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Abstract

Coniacian through Danian sediments more than 14,000 feet thick ex.
posed along the six-mile length of Moreno Guleh, Panoche Hills, Fresuo
County, California, are represented by the upper part of the type Pancche
group and the Moreno formation. The Panoche group in Moreno Gulch
is subdivded into the Lower and Upper Marlife and Uhalde formations.
Although these strata exhibit varied lithologic changes, they consist largely
of sandy shales, sandstones, and organic shales, The geologic age for these
sediments is based on Foraminifera.

The 187 foraminiferal species described and figured are assigned to
80 genera and 24 families. Twenty-nine species are considered te be new.
These ave: Bafhysiphon californicus, Psammosiphonelle Hanadoensis,
Haplophragmoides impensus, Haplophragmoides tncognatus, Bermudezing
wvigerinaeformis, Eggerella obscura, Marginuling compbelli, Lenticulina
almgrent, Lenticulina praeconvergens, Lenticuling rectovalis, Lenticulina
schencki, Robulus psewdoligostegius, Planularia mirabilis, Praeglobotruncana
carys, Globotruncana churchi, Globolruncana fresnoensis, Globotruncana
goudkoffi, Bulimina joaquinensis, Bolivinoides paynei, Rotalia bandyi,
Rotalia minute, Gyroidinoides grahami, Gavelinelly turbinata, Globorotalites
rosacens, Valvulineria jarvisi, Anomalina becki, dAnomalina occidentalis,
Anomaling whitei, and Cibicidoides validus.

Foraminiferal faunas described herein are composed largely of smaller
bhenthonic forms with planktonic elements playing a minor but significant
role. These assemblages, for the most part, are sparse and consist of rela-
tively few species and specimens; however, well-developed and fairly
rich assemblages also oceur. A most striking feature is the predominance
of arenaceous Foraminifera in the Lower Marlife and Uhalde formations
of the Panache group. Commonly cccurring arenacecus genera are Bathy-
siphon, COribrostomoides, Gaudryina, Haplophragmoides, and Marssonelln.
Calcareous foraminiferal faunas typify the Upper Marlife formation and
some of the better represented genera ave Eponides, Stensioina, Qyroidina,
Globotruncana, Reussella, and Lenticuiina. The lower portion of the Moreno
formation is characterized by poorly preserved partially limonitized fora-
miniferal assemblages of which the principal eonstituent genera are Buli-
ming, Gavelinella, and Siphogenerinoides. Globigerina and Valvulineria
are the most important of the genera in uppermost Moreno formation
sediments.

Interpretation of depositional environments is based on consideration
of paleoecological significance of the Foraminifera and other microfossils
present. Composition, distribution, and inter-relationships of these and
that of associated sedimenis suggest variable conditions of deposition
for Moreno Guleh Upper Cretaceous strata. Indications are that deposition
of the Lower and Upper Marlife formations probably took place in tem-
perate, inner to outer neritic waters, respectively. Turbid waters may
have been a contributing factor in the development of whelly arenaceous
faunas in the greater part of the Uhalde formation. Faunal evidence points
to a possible inner neritic environment for uppermost Uhalde sediments.
A return to somewhat deeper neritic conditions during deposition of the
Moren formoation is indicated by the mierofauna.
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Local correlations based on indigenous California foraminiferal species
are consistent with current opinions. Significant California forms observed
in this study are: Planulina popenoes, Anomaling becki, Bermudezina
urigerinaeformis, Globotruncana churchi, Gyroidina gquadrata, Nodosaria
spinifera, Bulimina spinata, Bulimine prolize, Siphogenerinoides whiles,
and Valvulineria lilisi. Stratigraphic distribution of these and associated
species demonstrate that previously deseribed Upper Cretaceous foramini-
feral fannas from other California localities are correlative with those of
Moreno Gulch. Foraminiferal faunal sueeession from Moreno Gulch also
generally coincides with Goupkorr's California Upper Cretaceous substages.

A number of well-known species with regional stratigraphic significanee
oceur in Moreno Guleh sediments. These provide a biostratigraphic se-
quence extending from the Coniacian through Danian, The more important
of these species are: Globorotalites subconicus, Stensioing exsculpta, Kypho-
pyxn  christneri, Reussells szjanoche, Quadrimorphing allomorphinotdes,
Gaudrying pyramidate, Bolivine incrassata, Qlobigerinoides daubjergensis,
and Globigering psendobulloides.

Regional correlations based on a comparison of material from the Guif
Coast of the United States and Mexico, northern South America, and
northwestern Europe further demonstrate that well-known and widely
distributed Santonian and Campanian faunal elements are present in
California. To a lesser degree, this also appears to be true of the Coniacian.
lalifornis, Maastrichtian microfaunas, in contrast, show few relationships
to their Gulf Coast or European counterparts although they appear to
he somewhat related to equivalent foraminiferal assemblages of north-
western South Ameriea,

Introduction

The primary objective of this study is to present the results of a de-
tailed analysis of Upper Cretaceous foraminiferal assemblages from the
type upper Panoche group and Moreno formation exposed along Moreno
Guleh, Pancche Hills, Fresno County, California.

Comparatively little has been published regarding Upper Cretaceous
Foraminifera of California. Aside from the works of CusaMaN and CHurcH
(1929), CusHmaN and CaMpPBELL (1935), CusaMan and Goubdkorr (1944),
Baxpy (1951), and TruJsiLLo (1860), and lesser but significant specific
studies, no comprehensive taxonomic or illustrated faunal analysis has
been presented.

In contrast, during the past few years workers in other parts of the
world have focused attemtion on Upper Cretaceous Foraminifera. This
readily affords an excellent opportunity to evaluate and analyze Cali-
fornia Upper Cretaceous Foraminifera in light of recent developments
elsewhere., Any extension of knowledge applicable to this neglected group
iz desirable, not only from a purely academie point of view, but also



because of its potentiality as an aid to subsurface studies in petroleum
geology. It is hoped that results of this investigation will attract and center
attention on the many remaining problems involving faunal and strati-
graphic relationships of Upper Cretaceons Foraminifera from the San
Joaquin Valley.

The area discussed herein is situated along the western side of the San
Joaquin Valley in Fresno and Merced Counties, California. It forms the
easternmost extension of the Diablo Range (Figures 1, 2). The Panoche
Hills, designated by ANpERsox and Pack (1915, P- 38) as the type area
of the Panoche and Moreno sediments, are situated mainly in T. 14 §,,
E. 11 E. and the northern half of T. 15 S., R. 11 E. This group of hills
is separated from the Diablo Range hy the Little Panoche and Panoche
Valleys. They are characterized by a thick sequence of well-exposed,
readily accessible, east northeastward-dipping Cretaceous and Tertiary
marine strata (Figure 3).

Samples were obtained from two surface sections, namely Moreno
Guleh and Laguna Seca Creek, located in the Panoche Hills and Laguna
Seca Hills respectively (Figure 2). Moreno Gulch, easily identifiable he-
cause of its size and extent, is situated on the eastern flank of the Panoche
Hills, approximately four miles southeast of Little Panoche Creek {Fi-
gure 2). It empties into the San Joaquin Valley in sec. I, T. 14 S, R.11 E
and can be followed for a distance of approximately six miles through
secs. 11, 14, 15, 16, and 17, T. 14 8., R. 11 E. into the central part of the
Panoche Hills.

Laguna Seca Creek is situated on the cast flank of the Laguna Seca
Hills about seven miles north of Little Pancehe Creek and about 11 miles
northeast of Moreno Gulch. It extends through secs. 8 and 18, T. 12 8.,

Text Figure A, Moreno Guleh as observed in NW 1/4 sec. 13, T, 14 8., R. 11 E., locking
eagtward from point near Television Peak.
Outerepping lower portion of TThalde formation may be seen.



Text Figure B. Moreno (Rulch as chserved in NE 14 zec. 16, T. 14 8., R. 11 E., looking
westward from point near Television Pealk.
Upper and Lower Marlife formations (fore- and background respectively) are exposed.

R. 11 E,, and secs. 13, 14, 23, and 22, T. 12 8,, R. 10 E. for a distance of
five miles. A selected stratigraphic interval from the Laguna Seca Creek
is ineluded in this study because of the occurrence of a foraminiferal assem-
blage entirely lacking in Moreno Gulch (Tables 3 and 4),

A total of 1242 samples representing a stratigraphic thickness of some
14,000 feet of upper Panoche and Moreno sediments in Moreno Gulch
were analyzed. An additional 170 samples from a selected interval of upper-
most Panoche sediments in Laguna Seca Creek were also examined. Not
all samples from these sections were satisfactory for age determinations.
In Moreno Guleh the vast majority of samples were either barren or con-
tained weathered and generally indeterminate forms. Nevertheless, despite
the fact that only eight per cent of the samples were used, it is believed that
coverage is adequate inasmuch as samples containing identifiable ma-
terial are stratigraphieally well distributed throughout the section (Figure 4a).
The Laguna Seea Creek section yielded similar results. Because of a high
percentage of barren and near-barren samples, intervals between fos-
siliferous samples are highly irregular. Furthermore, the presence of
coarse concretionary sandstones, some of which are several hundred feet
thick, accentuates this irregularity (Figure 4 a, Appendices A and B).

This study was begun in the Fall of 1957 and was actively pursued
during the following years. The writer is fortunate to have worked in
Trinidad, B. W. 1. and in Colombia, where he was able to personally observe
and make faunal and specific comparisons upon which much of this work
is based. Plates of Foraminifera were drawn by the author using a camera
lucida.
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Historical Review
1. Geology

The first published discussion of Cretaceous strata in the vicinity of
Panoche Hills seems to be that of WaITNEY (1865, p. 9). He divided the
Diable Range into several geographic areas, one of which is the Panoche
division between Pacheco Pass and Panoche Pass.

An account of the first known visit of a geological field party—one
which took place shortly after the newly formed Geological Survey of
California began its first field season—is deseribed by WHITNEY (1865).
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A limited survey was conducted as the party camped near Big Panoche
Creek in July, 1861. The following guotation sumimarizes their observa-
tions:

The sides of the Panoche Valley are distinctly terraced in many places, the plain
onee evident having heen occupied by a lake. The ranges of the hifls to the east of the
Panoche Plain are in all probability of Tertiary sandstone; while the metamorphic rock
on the west is presumed to be the continuation of Cretaceous which we have traced
down from Monte Diablo (Warrney, 1865, p. 56). '

Inasmuch as only a limited knowledge of the geography and geology
of the Panoche area was known at that time, it is understandable that
rocks now considered Francisean were thought to be Cretaceous meta-
morphicg, and sediments now known to be Cretaceous were regarded as
Tertiary (Table 1).

Although it is likely that other investigators subsequently visited this
area, no mention of the Panoche region appeared in the literature until
AxpErsoN (1805) published on the stratigraphy of the Mount Diablo
Range. He briefly refers to the foothill strata north of Coalinga as follows:

A fairly well marked band which extends along the foothills in a north and north-
westwardly trend to Silver Creek and Panoche Valloy (Awpersox, 1905, p. 162).

The reports of ArNoLD and AwpERsox (1808, 1910) on the geology
of the Coalinga area do not inelude any discussion of the Panoche Hills
area. However, because of the geological similarities of the two areas,
these reports are significant in the nomenclatural development of the
Panoche group and the Moreno formation. The 1910 report (U. 8. Geological
Survey Bull. 398) is of especial importance, for in it the Cretaceous age of
the Moreno or Purple shale, as it was then called, was established {Table 1),
Prior to this time, the sedimentary rocks now known as Moreno were assigned
to the Eocene. This opinion, based solely on the lithological character
of the rocks, prevailed until paleontological evidence pointed to an Upper
Cretaceous age for these sediments (ARwWorLp and AwNbpERson, 1910}

In 1915 AwpERSON and Pack published their now classic study of
the west border of the San Joaquin Valley hetween Coalinga and Liver-
more Pass, and for the first time great thicknesses of Cretaceous strata
were measured and mapped. The Panoche Hills were designated by them
(1915, p. 38) as the type area of the Moreno and Panoche formations.

More than two decades were then to pass before detailed mapping was
again attempted in Panoche Hills, Pa¥wE (1941, 1951) brought this period
of apparent indifference to a close by mapping and dividing the Moreno
formation into members, selecting Escarpado Canyon in the southeastern
part of the Panoche Hills as the type loeality.

BoTToN (1952) in an unpublished Master's thesis at Stanford University
proposed a number of lithogenetic units as members of the Panoche forma-
tion in the type area. Since 1956 PAYNE has elaborated upon SuUTTON's
findings, elevating the Panoche to group rank (Dr. H. G. ScHENCK, personal
communieation). This revision provides for the subdivision of the Panoche
group into lithogenetic units which will be assigned formational status.
In Moreno Gulch only the Lower and Upper Marlife and Uhalde formations
of the Panoche group are exposed (Table 1).

Historical development of the Laguna Seea Hills several miles north-
west of the Panoche Hills is similar. The map by ANDERsON and Pack
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alzo shows this area as one in which the Cretaceous is subdivided into the
Panoche and Moreno formations. Members from the type area of the Moreno
have been traced by Pa¥ywE (1951) into the Laguna Seca Hills. The most
recent work in the area is that by Bricas (19563 a), who has described the
geology of the nearby Ortigalita Quadrangle. The map of BrIces is also
similar to that of ANDERSON and Pack in that it contains no subdivision
of the Moreno formation.

On the basis of faunal studies and field investigations in the type area
of the Panoche group and Moreno formation, the subdivisions of PAYNE
{1951, 1962) and SvTroN (1952) are censidered valid and are so used in
this study (Table 1, Figure 3).

2. Micropaleontology

Although Upper Gretaceous Foraminifera from California were first
recorded in the literature some 70 years ago, surprigingly little has been
published in the way of detailed systematic and stratigraphic faunal anal-
vsis. The following paragraphs briefly outline some of the more interesting
and significant developments in the study of Upper Cretaceous Foramini-
fera of California,

The year 1891 marks the earliest mention of Foraminifera from Upper
Cretaceous strate in California. In a geological study of Mount Diablo,
TUrRNER (1891, p. 395) cites the occurrence of Foraminifera associated with
small fragments of fossil wood in beds of Chico age.

ANDERsON (1905, pl. 13, figures 9—29) published what probably are
the first figures of California Cretaceous Foraminifera. These were from
the Mount Diablo area, in shales then considered to be Eocene in age.
Only generic determinations are given, but among those figured was
Sagrine, a foraminifer which today is likely to be referred to as the genus
Siphogenerinoides,

Abundant occurrences of Foraminifera from the Moreno shale of Moreno
Guleh were reported by AvpERsoN and Pack {1915, p. 47). They also
mentioned the finding of diatoms and megafossils in this same region.

Cusamaw and CHURCH (1929) described 44 species from the Chico shale
from a well situated in the Alealde Hills, west of Coalinga, Fresno County.
The shale is now considered to be part of the upper Panoche group. When
comparison of the California assemblage with that of the Gulf Coast of
the United States was made, the relative absenee of planktonic Foraminifera
in the California microfauna was noted. Results attained in this study
sustain this observation.

In 1935 Cusuman and CaMPBELL described a foraminiferal faunule
of 20 species from near the town of Tracy, San Joaquin County. This
faunule, originally thought to be representative of the Moreno formation,
is now believed to belong to a higher stratigraphic horizon in the Panoche
group.

As an aid to studies on Cretaceous Foraminifera, MarRTIN (1936)
comipiled a checklist of 852 species based on papers from North and South
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America, indexing the original names of the species as well as the publica-
tions from which the data were obtained.

Twenty-eight diaghostic and stratigraphically important species of
Foraminifera were described and figured by CusaMan and GOUDKOFF
in 1944 from various Upper Cresaceous localities throughout the Great
Valley of California. Stratigraphic positions of the fossils were given with
reference to the top of the Moreno formation as originally defined by
Anpergon and Pack (1915). Some of these species were described from
surface sections and others from wells. In all eases these Foraminifera
appeat to be characteristic of the substages into which GoUDKoFF later
(1945) subdivided the Upper Cretaceous of central California.

GoUDKOFF'S study in 1945 contributed greatly to the overall under-
standing of foraminiferal assemblages of this region. The first attempied
zonation of these strata based on Foraminifera had been presented by
him in 1936 at a meeting of Pacific Section of the Society of Economic
Paleontologists and Mineralogists. As this report was based on limited
material these preliminary results were subseguently modified by additional
data obtained from a number of surface sections along the western border
of the San Joaquin and Sacramento Valleys, as well as from numerons
wells located throughout the region. As a result of this study Goubpkorr
proposed 12 substages grouped into 7 stages, Microfaunal, lithologie,
and paleogeographic relationships were also discussed at length by him.

An Upper Cretaceous foraminiferal fauna of 56 species was described
and figured by Bawpy in 1951 from shales in the Carlshad area, San Diego
County. This assemblage is correlated by Baxpy with that of GoUpKoFF's
Tracian stage.

Recently TrRugizro (1980) described and figured foraminiferal assemn-
blages consisting of 90 species. These faunas range in age from Turonian to
Santonian and were collected from near Redding, Shasta County, in northern
California.

In addition to the published works mentioned above, biostratigraphic
analyses of Upper Cretaceous Foraminifera from numerous surface sections
along the western edge of the Great Valley have been carried out by various
oil companies. Unfortunately and understandably, none of this work has
heen published. The present study is based upon material from two sueh
sections collected by the Union 0il Company of California and The Superior
Uil Company along Moreno Gulch and Laguna Seca Creek.

General Geology

Upper Cretaceous marine sedimentary rocks comprise the greater part of
the eastern foothill belt of the Diablo Range. The Moreno Gulch section under
investigation consists of a series of sandy shales and sandstones. Although
a thickness of approximately 22,000 feet of Cretaceous strata are present
in Panoche Hills, only the upper part or about 14,000 feet are dealt with
in this study (Table 1), This includes the upper part of the Panoche group
and all of the exposed Moreno formation.
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In the Pancche Hills and adjacent areas (i. e. Laguna Seca Hills)
Cretaceous and overlying Tertiary strata form a northeastward dipping
homoecline. At Moreno Gulch average dips for the Moreno formation are
35 to 40 degrees, whereas those of the Panoche group range from 40 to 55
degrees (Figures 4a and 4 b). A gradual increase in dip is observed in
proceeding from younger to older sediments, or going from east to west.
These gsediments dip beneath the San Joaquin Valley and probably extend
throughout the greater part of the Great Valley of California. Field observa-
tions in the Laguna Seca Hills indicate that similar geological conditions
exist there (Figure 5},

Biltstones, sandy shales, and concretionary and non-concretionary
sandstones make up the chief lithologic types associated with the upper
Panoche group. For the most part, sandstones range from a few inches
to several hundred feet in thickness and are interbedded with siltstones
and shales. Dark-brown “cannon-bhall” concretions up to three feet in
diameter easily identify the concretionary sandstones. These sandstones
are generally massive and are reported to be uniform petrologically {Bricas,
1983 a, b).

Approximately 12,000 feet of the upper Panoche group are exposed
in Morenc Gulch. This portion of the group is subdivided into three for-
mations, of which the oldest is the Lower Marlife shale, some 5100 feet
thick. The base of the Lower Marlife is not exposed in Moreno Gulch, and
it is known to have a slightly greater thickness in other areas of the Panoche
Hills. Brown shales and sandy shales are the predominant lithology of
thiz unit. The Lower Marlife is separated from the Upper Marlife by the
Llanada sandstone member, a concretionary unit of variable thickness.
The overlying Upper Marlife shale is readily identifiable by its dark blue-
gray to gray color. Minor thin sandstones and a 10 foot bentonite bed are
associated with this shale. The Upper Marlife as exposed in Moreno Gulch
is about 2700 feet thick. Conformably overlying this shale is the Television
sandstone member, which marks the upper limit of the Upper Marlife.
In the vicinity of Moreno Gulch this sandstone forms prominent ridges.
The succeeding Uhalde formation is typified by a shale and sandstone
complex accounting for a thickness of about 3800 feet. This highest litho-
genetic unit of the Panoche group is made up of light gray-green shales
and sandstones,

Conformably overlying the Uhalde formation is the Moreno formation,
characterized by a dark-brown to maroon or lavender ¢layey to porcelaneous
shale. Its thickness at Moreno Gulch is 2100 feet. The lowermost part
of the Moreno formation in the type area consists of sandstones similar
to those of the underlying Uhalde. This has caused some diffieulty in deter-
mining the boundary between the two formations. Pavne (1951, p. T,
fig. 3; p. 9) places the contact between the generally flaggy sandstone of
the Moreno and that of the massive coneretionary ridge-forming uppermost
Thalde sandstone. Stratigraphieally this is identical to the contact of
AnpERsoN and Pack (1915). In Moreno Guleh this important contact
is not well defined micropaleontologically, as the Siphogenerinoides-Globo-
truncana-Rotalia assemblage from the uppermost Uhalde sediments is
followed by the barren overlying Dosados sandstone member of the Moreno
formation. The upper limit of the Moreno formation in Moreno Gulch
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is placed at the uppermost occurrence of its Cima sand member and the
disconformably overlying Laguna Seca formation (Figure 3),

Field observations of the strata discussed above indicate fairly abrupt
lateral and vertical changes in lithology. These variations are characteristic
of these sediments throughout the Diablo Range {Bricas, 1953 a, p. 417).
Undoubtedly this factor has vetarded efforts to define and correlate stratal
units precisely. On the basis of detailed mapping, recent studies by PAYNE
{1962) in the type area of the Panoche group and Moreno formation undoubt-
edly will clarify some of these problems.

Faunal Characteristics

Foraminiferal assemblages deseribed herein consist largely of smaller
benthonie forms with a minor planktonie element. Most of these miecro-
faunas are sparse and include relatively few species and specimens. There
are, of course, strata in whieh rich and well-developed mierofaunas oceur.
Most notable of the latter ave those of the Upper Marlife and Uhalde for-
mations of the Panoche group as well as the Marca shale member of the
Moreno formation.

One hundred and sixty-seven species constituting 80 genera and 24 fami-
lies are recognized in the present study. Twenty-nine species are considered
new, Among the typical and significant Upper Cretacecus genera present
are Bolivinoides, Globorotalites, Globotruncana, Heterohelix, Kyphopyxa,
Neoflabellina, Praeglobotruncana, Rugoglobigerina, Siphogenerinoides, and
Stensidina. A striking feature is the oceurrence and predominance of wholly
arenaceous faunag in portions of the Panoche group (Table 2). Most preva-
lent genera are as follows: Bathysiphon, Bermudezina, Cribrosiomoides,
Gaudryina, Haplophragmoides, and Marssonella. Siliceous genera associated
with arenaceous forms are Rzehakina and Silicostigmoilina. Although
this study is mainly concerned with Upper Cretaceous Foraminifera, in
the Moreno Gulch section lower-most Tertiary Foraminifera were obtained
from the Lower Dos Palos member of the Moreno formation. Some of the
more commonly represented genera are Globigerina, Globigerinoides, and
Valvulineria.

Many foraminiferal species were observed only after the most thorough
examination of sample material. As previously stated, barren intervals
in Moreno Gulch strata exist partially owing to weathering and in part to

-the rapid deposition of coarse sediments. As a result foraminiferal assem-
blages tend to cecur in streaks, and only by collecting closely spaced samples
can these fossiliferous intervals be detected. The oceurrence and distribu-
tion of species as well as of whole faunas have been affected by this pattern
of sedimentary deposition so typical of the California Cretaceous. The
genus Globotruncana CUSHMAN may serve as an illustration. Although
ten speciea are identified, only a few of these are represented by as many
a8 50 to TG specimens in several samples. Omn the whole, relatively few
specimens per samples were observed for thiz genus. The vertical or strati-
graphic distribution of these identified Globotruncana has similarly been
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affected, for their moat common ocewrrence coincides with the more marine
or shaly portion of the Moreno Guleh section (i. e, Upper Marlife forma-
tion).

Although a number of Foraminifera are long-ranging in Moreno Gulceh,
many calcarecus and arenaceous species have a limited stratigraphic range.
The latter may eventually be useful as index markers once their absclute
range has been established in the California area. Table 5 illustrates some
of the more significant species believed to have local and regional strati-
graphic importance. For the present, any stratigraphic significance attached.
to these forms is limited by a lack of well-documented observations and
the aforementioned environmental factors.

Comparison of Foraminifera from the upper Panoche group with those
of the Gulf Coast of the United States and northwesiern Europe reveals.
faunal affinities common to all three. These relationships and cecurrences
are treated in detail in the discussion on correlation and to a lesser degree
in the systematic descriptions. In marked difference, foraminiferal assem-
blages of the Mereno formation show little if any resemblance to their Gulf
Coast or European counterparts. However, surprisingly enough, these
faunas show striking generic affinities with late Upper Cretaceous as-
semblages from Peru (¥Frizzeir, 1943), and Colombia {BurcL and Tosox,
1954 ; PETTERS, 1955). Arenaceous species from Moreno Gulch are apparently
related to described arenaceous forms from the Gulf Coast and northern.
South America. Generie resemblances to Upper Cretaceous faunas from
western Canada are also noted. However, close examination of species.
from both areas reveals few specific relationships (Navss, 1947; WICKENDEN,
1932). This also appears to be true of Upper Oretaceous arenaceous faunas
from the interior of the United States (BoLin, 1956).

Depositional Environments

In attempting to reconstruct past depositional and environmental condi-
tions that have affected successively varying foraminiferal assemblages
distributed throughout sediments of the Moreno Guleh section, one must
consider the composition, association, and distribution of the microfaunal
and lithological elements.

The majority of Upper Cretaceous Foraminifera dealt with herein are
extinet forms; hence their ecologic relationships to living forms cannot
he precisely ascertained. Interpretation of criteria indicative of ancient
environments must necessarily be made with caution. However, when
dealing with large and varied populations, one can establish trends sug-
gesting the general nature of past controlling environmental factors.
Foraminifera are generally well suited to this as they tend to oceur in large
numbers, The presence of other micro- and mega-fossils may supply addi-
tional data.

Some conecept of past environments may be gained through faunal analy-
ges in which conditions of deposition may be inferred by the presence of
one or more dominant bionomie groups. These groups may then be com-
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pared with their Recent counterparts on a generic or family basiz, Table 6
presents analyses of selected samples from Moreno Gulch. These were
chosen because of their faunal content and are representative of the better
developed and varied assemblages studied. Based on relative abundance
counts of 350 specimens per sample, resulting data in Table 6 points out
significant faunal characteristics at selected stratigraphic levels (see Table 2
for stratigraphic allocation of these samples). Although only few samples
are so treated they serve to demonstrate prevailing trends throughout
parts of the Moreno Guleh section.

Analytical treatment of assemblages from the Lower Marlife formation
and the Tierra Loma and Marea members of the Moreno formation is
not attempted. Lower Marlife microfaunas are sparse and thoze of the
Moreno poorly preserved. In both cases statistical analysis would be deveid
of validity and interpretation.

Results of data from Table 6 clearly show that the Rotaliidae and the
Nodosariidae are the two most commeon groups in predominantly calcareous
faunaz. Planktonic forms are in all cases a distinet minority. Avenaceous
forms make a notable but minor group except for a few wholly arenacecus
faunas.

A more comprehensive analysis of the oceurrence and distribution of
miero- and mega-fossils in Moreno Guleh is shown in Table 7. Whereas
Table 6 emphasizes a few selected samples divided into bionomic groups
and arranged according to family classification, Table 7 shows not only
the bionomie grouping of Foraminifera but all other micro- and mega-
fossils observed in the section. Qceurrence, distribution, and inter-relation-
ships have been determined by using relstive abundance counts. Dominant
lithologic types are also shown and serve to illustrate the association of
sediments and fossils, The resulting chart, although established on a broad
basis of classification, clearly illustrates the development of depositional
environments throughout time. The trend outlined in Tabie 7 is considered
chronologically in the discussion that follows.

Panoche Group
Lower Marlife Formation

The Lower Marlife formation is characterized by sparse foraminiferal
agsemblages consisting of  poorly-developed, small arenaceous species,
mostly of the genera Bathysiphon, Bermudezina, Haplophragmoides, Hyper-
ammina, Marssonells, and Psammosphaera. Silicosigmoiline, a siliceous
form, is observed only in the upper part of the formation. A gradual
increase in the number of caleareous Foraminifera takes place in the upper
portion of the Lower Marlife {Tables 2, 7). These caleareous forms are
limited in number of species and specimens. Generic forms present are
as follows: Eponides, (Globorotalites, Globotruncana, Lenticulina, Planularia,
Planulina, Pleurostomelle, and Stensisine. The majority of these calcareous
forms range upwards into the overlying Upper Marlife formation. Those
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of the Lower Mariife are distinguished from the latter by their reduced
size and erratic oceurrence. Size reduction, as MyYERs (1948, p. 488) and
GLAESSNER (1945, p. 191} have suggested, may possibly be attributed to
conditions of low salinity. The drastic reduection in numbers of species,
benthonic as well as planktonie, may also be related to this factor.

Macerated plant material is common to abundant in the Lower Marlife.
It sporadically cecurs in flood quantities and completely obscures the
microfauna. The origin and source of this plant material is not known,

Thus it appears that a depositional environment similar to that postulated
by Lownan (1949, p. 1957), in which he reports occurrences of Bathysiphon,
Cyclamming, Haplophragmoides, and Trochammina in marine deposits
containing mineral and plant components (suggesting low oxygen content)
may be applicable to the Lower Marlife formation. The paleoecology,
as indicated by sparse, small arenaceous faunas and more or less abundant
plant material in a series of silty shales, is probably that of an abnormal
marine deposit lacking normal salinities and well-oxygenated eonditions,
The near lack of caleareous foraminifers lends support to this hypothesis.
Deposition of the Lower Marlife apparently took place near shore waters
of low salinity where turbid conditions may possibly have been a factor
in restricting the development of calcareous forms. Evidence for the latter,
however, is not readily apparent. An amelioration of depositional condi-
tions followed during the deposition of the later Lower and Upper Marlife
sediments until a normal neritic environment was established.

Upper Marlife Formation

Foraminiferal assemblages of the Upper Marlife formation form the
best developed and richest microfaunas in the Moreno Gulch section.
Calecareous benthonie forms predominate, with planktonic species a minor
element. Arenaceous foraminifers, although notable, also form a subordinate
portion of the fauna.

Analyses of two selected representative samples from the Upper Marlife,
samples 574 and 727, are shown in Table 6. It is at once evident that both
of these samples contain a number of well-represented families among
which the more significant are the Rotaliidae and Nodosariidae in the
calcareous group, and the Lituolidae in the arenaceous. In the Upper
Marlife, planktonic Foraminifera are first noticeable in quantity. The
predominance of caleareous benthonie foraminifers represents the peak
of development of these forms, which began in the upper half of the Lower
Marlife formation.

Upper Marlife foraminifers are beautifully preserved and are of normal
size for the respective genera they represent, Some of the more common
calcareous benthonic genera are: Anomaline, Eponides, Gyroidina, Lenti-
culing, Marginuling, Osangularia, Planularia, Reusselln, Robulus, Sten-
siging, and Valvulinerin. - Planktonie forms, although forming a small
minority, are well represented by the following: Heterchelin, Globotruncana,
Planomaling, and Praeglobotruncana. The arenaceous fraction is made
up of a more varied group than that of the Lower Marlife formation. Genera
present include Bathysiphon, Bermudezing, Cribrostomoides, Eggerelln,
Gaudryina, Hoplophragmoides, Marssonella, and Verneuilina. Rzehaking
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and Silicosigmoilina, hoth siliceous forms, oecur throughout the formation.
Radiolaria are abundantly represented and occur in flood proportions in
several samples (Table 7). Inoceramus prisms are also locally common.
Plant material, so common in the Lower Marlife, is lacking.

Comparison of percentages of Rotaliidae (269, in sample 727; 239
in sample 574) and the Nodosariidae (219, in sample 727; 129 in sample 574)
from the Upper Marlife with the distribution of Recent Foraminifera from
the East Coast of the United States (PARKER, 1948, fig. 2} and the Gulf of
Mexico (Lowman, 1949, fig. 13) suggests a mid-neritic environment for
these forms. The relatively small percentage of planktonic species (149
for sample 727; 179, for sample 574) is not unreasonable, for LowmMan
(1949, fig. 13) shows that in the Guif of Mexico planktonie forms vary
from 10 to 15%, at depths of about 1200 to 1400 feet. He alzo shows that in
waters less than 125 feet deep, planktonie forms constitute 59 or less
- of the fauna. Similar results were obtained from the East Coast of the
United States by PARKER (1948), who found that in waters less than 150 feet .
in depth planktonic forms have a negligible occurrence. Conversely, from
the 150 foot depth outward, a rapid increase in the relative percentage of
planktonic forms present takes place (PARKER, 1948, p. 235).

The presence of abundant Radiolaria indicates a marine environment,
since these forms are never found in brackish waters (CampBELL, 1952,
p- 40). While the Radiolaria themselves are not conclusively suggestive
of any especial depth, the presence of large numbers of these planktonic
forms corroborates the assumption of a neritic depositional environment
indicated by the Foraminifera.

In view of the evidence presented above, depositional environment of
the Upper Marlife formation, characterized by blue-gray silts, shales and
thin sandstones, and a rich and varied microfavna, was probably that of
an open-sea, temperate, middle to outer neritic zone.

Uhalde Formation

Three distinet microfaunas are contained in sediments of the Uhalde
formation. In general these correspond respectively to the lower half,
middle, and uppermost portions of the formation (Tables 2, 6). The lower-
most assemblage is somewhat similar to those of the Upper Marlife, It
is by no means as rich or varied as Upper Marlife faunas, however, and
contaius new specific elements not observed previously. Analysis of a
repregentative assemblage, sample 463, shows the Rotaliidae to make up
36% of the fauna, followed by the Anomalinidae which comprise 15%,.
Planktonic species again form a minority. Generic representatives of these
groups are similar to those of the Upper Marlife with the exception of the
genus Anomaling, which occurs in greater numbers. Arenaceous genera are
also similar in composition and occurrence of species. Radiolaria are rare
in the lower part of the Uhalde and abundant plant material, similar to
that of the Lower Marlife, is once again observed. In the Uhalde formation,
however, it oceurs abundantly only in a few samples (nos. 408 and 333).

Succeeding this predominantly caleareous assemblage is a series of
generally sparse wholly arenaceous microfaunas. In several samples these
assemblages are extremely rich, assuming flood proportions. These faunas

Jahrh, Geol. B.A., 1964, Sonderband 9 2
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are characterized by having relatively few species represented by innumerahle
specimens (see Tables 2, 7; samples 262, 247, and 238}, As a typical assem.
blage, sample 247 was analyzed (see Table 6). This sample was obtained from
a eoarse sandstone from the upper part of the Uhalde formation. A pre-
ponderance of Bathysiphon and Haplophragmoides easily obscures other
arenaceous genera present in this sample. Minor oceurring but distinetive
foraminiferal genera are Gaudrying, Glomospira, Involuting, Trochamminoi.
‘des, and Spiroplectammina. Silicosigmoiling is also prevalent.

Arenaceous faunas of the Uhalde formation differ in composition from
those already described from the Lower Marlife, although several species
are common to both. Other points of difference are that the Uhalde faunas
are much richer, are associated with Radiolaria, have no ealcareous ele-
ments present, and consist of robust, medium to coarse textured forms.
Lower Marlife arenaceous assemblages, it will be recalled, are sparse and
consist of small delicate looking. generally smoothly textured forms,

Bimilar differences have been reported in Recent foraminiferal assem-
blages, Faunas consisting of smalland delicate arenaceous species restricted
to brackish and low saline waters have been reported from many coastal
areas, whereas well-developed, robust arenaceous forms are found to
flourish in normal marine environments ranging from neritic to abyssal
depths (STAINFORTH, 1948).

Hapa {1957) studied Recent arenaceous Foraminifera from waters
off the coast of Japan amd made some interesting deduetions regarding
these forms. He finds that depth apparently affects their texture. Shallow
water forms usually tend to be coarsely textured, whereas the deep water
variety, for the most part, is smooth. This textural variation apparently
occurs in the same species collected from various depths as well as in different
species,

According to Hapa (1957, p. 35} arenaceons Foraminifera show a decided
preference for sandy and muddy deposits regardless of depth. Temperature
also appears to be a deecisive factor in the depth and geographic distribution
of these forms. Undoubtedly other factors are involved, but these have
not been studied in detail,

Some of HaDa’s conclusions may also be applicable to arenaceous
faunas from the Uhalde formation which are generally medium to coarse
textured and are associated with the numerous sandstones typical for this
portion of the Uhalde. Obviously these species lived in an environment
that allowed them to flourish while it restricted calcareous species. A
soludion to this problem may be a new concept advanced by RExz (1942)
and STAINFORTH (1948, 1952) regarding the ecology of arenaceous assem-
blages. They suggest that depth, salinity, and temperature are not solely
responsible for the development of these faunas, but that turbidity
is also a major contributing factor. Facies studies in Trinidad, B. W. 1.,
substantiate this hypothesis, for they reveal that arenaceous assemblages
are usually confined to sediments produced by rapid sedimentation caused
by either: 1) active erosion of a land mass, 2) colloidal clays interbedded
in deitaic sediments, or 3) clays representing deep water deposition of sub-
marine mud extrusions (STAINFORTH, 1952, p. 43). Although examples
of similar fossil avenaceous associations from various locations in the world
are given by STainrorTH, unfortunately to date no Recent arenacecus
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Text Figure C. Flow structures in Moreno Gulch near hase of Uhalde formation in
BW 1/4 NW 1/4 T. 14 5., R. 11 E.

Pick handie ona foot long,

Text Figure D. Flow structures in Moreno Culeh about 60 feet stratigraphieally above
base of Thalde formation.

Locality: 8W 1/4 NW 1/4 T, 14 8., R. 11 E.
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fauna has been described where turbidity may possibly be interpreted as
the chief countrolling factor.

Turbidity may well have been a factor in the case of Uhalde arenaceous
faunas, Slump and flow structures in conglomerates and sandstones from

“uppermost Panoche strata (Uhalde equivalent) of the Laguna Seca Hills
have been reported by Brigas (1953 b). Field observations by the writer
confirm the fact that similar structures occur in Moreno Gulch (Figures
and D). Slump bedding was found in a siltstone interbedded with sandstones
approximately 60 feet above the Television sandstone member in Moreno
Gulch. This phenomenon coupled with the rapid deposition believed to
have taken place for the coarse sandstones of the Uhalde, could conceivably
account for turbid water conditions. If such were the case, suspended matter
would act as a restricting factor in the productivity of calcareous foramiuni-
fers while providing an environment suitable for arenaceous forms,

In more recent papers Tappaw {1960} and TruvJsiLro (1960) consider
turbid water environments as a most likely factor in accounting for domi-
nantly arenaceous assemblages from northern Alaska and northern California,
respectively.

The uppermost foraminiferal assemblages of the Uhalde formation
consiat largely of caleareous foraminifers. Among the better represented
caleareous hbenthonic genera are Anomalina, Bulimina, and Rotalia.
Siphogenerinoides oecurs in lesser numbers. Planktonie forms, although
again forming a minority, are well represented by Heferohelix, Globotrun-
cane, Planomaling, and Rugoglobigerina. Only a few arenaceous specimens
of Involutine and Marssonelln are present. Of interest is the presence of
several ostracods and bryozoan fragments. Analysis of sample 200 shown
in Table 6 illustrates the statistical composition of the above-mentioned
forms. A shallow, possibly warm water environment is postulated because of
these faunal elements present.

General depositional environments for the Uhalde formation indicate
a gradual shallowing. The lowermost microfauna suggests a continuation
of open sea conditions prevalent during the deposition of the underlying
Upper Marlife formation. A change in environment is evidenced by the
succeeding development of wholly arenaceous foraminiferal assemblages
and by a series of the massive sandstones that typify the greater portion
of the Uhalde formation. The presence of robust arenaceous foraminifera
associated with flow and slump structures indicates that a turbid water
environmnent probably existed during the.deposition of the Uhalde sand-
stones. Because of the cccurrence of coarsely textured arenaceous species
and plant material as well as the general coarseness of the sediments, and
the nature of the uppermost fauna of the Uhalde, which consists largely
of Retalia and bryozoan fragments, shallowing is believed to have taken
place during deposition of the middle and upper parts of the Uhalde forma-
tion. It should be noted that in the uppermost levels of the Uhalde, arena-
ceous and calcareous faunal components never oceur together in the same
sample but appear to alternate irregularly from sample to sample (Tables 2,
7). Arenaceous species of the uppermost Uhalde sediments consist of coarsely
textured Admmobaculites, Reophax, and Bathysiphon. Similar forms are
observed in uppermosi sediments of the Uhalde equivalent in Laguna
Seca Creek. ' '
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Moreno Formation

Dosados, Tierra Loma, and Marea Members

The Tierra Loma and Marca members of the Moreno formation are
considered together because the foraminiferal assemblages from these two
members, except for minor variations in species distribution, appear to be
the same. The lowermost part of the Moreno {Dosados member) is barren in
Moreno Gulch. The lower portion of the Tierra Loma member has a sparse
fauna in which the dominant form is Bulimine proliza. Other forms are
present but because of poor preservation they are not identified specifically.
Occasionally Bathysiphon and Haplophragmoides alzo occur. A notable
inerease in microfaunal content is observed in the upper half of the Tierra
Loma memhber, This increase reaches a climax in the overlying Marca mem-
ber, which appears to have the richest assemblage of the Moreno formation.
Since the bulk of material collected from Moreno Gulch consists of limonitized
foraminiferal tests, topotype material was collected from the type locality
of Siphogenerinoides whitei Church (see Appendix ©) for purposes of analysis
and identification. This locality is situated in the Marca shale member
about six miles south.east of Moreno Gulch. In this material the Buliminidae
make up the major portion of the assemblage, being represented by Bulimina
prolize Cushman and Parker and Siphogenerinoides whitei Church. After
the Buliminidae, the Rotaliidae are most numerous in the assemblage.
These are hest represented by the genus Gavelinelle. No planktonie or
arenaceous elements were observed.

The large number of specimens representative of very few species
is often associated with abnormal environmental factorssuch as might
occur in a restricted basin, Under such conditions species which cannot
tolerate abnormal conditions are reduced in number or exterminated.
Adaptable form, in contrast, may have a richer development.

Abnormal depositional environments can best develop in restricted
areas or embayments coexistent with environmental conditions peculiar
to the area. Some evidence for abnormal environmental conditions existing
during the deposition of the Moreno formation is indicated by the presence
of siliceous shale in the Marca member. The Bulimina-Siphogenerinoides
assemblage of the Moreno formation apparently reached its optimum develop-
ment in these silica-rich waters. The occurrence of diatoms in the Marca
member reported by Hawxa (1927, 1934) substantiates this theory. The
gour¢e of silica has been attributed to minor contemporaneous submarine
voleanism hbelieved to have taken place during the Upper Cretaceous
(TaLTaFERRO, 1943, p. 128). Further evidence is provided by GoUDKOFF'&
{1945, p. 1004) paleogeographic study of Moreno sediments in the Coalinga-
Panoche Hills areas, which strongly suggests that deposition of the Moreno
{C substage} took place in & restricted area.

A situation involving similar faunal characteristics and environmental
eonditions has been reported by PETTERS (1955) in Colombia. In the upper
Magdalena-Bogotd area he found a Bulimina-Siphogenerinoides fauns
associated with cherts and other siliceous rocks. Development of this
microfauna is thought to be related to the excess silica present at the time
of deposition. In Colombia the source of gilica iz attributed to volcanic
action in the south of the country (PETTERS, 1955, p. 220). It may be of
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interest to nete that Bulimine prolizve CusumaN and PARKER and Sipho-
generinoides clarki Cusamaw and CampriLL, both well known California
Upper Cretaceous species, oceur in the upper Magdalena Valley area of
Colombia. In that region, however, they seem to have a longer range, as
they have been recorded from rocks of Maastrichtian and Campanian ages
(Bifrai and Tosow, 1954, pl. 2). In California, in se far as the writer knows,
they are only known from the Maastrichtian,

Examination of the lithologic properties of the Dosados, Tierra Loma,
and Marca members of the Moreno formation indicates that with the excep-
tion of the basal Dosados sandstone, deposition of these members is markedly
different from the clastic deposits of the Panoche group. The predominant
shale deposition of the Moreno formation probably took place in waters
of moderate depthy within a restricted embayment. Studies by Davip on
fish remains found in the Moreno formation of the Panoche Hills are in
agreement. with this view. A coastal sea environment is postulated for the
Moreno shale, based on fish skeletal fragments and fish scales (DaviD,
1946, p. 107). '

Lower Dos Palog Member

The lower Dos Palos member of the Moreno formation as exposed in
Moreno Gulch is characterized by a wvaried rich limonitized microfauna of
which only a small portion is identified in the present study. Analysis
of sample 11 A, as shown in Table 5, distinetly shows that about one half
of the fauna congists of rotaliids and nodosariids. Also very well represented
are the planktoniec forms consisting of Globigerine and Globigerinoides.
This is the only sample in the material from Moreno Guleh with a relatively
high rate of planktonics {399%,) and serves to illustrate the eomplete faunal
change, not only in pilanktonic forms but in benthonic species as well,
between Upper Cretaceous and Lower Tertiary foraminiferal assemblages.
This statement bears further qualification because there ig no doubt that
better preserved material would alter percentages given in this study.
However, the fact remains that, in spite of the poor results attained in
foraminiferal recovery, faunal differences between the Lower Dos Palos
and the Marca members of the Moreno formation are so pronounced that
there can be little doubt that this constitutes a major biostratigraphie
break.

Because of poor preservation a relatively low number of specific identi.
fications can be made. Paleoecological assumptions are therefore considered
tentative. Nevertheless, the presence of a high percentage of rotaliids and
globigerinids suggests a middle to outer neritic, normal, marine environment.
It further indicates that this fauna heralded the Lower Tertiary transgression
that followed in the San Joaquin Valley (Macrory, 1959, p. 99).

Laguna Seca Creek Section

A gelected section of the uppermost 1500 feet of the Panoche group
{Uhalde equivalent) exposed at Laguna Seca Creek was studied. The
entire sequence is of shallow marine origin as witnessed by the presence of
shallow water Foraminifera, bryozoan fragments, and floods of Inoceramus
prisms.
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Two distinet microfaunas were noted. The upper assemblage is identical
to that oceurring in the uppermost Uhalde sediments of the Moreno Guleh.
Rotalie, dnomalina, and Bulimina are the most common benthonic genera.
Some planktonie species were also found; these include Heteroheliz, Globo-
truncana, and Planomaling. The lower fauna, which occurs in the lower
200 feet of the Laguna Seca Section, is made up largely of Bulimina, Robulus,
and Bolivina. Arenaceous species are represented by Bathysiphon and
Haplophragmoides. These forms oeccur sparingly with calcareous species,
but in certain levels they constitute an overwhelming majority of the
fauna. At the base of the section studied, wholly arenaceous faunas pre-
dominate (Table 3). With the exception of the lower calcareous fauna
(samples 22 to 50), which is not present in Morenc Gulch, the faunal se-
quence of Laguna Seca Creek is similar to that of Moreno Gulch (see Table 4).

Biostratigraphy

Stratigraphic ranges of foraminiferal species described in this report
are not fully known in California. Common and characteristic species which
appear to have local and, in certain instances, regional significance are
listed below under the respective formation or member in which they
ogeur,

Occurrence, stratigraphic distribution, and interrelationships of foramini-
feral populations from Moreno Gulch, as well as those from Laguna Seca
Creek, are given in Tables 2, 3, 4, and 5.

Panoche Group

Ag previously discussed, only the upper half of the Panoche group is
considered in this study (Table 1). The stratigraphic thickness of this
portion of the group as exposed in Moreno Group is approximately 12,000{eet.
Only the three upper formations of the group are studied. In ascending
order these are: the Lower Marlife, Upper Marlife, and Uhalde formations.

Lower Marlife Formation

This formation is about 5100 feet thick in Moreno Gulch. It overlies
the Carnerada conglomerate lentil and is succeeded by the Llanado sand-
stone. The base is not exposed, however, in Moreno Gulch, as the lower
portion is -capped by non-marine Miocene terrace deposits (Figure 3). The
Lower Marlife consists largely of a series of brown, sandy to silty shales,
with minor sandstones, occurring near the upper part of the formation.
Foraminifera are rare in the lower part but become more frequent in the
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upper portion of the formation. On the whole, assemblages may be described
as impoverished and sparse. Arenaceous forms prevail throughout the
formation but are most common in the lower part. In the upper half of
the formation a gradual increase in caleareons Foraminifera takes place.
This reaches a maximum development in the overlying Upper Marlife
formation. Abundant plant material is also characteristic of the Lower
Marlife.

Significant and diagnostic foraminifers of the Lower Marlife formation
are as follows:

Anomaling becki Martiv, Pl 16, fig. 2
Bathysiphon sp., PL 1, fig. 1

Eponides bandyi TrusiLLO, PL 13, fig. 7
Globorotaliies subconicus (Morrow), Pl 14, fig. 6
Globotruncana linneiana (d’'Orp1eny), Pl 10, fig. 3
Gyroidina florealis WaiTE, Pl. 13, fig. 6
Haplophragmoides impensus Martin, Pl. 2, figs. 3, 4
Hyperammina elongata Brapy, Pl 1, fig. 7
Planularia umbonata LoETTERLE, PL 7, fig. 6
Psammosphaera laevigata WaiTE, Pl 1, fig. 6
Stensiving exsculpta (Reuss), Pl 14, fig. 8.

Most of these forms, with the exception of 4dnomaling becki MARTIN,
Planularia wmbonate LoETTERLE, Stensiting exsculpta (REUSS), and
Psammosphaera laevigata WHITE, range upward into the Upper Marlife
formation. Foraminiferal species from the Lower Marlife with representa-
tives in the Upper Marlife can be distinguished by their constantly smaller
size. This phenomenon iz attributed to unfavorable environmental factors
previously dizcussed.

MaTrsuMoro (personal communication) reports the following ammonites
and inocerami from the Lower Marlife (LSJU 3315, 3316).

Baculites schencki Marsumoro
Inoceramus of. I. wwajimemsis YEHARA,

The localities from which these megafossils were found are not situated
in Moreno Gulch itself. In all cases, however, occurrences mentioned in
this study are from the adjacent areas within the Panoche Hills {Appen-
dix ),

On the basis of Foraminifera and megafossils present, a Coniacian to
lowermost Santonian age is assigned to this unit. Of the foraminiferal
species listed above Anomalina becki MawrtIN, Eponides bandy: TRUIILLO,
‘and Gyroiding florealis WHITE appear to have local stratigraphic significance
and may be of value once their range is established. Planularic wmbonata
LoETrErLE and Qloborotalites subconicus (MoRRowW) are known from the
Niobrara formation which is generally considered to be of Coniacian-
Santonian age (CoBBan and RErsipe, 1952). Globorotalites subconicus
(Morrow) and Stensiding exsculpta (REUSS) ave indicative of the Coniacian
of Europe although not restricted to it. Accordingly, the Coniacian-
Santonian boundary in Moreno Gulch is tentatively placed at zample 872
when these species first appear (Table 2).



Upper Marlife Formation

Approximately 2700 feet of dark marine shales interbedded with minor
thin sandstones and a ten foot bentonite bed comprise the Upper Marlife
formation (Figures 4 a, 4 b). This formation overlies the Llanada sandstone
member and in turn iz overlain by the Television sandstone member,

The Upper Marlife containg what may be considered the most abundant,
varied, and best preserved microfanna obtained from Moreno Guleh samples.
Inoceramus prisms and particularly Radiolaria also have a common to
abundant occurrence throughout. Characteristic Foraminifera of the
Upper Marlife formation are:

Bermudezina wvigerinaeformis Marmin, Pl 3, fig. 6
Buliminelle carseyee PLUMMER, P1. 11, fig. I1
Cribrostomoides cretacea CusHMAN and Govpkorr, PL 2, fig. 11
Globotruncana fresnoensis MarTiN, PL 9, fig. 8

Gublering ornatissima (Cusaman and Cuurca), PL 11, fig. 3
Gyroidina florealis WHITE, Pl. 13, fig. 6

Heterokeliz pulchre (BrotzEN), PL 11, fig. 2

Kyphopyxa christneri (Carsey), PL 7, fig. 12

Linguling californiensis TruriLo, PL 5, fig. 1
Praeglobotruncana earyc MarTIN, PL 9, fig. 3

Reusselle szjonoche (GrzyBowskr), Pl 12, fig. 4.

The majority of these species appear to be restricted to Upper Marlife
sediments in Moreno Gulch. However, further study may extend the known
stratigraphic ranges of these forms.

Radiolaria present are made up largely of Distyomitra multicostain
Z1rTEL. These forms are often very well preserved, although crushed speci-
mens occur in a number of samples. In the Moreno Guich section Radio-
laria have their most common and abundant ocecurrence in the Upper Mar-
life formation. Several samples {(Nos. 516, 573) consist of countless numbers
of these organisms. :

Recent work by MaTsuMmoro (personal eommunication) in nearby
areas of Moreno Gulch has resulted in the discovery of the following mega-
fossils from locality L8JU 3320:

Baculites capensis Woops
Anagaudryceras politissima KossMaT
Inoceramus navmanni
Inoceramus of. I. ezoensis YOROYAMA
At locality L8JU 3323 the following megafossils are found to occur:
Baculites of. B. inornatus MEEK
Pachydiscus buckhami USHER

Ammonites also have been reported from Upper Marlife strata by
ANDERsSON {1958, p. 48) from the south branch of Moreno Gulch. The
following species were obtained from this loeality:

Puarapachydiscus panochensis ANDERSON
Phylloceras garganfum ANDERSON

All of the fossil data listed above indicates a Santonian age for the greater
part of the Upper Marlife. The top of the S8antonian is placed at sample 529
where new specific elements suggestive of the Campanian first appear,



Thalde Formation

The Uhalde formation of the Panoche group consists of about 3800 feet
of massive concretionary and nonconcretionary sandstones interbedded
with dark silty to sandy shales. The Uhalde formation overlies the Tele-
vigion sandstone member, and is overlain by the Dosados member of the
Moreno formation.

Generally sparse calcareous faunas are typical of the lower part of the
Uhalde. Some of the Foraminifera noted in this lower assemblage first
occur in the upper part of the Upper Marlife formation. These gradually
give way to rich, well developed arenaceous assemblages associated with
Radiolaria. The uppermost Uhalde sediments contain a calcareous fauna
totally different from that of the lower part. Diagnostic Foraminifera
from these three assemblages are listed below in ascending order.

Lower Fauna (Samples 346—484)

Anomaling whitei MarTin, Pl 16, fig, 4

Eponides spinea Cusmmaw, Pl 13, fig. 8

Globotruncana churchi MarTIN, PL 9, fig. 5

Gyroidina goudkoffi TrRusmLo, Pl 13, fig. 3

Gyroidina quadrate CusEMaN and CuurcH, PL 13, fig. b
Marginuling curvisepta CusHMAN and Govubxorr, PL 5, fig. 12
Osangularia cordieriana (d’Ore1oNY), Pl 15, fig. 2.

Middle Fauna (Samples 229-—334)

Bathysiphon californicus MartiN, Pl 1, fig. 2

Bothysiphon dubia (WHiTE), PL 1, fig. 1

Oribrostomoides crelacea CusHMaN and Goupxorr, Pl 2, fig. 11
Eggerella obscura Marrin, Pl 3, fig. 10, 11

Haplophragmoides excavatus CusuMax and Waters, Pl 2, figs. 67
Haplophragmoides impensus Marmin, PL 2, figs. 3, 4
Haplophragmoides kirki WicRENDEN, PL 2, fig. 9

Gaudryine pyramidaie Cosaman, PL 3, fig. 3

Rzehaking epigona lata CusHMaN and Renz, Pl 4, fig. 2.

Upper Fauna (Samples 198—216)

Anomaling occidentalis MarTin, Pl 16, fig. 3

Bulimina jeagquinensis, P1. 11, figs. 5, 6

Globotruncana arca (CusHMan), P19, fig. 4

Planomalina aspera (EureNsErc), PL 10, fig. 7

Rotalia bandyi MarTiv, Pl 12, fig. 10

Rotalia minute Martin, Pl 12, fig. 11

Rugoglobigerina rugose (Prummer), PL 10, fig. 6

Siphogenerinoides clarki QusamMan and CameBeLrn, Pl 12, figs. 5, 6.



Megafossils reported from the upper part of the Uhalde formation from
locality LSJU 3326 by Matsumoto include the following:
Buaculites vex ANDERSON
Baculites lomaensis ANDERSON
Pachydiscus ganesa FORBES
Halymanites sp.

Paleontological evidence presented ahove indicates a Campanian age
for most of the Uhalde formation. The uppermost portion of the formation
is considered Maastrichtian in age because of the presence of Rugoglobigering
rugose (PLUMMER) in association with Globotruncena arca (CUsHMAN) and
Siphogenerinoides clarki CusAMan and CAMPBELL. Buaculifes rex ANDERSON,
a Maastrichtian index fossil in California, also oceurs in uppermost Uhalde
sediments,

The Campanian-Maastrichtian boundary is difficult to define in Moreno
Gulch owing to the lack of guide fossils. The arenaceous microfaunas which
characterize the greater part of the Uhalde consist of long ranging species
whose stratigraphic significance is unknown. To arrive at a satisfactory
solution, samples from the uppermost 1500 feet of Uhalde sediments from
Laguna Seca Creek were examined. The faunal sequence is similar to that
of Moreno Gulch with the exception of a foraminiferal assemblage ocourring
1300 feet below the top of the Ubalde formation {Tables 3, 4). Important
species from this selected Laguna Seca Creek section are given below in
ascending order.

Lower Fauna (Samples 22—50)

Bolivina incrassate Rzuss, Pl 11, fig. 14

Bulimine spinata Cusuman and Campsery, Pl 11, fig. 10
Globuling lacrima subsphaerica (BERTHELEIN), PL. 7, fig. 13
Neoflabellina pilulifera Cusuman and CameBELL, P17, fig. 8
Nodosaria spinifera CusumarN and CampsELL, Pl 4, fig. 6
Nodosaria velascoensis CusaMan, Pl 4, figs, 7, 8,

Upper Fauna (Samples 102—130}

Anomalina occidenlalis MarTiN, Pl. 16, fig. 3

Bulimina joaquinensis MawrTin, Pl 11, figs. 5, 6

Globotruncana arca {CusEMAN), Pl 9, fig. 4

Planomaline aspera (EHREHBERG), PL 10, fig. 7

Rotalie bundyi MARTIN, PL 12, fig. 10

Rotalia minuta MarTIN, Pl 12, fig. 11

Rugoglobigering rugosa (PLUMMER) Pl 10, fig. 6

Siphogenerinvides clarki Cvsaman and CameBrrr, PL 12 figs. 5, 6.

The presence of Boliving incrassate REUsS, Globulina lacrima subsphaerica
{BERTHELEIN), Nodosarta velascoensis CUSHMAN strongly suggestz an upper
Campanian or Maastrichtian age for this assemblage. The first two of the
aforementioned species have been widely reported from upper Campanian
and Maastrichtian strata in northwestern Europe. Nodoswria velascoensis
CusHMAN is known to occur in uppermost Cretaceous sediments of Mexico
and Trinidad, B. W. I. It is therefore not unreasonable to assume that in
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California the Campanian-Maastrichtian boundary may lie at the lower-
maost oceurrence or possibly within the lower range of these species as they
oceur in Laguna Seca Creek. In this study the Campanian-Maastrichtian
boundary is provisionally placed at the last oceurrence of these forms
(Table 3).

Examination of Table 4 shows that in Moreno Gulch this boundary falls
at or near sample 270 approximately 1500 feet below the top of the Uhalde
formation. Table 4 also clearly illustrates the difficulties of correlating
strata exhibiting lateral and vertical variations over short distances which
have affected faunal oecurrence and distribution. This factor is to be con.
sidered in establishing biostratigraphie relationships of California Cretaceous
foraminiferal assemblages.

Other species of the lower Laguna Seca Creek fauna which appear
to have local stratigraphic value are Bulimina spinate CusHMaN and Came-
BELL, Neoflabellina pilulifera CusaMaN and CamPBELL, and Nodosarig
spinifera CUsHMAN and CaMPBELL. These species described by CusHMAaN
and CaMPBELL (1935) were originally considered representative of the
Moreno Formation. It is now thought that they oecur in npper Panoche
strata.

Moreno Formation

The Moreno formation in Moreno Gulch has a thickness of about
2100 feet. Near the base and immediately overlying the uppermost con-
cretionary sandstone of the Uhalde formation, the basal Dosados sand-
stone is interbedded with the dark brown shales so typical of the Moreno.
In ascending order the Moreno formation iz subdivided into the following
members:; Dosados sandstone, and shale, Tierra Loma shale, Marea shale,
Lower Dos Palos shale, and the Cima sand. The Upper Dos Palos shale
i not present in the Moreno Gulch section. In the area around Morene
Gulch the Moreno formation is diseconformably overlam by the Laguna
Beca formation (PavyNE, 1951).

In this report the microfaunas of the Tierra Loma and Marca members
are considered the same. The assemblage obtained from the upper part
of the Lower Dos Palos member is completely different and is treated
aceordingly.

Results obtained from samples of the Moreno formation generally are
not so eatisfactory as those of the Panoche group. Due to extreme weather-
ing, .calecareous foraminifers have been leached out throughout most of
the exposed sequence. A number of samples is noted to contain very
rich faunas consisting solely of limonitized foraminiferal tests. Fortunately
a few samples contained sufficiently well preserved material useful for
specific identification. Field examination of the lavender to white Marca
shale member in Moreno Guleh reveals the impressions of countless fora-
miniferal tests, among which the more common are those of Bulimina proliza
CusaMaN and ParkErR and Siphogenerinoides whitet CHURCE. Results
from washed residues do not indicate this profusion of tests noted in the
field. Nevertheless, the actual richness of this fauna was verified when
excellent results were obtained from material from the type loeality of
Siphogenerinoides whitei (see Appendix C). In view of the foregoing, faunal
and biostratigraphic analysis of Moreno formation foraminiferal assemblages
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presented herein iz probably incomplete. However it is believed that the
principal characteristic and diagnostic Foraminifera have been identified.
Diagnostic foraminifers from the Tierra Loma, and Marea members of the
Moreno formation are as follows:

Bulimina prolize CusuMaw and Parxer, Pl 11, figs. 5, 6
Gavelinelle orolomamensis (CusaMan and Goubxorr), Pl 14, fig. 1
Gavelinella turbinate MarTiN, Pl 14, figs, 2, 3

Hoglundina supracretacen (TEN Dam), PL 15, fig. 7
Siphogenerinoides whiter CRURCH, Pl. 13, figs. 2, 3

MaTrsumMoTo records the following megafossils from the Moreno formation
{LSJU 3329):
Baculites lomaensis ANDERSON
Baculifes rex ANDERSON
Neophylloceras hetonaiensis MaTsumMoTo
Neophylloceras hetonaiensis var. tuberculate MaTsvmoTo

Foraminiferal evidence for a Maastrichtian age is not clear-cut for the
Moreno formation. Consideration of the generic entitiez present, however,
may be interpreted as indicative of the age. The genus Siphogenerinoides
CUSHMAN has its most common occurrence in the Maastrichtian of many
parts of the world. It is not, however, restricted to that stage, for it has
been reported in Campanian strata from Colombia (PETTERs, 1955;
BureL and ToBon, 1854). In Moreno Guleh a Maastrichtian age is favored
for the greater portion of the Morenco formation because of the common
oceurrence of Siphogenerinoides in association with Baculites rex ANDERSON,
considered a reliable index fossil for the Maastrichtian of California
{MaTsuMoTo, personal communication). Further supporting evidence is
provided by the occurrence of elasmosaurs in nearby areas of the Moreno
formation. These are believed to be representatlve of a Maastrichtian age
(WELLES, 1952, p. 124).

A most curicus faet is that, in so far as the writer knows, no species
of Globotruncana has ever been definitely found in the Tierra Loma or Marca
members of the Morreno formation. This may possibly be due to the restric-
tive environmental factors previously discussed or perhaps to the extreme
weathering so characteristic of the Moreno formation. In the future a more
detailed systematic study of Moreno microfaunas may reveal the presence
of this highly significant genus.

A complete faunal change takes place hetween the upper limit of the
Bulimina-Siphogenerinoides assemblage of the Marca shale member and
the overlying Lower Dos Palos shale member of the Moreno formation.
The Lower Doz Palos member is characterized by a fauna in which plank-
tonic elements are made up of Globigering and Globigerinoides, generally
considered indicative of a Tertiary age. Immediately above the Maroca
shale a barren zone exists in the Lower Dos Palos shale. The uppermost
30 feet however, yielded positive results. In the Lower Dos Palos, as in the rest
of the Moreno formation, weathering is a restrictive factor in the collecting
of suitable foraminiferal samples. Although very few Foraminifera were
identified, the faunal change is so complete that there can be no mistaking
it for anything other than a major faunal boundary. Significant Foraminifera
of the Lower Dosg Palos member are as follows:
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Globigerina pseudobulloides PLomMmer, Pl 9, fig. 2
Globigering triloculinoides (Prummer}, PL 8, fig. 10
Globigerinoides daubjergensis (Bronwimanw), PL 9, fig. 1
Spiroplectamming perplexa Israwrsky, Pl 2, fig. 14
Valvulinerie Lillisi Cusaman and Goupkorr, Pl 15, fig. 6

These Foraminifera are indicative of a Paleocene {Danian) age for the
Lower Dos Palos member of the Moreno formation, an age determination
in agreement with that of Govpxorr (1945, p. 970), who, in discussing
the difficulties of assigning an age to his Cheneyan stage (A zone), favored
a Paleocene age rather than Cretaceous because of the presence of the
coral Flabellum, known only from Tertiary deposits. GoUDKOFF also reported
the occurrence of Valvulineria lillisi CusHMAN and Goubpkorr from the
horizon in Jergin’s Chaney Ranch well no. 1 which he selected as the type
section of the Cheneyan stage (Goupkorr, 1945, p. 967). This well is
gituated some nine miles southeast of Moreno Gulch. LogEBLICH ({1958,
p- 2261) studied material from Goubkors's type section of the Cheneyan
stage and found a planktonic foraminiferal assemblage similar to that
reported in this study from the Lower Dos Palos member of the Moreno
formation in Moreno Gulch.

The planktonie Foraminifera listed above are typical of the Paleocene
(Danian} and have been reported from many areas of the world. For
example, Globigerinoides daubjergensis (BRONNIMANN) was originally deseri-
bed from Danian sediments of Denmark. It has since heen reported from
the Paleocene {Danian) of the Atlantic and Gulf coastal plains of the United
States, Trinidad, and various parts of BEurope (LoEBLicH and TaPpaw,
1957). .

The Danian, as interpreted in this study, iz representative of the lower-
most Tertiary strata found in California. It is significant to note that
MaLLorY (1959, p. 74) suggests that the base of his Ynezian stage (Paleo-
cene) does not represent the lowermost Tertiary in California. He further
suggests that Danian strata might be present in the Laguna Seca formation
in the southeastern portion of the Panoche Hills.

Results of this study of the Moreno Gulch section establishes the Creta-
ceous-Tertiary boundary on foraminiferal evidence within the Lower
Dos Palos member of the Moreno formation 110 feet below the base of the
Cima sand. Because the lower portion of the Lower Dos Palos seems to
be barren, one cannot state with certainty that it iz also of Paleocene age.
However, because of uniformity of the lithology throughout the Lower
Dos Palos, the Cretaceous-Tertiary boundary is placed at the base of this
member (Table 2).

Foraminiferal evidence presented in this study indicates that an Upper
Cretaceous-Lower Tertiary planktonic succession similar to that found
in other areas oceurs in the California province. It has been demonstrated
herein that Upper Cretaceous planktonic species of Globotruncara and
Rugoglobigerina are present in the highest levels of the Uhalde formation
considered to he Maastrichtian in age. The next pelagic suite observed
is the Danian Globigering-Qlobigerinoides assemblage of the Lower Dos
Palos member of the Moreno formation. Between these assemblages the
previcusly discussed Bulimina-Siphogenerinoides fauna, also of Maastrich-
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tian age, oceurs in the greater part of the Moreno formation. The faunal
succession in Moreno Gulch differs from that of other areas, for at many
places the Globotruncana-Rugoglobigerina fauna is immediately succeeded
by the Globigerina-Globigerinoides group. In the San Joaquin Valley this
variation in faunal sequence may have been the result of the restrictive
depositional conditions postulated for the Moreno formation.

The presence of keeled Globorotalia together with Globigerina in Lower
Tertiary strata of the San Joaguin Valley has been known for many years.
MarTIN (1943) described and figured several forms of Globigering and keeled
Globorotalia from the type locality of the Lodo formation, which overlies
the Moreno formation and is believed to be of Paleocene and Lower Eoeene
age.

There ig little doubt that future studies will result in the establishment
of a planktonic foraminiferal succession of Maastrichtian Globotruncana-
Rugoglobigering forms followed by a Danian Globigerina-Qlobigerinoides
group, which in turn is saceeeded by a keeled Hoborotalia-Globigering
assemblage indicative of the Landenian. This planktonic foraminiferal
sequence has been reported from various parts of the world by a number
of workers (Borrr, 1957; BrOwsIMANN, 19524, 1952 bh; LoEBLIcH and
TarpaN, 1957; Oussox, 1960; RErss, 1955; and WEIss, 1935).

Correlation
1. Local Correlation

In establishing eorrelations the methods employed have been comparison
of assemblages, matching of occurrences of individual species, preferably
those considered index fossils, and a study of stratigraphic sequence of
faunas. Local California correlations based on the use of these methods
do not appear to be inconsistent with prevailing opinions. However, the
application of these methods in regional correlation may be suspect due to
the following restrictive factors: 1. presence of species indigenons to Cali-
fornia or to the area heing compared, 2. effects of varying depositional
environments on the ranges of California species which as yet are not well
known, 3. general sparseness of species considered good index markers
elsewhere [i. e. Globotruncana rosetta (CaRSEY)], 4. variation in reported
stratigraphic ranges of species, and 5. the present state of confusion existing
in the taxonomy of certain groups, which renders the identification of
species difficult. These factors have been taken into account in attempting
to differentiate between successive foraminiferal assemblages from Moreno
Gulch that are indicative of various Cretaceous stages.

European standard stage terminology is used in this paper because it
is well known and widely employed. However, in California the Upper
Cretaceous stages of GoUDKOFF, particularly his letter and number classi-
fication, have been generally adopted by oil company paleontologists and
therefore merit some consideration and discussion here.



Stratigraphic suceession of foraminiferal assemblages from Moreno
Gulech generally coincide with the stage and sub-stages proposed by Goup-
KOFF (1945). Some differences arise because of the presence of species which,
while not new, have not heen previously reported from California. Some of
these are well documented in the literature and have been recorded from
various localities throughout the world.

Foraminifera from Moreno Gulch serve to identify several of Goup-.
KOFF's substages. The lower Cheneyan (A-2), lower Ciervian {C}, upper
Ingramian (D-1), and Cachenian (G) are fairly easy to recognize by their
faunal contents. The upper Ciervian (B), Tracian (E), Weldonian (F),
and Delevanian (H) are difficult to identify and evaluate. Faunal evidence
for the upper Ciervian (B) and lower Ingramian (D-2) is completely lacking
in Moreno Guich. The Trancian (E) and Weldonian {F} are not recognizable
hecause of the oceurrence of arenaceous assemblages lacking index markers
typical of these substages. The presence of the Delevanian (H) in Moreno
Gulch is not satisfactorily proved. GoUDKoFF {1945, p. 994} defines this
stage as follows:

a meager fauna of poorly preserved and indeterminate species of Foraminifera, here
antd there associated with limonitized radiolarian tests.

Examination of samples from the lower part (12,000 to 14,000 foot interval)
of the Moreno Gulch section reveals the rare occurrence of well-preserved
calcareous and arenaceous foraminifers similar to those from the lower
Cachenian (G-2). No doubt the close spacing of samples facilitated detection
of these species. Accordingly in this study the lower Cachenian (G-2) is
extended to include all of the lowermost exposed section in Moreno Gulch.

Correlations with previously described Upper Cretaceous foraminiferal
azsgemblages from northern, central, and southern California are shown
in Tables 8—12. Table 8 illustrates the correlation of previously described
microfaunas from California with those of Moreno Gulch as interpreted
in this study. It also shows their relationship to the European standard
stages. Tables 9—12 show the number of species having common oecurrences
in Moreno (lulch and the area being compared.

Table 9 shows that the microfauna described from the Alcalde Hills
near Coalinga by CusHMAN and CHURCH (1929) is probably equivalent to
the lower Uhalde and possibly the uppermost part of the Upper Marlife
formations. The following foraminifers are common to both areas: Buli-
ming aspera CusHMAN and PaArxErR (Bulimina obiusa), Globotruncane
churchi MARTIN { Qlobotruncana arca), Gublering ornatissime {CUSHMAN
and CuvrcH) (Ventilabrella ornatissima}, Gyroiding quadrata CUSHMAN
and Cuurch, Hoglundine supracreincea (TEN Dam) (Epistoming caracollaj,
Lagena  paucicosts FRANKE (Lagena sp.), Marginulina bullata REUSS,
Marginulina curvisepta Cusuman and Goupkorr {Marginuling jonesi),
Marssonella oxycona (REUSS) (Gaudryina ozycona), Pseudonodosaria larva
(CarsEY) (Glandulina wmanifestaj, Silicosigmoilina californica CUSHMAN
and CHURcH, Spiropleciammina chicoana LALICKER (Spiroplectamming
anceps), and Valvulineria lenticula REuvss (Gyroidire depressa). This
assemblage may be considered correlative to that interval of the Moreno
Gulch represented by samples 346 to 529 (Table 2),
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It should be pointed out that names in parenthesis are those used by
Cusuman and CaurcH in their 1929 paper. This publication appeared
over 30 years ago and pionheered in the description of Upper Cretaceous
Foraminifera from California. Hence it is understandable that since that
time taxoncomic changes and the deseription of new species have altered
the nomenclatural pattern then in use.

Table 9. Stratigraphic oceurrences of Moreno Gulch Foraminifera recorded
from the Alealde Hills (Cusaman and CHurch, 1929)

Upper Lower
Foraminifera Moreno Uhalde Marlife Marlife
fm. fm. fm. fm.

»®

Hoglunding supracreloicet . . .o oovi i innnnanns ®
Peeudonodosaria larva .. .. oo i, e
Silicosigmoiling californica ... ... ... .. 0. *
Lagend paucioosta ... ouuinin s iaseannniansnann
Maorginuling curpisepld. . ...
lobotruncana churchi ... ... . il
Gublering ornabissing . . ..o ov v v i
Gyroiding quadrate . ... ..o o
Marginuling bullate ... ...oooo il
Pullende jarvisi .. ... it e
Spiroplectomming chicoona ... oo it i,
Valvulineria lendiculo . ...
Marssonella oxzyeona . ...ttt

P
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In 1935 CosEMAN and CaMPBELL described and figured some Foramini-
fera from a well near Tracy in central California. This assemblage, although
not present in Moreno Guleh, is well developed in Laguna Seca Creek about
1300 feet below the top of the Uhalde formation of the Panoche group
{samples 22 to 50}, Foraminifera having a common oceurrence in beth
areas are as follows: Bolivina incrassate REUSS, Bulimina spinala CUSHMAN
and CamrBELL, Buliming aspere CUsHMAN and PARgER (Bulimine oblusa
of CugeMaN and CamMPBELL), Dentalina megalopolitana REvsS, Marginulina
campbelli MavTin { Marginuling of. M. Bronni of CusaMa¥ and CaMPBELL),
Neoflabellina pilulifera (Cusamanw and CamesrLL), Nodosarie monile v.
HaceNow, Nodosaria velascoensis CUSHMAN, and Nodosaria sp.

This fanna in Laguna Seca Creek is correlated with the upper part of
the Uhalde formation in Moreno Gulch (samples 262 through 270). The
Moreno Gulch assemblages are characteristically arenaceous (Table 4)
throughout this interval.

The foraminiferal fauna deseribed and figured by Bawpy (1951) from
the Carlsbad area in San Diego County is tentatively correlated with that
from the middle portion of the Uhalde formation in Moreno Guleh, Foramini.
fera common to both areas include the following: Dentalina megalopolitana
Bruss, Dorothia bulletta (CarsEY), Globoiruncane arce (CUSHMAN), Globo-
truncana rosetle (CARSEY), Heterohelixz striate (EHRRENBERG), Hoglundina
supracretacee {TEN Dam}, Lagena brevipostica Banvy, Lagena proboscidialis
Banpy, Marginulina bullate Ruuss, Marssonella oxyeona (REuss), Plano-
wmaling aspera (EARENBERG), Palmula primitiva CusEMAN, and Robulus
modestus BaNDY.

Jalick, Geol. B.A., 1984, Sonderband 9 3
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The distribution of these species in Moreno Gulch renders recognition
of Gounkorr’s E zone difficult. Many of the above listed forms are long
ranging while others have a sparse occurrence. The presence of a predomi-
nantly arenaceous fauna in the middle portion of the Uhalde formation
further restricts proper identification of this zone. Table 10 illustrates
the distribution of Moreno Gulch foraminifers recorded from the Carlsbad
area.

Table 10. Stratigraphic occurrence of Moreno Gulch Foraminifera recorded
from the Carlshad area (Bawpy, 1951)

Upper Lower
Moreno TUhalde Marlife Marlifo
Foraminifera fin. fin. fin. fm.

Dentalina megadopolitana . ... ... ... . ... ... X
Hoglunding supracrélteet .. .ooveivirenennnennn.. Y s
Gyroiding orbicella ... .. it b
Heterohelde striata .. ... ... ..ottt P

Latgena breviposiion .. ot
Logena proboscidialis ... ... i
Planomaline aspera ......... . 0ot
Dentalina basiplanata ... .. ... . . ..
Marginuling bullafa ... ..ot iarian s
Marssonelle omyeond . ... ... i i i
Dentaling aculeata . ... ... .. o
Dorothia bullefla. ... ... ovn it

KWK K KR

Palmula primitiva ... ... i
Robulus modestir. ... ... o e e

MMM XX

GramaM and CHURCH (written communication) have in preparation
a paper dealing with Upper Cretaceous foraminifers from a locality on the
Stanford University campus. They consider this assemblage to be of Cam-
panian age (GRaHAM and CHURCH, 1959, p. 1610}. Table 1 shows the
stratigraphic occurrences of Foraminifera common to both Moreno Gulch
and the Stanford University locality. It is at once evident that the Stanford.
fauna is correlative with those from the Uhalde and Upper Marlife formations
of the Panoche Hills area.

Of the many species common to both areas, the following appear to
be ‘more significant: Bolivinitelly eleyi (CusHMAN), Bolivinoides decoratus
latticews {CARSEY), Eponides spinea CusHMAN, Globolruncana paraventricosu
(HorkER), Gublerina ornatissima (CUusEMaN and CHURCH), Gyroidina quadrata
CusaMaN and CHURCH, Lingulina californiensis TruJILLO, Marginulina
curvisepta CusHMAX and GoUDKOFF, Reusselle szajnoche (GRZYBOWSKI),
Spiroplectamming chicoane TLALICKER, and Quadrimorphina allomorphi-
noides (BEBUSS).

Because absolute stratigraphic ranges of these species are not as yet
established, only a provisional correlation between the Stanford loeality
and Moreno Gulch iz attempted. As shown in Table 8 the Stanford fora-
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miniferal assemblage is interpreted as including elements that in Moreno
Gulch range in the lower half of the Uhalde and the uppermost part of the
Upper Marlife formations.

Table 11. Stratigraphic occurrences of Moreno Gulch Foraminifera recorded
from the Stanford University Campus locality (GranaM and CHURCH, in
preparation)

Upper  Lower
. Moreno Uhalde Marlife Marlife
Foraminifera fin, fm. fm, fin. .

Higlunding supracreldten .. ... ... vurerrrnanans e
Dentalina basiplondade .. ... ..., ... reaneaaaeaas
Heterohelia stricla .. ..o ove it iiiesianns
Marginuling curviseptet ... .00 iinnnnirsiasunnan
Gyrotding quadrata . . ... .. . o i i,
Astacolus Jarvist ... ..o i i i e
Buliminella carseya@e. ..o, oo i iiicannane
Dorothia badletta, ... .o iiiii i e
Eponides bandyi ... ..ot
Bponides spinea ... ... .. ol
Globolruncang paraventricost. .. ......oouveiunan.,
Gublering ornaliesime . ... oo i
Heteroheliz globulosa ... oo ioviiiiiieiiinns.
Marginulina bdlate ... ... 0 oo iia
Planomaling aspera - .. ... ... iiinninirinnnnees
Spiroplectamaning chicoana ... oo,
Quadrimorphing allomorphinoides. (... ... .. ..
Haplophragmoides dmpensus ... ... vvvuena.
Marssonelle opyeong . ...ttt iiiai it
Silicostgmoiling ealifornica ... ... ... ... ... ..
Bolivintella eleyl ... ..o i
Bolivinoides Tatliceus ... iieaieiianea..
Langulina californiensis .. ..o v
Reussella szafnoche .. ... ... i

AN A A A A A O A A A A4

XXX}(XXXXXXX}(X_XXXXX}C
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More recently TrusirLo (1960) described and figured lower Senoniamn
Foraminifera from near Redding in northern California. On the basis
of Foraminifera common to both the Redding and Panoche Hills areas
it is evident that the former section stratigraphically overlaps the. lower
half of the Moreno Guleh section represzented by the Lower and Upper
Marlife formations. Significant foraminiferal species common o both
areas are as follows: Psammosphaera lacvigata WHITE, Marssonella oxycona
(Revss), Quadrimorphina aliomorphinoides (REUsS), Lingulina californiensis
TruJiLLo, Astacolus  jarvisi  (CusaMaN), Globotruncana - linneiang
(d’'OrBiaNY), Gyroidina forealis WuITE, Eponides bandyi TruUILLO,
Qyroiding goudkoffi TrUMNMLLO, Planulina popencei TRUIILLO, Planularid.
wmbonatus LoBTTERLE, and Pleurostomella greatvalleyensis TRUsILLO. -

Some of these species range upward into sediments of the Uhalde for-
mation in Moreno Gulch. In most cases, however, they have their most
common occurrence in the Upper and Lower Marlife formations. In this
study these latter lithogenetic units have been assigned Santonian and
Coniacian ages respectively. Table 12 demonstrates the distribution of
Redding foraminifers occurring in Moreno Gulch. The largest number of
oceurrences are in the lower portion of the section. It is - significant,
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that several stratigraphically important species observed in Moreno Gulch
are apparently not present in the Redding area. These are Globorotalites
subconicus {MORROW), Stensidina evsculpta (REUsS), and Anomaling beck:
MARTIN.

Table 12 shows also that the Lower Marlife formation has only nine
species in common with the Redding fauna, whereas the Uhalde formation
has 11. On the basis of numerical analysis it would seem to follow that
the Uhalde is correlative with Cretacecus strata of the Redding area.
However, the danger of correlating solely on the basis of statistical results
is well illustrated here, for closer examination of the nine species common
to the Lower Marlife formation and the Redding area discloses that seven
of them extend no higher than the Upper Marlife formation. Furthermore,
all seven of these species have their most common occurrences in the lower
half of the Upper Marlife and upper half of the Lower Marlife formations.
The small number of species in common between the stratigraphically
equivalent Lower Malife formation of the Panoche Hills and Unit IV of
the Redding area can be accounted for by the unfavorable environment
exigting during deposition of the former.

Table 12. Stratigraphic occurrences of Moreno Gulech Foraminifera recorded
from near Redding (TrRUJILLO, 1960)

Upper Lower
Foraminifera Moreno Uhalde Marlife Marlife
fim, fm, fm. fm.

DM. T 7 ] 1 T bpaa
Hoglunding supracrefaced . .......ovvviiinroeana.
Haplophragmoides eveavata .. ... ... ..
Cribrostomoides crelacea ... ..oivvieenneeinnnnnns
Gandryping pyramidale .. .. .. . i
Gyroidina goudkoffi .. ..o i
Heterohelix globulosa ... ..o
Bpivoplectommina chicoana ... ... ... ...
Quadrimorphing allomorphinoides. ......... ... ...
Haplophragmoides fmpensus .. ... oo oo
Marssonella oTYCORA ..o vt s
Astaeolus Jaroist . e
Kyphopyxa christnert ... . ... i iiiiniiannnn
Languling californiensis ... .. oot i e
Robulus modestus. .. ..o iiiiianeens
Bponides bandyi ... ... ... e
Globotruncanca BRACIERG . . . ... .. ... virenennn-
CGyroiding florealis ..o o
Planulina pepencet ... it iiaiaiiaa
Plum 4, oy gt r} 1L Py

PT I ;‘& aranih £,
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2. Regional Correlation

Identification of Upper Cretaceous Foraminifera from Moreno Gulch
and Laguna Seca Creek was facilitated by a comparison of these foramini-
fers with those from areas cutside of California. These comparisons in



37

cohjunction with an extensive literature survey, it is believed, establizsh
plausible correlations. Although a number of species relationships were
noted, no attempt has been made to draw concrete conclusions regarding
the correlation of gtratal units from foreign areas with California equivalents.
Moreno Guleh foraminiferal assemblages, however, are interpreted in terms
of European standard stages (Table 8). The present state of knowledge of
California Cretaceous Foraminifera, in addition to the restrictive factors
already mentioned preclude efforts to arrive at any finer correlations than
those attempted in this paper. Future studies of this group will undoubtedly
clarify and establish specific and faunal associations that will result in
detailed valid regional correlations.

In the course of this study it was found that a number of species observed
in Moreno Guleh also oceur in the Tampico embayment area of Mexico
(Cushman, 1926; WEITE, 1928, 1929). Some of these forms are as follows:
Bathysiphon dubia (WHITE), Glomospira charoides (Jones and PARKER),
Nodellum velascoensis (CusSHMAN), Gaudryina pyramidata CUSEMAN, Olavulina
trilaterus (CusHmMaN), Dorothia bulletia (CARSEY), Nodosaria velascoensis
CusHMAN, Astacolus jarvisi (Cuseman), Lenticuline velascoensis WHITE,
Globotruncane arce (CUSHMAN), Globotrunéana rosetta (CARrsEY), Bolivina
incrassafe REUSs (Bolivina primatumida of WHITE), Reussella szajnoche
(GrzYBOWSKI) {Bulimina limbata of WHITE), Gyroidina forealis WHITE,
Gyroiding subangulata (PLUMMER), Eponides spinea CUSHMAN, Stensidtna
excolute (CUSHMAN), and dnomaling whitet MARTIN ( Rotalia beccaritformis
var. of WHITE),

Wurre (1928, 1929) tabulates the stratigraphic ranges of these forms,
and, although the majority of them oecur in the Mendez shale, many range
upward into the overlying Velaseco shale. According to WHITE's charts,
foraminiferal species ocecurring in the Mendez shale and apparently
restricted to the Cretaceous include the following: Globotruncana arca
(CuseMan), Globotruncana rosetia (CARSEY), Stensidina excolata (CUSHMAN),
Heterohelix globulose (EHRENBERG), Fponides spinea CUSHEMAN, and Reus-
selle szajnocke (GrzyBowski). All of these species oceur in the Moreno
Gulch section (Table 2).

Recently OuLveEma (1959) described and figured the more important
Foraminifera from the Mendez shale in the Tampico-Tuxpan basin. Among
the species described by her whieh also oceur in Moreno Gulch, the following
are of significance: Gaudryine pyramidata CusEMAN, Clavulinoides tri-
laterus (CusEMAN), Globotruncana linneiana (d'ORBIaNY), Globotruncana
linnciana tricarinate (QUEREAU), (lobotruncana riojae OQLVERA, Globo.
truncana rosella (CARSEY), Reusselle szajnocke (GRzYBowWSKI), and Quadri-
morphina allomorphinoides (REUSS).

Most of these forms oecur in the Uhalde formation, although some range
down into the underlying Upper Marlife sediments. Little else can be
said about correlations between the Tampico area and California because
of the general lack of information concerning both Californian and Mexican
foraminiferal assemblages. As pointed out by BoNer (1956) there is a defi-
nite need for a comprehensive biostratigraphic analysis of Senonian and
Maastrichtian foraminifers of Mexico.

Upper Cretaceous Foraminifera reported from Colombia and noted
in Morene Gulch samples include: Heplophragmoides excovate CUSHMAN
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and Wargrs, Dorothie bulletie (CamseEY), Dentaline dasiplanate CUSHMANW,

Marginuling curvizepta CusEMAX and GouDxorr, Palmule primitiva
CusEMaN, (lobotruncona arce (CUSHMAN), Bulimina caspere CUSHMAN
and PaARKER, Bulimina reussi Morrow, Buliminelle carseyae PLUMMER,
Buliminella colonensis Cusuma¥ and HepBEre, Valewlineriz lenticula
{REUss), and Higlundina supracretaces (Tex Danm).

- A number of these forms were recorded by CusHMax and HEDBERG
{1941) from the Colon and Mito Juan formations in northeastern Colombia.
Although exact stratigraphic correlations based on the ranges of these
species cannot be made, their distribution in Colombia suggests a Cam-
panian to Maastrichtian age for those sediments. In terms of the Gulf
Coast area of the United States these would be equivalent to the Taylor
ahd Navarre formations (Cusamax and HEDBERG, 1041, p. 50). In the
Panoche Hills most of these foraminifers occur in the Upper Marlife and
Uhalde formations.

GawporLFr (1955} reviews stratigraphic and taxonomie data of species
of Globotruncana from northeastern Colombia. He reports Globotruncana
rogette (CansEY) from Campanian strata of that country and Globotruncana
arca (CusHMAN) and Rugoglobigerina rugosa (PLUMMER) from the Campanian
and Maastrichtian. In Moreno Guleh these forms oceur in the upper portion
of the TUhalde formation.

A Bulimina-Siphogenerinoides assemblage somewhat similar to that
of the Marca shale member of the Moreno formation has been deseribed
from Campanian and Maastrichtian strata from surface sections near the
town of Girardot in Colombia by Brrer and Topox (1954, pl. 1). Cali-
fornia species reported from the Girardot sectionz are Siphogenerinoides
clarki CusEMAN and CaMPBELL and Bulimina proliva CUSHMAN and PARKER.
It is noteworthy that in Colombia these species oecur together and range
throughout the Campanian and Maastrichtian. In Moreno Guleh Bulimine
prolize CusHMAN and PARKER is restricted to the Moreno formation where
it is associated with Siphogenerinoides whiter CHURCH. Siphogenerinoides
clarki CUsHMAN and CaAMPBELL occurs only in the uppermost Uhalde sedi-
ments. Another difference hetween Bulimina-Siphogenerinoides faunas
from Colombia and California is that Colombian assemhblages are more
varied, for they have a greater number of species of Siphogenerinoides and
Bulimina. The California fauna is dominated by specimens of Siphogeneri-
noides whitet CHUROH and Bulimine proflixe CusuMaXN and PARKER.

- Published accounts (Cusaman and REewz, 1946, 1947; Boini, 1951,
1957} as well as examination of material from the Naparima Hill and
Guayguayare formations of Trinidad, B. W. I, demonstrate existing
specific similarities between that area and California. Foraminifera common
to both areas are as follows: Bathysiphon dubia (WHITE), Pelosina com-
planate FRANKE, Hyperammine elongata H. B. Brapy, Saccorhize ramosa
H. B. Brapy, Involutina glabratus (CusaMan and Jarvis), Qlomospira
charoides (Joxes and PARKER), Nodellum velascoensis (CUSHMAN), Gaudryina
pyramidate CUSHMAN, Marssonelly indentata (CusHMAN and JARvIs),
Rzehakina epigona lata CuseMaN and Jarvis, Rzehakina epigona minima
CusaMaN and RENZ, Nodosaria velascoensis CUSHMAN, Astacolus jarvisi
{CusEMaN}), Pullenia jarvisi CusHMAN, Globotruncana arca {CUSHMAN),
Globotruncana rosetla (CARSEY), (lobotruncana lnneiana fricarinata (QUE-
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REAT), Rugoglobigerina rugosa (PLUMMER), Buliminella colonensis CUSHMAN
and HEDBERG, and Boliviniiella eleyi (CUSHMAR).

Most of the species listed above have been reported from outerops
representative of the upper part of the Naparima Hill formation formerly
known as the Tarouba formation. CusHMaN and RENz (1947), in discussing
the fauna of the Naparima Hill formation, arrive at the conclusion that
it. is equivalent in age to the Taylor stage of the Gulf Coast of the United
States, Almost all of these species in Moreno Gulch are known to occur
in the Upper Marlife and Uhalde formations.

Bovrrx (1957) on the basis of Globotruncana species assigns a Campanian
age to the upper part of the Naparima Hill formation and a late Campanian
10 Maastrichtian age to the Guayaguayare. This author also shows {1957,
p. 58, fig. 10) that in Trinidad Glehotruncana arce (CUSHMAN) ranges from
the Campanian to the lower Maastrichtian. In Moreno Gulch the strati-
graphic distribution of this species is similar, for it oceurs in the Uhalde
formation considered to be Campanian to lower Maastrichiian in age.
The only other species of Globotruncana reported from Trinidad by BoLrr
—which also oceurs in Moreno Gulch—is Globotruncana linneiana fricarinate
{QuerEAU). This form does not have the same stratigraphic ranges in the
two areas, for in Trinidad its reported range is from the upper Campanian
10 Maastrichtian, whereas in Moreno Gulch it is observed only in sediments
of Santonian age.

Since a great number of California Cretacecus species are found to be
conspecific with forms from the Gulf Coast of the United States, they have
been listed in Appendix D. Stratigraphic ranges are based primarily on
the works of Cusumaw (1946) and Frizzeirn (1854). The stratigraphic
distribution of many of the Gulf Coast species does not coincide with that
of California, for in the majority of cases, the Gulf Coast forms seem to
have longer ranges. A few Gulf Coast species, however, do indicate that
they are not only conspecific with California forms but that their strati-
graphic distribution is comparable to that of their west coast counterparts.
Some of the more important of these and their reported Gulf Coast ranges
are:;

Rugoglobigerina rugosa, Navarro
Globuling locrime subsphaerica, Navarro-Upper Taylor
Bulimina proliza, Navarro-Upper Taylor '
Globotruncana arca, Navarro-Upper Taylor
Hoglundine supracreiacea, Navarro-Upper Taylor
Bolivina incrassata, Lower Navarro-Taylor
Palmula primitiva, Upper Taylor
Gaudryina laevigate, Upper Taylor
Bolivinoides decoratus latticens, Taylor
Rzehakina epigona late, Taylor
Bolivinitella eleyi, Taylor-Upper Austin
Globotruncana paraveniricose, Taylor-Austin
Heteroheliz pulchra, Taylor-Austin
Kyphopyxa christneri, Taylor-Austin

" Globorotalites mickelianus, Taylor-Austin
Globorotalites subconicus, Lower Taylor-Austin
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In Moreno Gulch the majority of these forms ocour in the Uhalde and
Upper Marlife formations, and thus demonstrate existing faunal and strati-
graphic similarities between the California and Gulf Coast provinces.
This is not true of Moreno formation assemblages, which show little if
any relationships to Gulf Coast foraminiferal assemblages. In terms of
Gulf Coast terminology this means that the uppermost Uhalde and Moreno
formation foraminiferal faunas, considered Maastrichtian in age, have very
little in common with Navarro mierofaunas. The lower Uhalde and Upper
Marlife assemblages can be readily recognized as Taylor and Austin equi-
valents respectively. The arenaceous faunas from the middle portion of
the Uhalde cannot be easily identified because of the lack of index foramini-
fers. However, this fauna and those from other stratigraphic horizons of the
Uhalde suggest an age equivalency to those from the Taylor formation of
the Gulf Coast.

A similar analytical treatment is given to those foraminiferal species
from California known to occur in northwestern Europe (see Appendix E).
A considerable number of publications were consulted to arrive at what
may be considered adequate stratigraphic ranges for these species. Although
some disagreement exists regarding stratigraphic distribution of Cretaceous
foraminifers in Europe, examination of the compiled data in Appendix E
shows that a few species can be of assistance in determining the age of
equivalent California Cretaceous strata. The more important and characteris-
tie of these and their reported stratigraphic range in northwestern Eunrope
are listed below.

Bolivina incrassate, Maastrichtian-upper Campanian
Globotruncana arca, Maastrichtian-Campanian

Bulimine proliza, Maastrichtian-Campanian

Globuling lacrima subsphaerica, Maastrichtian-Campanian
Globotruncana rosetta, Maastrichtian-Campanian
Nodosaria monile, Maastrichtian-Campanian

Gublerine ornatissime, Maastrichtian-Campanian
Osangularia cordieriana, Campanian

Dentalina basiplanata, Campanian

Globotruncana mariai, Campanian

Aptioptering eylindroides, Campanian

Lagena paucicoste, Campanian

Bolivinitella eleyi, Campanian-Santonian

Globotruncana Hnneianae tricorinate, Campanian to Coniacian
Globotruncana linneiang, Campanian-Coniacian

Reussella szajnocke, Campanian-Santonian

Globorotalites michelinianus, Lower Campanian-Santonian
Stensiding exsculpte, Lower Campanian to Coniacian
Globorotalites subconicus, Santonian-Coniacian

Robulus lepidulus, Santonian-Coniacian

Comparison of Moreno Gulch foraminifers with those of northwestern
Europe shows that specific similarities may be observed between the two
areas. This is true of microfaunas of the Upper Marlife and Uhalde forma-
tions, considered Santonian and Campanian respectively. It is also true,
to a much lesser degree, of the Lower Marlife formation of Coniacian age.

-
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The Maastrichtian Moreno formation microfaunas do not show any affinities
with their European equivalents. For instance, the genus Siphogenerinoides,
so prevalent in California, has not, to the writer’s knowledge, been reported
from northwestern Europe.

Moreno Gulch equivalents of the European standard stages can be
fairly well recognized, although definitions of stage boundaries are not wholly
satisfactory. In Europe there is also some disagreement concerning stage
boundaries, and it is evident that considerable work is still required before
establishing interregional correlations on a firm basis.

Ii may be argued that in the series of analyses presented, foraminifers
listed from each of the areas discussed represent an extremely small fraction
of the fauna. It may further be argued that apparently only selected or
chosen species have been used. For example, CusEMAN (1946) described
and figured some 600 Upper Cretaceous foraminiferal species from the
Gulf Coast and adjacent areas of the United States. Of these 52 species
are considered to have been satisfactorily identified for use as correlative
units. This number is further reduced when only those species whose
stratigraphie distribution approximates that of their California counter-
parts are considered. This pattern is true for all areas compared. It is
believed that in spite of the many limiting factors that have to be taken
into account, essentially the same species and their recorded stratigraphie
ranges from various areas provide a basic stratigraphic sequence which
is also applicable to the California province. These observations have led
to the recognition of two groups of diagnostic foraminifers. One group
consists of forms indigenous to California thathavelocal stratigraphic signifi-
cance. Members of this group and their cccurrence in terms of Goup-
xoFF's California substages and European standard stages are as follows:

California European
Subatages Standard

Valvulinerice Tillisd . .. ... . ... ... A2 - Danian
Siphogenerinoides whilel .. ... ... ... c Maasstrichtian
Gavelinelle ovolomaensis ... ... ivviiin e C Maastrichtian
Govelinella turbinats .. ..........ccvvevnnns ¢ Maastrichtian
Rotalia bardyt . ........ .. ..o i D-1 Maastrichtian

A ling occidentalis ... ..oiiiiiiai D-1 Maastrichtian
Buliming spinala ..o iiirieranans v.. D22 Maastrichtian
Nodosaria spinifera.........ooovvviininnnna D2 Maastrichtian
Oribrostomoides cretaces .. ... ... un. F Campanian
Gyroiding quadrala . . ..o iiiii i F Canpanian
Globotruncana churehi ... ... .. ... ..., F Campanian
Globotruncana fresnoensis ... ... ... ... ... P G.1 Campanian-Santonian
Bermudezing wvigeringeforsmis ... ... .oiviiaa.. G-1, G-2 Santonian-Coniacian -
Anomaling beckt .. ..ottt G-1, G-2 Santonian-Coniacian
Planyling popenoet .........vieieerinereen. G-1,G-2 Santonian-Coniacian
Pleurostomelle greatvalleyensis ... .. ... ... ... G-2 Coniacian :

The second group consists of Foraminifera with wide geographic distri-
bution and fairly well established stratigraphic ranges, The more prominent
of these are as follows:



California European

Substages Standard
Globigerinae pseudobulloddes .. ... ... i it A.2 Danian
Globigerina triloculinoides ... .............. -2 Danian
Gobigerinoides doubjergensis .. ...... ... ... A-2 Danian
Bulimina proliza ... .o i C Maastrichtian
Rugoglobigering rugosa ........oovvuiiinnen. D-1 Maastrichtian
Siphogenertnoides olarki ... ... ... ... ... D-1 Maasirichtian
Gublering ornatissima . . ... e anen.. b1, G-1 Maastrichtian-Santonian
Bolivina tncraseafd .. ovvviiiiniii i, D2 Maastrichtian
Globulina lacrima subsphderics .............. D.2 Maastrichtian
Gaudrying pyramidata ... ... ... i, E Campanian
Flobotruncana rosetta ... .. ... ... E Campanian
Quadrimorphing allomorphinoides. .. ... ....... F,G-1 Campanian-Santonian
Reussella szajnoche .. .ooivie i i iiininas F, -1 Campanian-Santonian
Bolivinttelle eleyi ... .. 0oiii i F, G-1 Campanian-Santonian
Flobotruncana linneigna tricarinate . ......... G-1 Santonian
Kyphopysa christnert .. ... ... .. ... ... ..., G-1, G-2 Santonian-Coniacian
Qlobotruncana linnefana . .. ... coeeenenonn. G-1, G2 Bantonian-Coniacian
Globorotalites subCOMICUS . .o vt iiinnrininens &-1,G-2 Santonian-Coniacian
Stensiding exseulpta ... ... i G-1, G-2 Santonisn-Coniacian

These two groups provide an interlocking series which serves to check
age determinations based on provincial forms by comparing them with
age determinations based on widely distributed species, In California these
two groups seem to complement each other very well. Ome should point
out, however, that future work will undoubtedly modify some of the strati-
graphic ranges of species deseribed in this study.

Btratigraphic distribution of some of these provineial and eosmopolitan
Foraminifera as they occur in Moreno Guleh and Laguna Seca Creek is
shown in Table 5. Other occurrences and stratigraphic significance of
species are given in the systematie deseriptions. These include occurrences
from areas other than those discussed in the text. The foregoing examples
show that as California Cretaceous foraminifers become better kmown,
finer and more ¢onclusive interpretations and correlations can be expected.

Systematic Descriptions

In this study synonymies eonsist of the following: (1) original reference,
{2) synonyms, (3) generic changes, and (4) references containing fairly
complete published synonymies.

All figured specimens are catalogued and deposited in the mieropaleonto-
logical colleotion of Stanford University, Stanford, California.

Phylum PROTOZOA

Class SARCODINA Burscuri, 1882
Order FORAMINIFERA d’OrBIioNY, 1826
Family RHIZAMMINIDAE CusaMan, 1927

Genus BATHYSIPHON Bars, 1872

Batkysiphon dubia (WHITE)
Plate 1, figs. 1a. b

1928 Kalamopsis dubia WRITE, Journ. Pal., vol. 2, no. 3, p. 185, pl. 27, fig. 3; Upper
Cretaceous, Mexico.
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Description: Test elongate, small, smooth exterior, tube generally
collapsed, oceasional constrietion present; wall thick, consisting of amorphous
siliceous material, sponge spicules rare; chamber opening relatively small.
Length, 0.45 mm.; diameter, 0.256 mm.

Remarks: This small form matches well the description given by
WHITE. California specimens sent to the U. 8, National Museum compare
favorably with the type.

Hypotype: SU no. 9331, Loeality no. MG 239.

Bathysiphon californicus MARTIN, n, sp.
Plate I, figs. 2a, b

Description: Test elongate, cylindrical, medium sized for genus;
wall fairly thin, rough exterior, composed of fine amorphous material,
sand grains, and rare aponge spicules; chamber opening comparatively
large. Length, up to 1.00 mm.; diameter, 0.40 mm.; diameter of chamber,
0G.20 mm.

Remarks: Characterized by its relatively rough exterior and thin
wall, this foraminifer may be readily distinguished from Bathysiphon
-alexanderi CUSHMAN and Bathysiphon taurinensis Sacco. It differs from the
former by its rough exterior and larger cavity and from the latter by its
smaller size.

Holotype: SU no. 9331 a, Locality no. MG 247,

Bathysiphon sp.
Plate 1, figs. 30, b

Description: Test elongate, subeylindrical, large; wall thin, smooth,
consisting of siliceous material, rarely of sponge spicules; chamber opening
large. Length, up to Q.75 mm,

Remarks: Only small broken fragments representative of this species
were observed. Better preserved material is required for identification.

Depository: 8U no. 9332, Locality no. MG 247.

Genus PSAMMOSIPHONELLA AvNIMELECH, 1952

Psammosiphonella llanadoensis MARTIN, n. sp.
Plate 1, fige. 42, b

Description: Test tubular, sides parallel, elliptical in cross section
due $o being deformed, no constrictions noted; wall coarsely arenaceouns;
chamber latge. Length, up to 1.75 sm.; breadth, 0.60 mm.; thickness,
0.35 mm.

Remarks: Tubular agglutinated forms are assigned to the genus
Psammosiphonella in accordance with AvNIMELECH's (1952) revision of
the Monothalamia. Although only fragments are present in Morenc Gulch
material, examination of numerous specimens failed to demonstrate the
presence of a closed end or of sponge spicules.

Holotype: SU no. 9333, Locality no, MG 574.
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Family SACCAMMINIDAE Brapy, 1384
Genus PSAMMOSPHAERA ScrurzEe, 1875
Psammosphaera laevigata WHITE
Flate 1, figs. 3 a—o
1928 Psammosphaera loevigalo WimITE, Journ. Pal., vol. 2, no. 3, p. 183, pl. 27, fig. 1;
Upper Cretaceous, Mexico,

1960 Psammosphaera lacvigate. TrRUIILLO, Journ. Pal., vol. 34, no. 2, p. 302, pl. 43,
figa. 1a, b; Upper Cretaceous, northern California.

Description: Test subspherical, unilocular, lenticular in cross section.
due to being deformed; wall moderately coarse but smeothly finished,
arenaceous; aperture simple, round. Diameter, 0.90 mm.

Remarks: The few specimens in Moreno Gulch seem to be conspecific:
with WHITE'S species.

Hypotype: SU no. 9334, Locality no. MG 1126,

Genus PELOSINA Brapy, 1879
Pelosina complanate FRANKE
Plate 1, figs. 6a, b
1911 Pelosing complanata FrawkE, K. preuss. gecl. Landesanstalt Jahrh,, vol. 32, pt. 2,
p. 107, pl. 3, figs. 1a, b; Upper Cretaceous, Germany.

1846 Pelosina complanata. Cusmman, U. 8. Geol. Survey Prof. Paper 208, p. 15, pl. 1,
figs, 9—11; Upper Cretaceous, U. B. Gulf Coast {Contains prior synonomy).

Description: Test unilocular, distorted to lenticular shape, sub-
circular in outline; wall finely arenaceous, apparently partially replaced
by amorphous silica; aperture simple, round, located at end of short tube.
Diameter, 0.42 mm.

Hypotype: SU no. 9335, Locality no. MG 574.

Family HYPERAMMINIDAE Cusamawn, 1910
Genus HYPERAMMINA Brapvy, 1878

Hyperammina elongata H. B. BRapy
Plate 1, figs, Ta, b

1878 Hyperammina elongata Brapy, Ann, Mag. Nat. Hist., ser 3, vol. 1, p. 433, pl. 20,
fig, 2; Recent, Arctic Sea.

1932 Hyperammina elongaia, CusamMar and Jagvis, U. 8. Nat, Mus. Proc., vol. 80, art, 14,
p. 6, pl. 1, figs. 7, 8; Upper Cretaceons, Trinidad, B. W. I.

1951 Hyperammina of. H. elongata. NotwH, Jh. Geol. Bundesanst. Wien, Sonderband 3,
p. 24, pl. 6, fig. 6; Upper Senonian, Austria.

Desgeription: Test elongate, cylindrical, sides parallel except for
swollen proloculus; wall finely arenaceous, with varying amounts of cement;
aperture simple, formed by open end of test. Length, 0.65 mm.; diameter,
0.20 mm.

Hypotype: SU no, 9336, Locality no. MG 962.



4b

Genus SACCORHIZA EiMER and FickerT, 1899
Saccorhiza ramose (H. B. BRADY)
Plate 1, figs. 88, b; 9

187} Hyperammina ramose H. B, Brapy, Quart. Jonrn. Mier. Bei., n. ser., vol. 19, p. 33

pl. 3, figs. 14, 15; Recent, north Atlantic.
1899 Saccorhiza ramose. Eiver and FicerT, Zeitechr. Wiss, Zoologie, vol. 85, p. 670.
1982 Saccorhiza ramosa. CUsEMAN and Jarviz, U, 8. Nat. Mus. Proc., vol. 80, art. 14,

p- 6, pl. 1, figs, 10—12; Upper Cretaceous, Trinidad, B. W. I.

Deseription: Test short, tubular, branching, circular in cross section

but usually crushed or deformed; wall finely arenaceous, rarely with spicules;
apertures at open ends of test. Length, 0.90 mm.; diameter, .18 mm.

Hypotype: SU no. 9337, Loeality no. MG 546.

Family TOLYPAMMINIDAE CusHMaAN, 1929
Genus INVOLUTINA TerquUurM, 1562

Tnvoluting glabratus (CUSHMAN and Jarvis)
Plate 1, figs. 10a, b; 11
1928 Amsmodisous glabratus Cusaman and Jamvis, Contr, Cushman Lab, Foram. Res.;
Paleocene, Upper Cretaceous, Trinidad.

Deseription: Test planispiral, compressed, biconeave, circular in
outline, most specimens deformed ; periphery smooth, edge broadly rounded ;
<hamber consisting of proloculus and simple tube, test including about
7 to 8 appressed whorls, increasing gradually in size as added; sutures
distinet, depressed; wall thin, finely arenaceous, with much cement, smooth,
polished; aperture lunate, located at end of tube. Diameter, 0.60 mm.;
thickness, 0.10 mm.

Hypotype: SU no. 9338, Locality no. MG 578.

Tnwvoluting drregularis (REUSS)
Plate I, figs. 12a,b; 13a, b
1863 Cornuspira crefacea (REUss) var. drreguiariz REvss, K, Akad. Wiss, Wien, Math.
Naturw. CL, Sitzber., Wien, vol. 48, p. 34, fig. 11 {not 12); Middle Cretaceous,
Germany.

Description: Test planispiral, except for initial stage which is ir-
regularly coiled in various planes, whorls about5t06 in planispiral portion
of test; periphery smooth, edge rounded; chamber consisting of proloculus
and simple tube; suture depressed; wall finely arenaceous, smooth but
not polished; aperture lunate, at end of tube. Diameter, 0.35 mom. ; thickness,
0.07 mm.

Remarks: REuss considered Cornuspira cretacea var. irregularis
different from Cornuspire cretacea in the arrangement of the initial coils
and in its lack of the radial chamber constrictions. California forms appear
to be similar to the one figured by REvss. This species may be distinguished
from Awmmodiscoides turbinaius CUSHMAN by its irregularly ecoiled initial
end and by absence of the early high conical spire so typical of the latter.

Hapotype: SU no. 9339, Locality no. MG 300.



46

Genus GLOMOSPIRA RzEHAK, 1888

Glomospira charoides (JONES and PARKER)
Plate 1, figs. 14a. b

1860 Trochn ina sq ata chareides Jowes and PaARKER, Quart. Journ. Geol. Soc.,
vol. 16, p. 304;.Recent.

1925 Glomosmm charoides. (C'usEMAN, Bmithsonian Mise., Coll. vel. 77, no. 4, p. 25,
pl. 2, fig, 12; Recent.

1931 G’lonws;mm charoides, GALLOWAY and MorrEY, Journ. Pal., vol. 5, no. 4, p. 331,
pl. 87, figs. 1, 2; Lower Tertiary, Mexico.

Description: Test tubular, regularly coiled in a spire, resulting in a.
spheroidal form; chamber tubular; suture distinet, slightly depressed; wall
finely aremaceous, with much cement, smooth; aperture a simple opening
at end of tube. Diameter, 0.35 mm.

Hapotype: SU no. 9340, Locality no. MG 300.

Glomospira charoides var. corone CusHMaN and Jarvis
Plate 1, figs. 152, b

1928 Flomospira chareides var. corona CusEMaN and Jarvis, Contr. Cushman Lah.
gor&rm.l Res,, vol. 4, pt. 4, p. 89, pl. 12, figs. 9—I1; Upper Cretaceous, Trinidad,.
Description: Test tubular, regularly coiled in a spire for the greater
part of the test, later portion irregularly coiled, forming crown at end of
test; chamber tubular; suture distinet, slightly depressed; wall finely
arenaceous, with much cement, smooth; aperture simple, round, at open

end of tube. Diameter, 0.30 mm.

Hypotype: SU no. 9341, Loecality no. MG 343,

Qlomospira gordialis (JonEs and PARKER) -
Plate 1, figs. 16a, b
1860 Trochammina s ata var. gordielic Jorwes and PaREER, Quart. Journ. Geol.
soc., vol. 16, p. 304; Recent.
1918 Glomospire gordialis, CusmEman, U, 5. Nat. Mus. Buil. 104, pt. 1, p. 99, pl. 38,
figs. 7—9; Recent.
1946 (Fomospira gordialis. Cuvsamaw, U. 8. Geol. Survey Prof. Paper 206, p. 18, pl. 1,
figs. 38—40; Upper Cretaceous, Texas, Mexico, Trinidad, B. W. L.
Description: Test tubular, in early portion regularly planispiral,
later irregularly planispirally coiled, resulting in a ovate form; chamber
tubular, increasing in size as added; suture distinet, depressed; wall finely
arenaceous, smooth, with much cement; aperture broadly crescentic, at
end of tube. Length, 0.52 mm.; breadth, 0.44 mm.; thickness, 0.11 mn.

Hypotype: SU no. 9342, Locality no. MG 557.

Family REOPHACIDAE CusamMaw, 1927
Genus REOPHAX Mowrorr, 1808
Reophax sp.

Plate 1, figs. 174, b

Deseription: Test elongate, tapering towards initial end, uniserial;
chambers globular, slightly appressed, only 2 to 3 chambers, increasing
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in size as added; sutures indistinet, apparently normal to axis of test,
depressed; wall coarsely arenaceous; aperture simple, round, terminai.
Length, 0.85 mm.; diameter, 0.55 mm,

Remarks: Several specimens of the form were obtained from the
uppermost samples of the Uhalde formation. More material is required
in order to make a specific determination,

Depository: 8U neo. 9343, Locality ne. MG 187.

Genus NODELLUM BHUMBLER, 1913

Nodellum velascoensis (CUSHMAN)
Plate 1, figs. 18 a, b

1926 Nodosinellu velascoensia CusmMan, Amer, Assoc. Petrol. Geol. Ball., vol. 10, no. 6,
p. 583, pl. 20, fig. 9; Velasco, Mexico.

1932 Nodellum velascoensis. CusEMAN and Jarvis, U, 8. Nat. Mus. Proe., vol. 80, art. 14,
p. 8, pl. 1, Bigs. 15—17; Upper Cretaceous, Trinidad, B. W. L.

1951 Nodellum velascoensiz. Nowg, Jb. Geol. Bundesenst, Wien, Sonderband 3, p. 26,
pl. 6, figs, 13 a—c; Upper Senonian, Austria,

Deseription: Test elongate, uniserial, gently tapering towards initial
end; chambers 3 to 4, inflated; wall smooth, chitinous, semitransparent;
sutures distinet, depressed, apparently oblique due to test being deformed;
aperture terminal, round, simple. Length, (.75 mm.; diameter, (.30 mm.

Remarks: Only broken specimens of this species were found in Moreno
Guleh samples. Comparison of these fragments with whole specimens from
the Velasco shale strongly indicates they are conspecific,

Hypotype: BU no. 9344, Locality no. MG 300.

Family LITUOLIDAE Rervss, 1861
Genus TROCHAMMINOIDES CusaMaN, 1910

Trochamminoides proteus (KLARRER)
Plate 2, Ggs. La, b
1865 Trochamming proteus KARRER, Sitzb. Kais, Akad. Wien, vol. 532, pt. 1, p. 494,
pl. 1, fig. & (not 1—7); Upper Cretaceous, Austria.
1010 Trochamminatdes proteus. Cusamaw, U, 8. Nat. Mus. Bull. 71, pt. 1, p. 98, figs. 142t0
144: Recent. :

Deseription: Test tubular, initial stage glomerate, later planispirally
coiled, with regularly spaced constrictions forming about 12 chambers
in last whorl; wall finely arenaceous; constrictions depressed, radial;
aperture simple, round, at end of tube. Diameter, 0.55 mm.; thickness,
0.17 mm.

Hypotypez. SU no. 9345, Locality no. MG 550.

Genus HAPLOPHRAGMOIDES Cousuman, 1910

Hagplophragmoides caleula Cusaman and WaTERs
.Plate 2, figs. 28, b
1929 Haplophragmoides caloula CusEMan and Warers, Contr. Cushman Lab. Foram.
Res., vol, 2, pt. 4, p. 83, pl. 10, figs. 5 a, b; Navarro, Texas,
1946 Haplophragmoides caleula. Cusuman, U. 5. Geol. Survey Prof. Paper 206, p. 19,
pl. 2, figs. 11, 12; Upper Cretaceous, U. 8. Gulf Coast.
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Description: Test planispiral, closely coiled, strongly compressed;
periphery irregularly lobulate, edge bluntly rounded; chambers indistinct,
4 to 5 per coil; wall coarsely arenaceous, roughly finished ; sutures indistinet;
aperture generally indistinet but in some specimens a low opening at base
of last chamber, Diameter, 0.95 mm.; thickness, 0.20 mm,

Hypotype: SU no. 9346, Locality no. MG 457.

Haplophragmoides excavata CusamaN and WATERS
Plate 2, figs. 82, b

1927 Haplophrogmoides excavats CusHmar and WaTeRs, Contr, Cushman Lab. Foram,
Res., vol. 2, pt. 4, p. &2, pL. 10, figs. 3 a, b; Upper Cretaceous, Texas.

1946 Haplophragmoides excovate, Cusmmaw, U. 8. Geol. Survey Prof. Paper 2086, p. 21,
pl. 2, figs. 13—15; Upper Cretaceous, U. 8. Gulf Coast.

1460 Haplophragmoides excavata. TrRUIILLO, Journ. Pal., vol. 34, no. 2, p. 305, pl. 43,
fige. 5 a, b; Upper Cretaceous, northern California,

Description: Test large, planispiral, partially involute, slightly
biumbilicate, compressed; periphery gently lobulate, edge subacute; 9 to
11 chambers in last whorl, simple; sutures generally indistinct but appearing
to be flush, radial; wall finely arenaceous; aperture a narrow slit at base
of last-formed chamber. Diameter, 1.10 mm.; thickness, 0.30 mm.

Hypotype: SU no. 9347, Locality no. MG 238.

Haplophragmoides glabra CosaMaN and WATERS
Plate 2, figs. 58, b '
1927 Haplophragmoides glabre CusEmMaw and Warers, Contr. Cushman Lab. Foram
Res., vol 2, pt. 4, p. 83, pl. 10, figs. 8a, b; Upper Cretaceous, Texas.

Description: Test planispiral, of medium size for genus, partially
involute, biumbilicate, usually deformed; periphery gently lobulate, edge
bluntly rounded or subacute; chambers indistinoct, about 8 to 9 in last
formed coil, distinet only when test is wet, simple; initial sutures indistinet,
later ones gently curved and depressed; wall finely arenaceous, smoothly
finished ; aperture a low slit at base of last septal face. Diameter, 0.50 mm.;
breadth, 0.40 mm.; thickness, 0.20 mm.

Hypotype: 8U no. 9348, Locality no. MG 982,

Haplophragmoides impensus MARTIN n. sp.
Plate 2, figs. 3a,b; 48, b

Description: Test planispiral, slightly biumbilicate, subeircular in
outline; chambers slightly inflated, simple, 5 or 6 in last formed coil; sutures
indistinet, but appearing to be flush, radial; wall finely aremaceous but
not smoothly finished; aperture a low slit at bhase of last chamber. Diameter,
0.56 mm.; thickness, 0.40 mm.

Remarks: This long ranging species is distinguished from Haplo-
phragmoides glabra CusHMAN and WATERS by having fewer chambers per
coil, slightly inflated chambers, and a broadly rounded edge. It is nearly
always deformed, and well-formed specimens such as that of figure 3a and 3b
are Very rare.

Holotype: 8U no. 9349, Locality no. MG 961,
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Haplophragmoides incognatus MARTIN, n. sp.
Plate 2, figs. 6a,b; Ta, b

1960 Haplophragmoides of. H. glabra CusaMaN and WaTeERs. TrUJILLo, Journ. Pal.,
vol. 34, no. 2, p. 305, pl. 43, figs. 9 a—c; Upper Cretaceous, northern California.

Description: Test planispiral, subcircular in outline, distinctly
biumbilicate, closely coiled ; peripery slightly lobulate, edge broadly rounded ;
chambers about 8 or 9 in last coil; sutures straight, radial; wall finely
arenaceous, not smoothly finished; aperture a low slit near base of last
septal face. Diameter, 0.55 mm.; thickness, 0.35 mm,

Remarks: The deeper unbilical area and greater number of chambers
per c¢oil serve to distinguish this species from Haplophragmoides impensus
MarTin., It oecurs in the Moreno Guich and Laguna Seca Creek areas.

Hoiotype: 8U no. 9350, Locality no. MG 210.

" Haplophragmoides kirki WICKENDEN
Plate 2, figs. 92, b

1932 Haplophragmoides kirki WickrxpEN, Royal Soc. Canada Trans., 3rd Ser., sec. 4,
p- 85, pl. 1, figs. 1 a—c; Upper Cretaceous, Canada.

Description: Test planispiral, small, closely coiled, biumbilicate;
pexiphery lobulate, edge broadly rounded; chambers 4 to 5 in last-formed
coil, involute; sutures distinet, depressed, straight; wall finely arenaceous,
smooth; aperture a low slit at base of last-formed septal face. Diameter,
0.35 mm.; thickness, .20 mm.

Hypotype: SU ne. 9351, Locality no. MG 248,

Haplophragmoides Irifolium [EGGER)
Plate 2, figs. 10 a—c

1399 Haploph i trifolé EaeeEr, Abh. Bayer. Akad. Wiss. Miinchen, vol. 21,
p. 137, pl. 1 figs. 10, 32, 63; Upper Cretaceous, Germany.

1928 Trochasnmina trifolium. FpawE®s, Abh. Preuss, Geol. Landes. n. ser., vol. 3, p. 174,
pl. 15, fig. 5; Senonian, Germany.

Description: Test planispiral, chambers inflated, compressed; peri-
Pphery broadly lobulate, edge sharply to bluntly rounded; chambers 3 to 4
per coil, simple; wall moderately coarse, smoothly finished ; sutures distinet,
depressed, very gently curved; aperture a low narrow slit at base of last
<chamber. Diameter, 0.57 mm.; thickness, 0.15 mm.

Remarks: Comparison of specimens with the original figures of EccER
strongly indicates that the two forms are conspecifie. Only a few specimens were
noted in the Upper Marlife formation of the Panoche group.

Hypotype: SU no. 9352, Locality no. MG 550.

Jaheh. Geol. B.A., 1964, Sonderband 9



Genus CRIBROSTOMOIDES Cusamaw, 1910
Oribrostomoides cretacea CusEMAN and GOUDROFF
Plate 2, figs. 11 5—c
1944 Cribrostomoides cretaceas CUsEMAN and Goupxorr, Contr. Cushman Lab. Foram.
Res., vol. 20, pt. 3, p. 84, pl. §, fig. 4; Upper Cretaceous, central California.

Description: Test planispiral, bilaterally symmetrical, subglobular,
closely coiled, binmbilicate; chambers 8 to 10 in the final ecoil, gradually
increasing in size as added, very slightly inflated; sutures distinet, radial;
wall finely arenaceous, smoothly finished; aperture with 5 to 6 pores.
Diameter, 0.38 mm.; thickness, 0.35 mm.

Remarks: Althongh this species has a fairly eommon oceurrence in
the Upper Marlife and lower portion of the Uhalde formations, only a few
well presexved specimens were obtained. These allow the examination
of apertural characteristics which generally are difficult to view.

The upper range of this species is suspect due to poor preservation.
Possibly it is restricted to the lower half of the Uhalde and Upper Marlife
formations (Table 2).

Several median sections were made in order to clarify the generic status.
of this form. FrizzeLL and Scuwartz (1950} placed Cribrostomoides cretaces
CusaMaN and GOUDKOFF in their genus Barkerina on the basis of external
characters of the test. Maywnc (1952), in his nomenclatural revision of the
Lituolidae, separates Cribrostomoides from Barkering on the basis of internal
structure and complexity of the test, Cribrostomoides being characterized
by simple undivided chambers and Barkerina hy partitioned ones. Although
Mayxc did not have specimens of Cribrostomoides cretacea, he temporarily
assigned it to the genus Cribrostomoides rather than to Barkerina. The
section shown in Plate 2, figure 11 ¢, serves to illustrate the simple internal
structure of this genus and to settle the generic position of the species.

Hypotype: SU no. 9353, Locality no. MG 544.

Genus AMMOBACULITES CusaMan, 1910
Ammobaculites sp.
Plate 2, figa. 12a. b

Deseription: Test large, initial portion planispiral, later portion
uncoiled and uniserial, subcircular in cross section; chambers about 7 with 4
initially one; early sutures indistinct, later ones distinet and depressed,
normal to long axis of test; wall coarsely arenaceous; aperture simple,
round, terminal at end of slight protuberance. Length, 1.70 smm.; breadth
0.85 mm.; width, 0.80 mm.

Remarks: Characterized by its large size and coarsely arenaceous
test, this species most resembles Admmobaculites jarvisi (USHMAN and’
REnz (1946) recorded from the Lizard Springs formation of Trinidad,
B. W. 1. As only one complete specimen was obtained from Moreno Gulch
material, no attempt to assign a specific name is made. The occurrence of
this species appears to be limited to uppermost sediments of the Uhalde
formation of the Panoche group. '

Depository: SU no. 9354, Locality no. MG 187.
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Family TEXTULARIIDAE d'Orsiewy, 1846
Genus SPIROPLECTAMMINA Cusaman, 1927

Spiroplectamming chicoana LALICKER
Plate 2, figs. 13a, b
192D Spiroplectamming anceps. CUsHmMAN and CHURCH {not REvss), Proe. Calif. Acad.

Seci., 4th Ser., vol. I8, p. 500, pl. 36, figs. 1, 2; Upper Cretaceous, central Cali-
fornia.

1935 Spirepleciamming chiconne LALICKER, Contr. Cushman Lab. Foram, Res., vol. 11,
pt. 1, p. 7, pl. 1, figs. 8, @; Upper Cretacecus, central California,

1960 Spirepleciamming chicogna. TrRUIILLO, Journ. Pal., vol. 34, no. 2, p. 310, pl. 44,
figs, 6 a, b; Upper Cretacecus, northern California.

Desecription: Test elongate, compressed, tapering towards initial
end, planispiral in initial stage, biserial in later stage; peripery irregular,
edge angular; chambers numercus, distinet, closely appressed, low and
broad; wall coarsely arenaceous, smoothly finished ; sutures distinet, limbate,
gently curved; aperture a low arched opening at base of inner margin of

last-formed chamber. Length, 0.63 mm.; width, 0.25 mm.; thickness,
0.10 mm,

Hypotype: SU no. 9355, Locality no. MG 550.

Spiropleclammena perplexe ISRAELSKY
Plate 2, figs. 14a, b
1928 Spiroplectoides clotho. CusaMar and Jarvis (GrzypowskI), Contr, Cushman Lab.
Foram. Res., vol. 4. pt. 4, p. 10, pl. 14, fig. 13 (not 14}; Upper Cresaceous, Trinidad.
1946 Spirepleciammina greybowski. CUsAMAN and RENZ {not Frizzerc), Cushman Lab.
Foram. Res., Spec. Publ. no. 18, p. 20, pl. 5, figs. 34, 37, 38 (not 35, 36); Uppsr
Cretacecns, Paleccene, Trinidad, B, W. L.
1951 Spiroplectasnming perplera TsRAELSKY, U. B, Geol. Survey Prof. Pa,per 240-4,
p- 12, pl. 3, figa, 9—14; Paleocene, central California.

Description: Test elongate, compressed, initial stage planispiral
with wmbo at center, later biserial, sides parallel; periphery irregular in
outline view, edge subacute; chambers numerous, distinet, closely appressed ;
sutures distinet, fiush, with tendeney to become limbate and glassy, forming
a 45 degree angle with long axis of test; wall apparently finely granular,
with much siliceous cement; aperture a low opening in notch at base of
last chamber. Length, 0.43 mm.; width, 0.24 mm.; thickness, 0.09 mm.

Hypotype: SU no. 9356, Locality no. MG 11, 11 a.

Family VERNEUILINIDAE Cusaman, 1911
Genus VERNEUILINA {'Orergny, 1840
Verneuilina miinsteri REyUss
Plate 3, figs. la, b i
1840 Textularia irigueira REUss (not MUNSTER), Verstein. Béhm. Kreide, pt. 1, p. 39,
pl. 13, fig. 77; Upper Cretaceous, Bohemia.
1854 Ferneuwiling miinsters REevss, Denkschr. Akad. Wiss. Wien, vol. 7, p. 'i'l pl. 26,
fig. 5; Upper Cretaceous, Bohemis.

1937 I"ememlmm mainsteri. CusaEMaN, Cushwan Lab. Foram. Res. Spec. Publ. no..7,
p. 9, pl. 1, figs. 9—13; Upper Cretaceous, Germany.
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Description: Test high-spired, triserial, pyramidal, initial end acute,
sides with tendency towards concavity, greatest width at last three chambers,
angles acute; chambeys in initial portion indistinet, later ones fairly dis-
tinet, closely appressed; wall finely arenacecus, smoothly finished; sutures
indistinet in initial portion, distinet in later stage, gently curved; aperture
a low arched slit at base of last-formed chamhber. Length, 0.75 mm.; width,
0.50 mm. .

Remarks: Originally described by REvss from the Upper Cretaceous
of Bohemia, this species is known from various European localities. Our
specimens show affinities with REuss’ original figure. CusaMan (1937)
reproduced figures based on REUsY co-type from the Harvard University
collection which strongly resembles the California specimens.

Hypotype: SU no. 9357, Locality no. MG 730,

Genus GAUDRYINA d'Orerony, 1839
Gaudrying laevigata FRANKE
Plate 3, figs. 2a—¢
1914 Gaudrytna laevigata FRaNEE, Deutsche geaol, Gesell, Zeitschr., vol. 66, P 431, pi. 27,
figs. 1, 2; Upper Cretaceous, GGermany.
1940 Gaudrying laevigata. CusEman, U. 8. Geol. SBurvey Prof. 208, p. 33, pl. 8, fig. 4;
Upper Cretaceous, U. 8. Gulf Coaat.

Desecription: Test about twice as long as broad, tapering, with widest
part towards apertural end, initial stage triserial and triangular in eross
section, angles subacute, later stages biserial, apertural view broadly round.
ed; chambers in triserial portion appressed, later biserial series rapidly
increasing in size as added, inflated; sutures distinct, initially slightly
depressed, those of later stage depressed; wall finely arenaceous, smoothly
finished ; aperture a low elongate slit at base of septal face, Length, 0.80 mamn.;
breadth, 0.50 mm.

Hypotype: SU no. 9358, Locality no. MG 581.

Gaudryina pyramidate CUSEMAN
Plate 3, figs. 38, b

1926 Goudrying laevigain FRANEE var. pyramidate CuseEMAN, Bull. Amer. Assoc. Petrol.
Geol., vol. 10, p. 587, pl. 16, fig. 8; Upper Cretaceous, Mexico.

1944 Goudryinag pyramidata. CuseMan and Govpkowr, Contr. Cushman Lab. Foram.
Res., vol. 20, pt. 3, p. 56, pl. 9, figs. 7, 8; Upper Creiaceous, California.

1959 Gaudrying pyramidate. OLVERA, Assoe. Mex. Geol. Petr., vol. 11, nos. 3, 4, p. 65,
pl. 1, figs. 1, 2; Campanian-Maastrichtian, Mexico. )

Description: Test about twice as long as broad, tapering toward
initial end, greatest width at apertural end, initial stage triserial and triangu-
lar in cross section, later stage biserial; chambers distinet, early ones
appressed, later biserial ones inflated, one series of chambers with a truncate
periphery, opposite series pointed; sutures distinet, slightly depressed;
wall coarsely arenaceous but smoothly finished ; aperture a distinet reentrant
at inner margin of last-formed chamber. Length, 0.80 man.; width, (.50 mm,

Hypotype: SU no. 9359, Locality no. MG 262.
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Gandryina rudite SANDIDGE
Plate 3, figs. 4a, b
1932 Qaudrying rudite 8avpIpeE, Amer. Midland Nat., vol. 13, p. 342, pl. 31, figs. 19, 20;
Upper Cretaceous, Tennessee.

1946 Gaudrying rudita. Cuvspman, U, 8. Geol. Survey Prof. Paper 206, p. 34, pl. 7,
figs, 23, 24; Upper Cretaceous, U. 5. Gulf Coast.

Description: Test elongate, about 3 times as long as broad, initial
end bluntly pointed, greatest width at last chambers, small triserial portion,
biserial portion longer; chambers numerous, rapidly increasing in size in
initial stage, gradually in later stage, the later ones somewhat inflated;
wall arenaceous, rough surface; sutures in early stage indistinct, later ones
distinet, depressed; aperture a low arched opening at base of last septal
face. Length, 0.70 mm.; width, 0.26 mm.; thickness 0.18, mm.

Hypotype: SU no. 9360, Locality no. MG 553.

Qaudryineg rudite SaNDIDGE subsp, diversa CusEMAN and GOUDKOFF
Plate 3, figs. 5a, b
844 Gaudrying rudita SANDIDGE var. diversa CUsHMAN and GOUDEOFF, Contr, Cushman
Lab. Foram. Res., vol. 20, pt. 3, p. 55, pl. 9, fig. §; Upper Cretaceous, central
California.

Deseription: Test elongate, large, early chambers triserial, later one
biserial, gently tapering except for strongly tapered initial end; chambers
gently overlapping, gradually increasing in height as added, later ones
slightly inflated; wall smoothly aremaceous; sutures slightly depressed,
forming an angle of about 35 degrees with the horizontal; aperture a low
slit in a distinct reentrant at base of last-formed chamber. Length, 1.10 mm.;
width, 0.50 mm.; thickness, 0.40 mm.

Hypotype: SU no. 9361, Locality no. MG 544,

Genus BERMUDEZINA Cusamar, 1937
Bermudezina uvigerinacformis MARTIN, n. sp.
Plate 3, figs. 63—

Deseription: Test triserial, uvigerine in form, circular in apertural
view, greatest width at last whorl; periphery broadly lobate; chambers
distinct, later area ones inflated with the last three comprising about two,
thirds of test; wall finely arenaceous, smoothly finished; sutures distinet,
increasingly depressed, in later portion of test; aperture simple, round-
at end of short tubular protuberance. Length, 0.60 mm.; diameter, 0.40 mm.

Remarks: This easily recognizable uvigerine-shaped form- differs
from Bermudezing exfans Banpy {1951) from the Upper Cretaceous of

southern California, in its smaller size, greater width and tapering of the
test.

Holotype: SU no. 9362, Locality no. MG 720.



54

Genus PSEUDOGAUDRYINELLA Cusaman, 1936

Pseudogaudryinella capitosa (CUSHMAN)
Plate 3, figs. 7a, b

1933 Gaudryinella capitosa Cvssmaw, Contr. Cushman Lab. Foram. Res., vol. 9, pt. 3,

p. 52, pl. B, figs. 8 a—e; Upper Cretaceous, Mississippi.
1937 Pseudogaudryinella capitosa. (CusEMax), Cushman Lab. Foram. Res. Spec. Publ

no, T, p. 139, pl. 19, fig. 12; Upper Cretacecus, U. 5. Gulf Coast.

Description: Test elongate, early stage triserial, triangular in eross

section, later stage biserial; chambers in early stages indistinct, later ones
distinct and inflated, chambers in 2 series, one truncate, the other with
subacute angle, final chambers with tendency to become uniserial; early
sutures indistinet, later ones well defined and depressed; wall -coarsely
arenaceous, smoothly finished; aperture simple round, terminal. Length,
0.80 mm.; breadth, 0.30 mm.; diameter, of last chamhber 0.25 mm.

Hypotype: SU no, 9363, Locality no. MG 553.

Genus CLAVULINOIDES CusaMan, 1936
Clavulinoides #rilaterys (CUSHMAN)
Plate 3, figs. 8a, b
1926 Clavuling trilatera CusEMax, Bull. Amer. Assoc, Petrol. Geol,, vol. 10, no. 6, p. 588,
pl. 17, fig. 2; Upper Cretacoous, Mexico. :
1937 (lavulinoides trilatera (CusAMAN). Cushman Lab. Foram. Res. Spec. Publ. no. 7, -
p- 121, pl. 16, figs. 12—18; Upper Cretacecns, U. 8. Gulf Coast.
1959 Clavulinoides trilatera. OLVERA, Asoc. Mex. Geol. Petr., vol. 11, nos. 3, 4; p. 66,
pl. 1, figs. 3, 4; Campanian, Maastrichtian, Faleocene, Mexico.

Description: Test elongate, gently tapering, triangular in oross
section, angles distinct, subacute; chambers in initial portion triserial,
uniserial in later stage, closely appressed, 4 to 5, increasing in size gradually
and uniformly, final ones with tendency to become inflated; wall finely
arenaceous, smoothly finished ; sutures indistinet in early part of test, later

ones well defined and slightly depressed; aperture round, terminal. Length,
G370 mm.; breadih, 0.25 mm.

Hypotype: SU no. 9364, Locality no. MG 581.

Clovulinoides sp.
Plate 3, figs. 0a, b

Deseription: Test elongate, sides almost parallel, early stage triserial,
triangular in cross section, later portion uniserial, circular in cross seetion;
early chambers appressed, later ones inflated, wall coarsely arenaceous
but smoothly finished; sutures indistinct in early portion, well defined
and depreszed in later part; aperture terminal, round. Length, 0.75 mm.;
diameter, (.26 mm.

Remarks: Only one poorly preserved specimen was found; hence
no specific identification is attempted.

Pepository: SU no. 9365, Locality no. MG 262.
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Family VALVULINIDAE Cusaman, 1927
Genus FGGERELLA Cusamaw, 1933
Eggerelia obscura MARTIN, n. sp.
Plate 3, figs. 10a, b; 11

Deposition: Test elongate, spire high trochoid with tapering initial
end, later portion with parallel sides, gently lobulate in cutline view, cirenlar
in cross section; chambers numerous, closely appressed, 5 to a whorl in
initial stage, 4 in later stage, and finally 3 in adult stage; wall finely arena-
ceous; sutures distinet only when test is wet, gently depressed; aperture
a narrow slit in a depression at juncture of last three chambers. Length,
0.65 mm,; diameter, .23 mm.

Remarks: This small form occurs in a few samples from the lower
part of the Upper Marlife formation. Its rare occurrence and the obscure
nature of its test characteristics suggested the specific name.

Holotype: 8U no. 9366, Locality no, MG 581.

Genus DOROTHIA PLruMMER, 1931
Dorothia bullette (CARSEY)
Plate 3, figs. 12a—¢
1926 Gaudrying bulleffa CARSEY, Univ. Texas Bull. 2612, p. 28, p. 4, fig. 4; Upper Creta
cegus, Texas,
1931 Dorothia bullelis. Prummer, Univ. Texas Bull. 3101, p. 132, pl. 8, figs. 13—17;
Upper Cretaceous, Texas.
1948 Dorothia bulletta. CusHmMaN, U, 8. Geol. S8urvey Prof. Paper 206, p. 46, pl. 12,
fig. 21—26; Upper Cretacecus, U. 8, Gulf Coast.
1959 Dorothio bulletta. OLvERA, Asor: Mex. Geol. Petro., vol. 11, nos. 3, 4, p. 67, pl. 1,
figs. 6, 7; Campanian, Maastrichtian, Mexico.

Description: Test elongate, about twice as long as broad, cirenlar
in eross section, initial end broadly rounded and tapering, later sides almost
parallel; early chambera 4 or 5 to a whorl, later triserial, and in adult stage
biserial, later chambers distinet, increasing gradunally in size as added,
moderately inflated; wall arenaceous, smoothly finished; sutures distinet,
depressed in adult stage; aperture a low broad arch at base of septal face.
Length, 0.96 mm.; diameter, 0.50 mm.

Hypotype: SU np. 9367, Loeality no. MG 581,

Genus MARSSONELLA Cusamaw, 1933
Marssonella indentate (CusHMAN and JARVIS)
Plate 3, fign. 13a, b
1928 Qaudryine indentata Cusmman and Jarvis, Contr. Cushmasn Lab. Foram. Res.,
vol. 4, pt. 4, p. 92, pl. 13, fig. 7; Upper Cretaceous, Trinidad, B. W. L
1937 Marssonella indentata. CusEMaN, Cushman Lab, Foram. Res. Spec. Publ. 8, p. 89,
pl. 6, figs. 21, 22; Upper Cretaceous, Trinidad, B. W, I., Mexico.
Description: Test elongate, twice as long as broad, conical, rounded
in eross section, tapering towards acute initial end, with greatest width
at apertural end; chambers fairly distinet, in early stages 4 to 5 per whorl,
later ones triserial, biserial in adult stage, slightly indented in late stage;
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wall arenaceous, smooth, sutures fairly distinet, raised; aperture a low
small semicircular opening at base of last chamber. Length, 0.80 mm.;
diameter, 0.40 mm.

Hypotype: 8U no. 9368, Locality no. MG 514,

Marssonella oxycona (REUSS)
Plate 3, figs. 144, b

1860 Gaudrying orycone REvas, Akad. Wiss. Wien. Math.-Naturw. Cl., Sitzungsber.,
vol. 40, p. 229, pl. 12, fig. 3; Upper Cretaceous, Germany,

1933 Marssonella oxycona. CUsAMaw, Contr. Cushmen Lab. Foram. Res., vol. 9, pt. 2,
. 36, pl. 4, figs. 13 a, b; Upper Cretaceons.

1951 Marssonella oxycona, Banpy, Journ. Pal., vol, 25, no. 4, p. 492, pl. 72, figs. 8 a, b;
Upper Cretaceous, southern California.

1960 Dorothia oxyeons, TrRUIILLO, Journ. Pal, vol. 34, no. 2, p. 309, pl. 44, figs. 54, b;
Upper Cretaceous, northern California.

Description: Test conical, circular in cross section, tapering toward
initial end; chambers fairly distinct, initial stage with 4 or 5 chambers
per whorl, reduced to 3 and then 2 in adult stage; wall finely arenaceous,
smoothly finished ; sutures distinct, flush; aperture a low opening at inner
margin of last chamber. Length, 0.60 mm.; diameter, 0.30 mm.

Hypotype: SU no. 9369, Loeality no. MG 574.

Family TROCHAMMINIDAE ScuwaGER, 1877
Genus TROCHAMMINA Parksr and Jowgs, 1859

Trochammina ribstonensizs WICKENDEN
Plate 4, figs. 1a, b
1932 Trochamming ribstonensis WICKENDEN, Royal Soe. Canada Trans., 3rd ser., vol. 26,
see 4, p. 80, pl. 1, figs. 12 a~—¢; Upper Cretaceouns, Canada.

Description: Test small, spire with low trochoid, 2 or 3 dorsal whorls,
last-formed as seen ventrally slightly biconvex, umbilical area open;
periphery slightly lobulate, edge rounded; chambers numerous, about 9 in
last.formed whorl, somewhat appressed, wall finely arenaceouns, smoothly
finished ; sutures distinct, depressed, gently curved dorsally and ventrally;
aperture a low eurved slit at base of last chamber on ventral side between
periphery and umbilical area. Diameter, 0.40 mm.; thickness, 0.15 mm.

Hypotype: 8SU no. 9370, Locality no, MG 238.

Family RZEHAKINIDAE CuseMan, 1933
Genus RZEHAKINA Cosuman, 1927
Rzehaking epigona (RzEHAK) subsp. lafa CUSHMAN and JaAmvis
Plate 4, figs. 2 a—c

1928 Rzchakina epigona (RzeHaAR) vear. lofa CusEMaN and Jamvis, Contr. Cushman
Lab. Foram. Res., vol. 4, pt. 4, p. 93, pl. 183, figa, 11 a, b; Upper Cretaceous, Trinidad,
B W. L

1948 Rzehakina epigona (RZEHAK) var. late CusaMaN, U. 8, Geol, Survey Prof. Paper 208,
p. 47, pl. 14, figs, 1—3; Upper Cretaceous, Texas.
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Description: Test comypressed, biumbilicate, planispiral, involute,
elliptical and side view, only last-formed whorl discernable; periphery
smooth, broadly rounded, edge with rounded carina; chamber simple,
best observed in reflected light, tubular, planispiral, each whorl constricted
at opposite ends; wall siliceous; aperture U-shaped, terminal. Length,
0.60 mm.; width, 0.40 mm.; thickness, (.15 mm.

Hypotype: .SU no. 9371, Loecality no. MG 238.

Rzehakina epigona (RZEHAR) subsp. minima CusHMaN and RExz
Plate 4, figs. 3a—c
1946 Rzchaking epigone (RZEHAR} var. m#nimae CusHMAN and Renz, Cushman Lab.
gor‘:rm.l Res, Spec. Publ. no. 18, p. 24, pl. 3, fig. 5; Upper Cretaceous, Trinidad,
Description: Test small, strongly compressed, biumbilicate, plani-
spiral, involute, elliptical in side view; periphery smooth, broadly rounded,
edge sharply rounded; chamber single, best seen in reflected light, plani-
spiral, about 6 to 7 whorls, each whorl with tendeney to narrow or become
constricted at opposite ends; wall siliceous; aperture U-shaped, terminal,
Length, 0.45 mm.; width, 0.25 mm.; thickness, 0.09 mm.

Remarks: Although thiz species appears to be a smaller variation
of Rzehakina epigona subsp. lata CusHMan and RENZ, examination under
reflected light reveals a marked difference in the number of whorls present.
Specimens from Moreno Gulch have been compared with those from the
Lizard Springs formation, Trinidad, B. W. T., and were found to be iden-
tical.

Hypotype: 8U no. 9372, Locality no. MG 247.

Genus SILICOSIGMOILINA Cusamar and Cavircn, 1929
Silicosigmoiling californica CusHMaN and (CHURCH
Plate 4, figs. 4 a—d
1929 Sidicosigmoilina californica CusaMan and CrurcH, Calif. Acad. Bei. Proc., 4th Ser.,
vol, 18, no. 16, p. 502, pl. 36, fige. 10—12; Upper Cretaceous, central California.
1981 Silicosipmoilina californica. Israrisey, U. 8, Geol. SBurvey Prof. Paper 240-A,
p- 10, pl. 2, figs. 19—21; pl. 10, fig. 20; Paleocene, central California.

1959 Silicosigmoiling californica. Matnory, Lower Tertiary Biostratigraphy of the
California Coast Ranges, p. 129, pl. 5, figz. 10, 11; Paleocene, California.

Desecription: Test compressed, oval to elliptical in outline view,
sigmoid in end view; periphery broadly rounded, edge subround to subacute;
chambers planispiral in early stage, sigmoid in adult stage; wall finely
arenaceouns, with much siliceous cement, smoothly finished ; sutures generally
indistinet except for those of last-formed chamber, slightly depressed;
aperture simple, terminal, oval. Length, 0.83 mm.; width, 0.55 mm.;
thickness, 0.32 mm.

Hypotype: 8SU no. 8373, Locality no. MG 237,
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Family NODOSARIIDAE Scuvrrze, 1854
Genus NODOSARIA Lamarck, 1812

Nodosaria monile v. HaGENOW
Plate 4, figs. 5a, b
1842 Nodosaria monile v. HagExow, Neues Jahrb., p. 568; Upper Cretaceous, Germany.
1845 Nodosaria monide. REuss, Verstein. Bohm. Kreide., pt.1, p. 27, pl. 8, fig. 7; Upper
Cretaceons, Bohemia.
1935 Nodosaria monile, CUzBEMAN and CampBELL, Contr. Cushman Lab. Foram. Res.,
vol. 11, pt. 3, p. 71, pl. 10, fig. 5; Upper Cretaceous, central California.
Description: Test elongate, straight, civcular in eross section; cham-
bers 8 or 7, distinet, slightly inflated, wall calcareous, smooth, finely per-
forate; subures depressed, distinct, normal to long axis of test; aperture
terminal, radiate, central. Length, 1,00 mm.; diameter, 0.25 mmn.

Hypotype: SU no. 9374, Locality no. LS 609.

Nodosaria spinifera CusHMAN and CAMPBELL
Plate 4, figs. 6a, b '
1935 Nodosaria spinifera CusHMan and Campsern, Contr. Cushman Lab. Foram. Res,,
vol. 11, pt. 3, p. 71, pl. 10, figs. 9, 10; Upper Cretacacus, central California,

Description: Test elongate, slender, circular in cross section, initial
chamber globular with greater diameter than later chambers; chambers
about 5 times as long as wide, fragments with 2 or 3 chambers noted; wall
thick, smooth, ornamented with spines pointing towards, initial end,
aperture not observed. Length, 0.87 mm.; chamber diameter, 0.25 mm.;
diameter of tube, 0.12 mm,

Hypotype: SU no. 9375, Locality no. LS 609,

Nodosaria velascoensis CUSHMAN and JARVIS
Plate 4, figs. Ta,b; 8
1926 Nodosuria jontannesi BERTHELEIN subsp. weluscosnsis Cusuman, Bull, Amer.
Assoc. Petrol. Geol. vol., 10, no. 6, p. 504, pl. 18, fig. 12; Upper Cretaceous, Mexico.
1928 Nodosaria velascoensis. CusaMan and Jawrvis, Contr. Cushman Lab. Foram, Res,,
vol. 4, pt. 4, p. 97, pl. 13, figs. 15, 16; Upper Cretaceous, Trinidad, B. W. L.
1935 Nodosaria velascoensis. CusEMAN and CawmeerErn, Contr. Cushman Lab. Foram.
Res., vol. 11, pt. 3, p. 72, pl. 11, fig. 3; Upper Cretaceous, central California.

Deseription: Test elongate, straight, circular in cross section, gently
tapering toward initial end, greatest width at last chamber; 6 to 8 chambers,
increasing in height gradually as added; wall calecareous, finely perforate,
ornamented by fine longitudinal costae continuous in early chambers but
restricted in later chambers to the suture area; sutures distinct only in
later portion of test, those of initial end obscured by ornamentation; aper-
ture terminal, radiate. Length of fragment in Plate 4, figure 7 a, 1.20 mm.;
diameter, 0.26 mm.

Remarks: Just a few fragments of this species were found in samples
from Laguna Seca Creek. Comparison with material from the Lizard
Springs formation, Trinidad, B. W. I., indicates that the two forms are
conspecific,

Hypotype: 8U no. 9376, Loeality no. LS 599,
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Nodesaria sp.
Plate 4, figs. 3a, b
1935 Nedosaria sp. CusaManN and CamPBELL, Conir. Cushman Lab. Foram. Res., vol. 11,
pt. 3, p. 72, pl. 11, fig. 2; Upper Cretaceous, central California.

Description: Test elongate, circular in cross seetion, only fragments
of 1 or 2 chambers observed ; chambers globular with arvea in between strongly
constricted, each one with 14 to 15 well-developed costae, which are con-
tinuous in some fragments but not in others; wall calearecus, finely perforate;
sutures indistinet, apparently normal to long axis of test; aperture not
observed. Length of figured fragment, 1.10 mm.; diameter 0.45 mm.

Remarks: Specimens from Moreno Gulch are similar to those described
by CusEman and CampeeLL. Unfortunately no complete specimens were
found, and specific identification must be deferred until hetter material
is available,

Hypotype: 8U no. 9377, Locality no. MG 2186.

Genus QLANDULINA d'OreieyNy, 1839

Glanduling parallele MABRRSON
Plaie 4, figs. 108, b
1878 Glandulina porallela Marssow, Natarw, Ver. Neu-Vorpommern u. Rugen Mitt,,
JFahrb. 10, vol. 10, pi 124, pl. 1, figs. 4 a, b; Upper Cretaceous, Germany.
1932 Pseudoglunduling parallels. CusEMAN and Jarvie, U, 3. Nat. Mus. Proc., vol. 80,
art, 14, p. 36, pl. 11, fig. 9; Upper Cretaceous, Trinidad, B. W. L.
Description: Test small, broadly elliptical in cutline, eircular in
cross section, initial end rounded, apertural end bluntly pointed; chambers
few wall calcareous, finely perforate; sutures distinet, normal to long axis
of test; aperture terminal, radiate. Length, 0.45 mm.; diameter, 0.32 mm.

Hypoetype: SU no. 9378, Locality no. MG 574

Genus PSEUDONODOSARIA BooMcaarT, 1949
Pseudonodosaria larve (CARSEY)
Plate 4, figs. 11 a, b

1026 Nodosaria larva CarsEY, Univ. Texas Bull. 2612, p, 31, pl. 2, fig. 2; Upper Cretaceous,
Texas.

1931 Nedosoria radicula. PruMmEer (not LINNE, 1758}, Univ. Texas Bull. 3101, p. 185,
pl. 11, fig. 2; Upper Cretaceous, Texas.

1046 Pseudoglanduling manifesta. CUsAMAN (not REuss, 1851), U. 8, Geol. Burvey Prof,
Paper 208, p. 76, pl. 27, figs. 21-—26; Upper Cretacecuns, U, 8, Gulf Coast.

1955 Pseudonodosaria larve, LoEeuicHE and TAPPaW, Smithsonian Mise. Coll., vol. 126,
no. 3, p. 6, pl. 1, figs. 7—11; Upper Cretaceous, Texas.

Description: Test elongate, tapering toward initial end, circular
in cross section, initial end bluntly rounded; early chambers appressed,
later ones slightly inflated, about 6 to 7 to the adult form; wall caleareous,
smooth, finely perforate: sutures distinet, normal to long axis of test,
flush in early stage, depressed in later; aperture terminal, at end of slight
protuberance, radiate. Length, .45 mm.; diameter, 0.21 mm.



GO

Remarks: As pointed out by LogsricH and Tappax (1955) Pseudo-
nodosaria larva (CARSEY) may be differentiated from Nedosaria radicula
LinNg by its more rounded initial end. It differs from Glandulina manifesia
Ryuss by having a rounded initial end, a less flaring test, and deeper de-
pressed sutures.

Hypotype: SU no. 9379, Locality no. MGz 610.

Genus DENTALINA d’'Oreiony, 1839

Dentalina aculeate d’ORBIGNY
Plate 4, figa. 128, b

1840 Nodosaria (Dentalina) aculeata ’OrBieny, Soc. géol. France Mem., 1st Ser., vol. 4,
p- 13, pl. 1, figs. 2, 3; Senonian, Paris Basin.

1946 Dentalina aculeata. Cuvsaman, U, B, Geol. Survey Prof. Paper 208, p. 67, pl. 26,
figs. 17, 18; Upper Cretaceous, Texas.

1951 Dentaling aculeata. Banpy, Journ. Pal., vol. 25, no. 4, p. 499, pl. 78, fig. 4; Upper
Cretaceous, southern California.

Description: Several incomplete specimens referable to this species
were noted in Moreno Gulech material. They consist of a single pyriform
chamber with attenuated ends. The walls are calcareous and ornamented
with fine papillae. Length of figured fragment, 0.76 mm. ; diameter, 0.46 mm.

Hypotype: SU no. 9380, Locality no. MG 574.

Dentaling bastplanate CUSHMAN
Plate 4, figs. 138, b
1931 Dentaling annulate. CusaMAn (not Reusg), Tennessee (Geol. Survey Bull. 41,
p- 28, pl. 3, fig. 3; Upper Cretaceous, Tennessee.
1938 Dentaling basiplanate CusEMaN, Contr. Cushman Lab. Foram. Res., vol. 14, pt, 2,
p- 38,pl. 6, figs. 6—8; Upper Cretaceons, Texas.
1951 Dentaling basiplanata. Banpy, Journ. Pal., vol. 25, no. 4, p. 299, pl. 73, figs. 6 a—c;
Upper Cretacaous, southern California.

Description: Test elongate, slightly curved, gently tapering toward
rounded initial end, which is circular in cross section; 7 or 8 chambers,
early ones shorter than broad, appressed, later omes longer than broad,
slightly inflated; wall calcareous, smooth, finely perforate; sutures slightly
oblique and flush in early portion of test, gently depressed and normal to
long axis of test in later portion; aperture rudiate, placed toward concave
side. Length, 1.77 mm.; diameter, 9.30 mm.

Hypotype: SU no. 9381, Loeality no. MG 346.

" Dentalina megalopolitana REUSS
Plate 4, figs. 14a. b

1855 Dentaling megalopolitana Reuss, Deutsche geol. Gegell. Zeitschr., vol. 7, p. 267,
pl. §, fig. 10; Turonian, (Germany.

1946 Dentalina megalopolit Cugaman, U, 8. Geol. Survey Prof. Paper 206, p. 67,
pl. 23, figs. 24_26 Upper Cretaceous, 1. 8. Gulf Coast.

195} Dentaling megalopelitana. Bawpy, Journ. Pal., vol. 25,n0. 4, p. 54}, pl. 73, figs. Ta—o1
Upper Cretacecous, southern California.

1960 Dentalina f. D. megalopolitana. TrusiLno, Journ. Pal. vol. 34, no. 2, p. 327, pl. 47,
figs. 5 a—b; Upper Cretaceous, northern California.
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Deseription: Test elongate, slightly arcuate, gently tapering toward
initial end, circular in cross section; chambers about 9 or 10, gradually
increasing in height as added; wall finely perforate, smooth; sutures distinet,
fiush, limbate, normal to long axis of test; aperture terminal, radiate, at
inner edge of lagt chamber. Length, 1.15 mm.; diameter, 0.16 mm.

Hypotype: SU no. 9382, Locality no. MG 346,

Genus LINGULINA d'OrBiany, 1826
Lingulina californiensis TRUJILLO
Plate 5, figa, ] a—c¢
1960 Linguling californiensis TRUIILLO, Journ. Pal., vol. 34, no. 2, p. 314, pl. 45, figs. B a, b;
Upper Cretaceous, northern California.

Description: Test small, compressed, ovate in side view, elliptical
in edge view, twice as long broad; edge acute with small projeeting keel
‘at bage of each chamber; chambers about 6 to 7 in number, inflated, closely
apypressed and overlapping, gradually increasing in height as added; wall
caleareous, smooth, finely perforate; sutures distinct, depressed, curved
in central portion with tendency to straighten out laterally; aperture termi.
nal, central, slitlike. Length, 0.45 mm.; bhreadth, 0.23 mm.; thickness,
0.10 mam.

Remarks: This species oecurs in few numbers but its characters
appear to be constant. Its larger size, overlapping and arched chambers,
and greater relative width serve to distinguish it from Lingulina tayloriana
CusHMAN,

Hypotype: SU no. 9383, Locality no. MG 550.

Genus LAGENA WaLker and Boys, 1784

Lagena acuticosta REUss
Plate 5, figs. 2a, b
1862 Lagena acuticosta REvss, Akad. Wiss. Wien, Math.-Naturw. (L, Sitzber., Wien,
vol. 44, p. 305, pl. 1, fig. 4; Maastrichtian, Holland.
1946 Lagena acuticosta. CusEMan, U, 8. Geol. Survey Prof. Paper 206, p. 94, pl. 39,
figs. 14, 15; Upper Cretaceous, U, 8. Gulf Coast.

Description: Test small, unilocular, globular, greatest width at
center; base broadly rounded, apertural end with small attenuated neck;
wall calcareous, finely perforate, with I4or 15 well.developed costae extend-
ing from base to near apertural neck; aperture terminal, simple, round.
Length, 0.20 mm.; diameter, 0.18 mm.

Hypotype: SU no. 9384, Loeality no. MG 581.

Lagena acuticoste REUsS subsp. brevipostica BANDY
Plate 5, figs. 3a, b

1951 Lagena acuticoste REUSS var. brevipostica Banpy, Journ. Pal., vol. 25, no. 4, p. 502,
pl. 73, figs. 19 a, b; Upper Cretaceous, southern California.
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Degcription: Test small, unilocular, ovate in zide view, circular ir
cross section; base broadly rounded, apertural end with short tubular neck;
wall calcareous, finely perforate, with 7 to 9 costae extending from near
apertural end to base; aperture terminal, simple, round. Length, 0.22 mm.;
diameter, 0.14 mm.

Hypotype: SU no. 9385, Loeality no. MG 200,

Lagena acuticosts REUSS subsp. proboscidialis Banpy
Plate 5, figs. 44, b
1951 Lagena acuticoste BEUss var. proboscidialis Bawpy, Journ. Pal., vol. 25, ne. 4,
p- 503, pl. 73, figs. 16 a, b; Upper Cretaceous, southern California.
Description: Test small, uniloeular, ovate in side view, cireular in
cross section; base broadly rounded; apertural end with short tubular
neck; wall caleareous, finely perforate, with 17 to 19 costae extending from

near apertural neck to hase; aperture at end of short neck, simple, round.
Length, 0.30 smm.; diameter, 0.19 mm,

Hypotype: SU no. 9386, Locality no. MG 200,

Lagene amorphe REUSS subsp. paucicosta FRANKE
Plate 5, figs. 5a, b

1928 Lagena amorpha ReUss var. poucicoste FRaNKE, Preuss, geol. Landesanstalt Abh.,
n. ser., vol. 111, p. 87, pl. 7, fig. 38; Upper Cretaceous, Germany.

1929 Lagma ap. CuseMan and CEURcH, California Acad. Sci. Proe., 4th ser., vol. 15,
P 512, pl. 39, fig. 11; Upper Cretaceous, central California.

1946 Lagena. amorpha REUSS var. paucicosta, CusaMax, U, 8. Geol. Burvey Prof. Paper 206,
p. 94, pl. 40, figs. 4, 5; Upper Cretaceons, U. 8. Gulf Coast.

Description: Test small, unilocular, pyriform, circular in ¢ross section
base broadly rounded, apertural end with short tubular neck ; wall calcareons,
finely perforate, with 7 or 8 scostae extending from neck to base; aperture
at end of short neck, simple, round. Length, 0.32 mm.; diameter, 0.16 mm.

Hypotype: SU no. 9387, Loeality no. MG 544,

Lagena apiculate Reuss

_ Plate 5, figs, 6a, b

1850 Odlina apiculate Reuss, Haidinger's Naturwiss, Abh., vol. 4, pt. 1, p. 22, pL. 1
fig. 1; Upper Cretaceous, Europe.

1862 Lagenna apiculata. BEUss, Akad. Wiss. Wien, Math.-Naturw., CL Sitzber., vol. 46,
p- 318, pl. 1, figs. 4—38, 10, 11; Upper Cretaceous, Grermany.

1954 Lagena apiculata. Frizzern, Univ. Texas Rept. Investigations no. 22, p. 102,
pl. 14, figs. 5, 6; Lower and Upper Cretacecons, Texas.

Description: Test pyriform, unilocular, round in cross section;
wall ealcareous, finely perforate, smooth, with hasal spine; aperture simple,
round, at end of small neck. Length, 0.33 mm.; diameter, 0.23 mm,

Hypotype: SU no. 9388, Locality no. MG 581.
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Lagena hispida REUSS
Plate 5, figs. Ta, b

1858 Lagena hispide REuss, Deutache geol. Gesell., Zeitschr., vol. 10, p. 434; Oligocene,

Germnany.
1863 Lagena hispida. REuUss, Akad. Wiss. Wien, Kl. Bitzber., vol. 46, p. 335, pl. 6,

figs. 77—79; Upper Crotaceous, Germany.
1931 Lagena hispida. PLUMMER, Univ, Texas Bull. no. 3101, p. 159, pl. 10, fig. 12; Upper

Cretaceous, Texas.

Description: Test globular, unilocular, delicately spinose throughout

globular portion of test; aperture simple, round, at end of moderately
long tube. Length, 0.65 mm.; diameter, 0.40 mm. .

Hypotype: SU no. 9389, Locality no. MG 574.

Oolina (?) simplex REUSS
Plate 5, figs. 8a, b
1850 Oolina simpler Revss, Haeidinger's Naturwiss. Abh., vol. 4, pt. 1, p. 22, pl. 2,
figs. a, b; Upper Cretacecous, Europe.
1928 Oolina stmplex. WaiTE, Journ. Pal., vol. 2, no. 3, p. 210, pl. 29, fig. 8; Upper
Cretaceous, Mexico.

Description: Test unilocular, broadly ovate in side view, ecircular
in cross seetion; wall caleareous, smooth, finely perforate; aperture terminal,
radiate. Length, 0.55 mm.; diameter, 0.45 mm.

Remarks: This form appears to identical to that figured by REeuss,
Its identification on a generic level is questioned, as more material is re-
quired before making a definite decision.

Hypotype: SU no. 9390, Loeality no. MG 574.

Genus FPISSURINA Rrevuss, 1850
Fissurina orbignyana SEGUENZA
Plate 5, figs. 9a, b
1862 Fissurina orbignyane Secuewza, Foram. Monotal. miotene Messina, p. 66, pl. 2,
figs. 25, 26.
1931 Lagena orbignyana. CvsgmaXN, Tenn, Div, Geol. Bull. 41, p. 39, pl. 6, figs. 24, b
{not 1a, b); Upper Cretaceous, Tennessee.

Description: Test unilocular, oval to almost round in side view,
elliptical in end view, greatest width about the middle; wall calcareous,
finely perforate, with pronounced lateral keel extending around entire
test and coalescing at apertural end, additional keel on each side of the
median keep forming a definite raised border; aperture fissurine, parallel
with median keel. Length, 0.55 mm.; width, 0.42 mm.; thickness, (.27 mm.

Hypotype: SU no. 9391, Locality no. MG 574.

Genus MARGINULINA d'OrBiany, 1826
Marginuling bullata REvUss
Plate 5, figs. 10a, b

1848 Marginuline bullata REUss, Verstein, Bohin, Kreide, pt. 1, p. 29, pl. 13, figs. 34—38;
Upper Cretaceous, Bohemia.
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1936 Marginuling builata. BrROTZEN, Sveriges geol. undersokning, Ser. C, no. 398, Ars. 30,
p- 62, pl. 4, figs. } a—c¢; text fig. 19; Lower Senonian, Sweden.

1948 Margivading bullate. Cusaman, U, 8. Geol. Survey Prof. Paper 208, p. 62, pl. 21,
figs. 32-—37; Upper Cretaceous, 1. 8. Gulf Coast.

1951 Muarginuling bullata. Bawpy, Journ. Pal., vol. 25, no. 4, p. 438, pl. 72, figs, 13 a, b;
Upper Cretaceouns, southern California.

Description: Test elongate, coiled in early stage, later stage uncoiled,
circular in cross section; 5 or 6 chambers, slightly inflated in early portion,
more 350 at apertural end; wall caleareous, finely perforate, smooth; sutures
distinet, flush in early stage, later depressed, nearly transverse to oblique;
radiate aperture terminal, at outer margin of last chamber. Length,
0.85 mm.; diameter, 0.30 mm.

Hypotype: S5U no. 9392, Locality no. MG 581

Marginuline campbelli MARTIN, n. sp.
Plate 5, fige. 11 a—bh
1935 .Margénuléna cf. M. bronni. CusBEMAN and CAMPBELL (not RoEMER), Contr. Cushman
Lab. Foram. Res.. vol. 11, pt. 3, p. 87, pl. 10, figs. 6 a, b; Upper Cretaceous, central
California.

Description: Test elongate, initial portion planispiral, later gently
curved to straight, broadly oval in cross section, keeled in initial stage;
chambers 8 to 9, closely appressed, increasing gradually in height as added;
wall calcarecus, finely perforate; sutures curved and tangential in early
stanges, oblique in later portion of test, flush; aperture radiate, at outer
margin of last chamber. Length, 0.56 mm.; width, 0.30 mm.; thickness,
0.16 mm.

Remarks: This form, of which several specimens were found in Laguna
Beca Creek, is identical to that fipured by Cusmman and CaMPBELL as
Marginuling bronni (RoEMER). The California species differs in being
more compressed in the initial stage, as well as in the later portion, in
having less inflated chambers, and in being less curved in side view. It
is named in honor of Prof. A. 8. CAMPBELL in recognition of his contribution
to the micropaleontology of California.

Holotype: SU no. 9393, Locality no. LS 612,

Marginulina curvisepta CusEMAN and GOUDKOFF
Plate 5, figs. 12 a—¢
1944 Marginuling curvisepta CusEMAN and Goupxery, Contr. Cushmasn Lab. Foram.
Res., vol. 20, pt. 8, p. 57, pl. 19, figs. 12, 13 a. b; Upper Cretaceous, central Cali-
fornia. :
Description: Test elongate, curved, planispiral in initial stage,
adult portion nearly straight, compressed in early portion, almost circular in
cross section in later chambers; early chambers indistinet, closely appressed,
later ones distinet, loosely appressed; wall calcareous, finely perforate,
with well-developed longitudinal costae that are curved in early portion
of test; sutures distinet and depressed in later portion of test, early ones
indistinet ; aperture terminal, radiate, slightly projecting, at outer margin of
last chamber. Length, 0.75 mm.; diameter, 0.33 mm.
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Remarks: Only 3 specimens were found in material from Moreno
Gulch. These resemble the one figured by Cusaman and GOUDKOFF (1944,
pl. 19, fig. 12}, The latter, however, like the Moreno Gulch speeimens,
appears te be an immature representative of the species.

Hypotype: SU no. 9394, Locality no. MG 346.

Genus ASTACOLUS Mowrort, 1808

Astacolus jarvisi (CUSHMAN)
Plate 5, figs. 13a, b

1926 Cristellaria grate. CusaMan (not REvUss), Bull., Amer. Assoc. Petrol. Geol., vol. 10,
no. 8, p. 598, pl. 19, figs. 1 a, b; Upper Cretaceous, Mexico.

1938 Marginuling jarvisi CusaMaw, Contr. Cushman, Lab. Foram. Res., vol. 14, pt. 2,
p. 35, pl. 15, fige. 17, 18; Upper Cretaceous, Trinidad, B. W. L

1946 Marginuling jarvisi, CusaMaw, U, 8, Geol. Survey Prof. Paper 208, p. 63, pl. 22,
figs. 18—20; Upper Cretaceous, Texas, Mexico, Trinidad, B. W. L

19680 Astacolus jarvisi. TRUJILLO (not BroTZEK), Journ. Pal., vol. 34, no. 2, p. 317,
pl. 46, figs. 2 a, b; Upper Cretaceous, northern California.

Description: Test elongate, slightly compressed, broadly oval in
cross gection, early portion of test coiled, later uncoiled and nearly straight;
periphery rounded: chambers about 8 or 9, first 4 or & coiled, appressed,
increasing gradually in height along outer margin as added; wall calcareous,
smooth, finely perforate; sutures distinet, slightly limbata, flush, gently
curved ; aperture terminal, radiate, at outer margin of last chamber. Length,
0.93 mm.; breadth, 0.42 mm.; thickness, 0.30 mm.

Hypotype: SU no. 9395, Locality no. MG 463.

Genus LENTICULINA LaMarck, 1804

Lenticulina almgreni MARTIN, n. sp.
Plate 6, figs. 1a, b )

Description: Test lenticular, planispiral, involute, biumbonate,
subecircular in outline; periphery smooth, edge sharply acute, with narrow
keel; last-formed whorl with 7 chambers, increasing gradually in size as
added; wall calcareous, smooth, finely perforate; sutures distinet, flush,
limbate, slightly curved and tangential; aperture radiate, at outer margin
of last chamber. Diameter, 0.4]1 man.; thickness, (.20 mm.

Remarks: Numerous specimens were noted in the Laguna Seca Creek
section, but none was observed in the Moreno Gulch section. This species
is characterized by its relatively large umbo and small triangular apertural
face. It is named in honor of A, A. ALMGREN, micropaleontologist for the
Superior Qil Company.

Holotype: 8U no. 9396, Locality no. LS 609,

Lenticuling nude {REUSS)
Plate 6, fige. 2a, b
1881 Cristellaric nuda Reuvss, Akad. Wiss. Wien, Math.-Naturw. CL, Sitzungsber,
vol. 44, pt. 1, p. 328, pl. 6, figs. 1—3; Upper Cretaceous, Germany.
1928 Lentionling nude. CusEMaM and Jarvis, Contr. Cushman, Lab. Foram._Res.,
vol. 4, pt. 4, p. 96, pl. 14, fig. 2; Upper Cretaceous, Trinidad, B. W. T,
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Description: Test lenticular, planispiral, involute; periphery smooth,
edge subacute bhut not carinate; chambers, about 7 to 8 appressed, embrac-
ing umbilical area; wall calcareous, smooth, finely perforate; sutures flush,
curved; aperture radiate, at outer edge of last chamber. Length, 0.63 mm.;
width, 0.65 mm.: thickness, 0.40 mm.

Remarks: Rpuss’ original figures show that considerable variation
is characteristic of this species. The few specimens found in Moreno Gulch
agree rather well with REuss’ figure 2,

Hypotype: SU no. 9397, Locality no. MG 581,

Lenticuling pracconvergens MARTIN, n. sp.
Plate &, figs. 3a, b
1936 Robulus convergens. JENNINGS (not BorNEMaNXN), Bull,, Amer, Pal., vol. 23, no. 78,
p- 16, pl. 1, fig. 16; Upper Cretaceous, New Jerzey.

Desecription: Test lenticular, planispiral, involute, biumbeonate;
periphery smooth, edge acute or with narrow keel; 8 chambers, increasing
gradually in size as added, the spetal face of the final one forming a convex
surface; wall calcareous, smooth, finely perforate; sutures gently curved,
slightly tangential, flush; aperture radiate, at outer edge of last chamber.
Length, 0.55 mm.; breadth, 0.45 mm.; thickness, 0.21 mm.

Remarks; Although exhibiting features similar to Cristellaria conver-
gens BORNEMANN from the Oligocene of Germany our form has a consis-
tenily greater number of chambers per whorl and a more bealk-like last
chamber: JENNINGS (1936) records a form from the Mt. Laurel Upper
Cretaceous beds of New Jersey that appears to be identical .with the Moreno
Guleh Species,

Holotype: SU no. 9398, Locality no. MG 734.

Lenticulina rectovalis MARTIN, nh. sp.
Plate 6, fige. 44, b

Deseription: Test planispiral, broadly lenticular; periphery smooth,
edge rounded ; chambers 5 to 6, initial one globular, forming broadly rounded
hase, septal face of last-formed chamber smoothly concave; wall calcareous,
smooth, finely perforate; sutures flush, tangential, straight; aperture
radiate, located at onter margin of last chamber. Length, 0.75 mm.; width,
0.55 mm.; thickness, 0.35 mm.

Remarks: This relatively rare form closely resembles Cristellarig
ovalis REUss,: However, it may be distinguished by its straight and tangen-
tial sutures and by the absence of a keel.

Holotype: SU no. 9399, Locality no. MG 603.
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Lenticulino. rotulofe (LAMARCK)
Plate 6, figs. 58, b

1804 Lenticulites rotuloto Lamarex, Ann. Mus, Pavis, vol. 5, p. 188; vol. 8, pl 62, ﬁg 11;
Upper Cretaceous, France.

1927 Lenticwlina rotulate  CuvsEMaw, Contr. Cushman Lab. Foram. Res., vol. 8, pt. 3,
P. 142, pi. 28, figs. T a, b; Upper Cretaceous, France,

1946 Lenticulina rotulata. Cusamaw, U. 8. Geol. Survey Prof. Paper 206, p. 56, pl. 19,
fig. 7 (not 1—8); Upper Cretaceous, Texas.

Description: Test lenticular, planispiral, closely-coiled, bhiumbonate;
periphery smooth, edge keeled: 8 chambers in last-formed whorl, inereasing
gradually in size as added; wall caleareous, smooth, finely perforate; sutures
flush, limbate, curved, radial to slightly tangential; aperture radiate, on
outer margin of last septal face, apertural face triangular, with thickened
sides. Length, 0.87 mm.; breadth, 0.75 mm.; thickness, 0.40 mm.

Hypotype: SU no. 9400, Locality no. MG 727,

Lentieulina schencki MaRTIN, n. sp.
Plate &, figs, 6a, b

Description: Test lenticular, planispiral, almost circular in outllne,
involute, biumbonate with large umbo of clear shell material, thickest
across the umbo; periphery denticulate due to broken keel, edge- with
rarrow Lkeel; 11 or 12 chambers, curved, increasing gradually in 'size as
added; wall calcareous, smooth, finely perforate; suvures distinet, limbate,
eurved; aperture radiate, at peripheral margin of last chamber, apertural
face convex, Diameter, 0.60 mm.; thickness, 0.32 ma.

Remarks: This form differs from Lenticuline velascoensis WHITE
in having more chambers per whorl, in being relatively thicker, and in the
convex apertural face. It may be distinguished from Lenticulina sp. A.,
by having chambers of shorter height, greater curved sutures, and a greater
nuniber of ehambers per whorl. This species is named in honor of the late
Dr. H. G. ScHENCK in recognition of his work in the field of micropaleon-
tology.

Holotype: SU no. 9401, Locality no. MG 727.

Lenticuling velascoensis WHITE
Plate 6, figs. Ta, b
1928 Lenticulina velascoensis WHITE, Journ., Pal., vol. 2, no. 3, p. 199, pl. 28, ﬁg 8,,
Paleocene, Upper Cretaceous, Mexico.

Description: Test lenticular, planispiral, subcircular in outline,
involute, with depressed umbo of clear material through which earlier
whorls can be seen; periphery irregular due to broken keel, edge carinate;
8 or 10 chambers in last whorl, increasing gradually in size as added; wall
calcareous, finely perforate; sutures distinct, flush, slightly curved; aperture
radiate, at outer margin of last chamber, Diameter, 0.66 mm,; thickness,
0.20 mm,

Hypotype: SU no. 9402, Locality no. MG 574.
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Lenticulina sp. A.
Flate 6, figs. 8a, b

Description: Test lenticular, planispiral, subecircular in outline, bi-
umbonate; periphery smooth, edge acute; chambers, about 8 to 9, curved,
increasing gradually in size as added; wall caleareous, smooth, finely per-
forate; sutures distinet, flush, curved, tangential, fusing into umbo; aper-
tural face slightly depressed with 2 marginal ridges; aperture radiate,
on outer peripheral margin. Diameter, 0.60 mm.; thickness, 0.27 mm.

Remarks: Only two specimens were found in Moreno Gulch samples.
More material iz required prior to making a specific determination.

Depository: SU no., 9403, Locality no. MG 727.

Lenticuling sp. B.
Plate 6, figs. 9a, b

Description: Test lenticular, planispiral, subeircular in outline, bi-
umbonate; periphery smooth, edge subacute; chamhbers few, 5 to 6 In
lagt whorl, broadly triangular; wall ealcarecus, smooth, finely perforate;
sutures distinet, limbate, flush, tangential, fusing into umbo of clear shell
madterial; apertural face slightly depressed, with marginal ridges; aperture
radiate, at outer margin of lagt chamber. Diameter, 0.60 mm.; thickness,
0.30 mm.

Remarks: This form has a very rare occurrence in Moreno Gulch.
More specimens are needed to he examined hefore assigning a specific
name.

Depository: SU no. 9404, Locality no. MG 576,

Genus ROBULUS Mosrort, 1808

Robulus lepidulus (REUSS)
Plate 6, figs. 10a, b
1874 Cristellaria lepidula REUss, Paleontographica, vol. 20, pt. 2, p. 106, pl. 23, figs. 4 a, b;
Turonian, Germany.
1936 Robulus lepidulus. BroTzEN, Sveriges geol. undersokning, Ser. C, no. 396, Ars, 30,
p. 48, pl. 2, figs. 2 &, b; Lower Benonian, Sweden.

Description: Test lenticular, planispiral, biumbonate; periphery
smooth, edge sharply acute in early portion of test, with tendency to become
acute in later portion; chambers numerous, about 10 to 11 in lasé-formed
whorl, increasing gradually in size as added, those of later stages embracing
umbilical srea and with tendency to become evolute; wall ealcareous,
smooth, finely perforate; sutures distinet, flush, gently curved; aperture
radiate with elongate median slit, at outer edge of last chamber. Length,
0.98 mm.; width, 0.80 mm,; thickness, (.42 mm.

Remarks: The few specimens from Moreno Gulch agree with the
original figure of REUss as well as with that of BroTzEN.

Hypotype: SU no. 9405, Locality no. MG 928,
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Robulus modestus BaNDY
Plate 6, figs. 11 a, b
1951 Robulus modestus Bawoy, Journ. Pal., vol. 25, no. 4, p. 493, pl. 72, figs. 8 a, b;
Upper Cretaceous, southern California.

1960 Lenticulina modesta. TRUIILLO, Journ. Pal., vol. 34, ne. 2, p. 313, pl. 45, figs, 3 a, b;
Upper Cretacecus, northern California.

Description: Test lenticular, planispiral, binmbonate, closely coiled;
periphery smooth, edge acute, chambers about 7 to 9 in last whorl, increasing
gradually in size as added; wall calcareous, smooth, finely perforate;
sutures slightly curved, flush, tangential; aperture radiate with narrow
slit, at outer margin of last chamber. Diameter, 0.65 mom.; thickness,
0.24 mm.

Remarks: Comparison of Moreno Gulech specimens with those of
Bawby proves these forms to be conspecific.

Hypotype: SU no. 9408, Locality no. MG 544.

Robulus pseudoligostegius MARTIN, n, sp.
Plate 6, figs. 12 a—c¢
1946 Robulus oligostegius. CusamMan (not Rrvss), U. 8. Geol. Survey Prof. Paper 206,
p. 54, pl. 17, figs. 16, 17; Upper Cretaceous, Trinidad, B. W. 1.

Description: Test planispiral, broadly lenticular, with tendency to
uncoil; periphery smooth, edge bluntly rounded; chambers about 5 to 6,
increasing rapidly in size as added, last one tending to uncoil ; wall calcareous,
smooth, finely perforate; sutures distinet, flush, curved; apertural face
broadly oval with slight depression, aperture radiate with elongate slit,
near outer margin of last chamber on a slight protuberance. Length,
0.568 mm,; width, 0.41 mm.; thickness, 0.30 mm.

Remarks: California specimens differ from Cristellaria oligostegius
BEvss in being more evolute and elongate. CusHmaN (1246) figures a form
from the Upper Cretaceocus of Trinidad that agrees with Moreno Guleh
gpecimens rather than with REUSS’ species.

Holotype: SU no. 9407, Locality no. MG 567,

Robulus sp. A.
Plate 7, figs. la. b

Description: Test broadly lenticular, planizpiral, biumbonate, early
portion of test closely coiled, later portion to a lesser degree; periphery
smooth, edge subacute; chambers about 9 to 10 in last whorl, increasing
gradually in height as added; wall calcareous, smooth, finely perforate;
sutures distinet, flush, gently curved, tangential at umbo; apertural face
gently concave; aperture radiate with median slit, at outer peripheral
margin. Length, 0.90 mm.; breadth, (.63 mm.; thickness, 0.30 mm.

Remarks: Specimens from Moreno Guleh show some affinities with
Robulus discrepans (CUsHMAN and JarRvIs (not REuss} described from
Trinidad, B. W. I. This form differs from Robulina discrepans REUSS
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in having a slightly concave apertural face and the last few chambers
which are not inflated. Unfortunately since it has a very rare occurrence
in Moreno Gulch, additional specimens are necessary to properly define
its specific characteristics.

Depository: SU no. 9408, Locality no. MG 692,

Robulus sp. B.
Plate 7, figs. 2a, b

Description: Test large, lenticular, planispiral, biumbonate; peri-
phery smooth, edge: chambers about 8, wall calcareous, smooth, finely
perforate; sutures distinct, gently curved, slightly tangential, flush, fusing
into umbonal area; aperture radiate with median slit, at outer peripheral
angle of last septal face. Length, 1.10 mm.; breadth, 0.91 mm.; thickness,
0.55 mm.

Remarks: A number of awthors have referred similar forms to Ro-
bulus macrodiscus (REUss). However, that species has distinctly curved
sutures, whereas most othet forms referred to it are characterized by slightly
eurved, tangential sutures. For examples of these see CusHMaN (1946)
and LoETTERLE (1937). As only very few specimens of this form were
ohserved in Morene Gulch samples, it is deemed best to differ judgment
regarding its specific identification until more specimens are available.

Depository: 8U no. 9409, Locality no. MG 610,

Genus SARACENARIA DEFRANCE, 1824
Saracenaria acufauriculoris (Freurer and MoLr)
Plate 7, figs. 3a, b
708 Nautilus acutauricularis FicHTEL and Morr, Test. Mier., p. 102, pl. 18, figs. g—i.
9 28 Saracenarin acwtouricularis. WHITE, Journ. Pal., vol. 2, no. 3, p. 200, pl. 28, fig. 10;
Upper Cretaceous, Mexico.

Desgcription: Test planispiral, initial portion coiled, later portion
with tendency to uncoil, triangular in cross section; periphery smooth,
edge subacute; chambers 6 to 7, tending to become evolute; septal face
of last one broad and angled; wall caleareous, smooth, finely perforate;
sutures distinet, flush, curved; aperture radiate, at outer margin of triangular
septal face. Length, 0.61 mm.; breadth, (.45 mm.; thickness, 0.37 mm.

Hypotype: SU no. 9410, Locality no. MG 727,

Saracenaria pseudonavicule MARIE
Plate 7, figs. 4a. b
1937 Robulus navicula. MamiE (not A'OrBIGNY), Bull.. Soc. Géol. France, ser, 5, vol. 7,
p. 232; Upper Cretaceous, France.
1941 Saracermma pseudonavicula Marie, Mém. Mus, Hist, Nat., n. ser., vol 12, p. 110,
pl. 12, fig. 113 a, b, 114; Campanian, Paris Basin.
Description: Test planispiral, evolute, with small coiled initial
portion, tending later to unecoil, triangular in cross section; periphery
smooth, edge subacute; 7 chambers, increasing in height as added; wall
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caleareous, smooth, finely perforate; sutures distinet, curved, flush; aperture
radiate, at outer edge of last septal face. Length, 0.58 mm.; breadth,
.35 mm.; thickness, 0.36 mm.

Remarka: This form agrees rather weil with MARIE'S species and
differs from Saracenaria triangularis d’ORBIGNY by being less evolute in
the later portion of the test and in having curved instead of sinuate sutures.
It may be distinguished from Saracenaria navicula (d’ORBIGHNY) by its
greater relative width.

Hypotype: SU no. 9411, Locality no. MG 587,

Genus PLANULARIA DEFravce, 1824
Planularia mirabilis MARTIN, n. sp.
Plate 7, figs. 5 a—c

Description: Test small, compressed, sides parallel, suboval in out-
line view, initial end coiled, later evolute; periphery smooth, edge bluntly
rounded ; chambers about 11 to 12, much wider than high, increasing grad.
ually in height as added; wall caleareous, finely perforate; sutures distinet,
raised, limbate, curved; those of the initial end beaded, later ones plain
and strongly curved at outer margin where they fuse inte the periphery;
aperture terminal, radiate. Length, 0.35 mm.; breadth, 0.20 mm.; thick-
ness, .07 mm.

Remarks: The smooth bluntly rounded outer periphery, the greater
number of chambers, and the early beaded sutures serves to distinguish
this California form from Planularia tricarinelle (REUSsS).

Holotype: SU no. 9412, Locality no. MG 611.

Planularia umbonate LOETTERLE
Plate 7, figs. 6 a—c
1937 Planularic wmbonate LOETTERLE, Nebraska Geol, Burvey, Bull. 12, ser. 2, p. 23,
pl. 2, figa. 2 a, b; Upper Cretaceous, Nebragka,
1960 Astacolus umbonata, TRUNLLG, Journ. Pal., vol. 34, no. 2, p. 318, pl. 45, figs. 13 a, b;
Upper Cretaceouws, northern California.

Dezcription: Test elongate, compressed, initial end tightly coiled
and umbonate, tending later to uncoil, almost parallel in edge view; peri-
phery broadly rounded, edge with narrow keel developed in initial portion
of test, in later stages rounded; chambers about % to 10, closely appressed,
much wider than high, gradually increasing in height as added; wall cal-
careous, smooth, finely perforate; sutures raised, limbate, oblique in later
portion, irregularly thickened at peripheral area; aperture terminal, radiate,
at outer edge of last chamber. Length, 0.50 mm.; breadth, 0.23 mm.;
thickness, 0.10 mm.

Hypotype: SU no. 9413, Locality no. MG 905,
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Genus PALMULA Lea, 1833
Palmule primitiva CUSHMAN
Plate 7, figs. 7a, b
1938 Palmule simplex. CusaMaxn (not Reuss), Contr. Cushmen Lab. Foram. Res.,
: vol. 14, pt. 2, p. 36, pl. 6, fig. 1; Upper Cretaceous, Texas.

1938 Palmule primitiva CusEMan, Contr., Cushman Lab. Foram. Res., vol. 15, pt. 4,

p. 91, pl. 18, figs. 4, 5; Upper Cretaceous, Texas,
1951 Palmauda primitiva. Banpy, Journ. Pal., vol. 25, no. 4, p. 495, pl. 72, figs. 14 a, b;

Upper Cretaceous, southern California.

Description: Test elongate, strongly compressed, edge subacute,
initial stage planispiral, later stage uncoiled consisting of rectilinear chevron-
shaped chambers; sides in later stage parallel; chambers about 9 in number,
gradually increasing in height; wall caleareons, smooth, finely perforate;
sutures distinet, slightly limbate, with tendency to develop delicate longi-
tudinal striae; aperture terminal, radiate, at end of slight protuberance.
Length, 0.77 mm.; breadth, 0.22 mm.; thickness, 0.09 mm.

Hypotype: SU no. 9414, Locality no. MG 581.

Genus NEOFLABELLINA BARSTEIN, 1948
Neofiabellina pilulifera {CusamMar and CAMPBELL)
Plate 7, figs. 8a—c
1935 Plabelling pilulifera CusEMaN and CameBrLL, Contr, Cushman Lahb. Foram. Res.,
vol. 11, pt. 3, p. 87, pl. 10, figs. 6 a, b; Upper Cretaceous, central California.

Description: Test compressed, inifial stage planispiral, with thick
mags giving test greatest thick at this point, oval-shaped in cutline view;
periphery smooth, edge bluntly truncated; chambers numerous, early
ones exhibiting distinet coiling, later ones forming inverted V-shaped
chambers; wall calcareous, finely perforate; sutures distinet, forming thin
raised carina, beaded in early stage, smooth in later portion of test; aperture
terminal, central, round, slightly produced. Length, 0.76 mm.; breadth,
0.50 mm.; thickness, 0.10 mm.

Hypotype: 8U no. 9415, Locality no. LS 609.

Neoflabelling rugosa (A’OBBIGNY)

_ Plate 7, figs. $a, b

1840 Flabellina rugosa d'ORBIGNY, Soc. géol. France Mém., 1st. ser., vol. 4, p. 23, pl. 2,
figs, 4, 5, 7; Upper Cretacoous, Paris Basin.

1963 Plabellina rugosa. BROTZEN, Bveriges geol. undersokning Ser. C, no. 396, Anb. 30,
P 107, text-figure 35 a, b; Lower Senonian, Sweden.

1946 Palmula rugosa. Cusaman, U. 8. Geol. Survey Prof. Paper 206, p. 83, pl. 31,
figs. 0—17; Upper Cretaceous, U. 8. Gulf Const.

Deseription: Test compressed, rhomboid to elliptical in outline,
early portion planizpiral, later part of test consisting of rectilinear chevron-
shaped chambers; periphery smooth, edge flat, truncated; chambers ahout
10 to 12, narrow and uniformly broad; wall caleareous, finely perforate,
papillae in area between sutures; sutures strongly raised, acute; aperture
terminal, round. Length, (.55 mm.; breadth, .35 mm.; thickness, 0.10 mm.

Hypotype: ST no. 9416, Locality no. MG 727.
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Genus FRONDICULARIA Drrrance, 1826

Frondicularia archiaciang d'ORBIGNY
Plate 7, figs. 10 a—=

1840 Frondicularia erchiaciona A’ORBIGNY, Soe. géol. France Mém., lst ser., vol. 4, p. 20,
pi. 1, figs, 34 —36; Upper Cretaceous, Paris Basin.

1946 Frondicularia archiaciana. CusEmaN, U, 8. Geol. Survey Prof. Paper 206, p. 91,
pl. 37, figs. 8—20; Upper Cretaceous, U. 8. Gulf Coast.

1951 Frondicularia archiaciana., Bawpy, Journ. Pal, vol. 25, no. 4, p. 496, pl. 72, figs. 7 a,
b; Upper Cretaceous, southern California.

Description: Test elongate, gently tapering, sides flattened, compres-
ged, greatest width towards apertural end; periphery lobulate, edge flat;
chambers varying from about 2 to 8, increaging in height as added, forming
rectilinear V-shaped series; wall calcareous, finely perforate, with 2 or 3
costae and small apical spine; sutures distinet, raised, limbate; aperture
terminal, round. Length, 1.75 mm.; breadth, 0.41 mm.; thickness, ¢.14 mm.

Hypotype: 8SU no. 9417, Locality no. MG 727,

Genus KYPHOPYXA (CusHMaN, 1929
Kyphopyra christneri (CARSEY)
Plate 7, figs. 12a. b
1926 Frondicularia christneri CarsEy, Univ, Texas Bull. no. 2612, p. 41, pl. 6, fig. 7;
Upper Cretaceous, Texas.
1929 Kyphepyxa christners. (usamaw, Contr. Cushman Lab. Foram. Res., vol. 5, pt. 1,
p- I, pl. 1, figs. 1—7; Upper Cretaceous, Texas.
1960 Kyphopyxa christneri. TRUJILLO, Journ. Pal., vol. 34, no. 2, p. 323, pl. 46, figs. 9 a, b;
Upper Cretaceous, northern California.

Deseription: Test compressed, leek-shaped in outline, apertural
end produced, widest and thickest toward initial end; periphery smooth,
edge truncated; chambers distinet, initially planispiral, later biserial,
adult ones reported to be frondicularian in type, but not observed in Moreno
Gulch material; wall calcareous, finely perforate; sutures distinet, limbate,
in early stage strongly raised, later ones reduced; aperture terminal, radiate.
Length, ¢.60 mm.; breadth, 0.36 mm.; thickness, 0.12 mm,

Remarks: Very few specimens of this form were obtained from Moreno
Gulch samples, Comparison of the California form with those of the Taylor
marl of Texas indicates that the two are identical.

Hypotype: SU no. 9418, Locality no. MG 692,

Family POLYMORPHINIDAE d’OrBIaNY
Genus GLOBULINA d'OrBIoNY
Globuline lacrima REUSS subsp. subsphaerica (BERTHELEIN)
Plate 7, figs. 13 a—oc; Plate 8, figs. 1 a—e

1880 Polymorphine subsphaerica BERTHELEIN, Soe. géol. France Mém., ser. 3, vol. 1,
p. 38, pl. 4, figs. 18 a, b. :

1930 Globuling lacrima REUsSS var. subsphaerica (BERTHELEIN). CusHMaN and Ozawa,
U. 8. Nat. Mus, Proc., vol. 77, art. 6, p. 78, pl. 19, figs. 5—7.

1944 Globulina lacrima var. subsphaerica. CUsEMan and Gouvpxorr, Contr. Cushman
Lab. Foram, Res., vol. 20, pt. 3, p. 57, pl. 9, fiz. 14; Upper Cretaceous, central
California.
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Description: Test subglobular, slightly compressed, oval in ecross
gection; chambers few, extending almost to the hase, quinqueloculine but
apearing triserial owing to overlapping; wall ecalcareous, smooth, finely
perforate; sutures indistinet, observed only when test is wet, slightly de-
pressed near the basal part of test, flush in later portion; aperture terminal,
radiate or an elongate slit. Length of specimen on plate 8, 0.44 mm.;
breadth, 0.35 mm,; thickness, 0.25 mm.

Hypotype: SU no. 9419, Locality no. LS 609,

Genus APIOPTERINA ZeorEwsKI, 1834
Apiopterina cylindroides (ROEMER)
Plate 7, figs. 11a, b

1838 Polymorphing cylindroides RoEMER, Neuss Jahrb., p. 385, pl. 3, fig. 26.
1930 Pyruling eylindroides. CusHMan and Ozawa, U. 8. Nat. Mus. Proe., vol. 77, art. 6,

p- 56, pl. 14, figs. I—5.
1946 Pyrulina cylindroides. Cusamaw, U. 8. Geol. Survey Prof. Paper 206, p. 97, pl. 40,

figs. 18, 19; Upper Cretaceous, U. 8. Gulf Coast.

Description: Test elongate, fusiform, subcircular in cross section,
almost 3 times as long as broad, subacute at both ends; chambers triserial
in early stage, becoming biserial in later portion of test, elongate, gently
embracing; wall ealcareous, smooth, finely perforate; sutures distinet
only when test is wet, flush; aperture terminal, radiate. Length, 0.50 mm.;
breadth, 0.18 mm.; thickness, 0.15 mm.

Hypotype: SU no. 9420, Locality no. MG 576.

Family PLEUROSTOMELLIDAE REgvss, 1860
Genus PLEUROSTOMELLA REvss, 1860
Pleurostomella greatvalleyensis TRUITLLO
Plate 8, figs. 2 a—
1960 Pleurostomella greafvalleyensts TrusLLO, Journ, Pal, vol. 34, no. 2, p. 345, pl. 50,
figs. 3 a—¢, 6 a—b; Upper Cretaceous, northern California.

Description: Test elongate, tapering toward initial end, later por-
tion with nearly parallel sides, greatest width along last few chambers,
circular in cross section; chambers relatively few, slightly inflated, early
triserial ones becoming biserial, later ones uniserial, last-formed one with
tendency to become elongate; wall calcareous, smooth, finely perforate;
sutures distinet, early ones flush, later ones depressed, oblique; aperture
subterminal, in hooded depression, crescentic with median slit. Length,
0.60 mm. ; diameter, 0.14 mm.

Hypotype: SU no. 9421, Loecality no. MG 603.

Pleurosiomella sp.

Plate 8, figs. 3 a—d
Description: Test elongate, cylindrical, triserial in early stage, later
biserial, gently tapering towards rounded initial end; chambers about 7,
slightly inflated; wall caleareous, smooth, finely perforate; sutures distinet,
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set at angles of 45 degrees to long axis of test, gently depressed; aperture
and arched opening with median slit sitnated in depression in last chamber.
Length, 0.70 mm.; diameter, 0.20 mamn.

Remarks: Unfortunately only one complete specimen of this species
‘was obtained. The arrangement of the last chamber is similar to that of
Pleurostomella barroisi BERTHELEIN from the Albian of France. The early
chamber arrangement of the California form, however, is not uniserial
as is that of P, barroisi. Until more material can be studied a specifie
assignment must be deferred.

Depository: SU no. 9422, Locality no. MG 928,

Genus NODOSARELLA Rzeuaxr, 1895
Nodosarella gracillima CUSHMAN
Flate 8, figs. 6 a—c
1933 Nodosarella gracillime Cusamaw, Contr. Cushman Lab. Foram. Res., vol, 9, pt. 3,
p. 64, pl. 7, figs. 14 a, b; Upper Cretaceons, U. 8. Gulf Coast.

Description: Test elongate, uniserital slightly tapering toward
initial end, circular in cross section; greatest width toward apertural end:
chambers distinet, early ones slightly staggered, later regularly arranged,
increasing in height as added; wall ealcareous, smooth, finely perforate;
sutures distinet, gently depressed, normal to long axis of test; aperture
crescentic, terminal, with arched hood-like structure. Length, 0.80 mm.;
diameter, 0.16 mm.

Hypotype: SU no. 9423, Locality no. MG 581.

Nodosarella texana CUSHMAN
Plate 8, figs, Ta—c
1938 Nodosarella tevana CusAMaN, Contr. Cushman Lab. Foram. Res., vol. 14, pt. 2,
p. 46, pl. 8, fig. 1; Upper Cretaceous, Texas.

Description: Test elongate, slender, uniserial, gently curved, with
tlight taper toward initial end, circular in cross section; chambers about 6
80 7, increasing in height as added, final one about 3 times as long as wide,
gently inflated; wall caleareous, smooth, finely perforate; sutures distinet,

" gently depressed particularly those of last chambers; aperture subterminal,
with arched hood-like structure. Length, 0.80 mm.; diameter, 0.12 mm.

Hypotype: SU no. 9424, Locality no. MG 574.

Genus ELLIPSONODOSARIA SiuvEsTRI, 1900
Ellipsonodosaria subnodosa (GUPPY)
FPlate 8, figs. 5a——c

1894 Ellipsoiding subnodosa GUPPY, Zool. Soc. London FProc., p. 650, pl. 41, fig. 12,
1928 Eilipsonodesaria subnodosa. CusEMawN, Contr. Cushman Lab. Foram. Bes., vol, 4,
pt. 4, p. 102, pl. 14, figs. 15, 16; Upper Cretaceous, Trinidad, B. W. L
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greatest width toward apertural end, round in cross section; chambers 5
to 6, inereasing fairly rapidly in height and width as added; wall calcareous,
smooth, finely perforate; sutures distinct, depressed, normal to long axis
of test; apertue a low narrow crescentic slit, terminal. Length, 0.82 mm.
diameter, 0.28 mm.

Hypotype: SU no. 9423, Locality no. MG 587.

Genus ELLIPSOGLANDULINA Smwvestri, 1900

Eltipsoglandulina velascoensis CUSHMAN
Plate 8, figs. 4 a—c
1926 Ellipsoglanduling veloscoensis CusmaMaw, Bull,, Amer. Assoc. Petrol. Geol., vol. 10,
no. &, p. 390, pl. 16, figs. 78, b; Upper Cretaceouns, Mexico,

Description: Test small, broadly fusiform, greatest width about
the middle, nearly twice ag long as broad, circular in cross section, initial
and apertural end bluntly rounded; only 3 chambers observed, greatly
embracing; wall calcareous, smooth, finely perforate; sutures indistinet,
visible only when wetted, slightly depressed; aperture a low narrow curved
slit subterminally placed in last chamber. Length, 0.45 mm.; diameter,
0.34 mm. '

Hypotype: SU no. 9426, Locality no. MG 576.

Family CHILOSTOMELLIDAE Brapy, 1884
Genus PULLENIA PirxEer and Joxes, 1862
Pullenia jarvisi CUSHMAN
Plate 8, figs. 8a, b
1932 Pullenia quingueloba. CusEMAN and Jarvis (not Reuss), U. 5. Nat. Mus. Proc.,
vol. 80, art. 14, p. 49, plL. 15, fig. 4; Upper Cretaceous, Trinidad, B. W, L.
1936 Pullenia jurvisi CusaMan, Contr. Cushman Lab. Foram. Res., vol. 12, pt. 4, p. 77,
pl. 13, fig. 6; Upper Cretaceows, Trinidad, B, W. L.

Description: Test planispiral, involute, compressed, biumbilicate,
subcircular in outline; periphery lobulate, edge broadly rounded; chambers
about 5 to 6, inflated, increasing fairly rapidly in size as added; wall cal-
careous, smoothly polished, finely perforate; sutures distinct, depressed,
gently curved; aperture a long slit at base of last septal face, extending
from one umbilical area to the other. Length, 0.35 mm.; breadth, 0.30 mm.;
thickness, 0.20 mm.

Hypotype: SU no. 9427, Loeality no. MG 727.

Family GLOBIGERINIDAE CarrENTER, PaARKER, and JowEs, 1862
Genus GLOBIGERINA A'OrBIrer¥y, 1826
Globigerina sp. :
Plate 8, figs. 9a, b

Deseription: Test with low trochoid spire, subeircular in outline,
periphery lobulate; chambers & or € in final whorl, globular, increasing
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rapidly in size as added; wall coarsely perforate, finely hispid; sutures
depressed, radial; aperture an arched opening facing large umbilical area,
with distinet lip. Diameter, 0.30 mm.; thickness, 0.15 mm.

Remarks: This form and similar ones like it were considered to be
identical to Globigerina cretaces d’ORBIGNY until recently. BANNER and
Brow (1960) studied the type species of Globigerina crelgcea d’ORBIGNY
and recognize it to be a species of Globofruncana CUSHMAN having two
faintly developed carinae. Examination of the rare form obtained from
Moreno Gulch samples shows that it does not have carinae. Until such

time when more material is available a specific determination must be
deferred.

Depository: SU no. 9428, Locality no. MG 200.

Globigerina pseudobulloides PLUMMER
Plate 9, figs. 2 a—-c

1926 Globigerina pseudobulioides PLUMMER, Univ, Texas Bull. 2644, pp. 133—134, pl. 8,
fige., Ba—;

1951 Globigering pseudobullvides. CusHman, U, 8. Geol. Burvey Prof. Paper 232, p. 60,
pl. 17, figs. 7, 8; Paleocene, U, 8. Gulf Coast.

1957 Globorotalia pseudobulioides. Lorprica and Tappan, U. 8. Nat. Mus. 215, p. 192,
pls. 40, figs. 3 a—c; 41, figs. 1 a—c; 42, figs. 3 a—0; 43, fige. 3 a—4 ¢; 44, figs. 4—B ¢,
45, fige. 1 a—2 ¢, 46, figs. 6 a—c¢; Paleocene, U. 8. Atlantic and Gulf Coasts.

1958 Globorotalia psendobulloides. LoOEBLICH, Bull.,, Amer. Assoc. Petrol. Geol., vol, 42,
no. 9, p, 2261 List; Paleccene (Danian}), central California.

Description: Test small, consisting of 2 to 2— 1% whorls, low trochoid
spire, subeircular in outline, distinct umbilical area on ventral side; chambers
about 5 to a whorl, inflated, increasing rapidly in size as added, 12 to 14 on
spiral side; wall calcareous, finely reticulate and perforate ; sutures depressed,
curved in initial stage on spiral side, later ones less curved, ventral or
umbilical sutures radial and depressed; aperture extraumbilical-umbilical,
interiomarginal, a rounded arch on last chamber extending from near
outer margin to umbilical area, a thin flaring lip often present. Diameter,
0.25 mm.; thickness, 0.13 mm.

Hypotype: SU no. 9429, Sample no. MG 11, 11 A.

Globigering triloculinoides PLUMMER
Plate 8, figs. 10 a—c

1926 Globigerina triloculinoides PLummer, Univ. Texas Bull. 2644, pp. 134—135, pl. 8
figs. 10 a—c; Paleocene, Texas.

1951 Giobigerina triloculinoides, CusaMawn, U. 8. Geol. SBurvey Prof. Paper 232, p. 60,
pl. 17, figs. 10, 11; Paleocene, U. 8. Gulf Coast.

1957 Globigering friloculinoides. LoEBLICH and Tarpaw, U. 8. Nat. Mus. Bull. 215,
p. 183, pls. 40, figs. 4 a—c; 41, figs. 2 a—c; 42, figs. 2 a—c; 43, figs. 58—¢; Ba—;
45, figs. 3 a—c; 46, figs. 1 a—c; 47, fige. 28—¢; 52, figs. 3—7; 56, figs. Ba—-¢;
82, figs. 3 a—4 c¢; Paleocene, U. 8. Atlantic and Gulf Coasts.

Description: Test with low trochoid spire consisting of about 2 whorls,
spiral or dorsal side slightly convex, ventral or umbilical side with shallow
umbilical area; chambers about 3—34 to last whorl, distinet, subglobular,
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increasing rapidly as added; wall calcareous, distinetly reticulate, finely
perforate; sutures distinct, depressed; aperture interiomarginal, with a
distinet lip. Diameter, 0.20 mm.; thickness, 0.18 mm.

Remarks: B8pecimens from Moreno (ulch agree very well with
PLuMMER’s original description and figure. It is also similar to all of the
form deseribed and figured by Lorprick and Tappaw from various localities
of the Gulf Coast.

Hypotype: SU no. 9430, Locality no. MG 11 A,

Genus GLOBIGERINQIDES Cusumaw, 1927
Globigerinoides daubjergensis (BRONNIMANN)
Plate 0, figs. 1 a—c

1953 Globigerina daubjergensis BRONNIMANN, Eclogae (Geol. Helvetiae, vol. 45, no. 2,
p- 340, text-figure 1; Danian, Denmark.

1957 Globigerinoides daubjergensis. Loesrics and Tarpan, TU. 8. Nat. Mus. Bull. 215,
p. 184, pls. 40, figs. | a—e, 8 a—e; 41, figs. $a—c; 42, fign. 6 a—7T e; 43, figs. 1 a—=;
44, figs. 7—8 ¢; Danian, Denmark; U. 8. Atlantic and Gulf Coasts.

1938 Globigerinoides daubjergensis. LogsLicH, Bull., Amer. Assoc. Petrol. Geol., vol, 42,
no. %, p. 2261 (list}; Paleoecene (Danian), central California.

Description: Test small for genns, trochospiral, highspired ; chambers 4
per whorl, forming small umbilical area on ventral side, inereasing rapidly
in gize as added; wall caleareous, finely perforate, with fine spines; sutures
distinet, depressed; aperture an arched opening facing umbilieal area, acces-
sory apertures small and sitvated along sutures on spiral side. Diameter,
0.25 mm.; thickness, 0.15 wmn.

Hypotype: SU no. 9431, Locality no. MG 11 A,

Family GLOBOROTALIIDAE Cusumax, 1927
Genus PRAEFGLOBOTRUNCANA BErRMUDEZ, 1952

Praeglobotruncana caryi MARTIN, n. sp.
Plate 9, figa. 3a——c

Deseription: Test rotaloid, gently trochoid, about 2 to 2—14 whorls
seen on spiral side, only last-formed whorl observed ventrally, spiral side
flattened, ventral side slightly convex, subeircular in outline; periphery
lobulate, edge broadly rounded; chambers 6 to a whorl, increasing gradually
in size as added, slightly compressed; wall calcareous, smooth, finely but
distinetly perforate; sutures distinet, depressed, radial, slightly limbate
in the last chambers; aperture interiomarginal, a small arched slit extending
into the umbilical area with a valvular lip; successive lips of earlier chambers
noted in umbilical area. Diameter, 0.30 mm.; thickness, 0.14 mm.

Remarks: At first glance this species appears to be similar to Globo-
rolalia compressa (PLUMMER). However, the California form may be
distinguished from the latter by its lower trochoid spire, and radial sutures,
by consistently having 6 chambers in the last whorl, and by the presence
of relict apertural lips in the umbilical area. It is named in honor of C. W,
Cary, paleontologist for the Union Oil company of California.

Holotype: SU neo. 9432, Locality no. MG 578,
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Family GLOBOTRUNCANIDAE Brotzew, 1942
Genus GLOBOTRUNCANA CusaMaw, 1927
(lobotruncana arca (CUSHMAN)
Plate 9, figs. 46—
1926 Pulvinulina arca Cusuman, Contr. Cushman Lab. Foram. Res., vol. 2, pt. 1, p. 23,
pl. 3, figs. 1 a~——c; Upper Cretaceous, Mexico.
1927 Globotruncana arca. CusHamax, Contr. Cushman Lab. Foram. Res., vol. 3, pt. 1,
p- 91, pl. 19, fig. 11; Upper Cretaceous, Mexico.
1946 Globotruncana area. CusaMax, U, 8. Geol. Survey Prof. Paper 208, p. 150, pl. 62,
fic. 4 (not fig, B}; Upper Cretaceous, Texas, Mexico.
1951 Globotruncanae aree. Bawpy, Journ. Pal., vol. 25, no. 4, p. 509, pl. 75, figs. 1 a—c;
Upper Cretaceous, seuthern California.

Description: Test rotaloid, trochospival, biconvex, subcircular in
outline, with low regular dorsal spire, ventral or umbilical side convex
with deep umbilical depression; periphery lobulate, edge truncate with
2 keels; chambers about 6 to 7 in last whorl, slightly inflated, increasing
gradually insize as added; wall caleareous, finely perforate; sutures on spiral
side curved and obligue, limbate, raised, ventral ones strongly curved,
raised and beaded; aperture interiomarginal, a high arched opening facing
the umbilical area. Diameter, 0.45 mm,; thickness, 0.20 mm.

Remarks: Because of recalcification Moreno Gulch specimens do not
lend themselves to detailed morphological description. Details such as.
the presence of accessory apertures and beading of dorsal sutures cannot
be confirmed. California forms have been compared with specimens from
the Mendez shale of Mexico and seem to he identieal.

Hypotype: SU no. 9433, Locality no. MG 346,

Qlobotruncana churche MARTIN, n. sp.
Plate 9, figs. 5 a—c
1929 Qlobotruncana area. CUsEMaN and CEURCH (not CusEMaN]), Proc, California Acad.
Sci., 4th Ser., vol. 18, no. 16, p. 518, pl. 41, figs, }—3; Upper Cretaceous, central
California.

Pescription: Test rotaloid, subeircular in outline, highly trochoid
on spiral side, ventral side convex with large umbilical area; periphery
Jobulate, edge truncate obliguely with 2 well-developed keels; chambers 7
or 8 to a whorl, slightly inflated on dorsal side, more so on ventral side,
gradually increasing in size as added; wall caleareous, smooth, finely per-
forate; sutures on dorsal side raised, limbate, and curved, ventral sutures
strongly curved, raised, beaded, forming horse-shoe design; aperture interio-
marginal, a high arched opening facing the umbilicus, relict apertures
of successive chambers noted along umbilical margin. Diameter, 0.55 mm.;
thickness, 0.30 mm.

Remarks: This distinctive representative of the genus Qlobotruncana
CusEMAN in characterized by its high trochoid spire and the raised ridge
formed by the spiral suture. It is named in honor of C. C. CaurcH in
recognition of his work with the Cretaceous of California.

Holotype: SU no. 9434, Locality no. MG 544,
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Globotruneana goudkoffi MARTIN, n. sp.
Plate 10, figs. 1 a—e

Description: Test rotaloid, subcircular in outline, dorsal or spiral
side more convex than ventral, ventral side with small umbilical area:
periphery lobulate, edge subacute with one keel at chamber margin and
gecond less well-developed kee] located in middle area of chamber on ventral
side; chambers about 6 or 7 in last-formed whorl, increasing gradually
in size as added; wall c&lcm’eous finely perforate; sutures on dorsal side
curved, raised, and beaded, those of ventral side eurved, limbate, obligue,
forming overlapping horse-shoe shaped design; aperture interiomarginal,
a high arched opening facing the umbilicus, wmbilical margin of each
successive chamber with relict apertural lip. Diameter, 0.45 mm.; thickness, .
0.22 mm.

Remarks: This new species differs from (lobotruncana roselta (CARSEY)
in jts consistently smaller size, in having a relatively higher trochoid spire,
in possessing a second weakly developed ventral keel, and in showing a
greater overlap of ventral sutures, It is named in honor of the late Dr. P. P.
GOUDEOFF in recognition of his work on the biostratigraphy of Upper
Cretaceous strata in the Great Valley of California.

Holotype: SU no. 9435, Loeality no. MG 576.

Globotruncana fresnoensis MARTIN, n. sp.
Plate 9, figs, 5 a—d

Description: Test rotaloid, hiconvex, median trochoid spire, sub-
circular in outline, moderately large umbilical area; periphery lobulate,
edge truncate, inclined toward ventral side, bicarinate; chambers 6 to 7
in last whorl, inflated on spiral or dorsal side, ventral ones overlapping
and inflated; wall ealcareoms, smooth, finely perforate; sutures raised,
curved, beaded on spiral side; ventral ones horseshoe-shaped and over-
lapping; aperture interiomargina], a low arched opening facing the umbilical
area, relict apertural lip of previvious chambers observed in some specimens.
Diameter, 0.48 mom.; thickness, 0.22 mmn

Remarks: This species may be distinguished from other forms of
Globotruncana by its biconvexity, arched dorsal side, strongly arched
chambers, and moderately developed trochoid spire. It appears to resemble
the cross section of Globotruncana lapparenii lapparenti BroTzEN figured
by Bowrx (1945, pl. 9, fig. 11, not text-figure 1, nos. 15, 16). Although
probably BoiLi included more than one species in his figures of Globo-
truncana lapparenti lapparventi BroTzEN, his deseription of that species
definitely states that it includes those forms in which dorsal and ventral
sides are flat and parallel and the peripheral edge more or less perpendicular
to the sides (BorLrr, 1945, p. 230).

(flobotruncana fresnoensis MARTIN differs from Globotruncanae peraventri-
cose (HoFEER) in having less inflated chambers and a smaller umbilical area.
The chambers of the latter species when observed in edge view form a
slightly oblique arrangement.

Holotype: SU mno. 9438, Locality no. MG 574,



81

Globotruncana linnerana tricarinaie (QUEREAU)
Plate 10, figs. 2 a—c

1893 Pulvinuling tricorinatc QUEREAU, Beitr. geol. Karte der Schweiz, no. 33, pl. 5,
fig. 3 a.

1913 Rgc;salim linne, type 2. DE LarparENT, Mém. Carte Géol. France, p. 7, p. 4, text-
figure 1 b, d—f; p. 5, text-figure 2 d, n; Upper Cretaceous, France.

1944 Globotruncana lapporentt fricsrinata. BorLil, Eclogee Geol. Helv., vol. 37, no. 2,
})p.d232—233, text.figure 1 {19, 20); pl. 9, fig. 13; Upper Cretaceous, Switzer-
and.

1958 Rlobotruncena lapparenti tricarinate, OLveERa, Bol. Azoe. Mex. Geol. Petr., vol. 11,
nos. 3, 4, p. 114, pl. 6, fige. 9, 10, 11; Campanian, Maastrichtian, Mexico.

Description: Test rotaloid, slightly biconvex, almost circular in
outline, spire low trochoid, umbilical area fairly wide; periphery slightly

lobulate, edge truncated with 2 strongly developed keels; chambers about 6

or 7 in last wherl, slightly inflated on dorsal side, flat on ventral side; wall

caleareous, smooth, finely perforate; spiral sutures raised, beaded, curved,
ventral sutures strongly raised inner portion, forming third keel, curved,
slightly sigmoidal; aperture interiomarginal, umbilical, those of earlier
chambers forming a serrated border along umbilical margin, this inner central
opening being much smaller than that of the umbilical area. Diameter,
0.55 mm.; thickness, 0.30 mm.

Remarks: This subspecies of Globotruncana lnneiana iz distingnished
by a third keel on the ventral side formed by the inner portion of the ventral
sutures.

Hypotype: SU no. 9437, Locality no. MG 730.

Globotruncana linneiana (d'ORBIGNY)
Plate 19, figs. 3a—¢
1539 Rosal@m linnetana d’ORBIGNY, in Ramon de la Sagra, Hist. physique, politique,
of naturelle de I'ils de Cuba: A. Bertrand, editor, Paris, vol. 8, p. 101, pl. 5, figs. 10—
12; Reworked Upper Cretaceous, Cuba.

1955 lobot a. BRONNIMANN and Browx, Eclogae geol. Helv., vol. 48,
p. 540, ple. 20, figs. 13—17; 21, figs. 16—18; Reworked Upper Cneta.ceous, Cuba.
Description: Test rotaloid, subeircular in outline, umbilical area
of medium size; periphery loculate in outline, edge flat, bicarinate with
keels well separated; chambers about 5 to 6 in last whorl, inflated in initial
stage, later much flattened on dorsal and ventral sides, some overlapping,
wall calcareous, smooth, finely perforate; sutures distinet, curved, slightly
raised and finely beaded, ventral ones overlapping; aperture interiomarginal,
an arched opening facing the umbilical area, apertures of earlier chambers

not ohserved. Diameter, 0.45 mm.; thickness, .25 mm.

Remarks: Dr. Paul BRONNIMANN was kind enough to examine Cali-
fornia specimens of this species. In his opinion it is consPeciﬁc with the
neotype from Cuba.

Hypotype: SU no. 9438, Locality no. MG 928

Globotruncana paraveniricosa (HOFKER)
Plate 10, figs. 4 a—e

1958 Marginotruncans pargventricose HoFEER, Neues Jahrb. Geol. Pal. Abh., vol. 103,
no. 3, p. 328, text-figa, 17—18.

Jahrb, Gool. B.A., 1964, Sonderband 9 8
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196) Gisbotruncana aff. . pereventricosa GRasaM and CLarK, Contr. Cushman Found.
Foram. Res., vol. 12, pt. 3, p. 112, pl. 5, figs. 7a—c; Upper Cretaceous, Central
California.

Description: Test rotaloid, low trochoid spire, circular in outline,
biconvex, small ventral umbilical area; periphery lobulate, edge with
2 marginal keels separated by narrow marginal band; chambers about 6
to 7 in last whorl, oblique, inflated on dorsal and ventral sides; wall calcare-
ous, smooth, finely perforate; sutures on dorsal side curved, depressed,
ventral sutures strongly curved horseshoe-shaped; aperture interiomarginal,
a low arch at base of last chamber facing the umbilical area, those of earlier
chambers not defined due to poor preservation. Diameter, 0.50 mm.;
thickness, 0.25 mm.

Hypotype: SU no. 9439, Locality no. MG 574,

Globotruncanae mariai GANDOLFI
FPlate 3, figs. 78—
1941 Rosalinella globigerinoides f. typica MariE, Mém. Mus. Nat. Hist., vol. 12, fase. 1,
p. 239, pl. 36, figs. 338 a—c; Upper Cretaceous, Paris Basin.

19535 Qlobotruncara moriai. GaNpoLri, Bull. Amer. Paleo., vol. 36, no. 155, p. 33.

Description: Test rotaloid, spire low trochoid, slightly convex
dorsally, slightly concave ventrally with broad umbilical area; periphery
strongly lobulate, edge rounded with 2 weakly developed obligue and
diverging keels; chambers globular, loosely appressed; typically 5 chambers
in last whorl; wall calcareous, smooth, finely perforate; sutures distinet,
depressed, radial; aperture a high arched opening at base of last chamber,
those of earlier chambers only partially observed. Diameter, 0.43 mm.;
thickness, 0.20 mm.

Remarks: This small globular form superficially resembles Globo-
truncana globigerinoides BROTZEN. It is readily distinguishable from the
latter by its obliquely set and diverging keels as well as by its greater dorsal
convexity. .

MAaRIE (1941} designated this form as a new species of his new genus
and named it Rosalinella globigerinoides. However, since Rosalinelln
Mar1E, 1941, is & junior synonym of Globotruncane CUsHMAN, 1927, his
specific name is preoccupied by Globotruncana globigerinoides BROTZEN,
GANDOLFI (1955) noting this fact as well as specifie differences between the
2 species, proposed the name Globotruncana mariai for MARIE'S species.

Hypotype: SU no. 9440, Locality no. MG 574.

Globotruncana riojae OLVERA
Plate 9, figs. 6a—c
1959 Globotruncana rivjae OLVERa, Bol. Mex, Asoc. Geol. Petr., vol. 11, nos. 3, 4, pi. 7,
figs. 3, 4, 3; Campanian Maastrichtian, Mexico.

Description: Test rotaloid, low trochoid spire, subeircular in outline,
biconvex, more so dorsally than ventrally, small umbilical area; peri-
phery lobulate, edge bicarinate, carinal band narrow, inclined; chambers 6
in last whorl, slightly inflated on dorsal side, ventral ones overlapping with
tendency to hecome concave as added; wall calcareous, smooth, finely
perforate; sutures oblique, curved, raised, beaded on dorsal side, ventral
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ones horseshoe-shaped, overlapping; aperture interiomarginal, those of
last 3 chambers overlapping and facing umbilicus, that of final chamber a
low arched slit. Diameter, 0.40 mm.; thickness 0.20 mm.

Hypotype: SU no. 9441, Locality bo. 550.

Globotruncana rosetia (CARSEY)

Plate 10, figs. 5a—e¢ _

19268 Globigering rosetta CaRsEY, Univ. Texas Bull. 2612, p. 44, pl. 5, figs. 3 a—e; Upper
Cretaceous, Texas.

1928 Globotruncana voseita, WHITE, Journ. Pal., vol. 2, no. 4, p. 286, pl. 39, fig. 1; Upper
Cretaceous, Mexieo,

1951 Globotruncana rosette. Baxpy, Journ. Pal., vol. 25, no. 4, p. 509, pl. 75, figs. 4&*0,

Upper Cretaceous, southern California.
1959 Globotruncana rosetta. OLVERA, Bol. Asce, Mex. Geol, Petr., vol. 11, nos. 3,
p. 117, pl. 7. figs. 6, 7, 8: Campanian, Maastrichtian, Mexico.

‘?9

Des cr:ptlon Test rotaloid, subecircular in outline, relatively low
trochoid spire, biconvex, ventral side more convex than dorsal, well- devnla-
loped large umbilical area on ventral side; periphery lobulate with tendency
to become more so as chambers are added edge acute with single keel;
ichambers 6 to 7 in last whorl, gradually increasing in size, slightly appressed;
wall calcarecus, smooth, finely perforate; sutures on dorsal side limbate,
curved and beaded, ventral ones radial, strongly curved, partially overlap-
ping, beaded in part; aperture interiomarginal, a high rounded opening
at base of last chamber facing the umbilical area, apertures of earlier cham.
bers not seen due to poor preservation of umbilical area. Diameter, 0.60.mm.;
thickness, 0.30 mm.

Hypotype: SU no. 9442, Locality no. MG 463.

Genus RUGOGLOBIGERINA BRONNIMANN, 1952
Rugoglobigerina rugosa (PLUMMER)
Plate 10, figs. 8 a—¢ o
1926 (lobigerina rugosa PLUMMER, Univ. Texas Bull. 2644, pp. 38—39, pl. 2, figs. 10 a—;
Navarro, Texas.
1952 Rugoglobigerina rugese. BRONNIMANN, Bull, Amer. Pal.,, vol. 34, no, 140, p. 28,
text-figures 11, 12, 13; Upper Cretaceous, Trinidad, B. W, L
1957 Rugoglobigering rugosa. Borvi, LoEsricH, and Tarpaw, U. 8. Nat. Mus, Bull. 215,
P 43, pl. 11, figs. 2 a—5 ¢; Upper Cretacecus, Texas.

Deseription: Test trochoid in early stage tending toward planispiral
in later stage, subeircular in outline, slightly biconvex, moderately large
umbilical area on ventral side; periphery breadly lobulate; chambers
globular, 5 or 6 in last whorl; wall caleareous, finely perforate, ornamented
.with rugose ridges radiating outward from chamber midpoint, less distinith
on early chambers; sutures distinct, depressed, radian on dorsal and ventral
sides; aperture 1nte1‘loma,rg1na,1 a high arched opening facing the umbilical
.area, umbilical area with cover plate or tegilla. Diameter, 0.25 mm.; thick-
ness, (.13 man. :

Hypotype: SU no. 9443, Locality no. MG 200.
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Family HANTKENINIDAE CusHMmaw, 1927
Genus PLANOMALINA LoesLicH and Tappan, 1946

Planomaling aspera (EHRENBERG)
Plate 10, figs. Ta—e

1864 Rofalia aspero ERRENBERG, Mikrogeologie, Leipzig, pl. 27, figs. 57—085; pl. 28,
figs. 42, 42 a; Cretacecus and Eocene, Europe.

- 1929 Globigerinella aspera. CarmMaw, Journ. Pal., vol. 25, no. 3, p. 315, pl. 34, fig. 6;
Upper Cretaceous, Wyoming.

1951 lobigerinella aspere, BanDpY, Journ. Pal., vol. 28, no. 4, p. 508, pl. 75, figs. 3 a—c;
Upper Cretaceous, southern California.

Description: Test small, planispiral, biumbilicate, lastformed whorl
enclosing large portion of previous one, subcircular in outline; periphery
broadly lobulate; chambers globular, 5 or 6 in last whorl, loosely appressed,
increasing rapidly in size as added; wall calcareous, coarsely perforate,
finely spinose; sutures radial, deeply depressed; aperture a lunate opening
at base of last chamber with distinet well-developed upper lip, relict aper-
tural structures of previous chambers not observed. Diameter, 0.22 mm.;
thickness, 0.12 mm.

- Hypotype: SU no. 9444, Locality no. MG 200,

Planomalina alvarezi QLVERA
Plate 10, figs. 8a—¢c, 9
1959 Planomaling alvarezi OLVERA, Bol. Asoe. Mex. Geol. Petr,, vol. 11, nos. 3, 4; p. 81,
pl 4. figs. 8, 6, 7; Campanian, Maastrichtian, Mexico.

Description: Test small, planispiral, biumbilicate, subeircular, in
outline, periphery lobulate; chambers about 7 to 8 in last whorl, increasing
gradually in size ag added, slightly appressed, wall calcareous, smooth,
finely perforate; sutures radial, gently curved, depressed; aperture a distinct
arched lunate opening at base of last septal face with a narrow lip; umbilical
marginal area in some specimens with an overlapping series of relict aper-
tural lips. Diameter, 0.30 mm.; thickness, 0.13 mm.

ﬁypotype: SU no. 9445, Loceality no. MG 581.

Family HETEROHELICIDAE Cusamanw, 1927
Genus HETEROHELIX EnRreNBERg, 1841

Heterohelix globulosa (EHRENBERG)
Plate 10, figs. 10a, b

1834 Textularia globulosa ERRENBERG, K. Akad. Wiss. Berlin, Abh., p. 135, pl. 4, fig. 4 b;
Upper Cretaceous, Europe,

1899 Gimbeling globulosn. Eeeer, K. Bayer. Akad. Wiss., Math.-naturw. Abt., Abh,,
KL 2, vol. 21, pt. 1, p. 32, pl. 14, fiz. 34; Upper Cretaceous, Germany.

1946 Fimbelina globulosa. Cusaman, U. 8. Geol. Survey Prof. Paper 206, p. 105, pl. 45,
figs, 9—15; Upper Cretaceous, Texas.

1957 Heieroheliz globulosa. Garrrrerir, U. 8, Nat. Mus. Bull. 215, pp. 137—138, pl. 31,
figs. 12-—15; Upper Cretaceous, Texas, Arkansas.

1960 Heteroheliz globulosa. TRUIILLO, Journ. Pal., vol. 34, no. 2, p. 344, pl. 50, figs. 10 a, b;
Upper Cretaceous, northern California.
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Description: Test small, tapering toward initial end, greatest width
towards apertural end, 6 or 7 pairs of biserially arranged chambers; peri-
phery lobulate; chambers globular, loosely appressed, increasing rapidly
in size as added; wall calcareous, smooth, finely perforate; sutures distinet,
depressed, straight; aperture a low lunate opening with shight upper lip,
at base of last chamber. Length, 0.25 mm.; breadth, 0.16 msm.; thickness,
0.11 mm.

Hypotype: SU no. 9446, Locality no. MG 200,

Heterokheliz strinta (EHRENBERG)
Plate 11, figs. 1a. b

1838 Textularia stricta BRRENEBERG, K. preuss. Akad, Wiss, Abh., p. 135, pl. 4, figs. 1,
2, 3; Upper Cretaceous, Europe.

1809 Gimbeling stricte. Eceer, K. Bayer, Akad. Wiss.,, Math.-naturh. Abt. Abh.,
KL 2, vol, 21, p. 33, pl. 14, figs. 57, 10, 11, 32, 38, 39; Upper Cretacoons, Germany.

1951 Gimbeling striata, Bawopy, Journ, Pal., vol. 25, no. 4, p. 510, pl. 75, figs. 8 a, b,
9 &, b; Southern California.

1959 Hetercheliz stricta. OLvERA, Bol. Asos. Mex. Geol. Petro., vol. 11, nos. 3, 4, p. 71,
pl. 2, figs. 4, §; Campanian, Maastrichtian, Mexico,

Description: Test small, tapering toward initial end, greatest width
toward apertural end, bisertal; periphery lobulate; chambers subspherical,
inflated, 6 to 7 pairs; wall calcareous, finely perforate, with fine striations
only observable when test is wet; sutures distinct, depressed; aperture
a low arched lunate opening with a slight upper lip at base of last-formed
chamber., Length, 0.29 mum.; breadth, 0.20 mm,; thickness, .12 mm.

Hypotype: SU no, 9447, Locality no. MG 200,

Heterohelix pulchra (BrRoTZEN)
Plate 11, figs. 2a, b

1932 Ginbeling fessera. CUsEMaAN (not EHRENBERG), Journ. Pal., vol. 6, no. 4, p. 358,
pl. 51, fige. 4, b; Upper Cretaceous, Texas.

1936 imbeling pulchra Brorzew, Sveriges geol. undersokning, Her. C, no. 396, p. 121,
pl. 9, figs. 2a, b, 3a, b; Lower Sencnian, Sweden.

1937 Giimbeling tessera. LOETTERLE, Nebraska Geol. Survey Bull 12, ser. 2, p. 34,
pl 5§, ﬁg 4; Upper Cretaceous, Nebraska.

1938 Giimb v, CusEmMaN, Contr. Cushman Lab. Foram. Res., vol. 14,
pt. 1, p. 14 pl. 2, figs. 19—21; Upper Cretaceous, Texas.

1957 Heterohelix pu!ckm GALLITELLI U. &, Nat. Mus. Bull 215, p. 137, pl. 31, fig. 20;
Upper Cretaceous, Texas,

Description: Test small, slightly compressed, twice as long as wide,
tapering toward subacute initial end, greatest breadth toward apertural
end; chambers inflated, biserial, 7 or 8 pairs, wider than high, loosely ap-
pressed, slightly curved; wall caleareons, smooth, finely perforate; sutures
distinet, depressed, gently curved in later stages; aperture a high arched
opening with an upper lip, at base of septal face. Length, 0.40 mm.; breadth,
0.23 mm.; thickness, 0.10 mm. S

Hypotype: SU no. 9448, Locality no. MG 578.
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BRI Genus GUBLERINA Kikoirg, 1948
Gublerina ornatissime (CusgMaN and CHURCH)

. Plate 11, figs. 3a—¢ )

1929 Ventilabrells ornatissime CovsAman and CevrchH, California Acad. Sci. Proe.,
4th Ser., vol. 18, ne. 16, p. 512, pl. 39, figs, 1"’—15 Upper Cretaceous, central
-California.

1948 Gublerina cuvillieri Kixoing, Soe, Geol, France, Buil., Ser. 5, vol. 18, fase. 1—3;
p. 26; Upper Cretaceous, France.

1957 Gublering ornatissimag., Garwrrenci, U. 8. Nat. Mus. Bull. 215, p. 140, pl. 32,
figs. 1—9; Upper Cretaceous, California, France.

Description: Test compressed, sides tapering toward initial end,
rapidly increasing in width toward apertural end, roughly triangular in
outline, initial coiled stage observed only in one specimen, later biserial
stage followed by irregular chamber arrangement; periphery rounded;
chambers distinet, subglobular; wall calcarecus, finely perforate, early
ones with longitudinal costae, often beaded; suture distinct, limbate, de-
pressed or occasionally projecting; aperture% at sides of adult chamber.
Length, 0.62 mm.; breadth, 0.50 mm.; thickness, 0.20 mm. :

Remarks: Until recently the occurrence of this speecies was thought
to be restricted to California. However, KIKOINE (1948) decribed a form
from southern France which he named Gublerina cuwillieri. GALLITELLI
{1957), in her revision of the Heterohelicidae, examined holotypes of both
Ventilabrelle ornatissima CusHMAN and CuurcH and Gublering cuvillieri
KrgoiNg, and found them to be identical. The genus Ventilabrella is invali-
dated as it is a junior subjective-objective synonym of Planogfobulma
CU‘SHM.AN {see GaLLowax, 1933, p. 346; GaiLvLrTELLL, 1957, p. 142).

The reported range of this form in Europe is Campanian to Maastrich-
tian. It appears to have a longer range in California for careful examination
of Moreno Gulch material shows it to range throughout most of the Upper
Marlife formation (samples 692 to 529). It was also observed in sample 200
in uppermost Uhalde sediments. As interpreted in this study this represents
a range from the Santonian to lower Maastrichtianh for this form in Moreno
Guleh.

‘Hypotype: SU mno. 9449, Locality no. MG 374,

Family BULIMINIDAE Joxes, 1876
Genus BULIMINA 4 OrBrany, 1826
Bulimina aspera CUSHMAN and PARKER
Plate 11, figs. 4a, b
1929 Bulimina obtuse. CUSEMAN and CHURCH {not d’OmrBIcyy), California Acad. Sci.
* Proc., 4th ser., vol. 18, p. 513, pl. 39, figs. 17—19; Upper Crotaceouns, central Cali-
. fornia, )
1940 Bulimina aspera CuSHMAN and ParkER, Contr. Cushman Lab. Foram. Res., vol. 16,
T pt. 2, p. 44, pl. 8, figs. 18, 19; Upper Cretaceous, Texas.
1951 Bulimine uspers. Bawpy, Jowrn. Pal., vol, 25, no. 4, p. 511, pl. 75, figa. 108, b;
Upper Cretaceous, southern California. :
Description: Test elongate, gently tapering toward initial end, twice
as long as wide, circular in cross section, about 4 to 5 whorls to test; cham-
bers triserial, slightly inflated in early stage, later enes more so; wall calca-
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reous, smooth except for initial end which may be roughened; sutures
distinet, slightly depressed; aperture elongate, comma-shaped, with small
plate-like tooth. Length, 0.40 mm.; diameter, 0.20 mm.

Hypotype: SU no. 9450, Locality no. LS 609,

Bulimine joaguinensis MARTIN, n. sp.
Plate 11, figs. 5a, b; 6a, b _
1944 Bulisnina petroleana. Cusamay and GoUvDpxorrF (not CusEMAN and HEDBEEG), -

Contr. Cushman Lab. Foram. Res., vol. 20, pt. 3, p. 5%, pl. 10, fig. 2; Upper Creta-
ceous, central California. o

Description: Test elongate, strongly tapering to subacute initial
end, triserial throughout, greatest diameter above the middle portion of
last-formed whorl, roughly circular in eross section; chambers distinect,
slightly inflated, increasing rapidly in size as added, those of last whorl
accounting for almost half of the test; wall calcareous, smooth, except
for fine spines at hase of chambers and initial end; sutures distinet, those
of later stages depressed; aperture loop or comma-shaped at base of last
chamber. Length, 0.36 mm.; diameter, 0.24 mm.

Remarks: This form is well represented in both the Laguna Seca
Creek and Moreno Gulch section. It has been compared with specimens of
Bulimina petroleana CusaMa¥ and HEDBERG and is found to differ in having
an unornamented last whorl, in being ornamented with fine spines rather
than fine costae, and in having & greater marginal chamber undercut in
the microspheric form. '

Holotype: SU no. 9451, Locality no. MG 194,

Bulimina proliza CUsHMAN and PARKER
Plate 11, figs. Ta, b; 8a, b

1931 Buliming puschi. CusEmMAN (not REvss), Tennessee Div. (eol. Bull. 41, p. 47,
figs. 19 a, b; Upper Cretaceouns, Tennessee.

1935 Bulimina proliza CusEMAN snd Pameer, Contr. {fushman Lab. Foram. Res,
vol. 11, pt. 4, p. 98, pL 15, figs. § &, b; Upper Cretaceous, U. 8. Gulf Coast.

1944 Bulimina prolize. Cusamaw and Goupkory, Contr. Cushman Lab. Foram. Res.,
vol. 20, pt. 3, p. 58, pl. 10, fig. 1; Upper Cretaceous, central California.

Description: Test elongate, about twice as long as wide, triserial
throughout, 6 or 7 whorls, gently tapering toward initial end, broadly
rounded at apertural end, triangular in cross section, some specimens
exhibiting a twisting of the test toward the initial end; chambers numerous,
distinct, inflated, those of each whorl placed directly above each other
forming a zig.zag suture pattern; wall caleareous, moderately coarsely
perforate; sutures distinet, depressed; aperture comina-shaped, on last
septal face removed from juncture of third preceding chamber. Lenght,
047 mm.; diameter, 0.24 mm.

Hypotype: SU no. 9452, Locality no. MG 41.
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Bulimina reussi MORROW
Plate 11, figs. % a, b

1845 Bulimine ovulum. REUss (not ovule d'OrBieNy}, Verstein. Bohm, Kreide, pt. 1,
p. 37, pl. 8, fig. 57; pl. 13, fig. 73; Upper Cretaceous, Bohemia.

1934 Bulimina reusst MoRrow, Journ. Pal. vol. 8, no. 2, p. 195, pl. 29, fig. 12; Upper
Cretaceous, Kansas,

1947 Bulimina vewssi. CusHMax and Piresr, U. 8. Geol. Survey Prof. Paper 210-D,
p- 84, pl. 20, fig. 6; Upper Cretaceous, U. 8. Gulf Coast.

Description: Test small, triserial throughout, ovate in outline, almost
twice as long as wide, strongly tapering toward subacute initial end, sub-
circular in cross section, greatest diameter formed by last whorl above
middle of test; chambers fairly distinet, enlarging rapidly in size as added;
wall calcareous, smooth, finely perforate; sutures distinet, slightly depressed;
aperture comma-shaped, at juncture of two last-formed chambers. Length,
027 mm.; diameter, 0.15 mm.

Hypotype: SU no. 9453, Locality no. MG 574,

Bulimina spinate CusHaMaN and CAMPBELL
Plate 11, figs. 10a, b
1435 Bulimine spinata CusEman and Cawmpperi, Centr, Cushman Lab. Foram. Res.,
vol, 11, pt. 3, p. 72, pl. 11, fig. 1; Upper Cretaceous, central California.

Description: Test small, slightly longer than broad, initial end acute,
greatest width above the middle of test at last whorl, apertural end rounded,
subcircular in eross section, abont 4 whorls to test; chambers distinct, those
of last whorl inflated, enlarging rapidly as added, typically undereut,
early chambers with distinet spines extending along chambers as costae,
last-formed whorl lacking ornamentation; wall caleareous, smooth, except
for previously mentioned ornamentation; sutures distinet, depressed;
aperture loop-shaped with tooth, at base of last chamber. Length, 0.56 mm.;
diameter, 0.36 mm.

Hypotype: SU' no. 9454, Locality ne. L8 609.

Genus BULIMINELLA Cusaman, 1911

Buliminelle carseyae PLUMMER
Plate 11, figs. Il a. b

1926 Buliming compressa, CARSEY (not Bamwey), Univ. Texas Bull. 2612, p. 29, pl. 4,
fig. 14; Upper Cretaceous, Texas.

1931 Bulimi carseyae Prommer, Univ, Texas Bull. 3101, pl. 8, fig. 7; Upper Creta-
eceous, Texag,

1947 Buliminella carseyae. CusEMax and Parker, U. 8. Geol, Survey Prof. Pa.per 210.D,
p. 58, pl. 15, fig. 8; Upper Cretaceous, U. 8. Gulf Coast.

Description: Test elongate, ovate in outline, about twice as long as
wide, greatest width slightly above the middle, initial end bluntly pointed,
about 3—15 whorls per test;chambersdistinet, slightly inflated, 4 to a whorl,
inereaging rapidly in size as added; wall calecareous, smooth, finely perforate;
gutures distinet, depressed, curved, inclined to longitudinal axis of test;
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aperture comma-shaped, in well-defined depression at base of last.formed
chamber, containing a narrow flap extending along septal face. Length,
0.40 mm.; diameter, 0.20 mm.

Hypotype: SU no. 9455, Locality no. MG 692.

Buliminelle colonensis CusaMan and HEDBERG
Plate 11, figs. 12a, b
1930 Bulisninella colonensis CusAMAN and HEDBERG, Contr. Cushman Lab. Foram. Res.,
vol. 6, pt. 3, p 85, pl 9, figs. 6, 7; Upper Cretaceous, Venezuela,

1947 Buliminella ¢ tis. CusEMAaN and PaRkEeR, U. 8, Geol. Survey Prof. Paper 210-D.
p- 59, pl. 15, figs. 14, 15; Upper Cretaceous, Venezuela, Mexico.

Description: Test small, broadly ovular in outline, nearly as wide
as long, circular in cross section, initial end acute, apertural end broadly
roanded; chambers distinet, rapidly increasing in height as added, slightly
inflated ; wall calecareous, smooth, finely perforate; sutures distinet, slightly
depressed; aperture comma-shaped in slight depression at base of last
chamber. Length, 0.40 mm.; diameter, 0.33 mm.

Remarks: Specimens from Moreno Gulch agree well with the figured
Venezuelan form. California specimens have been compared with material
from the Colon shale of Colombia and are found to be identical.

Hypotype: SU no. 9456, Locality no. MG 587.

Buliminelle cushmani SANDIDGE
. Plate 11, figs. 138, b

1932 Buliminella cush E BANDIDGE, Journ. Pal., vol. 6, no. 3, p. 280, pl. 42, figs. 18, 19;

Upper Cretaceous, Alabama.
1947 Buliminello cushimani. CusaMan and PARgER, U. 8. Geol. Survey Prof, Paper 210-D,

p. 58, plL. 15, figa. 10, 11; Upper Cretacecus, U. 8. Gulf Coast,

Deseription: Test medium-sized, strongly tapering toward initial

end, greatest width slightly above middle of test, formed by last-formed
whorl, cireular in cross section, initial end bluntly acute, apertural end
rounded; chambers distinet, 4 to a whorl, gently inflated in first three
whorls, not evident in last whorl, increasing in height rapidly as added;
wall calcareous, smooth, finely perforate; sutures fairly distinet, in initial
portion only seen when test is wet, spiral suture slightly depressed ; aperture
comma-shaped, at base of lagt-formed chamber. Length, 0.40 mm, ; diameter,
0.24 mm.

Remarks: Althongh similar to Buliminelle carseyae PLUMMER this
gpecies may he distinguished by its smaller size, more compact form, and
less inflated chambers. As pointed out by CusEMAN and PaRRER (1947,
p. 51), Buliminella cushmani SANDIDGE iz similar to Buliminella laevis
(BeissEL) from the Upper Cretaceous of Germany; however, the former is
smaller and has a broader apertural face. ,

ijotype: SU no. 9457, Locality no, MG 550.
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Genus BOLIVINA d'Omprevy, 1534
Bolivine incrassata REUSS
Plate 11, figs. 14 a, b
1851 Boliving incrassata REvss, Haidinger’s Naturwiss, Abh., vol. 4, p. 20, pl. 4, fig. 13;
Upper Cretaceous, Poland.
1935 Bolivina incrassate, CusaMan and CamMPeerr, Contr. Cushman Lab. Foram. Res.,
vol. pt. 3, p. 73, pl. 11, fig. 10; Upper Cretaceous, central California.
1946 Beoliving dncrassate. Cusmmax, U. 8. Geol. SBurvey Prof. Paper 208, p. 127, pl. 53,
figs. 8—11; Upper Cretaceous, U. 8. Gulf Coast, Mexico.
1951 Bolivina incrassata, Bawpy, Journ. Pal., vol. 25, no. 4, 1. 510, pl. 75, figs. 5 a, b;
Upper Cretacecous, southern California.
1959 Belivina incrassaia. OLVERA, Bol. Asoc. Mex. Geol. Petro., vol. 11, nos. 3, 4, p. 79,
pl. 2, p. 79, pl. 2, figs. 17, 18; Campanian, Maastrichtian, Mexico.
Description: Test elongate, compressed, 3 times as long as wide,
greatest width toward apertural end, gently tapering toward rounded
initial end; periphery rounded; chambers about 6 to 7 pairs in adult form,
distinet, increasing slightly in height as added; wall caleareous, smooth,
finely perforate; sutures flush, slightly curved, limbate; aperture an elongate
oval without lip. Length, 0.60 »un.; breadth, 0.18 mn. ; thickness, 0.10 mm.

Remarks: This well-known species has been recorded from Europe,
the Gulf Coast of the United States, California, and many other places.
It is found only in Laguna Seca Creek material. Our specimens agree well
with REUss™ original figures.

Hypotype: SU no. 9458, Locality no. LS 618.

Genus BOLIVINOIDES CusaMan, 1927
Bolivinoides paynei MARTIN, 0. sp.
Plate 12, figs, 1 a—c

Description: Test small, rhomhboid in outline, thickening toward
apertural end; chambers biserial, low and broad, elosely appressed, gradually
inereasing in height as added, about 9 pairs to the test; wall caleareous,
finely perforate; sutures distinct, curved, raised, slightly limbate, irregularly
crenulated; aperture a low slit with a lip at base of last chamber. Length,
0.30 mm.; thickness, 0.20 mm.

Remarks: Although this form is similar to Bolivinoides trinitatensis
CusaMAN and Jarvis and Bolivinoides velascoensis CusuMaN, the California
species can be distinguished by its greater relative width, lack of ornamenta-
tion, and consistently smaller zize. It has been compared with the two
previously mentioned species and can be readily identified. It is named in
honor of Max B. PaynE in recognition of his work on California strati-
graphy.

Holotype: SU no. 9459, Locality no. MG 581.

Bolivinoides decoratus CUsSHMAN subsp. latficeus (CARSEY)
Plate 12, figs. 2a, b
1926 Bolivina decorata. CUsHMAN (not Jones), Bull,, Amer, Assoe. Petrol. Geol., vol. 10,
no. 8, p. 582, pl. 15, fig. 11; Upper Cretaceous, Mexico.
1926 Bolivina latticea Carsey, Univ. Texas Bull. no. 2612, p. 27, pl. 4, fig, 9; Upper
Cretaceous, Texas. .
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1954 Bolivinotdes decoruius var. latticeus. Frizzzun, Bureau Econ. Geol., Rept. Investiga-
tions no. 22, p. 112, pl. 16, figs. 18, 19; Upper Cretacecus, Texas.

Description: Test elongate, compressed, about 2—1; times as long as
wide, tapering toward initial end, widest at apertural end; chamber biserial
about 6 to 7 pairs, closely appressed; wall caleareous, finely perforate, orna-
mented with raised lobes restricted to each chamber; sutures indistinct,
obscured by lobes, aperture an elongate slit at base of last chamber, Length,
0.36 mm.; breadth, 0.25 mm.; thickness, 0.10 mm.

Hypotype: SU no. 3460, Locality no. MG 574.

Genus BOLIVINITELLA Marir, 1941
Bolivinitella eleyi (CusHMAN)
Plate 12, fige. 3 a—-c
1859 Textularia cbsoletr. ELEY (not REUss), Geolagy in the Garden, p. 194, pl. 2, fig. 11,
p. 202, pl. 8, fig. 11 ¢; Upper Cretaceous, England.
Y927 Bolwmm eleyi OUSEMAW Contr, Cushman Lab. Foram. Res., vol. 2, pt. 4, p. 21,
pl 12, figs. 11 s, b; Upper Cretaceous, Arkansas.

1941 Bohmﬂweﬂa eleyi. Marie, Mem. Mus. Nat. Hist., n. ser. vol. 12, p 190, pl. 29,
figs. 282 a—¢; Upper Cretaceous, Paris Basin.

Description: Test small, biserial, compressed, quadrangular in cross
section, biconecave, gently tapering toward initial end greatest width toward
apertural end; periphery keeled, truncated; chambers numerous, about
7 to 8 pairs, increasing fairly rapidly in height as added; wall calcareous,
amooth, finely perforate; sutures distinet, strongly curved, limbate; aperture
terminal an elongate slit on the last septal face. Length, 0.40 mm, ; breadth,
0.13 moi.: thickness, 0.08 mm.

Remarks: In the original description of this species CusHMan 1927,
p. 91 did not give any details concerning the aperture. His figure does
show a large and broad opening extending along the edge of the last chamber.
In a subsequent publication CusHMaN (1946, p. 114) failed to mention
the apertural characteristics of this species. Marie (1941, p. 190) erected
a new genus Bolivinitella designating Bolivinita eleyi CUSHMAN as genoholo-
type. Boliviritella, according to MARIE, is compressed, has lateral keels,
and has the aperture placed terminally.

Hypotype: SU no. 9461, Loeality no. MG 557.

Genus REUSSELLA Garvroway, 1933
Reussella szajnoche (GRZYBOWSKI)
Plate 12, figs. 4 a—c

1896 Ferneud'am szaineche GRzyBOWSEI, Rozr. Ak. Um. Krakow, Bd. 30 (Ser. 2, Bd. 10},
287 pl. 9, figs. 19 a, b; Upper Cretaceous, Europe.
1929 ina lismbate WHITE Joum Pal., vol. 3, no. 1, p. 48, pl. 5, figs. 9 a, h; Upper
Cretaceour, Mexico.




92

1944 Reusselln californiea Cusaman and Goupxorr, Contr. Cashman Lab. Foram. Res.,
vol. 20, pt. 3, p. 39, pl. 10, figs. 3—5; Upper Cretaceous, central California.

1951 Reusselin szajnoche californica. Notw, Jb. Geol. Bundesanst. Wien, Sonderband 3,
p- 65, pl. 7, fig. 6; Upper Senonian, Austria.

1954 Rewussella szajnoche. DE Krasz and Kwipscreer, Geol. Jh., Bd. 6%, p. 609, pl. 45,
figs. 11-—13; Upper Cretaceous, Europe.

1959 Reussella szajnoche californica. OLvERA, Bol, Asoc. Mex. Geol. Petr., vol. 11, nos. 3,
4; p. 83, pl. 3, figs. 1, 2; Campanian, Maastrichtian, Mexico.

Description: Test triangular in cross section, pyramidal in shape,
with concave sides and strongly projecting keels and spines, greatest width
toward apertural end at base of last-formed chamber; chambers numerous,
closely appressed, deeply excavated; wall caleareous, smooth, finely per-
forate; sutures forming prominent raised ridges; aperture semilunar with
raised lip, at baze of last chamber. Length, 0.60 mm.; breadth, 0.45 mm.

Remarks: This distinctive species evidently has a wide geographic
distribution as it has been reported from both America and Europe. Some
doubt has existed as to the relationship of Bulimina limbatu WHITE and
Reussella californica Cusamaw and Goubpko¥F to Reusselle szajnoche
{GrzyBOoWwsKI). This appears to have been clarified by the study of de
Krasz and KxrescHEER (1954). These authors compared material from
Mexico and California containing Bulimina limbata and Reussella californice,
respectively. In both cases the American forms are conspecific with Reusselle
sazjnoche,

The following excerpt has been translated from de Krpasz and Knip-
SCHEER (1954, p. 606):

The other form, Rewssella californica CusEMAN and GOUDKOFF, was described from
the Chico series of California (Cusaman and Goupxorr, 1944, p. 59, pl. 10, figs. 3a, b,
4, 5; in this study pl. 45, figs. 10—12). Notr (1951, p. 65) considers Reussella californica
a4 a subspecies of Rewussella szajnoche from the Upper Cretaceous {Senonian} of Nussbach,
Austris; he considers it impossible for Reussella californica CusaMaN and GouDKOFF
to be a synonym of Reussella szjanoche var. elongute (L1EBUS and SCHUCHERT). Mr, P. P,
GoupEoFF has been kind enough to put at ouwr disposal two topotypes of Reussella
californica. One of these specimens is figured in plate 45, figure 13. According to our
observations these specimens are identical with the Upper Campanian form of Reussella
szajnoche. It would be interesting to ascertain whether the age of the strata from which
these topotypes originate correlate with the Upper Campanian in which Reussella szajnoche
is found, -

It has to he proved if in the Upper Cretaceous of California a similar evolution of
this form occurs (that is similar to what we have cbserved in the European material).

Notu (1951) considered Reussella california CUsHMaAN and GOUDKOFF
(1944, figs. 4, 5 only) a synonym of Reusselle szajnoche (GRZYBOWSKI).
The specimen of Reusselle californica designated by CusuMaN and Goup-
KOFF as the holotype is figure 3 of the same 1944 publication. This last.
specimen Norr believed to be a subspecies of Reussella szajnoche. This
division is artificial as the differences hetween figures 3, 4 and 5 of CusEMan
and GOUDEKOFF are due solely to preservation. A, A, ALMGREN, of
The Superior Oil Company, kindly showed the writer topotypes of Reusselin
californica from the Solano County locality. It was observed that a humber
of specimens have the keel projections worn down giving them a slightly
different appearance. As this was the only difference noted, NotH’s sub-
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species should be considered conspecific with Reusselle szajnocke. For the
most part, Moreno Gulch specimens are well preserved and show all the
characteristics attributed to Reusselle szajnocke.

Hypotype: SU no. 9462, Loeality no. MG 574.

Genus SIPHOGENERINOIDES Cusamaw, 1927
Siphogenerincides clarki Cuvsamay and CAMPBELL

Flate 12, figs. 5 a, b; ﬁa_,b

1936 Siphogenerinoides clarki CusEMAN and CaMpPBELL, Contr. Cushman Lab, Foram.
Res., vol. 12, p. 91, pl. 13, figs. 9—13; Upper Cretaceous, ceniral California.

1043 Siphogenerinoides clarki. Frizzery, Journ, Pal. vol. 17, no. 4, p. 349, pl. 56, fig. 30
Upper Cretaceous, Peru.

Description: Test elongate, circular in cross section, slightly tapering
toward initial end in megalospheric form, more so in microspheric form,
widest diameter at apertural end; initial chambers trigerial in mierospheric
form, biserial in megalospherie, uniserial in later stage, initial end rounded
in megalospheric form, bluntly pointed in microspheric; chambers fairly
distinet, slightly inflated, slightly appressed, increasing gradually in height
as added; wall caleareous, conspicuously but not coarsely perforate, no
evidence of longitudinal striations as in original desecription; sutures distinct,
slightly depressed; aperture terminal, central, with lip, one side convex,
the other concave, usually with two inwardly projecting tooth-like plates.
Length, 0.60 mm.; diameter, 0.23 mm.

Remarks: Only a few specimens were obtained from Moreno Gulch
samples and more material is required in order to have a better figured
specimen,

Hypotype: SU no. 4463, Locality no. MG 200.

Siphogenerinoides whitet CHURCH
‘Plate 12, figa, Ta,b; 8a,b; %48, b
1943 Siphog inotdes whitet CAURCE, Calif, Div, Mines Bull, 118, p. 182, pl, 67, fig, 37;
Upper Cretaceous, central California.
1944 Siphogenerinoides whites. CusEMAN and Goubkorr, Contr. Cushman Lab. Foram.
Res., vol. 20, pt. 3, p. 58, pl. 4, figs. 17, I8; Upper Cretaceons, central California.
Description: Test elongate, large, circular in cross section, slightly
tapering toward initial end in megalospheric forms, more so in micro-
spheric, greatest diameter toward apertural end at last or next to last
chamber, microspheric form with pointed initial end, megalospheric form
with rounded initial end; early chambers triserial in microspheric form,
bisertal in megalospheric, uniserial in later stage; chambers distinct, increas-
ing gradually in height as added, slightly inflated, slightly overlapping;
wall calecareous, finely perforate, smooth; sutures distinet, indented, giving
sinnate appearance; aperture terminal, central, one side convex, the other
concave, with two inwardly projecting tooth-like plate. Length, 2.0 mm.;
dlameter 0.60 mm,
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Remarks: Because specimens from Moreno Gulch were badly pre-
served, topotype material was collected from the Marca shale locality of
WHITE. In plate 12 of this study figures 7 a, b; and 8 a, b, are based on
topotype material. Figures 9 a, b, are typical of the poorly preserved and
fragmental specimens obtained from Moreno Gulch.

Hypotypes: SU no. 9464 a—Db, Locality no. MG 41. Figs. 8a, b;
Figs. Ta, b; 8a, b. See. 7, T. 156 S. R. 12 E. Panoche Hills,

Family ROTALIIDAE Revss, 1860
Genus ROTALIA Lamarcr, 1804
Rotolia bandyi MARTIN, n. sp.
Plate 12, figs. 10 a—c

Description: Test rotaloid, trochoid, subcircular in outline, almost
equally biconvex but with greater convexity on ventral side, prominent
ventral umbo, periphery lobulate, edge acute but not keeled; chambers
distinct, about 7 to 8 in last whorl slightly inflated on ventral side; wall
calcareous, finely perforate; sutures slightly raised, curved, limbate, oblique
on dorsal side, in some specimens with tendency to become beaded, ventral
ones depressed and radial; aperture a low arched opening at base of last
chamber, midway between the periphery and umbo. Diameter, 0.30 mm.;
thickness, .20 mm.

Remarks: This species differs from Rolalia primitiva BERMUDEZL
in being consistently smaller, having greater ventral convexity, and lacking
dorgal papillae. It is named in honor of Dr. Orville L. BANDY who introduced
the writer to the field of micropaleontology.

Holotype: SU no. 9465, Locality no. MG 200.

Rofalia minuta MARTIN, n. sp.
Plate 12, figs. 11 a—c

Description: Test small, rotaloid, subcircular in outline, conical
in edge view, dorsally convex, ventrally slightly convex to flattened, umbilical
area covered by plug; periphery gently lobulate to smooth, edge subacute;
chambers distinet, about 7 in final whorl, increasing gradually in size as
added, in some specimens inner ventral margin adjacent to umbilical plug
with knobs of shell material; wall calcareous, finely perforate; sutures di-
stinct, curved, dorsal ones slightly raised on last whorl, earlier ones flush,
gently curved and depressed on ventral side; aperture a small round to
slightly elongate slit on ventral face of last chamber, midway between the
periphery and umbilicus. Diameter, 0.30 mm.; thickness, 0.12 mm.

Remarks: This small but distinctive species has been compared with
specimens of Rotalia hemispherica REuss from the Maastrichtian of Holland.
Our specimens are smaller and broadly conical in edge view whereas REuss’
species is dorsally broadly rounded and has strongly curved dorsal sutures.

Holotype: SU no. 9466, Locality no. MG 200.
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Genus YROIDINOIDES BrorzEN, 1942
Gyroidinoides grahami MARTIN, n. sp.
Plate 13, figs. 1 a—c

Description: Test rotaloid, trocheid, subeircular in outline, dorsal
gide slightly convex, ventral side strongly so with small open umbilicus;
periphery smooth, edge, broadly rounded; chambers about 6 to 7 in last
whorl, increasing rapidly in depth as added, particularly those of the last
whorl; wall calcareous, smooth, finely perforate; sutures distinet, flush,
curved and tangential on dorsal side, radial on ventral side, spiral suture
depreased only along last 3 or 4 chambers; aperture a low elongate slit
with a lip extending along inner margin of last chamber from near the
periphery to the umbilical area. Diameter, 0.45 mm.; thickness, 0.36 mm.

Remarks: This form differs from Gyroidinoides nitide (REUSS) in
having dorsally curved and tangential sutures and non-inflated chambers.
It iz named in honor of Dr. Joseph J. Gramam, Stanford University, in
appreciation of his help and guidance in the preparation of this study.

Holotype: SU no. 9467, Locality no. MG 584,

Genus GYROIDINA d'OrBrlowy, 1826
Gyroidine globosa (HagENOW)
Plate 12, figs. 12 a—c

1842 Nondonina globose HaceEnow, Neues Jahrb., p. 574,
1861 Rotalia globosa. REvss, Akad. Wiss. Wien, Math.-Naturwiss. Cl, Bitzungsher,

vol. 44, pt. 1, p. 330, pl. 7, figs. 2 a, b; Upper Cretaceous, Germany.
1931 Gyroidine globosa. CousAMAN, Journ. Pal., vol. 5, no. 4, p. 310, pl. 35, figs. 19a——;

Upper Cretacecus, Arkansas.

Description: Test rotaloid, small, low-spired, circular in dorsal
view, spheroid in edge view, ventral side with slight depression; periphery
smooth, edge broadly rounded; chambers, 6 to 7, increasing gradually in
size as added; wall calcareous, smooth, finely perforate; sutures radial,
flush, later ones gently curved; aperture a low slit extending from slightly
above the middle of test to near the umbilical area. Diameter, 0.16 mm.;
thicknesa, 0.10 mm.

Remarks: Comparison of specimens from Moreno Gulch with the
original figure given by Rruss shows the two forms to be similar in many
reapects.

Hypotype: SU no, 9468, Locality no, MG 574.

Gyroiding globosa (HagENOW) subsp. orbicelle Banpy
Plate 13, figs. 2a—c

1944 G‘ymﬁdiﬁa globesa. CusEMAN and (ROUDEOFF (not Hacenow), Contr. Cushman Lab.
Foram. Res., vol. 20, pt. 3, p. 61, pl. 10, fig. 6; Upper Cretaceouns, central Cali-
fornia. :

1951 Gyroidina globosa (HagENOW) var. orbicelle Bawpy, Journ. Pal., vol. 25, no. 4,
p- 505, pl. 74, figs. 2 a—ec; Upper Cretaceous, southern California.
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Desecription: Test rotaloid, low.spired, almost circular in outline,
dorsal side slightly convex, ventral side convex with a slight depression
in central portion; periphery broadly lobulate, edge rounded; chambers 6
to 8 in laat whorl, increasing gradually in size as added; wall caleareous,
smooth, finely perforate; sutures gently curved on dorsal side, radial on
ventral side; aperture a long narrow slit with lip, at base of last chamber
and extending from periphery to umbilical area., Diameter, 0.32 mm.;
thickness, 0.20 mimn. '

Remarks: As pointed out by Bawpy (1951), Gyreidine globosa subsp.
orbicella differs from HacENOW's species in not being as thick and in having
a relatively higher but not broader apertural face. The aperture of Gyroidina
globose (HaeENOW) appears not to be as long as that of Banpy’s form which
extends from the periphery to the umbilical area.

Hypotype: SU no. 9469, Locality no. MG 730.

Gyroiding florealis WHITE
Plate 13, figs. 6 a—c

1928 Qyroiding florealis Waire, Journ. Pal., vol. 2, no. 4, p. 293, pl. 40, figs. 3 a—c;
Upper Cretaceous, Mexico.

1946 Pulvinulinella florealis. CusEman, U, 8. Geol. Survey Prof. Paper 208, p. 144,
pl. 59, figs. 11, 12; Upper Cretaceous, Mexico. Trinidad, B. W. L.

1960 Gyroiding florealis, TrRUIILLO, Journ. Pal., vol. 34, no. 2, p. 331, pl. 48, figs. 1 a—c;
Upper Cretacecus, northern California,

Description: Test rotaleid, trochoid, planoconvex, subeircular in
outline, ventral side with umbilical area, dorsal side slightly concave except
for central area which is raised; periphery strongly keeled; chambers
distinct, 6 to 8 in last whorl, gently inflated on ventral side; wall calcareous,
smooth, finely perforate; sutures on dorsal side curved, limbate, oblique,
ventral ones slightly sigmoid and depressed; aperture an elongate slit
nearly parallel to direction of coiling. Diameter, 0.45 mm.; thickness,
0.25 mm.

Hypotype: 8U no. 9470, Locality no. MG 544,

Gyroidine goudkoffi (TRUIILLO)
Plate 13, figs. 3 a—c
1460 Eponides goudkoffi TRUIILLO, Journ. Pal. vol. 34, no. 2, p. 333, pl. 48, fige. 6 a—c;
Upper Cretaceous, northern California.

Description: Test rotaloid, subcircular in outline, dorsal side convex,
ventral side greatly so with slight umbilical development; periphery gently
lobulate, edge sharply rounded; chambers distinct, 6 to 7 in last whorl,
increaging gradually in size as added; wall calcareous, smooth, finely per-
forate; sutures on dorsal side curved, limbate, flush, spiral suture raised
ahd limbate, ventral sutures sigmoid and limbate, especially toward the
umbilical area; aperture a low opening beginning at about the midway
point. between the periphery and umbilical area and extending to the um-
bilical area, at base of last chamber; apertural face shaped in sigmoid form.
Diameter, 0.57 mm.; thickness, 0.45 mm.

Hypotype: BSU no. 8471, Loeality no. MG 550
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Gyroiding subangulata {(PLUMMER)
Plate 13, figs. 4 a—0
1927 Rotalia soldani (A’ORBIGNY)} var. subongulate PouMMEER, Univ. Texas Bull. 2644,
p. 154, pl. 12, fig. 1; Paleocene, Texas.
1928 Gyroiding subangulata WHITE, Joum Pal, vol. 2, no. 4, p. 291, pl. 39, fig. §; Upper
Cretaceous, Mexico,

Description: Test rotaloid, circular in outline, slightly convex on
dorsal side, strongly so on ventral side with shallow umbilical area; peri-
phery gently lobulate, edge sharply rounded; chambers about 7 to last-
formed whorl, increasing gradually in size as added, final one with broad
flat septal face; wall calcareous, smooth, finely perforate; sutures on dorsal
side tangential, slightly curved, flush in early part but depressed in last
few chambers, ventral ones radial to slightly curved; aperture an elongate
slit in the middle of the base of the last chamber. Diameter, 0.42 mm
thickness, 0.32 mm.

Hypotype: SU no. 9472, Locality no. MG 587,

Gyroidine quadrate CusHMAN and CHURCH
Plate 13, figs. 5a—¢
1929 Qyroidine quadrata Cusamax and CHURCcH, California Aead. Sci. Proe., 4th Ser.,
vol. 18, no. 186, p. 516, pl. 41, figs. T—9; Upper Cretaceous, central California.

Description: Test rotaloid, small, subcircular in outline, dorsal side
concave, strongly convex on ventral side with slight depression in umbilical
arvea; periphery Ibbulate, edge view quadrate; chambers about 6 in last
whorl, increasing gradually in size as added, gently inflated on ventral
gide; wall caleareous, smooth, finely perforate; sutures distinet, depressed
on dorsal side, curved and limbate, ventral ones depressed and radial;
aperture a narrow slit with lip on face of last-formed septal face midway
between periphery and umbilical area. Diameter, 0.25 mm.; thickness,
0.18 mm.

Hypotype: SBU no. 9473, Lc;cality no. MG 550.

Genus EPONIDES Morvrort, 1808
Eponides bandyi TRUIILLO
Plate 18, fige. 7a—-c
1960 Eponides bandyi TRUIILLO, Journ. Pal., vol. 34, no. 2, p, 332, pl. 43, fige. 3 a—e;
Upper Cretaceous, northern California.

Description: Test rotaloid, trochoid, biconvex, more so on ventral
gide than on dorsal, umbilicial area sometimes slightly depressed, sub-
circular in outline; periphery gently lobulate, edge sharply rounded; cham-
bers about 7 in last-formed whorl, increasing gradually in size as added;
wall calcareous, smooth, finely perforate; sutures on dorsal side curved,
limbate, flush in early part, gently raised in later chambers, ventral ones
slightly depressed and sigmoid, becoming limbate toward the central area;
aperture a low arched opening extending from the periphery to the umbili-
cal area. Diameter, 0.45 mm.; thickness, 0.27 mm. .

=]
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Remarks: The above decribed species may be distinguished from
Eponides beisseli ScHIIFsMA in having sigmoid ventral sutures and a convex
ventral side.

Hypotype: SU no. 9474, Locality no. MG 730.

Eponides spinea CUSHMAN
Plate 13, figs. 82—
1928 Truncatuling spinen CusaMawn, Contr. Cushman Lab. Foram. Res., vol. 2, pb. 1,
p- 22, pl. 2, figs. 10 a—e; Upper Cretaceous, Mexico. ]
1927 Epowides spinea. CusEMaN, Journ. Pal., vol. 1, no. 2, p. 165, pl. 27, figs. 1 a—c;
Upper Cretaceous, Mexico.

Deseription: Test small, planoconvex, dorsal side concave to convex,
ventral side highly convex, slightly umbilicate; periphery gently lobulate,
edge acute with keel and spines; chambers in majority of specimens indistinet
(except when test is wet), about 6 to 7 in last whorl, inereasing gradually
in size as added, later ones having greater length than widih; wall calcareous,
smooth, finely perforate; sutures on dorsal side curved, limbate, flush,
those of ventral side slightly depressed and radial; aperture a ventral
elongate slit, located, extending from umbilicus to near the periphery.
Diameter, 0.40 mm.; thickness, 0.20 mm.

Remarks: The original figures of this species lack details necessary
for proper identification. However, the written description and general
dimensions agree closely with the California specimens. Material from
Moreno Guleh contains some specimens which are poorly preserved and look
like that of CusEMAN's original figure.

Hypotype: 8U no. 9475, Locality no. MG 554,

Genus QAVELINELLA BroTzEN, 1942
Gavelinella orolomaensis (CusHMAN and GOUDKOFF)
Plate 14, figs. l a—c

1944 Falvulineria orolomaensis CusaMaN and GO‘UDKOFF,. Contr, Cushman Lab. Foram.
Res., vol. 20, pt. 3, p. 60, pl. 10, fige. 7 a—e; Upper Cretaceous, central California.

Description: Test slightly troehoid, nearly planispiral, subeircular
in outline, unequaily biconvex, ventral side more convex than dorsal and
with open but depressed umbilical area; periphery slightly lobulate, edge
sharply rounded; chambers about 8 to 10 in last whorl, gradually increasing
in size as added; wall caleareouns, smooth, finely perforate; sutures limbate,
strongly curved, flush; aperture a narrow opening extending from near the
periphery to the umbilical area on ventral side, relict apertural lips which
form keel-like edge noted along inner margin of umbilicus. Diameter,
(.40 smm. ; thickness, 0.18 mm.

Hypotype: 88U no. 9476, Locality no. MG 41,



Gavelinella turbinate MARTIN, n. sp.
Plate 14, figs. 2 a—c; 3 a—c

Description: Test trochoid, biconvex, more so on dorsal side, sub-
circular to ecircular in outline, ventral side with well-developed open and
deep umbilicus; periphery smooth to gently lobulate, edge rounded; cham-
bers about 8 to 9 in last whorl, gradually increasing in size as added; wall
calcareous, smooth, finely perforate; sutures on dorsal side limbate, curved,
flush in early stage, later slightly depressed in last 3 or 4 chambers which
are gently depressed; aperture a low narrow opening extending from the
periphery to the umbilical area, and further extending along the inner margin
of the umbilicus, relict apertural lips noted in some specimens forming an
irregular serrated edge along inner margin of umbilicus. Diameter, 0.68 mm.;
thickness, (.30 mm.

Remarks: This California species differs from Gavelinelle pertusa
(Marssow) in having fewer chambers per whorl and a greater dorsal con-
vexity as well as a smaller umbilical area.

Holotype: SUno. 9477 a—b, Locality no. MG 87 Figs. 2 a, b; Figs. 3 a,
b, Sec. 6, T, 16 8., R, 12 E., Panoche Hills.

Genus GLOBOROTALITES BroTzZEN, 1942
Globorotalites michelinignus (d’ORBIGNY)
Flate 14, figs. 4 a—¢
1840 Rotaling michelinione A'ORBIGNY, Mem. Soe. Geol. France, ser. 1, vol. 4, pp. 31—32,
pl. 3, figs. 1—3; Upper Cretaceous, Paris Basin.
1948 Globorotalites michel TeN DaM and MaoNE, Revue, Inst, Frangaise du Pét.role

et Ann. des Combustible llqmdes, vol. 3, no. 8, p. 223, text-figures 8 a~—e¢; Cam-
panian-Bantonian, Europe,

Degeription: Test trochoid, subeircular in outline, dorsal side flat
to slightly convex, ventral side conieal with a small umbilical area; peri-
phery smooth to gently lobulate, edge acute but not keeled; chambers
about 6 to 7 in last whorl, curved, increasing in height fairly rapidly as
added; wall calcareous, smooth, finely perforate; sutures on dorsal sids
curved, flush, ventral sutures slightly depressed and curved; aperture a
low elongate slit at hase of last chamber, extending from periphery to the
umbilicus. Diameter, (.30 mm.; thickness, 0.18 mm.

Hypotype: SU no. 1478, Locality no. MG 905.

Globorotalites rosacens MARTIN, n. sp.
Plate 14, figs, Ha—0c

Description: Test small, low trochoid, biconvex, ventral side with
greater degree of convexity, depressed umbilical area on ventral side,
subecircular in outline; perviphery lobulate, edge acute with a slight keel;
chambers 6 to last-formed whorl, increasing rapidly in height as added:
wall calcarecus, smooth, finely perforate; sutures on dorsal side curved,
slightly tangential, flush in early portion, depressed in later chambers,
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spiral suture forming a raised border, ventral sutures curved, depressed:
aperture a low elongate opening extending from the periphery to the um-
bilicus with a distinet lip. Diameter, (.27 mm.; thickness, 0.14 mm,

Remarks: This form may be distinguished from Globorotalites multi-
septe BrROTZEN in having less tangential and limbate sutures and in having
fewer chambeérs per whorl. It may be distinguished from Globorotalites
wmbilicata LOETTERLE by slightly flaring ventral margin and by its greater
biconvexity.

Helotype: SU no. 9479, Locality ne. MG 578,

Floborotalites subconicus (MorRROW)

. Plate 14, figs. 6 a—c -

1934 Globorstalin subconica MorrRow, Journ. Pal., vol. 8, no. 2, p. 200, pL 30, figs. Il a—¢;
Upper. Cretacecus, Kansas.

1937 (loborotalia subconica. LOETTERLE, Nebrasks Geol. Survey, Bull. 12, ser. 2, p. 43,
pt. 4, figs, 10 a—¢; Upper Cretaceous, Nebraska.

1948 Globorotalites subconica. TEN Dan and MaeXE, Revue Inst. Frangaise Pétrole ot
Ann., Combustibles liquides, vol. 3, no. 8, p. 225, text-figures 4 a—c; 5 a—¢; Cam-
panian-Santonian, Europe.

Description: Test small, planoconvex, trochoid, ventral side conical,
dorsal side flat o slightly convex, small umbilical area on ventral side;
periphery smooth, edge sharply rounded; chambers indistinet, about 6 to 7
in last whorl, test must be wet to observe, gradually increasing in height
as added; wall calcareous, smooth, finely perforate; sutures indistinet,
slightly curved, radial; aperture an elongate slit extending along base of
last chamber from the periphery to the umbilices. Diameter, 0.33 mm.;
thickness, (.20 mm.

Hypotype: SU no. 9480, Locality no. MG 880,

Genus STENSIOINA Brorzex, 1936

Stensivina excolate {CUSHMAN)
Plate 14, figs. 7 a~—c

1926 Truncatuling exeolats CusEmMay, Contr. Cushman Lab. Foram. Res., vol, 2, pt. 1,
p. 22, pl. 3, figs. 2 a, b; Upper Cretaceous, Mexico.

1940 Stensidena excolata. Cusaman and Dorsey, Contr. Cushman Lab. Foram. Res..
vol, 16, pt. 1, p. 4, pL. 1, fig. 6; Upper Cretaceous, Mexico.

1959 Siensiding exeolata. OLVERA, Bol, Ascc. Mex. Geol. Petr.; vol. 11, nos. 3, 4, p. 87,
pl. 3, figs. 10, 12, 13; Upper Cretacecus, Mexico,

Description: Test rotaloid, almost subcircular in outline, dorsal
side flat, ventral side convex with umbilical area; periphery lobulate,
edge subacute; chambers distinct, about § or 9 in last-formed whorl, increas-
ing rapidly in size as added; wall calcareous, smooth ventrally, dorsally
roughened between sutures, coarsely perforate on ventral side, finely per-
forate dorsally; sutures dorsally curved, raised, those of later chambers
distinct, earlier ones irregular, ventral sutures slightly curved, limbate,
slightly depressed; aperture a low narrow slit at base of last chamber,
nearer t0 umbilicus than periphery. Diameter, (.45 mm. ; thickness, 0.21 mm.

Hypotype: 8SU no. 9481, Locality no. MG 594,
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Stensiding exsculpte {(REUSS)
Plate 14, figs. 8a——0
1860 Rotalia exsculpta Bruss, Sitz, Akad, Wiss. Wien, vol. 40, p. 2232, pl. 11, figs. 4 a—c;
Upper Cretaceous, Germany.
1936 Stensidina exsculpta. BrorzEN, Sveriges geol. undersokning, Ser. C., no. 398, p. 165,
pl. 11, figs. 8 a—c; Lower Senonian, Sweden.

Description: Test rotaloid, almost eircular in outline, slightly convex
on dorsal side, strongly so on ventral side, small umbilicus present on ventral
side; periphery gently lobulate, edge acute; chambers distinet, about 11 in
last-formed whorl, inereasing gradually in size as added; wall ealcareous,
smooth and conspicuously perforate ventrally, on dorsal side area between
sutures papillate; sutures on dorsal side distinet, strongly raised, curved,
joining at periphery to form continuous raised ridge, ventral ones curved
and raised, aperture an elongate slit with a slight lip, at base of last chamber
nearer periphery than umbilicus. Diameter, 0.35 mm.; thickness, 0.20 mm,

Remarks: This small and distinctive foraminifer is noted only in the
Lower Marlife formation of the Panoche group. Its stratigraphie relationship
to Stensiding excolafe is most interesting, as it appears—at least in the Moreno
Gulch section—that these two forms have a similar stratigraphic digtribu-
tion to that reported for them in Europe by Brorzew (1936, p. 166).
According o0 BRoOTZEN, Stensidina evcolata CUsHMAN ranges through the
Senonian and Stensidina exsculpta (REUSS) is found not only in the Senonian
but also in the Coniacian and Turonian. It is too early to say definitely
if this relationship in California is a valid one. Future work on other Cali-
fornia section should confirm or disprove this relationship.

Hypotype: 8U no. 9482, Locality no. MG 905,

Stensidinag sp.
Plate 15, figs. 1 a—

Deseription: Test rotaloid, subeirenlar in outline, dorsal side slightly
convex, ventral side strongly so, with depressed umbilical area, almost hemi-
spheric in edge view; periphery smooth to very gently lobulate, edge acute;
chambers about 7 or 8 in last-formed whorl, gradually increasing in size
as added; wall calcareous, smooth, conspicuously perforate on dorsal side,
chamber area between sutures finely roughened; sutures distinet, dorsal
ones eurved, raised, joining at periphery to form continuous raised ridge,
spiral suture forming a low trochoid spire leading to fused central mass of
irregular ridges; ventral sutures radial, limbate, flush to slightly depressed;
aperture not clearly observed due to poor preservation but appears to
be at base of last chamber near umbilical area. Diameter, (.42 mm.; thick-
hess, 0.21 mm.

Remarks: Although thiz form of Stensidinag appears to differ from
all other deseribed species of thiz genus, it seems best to defer naming it
specifically until more and better preserved material is available. Only
two specimens were obtained from Morene Gulch samples,

Deposgitory: SU no. 9483, Locality no. MG 574.
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Genus OSANGULARIA BrorzEN, 1940
Osangularia cordieriane (d'ORBIGNY)
_ Plate 13, figs. 2 a—ec
1340 Rotaling cordieriang d’OmrpBraNy, Mém. Soc. Geol. France, vol. 4, p. 33, pl. 3,
figs, 9—11; Upper Cretaceons, Paris Basin.
1941 Pulvinulinella cordieriana. Ma®IE, Mém. Mus. Hist. Nat. Paris, vol. 12, p. 228;
pl. 35, figs. 329 a—c, 330; Benonian, Paris Basin.

‘Description: Test rotaloid, biconvex, almost circular in outline,
broadly lenticular in edge view, slightly umbilicate, closely coiled; periphery
lobulate, edge acute with fine but well-developed keel; chambers about 9
to 10 in last whorl, those of last whorl distinct, earlier ones less distinct
toward center portion of test, increasing gradually in size as added; wall
caleareous, smooth, finely perforate; sutures distinet on dorsal side, curved
and gently raised, joining at periphery to form a continuons lateral keel,
spiral suture raised and fusing at the center into mass of shell material,
ventral sutures indistinct (best observed when test is wet), slightly curved
and depressed at outer margins, joining at center of test to form flush
umbilical mass; ventral aperture with 2 elongate slits, one extending near
and paraliel to the base of the last chamber, the other forming an angle to
the first, both midway between the periphery and umbilical area. Diameter,
0.47 mm.; thickness, 0.24 mm.

Remarks: Unfortunately d'OreicNY’s original figures do not lend
themeselves for specific determination and were it not for the figures and
detailed description given by Marir (1941), it would not have been possible
to arrive at a satisfactory ideutification. Qur specimens seem to match
well those described from the Paris Basin.

Hypotype: SU no. 9484, Locality no. MG 530.

Genus QUADRIMORPHINA Fivray, 1939
Quadrimorphina allomorphinoides (REUSS)
Flate 15, figs. 3 a—c

1860 Valvly ol phinoides Rruss, Akad. Wiss, Wien, Math.-Naturwiss. Cl.,
Bitzungsber., vol. 40, p. 223, pl. 11, figs. 6 a—e; Upper Cretaceous, Germany.

1926 Discorbis allomorphinoides, CusEMaN, Bull, Amer. Assoc. Petrol. Geol., vol. 10,
ne. 6, p. 606, pl 20, ﬁgs 18, 19; Upper Cretaeeous, Mexico,

1936 Falvulineria orphineides., BRroTzZEN, Sveriges geol. undersokning, Ser. C,,
no. 396, p. 153, pl. 11, figs. 1 a—c¢; Lower Benonian, Sweden.

1960 Quadrimorphina auoﬂmphmoides. TrUmnLLo, Journ. Pal, vol. 34, no. 2, p. 330,
pl. 47, figs. 15 a~—e; Upper Cretaceons, northern California.

Description: Test rotaloid, biconvex, slightly longer than wide,
umbilicate; periphery lobulate, edge broadly rounded; chambers distinet,
4 in last-formed whorl, ventral ones inflated, increasing rapidly in size as
added; wall calcareous, smooth, finely perforate; sutures distinet, dorsal
ones slightly depressed; curved, ventral sutures more depressed than those
of dorsal side, gently curved; aperture a low opening in umbilical area
beneath plate-like lip of last chamber. Diameter, 0.50 mn.; breadth,
0.43 mm.; thickness, (.24 mm.
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Remarks: Specimens from Moreno Gulch agree very well with the
original figure of REUss.

Hypotype: SU no. 9485, Locality no, MG 576.

Genus VALVULINERIA Cusamaw, 1926
Valvulineria jarvisi MARTIN, n. sp.
Plate 135, figs. ¢ a—c

1932 Valvulineria all phinotdes. CusEMaN and Jarvis (not Reuss), U, 8. Nat
Mus. Proe., vol. 80 art 14, p. 46, pl. 13, figs. 17 a—c; Upper Cretaceous, Trinidad, -
B.W. I

1939 Rotamorphing cushmani Fiwray, Trans. Roy. soc. New Zealand, vol. 69, p. 325,
pl. 28, figs. 130—133; Upper Cretaceous, New Zealand.

Description: Test rotaloid, trochoid, biconvex, more so on ventral
aide, subcircular to circular in outline; periphery gently lobulate to lobulate,
edge broadly rounded; chambers distinet, about 6 to 7 in last-formed whorl,
increasing fairly rapidly in size as added; wall caleareous, smooth, finely
perforate; sutures distinet, those of dorsal side tangential, slightly carved
and depressed, ventral ones slightly depressed, radial; aperture a low opening
on ventrally side, extending along umbilical area beneath plate-like lip
of last chamber. Diameter, 0.56 mm.; thickness, 0.28 mm.

Remarks: This form has been previously recorded as a variant of
Quadrimorphina allomorphinoides (REuss) by CUsHMAN and JARVIS as
well as other authors. It may be distinguished from the latier in having
a greater number of chambers per whorl and in having tangential dorsal
sutures, In the Moreno Guleh section this form as well as Quadrimorphina
allomorphinvides (REUss) are observed to a similar stratigraphic ocecurrence
and distribution. Future studies in California should determine if the larger
form { Valvulineria jarvisi) ranges into younger strata as it does in Trinidad,
B.W.1

This species is named in honor of the late Mr. P. W, Jarvis, who with
Dr, Joseph A. CuseEMan were the first to record it.

Holotype: SU no. 9486, Locality no, MG 346.

Valvulineria lenticula (REUSS)
Plate 15, figs. ba—-c
1845 Rotalina lenticula REUss, Verstein. Béhm. Kreide, pt. 1, p. 35, pl. 12, figs. 17 a—=¢;
Upper Cretaceous, Bohemia.
1929 Gyroidina depressa. CusBEMaN and CrurcH, California Acad. Sei, Proe., 4th ser.,
vol. 18, no. 16, p. 515, pl. 41, figs. 4, 5, 6; Upper Cretaceous, central California.
1951 Valvulineria eretacea. BaNpy, Journ. Pal., vol. 25, no. 4, p. 504, pl. 74, figs. 1 a—=¢;:
Upper Cretaceous, southern California.
1956 Valvulineria lenticula. Harris and McNvurry, Journ. Pal., vol. 30, no. 4, p. 866,
pl. 97, figs. 1—5; Upper Cretaceous, U, 8. Gulf Coast.

Desgeription: Test rotaloid, trocheid, subcircular in outline, gently
compressed, slightly convex on dorsal side, less so on ventral side; peri-
phery slightly lobulate, edge subacute to rounded; chambers 9 to 11 in
last-formed whorl, gradually increasing in size as added, those of later
portion of test slightly inflated, last one with ventral umbilical flap; wall
calcareous, smooth, finely perforate; sutures on dorsal side moderately
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curved, flush, those of ventral side curved, flush, and limbate; aperture
a low narrow slit extending along base of last chamber from near the peri.
phery to the umbilical flap. Diameter, 0.40 mm.; thickness, 0.21 mm.

Remarks: This species has been the objeet of a study by Hamris
and MeNuorury (1956}, They noted a wide variation in chamber inflation,
compression of the test, and peripheral taper. Specimens from Moreno
Gulch exhibit some of these variations.

Hypotype: SU no. 9487, Locality no. MG 574.

Valvulineria lillist CuseMaN and GOUDKOFF
FPlate 15, figs, 6 a—c
1944 Valvulineria Hllisi CusAamaxw and Goupxorr, Contr. Cushman Lab. Foram. Res.,
vol. 20, pt. 3, p. 61, pl. 10, figs. 3 a—o.

Deseription: Test rotaloid, trochoid, subcircular in outline, slightly
cohvex on dorsal side, strongly convex on ventral side; periphery gently
lobulate, edge sharply rounded; with well-developed ventral umbilical
area; chambers 7 or 8 in last-formed whorl, increasing rapidly in size as
added, slightly inflated dorsally, inflated on ventral side; wall calcarecus,
smooth, conspicuously but not coarsely perforate; sutures distinet, carved,
limbate, slightly depressed on dorsal side, curved and strongly depressed
on ventral side; aperture a narrow elongate slit with a slight lip, extending
from near the periphery to umbilical area on ventral side. Diameter,
0.40 mm,; thickness, 0.22 mm.

Hypotype: SU no. 9488, Locality no. MG 11, 11 A.

Family CERATOBULIMINIDAE GLAESSNER, 1945
Genus HOGLUNDINA BroTzEN, 1948

Hoglunding supracretacea {(TEx DaM)
Plate 13, figs. 7a—c

1925 Epistomina caracolit, ¥RANKE (not RoeEMER), Geol. Pal, Inst. Univ. Greifswald
Abh., vol. 6, p. 88, pl. 8, figs. 10; Benonian, Germany.

1929 Epistomina caracolle. CusHaMax and CHUumcH, California Aead. Sei Proc., 4th Ser.,
vol. 18, p. 517, pl. 40, figs. 11—13; Upper Cretaceous, central California.

1948 Epistomina supracretacea TEN Day, Revue Inat. Frangaise Pétrole et Ann. Com-
bustibles liquides, vol. 3, no. 6, p. 163, pl. I, fig. 8; Upper Cretaceous, Texas,

1951 Héglundina supracres Bawpy, Journ. Pal. vol. 25, no. 4,p. 507, pl. 74, figs. 8a—o;
Upper Cretacecus, southern California,

1960 Héglundina supracreiacea, TrUsiLLo, Journ. Pal., vol. 34, no. 2, p. 338, pl. 49,
figs. 3 a—c; Upper Cretaceous, northern California.

Description: Test rotaloid, almost circular in outline, biconvex,
periphery slightly lobulate, edge acute; chambers 7 or 8 in the last-formed
whorl, gradually increasing in size as added; wall calcareous, smooth,
finely perforate; sutures strongly limbate, flush, oblique and gently curved
on dorsal side, on ventral side nearly straight and joining at central umbo;
aperture a low narrow slit at base of last chamber near the periphery,
accessory apertures parallel and near ventral peripheral margins of chambers.
Diameter, 0.60 mm.; thickness, .39 mm.

Hypotype: 8U no. 9489, Locality no. MG 41.
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Family ANOMALINIDAE Cusaman, 1927
Genus ANOMALINA d'OreBraxy, 1826

Anomaline sp.
Plate 16, Bgs. 1 a—¢

Degeription: Test planoconcave, early stage trochoid, later stage
planispiral, biumbilicate, that of dorsal side wider and shallower than
ventral umbilieus; periphery lobulate, edge rounded; chambers about 7 to 9
in last whorl, enlarging gradually as added; wall caleareous, smooth, coarsely
perforate; sutures distinet, dorsal ones curved, limbate, depressed, ventral
ones slightly curved, limbate, and depressed; aperture a narrow arched slit
extending from dorsal to ventral umbilical areas, Diameter, 0.36 mm.;
thickness, 0.20 mm.

Remarks: A few specimens of this form were obtained from Moreno
Guleh samples. It resembles Anomalina ammonoides (REUSS) but is not
as compressed and has less limbate sutures. Until detailed studies based
on more material are carried out, specifie determination of this form must
be deferred. :

Depository: SU no. 9490, Locality no. MG 574.

Anomalina becki MARTIN, n. sp.
Plate 16, figs. 2 a—-¢

Description: Test planispiral, subcircular in outline, biconvex,
dorsal side with central plug, ventral side with distinet but less developed
umbilical plug or boss; periphery smooth to slightly lobulate, edge sharply
rounded; chambers numerous, about 11 to 12 in last wherl, increasing
gradually in size as added; wall calcareous, smooth, conspicuously but not
coarsely perforate; sutures curved, slightly raised and limbate in early
stages, slightly depressed in later stages; aperture a low arched slit located
at base of last chamber and extending along umbilical margin of last 2 or
3 chambers. Diameter, 0.41 mm.; thickness, 0.23 mm.

Remarks: This species differs from Cibicides stephensoni CUSHMAN
in being almost biconvex, in having less limbate early sutures, and in being
congistently smaller. It iy named in honor of R. 8. BEcK in recognition
of his work in zoning Upper Cretaceous strata of central California,

Holotype: SU no. 9491, Locality no. MG 1136.

Anomaling occidentalis MARTIN, n. sp.
Plate 16, figs. 3a——0¢

Description: Test small, planispiral in adult stage, subcircular in
outline, dorsal side slightly convex, ventrally more so, dorsal side with
small central plug; periphery gently lobulate, edge sharply rounded;
chambers numercus, about 9 to 11 in last-formed whorl, closely appressed,
gradually increasing in size as added; wall ealcareous, smooth, dorsal side
conspicnously but not coarsely perforate, ventral side finely perforate;
gutures curved, limbate, flush in early stages, slightly depressed in last
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few chambers; aperture a low slit located at base of last chamber and
extending from periphery to umbilieal area. Diameter, 0.25 mm.; thickness,
0.10 mm,

Remarks: The form here deseribed differs from dnomaling complanaie
REevss in having less chambers per whorl and in being less compressed.
It may be distinguished from Anomalina semicomplunate CUSHMAN by
its smaller size, less numbers per whorl, and rounded edge.

Holetype: SU no. 492, Locality no. MG 200.

Anomalina whitei MARTIN, n. sp,
Plate 186, figs. 4 a—c
1928 Rotalia beecaritformas var, WHITE, Journ. Pal,, vol. 2, no. 4, p. 287, pl. 39, fig. 4;
Upper Cretaceous, Mexico.

Description: Test planoconvex, subcircular in outline, dorsal side
slightly convex, ventral side with umbilical area; periphery smooth in
early stages, lobulate in later portion, edge broadly rounded; chambers 8
or 9 in last-formed whorl, gradually increasing in size as added, last one
with large and broadly rounded septal face, wall calcarecus, smooth except
for minute irregular lines and depressions near ventral umbilical area and
extending outward for a short distance, finely perforate; sutures flush,
slightly curved on dorsal side, generally indistinet on ventral side (seen
only when test is wet), radial; aperture a low narrow slit at base of last
chamber and extending from periphery to umbilical area. Diameter,
0.42 mam.; thickness, 0.20 mm.

. Remarks: This distinctive form was first described from the Velasco
and Mendez formations of Mexico. The California specimens appear to
have the same characteristic thread-like lines and small depressions in the
ventral umbilical area. It is named in honor of Dr. M. P. WHITE who first
recorded it.

Holotype: SU no. 9493, Locality no. MG 544,

Genus PLANULINA d'OrBiorRy, 1826
Planulina popenoei (TRUJILLO)
Plate 16, figs. 6 a—c
1960 Anomalina popenoei TRUJILLO, Journ. Pal., vol. 34, no. 2, p. 835, pl. 48, figs. 9 a—o;
Upper Cretaceous, northern California.

Description: Test low trochoid, generally biconvex, ventral side
with concave umbilical area, circular in outline, lenticular in edge view;
periphery lobulate, edge with narrow keel; chambers numerous, 10 to 11 in
last-formed whorl, gradually inereasing in size as added, eurved, tangentially
arranged, gently inflated, on ventral side with thickening adjacent to
location of relict aperture; wall calcareous, smooth, finely perforate; sutures
curved, raised, and limbate on dorsal side, depressed, curved, and limbate
on ventral side; aperture a low slit at base of last chamber and extending
from near the periphery on the ventral side to the umbilical area. Diameter,
0.42 mw,; thickness, 0.13 mm.
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Remarks: This form is closely related to Planuling spissocostain
CusHMAN described from the Gulf Coast of the United States. The California
species may be differentiated by the presence of a narrow keel, fewer
chambers per whorl, and greater involution of the ventral side.

Hypotype: 8U no. 9494, Locality no. MG 730.

Planuling mascule BaNDyY
Plate 186, figs. 7 a—c
1951 Plaruling snascule Banoy, Journ. Pal., vol. 25, no. 4, p. 506, pl. 74, figs. § a—¢;
Upper Cretaceous, southern California.

Description: Test planispiral, subeircular in outline, dorsally slightly
umbilicate, spire visible on both sides; periphery gently Iobulate, particu-
larly in later chambers, smooth in early portion, edge broadly rounded;
chambers about 10 to 11 in last-formed whorl, gradually increasing in size
as added; wall calcareous, smooth, coarsely perforate; sutures slightly
curved, gently depressed in later stage, flush in earlier portion of test;
aperture a low slit at base of last chamber and extending dorsally along
umbilical margin of last few chambers. Diameter, 0.35 mm.; thickness,
0.14 mm.

Remarks: This form differs from Planulina nacatochensis CUSHMAN,
deseribed from the Gulf Coast of the United States, in its much thicker test,
curved sutures, and more distinet perforations,

Hypotype: SU no. 9495, Locality no. L8 609,

Genus CIBICIDOIDES Brorzex, 1936
Cibicidoides validus MARTIN, n. sp.
Plate 18, figs. 5 a—c

Deseription: Test rotaloid, biconvex, subeircular in outline, lenticular
in edge view, nearly involute on dorsal and ventral sides, dorsal side with
centrally raised boss, ventral side with central flush umbo; periphery
smooth, edge sharply rounded; chambers numerous, 14 to 15 in last-formed -
whorl, gradually increasing in size as added, closely appressed; wall cal-
careous, coarsely perforate; sutures raised, curved, limbate, coalescing on
ventral side to form flush umbeo, on dorsal side forming raised boss; aperture
an arched slit at base or peripheral margin of last chamber and extending
dorsally along the inner borders of the last 3 or 4 chambers. Diameter,
0.38 mm.; thickness, 0.15 mm.

Remarks: This distinctive form may be distinguished from Chibicides
constrictus (REUss) in having raised sutures and compressed chambers,
in lacking an acute edge, and in being bhiconvex.

Holotype: SU no. 9496, Locality no. MG 346.
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Appendix A

List of samples from Moreno Gulch surface section, Panoche Hills, Fresno
County, California

Sample Stratigraphic Sample
Number Allocation {Ft.) Interval (Ft.)
5 50 50
10 100 50
1—11A 110 10
30 290 180
31 300 10
41 400 100
59 5380 180
61 600 20
62 610 10
65 640 30
71 700 60
72 720 20
74 740 20
87 900 160
92 1040 140
113 1220 180
126 1340 120
153 1595 255
165 1730 135
178 1870 140
187 1990 120
190 2020 30
194 2060 40
198 2239 179
200 2269 30
201 2284 15
204 2314 30
210 2374 60
216 2434 60
219 2464 30
220 2480 16
225 2530 50
229 2680 150
237 2760 . 80
238 2770 10
239 2780 10
247 2920 120
249 2930 10
260 3160 250
262 3180 20
269 3260 80
278 3640 380

291 4170 530



Sample
Numbher

295
300
307
310
317
320
333
337
346
355
370
374
391
408
410
425
443
452
458
463
484
501
508
513
al6
525
529
544
546
350
553
557
568
573
574
581
537
594
603
610
618
636
654
670
681

Jairh. Geol. B.A., 1964, Sonderband 9

Appéndix A Cont'd,

Stratigraphic
Allocation (Ft.)

4210
4260
4370
4395
4470
4500
4655
4695
4810
4905
5040
5100
5260
5445
5465
5610
5780
5870
5030
5980
6335
6515
6590
6640
6670
6760
6800
6950
6970
7010
7040
7080
7190
7240
7250
7320
7380
7450
7540
7610
7690
7870
8050
8210
8320

Sample
Interval (Ft.)

40
50
110
26
75
30
155
40
115
95
135
60
160
185
20
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Appendix A Cont’d,

Sample  Stratigraphic Sample
Numhber Allocation (Ft.) Interval {Ft.)
692 8430 110
710 8600 170
727 8760 160
729 8780 20
730 8790 10
751 9005 215
765 9140 135
710 9190 50
794 9430 240
300 9490 60
806 9550 60
812 9610 60
813 9620 10
833 9820 200
847 9970 150
849 9990 20
872 10220 230
874 10240 20
875 10275 35
880 10325 50
887 10395 70
894 10455 60
905 10560 105
920 10710 150
923 10750 40
934 10840 50
937 10870 30
951 11010 140
959 11090 80
961 11110 20
966 11160 50
970 11200 40
982 11320 120
1604 11545 225
1008 11585 40
1012 11625 40
1029 11795 170
1031 11810 13
1037 11870 60
1052 12035 165
1061 12125 90
1066 12175 50
1083 12345 170
1088 12395 50

1098 12495 160
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Appendix A Cont'd.

Sample Stratigraphic Sample

Number Allocation (Ft.) Interval (Ft.)
1107 12585 90
1119 12705 120
1136 12875 170
1147 12985 110
1158 13205 220
1179 13405 200
1180 13415 10
1190 13515 100
1199 13605 90
1207 13695 90
1209 13715 20
1220 13825 110

- 1225 13875 50
1236 13985 110
1237 13995 10

1242 14080 90
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Appendix B

List ‘of samples from Laguna Seca Creek surface section, Laguna Seca
Hills, Merced County, California,

Sample Stratigraphic Sample
Number Allocation {Ft.) Interval {Ft.)
170 0 0
166 35 35
165 40 b
158 75 35
154 95 20
147 130 35
135 230 100
133 240 10
131 250 : 10
130 255 5
128 265 19
127 270 5
126 275 &
125 423 150
121 435 20
120 447 12
118 481 34
116 505 24
115 517 12
114 525 8
113 B37 12
112 548 11
110 570 22
108 590 20
107 598 8
103 625 27
102 631 6
89 708 77
87 718 19
85 728 10
84 735 5
80 753 20
78 763 19
75 783 20
66 832 49
63 851 19
53 880 29
50 1105 225
44 1147 42
43 1154 7
41 1188 34

38 1213 25



119

Appendix B Cont’d,

Sample Stratigraphic Sample

Number Allocation (Ft.} Interval (Ft.)

35 1253 40

32 1274 21

27 1309 35

24 1313 12

22 1321 8

18 1337 i6

17 1341 4

16 1347 6

12 1361 14

9 1373 12

1385 12

6
3 1400 15
1 1410 16
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Appendix C
Fossil Locality Register

Microfossils

1.

Siphogenerinoides whiter Type locality — near center sec. 6, T. 15 8.,
R. 12 E., M. D., Panoche Hills, Fresno County, California.

Megafossils

1.

2.

L8JU 3329 sec. 7, T. 15 8., R. 12 E. M. D., Marca shale member, Moreno
formation, Panoche Hills, Fresno County, California.

LSJU 3326 sec. 12, T. 15 S, R. 11 E,, M. D., upper Uhalde formation,
Panoche group, Panoche Hills, Fresno County, California.

LSJU 3323 sec. 15, T, 14 8., R, 11 E,, M. D., Upper Marlife formation,
Panoche group, Panoche Hills, Fresno County, California.

CAS 28542 near center sec. 15, T. 14 8., R. 11 E., M. D., Upper Marlife
formation, Panoche group, Panoche Hills, Fresno County, California,

LSJU 3320 sec. 9, T. 14 8, R. 11 E,, M. D., Upper Marlife formation
(lower part), Panoche group, Panoche Hills, Fresno County, California.

L3JU 3316 sec. 17, T. 14 8., R. 11 E., M. D., Lower Marlife formation,
Panoche group, Panoche Hills, Fresno County, California.

. LSJU 3315 sec. 28, T. 14 8., R. 11 E., M. D., Lower Marlife formation,

Panoche group, Panoche Hills, Fresno County, California.

L3JU = Leland Stanford Junior University localities.
CAS = California Academy Seience locality.
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Appendix D

Stratigraphic ranges of Gulf Coast Upper Cretaceous Foraminifera occurring
in central California {After CusHmMan, 1946; Frizzerr, 1954).

Avstin Taylor Navarro

Apioptering cylindroides ————
Astacolus jarvisi —————
Bolivina incrassala —
- Bolivinitella eleyi
Bolivinoides latticeus _ Y
Bulimina aspera
Bulimina proliza —_——t
Buliming rewusss
Buliminelle carseyae
Buliminella cushmani
Clavulinoides trilaterus ——— e ———
Dentalina aculeata —_—————
Dentaling basiplanata
Dentaling megalopolitana —_
Dorothia bulletla
Frondicularia archiactana
Gaudryina laevigata —t+
Gaudryina rudita
Globorotalites michelinianus e
Globorotalites subconicus =00 ————d —
Globotruncana arca ——t—
Globotruncana paraventricosa
Globotruncanae roseffa ——f——
Globulina lacrima subsphaerica —_—
Glomospira gordialis
Gyroidina globosa
Haplophragmoides calcula
Haplophragmoides excavuia
Haplophragmoides glabra —
Heteroheliz globulosa
Heteroheliz pulchra
Heterohelix strivia
Higlundinn supracrefaces
Involutina glabratus
Kyphopyra christneri
Lagena aculicosta
Lagena apiculata _ —f——
Lagena paucicosia —_———r
Lenticulina rotulala
Marssonella oxyconae
Marginuling bullata —
Neoflabellina rugosa
Nodosarella gracillima
Nodosarella texana
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Austin | Taylor | Navarro

Palmule primitiva _—
Pelosing complanata S
Pseudogaudryinella capitosa —_—
Pseudonodosaria larva
Rzehakina epigona lata _

Rugoglobigerina rugosa _
Valvulineria lenticula

Appendix E

Stratigraphic ranges of northwestern European Upper Cretaceous Fora-

minifera occurring in central California (After HiLrERMANN, 1056; HoFKER,

1957; Marig, 1941: ScHLisma, 1946: Tenx Dam and MacNE, 1948; and
WICHER and BETTENSTAEDT, 1957).

Coniac | Santon | Campan | Maastr

Apioplerina cylindroides ———
Bolivina incrassata S EE—
Bolivinitella eleyi
Bulimina aspera .
Bulimina proliza —
Bulimina reussi
Buliminelly carseyae
Dentalina aculeata
Dentaline basiplanata
Dorothia bulletia
Frondicularia archiaciana
Gaudryina lnevigata
Globorotalites michelinianus
Globorotalites subconicus _— -
Globotruncana arca e
Flobotruncana linneiana tricarinata
Globotruncana lnneiana

Globotruncana mariat —_— T
lohotruncana paraventricosa

Globotruncana rosetia e EE—
Globulina lacrima subsphaerica . —_—f——

lomospira charoides
lomospira charoides corona
Glomospira gordialis
Gublerina ornatissima
Gyroidina globosa
Heteroheliz globulosa
Heterohelix pulchra




Coniac

Santon

{ Campan

123

Maastr

Heteroheliz striaia

Involutina glabratus

Lagena apiculata
Lagena hispida
Lagena paucicoste

Lenticulina rotulata

Marginulina bullata
Marssonella oxycona
Neoflabellina rugosa
Nodosaria monile
Osangularie cordieriana
Pelosina complanata

Planomaling aspera
Pseudonodosaria larva

Pyllenia jarvisi

Quadrimorphina allomorphinoides
Reussella szajnoche

Robulus lepidulus
Saracenaria pseudonavicula
Stensiding exsculpla




Explanation of Plate 1

Figure Page
1. Bathysiphon dubia (WHITE). BB . ... ... .o ittt irinrrnareann 42
&, Side view: b, end view; SU no. 2321
2. Buathysiphon californicus MARTIN, n.sp, 254 ... .ove.. e 43
a, Side view; b, end view; SU no. 5331 A
3. Bathysiphon sp. 405 .. it 43
a, Side view; L, end wiew; SU no. 9332
4. Psammosiphonelln Honodoensis MamTiv, n.sp. 16X ... ... .ooiiviss 43
a, Side view; b, end view; SU no. 9333
5. Psammosphaera laevigads WHITE. 17X . ..o iiiion oo aans 44
n, Side view; b, end view; ¢, cross section; SU no. 9334
6, Pelosina complanata FRANKE, 38X ... ... .. iiiiiiiiien crnnann 44
a, Bide view; b, end view; 88U no. 9335
7. Hyperammina elongata H. B, BRaDY, 32.< .. ... oo, 4
a, Bide view; b, end view; 8U no. 9336
8, 9. Soccerhiza ramosa {H. B. Brapy). 18> ... ... i 15
a, Side view; b, end view; 858U no. 9337
10, 11. Involutine glabratus (CusEMaN and JARVIS). 26X ... .. ivhiinvena.s 45
a, Bide view; b, end view; SU no. 9338
11. Enlarged apertural view of another specimen.
12, 13. Involutina frreqularis (BeBUS8). BB X oot ireir i isnrasaanns 45
a, Bide view; b, end view; SU no. 9339 .
14. Glomaspira sharoides (Jowes and PARKER). 60X ....vvrovviirninenanns 46
a, Side view; b, end view; SU no. 9340
15. lomospira charoides corong CusaMAX and Jarvis. 30x ... .covinaeen 46
a, Bide view; b, end view; SU no. 9341
16. Glomospira gordialis {ToNES and PARRKER)L 365 ... ..o iiiiiienen, 46
a, Side view; b, end view; SU no. 9342
17. Reophaw 8P, 2B i i it e st et 46
a, Side view; b, end view; S5U no. 9343
18. Nodellum velascoensis CUOSEMAN. 200 ... . i iavaans 47

a, Side view; b, end view; 8U no. 9344
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Figure

(&

10,

11.

13.

14,

Explanation of Plate 2

Page
. Trochamminoides proteus (KARRER). 41N .. ..o.iiiiiiiiiniiniieaas 47
&, Side view; b, end view; SU no. 9345
. Haplophragmoides calewla CusaMan and WaTeRS. 25~ . ... ..oy 47
a, Side view; b, edge view; SU no, (346
. Haplophragmoides tmpensus MaRTIN, nosp. 355 ..., ... i, 48
o, Bide view; b, edge view; SU no. 9349
3. Holotype; 4. Paratype illustrating usual deformity.
. Haplophragmoides glabra CusaMan and WaTErs., 42x ................. 48
a, Side view; b, edge view; SU no. 9348
. Haplophragmoides incognatus MARTIN, nosp. 41 . oo iiininiinannan 49
a, Side view; b, edge view; BU no. 9350
6. Holotype; 7. Paratype showing usual deformity.
. Huplophragmoides excavata CusHMAN and WarerRs, 18> ... ... ....... 43
a, Bide view; b, edge view; SU no. 9347
. Haplophragmoides kirki WICKBNDEN, 873 . ouiivrinirriisnsnnsnssss 49
a, Side view; b, edge view; SU no. 9351
Haplophragmoides trifolivsn (EgeER). 42 x ... .. .. .. o oot 49
a, Side view; b, edge view; ¢, back view; SU no. 9332
Cribrostomotdes cretacea CusHMAN and QOUDKOFF. 52 ................ 50
a, Bide view; b, edge view; ¢, section showing simple chamber arrangement;
ST no. 93532
Ammoebaculites sp. 1T X oL L e e 50
a, Side view; b, end view; SU no. 9354
Spiroplectamming chicoana LALICKER. 36~ ... ... ... ..o il 51
a, Side view; b, apertural view; SU no. 9353
Spiroplectammine perpleca ISRABLIZEY, 35N (..o rnrnnrrusnn 61

a, Bide view; b, apertural view; SU no. #3536






Explanation of Plate 3

Figure

1. VFernewilinag mimsteri REUSS. 20 % ... e it it iee s
a, Side view: b, apertural view; S no. 9357

2. Guaudryina laevigate FRANKE. 3lx ... ... . o o i
a, ¢, Side views; b, apertural view: 3U no. 9358

3. Gaudrying pyramidate CosHMAN, 30 .. .. i i,
a, Side view; b, apertural view; SU no. 9359

4, Qawdrying rudite BaNDIDGE, 40N Lo i i i e
a, Side view; b, apertural view; SU no. 94360

5. Aaudryinae rudita diverse CusuMan and Gouvpxorr. 25 ... ... ... ...
a, Side view; b, apertural view; SU no. 4361

6, Bermudezina uvigerinaeformis MARTIK, n. sp. 36x . ..o on..
a, Side view; b, apertural view; S8U no. 9362

7. Pseudoguudryinelln capitose (CUSHMAN), 36% ... .. ... oviiinvna. oo
a, Side view; b, apertural view; SU no. 9363

8. Clavulinoides trilaterus CUSHMAN. )< ... . e
a, Bide view; b, apertural view; SU no. 9364

0. Clavulinotdes sp. B2 < L. e i
a. Bide view; b, apertural view; SU no. 9365

10, 11. Eggerella obscwra MaARTIN, noap. 4330 (...t innianaaarras

a, Bide view; b, apertural view; SU no. %364
10. Holotype; 11. Paratype.

12, Dorothin bullette (CARSEY). 2430 L. . i ittt issaaaananirss
a, ¢, Side views; b, apertural view; 31 no. 9367

13. Marssonella indentata (Cusuman and Jarvisy 30 ... oo viea,
a, Side view; h, apertural view; 58U no. 9368

14. Marssonelle oxyeona (REUSS) 36 . i i i

a, Side view; b, apertural view; SU no. 9364

Pape
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Explanation of Plate 4

Figure Page
1. Trochamsning ribstonensis WICKENDEN, 42 . ... .. oo, 56
a, Dorsal side; b, edge view; ¢, ventral view; SU no, 9370
2. Reehakina epigons lote Cusamaw and Rexwz, 50 ... ..o o it 56
a, Side view; b, apertural view; ¢, section in reflected light; SU no. 2371
3. Rzehaking epigong sinima CusHMarw and RENz. 48 .. ... ... 0. 59
a, Side view; b, apertural view; ¢, seetior in reflected light; SU no. 9372
4. Silicosigmoiline californica Cusaman and CHURCH. 32 ................ 50
a, Side view; b, apertural view; ¢, cross secticn; SU no. 9373
5. Nodosario monile v, HaGENOW., 340 . e 58
a, Bide view; b, apertural view; SU no. 937
6. Nodosaria spinifera CUsHaan and CaMpBELL. 3250 (... ... .. ... ... 58
a, Side view; b, apertural view; SU no. 9375
7, 8. Nodosarin velascoensis CusHMAN and JARVIE. 21% ... ... .. iiiinivnnns 53
a, Bide view; b, apertural view; SU no. 9376
9. Neodosarice sp. 22 L e it e e e 59
a, Side view; b, end view; SU ne. 9377
10. Handuling parallele MARSSON, SLx .. ..o it it naan 49
a, Side view; b, apertural view; 3U no. 8378
11. Pseudonodosaria Tarva (CARSEY). 48 X .. ..ttt nnreinsnsnennnn 50
a, Bide view; b, apertural view; 8U no. 9379
12, Dentaling aculeata CORBIGNY. 347 L ittt 60
8, Bide view: b, end view; SU no. 9350
13. Dentaling basiplanata CusAMAN, 168X .. ... .ot 60
a, Bide view; b, apertural view; ST no. %381
14. Dentalina megalopolitana Rruss, 21 ... .. o oo 60

a, Side view; b, apertural view; SU no. 9382






Explanation of Plate 5

Figure Pagoe
1. Lingulina ecaliforniensizs TRUJILLO. SLx .. ... . i iiieiiieeninines 61
a, Bide view; b, apertural view; ¢, edge view; SU no. 9383
2. Lagene acuticosta REUSS. G0N . s s G1
a, Side wview; b, apertural view; 38U no. 9384
3. Lageng acuticoste brevipostica BARDY. 63 ... ... .. i, 61
a, Side view; b, apertural view; 8U no. 3385
4. Lagena aculicosta proboscidialis BANDY. T3 .. ... i iiiiiiriniens 62
a, Side view; b, apertural view; 8U no. 9386
5. Lagena @morpha paucicosta FRANKE. 63X ... ... . .iiiiiiiirnnnreennn 62
a, Bide view; b, apertural view; 83U no, 0387
6. Lagena epiculata REUSS. 63 X ... ... ... . ittt iossarnnsnss 62
a, Bide view; b, apertural view; 3U no. 0388
T. Lagenn hispida REUSS. 325 ... ... . i i isisririsaranrananns 63
a, Bide view; b, apertural view; 383U no. 0389
8. Oolina (?) stmpler REUss. 30X ... . i iy 63
a, Side view; b, apertural view: 83U no. 0300
0. Fissuring orbignyune SEGUENZA. 203 ... .. iiiriiivanrrnransenns 63
a, Side view; b, apertural view; SU no. 9391
10, Marginuling dbullute REUSS. 35 % ... .. i i i isisnnearanan 63
a, 8ide view; b, apertural view; SU no. 9392
L1, Marginuling compbelli MARTIN, n.sp. 41X (oot iaranns 64
a, Side view; b, apertural view; ¢, edge view; SU no. 9303
12, Marginuling curvisepta CusHMan and Goupkorr. 36<..........000u.n. 64
a, Side view; b, apertural view; ¢, edge view; SU no. 9394
13, dstacolus joarvisi (CusaMan). 233 ..o e e 65

a, Side view; b, apertural view; ¢, edge view; SU nc. 9395






Explanation of Plate 6

Figure Page

1. Lenticuling almgrent MARTIN, n.ap. 83 ..o i it iinnssns 63
a, Side view; b, edge view; SU no. §306

2. Lenticedine nuda (REUSS). 220 iy 85
a, Side view; b, edge view; BU no. 397

3. Lenticulina praecconvergens MARTIN, n.sp. 32X ... i iiiiriiininnnns, 66
a, Side view; b, edge view; 3U no. 9398

4. Lenticuline vectovalis Marmin, nisp. 34 . i i iniiinn. 66
a, Bide view; b, adge view; 5U no. 9399

5. Lenticuling rotalate {LAMARCKY., 37 oot iiiiiinnininenonannrnnnaannn 67
a, Side view; h, edge view; 5U no. #400

6. Lenticuling schencki MaARTIN, nuosp. 36X ... i innnn, &7
a, Side view; h, edge view; SU no. 4401

7. Lenticuling velascoensis WHITE. 394 i iininnennronssnnnrsnenn &7
a, Side view; b, edge view; SU no, #402

B, Lenticuling sp. A, B3 i i i i e et e 68
a, Side view; b, edge view; SU no. 403

O, Lenticuling sp. By 38 K L. it ittt i 68
a, Bide view; b, edge view; 817 no. 9404

10, Robulus lepidulus (REUSS). 233 oottt iiiaaci et innnenns 68
a, Side view; b, edge view; SU no. 405

11. Robulus snodestus BANDY., 3230 .ot ie e et 69
a, Side view; b, edge view; SU no. 0406

12. Robulus pseudoligostegius MARTIN, n. 8p. 323 ... ... v, 60

a, Bide view; b, edge view; ¢, apertural view; SU no. H407






Figure

5.

)

Explanation of Plate 7

Robulus sp. AL 2l L e e
a, Bide view: b, edge view; 8U no. 9408

CRobulus spo Bl 1T 0 s

a, Bide view; b, edge view; SU no. 9400

. Sarqeenoria acutauricwlaris (FICHTEL and Moxrn). 36 ... ... .o

a, Side view; b, edge view; SU no. 9410

. Saracenarin psewdongvicwls MARIE. 34 - .. . e

&, Side view: b, edge view; SU no. 9411

. Planularia mirabilis MARTIN, n.osp. #833 . .. o i e

a, Bide view; b, end view; ¢, edge view; SU no. 9412

. Planularin wumborata LOETTERLE. 48 « ... s

a, Side view; b, end view; ¢, edge view; SU no. %413

. Palmula primitiva CUSHMAN. 345 .. . ittt it eiiesssaanenns

a, Side view: b, end view; SU no. 9414

. Neoflabeltina pilulifera (CusaMaxy and CAMPBELL). 33 ................

a, Side view; b, end view; ¢, edge view; SU no. 9415

. Neoflabellina rugosa {A’ORBIGNY) 32X ... i

a, Side view; b, end view; ¢, edge view: SU no. 9416

. Frondicularic archiaciana 'ORBIGNY. 133 ... i iiniinenn

a, Side view; b, end view; ¢, edge view; SU no. 9417

. Apioptering cylindroides {ROEMER), 463 . ... ... oo iir e

a, Bide view: b, end view; SU no. 9420

. Kyphopyzra clhristneri (CARSEY). 38 ... ... it

a, Side view; b, end view; ¢, edge view; 8U no. 9418

. Giobuling lacrima subsphaerica (BERTHELEIN). 363X .............00vnnn.

a, e, Side views; b, apertural view; 8U no. 9419

Page
69






Explanation of Plate 8

Figure Page

1. (lobulina lacrima subsphaerica (BERTHELEIN), 593 .................... 73
a, e, d, Bide views; b, e, end views; 8U no. 9419

2. Plewrostomella greatvalleyensis TRUIILLO, 60> ... ... ... oot T4
a, ¢, Bide views; b, end view; SU no. 9421

3. Pleurosfomella 8p. 3L . . i i i e 74
a, ¢, d, Side views; b, end view; SU no. 9422

4. Ellipsoglandulina velascoensis CUSHMAN. 833 ....... ..o oviiiiiiines 76
n, ¢, Side views; b, end view; 8U no. 9426

5. Ellipsonodosaria subnod {GUPPY). 36X i s 75
a, ¢, Side views; b, end view; BU no. 9425

8. Nodosarella gracillima CUsHMAN. 353 ... ... .. i, 73
a, ¢, Side views; b, end view; 85U no. 4423

7. Nodosarella texana CUSHMAN, 27 ... it iaa i e 57
n, ¢, Side views; b, end view; SU no. 9424

8. Pullenin forvisi CUSHMAN, 40X ... ittt iiai i iiraniiieens 78
a, Side view; b, edge view; SU no. 9427

9. Globigering sp. BB ... .. e e it 78
a, Dorsal view; b, edge view; ¢, ventral view; BU no. 9428

10. Globigerinag triloculinoides PLUMMER. 85X .. ... ... .. vt irnieniiaronans 77

a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9430






Figure

1. Qlobigerinoides doubjergensis {BRONNIMANNY. T ... ... .vs,
a, Dorsal view; b, side view; ¢, ventral view; SU no. 9431

2. Qlobigerina paeudobulleides PLUMMER. T2 .. ... .. ... iueannn
a, Dorsal view; b, side view; ¢, ventral view; SU no. 9429

3. Praeglobotruncang cargd MARTIN, nosp. 83 ... .. iveiiints
a, Dorsal view; side view; ¢, ventral view; 8U no. 9432

4. (lobotrunconn arce {(CUsEMAN). 46> . . ... i
a, Dorsal view; b, side view; ¢, ventral view; SU no. 9433

a. Globotruncona churchi MARTIN, nosp. 4l ..o oo,
a, Dorsal view; b, side view; ¢, ventral view; SU no, 9434

6. Globotruncana riojae OLVERA. B0 ... . .. i iirnnraas
a, Dorsal view; b, side view; ¢, ventral view; S3U no, 4441

7. Globotruncana maried GANDOLFL Bl X ... . i iniunniiane.
a, Dorsal view; h, side view; e, ventral view; SU no. 9440

8. Flobotruncana freswoensis MARTIN, n.sp. 88> ... ... ... .t

Explanation of Plate 9

a, Dorsal view; b, side view; e, ventral view; d, cross section; SU no. 9436
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Explanation of Plate 10

Figure Page
1. (Hobotruncana goudboffi MARTIN, n.sp. 46 ... ... .. L. o i, 80
s, Dorsal side; b, side view; ¢, ventral view; 8U no. 9435
2, Globotruncang lnneiang tricorinate (QUEREAT). 38 ... . ... ... . .. 81
a, Dorsal view; b. side view: ¢, veniral view; SU no. 9437
3. Globotruncana linnelona (QPORBIGNY), 444 L. . ool 51
a, Dorsal view; b, side view; ¢, ventral view; SU no. 9438
4. Globotruncana paraveniricose (HoFKER)., 443 ... .. .. . o ole, 51
a, Dorsal view; h, side view; ¢, ventral view; SU no. 9439
4. lobatruncana rosefin (CARSEY). 437 .. .ty 53
a, Dorsal view; b, side view; ¢, vontral view; 8U no., 9442
6. Rugoglobigering rugosa (PLUMMER). 68 ... ... ... . ... o oL, 53
a, Dorsal view; h, side view; ¢, ventral view; 8U no. 4443
7. Planomoling aspere (BHRENBERG). T2x ... ... oo 84
a, ¢, Side views; b, edge view; SU no. 9444
8, 9. Planomaling clvarext DLVERA, B3 K . i i i i e 84
a, ¢, Side views; b, edge view; SU no. 94446
10. Heteroheliz globulogn (EERENBERG), 64> ... ... ... .o iiiinenain 84

a, Side view; b, edge view; SU no. 9446






Figure

1.

11.

12.

13.

14.

Explanation of Plate 11

Page
. Heteroheliz stricta (EHRENBERG:), SN ... 85
a, Side view: b, edge view; BU no. 9447
. Heteroheliz pulchra (BROTzEN), 47> ... i 85
a, Bide view; b, edge view; SU no. 9448
. Gublering ornatissima (CUsAEMAN and CHURGH). 3> ... . ... ..t 86
a, Side view; h, end view; ¢, edge view; SU no. 9449
. Bulimina aspera CUsHMAN and Parknm. 75 ... . ... ool 86
a, Side view; b, end view; SU no. %450
. Buliming joaquinensis MarmiN, n.sp. 88x ... .. ... ... oL 87
u, Bide view; b, end view; 5. macrospheric; 6. microspheric; SU no. 9451
. Bulimina proliza (UsHMaN and PARKER. Hlx ... ... ... ... .. ... ... 87
a, Bide view; b, end view; 7. macrospheric; 8. microspheric; 8U no. 9452
. Bulimina reussi MOBROW.  TU X i it it rae e 88
a, Side view; b, end view; SU no. 9453
Bulimina spinata CusAMan and CaMPBELL. 37> ..................... 88
a, Side view; b, end view; SU no. 9454
Buliminella corzeyae PLUMMER, 52 < ... ... i, . 88
a, Side view; b, end view; SU no. 2455
Buliminella colonensis CusEMAN and HEDBrRG. 42 ... .. ... ... ... 89
a, Side view; b, end view; SU no. 9456
Buliminella cushmand Sanvioar, 60x ... i il i 89
a, Side view; b, end view; SU no. 9457
Bolivina tnerassata REUSS, 38 ... i i 30

&, Side view; b, end view; 58U no. Y458






Explanation of Plate 12

Figure Page
1. Bolivinoides paynei MARTIN, n. 3p. 86X ...t renninrnsnnens 940
a, Side view; h, end view; ¢, edge view; SU no. %459
2, Bolivinoides decorafus latticens (CARSEY). BB .ouiiriieveirnnninnrans 90
a, Side view; h, end view; SU no. 9460
3. Bolivindtelle eleyi (CUSHMARYL T2X i i iiiissraranransns 91
a, Side view; h, end view; 81 no, 9461
4. Reusscella szafnoche (GRZYBOWSKI}. 33 ... i iiinisrsnsnncnss a1
a, Edge view; b, end view; ¢, side view; 81T no. 9462
5, 6. Siphogenerinoides clarki CusamMaw and CAMPBELL. 30X ................ 93
a, Side view; b, end view; 5. macrospheric; 6. microspheric; 3U no. 9463
T, Siphogenerinoides whited CHURCH. 18 ... ... 0t iinnnnrnnnann 93
a, Side view; h, end view; 7. macrospheric; 8. microspheric; SU no. 9484
10. Rotalin bandyi MARTIN, m. Bp. 38X .. i i 94
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9465
11. Rotalit miénute MARTIN, m.sp. B8 ... .ot 94
a, Dorsal view; b, edge view; ¢, ventral view; B8U no. 3446
12. Gyroidina globosa (HagENOW). 803 ... .. .o 95

a, Dorsal view; b, edge view; e, ventral view; 8U no. 9488






Explanation of Plate 13

a, Dorsal view; b, edge view; ¢, ventral view;
a, Dorsal view; b, edge view; ¢, ventral view;
a, Dorsal view; b, edge view; ¢, ventral view;
a, Dorsal view; b, edge view; ¢, ventral view;
a, Dorsal view; h, edge view; e, ventral view;
a, Dorsal view; b, edge view; ¢, ventral view;
a, Dorsal view; b, edge view; ¢, ventral view;

a, Dorsal view; b, edge view; ¢, ventral view;

. Gyroidinoides grahami MARTIN, nosp. 373 oo iunie i irinnnsnnnnn
. Gyroiding globosa orbicelln BANDY, 483 ... it iunnnnnn.
. Fyroiding goudboffi (TRUIILLOY. 333 ... i
. GQyroiding subangrdato (PLIUMMER). 483 . .. .. i
. Gyroiding quadrate CosEMaN and CHURCH. T2x......... .. oioiiiivees
. Gyrotding florealis WHITE. 47 % ... .. i i iaie s
. Eponides bandyd TRUFILLO, 463 .. ... . i i iy

. Eponides spinea CUSHMAN. 473 ... .. ittt iaainnres






Explanation of Plate 14

Page
. Gavelinella orolomaensis (CUusHMax and GOUDROFF). 40x .............. 93
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9478
. Gavelinelln turbinate MARTIN, n.sp. 323 ... .. oo 99
a, Dorsal view; b, edge view; ¢, ventral view; SU no, 9477 a—b
. Globorotalites michelinionus (d’ORBIGNY). 60X ... ... vii it 99
a, Dorsal view; b, edge view; e, ventral view; 8U no. 9478
. Globorotalites vosaceuws MARTIN, n. sp. 513 ...t iiiininenns 99
u, Dorsal view; b, edge view; e, ventral view; SU no. 4479
. Globorotalites subconicus (MORROW)L 48X ... vt iis i iisirsianns 100
a, Dorsal view; b, edge view; ¢. ventral view; SU no. 9480
. Stensiding excolata (CUSHEMANY 47 X o vttt it isiaiisaaeaans 100
a, Dorsal view; b, edge view; ¢, ventral view; 3U no. 9481
. Stensiotng exseulpta (REUSEY. 423 ..o it 101

a, Dorsal view; b, edge view; ¢, ventral view; 5U no. 9482






. Valvulineria jareisi MarTIN, n. sp. 34 x

. Fedvulineria Lillisi Cusumany and GOUDKOFF. 52 <

. Higlunding supracretacen. (TEN Dam). 35x

Explanation of Plate 15

C StensiOing SP. 427 L e i

a, Dorsal view; b, edge view; e, ventral view; SU no. 9483

. Osangularia cordieriang (A'ORBIGNY). 4 ...,

a, Dorsal view; b, edge view; ¢, ventral view; 8U no. 9484

. Quadrimorphing allomorphinoides {(REUSs). 36 ... ..............

a, Dorsal view; b, edge view:; ¢, ventral view; SU no. 9485

a, Dorsal view; b, edge view; ventral view: SU no. 0486

. Falvwftneria lentienle (REUsS) 500 o oo it aees

a, Dorsal view; b, edge view; ¢. ventral view; SU no. 9487
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9488

a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9489

Page

.... 11

102

..... 103






Explanation of Plate 16

Figure Page

L dAnomalfra 8p. B30 .. it i e et e 105
a, Dorsal view; b, edge view; e, ventral view; SU no, 9490

2. Anomaling becki MARTIN, n. 8p. 4800 0. oot iiiiaiiaras 105
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9491

3. Anomaling oceidentalis MARTIN, n.sp. 803 ... it 105
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 0452

4. Anomaling whitei MARTIN, n.sp. DO .. .. ittt 106
a, Dorsal view; b, edge view; e, ventral view; SU no. 9493

5. Cibicidoides validus MARTIN, n.sp. 803 ... oot e, 107
a, Dorsal view; b, edge view; ¢, ventral view; 8U no. 9406

6. Planuling popenced TRUJILLO. 57> .. ... oiiiiiiiiiineniinnan... 106
a, Dorsal view; b, edge view; ¢, ventral view; SU no. 0494

7. Planuline mascula BANDY. 543 ... . i e 107

a, Dorsal view; b, edge view; ¢, ventral view; SU no. 9495






Index of Species

Page Plate Figure

Ammobaculites sp. -............, 50 2 12a,b
Anomalina becki ................ 165 16 Z2a-c
Anomalina occidentalis........... 105 16 3a-¢
Anomalina whitei ............... 108 16 4a-—c
Anomalina sp. .............. .., 105 i6 la-c
Apiopterina eylindroides ......... T4 7 1lla,b
Astacolus jarvisi ................ 65 5 13a, b
Bathysiphon dubia .............. 42 1 la, b
Bathysiphon californiens ......... 43 1 2a, b
Bathysiphon sp.................. 43 1 3a,b
Bermudezina uvigerinaeformis . ... 53 3 Ba—c
Bulimina aspera................. 36 11 da, b
Bulimina joaquinensis ........... 87 11 Ba,b; 6a, b
Bulimina prolixa . ............... 87 11 7a,b;3a, b
Bulimina reussi ................. 88 11 9a, b
Bulimina spinata................ 88 11 10a,b
Buliminella carseyae............. 38 11 11a, b
Buliminella colonensis ........... 89 11 12a, b
Buliminella: ecashmami ........... 84 11 13a, b
Bolivina incrassata .............. 90 11 14a, b
Bolivinoides decoratus latticeus. ... 90 i2 2a-¢
Bolivinoides paynei ............. 90 12 la-e
Bolivinitella eleyi ................ 91 12 3a-c
Cibicidoides validus............... 107 16 Sa-—c
Clavulinoides trilaterus............ 54 3 8a,b
Clavulinoides sp. ........c.ccovv.. 54 3 9a, b
Cribrostomoides cretacea .......... 50 2 lia-c
Dentalina aculeata ............... 60 4 12a-¢
Dentalina basiplanata..........., 60 4 138, b
Dentalina megalopolitana ........ 60 4 1l4a,b
Dorothia bulletta................ 85 3 12a-c
Eggerella obgeura ............... 55 3 t0a, b; 11
Ellipsonodosaria subnodosa....... 75 8 Sa-c
Ellipsoglandulina velascoensis . ... 76 8 da-c
Eponides bandyi ................ 97 13 Ta—e
Eponides spinea ................ 98 13 8a—<¢
Fissurina orbignyana ............ 63 -5 9a, b
Frondicularia archiaciana ........ 73 7 I0a-c
Gaudryina laevigata ............. 52 3 2a—c
Gaugﬂn& pyramidata........... 652 3 3a,b
Gaudryina rudita................ 53 3 4a, b
Gaudryina rudita diversa ........ 53 3 ba, b
Gavelinella orolomaensis ......... 98 14 la—c
Gavelinella turbinata ........... 99 14 2a—¢; 3a—c
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Glandulina parallela ..............
Globigerina sp. ...,
Globigerina pseudobulloides .......
Globigerina triloculinoides ........
Globigerinoides daubjergensis ......
Globorotalites michelinianus .......
Globorotalites rosaceus ...........
Globorotalites subconicus. .........
Globotruncana area...............
Globotruncana churchi............
Globotruncana goudkoffi ..........
Globotruncana fresnoensis ........
Globotruncana linneiana tricarinata.
Globotruncana linneiana ..........
Globotruncana paraventricosa......
Globotruncana mariai ............
Globotruncana rosetta ............
Globotruncana ricjae .............
Globulina lacrima subsphaerica.. . ...
Glomospira charoides .............
Glomospira charoides corona .......
Glomospira gordialis .............
Gublerina ornatissima ............
Gyroidina globosa ................
Gyroidina globosa orbicella. ........
Gyroidina florealis. ..., S
Gyroidina goudkoffi ..............
Gyroidina subangulata ...........
Gyroidina quadrata ..............
Gyroidinoides grahami............

Haplophragmoides caleula.........
Haplphragmoides excavata ........
Haplophragmoides glabra .........
Haplophragmoides impensus.......
Haplophragmoides incognatus .....
Haplophragmoides kirki ..........
Haplophragmoides trifolium .......
Heterohelix globulosa.............
Heterohelix pulchra ..............
Heterohelix striata ...............
Hoglundina supracretacea .........
Hyperammina elongata ...........

Invelutina glabratus..............
Involutina irregularis .............

Kyphopy=a christneri.............

Lagena acuticosta ................
Lagena acuticosta brevicosta.......

4
8
9

ot ol oo
[ A S I B R e ST IR TR LR ST L R

- Plate Figure

10a, b
Sa, b
2a-¢

10a-c
la—c
4a—¢
ba—e
6a-c
da-¢
S5a-c¢
la——c
8a—d
2a-¢
Ja-c
da-c
Ta—¢

Sa-¢
6a-c

13a-¢

14a, b

15a, b

16a, b
3a——c
12a—c¢
2a-¢
Sa-¢
3a-c
4a—c
Sa—c
la-c
2a-b
8a, b
5a, b
3a,b;4a, b
6a,b;7a, b
9a, b
10a-¢
10a—¢
2a,b
la, b,
TJa-¢
Ta, b

10a, b; 11
12a,b; 132, b

12a, b

2a, b
3a,b
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Page Plate Figure

Lagena acuticosta proboscidialis . ... 62 5 4a, b
Lagena amorpha paucicosta ....... 62 5 5a, b
Lagena apiculata................. 62 5 6a, b
Lagena higpida. .................. 63 5 Ta,b
Lingulina californiensis............ 61 5 la—c
Lenticulina almgreni ............. 65 6 la, b
Lenticulina nuda ................ 85 6 2a, b
Lenticulina praeconvergens ....... 66 6 3a,b
Lenticuling rectovaliz ............ 66 6 da, b
Lenticulina rotulata .............. 67 6 ba, b
Lenticulina schencki ............. 67 6 Ga, b
Lenticulina velascoensis .......... 67 6 Ta, b
Lenticulina sp. A, ................ 68 6 2a, b
Lenticulina sp. B. ............. e 68 6 9a, b
Marginuling bullata .............. 63 5 10a, b
Marginulina campbelli ............ 64 5 lla-c
Marginulina curvisepta ........... 64 5 12a-—e¢
Marssonella indentata............. 55 3 13a-b
Marsgonella oxyeona........... ... 35 3 I14a,b
Neoflabellina pilulifera ............ 72 7 Sa-c¢
Neoflabellina rugosa ..... P 72 7 Oa, b
Nodellum velascoensis ............ 47 1 18a, b
Nodosarella gracillima ............ 75 8 Ba-c
Nodozarella texana ............... 75 8 Ta—c
Nodosaria monile, ................ 58 4 Ba, b
Nodosaria spmifera ............... 58 4 8a, b
Nodosaria velascoensis ............ b8 4 7a,b; 8
Nodosaria 8p. .oveveererinnanne.. 50 4 9a, b
Oolina (?)} simplex ............... 63 5 8a, b
Osengularia cordieriana ........... 102 15 2a—c
Palmula primitiva................ 72 7 Ya, b
Pelosina complanata . ............. 44 1 Ba, b
Planomalina aspera............... " 84 10 7a, b
Planomalina alvarezi.............. 84 10 8a—c; 9
Planularia mirabilis............... 71 7 Sa—¢
Planularia nmbonata.............. 71 7 Ga—c
- Planulina popenocet ............... 106 16 6a—c
Planulina mascula................ 107 16 Ta—c
Pleurostomella greatvalleyensis .... 4 8 2a—¢
Pleurostomella sp..... e eieaeaan 74 8 3a-d
Praeglobotruncana caryl .......... 78 9 3a-¢
Psammosiphonella Hanadoensis. . ... 43 I 4a, b
Psammeosphaera laevigata ......... 44 1 5a, b
Pseudogaudryina capitosa ......... b4 3 7a,b
Pseudonodosaria larva ............ 59 4 11a, b
Pullenia jarvisi................... 76 8 8a, b

Quadrimorphina allomorphinoides . . 102 15 Ja—c
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Page
Reophax sp. .......... ..o, 46
Reussella szajnoche .............. 91
Robulus lepidulus ................ 68
Robulus modestus ................ 69
Robulus pseudoligostegins ........ 69
Robulus sp. A ............ ... .. 69
Robulus sp. B .............. .. .. 70
Rotalia bandyi .................. 94
Rotalia minuta .................. 91
Rugoglobigerina rugosa ........... 83
Rzehakina epigona lata .......... 56
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ANALYSIS OF SELECTED

TABLE 6
MORENO. GULCH

FORAMINIFERAL ASSEMBLAGES
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SAMPLE No 11 SAMPLE No 200 SAMPLE No 247 SAMPLE No 463 SAMPLE N. 574 SAMPLE N. 727

BIONOMIC GROUPS 0 A 510 et 0 g ] 5‘0 ok IOIO% 0 s SIO LR l1(.':0% 0 a3l 5!0 o :'OIO% ?__1_ 3 510 A IC:O% e 5:3 s .lOIO%
caccareous BenTHonic [ <o I - I . 47% I .
carcareous PLANKTONIC [ s--. e B s _ 7% F 14%
ARENACEOUS | A T A - N _ 36% Y 25%

FAMILY
RHIZAMMINIDAE N F 5% H - B s
TOLYPAMMINIDAE ™ F 5% h 5% ' 2% A 2%
LITUOLIDAE _ a8% P 6% _ 1% ; F 5%
VERNEUILINIDAE | 2= h 5% h 6% h 6%
VALVULINIDAE 1 2% _ 5% P_:; h 3%
RZEHAKINIDAE 8% h 5% h 5% 2%
NODOSARIIDAE i 6% F 6% h 7% [P - 21%
ORBULINIDAE | JEPTIA i 6% | 2% 3%
HANTKENINIDAE | T ] 2%
GLOBOROTALIIDAE N .
GLOBOTRUNCANIDAE F 5% . 8% . 1% F 7%
HE TEROHELICIDAE P 3% | 2% h 4%
BULIMINIDAE h 22% F % h 6%
ROTALIIDAE I o . -  — _ 23% i
ANOMALINIDAE F 6% h 15% h 3% B s
OTHERS P 4% F

- 15%

) o

F 3%

2%

Jahrbuch Geologische Bundesanstalt (1064), Sonderband 9
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