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MEASURED SECTIONS OF PALEOGENE ROCKS FROM THE CALIFORNIA COAST RANGES

By E. E. Brabb, 3. C. Clark and C. K. Throckmorton

INTRODUCTION

The short-term purpose of this report is to provide the 
geologic and geographic framework for a series of field trips and 
a symposium on the California Paleogene to be held in Menlo Park, 
California, October 23-29, 1977, under the auspices of the 
International Commission on Paleogene Stratigraphy (ICPS). The 
long-term purpose is to facilitate the correlation of California 
Paleogene sequences with those in the classic and type areas of 
western Europe.

The report was conceived in 1968 during a series of field 
trips held in France, Italy, Belgium, and England as a part of an 
Eocene Colloquium organized by Professor Ch. Pomerol of the 
University of Paris, Currently Chairman of the ICPS. The great 
success of these field trips in facilitating exchanges of ideas 
about the concepts of stratotypes and in correlating sequences 
from one region to another (see summary by Brabb, 1969) led to 
subsequent field trips and meetings on the Oligocene in Germany 
(1969) and the Caribbean region (1973) and the proposal to meet 
in California during 1977 and in the Soviet Union in 1978.

Ideally, the Paleogene sections selected for study should 
record continuous deposition from Late Cretaceous to early 
Miocene time; they should be reasonably accessible and well 
exposed; they should contain an association of different fossil 
groups that are useful for intercontinental correlation, such as 
planktonic foraminifers and nannoplankton; they should contain 
some of the fossil groups that have proven useful for local 
correlation, such as mollusks, echinoids, and benthonic 
foraminifers; and they should be in an area where the structure 
is reasonably simple.

Accordingly, the senior author in 1974 began a search for 
sections in California (fig. 1) that would fulfill most, if not 
all, of the above-mentioned requirements. This search is still 
continuing, because no perfect sections have been found, but the 
sections described in this report provide collectively a first 
approximation of an ideal California Paleogene sequence. 
Hopefully, additional work in the years ahead will fill gaps in 
our knowledge about the evolution of the different fossil groups 
and about the correlation of provincial chronologies with those 
in other areas of the world.

1



MAP OF CALIFORNIA
SHOWING 

NATURAL PROVINCES

MAJOR GEOLOGIC UNITS

..**. Cenozoic volconics

.'.  ' \ Cenozoic sediments 

Cretaceous sediments

Jurassic Franciscan group

Mesozoic-Poleozoic meta-
morphic-gronitic rocks

Basin-Ranges ond Moiove
Desert rock complex

KILOMETERS

Figure 1.--Natural provinces of California and major geologic 
units (from Hinds, 1952). MD = Mount Diablo; SJ = San 3ose; 
SCM = Santa Cruz Mountains; LG = Lodo Gulch; DD = Devils Den



Previous Work

The correlation of California rocks of Paleogene age with
those in Europe has a long and complex history that can only be
highlighted here. Kleinpell (1938, p. 168-181), in his classic
work defining the Miocene benthonic foraminiferal stages of
California, attempted to correlate the California faunas with
those of western European sections and elsewhere. He pointed out
that rocks considered traditionally as Lower Miocene in
California are probably correlative with those considered
Oligocene in Europe ((fig. 2). The correlation of the Refugian
Stage with the Oligocene is still practiced by some oil company
micrupaleontologists; see, for example, the report by the
International Oil Scouts Association (1973, p. 32). Schenck and
Childs (1942) correlated the Saucesian Stage and the Vaqueros
Formation with the Middle and Upper Oligocene of Europe and
elsewhere, based on the stratigraphic occurrence of
te.Ri^2£y£iiH^  Their correlation was discussed extensively by a
number of paleontologists in the same report, some favoring a
Miocene age based on similarities of the Vaqueros molluscan fauna
with the Burdigalian faunas of Europe, and on the apparent
"Miocene" age of vertebrates from beds below the Vaqueros,
whereas others argued that some of the Vaqueros mollusks were
similar to those of "Oligocene" age in Trinidad, and that the
percent of living mollusks in the Vaqueros (1-2%) is most similar
to faunas of "Oligocene" age. These differences in opinion
proved to be irreconcilable in the attempt by the U.S. Committee
on Stratigraphy to provide a standard correlation chart for
marine Cenozoic formations of western North America (Weaver, and
others, 1944). Two standards had to be provided, one based
largely on species of mollusks, echinoids and corals, and the
other on benthonic forami nifers. The present correlation of
these separate standards with the European series is shown on
figure 2. These, correlations were modified somewhat by Turner
(1970) and were used by Berggren (1972) and Hardenbol and
Berggren (in press) to correlate with planktonic foraminifer and
nannoplankton zones shown on figure 2.

The validity of some California Tertiary stages based 
largely on benthonic foraminifers has been questioned in recent 
years. Pierce (1972) and Barren (1976) believe that the 
Delmontian Stage of Kleinpell (1938) is coeval with the lower and 
middle part of the Mohnian Stage. Steineck and Gibson (1971), 
Gibson and Steineck (1972), Schmidt (1975), Bandy (1972) and 
Bukry and others (1977) believe that probably all of the 
California Eocene and Paleocene stages of Mallory (1959) are 
time-transgressive when compared to nannoplankton and planktonic 
foraminifer zonations. Hornaday and Philips (1972), on the other 
hand, challenge most of these opinions.
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Present Investigation

The time is opportune, therefore, for a systematic new look 
at the validity and correlation of California Tertiary 
biostratigraphic units. This report and the paleontologic 
reports that will follow concentrate on the Paleogene. Ideally, 
the type sections for each of the Paleogene benthonic 
foraminiferal stages should have been included, but the task 
proved to be immense and several unanticipated problems were 
encountered. For instance, there does not seem to be a surface 
section for the Narizian Stage of Mallory (1959) in its type 
locality. Instead, several sections representative of deep 
marine deposition with benthonic forami nifers , planktonic 
f or ami ni f er s , and nannopl ankton were meastired, and their faunas 
and floras distributed to paleontologists for study. Their 
reports will constitute the conference part of the ICPS field 
meeting in October 1977.
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REGIONAL SETTING

The Paleogene sections described in this report are in the 
California Coast Ranges (fig. 1). Most are from areas west of 
the San Andreas fault in the Santa Cruz Mountains of west-central 
California--a few are from areas east of the San Andreas fault 
from Mount Diablo to Devils Den. The Paleogene rocks west of the 
San Andreas fault rest either directly on crystalline 
metasedimentary and granitic rocks of the Salinian block or on 
sedimentary strata of Late Cretaceous age. East of the San 
Andreas fault, the Paleogene rocks commonly rest on Jurassic and 
Cretaceous strata of the Great Valley sequence, which in turn are 
faulted against a complex tectonic assemblage of



Mesozoic sedimentary met amor phic, igneous, and volcanic rocks 
that is commonly referred to by petroleum geologists as 
"Franciscan basement." The relation of "Franciscan basement" 
rocks to the granitic basement rocks along which they are 
juxtaposed by the San Andreas fault has long been one of the most 
intriguing and complex problems of California geology. A series 
of lectures edited by Nilsen (1977) gives a synopsis of the 
problems and some working hypotheses for the tectonic evolution 
of California during Mesozoic and Cenozoic time. The most 
significant concept for the purpose of this report is that the 
San Andreas and other strike-slip faults have displaced the 
Paleogene sequences hundreds of kilometers with respect to each 
other. The Santa Cruz Mountains, for example, are thought by 
Nilsen and Clarke (1975) to have been opposite the Devils Den 
area, 250 km to the south, during the early Tertiary.

The paleogeography of central California during the 
Paleogene is not well established. Most published analyses are 
not based on a firm biostratigraphic framework, so that rocks of 
middle Eocene age in one area may be compared with rocks of late 
Eocene age in another. There is also a problem with displacement 
of the Paleogene sequences along secondary lateral faults. 
Although extensive lateral displacement along the San Andreas has 
been considered since the classic report by Hill and Dibblee 
(1953), many new lateral faults have been discovered that make 
paleogeographic reconstructions more complex. Nevertheless, much 
progress has been made, especially by a few geologists who have 
atempted to apply modern sedimentary concepts to understanding 
Paleogene depositional patterns. Nilsen (1977) and Dibblee 
(1977) provided extensive bibliographies listing many of these 
studies, and they also provided the synthesis that is summarized 
bel ow.

A generalized paleogeographic map of early Tertiary 
California based on about 300 km of late Cenozoic right- 1ateral 
slip is shown on figure 3. The area between Devils Den and Mount 
Diablo was characterized by uplands in the Sierra Nevada, a 
linear basin in the area of the Great Valley in which a 
westward-thickening sequence of marine strata was deposited, 
islands on the continental borderland that contributed sediments 
in local areas, and a trench and subduction zone in what is now 
the Pacific Ocean. The La Honda basin, where all the field trips 
will take place, was on the continental borderland, mostly at 
lower bathyal and abyssal depths with open connections to the 
ocean.



The present location of the 
Garlock fault and the following 
geographic features are include' 
for orientation purposes: 
SAC = Sacramento; SF = San 
Francisco; BAK = Bakerfield; 
Mon = Monterey; LA - Los Angele 
SD = San Diego; DD = Devils Den 
LG = Lodo Gulch; MD = Mount 
Diablo; SJ = San Jose; SCM = 
Santa Cruz Mountains.

PACIFIC 
OCEAN

  ̂ -
GARLOCK FAULT 

'(PRESENT TRACE)

N

A

PACIFIC 

OCEAN

50 100 MILES

0 50 100 KILOMETRES

Figure 3.--Generalized paleogeographic map of early Tertiary 
California, based on reversal of 190 miles (305 km) of 
late Cenozoic right-lateral slip along the modern San 
Andreas fault (from Nilsen and Clarke, 1975).



Mol luscan fauna
of the "Lincoln Stage"

  1 -5 species

  6-20 species

  21 -45 species

  46-90 species 

Paleogeography of the Refugian Stage

Marine strata* <500+ feet in thickness 

Marine strata >500 feet in thickness

Coeval nonmarine strata

Figure 4.--Index map of California showing generalized Refugian 
Stage paleogeography and principal occurrences of molluscan 
assemblages. From Addicott (1968, fig. 2).



Quaternary alluvial deposits 
Neogene formations 
Oligocene formations, exposed 
Oligocene formations, concealed 
Eocene and Cretaceous marine strata 
Granitic and metamorphic basement

Valley 

BAKERSFIELD

STAGE

Zemor- 
rian

Refug

Nariz- 
ian

LA HONDA BASIN 
(Santa Cruz Mtns.)

Vaqueros 
Formation

San Lorenzo 
Formation

Butano 
Formation

CO

SAN JOAQUIN BASIN 
(San Emigdio Mtns.) j (Devils Den)

Temblor 
^Formation
Pleito 

Formation
San Emigdio 

Formation
Tejon 
Formation

Temblor 
Formation 500M

Wagonwheel 
Formation

Point of Rocks 
Sandstone

Figure 5. --Pal inspast i c map showing Oligocene (Ref ugi an-ear 1 y 
Zemorrian Stages) and adjacent formations of the La Honda 
sedimentary basin of Santa Cruz Mountains and of the San 
Joaquin basin, in inferred original relative positions, 
prior to about 280 km of pos t-Ol i gocene right-slip 
displacement on the San Andreas fault. Also shown are the 
nomenclature and s t rat i graphi c positions of the Oligocene 
units of each area. FromDibblee (1977, fig. 8-6).

10



Mo I luscan fauna 
of the "Vaqueros Stage"

  1-5 spec ies

  6-20 species

  21-45 species

46-90 species 
Paleogeography of the Zemorrian 

and Sauces ian Stages

Marine strata* <1OOP* feet in thickness 

Marine strata*>1000 feet in thickness

CoevaI nonmar ine strata
*Relative thicknesses not shown south
of Santa Ynez Mountains

124° 122°

Figure 6.--Index map of California showing generalized Zemorrian 
and Saucesian Stages paleogeography and principal 
occurrences of molluscan assemblages. From Addicott (1968, 
fig. 3).
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The Oligocene Epoch was characterized by major changes in 
California tectonics and paleogeography. Significant dip-slip 
displacement along several major faults produced widespread 
emergence of the Salinian block and the deposition in 
down-dropped blocks of hundreds of meters of nonmarine clastic 
sediments. Volcanism was extensive. Marine conditions continued 
in the La Honda basin with the deposition of mud that now forms 
the San Lorenzo Formation and Lambert Shale, which was 
interrupted by the local extrusion of as much as 700m of volcanic 
rocks (Mindego Basalt) and the northerly influx of arkosic sand 
and conglomerate that now form the Vaqueros Sandstone and Zayante 
Sandstone. Some paleogeographic reconstructions during the 
Oligocene are shown on figures 4, 5, and 6.

DESCRIPTION OF THE SECTIONS

Most of the sections described in this report are shown on 
the geologic map, figure 7. A composite geologic column for the 
sections in the Santa Cruz Mountains between the San Andreas and 
San Gregorio faults is shown on figure 8. Additional geologic 
and geographic maps and other information about the sections are 
provided in the individual description of each section. The 
field trip route is not shown on any map because it will likely 
change according to weather, tide height, and other access 
problems .

Exposures along the creek and river sections vary 
considerably from year to year depending primarily on rainfall. 
Most sections were best exposed after the 1955 flood waters had 
moved enormous quantities of gravel, sand and silt into the sea. 
Since then, construction and logging activities upstream and less 
runoff from the winter rain storms have resulted in the 
deposition of considerable sediment and the covering of bedrock 
exposures .

The availability of fresh rock exposures in the river and 
creek bed beneath the water may determine the relative chances of 
obtaining calcareous forami nifers. The tests of the calcareous 
foraminifers seem to be weakened or entirely dissolved by 
circulating ground water along the river and creek banks, whereas 
rocks collected beneath the summer water level have yielded 
well-preserved assemblages.

12
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THICK
NESS

Meters
(feet)

1725

(5650)

(0-8850)

0-130 
(0-430)

810 
(2700)

0-240

(1500)

0-1200 
(0-4000)

0-910
(0-3000)

0-550
(0-1800)

400-810

(1300-
2700)

2400 +
(8000+)

75-270
(250-900)

DESCRIPTION

Verythickbeddedyellowish-gray tuffaceous and diatamaceaus

siltstone, thick bedded and thickly crossbedded bluish-gray

semifnable andesitic sandstone,- and thin bedded medium

gray siliceous mudstone

Medium- to thick-bedded and faintly laminated, pale-yellowish-

brown siliceous mudstane with scattered spheroidal dolomite

concretions, locally grading to sandy siltstone

'Very thick bedded and thickly crassbedded, yellowish-gray 
to white friable arkosic sandstone

Medium- to thick-bedded and laminated olive-gray subsiliceous 

organic mudstone and sandy siltstone with few thick dolomite

mterbeds

Thick-bedded to massive yellowish-gray arkosic sandstone

Thin-to medium-bedded and faintly laminated olive-gray to
dusky-yellowish-brownorganic mudstone with phosphatic 

lanmaeand lenses in lower part

Predominantly olivme-bearing basaltic pillow lava and flow

Thick-bedded to massive yellowish-gray arkosic sandstone with
thin mterbeds of medium-gray siltstone

Thick to very thick bedded, yellowish-orange arkosic sandstone

with thin mterbeds of green and red siltstone and lenses and 

thick mterbeds of pebble and cobble conglomerate

Upper part is nodular light-gray mudstone, locally grading to

fine-grained arkosic sandstone, lower part is very thin

bedded olive-gray clay shale

Medium-bedded to massive yellowish-gray arkosic sandstone

with thin mterbeds of olive-gray siltstone and thick mterbeds

of sandy pebble conglomerate in lower part

Nodular olive-gray to pale- yellowish-brown micaceous
siltstone; massive arkasic sandstone locally at base

Predominantly hornblende-biotite quartz diorite, ranging

from gabbro to granite Intrusive into schists, quartzites,

marbles, and calc-silicate rocks

Figure 8.--Composite stratigraphic column for 
the San Andreas and San Gregorio faults

the area between
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The distribution of the forami nifers is also uneven. They 
seem to be concentrated in laminae or thin beds, and sparse or 
absent in similar rocks nearby. They are generally less abundant 
in sandstones and siltstones compared to claystones. Several 
hours of careful searching with a hand lens may be required to 
find the same foraminifer-bearing bed shown on the various 
stratigraphic columns. To help geologists find the exact bed, 
metal tags were put on the rock at many localities. 
Unfortunately, the tags do not seem to last long in populated 
areas.

The sections are reasonably accessible, unless otherwise 
noted. Permission to cross private property can usually be 
obtained from residents in the area. There are generally no 
problems taking small samples for microfossil analyses except in 
State parks and nature preserves, such as in the Atfo Nuevo area, 
where no samples can be collected without a permit.
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GLAUCONITE

The upper and lower boundaries of the Refugian Stage are 
marked by glauconitic sandstones. In Little Boulder Creek, the 
basal 30 cm (1 foot) of the Refugian Stage (the basal 30 cm of 
the Rices Sandstone Member of the San Lorenzo Formation) is 90 
percent glauconite. The glauconite was bright green in outcrop 
before it was covered by material caved in from the stream bank. 
The other 10 percent of the rock consists of well-rounded quartz 
and feldspar grains and abraded fish teeth.

About 2.3 km southeast of Little Boulder Creek, in an 
unnamed tributary of Pescadero Creek, the glauconite-rich basal 
bed of the Refugian Stage is about 15 cm (6 inches) thick. Some 
of the glauconite is in ovoid tubes, presumably worm burrows, 
that extend several centimeters into the underlying Twobar Shale 
Member .

At other localities the glauconite is not as abundant in the 
basal bed, but it generally comprises at least 5 percent of the 
basal sandstone. The glauconitic sandstone marks not only the 
base of the Refugian Stage but also the contact between the 
laminated shales characteristic of the Twobar Shale Member and 
the more massive and spheroided weathering mudstones and 
siltstones characteristic of Rices Mudstone Member. It also 
marks a change from open-sea faunas represented predominantly by 
the Buliminids, Globigerinids, robust arenaceous foraminifers, 
and a few thin-shelled mud pectens to assemblages in the Rices 
Mudstone Member dominated by Lagenids Anomalinids, and more 
abundant and more robust mollusks like B£uchi£kjja, Pjlisco^uisuis, 
and Modj_oUi:s. As mentioned by Brabb T1964, p. 677T, these 
changes suggest significant tectonic adjustments requiring 
considerable time. The glauconinte, therefore, may indicate a 
stratigraphic break or disconformi ty.

The glauconitic sandstone at the base of the Zemorrian Stage 
contains phosphatic pellets that are 1-2 cm long at most 
localities. Some of the phosphatic pellets are coated witK 
manganese and are black, whereas others are pale brown and appear 
to be entirely phosphate.

There are at least two glauconitic sandstone beds within the 
Vaqueros Sandstone. Burchfiel (1964) andMcCollom (1959) used 
these beds to correlate sections of the Vaqueros from one valley 
to another. The significance of these glauconites with respect 
to for ami niferal and nannoplankton zonations has not yet been 
es tabli shed.
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No glauconite-rich beds have been found in the Butano 
Sandstone or the Locatelli Formation. Glauconite-rich sandstone 
and conglomerate beds are cormnon in Neogene sequences in the 
Santa Cruz Mountains, but few of these have been described or 
dated by paleontologic methods. The Paleogene glauconites seem 
to have been too deeply buried for meaningful K-Ar dating, but 
one of the Neogene glauconites (the basal Purisima of late 
Miocene or early Pliocene age) has been dated by this method.

LITTLE BOULDER CREEK SECTION

The Little Boulder Creek section (fig. 9) on the north side 
of Butano Ridge was designated the type section for the upper 518 
m (1700 feet) of the Butano Sandstone by Curmnings and others 
(1962, p. 184). The section was also described briefly and 
designated as a reference section for the Twobar Shale Member of 
the San Lorenzo Formation by Brabb (1964).

After this section was measured in 1958, landslide debris 
and sediments deposited in the creek have reduced the amount of 
section exposed. Trees felled by snow have made access along the 
creek more difficult. The access road is not suitable for a 
large bus, and part of the road may be impassable when it rains. 
Permission to visit the section must be obtained from the Santa 
Cruz Lumber Company.

The stratigraphic column (fig. 10) provides information on 
the lithology and texture of the Butano Sandstone and San Lorenzo 
Formation. Table 1 provides information on the microfaunas of 
these formations. The planktonic foraminifers have not been 
examined by specialists, and no attempt has yet been made to find 
nannoplankton.

Nilsen and Simoni (1973) studied the sedimentary structures 
in the Butano Sandstone along Butano Ridge and elsewhere. They 
believe that the Butano Sandstone is a deep-sea fan deposit 
derived from a southern provenance area adjacent to Monterey Bay.
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Table 1.--Check list of 
Creek section

Foraminifera from the Little Boulder

Note: Foraminifera washed and Identified by oil company micropaleontologists. 
Many identifications are provisional*

Very abundant
(>500)
Abundant
(101-500)
Comm
(10-100)
Rare
(1-9)
Abundance not
estimated
Questionable
identification

Approximate stratigraphic 
distance (in feet) from 
glauconite at Twobai  
Rices contact.
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OLLECTING LOCALITIES ALONG LITTLE BOULDER CREEK IN 

A PART OF THE TYPE LOCALITY OF THE BUTANO SANDSTONE
SECS. 21,22,27, AND 28, T.8S., R.3W. M.D.B.M.

FROM REPORT BY EARL E. BRABB, I960

"GEOLOGY OF THE BIG BASIN AREA, SANTA CRUZ MOUNTAINS, CALIFORNIA"

BASE MAP ENLARGED FROM U. S. GEOLOGICAL SURVEY BIG BASIN 7. 5 QUADRANGLE , 1955 

EDITION. COLLECTING LOCALITIES AND DETAILS OF CREEK SURVEYED BY TAPE AND 
BRUNTON COMPASS
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SAN LORENZO RIVER SECTION

The San Lorenzo River area (fig. 11) includes the lower part 
of the San Lorenzo Formation in its type section (Arnold, 1906). 
The upper part of the formation is folded and has few reliable 
attitudes, so that it is difficult to construct a complete 
stratigraphic column. The column by Sullivan (1962, fig. 4) 
includes about 170 m (550 feet) of repeated section, according to 
Brabb (1964, p. 675).

Benthonic foraminifers and a few planktonic foraminifers 
from the San Lorenzo River section were described by Sullivan 
(1962). Poore and Brabb (1977) described the planktonic 
foraminifers in greater detail.

A stratigraphic column (fig. 12) shows the position of 
faunas collected by various geologists. Sample B2251, a critical 
sample in Sullivan's faunal sequence (1962, p. 290), could not be 
located precisely enough to show on the map.

In the San Lorenzo River and other measured sections, the 
following symbols are used to indicate abundance of foraminifers 
and nannoplankton:

A Abundant
C Common
F Few
S Sparse
X None
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Figure 11.--Geologic sketch map of the San Lorenzo River near 
Riverside Grove showing formation contacts and localities 
where fossils and rocks were collected
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KINGS CREEK SECTION

The Kings Creek area (fig. 13) was designated by Brabb 
(1964) as the type section for the Twobar Shale and Rices 
Mudstone Members of the San Lorenzo Formation. After the section 
was measured in 1958, sediment from road construction along the 
upper part of Kings Creek was washed into the creek, covering 
part of the section that was formerly exposed. Heavy snowfalls 
in the 197G's felled many tree? into the creek, thereby making 
access difficult in some places. Nevertheless, the section still 
has excellent exposures of the San Lorenzo, Butano and Vaqueros 
Format i ons.

The stratigraphic column for the Kings Creek area is shown 
on figure 14. Foraminifers from the formations are listed on 
table 2. Three samples (B4357, B4358, and B4369) collected and 
described by Fairchild and others (1969) are not shown. The 
section was recollected by the senior author in 1968 but these 
samples have not been completely processed. Preliminary 
examination by R. Z. Poore indicates that planktonic formainifers 
and nannoplankton are not as abundant or as well preserved as in 
the San Lorenzo River section.
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Table 2.--Check list of Foraminifera from the Kings Creek Section

Kings Creek, California! See. 31, T. 8 S., R. 2 W., and Sec. 6, T. 9 S., R. 2 W.

from report by Earl E. Brabb, 1960 

''Geology of the Big Basin Area, Santa Cruz Mountaina, California"

Not«: Foraolnifera washed and identified by oil company micropaleontologists. 
Many identifications are provisional.

Approximate stratigraphic 
distance (in feet) from 
glauconite at Twobar- 
Rices contact.
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Figure 13.--Type section of the Rices Mudstone and Twoba
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iale Members of the San Lorenzo Formation along Kings Creek
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TYPE SECTION OF THE RICES MUDSTONE
AND TWOBAR SHALE MEMBERS OF THE

SAN LORENZO FORMATION, KINGS CREEK,
CALIFORNIA

SECS. .31 AND 6, T.8S. AND T9S., R.2W., M.D.B. M.

FROM REPORT BY EARL E. BRABB, I960 
"GEOUOGY OF THE BIG BASIN AREA, SANTA CRUZ MOUNTAINS, CALIFORNIA"

BASE MAP ENLARGED FROM U S. GEOLOGICAL SURVEY BIQ BASIN AND CASTLE ROCK 
RIDQE 7.5 QUADRANGLES, I9S5 EDITIONS. COLLECTING LOCALITIES AND 
DETAILS OF KINGS CREEK SURVEYED WITH BRUNTON COMPASS AND TAP?

LEGEND
303_ STRIKE AND DIP OF BEDS  - F FAULT .- ' C08CT CONTACT

0 COLLECTING LOCALITIES    » FORMATION OR MEMBER CONTACT
CONTOUR INTERVAL 4O FEET

200 200 4OO
SCALE

600 800 1000 ioo 1400 FEET

M

1C

o
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o
CM 
CM

2OO 
_1

ntinued
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STRATIGRAPHIC COLUMN
OF THE TYPE TWOBAR SHALE AND RICES MUDSTONE MEMBERS OF THE

SAN LORENZO FORMATION, AND ADJACENT UNITS, KINGS CREEK,

CALIFORNIA 

Sec. 31, T.8S., R.2W. and Sec.6 ,T.9 S., R.2 W, Mount Diablo Base and Meridian

From report by Earl E. Brabb, I960 

"Geology of the Big Basin area, Santa Cruz Mountains, California"

PREDOMINANT PARTICIE SIZE

Medium-grained sandstone 
(Median diameter 0.25-0.50 mm.)

Fine- to very fine-grained sandstone 
(median diameter 0.12-0.25 mm.)

Interbedded fine- to very fine 
grained sandstone and mudstone

Mudstone (Median dia.«0.06 mm.) 

Shale (Msdian dia.<0.06 mm.) 

Fault - part of section missing

Covered

PREDOMINANT STRATIFICATION

V   Very thick-bedded >100 cm.
(massive of authors)

T - Thick-bedded 30-100
M - Medium-bedded 10-30
H - Thin-bedded 3-10
E - Very thin-bedded 1-3
L   Laminated  *! cm*

I <ss> I Carbonate concretion

L G + Glauconite bed

     Collecting locality

NOTES

(1) Sandstones are light gray (N7) to medium dark gray 
(N4); raudstones and shales are olive gray (5Y 4/1) 
to olive black (5Y 2/1), where fresh and wet.

(2) Section measured with tape and Brunton compass.

Figure 14.--Stratigraph!c column, Kings Creek area
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BEAR CREEK SECTION

The Bear Creek area has been the training ground for a 
number of notable geology graduates of Stanford University who 
studied under the late Professor H. G. Schenck, such as R. M. 
Kleinpell, T. W. Dibblee, Jr., L. C. Forrest, H. D. Hobson, and 
L. J. Simon. All worked in the Bear Creek area, but no one has 
published previously a detailed locality map or s t rat i graphi c 
column. Several pal eontologi c reports have been published, 
however. The earliest are by Arnold (1906 and 1908), who 
described some of the mollusks. Reports by Hobson (1932) and 
Cushman and Hobson (1935) mentioned collections from the Bear 
Creek area, including those that have holotypes for

...
. £X£lHlHl~ Schenck TT936, p. 67-8) 

collected AcjJ_a daJ__H_ and other fossils from the Bear Creek 
area--his localities are shown on a map by Brabb (1960, fig. 14). 
Kleinpell (1938, table 10) lists benthonic foraminifers from the 
upper part of the San Lorenzo Formation along Bear Creek. 
Burchfiel (1964) has a generalized geologic map that shows a few 
of the important fossil localities. In particular, he discusses 
the Teilzone of Pect^en ££nctjiec£u z e ns^s , which has been used to 
correlate rocks in the Santa Cruz Mountains with those in the 
Santa Lucia Range, 120 km to the south. Fairchild and others 
(1969, fig. 5) provided a geologic and locality map of the Upper 
Bear Creek area and a check list of foraminifers. Their 
discussion of the age and paleoecology of the faunas is very 
instructive, but their samples along the creek are difficult to 
locate precisely because of the paucity of cultural features. 
Their Bear Creek samples, together with their samples from the 
Brown School area nearby, provide the most extensive 
documentation yet published of the character of foraminifers from 
the middle part of the Butano Sandstone.

The geologic sketch map, figure 17, shows the upper part of 
the Bear Creek area. This section should be continued to the 
northeast to include the lower part of the Butano Sandstone. A 
section should also be measured along the lower part of Bear 
Creek where many of the fossil collections mentioned above were 
taken. Figure 18 is a s t rat i graphi c column for the part of the 
section measured for the October conference.
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Figure 19 is a geologic sketch map of the upper Zayante 
Creek area showing the geologic units on the northern limb of the 
San Lorenzo syncline. Figure 20 is a stratigraphic column for 
the section. Figure 21 adjoins figure 19 to the south and shows 
the Vaqueros Sandstone and Lambert Shale on the south limb of the 
syncline.

The Zayante Sandstone is truncated to the south by the 
Zayante fault. Thus, the north limb of the San Lorenzo syncline 
has the Butano Sandstone, San Lorenzo Formation, Vaqueros 
Sandstone and Lambert Shale, whereas the south limb has only the 
latter two units and the Zayante Sandstone. Another complication 
is that the Zemorrian-Saucesian Stage boundary appears to fall 
lower in the section on the south limb of the syncline.

Figure 22 is a stratigraphic column for the south limb of 
the syncline. Mollusks from bioherms resting on the basalt 
within the Vaqueros were reported previously by Clark (1968, p. 
177)--a more complete list is given on table 3. This larger 
invertebrate fauna includes stratigraphical1y diagnostic 
molluscan representatives of the XH££ite.^i§ L-- ^-- Z° ne » which 
Kleinpell (1938, fig. 14) correlates witH His Zemorrian Stage.
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Figure 21.--Geologic sketch map of upper Zayante Creek area, south limb 
rocks and fossils were collected.
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Table 3. Fossils from the Vaqueros Sandstone near Zayante Creek

USGS Cenozoic locality

M5049 M5050 
(JC7B) (JC7C)

Gastropods

Astraea aff. A. morani Loel & Corey.............................. X X
Bruclarkia santacruzana (Arnold)........................ ...... .......
Calyptraea cf. C. inornata (Gabb)........................................ X
Conus owenianus Anderson................................................. X
Cymatium n. sp. ............................................................ X
Oliva sp................................................................. x
Olivella cf. 0. pedroana var. subpedroana

Loel & Corey........................................................... X
Scaphander (?) sp................................................. X .....
Sealesia sp.............................................................. X
Turritella inezana Conrad.........................................X

Pelecypods

Anadara(?) sp................................................... X .......
Chione latilaminosa Anderson & Martin........................... X X
Chlamys sespeensis (Arnold)............................................ X
Crassatella granti (Wiedey)..................................... X X
Dosinia margaritana Wiedey...................................... X X
Dosinia margaritana var. projecta Loel & Corey.................. X X
Glycymeris sp................................................... X X
Mytilus cf. M. expansus Arnold........................................... X
Trachycardium vaquerosense (Arnold)............................. X X
Vertipecten cf. V. perrini (Arnold)............................. X

Barnacle

Balanus sp...................................................... X .......

Echinoids............................................................ X
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LQMPIOO SECTION

The area around Lompico (fig. 23) has the only exposures of 
Butano Sandstone with foraminifer and nannoplankton assemblages 
of early and middle Eocene age. The formation is truncated to 
the north by the Zayante fault and is overlapped to the south by 
the Lompico Sandstone of middle Miocene age, so that no creek or 
road has a complete section. The oldest beds, mapped informally 
by Clark (1966) as lower sandstone member (see fig. 24), crop out 
fromGlenwood Highway, 4 km southeast of Lompico, to the vicinity 
of Zayante Creek. The middle siltstone member is generally 
poorly exposed and extensively landslid. An obscure locality 
(3C60-115) near an abandoned railroad grade has yielded a fairly 
rich foraminifer fauna (table 4). The youngest faunas that were 
recovered in stratigraphic sequence occur in the upper sandstone 
member near Lompico--one of them (JC60-M, fig- 24) contain 
nannoplankton that were correlated by F. R. Sullivan (written 
cormmun. , 1964) with the Ulatisian Stage. Still younger faunas 
were collected from an unknown stratigraphic position within the 
Butano Sandstone south of the Zayante fault in the vicinity of 
the town of Boulder Creek. One of these (EB 444) has 
foraminifers of Narizian age, according to Brabb (1960, p. 35). 
Thus, the Zayante fault truncates progressively older beds from 
west to east.
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Figure 23.--Geologic map of the Lompico area showing localities 
where fossils were collected. Base map from Felton 7.5' 
quadrangle. Geology by J. C. Clark.
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Table 4.--Foraminifers from the middle siltstone member of 
Butano Sandstone near Lompico.___

LOCALITY

the

JC60-II5
Allomorphina trigona Reuss
Atnmodiscus glabratus Cushmona Jorvis
Amphimorphina cf. A ignofa Cushmon a Siegfus
Anomalina garxaensis Cushmon a Siegfus
Anoma/ina off. A regina Mortin
Asterigerina crassaformis Cushmon a Siegfus
Bathysiphon eocenicus Cushmon 8 G. D. Honno
Bathysiphon spp.
Bifarina nuttalli Cushman & Siegfus (?)
Bolivina crenulota Cushman
Bolivina (?) sp.
Bulimina off. B. alazanensis Cushman
Bulimina macilenta Cushman ft Parker
Bulimina ovata d Orbigny
Bulimina pupoides dOrbigny_
Bulimina off. B.pyrula d Orbigny, Mol lory
Bulimina semicostata Nuttall
Bulimina cf. B. tarda Parker & Bermudez
Bulimina off. B. whitei Martin
Bulimina spp.
Cassidulina cf. C. globosa Hontken
Chilostomella cylindroidss Reuss
Cibicides martinezensis Cushman ft Barksdale
Dentalina cf. D. colei Cushmon & Dusenbury
Dentalina consobrina d Orbigny
Dentalina cf. D jacksonesis (Cushmon & Applin)
Dentalina sp.
Dentalina (?) sp.
Discorbis sp.
Dorothia sp.
Eponides off. E. umbonata (Reuss)
Globigerina nitida Mortin
u/ODigerina tnloculinoides Plummer
Globigerina yeguaensis Weinzierl 8 Applin
Globigerina spp.
Globorotalio acarinata (Subbotino)
Globorotalia imitata Subbotina
Globoratalia pseudomenardii Boll I
Globorotalia pseudotopilensis (Subbotino)
Globorotalia reissi Loeblich & Toppon
Globorotalia rex Martin
Gyro/dina orbicularis vor. ooliquata Cushmon & McMosters 
Gyroidina (?) spT
Heterohelix (?) sp.
Hoeglundina eocenlca (Cushman & M A. Hanno)
Lagena ocuticosta Reuss
LenticuUna (?) sp. _ _______ _____ 

_ "Nodogenerina cf. "N."'adolphina (d'Orbigny)
Nodogenenna kressenb«rg«nsis (Gumb«l)
Nodogenerina spp.

Nodosaria twaldi Reuss. Mollory
Nodosaria latejugaia Gumbel
Nodosaria sp.
Pleurostomella cf. P. acuta Hantken
Pleurostamella alternans Schwoqtr
"Pseudogtandulina" (?) sp
Pseudohastigirina micro (Col«)

Robulus inornatus d Orbigny
Robulus pseudovortex Cole
Robulus spp.
Siphoning wilcaxensis Cushmon
Virgulina cf. V. danvillensis Howe ft Wolloce
Virgulina yazooensis Cushmon ft Todd
Virgulina sp.

diatoms
ostracods
nonnoplonkton

VR
VR

VR
VR
VR

VR

VR
VR

VR

VR=very rare; R=rare; F=few, C = common; A=abundant.
Benthonic identifications by J.C.Clark.
Planktonic identifications by J.C.Clark and Yokichi Takayanagi.

From Clark (1960, table 3).
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SMITH GRADE SECTION

Mollusks from the Smith Grade area were important in 
documenting the presence of rocks of Paleocene age in the Ben 
Lomond Mountain area (Brabb, 1959 and Cunrrnings and others, 1964, 
p.184). The rocks containing the fossils were mapped 
subsequently by Clark (1966), who also collected foraminifers 
from the Smith Grade section. Figure 25 is a sketch of the 
geology in the area, figure 26 is a stratigraphic column for the 
rocks of Paleocene age, and tables 5 and 6 list foraminifers and 
larger invertebrates from these rocks.

The basal sandstone beds commonly yield a shallow-water 
molluscan fauna associated with diverse calcareous benthonic 
foraminifers, whereas the overlying siltstone beds yield abundant 
large arenaceous foraminifers. At two localities (JC60-126=M4668 
and JC60-120=M4669), mollusks characteristic of the "Martinez 
Stage" (Paleocene) of the California molluscan chronology are
associated with 
Mallory (1959).

benthonic foraminifers of the Ynezian Stage of

Locatelli Formation, Sandstone

Granitic rocks

Figure 25.--Geologic map of the Smith Grade-Empire Grade area 
showing localities where fossils were collected. Base map 
fromFelton 7.5' quadrangle. Geology from Clark (1966).
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Table 5.--Foraminifers from the Locatelli Formation 
From Clark U960, table 2).

LOCALITY

Ammobaculites sp
Ammodiscoides turbinatus Cushman
Ammodiscus alabratus Cushman & Jarvis
Ammodiscus sp
Anomalma dorr/ var oragonensis Nuttall
Anomalina regmo Martin
Bathysiphon eocen/cus Cushman 8 G D Hanna
Bathysiphon spp
Bathysiphon sp
Bulimina cf B. pachecoensis Smith
Cassidulina globasa Hantken
Cibicides martmezensis Cushman 8 Barksdale
Cibicides white/ Martin
Cibtcides sop
Cibicides sp
Dentalma alternate ( Jones )
Denlalina cf D approximate Reuss
Dentalina cf D. communis (d'Orbiqnv)
Dentalina cf D consobrina (d'Orbiqny)
Dentalina sp
Dentalina (?) SOP
Dorothia sp
Dorothia ( ? ) so
Eaaerella (?) sp
Entosolema hexaaana Williamson
Eoomdes mexicana (Cushman)
Eponides cf. E mexicana (Cushmon)
Gaudrvina so.
Globigerma aauiensis Loeblich 8 Tappan
Globigerina triloculinoides Plummer
Globigerina sp.
Globoconusa (?) sp.
Globorotalia convene Subbotma
Glomospira charoides (Jones 8 Parker)
G/omospira charoides var corona Cushman 8 Jarvis
Guttulina sp.
Gyroid/na soldann var octocamerata Cushman 8 G D Hanna
Haplophraamoides caronata (Bradv)
Haplophraamaides excavata Cushman 8 Waters
Haplophraamoides cf. H excavata Cushman a Waters
Haplaphragmaides kirki Wickenden
Haplophragmoides cf. H longifissus Israelsky
Haplophragmoides protullisatus Israelsky
Hoplophrogmoides sp.
Hyperammina cf H. elongate (Bradv)
Hyperammina (?) so
Lagena acuticasta Reuss
Lenticulma sp.
Lttuotuba cf. L lituiformis ( Bradv )
"Nodoaenerina" adolphina (d'Orbiany)
"Nodogenerina" (?) sp.
Nodosaria arundinea Schwaaer
Nodosaria deliciae Martin
Nodosaria loteiuaata Gumbel
Nodosaria cf. N lateiugata Gumbel
Nodosaria sop.
Nodosaria sp.
Petosina comolanata Franke
Planularia so.
" Pseuoglandulina camca (Neugeboren)
Pseudouvigenna nahealensis Cushman a Tadd
Quinqueloculina sp
Reophox sp
Robulus inornatus dOrbigny
Robulus off. R midwayensis (Plummer)
Robulus spp.
Riehakina epigona var /o/t? Cushman 3 Jarvis
Silicosigmoilina califomica Cushman 8 Church
Spiroplectammma perplexa Israelsky
Spiroplectammina richardi Martin
Spiroplectammina cf S tejonensis Mollory
Spiroplectammina (?) sp.
Tritaxia sp
Trochammma cf. T alobiaeriniformis (Porker 8 Jones)
Trochammina spp
Trochammma sp.
Trochamminoides (?) sp.
Vooinulina suturalis Cushman
\ibginulinapsis sounders/ ( Hanna 8 Hanna )
Valvulineria martineiensis Smith
Verneulina so.

ostracods
radiolana

JC60-I26 (JCI4)

VR
VR

C
F

F
VR
R

VR
F

VR
VR

F

VR

R
VR

VR
F

F

C

VR
R

VR

VR
F

VR

C
VR
R

C

VR
A
R

VR

h

JC60-I20 (JC23)

C

R
VR
VR
C

F

R

VR

VR
C
R

VR

VR

R
C

C

C

VR

VR

VR
C

VR
F

VR
VR

F
VR
R

VR
VR

R

VR
VR
R

C

R
C

VR

VR

h
01 
o
u> 
w

VR
VR
VR
VR

VR
F

VR
VR
VR

VR
VR

VR
VR
VR

F
R

VR

C

C
VR

VR

VR
R

F
C
C

VR

R
F

VR

VK

<
D 

I

9

X

X

X

X
X
X
X

?

X

X

X

X

X

X

X

Y

Hr

VR=very rare; R=rare; F^fewj C = commoni A = abundant. 
X= recorded from Vine Hill Sandstone by Smith (1957, Fig. 4). 
Benthonic identifications by J C Clark. 
Pkxiktonic identifications by J C Clark and Yokichi Takayanagi.
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Table 6.--Paleocene larger invertebrates from the Locatelli Formation

USGS Cenozoic locality

2

Gastropods
Perissolax tricarnatus WEaver................ X X ............
Surculites(?) sp....................................... X
Turritella cf. T. infragranulata Gabb.........X X ..............
Turritella pachecoensis Stanton...............X X ......X.......
Turritella cf. T. pachecoensis Stanton............................X

Pelecypods
Acila sp..................................... X ....... X.........X
Cucullaea mathewsonii Gabb..................... ....... X.........X
Cucullaea mathewsonii Gabb(?)................ X ...................
Glycymeris sp................................ X ...................
Lucinoma sp.................................. X ...X ..............
Nuculana sp.................................. X X ............ .X
Pholadomya nasuta Gabb....................... X ..................
Pinna n. sp.................................. X ...................

Scaphopod
Dentalium sp................................. X X ..............

Echinoids
Cidaris martinezensis Kew................... X ...................
Periaster n. sp............................. X ...........X.......
Pericosmus sp................................ X ...................
Echinoid spines.............................. ......... X .........

Arthropod
Raninoides sp................................ .... X ..............

Locality Description of locality, collector, and date collected

M4667 Cut on northeast side of abandoned section of Smith Grade, 10m 
(30 ft) northwest of new road and 30m (100 ft) east of fork of 
Majors Creek, 5-1/2, sec. 29, T. 10S., R.2W., Felton quadrangle. 
Lower part of Locatelli Formation, Paleocene. Same locality as 
LSJU 3401A. Collected by J. C. Clark, 1960.

M4668 North side of deep cut along Smith Grade, approximately 300 m
(1000 ft) southwest of where Smith Grade joins Empire Grade, Felton 
quadrangle. Lower part of Locatelli Formation, Paleocene. Collected 
by J. C. Clark, 1960.

M4669 Bed in unnamed, westward-flowing tributary to San Lorenzo River,
about 530m (1730 ft) east of where tributary joins river, in Henry 
Cowell Redwoods State Park, Felton quadrangle. Lower part of 
Locatelli Formation, Paleocene. Collected by J. C. Clark, 1960.

M5065 North bank of Gold Gulch, about 90m (300 ft) upstream from where 
stream passes under Highway 9, Felton quadrangle. Lower part of 
Locatelli Formation, Paleocene. Collected by J. C. Clark, 1962.

M5066 Bed in Gold Gulch, approximate elevation 160m (520 ft), Felton
quadrangle. Lower part of Locatelli Formation, Paleocene. Collected 
by J. C. Clark, 1962.
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Table 7.--Foraminifers from the Lambert Shale in the Mountain 
Charlie Gulch area. From Clark (1960, table 5).

FORMATION JVAQUEROS SS.

LOCALITY (shown on Figure 6)

Boggino robusta Kleinpell
Bothysiphon eocenicus Cushman 8 G D Hanna
Bolivina morginota Cushman
Bolivina cf. B. perrini Kleinpell
Bolivina sp
Bulimina rinconensis Cushman & Laiming
Buliminella cf. B brevior Cushman
Buliminella curta Cushman
Buliminella subfusiformis Cushman
Cibicides americanus (Cushman)
Cibicides americanus var. crassiseptus Cushman 8 Laiming
Cibicides cf. C americanus var. crassiseptus Cushman & Laiming
Cibicides floridanus (Cushman)
Cibicides off. C floridanus (Cushman)
Cibicides cf. C. floridanus (Cushman)
Cyclammina cancellata Brady
Dentalina cf. D pauperata d'Orbigny
Dentalina quadrulata Cushman & Laiming
Dentalina spinosa d'Orbigny
Dentalina sp.
Eponides cf. E. keenani Cushman & Kleinpell
Globigerina sp.
Globigerino spp.
Gyroidina condoni (Cushman & Schenck)
Gyroidina soldanii d'Orbigny
Gyroidina sp.
Haplophragmoides spp.
1 Nodogenerina advena Cushman & Laiming
N onion costiferum (Cushman)
Nonion cf. N. pompilioides (Fichtel & Moll)
Plectofrondicularia off. P. basi-spinata Cushman
Plectofrondicularia miocenica var. directa Cushman 8 Laiming
Proteonina (?) sp.
Pullenia salisburyi RE. 8 K.C Stewart
Pullenia cf. P salisburyi R.E. 8 K.C. Stewart
Pulvinulinella sp.
RoBulus inornatus (d'Orbigny)
Robulus simplex (dOrbigny)
Robulus sp.
Siphogenerina kleinpelli Cushman
Siphogenerina nodifera Cushman 8 Kleinpell
Siphogenerina transversa Cushman
Spiroplectammina (?) sp
Tritaxilina colei Cushman 8 Siegfus
Uvigerina auberiana d'Orbigny
Uviqerina cf. U. beccarii Fornasini
Uvigerina rustica Cushman 8 Edwards
Uvigerinella obesa Cushman
Uvigerinella obesa var impolita Cushman 8 Laiming

o g>
->i

VR

F

C

F

F

C

VA

LAMBERT SH.

1 
a>

F

C

R

VR
VR

VR

VR

F

F

?

VR

A

CD
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VR=very rare; R=rare; F=few; C=common; A=abundant; ?= questionable identification. 
JC6I-7 identifications by micropaleontalogists of Humble Oil 8 Refining Company. 
JC6I-6, JC6I-5 identifications by J.C Clark. 
B-4396 identifications by Fairchild (1957, Fig. 6).
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AtfO NUEVO SECTION

St rat i graph! c contrasts across the active San Gregorio fault 
in the vicinity of Atfo Nuevo have been reported in an abstract by 
Clark and Brabb (1977). A summary of the s t rat i graphi c sequences 
is shown on figure 28. The geology of the area and fossil 
localities are shown on figure 29.

Even within the area west of the San Gregorio fault. the 
geologic section is complicated by folds and faults. Figure 30 
is a st rat i graphic column for the area, and figure 31 shows the 
section in the vicinity of Atfo Nuevo Point. Some of the section 
is exposed only at very low stages of spring tides. Some of the 
section exposed in September, 1976 was covered by sand in August, 
1977. Table 8 lists foraminifers from the Atfo Nuevo area; table 
9 provides a description of most of the localities.

The Vaqueros(?) and Monterey Formations near Atfo Nuevo Point 
yield calcareous benthonic foraminifers diagnostic of the 
Zemorrian, Saucesian, and Relizian Stages of Kleinpell (1938) and 
are characteristic of bathyal depths. Large, well-preserved, 
benthonic foraminifers are especially abundant in the siltstone
beds of the Vaqueros(?) 1.6 km (1 mi) north of the point, where 
the common occurrence in the lower part of the section of 
5iE!l®fi£ll£I.ill§ H2^il££§ * s diagnostic of Zemorrian age. The upper 
part of this synclinal section ranges into the early Saucesian. 

The Vaqueros(?) section that is exposed near the axis of the 
anticline that is east of Atfo Nuevo Point is mostly younger, 
ranging from early Saucesian to Relizian. Sheared mudstone on 
the east flank of the anticline (USG$* loc. Mf2192 = JC68-3) 
locally yields a Relizian fauna that includes

.
.... var . , PuJJ_enj_a k HH^if-!6-.5- > ?.  . ~.. 

v arj^ab _jj_j^ . These species are diagnostic of the Pseudosauces i an 
faunal facies of Beck (1952). Although these deep-water species 
are generally considered typical of the Saucesian Stage, they are 
now known to recur in any s t rat i graphi c position from the Upper 
Saucesian through the Lower Mohnian (upper Miocene). Planktonic 
foraminifers are sparse in the Vaqueros(?) beds north and east of 
Atfo Nuevo Poi nt .
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PALO ALTO

Up Miocene to low Pliocene: site, 
mdst. andss.

Mid Miocene: mdst. andss
   »   v_x-v X- V. x-^^x-N.

Low. Miocene: mdst. and basalt. 
Oligocene: ss., basalt, and mdst.

Eocene: ss. and sh >-^-x 
Paleocene
~~~" TT^-
Granitic basement

Up Miocene to low Pliocene: silc. 
mdst. and ss.. Pliocene: ss. and mdst.

Mid. Miocene: mdst., sltst.. and ss
 ^w^"*' * *-^_x'' ^-x-v^x

Eocene: ss.. cgl., and sltst.
 ^""^  '  ^^->_x »v_x v.^,

Paleocene: sltst. and ss.
 "-^-^-x ^-x-^

'Granitic basement

SANTA CRUZ

'Mid. Miocene: silc. mdst. 
Oligocene to mid. Miocene: ss., Is., sltst., 

andesite, and mdst.
 »  x- ^__-^  -^  ~  '  ~~-  x"  ~-       

"Up. Cretaceous: ss., mdst., and cgl.
    N___--   »   x  «,   -   .

Porphyritic rhyobte. 
?

"Unit abuts San Gregorio fault

Figure 28.--Stratigraph!c contrasts across the San Gregorio and 
Zayante faults
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Mf2189 (8 m strat. above Mf2188) 
Mf2188 (2 m strat. above volcanics)

Highly altered volcanic breccia 
in core of anticline

76CB1541C (3 m strat. above 76CB1541B) 
Mf2192 and 76CB1541B (1 m strat. above Mf2191) 
Mf2191 and 76CB1541A (2 m strat. above Mf2190) 
Mf2190 and 76CB1541 (4 m strat above volcanics)

1 MILE

1000 0

1

1000 2000 3000 4-000

5 0

5000 6000 7000 FEET

1 KILOMETER

Figure 29.--Geologic map
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IZZ " 17'30" '564

Qa, alluvium; Qd, dune sand

Terrace deposits; marine sand, 
clay and gravel

Purisima Formation; sandstone

Purisima Formation; mudstone

Santa Cruz Mudstone of Clark (1966

Monterey Formation

Vaqueros (?) Formation; mudstone, 
sandstone and volcanic breccia

Pigeon Point Formation; sandstone, 
shale and conglomerate

BEDROCK GEOLOGY BY J.C. CLARK AND 
E.E. BRABB. SURFICIAL DEPOSITS 

MODIFIED FROM LAJOIE AND OTHERS 
(1974).

Benthonic foraminifers 
are not as abundant or well 
preserved in the overlying 
siliceous beds of the Monterey 
Formation, where they are 
diagnostic of Relizian age and 
characteristic of middle 
bathyal depths. Planktonic 
foraminifers are common in one 
sample from Atfo Nuevo Island 
(USGS loc. Mf4531 = 3C67-5) 
but are difficult to process 
from this siliceous mudstone 
and when recovered are poorly 
preserved.

The Monterey beds in the 
Atfo Nuevo area are 
1 ithological1y similar to the 
rhythmically bedded siliceous 
strata of the type Monterey 
Formation, 65 km (40 mi) to 
the south, but are older than 

of the typethose
which are mostly of
(upper Miocene) age.

sect ion, 
Mohni an

(Cross section on next page.)

>f the Atfo Nuevo area.
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Figure 31.--Stratigraph!c column for the Arfo Nuevo area.
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Table 8.--Foraminifers from the Arfo Nuevo area

Anomalina californien.sis Cushman 6 Hobson ... ...... . .. R ................ ..................
Anomalina aff. A salinasensis Kleinpell .. .. .... .... . ... ........... ... R ... ... ... ...........
Baggina robusta Kleinpell .. .. . ..... . . . . ............ ..... ............. .. C . A . R ... .. .........
Baggina(') sp ........ ................ ......... ..... ................... R ....... ......
Bolivina advena Cushman ....... ................... ................. F .......... ............
Bolivina advena var stnatella Cushman .... ..... .. .. ... .. .. .. ........ ... F .. ...... C . r ..... ...
Bolivina cf. B. advena var. stnatella "ushman .. ....... .. ... ....... ....... ...... 1 .. ......... ...
Bolivina brevior Cushman ...... ... ................ .. .......... "P, . . . . F r .......
Bolivina californica Cushman .. .. .... ........................... F . ... r ...... ............

Bolivina aff. B. hughesi Cushman ..... .................................... C .. .................
Bolivina marginata Cushman ........... ............. . C ........ F . F ..... H . 1 . F VR . VR ....

Bolivina aff. B seminuda Cushman ... ............... ... ................................ C . A
Bolivina aff. B. vaughani Natland . ... ................................. ........ VR .........

Bulimina ovata d'Orbignv ........ . . ............ .......... F ......... ................

"Bulimina(°) sp." Kleinpell ... . ..... ..... ...... .. .. ..... . R . .. ....... . .. .. ..
Bulimina sp. . .... .. . . . . ........... . . .... ...... . R . . VR . VR . r

Buliminella subfusiformis Cushman ... ...... .... . . ............R.R... C.F C

Buliminella sp . ... ... . .. ........... ... ..................... VR ... .....
Cassidulina crassa d'Orbigny of Kleinpell .. ..... ..... . ........ ..... .. .. .. C . ... ... . ..
Cassidulina laevigata var. cannatd Cushman .............. . ..... . ...... .... R ... \ I C ..... ..
Cassidulina pulchella d'Orbigny(') . ..... . .. ... . . ...... ..... h ... . . ...........
Cassidulina subglobosa H B. Bradv . . .. ... ......... ..... ... ... .... .. . .... C VR R.R VR VR
Cassidulina sp. ... .. . . .... ... .. .. .. . .... . .... .... .... . . F . .... ........ VR
Chilostomella sp. .......... . . .. ... ..... ... ... VR .. .. . ... . ...... ..... ....

Cibicides dohertyi Gallonay 6 Morrcy .. . ..... .. . .. .... R VR . .. . ...................
Cibicides flondanus (Cushman) ...... .................. C.C.F .. r..... ...................
Cibicides cf. C floridanus (-ushman. . . .. ..... .. . ............. R F F . .........
Cibicides aff. C. (ds oi Cushman 6 Schencl ........... . ..... F . ..... ..... ... ..

Dentalina pauperata d'Orbigny .. .. .. ....... ...... R ..... F . R .....

Dentalina sp .... . . ...... .. ...... . . ....... ..... .
Dentalina(') sp ...... . . . . . . ... ...... ....... ... .....

Epistonunella sp ..... ...... ..... ......... . .............. R VR R .........
Epistominella(') sp . .. .. ........ . ... ....... .. . ........ ... .. .. ........ . C
Eponides keenani Cushman 6 Kleinpell . . . ....... .. . . .... . . .. 1 .. ... r . C
F.ponides nanus (RcussJ ... .... ........ . . . .. F ..............
Eponides rosaformis Cushman S Kleinpell ............ ...... . . r . .... ..
fponides umbonatus (Reuss) . . . . ........... . . 1 I . . ........
Florllus incisus (Cushman) ... ........ .. F ..... r . F . .......
Frondicularia sp .... ... . ..... . . ......... R . R VR ... \ R
Gaudryina(') sp. . . .. ..... ......... ... ... ... VR ..........
Globigerina sp ... . ........ . .. . . . . . . . ........ ...... . C
Globigerina spp . .. . ......... ... .... ...... . ... . . F . 1" . . . V R . . . . . VR . . .
Gyroidina soldann d'Orbigny .. . . ...... ......... VR . C . C . C . C ...... I ............
Gyroidina cf G soldann d'Orbigny .. . ....... . . . .... .... ... . .. h ... .....

Lenticulina sp. .. .... ... ... ... ........ .. ... .. .... . . ..... . . .. VR ... .....
Lenticulina spp. . .. .. .. .. .. . .... . .. ..... ... . .. . ......... .. . R .... . ... .
Nodosaria longiscata d'Orbigny ... .. . . ........ ...... ...... VR ........ .................. F
"Xonion" pompilioides (Fichtcl 6 Moll) var. .. ..... ... . . [ VR VR .... ... . . ,\ .. R ..... ..
"Sonion" cf "N " pompilioides (Fichtel 6 Mol1) var. .. ...... ..... ..... ... . .. . ... . . . . VR
Plectofrondicularia advena (Cushman) .......... ... ... F . R ........... . ................
Plectofrondicularia californica Cushman 6 Stekart ... ... . . R . . F ................. ...
Plectofrondicularia miocenica Cushman ... ...... ... .. VR . F F . .... .. ....
Plectofrondicularia vaughani Cushman . . . .... ... . . . C . R . . .. ................
Pullenia bulloidos d'Orbignj ... ... . .. ...... ..... . .. ...... .... .R ...... . ...
Pullenia moorci Kleinpell ... ..... ........... ........ . .... R ..........
Pullenia aff. P quinqueloba (Reuss) .. .... .... . . . . VR ...... ........ .. . .
1'ullcnia ct P bulloides d'Orbignv . . . . . ..... . VR . .

Pullenia aft P Salisbury] R 1 f, K C Stcwart .. .. . '.. . ' '\R !! .. ' '" '
Siphogenerina brannen (Bagg) .. . ....... . . \ f
Siphogenenna cf S. collomi Cushraan ... ...... . . .... . .."R !..''""

Siphogenerina Ueinpelli Cushman ... . ...... .' ...... I ^. .........
Siphogenerina ma> I Cushman t, Parker . . . . . . | ........ . .

Siphogenerina multicostata Cushman t Jarvis ot Kleinpell . . \
Siphogenerina nodifera Cushman (, Uempell . . ...... AC
Siphogenerina ct. S reedi Cushman .... ' ' '"' ' ' '"R"

cf U bc

Uvigenna ct U. mexica ....... . ... . . .
llvigcnna sp ....... . . . ... ........ ... . VK
Uvigerinella californica Cushman ........... r
Uvieerinella aff U California Cushman ...... .... ' '" '("'( 
Uvigennella californjca w. ornata Cushman ........ " ,  
Uvigorincll.i ohcsa Cushman ...... . ... ... R

Uvigennella ct U. obesa var impolita Cushman 5 Laitmng ' \R
Valvtilinena jtf V calitornicj var obesa Cushman ...... . R
Valvulinena cf. V. californica vjr obesa Cushman ....... ' \'-p
Valvulineria depressa Lushman ' ' ' ' V " '     >"
Valvuliner.acf V depressa Cushman .... ..'....'.' ^ \\ .'.. '.'.'.. .' ' . " iM \\  "...
V,rgulina sp .... ....... . . ...... ........ . . ... VR . C .... ..
Virgnlinal?) sp ........ .............. . . . .............. VR
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Table 9.--Locality descriptions for the Ano Nuevo area.

Mf2188:

Mf2189:

Mf2190:

Mf2191:

Mf2192:

Mf2193

Mf2194:

Mf2195:

Ano Nuevo Mf (JC) localities

California, San Mateo County, Ano Nuevo 7.5' quad.
From low inter tidal exposure about 335m (1100 ft.) E. of Ano Nuevo
Point. Unsectioned. Vaqueros(?) Formation, lower Miocene. From 2m
(7 ft) stratigraphically above volcanic breccia exposed at low tide.
Collected by J. C. Clark, 1969
(field number = JC69-4)

California, San Mateo County, Ano Nuevo 7.5' quad.
From low intertidal exposure about 330 m (1080 ft) E. of Ano Nuevo 
Point. Unsectioned. Vaqueros(?) Formation, lower Miocene. From 8m 
(26 ft) stratigraphically above Mf2188. Collected by J. C. Clark, 1969 
(field number = JC69-6)

California, San Mateo County, Ano Nuevo 7.5' quad.
From low sea cliff at small beach about 400 m (1300 ft) E. of Ano
Nuevo Point. Unsectioned. Vaqueros(?) Formation, lower Miocene.
From 3.6m (12 ft) stratigraphically above volcanic breccia. Collected
by J. C. Clark, 1968
(field number = JC68-5)

California, San Mateo County, Ano Nuevo 7.5' quad.
Same locality as Mf2l90; from 1.8 m (6 ft) stratigraphically above
Mf2190. Unsectioned. Vaqueros(?) Formation, middle Miocene.
Collected by J. C. Clark, 1968
(field number = JC68-4)

California, San Mateo County, Ano Nuevo 7.5' quad.
Same locality as Mf2191, from about 1m (4 ft) stratigraphically above
Mf2191. Unsectioned. Vaqueros(?) Formation, middle Miocene.
Collected by J. C. Clark, 1968
(field number = JC68-3)

California, San Mateo County, Ano Nuevo 7.5' quad.
From sea cliff on east side of small beach about 400m (1325 ft) E. of
Ano Nuevo Point. Unsectioned. Monterey Formation, middle Miocene.
Collected by J. C. Clark, 1968
(field number = JC68-2)

California, San Mateo County, Ano Nuevo 7.5' quad.
From sea cliff about 2m (6 ft) above water level from E. side of small
cove about 420m (1375 ft) E. of Ano Nuevo Point. Unsectioned
Monterey Formation, middle Miocene. From 4m (13 ft) stratigraphically
above Mf2193. Collected by J. C. Clark, 1963
(field number = JC63-4)

California, San Mateo County, Ano Nuevo 7.5' quad.
From W. side of small headland about 640m (2100 ft) E. of Ano Nuevo
Point. Unsectioned. Monterey Formation, middle Miocene. From 0.6m
(2 ft) below unconformable contact with overlying Purisima Formation.
Collected by J. C. Clark, 1968
(field number = JC68-1)

Mf4531: California, San Mateo County, Ano Nuevo 7.5' quad.
From sea cliff 107m (350 ft) N.70°W. of lighthouse on Ano Nuevo Island.
Unsectioned. Monterey Formation, middle Miocene.
Collected by J. C. Clark, 1967
(field number = JC67-5)
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LARGE FORAMINIFERS

Large f oramini f er s , such as DJ_s^cocyc^J_na sp., were collected 
from rocks of Eocene age and from reworked boulders in rocks of 
Miocene age at three areas in the San Francisco Bay region (fig. 
32), and near Devils Den (fig. 2). In the San Francisco Bay 
region, the large foraminifers were collected near Mount Diablo 
(loc. EB 611), south of San Jose (Iocs. 74CB971, EB633, and 
71CB983), and in the Sveadal area (Osbun Iocs. 1-1, 1-43, 1-49).

Mount Diablo Area

Many reports have been published on the Paleogene 
stratigraphy and paleontology of the Mount Diablo area. Colburn 
(1961) discusses most of this literature. The rocks are 
reasonably well exposed and f oss i 1 i f erous but generally have 
shallower water assemblages than those in Santa Cruz Mountains.

collections 
map is from

Figure 33 shows just a few of the many fossil 
that have been made in a small part of the area. The 
Watson (1941, pi. 4) and was part of a project of the late Hubert 
G. Schenck to study and correlate Eocene formations in 
California. Collection EB 611 was made at LSJU 986 from which
Keenan (1932, pi. 3, figs. 1 and 2) described 
species of large foraminifers. The bed from 
were obtained is just a few centimeters thick 
1976 when the section was revisited.

and illustrated two 
which these fossils 
and was covered in

San Jose and Sveadal Areas

Large foraminifers from the San Jose area were first 
described and illustrated by Schenck (1929, p. 224-227). Bailey 
and Everhart (1964) have described the geology of the area. 
Locality 71CB983 (see fig. 34) is about one-half kilometer 
northwest of LSJU 309 from which the holotype of Di.scocyc.[_i_na 
ca^j_£or_nj_ca was obtained. Within a few centimeters of 71CB983C, 
which contains large foraminifers, another sample (71CB983A) was 
collected that contains the following smaller foraminifers, 
according to W. A. Berggren (written comm. , 1977):

s (Cushman and Hanna) 
. ^Todd and Kniker) 

.. Subbotina 
TBronnimann)

£ (Morozova) 
TBolliT

M. f.ormos>a (Bolli) 
Several species of agglutinated foraminifers

Berggren believes that this assemblage is correlative with the 
Morozovella formosa zone (P7), early Eocene.
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Figure 32.--Index map showing localities where large 
foraminifers, such as Discocyclina sp., were collected.
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SUPERINTENDENT'S 
HDO'S.

SOUTH MT DIABLO SECTION

STANFORD UNIVERSITY EOCENE PROJECT NO. 83 

MT DIABLO QUAD, CONTRA COSTA CO., CALIF.

PLANE TABLE MEASUREMENT
NOV. 1939 BY 

E.WATSON AND A.BRADBURY

KEY

OCALITY NUMBERS RECORDED IN 
LI REGISTCR OF LOCALITIES

HCGAFOSSILS 
MICROFOSSILS

Figure 33.--continued

L.S.J.U. LOG. 986, IN ROAOCUT 
E. OF HILL 2018, U.S.G.S. TOPO 
GRAPHIC MAP. 2.2 Ml. S. 30* W. 
OF TOP OF MT DIABLO

Locality 71CB983 is now covered by a newly constructed 
house. Locality 71B971 is in an abandoned limestone quarry that 
was still accessible in 1971 when it was last visited.

In the Sveadal area near Loma Prieta (see fig. 32), Osbun 
(1975) discovered large foraminifers in limestone boulders within 
the basal part of the Temblor Formation of middle Miocene age. 
The localities and a stratigraphic column are shown on figure 35. 
The boulders were presumably derived from the erosion of the 
limestone in the vicinity of 71CB983 and 71CB971.
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121°52'30"

EXPLANATION

Monterey Formation

Temblor Formation 
Tt  sandstone 
Ttv volcanic rocks

Sedimentary rocks 
ye _shale and sandston
Tel  limestone

Serpentinite and 
sedimentary rocks

1 *
SCALE 

0 1 Km
       i

1 Mi

Figure 34.--Geologic maps of the southern San 3ose area showing 
localities where foraminifers were collected. Map bases 
from Los Gates and Santa Teresa Hills 7.5' quadrangles. 
Geology generalized from Bailey and Everhart (1964).
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DEVILS DEN SECTION

The Devils Den area (figs. 36 and 37) has a nearly complete 
section of Paleogene rocks that is easily accessible, moderately 
well exposed, and not too complicated structurally. 
Unfortunately, at most (but not all) localities the calcareous 
foraminifers have been leached out. Several trenches have been 
dug by oil company paleontologists in generally successful 
attempts to obtain fresh material--one of these may have provided 
the foraminifers that Mallory (1959) used to establish his 
Narizian Stage. The senior author found stakes and shallow pits 
that were probably left by Smith (1956) in his study of the Wagon 
Wheel Formation, but material dug from a depth of 1 m in these 
pits failed to yield any calcareous foraminifers. Auger holes or 
trenches to a depth of 3 m or more are probably required to 
recover calcareous material for most of the section.

Happily, the Barrenda Mesa Water District constructed a 
water distribution system in the late 1960's that has opened new 
exposures of the lower part of the Paleogene sequence. In 
particular, the afterbay area of pump station "A" has a 
continuous section from the Avenal Sandstone through the Gredal 
Shale Member of the Kreyenhagen Shale to the lower part of the 
Point of Rocks Sandstone (see figs. 38 and 39). The lower part 
of this section is repeated by a fault, and the relation of the 
lowest beds to the underlying Panoche Formation of Late 
Cretaceous age could not be determined. A small amount of 
siltstone below the Avenal Sandstone has been provisionally 
mapped as Lodo Formation.

The Devils Den area has been remapped recently by Dibblee 
(1971, 1974). Dibblee (1973) also has discussed the stratigraphy 
and nomenclature of the various rock units in the Devils Den 
area.

The Point of Rocks Sandstone and Kreyenhagen Shale of the 
Devils Den area are inferred by Clarke and Nilsen (1973) to have 
been contiguous with the Butano Sandstone and Twobar Shale Member 
of the San Lorenzo Formation in the Santa Cruz Mountain area (see 
figs. 3 and 5). They believe that these units have been 
displaced since Eocene time by about 300 km of right-1ateral 
movement along the San Andreas fault.
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EXPLANATION

Alluvium 
UNCONFORMITY Wagonwheel Form.(marine) 

Tw, shale; Tws, sandstone

Monterey Shale (marine)
Tm, McLure Shale Member 
(silie. sh. Mohnian Stg. U. Mio.) 
Tmi, unnamed siltst. lentil 
Tmd, Devilwater Shale Member 
(clay sh. Luisian Stg. M. Mio.) 

DISCONFORMITY ?

 Tta

Temblor Formation(marine) 
Tts, sandstone
Ttb, Buttonbed Sandst. Member 
Ttm, Media Shale Member 
T.tc, Carneros Sandst. Member 
Ttn, Santo's Shale Member 
Tta, Aqua Sandstone Lentil

0)
c
CD 
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o

>-
<i «
C£

Kreyenhagen Shale
Welcome Shale Member, marine)

Point of Rocks Sandstone

Gredal Shale Member of
Kreyenhagen Shale

QJ

Panoche Formation 
(marine sandstone and shale)

(Map follows on next page.)

Figure 36.--Geologic map 
Sawtooth Ridge and 
from Dibblee (1971,

of the Devils Den area. Base maps from 
Emigrant Hill 7.5' quadrangles. Geology 
1973, and 1974).
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Figure 38.--Geologic sketcn map 
showing formation contacts, 
fossils were collected

of the aqueduct near Devils Den 
structures, and localities where
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LODO GULCH SECTION

The Lodo Formation at its type locality (figs. 40 and 41) is 
one of the most important reference sections for the lower 
Paleogene in California. Foraminifers from the section have been 
described by Martin (1943), Israelsky (1951 and 1955), and 
Schmidt (1970). Nannoplankton have been described by Bramlette 
and Sullivan (1961). The integration of foraminifer and 
nannoplankton data and correlation with standard zonations has 
been done by Schmidt (1970, p. 50)--his time scale has been added 
to the stratigraphic column, figure 42.

The thickest section of the Lodo Formation (sec. A, fig. 40) 
is covered in its lower part. A supplementary section (B, fig. 
40) was used by Israelsky (1951, pi. 1) to show the lower part of 
the formation and its contact with the underlying Moreno Shale of 
Late Cretaceous age. We have used still another section (C, fig. 
40) to show this lower part. The section at C has locality LSJU 
2073 shown on a map by Martin (1943, fig. 1) and on another map 
by Smith (1975, fig. 1). Smith lists more than 60 species of 
gastropods, pelecypods, brachiopods, and corals from LSJU 2073, 
and she compares them with similar species from the Bracheux 
sands, Rilly sands, and other units of Paleocene age in the Paris 
basin. The sandstone at LSJU 2073 is glauconitic and may have 
provided the material dated by Funnel 1 (1964, p. 188, item 113) 
as 58.5 m.y. old.

The rocks in section A have slid extensively so that it is 
difficult in most places to obtain samples in correct 
stratigraphic position. Holes up to 1 m deep were dug with a 
shovel in an attempt to get below the landslide debris and into 
undisturbed rock, but some mixing of the samples is likely. A 
similar problem was noted by Israelsky (1951, p. 4).
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EXPLANATION

® 
A

Line of section measured along Lodo Gulch 
Collecting locality along line of section
Collecting locality projected into section 
from different elevations along walls of 
Lodo Gulch
Strike and dip of beds

7VCBI23IG

1. Lodo Formation defined by White (1938). Measured 
sections at small scale and fossils by Martin (1943) 
and Israelsky (1951).

2. Section remeasured by E.E. Brabb, J.R. LeCompte 
and S.W. Moore, 10/15/74 to 10/17/74.

3. Most of the section is covered with landslide debris. 
Samples were collected by digging holes a few feet 
deep through the landslide deposits. Some mixing 
of the presumed bedrock with landslide debris is 
likely, a problem also noted by Israelsky (1951, p.4)

'ormation in its type section.
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