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BENTHIC FORAMINIFERS FROM THE LAUREL QUADRANGLE, CALIFORNIA
Kristin McDougall

ABSTRACT

Benthic foraminiferal assemblages were examined from five Cenozoic Formations in
the Laurel Quadrangle. Southwest of the San Andreas Fault, the foraminiferal assemblages
range in age from iate Eocene to carly Miocene and represent primarily upper middle
bathyal deposition; northeast of the San Andreas Fault, the foraminiferal assemblages are
carly Eocene in age and represent lower bathyal to abyssal deposition. Newly collected
samples as well as published data from the San Lorenzo Formation are assigned to the late
Eocene (late Narizian Stage) and to the ecarly Oligocene (carly Zemorrian Stage).
Assemblages from the late Eocene, Refugian Stage were not sampled but are assumed to
be prcscnf since onliy' spot melcs near formational boundaries were sampled in the present
study. The late Narizian portion of the San Lorenzo Formation were deposited at neritic
depths whereas the early Zemorrian portion was deposited at upper middle bathyal depths.
Foraminiferal assemblages from the Vaqueros Sandstone are assigned to the Zemorrian
Stage and suggest upper middle bathyal depths. Late Saucesian and early Relizian
foraminiferal assemblages are found in the Lambert Shale and indicate deposition occurred
at upper middle bathyal depths. Northeast of the San Andreas fault zone, foraminiferal

assemblages from the "mottled mudstone of Mt. Chual” unit is assigned to the early

Eocene, Penutian Stage. Foraminiferal assemblages indicate deposition occurred at lower



bathyal to abyssal depths. Samples from the "marine shale and sandstone of Highland

Way" were barren in Laurel Quadrangle.

|
|
INTRODUCTION
The Laurel 7 1/2 Minute Quadrangle is located in Northem California, south of San
Jose in the San Jose 2° sheet (fig. 1). The Laurel ?uadranglc is cut by the San Andreas

|
Fault, Sargent Fault, Lomita Fault and Zayante Fault which generally run NW-SE across

the area (Clark and others, 1989; fig. 2). Southwest of the San Andreas Fault, Cenozoic
formations discussed include the San Lorenzo Formation (Tsl), Vaqueros Sandstone (Tv)
and the Lambert Shale (Tla). Several other Ccnozoic formations are present southwest of
the San Andreas Fault in the Laurel Quadrangle ( iark and others, 1989) but these were
not sampled for benthic foraminifers and are not diiusscd in this paper. Northeast of the
San Andreas Fault, Cenozoic formations discussed include the "mottled mudstone of Mt
Chual" (Te,), and marmc shale and sandstone of Highland Way” (Tme). Samples from
the Vaqucros Sandstonc were poorly preserved, and samples collected from the “marine
“shale and sandstone of Highland Way"” were barren of microfossils. The purpose of this
paper is to document the Cenozoic benthic foraminiferal faunas which occur in the Laurel
Quadrangle, California, and their age and paleoecology.

Benthic foraminiferal data in the Laurel Quadrangle comes from newly collected
samples as well as samples from previous studigrs on file with the Paleontology and
.Stmtigraphy Branch. Age interpretations are based on the California benthic foraminiferal
" zonations of Almgren and others (1988), McDoughll (1988; 1989), Mallory (1959), and
Kleinpell (1938) as well as the bathyal and abyssal zonation proposed by Berggren and

Miller (1989) (fig. 3). Planktic foraminiferal and cﬁlcarcous nannofossil age interpretations



are given when available. Environmental interpretations are based on an overview of
California benthic foraminifers by Ingle (1980), a study of Atlantic Paleogene benthic
foraminifers by Tjalsma and Lohmann (1983), and a study of cosmopolitan deep-water
benthic foraminifers by van Morkhoven and others (1986). Only general environmental
interpretations are given because statistical data is not available for most of the Laurel
Quadrangle samples and because paleoecological controls of many Cenozoic benthic
foraminifers are only vaquely known. Correlations to coeval formations in California is not

discussed as this work is in progress.

Methods

Samples studied were collected as part of the U.S. Geological Survey National
Mapping Program’s San Jose 2° Sheet Project (NMP) currently in progress. The geologic
mapping of the Laurel Quadrangle was completed in 1989 (Clark and others, 1989). The
sample locations are shown on figure 1 and given in Appendix I. Samples collected as
part of the NMP were digaggrcgatcd with solvent (kerosene) and washed in water through
a 63 micron screen. Since the majority of the samples were, too poorly preserved,
specimens were not counted and no statistical data was generated. Foraminiferal species
identified from these assemblages are given in Tables 1-4. Foraminiferal slides and
residues are on file with the Branch of Paleonotogy and Stratigraphy, U.S. Geological
Survey, Menlo Park, California.

Material from the earlier planktic foraminiferal studies consisted of residue from
which planktic foraminifera and some benthic foraminifers had been picked. Processing

techniques are not known. The residues were examined to determine the age and



cnvironment. Benthic foraminiferal species identified from these assemblages are included

in Tables 1-4.

CENOZOIC FORMATIONS SOUTHWEST OF THE SAN ANDREAS FAULT
San Lorenzo Formation‘ (Tsl)

Four samples were examined from the San Lorenzo Formation: three from exposures
in the northwestern part of the quadrangle and one from the eastern part of the quadrangle
along Soquel Creek (fig. 2). Sample Mf7660 is latq Eocene in age and assigned to the
late Narizian Stage, whereas samples Mf1579, Mf764b and Mf7647 are Oligocene in age
and assigned to the early Zemorrian Stage. The bcmliic foraminiferal assemblages indicate
deposition occurred -at neritic depths during the late iioccnc and at upper middle bathyal
depths in the early Oligocene. “

The foraminiferal assemblage in sample Mf76g0 is poorly preserved and contains
common fragments of Lenticulina spp. and Vaginulinopsis spp. (Table 1). Vaginulinopsis
saundersi is ‘cornnién in \'this assemblage. The range of this species is early Eocene
(Penutian) through middle Eocene (Ulatisian) (Almgren and others, 1988; McDougall,
1989). Varieties of V. saundersi have, however been noted in the late Eocene, Narizian
(Mallory, 1959). This assemblages is therefore no younger than the late Eocene, Narizian
Stage and probably not older than early Eocene.

The assemblage in sample Mf7660 is poorlyi preserved, has low diversity, and
suggests deposition occurred at neritic depths (0-150 hu) This interpretation is based on
the abundance of the genera Vaginulinopsis and Lenticulina which are characteristic of

neritic depths (Ingle, 1980, McDougall, 1980).



Samples Mf7646 and Mf7647 were collected from the same general area (fig. 2).
These samples are assigned to the early Zemorrian, Uvigerina gallowayi Zone (Kelinpell,

1938) which is early Oligocene in age. Cassidulina crassipunctata, which is abundant in

sample Mf7646, ranges from late Refugian to early Zemorrian (Kleinpell, 1938; McDougall,
1980; 1983) and thus indicates an age no younger than early Zemorrian. The presence of

Anomalina californiniensis and Bulimina inflata alligata also support this interpretation

since these species have similar ranges and are most commonly found in the late Refugian
to early Zemorrian.
Species present in sample Mf1579 are not particularily age diagnostic (Table 1).

Cassidulina crassapunctata, which dominates sample Mf1579, suggests a late Refugian to

early Zemorrian age. The remaining species suggest only a Tertiary age.
The benthic foraminiferal assemblages in samples Mf7646, Mf7647 and Mf1579

suggest deposition occurred at upper middle bathyal depths (500-1500 m). Common

Uvigerina gallowayi and few Bulimina inflata alligata have upper depth limits in the upper
middle Bathyal biéfacics \ (Ingle, 1980). Although the dominant species, Cassidulina
crassipunctata, has an upper depth limit in the upper bathyal biofacies (Ingle, 1980), the
presence of a sharp, well defined keel suggests greater depths. Smith (1964) observed the
development of sharp keels on Holocene cassidulinids at depths greater than 450 m along
the Pacific margin. Species with upper depth limits in the outer neritic to upper bathyal
biofacies such as Uvigerina cocoaensis, Cibicides elemaensis, Plectofrondicularia packardi
and P. vaughani are present in these assemblages and may be ecither part of the in situ
fauna or part of the transported fauna. The large, broken specimens of Lenticulina suggest

transport from the neritic biofacies.



Benthic foraminiferal assemblages from the San Lorenzo Formation were described
previously by Smith (1971) along Soquel Creek and py Fairchild and others (1969) from
the northwest portion of Laurel Quadrangle along BLcan Creek and the west branch of
Soquel Creek (fig. 2; Clark and others, 1989). These assemblages are assigned to the late
Eocene, Narizian Stage and to the Oligocene, Zemorrian Stage. Faunas described in these
papers are similar to those from the current study. [Refugian assemblages from the San
Lorenzo Formation were not sampled in either of these studies.

The San Lorenzo foraminiferal assemblages along Soquel Creeck (Smith, 1971) range
from late Eocene to early Oligocene in age and are assigned to the late Narizian and
Zemorrian Stages. Faunas from the Twobar Shale member are sparse. : Eggerella clongata,
E. subconica (E. sp. cf. E. ihungia of Smith, 1971), Karreriella mediaaguensis, Uvigerina

-hispida (U. garzaensis nudorobusta) and Valvulineria tumeyensis are most common in the

latest Narizian (Mallory, 1959). Faunas from the Rices Mudstone Member contain a more

diverse assemblage and are assigned to the early Zemorrian (early Oligocene). The age
o ‘

interpretation is based on the presence of late R{:fugian through Zemorrian species,

Anomalina californica and Cassidulina crassipunctata, and Zemorrian through Saucesian

species, Uvigerinella obesa impolita and U. obesa.

The Oligocene foraminiferal assemblages described by Fairchild and others (1969)
|
from the northwestern portion of the quadrangle are aJsigned to the early Zemorrian Stage.

Age diagnostic species include Anomalina galifomiglg, Bulimina rinconensis (Zemorrian

thfough lower Saucesian), Cassidulina crassipunctata, Uvigerina gallowayi, and Uvigerinella

obesa impolita (Zemorrian through Saucesian).




Vaqueros Sandstone (Tv)
Three samples were examined from the Vaqueros Sandstone: Mf7438, Mf7439, and
Mf7648. These samples are all from approximately the same location on the cast side of
the quadrangle (fig. 2). The samples contain abundant, poorly preserved arenaceous

foraminifers, belonging primarily to the genera Cyclammina or Haplophragmoides.

Occassionally specimens of Bolivina, Fursenkoina and Gyroidina occur. These specimens
are, however, too poorly preserved to identify to species. No age and environmental
interpretations are possible.

Published data from the Vaqueros Sandstone in the Laurel Quadrangle is from Clark
(in Brabb and others, 1977), Smith (1971), and Fairchild and others (1969). Foraminiferal
assemblages from the Vaqueros Sandstone along Soquel Creek (Smith, 1971) contain few
age diagnostic species. However, the presence of Anomalina californica, Cassidulina
crassipunctata and Plectofrondicularia miocenica indicate an early Zemorrian age for these
assemblages. Fdfanﬁnit"eral assemblages from the northwestern comer of Laurel
Quadrangle are younger and suggest an age of late Zemorrian (Fairchild and others, 1969;
Clark in Brabb and others, 1977). Age diagnostic species include Cibicides floridanus
(Zemorrian-Saucesian), Siphogenerina mayi (late Zemoriran-early Saucesian), S. nodifera
(Zemorran), S. smithi (late Zemorrian) and S. transversa (Zemorrian-Saucesian).

The Vaqueros assemblages suggest deposition occurred at upper middle bathyal

depths (500-1500 m) based on the presence of Bolivina marginata, Cibicides floridanus and

Siphogenerina nodifera. The common uvigerinellids may be part of the in situ or may

have been transported from the upper bathyal biofacies.



Lambert Shale (Tla)
A single sample was examined from the Lambert Shale, Mf7649, along Hinkley
Creek on the eastern side of the quadrangle (fig. 2; Table 2). The benthic foraminiferal

assemblage indicates an age of late Saucesian or carly Relizian, during the early Miocene

and that deposition occurred at upper middle bathyal depths (500-1500 m). The age is
constrained by the first appearance of Baggina californica which occurs in the early

Relizian and the last appearance of Siphogenerina transversa which occurs in late

Saucesian. Since Siphogenerina transversa has been f(ﬁund in carly Relizian assemblages of
the Monterey Formation, Ano Nuevo Section (McDougall, 1983) a early Relizian age is
favored here.

Deposition of this assemblage probably occurred in the upper middle bathyal
biofacies (500-1500 m). Except for Siphogernerina transversa, species present in the
assemblage have upper depth limits of the upper bathyal (Ingle, 1980; Lagoe and
McDougall, 1986). | The upper depth limit of Siphogenerina transversa is given as in the
upper middle bat};yal bi\ofacics (Ingle, 1980) and thus, deposition of the assemblage
occurred in the upper middle bathyal biofacies. Foraminiferal assemblages from the
Lambert Shale exposed in the Mountain Charlie Guich area are described by Fairchild and
others (1969) and Clark (in Brabb and others, 1977). These assemblages are Saucesian in
age and contain Dentalina gquadrulata (Saucesian), Siphogenerina kleinpelli (Saucesian-
Luisian), S. transversa (Zemorrian-Saucesian), Uvigerinella obesa (Saucesian-Relizian) and
U. obesa impolita (Zemorrian-Saucesian). @ The Lambert Shale benthic foraminiferal
assemblages suggest deposition occurred at upper middle bathyal depths (500-1500 m)

based on the presence of the various species of Siphogenerina as well as Bolivina

marginata and Uvigerina gesteri. The increase in shelf and upper bathyal species in the




late Saucesian assemblages near Mountain Charlie Guich is the result of either decreasing
water depths in the upper part of the section or increased downslope transport of shelf

maternial.

CENOZOIC FORMATIONS NORTHEAST OF THE SAN ANDREAS FAULT
"Mottled Mudstone of Mt. Chual" (Te,)

Thirteen samples were examined from the "mottled mudstone of Mt. Chual". These
samples were collected from the northeastern part of the quadrangle, just northeast of the
San Andreas Fault (fig. 2). Foraminifers occur in all the samples (Tables 3 and 4).
Benthic foraminiferal assemblages from these samples are either not diagnostic of age or
suggest an carly Eocene age and are assigned to the Penutian Stage as modified by
McDougall (1988, 1989) which is equivalent to planktic foraminiferal zones P8 through P9.
The benthic foraminiferal assemblages from samples Mf2266, Mf2267, Mf2271, Mf7663,
and Mf7665 sugiges_t"o\nly a Tertiary age. Assemblages from samples Mf2268 through
Mf227b, MQ272 throuéh Mf2274, Mf7664 and Mf7666 are carly Eocene in age and
assigned to the Penutian Stage. Sample Mf7667 taken from a unit mapped as questionable
Cretaceous contains only long-ranging Tertiary species and may also belong in this unit.
The foraminiferal assemblages suggest deposition occurred at lower bathyal to abyssal
depths (> 2000 m).

Arenaceous species dominate the benthic foraminiferal assemblages in samples
»Mf2266, Mf2267, Mf2271, Mf7663, and Mf7665 (Tables 3 and 4). Since sample Mf2266
contains only long-ranging late Cretaceous and Tertiary benthic foraminiferal species and
was barren of planktic foraminifers (Poore, unpublished E and R report, 1974), the age of

this sample is unknown. Benthic foraminifers in samples Mf2267 and Mf2271 are also



long-ranging late Cretaceous and Tertiary species, but the presence of Silicosigmoilina

californica and Tritaxilina colei restrict the age to the lower Tertiary. A Paleocene through

middle Eocene age for these samples is suggested by Tritaxilina colei which first appears

in the Paleocene and Silicosigmoilina californica which last appears in the middle Eocene
(planktic foraminiferal zone P13). This age range is supported by the planktic foraminifers
which were interpreted as a late Paleocene to early ene in age, planktic foraminiferal
zones P5-P8 (sample Mf2271, Poore, unpublished E and R report, 1974).

Samples Mf7663 and Mf7665 are strongly weathered, and the assemblages consists
of arenaceous species, questionable internal molds of foraminifers and fragments of planktic
foraminifers. The presence of Tritaxilina colei in sample Mf7663 suggests a lower Tertiary
age since this species occurs throughout the Paleocene'and Eocene in California.  Sample
Mf7665 contains no age diagnostic species.

The foraminiferal assemblages in samples Mf7664 and Mf7666 are moderately well
preserved and contain . sor\ne calcareous species. The presence of Cibicidoides eocaenus

(P6b-P22) and Tritaxilina colei (Paleocene-Eocene) in' sample Mf7664 suggest an Eocene

age. The more diverse assemblage in Mf7666 suggests the early Eocene, Penutian Stage.

The presence of the cosmopolitan deep water speci¢es Bulimina macilenta restricts this

assemblage to planktic foraminiferal zones P7 to }PIS. Further restriction of this

assemblage to P7 through P9, is based on the pmsc4cc of Vemneuilina triangulata which
\

occurs in the Penutian (Mallory, 1959) and Allomorphina conica which occurs in sediments

no younger than early Ulatisian (Mallory, 1959). Similar assemblages are present in the
mottled mudstone (Te,) and marine sandstone and shale (Te,) in the Laurel and Loma

Prieta quadrangles (McDougall, 1989). |
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Sample Mf7667 contain a poorly preserved nondiagnostic assemblage.  Only

Siliscosigmoilina californica was identified to species. Silicosigmoilina californica ranges

from Cretaceous through middle Eocene (planktic foraminiferal zone P13) and thus does
not restrict the age of this assemblage to the Tertiary. Sample Mf7663 contains a fauna
similar to Mf7667 whereas the fauna in the ?Ku unit in the Loma Pricta Quadrangle is
either barren of benthic foraminifers or contains species which were interpreted as late
Eocene in age (McDougall, 1989).

Foraminiferal assemblages in the remainder of the samples from the mottled
mudstone unit (Mf2268-2270, Mf2272-2274 and Mf7658) are diverse and contain numerous
age diagnostic species. These species suggest a early Eocenc age equivalent to the
Penutian Stage as modified by McDougall (1988, 1989) and planktic foraminiferal zones P8
through P9. Age diagnostic species in these assemblages include: Anomalina regina (P6a-

P10), Bulimina callahani (P6a-P10), Bulimina alazaensis (P8-P14), Bulimina macilenta (P7-

P15), Cibicidoides subspiralis (P9-P13), Gonatosphaera eocenica (late P7-P9, possibly P10),
=

Nodosarella advena (P8 and is most common in planktic zones P9 and P10),

Plectofrondicularia paucicostata (P12-P20 with questionable occurrences as old as P8), and

Uvigerina lodoensis miriamae (late P7-P9) (fig. 3). Sample Mf7658 which contains

Eponides mexicanus and Plectofrondicularia vaughani may be the youngest as these species

are more characteristic of the middle and late Eocene. Planktic foraminiferal assemblages
from these samples are assigned primarily to zone P8 (Poore, unpublished E and R Report,
1974).

The benthic foraminiferal assemblages from the mottled mudstone unit suggest that
deposition occurred at lower bathyal to abyssal depths. These assemblages contain

Anomalinoides capitatus, Glomospira charoides, Nuttalloides truempyi, and various species

11



of Pleurostomella which suggest deposition occurred at lower bathyal to abyssal depths (>

2000 m). Species with upper depth limits on the shelf (E. mexicanus, P. salisburyi, V.
asperuliformis, and V. saundersi) are more commoﬁ in samples Mf2269, Mf2274, and
Mf7658, suggesting an increase in downslope trans |

Foraminiferal assemblages from the "mottled mudstone of Mt. Chual” in the Laurel
Quadrangle are the same as those found in this unit in the Loma Prieta Quadrangle

(McDougall, 1989). Age and environmental interpretations are the same.

"Marine shale and sandstone of Highland Way" (Tme)
Two samples were cxamined from the "marine shale and sandstone of Highland

Way" (Tme). Samples Mf7611 and Mf7612 are barren of foraminifers.

SUMMARY

Foraminiferg{ assemblages southwest of the San Andreas Fault in the Laurel
Quadrangle rﬁnge from late Eocene to early Miocene ﬂ}n age (fig. 4). Benthic foraminiferal
assemblages from the San Lorenzo Formation are ass}igncd to the late Narizian and early
Zemorrian stages. Age diagnostic species from the V;qucms Sandstone are assigned to the
Zemorrian Stage. Both early and late Zemorrian assLmblages are present. Foraminiferal
assemblages from the overlying Lambert Shale are ass#gned to the late Saucesian and early
Rglizian stages. Work was not sufficiently detailed to determine the age or nature of the
contact between these formations.

Benthic foraminifers indicate that except for the Butano Sandstone and lower San
Lorenzo Formation, deposition occurred primarily at upper middle bathyal depths.

Assemblages from the Butano Sandstone suggest deposition occurred at lower bathyal to

12




abyssal depths. Assemblages from the late Narizian portion of the San Lorenzo Formation
indicate deposition occurred at neritic depths. Sampling was not extensive enough to
determine whether continuous deposition or unconformities are present.

Benthic foraminiferal assemblages from northeast of the San Andreas Fault in the
Laurel Quadrangle are from the “mottled mudstone of Mt Chual" (Te,). No foraminifers
were found in the "marine shale and sandstone of Highland Way" (Tme). Age diagnostic
benthic foraminifers from the mottled mudstone unit are assigned to the early Eocene,
Penutian Stage as modified by McDougall (1988) and coeval with planktic foraminiferal
zones P8 through P9 and calcareous nannofossil zones CP10 through CP12. Deposition

occurred at lower bathyal to abyssal depths.

13
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APPENDIX I

SAMPLE LOCALITIES
LAUREL 7 1/2 MIN. QUADRANGLE
[

Field Latitude
Number Longitude

Comments

Mf1579

EB 622 37° 05°30" N

121° 53’37" W

Tl Sample taken along Soquel
' Creek from Rices Mudstone Member

of the San Lorenzo Formation.
Collector: Brabb, 1968.

Mf2266

ELB-107a

Te, Sample taken from south edge
of road bordering Lake Elsman, 1,250
feet south of SE 1/4, sec. 25, T9S,
RI1IW.  Collector: Berglund, 1974.
Barren of planktic foraminifers
(Poore, unpublished data, 1974).

Mf2267

ELB-2-21-3

i

Te, Sample taken along Loma Prieta
Avenue on north side of road S44° W
of SE comner of sec. 30, T9S, R1W.
Collector: Berglund, 1974. Barren of

- planktic  foraminifers (Poore,

unpublished data, 1974).

Mf2268

ELB-2-12-1

Te, Sample taken from east side of
NE tum on Loma Prieta Road,
approximately 300 feet SSE of inter-
section of Loma Prieta Road and
creek draining into Ashbury Gulch,
S5°W of SE comer of sec. 30, T9S,

"RIE. Collector: Berglund, 1974.

Slide with planktic foraminifers.

Mf2269

ELB-2-14-1

18

Te, Sample taken from east side of
Loma Prieta Avenue, approximately
250 feet north of intersection with
Loma Prieta Road, south of SW 1/4

~sec. 29, T9S, RIE. Collector:

Berglund, 1974. Slide with planktic
foraminifers.



Mf2270

ELB-2-16-5

Te, Sample taken approximately 250
feet east of Mf2269, south of SW 1/4
sec. 29, T9S, RIE. Collector:
Berglund, 1974. Slide with planktic
foraminifers.

Mf2271

ELB-1-15-1

Te, Sample taken south side of
Loma Prieta Road, approximately 550
feet east of BM 2375, 1 mile south
of southern edge of sec. 29, T9S,
RI1E. Collector: Berglund, 1974.
Slide with planktic foraminifers.

Mf2272

ELB-2-8-2

Te, Sample taken along a dirt road,
approximately 550 feet from
intersection with Loma Prieta Road,
approximately 1 mile south of
southern edge of sec. 29, T9S, RIE.
Collector: Berglund, 1974. Slide with
planktic foraminifers.

Mf2273

ELB-2-9-1

Te, Sample taken along a dirt road
approximately 750 feet SW of
Mf2272, 1 mile south of southern
edge of sec. 29, T(S, RIE. Collector:
Berglund, 1974. Slide with planktic
foraminifers.

Mf2274

ELB-2-9-2

Te, Sample taken along a dirt road
approximately 250 feet west of
Mf2273, approximately 1 mile south
of sec. 29, T9S, RIE. Collector:
Berglund, 1974. Slide with planktic
foraminifers.

Mf7438

88CB2543A 37°05’01" N
121° 52°35" W

Tvq Sample was taken from
mudstone interbed in a medium
bedded sanstone that probably
represents the basal part of the
Vaqueros  Sandstone. Collector:
Brabb, 1988. Abundant arenaceous
foraminifers too poorly preserved to
identify.

Mf7439

88CB2543B 37°05°01" N
121° 52°35" W

19

Tvq Sample from same
locality as Mf7438 but is 12 inches
stratigraphically higher than Mf7438.



Collector: Brabb, 1988. Sample
contains  abundant  foraminiferal
fragments probably representing the
genera  Cyclammina, Bolivina,

| Fursenkoina, and Gyroidina.

Mf7611

Tme  Sample taken from a hard
carbonaceous, siliceous shale similar
to that found in samples Mf7606-

- Mf7609, Loma Prieta Quadrangle.

Sample location not on map.
Collector: Brabb, 1988. Sample
barren of foraminifers.

Mf7612

Tme  Sample taken from a hard
carbonaceous, siliceous shale similar
to that found in samples Mf7606-
Mf7609, Loma Prieta Quadrangle.
Sample location not on map.
Collector: Brabb, 1988. Sample
barren of foraminifers.

Mf7646

 Tsl Sample collected about

300 feet downstream from a waterfall
in a massive sandstone, from a thin

. bedded mudstone and minor

- sandstone; originally thought to be

part of the Butano Formation.
Collector: Clark and Brabb, 1989.

Mf7647

Tsl Sample was collected 4

feet stratigraphically above a 4 inch
thick dark green glauconite bed and
just above the top of a 100 foot thick
massive, glauconitic sandstone that

forms cascades and waterfalls.
Probably Rices Mudstone Member of
'the San Lorenzo Formation.
' Collector: Clark and Brabb, 1989.

Mf7648

88CB2563
88CB2563A
88CB2573 37° 07°10" N
121° 56°30" W
|
89CB2574 37° 07°08" N
121° 56’40" W
88CB2543B 37° 05°01" N

121° 52°35" W

20

Tvq Sample from the same

locality as Mf7439. Sample Mf7648
is from the basal part of the
-Vaqueros Formation. Collector:
'McLaughlin, Clark and Brabb, 1989.
Although foraminifers were observed
in the hand sample, specimens were
not found in the washed residue.




Mf7649

Tls Sample collected along
Hinkley Creek. Collector: J. Clark
and R. McLaughlin, 1989.

Mf7658

Te, Sample taken from the mottled
mudstone unit overlying a glauconite
sandstone. Sample came from a
relatively fresh outcrop along the
south side of Loma Prieta Road,
approximately 1200 feet east of
BM2375. Collector: McLaughlin,
1989.

Mf7660

Tsl Sample taken from the

north side of Laurel Creek about 800
feet upstream from the junction with
Burmns Creek in Twobar Shale
Member, about 25 feet below the
contact with the Rices Mudstone
Member of the San Lorenzo
Formation. Collector: Brabb, 1989

Mf7663

Te, Sample taken within 300 feet of
main bedrock trace of the S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>