella monmouthensis (Olsson), Ousson, 1964, p. 161, pl. 1,

fig. 3.

Test free, small, low trochospiral, spiral side nearly
flat, test composed of two whorls, equatorial periphery
distinctly lobate. Chambers 5 to 6 in final whorl, increas-
ing rapidly in size, inflated, nearly spherical. Sutures
distinct, depressed, radial to slightly curved. Wall cal-
carcous, perforate, surface pustulose. Umbilicus narrow,
deep. Aperture a low interiomarginal, extraumbilical-
umbilical arch, with distinct spatulate flap, may be cov-
ered by thin walled spherical chamber or bulla, successive
apertural flaps visible in umbilicus.

Maximum diameter of figured hypotype, 0.20 mm.;
thickness, 0.10 mm. Other hypotypes range from 0.18 to
0.32 mm. in length and 0.11 to 0.18 mm. in thickness.

Discussion.—This species is distinguished from Hed-
bergella holmdelensis by its fewer and more strongly
inflated chambers, larger size, and pustulose ornamenta-
tion. H. planispira of Taxavanact (1965, pl. 22, fig. 1)
from the Campanian Forbes Formation of northern Cali-
fornia is very similar if not identical to the present species.
Originally described from the Maastrichtian Redbank
Formation of New Jersey, this species occurs in all present
localities. The stratigraphic range of this species in Cali-
fornia is Campanian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44296) from
sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C92, 73, L111, D97).

Family GLOBOTRUNCANIDAE Brotzen, 1942
Genus GLOBOTRUNCANA Cushman, 1927

GLOBOTRUNCANA ARCA (Cushman)
Plate 15, figure 9-10

Pulvinulina arca Cusamaxn, 1926a, p. 23, pl. 3, fig. 1.
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Globotruncana arca (Cushman), Banoy, 1951, p. 509, pl. 75, fig. 1.
Bron~imany & Broww, 1956, p. 539, pl. 23, fig. 10-12.——
Boivi, Loenuicn & Tarpan, 1957, p. 44, pl. 11, fig. 6-11.—
Kraus, 1960, p. 824, pl. 7, fig. 5. Herm, 1962, p. 67, pl. 7,

hg. 3. Martin, 1964, p. 79, pl. 9, Ag. .——Ousson, 1964,
p. 162, pl. 4, Ag. 1-3. Taxavanact, 1965, p. 209, pl. 23,
fig. 1-2.

Globotruncana (Globotruncana) arca (Cushman), Bercorex, 1962,
p. 49, pl. 9, fig. 1-2. van Hinte, 1963, p. 80, pl. 6, fig. 2.

Globotruncana riojae Eternod Olvera, Mawmin, 1964, p. 82, pl. 9,
fig. 6.

Test free, low to moderately high trochospiral, bicon-
vex, usually more spiroconvex, equatorial periphery lobate,
axial periphery angular truncate with 2 distinct keels.
Chambers 6 or 7 in final whorl, increasing gradually in
size, petaloid to crescentic on spiral side, subrectangular
on umbilical side, imbricated. Sutures curved, limbate,
beaded on spiral side, slightly curved, depressed on um-
bilical side. Wall calcareous, perforate, radial in struc-
ture, surface of early chambers lightly pustulose, later ones
smooth, Umbilicus deep and wide. Primary aperture
interiomarginal, umbilical, commonly covered by tegilla
with intra- and infralaminal apertures,

Maximum diameter of figured hypotypes, 0.44 to 0.49
mm.; thickness, 0.25 to 0.26 mm.

Discussion.—Globotruncana arca is distinguished by
its biconvex test, distinct and well-separated double keels,
and peripheral carinal band that slopes prominently to-
ward the umbilicus. This species is the most common
planktonic element in the present samples. Several
authors (BrONNIMANN & Brown, 1956; BERGGREN, 1962)
have regarded G. arca as restricted to the Maastrichtian,
whereas others (Kravs, 1960; van Hinte, 1963) have
extended the lower limit downward as far as the upper
Coniacian. As presently interpreted, this species appears
to range from late Santonian to Maastrichtian. Examina-
tion of the specimen of G. riojae Erernon Ovvera figured
by MarTin (1964) shows it to be synonymous. Originally
described from the upper Maastrichtian of the Méndez
Shale of Mexico, G. arca has been widely reported from
Alaska, Canada, North and South America, Europe,
Russia, North Africa and Australia.

EXPLANATION OF PLATE 16

FIGURE

1. Globotruncana cretacea (D'ORBIGNY);
umbilical views, X129 (p. 102).

2. Globotruncana churchi Martiv; 2a-c, spiral, edge, and um-
bilical views, X97 (p. 102).

3. Globotruncana elevata (BrorzeNn); 3a-c, spiral, edge, and um-
bilical views, %66 (p. 102).

la-c, spiral, edge, and

4. Globotruncana sp.;
X 66 (p. 108).

5-7. Globotruncana fornicata PLumMEeR; Sa-c, spiral, edge, and
umbilical views, X97; 6a-c, 7a-c, same, X89 (p. 103).

4a-c, spiral, edge, and umbilical views,
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Types and occurrence.—Figured hypotype (Fig. 9, UCLA 44299)
from sample S-8, Rosario Formation at La Jolla. Figured hypotype
(Fig. 10, UCLA 44300) from sample C-I, Rosario Formation at
Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C7, ]6, L23, D22).

GLOBOTRUNCANA CHURCHI Martin
Plate 16, figure 2

Globotruncana area (Cushman), Cusaman & Cuurcn, 1929, p. 518,

pl. 41, fig. 1-3. Takavanact, 1965, p. 209, pl. 22, fig. 6.
Globotruncana churchi MarTIN, 1964, p. 79, pl. 9, fig. 5.

Test free, trochospiral, biconvex, spiral side moderately
trochospiral with inner whorls distinctly elevated, umbili-
cal side often slightly concave, axial periphery truncate,
inclined towards umbilicus, with 2 distinct keels, umbilical
keel often weakly developed on last chamber, equatorial
periphery moderately lobate. Chambers 6 to 7 in final
whorl, slightly inflated, increasing gradually in size,
petaloid on spiral side, subrectangular on umbilical side.
Sutures curved, limbate, elevated, beaded on spiral side,
slightly curved, depressed on umbilical side. Wall cal-
careous, perforate, surface initially pustulose, later cham-
bers smooth. Umbilicus moderately wide, deep. Aperture
interiomarginal, umbilical, covered by tegilla with infra-
and intralaminal accessory apertures,

Maximum diameter of figured hypotype, 0.31 mm.;
thickness, 0.19 mm.

Discussion.—Originally described from the California
Campanian by Cusuman & CHurch (1929), this species
was included within the Globotruncana arca assemblage
until Marrin (1964) recognized its distinctive features and
separated it as G. churchi. Later work within California
has shown the stratigraphic usefulness of this species. G.
churchi differs from G. arca in being smaller, relatively
thicker, and in having more petaloid chambers and
higher spire with an acute shoulder formed by the ex-
posed spiral carina. In the area studied, this species is a
limited and characteristic marker in the lower portions of
the La Jolla and Punta Descanso sections and throughout
that at Carlsbad. California occurrences of G. churchi
range from upper Santonian to Campanian, the latter
apparently being the most characteristic.

Types and occurrence.—Figured hypotype (UCLA 44301) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes

from the Rosario Formation at La Jolla and Punta Descanso (C122,
1117, D100).

GLOBOTRUNCANA CRETACEA (d'Orbigny)
Plate 16, figure 1
Globigerina cretacea v'Orsiony, 1840, p. 34, pl. 3, fig. 12-14.
Globotruncana globigerinoides Brorzen, 1936, p. 177, pl. 12, fig. 3,
pl. 13, fg. 3. Herm, 1962, p. 80, pl. 5, fig. 6.
Globotruncana eretacea (4'Orbigny), Banner & Brow, 1960, p. 8,
pl. 7, fig. L. BARR, 1962, p. 567, pl. 69, fig. 9.——Ovsson,
1964, p. 164, pl. 2, fig. 2.
Globotruncana (Globotruncana) cretacea (d'Orbigny), van HiNTE,
1963, p. 65, pl. 6, fig. 3.
Globotruncana mariai Gandolf, Martin, 1964, p. 82, pl. 9, fig. 7.
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Test free, low trochospiral, biconvex, axial periphery
ovate, with 2 weak keels commonly present on all but
ultimate chamber, all chambers with poreless margin,
equatorial periphery moderately lobate. Chambers 5 to 6
in final whorl, increasing gradually in size, globular, in-
flated, becoming elongate in direction of coiling, final
chamber commonly slightly compressed. Sutures distinct,
slightly curved, depressed on spiral side, radial to slightly
curved, depressed on umbilical side. Wall calcareous, per-
forate, radial in structure, surface pustulose to hispid,
initial chambers more coarsely ornamented, final chamber
nearly smooth. Umbilicus wide, deep. Primary aperture
interiomarginal, umbilical, commonly with tegilla show-
ing intra- and infralaminal accessory apertures.

Maximum diameter of figured hypotype, 0.35 mm.;
thickness, 0.18 mm.

Discussion.—The present specimens are nearly identi-
cal to the lectotype illustrated by Banner & Brow. These
specimens show morphologic variation in the degree of
compression of the final chamber, number of chambers,
and strength of the double carinae. Some specimens have
distinct early carinae that become weakly developed or
lacking in the final chamber, others lack distinct carinae
on the final whorl. Thin sections of the latter type show
the development of distinct carinae on early chambers and
replacement of these carinae in the final whorl by an im-
perforate peripheral band. These forms also have the
wide, deep umbilicus and tegilla, which together with the
imperforate margin are characteristic of the genus Globo-
truncana. The specimen illustrated as G. cretacea by
Taxavanact (1965) lacks the open umbilicus and has
instead a distinct apertural flap; hence it is not included
in the present synonymy. Originally described from the
lower Campanian of France, G. ¢retacea appears to range
from Coniacian to lower Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44303) from
Rosario Formation at Point Loma. Unfigured hypotype from Rosario
Formation at La Jolla, Carlsbad and Punta Descanso (C51, J119,
L66, D134).

GLOBOTRUNCANA ELEVATA (Brotzen)
Plate 16, figure 3

Rotalia elevara Brorzen, 1934, p. 66, pl. 3, fig. c.
Globotruncana andori pe Kiasz, 1953, p. 233, pl. 6, fig. 1.
Globotruncana (Globotruncana) elevara elevata (Brotzen), Dausiez,

1955, p. 169, fig. 9.

Globotruncana elevata elevata (Brotzen), Knipscueer, 1956, p. 51,

fig. 1.

Globgmmcana stuarti elevata (Brotzen), Ovsson, 1964, p. 169, pl.

5, fig. 7.

Test free, low trochospiral, biconvex, spiral side slightly
convex, strongly umbilicoconvex, axial periphery acute
with distinct single keel, equatorial periphery moderately
lobate. Chambers 6 to 7 in final whorl, increasing grad-
ually in size, ultimate chambers commonly reduced in
size, petaloid in spiral view, subpetaloid in umbilical
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view. Sutures curved, elevated, limbate, beaded on spiral
side, radial to slightly curved, depressed on umbilical side.
Wall calcareous, perforate, radial in structure, surface
smooth to slightly pustulose. Umbilicus moderately wide,
deep. Primary aperture interiomarginal, umbilical, cov-
ered by tegilla with intra- and infralaminal accessory
apertures.

Maximum diameter of figured hypotype, 0.68 mm.;
thickness, 0.40 mm.

Discussion.—This species differs from Globotruncana
stuartiformis Dausiez in being nearly planoconvex with a
raised central cone, is more strongly umbilicoconvex and
has petaloid chambers which become subrectangular on
the umbilical side. The present specimens commonly have
a wide carinal band fanking the single peripheral keel.
The species occurs rarely in the La Jolla and Point Loma
sections. The reported stratigraphic range is Campanian
to lower Maastrichtian,

Types and occurrence.—Figured hypotype (UCLA 44304) from

sample $-36, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (]J217, L63).

GLOBOTRUNCANA FORNICATA Plummer
Plate 16, figure 5-7

Globotruncana formicata Puumser, 1931, p. 198, pl. 13, fig. 4-6.
BronNIMANN & Broww, 1956, p. 542, pl. 21, fig. 7, 14-15.
——Gramam & Crark, 1961, p. 112, pl. 5, fig. 10. Herm,
1962, p. 78, pl. 7, Ag. 2——Granam & Cuurch, 1963, p. 63,

pl. 7, hg. 14. Ousson, 1964, p. 164, pl. 2, hg. 3-4, pl. 3,

fig. 7-8.——Takavanaci, 1965, p. 214, pl. 24, fg. 4.
Globotruncana (Globotruncana) fornicata Plummer, van HiNTE,

1963, p. 61, pl. 1, fig. 1-2, pl. 20, fig. 3.

Globotruncana morozovae Vassilenko, Takavanaci, 1965, p. 219,

pl. 26, fig. 5.

Test free, low trochospiral, biconvex, moderately um-
bilicate, axial periphery angular truncate with 2 distinct
keels, equatorial periphery slightly lobate. Chambers in-
creasing gradually in size, 5 or 6 in final whorl, com-
monly somewhat inflated, elongate, crescentic on spiral
side, subrectangular on umbilical side, overlapping.
Sutures, curved, limbate, beaded on spiral side, radial to
slightly curved, depressed on umbilical side. Wall cal-
carcous, perforate, radial in structure, surface initially
pustulose later chambers smooth. Umbilicus wide and
deep. Aperture interiomarginal, umbilical, covered by
tegilla with infra- and intralaminal apertures commonly
preserved.

Maximum diameter of figured hypotypes, 0.43 to 0.49
mm.; thickness, 0.24 to 0.28 mm.

Discussion.—Originally described from the upper
Taylor Marl of Texas, this species is easily distinguished
by its double keel and long, narrow, crescentic chambers
in the final whorl. The present specimens are very simi-
lar to examined topotypes but are somewhat thicker and
have a more pronounced surface ornamentation. These
differences seem to be the result of geographic or ecologic
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variation, or both. The ancestral relationship of Globo-
truncana fornicata to G. contusa (Cusiman) has been
referred to by previous authors. This gradual evolution-
ary change apparently occurred in late Campanian to early
Maastrichtian time, and the relative percentages of G.
contusa and G. fornicata, within the Tethyan province,
provide a Maastrichtian marker. In the present samples,
typical G. contusa is lacking; however, in 3 of the present
sections (La Jolla, Point Loma, Punta Descanso) a trend
toward higher-spired, conical forms is observed in passing
to younger specimens. These resemble G. contusa patelli-
formis Ganpovrri, originally described from the Cam-
panian of Colombia, and seems to reflect the ecologic
isolation of the Maastrichtian northern Pacific fauna.
Examination of hypotypes of G. morozovae VassiLenko
of Taxkayanact shows them to fall within the range of
morphologic variation of G. fornicata. The stratigraphic
range of this widespread species is generally regarded as
Coniacian to Maastrichtian. The upper Turonian occur-
rences referred to by several authors needs further verifi-
cation and may prove in part to be based on specific
misidentification.

Types and occurrence.—Figured hypotype (Fig. 7, UCLA 44305)
from sample S-4; figured hypotype (Fig. 6, UCLA 44306) from
sample S-15; both from Rosario Formation at La Jolla. Figured
hypotype (Fig. 5, UCLA 44307) from sample C-3, Rosario Forma-

tion at Carlsbad. Unfigured hypotypes from Resario Formation at
Point Loma and Punta Descanso (C91, ]70, L123, D8K).

GLOBOTRUNCANA HAVANENSIS Voorwijk
Plate 17, figure 1-2

Globotruncana havanensis Voorwiyx, 1937, p. 195, pl. 1, fig. 25-
26. LoesLicH & Tarpan, 1964, p. C663, fg. 529.3.

Globorotalia pschadae Kevier, 1946, p, 99, 108, pl. 2, fig. 4-6.

Globotruncana citae Borvt, 1951, p. 197, pl. 35, fig. 4-6.

Rugotruncana havanensis (Voorwijk), Bronnimany & Browx, 1956,
p- 552, pl. 22, fig. 4-6.

Pracglobotruncana coarctata Borry, 1957, p. 55, pl. 12, fig. 2-3.

Globotruncanella havanensis (Voorwijk), ETerNop Orvira, 1959,
p. 94, pl. 4, fig. 12-14. van Hinre, 1963, p. 94, pl. 10, fig. 3,
pl. 11, fig. 4-5, pl. 12, fig. 1.

Praeglobotruncana (Pracglobotruncana) havanensis
Bercoren, 1962, p. 26, pl. 7, fig. 1.

(Voorwijk),

Test free, low trochospiral, biconvex to spiroconvex,
axial periphery acute with single keel that may become an
imperforate band on last chamber. Chambers 5 or 6 in
final whorl, increasing moderately in size, subglobular,
compressed. Sutures on spiral side slightly curved, de-
pressed, may be slightly limbate, beaded to smooth, um-
bilical sutures radial to slightly curved, depressed. Wall
calcareous, finely perforate, radial in structure, surface
finely hispid to smooth. Umbilicus small, shallow. Pri-
mary aperture interiomarginal, umbilical with apertural
flaps that may form tegilla with intra- and infralaminal
accessory apertures.

Maximum diameter of figured hypotypes, 0.36 to 0.39
mm.; thickness, 0.14 to 0.15 mm.
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Discussion.—The present specimens are identical to
the original illustrations and to topotypes from the
Habana Formation of Cuba. Glokotruncana havanensis
is casily distinguished by its single keel, flat and com-
pressed test, and lobate periphery. Following the present
classification, this species is included in Globotruncana
because of its keeled periphery and umbilical tegilla. The
tegilla commonly is broken, its remnants appearing to be
spatulate flaps extending over the umbilical area. In
future, the compressed, single-keeled to nonkeeled, thin-
walled forms such as G. havanensis and G. petaloidea
(Ganporrr) may be excluded from Globotruncana. For
the present, these species are not referred to Globotrun-
canella Rexss pending a more detailed examination of the
wall structures. The stratigraphic range extends from
upper Campanian through Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 1, UCLA 44308)
from sample S-23; figured hypotype (Fig. 2, UCLA 44309) from
sample T-1; both from the Rosario Formation at La Jolla, Unfigured

hypotypes from Rosario Formation at Point Loma and Punta
Descanso (J97, L30, D43).

GLOBOTRUNCANA LINNEIANA (d'Orbigny)
Plate 17, figure 3-4

Globotruncana lapparenti lapparenti Brorzen, 1936, p. 175.
Rosalina linneiana 'OrsicNy, 1839, p. 101, pl. 5, fig. 10-12,
Globotruncana canaliculata (Reuss), Basoy, 1951, p. 509, pl. 75,

fig. 2.

Gfab:rmncana linneiana (d'Orbigny), Bronnimann & Brown, 1956,
p. 540, pl. 20, fig. 13-17, pl. 21, fig. 16-18.——BroNNIMANN &
Ricassi, 1963, pl. 17, fig. 5.——van Hivte, 1963, p. 75, pl. 5,
fig. 1-2——Ousson, 1964, p. 166, pl. 2, fig. 6,8.——Mar1IN,
115964], p. 81, pl. 10, fig. 3.——Taxavanact, 1965, p. 217, pl. 26,

Globf:mnmna lapparenti lapparenti Brotzen, ToLLmany, 1960, p.
192, pl. 20, fig. 10.—Herm, 1962, p. 82, pl. 6, fig. 2.

Test free, low trochospiral, spiral and umbilical sides
nearly flat to slightly biconvex, axial periphery angular
truncate with 2 distinct keels, carinal band parallel to axis
of coiling, equatorial periphery lobate. Chambers increas-
ing gradually in size, 6 or 7 in final whorl, final chambers
may be somewhat reduced in size, chambers petaloid on
spiral side, subrectangular on umbilical side. Sutures
curved, elevated, limbate, beaded on spiral side, radial to
slightly curved, depressed on umbilical side. Wall cal-
careous, perforate, radial in structure, surface smooth to
finely pustulose. Primary aperture interiomarginal, um-
bilical, well-preserved specimens possess tegilla with
infra- and intralaminal accessory apertures.

Maximum diameter of figured hypotypes, 0.48 to 0.56
mm.; thickness, 0.25 to 0.26 mm.

Discussion.—This species is distinguished by its flat-
tened spiral and umbilical surfaces, widely spaced double
keels, and squared periphery. The present specimens are
identical to the neotype illustrated by BronniMaNn &
Brown (1956). Globotruncana canaliculata (Reuss)
(1854) and several species presently assigned to G. lap-

The University of Kansas Paleontological Contributions

parenti BrotzeN (1936) are here regarded as synonymous
to G. linneiana. The compressed Turonian to Santonian
forms from California and elsewhere recently referred to
G. linneiana and G. lapparenti (as by TruyiLro, 1960;
Kraus, 1960), however, seems to represent a different
species. These bicarinate specimens differ from G. linnei-
ana in being more compressed and somewhat biconvex,
with closer peripheral keels. In fact, these forms are
nearer the original concept of G. lapparenti and should,
therefore, be re-evaluated. As the types chosen by Brorzen
to represent G. lapparenti, however, occur together with
G. linneiana, they are believed to represent morphologic
variations of the latter species. G. linneiana is recorded
from upper Turonian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 3, UCLA 44310)
from sample §-36, Rosario Formation at La Jolla. Figured hypotype
(Fig. 4, UCLA 44311) from sample C-1, Rosario Formation at

Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C37, J67, L75, D42).

GLOBOTRUNCANA MARGINATA (Reuss)
Plate 17, figure 5-6

Rosalina marginata Reuss, 1845, p. 36, pl. 8, fig. 54, 74, pl. 13, fig.

68.

Globotruncana linnei bulloides Vocrer, 1941, p. 287, pl. 23, fig.

32-39,

Globotruncana sp. aff. G. paraventricosa (Hofker), GRAHAM &

Crarxk, 1961, p. 112, pl. 5, fig. 7.

Globotruncana marginata (Reuss), Barg, 1962, p. 574, pl. 70, fig.

3. Herwm, 1962, p. 85, pl. 5, fig. 5.

Globotruncana (Globotruncana) marginata (Reuss), van Hinte,

1963, p. 83, pl. 7, fig. 2, pl. 8, fig. 3-4.

Globotruncana paraventricosa (Hofker), Martin, 1964, p. 81, pl.

10, fig. 4.

Test free, low trochospiral, biconvex, axial periphery
angular truncate with 2 keels bordering a narrow carinal
band, equatorial periphery lobate. Chambers globular,
subcircular on spiral side, inflated, subrectangular on
umbilical side. Sutures depressed, curved, limbate, beaded
on spiral side, depressed, gently curved to nearly radial
on umbilical side. Wall calcarcous, perforate, radial sur-
face with coarse spines or hispid, carinal band smooth.
Umbilicus wide and deep. Primary aperture interiomar-
ginal, umbilical, covered by tegilla with intra- and infra-
laminal accessory apertures.

Maximum diameter of figured hypotypes, 0.34 to 0.35
mm.; thickness, 0.19 to 0.2]1 mm.

Discussion.—Globotruncana marginata is differenti-
ated from G. arca by inflated, globular to subglobular
chambers, more compressed test, and less well-developed
keels. These features also serve to distinguish this form
from the associated and distinctive species, G. linneiana.
The California forms referred to G. paraventricosa
(Horker) by Gramam & Crark (1961) and Martin
(1964) are here placed in synonymy. Originally de-
scribed from the Turonian of Germany, G. marginata is
found in all the present locations. The stratigraphic range
extends from Turonian to Maastrichtian,
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Types and occurrence.—Figured hypotype (Fig. 5, UCLA 44313)
from sample $-34, Rosario Formation at La Jolla. Figured hypotype
(Fig. 6, UCLA 44312) from sample C-3, Rosario Formation at
Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C38, J69, 1.29, D§9).

GLOBOTRUNCANA MARIEI Banner & Blow
Plate 17, figure 7-8

Globotruncana eretacea Cusnman, 1938¢, p. 67, pl. 11, fig. 6.
Globostruncana mariei Banwir & Brow, 1960, p. 8.——Ousson,

1964, p. 167, pl. 4, fig. 8, 10.

Globotruncana (Globotruncana) mariei Banner & Blow, BERGGREN,

1962, p. 54, pl. 9, hg. 5.

Globotruncana gondkoffi Martix, 1964, p. 80, pl, 10, fig. 1.

Test free, low trochospiral, biconvex, axial periphery
acute to slightly truncate, initially with 2 keels, the
umbilical keel being weaker and commonly lacking on
later chambers, carinal band sloping strongly towards
umbilicus. Chambers increase gradually in size, 5 or 6 in
final whorl, broadly petaloid on spiral side, subpetaloid on
umbilical side. Sutures curved, limbate, flush to slightly
elevated, beaded on spiral side, radial to slightly curved,
depressed on umbilical side. Wall calcareous, perforate,
radial in structure, surface initially beaded, later becoming
smooth. Umbilicus moderately wide and deep. Primary
aperture interiomarginal, umbilical, covered by tegilla,
with intra- and infralaminal accessory apertures.

Maximum diameter of figured hypotypes, 0.35 to 0.39
mm.; thickness, 0.18 to 0.19 mm.

Discussion.—This species is more compressed and has
a less truncate periphery than Globotruncana arca. A
weaker umbilical keel commonly is poorly developed on
the last-formed chambers. The present scattered geo-
graphic distribution of this species undoubtedly will be
emended as specimens presently included in G. arca, G.
cretacea, and G. rosetta are restudied and redefined. G.
goudkoffi Marin, seems to fall within the variation of
this species. G. mariei ranges from lower Senonian into
the Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 7, UCLA 44314)
from sample §-36, Rosario Formation at La Jolla, Figured hypotype
(Fig. 8, UCLA 44315) from sample L-15, Rosario Formation at
Point Loma. Unfigured hypotypes from Rosario Formation at Punta
Descanso (]96, L61, D96).

GLOBOTRUNCANA PETALOIDEA Gandolfi
Plate 18, figure 1-2

Globotruncana (Rugoglobigerina) petaloidea Ganoovri, 1955, p.
52, pl. 3, fig. 13.

Praeglobotruncana (Hedbergella) petaloidea (Gandolfi), BerGoREN,
1962, p. 41, pl. 7, fig. 4.

Rugoglobigerina petaloidea petaloidea (Gandolfi), Herm, 1962, p.
59, pl. 2, hg. 5.

Praeglobotruncana petaloidea (Gandolfi), Ovsson, 1964, p. 162, pl.
1, hg. 6-7, pl. 2, fig. 1.

Test free, low trochospiral, low to moderately spiro-
convex, slightly umbilicoconcave, axial periphery ovate to
subacute, with poreless margin on all chambers. Chambers
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4 or 5 in final whorl, increasing rapidly in size, subglobu-
lar, compressed. Sutures slightly curved and depressed on
spiral side, radial and depressed on umbilical side. Wall
calcareous, finely perforate, radial in structure, surface
moderately to lightly hispid, coarser spines often located
along chamber periphery. Umbilicus narrow, shallow.
Aperture an interiomarginal, extraumbilical-umbilical
arch with prominent apertural flap extending over portion
of umbilicus,

Maximum diameter of figured hypotypes, 0.24 to 0.36
mm.; thickness, 0.10 to 0.12 mm.

Discussion.—This species, originally described from
the Upper Cretaceous of Colombia, differs from Globo-
truncana havanensis in lacking the peripheral keel and in
having more globular, less compressed chambers. As
noted by Orsson (1964), an imperforate peripheral band
can be observed on many specimens, thus eliminating
from consideration the genus Hedbergella. The holotype
was examined and found to be identical to some of the
present specimens but lacks any suggestion of apertural
flaps or tegilla. Present specimens, as well as some illus-
trated by Ousson (1964, pl. 1, fig. 6; pl. 2, fig. 1), how-
ever, have a large apertural flap that may extend over the
umbilicus. Based on the umbilical covering (tegilla),
imperforate carinal band, and close similarity to G.
havanensis, this species is included in the genus Globo-
truncana. The taxonomic position of this species and of
G. havanensis may be determined by future studies on
wall structures, at which time these atypical globotrun-
canid forms may be shown to belong to a separate genus.
In the present samples, G. petaloidea is found somewhat
lower in the sections than G. havanensis, whereas the
latter form extends into younger strata. The stratigraphic
range of this species appears to be upper Campanian to
Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 2, UCLA 44316)
from sample S-36: figured hypotype (Fig. 1, UCLA 44317) from
sample $-13; both from Rosario Formation at La Jolla. Unfigured
hypotypes from Rosario Formation at Carlsbad, Point Loma and
Punta Descanso (C78, ]98, L62, D44).

GLOBOTRUNCANA ROSETTA (Carscy)
Plate 18, figure 3-4

Globigerina rosetta Cansey, 1926, p. 44, pl. 5, fig. 3.

Globotruncana rosetta (Carsey), Banoy, 1951, p. 509, pl. 75, fig.
4. BroNNIMANN & Broww, 1956, p. 545, pl. 21, fig. 11-13,
——MarTin, 1964, p. 83, pl. 10, fig. 5.

Globotruncana (Globotruncana) rosetta (Carsey), BErcGreN, 1962,
p. 56, pl. 10, fig. 1.

Globotruncana ( Globotruncana) rosetta roserta (Carsey), van HiNTE,
1963, p. 89, pl. 9, fig. 3.

Test free, trochospiral, biconvex, spiral side slightly
convex, umbilical side moderately to strongly convex,
axial periphery acute with single keel in ultimate whorl,
equatorial periphery moderately lobate. Chambers 5 or 6
in final whorl, increasing gradually in size, broadly petal-
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oid on spiral side, subpetaloid on umbilical side. Sutures
curved, elevated, limbate, beaded on spiral side, nearly
radial, depressed on umbilical side. Wall calcareous, per-
forate, radial in structure, surface smooth. Umbilicus
moderately wide, deep. Aperture interiomarginal, um-
bilical, covered by tegilla with infra- and intralaminal
accessory apertures.

Maximum diameter of figured hypotypes, 0.48 to 0.53
mm.; thickness, 0.22 to 0.27 mm.

Discussion.—Topotype specimens of Globotruncana
rosetta from the upper Taylor Marl (loc. 226-T-8 of
Prummer, 1931) are distinctive in being nearly plano-
convex with an acute periphery. The specimens are ulti-
mately single-keeled and may or may not be initially
double-keeled in the final whorl. Axial sections, however,
show the species to be double-keeled in earlier chambers.
The spiral surface is gently undulating, whereas the axial
profile of the umbilical surface is characteristically straight
to gently curved. These criteria delineate a form that is
intermediate in biconvexity and type of carinae between
G. mariei and G. stuartiformis DaLpiez. Many previous
references to G. rosetta have included one or both of these
species in the synonymy. The present material includes
forms nearly identical to the Taylor specimens but differ-
ing slightly in the degree of biconvexity and curvature of
the umbilical profile. These differences are judged to
result from geographic or ecologic variation of this species,
or both. G. rosetta occurs in the basal half of the La Jolla
section, throughout the Carlsbad samples, and rarely in
the lower samples at Point Loma and Punta Descanso.
G. mariei increases markedly after the last occurrence of
G. rosetta and may have occupied the same ecologic posi-
tion. This species ranges from Campanian to Maastrich-
tian, but in the present material is restricted to the
Campanian.

Types and occurrence.—Figured hypotype (Fig. 3, UCLA 44318)
from sample C-3; figured hypotype (Fig. 4, UCLA 44319) from
sample C-8: both from Rosario Formation at Carlsbad. Unfigured
hypotypes from the Rosario Formation at La Jolla, Point Loma and
Punta Descanso (C8, 82, L76, D99).

GLOBOTRUNCANA STUARTIFORMIS Dalbicz
Plate 18, figure 5-6

Globotruncana ( Globotruncana) elevata stuartiformis Davniez, 1955,
p. 169, fig. 10.

Globotruncana (Globotruncana) elevata elevata (Brotzen), Epcevry,
1957, p. 112, pl. 4, fig. 4-6.

Globotruncana elevata stuartiformis Dalbiez, Herm, 1962, p. 77,
pl. 8, hg. 2.

Globotruncana (Globotruncana) stuarti stuartiformis Dalbiez, Pes-
sacyo, 1962, p. 362, pl. 2, fig. 4-6.

Globotruncana elevata elevata (Brotzen), Granasm & CHurch, 1963,
p. 63, pl. 7, fig. 13.

Globotruncana stuarti stuartifjormis Dalbiez, Ousson, 1964, p. 170,
pl. 5, hig. 6, 8.

Globotruncana putahensis Tarayanacy, 1965, p. 221, pl. 27, fig. 2.

Test free, low trochospiral, biconvex, spiral side gently
convex, umbilical side strongly convex, axial periphery
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acute with prominent single keel and sporadic row of
pustules simulating 2nd keel. Chambers 6 or 7 in final
whorl, increasing gradually in size, broadly petaloid to
subangular on spiral side, subrectangular on umbilical
side. Sutures curved, elevated, limbate and beaded on
spiral side, slightly curved, depressed on umbilical side.
Wall calcareous, perforate, radial in structure, surface
smooth on spiral side, smooth to pustulose on umbilical
side. Umbilicus moderately large and deep. Primary
aperture interiomarginal, umbilical tegilla and accessory
apertures rarely preserved.

Maximum diameter of figured hypotypes, 0.44 to 0.52
mm.; thickness, 0.26 to 0.31 mm.

Discussion.—Globotruncana stuartiformis, originally
described from the Upper Cretaceous of Tunisia, is dis-
tinguished from G. rosetta by the more umbilicoconvex
test, subangular chambers, and larger size. The species
differs from G. ¢levata in being more biconvex and less
produced umbilically and having subangular chambers
and a more even periphery. The present specimens are
similar to original illustrations and the hypotypes from
the Atlantic Coast. Random specimens in the present
material have a wide imperforate margin flanked by a
broken row of pustules on the initial chambers of the
final whorl, thus resembling a weakly developed 2nd keel.
This form, designated as the new species G. putahensis
by Takavanaci, intergrades with otherwise morphologi-
cally identical specimens lacking this feature. Further-
more, thin sections of both forms have not revealed double
keels on the earlier chambers. The imperforate area is
thinner than the adjacent wall however, resulting in a
shallow exterior furrow. Specimens lacking the row of
pustules have varying widths of the imperforate margin,
but this area is much reduced in the majority. Although
both forms are found throughout the present locations
with the exception of Carlsbad, numbers of the pustulose
examples seem to decline in the uppermost samples. Both
forms are considered to be synonymous to G. stuartiformis.
The formation of the pustulose margin and varying
widths of the imperforate margin may be the result of an
admixture of geographically separated, or Pacific, speci-
mens because Australian examples (Epcert, 1957) also
show this feature. The transition of G. stuartiformis to
G. stuarti (pe Lapparent) does not occur in the present
locations. Throughout the samples, occasional specimens
are found with flangelike surface ornamentation. These
represent the remnants of broken septa as the edges and
peripheral margins commonly are serrated. As the other
morphologic and stratigraphic criteria are identical, these
specimens are included in G. stuartiformis. The strati-
graphic range of this species is Campanian to Maastrich-
tian,

Types and occurrence.—Figured hypotype (Fig. 5, UCLA 44320)
from sample L-19; Agured hypotype (Fig. 6, UCLA 44321) from
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sample L-14: both from Rosario Formation at Point Loma. Unfig-
ured hypotypes from the Rosario Formation at La Jolla and Punta
Descanso (]24, L24, D50).

GLOBOTRUNCANA TRICARINATA (Quereau)
Plate 19, figure 1
Pulvinulina tricarinata Queneav, 1893, p. 89, pl. 5, fig. 3a.
Globotruncana lapparenti tricarinata (Quercau), Krauvs, 1960, p.
823, pl. 8, fig. 3.
Globotruncana tricarinara (Quereau), Herm, 1962, p. 93, pl. 6, fig.

4. van Hinte, 1963, p. 79, pl. 6, fig. |.—Otsson, 1964,
p. 171, pl. 5, fig. 4-5. Taxavanact, 1965, p. 225, pl. 27,
fig. 4.

Test free, low to moderate trochospiral, biconvex,
axial periphery angular truncate with 2 distinct keels,
carinal band parallel to axis of coiling, periumbilical ex-
tension of umbilical carinae elevated to form “third”
keel, equatorial periphery slightly lobate. Chambers 6 or
7 in final whorl, subpetaloid on spiral side, subrectangular
on umbilical side. Sutures curved, limbate, elevated,
beaded on spiral side, radial to slightly curved on um-
bilical side. Wall calcareous, perforate, radial in structure,
surface initially often pustulose, later chambers smooth.
Umbilicus wide and deep. Primary aperture interiomar-
ginal, umbilical, tegilla present in well-preserved material,
showing intra- and infralaminal accessory apertures.

Maximum diameter of figured hypotype, 037 mm,;
thickness, 0.21 mm.

Discussion,—Originally described from the Campan-
ian-Maastrichtian of Switzerland, the types are illustrated
only by unoricnted thin sections without reference to
external morphology. As such, the species has been vari-
ously interpreted as being more closely related to Globo-
truncana arca, G. linneiana, or an intermediate transitional
form. Nevertheless, within the G. linneiana group both
in the present samples and assemblages from northern
California, the Gulf and Atlantic Coasts, and several
European localities, forms can be differentiated that have
the characteristics of the original description. These speci-
mens differ from G. linneiana in being slightly more bi-
convex and having the elevated periumbilical extensions
of the umbilical keel. As the stratigraphic range of these
specimens, here interpreted to represent G. fricarinata, is
very similar to G. linneiana, possibly these individuals
represent a recurring divergence from the G. linnciana
assemblage. It has been suggested previously (BERGGREN,
1962; Ousson, 1964) that G. tricarinata gave rise to G.
arca in the upper Campanian-lower Maastrichtian; occur-
rences of G. arca, however, from at least as early as the
late Santonian refute this. Several references have been
omitted from the synonymy, because they deal with forms
probably best referred to other species. G. tricarinata of
Bercoren (1962) and Gramam & CHurch (1961) and
G. lapparenti tricarinata of ToLLmaNN (1960) appear more
closely related to G. linneiana, whereas some forms illus-

trated by Ovrsson (1964) as G. tricarinata (PL. 5, fig. 2-3)
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are very similar to G. arca. Until such time as G. tricari-
nata is restudied and a neotype that can be compared to
other similar species is selected, interpretation of this
species will remain confused. The stratigraphic range of
G. tricarinata is from Turonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44322) from
sample C-1, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla, Point Loma and Punta Descanso
(C73, J68, L28, D51),

GLOBOTRUNCANA VENTRICOSA White
Plate 18, figure 7-8

Globotruncana canaliculata var. ventricosa Wwite, 1928b, p. 284,
pl. 38, fig. 5.

Globotruncana ventricosa White, Sacar & Desourie, 1957, p. 62,
pl. 27, fig. 3, 5. van Hinre, 1963, p. 86, pl. 7, fig. 3.—
Taravanact, 1963, p. 226, pl. 29, fig. 1.

Test free, low trochospiral, slightly biconvex to plano-
convex, spiral side nearly flat, umbilical side strongly con-
vex, axial periphery angular truncate with 2 closely spaced
keels, equatorial periphery lobate. Chambers 6 or 7 in
final whorl, increasing gradually in size, petaloid on spiral
side, subpetaloid on umbilical side. Sutures curved, ele-
vated, limbate, beaded on spiral side, slightly curved, de-
pressed on umbilical side. Wall calcareous, perforate,
radial in structure, surface smooth, initially beaded in
many specimens. Umbilicus wide, deep. Aperture interio-
marginal, umbilical, commonly with tegilla showing intra-
and infralaminal accessory apertures.

Maximum diameter of figured hypotypes, 0.53 to 0.54
mm.; thickness, 0.26 to 0.28 mm.

Discussion.—Undoubtedly this species has been con-
fused with Globotruncana tricarinata. Both have a low
convex spiral side and a convex umbilical side, truncate
periphery, large umbilical area, and common size and
both were described from the Campanian. The differences
between these species seems to be one of degree, with G.
ventricosa reportedly being  somewhat larger, more
strongly umbilicoconvex, and with more narrowly spaced
keels. Again the lack of a clear definition of G. tricarinata
prevents positive comparison. For the present, however,
the species are considered distinct and specimens referred
to G. tricarinata are casily distinguished by their closer
relationship to G. linneiana, ie., the more biconvex test
and widely spaced carinae. The specimen illustrated by
GrauaM & Cragrk (1961) as G. ventricosa differs in being
less umbilicoconvex and single keeled in the final cham-
bers. These characteristics imply a closer relationship to
G. mariei. The range of G. ventricosa, originally de-
scribed from the Campanian of Mexico, is upper Conia-
cian to lower Maastrichtian,

Types and occurrence.—Figured hypotype (Fig. 8, UCLA 44323)
from sample $-9, Rosario Formation at La Jolla. Figured hypotype
(Fig. 7, UCLA 44324) from sample L-12, Rosario Formation at
Point Loma. Unfigured hypotypes from Rosario Formation at Carls-
bad and Punta Descanso (C74, J112, L47, D133).
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GLOBOTRUNCANA sp.
Plate 16, figure 4

Test free, trochospiral, biconvex, umbilical side slightly
convex to flat, axial periphery acute, with a distinct single
keel, equatorial periphery slightly lobate. Chambers 6 or
7 in final whorl, increasing gradually in size, petaloid on
spiral side, subpetaloid on umbilical side. Sutures curved,
clevated, limbate, beaded on spiral side, radial to slightly
curved, depressed on umbilical side. Wall calcareous,
perforate, radial in structure, surface smooth to finely
hispid. Umbilicus moderately large, deep. Aperture in-
teriomarginal, umbilical, covered by tegilla with accessory
apertures.

Maximum diameter of figured hypotype, 0.49 mm.;
thickness, 0.28 mm.

Discussion.—The illustrated specimen somewhat re-
sembles Globotruncana conica Wrnte (1928b) in overall
morphology but differs in lacking the subrectangular
spiral chambers and the nearly radial umbilical sutures.
As such it may represent a variant of G. rosetta (Carsey),
G. mariei BANNER & Brow, or an early transitional stage
leading toward the development of G. conica.

Type and occurrence.—Figured hypotype (UCLA 44302) from
sample 5-36, Rosario Formation at La Jolla (]J216).

Genus RUGOGLOBIGERINA Bronnimann, 1952

RUGOGLOBIGERINA RUGOSA (Plummer)
Plate 19, figure 2
Globigerina rugosa PLummer, 1927, p. 38, pl. 2, fig. 10,
Rugoglobigerina rugosa (Plummer), Boiri, LoesLicn & Tappan,
1957, p. 42, pl. 11, fig. 2——Bercoren, 1962, p. 71, fig. 8, pl.
11, fig. 1-5.—Ousson, 1964, p. 173, pl. 7, fig. 2-5.
Rugoglobigerina rugosa rugosa (Plummer), Corminsogur, 1961, p.
119, pl. 2, fAg. 5. Herm, 1962, p. 60, pl. 3, fig. 2.—
Brénnimann & Ricasst, 1963, pl. 18, fig. 1.
Globotruncana (Rugoglobigerina) rugosa (Plummer), van HinTE,
1963, p. 92, pl. 11, fig. 1-3.

Test free, low trochospiral, biconvex, spiral side less
strongly convex than umbilical side, axial periphery
globular, equatorial periphery lobate. Chambers 5 or 6
in final whorl, increasing moderately in size, globular,
inflated, later chambers produced towards umbilicus.
Sutures slightly curved, depressed on spiral side, nearly

The University of Kansas Paleontological Contributions

radial, depressed on umbilical side. Wall calcareous, per-
forate, radial in structure, surface ornamentation rugose,
radiating from a mid-chamber, peripheral point. Umbili-
cus wide and deep. Primary aperture interiomarginal,
umbilical, covered by tegilla with intra- and infralaminal
accessory apertures, rarely with apertural bulla.

Maximum diameter of figured hypotype, 0.42 mm.;
thickness, 0.28 mm,

Discussion.—This species, originally described from
the Kemp Clay of Texas, is distinguished easily by its
inflated, globular chambers, rugose surface ornamenta-
tion, and wide and deep umbilicus. The previous Cali-
fornia specimens referred to Rugoglobigerina rugosa
(Graranm & Crark, 1961; Martin, 1964; Takavanaci,
1965) lack these morphologic features and are better
referred to Hedbergella or Globotruncana. R. rugosa is
commonly thought to range from Campanian to Maa-
strichtian, the latter being most characteristic.

Types and occurrence.—Figured hypotype (UCLA 44325) from
sample T-2, Rosario Formation at La Jolla (]J222).

Superfamily ORBITOIDACEA Schwager, 1876
Family CIBICIDIDAE Cushman, 1927
Subfamily CIBICIDINAE Cushman, 1927
Genus EPITHEMELLA Sliter, n. gen.

Type species—Epithemella martini (Brorzen).

Test attached, discoidal, early chambers trochospiral,
later in annular series, all visible from spiral side, umbili-
cal chamber extensions arranged in a spiral, overlapping
series. Sutures distinct, limbate, flush becoming depressed
on spiral side, obscured on umbilical side. Wall calcare-
ous, coarsely perforate. Aperture interiomarginal, um-
bilical.

Discussion.—This genus is similar to Cymébalopora in
test shape and chamber arrangement on the spiral side
but differs in having broad platelike umbilical chamber
extensions in an overlapping spiral series and indistinct
umbilical sutures. The later chambers appear to have
been broken away centrally and may never have com-
pletely covered the umbilical surface but served instead as

EXPLANATION OF PLATE 17

FIGURE

1-2. Globotruncana havanensis Voorwiyk; la-c, spiral, edge, and
umbilical views, X129; 2a-c, same, %89 (p. 103).

3-4. Globotruncana linneiana (p'Orpicny); 3a-c, 4a-c, spiral, edge,
and umbilical views, X66 (p. 104).

5-6. Globotruncana marginata (Reuss); Sa-c, spiral, edge, and
umbilical views, X129; 6a-c, same, X97 (p. 104).

7-8. Globotruncana marici BaNNER & Brow; 7a-c, 8a-c, spiral,
edge, and umbilical views, %97 (p. 105).
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a peripheral seal for test attachment. The spiral surface
is covered by calcareous lamellae which result in a thick-
ened wall and enlarged pores. In thin section the wall
structure is obscured by recrystallization and has a
granular appearance. This is also common in the speci-
mens studied by Horker (1957), which he interpreted as
representing an agglutinated wall,

EPITHEMELLA MARTINI (Brotzen)
Plate 19, hgure 3
Conorbina martini Brovzen, 1936, p. 143, fig. 51, pl. 10, fig. 4.
Cyclocibicides triebeli Bantenstein, 1949, p. 213, fig. 1-4.
Cymbalopora martini (Brotzen), Horxer, 1957, p. 89, fig. 94.

Test attached, large, discoidal, concavo-convex, initial
low trochospiral coil followed by elongate, narrow irregu-
lar chambers that ultimately become annular, spiral side
evolute, gently convex, umbilical side involute, gently
concave, chambers broad, overlapping, commonly broken
centrally, axial periphery carinate. Sutures distinct, ini-
tially limbate, flush, later depressed on spiral side, obscured
on umbilical side. Wall calcarcous, coarsely perforate
except at imperforate chamber margins, surface smooth.
Aperture interiomarginal, umbilical, generally obscured.

Maximum diameter of figured hypotype, 1.22 mm;
thickness, 0.34 mm.

Discussion.—The present specimens are found rarely
throughout the Carlsbad section. Epithemella martini is
characteristic of the European Senonian and has previously
been recorded from Sweden and Germany.

Types and occurrence.—Figured hypotype (UCLA 44326) from
sample C-4, Rosario Formation at Carlsbad (C116).

Genus FALSOCIBICIDES Poignant, 1958

FALSOCIBICIDES BEAUMONTIANUS (d'Orbigny)
Plate 19, figure 5

Truncatulinag beasumontiana p'Ormiony, 1840, p. 35, pl. 3, fig. 17-

19.
Cibicides beaumontianus (d'Orbigny), Cusnmax, 1946, p. 160, pl.

65, fig. 12.

Test attached, large, trochospiral, asymmetrical, con-
cavo-convex, spiral side generally convex, involute, um-
bilicate, axial periphery rounded. Chambers 5 to 9 in
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final whorl, increasing rapidly in size and becoming
inflated. Sutures distinct, initially limbate, flush, later
depressed on spiral side, depressed on umbilical side,
gently curved to radial on both sides. Wall calcareous,
coarsely perforate, surface smooth. Aperture an interio-
marginal arch, extending onto spiral side from near the
periphery on umbilical side.

Maximum diameter of figured hypotype, 0.78 mm.;
thickness, 0.43 mm. Other hypotypes range to 1.0 mm.
in diameter,

Discussion.—The large, irregular test, strongly convex
umbilical side and coarse perforations allow ecasy recogni-
tion of this species. This form is included in the genus
Falsocibicides on the basis of the noncarinate periphery
and the characteristics just noted. In thin sections of speci-
mens of this species as well as of other presently studied
members of the superfamily Orbitoidacea, the lamellar
character of the wall is obscured by recrystallization. This
alteration is shown by the faint traces of lamallae in some
of the granular septa and the secondary crystal growth in
some chambers. The occasional relict apertures of the
Tertiary forms are not observed in this species. F. beau-
montianus, originally described from the Craie Blanche,
is found in the lower parts of the La Jolla and Point Loma
sections and throughout the Punta Descanso location.
American Gulf Coast occurrences are most characteristic
of the Taylor Group.

Types and occurrence.—Figured hypotype (UCLA 44328) from
sample S-17, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]84,
L119, D62).

Family PLANORBULINIDAE Schwager, 1877
Genus PLANORBULINA d'Orbigny, 1826
PLANORBULINA PACIFICA Sliter, n. sp.

Plate 19, fgure 4

Test attached, discoidal to subglobular, initially a low
trochospiral coil, later becoming irregular, adding sub-
globular chambers. Sutures distinct, depressed. Wall cal-
careous, coarsely perforate, surface smooth, Aperture a
low opening at chamber margin, with bordering lip.

EXPLANATION OF PLATE 18

1-2. Globotruncana petaloidea Ganvorr1; la-c, spiral edge, and
umbilical views, X 129; 2a-c, same, X97 (p. 105).

3-4. Globotruncana rosetta (Camsey); 3a-c, 4a-c, spiral, edge, and
umbilical views, X 66 (p. 105).

5-6. Globotruncana stuartiformis DaLviEz; Sa-c, spiral, edge, and
umbilical views, X89; 6a-c, same, showing flangelike orna-
mentation on umbilical side, %89 (p. 106).

7-8. Globotruncana ventricosa Wwire; 7a-c, spiral, edge, and um-
bilical views, X89; 8a-c, same, X 66 (p. 107).
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Maximum length of holotype, 0.51 mm.; breadth, 0.43
mm.; thickness, 0.20 mm.

Discussion.—This species is characterized by a discoi-
dal test and proliferation of irregular, subglobular
chambers. The initial trochospiral coil generally is ob-
scured by later chambers. The wall structure of the
present speciments is recrystallized, obscuring the lamellar
character. The irregular chambers occasionally show a
single aperture. Planorbulina liverovskajae VAsiLENKO
from the middle Oligocene of Russia is very similar but
differs in having more globular and less irregular
chambers, more clearly visible trochospiral stage and
commonly 2 apertures per chamber. The present occur-
rences of P. pacifica are Campanian.

Types and occurrence.—Holotype (UCLA 44329) from sample
C-3; paratype (UCLA 44330) from sample C-4; both from Rosario
Formation at Carlsbad (CI16).

Family HOMOTREMATIDAE Cushman, 1927

Subfamily VICTORIELLINAE Chapman & Crespin,
1930

Genus CARPENTERIA Gray, 1958

CARPENTERIA sp.
Plate 19, figure 6

Test attached, trochospiral, planoconvex, only cham-
bers of final whorl visible from umbilical side, periphery
carinate. Chambers subglobular, increasing rapidly in
size, becoming eclongated. Sutures distinct, depressed.
Wall calcareous, finely perforate, surface smooth. Aper-
ture terminal, rounded.

Maximum diameter of figured specimen, 0.60 mm.;
thickness, 0.39 mm.

Discussion.—A single specimen recovered at Punta
Descanso is assigned to this genus on the basis of the type
of coiling and peripheral keel but it differs in having a
terminal aperture. The genus Biarritzina has elongated
chambers and a terminal aperture but differs in having
coarser perforations and chambers arranged in a loose
clevated spire. The present specimen apparently repre-
sents an irregular form of the genus Carpenteria.

Type and occurrence.—Figured specimen (UCLA 44331) from
sample E-24, Rosario Formation at Punta Descanso (D153).

Superfamily CASSIDULINACEA d’Orbigny,
1839

Family PLEUROSTOMELLIDAE Reuss, 1860
Subfamily PLEUROSTOMELLINAE Reuss, 1860

Genus PLEUROSTOMELLA Reuss, 1860

PLEUROSTOMELLA SUBNODOSA Reuss
Plate 19, figure 10
Plewrostomella subnodosa Reuss, 1860, p. 204, pl. 8, fig. 2——
Cusman, 1946, p. 132, pl. 55, fig. 1-9——TruyiLro, 1960,
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p. 345, pl. 50, Ag. 7——Loksricn & Taepax, 1964, p. C727,

fig. 594,1.

Pleurostamellina sp. Granam & Cuurch, 1963, p. 68, pl. 8, fig. 12.
Nodosarella gracillima Cushman, Martin, 1964, p. 75, pl. 8, fig. 6.

Test free, elongate, chambers initially biserially ar-
ranged, cuneate, later uniserial. Chambers becoming
slightly inflated. Sutures may initially be indistinet, later
distinet, depressed. Wall calcareous, finely perforate,
granular in structure. Aperture subterminal, with over-
hanging hood, 2 small apertural teeth.

Maximum length of figured hypotype, 1.02 mm.;
diameter, 0.20 mm.

Discussion.—This species is distinguished by its
clongate test, cuneate chambers, and apertural modifica-
tions. The initial chambers commonly are obscured,
whereas others have a chamber arrangement varying
from biserial to nearly uniserial. Pleurostomellina sp. of
Granam & Cuurcu (1963) and Nodosarella gracillima
Cusaman of Marmin (1964), both from the Upper Cre-
taceous of California, are identical to the present species.
P. subnodosa, originally described from the Upper Cre-
taceous of Europe, is indicative of Campanian strata. It
presently occurs in the upper portion of the section at
La Jolla, throughout the Point Loma and Punta Descanso
locations, and rarely at Carlsbad.

Types and occurrence.—Figured hypotype (UCLA 44332) from
sample S-35, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C124, 1124, L42, DI16).

Genus ELLIPSOIDELLA Heron-Allen & Earland, 1910

ELLIPSOIDELLA GRACILLIMA (Cushman)
Plate 19, figure 12

Nodosarella gracillima Cusamax, 1933b, p. 64, pl. 17, fig. 14.

Test free, elongate, slightly tapering, initially biserial,
later uniserial, rectilinear to very slightly curved. Cham-
bers becoming elongate, inflated, increasing in length as
added. Sutures distinct, depressed. Wall calcarcous, finely
perforate, surface smooth. Aperture subterminal, with
overhanging lip.

Maximum length of figured hypotype, 0.60 mm.;
diameter, 0.13 mm, Other hypotypes range to 0.72 mm.
in length.

Discussion.—This species differs from Ellipsoidella
primitiva (Custiman) (1938b) in being more slender and
in having less overlapping chambers. E. texana (Cush-
man) (1938b) is also similar but differs in having a
greater length, test curvature and more numerous elon-
gated chambers. The present forms appear to be some-
what transitional between E. gracillima and E. texana but
nevertheless have more affinities to the former species.
The specimen illustrated by MarTin (1964) as Nodosarel-
la gracillima has a crescentic, hooded aperture character-
istic of the genus Pleurostomella, whereas the form he
referred to N. texana has many of the characteristics of
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this species. The present forms are limited to Carlsbad,
where they occur rarely throughout the section. Ameri-
can Gulf Coast occurrences range from upper Austin to
lower Taylor age strata.

Types and occurrence,—Figured hypotype (UCLA 44333) from
sample C-3, Rosario Formation at Carlsbad (C72).

ELLIPSOIDELLA KUGLERI (Cushman & Renz)
Mate 19, hgure 9
Nodosarella kuglers Cusiman & Renz, 1946, p. 42, pl. 6, fig. 30,

33

Test free, clongate, initially biserial, later uniserial,
gradually tapering. Chambers subspherical, inflated, over-
lapping, increasing moderately in size. Sutures distinct,
depressed. Wall calcareous, finely perforate, surface
smoothly finished. Aperture subterminal, semilunate,
with raised lip.

Maximum length of figured hypotype, 0.60 mm.;
diameter, 0.21 mm.

Discussion.—This species, originally described from
the lower Lizard Springs Formation of Trinidad, differs
from Ellipsoidella gracillima in being more robust and
thicker and in having subspherical, overlapping chambers.
The present forms are smaller than those originally illus-
trated but otherwise are nearly identical. The related
California species, E. coalingensis (Cusaman & CHURCH)
(1929), is distinct from this species, being more tapering
and having a more definite biserial state, more pro-
nounced lip, and less embracing chambers. The present
distribution of E. kugleri is limited to Point Loma and
the upper samples at La Jolla.

Types and occurrence,—Figured hypotype (UCLA 44334) from
sample $-27, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (]J198, L102).

Genus ELLIPSOPOLYMORPHINA Silvestri, 1901

ELLIPSOPOLYMORPHINA sp.
Plate 19, figure 7-8

Ellipsobuliming? sp. Cusumax & Crurer, 1929, p. 514, pl. 40, fig.
1-3.

Ellipsopolymorphina sp. aff. E. schlicht (Silvestri), Gramanm &
Cuuren, 1963, p. 67, pl. 8, hg. 7.

SEllipsobuliming sp. Granam & Cuurch, 1963, p. 66, pl. 8, fig. 4.
Test free, spherical to ovate, apical end rounded or

pointed. Chambers initially biserial, final chamber uni-

serial, strongly overlapping to completely enveloping,

Sutures generally indistinct, nearly flush. Wall calcareous,

finely perforate, surface smooth. Aperture terminal,

cresentic, hooded.

Maximum diameter of figured specimens, 0.26 to
0.27 mm.

Discussion.—These specimens are rare in the present
material. Broken examples show the early Dbiserial
chamber arrangement and final chamber attached to one
side. Sutures generally are indistinct or obscured by the
final enveloping chamber but may be seen in the initial
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portion of pointed specimens. Two forms are present, one
nearly spherical with the final chamber completely en-
veloping the test, and the other is initially pointed and
shows the carly biserial arrangement, These 2 forms rep-
resent different stages in the life cycle. Previous Cali-
fornia occurrences of this form range from the Santonian
to the Campanian. Ellipsoglandulina sp. of Granam &
CuurcH (1963) may also belong here but differs in hav-
ing an enlarged initial chamber. The specimen referred
to Ellipsopolymorphina schlichti (Sivestri) by Gavrvo-
way & Morgrey (1931) from the Upper Cretaceous of
Mexico is similar in shape but differs in having more
pronounced initial chambers and a narrower, more pro-
duced aperture and lacks the apical spine. The present
form resembles Ellipsoglandulina velascoensis CusHMAN
(1926b) from the Velasco Shale of Mexico but differs in
being initially biserial. The specimen figured by MarTiN
(1964) from the upper Santonian of central California
may belong to this genus.

Types and occurrence.—Figured speamen (Fig. 7, UCLA 44335)
from sample L-1; figured hypotype (Fig. 8, UCLA 44180) from
sample L-10; both from Rosario Formation at Point Loma. Un-
figured hypotypes from Rosario Formation at La Jolla (J199, L.146).

Subfamily WHEELERELLINAE Petters, 1954
Genus BANDYELLA Loeblich & Tappan, 1962

BANDYELLA GREATVALLEYENSIS (Trujillo)
Plate 19, figure 11
Plenrostomella greatvalleyensis Truyiivo, 1960, p. 345, pl, 50, fig.
5-6. Martin, 1964, p. 74, pl. 8, fig. 2.
Bandyella greatvalleyensis (Trujillo), LoepLicn & Tapran, 1964,
p. C730, fig. 598,2.

Test free, short, chambers initially triserially arranged,
later biserial, cuneate. Chambers distinct, inflated. Su-
tures distinct, depressed. Wall calcarcous, finely perforate,
granular in structure, surface smoothly finished. Aperture
a hooded, subterminal, T-shaped slit.

Maximum length of figured hypotype, 0.31 mm.;
diameter, 0.12 mm.

Discussion.—This distinctive species, originally de-
scribed from the Santonian of northern California, is dis-
tinguished by the initial triserial chamber arrangement,
short test, and apertural modifications. The present
specimens arc somewhat smaller and less robust than
those of the original illustrations but closely resemble
some unfigured paratypes. The final chamber also is less
inflated; many specimens, however, are incomplete and
may have had this chamber modification. This variation
seems due to geographic or stratigraphic differences, or
both, and is not a specific difference. The California
stratigraphic range of this species is Coniacian to Maas-
trichtian.

Types and occurrence.—Figured hypotype (UCLA 44336) from
sample $-21, Rosario Formation at La Jolla, Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J156,
L151, D105).
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Family CAUCASINIDAE Bykova, 1959

Subfamily FURSENKOININAE Loeblich & Tappan,
1961

Genus FURSENKOINA Loeblich & Tappan, 1961

FURSENKOINA NEDERI Sliter, n. sp.
Plate 20, figure 1

Virgulina tegulata Reuss, Baxoy, 1951, p. 512, pl. 75, fig. 7.

Test free, elongate, biserial, compressed, periphery
rounded. Chambers clongate, inflated, increasing rapidly
in size, initial stage strongly twisted, becoming less so
toward aperture. Sutures distinct, oblique, depressed.
Wall calcareous, finely perforate, granular in structure,
surface smooth. Aperture elongate, narrow, extending up
apertural face of final chamber.

Maximum length of holotype, 0.67 mm.; breadth, 0.18
mm.; thickness, 0.14 mm.

Discussion.—This species was previously referred to
Cassidella tegulata (Reuss) (Banpy, 1951), but differs in
the more twisted chamber arrangement and chamber
shape. Fursenkoina navarroana (Cusuman) (1933b)
from the Navarro Group of Texas is somewhat similar
but is distinguished by less elongate chambers, a thicker
test, and apical spine. This species is confined to Carlsbad
and is rare throughout the section (middle o late Cam-
panian).

Types and occurrence.—Holotype (UCLA 44337) from sample
C-3; paratype (UCLA 44338) from sample C-4; both from Rosario

Formation at Carlsbad. Unfigured hypotype from Rosario Forma-
tion at Point Loma (C50, L148).

Genus CORYPHOSTOMA Loeblich & Tappan, 1962

CORYPHOSTOMA PLAITUM (Carsey)
Plate 19, figure 13
Bolivina plaita Carsey, 1926, p. 26, pl. 5, fig. 2.
Loxostoma plaitum (Carsey), Cusaman, 1946, p. 130, pl. 54, fig.

10, 12-14.

Loxstomum plaitum (Carsey), Banpy, 1951, p. 505, pl. 75, fig. 7.
Coryphostoma plaita (Carsey), LoesLicr & Tappan, 1964, p. C733,

fig. 600,8.

Test free, elongate, narrow, slightly compressed, pe-
riphery rounded, biserial throughout. Chambers initially
subrectangular, later cuneiform, increasing gradually in
size. Sutures distinct, slightly depressed, oblique. Wall
calcareous, finely perforate, granular in structure, smooth-
ly finished. Aperture subterminal, elongate, with tooth
plate.

Maximum length of figured hypotype, 0.87 mm.;
breadth, 0.29 mm.; thickness, 0.15 mm.

Discussion.—Originally described from the Navarro
of Texas, this species is recognized by the test shape and
subterminal aperture. The present specimens are re-
stricted to Carlsbad and occur throughout that section. In
the American Gulf Coast, this species is most common in
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strata of Navarro age but is reported less frequently from
beds of Taylor and Austin age.

Types and occurrence.—Figured hypotype (UCLA 44339) from
sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosaric Formation at Punta Descanso (C22, D132).

Family LOXOSTOMIDAE Loeblich & Tappan, 1962
Genus LOXOSTOMUM Ehrenberg, 1852

LOXOSTOMUM ELEYI (Cushman)
Plate 20, figure 2

Bolivinita eleyi Cusaman, 1927a, p. 91, pl. 12, fig. 1l.——Cusuman,
1946, p. 114, pl. 48, fig. 18-20.

Bolivinitella eleyi (Cushman), Brotzew, 1936, p. 122, pl. 9, fig. 5.
——Granam & Cuurcnl, 1963, p. 51, pl. 5, fig. 25 ——Marmin,
1964, p. 91, pl. 21, fig. 3.

Loxostomum eleyi (Cushman), LoesLicH & Tappan, 1964, p. C736,
fig. 603,2-5,

Test free, elongate, compressed, periphery truncate,
sides slightly concave. Chambers biserial, overlapping,
elongate. Sutures limbate, curved, forming marginal
carinae. Wall calcareous, finely perforate, surface smooth.
Aperture terminal, ovate.

Maximum length of figured hypotype, 0.29 mm.;
breadth, 0.10 mm.; width, 0.05 mm.

Discussion.—This species is recognized by the flat-
tened sides, truncate periphery, and chamber shape. It
occurs rarely in the upper samples at La Jolla and a single
location at Punta Descanso. The species ranges through-
out the Senonian.

Types and occurrence.—Figured hypotype (UCLA 44340) from

sample E-3, Rosario Formation at Punta Descanso. Unfigured hypo-
types from Rosario Formation at La Jolla (J188, D85).

Family NONIONIDAE Schultze, 1854
Subfamily CHILOSTOMELLINAE Brady, 1881

Genus CHILOSTOMELLA Reuss in Czjzek, 1849
CHILOSTOMELLA TRINITATENSIS Cushman & Todd
Plate 20, figure 3
Clilostomella trinitatensis Cusiman & Topp, 1949b, p. 85, pl. 15,

fig. 2.

Test free, elongate, nearly cylindrical, 2 chambers per
whorl, last one making up two-thirds of test. Sutures
indistinct, flush. Wall calcareous, finely perforate, granu-
lar in structure, surface smooth. Aperture an arched open-
ing at base of final chamber, with narrow lip.

Maximum length of figured hypotype, 1.09 mm.;
diameter, 0.56 mm.

Discussion.—The present specimens vary consides-
ably in test and apertural size. The aperture ranges from
a low narrow slit to a distinct semicircular arch like that
shown in the original illustrations. The specimens com-
monly are pyritized with only the cast remaining. This
species is found in all sections except Carlsbad. Originally



Upper Cretaceous Foraminifera from California and Mexico

described from the Paleocene of Trinidad, this form
differs from Chilostomella primitiva Cusuman & Topp
(1949b) in being larger and more cylindrical and in hav-
ing a more distinct and commonly faring aperture.

Types and occurrence.—Figured hypotype (UCLA 44341) from
sample $-17, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]86,
L6, D61},

Genus ALLOMORPHINA Reuss in Czjzek, 1849

ALLOMORPHINA CRETACEA Rcuss
Plate 20, hgure 4

Allomorphina cretacea Reuss, 1851, p. 42, pl. 5, fig. 6.——CusH-

MAN & Cuurcn, 1929, p, 517, pl. 41, fig. 12-13.

Allomorphina sp. cf. A. cretacea Reuss, McGuaax, 1964, p. 947, pl.

152, fig. 11.

Test free, trochospiral, subtriangular in plan, adult
stage involute, periphery broadly rounded. Chambers 3
in final whorl, increasing rapidly in size, strongly over-
lapping. Sutures distinct, generally flush. Wall calcare-
ous, finely perforate, granular in structure, surface smooth.
Aperture an arched opening paralleling suture, with nar-
row bordering lip.

Maximum length of figured hypotype, 0.63 mm.;
breadth, 0.53 mm.; thickness, 0.46 mm.

Discussion.—The present specimens are identical to
the original illustrations of Reuss from the Upper Creta-
ceous of Poland. The species is distinguished by the
relatively large size, subtriangular and involute test, and
wide aperture. Juvenile tests are partly evolute. With
increased size, chambers become more overlapping and
tend to produce an involute adult test. In this paper, the
definition of the closely related genera Allomorphina and
Ouadrimorphina presented in the Treatise on Invertebrate
Palcontology, Part C, is modified as follows: Allomor-
phina includes subtriangular forms having 3 or 4 chambers
in the final whorl, the adult stage being involute to par-
tially evolute, with apertural modifications consisting of a
bordering lip or umbilical flap; Quadrimorphina includes
forms that are oval to subspherical in plan view, evolute
and more distinctly trochospiral, with 4 or more chambers
in the final whorl, and an apertural flap. The relation-
ship of these 2 genera clearly requires further investiga-
tion.

Types and occurrence.—Figured hypotype (UCLA 44342) from
sample S-20, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma, and Punta
Descanso (C75, J28, L5, D73).

ALLOMORPHINA HALLI Jennings
Plate 20, figure 8

Allomorphina halli Jexxings, 1936, p. 34, pl. 4, fig. 5.——Brorzey,
1948, p. 127, fig. 39-41, pl. 19, fg. 4——Horker, 1957, p.
200, fig. 247.

Test free, trochospiral, biconvex, subtriangular in
plan, spiral side partially evolute, with all chambers visi-
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ble, umbilical side involute, axial periphery broadly
rounded. Chambers 3 or 4 in final whorl, increasing
rapidly in size, initially globular, later subtriangular,
inflated. Sutures distinet, depressed, straight. Wall cal-
careous, finely perforate, granular in structure, surface
smoothly finished. Aperture a low arch at inner margin
of final chamber with distinct triangular apertural flap.

Maximum length of hgured hypotype, 027 mm.;
breadth, 0.24 mm.; thickness, 0.17 mm. Other hypotypes
range to 0.32 mm. in length.

Discussion.—This species, originally described from
the Palcocene of New Jersey, is characterized by its
inflated chambers, relatively small size, and triangular
apertural flap. It may be differentiated from small speci-
mens of Allomorphina cretacea by the greater relative
thickness, inflated chambers, less triangular outline, and
smaller but more distinct flap. The present specimens
differ from A. minuta Cusuman, described from beds of
Austin age in Texas, in being larger and thicker, and in
having more globular chambers and a less triangular
plan. A. minuta probably represents a species ancestral to
A. halli, giving rise to the latter form by an increase in
size and chamber inflation. A. halli previously has been
recorded in the Paleocene of Sweden (Brorzen, 1948)
and the Maastrichtian of Holland (Horxegr, 1957). In
the present samples the species first appears in the lower
part of the La Jolla section and continues throughout
that locality.

Types and occurrence.—Figured hypotype (UCLA 44343) from
sample C-4, Rosario Formation at Carlsbad. Unfigured hypotypes

from Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C115, J133, L60, D108).

ALLOMORPHINA SUBTRIANGULARIS (Klinc)
Plate 20, figure 5-6

Chilostomella subtriangularis Kuing, 1943, p, 56, pl. 6, fig. 3.
Allomorphina subtriangularis (Kline), Cusiman & Toop, 1949a,

p. 64, pl. 11, fig. 15.

Test free, trochospiral, subtriangular in plan, periph-
ery broadly rounded. Chambers 3 in final whorl, increas-
ing rapidly in size, producing oblique chamber arrange-
ment, inflated, final chamber occupying two-thirds length
of test. Sutures distinct, gently depressed. Wall cal-
careous, finely perforate, granular in structure, surface
smooth. Aperture an arched opening at base of final
chamber, with bordering lip.

Maximum length of figured hypotypes, 0.75 to 0.90
mm.; diameter, 0.58 to 0.60 mm.

Discussion.—This species, originally described from
the Paleocene of Mississippi, is more elongate than Allo-
morphina cretacea and has a reduced initial chamber in
the final whorl, and a more flaring aperture. The original
description fails to mention the reduced chamber, how-
ever, as noted by Custman & Topp (1949a), the chambers
are arranged in a triserial manner. This species may be
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synonymous to A. obliqua Rruss (1851) as both that
species and the present examples are associated with A.
cretacea and are of comparable size. The present forms
differ, however, in being more elongate and in having a
rounded final chamber and a narrower aperture. Two
morphologic types are included within this species. The
more common form is oval in plan view, with subglobular
chambers and a wide, gently arched aperture. The 2nd
form includes subcylindrical specimens with elongate
chambers and a hemispherical, flaring aperture. These
elongate specimens differ from specimens of Chilostomella
trinitatensis in having 3 chambers in the final whorl and
an oblique chamber arrangement.

Types and occurrence.—Figured hypotype (Fig. 6, UCLA 44344)
from sample 1-9; figured hypotype (Fig. 5, UCLA 44345) from
sample L-8; both from Rosario Formation at Point Loma. Unfigured

hypotypes from Rosario Formation at Carlsbad, La Jolla and Punta
Descanso (C144, J104, L113, D75).

Genus QUADRIMORPHINA Finlay, 1939

QUADRIMORPHINA ALLOMORPHINOIDES (Reuss)
Plate 20, figure 7

Valvulineria allomorphinoides Reuss, 1860, p. 223, pl. 11, fig. 6——

Brovzewn, 1936, p. 153, pl. 11, fig. 1.

Quadrimorphina allomorphinosdes (Reuss), TruyiLro, 1960, p. 330,

pl. 47, fig. 15.

Test free, trochospiral, nearly biconvex, spiral side
partially evolute, chambers rather indistinct, umbilical
side involute, axial periphery broadly rounded. Chambers
4 or 5 in final whorl, inflated, last chamber much larger
and occupying half of test. Sutures somewhat indistinct,
gently curved to radial. Wall calcareous, finely perforate,
granular in structure, surface smooth. Aperture a broad
low arch parelleling the suture, with narrow flap.

Maximum length of fgured hypotype, 0.39 mm,;
breadth, 0.32 mm.; thickness, 0.26 mm.

Discussion.—This form is rare in the present material
and smaller than that originally illustrated from the
Cretaccous of Europe. These specimens probably repre-
sent juvenile forms. Quadrimorphina allomorphinoides
is distinguished by the large, inflated final chamber oc-
cupying half the test length and by the wide aperture.
The species has been reported previously in California by
Truyiero (1960) from beds of Santonian age. The speci-
men illustrated by Graram & Churcr (1963) from the
Campanian of the Stanford University campus may be
synonymous; the spiral view, however, has been distorted
so as to prevent positive identification. This species is
found only in the middle portion of the La Jolla section.

Types and occurrence.—Figured hypotypes (UCLA 44346) from
sample §-24, Rosario Formation at La Jolla (J184).

QUADRIMORPHINA CAMERATA (Brotzen)
Plate 20, Agure 9
Valvulineria camerata Brovzex, 1936, p. 155, pl. 10, fig. 1-2.
Valvulineria allomorphinoides (Reuss), Cusuman, 1946, p. 138, pl.
57, Ag. 6. Banpy, 1951, p. 503, pl. 74, fig. 4.
Valeulineria sp. Granam & Crurcs, 1963, p. 60, pl. 7, fig. 8.
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Test free, trochospiral, nearly biconvex, spiral side
evolute with all chambers visible, umbilical side involute,
umbilicate, axial periphery broadly rounded, ovate in out-
line, Chambers generally 4, rarely 5 in final whorl, in-
creasing rapidly in size, becoming inflated, last chamber
occupying less than half of test length. Sutures distinct,
gently curved on spiral side, radial on umbilical side, de-
pressed slightly on both sides. Wall calcareous, finely
perforate, granular in structure, surface smooth. Aperture
interiomarginal, umbilical, partially covered by triangular
apertural flap.

Maximum length of figured hypotype, 0.22 mm.;
breadth, 0.19 mm.; thickness, 0.14 mm. Diameter of
other hypotypes ranges to 0.43 mm.

Discussion.—The present specimens are identical to
the original illustrations from the Senonian of Sweden.
The species differs from Quadrimorphina allomorphin-
oides (Reuss) in being smaller and in having a better-
developed spire and a smaller final chamber. Previously
recorded California occurrences include the upper Cam-
panian of Carlsbad (Banpy, 1951) and the Campanian of
the Stanford University campus (Granam & CHURCH,
1963). The broken specimen illustrated by Cusaman &
Cuurcn (1929) as Discorbis cretacea (FRaNke)? also
may be synonymous. (. camerata first appears in the
lower samples at La Jolla and becomes more common to-
ward the top. It is also abundant in the lower part of
both the Point Loma and Punta Descanso sections but is
missing entirely at Carlsbad. The Gulf Coast occurrences
range from Taylor to Navarro.

Types and occurrence.—Figured hypotype (UCLA 44347) from
sample 5-28, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma and Punta Descanso (]94,
L59, D34).

QUADRIMORPHINA SPIRATA Sliter, n. sp.
Plate 20, fgure 10

Test free, trochospiral, spiral side moderately convex
with raised spire, evolute, all chambers visible, umbilical
side gently convex, involute, with open umbilicus, axial
periphery rounded. Chambers 4 to 5 per whorl, increas-
ing moderately in size, inflated. Sutures distinct, oblique,
gently curved, depressed on spiral side, radial, depressed
on umbilical side. Wall calcareous, finely perforate,
granular in structure, surface smoothly finished. Aperture
interiomarginal, umbilical, with triangular flap projecting
into umbilicus from each chamber.

Maximum length of holotype, 0.41 mm.; breadth, 0.36
mm.; thickness, 0.27 mm.

Discussion.—This species most closely resembles
Ounadrimorphina camerata (Brorzen) but differs in hav-
ing a more pronounced spire, larger umbilicus, oblique
spiral sutures, and less inflated and more slowly enlarging
chambers. Many specimens show the remains of a bulla-
like, reduced final chamber or umbilical covering. Q.
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spirata is found only in the lower samples at Carlsbad

(middle Campanian).

Types and occurrence.—Holotype (Fig. 10, UCLA 44348) and
paratype (UCLA 44349) from sample C-3, Rosario Formation at
Carlsbad (C80).

Subfamily NONIONINAE Schultze, 1854
Genus NONIONELLA Cushman, 1926
NONIONELLA AUSTINANA Cushman
Plate 20, figure 11
Nenionella austinana Cusimax, 1933b, p. 57, pl. 7, fig. 2.

Test free, small, trochospiral, somewhat compressed,
periphery rounded, spiral side evolute, umbilical side in-
volute with final chamber asymmetrically produced to-
ward umbilical side. Chambers 6 in the final whorl,
slightly inflated, increasing moderately in size. Sutures
gently curved, depressed. Wall calcareous, granular, per-
forate, surface smooth. Aperture an interiomarginal arch
extending onto umbilical side, with small lip.

Maximum length of figured hypotype, 0.19 mm.;
breadth, 0.14 mm.; thickness, 0.10 mm.

Discussion.—A few small specimens from the Carls-
bad and Punta Descanso sections are referred to this
species on the basis of the number of chambers and the
rounded periphery. Nonionella robusta PLummer (1931)
is similar to the present form but has a longer, thinner
test and more numerous chambers. N. austinana is most
characteristic of Austin age strata in the Gulf Coast but
also ranges upward into the upper Taylor.

Types and occurrence.—Figured hypotype (UCLA 44350) from
sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at Punta Descanso (C65, D124).

NONIONELLA CRETACEA Cushman
Plate 21, figure 1

Nonionella cretucea Cusuman, 1931¢, p. 42, pl. 7, fig. 2—Jen-

xives, 1936, p. 25, pl. 3, fig. 3.

Test free, small, low trochospiral, compressed, periph-
ery rounded, spiral side evolute, umbilical side involute
with final chamber produced over umbilicus. Chambers
9 or 10 in the final whorl, increasing rapidly in length.
Sutures slightly curved and depressed. Wall calcareous,
granular, finely perforate, surface smoothly finished.
Aperture a low interiomarginal arch extending onto
umbilical side.

Maximum length of figured hypotype, 0.26 mm.;
breadth, 0.15 mm.; thickness, 0.09 mm.

Discussion.—This species is distinguished from Noni-
onella austinana by its proportionately longer test, less
rounded periphery, and more numerous chambers in the
final whorl. N. cretacea occurs in Taylor and Navarro
age strata in the Gulf and Atlantic coasts. It is rare in the
present samples, occurring almost exclusively at Carlsbad,
with the related species N. austinana.
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Types and occurrence.—Figured hypotype (UCLA 44351) from
sample C-6, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla (C62, 163).

Genus PULLENIA Parker & Jones in Carpenter, Parker
& Jones, 1862

PULLENIA CRETACEA Cushman
Plate 21, figure 2
Pullenia cretacea Cusiman, 1936¢, p. 75, pl. 13, fig. 8——Granam

& CHurcn, 1963, p. 68, pl. 8, fig. 13-19.——McGucan, 1964,

p. 947, pl. 152, fig. 6.

Pullenia coryelli White, McGuean, 1964, p. 947, pl. 152, fig. 7.

Test free, planispiral, involute, slightly compressed,
periphery broadly rounded. Chambers 5 in final whorl,
slightly if at all inflated, increasing gradually in size.
Sutures distinct, very slightly depressed, radial to gently
curved. Wall calcareous, finely perforate, granular in
structure, surface smooth. Aperture a low, wide interio-
marginal slit at base of a low apertural face.

Maximum diameter of figured hypotype, 031 mm.;
thickness, .27 mm.

Discussion.—Pullenia cretacea is the most common
species of this genus and occurs in the lower parts of the
sections at La Jolla and Point Loma. Specimens range in
thickness from 0.20 to 0.27 mm. Subspherical forms
resemble P. coryelli Winre (1929) but differ in having
fewer chambers, less spherical test, and smaller size. P.
cretacea is distinguished by its relatively thick test, non-
lobate periphery, and flush sutures. This species occurs in
the Taylor and Navarro groups of the Gulf Coast and the
Upper Cretaceous of Colombia, Venezuela, western
Europe, and Australia. West Coast occurrences include
the Campanian of the Stanford University campus and
Vancouver Island, British Columbia.

Types and occurrence.—Figured hypotype (UCLA 44352) from

sample $-23, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (J44, L103),

PULLENIA JARVISI Cushman
Plate 21, figure 3

Prllenia jarvisi Cusiman, 1936¢, p. 77, pl. 13, fig. 6.——Marnin,
1964, p. 76, pl. 8, fig. 8. McGueay, 1957, p. 342, pl. 33,
fig. 6-7.

Pullenia sp. cf. P. jarvisi Cushman, Granam & Cuurcn, 1963, p.
69, pl. 8, hg. 15.

Test free, planispiral, involute, compressed, biumbili-
cate, axial periphery rounded, equatorial periphery lobate.
Chambers 5 or 6 in final whorl, inflated, increasing mod-
erately in size as added. Sutures distinct, depressed,
curved. Wall calcareous, granular in structure, finely per-
forate, surface smooth. Aperture a low interiomarginal
arch at base of high apertural face.

Maximum diameter of figured hypotype, 0.42 mm,;
thickness, 0.24 mm.

Discussion.—Pullenia jarvisi differs from P. cretacea
in its relatively larger size, lobate equatorial periphery,
and depressed, curved sutures. Specimens occur at Carls-
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bad, La Jolla, Point Loma, and Punta Descanso. In the
Point Loma section P. cretacea appears prior to P. jarvisi.
From the middle of the section upward, only P. jarvisi is
present. Originally described from Trinidad, this species
also occurs in the Upper Cretaceous of California, Mexico,
and Ireland.

Types and occurrence.—Figured hypotype (UCLA 44353) from
sample L-4, Rosario Formation at Point Loma. Unfigured hypo-
types from Rosario Formation at La Jolla, Carlsbad, and Punta
Descanso (C140, J211, L121, D116).

PULLENIA sp. cf., P, MINUTA Cushman
Plate 21, figure 4

Pullenia minuta Cusuman, 1936¢, p. 77, pl. 13, fig. 7.

Test free, small, planispiral, involute, periphery some-
what angular. Chambers about 6 in final whorl, very
slightly inflated. Sutures distinct, slightly depressed and
gently curved. Wall calcareous, granular in structure,
finely perforate. Aperture a low interiomarginal arch
with slight lip, at base of high apertural face.

Maximum diameter of figured hypotype, 0.26 mm;
thickness, 0.15 mm.

Discussion.—This species occurs rarely at Carlsbad
and Punta Descanso. The forms are similar to Pullenia
minuta from the Corsicana Marl of the Gulf Coast but
are somewhat larger and lack the distinctly curved sutures.
P. jarvisi differs in being larger and having distinctly
depressed and curved sutures,

Types and occurrence.—Figured hypotype (UCLA 44354) from
sample C-5, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at Punta Descanso (Cl41, D123).
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Family ALABAMINIDAE Hofker, 1951
Genus ALABAMINA Toulmin, 1941

ALABAMINA DORSOPLANA (Brotzen)
Plate 21, figure 5

Epomdes dorsoplana Brotzen, 1940, p. 31, fig. 8,2.
Alabamina dorsoplana (Brotzen), Brotzen, 1948, p. 102, fig. 26(E)-

27, pl. 16, fig. 3——Horxzx, 1957, p. 387, fig. 432.

Test free, low trochospiral, spiral side nearly evolute
with all chambers showing, umbilical side involute, only
final whorl visible around small umbilicus, axial periph-
ery subangular., Chambers 5 or 6 in final whorl, increas-
ing moderately in size, subtriangular with high apertural
face. Sutures distinct, curved on spiral side, nearly radial
on umbilical side, may become slightly depressed. Wall
calcareous, finely perforate, granular in structure, surface
smoothly finished. Aperture an interiomarginal slit
within sulcus in apertural face, extending from near the
periphery to the umbilicus, with narrow lip.

Maximum diameter of figured hypotype, 0.20 mm.;
thickness, 0.14 mm.

Discussion.—This species is easily recognized by its
small size, subtriangular chambers, and apertural sulcus.
Alabamina dorsoplana is distinguished by the strongly
convex umbilical side, low spiral side, and high apertural
face. The species first appears in the middle part of the
La Jolla section. Rare occurrences also are recorded at
Carlsbad and Point Loma. Originally described from
the lower Danian of Sweden, this species extends down-
ward into the upper Campanian.

EXPLANATION OF PLATE 19

FIGURE

1. Globotruncana tricarinata (Quereauv); la-c, spiral, edge, and
umbilical views, X 97 (p. 107).

2. Rugoglobigerina rugosa (PLumMER); 2a-c, spiral, edge, and
umbilical views, X 89 (p. 108).

3. Epithemella martini (Brorzex); 3a-c, spiral, edge, and um-
bilical views, X33 (p. 109).

4. Planorbulina pacifica SLITER, n. sp.; 4a-c, spiral, edge, and
umbilical views, X66 (p. 109).

5. Falsocibicides beaumontianus (p’OmrBiGNY); 5a-c, spiral edge,
and umbilical views, X52 (p. 109).

6. Carpenteria sp.; 6ab, umbilical and edge views, X66 (p.
110).

7-8. Ellipsopolymorphina sp.; 7a,b, side and apertural views, %97;
8, basal view, X97 (p. 111).

9. Ellipsordella kugleri (Cusiman & Renz); 9a)b, side and aper-
tural views, X 66 (p. 111).

10.  Pleurostomella subnodosa Reuss; 10a,b, side and edge views,
%52 (p. 110).

Il. Bandyella greatvalleyensis (Truyiro); 1lab, side and edge
views, X97 (p. 111).

12. Ellipsoidella gracillima (CusHman);
views, X66 (p. 110).

13.  Coryphostoma plaitum (Carsey); 13a,b, side and edge views,
X52 (p. 112).

12a,b, side and edge
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Types and occurrence.—Figured hypotype (UCLA 44355) from
sample $-26, Rosario Formation at La Jolla, Unfigured hypotypes
from Rosario Formation at Carlsbad and Point Loma (CI109, J150,
L125).

Genus GYROIDINA d'Orbigny, 1826

GYROIDINA CRETACEA (Carsey)
Plate 21, figure 7-8

Rotalia ¢retacea Carsey, 1926, p. 48, pl. 5, fig. 1.
Valvulineria cretacea (Carsey), Banpy, 1951, p. 504, pl. 74, fig. 1.

Test free, trochospiral, nearly biconvex, umbilical side
more convex, axial periphery subacute. Chambers 8 to 12
in final whorl, increasing gradually in size, ultimate
chamber inflated. Sutures distinct, gently curved, flush on
spiral side, radial, flush, thickened on umbilical side.
Wall calcareous, granular, monolamellar, finely perforate,
surface smooth. Aperture on elongate slit extending from
periphery to umbilicus with umbilical flap.

Maximum diameter of figured hypotypes, 0.22 to 0.35
mm.: thickness, 0.14 to 0.24 mm.

Discussion.—This species, originally described from
the Upper Cretaccous of Texas, is distinguished by its
numerous chambers, subacute periphery, and umbilical
flap. It was previously included in the genus Valvulineria
because of the umbilical flap, but the wall structure of
the present specimens, as well as Texas topotype material,
is monolamellar and granular in structure. Following the
classification presented in the Treatise on Invertebrate
Paleontology, Part C, these Cretaceous specimens cannot
be included in the Discorbacea, which is composed of
forms with radially constructed walls. They correspond
most closely to Gyroidina of the family Alabaminidae,
although the lamellar character of this genus is not defi-
nitely known. Until this group is restudied, the present
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species is tentatively placed in Gyrodina. G. cretacea is
most abundant at Carlsbad. At La Jolla, it first appears
in the middle samples and becomes more abundant to-
ward the top. It also occurs scattered throughout the
Point Loma and Punta Descanso sections. In the Ameri-
can Gulf Coast, this species is particularly characteristic
of the Navarro Group but also is found in Taylor age
strata.

Types and occurrence—Figured hypotype (Fig. 7, UCLA 44356)
from sample C-4, Rosario Formation at Carlsbad. Figured hypotype
(Fig. 8, UCLA 44357) from sample §-26, Rosario Formaton at

La Jolla. Unfgured hypotypes from Rosario Formation at Pont
Loma and Punta Descanso (C15, 1141, L97, D76).

GYROIDINA NONIONOIDES (Bandy)
Plate 21, hgure 6

Valvalineria sp. of. V. umbilicatula d'Orbigny, Cusiiman, 1946, p.

139, pl. 57, hg. 9.

Valotdineria nonionoides Baxoy, 1951, p. 504, pl. 74, fig. 5.

Test free, trochospiral, nearly biconvex, spiral side
gently convex, with central concavity, umbilical side more
strongly convex, with distinct umbilical boss, axial periph-
ery broadly rounded. Chambers 5 to 7 in final whorl,
increasing rather rapidly in size, inflated. Sutures distinct,
radial, depressed. Wall calcarcous, finely perforate, granu-
lar in structure, monolamellar, surface smooth. Aperture
an interiomarginal slit, extending from periphery to
umbilicus under umbilical fap.

Maximum diameter of figured hypotype, 0.34 mm.;
thickness, 0.19 mm.

Discussion.—Originally described by Bawpy (1951)
from Carlsbad, this species is ecasily distinguished by its
rounded periphery, nearly biconvex test, and distinct
umbilical boss. The species originally was placed in

EXPLANATION

FIGURE

1. Fursenkoina nederi Suiter, n. sp.; la-c, opposite sides and
cdge views, X66 (p. 112).

2, Loxostonium eleyi (Cusuman); 2ab, side and apertural views,
¥ 129 (p. 112).

3. Chilostomella trinitatensis Cusnman & Toop; 3ab, apertural
and edge views, X33 (p. 112).

4. Allomorphina cretacea Reuss; 4a-c, side, edge and apertural
views, X 52 (p. 113).

5.6, Allomorphina subtriangularis (KLiNg); 5ab, 6ab, apertural
and edge views, X352 (p. 113).

OF PLATE 20

7. Quadrimorphina allomorphinoides (Rruss):
sides and edge view, X 89 (p. 114).

8, Allomorphina halli Jenxines; 8a-c, side, edge, and apertural
views, X97 (p. 113).

9. Quadrimorphina camerata (BROTZEN);
and edge view, X129 (p. 114).

10, Quadrimorphina spirata SLiTer, n. sp.; 10a-d, opposite sides,
edge, and oblique views, X66 (p. 114).

11. Nonionella anstinana Cusiman; | la-c, opposite sides and edge
view, X187 (p. 115).

7a-c, opposite

9a-c, opposite sides
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Valvulineria, but examination shows the wall structure
to be granular and thus distinct from that of that genus,
The species is here tentatively assigned to Gyroidina,
which is characterized by forms with umbilical flaps but
undetermined wall structure. Thin sections have shown
the umbilical boss to be composed of thickened, over-
lapping umbilical flaps. G. nontonoides occurs charac-
teristically in the Carlsbad section with a rare occurrence
at La Jolla. The recorded stratigraphic range of this
species is from upper Campanian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44358) from

sample C-2, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla (C87, J187).

Genus SVRATKINA Pokorny, 1956
SVRATKINA LAJOLLAENSIS Sliter, n. sp.
Plate 21, figure 10
Test free, small trochospiral, biconvex, spiral side
covered by tubercules obscuring chambers, umbilical side
involute, only last whorl visible, with small umbilicus,
axial periphery rounded. Chambers 6 in final whorl, in-
creasing rapidly in size, becoming somewhat inflated.
Sutures obscured on spiral side, initially flush, limbate,
later depressed on umbilical side. Wall calcareous, per-
forate, granular in structure, surface tuberculate, final
chamber becoming smooth. Aperture a narrow slit
located midway between periphery and umbilicus in sul-
cus of final chamber.
Maximum diameter of holotype, 0.26 mm.; thickness,
0.17 mm.
Discussion,—This species is easily distinguished by its
apertural and surface characteristics. These forms most
closely resemble Svratkina sp. aff. S. australiensis Cuap-
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MAN, Parr & Corrins described by Pokornt (1956) from
the Eocene of Czechoslovakia but differ in being more
evenly biconvex, thicker, more strongly tuberculate, and
having an even equatorial periphery. S. lajollaensis is
very rare in the present samples, occurring in the upper
La Jolla and Point Loma sections (late Campanian).
Types and occurrence.—Holotype (UCLA 44359) from sample

§-22, Rosario Formation at La Jolla. Paratype (UCLA 44360) from
sample L-1, Rosario Formation at Point Loma (J171, L175).

Family OSANGULARIIDAE Loeblich & Tappan, 1964
Genus OSANGULARIA Brotzen, 1940

OSANGULARIA CORDIERIANA (d'Orbigny)
Plate 21, figure 9

Rotalina cordieriana p'Oriony, 1840, p. 33, pl. 3, fig. 9-11.

Osangularta cordieriana ('Orbigny), Martiv, 1964, p. 102, pl. 15,
fig. 2.

Omnﬁrf&m’a sp. cf. O. cordieriana (d'Orbigny), McGuean, 1964, p.
946, pl. 152, fig. 2——Grauam & Cuurcn, 1963, p. 59, pl. 7,
fig. 4.

Test free, trochospiral, biconvex, biumbonate, periph-
ery carinate, Chambers commonly 8 in final whorl, in-
creasing gradually in size. Sutures distinct, curved on
spiral side, radial to gently curved on umbilical side. Wall
calcareous, granular in structure, finely perforate, surface
smooth. Aperture a V-shaped opening at base of final
chamber or may be 2 isolated slits, one interiomarginal,
the other areal.

Maximum diameter of figured hypotype, 0.37 mm.;
thickness, 0.10 mm.

Discussion.—Osangularia cordieriana is recognized by
its biumbonate test, carinate periphery, and characteristic
aperture. Specimens occur commonly at La Jolla, Point

EXPLANATION OF PLATE 21

FIGURE
. Nonionella cretacea Cusiman; la-c, opposite sides and edge
views, X 66 (p. 115).
2. Pullenia cretacea Cusuman; 2a,b, side and edge views, X129
(p. 115).
3. Pullemia jarvisi Cusaman; 3ab, side and edge views, %33
(p. 115).
4, Pullenia sp. cf, P, minuta Cusiman; 4a,b, side and edge views,
%52 (p. 116).
5. Alabamina dorsoplana (BrovzEN); Sa-c, spiral, edge, and um-
bilical views, } 187 (p. 116).

6. Gyroidina nonionoides (Banpy); 6a-c, spiral, edge, and um-
bilical views, X97 (p. 117).

7-8. Gyroidina eretacea (Cansey); 7a-c, spiral, edge, and umbilical
views, X97; 8a-c, same, X129 (p. 117).

9. Osangularia cordieriana (D'OrBiGNY); 9a-c, spiral, edge, and
umbilical views, X97 (p. 118).

10. Svratkina lajollaensis Sviter, n. sp;
umbilical views, X97 (p. 118).

10a-¢c, spiral, edge, and
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Loma, and Punta Descanso. Faunal sequences of this
species show ecither gradational or rapid fluctuations in
size. In the La Jolla section, early forms are 0.17 mm. in
diameter and gradually increase to the typical size by the
middle of the section. In the upper part, a reversal of the
trend is noted, specimens again becoming reduced in size.
Point Loma and Punta Descanso sections are character-
ized by sudden fluctuations in size between samples. The
West Coast range of this species is Santonian to Maastrich-
tian.

Types and occurrence.—Figured hypotype (UCLA 44361) from
sample E-6, Rosario Formation at Punta Descanso. Unfigured hypo-

types from Rosario Formation at La Jolla and Point Loma (]8,
L96, D17).

Genus GLOBOROTALITES Brotzen, 1942

GLOBOROTALITES MICHELINIANUS (d'Orbigny)
Plate 22, figure |

Rotalina micheliniana v'Orniony, 1840, p. 31, pl. 3, fig. 1-3.
Globoratalia micheliniana (0'Orbigny), Cusamax, 1946, p. 152, pl.

63, fig. 2-3.,

Gyroidina micheliniana (d'Orbigny), Scuiyesma, 1946, p. 87, pl. 5,

fig. 2.

Glnfr:mm.hlfs michelinianus (d'Orbigny), Martin, 1964, p. 99, pl.

14, fg. 4.

Test free, trochospiral, planoconvex, spiral side flat,
umbilical side strongly convex, with prominent pseudo-
umbilicus, periphery acute, carinate. Chambers 7 or 8 in
final whorl, increasing gradually in size. Sutures oblique,
limbate, flush on spiral side, gently curved, limbate and
becoming slightly depressed on umbilical side. Wall cal-
carcous, granular in structure, finely perforate, surface
smooth. Aperture an interiomarginal slit at base of final
chamber.

Maximum diameter of figured hypotype, 044 mm.;
thickness, 0.29 mm.
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Discussion.—This species is  distinguished by the
oblique spiral sutures, acutely carinate periphery, and
prominent pseudoumbilicus. It occurs rarely in all loca-
tions, whereas the most robust specimens are encountered
at Carlsbad. Globorotalites michelinianus, originally de-
scribed from the Campanian of France, ranges from
Cenomanian to Campanian.

Types and occurrence.—Figured hypotype (UCLA 44362) from
sample C-3, Rosario Formation at Carlsbad, Unfigured hypotypes

from the Rosario Formation at La Jolla, Point Loma and Punta
Descanso (C79, ]182, .93, D147).

GLOBOROTALITES SPINEUS (Cushman)
Plate 22, figure 4

Truncatulina spinea Cusiman, 1926a, p. 22, pl. 2, fig. 10,
Eponides? spinea (Cushman), Custiman, 1946, p. 142, pl. 57, fig.

16 ——Granam & CHurcn, 1963, p. 57, pl. 6, fig. 19.
Eponides spinea (Cushman), MarTin, 1964, p. 98, pl. 13, fig. 8.
Globorotalites spinea (Cushman), McGueas, 1964, p, 949, pl. 152,

fig. 13.

Test free, trochospiral, plano-convex, spiral side gently
convex to concave, umbilical side gently to strongly con-
vex, axial periphery carinate, with short spines at each
suture. Chambers 7 or 8 in final whorl, increasing grad-
ually in size. Sutures gently curved, flush, limbate on
spiral side, radial, limbate, flush to slightly depressed on
umbilical side. Wall calcareous, finely perforate, granular
in structure, surface smoothly finished. Aperture an in-
teriomarginal slit at base of final chamber, extending
from pseudoumbilicus nearly to periphery, with small lip.

Maximum diameter of figured hypotype, 0.37 mm.;
thickness, 0.24 mm. Other hypotypes range from 0.18
mm. in thickness.

Discussion.—This species is casily distinguished by
its trochoid test and peripheral spines. The present speci-
mens are identical to the original description, size, and

EXPLANATION OF PLATE 22

FIGURE
1. Globorotalites michelimanus (0'ORBIGNY);
and umbilical views, X66 (p. 119).

2-3. Globorotalites tappanae SLITER, n. sp.; 2a-c, spiral, edge, and
umbilical views of holotype, %97; 3a-c, same views of para-
type, X97 (p. 120).

4. Globborotalites spineus (Cusiman); 4a-c, spiral, edge, and
umbilical views, X66 (p. 119).

5. Gyroidinoides bandyi (TruyiLLo); 5a-c, spiral, edge, and um-
bilical views, X133 (p. 120).

la-c, spiral, edge,

6. Gyroidinotdes goudhoffi (Trujnro); 6a-c, spiral, edge, and
umbilical views, X 66 (p. 120).

7. Gyroidinoides nitidus (Reuss);
bilical views, X97 (p. 121).

8. Gyroidinoides quadratus (CustiMan & CuurcH); 8a-c, spiral,
edge, and umbilical views, X129 (p. 121).

9. Gyroidinoides quadratus martini SuiTer, n. ssp; 9a-c, spiral,
edge, and umbilical views, X187 (p. 121).

7a-c, spiral, edge, and um-
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illustrations. First representatives of Globoratalites occur
in the middle portion of the La Jolla section, and the
species gradually increases in size and test convexity with
time. The species also occurs throughout the Point Loma
section and less frequently at Punta Descanso and Carls-
bad. Originally described from Mexico, it is reported
from upper Santonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44363) from
sample §-27, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta
Descanso (C146, J145, L87, DSI1),

GLOBOROTALITES TAPPANAE Sliter, n. sp.
Plate 22, figure 2-3

Test free, trochospiral, plano-convex, spiral side flat,
partially evolute, umbilical side strongly convex, involute,
only last whorl visible around small pseudoumbilicus,
axial periphery subacute. Chambers 5 or 6 in final whorl,
increasing rapidly in size, apertural face high with angu-
lar shoulder. Sutures distinct, flush, somewhat limbate,
tangential to gently curved on spiral side, flush, oblique,
gently curved on umbilical side. Wall calcareous, finely
perforate, granular in structure, surface smooth. Aperture
an interiomarginal slit at base of apertural face on last
chamber, extending from near periphery almost to umbili-
cus, with small bordering lip.

Maximum diameter of holotype, 0.26 mm.; thickness,
0.24 mm. Diameter of figured paratype, 0.22 mm.; thick-
ness, .14 mm.

Discussion.—This species is easily recognized by its
planoconvex test, subacute periphery, and commonly
tangential sutures. These characteristics also serve to
distinguish clearly this form from the larger, carinate
Globorotalites michelinianus. Two morphologic forms
present seem to represent different stages in the life cycle.
The most abundant form is strongly umbilico-convex,
with limbate, tangential spiral sutures. The other is rep-
resented by less strongly convex forms with gently curved
sutures on the spiral side. Both have approximately the
same stratigraphic distribution. This species first appears
in the middle part of the La Jolla section but does not
become abundant until near the top. There are rare, scat-
tered occurrences throughout the Point Loma and Punta
Descanso sections, but the species is lacking at Carlsbad.
Stratigraphic range Campanian to Maastrichtian.

Types and occurrence.—Holotype (Fig. 2, UCLA 44364) from
sample S-36; figured paratype (Fig. 3, UCLA 44365) from sample
S-12; both from Rosario Formation at La Jolla. Unfigured paratypes

from Rosario Formation at Point Loma and Punta Descanso (131,
L114, D77).

Genus GYROIDINOIDES Brotzen, 1942

GYROIDINOIDES BANDYI (Trujillo)
Plate 22, figure 5
Eponides bandyi TruyiLro, 1960, p. 332, pl. 48, fig. 3.
1964, p. 97, pl. 13, fig. 7.

MARTIN,
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Test free, trochospiral, nearly biconvex with umbilical
side more strongly developed, equatorial periphery some-
what lobate, axial periphery subrounded. Chambers 5 or
6 in final whorl, more commonly 5, increasing gradually
in size, becoming slightly inflated. Sutures distinct, spiral
sutures curved, becoming slightly depressed at final cham-
ber, umbilical sutures sigmoidal, limbate, more so toward
the umbilical region. Aperture a low interiomarginal slit
extending from the umbilical area almost to periphery.

Maximum diameter of figured hypotype, 027 mm.;
thickness, 0.20 mm. Additional hypotypes range in
diameter from 0.12 to 0.29 mm.

Discussion.—The present specimens are smaller than
those of the original illustrations but are otherwise iden-
tical. This species differs from Gyroidinoides goudkoffi
(TruyiLro) in being smaller and more nearly biconvex
and in having a more rounded periphery and slightly
inflated chambers. The California stratigraphic range is
from Coniacian to Campanian.

Types and occurrence—Figured hypotype (UCLA 44367) from
sample L-12, Rosario Formation at Point Loma. Unfigured hypo-

types from Rosario Formation at La Jolla and Punta Descanso (]J148,
L105, D144).

GYROIDINOIDES GOUDKOFFI (Trujillo)
Plate 22, figure 6

Eponides goudkoffi TruyiLLo, 1960, p. 333, pl. 48, fig. 6.
Gyrordina sp. GraHaM & CHurcH, 1963, p. 59, pl. 6, fig. 23.
Gyroidina goudkoffi (Trujillo), MarTiN, 1964, p. 96, pl. 13, fig. 3.
Eponides sp. cf. beisseli Schijfsma, McGuaan, 1964, p. 944, pl. 151,

fig. 4.

Eponf'des sp. cf. simplex (White), McGucan, 1964, p. 945, pl. 151,

fig. 7.

Test free, trochospiral, spiral side gently convex, um-
bilical side strongly convex, axial periphery subacute.
Chambers 5 to 7 in final whorl, increasing gradually in
size, Sutures distinct, curved, limbate, flush on spiral side,
sigmoidal, limbate, often somewhat depressed in later
chambers on umbilical side. Wall calcareous, granular,
finely perforate, surface smooth. Aperture a low interio-
marginal arch extending from the umbilical area to just
short of the periphery.

Maximum diameter of figured hypotype, 0.60 mm.;
thickness, 0.42 mm.

Discussion.—Originally described from the Santonian
of northern California, this species is distinguished from
Gyroidinoides trupilloi by the less numerous chambers,
larger size, and more strongly limbate sutures. The
present specimens show a gradational morphologic
change in test thickness, size, and strength of the limbate
sutures. Sutures of the smaller specimens commonly are
more strongly limbate than those of larger individuals.
The first forms in the basal La Jolla and Punta Descanso
sections are nearly biconvex, with an acute axial periph-
ery. These grade rapidly into more typical representa-
tives by an increase in the umbilical convexity. Inter-
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gradational specimens are identical to the types of Tru-
yiLLo. This species has been recorded from Coniacian to
Campanian of California. The forms referred to Eponides
sp. cf. E. beisseli Scriyrsma and E. sp. cf. E. simplex
(Waite) by McGucan (1964) from the Upper Cretaceous
of Vancouver Island, British Columbia appear to be
identical. Within the present samples, G. goudkoffi occurs
in all locations except Carlsbad.

Types and occurrences.—Figured hypotype (UCLA 44368) from
sample S-23, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]129,
L36, D2).

GYROIDINOIDES NITIDUS (Reuss)
Plate 22, figure 7
Rotalina nitida Reuvss, 1845, p. 35, pl. 8, fig. 52, pl. 12, fig. 8, 20.
Gyrosdina mitida (Reuss), Brorzen, 1936, p. 157, fig. 58, pl. 11,

fig. 3.——ScHiyrsma, 1946, p. 85, pl. 5, fig. 1.

Gyroidinoides nitida (Reuss), LoesLicH & Tarpan, 1964, p. C753,

fig. 615.,6.

Test free, trochospiral, subglobular, spiral side gently
convex, umbilical side strongly convex, axial periphery
rounded, umbilicus open. Chambers 7 or 8 in final whorl,
increasing gradually in size, slightly inflated. Sutures
distinct, slightly curved and depressed on spiral side,
nearly radial, slightly depressed on umbilical side. Wall
calcareous, granular in structure, finely perforate, surface
smooth. Aperture a low interiomarginal slit at base of
flattened apertural face, extending from umbilicus nearly
to periphery.

Maximum diameter of figured hypotype, 0.42 mm.;
thickness, 0.35 mm. Additional hypotypes range from
0.18 to 0.45 mm. in diameter,

Discussion.—This widespread foraminifer is easily
distinguished from associated species by its subglobular
test, rounded periphery, and open umbilicus. Gyroidi-
noides nitidus occurs at all 4 localities studied.

Types and occurrence.—Figured hypotype (UCLA 44369) from
sample $-26, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosarioc Formaton at Carlsbad, Point Loma and Punta
Descanso (C76, J147, L88, D113).

GYROIDINOIDES QUADRATUS (Cushman & Church)
Plate 22, figure 8§

Gyroidina quadrata CusiimaN & CHurch, 1929, p. 516, pl. 41, fig.
7-9——Granam & CuurcH, 1963, p. 58, pl. 7, Aig. 2.—
Martin, 1964, p. 97, pl. 13, fig. 5.

Test free, trochospiral, spiral side concave, umbilical
side strongly convex, umbilicate, axial periphery rounded
with acute shoulder on spiral side. Chambers 6 or 7 in
final whorl, increasing gradually in size, in some slightly
inflated on umbilical side. Sutures distinct, radial, may
become depressed in later chambers. Wall calcareous,
granular in structure, finely perforate, surface smooth.
Aperture a low interiomarginal slit at base of final
chamber, with slight lip, extending from umbilicus nearly

to periphery.
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Maximum diameter of figured hypotype, 0.31 mm.;
thickness, 0.22 mm.

Discussion.—This species, originally described from
the Upper Cretaceous of central California, is casily dis-
tinguished by its concave spiral side and acute peripheral
shoulder. Gyroidinoides quadratus first appears in the
middle samples at La Jolla and continues throughout the
section. The species also is present at Point Loma and
Punta Descanso. To date, this species is limited to the
West Coast, but G. girardanus (Reuss), reported by
Cusuman (1946) from the Gulf Coast, appears to be a
closely related form. The recorded stratigraphic range is
from upper Santonian to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44370) from
sample §-36, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]146,
1.37, D35).

GYROIDINOIDES QUADRATUS MARTINI Sliter, n. subsp.
Plate 22, figure 9
Gyroidina globosa (Hagenow), Martin, 1964, p. 95, pl. 12, fig. 12.

Test free, small, trochospiral, spiral side concave,
umbilical side strongly convex, umbilicate, periphery
broadly rounded, spiral shoulder acute with small spines.
Chambers 7 to 9 in final whorl, increasing gradually in
size. Sutures indistinct on spiral side, distinct, radial on
umbilical side. Wall calcareous, granular in structure,
finely perforate, surface granular on spiral side, smoothly
finished on umbilical side. Aperture a low interiomargi-
nal arch at base of final chamber.

Maximum diameter of holotype, 0.22 mm.; thickness,
0.14 mm.

Discussion.—This form differs from typical Gyroidi-
noides quadratus in being smaller, less umbilico-convex,
and in having a greater spiral convexity, small peripheral
shoulder spines, and a granular spiral surface. The sub-
species appears in the lower part of the La Jolla section
prior to the advent of G. guadratus. The specimens
present in 2 samples containing both forms show no
apparent intergradation of test size or spiral surface modi-
fication. The 2 types nevertheless are very similar in
chamber shape and number, overall test shape, pore size,
and type of aperture. For these reasons, the smaller forms
are given subspecific rather than specific rank. The speci-
men illustrated by Martin (1964) as Gyroidina globosa
(Hacenow) is regarded as synonymous to the present
subspecies because of the general test morphology and
stratigraphic occurrence in relation to G. guadratus.
Martin, however, did not mention the presence of a
granular spiral surface or peripheral spines, although
these may be obscured in preservation. Stratigraphic
range middle to upper Campanian.

Types and occurrence.—Holotype (UCLA 44371) and paratype

(UCLA 44372) from sample S-13, Rosario Formation at La Jolla
(1128).



GYROIDINOIDES TRUJILLOI Sliter, n. sp.
Plate 23, figure 1

Test free, trochospiral, spiral side gently convex,
umbilical side strongly convex, centrally umbilicate, axial
periphery subacute. Chambers numerous, 10 or 11 in
final whorl, increasing gradually in size. Sutures gently
curved, flush on spiral side, sinuate and somewhat limbate
on umbilical side commonly producing an umbilical
thickening. Wall calcareous, granular in structure, finely
perforate, surface granular. Aperture a low interiomar-
ginal slit extending from umbilicus to periphery.

Maximum diameter of holotype, 0.29 mm.; thickness,
0.20 mm.

Discussion.—This species is characterized by numer-
ous chambers, slightly limbate sutures, a small central
umbilicus, and granular surface texture. It is somewhat
similar to Gyroidinoides birdi (TruyiLLo) but differs in
having a more strongly biconvex test, a more rounded
periphery, and less limbate sutures. G. trujilloi is restricted
to the basal part of the La Jolla section (middle Cam-
panian) where it last occurs at the faunal break just prior
to the first appearance of G. goudkoffi (TrujiLro).

Types and occurrence.,—Holotype (UCLA 44373) and paratype
(UCLA 44374) from sample §-5, Rosario Formation at La Jolla
(]49).

Family ANOMALINIDAE Cushman, 1927
Subfamily ANOMALININAE Cushman, 1927
Genus GAVELINELLA Brotzen, 1942

GAVELINELLA COMPRESSA Sliter, n. sp.
Plate 24, figure 2

The University of Kansas Paleontological Contributions

Test free, compressed, low trochospiral, spiral side
partially evolute, all chambers visible through low cen-
tral boss, umbilical side partially evolute, with small
spiralling umbilical boss, axial periphery initially rounded,
later subacute. Chambers 11 to 13 in final whorl, crescen-
tic to lobate in plan, becoming slightly inflated. Sutures
distinct, limbate, strongly curved on both sides, initially
¢levated but later depressed on spiral side, flush on
umbilical side. Wall calcarcous, finely perforate, granular
in structure, surface smooth. Aperture a low interio-
marginal arch extending from periphery to umbilicus,
with narrow lip that forms triangular flap extending over
umbilicus from each chamber, aperture continuous be-
neath earlier flaps.

Maximum diameter of holotype, 0.60 mm.; thickness,
0.12 mm.

Discussion.—This species superficially resembles the
Recent Planulina ariminensis p’Oreieny (1826) but has a
granular wall structure, a subacute periphery on the final
chambers, finer pores, initially elevated spiral sutures, and
both a spiral and umbilical boss. All of the numerous
specimens studied show the same wall structure and sub-
acute peripheral margin. This species is placed in
Gavelinella on the basis of its wall structure, type of coil-
ing, umbilical boss, and apertural characteristics. G.
compressa hirst appears in the lower part of the La Jolla
section and extends nearly to the top. The species also is
present at Point Loma but is missing at the Punta Descan-
so and Carlsbad localities. Stratigraphic range middle to
upper Campanian.

Types and occurrence.—Holotype (UCLA 44384) from sample

S-8; paratype (UCLA 44385) from sample 5-9; both from Rosario
Formation at La Jolla (J106, L129).

EXPLANATION OF PLATE 23

FIGURE

1. Gyroidinoides trujilloi SLITER, n. sp.;
umbilical views, X129 (p. 122).

2. Gavelinella henbesti (PLummer); 2a-c, spiral, edge, and um-
bilical views, %45 (p. 123).

3. Gavelinella stephensoni (Cusuiman); 3a-c, spiral, edge, and
umbilical views, X97 (p. 125).

4-5. Gavelinella nacatochensis (Cusuman); 4a-c, spiral, edge, and
umbilical views, X66; 5a-c, same, X97 (p. 124).

la-c, spiral, edge, and

6. Gavelinella eriksdalensis (Brotzen); 6a-c, spiral, edge, and
umbilical views, X66 (p. 123).

7-8. Gavelinella sandidgei (Brorzen); 7a-c, 8a-c, spiral, edge, and
umbilical views, X 66 (p. 124).

9. Gavelinella velascoensis (Cusiman); 9a-c, spiral, edge, and
umbilical views, X66 (p. 125).
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GAVELINELLA ERIKSDALENSIS (Brotzen)
Plate 23, figure 6
Cibicides ( Cibieidordes) eriksdalensis Brorzen, 1936, p. 193, fig. 69,

I 14, fig. S.

Gnv];finap.ri:sﬂik:da}m;i: (Brotzen), Horker, 1957, p. 322, fig.

370-371.

Anomalinoides eriksdalensis (Brotzen), Bevrvoro, 1960, p. 108, pl.

34, fig. 1-11.

Test free, trochospiral, nearly biconvex, spiral side
more strongly convex, with small umbonate boss, um-
bilical side shows only chambers of last whorl, with
spiralling umbilical boss, axial periphery subacute.
Chambers 10 or 11 in final whorl, increasing gradually
in size. Sutures gently curved, initially limbate, flush,
later depressed on spiral side, curved, limbate, flush to
somewhat elevated on umbilical side. Wall calcareous,
finely perforate, granular in structure, surface smooth to
granular. Aperture a low equatorial, interiomarginal slit,
at base of last-formed chamber, extending to umbilicus,
with slight lip.

Maximum diameter of figured hypotype, 0.49 mm.;
thickness, (.24 mm.

Discussion.—This species, originally described from
the Senonian of Sweden, varies both in the convexity of
the spiral side as noted by Brorzex (1936) and also in
thickness of the spiral boss and degree of elevation and
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curvature of the umbilical suture, The European Cam-
panian and Maastrichtian forms referred to Cibicides
voltzianus (p'OrsicNy) (1840) differ in being higher-
spired and in having a more acute periphery, fewer
chambers, and less limbate sutures. Brotzen (1945)
stated that only typical forms of C. voltzianus occur in the
Campanian. The present specimens appear distinct from
the latter species and closer to the concept of G. eriks-
dalensis, thus extending the stratigraphic range of this
species into the Campanian as recognized by Horker
(1957). Another similar form, C. succedens Brovzen
(1948) from the Paleocene of Sweden, differs in having a
larger spiral boss and in lacking the umbilical boss and
sutural characters. Gavelinella eriksdalensis is found
throughout the La Jolla and Point Loma sections, less
frequently at Punta Descanso, and is missing at Carlsbad.

Types and occurrence.—Figured hypotype (UCLA 44375) from
sample §-2, Rosario Formation at La Jolla, Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (]15,
L120, D78).

GAVELINELLA HENBESTI (Plummer)
Plate 23, hgure 2
Anomalina henbesti PLumser, 1936, p. 290, pl. 5, Ag. 7-10.——
Cusiman & Goupkorr, 1944, p. 63, pl. 10, fig, 11.——Cusn-
MaN, 1946, p. 155, pl. 64, fig. 2. Baxoy, 1951, p. 506, pl.
74, fig. 6.

EXPLANATION OF PLATE 24

FIGURE

1. Guvelinella whites (MarTIN); la-c, spiral, edge, and umbilical
views, X97 (p. 126).

2. Gavelinella compressa SULITER, n. sp.; 2a-c, spiral, edge, and
umbilical views, X 66 (p. 122).

3. Heterolepa carlchadensis Suiter, n. sp.; 3a-c, spiral, edge, and
umbilical views, X129 (p. 126).

4, Heterolepa minura SUITER, n. sp.; 4a-c, spiral, edge, and um-
bilical views, X187 (p. 126).

5. Karreria sp.; side view, X45 (p. 127).

6. Pseudopatellinella cretacea TARAYANAGH; 6a-c, spiral, edge, and
umbilical views, X187 (p. 127).

7. Pseudopatellinella minuta Suiter, n. sp.; 7a-c, spiral, edge,
and umbilical views, X 187 (p. 127).
8. Ceratobulimina (Ceratolamarckina) cretacea CusHMAaN & Har-
ris; Ba-c, spiral, edge, and umbilical views, X97 (p. 127).
9. Hoeglundina supracretacea (Ten Dam); Ya-c, spiral, edge, and
umbilical views, X52 (p. 128).
10-12.  Colomia californica Banpy; 10a,b, side and apertural views,
% 97; 11, interior hemicylindrical columella, %X97; 12a,b,
side and apertural views, X 66 (p. 128).
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Test free, robust, nearly biconvex, partially evolute on
both sides, compressed, spiral side with small umbo,
umbilical side with spiral umbilical boss, axial periphery
subacute. Chambers numerous, 10 to 13 in final whorl,
increasing gradually in size, becoming inflated in final
stage. Sutures distinct, flush and limbate in early stage,
later depressed. Wall calcareous, rather coarsely perforate,
surface smooth. Aperture a low interiomarginal, equa-
torial arch, extending from periphery to umbilicus, with
slight lip that forms small triangular flaps at interior
margins projecting into umbilicus.

Maximum diameter of figured hypotype, (.77 mm.;
thickness, 0.31 mm,. Other hypotypes range to 0.91 mm.
in diameter.

Discussion.—This species is distinguished by the sub-
acute periphery, numerous chambers, and large size. The
present specimens differ from the original illustrations in
being somewhat thicker. The local distribution is limited
entirely to Carlsbad, where it occurs rather commonly.
This species is here referred to the genus Gavelinella on
the basis of the umbilical apertural extension and small
apertural flaps. Previous West Coast records include the
Upper Cretaceous of Stanislaus County (CusHman &
Goupkorr, 1944) and Carlsbad (Bawnpy, 1951). Anoma-
lina becki Martin (1964) from the Coniacian of Fresno
County, California, is slightly smaller and may represent
an ancestral form. The reported stratigraphic range of
G. henbesti is restricted to the Campanian.

Types and occurrence—Figured hypotype (UCLA 44376) from
sample C-3, Rosario Formation at Carlsbad (C53).

GAVELINELLA NACATOCHENSIS (Cushman)
Plate 23, figure 4-5

Planunlina nacatochensis Cusaman, 1938b, p. 50, pl. 8, g, 9.——

McGuean, 1964, p. 946, pl. 152, fig. 3.

Planulina masenla Banoy, 1951, p. 506, pl. 74, fig. §.——Marmix,

1964, p. 107, pl. 16, Ag. 7.

Planulina sp. cf. P. mascula Bandy, Granam & Cruren, 1963, p. 66,

pl. 8, fig. 3.

Test free, low trochospiral, commonly nearly plani-
spiral, spiral side partially evolute with earlier whorls
visible, umbilical side nearly involute, umbilicate, axial
periphery rounded. Chambers 9 to 11 in final whorl,
increasing gradually in size, may become slightly inflated.
Sutures gently curved, initially may be limbate, flush to
slightly elevated, later depressed. Wall calcareous, dis-
tinctly perforate, granular in structure, surface smooth.
Aperture a low interiomarginal arch at base of final
chamber, extending from periphery to umbilicus, with
small lip.

Maximum diameter of igured hypotypes, 0.36 to 0.44
mm.; thickness, 0.14 to 0.20 mm.

Discussion.—Guavelinella nacatochensis differs from
associated species in being compressed, commonly nearly
planispiral, and having a rounded periphery. It lacks the
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spiral umbonate thickening characteristic of most gaveli-
nellids. Banpy (1951) proposed the species Planulina
mascula to include the somewhat thicker, more inflated
forms at Carlsbad. Based on the current study, however,
these appear synonymous. The majority of specimens
occurring throughout the La Jolla, Point Loma and Punta
Descanso sections are identical to Gulf Coast material but
differ from those at Carlsbad in being more compressed
and in having more limbate sutures, commonly coalescing
in a periumbilical thickening. Occasional specimens
within the La Jolla population approach the degree of
chamber and suture modification of those at Carlsbad.
Differences between these 2 populations scems the result
of an environmental variation, most likely a variation in
depth, with the Carlsbad locality representing a more
shallow-water environment. The occurrence of G. naca-
tochensis reported by Cusiaman & Goupkorr (1944) from
California seems correct, although illustrations fail to
provide the needed taxonomic information; hence this
reference is not included in the present synonymy. The
stratigraphic range is Campanian to Maastrichtian.

Types and occurrence.—Figured hypotype (Fig. 5, UCLA 44377)
from sample $-23, Rosario Formation at La Jolla. Figured hypotype
(Fig. 4, UCLA 44378) from sample C-3, Rosario Formation at

Carlsbad. Unfigured hypotypes from Rosario Formation at Point
Loma and Punta Descanso (C11, J27, L35, D91).

GAVELINELLA SANDIDGEI (Brotzen)
Plate 23, figure 7-8

Cibicides sandidgei Brorzex, 1936, p. 191, pl. 14, fig. 2-4.
Cibicidina californica Baxoy, 1951, p. 505, pl. 74, fig. 7.
Planulina multipunctata Baxoy, 1951, p. 506, pl. 74, fig. 9.——

Ovssox, 1960, p. 55, pl. 12, fig. 22-24.

Test free, low trochospiral, plano-convex, spiral side
convex, partially evolute, carlier whorls commonly ob-
scured by umbonate boss, umbilical side flat to gently
concave, involute, with umbilical boss, axial periphery
subacute. Chambers 9 to 11 in final whorl, increasing
gradually in size, becoming slightly inflated. Sutures
distinct, curved, generally more strongly curved on um-
bilical side, initially limbate, flush to gently elevated, later
depressed. Wall calcareous, perforate, umbilical perfora-
tions commonly obscured by secondary calcitic lamellae,
wall structure granular, surface smooth to granular.
Aperture a low interiomarginal arch at base of final
chamber, extending from periphery to umbilicus, with
narrow lip forming umbilical flaps.

Maximum diameter of figured hypotypes, 0.44 to 0.56
mm.; thickness, 0.20 to 0.29 mm. Other convex hypotypes
range from 0.24 to 048 mm. in diameter, whereas com-
pressed forms range from 0.24 to 0.70 mm.

Discussion.—This species, originally described from
the Senonian of Sweden, is separated from Gavelinella
eriksdalensis by the plano-convex test, reduced spiral, and
umbilical thickenings and more strongly curved sutures.
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As originally described by Brotzen (1936), test dimor-
phism in this species represents different stages in the
life cycle. One form is generally plano-convex, with a
small spiral umbo and smooth equatorial periphery. The
other is more compressed, umbilically convex, with a
distinet spiral and umbilical boss, a lobate periphery, is
somewhat more coarsely perforate, and may have irregu-
lar ultimate chambers. These two forms were described
by Banpy (1951) as belonging to differing genera and
species, but the present study shows them to have the
same general stratigraphic range and similar morphologic
characteristics in the initial stages of the test. Based on
these data and the remarks by Brotzen, they are here
regarded as conspecific. Certain specimens in the popula-
tion resemble Cibicides voltzianus (p’Orsicny) (1840)
from the Campanian-Maastrichtian of Europe and the
biconvex C. succedens Brorzen (1948), from the Paleo-
cene of Sweden, but differ in having a granular wall
structure, a flat umbilical side, less produced spiral boss
and coarser pores. C. burlingtonensis JennNinegs (1936)
from the Upper Cretaceous of New Jersey is also similar
but has fewer chambers in the final whorl.

Types and occurrence.—Figured hypotvpe (Fig. 7, UCLA 44379)
from sample C-3; figured hypotype (Fig. 8, UCLA 44380) from
sample C-2; both from Rosario Formation at Carlsbad. Unfigured

hypotypes from Rosario Formation at La Jolla, Point Loma and
Punta Descanso (C12, ]34, L133, D66).

GAVELINELLA STEPHENSONI (Cushman)
Plate 23, higure 3

Cibicides stephensoni Custman, 1938c, p. 70, pl. 12, fig. 5.——

Cusman & Govpkorr, 1944, p. 63, pl. 10, fig. 15.

Anomalina sp. Grasam & Churen, 1963, p. 65, pl. 8, fig. 1.
Cibicides voltziana (d'Orbigny), McGuecax, 1964, p. 946, pl. 152,

fig. 1.

(,‘:'bif'fdaidﬂ validus MarTin, 1964, p. 107, pl. 16, fig. 5.

Test free, trochospiral, biconvex, compressed, nearly
involute on both sides, umbilical side commonly more
strongly convex with spiral umbilical boss, spiral side flat
to convex with smooth umbonate boss, axial periphery
subacute. Chambers numerous, distinct, narrow, increas-
ing gradually in size, 13 or 14 in final whorl. Sutures
curved, initially limbate, flush to elevated, later depressed.
Wall calcareous, distinctly perforate, granular in structure,
surface smooth, polished. Aperture an equatorial, in-
teriomarginal slit extending to umbilicus, with slight lip.

Maximum diameter of figured hypotype, 0.46 mm.;
thickness, 0.17 mm. Other hypotypes range from 0.29 to
0.60 mm. in diameter.

Discussion.—Gavelinella stephensoni differs from G.
eriksdalensis in being more nearly biconvex and com-
pressed and having limbate, commonly elevated sutures,
and a polished surface. The present specimens are very
similar to Pecan Gap material but are less robust and
generally less flat spirally. The upper Taylor trend toward
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thicker, spirally concave tests and more inflated chambers
is not recognized on the West Coast. Gulf Coast speci-
mens of G. stephensoni may represent morphovariants of
G. henbesti (Cusiman), inasmuch as their stratigraphic
ranges and general morphologic characteristics are nearly
identical. Cusuman distinguished G. stephensoni from
G. henbesti by its somewhat thicker test, flattened to
slightly concave spiral side, umbilical plug and surround-
ing groove and more limbate, commonly raised spiral
sutures. The present classification follows that of Cusu-
MAN until the relationship of these two species is better
defined. At that time it may be shown that the California
specimens represent G. validus MarTin, here placed in
synonymy with G. stephensoni. Originally described
from the Campanian of Alabama, West Coast representa-
tives of this form range from upper Santonian to Maas-
trichtian. McGuaax (1964) referred this species to Cibi-
cides voltziana (0'OrpicNy), but the latter is characterized
by its plano-convex test, prominent spiral umbo, and less
limbate sutures. G. stephensoni occurs in the lower
samples at La Jolla and continues throughout the section.
Likewise, the species is present at Point Loma and Punta
Descanso but missing at Carlsbad.

Types and occurrence.—Figured hypotype (UCLA 44381) from
sample 5-35, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (JI11,
L22, D4).

GAVELINELLA VELASCOENSIS (Cushman)
Plate 23, figure 9

Anomalina velascoensis Cusaman, p. 21, pl. 3, fig. 3.——CusHmax,

1940a, p. 32, pl. 5, fig. 10.

Anomalinoides pinguss (Jennings), Granam & Crurew, 1963, p. 65,

pl. 8, fg. 2.

Test free, nearly biconvex to plano-convex, spiral side
convex commonly with rounded spiral boss of clear test
material, umbilical side fattened with distinct spiral um-
bonal boss, axial periphery broadly rounded. Chambers
8 to 10 in final whorl, increasing rather rapidly in size,
becoming slightly inflated. Sutures distinct in final whorl,
initially limbate, flush, later depressed on spiral side,
limbate, elevated, commonly coalescing at umbilical spire
and peripherally thickening on umbilical side. Wall cal-
careous, distinctly punctate in later chambers, may be
obscured by wall thickening on earlier chamber on both
sides. Aperture a low interiomarginal arch extending
from periphery to umbilicus, with narrow lip that joins
sutural thickening.

Maximum diameter of figured hypotype, 044 mm.;
thickness, 0.22 mm. Other hypotypes range to 0.60 mm.
in diameter.

Discussion.—This species, originally described from
the upper Paleocene of Mexico, is distinguished by its
broadly convex spiral side, rounded periphery, raised
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umbilical sutures, and spiral umbilical boss. The species
differs from Gavelinella eriksdalensis in being more
plano-convex, with a broadly rounded spiral side and
more highly developed ornamentation on the umbilical
side. The species is here placed in the genus Gavelinella
on the basis of the umbilical apertural extensions. Speci-
mens from the lower part of the La Jolla section are less
highly ornamented and more equally biconvex. These
somewhat resemble Anomalinordes pinguis (JenNINGS)
(1936). In the upper samples the specimens gradually
become more spiro-convex with a thickened umbo, while
the umbilical surface is strongly ornamented. A. pinguis
(Jennings) of Grasam & Caurcr (1963) is here re-
garded as synonymous to the present species. Present
specimens range throughout the La Jolla and Point Loma
locations, occur rarely at Punta Descanso and are missing
at Carlsbad. G. velascoensis ranges from upper Campan-
ian to Paleocene.

Types and occurrence.—Figured hypotype (UCLA 44382) from
sample S-36, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Point Loma and Punta Descanso (J21,
L.112, D135).

GAVELINELLA WHITEI (Martin)
Plate 24, figure 1

Rotalia beccariiformis var, Wruire, 1928b, p, 287, pl. 39, fig. 4.
Anomalina whitei Martin, 1964, p. 106, pl. 16, fig. 4.

Test free, trochospiral, nearly biconvex, spiral side
evolute, all chambers visible, flattened, umbilical side in-
volute, only last whorl visible, slightly more convex,
umbilicate, axial periphery broadly rounded. Chambers 9
to 11 in final whorl, becoming slightly inflated. Sutures
distinct, curved, initially limbate, later depressed on spiral
side, indistinct, radial, flush on umbilical side. Wall cal-
careous, rather coarsely perforate, granular in structure,
surface smooth to granular, umbilical area with small
pustules arranged in radial pattern from umbilicus.
Aperture a low interiomarginal slit extending from
periphery to umbilicus with small lip.

Maximum diameter of figured hypotype, 039 mm.;
thickness, 0.20 mm.

Discussion.—This species differs from Gavelinella
nacatochensis in being thicker, with a more broadly
rounded periphery, and in having a deeper, more promi-
nent umbilicus with radiate ornamentation. The present
specimens are identical with those illustrated by MarTiv
from central California. This species first appears in the
upper portion of the La Jolla section and gradually in-
creases in size in younger material. Specimens are also
found at Point Loma but are missing at Punta Descanso
and Carlsbad. The stratigraphic range is upper Santonian
to Maastrichtian.

Types and occurrence.—Figured hypotype (UCLA 44383) from
sample $-35, Rosario Formation at La Jolla. Unfigured hypotypes
from Rosario Formation at Point Loma (J179, L104).
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Genus HETEROLEPA Franzenau, 1884

HETEROLEPA CARLSBADENSIS Sliter, n. sp.
Plate 24, figure 3

Test free, trochospiral, nearly biconvex, spiral side
gently convex, evolute, all chambers visible, umbilical side
more strongly convex, involute, with only chambers of
last whorl visible around small umbilicus, axial periphery
subrounded. Chambers 6 or 7 in final whorl, broadly
petaloid on spiral side, subtriangular on umbilical side,
increasing rapidly in size, becoming slightly inflated.
Sutures distinct, tangential, gently curved, limbate, flush
on spiral side, sinuate to gently curved, depressed on
umbilical side. Wall calcareous, coarsely perforate on
spiral side, finely perforate on umbilical side, granular in
structure, surface smooth, polished. Aperture a low in-
teriomarginal slit extending from periphery nearly to
umbilicus.

Maximum diameter of holotype, 0.20 mm.; thickness,
0.12 mm.

Discussion.—This species is distinguished by the
nearly biconvex test, subrounded periphery, and coarsely
perforate spiral side. It is included in the genus Hetero-
lepa because of the granular wall structure and apertural
characteristics. Heterolepa, however, should be restricted
to plano-convex forms, whereas forms with biconvex tests,
granular walls, and a spiral and umbilical pore differen-
tiation should be generically separated. This latter genus
(e.g., Pninaella, Gemellides, Hollandina) would include
such forms as H. pegwellensis Haynes, H. toulmini
(Brotzen) (1948), H. minuta SLiTER, n. sp., the present
species, and possible H. lunata (Brorzen) (1948). H.
carlsbadensis most closely resembles H. roulmini, de-
scribed from the Swedish Paleocene, but differs in having
fewer whorls, higher chambers, a subrounded periphery,
and sinuate umbilical sutures. The present occurrences
are limited to the Carlsbad locality where it is found
rarely throughout the section (middle to late Campanian).

Types and occurrence,—Holotype (UCLA 44386) and paratype
(UCLA 44387) from sample C-6, Rosario Formation at Carlsbad
(C97).

HETEROLEPA MINUTA Sliter, n. sp.
Plate 24, figure 4

Test free, small, trochospiral, nearly biconvex, lenticu-
lar, spiral side generally flattened, evolute, all chambers
visible, umbilical side more strongly convex, involute,
only chambers of final whorl visible, with small umbili-
cus, axial periphery subrounded. Chambers numerous, 9
to 11 in final whorl, increasing gradually in size, becom-
ing somewhat inflated. Sutures distinct, gently curving,
depressed. Wall calcareous, spiral side commonly more
strongly perforate, granular in structure, surface finely
pitted to smooth. Aperture an interiomarginal slit, ex-
tending from periphery to umbilicus, bordered by thin lip.
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Maximum diameter of holotype, 0.12 mm.; thickness,
0.07 mm.

Discussion.—This small form is assigned to Hetero-
lepa on the basis of test shape, wall structure, and pore
differentation. The extremely thin walls are generally
indistinct in thin sections but some specimens show what
may be bilamellar septa. This would further substantiate
the present taxonomic assignment. The species is distin-
guished from juvenile forms of other nearly biconvex
species by its lenticular shape, numerous chambers, pore
differentiation, and light brown, translucent walls. H.
minuta first appears in the lower samples at La Jolla and
is a persistent member of the fauna throughout the sec-
tion. The species also occurs at Point Loma and Punta
Descanso but is not present at Carlsbad. Stratigraphic
range Campanian to Maastrichtian.

Types and occurrence—Holotype (UCLA 44388) and paratype

(UCLA 44389) from sample T-28, Rosario Formation at La Jolla
(J87, L58, D33).

Genus KARRERIA Rzehak, 1891
KARRERIA sp.
Plate 24, hgure 5

Test attached, initial portion trochospiral, later uncoil-
ing and rectilinear, periphery subrounded. Chambers of
rectilinear portion low, broad, subequal. Sutures distinct,
depressed, transverse. Wall calcareous, coarsely perforate,
surface smooth. Aperture terminal, rounded, with bor-
dering lip.

Maximum length of figured specimen, 0.49 mm.;
breadth, 0.39 mm.

Discussion.—A single irregular specimen with 2 aper-
tures was found at Point Loma attached to a pelecypod
fragment. It has the characteristic subrounded periphery
of Karreria and the coarse perforations of Stichocibicides.
Based on the peripheral character, the species is placed in
Karreria.

Types and occurrence.—Figured specimen (UCLA 44390) from
sample L.-14, Rosario Formation at Point Loma (L127).

Genus PSEUDOPATELLINELLA Takayanagi, 1960

PSEUDOPATELLINELLA CRETACEA Takayanagi
Plate 24, higure 6
Pseudopatellinella cretacea Taravanacy, 1960, p. 122, pl. 8, fig. 4.

Test free, small trochospiral, spiral side flattened, con-
vex, evolute, umbilical side flattened, involute, umbili-
cate, equatorial outline oval, axial periphery subrounded.
Chambers 2 per whorl, initially subglobular, later crescen-
tic, becoming slightly inflated. Sutures distinct, initially
flush, later depressed, umbilical sutures arranged in scroll-
like fashion, with median septa. Wall calcareous, finely
perforate, granular in structure, surface smooth. Aperture
a low arch at exterior margin of median septa.

Maximum diameter of figured hypotype, 0.17 mm.;
minimum diameter, 0.14 mm.; thickness, 0.09 mm.

Discussion.—Pseudopatellinella cretacea is easily dis-
tinguished by its small size, oval outline, chamber arrange-
ment, and umbilical characteristics. The present speci-
mens are identical to the original illustrations with the
exception of apertural details. These illustrations show a
lincar, median, slit aperture, probably representing the
umbilical depression, into which the arched aperture
opens. Takavanacr (1960) failed to mention the wall
structure; but as the present specimens are granular, they
are here included in the Anomalinidae. This species,
originally described from the Coniacian of Japan, occurs
rarely throughout the Carlsbad section and in a single
sample at La Jolla.

Types and occurrence.—Figured hypotype (UCLA 44391) from
sample C-7, Rosario Formation at Carlsbad. Unfigured hypotype
from Rosario Formation at La Jolla (C103, 1121).

PSEUDOPATELLINELLA MINUTA Sliter, n. sp.
Plate 24, figure 7

Test free, small, trochospiral, compressed, spiral side
slightly convex, evolute, showing globular proloculus and
all remaining chambers of single whorl, umbilical side
gently convex, involute, showing only final 4 or 5 cham-
bers, umbilicate, axial periphery subacute. Chambers few,
5 or 6 in adult test, increasing rapidly in size, petaloid.
Sutures distinct, strongly arched, becoming gently de-
pressed on spiral side, strongly sinuate, gently depressed
on umbilical side. Wall calcarcous, finely perforate, gran-
ular in structure, surface smoothly finished. Aperture a
low interiomarginal, umbilical arch at end of final
chamber, opening into elongate umbilical depression.

Maximum length of holotype, 0.20 mm.; breadth, 0.17
mm.; thickness, 0.07 mm.

Discussion.—This species has an apertural arrange-
ment somewhat similar to Pseudopatellinella cretacea but
differs in being compressed, more circular in plan, and
in lacking the alternating spiral chambers and the scroll-
like umbilical septa. P. minuta is restricted to Carlsbad
(middle to late Campanian) and occurs throughout the
section in association with P, cretacea.

Types and occurrence—Holotype (UCLA 44392) and paratype
(UCLA 44393) from sample C-3, Rosario Formation at Carlshad
(C54).

Superfamily ROBERTINACEA Reuss, 1850
Family CERATOBULIMINIDAE Cushman, 1927
Subfamily CERATOBULIMININAE Cushman, 1927

Genus CERATOBULIMINA Toula, 1915

CERATOBULIMINA (CERATOLAMARCKINA) CRETACEA
Cushman & Harris
Plate 24, figure 8
Ceratobulimina cretacea Cusiman & Harwmis, 1927, p, 173, p. 29,
fig. 1.——Prumser, 1936, p. 460, fig. 5. Baxpy, 1951, p.
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507, pl. 73, fAig. 20——TruyiLre, 1960, p. 338, pl. 49, fg. 2.

——McGuean, 1964, p. 947, pl. 152, fig. 5.

Test free, trochospiral, umbilicate, axial periphery
broadly rounded. Chambers about 7 in final whorl, in-
creasing rapidly in size, ultimate chamber commonly
inflated. Sutures distinct, curved, flush to slightly de-
pressed. Wall calcareous, aragonitic, finely perforate, sur-
face smooth and polished. Aperture an umbilical, arched
opening in final chamber, with tooth plate and apertural
lip.

Maximum length of figured hypotype, 039 mm.;
breadth, 0.25 mm.; thickness, 0.19 mm.

Discussion.—The present specimens compare favor-
ably with those from the Kemp Clay (loc. 19 of Custman,
1946). This species occurs commonly at Carlsbad and
rarely at La Jolla and Punta Descanso. This classification
follows that of McGowran (1966) whose recent study of
the Ceratobuliminidae has confirmed the desirability of
reevaluating the subgenera proposed by TroELsen
(1954) (i.c., Ceratolamarckina, Ceratocancris, Ceratobu-
limina ss.),

Originally described from the Corsicana Marl of
Texas, this species is characteristic of Navarro age strata
in the Gulf Coast. West Coast occurrences include the
Campanian of Carlsbad (Banpy, 1951), the Coniacian of
northern California (TrujiLro, 1960), and the Senonian
of Vancouver Island, British Columbia (McGucax, 1964).

Types and occurrence.—Figured hypotype (UCLA 44394) from
sample C-3, Rosario Formation at Carlsbad. Unfigured hypotypes
from Rosario Formation at La Jolla and Punta Descanso (C95, J120,
D120).

Subfamily EPISTOMININAE Wedekind, 1937
Genus HOEGLUNDINA Brotzen, 1948

HOEGLUNDINA SUPRACRETACEA (ten Dam)
Plate 24, figure 9

Epistomina supracretacea TeNn Dam, 1948, p. 163, pl. 1, fig. 8.——
Granam & CHurch, 1963, p. 70, pl. 8, fig. 20.——McGueax,
1964, p. 945, pl. 151, fig. 10.

Hoeglundina supracretacea (ten Dam), Banoy, 1951, p. 507, pl. 74,
fig. 3.——TruriLro, 1960, p. 338, pl. 49, fig. 3.——TARAva-
waci, 1960, p. 127, pl. 9, fig. 2——MarTIN, 1964, p. 104, pl.

15, fig. 7.

Test free, trochospiral, biconvex, axial periphery acute.
Chambers 7 to 9 in final whorl, gradually increasing in
size. Sutures limbate, flush, gently curved on spiral side,
radial to slightly tangential on umbilical side, fusing at
central umbo. Wall calcareous, aragonitic, finely per-
forate, surface smooth, polished, characteristically white.
Aperture interiomarginal, earlier apertures open or sec-
ondarily closed.

Maximum diameter of figured hypotype, 0.67 mm.;
thickness, 0.37 mm.

Discussion.—This widespread species is easily distin-
guished by its accessory apertures, size, and wall material
which imparts the characteristic white color. Specimens
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occur abundantly in all present locations. The La Jolla
and Point Loma faunal sequences show opposite size
gradations with time. The first La Jolla specimens aver-
age 032 mm, in diameter and rapidly increase to the
normal dimensions. Point Loma specimens, on the other
hand, diminish in size in the upper portion of the section
and approach the size of the first La Jolla forms. Hoeg-
lundina supracretacea ranges throughout the Senonian
and is reported from Europe, Japan, the Gulf Coast,
Western Interior, and West Coast of America and from
British Columbia, Canada.

Types and occurrence,—Figured hypotype (UCLA 44395) from
sample §-30, Rosario Formation at La Jolla. Unfigured hypotypes

from Rosario Formation at Carlsbad, Point Loma and Punta Des-
canso (Cl4, J93, L86, DIS).

Family ROBERTINIDAE Reuss, 1850
Genus COLOMIA Cushman & Bermiidez, 1948

COLOMIA CALIFORNICA Bandy
Plate 24, figure 10-12

Colomia californica Banpoy, 1951, p. 512, pl. 75, fig. 11.
Colomia californica Baxpy var. mundula Banvoy, 1951, p. 512, pl.

75, fig. 12.

Test free, conical, may become cylindrical, initial por-
tion triserial, followed by reduced biserial portion, later
uniserial portion comprising major portion of test length.
Chambers of uniserial stage low, cylindrical, may ulti-
mately become inflated. Sutures flush to slightly de-
pressed, generally transverse. Wall calcareous, aragonitic,
finely perforate, surface smoothly finished. Aperture a
terminal, crescentic opening, with hemicylindrical colum-
ella extending to previous aperture.

Maximum length of figured hypotypes, 036 to 0.48
mm.; diameter, 0.20 to 0.34 mm.

Discussion.—The present forms were originally de-
scribed as new species and a variety of that species by
Banoy (1951). The variety was distinguished by its
greater test length and diameter and by being conical
throughout. Examination of topotype material and hypo-
types from the other present locations, however, indicated
that the 2 forms are conspecific, probably representing
different stages in the life cycle. Their stratigraphic occur-
rences are nearly identical and the minor apparent dif-
ferences result from relative abundance. The smaller,
narrower, specimens are by far the most common. Both
occur in the upper portion of the La Jolla section, the
middle of the Punta Descanso section, and throughout
the Carlsbad locality. Sagrina conulus Liesus (1927)
(= Colomia), described from reworked Eocene strata in
Austria, appears to be closely related if not identical to
Colomia californica. The illustrated specimen, however,
contains more uniserial chambers and the author states
that the sutures are commonly raised. As these charac-
teristics are lacking in the present specimens, C. cali-
fornica is here retained pending further investigation.
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The specimen illustrated as Colomia sp. by GranAM &
Crurct (1963) differs from the present species in the
greater length of the triserial stage. The significance of
this feature remains to be determined.
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Types and occurrence.—Figured hypotvpes (Fig. 11-12, UCLA
44396-44398) from sample 5-25, Rosario Formation at La Jolla.
Figured hypotype (Fig. 10, UCLA 44397) from sample C-3,
Rosario Formation at Carlsbad. Unfigured hypotypes from Rosario
Formation at Punta Descanso (C26, J185, D114).
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Abathom phalus, 27-29
A. mayaroensis, 21
A. sp., 22
acuticosta (Lagena), 64
adhaerens (Guttulina), 78
akpatit (Fissurina), 81
Alabamina, 116
A. dorsoplana, 23, 30, 32, 34, 116
Alabaminidae, 116
alexanderi ( Ammobaculites), 45
Allomorphina, 113
A. cretacea, 30, 31, 34-35, 113
A. halli, 30, 32, 34-35, 113
A. minuta, 113
A. obliqua, 114
A. subtriangularis, 30, 32, 34-35, 113
allomorphinoides ( Quadrimorphina), 114
alternata (Dentalina), 56
alvarezi (Globigerinelloides), 98
Ammobaculites, 45
A. alexanderi, 33, 45
[A. luecket], 45
Ammodiscacea, 39
Ammodiscidae, 42
Ammodiscinae, 42
Ammodiscoides, 42
A. lajollaensis, 33
A. turbinatus, 42
Ammodiscus, 42

A. cretacens, 22, 32, 34-35, 42
A. glabratus, 12, 14, 33-34, 42
[ Amphimorphina? sp.], 62
amphioxys (Nodosaria), 52
gulata (Prachulimina), 83
Anomalina becki, 124
[A. henbesti], 123
[A. sp. Graham & Church], 125
[A. velascoensis], 125
[A. whitei], 126
Anomalinidae, 122
Anomalininae, 122
[Anomalinoides eriksdalensis], 123
[A. pinguis], 125-126
apicudata (Oolina), 80
apiculata (Pyrulina), 78
[Apiopterina cylindroides], 78
arca (Globotruncana), 101
archiaciana (Frondicularia), 59
armata (Marginulina), 69
aspera (Nodosaria), 52
aspera (Praebulimina), 83
Astacolus, 54
A. dissonus, 55
A. jarvisi, 12-13, 17, 30, 32, 34-35, 54
[A. jarvisi], 73
A, liebusi, 55
A. mundus, 23, 30, 33-35, 55
A. sp., 23, 33

[A. sp. aff. 4. jarvis], 55
A. sp. cf. A. richteri, 30, 33-34, 55
[ A. taylorensis], 68
A. umbonatuis, 55
Astrorhizidae, 39
Ataxophragmiidae, 48
austinana (Nonionella), 115
Baculites sp., 24
Bandyella, 111
B. greatvalleyensis, 12, 14, 17, 29, 33-35,
111
bandyi (Fissurina), 81
bandyi ( Gyrotdinoides), 120
barksdalei (Hippocrepina), 41
basiplanata (Dentalina) 57
bathyal assemblage, 23
Bathysiphon, 39
B. alexanderi, 40
B. brosgei, 23, 32, 34-35, 39
B. californicus, 32, 34-35, 40
. dubia, 40
. perampla, 41
. sp., Martin, 41
. varans, 23, 31, 34-35, 40
. vitra, 23, 31, 34-35, 40
beaumontianus (Falsocibicides), 109
bentonensis (Gandryina), 48
Bermudezina extans, 48
Berthelinella, 75
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B. minuta, 33-35, 75
Berthelinopsis, 76

B. carlsbadensis, 23, 30, 76
Biarritzina, 110
Bifarina, 96

B. cretacea, 97

B. douglasi, 12, 14, 29, 33-34, 96
Biglobigerinella, 99
biofacies and paleoecology, 22
biosculata (Vitriwebbina), 79
biostratigraphic zonation, 11
boehmi (Trochammina), 47
Bolivina, 87

B. decurrens, 23, 30, 33, 35, 87

[B. draco], 88

B. incrassata, 12, 14, 17-18, 22, 33-34,

88

B. incrassata gigantea, 23, 30, 35, 88

[B. plaita], 42
[Bolivinita eleyi], 112

[B. selmensis], 89
[ Bolivinitella eleyi], 112
Bolivinitidae, 87
Bolivinoides, 88

[B. decorata], 89

[B. delicatulus), 89

B. draco draco, 12, 21-22, 33, 88

B. draco miliares, 12, 14, 21, 27, 33, 89

B. laevigatus, 12, 14, 17, 33-34, 89

[B. praccursor], 89

[B. rhomboidea], 88
brosges (Bathysiphon), 39
| Bulimina aspera], 83

B. joaguinensis, 86

[B. kickapooensis], 84

[B. ornata), 86

[B. ovtlum], 85

B. prolixa, 83

[B. reussi], 85

[B. rudita), 86

(B. triangularis], 87

[ B, ventricosa)], 85

[B. venusae], 86
Buliminacea, 82
[Buliminella carseyae], 83

[B. cushmani], 83

[B. hofkeri], 83
bullata (Marginulina), 70
bulletta ( Dorothia), 50
[Bullopora lacvis], 79
californica (Colomia), 128
californica (Pseudouvigerina), 91
californica (Saracenaria), 73
californica (Silicosigmoilina), 43
californicus (Bathysiphon), 40
californiensis (Lenticulina), 65
camerata (Quadrimorphina), 114
canadensis (Neobulimina), 82
carlsbadensis (Berthelinopsis), 76
carlsbadensis (Heterolepa), 126
carlshadensis (Lenticulina), 65
Carpenteria, 22, 110

C. sp., 35
carseyae (Praebulimina), 83
Cassidella tegulata, 112
Cassidulinacea, 110
catenula (Dentalina), 57
Caucasinidae, 112

caudata (Guitulina), 78
Ceratobulimina, 127
C. (Ceratolamarckina) cretacea, 12-13,
17-18, 23, 30, 32, 35, 127

[C. cretacea], 127
Ceratobuliminidae, 127
Ceratobulimininae, 127
Ceratocancris, 128
chicoana (Spiroplectammina), 46
Chilostomella, 24, 112

C. primitiva, 113

[C. subtriangularis], 113

C. trinstatensis, 24, 32, 34-35, 112
Chilostomellinae, 112
churchi (Globotruncana), 102
[Cibicides beaumontianus], 109

C. burlingtonensis, 125

[C. (Cibicidoides) eriksdalensis], 123

[C. sandidgei], 124

C. succedens, 123

[C. stephensoni], 125

[C. voltzianus]. 18, 125
Cibicididae, 108
Cibicidinae, 108
[ Cibicidoides validus], 125
Citharina, 55

C. multicostata, 30-31, 34-35, 55

C. sp. A, Graham & Church, 56

C. sp. B, Graham & Church, 56

C. sutuyralis, 30, 32, 34-35, 56
Colomia, 128

C. califorrica, 23, 30, 33, 35, 128

[C. californica mundula], 128
complanata (Saccammina), 42
compressa (Gavelinella), 122
[ Conorbina martini], 109
Coralliochama orcutti, 22
cordieriana (Osangularia), 118
Coryphostoma, 112

[C. plaita), 112

C. plaitum, 23, 30, 35, 112
costulata (Pseudoguembelina), 97
cretacea (Allomorphina), 113
eretacea (Ceratobulimina)

( Ceratolamarckina), 127
cretacea (Globotruncana), 102
cretacea (Guembelitria), 94
cretacea ( Gyroidina), 117
cretacea (Nonionella), 115
cretacea (Pseudopatellinella), 127
cretacea (Pseudouvigering), 91
cretacea (Pullenia), 115
eretacea (Spiroloculina), 51
cretaceus (Ammodiscus), 42
cretacens (Cribrostomoides), 44
eretacica (Seabrookia), 80
Cribrostomordes, 44

C. eretacens, 23, 31, 34-35, 44

C. trifolium, 33, 45
| Cristellaria navicula], 73

[C. ovalis], 66

[C. spachholtzi], 67

[C. triangularis], 74

[C. williamsoni], 68
[Cunecolina elegans], 98
curvatura (Marginulina), 70
cushmani ( Pracbulimina), 83
[ Cyclocibicides triebeli], 109

Cyclogyra, 50
C. sp., 23, 30, 34, 35
Cyclogyrinae, 50
cylindroides (Pyrulina), 78
Cymbalopora, 108
[C. martini], 109
decurrens (Bolivina), 87
Dentalina, 56
[D. actileata], 79
D. alternata, 30, 32, 34, 56
D. basiplanata, 23, 30-31, 34-35, 57
D. catenula, 24, 31, 34-35, 57
[D. chandlerensis], 49
D. coalvillensis, 59
D. confluens, 74
. consobrina, 59
. crosswicksensis, 74
. eylindroides, 59
. gracilis, 30, 32, 34-35, 57
. guetifera, 59
. hokkaidoana, 49
. legumen, 30-31, 34-35, 57-58
. marcki, 30, 32, 35, 58
. mariei, 33-35, 58
, oxycona, 49
[D. pseudoaculeata], 79
D. pseudofiliformis, 59
D. selvata, 23, 30-31, 34-35, 58
D. sp., 23, 30
D. stephensoni, 23, 30-31, 34-35, 58
D. vistulae, 30-31, 34-35, 59
D. wilcoxensis, 58
D. wimani, 57
Dictyomitra, 38
directa (Vaginulinopsis), 75
Discorbacea, 91
Discorbidae, 91
Discorbis cretacea, 114
distans | Nodosaria], 53
Dorothia, 49
D. bulletta, 23, 32, 34-35, 49
D. ellisorae, 24, 31, 34-35, 49
[D. glabraza), 48
D. oxycona, 22, 30-31, 34-35, 50
D. pupa, 22-23, 30, 33-34, 50
D. retusa, 12, 14, 33-34, 50
dorsoplana ( Alabamina), 116
douglasi (Bifarina), 96
draco draco (Bolivinoides), 88
draco miliares (Bolivinoides), 89
durrelli (Frondicularia), 60
elegans (Pseudotextularia), 98
eleyi (Loxstomum), 42
[Ellipsobulimina sp., Graham & Church],
111
Ellipsocristellaria, 76
E.sp., 33,76
Ellipsoglandulina velascoensis, 111
Ellipsoidella, 110
E. coalingensis, 111
E. gracillima, 23, 30, 110
E. kugleri, 33-34, 111
E. primitiva, 110
E. texana, 110
[Ellipsonod,
[E. pseudoscripta], 90
[E. stephensoni], 59
Ellipsopolymorphina, 111
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(E. schlichsi], 111
E. sp,, 33-34, 111
[E.? sp. Cushman & Church], 111
cllisorae ( Dorothia), 49
[Entolagena globosa), 80
[ Entasolenia rokaoi], 81
Eounvigerina, 90
E. hispida, 23, 30, 33, 90
E. hofkeri, 91
E. rosarioensis, 30, 33, 90
Eouvigerinidae, 90
epigona (Rzehakina), 43
Epithemella, 22, 108
E. martini, 23, 30, 108-109
[Epistomina supracretacea), 128
Epistomininae, 128
[Eponides bandyi], 120
E, dorsoplana, 116
|E. goudkoffi], 120
[E. sp. cf. beisseli], 120
[E. sp. cf. simplex], 120
[E.? spinea), 119
eriksdalensis (Gavelinella), 123
erugata (Hyperammina), 41
excavata (Tristix), 79
excavatus (Haplophragmoides), 44
Faliocibicides, 109
F. beaumontianus, 24, 32, 34-35, 109
[ Falsopalmula primitiva), 72
famosus (Haplophragmoides), 44
faunal diversity, 25
Fischerinidae, 50
Fissurina, 81
. akpatii, 23, 30, 81
. bandys, 23, 30, 81
. laticarinata, 23, 30, 81
. meyeriana, 30, 32, 34-35, 81
. oblonga, 23, 30, 82
. orbignyana, 24, 32, 35, 82
. sandiegoensis, 30-31, 35, 82
F. simulata, 23, 30, 82
[Flabellina numismalis], 71
[F. pilulifera], 71
[ Foraminella obscurum], 51
fornicata { Globotruncana), 103
frankei (Frondicularia), 60
fraseri (Haplophragmoides), 44
Frondicularia, 59
F. archiaciana, 30-31, 34, 59
F. austinana, 62
F. bassensis, 63
F. bulla, 60
|F. chapmani], 60
F. durrelli, 12, 14, 17, 29, 33-35, 60
F. frankei, 24, 32, 34-35, 60
F. goldfussi, 12-13, 30, 32, 61
E. intermittens, 12-13, 30, 32, 61
F. inversa, 13, 30, 32, 62
F. lingusformis, 61
F. lomacnsis, 12, 14, 33-34, 62
F. mucronata, 33
F. sagittula, 61
F. striatula, 60
F. tetragona, 62
F.
F.
F.
F.

s Tz B B e e M

verneuiliana, 30-31, 34-35, 62
watersi, 62

sp. A, 34

sp. B, 34

[F. sp. B, Graham & Church], 62

F, sp. C, 33-34

F.sp. D, 30
fructicosa ( Racemsguembelina), 98
Fursenkoina, 112

F. navarroana, 112

F. nederi, 23, 30, 34, 112
Fursenkoininae, 112
Gaudryina, 48

G. bentonensis, 23, 31, 35, 48

G. glabrata, 12, 23, 30-31, 34-35, 48

G. laevigata, 23, 31, 34-35, 48

[G. laevigata pyramidata], 48

[G. oxycona], 50

G. (Pseudogaudryina) pyramidata, 48

G. pyramidata, 33-34, 49

G. tailleuri, 23, 31, 34-35, 49
Gaudryinella teshioensis, 48
Gavelinella, 122

G. compressa, 24, 32, 34, 122

G. eriksdalensis, 24, 31, 34-35, 123, 126

G. henbesti, 23, 30, 123, 125

G. nacatochensis, 30-31, 34-35, 124

[G. retusa], 50
. sandidgei, 30-31, 34-35, 125
. stephensoni, 12-13, 24, 32, 34-35, 125
. validus, 125
. velascoensis, 24, 31, 34-35, 125
. whitei, 12, 14, 32, 34, 126
[Gavelinopsis eriksdalensis|, 123
Gemellides, 126

anoon

glabrans (Heteroheliz), 94
glabrata (Gandryina), 48
glabratus ( Ammodiscns), 42

[Glandulina manifesta). 72
Glandulinidae, 79
Glandulininae, 79
Globigerina cretucea, 102
[G. roserta], 105
[G. rugeosa). 104
Globigerinacea, 94
[Globigerinella aspera), 98-99
[G. biforaminata], 99
[G. voluta pinguis], 99
Globigerinelloides, 98
G. alvarezi, 30-31, 34-35, 98
[G. asper], 99
G. messinae, 30-31, 34-35, 98
[G. messinae messinae], 99
[ Globorotalia monmouthensis], 101
[G. micheliniana), 119
[G. pschadae], 103
Globorotalites, 119
G. michelinianus, 23, 30, 32-35, 119
G. spineus, 12-13, 30, 32, 34-35, 119
G. tappanae, 32, 34-35, 120
globosus (Reophax), 43
Globotextulariinae, 49
Globotruncana, 101
[G. andori], 102
G. arca, 20-21, 29-31, 34-35, 101
[G. arca], 102
G. calcarata, 18, 20-21
[G. canaliculata), 104
[G. canaliculata ventricosa], 107
G. churchi, 12-13, 17, 29-30, 32, 35, 102
[G. citae], 103
G. conica, 108

G. contusa, 18, 21-22, 27-29, 103

G. contusa patelliformis, 21, 103

G. cretacea, 12-13, 20, 30, 32, 34-35, 102

[G. cretacea], 105

G. elevata, 33-34, 102

[G. elevata elevata), 106

[G. elevata stuartiformis], 106

G. elevata subspinosa, 21

G. fornicata, 17, 20-21, 29-31, 34-35, 103

G. gagnebini, 18, 27, 29

G. gansseri, 18, 20-22, 27-29

[G. globigerinoides], 102

[G. (Globotruncana) arca), 101

[G. (Globotruncana) cretacea], 102

[G. (Globotruncana) elevata elevatal,
102

[G. (Globotruncana) elevata
stuartiformis], 106

[G. (Globotruncana) fornicata), 103

[G. (Globotruncana) marginata], 104

| G. (Globotruncana) mariei], 105
[G. (Globotruncana) rosetsta], 105

[G. (Globotruncana) rosetta rosetta),
105

[G. (Globotruncana) stuarti

stuartiformis], 106

[G. gondkoffi], 105

G. havanensis, 12-13, 20-22, 27-29, 32,
34-35, 103

[G. (Hedbergella) petaloidea], 105

G. lapparenti, 104

[G. lapparenti lapparenti], 20, 104

[G. lapparenti tricarinata], 20, 107

[G. linnei bulloides], 104

G. linneiana, 20-21, 30-31, 34-35, 104

G. Iugeoni, 22

G. marginata, 21, 30-31, 34-35, 104

[G. mariai], 102

G. mariei, 12-13, 17, 20-22, 32, 34, 105

G. mariei Zone, 14, 17-18, 21

[G. morozovae], 103

G. nothi, 27, 29

| G. paraventricosa], 104

G. petalosdea, 12-13, 17, 20, 27, 30, 32,
34-35, 105

G. planata, 22

[G. putahensis], 17, 106

[G. riejae], 101

G. rosetta, 13, 17, 20-21, 29-30, 32,
34-35, 105

G. rosetta Zone, 17, 18, 21-22

[G. (Rugoglobigerina) petaloidea], 105

[G. (Rugoglobigerina) rugosa], 108

G. sp, 12, 33, 108

[G. stuars], 20, 21, 29

[G. stuarts elevata), 102

| G. stuarti stuartiformis], 106

G. stuartiformis, 17, 21-22, 29, 31,
34-35, 106

G. subarcumnodifer, 18, 21

G. subarcumnodifer Zone, 17

G. subrugosa, 20-21

G. tricarinata, 21, 30-31, 34-35, 107

G. ventricosa, 12-13, 17, 20-21, 30, 32,
34-35, 107

Globotruncanidae, 101
[ Globotruncanella havanensis], 18, 103
globotubulosa (Ramulina), 79
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Globulina, 22, 77
G. lacrima, 23, 30, 33-34, 77
[G. lacrima subsphaerca], 78
[G. sp. A, Graham & Church], 77
G. subsphaerica, 17, 32, 34-35, 78
globulosa (Heterohelix), 94
globulosa (Oolina), 80
goldfussi (Frondicularia), 61
goudkoffi (Gyroidinoides), 120
gracilis (Dentalina), 57
gracillima (Ellipsoidella), 110
| Grammostomum? decurrens], 87
greatvalleyensis ( Bandyella), 111
[Gublerina acuta robusta], 95
[G. cuvillieri], 97
[G. glaessneri], 95
|G. hedbergi], 95
| G. ornatissima), 95, 97
[ Guembelina lata], 95
[G. plummerac], 98
| Giimbelina costulata], 97
| G. fructicosa), 98
[ G. excolata], 97
|G. glabrans], 94
[G. planata], 95
|G. pseudotessera], 95
[G. pulchra], 95
[G. punctualata), 96
[G. striata], 96
Guembelitria, 94
G. cretacea, 12-13, 29, 35, 94
Guembelitriinae, 94
Guttulina, 22, 78
G. adhaerens, 22, 30, 78
[G. adhaerens cuspidata), 78
G. cuspidata, 33-34, 78
Gyroidina, 117
G. cretacea, 30, 32, 34-35, 117
| G. globosa], 92, 121
|G. globosa orbicella], 92
[G. goudkoffi], 120
[G. micheliniana], 119
[G. nitida], 121
G. nonionoides, 23, 30, 33, 117
[G. quadrara], 121
[G. sp. Graham & Church], 120
Gyroidinoides, 120
G. bandyi, 32, 34-35, 120
G. birdi, 122
C. girardanus, 121
G. goudkoffi, 24, 32, 34-35, 120
G. nitidus, 30, 32, 34-35, 121
G. quadratus, 17, 21, 29, 32, 34-35, 121
G. quadratus martini, 17, 32, 121
G. trujilloi, 12-13, 31, 122
halli (Allomorphina), 113
| Hantkenina multispinata], 100
[H. trituberculata), 100
Haplophragmium, 45
H. lueckei, 33-34, 45
[H. trifolium], 45
Haplophragmoides, 43
H, excavatus, 23, 31, 34-35, 44
H. sp. of, H. famosus, 33-35, 44
H. fraseri, 33, 35, 44
H. kirki, 33-35, 44
H. rota, 44

[H. trifolium], 45
Haplophragmoidinae, 43
harrisi ( Quingueloculina), 51
havanensis (Globotruncana), 103
Hedbergella, 17, 36, 100

H. holmdelensis, 20, 30, 31, 34-35, 100

H. monmouthensis, 20, 30, 31, 34-35,
101

H. planispira, 100
Hedbergellinae, 100
henbesti (Gavelinella), 123
Heterohelicidae, 94
Heterohelicinae, 94
Heterohelix, 94

H. glabrans, 12, 27, 29, 33, 94

H. globulosa, 30-31, 34-36, 94

H. lata, 95

H. moremani, 95

[H. planata], 95

H. pseudotessera, 95

H. pulchra, 21, 29-31, 34-35, 95

H. punctulata, 29-31, 34-35, 96

H. reussi, 96

H. striata, 30-31, 34-35, 96, 98
Heterolepa, 126

H. carlshadensis, 29-30, 126

H. lunata, 126

H. minuta, 24, 32, 34-35, 126

H. pegwellensis, 126

H. toulmini, 126
Hippocrepina, 41

H. sp. cf. H. barksdalei, 33, 41
Hippocrepininace, 41
hispida (Eouvigerina), 90
hispida (Lagena), 64
Heeglundina, 128

H. elegans, 24

H. supracretacea, 30, 32, 34-35, 128
Hollandina, 126
holmdelensis (Hedbergella), 100
Homotrematidae, 110
Hormosinidae, 43
Hormosininae, 43
Hyperammina, 40, 41

H. elongata, 41

H. erugata, 23, 32, 41
[Hyperamminoides barksdalei], 41
incrassata (Bolivina), 88
incrassata gigantea (Bolivina), 88
Inoceramus sp., 24
intermittens (Frondicularia), 62
interregional correlation, 18
inversa ( Frondicularia), 62
[Involutina cretacea), 42

[I. glabratus], 42
jarvisi ( Astacolus), 54
jarvisi ( Pullenia), 115
jarvisi (Saracenaria), 73
Karreria, 127

K. sp., 34, 127
kickapooensis ( Pracbulimina), 84
kirks (Haplophragmoides), 44
lacrima ( Globulina, 77
laevigata ( Gandryina), 48
laevis (Spiroplectammina), 16
Lagena, 63

L. acuticosta, 23, 30, 31, 35, 63

[L. acuticosta brevipostica], 64

[ L. acuticosta proboscidialis], 64
L. amphora paucicosta), 64
[L. apiculata], 80
[L. elegantissima semiinterrupta), 64
[L. globosa), 65, 80
L. grahami, 24, 32, 34, 35, 64
L. hispida, 24, 32, 34, 64
[L. isabella], 64
[L. laevis], 65
[L. laevis stavensis], 65
L. mariae, 81
[L. erbignyana], 82
L. paucicosta, 30-31, 34-35, 64
L. semiinterrupta, 23, 30, 33, 35, 64
L. simplex, 81
L. stavensis, 30-31, 34, 65
laevigatus (Bolivinoides), 89
lajollaensis ( Ammodiscoides), 42
lajollaensis (Praebulimina), 84
lajollaensis (Svratkina), 118
|Lamarckina praenaheolensis], 93
laticarinata ( Fissurina), 81
legumen (Dentalina), 58
Lenticulina, 65
L. californiensis, 12-13, 17, 24, 29, 32,
34-35, 65
L. carlsbadensis, 30, 32, 35, 65
L. convergens, 66
L. davisi, 12, 14, 33-35, 65
L. discrepans, 69
[L. exarata], 66
L. tnerassata, 67
L. inflata, 66
L. microptera, 67
L. modesta, 12, 17, 30, 31, 66
L. muensteri, 30, 31, 34, 35, 66
L. navarroensis extruata, 60
[ L. navieula], 73
L. ovalis, 24, 31, 34, 35, 66
L. pondi, 24, 32, 67
L. pseudovortex, 67
L. revoluta, 23, 30, 32, 33, 67
L. semilineata, 64
L. spachholt=i, 30, 32, 34, 35, 67
L. sp., 33, 35, 69
[L. sp., Graham & Church], 64
L. sp. cf. L. williamsoni, 23, 30, 33, 34,
68
L. spissocostata, 12, 13, 24, 30, 32, 34,
35, 67
L. stephensoni, 66
L. sulcata, 64
[L. sulcata semiinterrupta], 64
[L. sulcata semistriata), 64
L. taylorensis, 13, 30, 32, 34-35, 66, 68
[L. warregoensis], 69
L. winniana, 66
limbata (Nodosaria), 53
Lingulina, 75
L. californiensis, 75
L. praclonga, 75
L. pygmaca, 32, 34, 75
Le 89535
L. stillula, 75
L. taylorana, 75
Lingulininae, 75
linneiana ( Globotruncana) 104
Lingulinopsis, 77
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L. sp., 34,77
Lituolacea, 43
Litolidae, 43
Lituolinae, 43
localitics, 39
[ Loxostoma plaitum], 112
Loxostomudae, 112
Loxestomum, 112
L. eleyi, 12, 14, 17, 33, 35, 112
[L. plaitum], 112
lueckes (Haplophragmium ), 45
ifesta ( Pseudonod a),
marchi ( Dentalina), 58
marginata (Globotruncana), 104
mariei ( Dentalina), 58
mariei ( Globotruncana), 105
Marginulina, 69
M. armata, 24, 32, 34-35, 69
| M. austinana), 75
M. bullata, 13, 23, 30, 32, 34-35, 70
[M. directa), 75
M. elongata, 71

M. sp. cf. M. enrvatura, 31, 34-35, 70

[M. jarvisi], 54

[M. munda), 55

M. navarroana, 33, 70

M. plamusenla, 70

[M. plummerac), 74

[M. sp. Graham & Church], 71

[M. streato-carinata), 70

[M. texana), 71

[ M. texasensis], 71

M. trunculata, 70
Marginulopsis, 70

M. hemicylindrica, 71

M. striatocarinata, 24, 31, 34, 70

M. rexasenns, 30, 32, 34, 71
[Marssonella ellisorae), 49

[M. oxyconal, 50

[M. trochus], 50
martini ( Epithemella), 100
messinae ( Globigerinelloides), 99
meyertana ( Fissurina), 81
michelintanus ( Globorotalites), 119
Miliolacea, S0
Miliolidae, 51
minuta (Heterolepa), 126
minuta (Pullenia), 116
minuta ( Psendopatellinella), 127
modesta | Lenticuling), 66
monmonthensis ( Hedbergella), 101
muceronata ( Frondicularia), 62
multcostata ( Citharina), 55
multispinata (Schackoina), 100
mundus ( Astacolus), 55
nacatochensis ( Gavelinella), 124
navarroana (Marginulina), 70
navarroana ( Nodosaria ), 53
navicula (Saracenarta), 73
nedert (Fursenkomna), 112
Neobulimina, 82

N. canadensis, 30-31, 34-35, 82
Neoflabellina, 71

N. pilulifera, 12-13, 17-18, 22, 32,

34.35, 71

N. rugosa, 12-13, 17-18, 20, 30, 32, 35,

71
N, rugosa leprodisca, 72

nitidus ( Gyroidinoides), 121
Nodobaculariinae, 51
[ Nadogenerina spinosa], 90
Nodophthalmidium, 51

N. obscurum, 33-35, 51
[Nodosarella gracillima], 110

N, kugleri, 111

N. texana, 110
Neodosaria, 52

N. affinis, 54

N. alternata, 54

N. amphioxys, 23, 30, 32, 34-35, 52

N. aspera, 33-34, 52
N. concinna, 53
[N. confluens], 74
[N. (Dentalina) gracilis), 58
[N. ( Dentalina) legumen], 58
N, distans, 33-34, 53
N. ewaldi, 59
[N. fontannesi], 54
[N. intercostata), 56
IN. larva], 72
N. limbara, 33-34, 53
N. mavarroana, 33, 53
[N. (Nodosaria) asperal], 52
N. proboscidea, 23, 30, 34, 53, 54
N. septemcostata, 53-54
N. velascoensis, 24
N. sp. 23, 30, 33, 34, 35
[N. zippei alternata], 56
Noduosariacea, 52
Nodosariidae, 52
Nodosariina, 52
Nonionella, 115
N. austinana, 23, 30, 35, 115
N. cretacea, 12-13, 30-31, 115
Nomonidae, 112
Nonioninae, 115
nonionoides ( Gyroidina), 117
Nubeculariidae, 51
obesa (Pseudonodosaria), 72
oblonga (Fissurina), 82
obscurum ( Nodophthalmidium ), 51
olssons (Vaginulina), 74
Oolina, 80
0. apiculara, 23, 30, 80
0, delicata, 23, 30, 80
0. globosa, 34-35
0. globulosa, 24, 31, 80
0. melo, 81
0. sp. cf. 0. tokaoi, 33, 35, 81
Oolininae, 80
[Operculina cretacea), 42
orbicella (Serovaina), 92
orbignyana (Fissurina), 82
Orbitoidacea, 108
ornatissima ( Planoglobulina), 97
Osangulariidae, 118
Osangularia, 118
0, cordiennana, 24, 31, 34-35, 118
0. culter, 24
[ 0. sp. cf. O. cordieriana], 118
Ostrea sp., 22
ovalis (Lenticulina), 66
exycona | Dorothia), 50
Pacific Coast correlation, 15
pacifica (Planorbulina), 109

paleozoogeography, 15
Palmula, 72

P. primitiva, 23, 30, 72

P. rugosa, 72
Polymorphinidae, 77
Polymorphininae, 77
Pararotalta, 22, 93

P. inermis, 93
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P. praenaheolensis, 23, 30, 33-34, 93

Patellininae, 92
Patellina, 92

P. subcretacea, 24, 32, 34-35, 92
paucicosta ( Lagena), 64
[ Pelosina complanata), 42
petaloidea ( Globotruncana), 105
Placopsilina, 22, 45

P. sp., 45
pilea (Trochammina), 47
pilulifera (Neoflabellina), 71
Placopsilina sp., 23, 30
Placopsilininae, 45
plaitum ( Coryphostoma), 112
Planoglobulina, 97

P. ornatissima, 17, 29-31, 34-35, 97

P. sp. cf. P. austinana, 36
[ Planomalina alvarezi], 98

[P. aspera], 99

[P. (Globigerinelloides) aspera aspera],

98
[P. (Globigerinelloides) messinae
tijoraminata), 99

[P. (Globigerinelloides) messinae], 99

[P. (Globigerinelloides) messinae
messinae], 99

[ P. vaucoensis], 99
Planomalinidae, 98
Planorbulina, 22, 109

P. liverovskajae, 109

P. pacifica, 109
Planorbulinidae, 109
| Planularia eriksdalensis], 56

[ P. multscostata), 56

[ P. richteri], 55
Planulina ariminensis, 122

[P. mascula)], 124

[ P. mudtipunctata), 124

[ P. nacatochensis], 124

[P. sp. cf. P. masenla), 124
| Plectojrondicularia minuta), 76
Plearostomella, 110

[P. greatvalleyensis], 111

P. subnodasa, 13, 17, 30, 32, 34-35, 110

Pleurostomellidae, 110
[ Plewrostomelling sp.], 110
Pleurostomellinae, 110
plummerae (Psendouvigerina), 91
plummerae (Vaginulina), 75
plummerita hantkemoides inflata, 21
P. sp., 27, 29
Pninaella, 126
| Polymorphina adhaerens], 78
[P. evlindroides], 78
[P. (Globulina) lacrimal, 77
P.sp., 22
[P. subsphaerica), 78
pondi (Lenticulina), 67
Pracbulimina, 83
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P. angulata, 30-31, 34-35, 83

P. aspera, 12-13, 32, 34-35, 83

P. carseyae, 18, 23, 30, 83

P. cushmani, 18, 24, 32, 34-35, 83

P. kickapooensis, 30-31, 34-35, 84

P. lajollaensis, 24, 32, 34, 84

P. reussi, 30-31, 34-35, 85

P. spinata, 24, 29, 31, 34-35, 85

P. venusae, 18, 24, 32, 34, 86

[P. ventricosa), BS
Pracglobotruncana citae, 20

[P. coarctata], 103

[P. (Hedbergella) monmouthensis], 101

[P. petaloidea], 105
[P. (Pracglobotruncana) havanensis],
103

praenaheolensis (Pararotalia), 93
primitiva (Palmula), 72
proboscidea (Nodosaria), 54
prolatus (Reophax), 43
prolixa (Pyramidina), 86
pseudoaculeata ( Ramulina), 79
[ Psendoglandulina manifestal, 72
Pseudoguembelina, 97

P. costulata, 12-13, 17, 21, 30-31, 35, 97

P. excolata, 96

[P. striata], 96
Pseudonodosaria, 72

P. kirschneri, 72

[P. larva], 72

P. manifesta, 12-13, 30-31, 35, 72

P. obesa, 23, 30, 34, 72

P. sp., 30, 32
Pseudopatellinella, 127

P. cretacea, 22, 30, 32, 127

P. minuta, 23, 30, 127
pseudoscripta (Stilostomella), 90
Pseudotextularia, 98

P. elegans, 21, 29-31, 34-35, 98

[P. varians], 98
Pseudouvigerina, 91

P. californica, 12-13, 30, 32, 91

P. plummerae, 12-13, 30, 32, 91
pulchra (Heterohelix), 95
Pullenia, 24, 115

[P. coryelli], 115

P. cretacea, 18, 21, 24, 31, 34, 115

P. jarvisi, 30, 33-35, 115

P. sp. cf. P. minuta, 23, 30, 35, 116
| Pulvinulina arca), 101

[P. tricarinata), 107
punctulata (Heterohelix), 96
pupa (Dorothia), 50
pygmaea (Lingulina), 75
Pyramidina, 86

P. prolixa, 23, 30, 32, 34, 86

P. rudita, 30-31, 34-35, 86

P. szajnochae, 12, 14, 33, 87

P. triangularis, 23, 30-31, 34-35, 87
Pyrulina, 22

P. apiculata, 23, 30, 78

P. sp. cf. P. cylindroides, 23, 30, 78
quadratus (Gyroidinoides), 121
quadratus martint ( Gyroidinoides), 121
Quadrimorphina, 113, 114

Q. allomorphinoides, 33, 114

Q. camerata, 24, 32, 34-35, 114

0. spirata, 23, 30, 114

Quingueloculina, 22, 51
0. sp. cf. Q. harrisi, 23, 30, 33-35, 51
Q. sandiegoensis, 23, 30, 33, 35, 52
Quinqueloculininae, 51
Racemiguembelina, 98
R. fructicosa, 12, 14, 27, 29, 34, 98
Ramulina, 22
R. aculeata, 79
R. globotubulosa, 23, 30, 33, 79
R. pseudoaculeata, 23, 30, 33-34, 79
Ramulininae, 79
[ Rectoglandulina sp. B, Graham &
Church], 72
Reophax, 43
R. globosus, 23, 31, 34-35, 43
[R. obesa], 72
R. prolatus, 23, 32, 34, 43
R. sp. Martin, 43
R. texanus, 43
retusa (Dorothia), 50
| Reussella buliminoides], 87
| B. californica)
[R. minima], B6
[R. prolixa], 86
[R. szajnochae], 87
reussi (Pracbulimina)l, 85
revoluta ( Lenticulina), 67
[ Rhabdogonium excavatum), 79
Rhizammininae, 39
Richteri ( Astacolus), 55
Robertinacea, 127
Robertinidae, 128
[Robulina munsteri], 66
[Robulus convergens], 66
[R. davisi], 66
| R. modestus], 66
[ R. munsteri], 66
[R. pondi), 67
[R. pseudocultratus], 67
[R. revolutus), 67
[R. spisso-costatus], 67
[R. taylorensis], 68
[R. willtamsoni], 68
[Rosalina linnetanal, 104
[ K. marginata], 104
rosarioensis (Eouvigerina), 90
rosetta (Globotruncana), 105
[ Rotalia beccariiformis], 126
[R. cretacea), 117
| R. elevata], 102
Rotaliacea, 93
Rotaliidae, 93
Rotaliinae, 93
| Rotalina cordieriana], 118
[R. micheliniana], 119
[R. nitida), 121
Rotaliporidae, 100
rudita ( Pyramidina), 86
Rugoglobigerina, 108
Rugoglobigerina Zone, 18
[R. petaloidea petaloidea], 105
R. pilulifera, 36

R. rugosa, 12, 17-18, 20-21, 27, 33, 108

| R. rugosa rugosa], 108

R. rugosa Zone, 18
rugosa ( Flabellina), 71
rugosa (Rugoglobigerina), 108
Rugotruncana gansseri Zone, 20

R. havanensis, 103
R. mayoroensis, 20
Rzehakina, 43
R. epigona, 12, 33-34, 43
R. epigona lata
Rzehakinidae, 43
Saccammina, 42
S. complanata, 33, 35, 42
Saccamminidae, 41
Saccammininae, 41
Sagrina conulus, 128
sandiegoensis (Fissurina), 82
sandiegoensis ( Quinqueloculina), 52
Saracenaria, 73
S. californica, 24, 32, 34-35, 73
[S. fralica), 73
5. jarvisi, 23, 30
[8. jarvisi], 73, 74
. lathrami, 42
S. navicula, 30-31, 34-35, 73
S. pseudonavicula, 74
Ay
S

tn

. saratogana, 23, 30-31, 34, 73, 74
. sina, 73

S. triangularis, 23, 30-31, 3435, 74
saratogana (Saracenaria), 73
Schackoinidae, 100
Schackoina, 100

S. multispinata, 100

|S. trituberculata), 100
Seabrookia, 80

S. cretacica, 23, 30, 80
Seabrookiinae, 80
selmensis (Tappanina), 89
semiinterrupta (Lagena), 64
septemcostata ( Nodosaria), 54
Serovaininae, 91
Serovaina, 91

S. orbicella, 23, 30-31, 34-35, 91-92
shelf assemblage, 22
sigmoidina (Spiroplectammin), 46
Sigmomorphina, 79

S.sp. 33,79

[ 5. sp. Graham & Church], 79
[Silicina epigona), 43
Stlicosigmoilina, 43

S. californica, 22, 30-31, 34-35, 43
Stmulata (Fissurina), 82
[Siphonodosaria paleocenica], 90

S. pseudoscripta, 59
solvata (Dentalina), 58
spachholtzi ( Lenticulina), 67
spinata (Praebulimina), 85
spinca (Globorotalites), 119
spirata ( Quadrimorphina), 114
Spirillinacea, 92
Spirillinidae, 92
Spiroloculina, 22, 51

S. eretacea, 23, 30, 51

S, truncata, 23, 30, 34-35, 51
Spiroloculininae, 51
Spiroplectammina, 46

[S. anceps], 46

[ 8. bentonensis], 48

[S. cenomana), 46

S. chicoana, 20, 29, 31, 34-35, 46

5. jarvisi, 46

8. laevis, 22, 30, 32, 34-35, 46

8. laevis var. cretosa], 46



Upper Cretaceous Foraminifera from California and Mexico 141

[S8. semicomplanata), 46

S. sigmoidina, 23, 29, 31, 34-35, 46
Spiroplectammininae, 46
spissocostata (Lenticulina), 67
Spondylus sp., 22
stavensis (Lagena), 65
stephensoni (Dentalina), 59
stephensoni ( Gavelinella), 125
Stichocibicides, 127
Stilostomella, 90

[S. aspera], 52

8. impensia, 30-31, 34-35, 90

S. plummerae, 91

S. pseudoscripra, 30-31, 34-35, 90

[S. stephensoni], 59

[S. spinosa], 90
striata (Heterohelix), 96
striatocarinatan (Marginulinopsis), 70
stuartiformis ( Globotruncana), 106
subcretacea (Patellina), 93
subnodosa (Plewrostomella), 110
subtriangularis ( Allomorphina), 113
supracretacea (Hoeglundina), 128
suturalis ( Citharina), 56
Serathina, 118

S. australiensis, 118

8. lajollaensis, 33-34, 118
szajnochae (Pyramidina), 87
taillenrs (Gaudryina), 49
tappanae ( Globorotalites), 120
Tappanina, 89

T. selmensis, 30, 89

T. tuberosa, 23, 33, 89
taylorensis (Lenticulina), 68
texana (Trochammina), 47
texasensis (Marginulopsis), 71
[ Textilaria pupa), 50
[ Textularia globulosa), 94

[T. laevis], 46

[T. striata), 96

Textulariidae, 46
Thysanoessa longipes, 38
triangularis ( Pyramidata), 87
triangularis (Saracenaria), 74
Tribrachia, 74
T.sp. 33, 74
T. tricarinata, 74
tricarinata ( Globotruncana), 107
trifolium (Cribrostomoides), 45
triformis (Trochammina), 47
Trinitella, 27, 29
trinstatensis ( Chilostomella), 112
Tristix, 79
T. sp. cf. T. excavata, 23, 30, 33, 79
T. sp., 23, 30, 33, 80
Trochammina, 46
T. albertensis, 47
T. boehmi, 32, 34, 46
T. bulloides, 47
T. globigeriniformis, 47
T. pilea, 12, 14, 33-35, 47
T. sp. Graham & Church, 47
T. sp. cf. T. ribstonensis, 34, 47
T. sp. cf. T. texana, 47
T, texana, 47
[T. erifolia), 23, 31, 34-35, 47
T. triformis, 23, 32, 34-35, 47
T. umatensis, 47
Trochamminidae, 46
Trochammininae, 46
trujilloi (Gyroidinoides), 122
truncata ( Spiroloculina), 51
[Truncatulina beaumontiana), 109
[T. spinea], 119
tuberosa (Tappanina), 89
Turrilinidac, 82
Turrilininae, 82
Uvigerina garzaensis, 91
U. magfiensis, 90
U. minuta, 91

Uvigerimidae, 91
Vaginulina, 74

[V. eriksdalensis], 56

[ V. multicostata), 55

V. olssoni, 23, 30, 74

V. plummerae, 23, 30, 35, 74

[V. simonds], 55

[V. suturalis], 56
Vaginulinopsis, 22, 75

V. directa, 23, 30, 33, 75

[V. jarvisi], 54

V. silicula, 75
Valvulinaria, 92
[ Valvulineria allomorphinoides], 114

[V. camerata), 114

[V. cretacea], 117

[V, sp. Graham & Church], 114

[V. umbilicatula), 117
varans ( Bathysiphon ), 40
velascoensis (Gavelinella), 125
velascoensis (Nodosaria), 54
Ventilabrella sp. cf. V. austinana, 97

| V. ornatissima), 97
ventricosa ( Globotruncana), 107
venusae ( Praebulimina), 86
[ Vermiculum globosum], 80
verneuiliana ( Frondicularia), 63
Vernewlina muensteri, 119

[V. szapnochae], 87
Verneuilininae, 48
[Vﬂru: ihinoides taill -]. 49
Victoriellinae, 110
[Virgulina tegulata), 112
vistulae (Dentalina), 59
Vitriwebbina, 79

V. brosenlara, 79
vitta (Bathysiphon), 40
Webbinellinae, 79
Wheelerellinae, 79
williamsoni (Lenticulina), 68




