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INTRODUCTION

The abundance of organic shales in the Upyper
Miocene strata of Southern California and the uncertainty
which often has attended the determination of their age,
has made a study of the diatoms which they contain desiradle.
Thess Upper Mlocene shales have been variously mapped as
belonging wholly or in part to the Pico, Fernando, Puents,
Monteréy, and Modelo formations, and it was with the hope
of aiding in the clarification of this complex that the
present investigation wes undertaken. The Upyer Miocene ig
well exposed in many places in Séﬁthern California, but
seldom are the relations to the underlying formations so
well shown as along the North flank of the Santa Monica
Mountains in the vicinity of Girard, near the western
border of Los Angeles County. Due to numerous road cuts,
both for real estate subdivision and for highway purposes,
excellent exposures are obtainable across the entire Upper
Miocene.

The general locality is indicated on Plate I, which
shows Los Angeles County, California, as well as portions
of adjacent counties. Plate II, a portion of the Reseda,
Calif., and Dry Canyon, Calif., Quadrangles of the ymited
States Geological Survey, shows in more detail the section

investigated, as well as the location of the fossil collections.
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PREVIOUS WORK

The Modelo formation was first named dy G. H. Fld-

1 in 1907, after Modelo Canyon, Ventura County, Calif-

ornia, where the formation is well exposed. ¥.5.W. Kew2

ridge

redefined the Modelo formation in 1924, at which time he
firest mapped the region under discussion, placing the upper

500 feet of the beds exposed in the region of Girard (com-

} Eldridge, G. H., The Santa Clara 011 District, Southern

California, U.S.G.S. Bulletin 309, pp. 17-21, 1907.

2 Xew, ¥.S.W., Geology and 0il Resources of a part of Los
Angeles and Ventura Counties, California. U.S.G.S. Bulletin
753, pp. 64, 76. 192k



posed of diatomaceous shales) in the Pico formation (Lower
Pliocens).

In 1928-29, H. W. Hoot93 remapred this region on
a larger scale and divided the Modelo formation into a
lower and an upper member, the latter including the beds
which Kew had mapped as belonging to the Pico formation.

This relation is shown in the Columnar section, Plate III,
and is the usage followed in the present report.

w.D. Rankinu made a detailed study of the foramin-
ifera from the same sectlon considered in the present report
in 1930. His results will be considersd in detail later.

D. D. Hughes5 made a detailed study of the foramin-
ifera from the Modelo formation at the type locality in 1929.

A detailed study of the geologic age of the Medelo
formation was made in 1929 by F. S. Hudson and F. K. Craigs,

who propose to restrict the term "Modelo formation" to in-

3 Hoots, H. W., Geology of a part of the Santa Monica Mountaine,
U.S8.G.8. Prof. Paper 1931,

4 Rankin, W.D., Foraminiferal Study of the Modelo formation
exposed along the Topanga Canyon Road, Los Angelss County,
California. Ms read before the Jan. 2, 1930 meeting of the
Pacific Coast Secticn of the Society of Economic Paleontologists
and Mineralogists at Los Angeles, Calif.

5 Hughes, D. D., Foraminifera from the Modelo of Modelo Canyon,
Ventura County, Calif. MS read before the Pacific Coast
Section of the Bociety offconomic Paleontologists and
Mineralogists at Los Angeles, Calif., Dec. 5, 1929.

6 Hudson, F.S. and E.X. Craig, Geologic Age of the Modelo
1929,
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clude only the upper sandstone and part of the upper shale.
METHOD OF INVESTIGATION

Due to the faet that the Yodelo formatioﬁ here forms
the south limb of a large syncline extending under the San
Fernando Valley to the North, the structure is quite simple,
permitting accurate stratigraphic me=surements. A series of
road cuts going directly across the strike of the beds has
exposed the whole section, so that collections and measurements
may be made continuously.

A suite of 63 gamples, covering the entire section
consisting of 3250 feet from the unconformity at ths base of
the Modelo formation to the valley alluvium, was collected
under the direction of Dr. Hoots in December, 1927. It was
this suite which ¥r. Rankin used in hie study of the foramin-
ifera mentioned above. A duplicate set was given to the
writer and each sample wzs carefully cleaned and examined for
the prezence of diatoms. All of the samples represented in
the lower 2750 feet of the section proved dbarren of diatoms,
while a good Tlora of some 60 species was obtained from the
upper 500 feet.

Following thie preliminary estudy, a careful sampling
of the whole section was undertaken by the writer with the
hope of finding some beds containing diatoms lower in the
section. Many beds lower in the section which at first
appeared tc be diatomacedus, proved upon svbsequent examination

under the microscope, to consicst of volecanic ash.



The lower part of the section was measured by means
of a plane table traverse (scale, 500' = 1"), while the upper
part was measured by means of a steel tape and Brunton Compass.
Due to the simplicity of the structure and the excellence of the
exposures it is believed that the results are quite accurate.

A1l of the samrles collected were carefully cleaned
and strewn slides made from the diatom concentrates obtained.
Special care was taken to prevent contamination from one sample
to the next, a very important consideration when working with
such small foesile as diatoms. In addition to the strewn
slides, group slides were made, in which individual diatoms
were mounted by means of a mechanical finger.

From an examination of these slides, a liet of
species of diatoms occurring in each sample was made, the
results of which are shown in Plate IV, where they are
listed in the order of their first cccurrence going up in

the section.
GEOLOGY

As previously stated, the Modele formation here
forme the south limb of a syncline, dipping 6° - 27° Worth,
with an average strike of N. 65° E. and overlies the Top-
anga formation (Middle Miocene) with marked unconfonm?ty.
The contact is well shown near Mohn Springs Cafe, on the

new Topanga Canyon Road, along which the whole lower part



of the section is quite well exposed. The unconformable
nature of the contact is shown in Fig. 1, which was tzlen
about 200 jeet sast of Mohn Springs Cafe. Both the base of
the Modelo and the top of the Toranga are conglomerates of
quite similar composition and texture. The basal conglomerate
(see Figure é) extends for 10 feet above the contact, when it
is rather suddenly replaced by 12 feet of buff sandctone inter-
bedded with sandy shale (Figure 3). The next 1400 feet
consists of sandy and silty shales interbedded with thin
sandstone beds (Figure U) up to 5 inches in thickness, with
occasicnal beds of hard buff sandstone up to 2 feet in thick-
ness. Muddy shales (see Figure 5) containing abundant foram-
inifera occupy the next 600 feet of the section, the uppsr
200 feet of which is intercalated with thin beds of volcanic
ash. (Figure 6). This part cf the section grades rather
gradually from quite middy shale to fairly sandy shale. The
next 75 feest consists of hard, cherty shale (Figure 7) which
is in tumn overlain by 110 feet of massive, coarse, buff to
white sandstone (Figure 8). The uprer 25 feet cf this sand-
stone containe numerous large concretions varying from 6 inch-
es to 2 feet in diaheter (Figure 9), while the extreme top is
marked by a bright yellow laminated sandstone bed two feet |
thiek. This bed was mapped by Dr. Hoot57 as the contact
between the upper and lower members of the Modelo formation,
and occure 2204 feet above the wnconformity.

The base of the upper member consists of a dark buff

Op. cit.



Figure 1.

Unconformity between the Modelo (Upper Miocene) and Topanga

(Midile Miocene) formationms. Both the basal Modelo and the
Upper Topanga are massive conglomerates.

fié&re e

Basal conglomerate of the Vodelo fermatien.

10
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Figure 3

Alternating sandstone and sandy shwle immediately overlying
the basal conglomerate

Figure L

Laminated sandstores and shales 1LOO feet above the base.

hib



Figure 5

Muddy shales at Summit of Topanga Canyon
Road. 1600 feet above the base.

Figure 6

Fine sandy shales interbedded with volcanie
ash, with occasional hard limy beds up to
1 foot thick. 2000 feet above the basze.

12



Figure T

Hard, cherty shales underlying the massive
sandstone near the top- of the Lower Modelo.
2050 feet above the base.

Figure 8

Masesive sandetone near the top cf the lower
Modele formation. 2100 feet above the base.

13




clayey shale 50 feet thick which grades rapidly into a massive
sandstcnevbed 250 feet thick quite similar to that cccurring
at the top of thg lower member. This is again overlain by
200 feet of buff shale, in part clayey to punky and in part
quite hard and cecherty, with occasional thin beds of hard
concretionary sandstone up to & inches in thickness. The
last massive sandstone bed (Figure 10) going up in the section
has a probable thickmess of 50-60 feet. The bottom of this
bed is not well exposed, but the maximum thickness is well
within the above limite, grading laterally to a thickness of
20-30 fest. In rlaces thie sandstone contalns irregular
masses of shale fragments and mud balle, as shown in Figure 1l.
The remaining 500 feet of the section as exposed in
the vieinity of Girard consists of diatomacecus shale, in-
creasing in diatom content (both as to number of species and
number of individuals) towards the top:. (See Figures 12 and
13). Dr. Kewd originally mapred these diatomaceous shales
as a part of the Pico formation (Lower Plic ceme), placing the
contact between the Pico and Modelo formations at the top of
the massive sandstone just described. This series of dia-
tomaceous beds will be discussed in more detail under

"Miscussion of Results.®

8 op. cit.

1k



Figure 9

Large concretion from concreticnary
sandstone overlyinz that showm in
Fig. 8.

Figure 10

Massive sandstone near the base of
Kew's Pico foermation. 2700 feet
above the base.

15



Figure 11l

Eastward extension of same sandstone shown
in Figure 10, here containing shale
fragments and mud balls.

Figure 12

Finely laminated diatomaceous shale
near the top of the section. The
dark irregular band is a sandstone
dike of considersble extent.

3220 feet above the base.

16



Figure 13

Cleser view of a portion of Fig.
)2, showing the nature of
the bedding.

17



EVIDEKCE OF AGE

Dr. Kew's original assignment of the diatomaceous
beds here exposed to the Pico formation (Lowef Pliccene) was
made on the basis of lithology, without reference to the diat-
oms and forarinifera which they contain.

‘Mr. W. D. Rankin?, who has studied the foraminifera
from this section, reports as follows:

"The relative age of these strata will be
considered separately for the lower and upper members.
"], The lower member contains a molluscan-

fauna at the base of the formation that Dr. Wood-

ring has reported upon as being equivalent to or
slightly older than the Briones fauna of the Mt.

Diablo region. The foraminiferal fauna of this

group of strata is not present in the Modele Canyon
Section presented by Mr. D. D. FHughes. This fauna
includes Bolivina beyrichi Reuss var. alata (Seguenza),
Buliminella californica Cushman, Buliminella sp.,
RBolivina hughesi Cushman, Bolivina affinis d'Orbigny,
and Eponides aff. broeckiana (Karror). This assemblage
was also found in samples collected from the Upper
Puente Shale of Englieh in La Habra Canyon, Puente
Hills. The Miocene strata at Malaga Cove, presented
by Hutcheson and Kuffel September 6, 1928, can also

be correlated with this fauna.

"2, The uprer member contains a foraminiferal
fauna consisting of such species as Bolivina seminuda
Cushman, Bolivina einuata Galloway and Wissler, Bol-
ivina aff. spisea Cushman, Bolivimm sp. A., Buliminella
#p. ‘A, Cassidulina delicata Cushman, Pulvinulinella
bradyana Cushman, and Pulvinulina pacifica Cushman
var. This fauna may be correlated with the Upper
fodelo Shale as exposed in Modele Canyon."

Mr. D. D. Hughes, who has made a detailled studylo

of the foraminifera of the Modelo formation at the type
locality (Modelo Canyon, Ventura County, Califcrnia) has
come to the féllowing conclusions regarding the age of the

Upper Modelo Shale:

% op cit. 10 op. eit.

18
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_ "The upper shale member has afforded a fairly
abundant foraminiferal fauna represented by sixty-
six species and varieties. This fauna seems to be
the same as that contained in the strata directly
underlying the so-called !'Lower Pliccene' of the Los
Angeles Basin. The urper ghale fauna seems also to
bear an affinity to the fauna of the uppermost foram-
iniferal Miocene strata developed in the coastal re-
gion of Santa Barbara County.. . . . This upper Miocere
assemblage is younger than the uppermost foraminiferal
fauna of the 'Moenterey! exposed on the east side cof
the Salinas Valley."

FEvidence of age of the strata deduced from the

diatoms will be considered below.
DISCUSSION OF RESULTS

Altho a careful search was made, no diatoms were
found in the lower 2750 feet of the Modelo formation, so
that the following discussion is confined to the upper
500 feet of the section as exposed near Girard, Calif.

The following list of syecies of diatoms was
fcund in the upper 500 feet of stratz exposed:

Actinoptychue undulatus Ehrenberg
marmoreus Brun
simbirskianus Schmidt (?)
stella Schmidt var. thumii Schmidt

Arachnoidiscus ornatus Fhrenberg

Campyloneis grevillei (Vm. Smith) Grunow

Chaetocercos incurvum Bailey

Coceccneis baldjikizna Grunow

distans (Gregory) Grumow

Cogzcinodiscus argus Fhrenbert
asteromphalus Fhrenberg
curvatulus var. latius-striata Schmidt
decrescens Grunow
denarius Schmidt
elegane CGreville

~excentricus Fhrenberg
lineatus Fhrenberg
marginatus Fhrenberg
oculus-iridis Fhrenberg
radiatus Fhrenberg
subtilis Fhrenberg
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Coscinediscus woodwardii Fulenstein
Cyclotella antiqua Smith (?)
Denticula lauta Bailey
Dicladia capreolus Ehrenberg
Dipléneis densistriata (Schmidt)
pelagi (Schmidt) Boyer
gmithii (Brebisson) Cleve
suborbicularis (Bregory) Fricke
Dosettia caballeroi Azpeitia
Endictya robusta (Greville)
Fragilaria arctica Grunow
CGrammatophora angulosa Fhrenberg
merletta Hanna & Grant
Hemidiscus simplissimus Hanna & Grant
Hercotheca mammilaris Fhrenberg
Liradiscus ovalis Greville
Melosira clavigera Grunow
oexspectata Schmidt
gol (Ehrenberg) Kfitzing
sulcata (Fhrenberg) K#itzing
Muelleriella limbata (Ehrenberg) Van Heurck
Navicula lyra Fhrenberg
Omphalotheca ¢alifornica Hanna
Opephora schwartzii Fhrenberg
Periptera tetracladia FEhrenberg
Rhaphconeis archeri O'Meara
Stephanogonia actinoptvchis Ehrenberg
Stephanopyxis apperdiculata Fhrenberg
turris (Gregory) Ralfs.
Stictodiscus californicue Greville
Syndendrium diadema Ehrenberg
Synedra affinis Klitzing
Synedra (?) cf. fimbriata Castracane
Thalassionema nitzschiodes Grunow
Triceratium sy.
Xanthiopyxis cingulata Fhrenberg
oblenga Fhrenberg
umbonatue Gre¥ille.

In addition to those in the above list, some
15 additional species were found which have not yet been
identified, due to lack of literature. It is quite
possible that nearly all of these unidentified forms may
represeﬁt new species, btut in view of the l=amentable
synonomy which already exists in diatom literature it has

been thought best not to name any new species until more
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literature Has been consulted.

By referring to Plate IV it will be seen that
there is a gradual increase in the number of species golng
up in the section. The number of species per sample varies
all the way from one in sample No. 429 to fifty in sample ¥o.
L,

¥hile large numbers of cosmopolitan species are
presenﬁ in nearly every sample, a number of species are
pregent which appear to have had a much more restricted
vertical range and which are useful as indicators for
definite zones. The following species are: found in the
Upper Modele formation and apparently nowhere else in this
region. They do not occur in the Temblor formation
(Middle Miocene) nor in the Pliocene diatomites of California.

Melosira clavigera Grunow

Actinoptychus marmoreus Rrun

Hemidiscus simplissimus Hanna & Grant
Muelleriella limbata (Fhrenberg) Van Heurck
Synedra (?) cf. fimbriata Castracane
Denticula lauta Balley

Grammatophora merletta Hanna & Grant.

This list will ultimately be considerably
augmented by the addition of the unidentified species men-
tioned on the preceding page. These species are also
found at the top of the Miocene section exposed 4t Timme
Point, San Pedro, Califernia, in the Upper Modelo expcéed
along the north flank of the San Pedro Hills, in the Upper

Modelo exposed on the west bank of the Newport Lagoon,

Newport, California, and in the Upper Puente Shale in the
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DIATOMS FROM THE MODELO FORMATION
NEAR GIRARD, CALIFORNIA.
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Puente Hills, California.

In addition to these actual marker srecies, cettain
asssemblages of more cosmopolitan and even living forms are
quire characteristic of the Upper Miccerne strata of Southern
California. The following species are included in this categery:

Cladogramme californicum Grunow
Coscinodiscus asteromphalue Fhrernberg
Coscinodiscus elegans Greville
Dicladia capreclus Fhrenberg
Diploneis densistriata (Schmidt)
Diploneis pelagi (Schmidt) Boyer
Hercotheca mammilaris Fhrenberg
Liradiseus ovalis Greville
Opevhora schwartzii Fhrenberg
Stictodiscus califcrnicue Greville
Xanthiopyxie o¢blonga Fhrenberg
Xanthiopyxis umbonatus Greville
Dogettia caballerci Azpeitia

Several definite zones in the Uppsr Modelo formation
are cof rvarticular interest as they arrear to be continuous
over a considerable area and are usually dominated by some
one specles. One of these zones Has Denticula lauta Bailey
as the dominant species and can be picked up in the San
Pedro Hille, the Puente Hills, and the Santa Menica Mountains.
Another zone in the Santa Monica Mountains, exposed one and

one-half miles east of the section under consideration, i=

dominated by Coscinodiscus asteromvhalus Fhrenberg, a large

and beautifully ornate diatem.
The extent, both areally and vettically in the
geologic column, of these zones has not yet been worked out,

but remains as an interesting extension of the present in-



vestigation. The Denticula lauta zcne, mentioned above is
apparently a very definite one extending over large areas, and
has been observed in many o0il well cores as well as in surface
outcrops.

The fact that the beds in which these diztoms were
found have been determined to be of Upper Miocene age on the
basis of their foraminiferal content, and the further fact
that practically the same assemblage of diatoms is found in
other beds yreviously determined as Upper Miocene, fixes
their age fairly definitely. This is corroborated by the fact
that the so-called "Marker species* of the Upper Miccene are
found neither in the underlying Mid@le Miocene beds nor in
the overlying Lower Pliocene. Thus this section has been
set up as a sort of secondary working standard for the Upper
Miocene and by extending the same type of work to cover other
gsections and comparing them with this original section, a
basis for correlating the Upper Miocene diatomacedus shales
may be resached.

A great many such sections have been carefully
measured and collections at known stratigraphic intervals

are bYeing studied with this end in view.
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SYSTEMATIC PALFONTOLOGY

In the following discussion, the classification of
Schuettll is adopted. It is the simplest and most widely
used classification of the diatoms which has been devised to
date and, being based on the structure and markings of the
frustule itself, is particularly adaptable to foesil forms.
For the sake of compactness the bibliographic
references have been abbreviated, full titles of the works
quoted being given in the bibliography at the end of this
paper.
CRYPTOGAMTIA
THALLOPHYTA
Class ALGAE
Order DIATOMACEAE
Family CENTRICAE
Subfamily DISCOIDEAE
Tribe COSCINODISCEAE

Subtribte MELOSIRINAE

Genus MFLOSIRA Agerdh

Melosira clavigera Grunow Plate V, fig. 1

Melosira clavigera Grunow, Sch. Atl., P1. 175, fig. 21-2L,
(1292). Van Heurck, Synopsis, pl. 91, fig. 1,2. (1881).
Gaylord & Hanna, Bull. A.A.P.G., Vol. 9, pl. 5, fig. 3,
(1925). Laporte & Lefebure, I, pl. U4, fig. 29, (1929).

Although this form has been reported from rocke as

11 gonuett, F., in Pflanzenfamilien by A. Engler & K. Prantl,

Theil I, Abteilung 16, Leipzig, 1896.



0ld zs possible Focene in other parts of the world, it apparently
is confined to the Upper Miocene in thie region. It is fairly
frequent in the uppermost part of the Upper Modelo near Girard,
California.

Thig is a very fragile form, seldem found whole. The
specimen figured unfortunately had the center broken during

mounting. Diameter of valve, 0.068 mm.

Melosira exspectata Schmidt

Meloeira exsvectata Schmidt, Seh. Atl., pl. 177, fig.
54-58, (1892).

This diatom occurred the lowest down of any in the
section, represented by a sufficiently complete valve to

make identification certain.

Melosira sol (Fhrenberg) Kiltzing

Melosira scl (Ehr.) Kz., Prit. Inf. Uth ed. p. 819,
(1861). Van Heurck, Synopsis, pl. 91, fig. 7-9,
(1881). Sch. Atl., pl. 179, fig. 21, (1892).

Wolle, Diat. N.A., pl. 58, fig. 1-2. (1894). Caet-
racane, Repr. Chall. Vel. 2, pl. 10, fig. 3; pl. 17,
fig. 3; pl. 21, fig. 7, p. 93, (1286). Boyer, N.A.
Diat., p. 28 (1927). Mann, Diat. Alb. Voy., p. 239,
(1907). |

Gallionella sol Ehrenberg. FEhr. Mik., pl. 354, group

XXII, fig. 12, (185L4).

This large and beautiful diatom was represented by

fragments only. Ranges from Upper Mioccene to recent.

Melosira sulcata (Fhrenberg) Kfitzing

Melosira sulecata (Fhr.) Kz. Kz. Bac., p. 58, pl. 2,
tig. 7, (184Y4). vPrit. Inf. Hth ed., p. 819, pl. 9,
fig. 131; pl. 11, fig. 26, (1861). Sech. Atl., pl.
177, fig. 23-39, (1892).
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This is one of the long-lived forms mentioned,
hzving been found in the lowermost Miocen912 as well as
in the Pacific Oceanl> living at the present time. Tt is
fairly well distributed in the Girard section, altho never

abundant.

Genus STEPHANOPYXIS Ehrenberg

Stephanopyxis appeniicula Fhrenberg

Stephanopyxis appendicula Fhrenberg. Fhr. Mik., pl. 18,
fig. 4, (1854). Sech. Atl., pl. 130, fig. 18, 19, 21,
23, 24, (1888). wWolle, Diat. N.A., pl. 62, fig. lo-
15. (1894). Mann, Diat. Alb. Voy., p. 244, (1907).
When sufficient work ie done on this group, it is
quite possible that many species will be included with thie

form as mere varileties.

Stephanopyxis turris (Gregory) Ralfs.

Stephanopyxis turris (Greg.) Ralfs. Prit. Inf. pl. 5,
fig. 74, p. 826, (1861). Sch. Atl., pl. 130, fig. Y2-
43. (1888).

This variable and cosmopolitan form may well be in-

1y

cluded under the preceding species, as Mann~ has done. It
ie retained here only provisionally until its true status is
determined. Frequent in sample No. 430 of the Girard

section and, strangely enough, not found higher.

12 Hanna, G.D., The Lowest Known Tertiary Diatoms in Calif-

ornia. Journ. Paleont., Vol. 1, p. 115, (1927).
13 Mann, A.A., Diat. Albatross Voyages, p. 239, (1907)
4 rpa4, p. U
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Genus CYCLOTFLLA Kfitzing

Cyelotells antiqua Wm Smith.

Cyclotella antiqua Wm Smith., Brit. Diat., I, pl. 5,
fig. 49, (1856). Van Heurck, Synopsis, pl. 92, fig. 1,
(1881).
Although always found living in fresh water, this
diator occurs in two different samples from the Girard section.

Its apparently anomolous presence here may be due to its having

been carried by some river emptying into the Modelo Sea.

Subtribs PYXILLINAE

Genus STEPHANOGONIA Fhrenberg

Stephanogonia actinoptychus Fhrenberg Plate V, fig. 2

Stephanogonia actinoptychus Fhr. Van Heurck, Treatise,
p. 437, fig. 163, (1896). Wolle, Diat. N.A., pl. 57,
tig. 6. (1894).
This minute, though distinctive, diatom ie apparently
confined to the Middle and Upper Miocens, and constitutes a

fairly good marker for the urper half of the Miocene.
Genus DICLADIA Ehrenberg

Dicladia capreolus Fhrenberg

Dieladia capreolus Fhrenberg. FEhr. Mik., pl. 354, group
18, fig. 5; pl. 18, fig. 101, 102. (1854). Welle,
Diat. W.A., pl. 64, fig. 5-7, (1294).

Boyer15 considers thie to be a spors of Chaetoceres

mitra (Bailey) Cleve. Although Dicladia capreolus has been

observed in many collections of Modelo shale, and often quite

15 Boysr, C.S., Synopsis of North American Diatomaceae.,
Proc. Acad. Nat. Sei. Phila. Vol. LXXVITI, p. 110, (1926)



cormon, Chaetoceros mitra has never been observed in the same
sample. The only Chaetoceros which is at all common in the

Modelo formation is Chaetocercs incurvum Balley, which is

uniformly smaller than the Dicladia of which it is supposzed to
be the parent. In one loéality on the north flank of the
San Pedro Hills, Los Angeles County, California, the Upper
Modelo formation contains countless numbers of Dicladia
capreolus, and considerable search hés failed to find one
valve of Chaetoceros mitra , or anything approaching it.
Certainly a few of the parent valves would have survived
and be preserved in the fossil record.

From the point of view of the micropaleontologist,

Dicladla capreolus is a good fossil and deserves separate

rank as it is never found asscciated with its allegedly

parent form.

Genus YANTHIOPYXIS Ehrenberg

Xanthiopyxis cingulata Fhrenberg

Xanthiopyxis einzulata Fhr. Fhr. Mik., pl. 35, group 17,
fig. 18, (1854).

This minute form is vary common in Sample No. 4ll
of the Girard Section. TIts range has not been detsrmined
with certainty, but it is apparently confined to the Middle

and Upper Miocene, and possibly only to the Upper Miocene.

Xanthiopyxis oblonga Fhrenberg

Xanthiopyxis oblonga Fhr. FEhr. Mik., pl. 33, group 17,
fig. 17, (185Y4).

Both this and the preceding form were first
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described from the Miocens of Rappahannock, Virginia, and
have been consistently found in the Upper wiocene shales of

California and Lower California.

Yanthiopyxis umbonatus Grovills

Yanthiopyxis umbonatus Greville., Trans. Mic. Soc. Lond.,
1866, p. 2, pl. 1, fig. 5. Wolle, Diat. N.A., pl. T4,
fir. 16, (1894).

Genus OMPHALOTHECA Fhrenberg

Omphalothsca czlifornica Hanna

Omphalotheca californica Hanna, Journ. Paleont. Vol. 1,
r. 117, pl. 20, tig. 6,7. (1927).

This form very closely resembles Dosettia caballeroci

Azpeitia in many details, the essential difference bteing that

Omphalotheca californica is always circular in valvs view,

whereas Dosettia caballerol is oval. The marginal spines
on the latter are usually longer and much more robust. Tt
is frequent in the upper part of the Girard section, altho
originally described from the Lower Miccene, so that

its range includes at least all of the Miocene.
Genug MUFLLFRIFLLA Van Heurck

Muslleriella limbata (Fhrenbergz) Van Heurck Plate V, fig. 3.

Muelleriella limbata (Fhr.) V.H. Van Heurck, Treatise,
p. U35, fiz. 160, (1896).
Stephanopyxis? limbata Fhr. Mik., pl. 18, fig. 7, (1854).
This interesting diatom is found fresuently in the

upper part of the Girard section. Altho frequent, it is
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very rarely found whole, the one figured being the only com-
plete form ever found by the writer.
Enhrenberg {see above refersnce) quesiion=d including

thie form with Stephanopyxis, finally calling it a Pyxidicula,

where it remained until Van Heurck set up the present genus in
1896, Taylpr16 in 1929 tentatively considered it allied to
Déssetia for no good reason, as they have little in common.

It is an excellent marker for the Upver Miocene in California,
althouzh originally described from Richmond, Virginia, (Cal-

vart formation?).

Length of figured specimen, 0.09Y4 mm.

Subtribe COSCINODISCINAE

Genus FHDICTYA Threnberg

Fndictya robusta (Grevills)

Fndictya rcbustus (Greville), Hamna & Grant, Proc. Calif.
Acad. Sei. UYth Ser. Vol. 15, (1926) pl. 16, fiz. 2,3,
p. 1L,

Coscinodiscus robustus Greville, Trans. Micr. Soc. Lond.
n.s. Vol. 14, (1865), p. 3, pl. 1, fig. 8. Sch. Atl.,
pl. 62, fig. 16, 17. (1877). Mann, Diat. Alb. Voy.,
pl. 48, fig. 4, p. 258, (1907). Mann, Phil. Diat.,
pp. 67, 68. (1925).
Fhrenberg proposed the genue Endictya in 1845, with-
out defining it with sufficient accuracy to stabalize it.
The result has been that considerable confusion has arisdn,

some accepting, some rsfusing to accept it as a valid genus.

Mann (see last reference above) has so well crystallized the

— o

16 Taylor, F.B., Notes on Diatoms, Cambridge, Fng., 1929,

p. 206.

31



whole situation that his remarks are worth repeating:

"It is advisable that the genus Endictya shall
' not be combined with Coscinodiscus, as is done by
Rattray (Rev. Cosc. p. 450), an arrangement accepted
by me in my Diatoms of the Albatross Voyages. It
should be retained to accomodate such forms as have
valves sharply bent downward at the rim to form ver-
tical sides or flanges at right angles to the surface
of the circular portion. This is the position taken
by Van Heurck and others. It is, howsver, further to
be saltd’that those forms which Castracane includes in
his new genus Ethmodiscus should perhaps also be con-
sidered to be Endictyae, their structure differing
from such species as E. oceanica mainly in the fineness
6f their markings and the general delicacy of their
entire frustules. This would leave for the genue
Coscinodiscus that large class of diatoms the valvss
of which, whether flat, concave, or convex, terminate
at the rim, where they join the girdle and are not
bent vertically down to form deep sides or flanges
ornamented with markings continuous with those of the
rest of the valve. In fact Endictya is more closely
related to Stephanopyxis, or even to that subdivision
of Melosira called Orthosira than to Coscinodiscus.”

This sturdy diatom is particularly common in the
lower part of the Girard ssction (Samples 430-436), where
it is easily the dominant form, becominz less important in

the upper part of the section.
Genus COSCINODISCUS Fhrenberg

Coscinodiscus argus Ehrenberg
Coscinodiscus argus Fhr. Mik., pl. 21, fig. 2, (1854).
Sch. Atl., pl. 113, fig. 7, (1886). Rattray, Rev.
Cosc. p. 527, (1889). Boyer, Phil. Diat., pl. 3,
fig. 7, p. 23, (1916).
This form is rare in the Girard section, and
confined to the lower part. It is arparently confined

to the Miocene, although including both Middle and

Upper. Some of the localities from which it has been
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reported may be as old as Eocene, dbut exact data is not

available. It has not been reported living,

Coscinodiscus asterompnalug EFhrenberg

Coscinodiscus asterowphalus Fhr. Mik., pl. 18, fig. U5;
rl. 33, group 15, fig. 7. Sch. Atl., pl. 63, fig. 5,
12. (1878). Rattray, Rev. Cose., p. 549, (1839).
Boyer, Phil. Diat., pl. 2, fig. 16; pl. 40, fig. 12,
p. 23,(1916). Wolle, Diat. N.A., pl. 87, fig. 4, (189y).

Although not occurring in any amount above frequent

in the Girard Section, Coscinodiscus asteromphalus forms the
dominant diatom in a bed outeropping about one and one<half
miles east of the Girard section. Here it occurs in such

abundance that -all other forme ars rare., This bed has only
a limited areal extent (as far as is known at present), and
hence may represent a localized epidemic, such as have been

observed at Copalls Beach, Washington17.

Coscinodiscus curvatulus Grunow var. latius-striata Sehmidt

Plate V, fig. Y4, 5.
Coscinodiscus curvatulus var. latius-striata Schmidt,
Sch. Atl., pl. 57, fig. 30, 34, (1878). Rattray,
Rev. Cosc., p. 487, (1839).
Schmidt gives two figures, one from Monterey, and
one from Santa yonica. The Girard forms agree quite per-

fectly, both with Schriddt's figures and with Rattray's

description. Frequent in the upper part of the Girard section.

17 pecxing, L.B., C.F. Tolman, and H.C. McMillan, John Field,
and Tadaichi Hashimoto, Preliminary Statement regarding
the diatom "Epidemics™ at Copalis Beach, Washington.
Economic Geology, Vol. 22, pp. 356-368, (1927).
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Coscinodiscus decregcens Grunow Plate V, fig. 6

Coscinodiscus decrescens Grunow, Sch. Atl., pl. 61

fig.
7-9. (1886). Rattray, Rev. Cose., p. 525, (1289).

This very minute diatom is frequent in the upper
part of the Girard section. Diameter of figured specimen,

0.019 mm., smaller than Rattray's minimum value.

Coscinodiscus denarius Schmidt

Coscinodiscus denarius Schmidt., Sch. Alt., pl. 57, fig.
19-21, (1886). Rattray, Rev. Cosec., p. 504, (1889).
Boyer, Phil. Diat., p. 22, pl. 2, fig. 13, (1916).

Frequent in the upper part of the Girard section.

Coscinodiscus elegansg Greville Plate VI, fig. 1

Coscinodiscus elegans Greville, Trans. Mier. Sco.

Lond. n.s. Vol. 14, p. 3, $1l. 1, fig. 6, (1866).

Sch. Atl., pl. 57, fig. 7, (1886); pl. 163, fig. 10,

(1891). Wolle, Diat. W.A., pl. 94, fig. 1, (189Y).

Mann, Diat. Alb. Voy., p. 251, (1907).

While this diatom is still living in the Worth

Pacific Ocean (see last refersnce above), it does not occur
in the rocks older than Middle Miocene in California. There
are soveral zones of fairly large areal extent near the top
of the Upper Miocene in Southern California, where this form

is quite prevalent and in places dominates the entire flora.

Diameter of figured specimen, 0.034 mm.

Coscinodidcus excentricus Fhrenberg Plate VI, fig. 2

Coscinodiscus excentricus Thr. EHr. Mik., pl. 18, fig.
32; pl. 21, fig. 6, (1854). Sch. Atl., pl. 58, fig.
46-49, (1886). Van Heurck, Treatise, p. 531, pl. 23
fig. 666, (1896). Rattray, Rev. Cosc., p. U461,
(1889). Mann, Diat. Alb. Voy., p. 251, (1907).

34
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This cosmopolitan diatom is fraquent in both the
top and bottom of the Girard section, but avsent in the
central portion. While it apprarently started in the
Lower Miocene, this form did not reach its maximum dev-
elopment until Pliocene time, when it was one of the dome-
inating species of diatoms.

Diamster of figured specimen, 0.035 mm.

Coscinodiscus lineatus Ehrenberg Plate VI, fig. 3

Coscinodiscue lineatus Ehr., Ehr. Mik., pl. 18, fig.
33; pl. 22, fig. 6 a-b, (1854). Sch. Atl., pl. 59,
fig. 26-32, (1886). Rattray, Rev. Cosc., p. U472,
(1889). Mann, Diat. Alb. Voy., p. 253, (1007).
This widely distributed form is only found
rarsly in the upper part of the Girard section. The
gpecimen figured 1s the orly perfect one found, even
fragments being rare. Like the preceding species, this
diatom becomes much more abundant in the Pliocene shales,

where it often dominates the flora.

Diameter of figured specimen,

Coscinodiscus marginatus Fhrenberg

Coscinodiscus marginatus Fhr., Fhr. Mik., pl. 18,
tig. U4; pl. 33, group XII, fig. 13; pl. 35B, group
YXXII, fig. 8, (1854). Sch. Atl., pl. 62, fig. 1.5,
9, 11, 12. (1878). Rattray, Rev. Cosc., p. 509,
(1889). Mann, Dizt. Alb., Voy., p. 253, pl. 4o,
fig. 2, (1907). Wann, Phil. Diat., p. 67, (1925).

For a good discussion of this difficult species,
see Mann, Diatoms of the Albatross Voyages, p. 253-4, who
has attempted to limit this species to those forms having

broad, massive borders, certainly the best disposition



under the circumstances.

Fairly well distributed thruout the section.

Coscinodiscug oculus-iridis Fhrenberg

Coscinodiscus oculug-iridis Fhr., Fhr. Mik., pl. 18,
fig. 42; pl. 19, fig. 2, (1854). Sech. Atl., pl.
60, fig. 7; pl. 63, fig. 4,6-9, (1877); pl. 113,
fig. 1, 3-5, 20, (1883). Rattray, Rev. Cosc.,

p. 559, (1889). Hamna, Journ. Paleont., Vol. 1
p. 112, pl. 18, fig. 1, (1927). Mann, Diat. Alb.

Voy,, . 256, (1907).
I agree with Mann (last reference above) that

Rattray's lumping of this form with C. omnhalanthus Grun.,

C. asteromphalus Fhr., and Céstodiscus radiatus Fhr. is

most unfortunate and wholly unwarranted.

Occurs only in the top and bottom of the section.

Coscinodiscus radiatus Fhrenberg

Ooscinodiscus radtatus Fhr., FEhr. Mik., pl. 39, group
III, fig. 17; pl. 35A, group XVII, fig. 6. (1854).
Sch. Atl., pl. 6D, fig. 9; pl. 62, fig. 18. (1886).
Mann, Diat. Alb. Voy., p. 257, (1907). Van Heurck,
Treatise, p. 530, pl. 23, fig. 663, (1896).

Freouent in the upper part of the section.

Coscinodiscus subtilis Fhrenberg

Coscinodiscus subtilis Ehr., Ehr. ¥ik., pl. 18, fig.
35a-b, (1854). Sch. Atl., pl. 57, fig. 11-16, 28,
29; pl. 58, fig. 37, (1886). Van Heurck, Treatise,
p. 532, pl. 34, fiz. 901, (1896).
This delicate form is only rarely found in the
upper part of the Girard section and not at all in the

lower part.



Cosecinodiscus woodwardii Fulenstein

Coscinodiscus woodwardii Eml., Sech. Atl., pl. 60,
fig. 8; pl. 61, fig. 2,3; pl. 65, fig. 2, (1886).
Rattray, Rev. Cosc., p. 571, (1889). Wolle, Diat.
N.A., pl. 90, fig. I, (12989,

Frequent in the top of the Girard section.
Genus LTRADISCUS CGreville

Liradiscus ovalis Greville

Liradiscus ovalis Grev., Grev. Trans. Micr. Soe. Lond.,
Vol. 13, p. 5, pl. 1, fig. 15, 16, (1865). Van
Heurck, Treatise, p. 511, fig. 260. Hanna, Journ.
Paleont. Vol. 1, p. 114, pl. 19, fig. 4,5,6, (1927).
Hanna, Cret. Diat., p. 23, pl. 3, fig. 5, (1927).

This curious little diatom has had a long history,
starting at least as early as Cretaceous time, and extending
up through the Upper Miocene andpossibly into the Pliocene.
While it is in no sense a marker, there are certain concen-

trations of this form at various places in the geological

column, so that it may be of value for lecal zoning.

Tribe ACTINODISCEAE
Subtribe STICTODISCINAE

Genus ARACHNOIDISCUS Fhrenberg

Arachnoidiscus ornatus Fhrenberg Plate VI, fig. U4

Arachnoldiscus ornatus Fhr., Sch. Atl., pl. 73, fig.
4-6, 10, (1887). Prit. Inf., pl. 15, fig. 18-21,
(1861). Boyer, Syn. W.A. Diat., p. 69, (1926).
This large and ornate diatom rarely occurs in the
Girard section, the specimen figured being the only perfect

one found. Diametsr of figured specimen, 0.280 mm.
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Genus STICTODISCUS Greville

Stictodiscus californicus Greville Plate VI, fig. 5.

Stictodiscus californicus Grev., Sch. Atl., pl. ThH, fig.
4, (1887). Grev., Trans. Micr. Soc. Lond., n.s. Vol.
9, p. 79, pl. 10, fig. 1, (1861). Hanna & Grant,
Proc. Calif. Acad. Sei., Yth Ser. Vol. XV, p. 167,
rl. 20, fig. 12, (1926).

In spite of the fact that it has been reported
living in various localities, this strikingly beautiful
diatom is 4 fairly good marker for the Upper Miocene strata
of California. It is not found in the Temblor formation
(Middle Miocene) nor in the overlying Lowsr Pliocens.

Diameter of figured specimen, 0.160 mm.
Genusg CLADOGRAMMA Fhrenberg

Cladogramma californicum Fhrenberg

Cladogramma californicum Ehr., Ehr. Mik., pl. 33, group
13, fig. 1** (1854). Mic. Diet., p. 171, pl: kb2, fie.
14, (1875).

Cladogramma cebuense Grunow, Van Heurck, Trsatise, p. 502,
fig, 246, (1896).

This minute though distinctive form is frequent in

the upper part of the section.

Subtribe ACTINOPTYCHINAE

Genus ACTINOPTYCHUS Ehrenberg

Actinoptychus marmorsug Brun. Plate VI, fig. 6.

Actinoptychus marmoreus Rrun. Sch. Atl., pl. 154, fig.
7, (1890).

This is the first occurrence of this diatom in
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North America, the type having come from the island ©f yedo,

Japan, wﬁers it occurs in rocks of Upver yiocene age.
Unfortunately two of the smectors of the specimen

figured have air bubbles trapred in them, giving a grotesque

apvearance. DNiameter of figured specimen, 0.0U8 mm.

Actinoptychug simbirskianus Schmidt * Plate VII, fig. 1.

Actinoptychus simbirskianus Schmidt, Sch. Atl., pl. 29,
fig. 11.

Corsiderable search has failed to reveal a form
more . 1ike Schmidt's species than the one in guestion. In
my form, one set of sectors have fine puncta arranged accur-
ately in quincunx, whereas the altsrnate sectors have the
puwicta (somewhat‘larger than the others) in no definite
arrangement., The processes are in the marginal center of
the quincunx sectors. These quincunx sectors have also a
faipt areolation underlying the puncta, whereas the sectors
with the scattered puncta have a perfectly hyaline background.

It is frequent in the upper part of the Girard

sectioh. Diameter of figured specimen, 0.077 mm.

Actinoptychus stella Schmidt var. thumii Schmidt.

Plate VII, fig. 2
Actinoptychus stella var. thumii Seh., Sch. Atl., pl.
90, fig. 3-5, (1886). Laporte & Lefebure, II, pl.
22, fig. 150, (1930).
Forms having both 6 and 8 sectors were found,

again indicating the inconstancy of this character and its

utter uselessness in differentiation of species.



Diameter of figured specimen, 0.050 mm.

Actinoptychus undulatus (Bailey) Ralfs.

Actinoptychus undulatus (Bail) Ralfs., Prit. Inf., p.
839, pl. 5, fig. 88, (1861). Sch. A+l. pl. 1, fig. 1-
6, (1874). Van Heurck, Treatise, p. 496, pl. 22, fig.
6us, (1896).
This quite variable form is fairly abundant, espec-
i1ally near the top of the Girard section. The present form

has coarse areoclaes, quite similar to A. senarius Fhrenberg,

which Mann doubtfully includes under A. undulatus. Ralfs
also recognized that these two forms were probably the same
gpecies.
Sub-family BIDDULPHIOIDEAE
Tribe CHAETOCEREAE

Genus CHAETOCFROS Ehrenderg

Chaetoceros incurvum Bailey

Chaetoceros incurvum Bailey, Bail. Smith. Contr. Vol. 7,
pl. 3, fiz. 31, 32, (1853). Wolle, Diat. NW.A., pl.
6%, fig. 9, 10, (1894). Boyer, Syn. N.A. Dizt., p.
111, (19265.
This diatom is rare in the upper part of the Girard
section and totally lacking in the lower part. Common in
the Upper Modelo formation exposed along the north flank of

the San Pedro Hills, Los Angeles County, Calif.

Genus HERCOTHECA Fhrenberg

Hercotheca mammilaris Ehrenberg

Hercotheca mammilaris Fhr., Fhr. Mik., pl. 33, group
18, fig. 7, (1854). Van Heurck, Treatise, p. 427,
fig. 147, (1896). Wolle, Diat. N.A., pl. 6L, fis.
22, (1894).

40



n

It is possible that this will prove to be nothing
but a spore-case of some Chaetoceros, but its value &s a

fossil is definite, ao it is here admitted to generic rank.

Genus SYNDENDRIUM Ehrenberg

Syndendrium diadema Fhrenberg
Syndendrium diadema Fhr., Fhr. Mik., pl. 354, group 18,
fig. 13, (1854). Van Heurck, Treatise, p. 427, fig.
146, (1896). vWolle, Diat. ¥.A., pl. 63, fig. 11l-13,
38, (1894).
Common in the upper part of the Girari section.
Cleve, Castracane, Mann, and others, consider this fo be a
spore case ¢f Chastecercs, but its abundance in stratz de-
veid of a parent Chaétoceros makes this asgignment doubtful.
Cleve, Castracane, and Mann, came their conclusions while
working on living, or at least recent, material, where toth
forns could bs observed. Apparently the Chaetocerog to

which this Syndendrium belonged was pocrly silicifled, as

it is never present In fossil collections.
Genus PERIPTERA Ehrenberg

Periptera tetracladia Fhrenberg

Periptera tetracladia Fhr., Fhr. ¥ik., pl. 33, group 18,
fig. 9, (1854). Prit. Imf., p. 865, pl. 6, fig. 30,
(1861). Wic. Dict. p. 587, pl. 18, fig. 66, (1883).

The same remarks apply here as in the case of the

preceding specles.

Tribe BIDDULPHIEAE



Genus TRICFRATIUM Ehrenberg

Triceratium sy. Plate VII, fig. 3.

Although it was originally intended not to include
any of the unidentified species into the discugsion at thils
time, the present case was deemed to be an exception.

This form is totally unlike anything 3in Schmidt't
Atlas, where a great many species of Triceratium are figured.
The parallel rows of beads near the apices as well as the
scattering of the beads towards the center are constant
characters found in a large number of individuals. The
valve is qulte flat and without processes. This would
put the form in Cleve's Trigonium, where it might propsrly
belong. While the genue Triceratium is at present in a
rather chaotic shape, in spite of several revisicne and
divisions, yet in view of the effect on the literature of
changing from genue to genus without complete revision, it
has been thought best to tentatively assign this form to

Triceratium. Length of one side of figured specimen, 0.0U8 mm.

Tribe EUODIEAE

Genus HEMIDISCUS Wallich

Hemidiscus simplissimus Hanna & Grant Plate VII, fig. Y,5.

Heridiscus simplissimus Hanna & Grant, Proc. Calif.
Acad. Sci., 4th Ser. Vol. XV, p. 147, pl. 16, fig.
13, (1926).

The Girard form may poesibly be a varlety of the

above, as the original authors specified that the border was
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everyvwhere ccenvex. The Girard diatom has the two straight
edges leaving the angle, although it is in all other respects
identical with the type. It is a most important marker
for the Upper Miocene, being found only in the upper part
of the Unner Modelo, and never (at least to date) in the
overlying Lower Pliocene. strata.

Lenrgh of figured specimens, Fig. U, 0.053 mm,

Fig. 5, 0.069 mm.

4

Family PENNATAE
Subfamily BACILLOIDEAE
Tribe FRAGILARIFAE
Subtribe FRAGILARINAE

Genus FRAGILARIA Lyngdbye

Fragilaria arctica Grunow

Fragilaria arctica Grumew, Boyer, Phil. Diat., pl. 10,
fig. 22, 23, (1916). Boyer, Syn. N.A. Diat., p. 185,
(1926). ‘

Frequent in the upper part of the Girard secticn.

Genues RHAPHONEIS Ehrenberg

Rhaphoneis archeri O'Meara

Rhaphoneis archeri O'Meara, Mic. Journ., 1867, p. 247,
pl. 7, fig. 12. Wolle, Diat. N.A., 7l. 63, fig. 8,
(18943, De Toni, fyl. Ale., p. 702, (1891).

Very rare, only represented by two specimens from

samples taken near the top of the Girard section.



Genus OPEPHORA Petit

Orephora schwartzii Ehrenberg

Opephora sehwartzii ¥hr., Van Heurck, Treatise, p. 333,
fig. 90, (1896).

Two undoubted valves of this diatom were found in

the upper part of the Girard section.
Genus SYNEDRA FEhrenberg

Synedra affinis Kfitzing

Synedra affinis Kz., Kz. Bac., pl. 15, fig. 6, 11. (1gil),
Smith, Brit. Diat. I: pl. 12, fig. 97, (1853). Sch.
Atl., pl. 304, fig. 6-12, (1914). Van Heurck, Treat-
ise, p. 314, pl. 10, fig. 430, (1896).

Froquent in the lowsr part of the Girard section.

Synedra (?) cf. fimbriats Castracane Plate VII, fig. 6.

Synedra fimbriata Castracane, Rep. Chall. Fxp. rl. 25,
fig. 14, p. 52. (1886).

Castracane's form is fairly close to the present
species except forkthe margin, which in my form is raised
to form a sort of keel. Castracane's figure shows no
keepr, altho the presence of cne might be inferred from
his discussion, "The surface of the valve is ornamented with
continuous transverse striae, which become salient near the
margins, and thus form a more prominent outline."

The presence of the keel on both margins of each
valve make the assignment to Synedra doubiful, in fzect the
general structure of the valve makes its assighment to any

known genus doubtful.. It may guite possibly be a new genus.



L5

This diator is a most excellent marker for the

Uprer Miocene strata of California.

Genus THALASSIONEMA Grunow

Thalassio rema nitzschioides Grunow

Thalassionema nitzschioides Grunow, Van Heurck,
Treatise, p. 319, fig. 75, (1896): Synopsis,
pl. U3, fig. 7-10, (1881).

Synedra nitzschiclides Grunow, Van Heurck, Treatice,
p. 314, pl. 10, fieg. W34,

On page 319 of the Treatise, Van Heurck says under

Thalassionema nitzsehioides, "In my Atlas, rl. 43, fig. 7-10,

Mr. Grunow has proposed to raise Synedra nitzschioides to the

rank of a genus. I have preferred to preserve this form (as
I have done in the text of the Synopsis) among the Synedra with
which I arranged it in the first ingtance."

On page 314 of the Treatise, Van Heurck, says under

Synedra nitzechitides, "Thie diatom iz not a true Synedrg.
Perhaps a new genus should be created for 1t."

From the above it would appear that Van Heurck was
confused as to just what to do with this form, which, as he
says, is not a true Synedra. It has therefore been thought
best tc¢ follow Grunow, recognizing the form as a separate
genus, a course which becomes imperative, when this diatom
is critically compared with any known Synedra.

Very abundant in the upper part of the Girard
section, where it nearly dominates the flora.

Tribe TABELLARIEAE

Genus GRAMMATOPHORA Fhrenberg



Grammatophora angulosa Fhrenberg

Grammatophora angulosa Fhr., Van Heurck, Treatise, p.
355, pl. 31, fig. 862, (1896). K#tz. Bac., pl. 29,
fig. 79* (1844). De Toni, Syl. Alg., p. 757, (1891).

This form éccurs ondy rarely in the upper part of

the Girard section.

Grammatophora merletta Hanna & Grant.

Grammatophora merletta Hanna & Grant., Proc. Calif.
Acad. Sci., Uth Ser. Vol. XV, rl. 16, fig. 11, 12,
14, p. 146, (1926).
This form occurs fairly well ddstributed thru the
section, but in rarexamounté. It is a very good marker

for the Upper Miocene strata of California, and is sufficiently

distinctive to be sasily identified.

Subfamily HETEROIDEAE
Trive ACHNANTHEAE
Subtribe COCCONEIDINAE

Genus CAMPYLONEIS Grunow

Campyloneis grevillei (Wi..Smith) Grunow

Campyloneis grevillei (Wa. Smith) Grumow, Novara-
Exp. Bot., 1:10, (1868). Van Heurck, Treatise, p.
225, fig. 64, pl. &, fig. 344, (1896).

Cocconeis grevillel ¥m. Smith, Syn. Brit. Diat.,

I, rl. 3, fig. 25. Van Heurck, Synopsis, pl.
28, fig. 10- 12,

Occurs frequently in the upper part of the section.

Genus COCCONEIS Ehrenberg

Cocccneis baldjikiana Grunow

Cocconeis baldjikiana Grunow, Sch. Atl., pl. 190, fig.
7-10 (189%), Mann, Diat. Alb. Voy., p. 328, (1907).

46
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Boyer (Syn. N.A. Diat. p. 252) makes this a variety

of Cocconeis sgcutellum Ehrenberg. I have preferred to recognize
it as a separate species on account of the much greater spacing
of the markings, agreeing with Mann and Schmidt.

Fairly well distributed in the upper two-thirds of

the Girard secticn.

Cocconels distans Gregory

Cocconeis dicstans Gregery, Sch. Atl., pl. 193, fig. 29-
37, 40, (1894). Mann, Diat. Alb. Voy., p. 330, (1907).

Boyer (Syn. W.A. Dizt. p. 2U6) also lumps this form
under C. ecgtellum, which is also objectionable. C. scutellum
has become a huge complex of unlike forms thru functicning as
a sort of dumping ground for odd species of Cocconeis.

It occurs rarely at the extreme top of the section.

Subfamily NAVICULOIDEAE
Trive NAVICULEAE
Subtribe NAVICULINAE

Genus NAVICULA Bory

Navicula lyra Fhrenberg

Navicula lyra Fhr., Sch. Atl., pl. 2, figz. 4,5,8,9,16,18.
(1878). Cleve, Nav. Diat., Vol. II, p. 63, (1895).
Van Heurck, Treatise, p. 203, pl. 4, fig. 161, (1896).
Van Heurck, Synopsis, pl. 10, fig. 1-2, p. 03, (1881).
This beautiful diatom is frequent in the upper part
of the Girard section.
Although this species is usually somewhat variable,

the forms found in the Upper Modelo are fairly constant and

near the type.



Genus DIPLONEIS Fhrenberg

This genus, originally set up by Fhrenberg and
subsequently re-established and re-defined by Cleve in hise
Symopsis of the Naviculoid Diatoms, has many pointe in favor
of its retention. By separating it from that large and
unwieldy geme, Navicula, much good is accomplished for both.
The whole appearance and structure of Diploneis is so different
from Navicula that their union defies the whole concept of a
genus. The mascive horne in Dirloneis, the two dietinct
sets of bedding, the arrangement of ribs and beading are
totally unlike anything found in the true Navicula. It has
been argued that they cannot be separated because they grade
into ons another and that there are some species which might
as well he one genus as another. If the concert of grading
is pushed far enough, the whole idea of a genus is lost, as
it is only logical to suppose that all diatoms are related
else they would not all be diatoms. Certainly Dipleneis
shows a greater difference from the typical Navicula than
does Cymbella, and yet it is universally agreed that Cymbella
is a separate gemus. It is therefore urged that Cleve's
re-definition of Divrloneis e adopted as a stepr toward

reducing the really huge gemse Navicula.

Diploneis densistriate (Schmidt) Boyer.

Dirloneis densistriata (Seh.) Boyer, N.&. Diat., p. 349,
(1927). Sch. Atl. pl. 70, fig. 54, (1887).

Navicula densistriata Schmidt, Hanna & Grant, Proc. Calif.
Acad. Sci. Yth Ser. Vol. XV, p. 150, pl. 17, fig. 8-10 (1896)
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Diploneis pelagi (Schmidt) Bover
Diploneis pelagi (Schmidt) Boyer, Syn. N.A. Diat.
p. 357, (1927).
Navicula pelagi Schmidt, Sch. Atl., pl. 7, fig. 25,26,
(1875). Hanna & Grant, Proc. Calif. Acad. Sei. Uth
Set. Vol. XV, p. 154, pl. 18, fig. 9, (1926).
Banna's figure showe distinctly double beading between
the costae in the outer portion, whereas Schmidt's original

figure shews orly sirgle beading. Hanna's figure more nearly

resembles Diploneis smithii’(Breb.) Cleve.

Diploneis smithii (Brebisson) Cleve.

Diploneis emithii (Breb.) Cleve., Nav. Diat. Pt. 1, p. 96,
(1894). BRoyer, Syn. N.A. Diat., p. 354, (1927).

Navicula smithii Breb. Sch. Atl.; pl. 7, fig. 1L4-22, (1885),
Van Heurck, Treatise, p. 197, pli 4, fig. 151, (1896).
Mann, Diat. Alb. Voy., p. 354, (1907).

This cosmopolitan diatom deservesd little mention
except to again voice the insietence that it be called a

Diploneis instead of a Navicula.

Divloneis suborbicularie (Grepgory) Cleve.

Diploneis suborbicularis (Greg.) Cleve., Nav. Diat., I,
r. 81, (1894). Boyer, Syn. W.A. Nat., p. 347, (1927).
‘Navicula suborbicularis {Greg.) Donkin, Brit. Diat.,
. 9, pl. 1, fig. 9, (1870). Sch. atl., pl. 8, fig.
2,3,5. (1875). ‘

This species cccurs only near the top of the Girard

section and then only rarely.

Subfamily NITZSCHIOIDEAE
Tribe NITZSCHIEAE

Genus DENTICULA K#tzing.
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Denticula lauta Bailey
Denticula lauta Bailey, Wolle, Diat. N.A., pl. 46, fig.
10; pl. 68, fig. 16, 17, (189Y4). Van Heurck, Synopsis,
pl. 49, fig. 1, 2.
This curicues and striking little diatom occurs fairly
well dietributed thru the Girard section. It is guite
abundant to dominating in some horizoms in the Upper Modelo

in other localities in Sotthern California, where it forms

definite zones of at least local stratigraphic value.

o s, S e T -

In addition to those listed above, a number of
species have been found in the Girard section which are
thought to be new. There are several papers which are
not at present available to the writer which should be
consulted before making a final determination of these
supposedly new species. It is hoped that these will
be available in the near future, at which time a
supplement will be issued covering the remaining species

collected.
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PLATE V

Melosira clavigera Grunow x 660 p. 25

Sterhanogonia actinoptychus Fhrenberg x 1400, p. 28

Muelleriella limbata (Fhr.) Van Heurck x 530, p. 30

Coscinodiscus curvatulus var. latius-striata Schmidt

x 1100,  p. 33.

Coscinodiscus curvatulus var. latius-striata Sehmidt

x 1260 p. 33

Coscinodiscus decrescens Grunow x 1450 p. 3L
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PLATE V
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

PLATE VI

Coscinodiscus elegans Greville x 1000 p. 34

Coscinodiscus excentricus Fhrenberg x 1150 p. 34

Coscinodiscus lineatus Fhrerberg. x 780, p. 35.

Arachnoidiscus ornatus Ehremberg  x 200, p. 37

Stictodiscus californicus Greville. x 400, p. 38

Actinoptychus marmoreus Brun. p. 38, x 1060.




PLATE VI

54



55

Fig.
Fig.
Fig.
rig.
Fig.

Fig.

1.

2.

PLATE VII

Actinoptychus simbirskianus Schmidt ?

Actinoptychus stella var, thumii Schmidt

Triceratium sp. x1000, p. b2,

Hemidiscus simplissimus H. & G. x 1000

Hemidiscus simplissimus H., & G. x 1000

Synedra (?) cf. fimbriata Castracane

x 530, »p. 2@

x 1000, p. 39

s P

» P

x 770,

42

y2.

p. L4
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PLATE VIT




INDEX TO SPECIES

Actinoptychus undulatus Fhrenberg
Actinoptychus marmoreus Brun
Actinoptychus simbirskianue Sehmidt ?
Actinoptychus stella var. thumii Schmidt
Arachnoidiscus ornatus FThrenberg
Campyleneis grevillei (Wm Smith) Grunow
Chaetoceros incurvum Railey

Cladogramma californicum Ehrenberg
Cocceneis baldjikiana Grunow

Cocconeis distans (Gregory) Grunow
Coscinodiséus argus Ehrenberg
Coscinodiscus asteromphalus Fhrenberg
Coscinodiscus curvatulus var. latius-striata Sehmidt
Coscinodiscus decrescens Grunow
Cogzcinodiscus elegans Greville
Coscinodiscus excentricus Ehrenberg
Cozcinodiscus lineatus Fhrenberg
Cosecinodiscus marginatus Fhrenberg
Coscinodiscus oculuas-iridis Fhrenberg
Coscinodlscus radiatus Ehrenberg
Coscinodiscus subtilis Ehrenberg
Coscinodiscus woodwardil Fulenstein
Cyclotella antiqua Smith

Denticula lauta Railey

Dicladia capreolus Ehrenberg

38
39
39
37

40
38
16
47
32
33
33
34
34
35
35
35
36
26
36

3T

28

50
28
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Diploneis densistriata (Schmidt) Boyer
Diploneis pelagi (Schmidt) Boyer
Diploneis smithii (Brebisson) Cleve
Diploneis subérbicularis (Gregory) Cleve
Fndictya robusta (Greville)

Fragilaria arctica Grunow
Grarmatophora angulesa Fhrenberg
Grammatophore merletta Hanna & Crant
Hemidiscus simplissimue Hanna & Grant
Hercotheca marmilarie Fhrenberg
Liradiscus ovalis -Greville

Melosire clavigera Grunow

Melosira exspectata Sehmidt

Melosira scl (Fhrenberg) Kitzirg
Melosira sulcata (Fhrenberg) Kitzing
Muelleriella limbata (Fhrenberg) Van Heurck
Navicula lyra Fhrenberg

Omphalotheca californica Hanna
Opephora schwartzi Threnberg
Periptera tetracladia Fhrenberg
Rhaphoneis archeri O'Meara
Stephanogonia actinoptychus Ehrenberg
Stephanopyxis appendicula Fhrenberg
Stephanopyxis turris (Gregory) Ralfs
Stictodiscue californicus Greville

Syndendrium diadema Ehrenberg

L9
49
L9
3
43

42

37
25
26
26
26
30
47
30
]
41
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28

27
21
38
41
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Synedré affinis Kltzing

Synedra (?) df. fimbriata Castracane
Thalassionema nitzschioides Grunow
Triceratium 8p.

Xanthlopyxis ecingulata Fhrenberg
Xanthiopyxis oblonga Fhrenberg

Xanthiopyxis umbonatus Greville
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