
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

USGS Staff -- Published Research US Geological Survey 

1984 

Correlation of the middle Eocene Kellogg Shale of northern Correlation of the middle Eocene Kellogg Shale of northern 

California California 

John A. Barron 
USGS 

David Bukry 
USGS 

Richard Z. Poore 
USGS 

Follow this and additional works at: https://digitalcommons.unl.edu/usgsstaffpub 

 Part of the Earth Sciences Commons 

Barron, John A.; Bukry, David; and Poore, Richard Z., "Correlation of the middle Eocene Kellogg Shale of 
northern California" (1984). USGS Staff -- Published Research. 269. 
https://digitalcommons.unl.edu/usgsstaffpub/269 

This Article is brought to you for free and open access by the US Geological Survey at DigitalCommons@University of 
Nebraska - Lincoln. It has been accepted for inclusion in USGS Staff -- Published Research by an authorized 
administrator of DigitalCommons@University of Nebraska - Lincoln. 

https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/usgsstaffpub
https://digitalcommons.unl.edu/usgs
https://digitalcommons.unl.edu/usgsstaffpub?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F269&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/153?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F269&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/usgsstaffpub/269?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F269&utm_medium=PDF&utm_campaign=PDFCoverPages


John A. Barran' 
David Bukry2 
Richard Z.  Poore3 
US. Geologrcal Sunrey 

'345 Middlefield Rd. 
Menlo Park, California W25 

2Scripps Institution of Oceanography 
La Jolla. California 9.2W.3 
1ZXJ 1 Sunrise Valley Dr. 

Reston, Virginia 22092 

ABSTRACT 

The Kellogg Shale of northern California has 
traditionally been considered to be late Eocene 
in age on the basis of benthic foraminifer, 
radiolarian, and diatom correlations. The 30-rn- 
thick Kellogg section exposed west of Byron, 
California, however, contains middle Eocene 
planktonic foraminifers (Zone P12), coccoliths 
(Subzones CP13c and CP14a), silicoflagellates 
(Dictyocha hexacanfha Zone), and diatoms. 
Quantitative studies of the silicoflagellates and 
d~aloms show a general cooling trend through 
the section which is consistent with 
paleocl~matic trends for this part of the middle 
Eocene (ca. 42-45 Ma) from elsewhere in the 

i world. Seven new silicoflagellate taxa 
(Corbisema angularis. C, exilis, C, hastata 

! miranda, C. inermis ballantina, C. regina, 
Diclyocha byronalis, Naviculopsk americana) 

I and one new coccolithophorid species 
(Helicosphaera neolophola) are described. 

! 

Correlation of the middle Eocene 
Kellogg Shale of 
northern California 

For over 25 years the Kellogg Shale of Clark and Campbell (1942) in 
northern California has been recognized as a standard North American 

I 

reference unit for Eocene siliceous microfossils. Clark and Campbell's ! 
(1942) study was one of the earliest on North American Cenozoic radi- 
olarians, and Kanaya's (1957) report on the diatoms helped to pioneer 
techniques for modem deep-sea studies. Subsequent studies on the sili- 
coflagellates (Mandra 1960, 1968; Ling 1972), planktonic foraminifers 
(Schmidt 1970) and coccoliths (Schmidt 1970; Almgren and McDougall 
1975) further demonstrated the value of the Kellogg Shale as a reference 
unit for planktonic correlations. 

The Kellogg Shale traditionally has been considered upper Eocene by 
diatom workers on the basis of Kanaya's (1957) assignment. Kanaya as- 
signed the Kellogg Shale to the upper Eocene because it was underlain 
by the Domengine Sandstone which contains middle Eocene mollusks and 
because he correlated the Kellogg Shale to the nearby Sidney Shale 
Member of the Markley Formation of Clark and Campbell (1942) (= Sidney 
Flat Shale and Sidney Shale of some authors). The Sidney Shale was 
assigned to Laiming's (1940) A-2 zone of benthic foraminifers, which was 
considered to be late Eocene at that time. Similarly, early correlations 
using silicoflagellates described the Kellogg Shale as upper Eocene (Man- 
dra 1960, 1968) or middle or upper Eocene (Ling 1972). Fenner (1977) 
stated, "the Kellogg and Sidney shales fall into the lower part of PI5 of 
Blow (1969)" (planktonic foraminifer zone) on the basis of Kanaya and 
Koizumi's (1970) correlations. It appears, however, that Kanaya and Ko- 
izumi's assignment was made by inference because Schmidt (1970) had 
correctly assigned the Kellogg and the Sidney to the middle Eocene in 
his unpublished PhD dissertation on the basis of planktonic foraminifers 
and coccoliths. More recently, Jousb (1979) demonstrated the traditional 
position of diatom workers by assigning the Kellogg shale diatom assem- 
blages to her early late Eocene Herniaulus polycystinom Triceratium bar- 
badense assemblage zone. 

Correlations of the Kellogg Shale to the middle Eocene have not been 
widely circulated in the literature. Schmidt's (1970) study of the planktonic 
foraminifers and coccoliths was an unpublished PhD dissertation. Almgren 
and McDougall's (1975) summary paper on the Kellogg Shale correlations 
was published in a local California publication. More recently, Ehrlich and 
Moshkovitz (1982) noted that the characteristic diatom species of the 
Kellogg Shale [i .e., Melosira architecturalis Brun, Craspedodiscus oblon- 
gus (Greville) Grunow, Triceratium barbadense Greville, T. inconspicuum 
Greville, and T. brachiatum Brightwell] occur both in the middle Eocene 
Maresha Member of the Zora Formation in Israel and in middle Eocene 
sediments from DSDP Site 356 in the South Atlantic. 

1 38 micropaleontology, vol. 30, no. 2 pp. 138-170, pls. 1-9, 79% 
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TABLE 1 
Stratigraphic intewel (in meters) above Ihe top of Donengine Sandstone of the 
three scrles ol samples collected from Kellogg Shalc 

In order to confirm the middle Eocene age and to more 
thoroughly document the planktonic microfossil assem- 
blages, we decided to study the diatoms (Barron), plank- 
tonic foraminifers (Poore), coccoliths and silicoflagellates 
(Bukry) of the Kellogg Shale. Radiolarians are also abun- 
dant in the Kellogg Shale and are presently being studied 
by Joyce Blueford of the U.S. Geological Survey and 
Charlotte Brunner of the University of California, Berkeley. 
We hoped to provide updated correlations as well as 
some paleoecological interpretations. 

St ra t ig raph ic  

CD -series Interval  ( n ~ )  

2 3  23 .2  

22 21.6 

21 20.0 

20 18.8 

19 18.0 

It! 15.9 

17 15.2  

16 13.2 

15 12.3 

14  11.5 

13 9.6 

12 8.7 

1 1  7 . 9  

10 7.1 

9 5 . 6  

8 4 . 5  

7 3.6 

6 2 . 4  

5 1.5 

4 1 .o 
3 0.8 

2 0.4 

MATERIALS AND METHODS 

Stratiuraphic 

# -series Interval  (m) 

12 19.7 

11 18.8 

10 17.7 

9 15.5 
8 14.2 

7 13.0 

6 17.5 

5 9.6 

4 8.0 

3 6.0 

2 4.2 

1 2.0 

Strdt . ia rspP, ic  

0 -series l n t ~ r v a l  ( s t )  

n 20 
3 13 

2 n 
1 4 . 5  

Kanaya's (1957) section of the Kellogg Shale along Cami- 
no Diablo Road about 1% mi west of the town of Byron 
in Contra Costa County, California (text-fig. 1) was sam- 
pled for study of the diatoms, coccoliths, silicoflagellates 
and planktonic foraminifers. Thirty-eight sediment sam- 
ples were taken on three separate visits (4 of the "0" 
series in 1975, 12 of the "K" series in 1977, and 22 of 
the "CD" series in 1981) (table 1). Field samples repre- 
sent 2 to 3 cm of stratigraphic section; prepared samples 
are somewhat smaller depending on the microfossil group 
studied. The stratigraphic intervals of the "0" and "K" 
samples were estimated by pacing, whereas the "CD" 
samples were measured stratigraphically by steel tape 
and Brunton Compass. 

\ ' 7 1 a * n :  

,-8 x 1 I.," .,.. l l . ,  / 

TEXT-FIGURE 1 
Outcrop pattern of middle Eocene Kellogg Shale (shaded) in Sections 
6 and 8, TlS, R3E, Byron Hot Springs 7%' Quadrangle, northern Cali- 
fornia. Qa = Quaternary alluvium: Tps = Pliocene nonmarine sedimen- 
tary rocks; Tn = upper Miocene Neroly Formation; Tk = middle Eocene 
Kellogg Shale (mapped as Kreyenhagen Shale by Dibblee 1980); Tds = 

middle Eocene Domengine Sandstone; Tme, Trnd, Tma = members of 
the Paleocene Meganos Formation; Km = Cretaceous Moreno Forma- 
tion; Kdv = Cretaceous Deer Valley Formation of Colburn (1964). Map 
after D~bblee 1980. 

Thirty m (98 ft) of laminated and massive diatomaceous 
shale corresponding to the Kellogg Shale were measured 
in the road cut above the basal contact with the Domen- 
gine Sandstone. This thickness agrees well with 90-ft 
thickness estimated by Kanaya (1957). The upper uncon- 
formable contact with the overlying nonmarine Neroly 
Formation is not exposed in the immediate area {Dibblee 
1980). 

Whole sediment smear slides were examined for coc- 
coliths, and a nonquantitative checklist of all taxa en- 
countered was prepared. Diatom and silicoflagellate 
samples were processed in hydrochloric acid and hydro- 
gen peroxide following the technique outlined in Barron 
(1976). Acid-residue slides were fraversed, and separate 
counts of 300 diatoms and 300 silicoflagellates were 
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TABLE 2 
Checklist of mlddle Eocene coccol~ths from Camino Dablo Road outcrop of the 
Kellogg Shale Olher samples from the three sample serles (table 1) are barren 
of coccol~lhs Abundance IS estimate 01 denslty of coccol~ths relatlve lo  other 
sed~ment prcsenl on smear sllde Preserval~on scale from Bukry (197%) ( -4 = 
specurnens slrongly etched, fraqmenfed to - 1 - spcclmens sl~ghlly etched, eas- 
~ h j  rdenl~fiable) Zonallon 1s from Okada and Bukry (1980) X = present. @=ex- 
cept~onally abundant. A - abundanb, C - common. F = few. R = rare ' s~gnll~es 
composlle assemblages of nearly slrat~graph~cally equivalent samples from two 
or lhree of the sample m e s ,  the most dlverse sample IS l~sted here 

made. Diatom counts were made at 1250 x , and speci- 
mens of the incertae sedis form Macrora barbadensis 
(Deflandre) Bukry were included in the tabulation, but 
resting spores of the genera Xanthiopyxk and Lyradis- 
cus were not. Silicoflagellate counts were made at 250 
to 500 x , and Macrora was also tabulated. 
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Foraminifer samples were disaggregated using either sol- 
vent, dilute hydrogen peroxide solution or both and then 
wet sieved at 63 pm. The dried residue 263 pm was 
examined for foraminifers. Siliceous microfossils and de- 
bris make up most of the washed residue, and the sili- 
ceous component tended to mask the foraminifers. In 
order to estimate the abundance of individual foraminif- 
era1 taxa, a dense layer of washed residue 2 149 pm was 
strewn on a standard 60 square microfossil slide. Taxa 
represented by more than 20 specimens on the strewn 
slide were tabulated as abundant, those represented by 

CP14a I CP13c 

0 k I: CD i v  CD I. T n  CO I D  

3. 6. 5 12 1 1 * 1 0  3 R* 5 2 
- . - -  X - X - - -  
X X - - Y X - X - -  
- - - - X - - X X -  
X X X X X - X I ) - X  
- X - - X - - X - -  
- - - - - x - - - -  
- - - - - -  x - - -  
I B X X X X - X X X  
X X X X X X X X X X  
- - - - ? - - X - -  
x  x  - * - x X  - - - 
X X - - X - - X - X  
X - - - X - - X - -  
X - - - X - X X X -  
X X X X X X - - - -  
- - - - - - - X - -  
X X - X X - - X X X  
X X X X X - - - - -  
X X X - X X X - - -  
x x - - - x - - - -  - * - . - - - . X  - 
- . .  X . - . ? - -  
. - B X X - - X - -  - - - - - - - X X -  
X X X X X - - X X -  - - - - - - - - X  - - - - - y  - - - X  - 
X X - - X - X X X X  
- - - .  I . - -  X  - 
- - . .  x . . . . -  
- X X X X - X X X -  - - B X X @ - X X -  

x - -  
- - - - - - - - X -  
X X - X X - @ X I X  
X X - X K - X - X -  
I - - .  X - -  X - -  - . . . . . . X - - 
- - - - - - - x - -  
- X X - - - - X - .  
- - - X X - - - Y -  
- - - - - x x - - -  
X - - - X - - X - -  
- X - X X - - X X -  
- - x - - - - x - .  
- % x x X - - % X -  
- - # - X - X X - -  
- - - - - - - x - -  
X - - @ X - -  x  x - 
- - - - x - - x x -  
- X X I X - - X X -  
C A A A A F C A A R  

-3  -1  - 1  - 1  - 1  -1 -3  -7 -2 -3  

5-20 specimens were considered common, and those 
represented by 1-5 specimens were considered few. 
Taxa occurring at lower frequencies or only in the 2 149- 
gm size fraction were considered sparse. 

Eocene coccoliths are sparse to abundant in the lower 
14 m of the Camino Diablo Road section of the Kellogg 
Shale section. The assemblages are generally diverse 
with shallow marine taxa such as Discolithina, Micran- 
tho/ithus and Zygrhablithus (table 2). Zonal assignment 
of the basal 3 m to the Coccolithus staurion Subzone 
(CP13c) and the overlying 11 m to the superjacent Dis- 
coaster bifax Subzone (CP14a) is based on the range of 
Nannotetrina quadrata (Bramlette & Sullivan) in the lower 
interval and Discoaster bifax Bukry in the upper interval. 
Other taxa, such as Chiasrnolithus grandis (Bramlette & 
Riedel) Radomski and C. solitus (Bramlette & Sullivan) 
Gartner, confirm a middle Eocene correlation of the Kel- 
logg Shale. 

Changes in dominance of coccolith taxa through the Kel- 
logg section suggest ecologic changes from cool to warm 
in the replacement of dominant Chiasmolithus solitus at 
4 m by Coccolithus fornosus (Kamptner) Wise at 12 m. 

The increased dissolution of coccoliths at 14 m and the 
absence of coccoliths above this level in the Kellogg 
section coincide with a decline in silicoflagellate abun- 
dance and probably a decline in fertility. The richest as- 
semblages from 4 to 12 m are comparable to the South 
Atlantic late middle Eocene CP14a Subzone of coccoliths 
at DSDP Site 356, where associated silicoflagellate as- 
semblages also are similar (Bukry 1977). A similarity in 
assemblages between DSDP Sites 356 and 208 was im- 
plied through the diatom Rylandsia biradiata Greville which 
occurs at both sites in the coccolith Chiasmolithus gigas 
Subzone (CP13b). Joint coccolith and diatom correla- 
tions between land and deep-sea sites are discussed in 
the section on diatoms. 

The Kellogg Shale was assigned to the middle Eocene 
Chiphragrnalithus quadratus zone of Hay et al. (1967) by 
Almgren and McDouga11(1975), but only a limited number 
of samples were used for that study and the single list 
of most common species represented the samples from 
three localities. Because the essentially noncoeval species 
Chiasmolithus gigas (Bramlet te & Sullivan) and Reticu- 
lofenestra umbilica (Levin) appear in that composite list, 
strata of slightly different age were combined or similar 
Coccolithus staurion Bramle tte & Sullivan may have been 
recorded as Chiasmolithus gigas. Our study of more nu- 
merous samples from the Camino Diablo Road section 
shows that the Kellogg Shale at Byron contains Nanno- 
tetrina quadrata Zone, Coccolithus staurion Subzone 
(CP13b) only in the basal 3 m; the upper 10 m of coc- 
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TABLE 3 
Checklist of planktonic foraminifers In CD.sample collection from Kellogg Shale outcrop on Camino Diablo Road, west of Byron. Caltfornta Samples CD 16-23 were 
studled but proved to be barren. Other tnterspersed barren samples are shown with no occurrences tn the table. A = abundant; C - common: F = few: S = sparse: - = 
relaled Icrrn. 

colith-bearing strata contains younger assemblages of 
the late middle Eocene Discoaster bifax Subzone (CP14a), 
lacking the older guide taxa C. gigas and Nannotetrina 
quadrata (Bramlette & Sullivan). 

rn 
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Occurrences and estimated abundances of planktonic 
foraminifer taxa as well as the estimated abundance of 
benthic foraminifers found in CD samples are tabulated 
in table 3. The table shows that foraminifers occur spo- 
radically throughout the lower half of the section but are 
absent in the upper half of the section. The results of 
this study compare well with the work of Schmidt (1970); 
most differences are explained by taxonomic consider- 
ations. 

C C S S C F F b 

C % C  C S S S F % S  S S 

A S S C C S  S  S C S  C S S S  

S s 
S S S  "- S S F S F S  s 

S  S S F  F S F 

C 

The occurrence of Pseudohastigerina danvillensis (Howe 
& Wallace) with Guembelitria columbiana Howe in the 
interval between samples CD-5 and CD-15 establishes a 
middle Eocene age for at least the lower part of the 
section. Assignment to a specific standard low-latitude 
zone is difficult, however, because primary and second- 

ary zone markers are absent from the assemblages. The 
presence of Acarinina aspensis (Colom) up to sample 
CD-15 suggests that the lower half of the section falls 
within the interval of the Hantkenina aragonensis Zone 
to the Globorotalia lehnerizone of Stainforth et al. (1975). 
Inasmuch as coccoliths place the Kellogg section in the 
Coccolithus staurion Subzone (CP13c) and the Discoas- 
ter bifax Subzone (CP14a), correlation with the G, lehneri 
Zone is favored. 

Benthic foraminifers are few to absent in the Kellogg 
Shale (table 3). We suggest that the paucity of benthic 
foraminifers is caused by a combination of masking by 
the siliceous components and the presence of low oxy- 
gen levels in bottom waters. The occurrence of fine lam- 
inations throughout the section indicates a lack of bur- 
rowing activity and supports the interpretation of low 
oxygen conditions on the sea bed. Previous biostrati- 
graphic studies, which are summarized in Almgren and 
McDougall (1975), show that the Kellogg Shale is refer- 
able to the Amphimorphina jenkensi Zone of the provin- 
cial Narizian Stage of California. 
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TABLE 4 
Occurrence (percent) of planktonic dialorns in CD-sample collection from Kellogg Shale outcrop on Carnino Oiablo Road, west of Byron. California. Percentage values 
determrned from counts ol3M) specrmens except for sample CD-10 where values in parentheses represent actual number of specimens count&, x  = less than 1%. 
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x  4  4 5 1 3  7 5 5 2 2 2  x 3  - 2  7  3 4 0 2 8 2 0 1 6  

2 2 3 3 1 3 5 1 x 1 ~ ~ ~ - 2 x x 1 1 x x  

- . - - - - -  2 - ~ X X X - x - - x - - -  

- - i 5 2 ~ 7 4 ~ 6 2 - ~ - ~ ~ 1 2 2 ~ 3  

- ~ 2 2 6 3 6 1 3 ~ 4 ~ 2 ( 1 ) ~ ~ x x 3 x x  
X - - - x x x - - - - ~ ( ~ )  - - - - - -  1  

- - -  x - ~ ~ x x x - - x - ~ - - - - - -  

X l l X l l l - x x 3 - x - x - - 1 1 - x  

l x ~ - ? 2 1 X 1 - 5 1 1 - 1 2 1 ~ - - ~  

- - X X X X - - 1 x x - 1 - x - x - - - -  

~ ~ 1 2 ~ 1 1 3 1 x 2 ~ - 1 - X X X - x  
- - - - - 2 - - - - - - - -  2 - - - - * -  

- x - l - - - - - -  x x x * - - - - * - -  

11 9 9 4  3  9 11 26 15 18 11 11 10 ( 3 )  4 8 15 4  11 13  18  

1 0 2 5 1 1 2 6 1 2 ~ 2 5 ~ ( 1 ) 3 3 2 4 8 ? 1  

- - 1 3 - 7 4 3 7 6 - 3 2 - 3 x x x x - -  
- - - - - - - - - - - - - - - - -  X - X -  

3 1 4 5 2 2 5 2 3 x 2 1 1 ( 2 ) - ~ 1 1 x 1 2  
x - - l - - - - - - - - - - x - - - - - -  

- - - - - -  1  x x - - x x - l - - - - - -  
- - - - - x x - - l - - - - x - - -  x - - 

- - - - - x x x - 2 - 2 - - 1 - -  X X - -  

~ - x x ~ x - - - - - - - -  ~ 3 3 x 1 - 3  
- - - - - - - - - - - - - - - - x - - - -  

x - ~ 3 3 -  - 1 9 - 4  x - 1 6 -  - - - - - - - x 

59 68 57 18  50 39 8 26 32 71 37 17 45 ( ? )  43 57 23 26 23 21 31 

x - x - x x x x - - X X - - -  7 1 5  2 4 2 1  3 
- - - - - - - - - - - - X - ~ - - X - - -  

- - -  X - - 1 ~ 1 ~ - 1 1 - X - - - -  x x 
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Diatoms Kanaya's lower assemblage is recognizable in samples 

A reconnaissance study of the diatoms of the "0" and 
"K" series samples was made, and quantitative studies 
of the diatoms of the "CD" series samples were corn- 
pleted (table 4). Diatoms are abundant and well to mod- 
erately well preserved throughout the Kellogg section with 
the exception of sample CD-9 which is barren of diatoms 
and sample CD-10 which contains only sparse, poorly 
preserved diatoms. 

Of the dlatorns tabulated, 14 forms were not recorded 
by Kanaya (1957). Many of these forms are small (Cy- 
matosira spp., Hantzschia sp., Sceptroneis spp., Thalas- 
siosira sp. 1, and Thalassiosira sp. 2) and were not re- 
corded in Kanaya's relatively low power (450 x )  traverses. 

I Chaetoceros spines are not conspicuous and were prob- 
I 

i ably overlooked by Kanaya. Other taxa, including Cos- 
cinodiscus symbolophorus Grunow, Monobrachia sim- 
plex Schrader, Pyxilia gracilis Tempere & 

i Forti, Rhizosolenia hebetata f . semispina (Hensen) Gran , 
Rhizosolenia sp. 1, Riedelia sp. 1, Stictodiscus kittoni- 
anus Greville, and Tricera tium brachiatum, are either 
sparse or are easily confused with other Kellogg diatoms. 

Resting spores assigned to Xanthiopyxis and Liradiscus 
were tabulated by Kanaya (1957) but were ignored In the 

I 

present study. Similarly, Kanaya made a greater effort to 
separate the various rare specles of Coscinodiscus than 

I was made in this study. 

Kanaya (1957) recognized two Kellogg assemblages. A 
lower assemblage was characterized by frequent (> 10%) 
occurrences of Triceratium kanayae Fenner (= T. sp. a 

I of Kanaya), Melosira architecturalis (= Cyclotella hannae 
of Kanaya), and Pseudopodosira bella Gleser & Posnova 
(= Hercofheca? sp, of Kanaya) and less frequent (<lo%) 

i 
I occurrences of Tn'ceratrum inconspicuum var. frilobata 

Fenner (= T. barbadense of Kanaya). Abundant to very 
abundant (30-80%) T. ~lconspicuum var. trilobata and 
rare (<7%) T. kanayae and P. beila distinguish the upper 
Kellogg assemblage of Kanaya. 

CDQ through CD-6 wherein Melosira architecfurai~s is 
generally frequent (> 15% of the assemblage) and com- 
paratively Tr~ceratium kanayae is more frequent (2% or 
more of the assemblage) and T. inconspicuum is typically 
less frequent (530% of the assemblage) than in the up- 
per parts of the Kellogg section. Samples CD-7 through 
CD-23, the upper 7/, of the Kellogg section, are charac- 
terized by less common M. architecturalis (<lo%, ex- 
cept sample CD-13), sparse T. kanayae, and common to 
abundant (typ~cally 35%, but as high as 68%) T. incon- 
spicuum and correspond to the upper assemblage of 
Kanaya (1957). Two samples in this upper interval, CD- 
17 and CD-20, show dominance of quadrate forms of T 
inconspicuum (= T, inconspicuum var. inconspicuum) over 
forms with three apices (= T. inconspicuum var. triloba- 
fa). A third sample, CD-12, contains approximately equal 
numbers of the two forms, but quadrate forms are sparse 
to absent in the remaining samples. It is not known at 
this time what the significance of these shifts in domi- 
nance of the two forms of T. inconspicuum is. 

Fenner's (1977) study of Cores 6 to 9 of DSDP Site 356 
(28"s) on the Rio Grande Rise in the South Atlantic rep- 
resents the best documented study of middle Eocene 
diatoms. The presence of Coscinodiscus bulliens Schmidt, 
Craspedodiscus oblongus (Greville) Grunow, Riedelia 
claviger (Schmidt) Schrader & Fenner, Thalassiosira sp. 
1 (= T. eccentnca group of Fenner 1977), and Triceratium 
kanayae suggests that the Kellogg assemblages corre- 
late best with Cores 7 and 6 of Site 356. Bukry (1977) 
assigned the former core to the Coccolithus staurion 
Subzone (CP13c) and the latter to the Discoaster brfax 
Subzone (CP14a), so this diatom correlation of the Kel- 
logg Shale agrees well with the coccolith correlations 
which also recognize these two subzones In the Kellogg 
Shale. 

A reconnaissance study of welt-dated (by coccoliths) 
middle and upper Eocene diatomaceous material col- 
lected by the Deep Sea Drilling Project from the North 

TABLE 5 
Occurrence of selected diatom extinctions in Deep Sea Drilling Project sections and conelation wtth coccolith zonation of Okada and Bukry (1980) (shown in parentheses). 
Core and section number w~lhin DSDP sed~on are indoated. Slash indicates sample interval constraint lor exlinctions. Kellogg Shale diatom assemblages correlate wth 
interval above exlinct~ons 01 Triceratrum kanFfyae var quadrilobata and Coscinodiscus argus var. 1 and below extrnction of Craspedod~scus oblongus. = data from 
Fenner (1977). 

DSDP Holes 

~iatom Extinctions 

Craspedodiscus oblongus 

Triceratiwn kanayae var. 
quadri Zobata 

Coscinodiscus argus var. 1 

- 

North A t l a n t i c  S .  A t l a n t i c  South Pacific 

108 386 356 206C 208 

above 27-3 
(CP14) 

27-4/27-5 
(CP13c) 

27-5/28-1 
(CP13b) 

17-5/18-2 
(CP14) 

below 16-2 

below 18-2 

above  6-2* 
(CP14a) 

7-1/7-2* 
(CP13c) 

7-3/7-5 
(CP13c) 

above  1-1 

above 1-1 

1-5/2-1 
(CP13b-C) 

&ove 14-1  
(CP14a) 

n o t  seen 

14-6/15-2 
(CP13b-C) 
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TABLE 6 
Occurrence (percent) of silicoRagelbies in K and CD-sample collections from Kellcg Shale at Camino Diablo Road. Byrori. California. K = present in numbers too small 
for meaningful percent. @ = predominant taxon in sparse assemblage. = presence noted following regular count, during photography. See table 1 for stratigraph~c 
interval of samples. 

Atlantic (Sites 108, 386, and 402), South Atlantic (Site 
356), and South Pacific (Sites 206, 208, and 281) was 
made in an attempt to further correlate the Kellogg dia- 
tom assemblages. Table 5 shows that Triceratium kan- 
ayae var. qualilobata Fenner and Coscinodiscus argus 
var. 1 (pl. 7, fig. lo.), which are both lacking from the 
Kellogg Shale, have fairly consistent last occurrences 
within or slightly below Subzone CP13c. The last occur- 
rence of Craspedodiscus oblongus appears to be some- 
where within the middle or upper part of the Reticulofe- 
nestra umbilica Zone (CP14) on the basis of the study of 
Sites 206,356 and 386. Cores 3 and 4 of Site 402A, which 
are equivalent to the Discoaster saipanensis Subzone 
(CP14b) (assigned to NP17 by Mllller 1979), also lack C. 
oblongus. Well-dated upper Eocene sediments from Sites 
281 (Cores 14 to 16) and Site 4Q2A (Core I )  and Schrad- 
er's (1978) checklist of the upper Eocene of equatorial 

Atlantic Site 366 also indicate that C, oblongus does not 
range above the middle Eocene in contrast to Fenner's 
(1977) reported range of Eocene to early Oligocene. Fen- 
ner (written communication 1983) also acknowledged that 
C. oblongus does not extend above the middle Eocene. 
Thus, table 5 indicates that diatom biostratigraphy sup- 
ports the coccolith correlation of the Kellogg Shale to 
Subzones CP13c and CP14a. 

Table 5 implies that Core 6 of Site 356, Core 27 of Site 
208, and the Kellogg Shale are equivalent in age both by 
diatoms and coccoliths. Jousi! (1979) assigned different 
ages to each of these units, placing them, respectively, 
in her middle Eocene fyxilla gracilis, upper middle Eocene 
Pyxlla oligocenica-Monobrachia simplex, and lower up- 
per Eocene Hemiaulus polycystinorum Tricera tium bar- 
badense assemblage zones. 
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Silicoflagellates 

Like coccoliths, silicoflagellates are most abundant in the 
middle part of the Kellogg Shale section from 8 to 13 m; 
however, silicoflagellates range through the entire sec- 
tion (table 6). Although Dictyocha spinosa (Deflandre) 
Glezer occurs in most samples, the presence of D. hex- 
acantha Schulz in two samples near the base of the 

, 
4 

section indicates a correlation in the Dictyocha hexacan- 
I tha Zone, which correlates to coccolith subzones CP13c 

to CP15a. Therefore, the silicoflagellate and coccolith zo- 
I nations are concordant with previously described DSOP 

1 sections (Bukry 1981a). A general absence of D. hex- 
acantha through the section, however, contrasts with the 
persistent occurrence of D. spinosa and suggests that 
differential ecology may have delayed the establishment 

I of even relatively cosmopolitan species. Biostratigraphi- 
cally, this could confuse correlation for individual sam- 
ples, such as CD-17 which contains 3% 0. spinosa and 
no younger guides-D. hexacantha, Macrora barbadten- 

1 sis, and Mesocena oamaruensis Schulz. Many Kellog g 
samples do contain these auxiliary stratigraphic guides, 

i so the seemingly sporadic early occurrences of D. hex- 
acantha here and at DSDP Sites 356 and 384 in the At- 
lantic can be explained. 

Kellogg specimens of Macrora najae Bukry and Meso- 
cena venusta Bukry are the first reported from the Pacific 
basin. Both were originally described from the middle 
Eocene strata of Site 356 from the South Atlantic, and 
subsequently from the same age strata in the North At- 
lantic DSDP Site 386 (Bukry 1977, 1978a). 

Two sets of samples (the "CD" and the "K" series) col- 
lected from the Kellogg Shale can be best correlated in 
the samples that were taken 8 to 11 m above the contact 
with the underlying Domengine Sandstone. The only oc- 
currences of Macrora najae in the Kellogg section are 
limited to the 8- to 1 l -m level, two samples from each 
sample set. The only abundant occurrences of Meso- 
cena oamaruensis are also limited to one sample from 
each set within that interval. But the upper and lower 
samples from the 0- to 8-m and 11- to 23-m intervals show 
less diagnostic correlation of species abundances and 
ranges between the two sample sets, which is partly 
attributable to the greater rarity of silicoflagellates in those 
intervals. Ecologic and preservational variation of the sil- 
icoflagellate assemblages appear to occur at higher fre- 
quency than the 0.5- to 1.0-m sample interval that was 
studied. 

I 

i PALEOECOLOGY 

Silicoflagellates 

! The diversity of the silicoflagellate assemblages from the 
i Kellogg Shale is slightly greater than other recorded as- 
, semblages of the lower Dictyocha hexacantha Zone. 

However, the generally conservative range of pheno- 

TABLE 7 
Sil~coflagellale genera (average percent if several samples were counted) at lo- 
calilics from dillcrcnl lat~tudes aid in paleoecolog~c interpretation of lower Dicfyo- 
cha henacanlha Zone assemblages of the upper mlddle Eocene. Orlglnal quan- 
trtatlve data are from Bukry and Foster (1974) and Rukry (1975, 1976b. 1977. 
1978a). Generrc code: 1, Corbfsema; 2 ,  D~ctyocha: 3. Distephanus. 4. Macrora: 
5, Mesmenx 6. Navicutops~s. 

types for the species and the sparseness of irregularly 
formed skeletons suggests normal marine conditions with 
moderate upwelling. 

1nca11ry 
( I . f i t  j rwle)  

mar i3n  
167'111 

DSDr 283 
194'51 

Kclloqq Shale  
Dyron. ~ a i i f n r n i a  

1 3b011) 

DSU1 ?OGC 
13?"51 

D5DI' 196. 
(3 Imt:1  

nsnr 156 
[?na?.2 

USDP ZOR 
(26'51 

GSUF 1 1  
((.'E) 

I :SGS-LR-5-24 
1 4 ' ~ )  

Silicoflagellate abundance is greatest in the middle of the 
section from samples K-2 to CD-16 (4.3 to 13.2 m). Both 
the lower and upper parts of the section have notably 
fewer silicoflagellates. The upper section is further distin- 
guished by the decreased occurrence of Corbisema. 
Changes in water-mass fertility or differential solution of 
skeletons could have contributed to this reduction be- 
cause calcareous coccoliths vanish also in the upper part 
of the section. But a comparison to coeval populations 
from different latitudes suggests that Corbisema is less 
abundant at higher latitudes (cooler) where Naviculopsis 
shows ~ncreased abundance relative to lower latitudes 
(warmer). Admittedly, this comparison is tenuous be- 
cause of the small numbers of sites and samples that 
have been enumerated for Eocene silicoflagellates (table 
7\ 

A velative paleotemperature value appears to be best 
represented in the ratio between percentages of Corbi- 
sema and Naviculopsis because of north to south abun- 
dance changes in these genera through the latitudinal 
array of available reference localities (table 7). If this same 
general ratio is applied to the detailed fluctuation in as- 
semblages through the Kellogg section of California, then 
a trend (with only four anomalies) shows highest values 
in the lower part, decreasing to lowest values in the up- 

Generic Pcrccllts Pdllos of GrnPr lr  i r r c - r n t s  

1 2 3 4 5 6  

14 12 3 - 4 5 9  

10 4 7  4 - 6 3 3  

27 11 1 9 ? 49 

71 21  - - 6. 5 0  

16 rr 1 60 1 1 7  

3 5  16 . 1 19 3 2 7  

47  11 - 2 1 18 

56 7 -  - - 1 7  

7 3 x 7  z - - 1 

1/6 I+Z/S+h 

0.41 C.57 

0.30 1 . 5  

0.55 0 . 7 6  

0 . 4 2  0 . 7 5  

0.94 1 . 2  

.! . 1 I .  i 

I.? 1.5 

1.5 1 . 1 

24 . (I  11 .o - 
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TABLE 8 TABLE 9 
Sil~coflagellate genera (percent) in Kellogg Shak samples can be compared as Siltcoffagellate genera (percent) at the central California Swtheast Monocline 

ratios to suggest paleosnvironmental fluctuations. Lower ralio values may repre- Ridge (SMRJ locality of the Kreyenhagen Formation (based on data by Dumoulin 
sent cooler condit~ons and higher values warmer, on the basls of comparing 1979)in upper D~cfyacha hexacantha Zone. Generic code: 1. Corbisema: 2. Dvc- 
abundance5 of genera in coeval strata from dlflerent latitudes. Generally lower lyocha; 3. Dislephanus, 4, Macrora; 5. Mesmna: 6, Navicukws~s. 
ralio vdt~es above sample 16 (unlettered samples are from the CD-collection) 

indicate a reduction of Cohsema, presumably resulting from Cooler conditions 
Ihan in the lower section. Gener~c code: 1, Corbrsema; 2, DEclpCha; 3, Diste- 
phanvs: 4, Macrofa, 5, Mesocena. 6. Naviculopsis. 

per part. If dissolution has not differentially removed more 
Corbisema than Naviculopsis, then the latitudinal tem- 
perature premise (table 8) indicates minor relative cooling 
through the time of Kellogg deposition. 

Generic Percents Ratios of Generic Percents 

The only other substantial body of quantitative Eocene 
data for California silicoflagellates is from the Kreyenha- 
gen Formation, about 200 km to the south (Dumoulin 
1979), which encompasses slightly younger strata from 
the upper Dictyocha hexacantha Zone. Calculation of 
generic ratios from Dumoulin's Kreyenhagen species data 
(tables 9 and 10) shows slightly higher values, signifying 
warmer oceanic conditions following Kellogg deposition. 

The main problems with the generic ratio are large am- 
plitude changes from sample to sample within a section 
and the selection of coeval stratigraphic levels for com- 
parison. Paleoenvironmental inferences are still prelimi- 
nary because of the sparsity of comparative data. For 
example, a three-sample, high-latitude reference at DSDP 
Site 339 (67ON) does not support the trend between Cor- 
bisema and Naviculopsis that is observed in lower lati- 

1/6 1+2/5+6 

0.26 0.53 - 
0.22 0.30 

- 
0.26 0.42 
0.17 0.211 - - 

5.2 7.6 - - 
0.34 0.58 
0.04 0.14 
0.40 0.53 
1.0 1.2 
0.67 0.86 
0.71 0.90 
0.70 0.83 
0.16' 0.23 
2.1 2.6 
1.5 1.6 
0.60 0.71 
1.0 1.2 - 

- - - 
0.71 0.98 
O.hR 0.93 

0.93 1.2  - 
0.51 0.87 
1.4 2.3 - 

c;cne ra 1 2 3 4 5 6  
Samples 

2 1 
22 
2 1 

K-12 
20 

K-11 
19 

I(-ID 
18 

Y-9 
17 

K-8 
16 

K-7 
K-h 

15 
1 4  
1 3  

K-5 
12 

K- 4 
11 
10 

K- 3 
9 
8 

K- 2 
7  
6 

K-1 
5 
4 
3 
2 

tudes, whereas adjacent DSDP Site 340 (67"N) does sup- 
port the ratio with low C/N values of less than one. But 
differences in the silicoflagellate assemblages suggest 
that the Site 340 section is the older of these two sec- 
tions and is more comparable to the Kellogg section in 
age. The abundant presence of specialized species of 
Naviculopsis different from those of the Kellogg, how- 
ever, emphasizes that paleoenvironmental interpretations 
ultimately will require the establishment of individual 
species ranges. Generic ratios may provide guides for 
the interim. 

Gencric r'erccnts Rntlns of Generxc Percents 

3 18 3 - R 50 - - - - - -  
17 6 - - - 76 - - - - - -  
16' 12 - - 2 69 
13 9 -  - - 7 8  - - - - - -  
- - - - - -  
26 12 - 56 - 5 - - - - - -  
22 16 - - 1 64 

3 7 - 17 2 72 
26 9 -  - 1 6 5  
46 9 -  - - 4 6  
14 4 - 62 - 21 
36 10 1 - - 51 
38 7 -  1 - 5 4  
14 5 - - 1 6 ' 0  
36 19 - 24 4 17 
50 12 1 2 6 33 
3 1  6 -  1 - 5 5  
47 9 -  - - 4 6  - - - - - -  
- - - - - -  
- - - - - -  
30 12 - 14 1 42 
27 10 1  23 - 40 
- - - - - -  
38 16 6 - 4 41 - - - - - -  
26 20 - - d 49 
4 e  29 1 1 - 34 - - - - - -  
- - - - a -  

tittle is known about the ecology of Eocene diatoms, but 
some observations using the data can be made. The 
frequent (10%) Hantzschia sp. which are confined to bas- 
al sample CD-2 (table 4) indicate possible proximity to a 
brackish or fresh-water source during the initial deposi- 
tion of the Kellogg section. However, it is possible that 
these specimens represent modern contaminants, al- 
though nearly a foot (30 cm) of soil and rock was exca- 
vated before sample CD-2 was taken. In fact, scarcity of 
benthic diatoms and the lack of common Stephanopyxis 
spp, or Melosira sulcata (Ehrenberg) KUtzing, indicate 
that the Kellogg section mainly was deposited away from 
the Eocene strand line. 

Table 5 allows comparison of the Kellogg diatoms with 
middle-latitude sections of comparable age from the deep 

1/6 1+2/5tG 

1.5 1.6 
1.1 1.8 - 
2.3 2.8 - 
0.41 1  . B  
0.39 0.81 
0.40 1.3 
0.17 1.0 

0.10 0.32 
0.25 1.1 
0.16 0.41 
3.1 4.4 
1.3 ?.4 - 
2.7 4.0 
- 

0.80 0.R1 
O.G9 0.69 
0.98 1.0 
1.5 l . R  
I .O 3.5 
1.1 1 . 1  
l .R 4.6 
2.2 7.9 

Genera 
5MR 1 2 3 4 5 6  
Samples 

7 
8 
J 
10 
12 
1 3  
14 
1 5  
1 G  
1B 
19 
20 
21 
2 2  
23 
24 
25 
2 h 
27 
?A 
79 
30 
1 1  
32 
33 
34 
35 

F 

45 11 - 5 30 
3 3  20  5 - 5  29 - - - - - -  
54 15 i n  - 1 24 - - - - - -  
14 45 5 - 2 34 
18 24 6 - 6  46 
11  36 5 - - 42 
7 36 14 - 2 41 - - - - - -  
7 17 2 - 0 6 7  

10 42 2 - G 40 
11 IS - - 4 67 
50 25 1 - 1 16 
2 4  45 3 - 11 18 
- - - - - -  
32 40 - - 8  12 - - - - - -  
- - - - - -  
28 11 14 - 12 35 
3 1  ' 17 - 4 45 
40 7 B -  5 4 1  
4R 10 10 - - 32 
18 55 6 - 3 18 
3 3  17 6 - 14 30 

29 41 5 - 1 16 
26 44 12 - 6 12 
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TABLE 10 
S~licoflagellate genera (percent) at several central California localitias ol the Krey. 
enhagen Formallon (based on data by Dumwlin 1979) for the upper Dfclyocha 
hcxncanlha Zone Sample designallons are  Tumy Hills Quarry (THO), Holotype 
Canyon (HC). Salt Creek (SC), and Oil Canyon (OC). Generic code: 1. Corbrsema: 
2. Dfcfyocha; 3 ,  D~siephanu$ 4 ,  Macrrxa; 5 ,  Mesocena; 6. tdav~culops~s 

TABLE 1 1  
Percentage cornparlson of major dlatom specles groups from Kellogg Shale sam- 
ples and samples of an equ~valent age from various DSDP secllons (see table 
5 )  Core and sect~on numbers are glven for the DSDP mctions Tk - Tncerafturn 
kanayae. TI + Th = T mconspfcuum plus 1 barhadense. Ma = Melosrra arch,. 
fecruralrs. Fb - &evdopodos~ra bella. Hp = Hemjadus p~ycyshorum s amp1 , 
Ms = Melosrra si~lcata Rled = Wedelfa spp . Cta  = Coscrnodtscus fukrculat~rs 
var atlantrca. Step = Slephanopym spp . !+-A = pvxflla SW, 

- 
Ccnerir- rcrccnts Ratios of Generic I 'crvcnts  

and Fenner (1 976) listed Chaetoceros spines, Hemiaulus 
spp., Stephanopyxis turris (Greville and Arnott) Ralfs, Tri- 
ceratium barbadense (not distinguished from T, incon- 
spicuum), and Trochosira coronata Schrader and Fenner 
as the dominant diatoms of Site 340. Similarities of this 
high-latitude (67ON) site with the Kellogg section (38ON) 
in terms of common to abundant Triceratium inconspicu- 

sea. Quantitative studies of the diatoms of five samples urn plus T. barbadense possibly reflects the location of 
from DSDP Site 356 in the South Atlantic, four from DSDP the Kellogg site of deposition within the Eocene equiva- 
Site 386 in the North Atlantic, and three from DSDP Sites lent of the cool water California Current. The California 
206 and 208 in the South Pacific yield the results shown Current or its analogue has been active since at least 
on table 11. An average of the 20 "CD" samples from the Late Cretaceous (Sliter 1972). Consequently, T. in- 
the Kellogg shale which contain common diatoms is conspicuum plus T. barbadense might be considered a 
shown for comparison. Surprisingly, virtually all the DSDP cool-water component. 

1/6 1 + 2 / 5 + 6  

1.5 4 . 0  
1 .1 I .6 
1.5 2 .4  
1 . 3  2 . 1  
0.59 1 . 2  
1 . 0  1 . 4  
1 . 2  1 . 2  
9 . 3  3.5 

3.4 3 . 3  
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S a m p l e s  

samples contain common to abundant Melosira sulcafa 
(Ehrenberg) KUtzing, a form which is concentrated on 

Table 4 reveals that the abundance of these two Tricera- 
! tiurn species is greatest (>50%) in the uppermost part 
I 

the shelf in modern oceans. On the other hand, M. sul- 
cata is relatively rare (2% average) in the Kellogg section. of the Kellogg section (samples CD-19 through CD-23) 

! and in sample CD-7 in the lower part of the section. The 
While it is possible that M sulcata possessed different 

abundance of these taxa ,east (<35%) in the lowest ecological affinities in the Eocene. it is more likely that 
part (samples CD-P through CD-6) and in the middle part 

this heavily silicified, solution-resistant diatom is concen- (samples CD-12, CD-14, CD-16, and CD-17) of the Kel- 
trated fragile forms hot- logg section, nus, the generalized cooling trend for the 
tom currents that may have concentrated them during 

Kellogg section inferred from the silicoflagellate data is 
deposition. 

supported by the diatoms. 

D l a t o n  

5amplc 

TlIQ 1 
THC 2 
THO 3 
1HQ 4  
TllQ 6 
TIIQ 7 
THQ 10  
THO 1 1  

HC 1 
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t ic  5 
HC 7 
t i c  9 
HC 10  

SC 1 
SC 6 
SC 7 
SC R 
sc 3 
SC 12 
SC 14 
SC 15  

W 14 

The abundant Triceratium inconspicuum in the Kellogg 
Keller and Keigwin (written communication 19821 repofl- sect~on (tabulated with T. barbadense Greville in table 
ed a cooling trend from the Cocco,ithus sfaurion Sub- 

11) compares best with the 20% values for these taxa 
I zone (CP13c) into the Discoaster bifax Subzone (CP14a) found in sample 27-3 of DSDP Site 208. but on the whole. 

based on oxygen isotope and planktonic foraminiferal 
it contrasts markedly with the sparse to few T. incon- 

studies at DSDP Site 363 in the southeast Atlantic. Con- 
spicuum and I barbadense of the DSDP middle. sequently, the ,mooling trend the Kellogg section 
latitude samples. As silicoflagellates suggest that Cores 

may be part of a global cooling trend for the CP13c- 
I 2 to 11 of DSDP Site 340 in the Nonnreglan Sea are coeval 

CP14a 
with the Kellogg section, Schrader and Fenner's (1976) 
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checklist of the diatoms of Site 340 can also be corn- Sample to sample comparison of the silicoflagellate and 
pared to the quantitative Kellogg diatom data. Schrader diatom relative paleotemperature interpretations show 
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TEXT-FIGURE 2 
Correlation between Kellogg Shale and the international geologic time scale of Berggren et al. (in press). Silicoflagellate zones are correlated with 
coccolith zones after Bukry (198la). 1 = Berggren et al. (in press); 2 - Blow (1969) and Stainforth et al. (1975): 3 = Bukry (7975) and Okada and 
Bukry (1980); 4 = Bukry (1981); and 5 = Barron, this report. 

less agreement, For example, samples CD-I6 and CD-17 logg and Sidney shales-only 31 forms of the 127 they 
contaln a supposed relatively warm diatom flora (26 and reported were common to both assemblages-and they 
27% respectively of Triceratium barbadense and T. in- concluded that the two units represent distinct faunal 
conspicuum) but have low ratios of Corbiserna to Navi- assemblages. 
culopsis (0.40 and 0.34, respectively) which indicate cool- 
er conditions for the silicoflagellates. Kanaya (1957) considered the Kellogg and Sidney dia- 

tom assemblages to be coeval, but he noted that Cras- 
PRELIMINARY CORRELATION WITH THE SIDNEY SHALE MEMBER pedodiscus oblongus was restricted to the Kellogg Shale. 

The Sidney Shale Member of Clark and Campbell (1942) Schmidt (1970) correlated both Kellogg and Sidney 
is exposed about 6 mi from the northernmost exposures planktonic foraminifers to the middle Eocene Truncoro- 
of the Kellogg Shale (Kanaya 1957). Like the Kellogg, the faloides rotundimarginatus Zone and both Kellogg and 
Sidney Shale Member is rich in diatoms and radiolarians Sidney coccoliths to the middle Eocene Chiphragmali- 
and contains both planktonic and benthic foraminifers. thus quadratus Zone of Hay et al. (1 967). 

Clark and Campbell (1942) reported a marked difference Almgren and McDougall (1975) reviewed these correla- 
in the composition of the radiolarian faunas of the Kel- tions and benthic foraminifera1 studies by Fulmer (1954) 
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and concluded that the Kellogg and Sidney are separate 
exposures of the same unit. 

Reconnaissance study of the diatoms from 11 samples 
collected from Kanaya's (1957) section of the Sidney 
failed to recover Craspedodiscus oblongus. Indeed, Ka- 
naya (1957) noted only a single specimen of C. oblongus 
from sample LSJU M-610-3 from the middle part of his 
section. As stated earlier, C. oblongus has its last oc- 
currence in late middle Eocene coccolith zone CP14 (Re- 
ticulofenestra umbilica Zone). The apparent absence of 
C, oblongus from the Sidney Shale Member indicates 
that the Sidney is no older than the latest middle Eocene 
and is younger than the Kellogg Shale. 

SUMMARY 

The Kellogg Shale correlates with the Globorotalia lehneri 
Zone (planktonic foraminifers) of Stainforth et al. (1975) 
(= PI2 of Blow 1969), the Coccolithus staurion (CP13c) 
and Discoaster bifax (CP14a) Subzones (coccoli ths) of 
Bukry (1975), the Dictyocha hexacantha Zone (silicofla- 
gellates) of Bukry (1981a), and the diatom interval con- 
taining Craspedodiscus oblongus above the last occur- 
rences of Coscinodiscus argus var. 1 and Triceratium 
kanayae var. quadrilobata. Following the Paleogene time 
scale of Berggren et al. (in press) and the silicoflagellate 
zonal correlations of Bukry (1981a), the Kellogg Shale 
correlates to the middle Eocene, upper paleomagnetic 
Chron 20 to middle Chron 18, ca. 42-45 Ma, and the 
upper Lutetian to the lower Bartonian Stage of Europe 
(text-fig. 2). Earlier benthic foraminifera1 studies have 
placed the Kellogg Shale within the Narizian Benthonic 
Foraminifera1 Stage of Mallory (1959) (Fulmer 1954: Alm- 
gren and McDougall 1975). This correlation of the Nari- 
zian Stage to the international geologic time scale is con- 
sistent with the results of Poore (1976) and Poore and 
Brabb (1977). The late Eocene age assigned by the USGS 
Lexicon of Geologic Names of the United States (Keroh- 
er et al. 1966) to the Kellogg Shale should be revised to 
middle Eocene. 

Quantitative studies of diatoms and silicoflagellates sug- 
gest a general cooling trend through deposition of the 
Kellogg Shale section. Dissolution of calcareous micro- 
fossils (planktonic foraminifers and coccoliths) in the up- 
per part of the section is supportive of this cooling trend. 
Keller and Keigwin (written communication 1982) report- 
ed a cooling trend within age equivalent strata at DSDP 
Site 363 in the southeast Atlantic, so the cooling trend 
observed within the Kellogg section may be part of a 
global cooling trend. 

The marine age correlations of standard reference sec- 
tions onshore can be improved by combining the biostra- 
tigraphies of several planktonic microfossil groups which 
have been effectively applied in deep-sea correlations 

(Bronnimann et al. 1971; Milow in Hays et al. 1972; Poore 
et al. 1981). Integrating land sections like the Kellogg 
Shale into standard oceanic zonal systems should im- 
prove regional biostratigraphy and broaden the data base 
for global paleoclimatology. 

SYSTEMATICS 

Silicoflsgellates 

Genus CORBISEMA Hanna 1928 

Corbisema angularis Bukry, n. sp. 
Plate I ,  figures 1-8 

Description: Corbisema angularis is a medium-sized tri- 
angular species with straight sides and moderate spines. 
The symmetrical ring is equilateral or slightly isosceles 
and is narrower than the apical struts. There are three 
distinct pikes at the strut-ring junctions. 

Remarks: Corbisema angularis is distinguished from Cor- 
bisema recta (Schulz) by having distinct basal pikes, 
longer spines, relatively narrower ring, and straighter, less 
convex, sides. Similarly, C. angularis is distinguished from 
Dictyocha trigona Zittel by having basal pikes and rela- 
tively narrower sides compared to apical strut width. 

Occurrence: Corbisema angularis occurs through the up- 
per middle Eocene Kellogg Shale from 1.5 to 20 m above 
the Domengine Sandstone west of Byron, California. This 
interval is assigned to the lower Dictyocha hexacantha 
Zone. ConSiserna angularis occurs at abundances up to 
9% (aver. 3%). 

Size: Maximum internal diameter of ring 23 to 40 pm. 

Holotype: USNM 347001 (pl. I ,  figs. 2, 3). 

Isotypes: USNM 347002 to 347007 

Type locality: Kellogg Shale, Camino Diablo Road sec- 
tion, Byron, California, in sample K-1 1. 

Corbisema exilis Bukry, n. sp. 
Plate 1, f~gures 9-12 

Description: Corbisema exilis is a medium-sized, slightly 
isosceles species with short spines and short pikes at 
the strut-ring junctions. The ring is distinctly narrower than 
the apical struts. The sides of the ring are convex. Spines 
are slightly asymmetrical. 

Remarks: Corbisema exilis is distinguished from C. bi- 
mucronafa rotatoria Bukry and C. hastata miranda Bukry 
by the ring being much thinner than the apical struts. The 
distinct contrast in thickness combined with the ring shape 
distinguishes C. exilis from other species, 

Occurrence: Corbisema exilis is sparsely present (< 1 to 
3%) between the 4.5- and 20-m sample levels in the Kel- 
logg Shale section west of Byron, California. The assem- 
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blages are assigned to the upper middle Eocene and to widths of the ring and apical struts are the same. The 
the Dictyocha hexacantha Zone. apical structure is arched above the ring. 

Size: Maximum internal diameter of ring 24 to 29 pm. Remarks: Corbisema inemis ballantina is distinguished 

Holotype: USNM 347008 (pl. 1, fig. 9). 

Isotypes: USNM 347009 to 34701 1. 

from Corbisema inerrnis inermis (Lemrnermann) by a more 
indented trilobate periphery and shorter pikes. It is distin- 
wished from C, ovalis Perch-Nielsen by the absence of 

Type locality. Kellogg Shale, Camin0 Diablo Road set- Spines, more rounded portal apices, and more equal ring 
tion, Byron, California, in sample K-2. and strut widths. 

Occurrence: Corbisema inerrnis ballantina occurs sparse- 
Corbisema hastata miranda Bukry, n. subsp. ly in the upper middle Eocene Kellogg Shale between 
D i c m h a  triacantha var. apiculata f .  minor SCHUU. 19'28 (in part), P. sample depths 4.5 to 12.5 m. Percentaaes are onlv one 

249, fig. 29b (not a). 
Corbisema hastata (Lemrnermann).-PERCH-NlELSEN 1975 (in part), 

or less. It dccurs in the middle Eocene i f  DSDP site 356 

p. 685, pl. 3, fig. 2. in the South Atlantic. 
~orbisema hastab minor(Schulz).-BUKRY 1975. p. 854, pl. 1, fig. 10. Size: Maximum internal diameter of ring 55 to 70 rrm. 
Description; Corbisema hastata miranda is a small sub- 
species with moderate to short spines. The apical bars Holotype: USNM 347012 (pl. 1, fig. 13). 

meet at symmetrical angles, but the ring is isosceles. The ,sotypes: "SNM 347013 and 347014. 
ring along the two lower portals is distinctly convex on 
one side and straight on the other. The straight base, Type locality: Kellogg Shale, Camino Diablo Road sec- 
inflated sides, and small size are distinctive. Pikes are tion, Byron, California, in sample CD-15. 
missing or indistinct. 

Remarks: According to Loeblich et al. (1 968), the name Cw$iBema regin,., Bukry, ,,. 
Dictyocha triacantha var. apiculata f . minor Schulz 1928 Plate 2, figures 5-13 
is a junior homonym to Dictyocha triacantha f. minor 
Schulz which appeared earlier in the same paper. This Corbisema iiacanlha var. minor (Schulz).-LING 1972 (in part). p. 158, 

pl. 24, figs. 20-23. 
invalidated the name by lCBN Art. 64, par. 4, Therefore, 
the new subspecies Cbrbisema hastata miranda is de- Description: Corbisema regina is a triangular species with 
scribed to validly accommodate the morphologic con- rounded to blunt apices. Spines are moderate to short 
cept of Dictyocha triacantha var. apiculafa f. minor Schulz. and basal pikes at the strut-ring junctions are small. The 

Comparison of the type specimens shows that Corbise- 
ma hastata miranda is distinguished from C. hastata has- 
tata by having an essentially flat base, distinctly inflated 
lower portals, symmetrical apical structure, smaller size, 
and proportionally shorter height. It is distinguished from 
C. hastata cunicula Bukry (see Bukry 1976a) by shorter 
spines and symmetrical apical structure. 

Size: Internal height 18 to 22 pm. 

Holotype: Plate 1, figure 10 of Bukry 1975. 

apical structure has struts expanded into a central plate 
or flattened struts and expanded center. The ring periph- 
ery is slightly indented at the strut junctions. 

Remarks: Corbisema regina is distinguished from C. tri- 
acanfha (Ehrenberg) by having small pikes, indented sides 
and an apical plate, from C. triacantha convexa Bukry by 
indented instead of convex sides and smaller strut-ring 
junction structures, from C, lamellifera (Glezer) (pl. 2, fig. 
4) by normal tubular spines and apices instead of flat- 
tened spines and apices. 

~ y p e  locality: l as man Sea, DSDP sample 283-6-11 125 Occunence: Corbisema regina occurs most commonly 
cm (124 m). (up to 37%) through the middle part of the Kellogg Shale 

section and ranges throughout. It is also present in the 
Corblsema lnennls ballantine Bukry, n. subsp. 
Plate 1, figure 13; plate 2, figures 1-3 middle Eocene assemblages at DSDP Site 356 in the 

South Atlantic (for example, 356-7-1, 130-131 cm). 
?Dictyocha triacantha var. inemis Lernrnerrnann.-SCHULZ 1928 (in 

part), p. 249, fig. 30a. Size: Maximum internal diameter of ring 20 to 25 pm. 
Corbisema inermis inemis (Lemmermannh-BUKRY 1977, p. 831, pi. 

I. fig. 5. Holotype: USNM 347015 (pl. 2, fig. 6). 

Description: Corbisema inermis ballantina is large with a ,sotypes,. 347016 to 347023, 
smooth, symmetrical, three-lobed outline. There are no 
spines; pikes are short and broad, situated at the strut- Type locality: Kellogg Shale, Camino Diablo Road sec- 
ring junction. The portals are broadly rounded, and the tion, Byron, California, in sample CD-8. 
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Genus DICTYOCHA Ehrenberg 1837 

Dictyocha bymalis Bukiy, n. sp. 
Plate 3, figures 1-14 

?Dictyocha fibula Ehr. var. fibula f .  fibula GLEZER 1% (in part), p. 265. 
pl. 13, figs. 8, 9; pl. 14, fig. 4. 

?D;ctyocha sp. (asperoid) BUKRY 1977, p. 831, pl. 1, fig. 10. 
Dictyocha sp. A BUKRY 1978a, p. 785, pl. 2, figs. 4, 5. 

Description: Dictyocha byronalis is a moderate- to long- 
spined species with a canted apical bar that is usually 
oriented subparallel to the short axis of the basal ring. 
The moderate-sized basal ring is slightly bowed-out at 
the asymmetrical strut junctions, which can produce a 
nearly eight-sided periphery. Four distinct basal pikes are 
well offset from the strut junctions. 

Remarks: Dictyocha byronalis is distinguished from Dic- 
fyocha aspera (Lemmermann), D. brevispina (Lemmer- 
mann), D. pulchella Bukry, and D, fibula var. fibula f. 
eocaenica Krotov, by the canted alignment of the bar 
and the bowed-out flexure of the basal ring at and near 
the strut junctions. It is distinguished from younger D. 
aculea ta (Lemmermann) and D. subaculea ta (Bu kry) by 
bar alignment, from D. clinata Bukry by much larger pikes 
but smaller ring. The variation in flexure of the ring and 
variation in spine length are fairly large within and be- 
tween populations of 0. byronalis. 

Occurrence: Dictyocha bryonalis occurs in the upper 
middle Eocene Kellogg Shale of California at abun- 
dances up to 16%. Other occurrences are the middle 
Eocene at DSDP Sites 356, 385, and 386 in the Atlantic 
Ocean. 

Size: Maximum internal diameter of ring 22 to 33 pm; total 
length 55 to 77 pm. 

Holofype: USNM 347024 (pi. 3, fig. 3). 

Isotypes: USNM 347025 to 347037. 

Type locality: Kellogg Shale, Camino Diablo Road sec- 
tion, Byron, California, in sample K-6. 

Genus NAVlCULOPSlS Frenguelli 1940 

Naviculapsis 8meric8n8 Bukry, n. sp. 
Plate 4, figures 17-19; plale 5, figures 1-5 

Description: Naviculopsis americana has a wide ring with 
moderate spines and a narrow to moderate apical band. 
The apices of the ring are fairly angular. The length to 
width ratio for the ring ranges from 2.4 to 3.0. Spines are 
about half the length of the ring. The width of the band 
is about equal to the tube width. 

Remarks: Naviculopsis americana is distinguished from 
N. constricta (Schulz) emend. Bukry by the greater width 
of the ring relative to spine width and more angular api- 
ces. It is distinguished from N, minor (Schulz) by larger 

size and more angular apices. It is distinguished from N. 
eobiapiculata by having a complete apical band. 

Occurrence: Naviculopsis americana is sparse and spo- 
radic in the Kellogg Shale section of Camino Diablo Road, 
Byron, California. It ranges up to 3% in abundance in 
these late middle Eocene samples. 

Size: Length 100 to 130 pm; width 20-25 pm. 

Holotype: USNM 347038 (pl. 5, fig. 2). 

Isotypes: USNM 347039 to 347045. 

Type locality: Kellogg Shale, Camino Diablo Road sec- 
tion, Byron, California, in sample CD-11. 

Naviculopsis mnsfrict8 (Schulz) emend. Bukry, n. comb 
Plate 5, f~gure 6 

Dictyocha navicula var. biapiculata fa. constricta n. fa. SCHULZ 1928. 
p. 246, fig. 21 [N.B. the incorrect figure caption: D. navicula var. 
constricta is superseded by the text designation as a new forrna.] 

Naviculopsis constricta (Schulz).-FRENGUELLI 1940, p. 61, figs. 1 la. 
b. [Frenguelli elevated var. constricta-the erroneous figure cap- 
tion-instead of the text formation fa. canstricia. The new combi- 
nation proposed here is the elevation of fa. constricta.] 

Remarks: It is clear from the text of Schulz (1928, pp. 
243-246) that two new forms, fa. aspera and fa. con- 
stricta, were designated for Dictyocha navicula var. bia- 
piculata. Unfortunately, the associated figures were mis- 
captioned as D. navicula var. aspera and D. navicula var. 
consfricta. Later workers accepted the incorrect caption 
nomenclature as basionyrns, instead of the formal text 
designations, The elevation of fa. constricfa is shown 
above, and elevation of fa. aspera, as proposed by Perch- 
Nielsen (1976), should be the following: Naviculopsis as- 
pera (Schulz), n, comb. Basionym-Dicfyocha navicula 
var. biapiculata fa. aspera Schulz, 1928, p. 246, figs. 
20a, b. 

The combination of short- and long-ringed forms as- 
signed to N. constricta by Frenguelli (1940) when naming 
the genus Naviculopsis and the expansion by Ling (1972) 
to include the common Eocene forms with moderate 
length rings and spines are useful. These additions to 
the original concept of N. constricta have been substan- 
tiated in DSDP Paleogene assemblages which show that 
the large and small forms assigned to N. constricfa co- 
occur through the interval. Although smaller forms pre- 
dominate, the elongate original of N. constricta has a 
similar long range. Therefore, N. constricta is emended 
to include the morphologies of Naviculopsis specimens 
assigned to N. consfricta by Frenguelli (1940), Ling (1972), 
Perch-Nielsen (1975), Bukry (1976a), and Martini and Mul- 
ler (1976). This emendation formalizes the actual usage 
in recent literature. 

Naviculopsis americana n. sp. and N. minor are also 
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banded, but they can be distinguished from newly 
emended N. constricta by ring morphology. 

Naviculopsis minor (Schulz) Bukry, n. comb. 

Dictyocha navicula E var. minor n.v. SCHULZ 1928, p. 246, fig. 22. 
~Naviculopsis minor (Schulz).-FRENGUELLI 1940, p. 61, 69. 1 1 i [trans- 

fer invalid: no basionym cited]. 
not Naviculopsis biapicurata (Lemmermann) Frenguelli var. minor 

(Schulz).-GLEZER 1956, p. 274, pl. 16, figs. 6-8; pl. 17, figs. 1-3, 6. 
[These lack the requisite rectangular ring.] 

Remarks: Distinct ion of Naviculopsis minor (Sc hulz) for 
biostratigraphy was recommended by Katharina Perch- 
Nielsen (written communication 1982). If the original mor- 
phology that emphasizes a rectangular ring and short 
spine is adhered to, then N, minor appears to be strati- 
graphically restricted. It is not present in the middle 
Eocene Kellogg Shale, but is well represented in the low- 
er Eocene of North Atlantic DSDP Hole 553A. Studies of 
lower Eocene assemblages from northern Europe by 
Martini (1974, 1981) first indicated the biostratigraphic 
potential of N. minor when properly identified. 

Remarks: Helicosphaera neolophota is distinguished from 
H. lophota (Bramlette & Sullivan) by the lower angle of 
the smaller bar, the broadened ends of the bar, and the 
absence of a serrate extinction line in the rim. It is distin- 
guished from H. seminulum (Brarnlette & Sullivan) by a 
larger bar at a higher angle and by a broader ovate out- 
line. Helicosphaera bramlettei Muller lacks an entire mar- 
gin and has a shorter sigmoid bar, whereas H. wilcoxonii 
has a bar aligned near the minor axis. Helicosphaera 
neoluphufa is believed to be a descendant of older H. 
lophota. 

Occurrence: Helicosphaera neolophota is sparse to com- 
mon throughout the Kellogg Shale at Byron, California, 
occurring in the upper middle Eocene Coccolithus stau- 
rion Su bzone (CP 13c) and Discoaster bifax Subzone 
(CP14a). 

Size: Maximum length 11 to 16 pm. 

Holotype: USNM 347046 (pl. 5,  figs. 10-1 1). 

Isotypes: USNM 347047 to 347051 

Type locality: Kellogg Shale, Camino Qiablo Road sec- 
tion, Byron, California, in sample K-4. 

Genus HELICOSPHAERA Kamptner 1954 

Helicosphaera neolophota Bukry, n. sp. 
Plate 5, figures 10-21 

Description: Helicosphaera neolophota has an entire ovate 
periphery that is broader and flatter at the end with the 
flange overlap. An ovate central opening occupies 37 to 
67% (46% average) of the overall specimen length. A 
broad bar, which broadens at the ends and may have 
an axial lineament, makes an angle of 30 to 50" with the 
major axis. In cross-polarized light, the bar and rim are 
bright with the major axis at P. The broad end of the rim 
has no serrate extinction line and is structurally simple. 

TAXONOMIC NOTES 

(Aate and figure numbers in parenlheses refer to p r w n t  paper. A dash sepa- 
rates species citetion from representative illustrations.) 

Corbisem apiculata (Lemmermann) Hanna; as Dictyocha triacantha 
apiculata Lemmermann 1901, p. 259, pl. 10, figs. 19, 20. 

C. archangelskrana (Schulz) Frenguelli; as Dictyocha triacantha archan- 
gelskiana Schulz 1928, p. 250, figs. 33a-c, 77 {not fig. 78). 

C. bimucmnata Oeflandre 1950, p. 191, figs. 174-177. 
C. sp. aff. C, flexuosa (Stradner) Perch-Nielsen 1975, p. @5, pl. 3, fig. 

10; as C. triacantha var. flexuosa Stradner 1961, p. 89, figs. 1-8, fig. 
1 C. 

C. haslata hastata (Lemmermann) Frenguelli; as D icmha  triacantha 
var. haslala Lemrnermann 1901, p. 259, pl. 10, figs. 16, 17. 

PLATE 1 

Eocene silicoflagellates from the Kellogg Shale 
Scale bar for figures 1-12 equals 10 pm, for figure 13 it equals XI pm 

1-8 Corbisema angularis Bukry, n. sp. 9- 12 Corbisema exilis Bukry, n. sp. 
1, USNM 347002, sample CD-6; 2-3, holotype, 9, holotype, USNM 347008, sample K-2; 10, USNM 
USNM 347001, sample K-11, two focuses; 4, 347009, sample K-7; 11, USNM 347010, sample 
USNM 347003, sample CD-11; 5, USNM 347004, K-2; 12, USNM 34701 1, sample CD-8. 
sample CD-8; 6, USNM 347005, sample CD-8; 7, 
USNM 347006, sample CD-18; 8, USNM 347007, 13 Corbisema inermis ballantina Bukry, n. subsp. 
sample CD-8. Holotype, USNM 347012, sample CD-15. 
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C. inermis inermis (Lernmemann) Dumitrica; as Diclyocha triacanfha 
inermis Lemmermann 1901, p. 259, pl. 10, fig. 21; 0 .  triacantha var. 
inermis Lemm. f. inermis Glezer 1966, p. 247, pl. 8, figs. 1, 2; pl. 32, 
fig. 1. 

C. lamellifera (Glezer) Glezer; as Dictyocha lamellifera var. lamellifera 
Glezer 1964, p. 48, pl. 1, fig. 2 (pl. 2, fig. 4). 

C. sp. aff. C. recta (Schulz) Ling; as Dictyacha triacantha var. recta 
Schulz 1928, p. 250, figs. 32a, b. 

C. triacantha (Ehrenberg) Hanna 1931, p. 198, pl. D, fig. 1 (s. ampl., 
Eocene specimen); Locker 1974, p. 634, pl. 1, fig. 10; Bukry 1978b, 
p. 702, pl. 1, figs. 13-15; as Dictyocha Iriscantha Ehrenberg 1844, p. 
80 (figured by Lemrnermann 1901, PI. 10, fig. 10). Remarks: Although 
many Eocene specimens of Corbisema superficially resemble C. tri- 
acantha, the original specimens used to typify the species lack basal 
pikes or apical plates and are from the upper Cenozoic (Loeblich et 
al. 1968; Lemmermann 1901; Locker 1974). Some Eocene specimens, 
identified as C. trracantha convexa Bukry (1978~) and C. regina Buk- 
ry, have been distinguished by the presence of pikes and plates. 
Other specimens that could not be critically distinguished are tabu- 
lated as C. triacantha s, ampl. 

Dictyocha deflandrei completa (Glezer) Bukry 1978~1, p. 784; as 0. de- 
flandrei var. completa f .  completa Glezer 1966, p. 244, pl. 12, figs. 
14, 15. 

D. hexacantha Schulz 1928, p. 255, fig. 43 (pl. 4, figs. 1-3). 
D. pentagona (Schulz) Bukry & Foster 1973, p. 827, pl. 3, fig. 10 as 0. 

fibula var, pentagona Schulz 1928, p. 255, figs. 41a, b (pl. 4, fig. 4). 
0 .  spinosa (Deflandre) Glezer 1966, p. 256, pl. 10, figs. 6?, 7, 8; as 

Corbisema spinosa Deflandre 1950, p. 193, figs. 178-162. 
Distephanus crux(Ehrenberg) Haeckel1887, p. 15M: as Diclyocha crux 

Ehrenberg 1840, p. 207; 1854, pl. 18, fig. 56; pl. 20(1), fig. 46; pl. 
33(15), fig. 9; pl. 33(16), fig. 9: pl. 33(17), fig. 5. 

0. quinquangellus Bukry & Foster 1973, p. 828, pl. 5, fig. 4. 
0. quintus (Bukry & Foster) Bukry 1951 b, p. 550; as 0. speculum quintus 

(Bukry & Foster) Bukry 1975, p. 855; as Cannopilus quintus Bukry & 
Foster 1973, p. 821, pl, 1, figs. 8, 9; pl. 2, fig. 1. 

D. speculum (Ehrenberg) Haecksl 1887, p. 1565: as Dictyocha specu- 
tum Ehrenberg 1839, p. 129; 1854, pl. 18, fig. 57; pl. 19, fig. 41; pl. 
21, fig. 44; pl. 22, fig. 47. 

Mesocena apiculata in#ata Bukry 1978a, p. 786, pl. 3, figs. 1-3; as M. 
pseudoapiculata Martini 1981, p. 281, pl. 1, fig. 10 (pl. 4, fig. 14). 

M. oamaruensis Schulz 1928, p. 240, figs. 10a, b (pl. 4, figs. 1 1-13). 
M. venusta Bukry 1977, p. 834, pl. 1, figs. 11-13 (pl. 4, figs. 15-16). 

Naviculopsis eobiapiculata Bukry 1978a, p. 787, pl. 4, figs. 9-16. 
N. foliacea Deflandre 1950, p. 204, figs. 235-240 (pl. 5, fig. 7). 

Campylosphaera dele (Bramlette & Sullivan) Hay & Mohler 1967, p. 
1531, pl. 198, fig. 14; as Coccolithites delus Bramlette & Sullivan 
1961, p. 151, pl. 7, figs. la-c. 

Chiasmolithus grandis (Bramlette 8 Riedel) Radomski 1968. p. 560. pl. 
44, figs. 3, 4; as Coccolithusgrandis Bramlette 8 Riedel 1954, p. 391, 
pl. 38, figs. la, b. 

C. medius Perch-Nielsen 1971 (in part), p. 18, pl. 12, fig. 7; pl. 14. fig. 
10; pl. 60. figs. 7, 8. 

C, solitus (Bramlette & Sullivan) Gartner 1970, p. 945. fig. 16; as Coc- 
colilhus solitus Brarnlette & Sullivan 1961, p. 140, pl. 2, figs. 4a-c. 

C. titus Gartner 1970, p. 945, fig. 17. 
Coccolithus fenestratus (Deffandre 8 Fert) Bukry 1971a, p. 792; as Ois- 

colithus feneslratus Deflandre & Fert 1954, p. 139, pl, 11, fig. 25, text- 
fig. 52. 

C. formosus (Karnptnerl Wise 1973. p. 93, pl. 4, fgs. 1-6; as Cycle- . . .  
coccolithus fortnosus Karnptner 1963, p. 163, pl. 2, fig. 8. 

C. pelagicus (Wallich) Schiller 1930, pp. 91, 246 as Coccosphaera pe- 
lagica Wallich 1877. p. 348, pl. 17, figs. l, 2, 5, 8, 9D, 10D. 

C. staurion Bramlette & Sullivan 1961, p. 140, pl. 2, figs. 5a, b, 6a-c. 
Cycl~cargolilhus sp. aff. C. floridanus (Roth & Hay) Bukry 1971 b, p. 312; 

as Coccolithus florid8nus Roth & Hay, in Hay et al. 1967. p. 445. pl. 
6. figs. 1-4. 

C. pseudogammation (Bouchb) Bukry 1973a, p. 677; as Coccolifhus(?) 
pseudogammation Bouche, 1962, p. 84, pl. 1, figs. 19, 20, ?23; text- 
fig. 6. 

Cyclolithella (?) bramlettei(Hay & Towe) Haq & Lohmann 1976, p. 183; 
as Cyclolithus bramletteiHay & Towe 1962, p. 500, pl. 5, fig. 6; pl. 7, 
fig. 2. 

Discoaster barbadiensis Tan 1927, p. 415. 
D. bifax Bukry 1971b, p. 313, pl. 3, figs, 6-11, Remarks: Some discoas- 

ter specimens which have poorly developed proximal stems occur 
below the range of Discoasterbifa~s. sir. in the Kellogg Shale, These 
specimens may be evolutionary transition forms and are tabulated 
as D. sp. cf. D, bifax (pl. 5, figs. 8-9). 

D. deflandrei Bramlette & Riedel 1954, p. 399, pl. 39, fig. 6, text-figs. 
la-c. 

D. distinctus Martini 1958, p. 3W, pl. 4, figs. ?7a, b. 

PLATE 2 

Eocene silicoflagellates from the Kellogg Shale 
Scale bar for all figures equals 10 prn 

1-3 Corbisema inemis ballantina Bukry, n, subsp. 5-13 Corbisema regina Bukry , n. sp. 
1, holotype, USNM 347012, sample CD-15; 2, 5, USNM 347016, sample CP4; 6, holotype, USNM 
USNtvl347013, sample CD-15; 3, USNM 347014, 347015, sample CD-8; 7, USNM 347017, sample 
sample K-4. CD-12; 8, USNM 347018, sample CD-6; 9, USNM 

347019, sample CD-14; 10, USNM 347020, sam- 
ple CD-8;11, USNM 347021, sample CD-8; 12, 

4 Corbisema bmelfera (Glezer) USNM 347022, sample CD-14; 13, USNM 347023, 
Sample CD-22. sample K-7. 
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D. elegans Bramlette & Sullivan 1961, p. 159, pl. 11, figs. 16a, b. 
0. sp. aff. D. marfiniiStradner 1959, p. 479, figs. 45, 47. 
D. nodifer(Bram1ette & Riedel) Bukry 1973a, p. 678, pl. 4, fig. 24: as D. 

tan; nodiferBramlette & Riedel 1954, p. 397, pl. 39, fig. 2. 
D. strictus Stradner 1961. p. 85, fig. 80. 
Discolithina distincta (Bramlette & Sullivan) Levin & Joerger 1967, p. 

166, pl. 1, figs. 14a, b. 15a, b; as Discolithus distincius Bramlette & 
Sullivan 1%1, p. 141, pl. 2, figs. 8a, b, 9a-c. 

D. plana (Bramlette 8 Sullivan) Levin 1965, p. 266, pl. 41, figs. 9a-c; as 
Dismlithus planus Brarnlette & Sullivan 1961, p. 143, pl. 3, figs. ?a-c. 

Helicosphaera bramlettei (MUller) Jafar & Martini 1975, p. 390; as Hdi- 
copontosphaera bramlettei MUller 1970, p. 114, pl. 5, figs. 4-6. 

H sp. aff. H. heezenii (Bukry) Jafar 8 Martini 1975, p. 390; as H e l h -  
pontosphaera heezenii Bukry 1971 b, p. 318, PI. 5, figs. 1-5. 

H. lophota (Bramlette & Sullivan) Jafar & Martini 1975. p. 391; as Heli- 
coponfosphaera lophota (Bramlette & Sullivan) Bukry et al. 1971, p. 
1300: as Helicosphaera seminulum lophota Bramlette & Sullivan 1961, 
p. 144, pl. 4, figs. 3. 4. 

Markalius inversus (Deflandre) Brarnlette & Martini 1964, p. 302, pl. 2, 
figs. 4-9 pl. 7, figs. 2a, b; as Cyclococcolithus l e p t o ~ s v a r .  inver- 
sus Deflandre in Deflandre and Fert 1954, p. 150, pl. 9, figs. 4-7. 

Micrantholrthus aequalis Sullivan 1964, p. l m ,  pl. 9. fig. 6. 
M. inaequalis Martini 1961, p. 7, pl. 2, fig. 13; pl. 5, fig, 45. 
Nannotelma cristata (Martini) Perch-Nielsen 1971, p. 66, pl. 56, figs. 9- 

12; as Trochoaster cristatus Martini 1958, pl. 5, fig. 26. 
N. quadrata (Bramlette & Sullivan) Bukry 1973b. p. 703: as Chiphrag. 

malithus? quadrala Bramlette & Sullivan 1961, p. 157, pl. 10, figs. Ida, 
b, 15. 

Reticulofenestra samodurovii (Hay et al.) Roth 1970, p. 852; as  ape^ 
fapefra sarnodurovii Hay et al. 1966, p. 388, pl. 6, figs. 1 -7. 

R. umbilica (Levin) Martini & Rittkowski 1968, p. 245, pl. 1, fig.11; as 
Coccolithus umbilicus Levin 1965, p. 265, pl. 41, fig. 2. 

Rhabdosphaera sp. alf. R. crebra (Deflandre) Bramlette & Sullivan 1961, 
p. 146, pl. 5, figs. 1-3: as Rhabdolithus creber Deflandre in Deflandre 
and Fert 1954, p. 157, pl. 12, figs. 31-33. 

R. sp, cf. R. morionum (Deflandre) Brarnlette & Sullivan 1961, p. 146. 
pl. 5, figs. 12a, b. 13; as Calyptrolithus morionurn Deflandre in Oe- 
flandre and Fert 1954, p. 147, pl. 12, figs. 7,8, text-figs. 63 64. 

R. spinula Levin 1965, p. 267. pl. 42, fig. 3. 
Scampanella bispinosa Perch-Nilsen in Perch-Nielsen and Franz 1977, 

p. 853, pl. 3, figs. 1-7; pl. 6, figs. 12-14, 15-17, text-fig. 3(14). 
Sphenolithus moriformis (BrOnnimann & Stradner) Bramlette tl Wilcoxon 

I 1967, p. 124, pl. 3. figs. 1-6; as Nannoturbella mor~formis BrOnnimann 
8 Stradner 1960. p. 368, figs. 11-16. 

S. radians Deflandre in Grass6 1952, p. 466, figs. 343J-K, 363A-G. 
S. spiniger Bukry 1971 b, p. 321, pl. 6, figs. 10-12; pl. 7, figs. 1, 2, 
Syracosphaera labrosa Bukry & Bramlette 1969, p. 141, pl. 3, figs. 15- 

17. 
Transversopontis pulcher (Deflandre) Perch-Nielsen 1967, p. 21, pl. 3, 

figs. 9-11; as Discolilhus pulcher Deflandre in Defiandre and Fert 
1954, p. 142. pl. 12, figs. 17, 18. 

T. pulcheroides (Sullivan) Perch-Nielsen 1971, p. 40, pl. 33, figs. 3, 7; as 
Discolithus pulcheroides Sullivan 1964. p. 183, pl. 4, figs. 7a, b. 

Zygolithus dubius Deflandre in Deflandre and Fert 1954, p. 149, text- 
figs. 43, 44, 68. 

Zygrhablithus bijugatus (Deflandre) Deflandre 1959, p. 135; as Zygal- 
thus bijugatus Deflandre in Deflandre and Ferl 1954, p. 148, pl. 1 1, 
figs. 20, 21, text-fig. 59. 

Actinoptychus undulatus (Bailey) RalfS; as A. senarius (Ehrenberg) Eh- 
renberg-Kanaya 1957, pl. 7, fig. 17 (pl. 7, fig. 8). 

Asterolampra insignis Schmidt 1874-1959, pl. 137, figs. 1-3. 
Chaetoceros spines (pl. 8,  fig. 1). 
Coscinodiscus argus var. 1 (pl. 7, fig. 10). 
C. bulliens Schmidt-Kanaya 1975, pl. 5. fig. 3. 
C. marginatus Ehrenberg-Kanaya 1957. pl. 6, fig. 1 (pl. 7, fig. 11). 
C. radiatus Ehrenberg-Kanaya 1957, pl. 6, figs. 2-4. 
C. tuberculatus var. atlantica Glezer & JousB; as C. tuberculalus Gre- 

ville-Kanaya 1957, pl. 6, figs. 6-8 (pl. 6, figs. 3-4). 
C, symbo(ophonrs Grunow-Schrader and Fenner 1976, pl. 20, fig. 1. 
C. spp. Includes C. argus Ehrenberg, C. oculusiridis Ehrenberg, etc. 
Craspedodiscus oblongus (Greville) Grunow; as Coscinodiscus oblon- 

gus Greville-Kanaya 1957, pl. 6, figs. 2-4 (pl. 6, figs. 1-2). 
Cymetosira spp. Compare Cymatosira spp. of Schrader and Fenner 

1976, pl. 20, figs. 12. 13. 
Hantzschia sp. 
Hemiaulus polycystinorum var. mesolepta Grunow-Kanaya 1957, pl. 

7, figs. 12-14 (PI. 8, figs. 3. 5). 
H. spp. Included is H. polymorphus Grunow-Kanaya 1957, pl. 7, figs. 

10, 11. 
Melosira architecturalis Brun; as Cyclotella hannae Kanaya 1957, pl. 3, 

figs. 10-14 (pl. 7, figs. 1-3). 
M. sulcala (Ehrenberg) KutziWKanaya 1957, pl. 3, figs. 1, 2 [pl. 7, 

fig. 4). 
Manobrachia simplex Schrader in Schrader and Fenner 1976, pl. 41, 

figs. 15, 16, 18, 20. 
Pseudopoldosira bella Glezer & Posnova-Fanner 1977, pl. 10, figs. 2, 

3, 6-8; as Hercotheca? sp, a of Kanaya 1957, pl. 8, figs. 15-17 (pl. 
7. fig. 9). 

Pterotheca aculeifera (Grunow) Van Heurck; as PyxiIIa aculeifera Gru- 
now-Kanaya 1957, pl. 8, figs. 1, 2 (pl. 8, fig. 13). 

P. danica (Grunow) Forti: as Pyxila danica (Grunow) Hanna-Kanaya 
1957, pl. 8, figs. 5-7 (pl. 8, fig. 10). 

P. gracillima Fenner 1977, pl. 12, figs. 5, 6 (pl. 8, fig. 11). 
P. sp. (pl. 8, fig. 12). 

PLATE 3 

Eocene silicoflagellates from the Kellogg Shale 
Scale bar for all figures equals 10 pm 

! 1-14 Dictyocha byronalis Bukry, n.  sp. 347031, sample K-2; 9, USNM 347032, sample CD- 
1, USNM 347025, sample K-4; 2, USNM 347026, 16; 10, USNM 347033, sample CD-14;11, variant, 
sample K-4; 3, holotype, USNM 347024, sample USNM 347034, sample CD-23; 12, fibuloid, USNM 

I K-6; 4, USNM 347027, sample CD-5; 5, USNM 347035, sample K-6; 13, medusoid, USNM 347036, 
347028, sample CD-6; 6, USNM 347029, sample sample CD-6; 14, giant, USNM 347037, sample 

I 
CD-15; 7, USNM 347030, sample K-5; 8, USNM K-I  1. 



PLATE 3 



J. A. Bamn, D. Bukv, R. Z. Poore: Correlation of the middle Eocene Kellogg Shale of northern California 

Pyxilla gracilis Tempbre & Forti: as Pyrgupyxis gracilis (Tempkre & Forti) Planktonic foraminifers 
Hendey-Fenner 1977, pl. 19, figs. 1-3 (pl. 8, fig. 7). 

P. intermedia Tempere & Foati-Kanaya 1957, pl. 8, fig. 11. 
Rhizosolenia hebetafa f. semispina (Hensen) Gran-Schrader and Fen- 

ner 1976, pl. 7, fig. 2; pl. 9, fig. 15. 
R. sp. 1 (pl. 8, fig. 6). 
R. spp. Included here are other forms of Rhizosolenia which have sparse 

and sporadic occurrences. 
Riedelia claviger (Schmidt) Schrader & Fenner 1976, pl. 41, figs. 6-8, 9; 

pl. 42, figs. 3, 4, 10, 11, 15; as Clavicula? sp. of Kanaya 1957, pl. 7, 
fig. 9 (pl. 8, fig. 4). 

R. sp. 1; as Riedelia? sp. 1 of Schrader 8 Fenner 1976, pl. 41, fig. 1 (pl. 
8. fig. 2). 

Sceptroneis sp. cf. S. tahvaniischrader & Fenner 1976, pl. 24, figs. 27- 
29 (pl. 8, fig. 9). 

S. tenue Schrader & Fenner 1976, pl. 3, figs. 1-4: pl. 25, figs. 12, 22, 
24. 

Sfephanopyxts grunowiiGrove & Sturt-Schrader and Fenner 1976, pl. 

! 
20, fig. 8, pl. 31, fig. 3. 

S. turris (Greville & Arnott) Ralfs-Kanaya 1957, pl. 3, figs. 3-5 (pl. 7, 
fig. 7). 

Stictodiscus kittonianus Greville-Schrader and Fenner 1976, pl. 35, fig. 
27. 

Thalassiosira sp. 1 (pl. 7, fig. 5). 
T. sp. 2; as Thalassiosira? sp. 1 of Fenner 1977, pl. 3. figs. 7, 8 (pl. 7, 

fig. 6). 
Triceratium barbadense Greville-Fenner 1977, pl. 30, figs. 12-14. 
T. brachiaturn Brightwell-Fenner 1977, pl. 30, figs. 27-31. 
T. inconspicuurn Greville-Fenner 1977, pl. 30, figs. 21, 2Z Kanaya 

1957, pl. 7, fig. 8 (pl. 6, fig. 5). 
T. inconspicuurn var. trilobata Fenner 1977. pl. 30, figs. 23-26: as T. 

barbadense Greville-Kanaya 1957, pl. 7, figs. 1-4 (pl. 6, figs. 6-7). 
T. kanayae Fenner; as T schulzii JousGFenner 1977. pl. 30. figs. 1- 

11, pl. 37, fig. 3; as T. sp. a of Kanaya 1957, pl. 7, figs. 5-7 (pl. 6, fig. 
9). 

T. kanayae var. qoadrilobala Fenner: as T schulzii var. quadritobata 
Fenner 1977, pl. 30, figs. 15-20. 

T. sp. 3 of Schrader and Fenner 1976, pl. 27, fig. 7. 

Acarinina aspensis (Co1om)-Blow 1979, p. 908, pl. 148, figs. 7-9; pl. 
153, figs. 5-6: pl. 157, figs. 1-6; pl. 165, figs. 5, 6. Remarks: Samples 
CD-11, CD-12, and CD-15 are dominated by spinose forms with four 
to seven chambers in the final whorl that also show a great deal of 
variability in the extent of the umbilicus and in development of an 
acute periphery. Although a number ot names could be applied to 
various extremes seen in the populations, the assemblages basically 
contain Acarinina aspensis with subordinate amounts of A. solda- 
doensis and Truncorotaloides collacteus. Forms with five to seven 
chambers in the last whorl, a wide, open and deep umbilicus, and a 
rounded periphery are referred to Acarinina aspensis. Forms with four 
spherical to subspherical chambers in the final whorl, a wide and 
deep umbilicus, and a rounded periphery are referred to Acarinina 
soladoensis. Forms with five chambers in the final whorl, a restricted 
umbilicus. and a tendency to develop an acute periphery are referred 
to T~ncomtaloides collacteus. The separation between Acarinina 
and Truncorotaloides is arbitrary in this case as none of the speci- 
mens in these samples show evidence of supplementary apertures 
(pl. 9, figs. 10-1 1). 

Acarinina bullbrooki (Bol1i)-Bolli 1957c, p. 167, pl. 38, fgs. 4, 5. 
Acarinina cuneicarnerata Blow 1979, p. 924, pl. 145, figs. 4 6 :  pl. 148, 

ftgs. 4-6; pl. 153, figs. 1-4; pl. 156, figs. 1-4; pl. 165, figs. 4, 7. 
Acarinina soldadoenis (Br6nnimann)-Bolli 1957a, p. 71, pl. 16. figs. 7- 

9 (pl. 9, figs. 7-8). 
Acarinina spp. 
Chiloguembelina spp. 
Clavigerinella sp. Remarks: Only 1 juvenile specimen of Clavig,9riinella 

was found. 
Globgerinatheka sp. (spp.). Remarks: Several juvenile representatives 

of Globigerinatheka were found in samples CD-8 and CD-11. It is 
likely that these forms were recorded as Globgerina index by Schmidt 
1970. 

Globorotalia frontosa (Subbotina)-Poore and Brabb 1977, p. 259, pl. 
2, figs. 1, 2. 

Globorotalia nana Bolli 1957b. p. 118, pl. 28, fig. 3. 
G l o ~ t a l o i d e s  sp. 
Globorotaloides wilsoni (Cole)-Poore and Brabb 1977, p. 263, pl. 2, 

PLATE 4 

Eocene silicoflagellates and Macrora from the Kellogg Shale 
Scale bar for figures 1,2, 4-13 equals 10 pm; for figures 3, 14-19 it equals 20 prn 

I 1 -3 Dictyocha hexacanfha Schulz 1 1 - 13 Mesocena oamaruensis Schulz 
All from sample CD-4; 3, figured specimen of 11, sample K-8; 12, sample K-5; 13, sample CD- 
Corbisema angularis at left. 12. 

i 4 Dictyocha pentagons (Schulz) 

Sample CD- 12. 

j 5-8 Macrora barbadiensis (Deflandre) 
5, sample CD-12; 6-8, sample K-6. 

I 9-1 0 Macrora najae Bukry 
9, sample K-5; 10, sample CD-14. 

1 4 Mesocena apiculata in flafa Bukry 
Sample CD- 17. 

15-1 6 Mesocena venusta Bukry 
15, sample CD-16; 16, sample CD-8. 

1 7- 19 Naviculopsis americana Bukry, n. sp. 
17, USNM 347039, sample K-2; 18, USNM 
347040, sample K-1 I; 19, USNM 347041, sample 
K-2. 
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figs. 10-13 (pl. 9, figs. 9, 12). Remarks: Globorotaloides wilsoni as 
recognized here and by Poore and Brabb (1977) appears very similar 
if not identical to Globwofalia griffnae Blow. 

Guembelitria columbiana Howe-Beckmann 1957, p. 92, pl. 21 , fig. 16 
(pl. 9, fig. 4). 

Pseudohastigerina danvillensis (Howe & Wallace)-Blow 1979, p. 1 781 ; 
pl. 159, figs. 6. 7; pl. 161, figs. 2-7; pl. 166, figs. 2-10: pl. 253, figs. 
10-12. Remarks; In this study. we assign compressed specimens of 
Pseudohastigerina with curved sutures to P. danvillensis and restrict 
P. micra to forms with subspherical chambers and more radial su- 
tures. (See Blow 1979 for discussion.) Pseudohastigerina micra of 
Schmidt (1970) is equivalent to P. danvillensis of this study (pl. 9, 
figs. 1-3). 

Pseudohastigerina I~llisi (Church)-McKeel and Lipps 1975. p. 260. pl. 
3, fig. 7; pl. 4, fig. 5. 

Pseudohastrgerina micra (Cole) Blow 1979, p. 1 185, pl. 166, fig. 1 1; pl. 

I 
198, figs. 8. 9; pl. 253, figs. 1-9. 

Suhhotina eocaenica (Terquem) sensu Blow 1979, p. lm, pl. 151, fig. 
10; pl. 158, fig. 9. Remarks: A large, robust scbbotinid in samples 
from the Kellogg Shale which closely resembles Subbotina eocaeni. 
ca of Blow (1979, pl. 151, fig. 10; pl. 158, fig. 9) (pl. 9, figs. 5-6). 

Truncorotaloides collacteus (Finlay)-Poore and Brabb 1977, p. 269, pl. 
I 5, figs. 5-7. 

Truncorotaloides rohri BrOnnimann & Berrnudez-Bolli 1957c, p. 170, pl. 
39, figs. 8-12. Remarks: A few specimens in samples CD-11 and CD- 
12 with 5-7 chambers in the last whorl, a restricted umbilicus and an 
umbilical-extraumbilical aperture are referred to T~ncorolaloides mh- 
ri, 

Incartee sedis 

Macrora barbadiensis (Deflandre) Bukry 1977, p. 832, pl. 2, figs. 3, 8; 
as Pseudorocella barbadiensis Deflandre 1938 (in part), p. 91, tide 
Coeblich et al. 1968, p. 139, pl. 33, figs. 4-13, 15-19 (not 14) (pl. 4, I figs. 54).  

Macrora najae Bukry 1977, p. 833, pl. 2, figs. 9-12 (pl. 4, figs. %lo). 
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Kellogg Shale diatoms 
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PLATE 7 

Eocene diatoms 

1 -3 Melosira architecturalis Brun 8 Actinoptychus undulatus (Bailey) Ralf s 
1, sample CD-8, diameter 18 pm; 2, sample CD- Sample CD-16, diameter 43 pm. 
16, diameter 23 pm; 3, sample CD-8, diameter 22 
Pm. 9 Pseudopodosira bella Glezer & Posnova 

4 Melosira sulcata (Ehrenberg) KUtzing Sample CD-15, diameter 17 pm. 
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7 Sfephanopyxis turris (Greville & Arnott) Ralfs Sample CD-8, diameter 48 pm, high and low fo- 
Sample CD-11, length 30 rm. CUS. 
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Kellogg Shale diatoms 
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PLATE 9 

Planktonic foraminifers from the Kellogg Shale. Figures 9 and 12 are from sample CD-5. All others are from sample CD- 
11. Scale bar for figures 2 and 4 equals 10 fim. Scale bar for all others equals 100 pm. i 

1-3 Pseudohastigerina danvillensis (Howe & Wal- 7-8 Acarinina soldadoensis (BrOnnimann) 
lace) 7, umbilical view; 8, spiral view. 
1, side view; 2, close-up of aperture of figure 1; 
3, edge view. 

4 Guembelitria columbiana Howe 
Side view. 

9, 12 Globorotaloides wilsoni (Cole) 
9, umbilical view; 12, edge view. 

5-6 Subbotina eocaenica (Terquem) sensu Blow 
1979 10-1 1 Acarinina aspensis (Colom) 
5, umbilical view; 6, spiral view. 10, umbilical view; 11, spiral view. 
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