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LOWER TERTIARY NANNOPLANKTON FROM THE 
CALIFORNIA COAST RANGES 

• I. P .A.LEOCENE 

BY 

FRANK R. SULLIV AN 

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

ABSTRACT 

Eighty-eight species of Paleocene and early Eocene nanuoplankton, including coccolithophorids 
and discoasters, are recorded from the Vine Hill sandstone and Las Juntas shale of the Selby 
Smelter-Pacheco syncline region in Contra Costa County, the lower part of the type section of 
the Anita shale in Santa Barbara County, and from the Lodo formation of Media Agua Creek 
in western Kern County, California. These fossil nannoplankton assemblages are correlated with 
comparable assemblages previously recorded from the type section of the Lodo formation north 
of Coalinga, California, and from the overlying Domengine sandstone and Canoas siltstone far
ther south. Their respective geologic ages are discussed in terms of their superpositional rela
tionships with Paleocene and early Eocene foraminifer and mollusk assemblages from the same 
four \Vest Coast areas. 

INTRODUCTION 

ScoPE 
THE FOSSIL nannoplankton herein discussed were obtained from Tertiary marine 
formations in four geographically distinct regions of the California Coast Ranges 
(see fig. 1). A biostratigraphic sequence from one of these areas, especially rich 
in such forms, has already been described from the type section of the Lodo forma
tion north of Coalinga (Bramlette and Sullivan, 1961). A few additional nan
noplankton assemblages have also been described from the overlying Domengine 
sandstone and Canoas sil tstone farther south (ibid.). Many of the characteristic 
species from these two sequences have now been found in the three other areas 
studied, in demonstrable superpositional relationship with fossil mollusks and with 
fossil foraminifers diagnostic of several of the Stages and Zones recognized in 
the West Coast Lower Tertiary (see C. E. Weaver, 1905, 1953; White, 1938, 
1939, 1940; Laiming, 1940a, 1940b, 1943; Kelley, 1943; Martin, 1943; B. Y. Smith, 
1957; Herlyn, 1958; Mallory, 1959) . N annoplankton are now known to be present 
also still higher in these three sections, as well as at several other California areas, 
and will be dealt with in Part II of this report. 

The aim of this p aper is to record the nannoplankton from some of these 
stratigraphically critical localities and horizons and to discuss the significance of 
their known stratigraphic distribution. 
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FOUR AREAS OF EARLY TERTIARY 

NANNOPLANKTON OCCURRENCE 

The fossil nannoplankton discussed in this report were obtained from samples 
originally collected for their fossil foraminifer content by several people at dif
ferent times (see Locality Descriptions). They are from Lower Tertiary forma
tions in four widely separated regions of California (see fig. 1). 

THE TYPE LocALITY OF THE Lono FoRMATION 

The fossil nannoplankton described by Bramlette and Sullivan (1961) were for 
the most part found in 110 samples rich in fossil foraminifers, collected by the 
U. S. Geological Survey from the Lodo formation at its type area (White, 1938, 
1940) on the west side of the San Joaquin Valley, Fresno County. The nan
noplankton described by Bramlette and Sullivan (1961) from the overlying 
Domengine sandstone and Canoas siltstone farther south are from stratigraphically 
higher horizons. 

The highly foraminiferal Lodo formation of this region, consisting of about 
1,200 feet of claystone, was chosen for study by the Geological Survey because of 
its uniform lithologic character (see Israelsky, 1951) and the relatively long time 
span (Paleocene to middle Eocene) represented by uninterrupted deposition. Its 
fossils were collected and studied for the purpose of establishing a foraminiferal 
sequence that might be used as a standard of comparison for correlation of other 
sequences deposited under similar environmental conditions. 

Although part of this foraminiferal fauna has already been described by 
Israelsky (1951, 1955), publication upon the faunal sequence as a whole is not yet 
complete. However, a similar sequence of 59 samples was collected earlier through 
essentially this same stratigraphic interval by R. T. White. The lower part of 
White's sequence is duplicated by the U. S. Geological Survey sampling, but the 
upper part was taken along Lodo Gulch, the type locality of the Lodo formation 
(White, 1938, 1940). The Foraminifera from this sequence have been described 
and their stratigraphic distribution recorded by Lois Martin ( 1943). More recently 
this material has been reviewed and its age considered by Mallory (1959, pp. 29, 
33, 37, 57; table 3). 
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Fig. 1. Index map : Four areas of early Ter tiary nannoplankton occurrence in California. 

THE SELBY SMELTER-P ACHE CO SYNCLINE REGION 

In 1948 the late Professor Charles E. Weaver collected a number of foraminiferal 
samples from the Lower Tertiary of the Selby Smelter and nearby Pacheco 
syncline areas, in Contra Costa County, California. The Foraminifera from these 
samples were later described by Bernice Young Smith (1957), and the collecting 
localities are shov;rn on her geologic map (ibid., fig. 2). Many of the original 
samples on deposit at the Museum of Paleontology, University of California, have 
yielded fossil nannoplankton. However, only the two stratigraphically lowest 
samples from the Vine Hill sandstone (Selby Smelter and east limb Pacheco 
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syncline) and the two highest Las Juntas shale samples (west limb) are in
cluded here. The stratigraphic relationships of these samples are shown in figure 
2 (after B. Y. Smith, 1957), and the species of contained fossil nannoplankton 
are recorded in table 1 (fig. 2 and table 1 in pocket). C. E. Weaver's other samples 
from the Las Juntas shale of the Selby Smelter area were found to be barren of 
these tiny planktonic micro fossils, as was his sample from the Las Juntas shale on 
the east limb of the Pacheco syncline (B . Y. Smith, 1957). Nannoplankton from 
the younger formations exposed in this region will be discussed in a later report. 

THE TYPE LOCALITY OF THE ANITA SHALE 

In 1951 a suite of foraminiferal samples was collected by the late Henry T. 
Herlyn from the type section of the Anita shale (Kelley, 1943, pp. 6-8, 16- 18, 
figs. 2-3; table 1; see also H erlyn, 1958) in the western Santa Ynez Mountains, 
Santa Bar bar a County. The lower part of this typical Anita shale was subsequently 
designated as the type area for the Ynezian and Bulitian foraminiferal Stages, 
West Coast Paleocene, by Mallory (1959, pp. 22, 29, fig. 2). Some of the original 
samples from the Ynezian, or lowermost part of this sequence, on deposit at the 
Museum of Paleontology, University of California, were found also to contain 
nmmoplankton assemblages. Stratigraphic allocation of these samples in the lower 
Anita shale is shown in figure 2. The species of nannoplankton are recorded in 
table 2 (in pocket). Several of Herlyn's samples from the upper part (Eocene) of 
the typical Anita shale were examined and fossil nannoplankton were also folmd to 
be present. However, only the lowermost few of these Eocene samples are discussed 
in this report. 

THE Lono FoRMATION OF MEDIA AGuA CREEK 

In 1947 V. S. Mallory collected a sequence of foraminiferal samples from the 
Lodo formation at Media Agua Creek on the west side of the San J oaquin Valley, 
Kern County, California. The Lodo here, which is many miles south of the type 
section of the Lodo formation (see fig. 1), has been shown by Mallory to be of 
Paleocene and early Eocene age, and corresponds to the upper part of the 
"Cretaceous Rocks" of the earlier maps and publications (see English, 1921, pp. 
9-10, pl. 1; see also Arnold and Johnson, 1910, pp. 34-39). Mallory (1959, pp. 22, 
31, 34; fig. 3) designated the lower and middle Lodo at this locality as the type 
area for the Zones of his Ynezian and Bulitian Stages of Paleocene age, and for 
the superjacent Stage of early Eocene age which he termed Penutian. Species 
of fossil nannoplankton are present in all but the lowest few of Mallory's lower 
Lodo foraminiferal samples here. The stratigraphic allocation of these samples is 
graphically shown in figure 2 (after Mallory), and the nannoplankton species are 
recorded in table 3 (in pocket). Foraminifer-bearing samples from the middle and 
upper Lodo of this area also contain nannoplankton, and will be discussed in a later 
report. 

BIOSTRATIGRAPHY 

In the four areas studied, several distinct nannoplankton faunules are readily 
recognized in the local biostratigraphic sequences. Some characterize a sufficient 
thickness of strata to permit the recognition of zonules. These local biostratigraphic 
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units, or zonules, are characterized more essentially by the quantitative aspect of 
their contained nannoplankton assemblages as a whole, as in a faunule or an "as
semblage of fossils" generally, rather than being strictly delimited by the strati
graphic range or ranges of particular species. 

The more conspicuous quantitative as well as qualitative features characterizing 
these faunules are discussed here, and the stratigraphic intervals they occupy are 
shown on the a-ppropriate check lists. 

F AUNULES FROM THE TYPICAL LODO FORMATION 

Several biostratigraphic units based on fossil nannoplankton have already been 
described from the type Lodo sequence (see Bramlette and Sullivan, 1961, table 1). 
However, since these units were originally delimited not so much descriptively 
but rather to suggest the local representation of a proposed sequence of time-rock 
units or Zones, certain further distinctions and qualifications may be in order here 
for the purpose of clarifying discrepancies in usage in the two papers, both of 
which treat of the same biostratigraphic sequence-that of the type Lodo. For ex
ample, "Biostratigraphic Units 1 and 2" of Bramlette and Sullivan appear to be 
zonules in the sense of Fen ton and Fen ton ( 1928), as they are characterized by 
distinctly different nannoplankton faunules. "Unit 3," however, consists of a 
lower, a middle, and an upper zonule: the lower is delimited at the top by a notice
able faunal change at about sample 36, and another faunal change-involving a 
marked decrease in abundance of many species at about sample 80 (see Bramlette 
and Sullivan, 1961, table 1)-serves to distinguish a middle from an upper zonule. 
Likewise, "Units 4, 5, and 6," as descriptive biostratigraphic units, require a 
comparable refinement or regrouping, but they are not dealt with in further detail 
here. 

It may be appropriate to add, in passing, that the terms "faunule" and "zonule" 
are used here in accordance with the definitions of C. L. and l\1. A. Fenton (1928, 
pp. 20-22), (see also Kleinpell, 1938, p. 97) defining a faunule as" ... an as
semblage of fossil animals, associated in one or a few contiguous strata, and domi
nated by the representatives of one community, commonly either an association, 
or a layer society," and a zonule as " . . . the strata or stratum which contains a 
faunule, its thickness and area limited by the vertical and horizontal range of 
the faunule." In practice, such faunules and zonules are the smallest local units 
of descriptive biostratigraphy, and though as such they do not have a time-dimen
sion (as do, for example, Zones and Stages), their interpretive significance lies 
essentially in the field of paleoecology. 

FAUNULES FROM THE SELBY SMELTER-PACHECO SYNCLINE REGION 

The four samples studied from Contra Costa County appear to represent only two 
distinct faunules. One is from the Vine Hill sandstone, the other from the over
lying Las Juntas shale. 

Vine Hill faunule.-The two assemblages representing the lower faunule are 
from widely separated localities, sample A-6658 from a fault block at Selby Smel
ter, and A-6661 from the east limb of the Pacheco syncline. Although the latter 
sample is poor in fossils, the foraminifer assemblages from the two samples are 
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treated as a single faunule by Smith (1957, p. 138), and are even correlated as 
to age (ibid., p. 143). The two samples also contain essentially the same nanno
plankton in the form of a relatively meager faunule characterized by a few well
represented species of Zygoli thus, Fasciculithus, and Bmarudosphaera, and by a 
few others representing Coccolithus, Ellipsolithus, and Zygodiscus in fewer 
numbers. 

Las Juntas faunule.-The higher faunule is represented by the assemblages from 
samples A-6666 and A-6665, stratigraphically high in the Las Juntas shale on the 
west limb of the Pacheco syncline. It is characterized by a number of species 
representing Coccolithtts, Zygrhablithus, and Discoaster, some of which occur in 
abundance. The faunule is further characterized by a number of other species 
which less abundantly represent Coccolithites, Cyclococcolithus, H elicosphaera, 
Micrantholithus, Discoasteroides, and Sphenolithtts. 

FAUNULES FROM THE TYPICAL ANITA SHALE 

Four distinct nannoplankton faunules are represented in the samples from the 
type Anita shale examined in this r eport. Two are present in the lower part of the 
formation, exposed best in gullies between the head of Arroyo El Bulito and 
Canada de Santa Anita; and two occur stratigraphically higher, in and above the 
sandy limestone lenses which separate the typical Anita into a lower and an upper 
member. 

South Gttlly zonule.-The lowest of the lower Anita falmules is present through
out the 76 feet of strata from ·which samples A-8926 through A-9835 were collected, 
173 to 249 feet above the base of the formation. This interval is especially character
ized by a few well-represented species of Fascicttlithus, Ellipsolithus, and Zygodis
cus. Several other species representing Coccolithus, Cyclolithtts, Zygolithus, Zyg
rhablithus, Discoaster, and H eliolithus, though present in fewer numbers, help to 
characterize this faunule. 

Water shed faunule.-The next highest faunule is restricted to the overlying 
few feet of strata containing localities A-8936 and A-8939a, 253 and 258 feet above 
the base of the Anita shale. Sample A-8936 was collected from 5 feet below the 
top of H erlyn's stratigraphically lowest sequence of dark gray to black shales at 
the head of Arroyo El Bulito. Sample A-8939a is from this same bed but at the 
base of H erlyn's stratigraphically higher "Waterfall Creek" section on the north 
side of the watershed (see Locality Descriptions ). The common occurrence of two 
species of Discoaster, plus the contained presence (though in fewer numbers) of 
a few of the earlier species of Coccolithus, Cyclolithus, Ellipsolithus, and Fascicu
lithus, characterize this faunule. The specimens constituting this assemblage are 
poorly preserved and show much secondary growth. 

Fossil nannoplankton have not yet been found in the interval above the water
shed faunule and below the limestone lenses that occur in the middle part of the 
formation. The two additional faunules, from stratigraphically still higher in the 
Anita, are from above the horizon of the lowest limestone lenses. 

Sierra Blanca faunttle.-The sparse aggregate of fossil nannoplankton from 
sample A-8941, 5 feet above the lowest of the sandy limestone lenses in the Anita 
shale, is characterized by the rare occurrence of a few species of Coccolithus, 
Cyclococcolithus, and Discoaster. Stratigraphically all these forms make their first 
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known local appearance at this horizon, though the immediately underlying strata 
(above the watershed faunule) have not yet been examined for these fossils, and 
most of them are more abundant in the next highest faunule. 

North Gully faunule.-The highest .Anita nannoplankton faunule reported on 
here is represented by the assemblages from samples .A-8944 and .A-8945, in the 
upper .Anita as exposed just north of the .Arroyo El Bulito-Cafiada de Santa 
.Anita watershed, 160 and 180 feet stratigraphically above the lowest of the 
sandy limestone lenses. It is characterized by an increase in the number of species 
of Discoaster and Discolithus, some of which are common and most of which are 
not conspeciitc with the forms from stratigraphically lower in the section. How
ever, a few species of Coccolithus, Ellipsolithus, and Lophodolithus, carrying up 
from the lower .Anita, continue to be represented here. The faunule is further char
acterized by Rhabdosphaera and Sphenolithus. 

LODO F AUNULES FROM MEDIA .AGUA CREEK 

Three nannoplankton faunules may be distinguished in the lower part of the Lodo 
formation at Media .Agua Creek. 

Fasciculitht~s faunule.-The lowest of these Media .Agua Creek faunules is re
stricted to the assemblage from sample .A-7879, 261 feet below the Lodo-Tejon 
contact. It is characterized by the abundance of two species of Discoaster and 
one each of Coccolitht~s and Fasciculithus. In addition, Cyclolithus, Ellipsolithus, 
Zygolithus, and Discoasteroides help to characterize this lowermost faunule, al
though they are represented in fewer numbers. 

Chiphragmalithus zonule.-The next highest faunule is present in the 21 feet 
of strata from which samples .A-7078 up through .A-7076 were collected. Strati
graphically these samples occur from 257 to 236 feet below the top of the formation, 
and they represent an almost complete change in the nannoplankton fauna. Sev
eral species of Discoaste1·, Chiphragmalithus, Lophodolithus, and Sphenolithus 
that are not present in the lowermost faunule are well represented here . .Anum
ber of other species representing Coccolithites, Coccolithus, Cyclococcolithus, Dis
colithus, and Discoasteroides, also absent from the lower faunule, appear here, 
though in fewer numbers, and Ellipsolithus and Zygolithus continue on up into 
this zonule from the lower faunule, in small numbers. 

Braarudosphaera zonule.-The highest faunule from this sequence is represented 
throughout the 127 feet of strata containing samples .A-7075 up through .A-7062, 
stratigraphically from 228 to 101 feet below the upper limits of the formation; 
and it continues upward through the overlying 24-foot-thick Lodo middle member . 
.All species characteristic of the stratigraphically next lowest faunule continue to 
be represented here, but in fewer numbers. Several species of Discolithus, H eli
cosphaera, Rhabdosphaera, and Discoaster are distinctive; the Braarudosphaeridae 
are well represented as a group; and the faunule is especially characterized by the 
common occurrence of two species of Discoaster and by Sphenolithus. 

ECOLOGY 

Very little can be deduced about the paleoecology of these now mostly extinct 
planktonic species grouped here as coccolithophorids, braarudosphaerids, and re
lated forms of uncertain systematic position including the discoasters (see Bram-
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lette and Sullivan, 1961, p. 138). Though many samples of living coccolitho
phorids have been collected by marine biologists, little has yet been determined 
about the particular ecology, dispersal, or geographic distributional patterns of 
even the living representatives of the planktonic microfossils discussed in this 
paper . However, since these marine fossils are considered to have been planktonic, 
as are the living coccolithophorids, open ocean connections are indicated for the 
surface waters above the areas in which their containing strata were deposited. But 
otherwise their presence adds little to the understanding of the depositional en
vironment of the sediments discussed here that has not already been inferred from 
other evidence and from the benthonic foraminifers and mollusks also present. 

These benthonic fossils indicate that deposition of. all the strata here under 
direct discussion took place in marine waters of tropical to subtropical surface 
t emperatures. Various depths for the deposition of these sediments are to be in
ferred from the particular groups of benthonic foraminifers and mollusks present 
(Mallory, 1959; Smith, 1957). These range from littoral to shallow neritic, as 
in the basal type Lodo formation and the Vine Hill sandstone, and the middle 
Lodo and middle Anita shale, the more widespread sandy limestones of which were 
deposited under r elatively clear- as well as warm-water conditions, to neritic and 
upper bathyal depths (i.e., around the edge of the continental shelf) , with occa
sional and local shoaling, for most of the remaining sediments dealt with here. In 
addition to the evidence afforded by the benthonic foraminifers and mollusks in 
these sediments, the presence of planktonic Foraminifera indicates open ocean 
connections for the surface waters. 

The presence of coccolithophorids as well as planktonic foraminifers in these 
same sediments simply corroborates the evidence of connections with the open 
ocean, as most living coccolithophorids are truly pelagic, although some do occur 
in great numbers in coastal waters and some are found even in brackish and fresh 
water (Braarud, 1954) . Their presence is also in keeping with an interpretation 
of tropical to subtropical surface water temperatures for the depositional site of 
these sediments. This follows when it is considered that these forms were most 
likely dependent on photosynthesis (even though certain living coccolithophorids 
have been observed in culture by Parke and Adams [1960, p. 265] to ingest and 
assimilate food particles), and hence would have been restricted to the near-surface 
waters above 150 meters. (One species has been reported as abundant down to 
1,000 meters [Bernard, 1948 ], though not shown to be alive at that depth.) And 
as surface dwellers they probably favored warm water as do the living coccolitho
phorids, which ar e most abundant in warm surface waters of the low latitudes 
where Ca00 3 is more r eadily available to them than in the higher latitudes 
(Braarud, Gaarder, Markali, and Nordli, 1952, p. 133). Ca003 is nevertheless 
sufficiently available in cold ocean waters of the higher latitudes to support great 
numbers of such species as Coccolithus huxleyi (Halldal and Markali, 1954, p. 
329 ), and some are known even from Arctic waters. It is interesting to note that 
fossil coccolithophorids appear to have been more abundant during Cretaceous 
and early Tertiary time, when, as deduced from other evidence, the oceans were 
generally warmer than during the Neogene and Recent. Little can be inferred 
from the presence of these tiny planktonic microfossils concerning the depth at 
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which their containing sediments were deposited, except perhaps to assume that 
depths could have ranged to 4,500 meters, a depth past which most calcareous 
tests are dissolved in the colder bottom waters of the Pacific today, or even below 
this depth if the solubility limits of calcite were lower in the generally warmer 
seas of early Tertiary time (see Bramlette, 1958, p . 124). 

One group represented in this fossil nannoplankton, the Braarudosphaeridae, 
may have had somewhat closer relationship with a shallow-water habitat or inshore 
environment than with the true pelagios. These forms are best represented in the 
lower 150 feet of the type Lodo formation where littoral megafossils and micro
fossils are present (see White, 1939; Martin, 1943 ; Mallory, 1959, p. 29). In the 
overlying lower Lodo, believed by Mallory (1959, p. 32) to represent conditions 
of shoaling to medium depths, the braarudosphaerids alternately appear and dis
appear as a group. They are well represented in the middle type Lodo of Penutian 
Age (Mallory, 1959, p. 37) and especially so in the upper part of this interval, 
which reflects a time of widespread shallow-water deposition (ibid., p. 35). The 
braarudosphaerids are all but absent in the upper type Lodo, but reappear in num
bers in the overlying Domengine standstone. Mallory (ibid., p. 44) considers a 
neritic to inner bathyal depositional environment as the seat of origin of this 
stratal interval, and one which shoaled gradually to shallow neritic or littoral 
depths by the time the uppermost beds were being deposited. 

The braarudosphaerids are poorly represented in the Las Juntas shale on the 
west limb of the Pacheco syncline, where this formation is believed to have been 
deposited at medium depths (Smith, 1957, p. 141). They are fairly well repre
sented, however, in the meager faunule from the Vine Hill sandstone of this gen
eral area (Contra Costa County), and these sediments are considered (ibid .) to 
reflect somewhat shallower deposition. In addition, mollusks reflecting an inshore 
shallow-water environment have been reported (ibid., p. 143) from strata imme
diately above and below the more westerly Vine Hill locality. 

The Braarudosphaeridae are all but absent from the type Anita shale. The 
lower type Anita is believed to have been deposited at neritic depths (Mallory, 
1959, pp. 27, 32). And, although the middle Anita appears to have been deposited 
inshore in clear shallow water (see ibid., p . 35), fossil nannoplankton of all sorts 
seem to be altogether absent from these more calcareous beds. Where planktonic 
microfossils are again present, in the upper Anita, reflecting neritic to upper 
bathyal deposition according to Mallory (ibid., p . 44), the braarudosphaerids are 
again only poorly represented. 

They are absent also from that part of the lower Lodo formation at Media Agua 
Creek which Mallory (1959, p. 27) considers representative of neritic to upper 
bathyal deposition. However, the group is well represented in the overlying strata 
of the lower Lodo in this same area, where the beds are believed (ibid ., p. 33) to 
reflect shallow-water deposition. 

Although living representatives of Braar·udosphaera bigelowi have been re
ported in abundance from Station 60 in the open ocean between the Azores and the 
Sargasso Sea ( Gaarder, 1954, p. 5), little is really known about the limits of their 
living habitat. A more characteristic inshore habitat seems to be suggested for the 
braarudosphaerids as a whole, by their occurrence as a group in the Lower Tertiary 
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formations r eviewed above, where their presence in numbers associated with 
inshore rather than offshore benthos may reflect an inshore facies of these early 
Tertiary nannoplankton faunas. 

AGE AND STRATIGRAPHIC RELATIONSHIPS 

That the fossil nannoplankton considered in this paper are of Paleocene and early 
Eocene age has been determined on the basis of the fossil foraminifers and mol
lusks with which they are stratigraphically associated in the four areas studied. 
In view of such age determinations and correlations, it is of interest to note that 
much the same joint occurrences of nannoplankton species are found in the same 
order from place to place, and these rather consistently in association with as
semblages of benthonic foraminifer species previously known to be of the same 
age. Degrees of faunal change in nannoplankton, however, do not always corre
spond exactly to those apparent in the benthonic faunas at the same stratigraphic 
horizon or, laterally, in the same geographic areas, as will be summarized in the 
discussion of geologic age and stratigraphic relationships of faunas which follows. 

AGE OF THE FoRMATIONS 

Type Lodo formation.-In its type area the Lodo formation, rich in nannoplank
ton (Bramlette and Sullivan, 1961 ), lies unconformably on the Moreno formation 
of late Cretaceous age (Anderson and Pack, 1915). I sraelsky ( 1951, p. 3) questions 
such an age for the uppermost part of the Moreno, however, and considers that 
part above the dinosaur- and Siphogenerinoides-bearing beds in the area just 
north of the type Lodo region as of Paleocene age on the basis of mollusks collected 
by Stewart, Popenoe, and Suavely (1944). 

On the basis of foraminiferal content, including the stratigraphically restricted 
species A.mmodisctts glabratus (see Israelsky, 1951, p. 9), Mallory (1959, p. 29) 
assigns the overlying lower 150 feet of the type Lodo to his Ynezian Stage. Larger 
marine invertebrate fossils are exceedingly scare in the fine-grained sediments of 
the lower Lodo, but megafossil species such as Turr·itella infragranulata, Brachy
sphingus gabbi, Cucullaea mathewsoni, and Trochocyathus zittelli have been re
ported by R. T. White (1939) from LSJU-2073 (see Martin, 1943, fig. 1) in the 
basal Lodo at Panoche Pass just north of the type section, "not far from the lowest 
foraminiferal Lodo samples discussed by Martin and stratigraphically just be
neath them when proj ected into her 'I-X' section" (Mallory, 1959, p. 29). In 
addition, Mallory (1959, pp. 21, 29, 91) has collected the following Paleocene mol
lusks from locality U. W. A-2500, which he refers to (p. 91) as probably the same 
as White's ( 1939) locality LSJU-2073: 
Turritella in[ragran~1lata Gabb 
Turritella pachecoensis Stanton 
Brachysphingus cf. B. liratus Gabb 
Polynicus cf. P. susanaensis Nelson 

Priscoficus caudata (Gabb) 
H eterotrema gabbi Stanton 
Glycymeris veatchii var. major (Stanton) 

The next highest 25-50-foot interval of the type Lodo is described by Mallory 
( 1959, pp. 29, 33) as containing only "non-diagnostic Foraminifera," but as prob
ably representing the lower Bulitian Stage, though "the Foraminifera do not 
permit a refined stage correlation." That part of the type Lodo from 175 to 300 
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feet ± above the base of the formation is then assigned by Mallory to the upper 
Bulitian (Valvulineria wilcoxensis Zone) . Mallory (ibid., p. 37) also recognizes 
both Zones of his Penutian Stage in the middle Lodo from 450 to 670 feet above 
the base of the formation. The Lodo here in its type area is unconformably over
lain by the Domengine sandstone, whereas farther south, as at Tumey Gulch, the 
Yokut sandstone intervenes between the overlying Domengine and the mudstones 
of the Lodo (White, 1940, p. 1746 ) . Still farther south the Domengine (part of 
the lower sandstones of the "Tejon" of Arnold and Anderson, 1910 ) and that part 
of the Canoas siltstone at Oil City and at Garza Creek (this is the basal Kreyen
hagen shale, the lowermost part of the upper "Tejon" shale of Arnold and Ander
son, 1910, pp. 64-70; pl. 1), which comprise the upper part of the sequence re
ported on by Bfamlette and Sullivan ( 1961), are included in the Ulatisian Stage 
by Mallory (1959, pp. 51, 53, 71), and apparently in the upper Ulatisian (ibid., 
fig. 7). 

Vine Hill sandstone and Las Juntas shale.-The fossil nannoplankton (table 1) 
from the Selby Smelter and Pacheco syncline areas (fig. 2) occur within the Vine 
Hill sandstone and the Las Juntas shale. The nannoplankton in B. Y. Smith's 
(1957) Vine Hill samples are associated with stratigraphically diagnostic Foram
inifera, assigned by her to Laiming's "E-Zone" and by Mallory (1959, p. 29) 
to the lower Ynezian Stage (Silicosigmolina californica Zone). Paleocene mega
fossils are also known (see Weaver, 1953; Smith, 1957) from strata within a few 
hundred feet below and above Smith's Vine Hill sample A-6661. Among those 
megafossils reported from below A-6661 are Trochocyathus zittelli (Merriam), 
Priscofictts robustus (Weaver), Brachysphingtts sinuattts Gabb, and Perissolax 
tricarnatus Weaver; others, including Priscoficus cattdatus (Gabb), Tttrritella 
pachecoensis Stanton, Cucullaea rnathewsonii Gabb, and N eocardiwrn lintiurn 
( Conrad), are reported from both below and above A-6661; and Tu1-ritella in
fragranulata Gabb, Brachysphingus gabbi Stewart, Pecten cf. P. rnartinezensis 
Gabb, and Pholadomya nasuta Gabb are reported from above this Vine Hill 
sample. 

The next highest occurrence of fossil nannoplankton from this area is in the 
upper Las Juntas shale in Smith's samples A-6666 and A-6665, both of which are 
assigned a P enutian age by Mallory (1959, p. 37); the younger (higher) of these, 
along with the lower part of the overlying Muir sandstone, he considers to be upper 
Penutian. 

Type Anita shale.-The biostratigraphic sequence (fig. 2) containing fossil 
nannoplankton at the type locality of the Anita shale consists mainly of that part 
of the lower Anita which Mallory (1959, p. 22) designated as type for his Ynezian 
Stage; and on the basis of associated Foraminifera the samples containing these 
planktonic microfossils represent the upper part of this Stage (Bulirnina excavata 
Zone ), (personal communication with Mallory). 

The Anita here lies with questionable disconformity (Dibblee, 1950, pp. 23, 26) 
on the J alama formation of late Cretaceous age. In the type section of the Anita 
no angular discordance is discernible between the J alama sandstone below and 
the overlying lower Anita shale, but the lowermost 100 feet or more of the Anita 
are especially glauconitic, and a 5-foot-thick bed of almost pure glauconite occurs 
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at about 100 feet stratigraphically above the concordant Jalama-Anita contact 
(Herlyn, 1958; see also Kleinpell and Weaver, 1963, pp. 7-8 ). Dibblee (1950, p . 
24) reports the following characteristic Upper Cretaceous megafossils in the J a
lama formation, 1,300-1,500 feet below the same contact: 

Calva steinyi (Hawley) 
Glycyme1·is veatchii var. major (Stanton) 
l noceramus sp. 
Mactra ashburneri Gabb 

Trigonia evansi Meek 
Trigonia gibboniana Meek 
Volutaderma cf. V. gabbi White 
B aculites sp. 

In addition, Herlyn (1958) lists the following exclusively Cretaceous Foraminifera 
from locality A-8960, about 30 feet below the megafossiliferous sandstone "reef" 
mentioned by Dibblee, and 420 feet above the highest horizons within the Jalama 
formation that are here affected by the Pacifica fault: 

B1!limina kiclcapooensis 
Cibicides stephensoni 
Frondic1;laria int ermitt ens 
Frondicularia cf. F. naheolensis 
Margim;lina cf. M . jonesi 
N odosm·ia paupercula 

Plam;lina spissocostata 
Planularia dissona 
Planularia dissona santandarensis 
Plectofrondicularia propan·i var. A. 
Plectofrondim;laria cf. P. p1·oparri var. B. 
V aginulinopsis ectypa 

No large marine invertebrate fossils have been found in the overlying lower 
Anita shale, but rare foraminifers appear about 8 feet stratigraphically above the 
glauconite bed (about 113 feet above H erlyn 's J alama-Anita contact). Both fora
minifers and nannoplankton occur about 173 feet above the base of the Anita and 
continue, often together in the same sample, to a horizon 258 feet above the base 
of the formation. This nannoplankton-bearing interval (see fig. 2 and table 2) 
represents the upper part of Mallory's type Ynezian Stage. 

Except for the meager Sierra Blanca faunule (sample A-8941), nannoplankton 
have not been found in the immediately overlying type Anita. This sample is from 
just above the lowest of the sandy limestone lenses which contain the "orbitoid" 
foraminifers (Discocyclina psila and Aktinocyclina aster), and which separate the 
typical Anita into a lower and an upper member (Kelley, 1943, p. 7). These 
middle Anita sandy limestone beds are considered to represent a southwestward 
extension of the Sierra Blanca limestone of the San Rafael Mountains (see also 
Mallory, 1959, p. 36). However, fossil nannoplankton reappear in numbers in the 
foraminiferal upper Anita shale, notably at localities A-8944 and A-8945 (see 
fig.2). 

Lodo formation at Media Agua C1·eek.-Fossil nannoplankton are present in all 
but the basal part of the lower Lodo formation at Media Agua Creek. The lower 
Lodo here has been designated by Mallory as type for the Zones of both his Ynezian 
and Bulitian Stages (which together may be correlated with the type sections of 
these two Stages in the lower typical Anita shale of Santa Barbara County), and 
as type for his lower P enutian Stage (Plecto f?·ondicularia kerni Zone), (Mallory, 
1959, pp. 22, 31, 34; table 13). 

The Lodo formation of Media Agua Creek lies conformably on strata containing 
such characteristic Cretaceous megafossils as Baculites sp., Inocerarnus sp., and 
Exogyra sp. (Mallory, 1959, p. 74). As previously noted, the Lodo formation of 
this section had, in the earlier literature, been grouped with these Cretaceous beds 
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as part of a local "Cretaceous Rocks." The middle Lodo here consists of a 25-foot
thick, "orbitoid"-bearing sandstone " reef" which Mallory (1959, p. 34; table 13) 
designates as type for his upper Penutian (Alabamina wilcoxensis Zone) . This 
"orbitoid"-bearing middle Lodo sandstone is correlated by Mallory with the typical 
Sierra Blanca limestone of the San Rafael Mountains and its lenticular equivalents 
stratigraphically near the middle of the typical.Anita shale of the Santa Barbara 
coast (ibid., p. 36) . 

STRATIGRAPHICALL Y DIAGNOSTIC N ANNOPLANKTON 

.As pointed out earlier, the nannoplankton faunules characterizing the biostrati
graphic units recognized here reflect ecology rather than time of deposition per se; 
and, as suggested, the similarity of the faunas of some of these units does not 
always indicate a common geologic age. Three major faunas and faunizones seem 
to be distinguishable among the nannoplankton assemblages studied. The first, or 
lowest, of these is represented by the faunules of "Biostratigraphic Units 1 and 2" 
of the type Lodo (Bramlette and Sullivan, 1961), the Vine Hill faunule from the 
Selby Smelter-Pacheco syncline area, the South Gully and Watershed faunules 
of the lower type .Anita shale, and the Fasciculithus faunule of the lower Lodo 
formation at Media .Agua Creek . .A second, or middle, major faunal aggregate is 
represented by the faunules of "Biostratigraphic Unit 3" of the type Lodo (ibid.), 
the Sierra Blanca and North Gully faunules of the type .Anita shale, and the 
Chiphragmalithus and BraarudosphaeTa faunules of the lower Lodo formation 
at Media .Agua Creek. The third, or highest, faunizone is represented by the 
faunules of "Biostratigraphic Units 4, 5, and 6" of the Domengine and Canoas 
south of Lodo Gulch (ibid.), and by the Las Juntas faunule from the west limb 
of the Pacheco syncline. This third, or highest, nannoplankton faunizone is merely 
under preliminary discussion here, and will be considered in greater detail in Part 
II of this report. 

Some faunal facies differences are discernible in the planktonic aggregates here 
under review (see discussion of Braarudosphaeridae), though any full evaluation 
of them at this time would be premature. However, an analysis of the stratigraphic 
ranges of the individual species of these faunizones as found here in strata of 
previously known age indicates that joint occurrences of certain species may prove 
to be diagnostic of these ages elsewhere. Such species, which in the light of present 
knowledge appear to be stratigraphically diagnostic, are discussed in this section. 

Nannoplankton of Ynezian Age.-The fauna of the lower faunizone includes a 
number of nannoplankton species which, on the basis of their superpositional re
lationships with associated foraminifers and larger invertebrate fossils, occur to
gether only in strata of Ynezian .Age . .Although many of these range upward into 
younger strata, the following species appear to be restricted to the Ynezian Stage, 
or at least have their highest occurrence here: 

Coccolithus bidens 
Coccolith1!S californica 
Coccolithus eminens 
Cyclolithus robustus 
Ellipsolithus distichus 

Zygodiscus herlyni 
Zygodiscus plectopons 
Zygodiscus sigmoides 
Zygolithus distentu.s 
Zygoli thu.s jwnctus 
Zygrhablithu.s simplex 
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Miorantholithus concinnus 
Micrantholithus entaster 
Micrantholithus pinguis 
Miorantholithus tTuncus 
Discoaster helianthus 
Discoaster limbatus 

DiscoasteToides megastypus 
Fasciculithus involutus 
Heliolithus lcleinpelli 
H eliolithus 1·iedeli 
Rhomboaster cuspis 

Nannoplankton of late Ynezian to Penutian Age.-A middle nannoplankton 
faunizone occurs in strata ranging in age from late Ynezian through Penutian. 
It is difficult to r ecognize, by nannoplankton analysis, the more refined time-rock 
and age divisions of this interval, based on benthonic Foraminifera, because of 
the small number of nannoplankton species having ranges which overlap vertically 
within the interval. However, of the many nannoplankton species which appear 
to be diagnostic of this age, the following are restricted: 
Discolithus duocavus 
Discolithus punctosus 
Rhabdosphaera rudis 
Rhabdosphaera truncata 

Micrantholithus attenuatus 
Discoaste1· diastypus 
I sthmolithustmipons 

Many species have their lowest occurrence here: 

Chiphragmalithus calathus 
Chiphmgmalithus dubius 
Coccolithites aff. C. delus 
Coccolithus crassus 
Coccolithtts cribellum 
Coccolithus grandis 
Coccolithus solittbS 
Coccolithus sp. 
Cyclococcolithus gammation 
Discolithus ocellatus 
Discolithus pectinatus 
Discolithus planus 
Discolithus pulcher 
Discolithus versus 
H elioosphaera seminulum lophota 
H elicosphaera seminulum semim~lwm 
Lophodolithus Hniformis 
Rhabdosphaera crebra 
Rhabdosphaem morionum 
Rhabdosphaera perlonga 
Rhabdosphae·ra scabrosa 

Rhabdosphaera vitrea 
Zygol·ithus crux 
Zygrhablitlms bijugatus 
M icrantholithus jlos 
M·icrantholithus vesper 
Clathrolithus minutus 
Discoaster barbadiensis 
DiscoasteT binodosus 
Discoaster crucifoTmis 
Discoaster dejlandrei 
Discoaster distinctus 
Discoaster elegans 
Discoaster germanicus 
Discoaster lodoensis 
Discoaster minimus 
Discoaster septemradiattbs 
Di.scoaster tribrachiatus 
Discoast eroides lctbepperi 
Polycladolithus operosus 
Sphenolithus radians 

And several species have their highest occurrence here: 

Chiphragmalithus protenus 
Discolithus inconspicwus 
Zygodiscus adamas 
Micrantholithus aequalis 
Micrantholithus bramlettei 

Discoaster delicatus 
Discoaster falcatus 
Discoaster mediosu.s 
DiscoasteT multiradiatus 
Discoaster multiradiatus var. 

Nannoplankton of Penutian and Ulatisian Age.-The third, or highest, nanno
plankton aggregate occurs in strata that range in age from upper Penutian 
through the Ulatisian. Many of the species present in this faunizone are also found 
in older strata. Several nannoplankton species, however, appear to be restricted 
to this interval, or at least have their first occurrence here: 
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Chiphragmalithus acanthodes 
Chiphragmalithus cristatus 
Chiphragmalithus quadratus 
Coccolithus expansus 
Coccolithus gigas 
Coccolith1ts staurion 
Discolithus distinctus 
Discolithus exilis 
Discolithus fimbriatus 

Discolithus panarium 
Lophodolithus mochlophorus 
Rhabdosphaera infiata 
Rhabdosphaera semiformis 
Rhabdosphaera t enuis 
M icrantholithus basquensis 
Discoaster martinii 
Discoaster nonaradiatus 
Discoaster sublodoensis 

SuMMARY CoNCLUSIONS 

Paleocene and early Eocene nannoplankton in the California Coast Ranges.-The 
horizons of change in fauna (1) from the lower to the middle nannoplankton fau
nizone and (2) from the middle to the upper faunizone do not seem to correspond 
exactly to the horizons of change from one to another of the California Coast 
Range Lower Tertiary benthonic foraminiferal Stages of Mallory ( 1959). There 
is, however, some degree of general correspondence, in that the lower nannoplank
ton faunizone appears to be restricted, in all four sections studied, to strata of 
Ynezian Age. The middle faunizone appears to represent mainly the Bulitian and 
Penutian Stages, although it has an earlier occurrence within upper Ynezian strata 
of the lower Lodo formation at Media Agua Creek. And the upper faunizone is 
most commonly represented in strata of Ulatisian Age-this based on a study of 
several other California sections to be reported on at a later date-although it 
appears to have an earlier occurrence high in the west limb Las Juntas shale 
(upper Penutian) of the Pacheco syncline area discussed in this report. Thus, 
although there is some degree of general correspondence, boundary discrepancies, 
for the most part small (in footage), do exist between these nannoplankton fauni
zones and the benthonic foraminiferal Stages. Whether these discrepancies are 
due to facies phenomena, and to what extent, or whether they may be due to zonal 
detail in biochronologic interpretation of benthonic foraminifer Stage boundaries, 
will be better understood when further discipline is established in the form of a 
more complete knowledge of the true ranges of the nannoplankton species of these 
three faunizones, throughout the Coast Range area. This is being pursued in Part 
II of this report. 

The description of additional species of fossil nannoplankton and the recording 
of their stratigraphic distribution in additional biostratigraphic sequences under 
proper stratigraphic control may eventually permit recognition of local time and 
time-rock subdivisions of the California Coast Range Lower Tertiary based upon 
speciations and extinctions in these nannoplankton faunas. For the present, how
ever, it seems most appropriate to the nature of the data at hand to regard these 
major fauna} and stratigraphic units as constituting faunizones. 

Nannoplankton in stratigraphic paleontology.-In keeping with their open
ocean optimum environment, the nannoplankton under discussion tend to corre
spond in their distribution to pelagic plankton generally, and many of the species 
are known to have had a wide geographic range. Such plankton are commonly 
found in marine sediments which contain other pelagic forms such as the plank
tonic foraminifers, and when present their disaggregated plates ( coccoliths, etc.) 
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ar e available in great numbers for study. The small size of these plates, however, 
makes them difficult to study even with high-power optical equipment, and renders 
them especially subject to being reworked and redeposited even in very fine
grained clastic deposits, not only as allochthones in contemporaneous faunules after 
the manner of fossil plankton generally, but also in sediments of later geologic age. 
To a considerable extent they are subject to alteration by solution, rendering 
identification difficult in instances of such poor preservation. They are far fewer in 
number of species than the benthonic Foraminifera, and on the whole these nanno
plankton species appear to range longer in time. In addition there is the ever
present danger of inferring prematurely, that their particular stratigraphic dis
tribution in one particular sequence is indicative of their stratigraphic range in 
general. Biogeography as well as ecology appears to play a role in their lateral 
distribution, much as in any other groups of organisms. 

However, as one of the major constituents of Lower Tertiary marine sediments, 
these planktonic microfossils deserve study. If properly interpreted in the full 
light of those demonstrated principles that are inherent in their evolution and the 
evolution of faunas they comprise or dominate, an application of their biostrati
graphic data should prove to be a valuable tool in stratigraphic paleontology. Any 
such application must grow from the examination of many local sequences, each 
under superpositional control, and the establishment provincially of a general 
discipline, before long-range correlation of any degree of refinement can be con
sidered demonstrated. 

SYSTEMATIC DESCRIPTIONS 

The several kinds of calcareous micro-organisms discussed in this report have been 
grouped in various ways by different workers and included in the plant, animal, 
and protistid kingdoms. Two of the more recent and more commonly used classi
fications of these organisms are those of Defiandre (1952a, 1952b) and Kamptner 
(1958). 

Kamptner (1952, p. 233) and others have long considered coccolith structure 
alone as the basis for a taxonomic classification of the Coccolithophoridae. In recent 
years marine biologists have demonstrated the usefulness of the electron micro
scope in the study of coccolith microstructure, and a revised classification based 
on such structural criteria has been recommended (Braarud, Defiandre, Halldal, 
and Kamptner, 1955). 

More recently, however, the culture studies of Parke and Adams (1960) have 
shown that morphologically distinct coccoliths formerly regarded as representing 
two species of different genera actually represent the dimorphic stages in the life 
cycle of a single species. Apparently, current coccolithophorid classifications, 
based as they are on coccolith structure, per se, are not altogether satisfactory. 

It is, nevertheless, still possible to distinguish morphologically different forms 
with a high degree of accuracy through the use of the light microscope (see Halldal 
and Markali, 1955, p. 20). The additional use of the polarizing microscope also 
makes possible some understanding of their microstructure. Although the study 
of fossil nannoplankton in this fashion still does not ensure a thoroughly phyletic 
taxonomy, the cataloguing of recognizable forms in what is perhaps a purely 
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Linnean sense may serve, in pioneering studies such as this, to record the strati
graphic distribution of such forms the taxonomy of which remains in part at least 
artificial. The taxonomic grouping used in Bramlette and Sullivan (1961) is 
generally followed here. The type and locality numbers used in this paper, except 
where otherwise indicated, refer to the micropaleontology collections of the 
Museum of Paleontology at the University of California, Berkeley, where the 
type specimens have been deposited. The positions of these specimens on their 
containing slides are recorded in the section following the systematic descriptions. 

Family CoccoLITHOPHORIDAE Lohmann 

Genus Chiphragmalithus Bramlette and Sullivan, 1961 
Chiphragmalithus calathus Bramlette and Sullivan 

(Pl. 1, figs. 3-6) 

Chiphragmalithus calathus Bramlette and Sullivan, 1961, p. 156, pl. 10, figs. 7, a, b, 8-10. 

Hypotypes 44401, Loc. A-7078; 44402, L oc. A-7077; 44403, 44404, Loc. A-6666. 

Chiphragmalithus dt~bius (Defiandre) 
(PI. 1, fig. 2) 

Zygolithus dubius Deflandre, 1954, in Deflandre and Fert, p. 149, text-figs. 43, 44, 68; Martini, 
1958 (part), pp. 369-370, pl. 1, figs. 1, a, 1, c (not fig. 1, b); 1960, pp. 83-84, pl. 11, fig. 39; 
Bramlette and Sullivan, 1961, p. 150, pl. 6, figs. 12, 13, 14, a, b. 

Hypo type 44405, Loc. A-6666. 

The coccoliths of this species differ basically from those assigned in this paper 
to Zygolithus in that the component crystallites of both rim and crossbars are 
oriented in a nearly vertical fashion with their C-axes nearly perpendicular to 
the plan view, thus r esulting in only vague extinction lines when observed between 
crossed nicols, as discussed by Bramlette and Sullivan (1961, p. 150). This peculiar 
orientation of crystallites is the same as that described for Chiphragmalitlws 
(ibid., p. 156), and specimens with peripheral barbs as in Chiphmgmalithus, but 
otherwise typical of this species, have been observed. In addition to still other 
similarities, assignment of this species to the genus Chiphragmalithus is further 
supported by close relationship with C. p1·otenus, which is believed to have given 
rise to both this species and to C. calathus. 

Chiphragmalithus pro tenus (Bramlette and Sullivan) 
(PI. 1, fig. 1) 

Zygoli thus protenus Bramlette and Sullivan, 1961, pp. 150-151, pl. 6, fig. 15, a, b. 

Hypotype 44406, Loc. A-8945. 

As with Chiphragmalithus dt~bius, this form has the high septum-like cross
bars and the near-vertical orientation of crystallites, characteristic of this genus. 
It occasionally shows a tendency to develop slightly H-shaped bars, and is believed 
to have given rise to C. dubius (see Bramlette and Sullivan, 1961, p. 150). It also 
includes intermediate forms which are difficult to distinguish from those early 
forms of C. calathus without barbs. 
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Genus Ooccolithites Kamptner, 1955 
Ooccolithites delus Bramlette and Sullivan 

(Pl. 1, figs. 8, 9) 

Coccolithites delus Bramlette and Sullivan, 1961, pp. 151-152, pl. 7, figs . 1, a-c, 2, a, b. 

Hypo types 44407, Loc. A-6666; 44408, Loc. A-7075. 

Ooccolithites aff. 0 . delus Bramlette and Sullivan 
(Pl. 1, fig. 7, a, b) 

Coccolithites afl'. C. delus Bramlette and Sullivan, 1961, p . 152, pl. 7, figs . 3, 4. 

Hypotype 44409, Loc. A-7071. 

This form, which seems to differ from Ooccolithites delus only in the lack of 
crossbars, is usually found in association with that species, though in fewer num
bers, strongly suggesting dimorphic variations of the same species for these two 
forms. 

Genus Ooccolithus Schwarz, 1894 
Ooccolithus bidens Bramlette and Sullivan 

(Pl. 1, fig. 10, a, b) 

Coccolithus bidens Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 1. 

Hypotype 44410, Loc. A-8929. 

Coccolithus californicus, n. sp. 
(Pl. 2, figs . 3, a, b, 4, a, b) 

CoccolithlbS afl'. C. gigas Bramlette and Sullivan, 1961, p. 140, pl. 1, fig. 7, a-d. 

Coccoliths large, with two plates closely appressed and joined by a robust tube. Distal plate 
somewhat delicate, with a wide, convex outer slope vaguely showing straight-radiating striae. 
Inner slope narrow. Small central opening occupied by an X-shapcd structure. Length 13-21 p.. 

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

The coccoliths of this species differ from those of Ooccolithus consuetus in being 
larger, in having a more delicate distal plate which shows little relief in contrast 
to the robust connecting tube, and which only vaguely show radiating strae 
(although some specimens, such as fig. 4, clearly show these striae to be present). 
They differ from those of 0. gigas in being smaller and in having fewer and less 
pronounced striae which are straight-radiating rather than sigmoid. 

Ooccolithus consuetus Bramlette and Sullivan 
(Pl. 3, fig. 1, a, b) 

Coccolithus consuetus Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 2, a-c. 

Hypotype 44413, Loc. A-7077. 

Ooccolithus crassus Bramlette and Sullivan 
(Pl. 3, fig. 4, a, b) 

Coccolithus crassus Bramlette and Sullivan, 1961, p. 139, p. 1, fig. 4, a-d. 

Hypotype 44414, Loc. A-8945. 
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Coccolithus cribellum (Bramlette and Sullivan) 
(PI. 3, fig. 5, a, b) 

Coccolithites cribellum Bramlette and Sullivan, 1961, p. 151, pl. 7, figs . 5, a, b, 6, a, b. 

Hypotype 44415, Loc. A-6666. 

This form seems to be typical of the genus Coccolithus except for its central 
mesh. Nevertheless, the central structure of the coccoliths of the many species 
assigned to this genus varies greatly and seems to justify inclusion of this form 
until more detailed study warrants some taxonomic distinction. 

Coccolithus eminens Bramlette and Sullivan 
(PI. 1, figs. 11, a, b, 12, a, b) 

Coccolithus eminens Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 3, a--d. 

Hypotypes 444Jo6, L oc. A-8931; 44417, Loc. A-8930. 

Coccolithus grandis Bramlette and Riedel 
(PI. 2, figs. 1, a, b, 2, a, b) 

Coccolithus grandis Bramlette and Riedel, 1954, pp. 391-392, pl. 38, fig. 1, a, b j Defiandre, 1954, 
in Deflandre and F ert, p. 152, text-fig. 48; Bramlette and Sullivan, 1961, p. 140, pi. 2, figs. 1, 
a, b, 2, a-c, 3. 

Hypotypes 44418, 44419, Loc. A-6665. 

Coccolithus solittts Brarnlette and Sullivan 
(PI. 1, fig. 13, a, b) 

Coccolithus solitus Bramlette and Sullivan, 1961, pp. 140-141, pl. 2, fig. 4, a-c. 

Hypotype 44420, Loc. A-6666. 

Coccolithus staurion Bramlette and Sullivan 
(PI. 3, figs. 2, a, b, 3, a, b) 

Coccolithus staurion Bramlette and Sullivan, 1961, p. 141, pl. 2, figs. 5, a, b, 6, a--c. 

Hypotypes 44421, 44422, Loc. A-6666. 

Coccolithus sp. 
(PI. 3, fig. 6, a, b) 

Coccolithites sp. Bramlette and Sullivan, 1961, p. 153, pl. 7, figs. 9, a, b, 10. 

Hypotype 44423, Loc. A-7066. 

This form seems to differ from Coccolithus cribellum only in its more coarsely 
. perforated central area, narrower outer slope, and more closely appressed plates. 
As with that species, it seems best assigned to this genus until study of a sufficient 
number of specimens permits adequate description. 

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

(PI. 3, fig. 7, a, b) 

Coccolithites gammation Bramlette and Sullivan, 1961, p. 152, pl. 7, figs. 7, a--c, 14, a, b. 

Hypotype 44424, Loc. A-6665. 
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The circular coccoliths of this species most closely resemble those described by 
Kamptner for this genus, although additional study may warrant further tax
onomic distinction. 

Genus Cyclolithus Kamptner, 1948 

Cyclolithus robustus Bramlette and Sullivan 
(PI. 3, fig. 8) 

Cyclolithus? robustus Bramlette and Sullivan, 1961, p. 141, pl. 2, fig. 7, a--{). 

Hypotype 44425, Loc. A-7079. 

Genus Discolithus Kamptner, 1948 

IJ Discolithus distinctus Bramlette and Sullivan 
(PI. 4, fig. 4, a, b) 

Discolithus distinctus Bramlette and Sullivan, 1961, p. 141, pl. 2, figs. 8, a, b, 9, a--{). 

Hypotype 44426, Loc. A-6666. 

The discoliths of this distinctive species vary in robustness from forms with a 
relatively low and narrow rim, as shown here, to forms with a high and wide rim, 
as shown on plate 2, figure 8, of Bramlette and Sullivan (1961). The species is 
more typically represented, however, here and elsewhere, by specimens shown in 
figure 9 (ibid. ) . 

U Discolithus duocavus Bramlette and Sullivan 
(PI. 4, fig. 5, a, b) 

Discolithus duocavus Bramlette and Sullivan, 1961, pp. 141-142, pl. 2, fig. 11, a-d. 

Hypotype 44428, Loc. A-7077. 

\J Discolithus fimbriatus Bramlette and Sullivan 
(PI. 3, fig. 9, a-c) 

Discolithu.s fimbriatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 1, a-d. 

Hypotype 44429, Loc. A-6666. 

The similarity of the discoliths of this species, except for the wide thin flange 
difficult to see in transmitted light, with those of Discolithus panarium and their 
similar stratigraphic distribution suggest not only close relationship of the two 
species but possibly dimorphic variation within the same species. 

0 Discolithus inconspicuus, n. sp. 
(PI. 4, fig. 12) 

Discolithus aff. D. planus Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 6, a, b. 

Discoliths small and very thin. Central area thinning slightly and bisected by a longitudinal 
line indistinct toward the middle. Length 6-9 p.. 

Holotype U. S. N. M. 564201, Lodo 32 (see Bramlette and Sullivan, 1961, pl. 3, fig. 8); Hypo
type 44431, Loc. A-8935. 

The plates of this species differ from those of Discolithus planus mainly in being 
smaller and much thinner, and this species appears earlier in the column. 
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Discolithus ocellatus Bramlette and Sullivan 
(Pl. 4, fig. 3, a, b) 

Discolithus ocellatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 2, a-c. 

Hypotype 44432, Loc. A-7073. 

Discolithus panariurn Defiandre 
(Pl. 4, figs. 1, 2) 

Di-soolithus panariwm Defilandre, 1954, in Defiandre and Fert, p. 141, text-figs. 39, 40; Bramlette 
and Sullivan, 1961, p. 142, pl. 3, fig. 3, a-d. 

Hypotypes 44433, 44434, Loc. A-6666. 

Discolithus pectinatus Bramlette and Sullivan 
(Pl. 4, fig. 8) 

Discolithu-s pectinatus Bramlette and Sullivan, 1961, p. 142, pl. 3, figs . 4, a, b, 5, a, b. 

Hypotype 44435, Loc. A-7062 . 

• Discolithus planus Bramlette and Sullivan 
(Pl. 4, fig. 6, a, b ) 

Discolithus planus Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 7, a--c. 

Hypotype 44436, Loc. A-6666. 

Discolithus puLcher Defiandre 
(Pl. 4, fig. 10) 

Discolithus pulcher Defiandre, 1954, in Defiandre and Fert, p. 142, pl. 12, figs. 17, 18; Bramlette 
and Sullivan, 1961, p. 143, pl. 3, fig. 8, a--c. 

Hypotype 44437, Loc. A-6666. 

Discolithus pulcheroides, n. sp. 
(Pl. 4, fig. 7, a, b) 

Discolithus a£1'. D. pulcher Defiandre. Bramlette and Sullivan, 1961, p. 143, pl. 3, figs. 9, a, b, 10. 

Discoliths with a narrow rim showing slits or furrows only vaguely. Basal plate pierced by two 
semicircular openings separated by a narrow oblique transverse bridge. Length 9-12 p.. 

Holotype 44439, Loc. A-6666. Ve~;\u.\ ~ 

The discoliths of this species differ from those of Discolithus pulcher in having 
only vague slits or furrows, and a more oblique transverse central part. In addi
tion, this form appears to have an earlier occurrence in the sections studied. 

Discolithus rirnosus Bramlette and Sullivan 
(Pl. 4, fig. 9, a, b) 

Discolithus rimosus Bramlette and Sullivan, 1961, p. 143, pl. 3, figs. 12, a-c, 13. 

Hypotype 44440, Loc. A-7075. 

Discolithus versus Bramlette and Sullivan 
(Pl. 4, fig. 11) 

Discolithus versus Bramlette and Sullivan, 1961, p. 144, pl. 3, fig. 16, a-d. 

Hypotype 44442, Loc. A-6666. 

I' I 
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Genus Ellipsolithus, n. gen. 

Coccoliths consist of a single thin elliptical plate with the central area bordered 
by a slightly raised elliptical ridge. 

Although these thin plates are usually difficult to see in normal transmitted 
light, they are plainly visible between crossed nicols. 

Type species: Coccolithites macellus Bramlette and Sullivan, 1961 = Ellipso lith~ts macellus 
(Bramlette and Sullivan). 

Ellipsolithus distichus (Bramlette and Sullivan) 
(PI. 5, figs. 4, a, b, 5, a--c, 6, a, b) 

Coccolithites distichus Bramlette and Sullivan, 1961, p. 152, pi. 7, fig. 8, a-c. 

Hypo types 44443, Loc. A·8929; 44444, 44445, Loc. A-6658. 

This species is represented by a greater number of specimens in the Anita and 
Vine Hill samples than in topotype material, and further study shows it to be 
more variable than originally believed. Some specimens were observed to have as 
many as 8 to 10 transverse bars (pl. 5, fig. 5), and many specimens were observed 
to have a wider than typical longitudinal bar somewhat restricting the openings 
between the transverse bars to a narrow area close to the elliptical ridge (pl. 5, 
fig. 6). These openings become so restricted on some specimens as to make distinc
tion from the closely related Ellipsolithus rnacellus difficult. 

Ellipsolithus rnacellus (Bramlette and Sullivan) 
(PI. 5, fig. 3, a, b ) 

Coccolithites macellus Bramlette and Sullivan, 1961, pp. 152-153, pl. 7, figs. 11, 12, 13, a-d. 

Hypotype 44446, Loc. A·8945. 

Genus H elicosphaem Kamptner , 1954 

H elicosphaera serninulurn serninulurn Bramlette and Sullivan 
(PI. 5, fig. 1, a, b) 

Helicosphaera seminulum seminulum Bramlette and Sullivan, 1961, p. 144, pi. 4, figs. 1, a--c, 2. 

Hypotype 44447, Loc. A-6666. 

H elicosphaera serninulurn lophota Bramlette and Sullivan 
(PI. 5, fig. 2, a, b) 

H elicosphaera seminulum lophota Bramlette and Sullivan, 1961, p. 144, pl. 4, figs. 3, a, b, 4. 

Hypotype 44448, Loc. A·6665. 

Genus Lophodolithus Defiandre, 1954 

Lophodolithus rnochlophorus Defiandre 
(PI. 6, fig. 9, a, b) 

Lophodolithus mochlophorus Defiandre, 1954, in Deflandre and Fert, p. 147, pi. 12, figs. 20-23, 
text· figs. 69-71; Bramlette and Sullivan, 1961, p. 145, pl. 4, fig. 6, a-c. 

Hypotype 44449, Loc. A·6666. 
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Lophodolithus nascens Bramlette and Sullivan 
(PI. 6, fig. 7, a, b) 

Lophodolithus nascens Bramlette and Sullivan, 1961, p. 145, pl. 4, figs. 7, a-c, 8, a-c. 

Hypotype 44450, Loc. A-7077. 

Development of this species from Zygodiscus adamas is shown in the Anita as 
well as in the Lodo sequence (Bramlette and Sullivan, 1961 ), and is discussed 
under that species. 

Lophodolithus reniformis Bramlette and Sullivan 
(Pl. 6, fig. 8, a, b) 

Lophodolithus reniformis Bramlette and Sullivan, 1961, p. 145, pl. 4, fig. 5, a-c. 

Hypotype 44451, Loc. A·7073. 

Genus Rhabdosphaera Haeckel, 1894 

Rhabdosphaera crebra ( Deflandre) 
(Pl. 7, fig. 3, a, b) 

Rhabdolithus creber Deflandre, 1954, in Deflandre and Fert, p. 157, pl. 12, figs. 31-33, text·figs. 
81, 82. 

Rhabdosphaera creba (Def!andre). Bramlette and Sullivan, 1961, p. 146, pl. 5, figs. 1-3. 

Hypotype 44452, Loc. A·6666. 

Rhabdosphaera morionum ( Deflandre) 
(Pl. 7, fig. 1, a, b) 

Calyptrolithus morionum Deflandre, 1954, in Deflandre and Fert, p. 147, pl. 12, figs. 7, 8, text· 
figs. 63, 64. 

Rhabdosphaera morionum (Deflandre) . Bramlette and Sullivan, 1961, p. 146, pl. 5, figs. 12, a, b, 
13. 

Hypotype 44453, Loc. A·6666. 

Rhabdosphaera perlonga (Deflandre) 
(PI. 7, fig. 8) 

Rhabdolithus perlongus Deflandre, 1954, in Deflandre and Fert, p. 158, pl. 12, figs. 34, 35, text· 
fig. 86. 

Rhabdosphaera perlonga (Deflandre). Bramlette and Sullivan, 1961, p. 146, pi. 5, fig. 7, a-c. 

Hypotype 44454, Loc. A-6666. 

Rhabdosphaera rudis Bramlette and Sullivan 
(Pl. 7, figs. 5, a, b, 6) 

Rhabdosphaeraf rudis Bramlette and Sullivan, 1961, pp. 146-147, pi. 5, fig. 6, a, b. 

Hypotypes 44455, Loc. A·7072; 44456, Loc. A-7065. 

Rhabdosphaera semifonnis Bramlette and Sullivan 
(Pl. 7, fig. 7) 

Rhabdosphaera? semiformis Bramlette and Sullivan, 1961, p. 147, pl. 5, figs. 8, 9, 10, a, b. 

Hypotype 44457, Loc. A-6665. 
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Rhabdosphaera tenuis Bramlette and Sullivan 
(Pl. 7, fig. 4, a, b) 

Rhabdosphaera t enuis Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 14, a, b. 

Hypotype 44458, Loc. A-6666. 

Rhabdosphaem truncata Bramlette and Sullivan 
(Pl. 7, fig. 2, a, b) 

Rhabdosphaera truncata Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 15, a, b. 

Hypotype 44459, Loc. A-7071. 

Genus Zygodiscus Bramlette and Sullivan, 1961 

Zygodiscus adamas Bramlette and Sullivan 
(Pl. 6, figs. 4, a, b, 5, a, b, 6, a, b ) 

Zygodisous adamas Bramlette and Sullivan, 1961, p. 148, pl. 4, figs. 9, ar-c, 10, ar-c. 

Hypotypes 44460, 44461, 44462, Loc. A-8933. 

The development of this species from Zygodiscus herlyni is suggested by the 
presence of intermediate forms in the Anita samples, showing more differentiation 
between rim and basal plate than is typical of Z. herlyni, and having transverse 
bars more nearly diamond-shaped than r ectangular. Reexamination of the lower 
Lodo samples reported on by Bramlette and Sullivan (1961) has shown such inter
mediate forms to be present also, though few in number, in sample 6 + 1, where Z. 
herlyni (Z. aff. Z . plectopons) is well represented. 

Development of this species into Lophodolithus nascens is demonstrated in the 
Anita material, as well as in the type Lodo, by the presence of specimens such as 
those shown on plate 4, figure 10 of Bramlette and Sullivan (1961) from Lodo 
sample 32, where such intermediate forms outnumber those of the two species. The 
stratigraphic occurrence of this species, of L. nascens, and of intermediate forms 
in both the Anita and Lodo sequences further supports this relationship. 

Zygodiscus herlyni, n. sp. 
(Pl. 6, figs. 1, ar-d, 2, 3) 

Z ygod·iscus aff. Z . plectopons Bramlette and Sullivan, 1961, pp. 148-149, pl. 4, fig . 13, a- e. 

Coccoliths with rim and basal plate poorly differentiated. Central area transversely spanned 
by a r obust rectangular bar consisting of two segments of different crystallite orientation. Basal 
plate interrupted on either side of transverse bar by inconspicuous to moderate openings. Length 
9-13 JL . 

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

This species, though present in Lodo sample 6 + 1 (Bramlette and Sullivan, 
1961), is r epresented through a greater stratigraphic interval in the Anita se
quence. Its plates are seldom as small as those of Zygodiscus plectopons, into which 
it seems to evolve higher in the type Lodo sequence, and the few specimens (e.g., 
pl. 5, fig. 8) found in the Anita samples are believed to represent early forms 
of this later species. In both the type Lodo and Anita samples a number of speci
mens were observed that had greater differentiation between rim and basal plate, 
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and a transverse bar more nearly diamond-shaped than rectangular, suggesting 
that this species also gave rise to Z. adamas. 

Zygodiscus plectopons Bramlette and Sullivan 
(Pl. 5, fig. 8, a, b) 

Zygodiscus plectopons Bramlette and Sullivan, 1961, p. 148, pl. 4, fig . 12, a-d. 

Hypotype 44466, Loc. A-8933. 

Zygodiscus sigmoides Bramlette and Sullivan 
(Pl. 5, fig. 7, a-c) 

Zygodisc1ts sigmoides Bramlette and Sullivan, 1961, p. 149, pl. 4, fig . 11, a-e. 

Hypotype 44467, Loc. A-8931. 

Genus Zygolithus Kamptner, 1949, 1955 

Zygolithus chiastus Bramlette and Sullivan 
(PI. 7, fig. 12 ) 

Zygolithus chiastus Bramlette and Sullivan, 1961, p. 149, pl. 6, figs. 1, a-d, 2, a, b, 3, a, b . 

Hypotype 44468, Loc. A-7063. 

Zygolithus distentus Bramlette and Sullivan 
(Pl. 7, figs. 13, 14) 

Zygoli thus dist entus Bra.mlette and Sullivan, 1961, p. 150, pi. 6, figs. 4, a-c, 5, 6, a-d, 7. 

Hypo types 44469, Loc. A-8931; 44470, Loc. A-8935. 

Zygolithus junctus Bramlette and Sullivan 
(Pl. 7, fig. 15) 

Zygolithus junct1b8 Bramlette and Sullivan, 1961, p. 150, pl. 6, fig. 11, a, b. 

Hypotype 44471, Loc. A-8930. 

Genus Zygrhablithus Defl.andre, 1959 

Zygrhablithus bijugatus (Defl.andre) 
(Pl. 7, figs. 9, a, b, 10, a, b) 

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

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

Zygrhablithus bijugatus (Defiandre). Defiandre, 1959, pp. 135- 136; Bramlette and Sullivan, 
1961, p.151, pi. 6, figs. 16, a, b, 17, a-c, 18. 

Hypotypes 44472, Loc. A-6666; 44473, Loc. A-6665. 

Zyg1·hablithus simplex Bramlette and Sullivan 
(Pl. 7, fig.ll) 

Zygrhablithus simplex Bramlette and Sullivan, 1961, p. 151, pl. 6, figs. 19, 20, a, b, 21, 22. 

Hypotype 44474, Loc. A-8929. 

---~----

'1 

I 

I 
I 
I. 
I. 

I. 

! . 
, .. 
I . 
I 



I/ 

188 University of California Publications in Geological Sciences 

Family BRAARUDOSPHAERIDAE Deflandre 

Genus Braarudosphaera Deflandre, 1947 

Braarudosphaera bigelowi (Gran and Braarud) 
(PI. 8, fig. 1, a, b) 

Pontosphaera bigelowi Gran and Braarud, 1935, p. 389, text-fig. 67. 

Braarudosphaera bigelowi (Gran and Braarud ) . Defiandre, 1947, p. 439, text-figs. 1-5; 19501 

pp. 1156-1157, text-figs. 1-4; 1954, in Defiandre and Fert, pp. 165-166, pl. 10, figs. 8-13, pi. 
13, figs. 7-9; Gaarder, 1954, pp. 5-6, text-fig. 2; Martini, 1958, p. 355, pi. 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. 

Hypotype 44475, Loc. A-6658. 

Braarudosphaera discula Bramlette and Riedel 
(PI. 8, fig. 2, a, b) 

Braarudosphaera discula Bramlette and Riedel, 1954, p. 394, pl. 38, fig. 7; Bramlette and Sulli
van, 1961, p. 153, pl. 8, figs. 6, a, b, 7. 

Hypotype 44476, Loc. A-7071. 

Genus Micrantholithus Deflandre, 1950 

Micrantholithus aequalis, n. sp. 
(PI. 9, fig. 6, a, b) 

Micrantholithus a:ff. M. attenuatus Bramlette and Sullivan, 1961, p. 154, pl. 8, fig. 12, a, b. 

P entaliths star-shaped, consisting of five V-shaped segments, the adjacent sides of which are 
equal in length and form slightly tapering rays. Margins of segments deeply indented and 
angular to slightly rounded. Over-all diameter 9-14 fi-· 

Holotype U. S. N. M. 564289, Lodo 21 (see Bramlette and Sullivan, 1961, pi. 8, fig. 12 ); Hypo
type 44478, Loc. A-7070. 

The pentaliths of this species differ from those of Micrantholithus pinguis in 
not being as thick and in having longer and narrower rays. They differ from those 
of M. attenuatus in being smaller and in having segments with adjacent sides equal 
in length. This form seems to be ancestral to M. attenuatus (see Bramlette and 
Sullivan, 1961, p. 154). 

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

Micmntholithus attenuatus Bramlette and Sullivan, 1961, p. 154, pl. 8, figs. 8, a, b, 9-11. 

Hypotype 44477, Loc. A-7069. 

Micrantholithus bramlettei Deflandre 
(Pl. 8, fig. 3, a, b) 

Micrantholithus bramlettei Deflandre, 1954, in Defiandre and Fert, p. 167, pl. 13, fig. 22, t ext
fig. 117; Bramlette and Sullivan, 1961, p. 154, pi. 8, fig. 12, a, b; Martini, 1961, p. 6, pi. 1, 
fig. 12. 

Hypotype 44479, Loc. A-7062. 
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Micrantholithus crenulatus Bramlette and Sullivan 
(PI. 8, figs. 5, 6, a, b, 7, a, b) 

Micrantholithus crenulatus Bramlette and Sullivan, 1961, p. 155, pl. 9, figs. 3, a, b, 4. 

Hypotypes 44480, 44481, 44482, L oc. A-6665. 

Micrantholithus fios Deflandre 
(PI. 9, fig. 5, a, b) 

Micrantholithus flos Deflandre, 1950, p. 1157, text-figs. 8-11; 1954, in Deflandre and Fert, p. 
166, pl. 13, figs. 10, 11, text-figs. 113, 114; Martini, 1958, p. 356, pl. 1, fig. 2, ar-c; Bramlette 
and Sullivan, 1961, p. 155, pl. 9, fig. 8, a, b. 

Hypotype 44483, Loc. A-7073. 

Micrantholithus pinguis Bramlette and Sullivan 
(PI. 9, figs. 1, a, b, 2, 3, 4, a, b) 

Micrantholithus pinguis Bramlette and Sullivan, 1961, p. 155, pl. 8, fig. 13, a, b. 

Hypotypes 44484, 44485, 44486, 44487, Loc. A-6658. 

Micrantholithus vesper Deflandre 
(Pl. 8, fig. 4) 

Micrantholithus vesper Deflandre, 1950, p. 1157, text-figs. 5-7; 1954, in Deflandre and Fert, p. 
166, pl.13, fig. 17, text-figs. 5, 115, 116; Martini, 1958, pp. 356-357, pl. 1, fig. 3, a-c; Bramlette 
and Sullivan, 1961, p. 156, pl. 9, fig. 10, a, b. 

Hypotype 44488, Loc. A-6665. 

INCERTAE SEDIS 

Genus Clathrolithus Deflandre, 1954 

Clathrolithus ellipticus Deflandre 
(PI. 9, fig. 9) 

Clathrolithus ellipticus Deflandre, 1954, in Deflandre and F ert, p. 169, pl. 12, fig. 19, pl. 14, fig. 
7, text-figs. 123, 124; Bramlette and Sullivan, 1961, p. 157, pl. 10, figs. 16, a, b, 17. 

Hypotype 44489, Loc. A-7063. 

Genus Discoaster Tan Sin Hok, 1927 

Discoaster barbadiensis Tan Sin Hok 
(PI. 10, figs. 1, 2) 

Discoaster barbadiensis Tan Sin Hok, 1927 (part), p. 119; Bramlette and Riedel, 1954, pp. 
398-399, pl. 39, fig. 5, a, b; Martini, 1958, p. 366, pl. 5, fig. 24, a-c; 1960, p. 76, pl. 8, fig. 10; 
Bramlette and Sullivan, 1961, p. 158, pl. 11, fig. 2. 

Hypotypes 44490, Loc. A-7065; 44491, Loc. A-7077. 

Discoaster binodosus Martini 
(Pl. 11, fig. 5) 

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

Hypotype 44492, Loc. A-8945. 
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Discoaste1· defiandrei Bramlette and Riedel 
(PI. 11, figs. 8, 9) 

Discoaster defiandrei Bramlette and Riedel, 1954, pp. 399-400, pl. 39, fig. 6, text-fig. 1, a-o; 
Martini, 1958, pp. 363-364, pl. 5, fig. 23, a-o; Bramlette and Sullivan, 1961, p. 158, pl. 11, 
fig. 4, a, b. 

Hypotypes 44493, Loc. A-7066; 44494, Loc. A-6665. 

Discoaster delicatus Bramlette and Sullivan 
(PI. 10, figs. 10- 12) 

Discoaster delioatus Bramlette and Sullivan, 1961, p. 159, pl. 11, fig . 3. 

Hypotypes 44495, Loc. A-6666; 44496, 44497, L oc. A-7079 . 

.Although the asteroliths of this species differ from those of Discoaster multira
diatus in having a greater number of rays, which are usually obscure toward the 
center, and in having a raised central area ringing a central depression, specimens 
with a r educed number of rays (about 30) are sometimes difficult to distinguish 
from the more robust species. 

Discoaster diastypus Bramlette and Sullivan 
(PI. 10, figs. 3, 4) 

Discoaster diastypus Bramlette and Sullivan, 1961, p. 159, pl. 11, fi gs. 6-8. 
Discoaster aff. D. diastypus Bramlette and Sulli"ran, 1961, p. 159, pl. 11, figs. 9, 10. 

Hypotypes 44498, 44499, Loc. A-8945. 

The range of variation from straight-radiating to distinctly curving rays shown 
by the asteroliths of this species is such as to make any distinction of more than one 
taxon difficult and meaningless. The stem also is variable; when terminally de
pressed and slightly flaring, it shows the same character between crossed nicols 
that is basic for the genus Discoasteroides, although this species is distinct in 
having a pentrating stem. 

Discoaste1· distinctus Martini 
(PI. 11, fig. 7) 

Discoaster distinct~!S Martini, 1958, p. 363, pl. 4, fig. 17, a, b; 1960, p. 77, pl. 9, fig 15; Bramlette 
and Sullivau, 1961, p. 159, pl. 11, figs. 11- 13. 

Hypotype 44500, Loc. A-6665. 

Discoaste1· elegans Bramlette and Sullivan 
(PI. 10, figs. 5, 6) 

Discoaster elegans Bramlette and Sullivan, 1961, p. 159, pl. 11, fig. 16, a, b. 

H ypotypes 44501, 44502, Loc. A-6665. 

Discoaster falcatus Bramlette and Sullivan 
(PI. 11, figs . 10-12 ) 

Discoaster falcatus Bramlette and Sullivan, 1961, pp. 159- 160, pl. 11, figs. 14, a, b, 15. 

Hypotypes 44503, Loc. A-8945; 44504, L oc. A-7079; 44510, Loc. A-8930. 
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Discoaster germanicus Martini 
(PI. 11, fig. 6) 

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

Discoaste1· plebeius Martini, 1958, p. 361, pl. 3, fig. 16, a, b; 1960, p. 78, pl. 9, fig. 17. 

Hypotype 44505, Loc. A-8945. 

Discoaste1· helianthus Bramlette and Sullivan 
(PI. 10, fig. 7) 

Discoaster helianthus Bramlette and Sullivan, 1961, p. 160, pl. 11, fig. 18, a, b. 

Hypotype 44506, Loc. A-8933. 

Discoaster lenticularis Bramlette and Sullivan 
(Pl. 11, fig. 1) 

Discoaster ienticularis Bramlette and Sullivan, 1961, p. 160, pi. 12, figs. 1 a, b, 2. 

Hypotype 44507, Loc. A-6665. 

Discoaster lodoensis Bramlette and Riedel 
(PI. 11, fig. 14) 

Discoaster lodoensis Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 3, a, b; Martini, 1958, pp. 
366-367, pl. 6, fig. 28, a-d; Stradner, 1959, p. 478, text-figs. 14-16, 19, 20; Martini, 1960, p. 
76, pl. 8, fig. 11; Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 4, a, b, 5. 

Hypotype 44508, Loc. A-6665. 

Disc oast er mediosus Bramlette and Sullivan 
(Pl. 11, fig. 13) 

Discoaster mediosus Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 7, a, b, 8. 

Hypotype 44438, Loc. A-7077. 

Discoaster minim us, n. sp. 
(PI. 11, fig. 4) 

Discoaster aff. D. mediosus Bramlette and Sullivan, 1961, p. 161, pl. 12, fig. 9. 

Asteroliths small, with 7-9 parallel-sided rays, occasionally showing paired nodes and having 
rounded to somewhat pointed tips, radiating from a large central disk. Disk with straight to 
curving ridges, intermediate to the rays, radiating from a small central knob. Diameter 8-13 p.. 

Holotype U. S. N. M. 564347, Lodo 38 (see Bramlette and Sullivan, 1961, pl. 12, fig. 9); Hypo
type 44509, Loc. A-8945. 

The asteroliths of this species differ from those of Discoaster mediosus in being 
distinctly smaller and in having fewer rays, which are longer in relation to the 
diameter of the central disk. This form also ranges higher in the column than the 
larger species. 

Discoaster multiradiatus Bramlette and Riedel 
(PI. 10, figs. 8, 9) 

Discoaster multiradiatus Bramlette and Riedel, 1954, p. 396, pl. 38, fig. 10; Martini, 1960, pp. 
75-76, pl. 8, fig. 9; Bramlette and Sullivan, 1961, p. 161, pl. 12, fig. 10. 

Hypotypes 44511, 44512, Loc. A-8939a. 
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Although the description of this species indicates 16-24 as the usual number of 
rays (Bramlette and Riedel, 1954, p. 396) their figure 10 shows 27 rays, and 20 to 
28 or 30 seems to be the prevailing number of rays in the material studied here. 
Specimens with rays numbering close to 30 r esemble Discoaste1· delicatus, but differ 
from that species in being more robust generally, in having distinct rays which 
radiate from almost the center where the central knob may be vague or absent, 
and in lacking the central depression and surrounding ring so characteristic of 
that species. 

Discoaster nonaradiatus Klumpp 
(PI. 11, fig. 3) 

Discoaster 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. 

Hypotype 44513, Loc. A-6666. 

Discoaster septemradiatus (Klumpp) 
(PI. 11, fig. 2) 

A galmatoaster septemradia.t11s Klumpp, 1953, p. 384, text-fig. 4 (1). 
Discoaster septemradiatus (Klumpp). Martini, 1958, pp. 364-365, pl. 4, fig. 20, a, b; Bramlette 

and Sullivan, 1961, p. 162, pi. 12, figs. 16, 17. 

Hypotype 44514, L oc. A-6666. 

Discoaster tribrachiatus Bramlette and Riedel 
(PI. 11, fig. 15) 

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

Discoaster rotans Stradner, 1959, p. 477, text-figs. 7, 11. 

H ypotype 44515, L oc. A-6665. 

Discoaster sp. 
(PI. 10, figs. 13-15) 

Hypotypes 44441, Loc. A-8933; 44516, Loc. A-7079; 44517, L oc. A-8930. 

The small forms included here, although not sufficiently studied to warrant 
specific designation, have an early and at least locally restricted stratigraphic dis
tribution, and have certain characters in common with later-occurring species that 
suggest close relationship. These asteroliths have 12-15 rays with rounded tips. 
Rays are joined through most of their length and radiate from a central area with 
a small knob, commonly vague or absent as in Discoaster rnultiradiatus . Some 
specimens are concentrically lined. They differ from D. rnttltiradiatus in having 
fewer rays, from D. barbadiensis in having rays with rounded tips, and from both 
these later-occurring species in being smaller, ranging in diameter from 9 to 12 p.. 

They closely r esemble figure 3 (not fig. 2) of D. ehrenbergi Tan Sin Hok, 1927, 
p. l18. 

Genus Discoasteroides Bramlette and Sullivan, 1961 

Discoasteroides kuepperi (Stradner) 
(PI. 12, figs. 1, a, b, 2, a, b) 

--
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Discoaster kuepperi Stradner, 1959, p. 478, text-figs. 17, 21; Martini, 1961, p. 14, pl. 3, fig. 29. 
Discoasteroides kuepperi (Stradner). Bramlette and Sullivan, 1961, p. 163, pl. 13, figs. 16, a, b, 

17, 18, a-c, 19. 

Hypotypes 44518, Loc. A-7070; 44519, Loc. A-7077. 

The specimens included here are typical of the species. However, as mentioned 
in the discussion of Discoaster diastypus, specimens of that species, and occasional 
specimens of D. barbadiensis and D. multiradiatus with exceptionally large and 
flaring sterns, have been observed in plan and side view between crossed nicols to 
have the same character basic to the genus Discoasteroides, suggesting a poly
phyletic origin for species assigned to this genus. 

Discoasteroides megastypus Brarnlette and Sullivan 
(PI. 12, fig. 3, a, b) 

Discoasteroides megastypus Bramlette and Sullivan, 1961, p. 163, pi. 13, figs. 14, a-d, 15, a-c. 

Hypotype 44520, Loc. A-7079. 

Genus Fasciculithus Brarnlette and Sullivan, 1961 

Fasciculithus involutus Brarnlette and Sullivan 
(PI. 12, fig. 9, a, b) 

Fasciculithus involutus BramhJtte and Sullivan, 1961, p. 164, pi. 14, figs. 1, a-c, 2, a, b, 3, a, b, 
4, a, b, 5, a, b. 

Hypotype 44521, Loc. A-7079. 

Genus H eliolithus Brarnlette and Sullivan, 1961 

Heliolithus kleinpelli, n. sp. 
(PI. 12, fig. 5, a, b) 

Specimens consisting of two closely joined or appressed disks, one about two-thirds the 
diameter of the other, both showing about 45 radiating petal-like elements. Small central de
pression. Diameter 10-17 p.. 

Holotype 44522, Loc. A-7616. 

These thin discoidal forms are most conspicuous when viewed between crossed 
nicols. They differ from H eliolithus riedeli in being larger, in being more ap
pressed, and in having a greater number of radiating elements. H. aff. H. riedeli 
(Brarnlette and Sullivan, 1961 ) may be closely related, although such forms were 
not found in the material studied. 

This species is well represented in the marine "Martinez" beds of Sirni Valley 
(sample A-7616) and in the basal "Bolado Park formation" near Tres Pinos, 
San Benito County (sample B-7239), as will be discussed in Part II. It appears 
to be restricted to Ynezian strata and is reported here for that reason. 

H eliolithus riedeli Brarnlette and Sullivan 
(Pl. 12, figs . 4, a, b, 6, a, b, 7, a, b, 8, a, b) -

Heliolithus riedeli Bramlette and Sulivan, 1961, p. 164, pi. 14, figs. 9, a-c, 10, 11. 

Hypotypes 44523, 44524, Loc. A-8932; 44525, 44526, Loc. A-8929. 
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Genus Polycladolithus Defiandre, 1954 

Polycladolithus operosus Defiandre 
(PI. 9, fig. 8, a.-c) 

Polycladolithus operosus Deflandre, 1954, in Deflandre and Fert, p. 170, pl. 12, figs. 3-6, text· 
fig. 125; Bramlette and Sullivan, 1961, p. 165, pl. 14, fig. 13, a.-c. 

Hypotype 44527, Loc. A-7065. 

Genus Rhomboaste1· Bramlette and Sullivan, 1961 

Rhomboaster cuspis Bramlette and Sullivan 
(Pl. 9, fig. 7, a, b) 

Rhomboaster cuspis Bramlette and Sullivan, 1961, p. 166, pl. 14, figs. 17, 18, 19, a.-c. 

Hypotype 44528, Loc. A-7074. 

Genus Sphenolithus Defiandre, 1952 

Sphenolithus radians Defiandre 
(Pl. 9, fig. 10, a, b) 

Sphenolithus radians Deflandre, 1952a, pp. 466-467, fig. 363; 1954, in Deflandre and Fert, p. 
163, pl. 12, figs . 36-38, text-figs. 109-112; Bramlette and Sullivan, 1961, p. 166, pl. 14, :figs. 
6, 7, 8, a, b. 

Hypotype 44529, Loc. A-6665. 

TYPE SPECIMENS 

The positions of the type specimens on their containing slides, on deposit at the 
University of California Museum of Paleontology, are recorded in millimeters 
down and to the left of the etched cross, when the slide is oriented with the label 
to the right. (See table 4 on facing page.) 

LOCALITY DESCRIPTIONS 

The microfossils included in this report are from samples on deposit at the 
Museum of Paleontology, University of California, and are from three California 
areas: the Selby Smelter-Pacheco syncline region, Contra Costa County; the 
type locality of the Anita shale, Santa Barbara County; and Media Agua Creek, 
Kern County. All locality numbers are those of the University of California 
Museum of Paleontology. 

SELBY SMELTER AND p ACHECO SYNCLINE LOCALITillS 

The samples from the Selby Smelter and Pacheco syncline areas were collected 
by Charles Weaver in the summer of 1948. The foraminifers from these samples 
were reported on by Smith (1957), and the locality descriptions listed here are 
from pp. 197-198 of that report. More detailed locality data are included by 
Weaver (1953). 

West Limb localities are in the Walnut Creek Quadrangle (1949, U.S.G.S., 
1:24,000) and on aerial photograph B.U.U.-280-108 (1939, 1:2,000). East Limb 
localities are in the Port Chicago Quadrangle (1951, U.S.G.S., 1:24,000) and the 
Walnut Creek Quadrangle; they are also on aerial photograph B.U.U-280-38 



T ype Slide 
mm 

down 

44401 A-7078 17.35 
2 A-7077 14.45 
3 A-6666 10 .3 
4 A-6666 11 .85 
5 A-6666 7.9 
6 A-8945 13.2 
7 A-6666 18.85 
8 A-7075 4.8 
9 A-7071 17 .8 

10 A-8929 16 .65 
11 A-7079 10.4 
12 A-7079 12.0 
13 A-7077 14 .3 
14 A-8945 9.1 
15 A-6666 10 .5 
16 A-8931 15.45 
17 A-8930 19.7 
18 A-6665 1.9 
19 A-6665 14 .1 
20 A-6666 17.3 
21 A-6666 13.6 
22 A-6666 12 .5 
23 A-7066 16 .9 
24 A-6665 8.7 
25 A-7079 12.9 
26 A-6666 8.4 
28 A-7077 16 .5 
29 A-6666 10 .1 
31 A-8935 8.65 
32 A-7073 15 .1 
33 A-6666 8.4 
34 A-6666 7.1 
35 A-7062 17 .75 
36 A-6666 13 .2 
37 A-6666 15.15 
38 A-7077 16.8 
39 A-6666 14 .3 
40 A-7075 13 .8 
41 A-8933 10 .0 
42 A-6666 9.5 
43 A-8929 11 .5 
44 A-6658 20.05 
45 A-6658 5.05 
46 A-8945 14.4 
47 A-6666 13.1 
48 A-6665 3.8 
49 A-6666 8.1 
50 A-7077 14.5 
51 A-7073 15 .4 
52 A-6666 16.7 
53 A-6666 9.9 
54 A-6666 14 .1 
55 A-7072 17 .35 
56 A-7065 5.35 
57 A-6665 10 .7 
58 A-6666 15 .25 
59 A-7071 17 .0 
60 A-8933 13.05 
61 A-8933 16.1 
62 A-8933 12 .2 

• 63 A-8932 d 7.85 
64 A-8931 17.45 
65 A-8931 10 .0 
66 A-8933 13 .1 

TABLE 4 
TYPE SPECIMENS 

mm Type 
left 

20.5 44467 
6.1 68 
9.2 69 

15.95 70 
9.35 71 

20 .1 72 
5.15 73 
8.0 74 

12.6 75 
24.0 76 
23.7 77 
13.7 78 
16 .2 79 
23.05 80 
10 .45 81 
4.8 82 

15.0 83 
22.4 84 
8.8 85 
8.65 86 

18.05 87 
6.25 88 

11.4 89 
14 .6 90 
21.45 91 
25.15 92 
21.5 93 
24.95 94 
4.65 95 

15 .75 96 
18.95 97 
23.95 98 
22.3 99 
7.4 44500 

17 .85 1 
8.1 2 

12.55 3 
24.7 4 
13.1 5 
9 .95 6 
3 7 7 

15.4 8 
13.9 9 
16.1 1(} 

4.35 11 
9.8 12 

24.05 13 
21.3 14 
18.9 15 
9.3 16 

18.65 17 
21.65 18 
10.5 19 
5.15 20 
4 05 21 

23 . 15 22 
14 .3 23 
9 .6 24 
4.8 25 

20 .7 26 
• 9.8 27 
• 8.25 28 
11 .75 29 
17.1 

~~!-~~~?~--~~ .. _ · :-~:-~_:Y:}--:~---:;: ... ::~-:~~--~:.--~("--~-7.~<~~:;-:_,...--=--.~-~-~---
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Slide mm mm 
down left 

A-8931 17.5 12.55 
A-7063 17 .8 5.25 
A-8931 11.45 10.65 
A-8935 15 .15 7.65 
A-8930 9.9 22.9 
A-6666 16 .7 18.05 
A-6665 10 .8 14 .1 
A-8929 14 .85 18.7 
A-6658 3.95 10.5 
A-7071 17 .4 14.9 
A-7069 15 .6 19.2 
A-7070 7.2 14 .35 
A-7062 17.05 21.6 
A-6665 12.2 2.8 
A-6665 18 .7 14.5 
A-6665 18.6 23.15 
A-7073 17.0 24.75 
A-6658 17.3 10.5 
A-6658 18.15 18 .8 
A-6658 6.05 5.3 
A-6658 0.95 21.1 
A-6665 6.3 9.6 
A-7063 19.5 21.3 
A-7065 9.85 19 .15 
A-7077 16 .7 14.5 
A-8945 16 .9 16 .4 
A-7066 4.25 6.0 
A-6665 11.9 21.7 
A-6666 20.1 23.65 
A-7079 19.2 12.25 
A-7079 18.4 21.9 
A-8945 17.4 18.3 
A-8945 2.35 6.8 
A-6665 11.9 14.7 
A-6665 0.9 5.9 
A-6665 3.9 10.5 
A-8945 12.3 21.7 
A-7079 7.7 3.8 
A-8945 1.4 19.2 
A-8933 8.2 8.1 
A-6665 14.0 18.4 
A-6665 9.3 12 .5 
A-8945 15.6 22.2 
A-8930 16.4 15.0 
A-8939a 5.3 19.4 
A-8939a 13.9 17 .0 
A-6666 12 .9 7.35 
A-6666 17.1 20.15 
A-6665 20.0 17.7 
A-7079 5.6 13 .5 
A-8930 8. 15 7.0 
A-7070 7.2 17 .9 
A-7077 18.1 16 .5 
A-7079 4.2 18.1 
A-7079 15. 8 22.6 
A-7616 8.7 10 .4 
A-8932 14.1 6.0 
A-8932 18.6 3.6 
A-8929 18.45 3.4 
A-8929 16 .65 23 3 
A-7065 17.95 22.15 
A-7074 11.95 22.4 
A-6665 3.9 15.1 
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( 1939, 1:1,000). Localities near Selby Smelter are on the Benicia Quadrangle 
(1952, U.S.G.S., 1:24,000). 

Locality A-6658 
Vine Hill sandstone. 

In railroad cut of Southern P acific, about 360 f eet S. 48 degrees W. of tunnel in the town of 
Selby. Extreme western edge of Benicia Quadrangle. 

Locality A-6661 
Vine Hill sandstone. 

Approximately 1,850 feet from Santa Fe Railroad overpass across State Highway 21 in the 
East Limb of the syncline (see Weaver, plates 2F and 3D). This is probably in the first large 
railroad cut east of the overpass. A sample the apparent equivalent of A-6661 was collected, 
3% f eet about the base of the north bank at a point 205 feet from the northeast end of the 
southern bank of this cut. Port Chicago Quadrangle. 

Locality A-6665 
Las Juntas shale. 

High on the east bank of Arroyo del Hambre Creek, 30 f eet north of Santa F e Railroad 
trestle a t Muir Station. In a silty shale near t he southeast corner of intersection of Industrial 
Highway and the Arroyo del Hambre road. This and the succeeding localities are in the West 
Limb of the Pacheco syncline, and may be found on the ·walnut Creek Quadrangle. 

Locality A-6666 
Las Juntas shale. 

On the east side of Arroyo del H ambre Creek, about 120 f eet north of A·6665 and very close 
to the intersection of the Industrial Highway and the Arroyo del H ambre road. 

TYPE ANITA LOCALITIES 

These samples were collected by H enry T. H erlyn in the summer of 1951, for a 
foraminiferal study (Herlyn, 1958), from strata exposed along the watershed 
above the northernmost gully of the eastern fork of Arroyo El Bulito, eastward 
to "Waterfall Creek" (Kelley, 1943, p. 18) which drains north into the Pacifica 
branch of Cafiada de Santa Anita. The locality descriptions listed here are those 
on file at the Museum of Paleontology, University of California, and are based 
on Lompoc Quadrangle, Santa Barbara County, scale 1:62,500, 1941 ed. In view 
of H erlyn's untimely death scarcely a month after filing his thesis at the University 
in Berkeley, the original wording of his accompanying field notes, not fully edited 
at the time, has been retained. 

Locality A-8924 

Anita shale. 
Dark grey to black shales, poor in f oraminifers, underlying an almost pure glauconite layer. 

This down in gully 40 f eet from very top of El Bulito. The glauconite bed, Member "I" of 
Herlyn's report, the basal member of the Anita shale. Just at bottom of the pure glauconite 
lentil down gully 40 f eet from top of Arroyo El Buli to where road first emerges on top and 
where it branches, one way going west through cattle gate onto Dibblee ranch, the other going 
on up hill westward on H ollister ranch. Dark grey to black siliceous medium to coarse grained 
brittle shale. Abundant small mica flakes ; scattered dull quartz fragments, slightly rounded. 
(Barren of fossil nannoplankton.) 
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Locality A-8925 
Anita shale. 

From dark grey to black shale, stratigraphically 8 feet above the glauconite bed. Forty-three 
feet linear distance from A-8924. A greenish-grey to grey micaceous siliceous shale. Silty with 
sub-angular quartz grains. Mica grains are small, roughly oriented along plane of bedding; 
some mica flakes weathered. Poorly foraminiferal. (Barren of fossil nannoplankton.) 

Locality A-8926 
Anita shale. 

A dark grey angular fracturing shale, poor in foraminifers. About 60 feet stratigraphically 
above and 87 linear feet above A-8925 on open, partially grassy slope above gully head of 
Arroyo El Bulito. (Fossil nannoplankton present.) 

Locality A-8927 
Anita shale. 

Stratigraphically 28 feet below A-8929. (Barren of fossil nannoplankton.) 

Locality A-8928 
Anita shale. 

Stratigraphically 8 feet below A-8929. (Fossil nannoplankton present.) 

Locality A-8929 
Anita shale. 

Forty-two linear feet and 42 f eet stratigraphically above A-8926. (Fossil nannoplankton 
present.) 

Locality A-8930 
Anita shale. 

Stratigraphically 16.5 f eet below A-8934. (Fossil nannoplankton present.) 

Locality A-8931 
Anita shale. 

Eleven and one half f eet stratigraphically below A-8934. (Fossil nannoplankton present.) 

Locality A-8932 o Hc!Ja(t ' 2 G..t ~ 
Anita shale. 

Seven feet stratigraphically below A-8934. (Fossil nannoplankton present.) 

Locality A-8933 
Anita shale. 

Four feet stratigraphically below A-8934. (Fossil nannoplankton present.) 

Locality A-8934 
Anita shale. 

A grey angular fracturing shale overlying a grey nodular limy lenticle. Thirty feet strati
graphically above A-8929 on open steep shaley slope overlooking gully head of Arroyo El 
Bulito. (Fossil nannoplankton present.) · 

Locality A-8935 
Anita shale. 

Four feet stratigraphically above A-8934 and 9 feet stratigraphically below A-8937. On 
same open slope where shale is now open and exposed and prominent as bluff visible from fire 
road as it approaches the top of Arroyo El Bulito from south. (Fossil nannoplankton present.) 



... ~. 

\ 

·.: ... 

198 University of California Publications in Geological Sciences 

Locality A-8936 
Anita shale. 

Five feet stratigraphically below A-8937. (Fossil nannoplankton present.) 

Locality A-8937 
Anita shale. 

Sample from a dark brown micaceous shale. This shale is being used as a reference horizon 
with its prominent overlying sandstone and the grey, slightly foraminiferal shales underneath. 
Forty-one linear feet above A-8934. A dark brown to reddish-brown medium-grained shale, 
siliceous, highly micaceous, large amounts of muscovite, very little biotite. Very minor amounts 
of angular quartz grains. Well bedded. This is a marker bed and is readily picked up just below 
outcropping sandstone at rim of shale bluff. The sandstone is easily visible from fire road ap· 
proaching top of Arroyo El Bulito. (Barren of fossil nannoplankton.) 

Locality A-8938 
Anita shale. 

A grey, slightly foraminifcral micaceous shale about 10 feet down the gully from A-8939a. 
In gully-head of "Waterfall Creek" of F. R. K ellcy in drainage of Santa Anita Creek. Gully 
easily seen from fire road where it emerges on hill above the gully at head of Arroyo El Bulito. 
Only about 150 feet up gully from fence line running E-W separating Dibblee and Hollister 
properties. Ten and one half feet down gully from A-8939a which is the brown to reddish-brown 
marker or key bed used at the A-8937 locality for a reference point. 

Locality A-8939a 
Anita shale. 

About 60 feet down gully from A-8941; a dark, reddish-brown micaceous shale, just below 
a prominent 3 foot sandstone in gully. Easily picked up as it contrasts strongly with the 
underlying dark grey to black shale, and dark sandstone. (Fossil nannoplankton present.) 

Locality A-8939b 
Anita shale. 

Ten feet stratigraphically below A-8939a. (Fossil nannoplankton very rare and poorly pre
served.) 

Locality A-8940 
Anita shale. 

Sierra Blanca limestone equivalent. Plus or minus 5 feet down gully from A-8941. 

Locality A-8941 
Anita shale. 

Twenty-four feet down gully from A-8942 underlying a 2 foot sandstone is this slightly 
foraminiferal shale, which is about 18 inches thick and overlies a 6 inch sandstone. Seventy
three feet up gully from A-8939a. A grey micaceous shale, silty and siliceous. Mica grains 
small, fairly well oriented. Brittle with no dominant bedding planes visible; breaks into angu
lar to sub-concoidal fragments. (Fossil nannoplankton present.) 

Locality A-8942 
Anita shale. 

A light greenish-grey shale with some mica. Thirty-one and one half feet up gully from 
A-8941. Separated from A-8941 by a series of sandstones and shales in small partings and 
layers only inches thick. A medium to fine grained grey, micaceous, dominently siliceous shale. 
Small and scattered larger flakes of biotite. (Barren of fossil nannoplankton.) 
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Locality A-8943 
Anita shale. 

Twenty-two f eet up gully from A-8942, and 126 f eet up gully from A-8939a (the reddish
brown marker bed). (Barren of fossil nannoplankton. ) 

Locality A-8944 
Anita shale. 

From a calcareous shale about 8 f eet below the 8 inch sand in the creek gully. Ninety f eet 
up gully from .A.-8943. This is separated from A-8943 by a series of shales and sandstones 
ranging from a few inches to several f eet thick. (Fossil nannoplankton p resent. ) 

Locality A-8945 
Anita shale. 

A steel-grey micaceous shale underlying the "Poppin shale," r elatively harder and not so 
friable as the "Poppin shale." Twenty-nine feet up gully from A-8944 and 115 f eet down gully 
from key sandstone beds marker for the top of the series in this gully. (Fossil nannoplankton 
present.) 

MEDIA AGUA CREEK LOCALITIES 

The Media Agua Creek samples were collected by V . S. Mallory in 1947 and are 
listed by him (1959, p. 278) as from the "Lodo formation, Media Agua Creek, 
[Kern County, California]. In a draw east of the unnamed north fork of Media 
Agua Creek, SE l,i, NW 1,4, Sec. 22, T. 28S, R. 19E, M. D. B. & M. All strati-
graphic distances below Tejon formation." 

Lower Lodo formation. 
A-7062 101ft. A-7069 154 f t . A-7076 236ft. 
A-7063 103ft. A-7070 156ft. .A.-7077 241 ft . 
A-7064 118ft. A-7071 167ft. A-7078 257ft. 
A-7065 125ft. A-7072 171ft. A-7079 261ft. 
A-7066 129ft. A-7073 194ft. *A-7083 278ft. 
A-7067 137ft. .A.-7074 220ft. 
A-7068 146ft. A-7075 228ft. 

* This sample appears in Mallory's table 13 (1959, pocket on back cover) as J-1. P ersonal 
communication from Mallory describes the Station J samples as being "projected into the main 
'C' section from east bank of south fork Media Agua at the junction with north fork, NW 
%, Sec. 28, T. 28S, R. 19E. The glauconite bed and septarian concretionary shale was used 
as marker." 
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PLATE 1 

1. Chiphmgmalithus p1·otenus (Bramlette and Sullivan). Distal view. U. C. loc. A-8!!45. 
2. Chiphragmalithus dub ius (Deflandre ). Distal view. U. C. loc. A-6666. 
3. Chiph1·agmalithus calatlms Bramlette and Sullivan. Proximal view. U. C. loc. A-7078. Hypo· 

type 44401. 
4. Chiphrag1nalit lms calathus Bramlette and Sullivan. Side view. U . C. loc. A-6666. Hypotype 

44404. 
5. Chi phragmalithus calath11s Bramlette and Sulli,·an. Side view. U. C. loc. A-7077. H ypotype 

44402. 
6. Chiphmgmalithus calathus Bramlette and Sullivan. Distal view. U. C. loc. A-6666 . Hypotype 

44403. 
7. Coccolithites aff. C. del·us Bramlette and Sullivan. a, plan vie\\'; b, plan view, crossed nicols. 

U . C. loc. A-7071. 
8. Coccolithites delus Bramlette and Sullivan . Plan vi e\\' . U. C. loc. A-6666. Hypotype 44107. 
9. Coccoli thites del11s Braml ette and Sullimn. Plan vie"·, crossed nicols. U. C. loc. A-7075 . Hypo

type 44408. 
10. Coccolitlms bidens Bramlette and Sullivan. a, distal view; b, distal view, crossed nicols. U. C. 

loc. A-8929. 
11. Coccoli th11s eminens Bramlette and Sullivan. a, proximal vie\\·; b, proximal view, crossed 

nico~s. U. C. loc. A-8931. Hypotype 44416. 
12. Coccolith1ts eminens Bramlette and Sullivan. a, cl is tal vie\\·; b, distal view, crossed nicols. 

U. C.loc. A-8930. Hypotype 44417. 
13. Coccolithus so litt1s Bramlette and SullivaJL a, cl is tal view; b, distal view, crossed nicols. U . C. 

loc. A-6666. 
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PLATE 2 

1. Coccoz.ithus grandis Bramlette and R.iedel. a, distal view; b, distal view, crossed nicols. U. U. 
loc. A-6665. Hypotype 44418. 

2. Coccolith1lS grand is Bramlettc and R.iedel. a, distal view; b, distal view, crossed nicols. U. C. 
loc. A-6665. Hnotype 44419. 

3. Coccolithus californic1tS Sullimn, 11. sp. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-70i9. Holotype 44411. 

4. Coccolithus cal·ifomicus Sul!h-an, n. sp. a, proximal vie,,·; b, proximal view, crossed nicols. 
U. C. loc. A-70i9. Para type 44412. 
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PLATE 3 

1. Coccolit hus consuetus Bramlette and Sullivan. a, distal vie\\'; b, distal view, crossed nicol.. 
U. C. loc. A-7077. 

2. Coccolithu.s stawrion Bramlette and Sullivan. a, distal view; b, distal view, crossed nicols. U. C. 
loc. A-6666. Hypotype 44421. 

3. Coccolith11s staurion Bramlette and Sulli,·an. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-6666. Hypotype 44422. 

4. Coccol.ith11S crassus Bramlette and Sullivan. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-8945. 

5. Coccolit/ms cribellum (Bramlettc and Sullivan). a, proximal view; b, proximal vi ew, crossed 
ni cols. U. C. loc. A-6666. 

6. Coccolith11s sp. a, proximal view; b, proximal view, crossed nicols. U . C. loc. A-7066. 
7. Cyclococcolitlws gammation (Bramlette and Sullivan) . a, proximal vi e\\'; b, proximal vie\\', 

cro sed nicols. U. C. loc. A-6665. 
8. Cyclolith11S ?'Ob11·stus Bramlette and Sullivan. Plan vie\\' . li. S. loc. A-7079. 
9. Discolitl111s jimbriat11s Bramlette and Sullimn. a, proximal vi e"·; b, proximal vie\\', crossed 

nicols (high focus ) ; c, proximal vie"', crossed nicols ( lo"· focus ) . U. C. loc. A-6666. 
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PLATE 4 

1. Discolithus panm·i1tm Defiandr e. Distal view. U. C.loc. A-6666. Hypotype 44433. 
2. Discolithus pana?·imn Defiandre. Proximal view. U. C. loc. A-6666. Hypotype 44434. 
3. Discolith 11s ocellatus Bramlette and Sullivan. a, distal view; b, distal view, crossed nicols. 

U. C. loc. A-7073. 
4. Discoli th·us d istinctus Bramlette and Sullivan. a, proximal view; b, proxima l vie"·, crossed 

nicols. U. C. loc. A-6666. 
5. Discolithus duocavus Bramlette and Sullivan. a, proximal view; b, proximal view, crossed 

nicols. U. C. loc. A-7077. 
6. Discolith?IS planus Bramlctte and Sullivan. a., distal Yiew; b, cl is ta l view, crossed ni cols. U. C. 

loc. A-6666. 
7. Discol·itlws pulchcroides, Sulli1·an, n. sp. a, distal view; b, clistal vi ew, crossed nicols. U. C. loc. 

A-6666. 
8. Discolithus pectinat?ls Bramlettc and Sullivan. Distal vi ew, crossed nicols. U. C. loc. A·/062. 
9. Discolitlms ?'i.mostls Bramlctte an cl Sulli1·an. a, distal view; b, cl is tal Yiew, crossed nicols. U . C. 

loc. A-7075. 
10. Discolith1ts pulcher Dcfiandre. Dis tal Yiew, crossed nicols. U. C. loc. A-6666. 
11. Discolithus ve·rs11s Bramlette and SulliYan. Distal Yiew, crossed nicols. U. C. loc. A-6666. 
1:2. Discolit lms inconspic?t?IS Sullivan, n. sp. Distal Yiew, crossed nicols. U. C. loc. A-8935 . 
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PLATE 5 

1. H elicospllaera scminuhm1 semim•lmn Bramlette and Sullivan. a, proximal view; b, proximal 
view, crossed nicols. U. C. loc. A-6666. 

2. Helicosphaem semimll7t1n lophota Bramlette and Sullivan. a, proximal view; b, proximal view, 
crossed nicols. U. C. loc. A-6665. 

3. Ellipsolithus mace/.lus (B ramlette and Sulli,·an). a, proximal vie\\·; b, proximal .-iew, crossed 
nicols. U. C. loc. A-8945. 

4. Ellipsolithu.s distichus (Bramlette and Sullivan) . a, distal view; b, distal view, crossed nicols. 
U. C. loc. A-8929. H ypotype 44443. 

5. Ellipsolith1t·S distichus (Bramlette and Suliivan). a, distal view; b, distal vie"·, crossed nicols; 
c, distal vie"·, high focus . U. C. loc. A-6658. Hypotypo 44445. 

6. Ellipsolitlws distich7<s (Brarnlette and Sullivan). a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. A-6658 . H ypotype 44444. 

7. Zygodisclts si.gmoides Bramlette and Sullivan. a, distal view; b, distal vie,,-, crossed nicols; c, 
distal view, different focus. U. C. loc. A-8931. 

8. Zygodisc7tS plectopons Bramlette and Sullivan. a, proximal view; b, proximal view, crossed 
nicols. U. C. loc. A-8933. 
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1. Zygodiscus herlyni Sullivan, n. sp. a, proximal view; b, proximal view, different focus; c, 
proximal view, crossed nicols; d, proximal view, crossed nicols (different orientation ) . U. C. 
loc. A-8932. Holotype 44463. 

2. Zygodiscu-s he1'lyni Sullivan, n. sp. Distal view, crossed nicols. U. C. loc. A-8931. Paratype 
44464. 

3. Zygodiscus herlyni Sullivan, n . sp. Proximal view, crossed nicols. U. C. loc. A-8931. Para type 
44465. 

±. Zygodiscus adamas Bramlette and Sullivan. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-8933. Hypo type 44460. 

5. Zygodisc1M adamas Bramlette and Sullivan. a, distal view; b, distal view, crossed nicols. U. C. 
loc. A-8933. Hypotype 44461. 

6. Zygodisc1ts admnas Bramlettc and Sullivan. a, proximal view; b, proximal view, crossed nicols. 
U. C. loc. A-8933. Hypotype 44462. 

7. Lophodolithus nascens Bramlette and Sullivan, a, proximal view; b, proximal Yiew, crossed 
nicols. U. C. loc. A-7077. 

8. Lophodolithus 1'81Mfonnis Bramlette and Sullivan. a, distal Yie"·; b, distal vi ew, crossect 
nicols. U. C. loc. A-7073. 

9. Lophodolitlws mochlophonts Deflandre. a, distal view; b, distal view, crossed nicols. U. C. 
loc. A-6666. 
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1. Rliabdosphacm nw1·ionum (Defiandre) . a, side ' ' ie11·; b, side view, crossed nico!s. U. C. Joc. 
A-6666. 

2. Rhabdosphaera tnmcata Bramlette and Sullivan. a, side view; b, side view, crossed nicols. 
U . C. loc. A-7071. 

3. Rhabdosphaem c1·ebm (Defiandr e) . a, side view; b, side view, crossed nicols. U. C. A -6666 . 
4. Rliabdosphtiem t emtis Bramlette and Sullivan. a, sid e view; b, side Yie11·, crossed nicols. U . C. 

loc. A-6666. 
5. Rhabdosphaera Tudis Bramlette and Sulli1·an. a, side Yi ew; b, side view, crossed nicols. U. C. 

loc. A-7072. Hypotype 44455. 
6. Rhabdosphaera n1dis Bramlette and Sullivan. Side vie1Y. U . C. loc. A -7065 . Hypotype 44456. 
7. Rhabdosphaera semifonnis Bramlette and Sull ivan . Side view. U. C. loc. A-6665. 
8. Rhabdosphaem peTlonga (Defiandre ) . Side Yiell". U. C. loc. A-6666. 
9. Zyg1·habli thus b·ijltgatllS (Defiandre) . a, side 1·iew; b, side view, crossed n icols. U. C. loc. 

A-6666. Hypotype 44472. 
10. ZygThabli tlw.s bij1tgat1<s (Deflandre) . a, end ,·ie11·; b, end vie''"' crossed nicols. U. C. loc. 

A-6665. Hypotype 44473. 
11. Zyg1·hablithus simplex Bramlette and Sull ivan. Oblique view. U. C. loc. A-8929. 
12. Zygolithus chiast1ts Bramlette and Sullivan. Distal vi ew. U. C. loc. A-7063. 
13. Zygoli thllS distentllS Bramlette and Sullimn. Di stal view. U. C. loc. A-8931. Hypotype 44469. 
14. Zygoli thus distent11s Bramlette and Sulli1·an . Distal view. U. C. loc. A-8935. Hypotype 44470. 
15. Zygoli thlts junctltS Bramlette and Sulli1·an. Proximal Yie''"- U. C. loc. A-8930. 
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1. Bwantdosphaem bigelowi (Gran and Braarud ) . a, proximal view; b, prox· 
imal Yiew, crossed nicols. U. C. loc. A-6658. 

2. Braa ntdosphae1'a d iscula Bramlette and Riedel. a, plan view; b, plan view, 
crossed nicols. U. C. loc. A-70il. 

3. Micranthol 1:t h~ts bmrnlettei Defl andrc. a, plan view ; b, plan Yi ew, crossed 
nicols. U. C. loc. A-7062. 

4. M·icmntholith~ts vespe1' Deflandre. Single segmen t of a pentalith . U . C. loc. 
A-6665. 

5. illicrantlwl ithus crenulat~ts Bramlette and Sullivan. Plan Yi e\1-, crossed 
nicol s. U. C. loc. A-6665 . Hypotype 44482. 

6. Micrantholithus c1· en~tlat~ts Bramlette and Sullivan. a, plan Yicw; b, plan 
view, crossed nicols. U. C. loc. A-6665. Hypotype 44481. 

7. ill·icranth olith~ts c r en~tlat~ts Bramlette and Sullivan. a, plan view ; b, plan 
view, crossed nicols. U. C. loc. A-6665. H ypotype 44480. 

8. illicmntholith~ts attemtat~ts Bramlette and Sullivan. a, broken specimen ; 
b, broken specimen, crossed nicols. U. C. loc. A-7069. 
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1. Micmntholithus ping1;is Bramlette and Su llivan. a, side view; b, side view, 
crossed nicols. U. C. loc. A-6658. Hypotype 44486. 

2. Micranthol·ithus p·inguis Bramlette and Sull ivan. Plan v1ew. U. C. loc. 
A-6658. IIypotype 44485 . 

3. Micrantholithus pinguis Bramlette and Sullivan. Plan view. U. C. loc. 
A-6658. Hypotype 44484. 

4. Micrantholithus ping1ti-s Bramlette and Sullivan. a, side view; b, s ide view, 
crossed nicols. U . C. loc. A-6658 . Hypotype 44487 . 

5. Micrantholithus fios Dcflandre. a, plan Yiew; b, plan view, crossed nicols. 
U. C. loc. A-7073. 

6.JJiicrantholith1tS acq1talis Sull ivan, n. sp. a, plan view; b, plan Yiew, crossed 
nicols. U. C. loc. A-7070. 

7. Rhomboaster c11spis Bramlette and Sullivan. a, oblique view; b, oblique 
view, crossed nicols. U. C. loc. A-7074. 

8. Polycladolithus operos11s Deflandre. a, plan view; b, plan view, crossed 
nicols (high focus ) ; c, plan Yicw, crossed ni cols ( lo''" focus). U. C. Joc. 
A-7065 . 

9. Clatl!rolitlms elliptiC1lS Deflandre. Plan view. U. C. loc. A-7063. 
10. Sphenolit lt 1ts Tadians Deflandre. a., side view; b, side view, crossed nicols. 

U. C. loc. A-6665. 
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PLATE 10 

1. Discoast er ba~-badiensis 'l'an Sin Hok. Side view. U . C. loc. A-7077. Hypo
type 44491. 

2. Discoaster barbadiens·is Tan Sin Hole U. C. loc. A-7065. Hypotype 44490. 
3. Discoaster diastypus Bramlette and Sullivan. Side view. U. C. loc. A-8945. 

Hypotype 44499. 
4. Discoaster diastypus Brarnlette and Sullivan. U . C. loc. A-8945. Hypotypc 

44498. 
5. Discoaster elegans Bramlette and Sullivan. Side view. U. C. loc. A-6665. 

I-Iypotype 44502. 
6. Discoaster elegans Bramlette and Sullivan. U. C. loc. A-6665. Hypotypc 

44501. 
7. Discoaster helianthus Bramlette and Sullivan. U. C. loc. A-8933. 
8. Discoaster 1nultimdiat1ts Bramlette and Riedel. U. C. loc. A-8939a. H ypo

type 44512. 
9. D iscoast e1· multimdiatus Bramlette and R.iedcl. U. C. loc. A-8939a. Hypo

type 44511. 
10. Discoaster del·icatus Bramlette and Sullivan. U . C. loc. A-7079. H ypotypc 

44497. 
11. Discoaster delicatus Bramlettc and Sullivan. U. C. loc. A- 7079. H ypotype 

44496. 
12. Discoastcr delicatu.s Bramlette and Su llh-an. U. C. loc. A-6666. H ypotypc 

44495. 
13. D1:scoaste1· sp. U . C. loc. A-7079. H ypotype 44516. 
14. Discoast e1· sp. U. C.loc. A-8930. Hypotype 4451 7. 
15. Di.scoastcr sp. U. C. loc. A-8933. Hypotypc 44441. 
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1. Discoaster lenticularis Bramlette and Sullivan. U. C. loc. A-6665. 
2. Discoast er septemradiatus ( K lumpp ) . U. C. loc. A -6666. 
3. Discoaster nona1·adiatus Klumpp. U. C. loc. A-6666. 
4. Discoaster minimus Sullivan, n. sp. U. C. loc. A-8945. 
5. Discoaster binodost~s Martini. U. C. loc. A-8945. 
6. Discoaster germanict1s Martini. U. C. loc. A-8945. 
7. Discoast er d.istinct~1s Martini. U. C. loc. A-6665. 
8. Discoast er dejland1·ei Bramlette and Riedel. U . C. loc. A-6665. H ypotypc 

44494. 
9. Discoaster deflandrei Bramlette and Riedel. U. C. loc. A-7066. Hypotype 

44493 . 
10. Discoaster falcattts Bramlette and Sullivan. U. C. loc. A-7079. Hypotype 

4-!504. 
11. Discoaster f alcatus Bramlette and Sullivan. U. C. loc. A-8945. Hypotype 

44503. 
12. Discoaster falcatus Bramlette and Sullivan. U. C. loc. A-8930. Hypotype 

44510. 
13. D·iscoaste1· med.iostts B ramlette and Sullivan. U. C. loc. A-7077. 
14. Discoaster lodoensis Bramlette and Rieclel. U. C. loc. A-6665 . 
15. Discoaster t-r·ibrach iatus Bramlette and Riedel. U. C. loc. A-6665. 
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1. Discoaste1·oides ktteppe?·i (Straclncr ) . a, plan view; b, plan view, crossed 
nicols. U. C. loc. A-7070. Hypotype 4-±518. 

2. Discoasteroides kuepperi (Straclner ) . a, side view; b, sid e Yie,,-, crossed 
nicols. U. C. loc. A-7077 . Hypotype 44519. 

3. Discoasteroides megastyp1ts Brarnlette and Sullivan. a, plan view; b, plan 
Yi ew, crossed nicols. U. C. loc. A-7019. 

4. H eliolitlms 1·iedeli Bramlette and Sullivan. a, end Yicw ; b, end view, crossed 
nicols . U . C. loc. A -8932. Hypotype 44523. 

5. H elioli.thus kleinpell·i Sullivan, n. sp. a, end view ( orien tecl with smaller disk 
up ) ; b, end view, crosseclnicols. U . C. loc. A-761 6. 

G. H eliolithus 1·iedeli-Bramlette and Sulli van. a, end view; b, end vie"·, crossed 
nicols. U. C. loc. A-8929. Hypotype 4-±525. 

7. IIeliolith1ts riedeli Bramlette and Sullivan. a, end Yie\1·; b, end YiC\Y, crossed 
nicols. U. C. loc. A-8929. I-Iypotypc 445~6. 

8. H eliolithus riedeli Bramlette and Sullivan. a, side vi ell'; b, side vi e11·, crossed 
nicols. U. C. loc. A-8932. Hypotype 44524. 

9. Fasciculi th1ts involutu.s Bramlette and SulliYan. a, side view; b, side view, 
c ros~ed nicols. U . C. loc. A-7079. 
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