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LOWER TERTIARY NANNOPLANKTON FROM THE 
CALIFORNIA COAST RANGES 

II. EOCENE 

BY 

FRANK R. SULLIVAN 

(A contribution from the University of California Museum of Paleontology) 

ABSTRACT 

One hundred thirteen nannoplankton species are reported from Lower Tertiary biostratigraphic 
sequences in twelve widely separated areas of California, ranging from Vaca Valley in the 
north to Simi Valley in the south. Many nannoplankton zonules, as well as three major fauni
zones and a suggested four th, are recogni-zed. The geologic ages of these faunizones are discussed 
in terms of West Coast benthonic foraminiferal Stages. 

INTRODUCTION 

THE CALCAREOUS NANNOPLANKTON on which this report is based are from 17 Lower 
Tertiary marine formations in 12 geographically distinct areas of the California 
Coast Ranges (see fig. 1). The majority of these are type areas for stratigraphic or 
time-stratigraphic units. An extensive biostratigraphic sequence from the type 
section of the Lodo formation north of Coalinga, and limited sections from the 
Domengine sandstone and Canoas siltstone at Oil City in Fresno County, and from 
the Canoas in Garza Canyon, Kings County, have already been described by 
Bramlette and Sullivan ( 1961). In addition, 3 biostratigraphic sequences have 
been described in Part I of this r eport (Sullivan, 1964), representing the Vine 
Hill sandstone and Las Juntas shale of the Pacheco syncline r egion in Contra Costa 
County, the lower Lodo formation of Media Agua Creek in Kern County, and the 
lower type Anita sh!le in the western Santa Ynez Mountains of Santa Barbara 
County. Studies of the latter 3 sequences have been extended stratigraphically 
upward in this report to include the Muir sandstone and the Alhambra formation 
in the Pacheco syncline region, the middle and upper Lodo and the lower and 
middle "Tejon" formations at Media Agua Creek, and the upper type Anita of the 
Santa Ynez Mountains. In addition to these, several other sequences are described 
from strata representing the "Vacaville shale" at Vaca Valley in Solano County, 
the "Bolado Park" and Los Muertos Creek formations southeast of Hollister in San 
Benito County, the Lucia shale of upper Reliz Canyon in Monterey County, the 
Cerros shale, Cantua sandstone, and Arroyo Hondo shale members of the Lodo 
formation just north of New Idria in San Benito County, the upper Anita, 
Matilija, and lower Cozy Dell formations just northwest of Gaviota Gorge in the 
western Santa Ynez Mountains of Santa Barbara County, and the marine "Mar
tinez" and Santa Susana formations of Simi Valley in Ventura County. 

The nannoplankton assemblages from these diverse Lower Tertiary biostrati
graphic sequences characterize many faunules and zonules which, in turn, con
stitute 3 major faunizones and a suggested fourth. These faunizones occur in the 
same order through all the biostratigraphic sequences examined and are roughly 
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equivalent to the West Coast Paleocene and Eocene benthonic foraminiferal Stages 
of Mallory (1959), when his upper Paleocene and lower Eocene Stages (Bulitian 
and Penutian) are grouped together. The aim of this paper is to record several 
occurrences of these faunizones, to describe their stratigraphic relationships, to 
consider their respective geologic ages, and to evaluate the significance of observed 
local discrepancies between their lower and upper limits respectively and those of 
the West Coast Lower Tertiary benthonic foraminiferal Stages. 
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AREAS OF EARLY TERTIARY NANNOPLANKTON OCCURRENCE 

The Paleocene and Eocene nannoplankton assemblages discussed herein and in 
Part I of this report were obtained from 360 samples originally collected for their 
fossil foraminifer content. These samples were collected from strata exposed in 
12 widely separated regions of California (see fig. 1), and are assignable to 17 
Lower Tertiary formations. The collecting was carried out by different people at 
different times, and the biostratigraphic sequences they sampled are discussed 
below in geographic order, from north to south. Stratigraphic relationships of the 
nannoplankton-bearing samples under discussion are shown in figure 2 (in pocket), 
and the stratigraphic distribution of the nannoplankton species are recorded in 
the appropriate check lists (tables 1 to 9, in pocket). All sample numbers, except 
where otherwise noted, refer to University of California collecting localities. De
tailed locality descriptions have been omitted in order to avoid duplication, as some 
have already been published (Smith, 1957; Mallory, 1959; Bramlette and Sullivan, 
1961) and the remainder are scheduled for early publication, as well as being on 
file, along with portions of most of the samples, at the Museum of Paleontology, 
University of California, Berkeley. 

VACA VALLEY 

In 1948 Harold A. Boyd, Jr., collected a series of 48 foraminiferal samples from 
the "V aca ville shale" as exposed along Ulatis Creek on the east side of Vac a Valley, 
about 2¥2 miles northwest of Vacaville, Solano County. A single sample was also 
collected nearby in the stratigraphically higher Markley formation. The foramini
feran fauna was subsequently described and determined to be of middle and late 
Eocene age (Boyd, 1949). Later the lower part of the "Vacaville shale," as mapped 
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by Boyd, was designated by Mallory (1959, p. 40) as type for his middle E ocene 
Ulatisian foraminiferal Stage. All but 3 of the original "Vacaville" samples have 
been found also to contain fossil nannoplankton as shown in table 1. The Markley 
sample was not examined for these planktonic forms. 

p ACHE CO SYNCLINE 

Also in 1948 a number of Lower Tertiary foraminiferal samples were collected 
from strata later described as the Vine Hill sandstone, the Las Juntas shale, the 
Muir sandstone, and the Alhambra formation of the Pacheco syncline area in 
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Fig. 1. Index map: Areas of early Tertiary nannoplankton 

occurrence in California. 

Contra Costa County, by the late Professor Charles E . Weaver . Bernice Young 
Smith then described the Foraminifera from these samples and determined the 
geologic age spanned by these formations to range from early Paleocene through 
E ocene; the collecting localities are sho·wn on her geologic map (Smith, 1957; see 
also Weaver, 1953). The 2 stratigraphically lowest of these samples, representing 
the Vine Hill sandstone, and the 2 highest Las Juntas samples were found to 
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contain fossil nannoplankton as well as foraminifers and have been discussed in 
Part I of this report. Twenty-four of the 27 higher samples from the Muir and 
Alhambra formations have likewise yielded nannoplankton assemblages. The stra
tigraphic distribution of the nannoplankton species represented in these additional 
samples is shown in table 2. 

TRES PINOS 

During the period from 1956 to 1958, Robert F. Kaar collected a large number 
of foraminiferal samples from Lower Tertiary strata in the general area 2 to 7 
miles southeast of Tres Pinos, which in turn is about 10 miles southeast of Hollister, 
in San Benito County. Thirty-four of these samples come from a continuous strati
graphic sequence through the "Bolado Park formation." This formation is de
scribed, along with its foraminifer fauna, and that found in 7 samples from the 
type area of the younger Los Muertos Creek formation, by Kaar (1962), and he 
discusses the geologic age of this sequence as ranging from Paleocene through 
Eocene. All but 4 of these foraminiferal samples also contain fossil nannoplankton, 
as shown in table 3. 

uPPER RELIZ CREEK 

In 1955 William C. Wardle collected a sequence of 21 foraminiferal samples from 
exposures of the Lucia shale at its type section along upper Reliz Creek and a few 
additional samples from nearby V aqueros Creek, in the foothills along the eastern 
flank of the Santa Lucia Range, about 10 miles west of Greenfield, near King City, 
Monterey County. He described the foraminifer fauna from these samples and 
determined the geologic age of the Lucia shale in this area to be early and middle 
Eocene (Wardle, 1957). Nannoplankton assemblages have been obtained from all 
of these Lower Tertiary foraminifer samples and the nannoplankton species are 
recorded in table 4. 

NEW IDRIA 

In 1956 Edward R. W oodside collected 37 richly foraminiferal samples from shale 
partings in the Cantua sandstone and 1 sample each from the underlying Cerros 
shale and the overlying Arroyo Hondo shale members of the Lodo formation, as 
exposed on the west side of the San J oaquin Valley just north of New Idria, in 
San Benito County. This rich foraminifer fauna was subsequently described and 
the geologic age of the Lodo formation in this r egion-Paleocene and early 
Eocene-was discussed by Woodside (1957) . In addition to the Foraminifera, a 
rich nannoplankton fauna has also been obtained from all but 4 of these same 
samples. The species of this fauna and their stratigraphic distribution are shown 
in table 5. 

LoDo GuLcH, OIL CITY, AND GARZA CREEK 

As discussed in Part I of this report, the 79 nannoplankton assemblages deseribed 
from the Lodo formation by Bramlette and Sullivan (1961, see table 1) were 
obtained from 110 foraminiferal samples originally collected from the Lodo forma
tion at its type area on the west side of the San J oaquin Valley, Fresno County, 
by the U. S. Geological Survey (see Israelsky, 1951). H ere the Lodo formation is 
of Paleocene and early to middle Eocene age, and is overlain by the Domengine 
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sandstone. The 7 additional assemblages of nannoplankton described by Bram
lette and Sullivan (1961) are: from stratigraphically higher horizons in the 
overlying Domengine sandstone at Tumey Gulch, 4 miles southeast of the type 
Lodo; from the Do m engine and the still higher Canoas siltstone member of the 
basal Kreyenhagen formation at Oil City, 9 miles north of Coalinga, also in Fresno 
County; and from the Canoas as exposed in Garza Canyon, 15 miles southeast of 
Coalinga, in Kings County. These Oil City and Garza Creek samples were supplied 
from measured sections of the Union Oil Company of California and the Texas 
Company of California. The stratigraphic relationship of the type Lodo to these 
higher stratal units is shown in figure 2. 

MEDIA AGUA CREEK 

In 1947 V. S. Mallory collected an extensive sequence of Lower Tertiary foramini
feral samples from the Lodo and overlying "Tejon" formations where these stratal 
units are exposed along Media Agua Creek on the west side of the San J oaquin 
Valley in Kern County, many miles south of the type Lodo. Biostratigraphic 
sequences within the lower and middle Lodo here have been designated by Mallory 
(1959, pp. 22, 31, 34) as typifying the Zones of his Ynezian and Bulitian Stages 
(of Paleocene age) and his Penutian Stage (of early Eocene age). The upper 
Lodo and the overlying "Tejon" here are believed by Mallory to be of middle and 
late Eocene age. Nannoplankton assemblages have been obtained from most of 
these Media Agua Creek samples, and those from the Paleocene lower Lodo here 
have been discussed in Part I of this report. The nannoplankton species recognized 
from an additional 25 of these samples, representing the stratigraphically higher 
middle and upper Lodo and the lower and middle "Tejon" of this area, are re
corded in table 6 of the present report. 

UPPER CANADA DE SANTA ANITA 

In 1951 the late Henry T. Herlyn, working in the western Santa Ynez Mountains 
of Santa Barbara County, collected 2 sequences of foraminiferal samples from the 
type locality of the Anita shale (see Kelley, 1943). One is from the lowermost 
black glauconitic shales exposed just south of the watershed between the upper 
east fork of Arroyo el Bulito and upper Canada de Santa Anita. The other is from 
higher and sandier beds, beginning still within the lower member of the Anita 
but above the black shales, and extending upward through the sandy limestone 
stringers and the silts, red and buff mudstones, and buff sandstone beds of the 
middle and upper type Anita, as exposed in gullys at the head of "Waterfall 
Creek" (see Kelley, 1943, p. 18) just north of the same watershed. The foraminifers 
from this section were later described by Herlyn ( 1958), and the lower part of 
the Anita here was designated by Mallory ( 1959, pp. 22, 29) as type for the 
Ynezian and Bulitian Stages of the West Coast Paleocene. Lower and middle 
Eocene foraminifers were recognized by Mallory from the middle and upper Anita. 
Since then a few additional samples have been collected from the upper Anita here 
by D. W. Weaver and the author. All but a few of these Anita samples have yielded 
nannoplankton assemblages. Those from the lower and middle Anita have been 
discussed in Part I; the upper Anita nannoplankton species are recorded here 
in table 7. 
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LAS CRUCES 

In 1952 Willard J. Classen, Jr., collected a series of forminiferal samples through 
a continuous sequence of Lower Tertiary strata exposed just west of Las Cruces, 
in the same western Santa Ynez Mountains of Santa Barbara County. This section 
includes at its base the red shales of the upper Anita formation (here in fault
contact with the younger Sespe formation), and continues upward through the 
Matilija, Cozy Dell, Sacate, and lower Gaviota formations. The foraminiferan 
fauna from this sequence has been described and assigned a middle and late Eocene 
age ( Classen, 1953). Some additional samples have been collected from the upper 
Anita of this area by G. R. Hornaday, and by D. W . Weaver and the author. Fossil 
nannoplankton assemblages have been obtained from some of the upper Anita, 
Matilija, and lower Cozy Dell samples, as shown in table 8. The stratigraphically 
higher samples were not examined for nannoplankton. 

SrMr VALLEY 

In 1949 V. S. Mallory collected a series of foraminiferal samples from the Simi 
conglomerate, the marine "Martinez," and the Santa Susana formations where 
these Lower Tertiary stratal units are exposed in ascending order along Poison 
Oak Canyon on the northeast side of Simi Valley, Ventura County. The foramini
fers from the lower part of this sequence up through the lower Santa Susana 
formation were later described by Albert W. Grier ( 1953), and those from the 
upper Santa Susana were described by John L. Bwwning ( 1951) . The geologic 
age of this sequence is believed by Mallory ( 1959), as well as by Grier and Brown
ing, to be Paleocene and early Eocene. Many of these samples also contain nanno
plankton. The distribution of this fauna is shown in table 9. 

BIOSTR.ATIGRAPHY 

A study of the many nannoplankton assemblages represented in the biostrati
graphic sequences considered herein permits the recognition of 44 faunules, about 
half of which occur through sufficient thickness of strata to warrant the recognition 
of zonules as well. 'l'he terms faunule and zonule are used here in accordance with 
the definitions of C. L. and M. A. Fenton ( 1928, pp. 20-22) (see also Kleinpell, 
1938, p. 97). As stated in Part I of this report, these zonules, or local biostrati
graphic units, are characterized by the quantitative aspects of their contained 
faunal elements as a whole rather than by the stratigraphic r anges of the par
ticular species present. As such, these smallest local units of descriptive bio
stratigraphy do not have a time-rock significance, but rather lend themselves to 
interpretation as natural units in the field of paleoecology. 

The nannoplankton faunules thus recognized are discussed here briefly. The 
more detailed quantitative and qualitative aspects of these faunules, as well as 
the stratigraphic intervals they occupy are better shown on the appropriate check 
lists (tables 1 to 9) and in Bramlette and Sullivan ( 1961, see table 1). 
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FAUNULES FROM THE "VACAVILLE SHALE" 

The large number of nannoplankton assemblages examined from Vaca Valley 
represent only 2 faunules (see table 1). The lowest of these 2 faunules, character
izing the Lower "Vacaville" zonule, is present throughout the 228 feet of strata 
from which samples A-4781A through A-4782S were collected. This interval, from 
390 to 162 feet below the top of the formation, constitutes the Blue-Gray Mudstone 
member of Boyd (1947) and is the lowest exposed portion of the "Vacaville shale" 
in this area. The higher faunule, characterizing the Upper "Vacaville" zonule, 
shows a marked change and decrease in fauna. It is represented in samples 
A-4783A through A-4783F, 67 to 35 feet below the top of the formation, roughly 
the lower half of Boyd's Dark Gray Silty Mudstone member. 

VINE HILL, LAS JuNTAS, Mum, AND ALHAMBRA FAUNULES 

Of 3 nannoplankton faunules recognized in the Selby Smelter-Pacheco syncline 
samples, the 2 lowermost have already been discussed in Part I of this report. 
The lower faunule was recognized in the nannoplankton assemblages from the Vine 
Hill sandstone at Selby Smelter and on the east limb of the Pacheco syncline, 
while the next highest faunule was described from high in the overlying Las Juntas 
shale on the west limb. This Las Juntas faunule has now been found also to be 
present throughout the lower 110 feet of the superjacent Muir sandstone from 
which samples A-6667 through A-668'6 were collected (see table 2), and character
izes a Las Juntas-Muir zonule. In addition a still higher faunule, showing a 
decrease in fauna, has been found to be typical of the nannoplankton assemblages 
from both the East and West Limb Alhambra samples (see also table 2), and 
this stratal interval is here referred to as the Alhambra zonule. 

"BoLADO PARK" AND Los MuERTOS CREEK FAUNULES 

Five distinct faunules are represented by the nannoplankton assemblages from 
the Tres Pinos area (see table 3). The lowermost of these, the Gaging Station 
faunule, is present in sample B-7239, collected from just above a black mudstone 
exposure on Tres Pinos Creek, about one half mile upstream from the type section 
of the "Bolado Park formation." This exposure is believed by Kaar (1962, p. 9) 
to represent the stratigraphically lowest exposure of the "Bolado Park formation" 
in the Tres Pinos area. The next highest faunule, the Lower "Bolado Park" 
faunule, is restricted to samples B-7202, B-7203, and B-7250 collected from the 
3- or 4-foot stratal interval containing the limestone bed at the base of the type 
section of the "Bolado Park formation." Although the 2 lowest faunules have 
some species in common, a distinctly different nannoplankton faunule, characteriz
ing an Upper "Bolado Park" zonule, is present throughout the 211 feet of strata 
from which samples B-7204 through B-7231 were collected, 35 to 246 feet above 
the limestone lens at the base of the "Bolado Park formation." A still higher 
faunule, the Lower Los Muertos Creek faunule, is represented by the meager 
assemblage from sample B-7242, 20 feet above the base of the Los Muertos Creek 
formation and 10 feet above the basal conglomerate which contains megafossils 
(Ka.ar, 1962, p. 13). The highest nannoplankton faunule recognized from the Tres 
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Pinos area, the Upper Los Muertos Creek faunule, showing a marked decrease 
in fauna, is represented in the assemblages from samples B-7248, B-7247, and 
B-7246, roughly 910 to 1,000 feet above the base of the Los Muertos Creek forma
tion (see fig. 2). Samples B-7235, B-7234, and B-7233 also contain tlus uppermost 
faunule, and although of uncertain stratigraphic position, are considered by Kaar 
to be from slightly lower in the column than the other 3 samples containing this 
faunule. 

L UCIA F AUNULES 

The nannoplankton assemblages from the samples collected along upper Reliz 
Creek appear to represent Lower, Middle, and Upper Lucia faunules (see table 4). 
The lowermost of these is present in the 28 feet of strata from which samples 
B-2769 through B-2772 were collected, 70 to 98 feet above the base of the type 
Lucia shale. The middle faunule, marked by some change and increase in fauna, is 
represented through 213 feet of strata from 260 to 473 feet above the base of the 
formation, in samples B-2773 through B-2783. The stratigraphically highest of 
the Lucia faunules is restricted to the 11 feet of strata from which samples B-2784 
through B-2788 were collected, 476 to 487 feet above the base of the formation, 
and shows a slight change and decrease in fauna. The middle faunule appears 
also to be present in the richly foraminiferal sample B-2789 "collected from 
an isolated Lucia outcrop several hundred yards west of the section measured 
along Reliz Creek" (Wardle, 1957), and the upper faunule is represented m 
samples B-2790 and B-2791 from the Lucia of nearby Vaqueros Creek. 

Looo FAUNULES FROM NEAR NEw IDRIA 

The nannoplankton assemblages from the many samples collected through the 
Cerros shale, Cantua sandstone, and Arroyo H ondo shale members of the Lodo 
formation just north of New Idria, appear to represent only 2 faunules (see table 
5). The lowest of these, the Cerros faunule, is restricted to sample B-4861A, 400 
feet below the base of the Cantua sandstone. Although this faunule is meager it 
differs sharply from t he rich nannoplankton faunule characterizing the strati
graphically higher Cantua-Arroyo Hondo zonule. The higher faunule is present 
throughout samples B-4861 through B-4898, representing a 2,386-foot strati
graphic interval from 860 feet above the base to 85 feet above the top of the 
Cantua sandstone. 

TYPE Looo, DoMENGINE, AND CANOAS F AUNULEs 

A number of biostratigraphic units based on nannoplankton have already been 
described from the type section of the Lodo formation, and from the stratigraphi
cally higher Domengine sandstone, and Canoas siltstone member of the basal 
Kreyenhagen formation (Bramlette and Sullivan, 1961 ). However , as discussed 
in P art I of this report, these units were delimited more for the purpose of sug
gesting the local representation of a proposed sequence of time-rock units or Zones, 
than as descriptive biostratigraphic units, and as these tmits are used here in strict 
keeping with the definitions of F enton and F enton (1928), some qualifications are 
necessary in order to clarify usage in the two papers. In Part I it has been sug
gested, for example, that the nannoplankton faunas from "Biostratigraphic Units 
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1 and 2" of Bramlette and Sullivan are distinctly different and qualify as faunules 
in the sense of Fen ton and Fen ton ( 1928). It was further suggested in Part I, 
that in contrast to this, "Unit 3" is actually characterized by 3 locally distinct 
faunules, intergrading slightly but having vertical dimensions, and thus 3 zonules 
are present within the stratigraphic interval constituting this major part of the 
type Lodo formation. 

In addition, the stratigraphically higher "Units 4, 5, and 6," as descriptive bio
stratigraphic units, also require some further r efinement or regrouping, insofar 
as "Units 4 and 5" include 2 distinct nannoplankton faunules each, and these from 
widely separated areas, while the stratigraphic interval containing the faunule 
which characterizes "Unit 6" has been subdivided and the lower part included 
in "Unit 5." The samples grouped in these various ways to delimit "Units 4, 5, 
and 6," actually represent limited stratigraphic intervals at 3 equidistant locations 
encompassing a 50-mile expanse along the northwest-southeast trending foothills 
on the west side of the San J oaquin Valley. Four distinct nannoplankton faunules 
may be recognized from these 3 areas-1 from Tumey Gulch, 2 from Oil City, 
and 1 from Garza Canyon-none of which, however, ~xtend through a sufficient 
thickness of strata to warrant consideration as zonules. The stratigraphically 
lowest of these, represented by sample OC-1, is from the middle part of the Do
mengine sandstone at Tumey Gulch, 4 miles south of the type Lodo section, and 
shows a marked change in fauna from that of the upper type Lodo. A second 
faunule is represented by sample OC-2 from stratigraphically higher in the Do
mengine at Oil City, 24 miles southeast of the type Lodo area. While these two 
Domengine faunules bear some similarities, they show an equal number of dis
similarities. A third, stratigraphically still higher faunule is r epresented in 
samples OC-3 and OC-4, also from Oil City in the overlying Canoas siltstone. 
Again, although this faunule bears some similarity to that of the underlying 
Domengine, it shows a greater number of dissimilarities. A fourth faunule equally 
distinct may be rec~o-nized in samples GC-1, GC-2, and GC-3 from the Canoas 
siltstone, as this member of the basal Kreyenhagen formation is exposed in Garza 
Canyon, 23 miles southeast of Oil City. The stratigraphic relationships and geo
logic age of the stratal units containing these faunules will be discussed later in 
this paper. 

LODO FAUNULES FROM MEDIA A GUA CREEK 

Three nannoplankton faunul es from the lower Lodo formation at Media Agua 
Creek have been described in Part I of this report. The lowest of these is restricted 
to the horizon from which sample A-7079 was collected, 261 feet below the Lodo
"Tejon" contact, and the next highest faunule was described from a 21-foot inter
val, 257 to 236 feet below the top of the formation. However, the third highest 
faunule, recognized throughout the remaining part of the lower Lodo in this area, 
has now been found to extend on up through the middle Lodo. This faunule thus 
characterizes a Braan~d.osphaera zonule, representing the 147 feet of strata from 
which samples A-7075 up through A-7062 and samples A-7088 through A-7091 
were collected, stratigraphically 228 to 81 feet below the top of the formation 
(see fig. 2). Examination of additional samples from still higher in the section 
permits recognition of 3 additional nannoplankton faunules (see table 6). The 



·.:. 

10 University of California Publications in Geological Scienoes 

lowermost of these, sho·wing some increase in fauna, is present throughout the 
75 feet of upper Lodo here, characterizing an Upper Lodo zonule. A still higher 
faunule, the Lower "Tejon" faunule, showing a marked decrease in fauna, is 
represented in samples A-7037 and A-7038 from about 514 and 522 feet above 
the base of the overlying "Tejon" formation and 1,469 to 1,461 feet below the 
"Tejon"-Temblor contact (see fig. 2). The stratigraphically highest nannoplankton 
faunule recognized from the Media Agua Creek area, is represented in the over
lying middle "Tejon" in samples A-7009, 643 feet above the base and 1,340 feet 
below the top of the formation, and in samples A-7020 through A-7025, 1,080 
to 1,218 feet above the base and 904 to 766 feet below the upper limits of the 
formation. This Middle "Tejon" faunule shows a marked reduction and change 
in fauna from that of the lower "Tejon." 

FAUNULES FROM THE TYPICAL ANITA SHALE 

Of 5 nannoplankton faunules recognized from various thicknesses of strata 
within the type Anita Shale, 4 have been described in P art 1. Two of these 
are r estricted to the lower Anita as exposed in gullies between the head of Arroyo 
el Bulito and Canada de Santa Anita, and are r epresented in stratal units from 
173 to 249 feet above the base, and from 253 to 258 feet above the base of the 
formation. The 2 stratigraphically higher faunules described in Part I are from 
the middle and upper Anita as exposed just north of the Arroyo el Bulito-Canada 
de Santa Anita watershed. The lower of these 2 more northerly faunules is from 
a r estricted horizon (sample A-8941) 5 feet above the lowest of the sandy limestone 
lenses of the middle Anita. The higher faunule has now been found to delimit a 
42-foot interval including samples A-8944 through A-8946, 350 to 308 feet below 
the Anita-Matilija contact (see table 7) , and is referred to here as the Lower 
North Gully zonule. This interval includes the lower half of the Poppin shale 
which is about 30 feet thick in the type Anita (for origin of this term see Klein
pell and Weaver, 1963, p. 8). (Dibblee [1950, p. 26] notes this richly foraminiferal 
and conspicuously red- to greenish-clay-shale unit as occurring widely in the 
upper Anita from 200 to 400 feet below the top of the formation.) In addition, 
the examination of samples from still higher in this section permits recognition 
of still another faunule, characterizing a 233-foot-thick Upper North Gully zonule. 
This stratigraphically-highest nannoplankton faunule recognized from the type 
Anita is represented in sample D-1015, collected by D. W. Weaver and the author 
(but not included in table 7) from within the upper part of the Poppin shale 
in this same gully, 293 feet below the top of the Anita, and in samples A-8947 
through A-8954, from 270 to 60 feet below the upper limits of the formation, 
and shows both a change and a decrease in fauna. 

ANrTA, MATILIJA, AND Com DELL FAUNULES 

The limited number of samples examined from the Las Cruces area represent 
5 nannoplankton faunules (see table 8). The lowest of these, the Lower Las 
Cruces Poppin shale faunule, is r epresented by sample A-8855, from 140 feet 
below the Anita-Matilija contact. The next highest faunule, the Upper Las Cruces 
Poppin shale faunule, showing only a small faunal change, is represented in 
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sample D-1017, collected by D. W. Weaver and the author from 120 feet below 
the top of the Anita (the Poppin shale in this area is about 40 feet thick). This 
fauna recurs higher in the section, as seen in sample A-8857 which was taken 
about 200 feet above the base of the Matilija formation, constituting a Lower 
Matilija faunule. An Upper Matilij a faunule is exemplified by sample A-8860, 
taken from about 470 feet above the base of the Matilija. The stratigraphically 
highest nannoplankton faunule recognized in this area is the Lower Cozy Dell 
faunule, from samples A-8861 and A-8862, collected 8 and 28 feet above the Mati
lija-Cozy Dell contact. Whereas the faunal change from the lower to the upper 
Matilija faunule is mainly one of decrease, the change noticeable in the next highest 
and equally sparse Cozy Dell faunule involves mainly first local appearances. 

"MARTrNEz" AND SANTA Sus ANA FAUNULES 

The nannoplankton assemblages from the Simi Valley samples repr esent a "Mar
tinez" faunule, and 3 Santa Susana faunules (see table 9). The stratigraphi
cally lowest of these faunules is restricted to the 14 feet of strata from which 
samples A-7616 and A-7617 were collected, 37 to 23 feet below the marine "Mar
tinez"-Santa Susana contact. The term "Martinez" formation as tentatively 
employed here refers to that part of the Lower Ter tiary marine column in the 
Simi Valley area which carries the larger invertebrate fossils more or less char
acteristic of the lower part of the Martinez formation in the type area. Thus 
excluded from the formation, as often previously mapped in this Simi Valley 
region, are the Simi conglomerate and the Las Virgenes sandstone below, and 
the Santa Susana shale above. 

The faunules from the overlying Santa Susana formation characterize Lower, 
Middle, and Upper Santa Susana zonules. The lower faunule is present through
out the 305 feet of strata represented by samples A-7621 through A-7627 which 
were taken 138 to 443 feet above the base of the formation. The middle faunule, 
as seen from samples A-7628 through A-7641, is r epresented in the 238 f eet of 
strata from 565 to 803 feet above the base. And the upper faunule, showing a 
marked decrease in fauna, is r epresented in samples A-7642 through A-7652, 
from the 620 feet of strata between 815 and 1,435 feet above the base of the Santa 
Susana formation. 

SuMMARY 

Thus, some 44 nannoplankton faunules may be recognized in the 12 biostrati
graphic sequences studied. Although many of these are similar, their similarity 
does not always indicate a common age for their containing strata, as will be 
discussed later in this paper in the section on age. However, the many biostrati
graphic units they characterize appear to constitute 3 major faunizones and a 
suggested fourth, which occur in the same stratigraphic order through all the 
sections examined. (It should be noted that the term faunizone is used here, 
in keeping with Buchman's defini tion [see Arkell, 1933, P art I, Chapter I], to 
delimit faunal facies of wider geographic extent than the more local zonules, 
and is not to be confused with the time-rock term, faunenzone, as defined by 
Diener [1925].) These faunizones are numbered here in stratigraphic order of 
lowest to highest and the stratal units which constitute them are grouped below. 
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Faunizone I. The lowermost of these nannoplankton faunizones is represented 
in 7 of the 12 biostratigraphic sequences r eported on (see fig. 2), as follows= 
the limited stratigraphic interval toward the middle of the Vine Hill sandstone 
which contains the Vine Hill faunule in the Selby Smelter-Pacheco syncline 
area discussed in Part I of this report; that part of the basal "Bolado Park 
formation" which contains the Gaging Station and Lower "Bolado Park" faunules 
in the Tres Pinos area; the limited stratigraphic horizon within the Cerros shale 
member of the basal Lodo formation which contains the Cerros faunule near 
New Idria; the basal 150 feet of the type Lodo constituting "Biostratigraphic 
Units 1 and 2" of Bramlette and Sullivan (1961); the limited horizon within 
the basal part of the lower Lodo formation which contains the Fasciculithus 
faunule at Media Agua Creek discussed in Part I ; that part of the lower type 
Anita shale which contains the South Gully and Watershed faunules discussed 
in Part I; and the upper part of the marine "Martinez" up through the middle 
Santa Susana formation containing the "Martinez" and the Lower and Middle 
Santa Susana faunules in Simi Valley. 

The nannoplankton species characterizing Faunizone I have been defined in 
Part I. of this report and are shown here in table 10. 

Faunizone II. The second of these wide-spread biostratigraphic units is repre
sented by stratal intervals within 8 of the 12 sections examined (see fig. 2), such 
as: the bulk of the "Bolado Park formation" above the basal limestone bed 
constituting the Upper "Bolado Park" zonule and the basal part of the Los 
Muertos Creek formation containing the Lower Los Muertos Creek faunule in 
the Tres Pin os area; that part of the lower and middle Lucia shale containing 
the Lower and Middle Lucia faunules of upper Reliz Creek; the bulk of the 
Cantua sandstone member and the basal part of the Arroyo Hondo shale member 
of the Lodo formation constituting the Cantua-Arroyo Hondo zonule near New 
Idria; that part of the type Lodo constituting the lower two-thirds of "Bio
stratigraphic Unit 3" of Bramlette and Sullivan (1961), that is-from 150 feet 
to about 750 feet above the base of the formation; most of the lower Lodo above 
the basal beds and the middle Lodo sandstone member constituting the Chiphrag
?nalithus (see Part I) and Braarudosphaera zonules at Media Agua Creek; the 
middle, and the lower part of the upper type Anita shale, including the lime
stone beds and the lower part of the Poppin shale, from which the Sierra Blanca 
faunule (see Part I ) and the Lower North Gully faunule have been described ; 
the lower part of the Poppin shale interval in the upper Anita containing the 
Lower Las Cruces Poppin shale faunule in the Las Cruces area; and the lower 
part of the upper Santa Susana formation constituting the Upper Santa Susana 
zonule in Simi Valley. 

The large faunal change which distinguishes Faunizone II from the lower 
faunizone is shown here in table 10. The nannoplankton species listed here as 
characteristic of this interval are essentially the same as those discussed in Part I. 
However, examination of the several additional sections makes necessary a few 
minor changes such as: Rhabdosphaera t1·uncata, Micrantholithus inaequalis, and 
Discolithus inconspicuus, earlier listed as being restricted or having their highest 
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occurrence here, are now known to be present also in the next highest faunizone. 
Likewise, Zygrhablithus bijugatus, earlier listed as not occurring lower, is now 
known also from the lowermost faunizone. 

F'aunizone Ill. The third faunal aggr egate is present in 9 of the 12 sections 
studied, in strata which constitute the following: the lower Blue-Gray Mudstone 
member of the "Vacaville shale" constituting the Lower "Vacaville" zonule in 
Vaca Valley ; the W est Limb upper Las Juntas shale and the overlying lower 
Muir sandstone constituting the Las Juntas-Muir zonule in the P acheco syncline 
area; the upper Lucia shale containing the Upper Lucia faunule of upper Reliz 
Creek; the upper 400± feet of the type Lodo constituting the upper third of 
"Biostratigraphic Unit 3" of Bramlette and Sullivan (1961) (reexamination 
of the samples already reported on from this part of the Lodo [ibid.] .-eveals 
that several species typical of F aunizone Ill make their first local appearance 
here, though they occur only very rarely); the Domengine sandstone of Tumey 
Gulch and of Oil City, and the Canoas siltstone member of the basal Kreyen
hagen formation also at Oil City constituting "Biostratigraphic Unit 4" and part 
of "Unit 5" of Bramlette and Sullivan (1961); the upper Lodo and the upper part 
of the lower "Tejon" formation containing the Upper Lodo and Lower "Tejon" 
faunules at Media Agua Creek; the upper type Anita shale, including the upper 
part of the Poppin shale interval, constituting the Upper North Gully zonule; 
and the limited stratigraphic intervals sampled within the upper Anita and 
the Matilija sandstone which contain the Upper Las Cruces Poppin shale faunule 
and the Lower and Upper Matilija faunules at Las Cruces. 

F aunizone Ill is distinguished from the next lowest faunizone by a relatively 
minor faunal change. This faunizone as defined in Part I of this report has been 
subdivided here into a third and a possible fourth faunizone. The nannoplankton 
species characterizing this third faunal unit differ markedly, therefore, from 
those discussed in P art I and are listed here in table 10. 

F'aunizone IV. The examination of additional samples from high in 6 of the 
12 sections reported on suggests a fourth and highest faunizone. This higher 
fauna appears to be r epresented in strata no lower than those of: the upper, 
Dark Gray Silty Mudstone member of the "Vacaville shale" constituting the 
Upper "Vacaville" zonule in Vaca Valley; the Alhambra formation constituting 
the Alhambra zonule in the Pacheco syncline area; the upper Los Muertos Creek 
formation containing the Upper Los Muertos Creek faunule in the Tres Pinos 
area; the lower part of the Canoas siltstone member of the basal Kreyenhagen 
formation at Garza Canyon constituting part of "Biostratigraphic Unit 5" and 
"Unit 6" of Bramlette and Sullivan (1961); the middle "Tejon" formation con
taining the Middle "Tejon" faunule of Media Agua Creek; and the lower part 
of the Cozy Dell formation which contains the Lower Cozy Dell faunule at Las 
Cruces. 

F aunizone IV is reported on here in only a tentative and preliminary manner. 
The few distinctive nannoplankton species which seem to characterize it are shown 
in table 10. 
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TABLE 10 

N ANNOPLANKTON SPECIES CHARACTERISTIC OF THE F AUNIZONES 

Faunizone 

Specioo 1 2 3 4 

Chiphragmalithu.s acanthodes X 

Chiphmgmalithu.s calath~1.s X X 

Chiphragmalithu.s m··istatus X X 

Chiphragmalithus dubius X X X 

Chiphragmalith~;s protenu.s X X 

Chiphragmalithu.s quadratus X 

Coccolithites del~;s X X X X 

Coccolithites aff. C. delus X X X 

Coccolithus bidens X 

Coccoli thu.s californicus X 

Coccolith~;s consuetu,s X X X X 

Coccol·ith~;s crassu.s X X X 

Coccolithu.s cribell1;m X X 

Coccolithus em·inens X 

Coccolithus expansus X X 

Coccolitlms gigas X 

Coccolithus grandis X X X 

Cocco lith~;s solitu,s X X X 

Coccolitlms staurion X X 

CoccolWtus sp. X X 

Cyclococcolith~;s gammation X X X 

Cyclococcolithus lumin·is X X 

Cyclolithus robu,stus X 

Di.scolithus distinctus X 

D·iscolith~;s duocavus X 
Discol-ithus exilis X 

Discol·ithu.s fimbriatus X X 

Discolith~ts inconspimms X X X 

'il 
Discolithus occllatus X X 

Discolithus panar·ilum X X 
.,1 Discolitlms pectinatus X X X 

I Discolithus planus X X X 
f·: 
'I Discolith~ts pulcher X X X 

I 
D·iscolithus p~;lcheToides X X X X 

Discolitlms punctosus X 
I Di.scolitht;s rimosus X X X 

I Discolith~ts solildus X X X 

Discoli thus versus X X 

Discolithus vescus X X 
Ellipsolith~•s distich11s X 

Ellipsolithus macellus X X X 
H elicosphacra seminulum seminu lum X X 
H elicosphaera seminuh;m lophota X X X 
Lophodolith~ts mochlophorus X X 

Lophodolithus nascens X X X 
Lophodolithus reniformt:s X X 

·.:._ 
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Faunizone 

Specioo 1 2 3 4 
Lophodoli thus sp. X 
Rhabdosphaera crebra X X 
Rhabdosphaera injlata X X 
Rhabdosphaera moriomtm X X 
Rhabdosphaera perlonga X X 
Rhabdosphaera rttdis X 
Rhabdosphaera soabrosa X X 
Rhabdosphaera semiformis X X 
Rhabdosphaera t enuis X X 
Rhabdosphaera trunoata X X 
RhabdosphaMa vitrea X X 
Zygodisous adamas X X 
Zygodisous herlyni X 
Zygodisous pleotopons X 
Zygodismks sigmoides X 
Zygol ithus conoinnus X X X 
Z ygolithus crux X X 
Zygolithus distentus X 
Zygolithus j1mot11-s X 
Zygrhablithus bijugatus X X X X 
Zygrhablithus simplex X 

Braarudosphaera bigelowi X X X X 
Bram·udosphaera discula X X X 
Micrantholithus aeq1talis X X 
M icrantholithtts basquensis X 
M icrantholi thus bramlettei X X 
Micrantholitlvus ooncinnus X 
M icrantholithus crenulatus X X 
Micrantholithus entaster X 
M icrantholithus fios X X 
M icrantholithus inaequalis X X 
M icrantholithus pinguis X 
Micrantholithus trunc1ts X 
Micrantholithu.s vesper X X X 

Clathrolithus elliptious X X X 
Clathrolithus mimttu.s X X 
Discoaster barbadiensis X X X 
Discoaster binodosus X X 
Disooaster cruciformis X X 
Discoaster dejland1·ei X X X 
Discoaster delicatus X X 
Disco aster diastypus X 
Disooaster distinctus X X X 
Discoaster falcatus X X 
Discoaster germanicus X X 
Discoaster helianthus X 
Disooaster lentioularis X X X 
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F aun izone 
Speci~ 1 2 3 4 

Discoaster limbatus X 
Discoaster lodo ensis X X X 
Discoaster 1nwrtin·ii ~ X 
D·iscoaster medios11s X X 
Discoaste1· minimus X X 
Discoaster multiradiat1~s X X 
Discoaster nonaradiatus X X 
Discoaster perpol itus X X 
Discoaster sept emradiatus X X X 
Discoaster stradne·ri X X X 
Discoaster s11blodo ensis X 
Discoaster t r·ib1·achiatus X X 
DiscoastM sp. X 
D·iscoasteroides lc11epperi X X X 
Discoasteroides 1negastypus X 
Fascicul-ithu.s involutus X 
H eliolith11s lcleinpelli X 
H elioM hus r iedeli X 
I sthmolithus unipon.s X 
Polycladolithus operosus X X 
Rhomboaster cusp is X 
Sphenolitht<s radians X X X 

ECOLOGY 

As already suggested in P art I of this report, little can be deduced about the 
paleoecology of the now mostly extinct species of coccolithophorids, braarudo
sphaerids, discoasters and r elated forms grouped here as calcareous nannoplankton 
except to assume that they were planktonic and probably favored warm water . 
Thus their presence adds little to an understanding of the depositional environ
ment of the sediments dealt >vith in this paper that has not already been inferred 
f rom other evidence, except perhaps to corroborate the evidence of deposition 
in tropical to subtropical seas with open-ocean connections, indicated by the 
presence in these same sediments of planktonic foraminifers as well as benthonic 
foraminifers and mollusks. 

That deposition of these sediments took place almost entirely in seas with open
ocean connections is indicated by the presence both of planktonic foraminifers 
and calcareous nannoplankton in most of the samples examined. These plank
tonic forms are noticeably absent only from the sampled biostratigraphic inter
vals constituting : the Las Juntas shale of the Selby Smelter area in Contra Costa 
County, the basal 40 feet of the "Bolado Park formation" near Tres Pinos, the 
basal 120 feet of the type Lodo (except samples 6+1 and 7, see Bramlette and 
Sullivan, 1961) , the basal 40 f eet of the Lodo formation at Media Agua Creek, 
the basal 113 feet of the type Anita shale, the Simi conglomerate and the basal 
115 feet of the marine "Martinez," as well as the upper 480 feet of the Santa 
Susana formation at Simi Valley; thus suggesting some restriction to open-ocean 
conditions for the time of deposition of such sediments. Although planktonic 
Foraminifera are also absent from the shale interbeds within the Matilija forma
tion in the Las Cruces area, a sufficient nannoplankton fauna has been found 
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in the samples from this formation (see table 8) to assume open-sea conditions. 
It should be noted here that of the samples known to contain planktonic fora

minifers, over 90 per cent were found also to contain nannoplankton, with roughly 
a 90 per cent similarity in relative abundance of these two planktonic forms; 
in two-thirds of the remainder the planktonic foraminifers are only rarely rep
resented. Nannoplankton assemblages were also found in 50 per cent of those 
samples devoid of planktonic foraminifers but stratigraphically bracketed by 
samples containing planktonic forms. 

Various depths from littoral to abyssal are indicated for the deposition of 
the sediments here under discussion by the presence of benthonic foraminifers 
and mollusks (see White, 1939; Martin, 1943; Boyd, 1949; Classen, 1953; Grier, 
1953; Smith, 1957; Herlyn, 1958; Mallory, 1959). Although medium depths 
(neritic-bathya1) are indicated for most of this deposition, bathyal to abyssal 
conditions are inferred for the upper "Vacaville shale" in Vaca Valley, the 
Alhambra formation in the Pacheco syncline area, and the "Tejon" formation 
at Media Agua Creek. On the other hand, littoral depths are indicated for the 
basal 150 feet of the type Lodo, and for the Simi conglomerate and lower marine 
"Martinez" of Simi Valley by the presence of shallow-water mollusks and fora
minifers. Shoal conditions are reported by Mallory for the upper part of the 
lower Lodo formation at Media Agua Creek and farther north in the San J oa
quin Valley. Mallory further observes that the limy sediments of the middle 
Lodo of the San J oaquin Valley "frequently contain a reef coral-brachiopod
orbitoidal fauna indicative of tropical, clear waters of littoral depths," and he 
notes the presence of these same "orbitoids" (they are now known as discocy
clinids) in the limy portion of the middle type Anita shale of the Santa Barbara 
coast. Some evidence of shoaling is also noted by Boyd for the middle part of 
the "Vacaville shale" (his Quinqueloculin.a-Siphonina zonule). In addition, shal
low-water deposition can be inferred for the megafossiliferous Domengine sands 
of the San J oaquin Valley and for at least part of the Matilija formation of the 
Santa Barbara coast. 

The presence of braarudosphaerid nannoplankton in most of these inferred 
shallow-water sediments and their almost complete absence from the more exten
sive deeper-water sediments discussed above, is further indication, as suggested 
in Part I of this report, that this group may have had closer relationship with 
an inshore environment than with the true pelagios. Their absence from the 
middle type Anita and from the Simi conglomerate and lower marine "Mar
tinez" of Simi V alley is not necessarily contradictory, since nannoplankton in 
general and foraminifers other than arenaceous types are absent from these 
sediments. The absence of the braarudosphaerids from the Matilija sandstone 
of the Las Cruces area, though not conclusive because of the limited number of 
samples available, may reflect offshore deposition in keeping with deep-water 
conditions noted for part of the Matilija near Ojai (Mallory, 1959, p. 53), al
though brackish water forms are also reported (Blaisdell, 1955). The seemingly 
contradictory presence of braarudosphaerids in the medium-depth sediments of 
the Vine Hill sandstone (Smith, 1957) and the lower "Vacaville shale" (Boyd, 
1949) is, nevertheless, in keeping with the presence, in associated strata, of in-
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shore, shallow-water mollusks, in the case of the Vine Hill sandstone (see Part 
I); and in the case of the "Vacaville shale" Boyd reports evidence of shoaling 
for the overlying middle part of this formation. 

AGE AND STRATIGRAPHIC RELATIONSHIPS 

As summarized in the section on biostratigraphy, the many nannoplankton assem
blages dealt with here and in Part I of this report constitute a number of faunules 
which in turn appear to characterize 3 faunizones and a possible fourth. These 
faunizones occur in the same stratigraphic order wherever recognized in the 12 
columns discussed. Moreover, they roughly correspond, in these columns, to the 
Paleocene and Eocene Stages (when the Bulitian and Penutian are lumped as 
a single entity) previously recognized in these stratal sequences on the basis of 
the associated benthonic foraminifers (see Laiming, 1940a, 1940b, 1943; Mal
lory, 1959). The delimiting horizons of these faunizones, however, do not always 
correspond exactly to those of the foraminiferal Stages (see fig. 2). 

"V ACA VILLE SHALE" 

The biostratigraphic sequence containing fossil nannoplankton 2% miles north
west of Vacaville, Solano County, consists of the 390 feet of conchoidally frac
turing and more or less silty mudstones mapped by Boyd (1949) as the "Vacaville 
shale." In the section studied by Boyd the base of this formation is concealed 
by alluvium. A lower member of the formation , more than 240 feet thick, is of 
blue-gray mudstone; a middle member is of chocolate-brown silty mudstone about 
80 feet thick; and an upper member , 67 feet thick, is of dark-gray silty mud
stone. The lower two members are separated by a 3-foot-thick bed of pebbly glau
conitic sandstone thought to correspond in age and stratigraphic position to the 
Domengine sandstone farther south in the California Coast Ranges. This mud
stone sequence ("Vacaville shale") is conformably overlain by the "Dunn's Peak 
sandstone." 

Dorothy Pal mer ( 1923) described a megafossil fauna from these shales near 
Vacaville and correlated the containing strata with more southerly outcropping 
shales (Member "E") in the type section of B. L. Clark's Meganos formation 
north of Mt. Diablo. In the same year G. D. Hanna (1923) described a fora
minifer fauna from this same Vacaville locality and tentatively placed these 
beds in the "Meganos group." Merriam and Turner (1937) assigned these shales 
to their Capay "Stage," and made the first r eference to a type "Vacaville shale" 
although a type locality was not designated. For the present the usage adopted 
here is the formational usage of Merriam and Turner (1937), which is also that 
of Boyd ( 1949), pending some formal designation of a type locality and of the 
typical lithologic character of such a formation. 

The lower part of the "Vacaville shale" (Boyd's lower or Blue-Gray Mudstone 
member) below the glauconite bed, was assigned by Laiming ( 1940a) to his B-4 
to B-2 zones. That part of the formation above the glauconite bed (Boyd's middle 
or Chocolate-Brown Silty Mudstone member and his upper or Dark Gray Silty 
Mudstone member) plus the overlying "Dunn's Peak sandstone" and the basal 
beds of the stratigraphically still higher Markley formation, were assigned an 
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A -2 zone age (ibid.). Laiming considered the pebbly glauconitic sandstone bed 
to represent a hiatus in which his B-1, B-1A, and A-3 zones were missing. 

Boyd, in 1949, concurred with Laiming's age assignments for the "Vacaville 
shale" as a whole. Later, Mallory (1959, p. 40) designated that part of the "Vaca
ville shale" below Boyd's upper (or Dark Gray Silty Mudstone) member as 
type for his middle Eocene Ulatisian Stage. Thus Boyd's lower member, and 
presumably also his middle member of the "Vacaville shale"--1.!iz., the strati
graphic sequence from the lowest foraminiferal beds in Boyd's Blue-Gray Mud
stone member up through the pebbly glauconitic sandstone bed and the overlying 
Chocolate-Brown Silty Mudstone member-may be construed to constitute the 
type for Mallory's Ulatisian Stage. The middle, or Chocolate-Brown Silty Mud
stone member of Boyd seems, however, to be barren of fossils other than rare 
and stratigraphically undiagnostic arenaceous foraminifers; and though in his 
figure 7 Mallory (1959) includes it within the Narizian, its age would appear 
to be equivocal. Boyd's upper (viz., Dark Gray Silty Mudstone) member, plus 
the overlying "Dunn's P eak sandstone," were assigned by Mallory (1959, p. 72 ) 
to the two subzones, respectively, of the Bulimina corrugata Zone, the lower 
Zone of his upper Eocene Narizian Stage. 

In the Vaca Valley area the nannoplankton fauna which characterizes Fauni
zone III, as defined in the section on biostratigraphy, is represented in the lower 
240 feet of the "Vacaville shale" (Boyd's lower or Blue-Gray Mudstone member 
of Ulatisian age [see fig . 2] ). Faunizone IV is represented in the 67-foot-thick 
upper, or Dark Gray Silty Mudstone member, of early Narizian age. 

VINE HrLL, L AS J uNTAs, Mum, AND ALHAMBRA FoRMATION S 

The strata from which fossil nannoplankton have been obtained in the Pacheco 
syncline area are among those which until recently have been referred to the 
Martinez and Tejon formations (for a history of this terminology and the various 
ages to which these strata have been assigned, see Gabb, 1869; Stanton, 1896; 
Merriam, 1897; C. E. W eaver, 1905; Lawson, 1914; Dickerson, 1914; Clark, 1926; 
Cushman and Barksdale, 1930; Clark and Yokes, 1936; Laiming, 1940a; Watson, 
1942 ; W eaver et al., 1944; Ralph Stewart, 1949 ; C. E. Weaver, 1949, 1953; and 
B. Y. Smith, 1957, pp. 129-135). In 1953 Weaver proposed the stratal terms Vine 
Hill sandstone, Las Juntas shale, Muir sandstone, Escobar sandstone, and Alham
bra formation, in ascending order, for the strata in this general area formerly 
referred to as Martinez and Tejon. This terminology was adopted by Smith ( 1957 ) , 
who studied and reported upon the fossil foraminifers in samples collected earlier 
from these formations by Weaver. 

As discussed in Part I of this report the foraminifers from the Vine Hill sand
stone, assigned by Smith (1957, p. 143) to Laiming's E zone and by Mallory 
(1959, p. 29) to the lower Ynezian Stage, are from beds stratigraphically low 
in the typical Martinez formation and in which occur megafossils long known 
to be of Paleocene ("early E ocene" of an earlier usage) age. The upper Las 
Juntas shale, on the west limb of the Pacheco syncline, and the overlying Muir 
sandstone are both assigned by Smith (1957, p. 145 ) to Laiming's B zones. Mal
lory (1959, pp. 37, 53 ) proposes a Penutian age for Smith's lowest West Limb 
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Las Juntas sample (A-6666), a late Penutian age for her highest Las Juntas 
sample (A-6665) and for the two lowest of her overlying Muir samples (A-6667 
and A-6668), and a Ulatisian age for the samples from higher in the Muir. The 
stratigraphically still higher Alhambra formation, separated from the Muir 
sandstone by a barren Escobar sandstone, is assigned to Laiming's A-2 zone by 
Smith (1957, p. 146), and to the Narizian Stage by Mallory (1959, p. 72). 

In the Selby Smelter-Pacheco syncline area, nannoplankton Faunizone I is 
represented in the Vine Hill sandstone in strata of early Ynezian age (see fig. 
2). Faunizone Ill is represented in the West Limb Las Juntas shale and in the 
overlying Muir sandstone, in strata of Penutian and Ulatisian age. Faunizone IV 
is represBnted on both the east and west limbs of the Pacheco syncline in the 
Alhambra formation of Narizian age. 

"BoLADO PARK" AND Los MuERTos CREEK FoRMATIONS 

The mudstones and shales containing fossil nannoplankton in the Tres Pinos 
area, southeast of Hollister, constitute the "Bolado Park formation" and the 
stratigraphically higher Los Muertos Creek formation which are separated by 
an intervening barren Tres Pinos sandstone. The "Bolado Park formation" here 
in its type area (Kaar, 1962) consists essentially of 290 feet of mudstone, the 
lower and upper limits of which are not exposed. The poorly exposed Los Muertos 
Creek formation attains a thickness of 1,000 feet here in its type area (Wilson, 
1943) where it conformably overlies the T'res Pinos sandstone and where its upper 
limits are in fault-contact with the Panache sandstone of late Cretaceous age. 
Just to the north of its type area the Los Muertos Creek formation is conformably 
overlain by the Indart sandstone. 

The Tres Pin os sandstone was originally described by Kerr and Schenck ( 1925) 
and believed tD be of "Tejon" (late Eocene) age. They believed the overlying 
beds, now referred to as the Los Muertos Creek formation, to be older than the 
Tres Pinos sandstone and assigned them to the Mcganos formation of pre-late 
Eoccnc age. This order of superposition was accepted by later workers, and Wil
son (1943) redefined Kcrr and Schenck's local Meganos formation as the Los 
Muertos Creek formation and assigned it to the "Capay Stage" (early Eocene). 
In the sections first studied, attitudes of some of the best-exposed strata obviously 
swing through the vertical. The arcal extent of these formations was mapped 
and a still higher sandstone unit was described as the Indart sandstone (sec 
Taliaferro, 1945; Wash burn, 1946) and considered to be the lowest stratigraphic 
unit in the local sequence. Dempster ( 1951), as well as Taliaferro and Wash
burn, included in the Los Muertos Creek formation the dark clay shales exposed 
along Tres Pinos Creek to the west of the Trcs Pinos sandstone. However, Kaar 
(1962) has recognized these shales as the oldest Lower Tertiary strata exposed 
in the local sequence, and has described them as the "Bolado Park formation." 

On the basis Df foraminiferal evidence, Kaar (1962) has shown that the strati
graphic order of the formations described from this local area is the reverse of 
what had been previously supposed. Kaar's foraminiferal evidence indicates an 
early Eocene (Ynczian) age for his isolated Gaging Station outcrop on Tres 
Pinos Creek, which he believes to be stratigraphically lower than the lowermost 
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exposed part of the "Bolado Park formation" at its type area one half mile down 
stream. The lowermost few feet of strata containing the limestone bed at the 
base of the type section of the "Bolado Park formation" are also indicated to be 
of Ynezian age. Kaar assigns the bulk of the "Bolado Park formation" above 
these basal beds to the Bulitian and Penutian Stages of late Paleocene and early 
Eocene age. The basal part of the Los Muertos Creek formation is also believed 
by Kaar to be of Penutian age, and he considers the poorly exposed unfossiliferous 
middle Los Muertos, "on the basis of superpositional relationships and indirect 
paleontologic evidence," to include strata of middle Eocene (Ulatisian) age. Kaar 
also discusses the possibility of an unconformity in this part of the formation 
between the lower megafossiliferous siltstones and the upper siliceous shales, as 
recorded at this horizon farther east in the Vallecitos (Anderson and Pack, 1915, 
p. 68, pl. 1), but points out that "Field evidence for such an unconformity is 
lacking in the Tres Pinos area." He assigns the upper Los Muertos Creek forma
tion to the Narizian Stage of late Eocene age. 

This revised order of superposition demonstrated by Kaar for the formational 
units in the Tres Pinos area is substantiated by the order in which the nanno
plankton faunizones described in this report occur through this local sequence 
of strata. Faunizone I is represented in the Gaging Station outcrop and in the 
lowermost few feet of the type "Bolado Park formation" (see fig. 2) in strata 
of Ynezian age. Faunizone II is represented stratigraphically higher through 
the bulk of the "Bolado Park formation" and in the basal few feet of the strati
graphically still higher Los Muertos Creek formation in strata of Bulitian and 
Penutian age, although the meager fauna from the basal Los Muertos Creek 
formation could just as well be of Ulatisian age. Faunizone IV is present in the 
upper Los Muertos Creek formation of Narizian age. 

LUCIA SHALE 

The 522 feet of mudstones which constitute the type Lucia shale in upper Reliz 
Canyon and which contain fossil nannoplankton as well as foraminifers, conforma
bly overlie the J unipero sandstone and in turn are conformably overlain by The 
Rocks sandstone. All three of these formations lack characteristic megafossils and 
were originally included in the lower part of a more than 5,000-foot-thick stratal 
interval described by Hamlin (1904) as the Vaqueros formation. Loel and Corey 
(1932), however, differentiated between the fossiliferous upper 2,000 feet of this 
interval which they accepted as true Vaqueros, and the lower 3,000 feet of strata 
which they considered to be of Eocene or Oligocene age, and which they left 
unnamed. In 1938, Kleinpell (p. 7) reported foraminifers from shales near the 
base of this unnamed sequence of strata and referred to them as having "closest 
affinities with assemblages no younger than those of the basal typical Kreyen
hagen shale and Sierra Blanca limestone and no older than those from Division 
E of the typical 'Meganos group' or Meganos formation of Clark." At a still 
later date Thorup (1941, 1943) subdivided this unnamed lower portion of Hamlin's 
original Vaqueros formation into the Junipero sandstone, the Lucia shale, The 
Rocks sandstone, and the Berry conglomerate, in ascending order. In addition 
be redefined and restricted the Vaqueros formation to the 0verlying 2,000 feet 
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of strata that contain the characteristic "Vaqueros" fossils. Wardle (1957) recog
nizes three subdivisions of the Lucia shale in the Reliz Canyon area and on the 
basis of foraminifers he correlates the lower and middle Lucia with Laiming's 
C zone and with Mallory's Penutian Stage, and the upper Lucia with Mallory's 
lower illatisian Stage. He also correlates his richly foraminiferal sample B-2789, 
"collected from an isolated Lucia outcrop several hundred yards west of the 
section measured along Reliz Creek," with the middle Lucia of Penutian age; 
and his samples B-2790 and B-2791 from the Lucia of nearby Vaqueros Creek 
are compared by him to the upper Lucia of Ulatisian age. Wardle (1957) points 
out that fossils were not found in the underlying J unipero sandstone in the Reliz 
Creek area, and that although several species of Discocyclina have been recorded 
from this formation in the Church Creek area, 15 miles to the northwest, by 
Dickenson (1956), they have proved of little value in dating the formation. 
Wardle further states that "Stratigraphically the lowest marine fossils to be 
found locally above the highest microfossils in the Lucia formation were those 
in the typical Vaqueros formation of Thorup (1941) ." 

In the upper Reliz Canyon area Faunizone II is represented in the lower and 
middle Lucia shale (see fig. 2) and by Wardle's sample B-2789, all of Penutian 
age. Faunizone Ill is represented in the upper Lucia of Reliz Creek in strata 
of illatisian age, and by the Vaqueros Creek Lucia samples also believed to be of 
this age. 

LoDo FoRMATION NEAR NEw lDRIA 

The sequence of strata containing fossil na.nnoplankton just north of New ldria 
includes, in ascending order, the Cerros shale, the Cantua sandstone (which at
tains a thickness of more than 3,000 feet here), and the Arroyo Hondo shale 
members of the Lodo formation (see \Vhite, 1938, 1940). These subdivisions of 
the Lodo and the overlying Yokut sandstone all appear to be in gradational con
tact near New Idria. Originally these three members of the Lodo formation were 
grouped in various ways with the underlying Moreno formation and with the 
overlying "Tejon"-the Yokut and stratigraphically still higher Domengine sand
stone of current usage-and were referred to as "Kreyenhagen shale" and over
lying "Domengine sands" (Anderson, 1905), "Lower Shales" and "Upper Sands" 
( Anderson, 1908), "Tejon formation" ( Arnold and Anderson, 1908), and "Mar
tinez formation" (Dumble, 1912). Anderson and Pack ( 1915) included these 
three subdivisions of the Lodo in their "Martinez (?) formation" and first referred 
to the middle sandstone unit as Cantua. They were later included in a "Tejon 
group" ( Dickerson, 1916), a "Meganos formation" ( Clark, 1926), and a "Mar
tinez group" and overlying "Meganos group" (Atwill, 1935). In 1938, White 
applied the name Lodo formation to the strata exposed along the west side of 
the San J oaquin Valley stratigraphically above the Moreno shale and below the 
Domengine sandstone and defined the lower and upper members to be known 
as the Cerros shale and the Arroyo Hondo shale where the middle, Cantua, mem
ber is present, the term Arroyo Hondo having already been applied to the upper 
shales and the overlying white sands by Atwill in an unpublished paper. These 
white sands were grouped with most of the underlying Lodo and referred to col
lectively as the "Arroyo Hondo formation" of Atwill by Vokes (1939). In 1940, 
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White proposed the term Yokut sandstone for these intervening sands which he 
had earlier included in the Domengine. The terminology of White (1938, 1940) 
is used here. 

On the basis of foraminiferal evidence Mallory (personal communication) be
lieves the strata from which W oodside's ( 1957) sample B-4861A was collected, 
400 feet below the Cerros-Cantua contact, to be of Ynezian age. Also on fora
miniferal evidence vVoodside (1957) assigns the bulk of the Cantua sandstone 
member and the basal part of the overlying Arroyo Hondo shale member of the 
Lodo formation near New Idria to the Bulitian and Penutian Stages. 

In the New Idria area Faunizone I is represented by the Cerros shale sample 
of Ynezian age, and Faunizone II is present throughout the Cantua sandstone 
and in the basal part of the overlying Arroyo Hondo shale in strata of Bulitian 
and Penutian age (see fig. 2). 

TYPE LoDo FoRMATION, DoMENGINE SANDSTONE, AND CANOAS SILTSTONE 

The biostratigraphic sequences containing the nannoplankton described by Bram
lette and Sullivan (1961), including the Lodo formation in its type area, the 
overlying Domengine sandstone at Tumey Gulch and at Oil City, and the strati
graphically still higher Canoas siltstone member of the basal Kreyenhagen for
mation also at Oil City and at Garza Canyon, have already been discussed in 
Part I of this report. As suggested in Part I, Faunizone I appears to be restricted 
to the lower 150 feet (Ynezia.n) of the type Lodo. Faunizone II is represented 
through the stratigraphically higher Bulitian and Penutian, middle portion of 
the formation here in its type area. Faunizone Ill appears to be represented in 
the upper type Lodo, and in the overlying Domengine sandstone at Tumey Gulch 
and at Oil City as well as in the Canoas siltstone at Oil City in strata of Ulatisian 
age (see Mallory, 1959, pp. 51, 53, and fig. 7). Faunizone IV is represented 
in the lower part of the Canoas at Garza Canyon. Mallory (1959, p. 51) states 
that "the basal part of the Canoas silt member of the Kreyenhagen formation 
on West Branch of Garza Creek may belong here (Ulatisian Stage), but the 
fauna is not diagnostic enough to place it with certainty." Although the fora
miniferal fauna from this stratal interval appears to have closest affinities with 
older rather than younger faunas, it could just as well be of Narizian age (per
sonal communication with Mallory). 

LODO AND "TEJON" FORMATIONS AT MEDIA AGUA CREEK 

Fossil nannoplankton are present through most of the Lodo formation and in the 
overlying lower and middle "Tejon" formation at Media Agua Creek. As dis
cussed in Part I of this report, the Lodo of this area, grouped in the earlier liter
ature as part of the local "Cretaceous Rocks" (see Arnold and J ohnson, 1910; 
and especially English, 1921), lies conformably on strata containing megafossils 
of Cretaceous age, and is concordantly though possibly uncomformably overlain 
by the "Tejon" formation. Mallory designated all but the uppermost few feet of 
the lower Lodo of Media Agua Creek as type for the Zones of his Paleocene 
Ynezian and Bulitian Stages, and the uppermost few feet of the lower Lodo 
and the middle Lodo as type for his lower Eocene Penutian Stage; he assigns 
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the upper Lodo here and the lower "Tejon" to his Ulatisian Stage (see Mallory, 
1959, pp. 22, 31, 34, 45, fig. 7, and table 13). The middle "Tejon" formation in 
this area is believed by Mallory (ibid., fig . 7 and table 13), to be of early Nari
zian age. 

The nannoplankton faunizones represented at Media Agua Creek occur in the 
same order as elsewhere (see fig. 2). Faunizone I is present low in the Lodo for
mation in strata of Ynezian age. Faunizone II is represented at stratigraphically 
higher horizons of the lower Lodo and in the middle Lodo, in strata of late Ynezian, 
Bulitian, and Penutian age. Faunizone Ill is present in the upper Lodo and lower 
"Tejon" of Ulatisian age, and Faunizone IV is represented in this area in the 
overlying middle "Tejon" strata of early Narizian age. 

TYPE ANITA SHALE 

The strata constituting the type Anita shale (Kelley, 1943) in which nanno
plankton are known to occur, have been discussed in Part I of this report. These 
shales were early grouped with other Eocene shales and sandstones (and at one 
time even with upper Cretaceous beds) exposed in the western Santa Ynez Moun
tains along the Santa Barbara coast and collectively referred to as "Tejon" (see 
Arnold and Anderson, 1907; Hawley, 1917; Effinger, 1936). Kelley (1943) sub
divided this sequence into several cartographic units and referred to them in 
ascending order as Upper Cretaceous, Anita shale, "Matilija," "Cozy Dell," and 
Sacate formation. Dibblee (1950) follows Kelley's usage. The Anita in its type 
area is described as lying disconformably above upper Cretaceous sandstone 
and as being disconformably overlain by the "Matilija" sandstone. Kelley (19L13, 
p. 7) tentatively assigned the Anita shale a middle Eocene age. Subsequent to 
this, Mallory (1959, pp. 22, 30) has designated the lower part of the type Anita 
(i.e., that part below the middle Anita limestone lenses) as type for his Ynezian 
and Bulitian Stages of Paleocene age. The limestone-bearing interval of the middle 
Anita is considered by Mallory (ibid., p. 36) to be of Penutian age. These lime
stones occur at horizons about 370 feet above the base of the Anita (Kelley, 1943, 
fig. 3). Mallory believes his Ulatisian Stage to be represented in the upper Anita 
by the foraminifers listed by Kelley (ibid., table I, locality M-225) from the 
Poppin shale of the type Anita. However, more detailed collecting from this 
area by D. W. Weaver and the author indicates, on the basis of foraminifers, 
a Penutian age for the lower part of this 30-foot-thick upper type Anita red 
shale interval, and a Ulatisian age for the upper part of these red shales as 
well as for the remaining upper Anita here (to be reported on at a later date). 

As indicated in Part I of this report, Faunizone I is represented in the lower 
type Anita shale in strata of late Ynezian age. Faunizone II is represented by 
the meager nannoplankton fauna from the middle Anita limestone (sample A-
8941) presumably of Penutian age; and also by the stratigraphic interval includ
ing the lower part of the Poppin shale high in the middle or low in the upper 
Anita, from which samples A-8944 through A-8946 were collected (see fig. 2), 
also of Penutian age. Faunizone Ill is present in the upper part of the Poppin 
shale (sample D-1015) and higher in the upper type Anita in samples A-8947 
through A-8954 of Ulatisian age. 
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ANITA, MATILIJA, AND Cozy DELL FORMATIONS NEAR LAS CRUCES 

Nannoplankton are also known from high in the Anita shale near Las Cruces, 
7 miles northeast of the type Anita area, and from shale stringers in the over
lying Matilija sandstone and the basal part of the Cozy Dell shale in this same 
area. All but the uppermost Anita here has been faulted out, and the limited 
portion which remains is in fault contact at its base with the younger Sespe 
formation (see Kleinpell and Weaver, 1963), and grades upward into the over
lying Matilija sandstone. In the Las Cruces area the Matilija, containing a middle 
sandy shale member, is about 625 feet thick and grades upward into the Cozy 
Dell shale. As mentioned earlier, Kelley tentatively proposed a middle Eocene 
age for the Anita shale. Kelley (1943) also correlates the "Matilija" of the 
southwestern Santa Ynez Mountains with the "Transition stage" of Clark and 
Vokes (1936) and with the Live Oak member of the type Tejon formation (Marks, 
1943) of late Eocene age, and he correlates the basal part of the Cozy Dell shale 
with Laiming's A-2 zone also of late Eocene age. Classen (1953), on the basis 
of foraminiferal evidence, agrees generally with Kelley's ages for these three 
Lower Tertiary formations in the Las Cruces area. Mallory (1959, p. 53) assigns 
the upper part of the Anita shale and part of the overlying Matilija sandstone 
along the Santa Barbara coast to his middle Eocene Ulatisian Stage. The upper
most portion of the Matilija and the overlying Cozy Dell are believed by Mallory 
to represent his Narizian Stage of late Eocene age. ·weaver (1962), Weaver and 
Weaver (1962), and Weaver and Kleinpell (1963), also assign the upper Anita 
and lower Matilija of this general area to the Ulatisian (that is, Domengine and 
Transition "Stages") and the upper Matilija, Cozy Dell, and Sacate to the Nari
zian (that is, Tejon "Stage") on the basis of both mollusks and foraminifers. 
However, more detailed collecting through the Poppin shale interval of the upper 
Anita in the Las Cruces area and in the area just west of Refugio Pass as well 
as in the type area by D. W. Weaver and the author, indicates, on the basis of 
foraminiferal evidence, that the Penutian-Ulatisian transition falls within these 
red shales, at least in these 3 areas. 

In the Las Cruces area Faunizone II is represented in the lower part of the 
Poppin shale interval of the upper Anita in sample A-8855 of Penutian age. 
Faunizone III is present in the upper Poppin shale (sample D-1017) and in 
the overlying lower and middle Matilija sandstone of Ulatisian age. Faunizone 
IV is represented in the basal part of the stratigraphically still higher Cozy Dell 
shale of Narizian age (see fig. 2). 

"MARTINEZ" AND SANTA SusANA FoRMATIONS 

The strata examined for nannoplankton, and which overlie beds of known Creta
ceous age on the northeast side of Simi Valley, were originally referred to as 
the Martinez and Tejon formations (Waring, 1917; Kew, 1919 ) . Kew later (1924) 
referred to the upper, or essentially "Tejon" part of this sequence as Meganos; 
his contacts in this instance were, however, interpretive time lines based upon 
certain local occurrences of fossils, and were not formational contacts in the 
areal geology sense. Nelson (1925) subdivided the strata on the south side of 
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Simi Valley previously referred to as Martinez into a lower (and unfossiliferous) 
Simi conglomerate, a middle (and unfossiliferous) Las Virgenes sandstone, and an 
upper fossiliferous Martinez Marine member of what he referred to as the Mar
tinez group. In addition he described much of the overlying fine-grained stratal 
sequence (more or less Kew's Meganos) as the Santa Susana shale and referred 
to the stratigraphically still higher mollusk-bearing sandy and silty strata as the 
Domengine formation. Clark (1926) recognized the Santa Susana formation on 
the north side of Simi Valley. The strata overlying the Santa Susana on the 
northeast side of Simi Valley were first referred to as the Llajas formation by 
Schenck (1931) and later described by McMasters (1933). In 1943, Stipp referred 
to the stratigraphic sequence between the Chico formation and the Llajas forma
tion on the north side of Simi Valley as "Santa Susana-Martinez undifferentiated." 

The Chico-Simi conglomerate and the Simi conglomerate-marine "Martinez" 
contacts on the north side of Simi Valley are considered to be conformable, but 
the contact between the marine "Martinez" and the overlying Santa Susana for
mation are thought to be unconformable (Grier, 1953). The Santa Susana forma
tion appears to be conformably overlain by the Llajas formation. 

Grier (1953) corroborates the presence of the lower Paleocene mollusks Tu?·
ritella pachecoensis Stanton and T. infmgranulata Gabb in the lower part of 
the marine "Martinez" of Poison Oak Canyon, and on the basis of foraminiferal 
evidence he considers the Simi conglomerate up through the lower 700 feet of 
the younger Santa Susana formation as equivalent to Laiming's E zone. Mallory 
(1959, p. 28) correlates this mollusk- and foraminifer-bearing stratal interval 
with his Ynezian Stage, although there appears to be h~tle fossil evidence for 
including the Simi conglomerate here. The middle part of the Santa Susana 
from which samples A-7634 through A-7642 were collected is included by Brown
ing (1951) in Laiming's D zone and correlated by Mallory (1959, p. 33) with 
his Bulitian Stage. The remaining upper part of the Santa Susana formation 
is assigned by Browning to Laiming's C and B-4 zones. Mallory (1959, p. 37) 
believes this interval, along with the lower part of the overlying Llajas formation, 
to represent his Penutian Stage. (Two molluscan faunas occur in the Llajas, 
one of early Eocene ["Capay"] and the other of middle Eocene ["Domengine"] 
age; see Merriam, 1941; E . C. Weaver et al., 1944.) 

At Poison Oak Canyon Faunizone I is represented in the marine "Martinez" 
up through the lower 800 feet of the Santa Susana formation by samples A-7612 
through A-7641 of Ynezian and Bulitian age (see fig. 2) . Faunizone Il is r epre
sented in the upper Santa Susana of Bulitian-Penutian age. 

STRATIGRAPHIC SIGNIFICANCE AND AGE OF THE 

N ANNOPLANKTON FA UN !ZONES 

Thus the nannoplankton faunizones defined in this paper occur always in the same 
stratigraphic order and are roughly equivalent to the California Coast Range 
Lower Tertiary benthonic foraminiferal Stages of Mallory (1959), when Mal
lory's upper Paleocene Bulitian Stage is grouped with his lower Eocene Penutian 
Stage (see fig. 2). 

Although these nannoplankton faunizones correspond generally to Mallory's 
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foraminiferal Stages as grouped above, discrepancies in correspondence do occur 
between the horizons of faunal change from one nannoplankton faunizone to 
the next and the horizons of change from one to another of the foraminiferal 
Stages. These discrepancies, however, are small in stratigraphic footage and time
rock dimension. Faunizone I, which is usually restricted to strata of Ynezian 
age, extends on up into what appears to be Bulitian strata north of the Simi 
Valley, constituting the largest boundary discrepancy observed-one of greater 
than zonal magnitude and involving 100 feet of strata. Faunizone II, which usu
ally corresponds with strata of Bulitian and/ or Penutian age, has a somewhat 
lower limit at Media Agua Creek where its elements first appear in strata of late 
Ynezian age, involving a boundary discrepancy of about 30 feet and one of less 
than zonal magnitude. Faunizone Ill, which usually indicates a Ulatisian age, 
has an early occurrence in the Pacheco syncline area if the stratigraphic interval 
from which Smith's samples A-6665 through A-6668 were collected is of Penutian 
age as indicated by Mallory (1959, p. 37). Smith (1957, p. 145) correlates this 
interval with Laiming's B zones. Finally, Faunizone IV, which usually does 
not occur in strata older than Na.rizian age, is present at Garza Canyon in strata 
which may be as old as late Ulatisian, though foraminiferal evidence as to Age 
here remains equivocal (see earlier discussion in section on age of formations). 

The extent to which these boundary discrepancies between the nannoplankton 
faunizones and the benthonic foraminiferal Stages are due to facies differences, 
or due to zonal detail in biochronologic interpretation of benthonic foraminiferal 
Stage boundaries, is still difficult to determine. Some facies phenomena seems 
to be suggested in those cases involving the Faunizone I -Faunizone Il boundary 
where the nannoplankton faunal change is due mostly to the appearance of cryp
togenetic species in contrast to the higher faunal changes involving mostly 
species having antecedents in earlier strata of the local areas. The discrepancies 
involving the Faunizone II-Faunizone III boundary and the Faunizone III
Faunizone IV boundary seem to be due rather to the difficulties inherent in 
the zonal refinement requisite in correlating Stage-limiting horizons as such, 
as distinguished from correlating bulk Stage tmits one with another. An addi
tional factor involved in evaluating discrepancies such as noted here is the dif
ferential in evolutionary cause-and-effect phenomena when dealing with two 
phyletically distinct groups of organisms, as in the instances in reference. 

In spite of the discrepancies in boundary correspondence, as summarized, a 
general correspondence between Coast Range nannoplankton faunizones and 
Lower Tertiary Stages based primarily on benthonic foraminifers nevertheless 
remains; and particularly so when Mallory's Bulitian and Penutian Stages are 
taken as a single time-stratigraphic unit. In view of this general correspondence, 
and in view of the conspicuous nature of the major exception noted at the Bulitian
Penutian horizon, a comparison of the nature and degree of change in Lower 
Tertiary faunas other than nannoplankton may be of some interest. 

For example, the tabulations and text of Mallory (1959, pp. 25-35) dealing 
with the changes between upper Ynezian foraminifer faunas below, Bulitian in 
the middle, and Penutian faunas above, show that only 7 species disappear at 
the mid-Ynezian horizon and 27 disappear at the top of the Ynezian Stage, whereas 
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81 species (including most of the new pelagic species of the West Coast Lower 
Tertiary) make their first appearance in the upper Ynezian. Seventy-nine (in
cluding a f ew additional pelagic species) make their first appearance within the 
overlying Bulitian Stage, although only 32 species or varieties make their last 
Coast Range stand within this Stage. In turn, 49 species and varieties make their 
first appearance within the overlying Penutian Stage and only 34 make their last 
appearance here. 

In ascending still higher in the foraminiferal sequence of the West Coast Lower 
Tertiary column, however, only 67 species make their first appearance in the 
Ulatisian Stage as contrasted to 80 which make their last; in the Narizian again 
67 appear for the first time and 163 for the last ; and pelagic foraminifer species 
notably begin to disappear at the close of the Ulatisian and in early Narizian time 
(Mallory, 1959, pp. 42-44, 57-61). 

Allowing for the incompleteness of these tabulations at this early stage in 
Lower Tertiary studies, they nevertheless suffice to indicate quite clearly the 
nature of the changes taking place during late P aleocene and Eocene times in the 
foraminifer faunas of the Coast Ranges. From late Ynezian through Bulitian 
and P enutian time the foraminiferal benthos was being progressively enriched as 
to number of newly appearing species and varieties. In subsequent Ulatisian time 
this trend was r eversed. Progressively, extinctions thenceforth exceeded specia
tion and/or the arrival of invading species. Thus, by way of comparison, the time
interval (Bulitian-Penutian) which included an early flooding of the region with 
new nannoplankton and then a minimum of change in this fauna, corresponds 
in the main to the t ime during which changes in foraminifer faunas were charac
terized by progressive species-enrichment and at the same time a sequential mini
mum of extinctions. 

A further comparison, involving evolution of mollusk faunas during the same 
time-intervals, r enders these trends of even more than ordinary interest. In sum
marizing faunal relationships within the Coast Range Lower Tertiary mollusk 
sequence Ralph Stewart (1949, sheet 2), although he equated fossil faunas with 
time units per se, has noted that the most conspicuous change in this stratigraphic 
sequence of mollusk faunas is found between the so-called Martinez faunas below 
and those of the higher Meganos D member. In the sense of geologic time this 
horizon of change, as that of the closely correlative change in benthonic fora
minifer faunas from Ynezian below to Bulit ian above, falls within the P aleocene 
rather than between the Paleocene and E ocene as these Series units of Epoch 
duration are usually t aken on the West Coast (Weaver et al., 1944, correlation 
chart ; B. Y. Smith, 1957; Mallory, 1959) . In addition, Stewart ( op. cit.), in 
correlating his mollusk faunas with Laiming's zones (believed by Mallory to 
be roughly equivalent to his own Zones, Mallory, 1959, p. 18) , recognized that 
both Laiming's D zone foraminifers and the Meganos D molluscan fauna have 
greater biogenetic affinity with yolmger, Eocene faunas than with the older, 
P aleocene faunas of Laiming's E zone, and of the Martinez. 

Thus, in spite of the discrepancy in conspicuous faunal change as between 
nannoplankton, and benthonic foraminifer and mollusk faunas at or about the 
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horizon separating the Bulitian Stage below from the Penutian Stage above, 
organic evolution-·whether in a phyletic, a chorologic, or a biochronologic seru;e
was notably affecting each of these aggregates, however different were the mani
festations of these diverse phases of organic evolution in these diverse organismal 
stocks and their Lower Tertiary faunas. Apparently, faunal aggregates of nanno
plankton, of foraminifers, and of mollusks all show a notable change at or about 
the change-over from Ynezian to Bulitian time, again as Penutian passes into 
Ulatisian, and once more as Ulatisian passes· into Narizian time. But at the change 
from Bulitian to Penutian time, when faunal changes seem to have been biO
chronologically the most significant both among the foraminifers and the mol
lusks of the benthos, the change in nannoplankton is minor. And during this same 
time, through which the nannoplankton fauna appears to have remained rela
tively stabilized, the notable faunal changes in the foraminiferal benthos were 
apparently in the direction of marked specific enrichment (as they were also at 
the top of the Ynezian) with only relatively few local extinctions; whereas at 
the higher horizons-those within the Eocene and characterized by faunal change 
in all three groups of faunal aggregates-foraminifer extinctions took place 
to about the same extent as did new appearances, or notably exceeded the latter 
in number. The evolutionary differential noted may very well hold significance 
not only for early Tertiary paleogeography in the West Coast Ranges, but also 
for problems of zoogeographic facies in general. 

SuMMARY 

The nature of the nannoplankton faunal succession which has come to light as a 
result of this investigation, suggests that the nannoplankton faunizones recog
nized at least closely approach being time-rock phenomena. The limited number 
of biostratigraphic sequences examined for fossil nannoplankton and included 
in this report, however (a few of which are not entirely under satisfacto·ry super
positional control), does not seem sufficient to attempt establishing, at this time, 
a series of nannoplankton time-rock units. If additional discipline tends to further 
corroborate their apparent time-rock significance as suggested here, these fauni
zones may eventually become recognized as West Coast nannoplankton Stages. 
Meanwhile, they can be referred to in tentative and essentially descriptive term
inology, as is herein done. The lower limits of Faunizone I are as yet unknown, 
so that the relationship in time between the base of this faunizone and that of 
the base of the Ynezian Stage is in no way yet understood. Again, the relation
ship between the upper limits of Faunizone IV and the top of the Narizian Stage 
is similarly neither demonstrated nor understood. Faunizone II, however, does 
appear to correspond very closely to the combined Bulitian and Penutian fora
miniferal Stages, and Faunizone Ill to the Ulatisian Stage. Until additional 
evidence tends to further corroborate or to disprove their time-rock significance 
or their apparent coincidence with time-rock units based on benthonic foramini
fers, their time-rock significance may be implied at least, when properly qualified, 
through the use of the more or less coincident Stage-unit terms Ynezian, Bulito
Penutian, Ulatisian, and Narizian. 



. · 
'I 

~ 

I 

I. 

-·~- . 

30 University of California Publications in Geological Sciences 

SYSTEMATIC DESCRIPTIONS 

The taxonomic grouping employed here and in Part I of this report is generally 
the same as that used by Bramlette and Sullivan (1961). The type and locality 
numbers used, except where otherwise indicated, refer to the micropaleontology 
collections of the Museum of P aleontology at the University of California, Berke
ley, where the type specimens have been deposited. The positions of these speci
mens on their containing slides are recorded in table 11, following the systematic 
descriptions . 

F amily CoccoLITHOPHORIDAE Lohmann 

Genus Chiphragmalitht~s Bramlette and Sullivan, 1961 

Chiphragmalithus acanthodes Bramlette and Sullivan 
(Pl. 1, figs. 4-8 ) 

Chiphragmalithus aoonthodes Bramlette and Sullivan, 1961, p. 156, pl. 10, figs. 1, a, b, 2-6. 
Hypotypes 45101, Loe. A-6686; 45102, 45103, and 45104, Loe. A-7038; 45105, Loe. A-8949. 

Chiphragmalithus calathus Bramlette and Sullivan 
(Pl. 1, fig. 3) 

Chiphragm.alithus oolathu·s Bramlette and Sullivan, 1961, p. 156, pl. 10, figs. 7, a, b, 8-10; 
Sullivan, 1964, p. 179, pl. 1, figs. 3-6. 
Hypotype 45106, Loe. B-4895. 

The specimen shown here is unusually high for this species. Those illustrated 
in Part I are more typical. 

Chiphragmalithus cristatus (Martini ) 
(Pl. 1, figs. 9-18 ) 

Trochaster cristatu.s Martini, 1958, p. 368, pl. 5, fig. 26, a, b; Stradner, 1959, p. 481, text-figs. 
56, 58. 

Chiphragmalitlms cristatus (Martini ) . Bramlette and Sullivan, 1961, pp. 156-157, pl. 10, figs. 
ll, ar-c, 12, 13. 
Hypo types 45107, Loe. A-4783A; 45108, Loe. A-6663; 45109, 45110, and 451ll, Loe. A-6664; 
45112, Loe. A-6685; 45113, Loc. A-8949; 45114, Loe. A-8952; 45115, Loe. A-8954; 45116, Loe. 
A-8862. 

Development of this species from Chiphragmalithus acanthodes as suggested 
by Bramlette and Sullivan (1961, p. 158) is further indicated l1 er e by many inter
mediate specimens such as shown on plate 1, figure 10. 

Chiphragmalithus dnbius (Defl.andre) 
(PI. 1, figs. 1, 2) 

Zygolithus dubius Deftandre, 1954, in Deftandre and F ert, p . 149, text -figs. 43, 44, 68; Martini, 
1958 (part), pp. 369, 370, pi. 1, fig. 1, a, c (not fig. 1, b); 1960, pp. 83, 84, pl. ll, fig. 39; 
Bramlette and Sullivan, 1961, p. 150, pl. 6, figs. 12, 13, 14, a, b. 

Chiphragmalithus dl<bi1<S (Deftandre). Sullivan, 1964, p. 179, pl. 1, fig. 2. 
Hypotypes 45117, Loe. A-4781H; 45118, Loe. A-6666. 

Chiphragmalithus protenus (Bramlette and Sullivan) 

Zygolithus prote>nus Bramlette and Sullivan, 1961, pp. 150-151, pl. 6, fig. 15, a, b. 
Chiphragmalithus protembs (Bramlette and Sullivan). Sullivan, 1964, p. 179, pl. 1, fig. 1. 

Hypotype 44406, Loe. A-8945. 
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Chiphragmalithus quadratus Bramlette and Sullivan 
(PI. 2, figs . 1-4) 

Chiphragmalithus 7 quad!ratus Bramlette and Sullivan, 1961, p. 157, pi. 10, figs. 14, a, b, 15. 
Hypotypes 45119 and 45120, Loc. A-4783A; 45121 and 45122, Loc. A-4783B. 

Development of this species from Chiphragmalithus c1-istatus is strongly sug
gested by the presence of numerous intermediate forms in several of the samples 
studied where both species are typically represented. 

Genus Coccolithites Kamptner, 1955 

Coccolithites delus Bramlette and Sullivan 

Coccolithites delus Bramlette and Sullivan, 1961, pp. 151-152, pi. 7, figs. 1, a-c, 2, a, b; Sullivan 
1964, p. 180, pi. 1, figs. 8, 9. 
Hypotypes 44407, Loc. A-6666; 44408, Loc. A-7075. 

Coccolithites aff. C. delus Bramlette and Sullivan 

Co{)(Jolithit es aff. C. del us Bramlette and Sullivan, 1961, p. 152, pi. 7, figs. 3, 4; Sullivan, 1964, 
p. 180, pi. 1, fig. 7, a, b. 
Hypotype 44409, Loc. A-7071. 

Genus Coccolithus Schwarz, 1894 

Coccolithus bidens Bramlette and Sullivan 

Coccolithus bidens Bramlette and Sullivan, 1961, p. 139, pi. 1, fig. 1; Sullivan, 1964, p. 180, 
pi. 1, fig. 10, a, b. 
Hypotype 44410, Loc. A-8929. 

Coccolithus californicus Sullivan 

Coccolithus aff. C. gigas Bramlette and Sullivan, 1961, p. 140, pl. 1, fig. 7, a-d. 
Coccoli thu-s californicu.s Sullivan, 1964, p. 180, pi. 2, figs. 3, a, b, 4, a, b. 

Hypotype 44411, Loc. A -7079; Paratype 44412, Loc. A-7079. 

Coccolithus consuetus Bramlette and Sullivan 

Coccolithus con-suetu.s Bram!ette and Sullivan, 1961, p. 139, pi. 1, fig. 2, a-c; Sullivan, 1964, p. 180, 
pi. 3, fi g. 1, a, b. 
Hypotype 44413, Loc. A-7077. 

Coccolithus crassus Bramlette and Sullivan 

Coccolithus crasS'!M Bramlette and Sullivan, 1961, p . 139, pi. 1, fig . 4, a-d; Sullivan, 1964, p. 
180, pi. 3, fig. 4, a, b. 
Hypotype 44414, Loc. A-8945. 

Coccolithus cribellum (Bramlette and Sullivan) 
(PI. 3, figs. 1, a, b, 2, a, b, 3, a, b, 4, a, b ) 

Coccolithites cr·ibellum Bramlette and Su!livan, 1961, p. 151, pi. 7, figs. 5, a, b, 6, a, b. 
Coccolithus cribellum (Bramlette and Sullivan ). Sullivan, 1964, p. 181, pl. 3, fig. 5, a, b. 

Hypo types 45123, Loc. A-4781A; 451 24, Loc. A-4781J; 45125, Loc. A-47820; 45126, Loc. 
A-7052. 

Coccolithus eminens Bramlette and Sullivan 

Co{)(Jolithus eminens Bramlette and Sullivan, 1961, p. 139, pi. 1, fig. 3, a-d; Sullivan, 1964, 
p. 181, pi. 1, figs. 11, a, b, 12, a, b. 
Hypotypes 44416, Loc. A-8931; 44417, Loc. A-8930. 
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Coccolithus expansus Bramlette and Sullivan 
(PI. 2, fig. 5, a, b) 

Coccolithus ea;pansus Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 5, Or-d. 
Hypotype 45127, Loc. A-7038. 

Coccolithus gigas Bramlette and Sullivan 
(Pl. 2, fig. 6, a, b ) 

Coccolithus gigas Bramlette and Sullivan, 1961, p. 140, pl. 1, fig. 6, a-d. 
Hypotype 45128, Loc. A-7023. 

Coccolithus grandis Bramlette and Riedel 

Coccolithus grandis Bramlette and Riedel, 1954, pp. 391-392, pl. 38, :fig. 1, a, b; Deflandre, 
1954, in Deflandre and Fert, p. 152, text-fig. 48; Bramlette and Sullivan, 1961, p. 140, pl. 2, 
figs. 1, a, b, 2, a-c, 3; Sullivan, 1g64, p. 181, pl. 2, figs. 1, a, b, 2, a, b. 
Hypotypes 44418 and 44419, Loc. A-6665. 

Coccolithus pertusus n. sp. 
(PI. 3, figs. 5, a, b, 6, a, b) 

Coccoliths small, subelliptical to nearly circular, with 2 closely appressed plates. Central area 
about one half the diameter of the coccolith, and perforated by 4 or 5 rows of pores. Length 6-9,u. 

Holotype 45129, Loc. A-7648 ; Paratype 45130, Loc. A-7635. 

The coccoliths of this species are distinct in their small size and perforated 
central area, the perforations of which are difficult to see except between crossed 
nicols. 

Coccolithus solitus Bramlette and Sullivan 

Coccolithus solitt&S Bramlette and Sullivan, 1961, pp. 140-141, pi. 2, fig. 4, a-c; Sullivan, 1964, 
p. 181, pi. 1, fig. 13, a, b. 
Hypotype 44420, Loc. A-6666. 

Coccolithus staurion Bramlette and Sullivan 
(PI. 3, fig. 7, a, b) 

Coocolithus stau.rion Bramlett e and Sullivan, 1961, p. 141, pl. 2, figs. 5, a, b, 6, a-c; Sullivan, 
1964, p. 181, pl. 3, figs. 2, a, b, 3, a, b-
Hypotype 45131, Loc. A-8953. 

Coccolithus sp. 

Coocolithites sp. Bramlette and Sullivan, 1961, p. 153, pi. 7, figs . 9, a, b, 10. 
Coccolithus sp. Sullivan, 1964, p. 181, pi. 3, fig. 6, a, b. 

Hypotype 44423, Loc. A-7066. 

Genus Cyclococcolithus Kamptner, 1954 
Cyclococcolithus gammation (Bramlette and Sullivan) 

(PI. 3, fig. 8, a, b) 

Coocolithites gammation Bramlette and Sullivan, 1961, p. 152, pi. 7, figs. 7, a-o, 14, a, b. 
Cyolocoocolithu-s gammatt{Jn (Bramlette and Sullivan). Sullivan, 1964, pp. 181-182, pl. 3, fig. 

7, a, b. 
Hypo type 45132, Loc. B-4898. 
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Cyclococcolithus luninis n. sp. 
(PI. 3, fig. 9, a, b) 

Coccoliths circular, consisting of two very closely appressed plates. Slightly depressed central 
area less than half the total diameter. Diameter 6-8,u. 

Holotype 45132, Loc. A-4783B. 

The coccoliths of this species are difficult to distinguish from those of Cyclococ
colithus gammation, when viewed in normal light. When viewed between crossed 
nicols, however, the entire specimen is distinct showing little curvature of the 
extinction cross and a clearly defined central area. 

Genus Cyclolithus Kamptner, 1948 
Cyclolitht/,S robt~,Stus Bramlette and Sullivan 

Cyclolithus T robustus Bramlette and Sullivan, 1961, p. 141, pi. 2, fig . 7, a--c. 
Cyclolithus robustus Bramlette and Sullivan. Sullivan, 1964, p. 182, pi. 3, fig. 8. 

Hypotype 44425, Loc. A-7079. 

Genus Discolithus Kamptner, 1948 
Discolithus distinctus· Bramlette and Sullivan 
(PI. 4, figs. 1, a, b, 2, a, b, 3, a, b, 4, a, b, 5, a, b, 6, a, b) 

Discolithus distinctus Bramlette and Sullivan, 1961, p. 141, pi. 2, figs. 8, a, b, 9, a--c; Sullivan, 
1964, p. 182, pl. 4, fig. 4, a, b. 
Hypo types 44426, Loc. A-6666; 45134, Loc. A-6667; 45135, Loc. A-6674; 45136, Loc. A-6676; 

45137, Loc. A-7046; 45138, Loc. A-8951. 

The range of variation discussed in Part I for this species, is more completely 
illustrated here. 

DiscoWhus duocavus Bramlette and Sullivan 

Discolithus duocavus Bramlette and Sullivan, 1961, pp. 141-142, pi. 2, fig. 11, a-d; Sullivan, 
1964, p. 182, pl. 4, fig. 5, a, b. 
Hypotype 44428, Loc. A-7077. 

Discolithus exilis Bramlette and Sullivan 
(PI. 5, fig. 7, a, b) 

Discolithus exilis Bramlette and Sullivan, 1961, p. 142, pi. 2, fig. 10, a-c. 
Hypotype 45139, Loc. A-6671. 

Discolithus fimbriatus Bramlette and Sullivan 
(PI. 5, figs. 1, a, b, 2, a, b, 3, a, b) 

Discolithus fimbriatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 1, a--d; Sullivan, 1964, 
p. 182, pi. 3, fig. 9, a--c. 
Hypotypes 45140, L oc. A-4781H; 45141, Loc. A-4782L; 45142, Loc. A-6677. 

As with Discolithus panarium the two circular openings in the basal plate of 
this form are often much reduced, as shown on plate 5, figure 1. 

Discolithus inconspicuus Sullivan 

Discolithus aff. D. planu-s Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 6, a, b. 
Discolith1l·S inconspicuus Sullivan, 1964, p. 182, pi. 4, fig. 12. 

Hypotype 44431, Loc. A-8935. I 
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Discolithus ocellatus Bramlette and Sullivan 

Discolitlvus ocellatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 2, a-c; Sullivan, 1964, 
p. 183, pl. 4, fig. 3, a, b. 
Hypotype 44432, Loc. A-7073. 

Discolithus panarium Deflandre 
(Pl. 5, fig. 4, a, b ) 

Discolith1~s panariwm Deflandre, 1954, in Deflandre and Fert, p . 141, t ext-figs. 39, 40; Bram
lette and Sullivan, 1961, p . 142, pl. 3, fig. 3, a-d; Sullivan, 1964, p. 183, pl. 4, figs. 1, 2. 
Hypotype 45143, Loc. A-4782M. 

Discolithus pectinatus Bramlette and Sullivan 

Discolithus pectinatus Bramlette and Sullivan, 1961, p. 142, pl. 3, figs. 4, a, b, 5, a, b; Sullivan, 
1964, p. 183, pl. 4, fig. 8. 
Hypotype 44435, Loc. A-7062. 

Discolithus planus Bramlette and Sullivan 

Discolithus planus Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 7, a-c; Sullivan, 1964, p. 183, 
pl. 4, fig. 6, a, b. 
Hypotype 44436, Loc. A-6666. 

Discolithus pulcher Deflandre 
(PI. 5, figs. 5, a, b, 6, a, b) 

Discolithus pulcher Deflandre, 19541 in Deflandre and Fert, p. 142, pl. 12, figs. 17, 18; Bramlette 
and Sullivan, 1961, p. 143, pl. 3, fig. 8, a-c; Sullivan, 1964, p. 183, pl. 4, fig. 10. 
Hypotypes 44437, Loc. A-6666; 45144, Loc. A-6674. 

Discolithtts pulcheroides Sullivan 

Discolithus aff. D. p1tlcher Deflandre. Bramlette and Sullivan, 1961, p. 143, pi. 3, figs . 9, a, b, 
10. 

Discoli th1tS pulcheToides Sullivan, 1964, p. 183, pl. 4, fig. 7, a, b. 
Holotype 44439, Loc. A-6666. 

Discolithus punctosus Bramlette and Sullivan 
(Pl. 41 fig. 7, a, b) 

Discolitlvus punctosus Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 11, a-c. 
Hypotype 45145, Loc. B -4861. 

Discolithus rimosus Bramlette and Sullivan 

Discolithus rimosus Bramlette and Sullivan, 1961 1 p. 143, pl. 3, figs. 12, a-c, 13; Sullivan, 1964, 
p. 183, pl. 4, fig. 9, a, b. 
Hypotype 44440, Loc. A-7075. 

Discolithus solidus Deflandre 

(Pl. 4, fi g . 8, a, b) 

Discolithus solidus Deflandre, 1954, in Deflandre and Fert, p. 141, pl. 12, figs. 14-16; Bramlette 
and Sullivan, 1961, pp. 143-1441 pl. 3, figs. 14, a-c, 15. 
Hypotype 45146, Loc. A-4781!. 
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Discolithus versus Bramlette and Sullivan 
(PI. 5, figs. 8, a, b, 9, a, b) 

Discolithus ver8'U8 Bramlette and Sullivan, 1961, p. 144, pi. 3, fig. 16, ar-d; Sullivan, 1964, p. 
183, pl. 4, fig. 11. 
Hypotypes 45147, Loc. A-47810; 45148, Loc. A-4782P. 

Discolithus vescus n. sp. 
(PI. 4, fig. 9, a, b) 

Discoliths of moderate thickness with little if any rim but thinning toward the center, and 
uniformly perforated by many small pores. Length 8-ll!L. 

Holotype 45144, Loc. A-4781J. 

The discoliths of this species differ from those of Discolithus punctosus in being 
more uniformly perforated and in lacking the bisecting longitudinal line and 
centrally located enlarged openings. They differ from those of D. distinctus in 
being smaller, in being more finely perforated, and in lacking a pronounced rim. 

Genus Ellipsolithus Sullivan, 1964 
Ellipsolithus distichus (Bramlette and Sullivan) 

Coccolithites distichus Bramlette and Sullivan, 1961, p . 152, pi. 7, fig. 8, tv-c. 
E!Upsolithus distichus (Bramlette and Sullivan ) . Sulli>an, 1964, p. 184, pi. 5, figs. 4, a, b, 5, 

11r--c, 6, a, b. 
Hypo types 44443, Loc. A-8929; 44444 and 44445, Loc. A-6658. 

Ellipsolithus macellus (Bramlette and Sullivan) 
Coocolithites macellus Bramlet te and Sullivan, 1961, pp. 152-153, pi. 7, figs. 11, 12, 13, tv-d. 
Ellipsolithus macellus (Bramlette and Sullivan ) . Sullivan, 1964, p. 184, pl. 5, fig. 3, a, b. 

Hypotype 44446, Loc. A-8945. 

Genus Helicosphaera Kamptner, 1954 
H elicosphaera seminulum seminulum Bramlette and Sullivan 

Helicosphaera seminulum seminul1bm Bramlette and Sullivan, 1961, p. 144, pi. 4, figs. 1, 11r--c, 2; 
Sullivan, 1964,p. 184,pl.5, fig. 1,a, b. 
Hypotype 44447, Loc. A-6666. 

Helicosphaera seminulum lophota Bramlette and Sullivan 
(PI. 6, fig. 5, a, b) 

Helicosphaera seminulum lophota Bramlette and Sullivan, 1961, p. 144, pi. 4, figs. 3, a, b, 4; 
Sullivan, 1964, p. 184, pl. 5, fig. 2, a, b. 
Hypotype 45150, Loc. A-7025. 

Genus Lophodolithus Deflandre, 1954 
Lophodolithus mochlopho1·us Deflandre 

(Pl. 6, figs. 1, a, b, 2, a, b, 3, a, b) 

Lophodolithus mochlophorus Deflandre, 1954, in Deflandre and Fert, p. 147, pl. 12, figs. 20-23, 
text-figs. 69-71; Bramlette and Sullivan, 1961, p. 145, pl. 4, fig. 6, 11r--0; Sullivan, 1964, p. 
184, pl. 6, fig. 9, a, b. 
Hypotypes 44449, Loc. A-6666; 45151, Loc. A -4781H; 45152, Loc. A-4782N. 

The narrow end of the coccoliths of this species vary as shown here on plate 6 
(see Bramlette and Sullivan, 1961, p. 145 ) from being broadly rounded, as in 
Lophodolithus rzascens, to being acute or pointed. 
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Lophodolithus nascens Bramlette and Sullivan 

Lophodolithus nascens Bramlette and Sullivan, 1961, p. 145, pi. 4, figs. 7, a-c, 8, a-c; Sullivan, 
1964, p. 185, pi. 6, fig. 7, a, b. 
Hypotype 44450, Loc. A-7077. 

Lophodolithus reniformis Bramlette and Sullivan 

Lophodolithus reniformis Bramlette and Sullivan, 1961, p . 145, pi. 4, fig. 5, a-c; Sullivan, 1964, 
p. 185, pi. 6, fig. 8, a, b. 
Hypotype 44451, Loc. A-7073. 

Hypotype 45153, Loc. A -7023. 

Lophodolithus sp. 
(PI. 6, fig. 4, a, b) 

The coccoliths included here are ogival in shape with the narrow end coming 
to a point to one side of the longitudinal axis. The rim is higher at the broad end 
and turned out at top to form a flange, and the central opening is spanned by a 
transverse bar. Length appears to range from about 10 to 14JL. These coccoliths 
differ from those of other species of the genus mainly in being bilaterally asym
metrical. However, an insufficient number of specimens have been studied to 
permit satisfactory description. 

Genus Rhabdosphaera Haeckel, 1894 
Rhabdosphaera crebra (Defl.andre) 

(PI. 7, figs. 4, a, b, 5, a, b) 

Rhabdolithus creber Defiandre, 1954, in Defiandre and F ert, p . 157, pi. 12, figs. 31-33, t ext
figs. 81, 82. 

Rhabdosphaera crebra (Defiandre). Bramlette and Sullivan, 1961, p . 146, pi. 5, figs. 1-3; Sul
livan, 1964, p. 185, pi. 7, fig. 3, a, b. 
Hypotypes 45154, Loc. A-4781A ; 45155, A-4781H. 

Rhabdosphaera in fiat a Bramlette and Sullivan 
(PI. 7, figs. 8, a, b, 9, a, b) 

Rhabdosphaera inflata Bramlette and Sullivan, 1961, p. 146, pi. 5, figs. 4, a, b, 5. 
Hypotypes 45156 and 45157, Loc. A-8949. 

Rhabdosphaera morionum (Defl.andre) 

Calyptrolithus nwr·ionum Defiandre, 1954, in Defiandre and Fert, p. 147, pi. 12, figs. 7, 8, text
figs. 63, 64. 

Rhabdosphaera 111-0rionwm (Defi andre) . Bramlette and Sullivan, 1961, p . 146, pi. 5, figs. 12, a, b, 
13; Sullivan, 1964, p. 185, pi. 7, fig. 1, a, b. 
Hypotype 44453, Loc. A-6666. 

Rhabdosphaera perlonga (Deflandre) 
(PI. 7, fig. 7, a, b ) 

Rhabdolitlvt[,$ perlongus Defiandre, 1954, in Deil.andre and Fert, p. 158, pi. 12, figs. 34, 35, text
fig. 86. 

Rhabdosphaera perlonga (Deil.andre) . Bramlette and Sullivan, 1961, p. 146, pi. 5, fig. 7, a-c; 
Sullivan, 1964, p. 185, pi. 7, fig . 8. 
Hypotype 45158, Loc. A -47828. 
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Rhabdosphaera rudis Bramlette and Sullivan 
(PI. 7, fig. 2, a, b) 

Rhabdosphaera ' rudis Bramlette and Sullivan, 1961, pp. 146-147, pl. 5, fig. 6, a, b. 
Rhabdosphaera rudis Bramlette and Sullivan. Sullivan, 1964, p. 185, pl. 7, figs. 5, a, b, 6. 

Hypotype 45159, Loc. A-4781K. 

Rhabdosphaera scabrosa ( Defiandre) 
(PI. 7, fig. 6, a, b) 

Rhabdolithus scabrosus Deflandre, 1954, in Deflandre and Fert, p. 158, pi. 12, fig. 30, text-fig. 85. 
Rhabdosphaera scabrosa (Deflandre). Bramlette and Su!livan, 1961, p. 147, pl. 5, fig. 11, a, b. 

Hypotype 45160, Loc. A-4781J. 

Rhabdosphaera semiformis Bramlette and Sullivan 
(PI. 7, fig . 3) 

Rhabdosphaera f semi fonni.s Bramlette and Sullivan, 1961, p. 147, pi. 5, figs. 8, 9, 10, a, b. 
Rhabdosphaera semiformis Bramlette and Sullivan. Sullivan, 1964, p. 185, pl. 7, fig. 7. 

Hypotype 45161, Loc. A-8950. 

The similarity of this form to half of a longitudinally split rhabdolith such as 
representing Zygrhablithus bijttgatus, as noted by Bramlette and Sullivan (1961, 
p. 14 7); is emphasized in this study by the presence of this form only in samples 
also containing equally long rhabdoliths of Z. bijugatus. Although this form is 
not always present in samples containing Z. bijugatus, this may be due to size, 
breakage, and preservation phenomena not yet understood. Taxonomic distinc
tion is maintained here pending further study and for whatever stratigraphic 
significance the occurrence of this form may have. 

Rhabdosphaera tenuis Bramlette and Sullivan 
(PI. 7, fig. 10, a, b) 

Rha,bdosphaera t em1-i.s Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 14, a, b; Sullivan, 1964, 
p. 186, pl. 7, fig. 4, a, b. 
Hypotype 45162, Loc. A-6666. 

The rhabdoliths of this species and those of Rhabdosphaera scabrosa are often 
difficult to tell apart when both species occur in the same sample. The rhabdoliths 
of this species, however, are more slender, less tapering, and less rugose, and 
appear to have a slightly younger stratigraphic range. 

Rhabdosphaera truncata Bramlette and Sullivan 
(PI. 7, fig. 1, a-c ) 

Rhabdosplwem truncata Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 15, a, b; Sullivan, 
1964, p. 186, pl. 7, fig. 2, a, b. 
Hypotype 45163, Loc. A-47820. 

Genus Zygodiscus Bramlette and Sullivan, 1961 
Zygodiscus adama.s Bramlette and Sullivan 

Zygodiscus adamas Bramlette and Sullivan, 1961, p. 148, pl. 4, figs. 9, a-c; 10, a-o; Sullivan, 
1964, p. 186, pi. 6, figs. 4, a, b, 5, a, b, 6, a, b. 
Hypotypes 44460, 44461 and 44462, Loc. A-8933. 
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Zygodiscus herlyni Sullivan 

Zygodisoos aff. Z. plectopons Bramlette and Sullivan, 1961, pp. 148-149, pl. 4, fig. 13, a-e. 
ZygodU!cus herlyni Sullivan, 1964, pp. 186-187, pl. 6, figs. 1, a-d, 2, 3. 

Holotype 44463, Loc. A-8932; Paratypes 44464 and 44465, Loc. A-8931. 

Zygodiscus plectopons Bramlette and Sullivan 
(PI. 6, fig. 7, a, b) 

Zygodisoos plectopons Bramlette and Sullivan, 1961, p. 148, pl. 4, fig. 12, a-d; Sullivan, 1964, p. 
187, pl. 5, fig. 8, a, b. 
Hypotype 45164, Loc. A-7633. 

Zygodiscus sigmoides Bramlette and Sullivan 
(PI. 6, figs. 8, a, b, 9, a, b) 

Zygodi.scus sigmoides Bramlette and Sullivan, 1961, p. 149, pl. 4, fig . 11, a-e; Sullivan, 1964, 
p. 187, pl. 5, fig. 7, a-c. 
Hypotypes 45165 and 45166, Loc. A-7616. 

Genus Zygolithus Kamptner, 1949, 1955 
Zygolithus concinnus Martini 

Zygolithus concinnus Martini, 1961, p. 18, pl. 3, fig. 35; pl. 5, fig. 54. 
Zygolithus chiast~IS Bramlette and Sullivan, 1961, p. 149, pl. 6, figs. 1, a-d, 2, a, b, 3, a, b; Sul

livan, 1964, p. 187, pl. 7, fig. 12. 
Hypotype 44468, Loc. A-7063. 

Zygolithus crux (Deflandre and Fert) 
(PI. 6, fig. 6, a, b) 

Discolithus crux Defiandre and Fert, 1952, p. 2101, text-fig. 8; 1954, p. 143, pl. 14, fig. 4, text
fig. 55. 

Zygolithus crux (Defiandre and Fert) . Bramlette and Sullivan, 1961, p. 149, pl. 6, figs. 8-10. 
Hypotype 45167, Loc. A-4781J. 

Zygolithus distentus Bramlette and Sullivan 

Zygolithus distentus Bramlette and Sullivan, 1961, p. 150, pl. 6, figs. 4, a-c, 5, 6, a-d, 7; Sul
livan, 1964, p. 187, pl. 7, figs. 13, 14. 
Hypotypes 44469, Loc. A-8931; 44470, Loc. A-8935. 

Zygolithus junctus Bramlette and Sullivan 

Zygolithus junctus Bramlette and Sullivan, 1961, p. 150, pl. 6, fig . 11, a, b; Sullivan, 1964, p . 
187' pl. 7' fig. 15. 
Hypotype 44471, Loc. A-8930. 

Genus Zygrhablithus Deflandre, 1959 
Zygrhablithus bijugatus (Defiandre) 

Rhabdolithus costatus Defiandre, 1954, in Deflandre and Fert, p. 157, pl. 11, figs. 8-11, text-figs. 
41, 42, 77-79. 

Zygolithus bijugatus Deflandre, 1954 (part), in Defiandre and Fert, p. 148, pl. 11, fig. 21 (not 
text-fig. 59). 

Zygrhablithus bijugatus (Deflandre) . Defiandre, 1959, pp. 135-136; Bramlette and Sullivan, 
1961, p. 151, pl. 6, figs. 16, a, b, 17, a-c, 18; Sullivan, 1964, p. 187, pl. 7, figs. 9, a, b, 10, a, b. 
Hypotypes 444 72, Loe. A -6666; 444 73, Loc. A -6665. 
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Zygrhablithus simplex Bramlette and Sullivan 

Zygrhablithus simplex Bramlette and Sullivan, 1961, p. 151, pi. 6, figs. 19, 20, a, b, 21, 22; Sul
livan, 1964, p. 187, pi. 7, fig. 11. 
Hypotype 44474, Loc. A-8929. 

Family BRAARUDOSPHAERIDAE Deflandre 
Genus Braarudosphaera Deflandre, 1947 

Braarudosphaera bigelowi (Gran and Braarud) 

P ontosphaera bigelowi Gran and Braarud, 1935, p. 389, text-fig. 67. 
Bmarudosphaera bigelowi (Gran and Braarud). Defia.ndre, 1947, p. 439, text-figs. 1-5; 1950, 

pp. 1156-1157, text-figs. 1-4; 1954, in Dcfiandre and Fert, pp. 165-166, pi. 10, figs. 8-13, 
pl. 13, figs. 7-9; Gaarder, 1954, pp. 5-6, text-fig. 2; Martini, 1958, p. 355, pl. 2, fig. 6, a, b; 
1960, p. 73, pi. 8, fig. 1; Bramlette and Sullivan, 1961, p. 153, pi. 8, figs. 1, a, b, 2-5; Sul
livan, 1964, p. 188, pi. 8, fig. 1, a, b. 
Hypotype 44475, Loc. A-6658. 

Braarttdosphaera discula Bramlette and Riedel 
(PI. 8, figs. 1, a, b, 3, a, b) 

Bra.arudosphaera disc•ula Bramlette and Riedel, 1954, p. 394, pi. 38, fig. 7; Bramlette and Sul
livan, 1961, p. 153, pi. 8, figs. 6, a, b, 7; Sullivan, 1964, p. 188, pi. 8, fig. 2, a, b. 
Hypotypes 45168, Loc. A-7064; 45169, Loc. A-7621. 

Braarudosphaera perversus n. sp. 
(PI. 8, fig. 2, a, b) 

Pentaliths pentagonal, consisting of five trapezoidal segments, each of which shows a thick
ening parallel to one suture thinning outward and in a clockwise direction when viewed distally. 
Overall diameter 12-18JL. 

Holotype 45170, Loc. B-4871. 

T'he pentaliths of this rare species are easily confused with forms typical of 
the genus Micrantholithus, when viewed in normal light. When viewed between 
crossed nicols, however, the basic trapezoidal form of the segments, typical of 
Braarudosphaera, is apparent. 

Genus Micrantholithus Deflandre, 1950 
Mic1·antholithus aeqtwlis Sullivan 

Micrantholithus aff. M. attenootus Bramlette and Sullivan, 1961, p. 154, pi. 8, fig. 12, a, b. 
Micrantholithus aeq1.alis Sullivan, 1964, p. 188, pi. 9, fig. 6, a, b. 

Hypo type 44478, Loc. A-7070. 

Micrantholithus basquensis Martini 
(PI. 8, figs. 4, 5, a, b) 

Micrantholithus basquensis Martini, 1959, p. 417, pi. 1, figs. 9-12; Bramlette and Sullivan, 1961, 
p. 154, pi. 8, fig. 12, a, b. 
Hypotypes 45171, Loc. A-4782F; 45172, Loc. A-4782N. 

Micrantholithus crenulatus Bramlette and Sullivan 
(PI. 8, fig. 6, a, b) 

Micrantholith1•s orooulat1•s Bramlctte and Sullivan, 1961, p. 155, pi. 9, figs. 3, a, b, 4; Sullivan, 
1964, p. 189, pi. 8, figs. 5, 6, a, b, 7, a, b. 
Hypotype 45173, Loc. A-4781H. 
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Micrantholithus fios Deflandre 
(Pl. 9, figs. 1, a, b, 2, a, b, 3, a, b ) 

Micrantholithus fios Deflandre, 1950, p. 1157, text-figs. 8-11; 1954, in Deflandre and Fert, p. 
166, pl. 13, figs. 10, 11, t ext-figs. 113, 114; Martini, 1958, p. 356, pl. 1, fig . 2, Or-e; 1961, p. 6, 
pl. 1, fig. 11; Bramlet te and 8ullivan, 1961, p. 155, pi. 9, fig. 8, a, b; 8ullivan, 1964, p. 189, 
pi. 9, fig . 5, a, b. 
H ypotypes 45174, Loc. A-4782F; 45175, L oc. A·4782P; 45176, Loc. B-4898. 

Micrantholitht/,8 inaequalis Martini 

Micrantholi thus inaequal-is Martini, l 961, p. 7, pi. 2, fig. 13, pi. 5, fig. 45. 
Micrantholithus attemwtus Bramlette and 8ullivan, 1961, p. 154, pi. 8, figs. 8, a, b, 9- 11; 8ul

livan, 1964, p. 188, pi. 8, fig. 8, a, b. 
Hypotype 44477, Loc. A-7069 . 

Micrantholithus lateralis n. sp. 
(Pl. 8, fig. 8, a, b ) 

P entaliths star-shaped, consisting of five triangular segments, the longer sides of which form 
long taper ing rays. Overall diameter 12-17 !J.. 

Holotype 45177, Loc. A-4 782F. 

The pentaliths of this species differ in having triangular rather than V-shaped 
segments. 

Micrantholithus ornatus n. sp. 
(Pl. 8, fig. 7) 

P ental iths consisting of five segments, the outer margins of which are symmetrically bilobate 
and deeply indented between the lobes. Marginal indentation broadly rounded. Overall diameter 
12-15/J.. 

Holotype 45178, Loc. A-4 7828. 

The pentaliths of this rare but distinctive species are distingu ished by their 
ornate V-shaped segments, the adjacent sides of which form rays appearing similar 
to those of a Discoaster with paired nodes toward the tips. 

Micrantholithus vesper Deflandre 
(PI. 9, figs. 4, a, b, 5, a, b, 6, a, b, 7, a, b ) 

Micrantholith11.s vesper Deflandre, 1950, p. 1157, t ext-figs. 5-7; 1954, in Deflandre and F ert, 
p. 166, pl. 13, fig. 17, t ext-figs. 5, 115, 116; Martini, 1958, pp. 356-357, pi. 1, fig . 3, a-c; 1961, 
p. 6, pi. 1, fig. 9; Bramlette and 8ullivan, 1961, p . 156, pi. 9, fig. 10, a, b; 8ullivan, 1964, p . 189, 
pi. 8, fig. 4. 
Hypotypes 45179, Loc. A-4782F; 45180, Loc. A-4782M; 45181, Loc. A-47820; 45182, Loc. 

A-47828. 

The pentaliths of this distinctive species vary greatly in length of r ays as illus
trated on plate 9. The marginal depressions, however, appear always to be broadly 
rounded. 

!NCERTAE SEDIS 

Genus Clathrolithus Defiandre, 1954 
Clathr-olithus ellipticus Deflandre 

(PI. 11, fig. 4 ) 

Clathrolith1LS ellipticus Deflandre, 1954, in Deflandre and F ert, p. 169, pl. 12, fig. 19, pi. 14, fig. 7, 
t ext-figs. 123, 124; Bramlette and 8ullivan, 1961, p. 157, pi. 10, figs . 16, a, b, 17; 8ullivan, 
1964, p. 189, pi. 9, fig . 9. 
Hypotype 45183, Loc. B-4897. 
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Genus Discoaster Tan Sin Hok, 1927 
Discoaster barbadiensis Tan Sin Hok 

Discoaster barbadiensis T an Sin Hak, 1927 (part), p. 119; Bramlette and Riedel, 1954, pp. 
398-399, pi. 39, fig. 5, a, b; Martini, 1958, p. 366, pl. 5, fig. 24, a-c; 1960, p. 76, pi. 8, fig. 10; 
Bramlette and Sullivan, 1961, p . 158, pi. 11, fig. 2; Sullivan, 1964, p. 189, pi. 10, figs. 1, 2. 
Hypatypes 44490, Lac. A·7065; 44491, Loc. A·7077. 

Discoaste1· binodosus Martini 

D·iscoaster binodosus binodosu,s Martini, 1958, p. 362, pi. 4, fig. 18, a, b; 1960, p. 79, pi. 9, fig. 20. 
Discoaster binodosu.s Bramlette and Sullivan, 1961, p. 158, pl. 11, fig. 1, a, b; Sullivan, 1964, 

p. 189, pl. 11, fig. 5. 
Hypatype 44492, Lac. A·8945. 

Discoaster cruciformis Martini 
(Pl. 10, figs. 1, 2) 

Discoaster cruciform.is Martini, 1958, pp. 357-358, pl. 2, fig. 9, a, b; Bramlette and Sullivan, 
1961,p. 158,pl. 11,fig. 5, a, b. 
Hypotypes 45184, Lac. A-4782P; 45185, Loc. A-47828. 

Discoaster defiandr ei Bramlette and Riedel 

Discoaster de-fiandr ei Bramlette and Riedel, 1954, pp. 399-400, pl. 39, fig. 6, t ext-fig. 1, a-c; 
Martini, 1958, pp. 363-364, pl. 5, fig. 23, a- c; 1961, p. 13, pl. 3, fig. 27; Bramlette and Sullivan, 
1961, p. 158, pl. 11, fig. 4, a, b; Sullivan, 1964, p. 190, pl. 11, figs. 8, 9. 
Hypotypes 44493, Loc. A-7066 ; 44494, L oc. A-6665. 

Discoaster cf_ D. defiandrei Bramlette and Riedel 
(Pl. 10, fig. 5) 

Hypatype 45186, Loc. A-7624. 

A few specimens such as shown on plate 10, figure 5, appearing similar to 
Discoaster defiandrei, have been observed from strata as old as lower Paleocene. 
Their rays, however, are not as noticeably bifurcated or terminally notched as 
those of the younger species, and the spaces between the rays are more r estricted. 

Discoaster delicahts Bramlette and Sullivan 

Discoaster delicatu,s Bramlette and Sullivan, 1961, p. 159, pi. 11, fig. 3; Sullivan, 1964, p. 190, 
pl. 10, figs. 10-12. 
Hypo types 44495, Loc. A-6666; 44496 and 44497, Loc. A-7079. 

Discoaster diastypus Bramlette and Sullivan 

Di.scoaster diastypus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 6-8; Sullivan, 1964, p. 
190, pl. 10, figs. 3, 4. 

Di.scoaster aff. D. di.astypu,s Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 9, 10_ 
Hypotypes 44498 and 44499, Loc. A-8945. 

Discoaster distinchts Martini 
(Pl. 10, fig. 4) 

Discoaster dist1:nctu.s Martini, 1958, p. 363, pi. 4, fig. 17, a, b; 1960, p. 77, pl. 9, fig. 15; Bramlette 
and Sullivan, 1961, p. 159, pi. 11, figs. 11-13; Sullivan, 1964, p. 190, pl. 11, fig. 7. 
Hypotype 45187, Loc. A-47818. 
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Discoaster falcatus Bramlette and Sullivan 

Discoaster falcatu.s Bramlette and Sullivan, 1961, pp. 159-160, pi. 11, figs . 14, a, b, 15; Sullivan, 
1964, p. 190, pi. 11, figs . 10-12. 
Hypotypes 44503, Loc. A-8945; 44504, Loc. A-7079; 44510, Loc. A-8930. 

Discoaster germanicus Martini 

Discoaster germanicus Martini, 1958, pp. 360-361, pl. 3, fig. 15, a, b; Bramlette and Sullivan, 
1961, p. 160, pi. 11, fig. 17; Sullivan, 1964, p. 191, pl. 11, fig. 6. 

Discoaster plebeius Martini, 1958, p. 361, pl. 3, fig. 16, a, b; 1960, p. 78, pl. 9, fig. 17. 
Hypotype 44505, Loc. A-8945. 

Discoaster helianthus Bramlette and Sullivan 
(PI. 10, fig. 7) 

Discoaster helianthus Bramlette and Sullivan, 1961, p. 160, pl. 11, fig. 18, a, b; Sullivan, 1964, 
p. 191, pl. 10, fig. 7. 
Hypotype 45188, Loc. A-7635. 

Discoaster lenticttlaris Bramlette and Sullivan 
(PI. 10, fig. 10) 

Discoaster lenticularis Bramlette and Sullivan, 1961, p. 160, pl. 12, figs . 1, a, b, 2; Sullivan, 1964, 
p. 191, pl. 11, fig. 1. 
Hypotype 45189, Loc. A-4781A. 

Discoaster limbatus Bramlette and Sullivan 
(PI. 10, figs . 8, 9) 

Discoaster limbatus Bramlette and Sullivan, 1961, p. 160, pl. 12, fig. 3, a, b. 
Hypotypes 45190, Loc. A-7636; 45191, Loc. A-7636A. 

Discoaste1· lodoensis Bramlette and Riedel 
(PI. 10, fig.l4 ) 

Di.scoaster lodoensis Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 3, a, b; Mar tini, 1958, pp. 
366-367, pl. 6, fig. 28, a-d; Stradner, 1959, p. 478, t ext-figs. 14-16, 19, 20; Martini, 1960, 
p. 76, pi. 8, fig. 11; Bramlette and Sullivan, 1961, p. 161, pl. 12, figs . 4, a, b, 5; Sullivan, 1964, 
p. 191, pl. 11, fig. 14. 
Hypotype 45192, Loc. A-6688. 

Discoaster martinii Stradner 
(PI. 10, fig. 3) 

Discoaster pentaradiatus Tan Sin Hok. Martini, 1958, p. 359, pl. 3, fig. 12, a, b. 
Discoaster martinii Stradner, 1959, pp. 479-480, text-figs. 45, 47; B ramlette and Sullivan, 1961, 

p . 161, pi. 12, fig. 12, a-c. 
Hypotype 45193, Loc. A-7025. 

Occasionally asteroliths of this species are found ·with 4 rays ( pl. 10, fig . 3), 
but more commonly have 5 (see Bramlette and Sullivan, 1961, p. 161). 

Discoaster mediosus Bramlette and Sullivan 

Discoaster medios~ts Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 7, a, b, 8; Sullivan, 1964, 
p. 191, pi. 11, fig. 13. 
Hypotype 44438, Loc. A-7077. 
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Discoaster minimus Sullivan 
' Discoa3ter aff. D. mediosus Bramlette and Sullivan, 1961, p. 161, pl. 12, fig. 9. 

Discoruter minimU$ Sullivan, 1964, p. 191, pi. 11, fig. 4. 
Hypotype 44509, Loc. A-8945. 

Discoaster multiradiatus Bramlette and Riedel 
(Pl. 10, figs. 13, 15) 

Discoaster multiradiatU$ Bramlette and Riedel, 1954, p. 396, pi. 38, fig. 10; Martini, 1960, pp. 
75--76, pl. 8, fig. 9; Bramlette and Sullivan, 1961, p. 161, pl. 12, fig. 1<0; Sullivan, 1964, pp. 191-
192, pl. 10, figs . 8, 9. 
Hypotypes 45194, Loc. B-4895; 45195, Loc. A-7633. 

D·iscoaster nonaradiatus Klumpp 
(Pl. 10, fig. 6) 

Discoa3ter nonaradiatus Klumpp, 1953, p. 383, text-fig. 3 (5); Martini, 1958, p. 364, pl. 4, fig. 
21, a, b; Bramlette and Sullivan, 1961, p . 162, pl. 12, figs. 13-15; Sullivan, 1964, p. 192, pl. 11, 
fig. 3. 
Hypotype !5196, Loc. A-6664. 

Discoaster perpolitus Martini 
(PI. 10, fig. 12 ) 

Discoa$ter perpolitus Martini, 1961, pp. 9-10, pl. 2, fig . 20, pl. 5, fig. 50. 
Discoaster multiradiatus Bramlette and Riedel var. Bramlette and Sullivan, 1961, p. 102, pl. 12, 

fig. 11, a, b. 
Hypotype !5197, Loc. A-7636. 

Discoaster septemradiatus (Klumpp) 

.&galmatoaster septemradiatu-s Klumpp, 1953, p. 384, text-fig. 4 (1 ). 
Discoaster septemradiatU$ (Kiumpp). Mar t ini, 1958, pp. 364-365, pl. 4, fig. 20, a, b; Bramlette 

and Sullivan, 1961, p. 162, pl. 12, figs. 16, 17; Sullivan, 1964, p. 192, pl. 11, fig. 2. 
Hypotype 44514, Loc. A-6666. 

Discoaster stradneri Martini 

Discoaster stradneri Martini, 1961, p. 10, pl. 2, fig. 22, pl. 5, fig. 52. 
Discoruter elegans Bramlette and Sullivan, 1961, p. 159, pi. 11, fig. 16, a, b; BoucM, 1962, 

p. 89, pl. 3, figs . 5-7, text-figs. 18-20; Sullivan, 1964, p. 190, pi. 10, figs. 5, 6. 
Hypotypes 44501 and 44502, Loc. A-6665. 

Discoaster sublodoensis Bramlette and Sullivan 
(PI. 10, fig. 11) 

Discoaster sublodoensis Bramlette and Sullivan, 1961, p. 162, pl. 12, fig. 6, a, b; Bouche, 1962, 
p. 90, pl. 3, figs . 18, 19, text-figs. 25, 26. 
Hypotype 45198, Loc. A-7051. 

Discoaste1· tribrachiatus Bramlette and Riedel 

Discoruter tribrachiatus Bramlette and Riedel, 1954, p. 397, pl. 38, fig. 11; Martini, 1958, p . 
357, pl. 2, fig. 8, a, b; Stradner, 1959, p. 477, text -figs . 5, 6, 10; Defl.andre, 1959, pp. 138-139, 
pl. 2, figs . 1, 2; Martini, 1960, p. 81, pl. 10, fig . 30; Bramlette and Sullivan, 1961, pp. 162-
163, pi. 13, figs. 6, a, b, 7-13; Sullivan, 1964, p. 192, pl. 11, fig. 15. 

Discoaster ratans Stradner, 1959, p. 477, text-figs. 7, 11. 
Hypotype 44515, Loc. A-6665. 
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Discoaster sp. 

Discoast er sp. Sullivan, 1964, p. 192, pl. 10, figs. 13-15. 
Hypotypes 44441, Loc. A-8933; 44516, Loc. A-7079; 44517, Loc. A-8930. 

Genus Discoasteroides Bramlette and Sullivan, 1961 
Discoasteroides kuepperi ( Stradner) 

Discoaster kue.pperi Stradner , 1959, p. 478, t ext-figs. 17, 21; Martini, 1961, p. 14, pi. 3, fig. 29. 
Discoast eroides kuepperi (Stradner). Bramlette and Sullivan, 1961, p. 163, pl. 13, :figs. 16 a, 

b, 17, 18, a-c, 19; Sullivan, 1964, pp. 192-193, pl. 12, figs. 1, a, b, 2, a, b. 
Hypotypes 44518, Loc. A-7070; 44519, Loc. A-7077. 

Discoaste1·oides megastypus Bramlette and Sullivan 
(Pl. 11, fig. 5, a, b ) 

Discoasteroides megastypus Bramlette and Sullivan, 1961, p. 163, pl. 13, figs. 14, a-d, 15, a-a; 
Sullivan, 1964, p. 193, pl. 12, fig. 3, a, b. 
Hypotype 45199, Loc. A-7626. 

Genus F'asciculithus Bramlette and Sullivan, 1961 
F'asciculithus involutus Bramlette and Sullivan 

Fasciculithus involutu.s Bramlette and Sullivan, 1961, p. 164, pl. 14, figs. 1, a-c, 2, a, b, 3, a, b, 
4, a, b, 5, a, b; Sullivan, 1964, p. 193, pl. 12, fig. 9, a, b. 
Hypotype 44521, Loc. A-7079. 

Genus H eliolithus Bramlette and Sullivan, 1961 
H eliolithus kleinpelli Sullivan 

(PL 11, figs. 7, a, b, 8, a, b, 9, a, b, 10, a, b) 

H eliolithu-s kleinpelli Sullivan, 1964, p. 193, pl. 12, fig. 5, a, b. 
Paratypes 45200, 45201, 45202, and 45203, Loc. A-7616. 

The variation in size and number of petal-like elements typical of this species, 
but not illustrated in Part I, is shown here on plate 11. 

Heliolithus riedeli Bramlette and Sullivan 
(Pl. 11, fig. 6, a, b) 

H eliolithus riedeli Bramlette and Sullivan, 1961, p. 164, pl. 14, figs. 9, a-c, 10, 11; Sullivan, 
1964, p. 193, pl. 12, figs. 4, a, b, 6, a, b, 7, a, b, 8, a, b. 
Hypotype 45204, Loc. A-8929. 

Genus Lithostromation Deflandre, 1942 
Lithostromation cf. L. obscurum (Martini) 

(Pl. 11, fig. 1, a, b) 

Hypotype 45205, Loc. A-4782L. 

The form recorded here such as sho·wn on plate 11, figure 1, appears to be 
similar to that figured by Martini (1958, p. 358, pl. 1, fig. 4, b; 1962, p. 244, pl. 
25, figs. 3- 5). An insufficient number of satisfactorily preserved specimens were 
observed, however, to assure identification. 
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Genus Polycladolithus Deflandre, 1954 
Polycladolithus operostt,S Deflandre 

Polycladolithus operosus Defiandre, 1954, im Defiandre and F ert, p. 170, pi. 12, figs. 3-6, text
fig. 125; Bramlette and Sullivan, 1961, p. 165, pi. 14, fig. 13, a-c; Sullivan, 1964, p. 194, 
pi. 9, fig. 8, a-c. 

Trochoa.ster operosus (Defiandre). Bouche, 1962, p . 92, pi. 4, figs. 7, 8. t ext -fig. 32. 
Hypotype 44527, Loc. A-7065. 

Genus Rhomboaster Bramlette and Sullivan., 1961 
Rhomboaster cuspis Bramlette and Sullivan 

Rhomboaster cuspis Brarnlctte and Sullivan, 1961, p. 166, pl. 14, figs. 17, 18, 19, a-c; Sullivan, 
1964, p. 194, pi. 9, fig. 7, a, b. 
Hypotype 44528, Loc. A-7074. 

Genus "Sphenolithus Deflandre, 1952 
Spherwlith~ radians Deflandre 

(Pl. 11, fig. 3 ) 

Sphenolithu.s radians Defiandre, 1952a, pp. 466-467, fig . 363; 1954, in Defiandre and F ert, p . 
163, pi. 12, figs. 36-38, text-figs. 109-112; Brarnlette and Sullivan, 1961, p. 166, pl. 14, figs. 
6, 7, 8, a, b; Sullivan, 1964, p. 194, pi. 9, fig. 10, a, b. 
Hypotype 45206, Loc. A-7065. 

Genus Trochoaster Klumpp, 1953 
"Trochoaster" staurophorus ( Gardet) 

(Pl. 11, fig. 2 ) 

Trochoaster staurophorus (Gardet ). Martini, 1960, p. 82, pi. 10, fig. 37 . 
Hypotype 45207, Loc. A-7062. 

This small form of questionable generic affinity appears to be the same as that 
figured by Martini (1960). Although not recorded on the accompanying check 
lists, it was found to occur widely, though always very rarely, in the Paleocene 
and lower Eocene sediments examined. 

TYPE SPECIMENS 

The position of the type specimens on their containing slides, on deposit at the 
University of California Museum of Paleontology, are recorded in table 4 of Part 
I and here in table 11 (see next page), in millimeters down from and to the left 
of the etched cross, when the slides are oriented with the label to the right. 
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Type 

45101 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Slide mm down 

A-6686 17 .7 
A-7038 8.2 
A-7038 10.8 
A-7038 8.1 
A-8949 13 .9 
B-4895 17 .3 
A-4783C 16 .9 
A-6663 9.0 
A-6664 15 .0 
A-6664 14 .5 
A-6664 15 .2 
A-6685 8.7 
A-8949 15 .25 
A-8852 7.7 
A-8954 3.5 
A-8862 17.4 
A-4781H 9.9 
A-6666 13 .0 
A-4783A 7.95 
A-4783A 17 .2 
A-4783B 5.9 
A-4783B 17 .1 
A-4781A 8.0 
A-4781J 10 .8 
A-47820 12 .45 
A-7052 7.7 
A-7038 17 .4 
A-7023 13.3 
A-7648 16 .8 
A-7635 17.4 
A-8953 18.0 
B-4898 19 .6 
A-4783B 16 .2 
A-6674 9.95 
A-6674 9.95 
A-6676 8.5 
A-7046 15 .9 
A-8951 10.7 
A-6671 19 .9 
A-4781H 10 .05 
A-4782L 8.9 
A-6677 9 35 
A-4782M 15 .9 
A-6674 11.85 
B-4861 15 .3 
A-4781! 16.5 
A-47810 10.7 
A-4782P 14 .15 
A-4781J 12 .85 
A-7025 9.1 
A-4781H 4.85 
A-4782N 7.2 
A-7023 8.7 
A-4781A 2.35 

TABLE 11 
'TYPE SPECIMENS 

mm left Type 

19.3 45155 
24.5 56 
25.7 57 
24.6 58 
6.7 59 
5.5 60 

24.9 61 
14 .8 62 
3.6 63 
2.7 64 
6.0 65 

11.7 66 
19.45 67 
19.55 68 
4.2 69 

20.0 70 
27 .0 71 
12.45 72 
8.55 73 

24.25 74 
13.2 75 
2.6 76 

20.5 77 
21.1 78 
20 .15 79 
18 .7 80 
25.1 81 
16.25 82 
7.1 83 

21.1 84 
14.8 85 
23.7 86 
12 .0 87 
4.55 88 
4.55 89 
4.15 90 

10.5 91 
23.4 92 
15 .3 93 
24.4 94 
11 .6 95 
23.1 96 
9.15 97 

14.85 98 
12.45 99 
20.75 45200 
25.6 1 
8.0 2 
5 .3 3 

15 .1 4 
3.4 5 

20.1 6 
24.9 7 
7.7 

Slide 

A-4781H 
A-8949 
A-8949 . 
A-47828 
A-4781K 
A-4781J 
A-8950 
A-6666 
A-47820 
A-7633 
A-7616 
A-7616 
A-4781J 
A-7064 
A-7621 
B-4871 
A-4782F 
A-4782N 
A-4781H 
A-4782F 
A-4782P 
B-4898 
A-4782F 
A-47828 
A-4782F 
A-4782M 
A-47820 
A-47828 
B-4897 
A-4782P 
A-47828 
A-7624 
A-47818 
A-7635 
A-4781A 
A-7636 
A-7636A 
A-6688 
A-7025 
B-4895 
A-7633 
A-6664 
A-7636 
A-7051 
A-7626 
A-7616 
A-7616 
A-7616 
A-7616 
A-8929 
A-4782L 
A-7065 
A-7062 

mm down mm left 

9.9 8.25 
0.9 10.45 
6.6 21.5 
7.05 17.8 

15.7 23.4 
9.5 22.85 

19 .8 17 .3 
16 .4 20.3 
18.45 9.0 
20.6 15 .7 
8.7 14.1 
8.7 12.2 

14.2 20.2 
16.2 12 .5 
5.5 16 .35 

13.55 9.7 
16.6 22.9 
17 .0 3.8 
9.9 8.25 

13.3 16.6 
11.95 11 .9 
5.5 25.6 

13.4 12 .8 
5.5 22.05 

16.55 4.4 
20.9 7.6 
14.0 6.1 
18 .0 20.0 
9.15 12.1 

14.1 14.6 
6.5 14.0 
6.9 4.65 

18.2 14 .45 
17.4 16.1 
7.5 18.0 

20.5 22.8 
17.25 18.1 
15.4 4.95 
5.7 24.45 

18.8 18.3 
12.6 3.5 
3.9 5.3 

19.1 10 .5 
15.4 6.9 
9.2 4.2 

17.9 19 .7 
14.6 9.6 
12.1 22.7 
8.6 5 .6 

18.75 3.55 
7.2 9 .2 

19.9 7.3 
17.6 17 .1 
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PLATE 1 

1. Chipllragmalithtts du.bi1ts (Defiandre). Side view. U. C. loc. A-4781H. Hypotype 45117. 
2. Cllipllragm.alitlms dubi11,y (Defiru1dre) . Proximal view. U. C. loc. A-6666. Hypotype 45118. 
3. Chipllragm.alitlms calath1bS Bramlette and Sullivan. Side view. U. C. loc. B -4895. H ypotype 

45106. 
4. Chiphra.gmalitllus acanthodes Bramlette and SulliYan. Proximal view. U. C. loc. A-7038. 

Hypotype 45102. 
5. Chiphmgmalitlms acanthodes Bramlette and Sullivan . Side view. U. C. loc. A-8949. H ypotype 

45105. 
6. Chiphragmalitlltts acanthodes Bramlette and Sullivan. Di stal Yiew. U. C. loc. A-6686. Hypo

type 45J 01. 
7. Chiphmgmalitlws acanthodes Bramlette and Sullivan. Side view. U. C. loc. A-7038. Hypo· 

type 45104. 
8. Chiplwagmalitlws acantllodes Bramlette and Sullivan. Distal Yiew. U. C. loc. A-7038. Hypo· 

type 45103. 
9. Ch:iphragmali.tlws cristatus (Martini ) . Side view. U. C. loe. A-8949. Hypo type 45113. 

10. Chiphragmalithus cr istatu.s (Mar tini) . Proximal view. U. C. loc. A-6685. Hypotype 45112. 
11. Chipllragmalitlms cristal1t.s (Martini) . Side Yiew. U. C. loc. A-6664. Hypotype 45109. 
12. Chipit?'agmalitlms cristatus (Martini). Distal vie11·. U. C. loc. A-8952. Hypo type 45114. 
13. Chiphmgmalitlws cristatus (Martini ) . Side Yiew. U. C. loc. A-666±. H ypo type 45111. 
14. Chiphragmali.thus c1· istat1ts (Martini ) . Distal view. U. C. loc. A-6664. Hypo type 45110. 
15. Chiphragmalitlws cristat1l·S (Mar tini ) . Side Yiew. U. C. loc. A-8954. Hypotype 45115 . 
16. Chiphragm.alitlat.s cristat11s (Martini ) . Distal view. U. C. loc. A -8862. Hypotype 45116. 
17. Clliphmgm.alitlms C1·istctt1bS (Martini ) . Oblique view. U. C. loc. A-4783C. Hypotype 45107. 
18. Cll1:phragmalithus cristatus (l\fa rlini). Plan view. U. C. loc. A-6663. H ypotype 45108. 
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PLATE 2 

1. Chiphragmal'ithtts qttadratus Bramlette and SulliYan. Side view. U. C. loc. A-4783A. Hypotype 
45119. 

2. Chiphragmalithus quadratus Bramlette and Sulli1·an. Plan view. U. C. loc. A-4783A. H ypotype 
451 20. 

3. Chiphmgmalith1ts quaclratt~s Bramlettc and Sullivan. P lan view. U. C. loc. A-4783B. Hypotype 
45121. 

4. Chiphragmalitlnts quadratus B raml ette and SulliYan. Plan view. U. C. loc. A-4783B. H ypotype 
45122. 

5. Coccolithus expanSlLS Bramlette and S ulli1·an . a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. A-7038. H ypotype 45127. 

6. Coccolithus gigas Bramlette and Sulli van. a, proximal Yicw; b, proximal view, crossed nicols. 
U. C. loc. A-7023. Hypotype 45128. 
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PLATE 3 

1. Coccolithus cribellttm (Bramlette and SulliYan ) . a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. A-47820. Hypotype 45125 . 

.2. Coccolitlms crib ellmn (Bra mlette and Sullivan ) . a, distal Yiew; b, distal view, crossed nicols. 
U. C. loc. A-4781A. Hypotype 45123. 

3. Coccolithtls cribellttm (Bramlette and Sullivan). a, distal Yiew; b, distal view, crossed nicols. 
U. C. loc. A-4781J. Hypotype 45124. 

4. Coccolithus oribellum (Bramlette and Sullivan ) . H eaYily calcified specim en. a, proximal view; 
b, proximal ,·iew, crossed nicols. U. C. loc. A-7052 . Hypotype 45126. 

5. Coccolitlws perttl.Sus Sulli,·an, n. sp. a, dist-al Yiew; b, distal Yicw, crossed nicols. U. C. loc. 
A-7648. Holotype 45129. 

6. Coccolithtts pBrttlSlls SulliYan, n. sp. a, proximal view; b, proximal view, crossed nicols. U. C. 
loc. A-7635 . Para type 45130 . 

7. Coccolithtts statvrion Bramlette and Su lli ,·an. a, Llistal Yi('w; b, distal view, crossednicols. U. C. 
loc. A-8953. H ypotype 45131. 

8. Cyclococcol·ithtl·S gammation (Bramlette and Sullivan ) . a, proximal view; b, prox imal view, 
crossed nicols. U . C. loc. B-4898. Hypotype 45132. 

9. Cyclococcolitlws luminis Sullivan, n. sp. a, distal YiC\\"; b, distal Yie\\", crossed nicols. U. C. 
loc. A-4783B. Holotype 45133. 
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PLATE 4 

1. Di..scolithus distvnct1!S Bramlette aJJd Sullivan, a, distal view; b, distal Yiew, crossed nicols. 
U . C. loc. A-6674. Hypotype 45135. 

2. Discolithus distinct11s Bramlette and Sullivan. a., proximal view; 
nicols. U. C. loc. A-6666. Hypotype 44426. 

3. Discolithu..s distinctus Bramlette and Sullivan. a, proximal view; 
nicols. U. C. loc. A-6676. Hypotype 45136. 

4. Di..scoli thus distinct11s Bramlette and Sullivan. a, proximal view; 
nicols. U. C. loc. A -7046. Hypotype 45137. 

5. Discolithus d1:stinct11s Bramlette and Sullivan. a, distal view; b, 
U. C. loc. A-6667. Hypotype 45134. 

b, proximal 

b, proximal 

b, proximal 

distal view, 

view, crossed 

view, crossed 

view, crossed 

crossed nicols. 

6. Discolithu.s distincttl..S Bramlette and Sullivan. a, distal view; b, distal view, crossed ni cols. 
U . C.loc. A-8951. Hypotype 45138. 

7. Discolithus p111wtosus Bramlette and Sullivan. a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. B-4861. Hypotype 45145. 

8. Discolithus solidtts Deflandre. a, plan view; b, plan view, crossed nicols. U. C. loc. A-4781I. 
Hypotype 45146. 

9. Di..scol-ithus vesctLs Sullivan, n. sp. a, proximal Yiew; b, proximal Yiew, crossed nicols . U. C. 
loc. A-4781J. Holotype 45149. 
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PLATE 5 

J. Di.scohtlws jimb1·ia.tus Bramlette and Sullivan . a, proximal ,·iew; b, proximal view, crossed 
nicols. U. C. loc. A--!7811-I. Hypotype 45140. 

2. Discolith11s jimb1·iatus Bramlet te and Sulli mn. a, side view; b, side view, crossed ni cols. U. C. 
loc. A -4782L. Hypotype 45141. 

3. Discolitlws fimb?-iatus Bramlette and Sullivan. a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. A-6677. IIypotype 45142. 

4. Discolithus panm·iUin Deflandre. a, distal view; b, distal view, crossed nicols. U . C. loc. A-4782'NI. 
Hypotype 45143 . 

5. Discolithus pulchm· Dcfhwdrc. a, proximal view; b, proximal view, crossed nicols. U. C. loc. 
A-6666. H ypotype 4H37. 

6. Discolithus pulcho· Deftandre. a, distal view; b, distal dew, crossed nicols. U. C. loc. A-667-l. 
Hypotype 451H. 

7. Discolitlw-s exi.lis Bramlette and Sullivan. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-6671. Hypotype 45139. 

8. Discol·itlms ve1·sus Bramlette and Sullivan, a, distal view; b, distal vie,,·, crossed nicols. U . C. 
loc. A-47810 . Hypot,vpc 45147. 

9. Discolit hus ve1·sus Bramlett e and Sulli ntn . a, distal ,· iew; b, di stal view, crossed nicols. U. C. 
loc. A -4782P. Hypotype 45148. 
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PLATE 6 

1. L ophodolithus mochlophon1s Deflandre. a, d istal view; b, distal view, crossed nicols. U. C. loc. 
A-6666. H ypotype 44449. 

2. Lophodolithu.s mochlophol'llS Deflandre. a, proxi mal view; b, proximal v iew, crossed ni cols. 
U. C. loc. A-4782N. H ypotype 45152. 

3. Lophodolitlw.s mochlophonJS Deflandre. a, proximal view; b, proxirn al v1ew, crossed n i co l ~. 

U. C. loc. A-4781H. Hypotype 45151 . 
4. Lophodolitlws sp. a, distal view; b, distal view, cr ossed nicols. U. C. loc. A -7023 . Hn)otype 

45153. 
5. H elicosphaera seminu.lwn lophotct Bramlette and S ullivan. a, proximal view; b, proximal view, 

crossed nicols. U. C. loc. A-7025 . H ypotype 45150. 
6. Zygolithus crux (Deflandre and F ert ). a, plan view; b, plan view, crossed nicols. U. C. loc. 

A-4781J. Hypotype 45167. 
7. Zygodiscus plectopons Bramlette and Sullivan. a, proximal view; b, p1·oximal view, crossed 

nicols. U. C. lac. A-7633. Hypotype 45164. 
8. Zygodisc11S sigmoides Bramlette and Sullivan. a, distal v iew; b, distal view, crossed n icols. 

U. C. loc. A -7616. H ypo type 45165. 
9. Z ygodi.scns sigmoides Bramlette and Sullivan. a, clistal view; b, distal view, crossed nicols. 

U. C. Joc. A-7616. H ypotype 45166. 

[ 64 ] 



r 
UNIV. CALIF. PUBL. GEOL. SCI. 53 [SULLIVAN] PLATE 6 



PLATE 7 

1. Rhabdosphaera tnmcata Bramlette and Sullivan. a, side view (low focus); b, side view; 
c, side view, cr ossed nicols. U . C. loc. A-47820. Hypotype 45163. 

2. Rlzabdosplwe1·a ntdis Bramlette and Sullivan. a, side view; b, side view, crossed nico ls. U . C. 
loc. A -4781K. Hypotype 45159. 

3. Rhabdosphaem semifonnis Bramlctte and Sullivan. Side view. U. C. loc. A-8950. l-Iypotypc 
45161 . 

4. Rhabdosphaem crebm (Deftandre) . a, side view; b, side view, crossed nicols. U. C. loc. 
A-4781H. Hypotype 45155. 

5.Rhabdosphaem crebm (Deftandre) . a, side view; b, side view, crossed nicols. U . C. loc. A-
4781A. Hypotype 45154. 

6. Rhabdosphaem scabrosa (Deftamlre) . Small specimen. a, si de view ; b, side view; crossed 
nicols. U. C. loc.A-4781;f. Hypotype 45160. 

7. Rhabdosphaera perlonga (Deftandre ) . a, side view; b, side Yiew, crossed nicols. U . C. loc. 
A-4782S. Hypotype 45158. 

8. Rhabdosphaera infl.ata Bramlette and Sullivan, a, side Yi ew; b, side view, c rossed ni cols. U. C. 
loc. A-8949. Hypotype 4515 6. 

9. Rhabdosphaem inflata Bramlette and Sullivan. a, side view; b, side view, crossed nicols. U. C. 
loc. A-8949. Hypotype 45157. 

10. Rhabdosphaera t emtis Bramlette and Sullivan. a, side view; b, siclP view, crossed nicol s. U. C. 
loc. A-6666. H ypotype 45162 . 

• 
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PLATE 8 

1. Bmamdosphaem discula Br·amlette and Riedel. a, plan view ; b, p lan view, crossed ni cols. U. C. 
loc . .A-7064. H ypotype 45168. 

2. B1·aarudosphae'ra perverS'tts Sulli>an, n. sp. a, distal view; b, distal view, crossed nicols. U. C. 
loc. B-4871. H olotype 45170. 

3. Bram·udosphaera d·iscula Bramlette and Riedel. a, plan view; b, plan vie w, crossed nicols. 
U. C.loc. A-7 621. Hypotype 45169. 

4. Micrantholithus basquensis Martini. Plan view, crossed nicols. U. C. loc. A-4782F. H ypotype 
45171. 

5. Mic·rantholithus basq·uen.sis Martini. a, plan view ; b, plan view, crossed n icols. U. C. loc. 
A-4782N. Hypotype 45172. 

6. MicrantholitMts c?·ena;latltS Bramle~te and Sullivan. a, plan view; b, plan view, crossed ni cols. 
U. C. loc. A·4781H. H ypotype 45173. 

7. Micranthol-ithus onwt1ts Sullivan, 11. sp. a, plan view; b, plan view, crossed nicols. U. C. loc. 
A-47828. Holo type 45178. 

8. Mic rantholithus lateral·is Sullivan, 11. sp. a, plan Yiew; b, plan view, crossed nicols. U. C. loc. 
A·4782F. Holotype 45177. 
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PLATE 9 

1. Mic:-antholithus jfos Detlandre. a, plan view; b, plan Yiew, crossed nicols. U . C. loc. A-4782F. 
Hypotype 4517±. 

2. Micrantholithu s flos Detlandre. a, plan view; b, plan Yiew, crossed nicols. U . C. loc. B-4898. 
H ypotype 45176. 

3. Micmntholithus flos Dctland re. a, plan view; b, plan Yi ew, crossed nicols. U. C. loc. A-4782P. 
H ypotype 45175. 

4. Mic1·antholi-thus t·espe-r Def!andre. a, plan view; b, plan view, crossed nicols. U. C. loc. 
A-47828. Hypotype 45182. 

5. Micrantholi thus 1:espa Deflandre. a. plan Yiew ; b, plan view, crossed nicols. U. C. loc. A-4782hl . 
Hypotype 45180. 

6. MiC?·antholi tlws resper Deflandre. q, plan Yiew; b, plan Yicw, crossed nicols. U. C. loc. A-±7820. 
Hypotype 45181. 

7. Micrantholitlws Hspo· Defl and re. a, plan view ; b, plan view, crossed nicols. U. C. loc. A-4782F. 
Hypotype ±5179 . 

• 
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PLATE 10 

1. Di. -oast£?· cntcifonnis Martini. U. C. loc. A-4782P. Hypotype 45184. 

.. 
I 

2. D1-~coast er crucifonnis Martini. Slightly oblique Y~ew. U. C. loc. A-47828. I-Iypotype 45185 . 
3. Discoaster nw.-tinii Stradner. U. C. loc. A-7025 . H ypotype 45193. 
4. Discoast e1· distinctus Martini. U . C. loc. A-47S1S. I-Iypot.ype 45187. 
5. Discoaster cf. D. dejlanckei Bramlet te and Riedel. U. C. loc. A-7624. I-Iypotype 45186. 
6. Discoaster nonamdiatus Klumpp. U. C. loc. A-6664. Hypotype 45196 . 
7. Discoaste1· helianthus Bramlette and Sullivan. U. C. loc. A-7635. I-Iypotype 45188. 
8. Discoaster limbat~ts Bramlette and Sullivan. U. C. loc. A-7636 . I-Iypotype 45190. 
9. Di-scoa.st er li1nbatus Bramlette ancl Sullivan. U. C. loc. A-7636A. Hypotype 45191. 

10. Di-scoasteT lent1"m;laris Bramlette and Sullivan. U. C. loc. A-4781A. I-Iypotype 451 89. 
11. Discoaster sublodoensis Bramlette !lnd Sullivan. U. C. loc. A-7051. Hypotype 45198. 
12. Discoaste1' 11e1·politus Mart ini. U. C. loc. A-7636. Hypotype 45197. 
13. Discoast e1· multimdic•t~;s Bramlette and Riedel. U. C. loc. B-4895. Hypotype 45194. 
14. Discoaste.- lodoensis Bra.mlette and Ri edel. U. C. loc. A-6688. Hypotype 45192. 
15. Discoast er m1tltimdiat~ts Bramlette and Rieclel. U. C. loc. A-7633. H ypotypc 45195. 
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PLATE 11 

1. L ithost1·omation cf. L . obscu1·um (Martini). a, plan view; b, plan view, crossed nicols. U . C. 
loc. A -4782L. Hypotype 45205. 

2. "TTochoaster" stmt1·ophonu; (Gardet ) . U. C. loc. A-7062. H ypotype 45207. 
3. Sphenolitlws mdians Deflandre. Side view, crossed nicols. U. C. loc. A-7065. H ypotype 45206. 
4. Clathl'olitlms elliptic us Deflandre. U. C. loc. B-4897. Hypo type 45183. 
5. DiscoasteToides megastyp~u; Bramlette and Sulli\·an. a, plan view; b, plan view, crossed nicols. 

U. C. loc. A-7626. H ypotype 45199. 
6. H eliolWms riedeli Bramlette and Sullivan. a., plan Yiew; b, plan view, crossed nicols. U. C. 

loc. A-8929. Hypotype 45204. 
7. Ilelicli tlms lcleim.pelli Sullivan. a, plan view; b, plan view, crossed nicols. U. C. loc. A-7616. 

Paratype 45200 . · 
8. H eliolithus kl einpelli Sullivan. a, plan view; b, plan view, crossed nicols. U. C. loc. A-7616. 

P a ratype 45201. 
9. H elwlithus kleinpelli Sullivan. a, plan view; b, plan Yiew, crossed nicols. U . C. loc. A-7616, 

P ara type 45202 . 
10. H eliolithtlS lcleinpelli. Sullivan. a, plan vi ew; b, plan ,·icw, crossed nicols. U. C. loc. A-7616. 

Para type 45203 . 

[ 74 J 

~-.. ---- ----cc-----



( 

r 
I 

UN IV. CALl F. PUBL. G EOL. SCI. 53 r LLI VAN] PLATE 11 

30)J 


