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ABSTRACT

Approximately 10,000 feet of Upper Jurassic (Tithonian) Knoxville 

Formation are exposed on the west side of the Sacramento Valley, near 

Elk Creek, California. Consisting of thin-bedded shales, interbedded 

graywackes, limestone lenses, and Buchia piochii coquina, the strata 

also contain a very large foraminifera fauna. Four new species are de­

scribed from this fauna: Saracenaria berryi, Neobulimina knoxvillen- 

san_, Bolivina lankfordi, and Berrya larsoni. Significant morphologic 

features differentiate Berrya larsoni from other Upper Jurassic fora­

minifera and require the proposal of a new genus, subfamily, and fam­

ily. Because Berrya larsoni is a very distinct and relatively abun­

dant Upper Jurassic fossil and has been found as far south as Baja 

California, it may be useful as an index fossil for the Tithonian 

Stage, at least on the west coast of America.
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INTRODUCTION

Jurassic Foraminifera in northern California have not been systemati­

cally studied, although preliminary observations were made in the mid 

1950' s by Keith D. Berry when he undertook zonation of the Lower Creta­

ceous and Upper Jurassic rocks of the Sacramento Valley as part of a ma­

jor Chevron mapping project. In 19^5, P. P. Goudkoff recognized eight 

foraminiferal zones in the Upper Cretaceous of the Sacramento Valley, 

which he designated Zones A through H. Berry (1965) recognized an addi­

tional zone and a subzone in the lower Upper Cretaceous which he named I 

and J-l respectively. Continuing into the Lower Cretaceous, he named the 

lower subzone J-2 and further designated Zones K and L. He recognized 

Zone M in the Upper Jurassic (Tithonian) but was unable to systematically 

study the Upper Jurassic fauna due to time and workload. The Upper Ju­

rassic samples were loaned to the author in September, 1978 for the pur­

pose of completing an in-depth study of the fauna in preparation of this 

thesis. Due to the large number of taxa in the material and the faunal, 

complexities encountered, only a small contribution can be presented at 

this time. It is the author's intention, therefore, to describe only the 

new occurrences; a new family, subfamily, genus and species, and three 

new species of three known genera. Diagrams of their frequency and abun­

dance are also presented.

The samples were collected from the western side of the Sacramento 

Valley, approximately 18 miles west of Willows, California (Figure l).
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Figure 1. - Location of sampled area.
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An E-W traverse extended from just east of Elk Creek, California, west­

ward about six miles to the Knoxville-Franciscan contact (Figure 2). In 

the iilk Creek area, approximately 10,000 feet of Upper Jurassic Knoxville 

are exposed, from which 6ll samples were collected and washed through Ty­

ler screens oi 70 and 120 mesh. The Upper Jurassic samples are designated 

by sample numbers 673 through 736, and by sample numbers 1 through 5̂ -8• 

Sample number 673 is from the top of the Upper Jurassic section and con­

tains the youngest fossils; sample number 5̂ -8 is from the bottom of the 

Upper Jurassic section and contains the oldest fossils.

PREVIOUS WORK

In 197^» Keith D. Berry presented the results of the investigation 

begun in the mid 1950's, at the Pacific Section Meeting of SEPM, at San 

Diego, California. His presentation was both oral and in the SEPM Pre­

print Volume. At that time, he listed six Upper Jurassic foraminifera 

as evidence for his M Zone; Valvulinella? "jurassica" n. sp., Bolivina 

"lankfordi'Vn. sp. , Efeobulimina "knoxvillensis" n. sp. , Pseudoglandulina 

aff. humilis (Roemer), Saracenaria "stoneycreekensis" n. sp., and Ammo- 

baculites aff. cobbani Loeblich & Tappan. He did not formally describe 

these provisional species, however, so they remain invalid. Part of the 

present study is to validate these new species with Mr. Berry's approval 

and guidance.

METHOD OF STUDY

When the samples were initially collected, in the mid 1950's, they 

were selected from approximately 10-15 foot intervals along the strike of





the outcrop. Fresh samples were taken by sampling below the weathered 

zone. An unknown sample weight was sent to the Chevron Lab at Bakers­

field, California, where each of the 6ll samples were washed through Ty­

ler screens of 70 and 120 mesh, resulting in 1,222 subsamples. At that 

time, each of the subsamples were examined thoroughly and all recogniz­

able individuals were removed and placed on microslides. The author re­

ceived both washed samples and microslides in September, 1978. Because 

a new project was to be forthcoming from the samples, new slides were 

made for the vertical distribution of Saracenaria berryi, Neobulimina 

knoxvillensis, Bolivina lankfordi, and Berrya larsoni. When it had been 

determined which of the 6ll samples contained these four species, each 

subsample was very carefully examined for abundance of each of the species. 

The diagrams (Figures ll-l^) are based on counts of very rare (l-3 speci­

mens), rare (U-9 specimens), common (10-30 specimens), abundant (31-100 

specimens), and flood (100+ specimens). Table 1 indicates vertical dis­

tribution by sample numbers 673-736 and 1-5^8. Frequency is shown by very 

rare (VR), rare (R), common (C), abundant (A), and flood (F).

5



STRATIGRAPHY

On the west side of the Sacramento Valley, the strata are exposed in 

a northerly trending belt and represent a nearly continuous record of sed­

imentation from late Late Jurassic (middle Tithonian) to Late Cretaceous 

(Irwin, I960). The belt extends a distance of about 100 miles from near 

Wilbur Springs, in eastern Lake County, to a point southwest of Redding 

in southern Shasta County, and is less than 10 miles in average width of 

outcrop. Along the southern and central parts of the belt, the rocks of 

the Great Valley sequence are separated from those of the northern Coast 

Ranges by a band of ultramafics (serpentines), but along the northern part 

of the belt they unconformably overlie the rocks of the Klamath Mountains 

arc (Anderson, 1933). The Knoxville formation, as exposed along the west 

side of the Sacramento Valley between Wilbur Springs and Paskenta, has an 

average outcrop thickness of 10,000 feet. The base is not known with cer­

tainty , as along most of the valley the lowest exposed beds are in fault 

contact with the band of ultramafic rocks. The Knoxville formation gen­

erally consists of a thick section of thin-bedded shales with thin lenses 

of limestone, but interbedded graywacke and conglomerate are locally abun­

dant. Fossils indicate that it is late Late Jurassic (middle Tithonian) 

in age, with one of its most characteristic and abundant species being 

Buchia piochii (Gabb). Figures 3-8.
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exposed in the creekbed on the eastern side 
of Stony Creek, just north of Elk Creek, Cal

Figure 4. - Surface outcrop of the Upper Jurassic Knox­
ville Fra. , on the west side of Stony Creek 
bridge, just north of Elk Creek, Cal.
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Figure 8. - Outcrop of thin-bedded shales (blue) and
interbedded graywaeke (It. gray), on the 
eastern side of Stony Creek.

Figure 6. - Thin-bedded shales and interbedded gray-
wacke, on the eastern side of Stony Creek.
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Piigure 7 . - Coquina of Buchia piochii, on the eastern 
side of Stony Creek.

Figure 8. - Limestone lens in thin-bedded shales and
graywacke, on the western side of Stony Cre^k.



STRUCTURAL RELATIONSHIPS

The boundary between the northern Coast Ranges and the Sacramento 

Valley, irom near Wilbur Springs to the southern tip of the Klamath Moun­

tains province, is an apparently continuous belt of serpentinized ultra- 

mafic rock, which is sheared, and at some places encloses small lenses of 

strata that appear to be fault slices (Irwin, i960). The shear planes are 

most commonly north-trending and steep, as is the foliation of the slaty 

rocks adjacent to the west. The eastward dip of the strata of the Sacra­

mento Valley sequence steepens toward the belt of ultramafic rock, and in 

some places is even overturned. Although the structure is not clearly un­

derstood, the ultramafic rock appears to be in a zone of high-angle fault­

ing along which the slaty rocks of the Coast Ranges to the west are in 

juxtaposition with the Sacramento Valley sequence of generally only mildly 

deformed rocks to the east (E. R. Larson, personal communication). Talia­

ferro (19^3) states that the contact between the ultramafic rock and the

Sacramento Valley sequence is a high-angle thrust fault that dips 60° to 
r o
05 west in northern Glenn County, and a vertical fault in central Colusa 

County, but that at Redbank Creek, the contact is clearly intrusive. In 

essence, Taliaferro (19̂ -3) considers the ultramafic rock to be a sill that 

intrudes the upper part of the Franciscan and the lower part of the Knox­

ville, but in some places it is wholly within either Knoxville or Fran­

ciscan.

Rynearson (19̂ -6) believes the ultramafic rock to be a dike, inclined 

steeply westward, and perhaps intruded along a pre-existing fault that

10



separated eastward-dipping strata of the Franciscan formation from simi- 

larly dipping strata of the Knoxville formation. Both penecontemporaneous 

and postdepositional deformations were observed along the line of sampled 

outcrops. These deformations were very local and ranged in measurement 

from a few inches to several feet. Figures 9-10.
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figure 9':. - Structural relationship of 
Sacramento Valley and the 
Coast Range (map reproduced 
from Bailey, Blake, & Jones, 1970)
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TABLE 1

Vertical Distribution and Frequency

Sample
No.

Saracenaria
berryi

Neobulimina Bolivina
knoxvillensi s lankfordi

Berrya
larsoni

673
67^
675
676
677
678
679

C
R
R
C
c
A
C

680
681
682
683
68U
685
686
687
688
689

C
C
C
R

VR
VR
C
C
C
A690 _  A

691 - _
692 - - C
693 - - A
69k - - - A
695 - C
696 -  R
697 - A
698 - A
699 - C700
701
702
70370H
705706
707708 
709

VR

C
R
A
C
A
C
A
C
C
C

l h



Table 1— Vertical Distribution
and Frequency (continued) 15

Sample
Ho.

Saracenaria Neobulimina Bolivina
(bg-T.Vyi knoxvillensis lankfordi

Berrya
larsoni

710
711
712 
713 
7lU
715716
717718 
719

C
C
C
A
C
c
c
c
A
R720

721
722
723
72^
725
726
727
728 
729

R
C
C
A
C
A
R
C
A
C

730
731
732
733 
13>b
735736

A
VR R

C 
R 
C 
G 
R

1
2
3
b
56
7
8 
9

10
11
12
13
lU

R

C
C

VR
R
C
C
R
R
C

C
A
F
C
A



Table 1— Vertical Distribution
and Frequency (continued)

16

imple Saracenaria Neobulimina Bolivina Berrya
No. berryi krioxvillensis lankfordi larsoni

15 __ A
16 - — _ C
17 VR VR _ R
18 VR F _ C
19 “ C - c

20 VR R VR R
21 - C — C
22 - A - c
23 VR A _ A
2k R A C R
25 R A — VR
26 VR A. - VR
27 VR C - VR
28 VR C VR VR
29 VR C - VR

30 VR A _. _
31 VR R - —
32 — - - VR
33 - - - C
3̂ - VR C - c
35 VR A - A
36 - R - C
37 - - - > R
38 - - - R
39 - - - C

kO VR R A
k l — — — C
h2 — — — C
b3 - - - C
hk — -  ■ - C
k5 - - - R
k6 — — - VR
b l - - - R
kQ - - - C
k9 - - - R

50 — — - R
51 - - - VR
52 - - - C
53 - - - C
5^ VR R - R
55 - - - C
56 - - - R
57 - VR - R
58 - - - C
59 - - - C



Table 1— Vertical Distribution
and Frequency (continued) 17

Sample
Wo.

Saracenaria Weobulimina Bolivina
berryi knoxvillensis lankfordi

Berrya
larsoni

60
61
62 
63 
6k
65
66
67
68
69

70
71
72
73 
7^
75
76
77
78
79
80 
81 
82 
83 
Qk
85
86
87
88
89

90
91
92
93 
9k
95
96
97
98
99

- A
— - C
— - R
— - R

- VR
- - - VR““ — - VR

- - C
“ - C

- - VR C— - VR G— - - A
- - C

— - - C
— R R C
— - VR R
— - - C
— - - C
■

- - c

- - - c
— - - c
— - - c
— - - c
- - - c
- - - c
- - - R
— - - VR
— - - -
— - VR VR

- — VR
- VR R R
- - - VR
- VR VR VR
- - VR -
- - - VR
- - - VR
- - R VR
- - - VR
- - VR VR



Table 1— Vertical Distribution
and Frequency (continued)

Sample
Ho. Saracenaria Neobulimina Bolivina

^erryi jmoxvillensis lankfordi
Berrya
larsoni

100
101
102
103
10U
105
106
107
108 
109
110
111
112
113
llU
115
116
117
118 
119

VR

VR

VR

120
121
122
123
12k
125
126

169

2 k6

3 86 VR

k70 VR

-
VR

VR R
- VR
R VR
R R

VR R
- R
- VR

VR VR
R VR

VR VR
- VR
- R
C R

VR R
C VR
- VR
— -

-

- —
VR —
VR —

VR -
- -

VR —

VR -

- -

- -



SYSTEMATIC PALEONTOLOGY

The classification followed here is that of LOEBLICH & TAPPAN (196*0. 

Citations of dates following authors of generic and suprageneric taxa are 

to indicate priority only and are not necessarily cited in the references. 

Justification for these terms is given in LOEBLICH & TAPPAN (196*+). No 

attempt has been made to list or describe all species recovered in this 

study. A large and complicated fauna is present in the samples. The su­

perfamily Nodosariacea is conspicuously represented by a large and varied 

taxa, as are several other superfamilies of calcareous foraminifera. A 

broad spectrum of arenaceous forms is also present. Collectively, the 

fauna is indicative of a relatively shallow water environment (neritic 

zone, 0-600 ft.). Because the size and complexity of the fauna presented 

so many problems, the scope of this paper is restricted to proposing new 

Upper Jurassic taxa. The plates are SEM photomicrographs of the paratypes 

which are deposited in the SEM plug collection of Chevron USA, Western Re­

gion, San Francisco, California. The holotypes for Saracenaria berryi, 

Neobulimina knoxvillensis, and Bolivina lankfordi are temporarily pre­

served at Mackay School of Mines Museum, University of Nevada at Reno, Ne­

vada (UNR) under the repository numbers given in the fossil descriptions. 

The genotype and holotype for Berrya larsoni are also temporarily pre­

served at Mackay School of Mines Museum, UNR, Reno, Nevada under the re­

pository numbers given in the fossil descriptions, together with the thin- 

sections of Berrya larsoni.
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Phylum PROTOZOA 

Class SARCODINA 

Order FORAMINIFERA

Superfamily WODOSARIACEA Ehrenherg, 1838 

Family NODOSARIIDAE Ehrenherg, 1838 

Subfamily NODOSARIINAE Ehrenherg, 1838 

Genus SARACENARIA Defrance in de Blainville, lQ2b  
SARACENARIA herryi Cutler, n. sp.

Plate 1 , Figure 2-h

Saracenaria "stoneycreekensis" Berry, 197I+, p. 10

Test free, planispirally coiled in early stage, later tending to un­

coil, triangular in transverse section, with broad flat to somewhat con­

vex apertural face, margins subacute to rounded. Chambers curved, elon­

gate, gradually increasing in size as added, the holotype having about 9 

chambers total. Sutures distinct, curved, limbate, thickened, raised 

above chambers. Wall calcareous, finely perforate, surface smooth. Aper­

ture terminal, radiate.

iMaximum diameter of holotype, 0.h5 mm.; thickness, 0.25 mm.

Discussion. - This species is distinguished by the raised, thick­

ened, limbate sutures, by the ratio Of coiled to uncoiled chambers, and 

by the lack of similarity to any previously described Upper Jurassic spe­

cies of the genus Saracenaria in the literature.

Types and occurrence. - Holotype, MSMM 6200, paratypes, Chev. P69I, 

J-L; numerous other specimens, all from Knoxville Formation, Elk Creek, 

Glenn County, California.

Derivation of name. - berryi, Patronymic, K. D. Berry.
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Superfamily BULIMINACEA Jones, 1875 

Family TURRILINIDAE Cushman, 1927 

Subfamily TURRILININAE Cushman, 1927 

Genus NEOBULIMIM Cushman & Wickenden, 1928 

NEOBULIMINA knoxvillensis Cutler, n. sp.

Plate 2, Figure 1-1; Plate 3, Figure 1-2 

Neobulimina knoxvillensis11 Berry, 1971, p. 25

Test free, elongate, tapering, triserial in early stages, biserial 

m  later stages, not compressed. Chambers numerous, inflated, subglobu- 

lar, increasing in size as added, final chamber approximately 1/2 the 

length of the entire test. Sutures distinct, depressed. Wall calcareous, 

finely perforate, surface smooth. Aperture loop-shaped, extending upward 

from base of final chamber.

Maximum length of holotype, 0.95 mm.; breadth, 0.1*3 mm.

Discussion. - The genus Neobulimina has not previously been reported 

from Jurassic strata. This species slightly resembles N. canadensis, an 

Upper Cretaceous form, except N. knoxvellensis has fewer and much larger 

chambers, is larger in overall size, and the apertural opening is at a 

different angle to the previous chamber than that of N. canadensis.

Types and occurrence. - Holotype, MSMM 6201, paratypes, Chev. P691, 

G-I; numerous other specimens, all from Knoxville Formation, Elk Creek, 

Glenn County, California.

Derivation of name. - knoxvillensis, Geologic, Formation.
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Family BOLIVIIITIDAE Cushman, 1927 

Genus BOLIVINA d'Orbigny, 1839 

BOLIVINA lankfordi Cutler, n. sp.

Plate 3, Figure 3-k; Plate k, Figure 1-2 

Bolivina "lankfordi" Berry, 197k, p. 25.

Test free, small elongate, biserial throughout, compressed, peri­

phery subacute to acute. Chambers low, broad, increasing gradually in 

size, subrectangular. Sutures distinct, gently curved, limbate, flush 

to slightly elevated axially. Wall calcareous, finely perforate, sur­

face smooth. Aperture an elongate loop in final chamber, nearly ter­

minal .

Maximum length of holotype, 0.k2 mm.; breadth, 0.18 mm., thickness, 

0.07 mm.

Discussion. - In the literature available, there is only one Upper 

Jurassic species of Bolivina described. B_. bartensteini Said & Barakat, 

was described as a new species from Sinai, Egypt in 1958. B. lankfordi 

differs from B. bartensteini by having distinct, limbate sutures, sub­

acute to acute margins, and gradually increasing chamber size.

Types and occurrence. - Holotype, MSMM 6202, paratypes, Chev. P69I, 

D-F; numerous other specimens, all from Knoxville Formation, Elk Creek, 

Glenn County, California.

Derivation of name. - lankfordi, Patronymic, R. R. Lankford.
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Superfamily LITUOLACEA de Blainville, 1825 

Family BERRYIDAE Cutler, n. fam.

Test free, large, trochospiral throughout, conical. Chambers globu­

lar, restricted to 5 per whorl, which increase in size as added. Wall 

coarsely arenaceous, imperforate. Aperture subcircular, sublateral to 

subcentral on umbilical side.

Maximum length of genotype, 0.80 mm; diameter, 0.60 mm.

Discussion. - A new family is herein created for the species Berrya 

-----°ni* The examination of numerous specimens shows the chamber arrange­

ment to be consistent. The chamber size is very tiny in the first whorl, 

larger in the next, increasing progressively with maturity, but restricted 

to 5 chambers per whorl. Keith D. Berry (1965) provisionally proposed the 

genus Valvulinella? to this foraminifera, but the author can find no spe- 

eies of Valvulinella younger than Pennsylvanian age. Also, Valvulinella 

is assigned to the family Tetrataxidae, exhibiting a granular, calcareous 

wall. Loeblich & Tappan (196^) reassigned Henson's Jurassic species Val— 

vulinella_ jurassica to the genus Kurnubia, which is in the family Pavoni- 

tinidae. Berrya larsoni remains trochospiral throughout and the interior 

does not appear to be divided by pillars or partitions , as in the Pavoni- 

tinidae.

Types and occurrence. - Genotype, MSMM 6203, from Knoxville Forma­

tion, Elk Creek, Glenn County, California.

Subfamily BERRYIRAE Cutler, n. subfam.

Test free, large, trochospiral throughout, conical. Chambers globu­

lar, restricted to 5 per whorl, increasing in size as added. Sutures in­



distinct. Wall coarsely arenaceous, imperforate, 

sublateral to subcentral on umbilical side.

2k

Aperture subcircular,

Genus BERRYA Cutler, n. gen.

Test free, large, trochospiral throughout, conical. Chambers globu­

lar, 5 per whorl, increasing in size as added. Sutures indistinct. Wall 

coarsely arenaceous, imperforate. Aperture subcircular, subcentral on um­

bilical side.

Discussion. - Wo previously described foraminifera even closely re­

semble this fossil. One very distinctive characteristic of Berrya larsoni 

is its color. The pinkish lavender hue contrasts sharply against the typ­

ical colors found in the samples. The absence of other described Upper 

Jurassic species in the literature make further comparisons untenable. 

Superficially, it could have been compared to Valvulinella, but close ex­

amination shows characteristics in addition to age that do not even vaguely 

agree. Thin sections of Berrya larsoni show the number of chambers to be 

restricted to 5 per whorl. Other genera to which Berrya larsoni could be 

compared have been described as having 3 to many chambers per whorl. The 

thin sections further show the absence of the pillars or partitions diag­

nostic of both Valvulinella and Kurnubia.

BERRYA larsoni Cutler, n. sp.

Valvulinella? ,-jurassica Berry, 197^, p. 25-

Test free, large, trochospiral throughout, conical. Chambers globu­

lar, restricted to 5 per whorl, increasing in size as added. Sutures in­

distinct. Wall coarsely arenaceous, imperforate. Aperture subcircular,

subcentral on umbilical side.
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Maximum length of holotype, 0.?8 mm.; diameter, 0.57 mm.

Discussion. - Berrya larsoni is very distinctive and is easily recog 

nized by its color in the washed samples. It is particularly abundant in 

the upper 8U0-1000 feet of the Knoxville Formation. Keith D. Berry (per­

sonal communication) has found this fossil in a sample from Baja Califor­

nia and is using it for the basis of age-dating the Baja sample as Upper 

Jurassic (Tithonian).

Types and occurrences. - Holotype, MSM 6 20b, paratypes, Chev. P691, 

A-C; numerous other specimens, all from Knoxville Formation, Elk Creek, 

Glenn County, California.

Derivation of name. - Berrya, Patronymic, K. D. Berry; larsoni, Pat­

ronymic, the late Professor E. Richard Larson.
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PLATE 1

Figure 1.

Figure 2.

Figure 3.

Figure L.

- SEM map of all paratypes illustrated. All of the para- 

types are from sample number 2k .

-  Saracenaria berryi, n. sp. Side view of paratype,

Chev. P691, J. ; x200.

- Saracenaria berryi, n. sp. Side view of paratype,

Chev. P691, K.; x225.

- Saracenaria berryi, n. sp. End view of paratype,

Chev. P691, L.; x225-
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PLATE 2

Figure 1.

Figure 2.

Figure 3.

Figure h.

- Neobulimina knoxvillensis, n. sp. Side view of para- 

type, Chev. P691, G., x200.

- Neobulimina knoxvillensis, n. sp. Side view of para- 

type, Chev. P691, G. , xlOO. Apertural view, x300.

- Neobulimina knoxvillensis, n. sp. End view of para- 

type, Chev. P69I, H., x225.

- Neobulimina knoxvillensis, n. sp. End view of para- 

type, Chev. P69I, H. , xlOO. Apertural view, x300.
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Figure 1.

Figure 2.

Figure 3.

Figure U.

- Neobulimina knoxvillensis, n. sp. Proloculus view of 

paratype, Chev. P69I , I., x300.

- Neobulimina knoxvillensis, n. sp. Proloculus view of 

paratype, Chev. P691, I., xlOO. Enlarged proloculus 

view, x350.

- Bolivina lankfordi, n. sp. Side view of paratype, 

Chev. P691, D., x200.

- Bolivina lankfordi, n. sp. Side view of paratype, 

Chev. P691, E., x200.

PLATE 3

3b.



F i g u r e  3. Figure: 4.

Figure 1. Figure 2.



PLATE 5

Figure 1.

Figure 2.

Figure 3.

Figure U.

- Berrya larsoni, n. gen., n. sp. 

paratype, Chev. P691, A., x300.

- Berrya larsoni, n. gen., n. sp. 

type, Chev. P 6 9 I ,  B., xl80.

- Berrya larsoni, n. gen., n. sp. 

paratype, Chev. P 6 9 I,  C . , xl50.

- Berrya larsoni, n. gen., n. sp. 

lus view of paratype, Chev. P69I

Side view of para-

Proloculus view of

Enlarged prolocu- 

C., x300.

Apertural view of
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| Figure' 1. Figure 2.
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