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HILLSIDE MATERIALS AND SLOPES OF THE SAN FRANCISCO
BAY REGION, CALIFORNIA

By STepHEN D. ELLEN AND CARL M. WENTWORTH

ABSTRACT

Hillsides in the San Francisco Bay region differ in slope of |
the ground surface and in the kinds of materials beneath the |
ground surface. These differences affect engineering use of the \
land in several ways, including the volume and ease of grading ;
needed to provide flat space for roads and foundations, the sta- |
bility of that grading, the success of water wells and septic- i
tank systems, and the susceptibility to geologic hazards such as ‘
landsliding and earthquake shaking. This report systematically !
describes the materials and slopes of hillsides in nine counties |
(Alameda, Contra Costa, Marin, Napa, San Francisco, San ;
Mateo, Santa Clara, Solano, and Sonoma) that constitute the
bay region, so that land-use advantages or problems can be an-
ticipated.

Hillside materials in the region range from soft, young
stratified rock to older and harder stratified rock, volcanic rock,
hard homogeneous rock, and chaotically mixed assemblages of
hard and soft rock. The distribution of these materials is shown
on 1:125,000-scale maps based on geologic mapping of the re-
gion. Approximately 360 units are described by bedrock compo-
sition, physical properties of bedrock (rock hardness, bed
thickness, and spacing of fractures and partings), texture of
surficial mantle (soil cover), expansivity, and permeability. De-
scriptions are based on thousands of systematic field observa-
tions, about one thousand free-swell tests for expansivity,
examination of aerial photographs, and published reports. The
units are described in detail and also in summary form, and
they are organized and colored on the map according to domi-
nant composition and physical properties, so that the general
distribution of material properties can be readily discerned.

Slope of hillsides in the region is portrayed on 1:125,000- !
scale maps by the distribution of three slope intervals that re-
flect the level of constraint on development. These slope :
intervals are superimposed on materials units, so that the vari-
ous combinations of slope and materials are displayed through- |
out the region.

Because of limitations of map scale and the heterogeneity of |
earth materials, the information is not sufficiently specific for |
design of foundations or grading. Its proper use is in more gen- !
eral considerations, such as general planning, preliminary |
evaluation of land, and review of proposals or reports. Using !

inference schemes outlined elsewhere, the data can be used for
regional estimates of cut-slope stability, excavatability, and .
character of material as fill. In addition, the data may prove |
useful for predicting the extent and severity of hazards, such as ‘

landsliding and earthquake shaking. For such purposes, this
report offers a consistent description of the physical character

i of hillside terrain pertinent to engineering use of land.

INTRODUCTION

Hillsides in the San Francisco Bay region differ
in slope of the ground surface and in the kinds of
materials beneath the ground surface, and thesge dif-
ferences affect engineering use of the land. This re-
port systematically describes hillside terrain in nine
counties that make up the bay region, specifically
Alameda, Contra Costa, Marin, Napa, San Francisco,
San Mateo, Santa Clara, Solano, and Sonoma Coun-
ties. The report complements an earlier report that
described flatlands of the region (Helley and others,
1979). Geologic processes, such as landsliding and
faulting, are discussed here only as they modify the
materials of hillside terrain; hazards posed by these
processes are discussed in other reports (for example,
Nilsen and others, 1979).

Two aspects of hillside terrain are described: (1)
the materials that lie beneath the ground surface,
and (2) the slope (or steepness) of the ground sur-
face. Of these aspects, the materials are described
more thoroughly. Distribution of materials is shown

| on 1:125,000-scale maps (pls. 1-6) that are based on

geologic mapping of the region. Unit descriptions re-
port the physical nature of materials that constitute
each map unit in terms of composition and physical
properties of bedrock, texture of surficial mantle (soil
cover), and expansivity and permeability of bedrock
and surficial mantle. Descriptions of map units were
compiled from thousands of systematic field obser-

| vations, stereoscopic inspection of high-altitude
. aerial photographs, published reports, discussions

with geologists familiar with the map units, and
about 1,000 free-swell tests of representative samples
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for expansivity. Each unit is described in detail and |
also in summary form, and the units are organized
and colored on the map according to dominant com- |
position and physical properties, so that the distri-
bution of dominant properties is clearly displayed.

Slope of the ground surface throughout the region |
is portrayed at a scale of 1:125,000 in plates 4 to 6, ;
which show the distribution of gentle (0-15 percent),
moderate (15-50 percent), and steep (greater than ‘
50 percent) hillslopes. The slope maps are derived
from more detailed slope maps of the region (U.S.
Geological Survey, 1972). Slope intervals are super-
imposed on materials units, so that the various
combinations of slope and materials are shown
throughout the region.

USES OF THE REPORT

The maps and unit descriptions together consti-
tute a guide to the physical nature of the ground
from place to place in hillside terrain of the region.
This guide can be used both directly and indirectly
to anticipate problems and advantages of the ground
at places of interest. Slope of the ground, for ex-
ample, directly determines the volume of excavation
needed to provide flat space for roads or foundations
in sloping terrain; likewise, expansivity and perme-
ability of materials relate directly to stability of foun-
dations, success of water wells, and suitability of
the ground for septic-tank systems. Other engineer-
ing characteristics of materials, such as ease of ex-
cavation, are not described directly in this report
but can be inferred from the described properties of
the rock mass (see section below entitled “Purpose
and Use”). Basic data provided here may also be
useful in predictive regional mapping of susceptibil-
“ity to geologic hazards, such as earthquake shaking
and landsliding.

Different elements of the report are intended for
different uses. Plates 1 to 3 portray simply the ma-
terials units, using color and pattern to distinguish
different kinds of materials; these plates are designed
for positive identification of units at sites of interest |
and for map portrayal of material character. Plates
4 to 6 combine color portrayal of materials with pat-
terns that designate slope; by combining slope with -
materials, these plates provide a useful overview of
hillside terrain, but provide less complete identifica-
tion of materials.

The two sets of unit descriptions similarly are |
suited to different uses. The abbreviated descriptions |
summarize composition and physical properties of |
bedrock using a tabular format that facilitates quick {

appraisal and comparison of units. The detailed de-
scriptions provide more complete information, includ-
ing expansivity and permeability of materials and

' texture of surficial mantle.

LIMITATIONS OF THE REPORT

The major limitation on accuracy of this informa-
tion is the fragmentary nature of the evidence. The
vast majority of materials are concealed beneath the
ground surface and are available for inspection only
locally. Thus, the descriptions provided by this re-
port are based strongly on geologic inference from
the few exposures available. Geologic mapping, which
was used to extrapolate information from exposed to
covered areas, is likewise limited by paucity of ex-
posure and also by the geologic complexity of the
region.

The major limitation on use of this information is
heterogeneity of materials units, which results from
the inherent complexity of earth materials in the
region. Most units include several kinds of bedrock
overlain by several surficial mantle materials, and
so the descriptions generally cannot specify the par-
ticular bedrock or mantle materials present at a
given site. Rather, the descriptions specify the sev-
eral materials that constitute the unit, and one or
more of these may underlie the site of interest. Be-
cause the information is not site specific, it is not
sufficient for design of grading or foundations. Its
proper use is in considerations requiring less spe-

| cific information, such as general planning, prelimi-

nary evaluation of land, review of proposals or
reports, or regional mapping of geologic hazards. For
such purposes, the information offers a consistent
description of the physical character of earth mate-
rials pertinent to engineering use of land.
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L.K. Sidoric, from the 1:125,000-scale slope map of
the region (U.S. Geological Survey, 1972). Final map
preparation was done principally by N.L. Hoskin,
with assistance from Ellen, Stewart, D.S. Aitken,
M.K. Christensen, D.L. Knifong, Yvonne Leung, J.D.
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Milan, and J.C. Vasquez; the text was edited by M.A.
McCall and J.A. Troll. The authors are indebted to
all whose patience and encouragement have facili-
tated the work.

HILLSIDE MATERIALS

The materials described here are the bedrock and
overlying surficial mantle, or soil cover, that make
up almost all hilly terrain in the bay region (fig. 1).
Exceptions occur locally where hilly terrain is un-
derlain by surficial deposits, such as alluvium and
terrace deposits, that are too small to show at map
scale or that remain unrecognized, but such depos-
its are most abundant in flatlands of the region
(Helley and others, 1979).

WEATHERING PHASES

Very different earth materials can result from a
single original bedrock material as a result of varia-
tions in degree of weathering. The weathering phases
so produced, sketched in figure 1B, are described as
follows:

Surficial mantle is the unconsolidated earth or

soil cover formed by disintegration of bedrock and
vegetation. It forms an irregular blanket as much as
10 feet or so thick between the ground surface and
underlying intact bedrock.

Weathered bedrock is intact bedrock sufficiently :
weathered so that fractures, partings, and distinct |
bedding planes are weak and slightly open, weath-
ering fractures have formed in clayey rock, hard- |
ness is commonly reduced from that of fresh bedrock,

and some clay has been released from appropriate
rock types. It forms a crude layer commonly a few

! tens of feet thick between the surficial mantle and

fresh bedrock below.
Fresh bedrock is intact bedrock essentially unmodi-
fied by weathering. It extends downward to depth

' from a gradational contact with weathered bedrock.

Most fractures and bedding planes are tight though
not necessarily strong, clay is generally bound up in
consolidated rock rather than free to soften or mi-
grate upon wetting, and hardness has not been af-
fected by weathering.

MATERIALS UNITS

A typical unit on the maps of hillside materials
{pls. 1-3) consists of several parent bedrock materi-
als, each with its weathering products. Such hetero-
geneity could be reduced in some units by additional
mapping, but for most units contrasts in bedrock
composition are too small to be shown at regional
map scale.

Approximately 360 units are distinguished by
color, pattern, and number label on plates 1 to 3.
Most units are delineated by contacts taken from
the geologic source maps (see pl. 1). These contacts
have been modified only by simplification required
for reduction to map scale, by use of surficial depos-
its contacts from Helley and others (1979) where
possible, and locally along the Pacific coast to per-
mit materials in seacliffs to be shown. Separate out-

. crop areas of widespread geologic units in many cases

are distinguished as different materials units be-
cause of local differences in materials or proportions.

Some materials units are aggregates of geologic
units because reduction from source-map scales has
required small geologic units to be grouped. In San
Mateo County, many materials units consist of sev-

. eral geologic units grouped by similarity of materi-

als. Over most of the region, however, geologic units

. have been grouped only where required by map scale,
., as map simplicity has been sacrificed in order to

retain the uniqueness of each unit,

New contacts have been added in parts of the map
where recent work has permitted subdivision of
particularly heterogeneous geologic units. Most new
contacts have been drawn within geologic units char-
acterized by strong contrasts in degree of shearing,
particularly units of the Franciscan assemblage.
These contacts have been obtained by mapping
the form of hillside terrain using 1:80,000-scale ste-
reo aerial photographs (Ellen and others, 1982).
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Ficure 1.—Hillside materials and their relation to topography and alluvial deposits. A, Schematic block diagram showing
both hillside terrain, with its underlying materials, and flatlands over alluvial deposits. B, Schematic cross section of a
hillside, showing weathering phases.
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Materiale units in Marin County have been delin- L
eated largely by this technique. ‘

In addition to units designated by color and pat- |
tern on plates 1 to 3, fauits and large landslides
constitute units in ‘Whlch material character is modi-
fied from that of undisturbed materials (fig. 14).
Landslides are shown only in parts of the region
(see source map on pl. 1), and even in these areas
many smaller landslides are not shown. Major |
mapped faults are shown throughout the area ex-
cept where concealed by water or alluvium, but
smaller or less significant faults undoubtedly affect
rock character in many places where faults are not
shown. Thus, the materials described in this report
may have been modified in many places by unmapped
faults and landslides.

UNIT DESCRIPTIONS

Each unit is described by both an abbreviated
description and a detailed description. The abbrevi-
ated descriptions systematically summarize compo-
sition and physical properties of bedrock, using a
tabular format that facilitates comparison of units. l
The detailed descriptions offer more complete infor- |
mation on bedrock composition and physical proper- |
ties, and also describe texture of surficial mantle, |
expansivity and permeability of materials, and other |
aspects of units.

The descriptions are intended to provide a rea- |
sonably complete and consistent description of those
aspects of hillside materials that most influence en- |
gineering operations in land development. The physi- |
cal properties and aspects of composition selected |
for description are those that significantly influence
engineering character of hillside materials, partica- |
larly through expansivity, permeability, ease of ex-
cavation, suitability as fill, and cut-slope stability |
{Wentworth and others, 1985). Translation schemes
developed by Wentworth and others and outlined in
Tabor and others (1983, p. 47-64) permit systematic
inference of these engineering characteristics, such
as ease of excavation, from the described physical
properties of the rock mass, such as fracture spacing
and rock hardness. Of the engineering characteris-
tics listed above, only expansivity and permeability !
are evaluated here; the others may be inferred from
the detailed descriptions using methods like those
outlined in Tabor and others (1983).

|
\
1
|
PURPOSE AND USE ;
I
|
f
|

METHODS

Unit descriptions were compiled primarily from

| systematic field observation of composition and physi-

cal properties. Observations were largely along roads,

! where access is easy and materials may be exposed

in cuts. Exposures of a given unit were located by

! discussion with geologists familiar with the unit, by

reference to published reports, by use of aerial pho-

. tographs, and by traveling roads crossing the unit,
- Stereoscopic examination of aerial photographs in
. the field improved estimates of proportions of com-

ponents and led to recognition of poorly exposed
materials. These local observations were then ex-

~ trapolated to the majority of the landscape accord-

ing to geologic mapping of the region. These methods
were employed because the materials that underlie
the region are almost entirely concealed beneath the
ground surface.

Observations in the field and on aerial photo-
graphs were complemented by information obtained
from the geologic literature and from interviews with
geologists. Information from consulting firms was
not incorporated except where reports were publicly
available. Sources of information used for each unit
are listed in the detailed descriptions.

Expansive behavior of materials was determined
by free-swell tests on about one thousand represen-
tative samples collected during field observation, as
described below. Free-swell values are given in the

| detailed descriptions; sample locations are shown on
' plate 7.

EXPLANATION OF ENTRIES IN UNIT DESCRIPTIONS

Each unit description consists of an ordered se-
ries of entries describing aspects of the unit. The
abbreviated descriptions consist of entries for map
unit; geologic unit, age, and location; composition of
bedrock; and physical properties of bedrock (rock
hardness, fracture spacing, bedding thickness). The
detailed descriptions give more complete informa-
tion on each of these aspects, and in addition de-
scribe expression of the unit in aerial photographs,
bedding-plane parting, permeability, weathering,

- surficial mantle texture, expansivity, stratigraphic
- thickness, and sources of information. In the detailed
| descriptions, entries are listed only where informa-

tion is available, and a few units lack some of these

" entries. Information needed to understand and in-

terpret the descriptions is given below under appro-
priate headings.
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MAP UNIT

Each map unit and its corresponding description
is identified by a three-digit number. These num-
bers form a discontinuous sequence related to the
groupings of units by which the maps of hillside
materials are colored and patterned, as shown in
the map explanation. Eight major groupings, repre-
senting fundamental differences in nature of the rock |
mass, are divided into about thirty subgroups on the
basis of composition. Within most subgroups, units are
arranged by approximate stratigraphic order; within
subgroups of volcanic rocks, units are arranged by

composition. The major groupings, as well as the |
use of map color to convey fundamental material prop- |
erties, are further described in the section entitled |
“Overview of Materials and Slopes in the Region.” |
|
\

GEOLOGIC UNIT, AGE, AND LOCATION

This entry gives the geologic name and approxi- |
mate age of the geologic unit or units that make up }
the materials unit, as well as the general location of :
the materials unit. Stratigraphic nomenclature used
here generally follows that of the geologic source
maps, which are identified on plate 1.

Approximate geologic age is shown for most units
by symbols in parentheses following the geologic
name: (Q) designates Quaternary; (QT) designates
Quaternary and (or) Tertiary; (T) designates Tertiary; |
(TK) designates Tertiary and (or) Cretaceous; (K)
designates Cretaceous; (KJ) designates Cretaceous
and (or) Jurassic; (J) designates Jurassic; and a query,
as in (J7), designates uncertainty in age assignment.

Place names used to describe location in this en-
try are shown in several places. General areas of |
occurrence are shown on the map of physiographic
areas and cities (pl. 1) and on the index map show-
ing location of counties (pl. 1-6). More specific place
names are shown on the base maps of plates 1 to 7,
and even more specific names are shown on U.S.
Geological Survey 7.5-minute quadrangle maps. Place |
names on these different maps are not identical be- |
cause the features are of different scales. In cases
where more than one materials unit has been cre-
ated from a single geologic unit, the location is gen-
erally preceded by the word “only,” as in “Orinda
Formation (T), only in the East Bay Hills.”

SUMMARY

Each detailed description includes a brief sum- :

]

mary of the unit, including field observations about |

engineering behavior that do not fit elsewhere in
the description. The abbreviated descriptions pro-

. vide a more systematic summary of bedrock compo-

sition and physical properties.
EXPRESSION IN AERIAL PHOTOGRAPHS

This entry in many detailed descriptions reports

! the appearance of the unit in small-scale (1:80,000)

black-and-white aerial photographs viewed stereo-
scopically. This appearance is similar to the appear-
ance from high-altitude aircraft. For many units we

i have used expression in aerial photographs to esti-

mate proportions and bedding thickness.
Expression in aerial photographs is described in

| terms of both topographic form and photographic
| tone. Description of topographic form is based on
- rounding of crests and on prominence of ribbing, the

pattern of roughly parallel sidehill ridges that char-
acterizes many hillslopes in the region. Topography
described as “hard” shows sharp crests and promi-
nent ribbing. Topography described as “intermedi-
ate” shows somewhat rounded crests, irregular or
poorly developed ribbing, or both. Topography de-
scribed as “soft” shows rounded crests and lacks rib-
bing (see Ellen and others, 1982). We describe
photographic tone as light or dark. Contrasts in tone
commonly occur in bands or patches that reflect con-
trasting bedrock compositions.

COMPOSITION

This entry describes composition of each bedrock
component of the materials unit and gives the pro-
portion of the unit occupied by that component. Most
terms describing composition are used in the stan-
dard sense as defined in the American Geological
Institute Glossary of Geology (Bates and Jackson,
1987). Terms describing grain size of clastic materi-
als are defined in table 1.

Some of the compositional terms used here re-
quire definition. “Grit” refers to sedimentary rock
composed chiefly of granules (table 1), and “gritty”
refers to rock that contains granules. Sandstone de-
scribed as “clean” lacks matrix between sand grains;
sandstone described as “dirty” or “high-matrix” con-
tains appreciable matrix of unspecified character

' between sand grains; sandstone described as “clayey,”

“silty,” or “tuffaceous” contains the specified type of
matrix between sand grains. The terms “clay-clogged”
and “clay-saturated” describe materials in which clay
fills spaces between larger grains; the term “tapi-
oca” describes material in which sand grains appear
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TaBLE 1.—Grain size of clastic materials

[Classification based or the Wentworth size scale (modified frem Compten,
1962)]

Size class Particle size
Mitiimeters Inchss
Beulders-------------- >256 >10
Cobbleg---vmmnernmn-n- 64-256 2.5-10
Febbles--cc-raamamannn 2-C4 0.08-2.5
Granuies------------ 2-4 0.08-0.1¢6
Candemccmammaee e 0.002-0.08
Yery coarse---------- 1-2
Coarse--------mm-mm- 0.5-1
Medium------------- 0.25-0.5
Firige----nmmmmmrnn 0.125-0.25
Very fine------------ 0.0625-0.125
R R R 6.0039-C.0625
Clay - -mmeommanemn <0.0039

to be suspended in clay matrix. “Clayey rock” is used |

as a general term for compositions that include abun-
dant clay, such as mudstone, claystone, and shale.
Siliceous sedimentary rocks are generally described
by the terms “subporcelaneous,” “porcelaneocus,”

“porcelanite,” and “chert” (Bramlette, 1946, p. 12- |

16), except where such specific composition is not
known, in which case the general term “siliceous” is
used. Within volcanic materials, the term “flow rock”
means rocks originating from lava flow (not ash flow).
The term “tuff breccia” differs from “breccia” and
“agglomerate” by designating more than 50 percent
tuff matrix between blocks. We use the term “fine-
grained” both as a sand-size term and to indicate
silty and clayey materials when used with general
terms such as “sedimentary rocks,”
“matrix.” We use the term “flysch” to mean simply a

repetitively and relatively thinly interbedded se-

quence of sandstone and clayey rock.

The detailed descriptions contain more informa-
tion about composition than the abbreviated descrip-
tions. Further details of composition may be found

in the references listed as sources in the detailed .

descriptions.

Proportions

The terms defined by percentages in figure 2 are

materials,” or |

used to describe the proportions of each unit occu-

pied by its different bedrock compositions, as well
as proportions of different surficial mantle textures
and different degrees of permeability and expansiv-
ity. These terms are used throughout the unit de-
scriptions strictly as defined in figure 2. Wherever
the term “largely” is followed by two values, it ap-
plies to both values together rather than to the first
value alone; hence “largely low to moderate” would
be read “most is in the range low to moderate.” If
one term of a pair deserves emphasis, that term is
underlined.

In the abbreviated unit descriptions, proportions
are indicated by the form and capitalization of en-
tries, as well as by the terms. Terms or pairs of
terms in which the first letter is capitalized describe
a proportion of the entire unit; if not capitalized,

¢ terms describe proportions within a major component
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Fioure 2.—Terms used to describe propor-
tions of components in materials units,
and their defining percentages.
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of the unit. Por exampie, the description of unit 350
reads:

Largely sandstone, some to much relatively clean

much clayey and dirty
minor to some cemented.

Minor to some mudstone, siltstone, and shale.
This unit 1s largely sandstone; minor to some of the
unit is mudstone, siltstone, and shale. Of the sand-
stone, some to much is relatively clean, much is
clayey and dirty, and minor tc some is cemented.

For many units, proporticns can be used to sug-
gest the likelihood that a given component is present
at a site of interest. In units where beds are thinner
than several tens of feet, more than one component
will probably be present at a site.

Level of Certainty

Some units are described more confidently than
others, just as are some aspects of a given unit. We
use several means to convey level of certainty. In-
formation is presented without qualification where
field observations and other information are consis-
tent and reasonable. The term “probably” is used
where information is based on reasonable inference
but without solid observation. A query at the start
of a statement expresses uncertainty about the en-
tire statement that follows; a query in any other
position expresses uncertainty only about the pre-
ceding term. Major uncertainty exists for all aspects
of those units that were not visited or only briefly
visited in the field, and these are denoted by state-
ments like “Not seen in field.”

PHYSICAL PROPERTIES

Rock hardness, bedding thickness, and spacing of
fractures and parting surfaces are described for each
composition of each map unit. These properties to-

gether describe the basic physical nature of the rock

mass in each unit—hardness of pieces, sizes of pieces
between planes of weakness, and thickness of the
roughly tabular packets of each composition within
the unit. Measuring scales and terms used to de-
scribe physical properties are defined in tables 2
and 3.

In the abbreviated descriptions, physical proper-
ties are reported in symbolic form. Symbolic abbre-
viaticns are defined in tables 2 and 3. The following
conventicns are used in the symbolic descriptions:

!
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TaBiE 2.—Rock-hardness scale
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TaBLE 3.—Scales of bedding thickness, fracture spacing, and
fragment size

{Bazed on the 5 iy the Californie Coast &

“Atbreviated

rerience of ihe
Unit Ce

23, Symbols dsea in

Bedding thickness

Thickness Symbol Inches Cenhimelers
Very thin or laminated n G-C.5 -1
Thin o 052 -5
Medium m 2-12 C-30
Thizk ke 12-56 30-8¢C
Very thick vk e 500

Fracture spaeing and {ragment size

Spacing of Fragment size Symboi inches Centimeters
fracture or
parting
Very close Very smali Vo G-C.5
Close Small c 0.5-2
Moderate Medwr m 2-12
Wide Large 1 5
Very wide Very large VW
Absent a
“Maximure dimension generally spacfiad

pressed like a fraction, the description of weathered
rock above that of fresh rock. For example, fracture
spacing described as “m/w” would read “moderate in
weathered rock, wide in fresh rock.” When this form
1s not used, description of the physical property is
the same in fresh and weathered bedrock.

(2) A hyphen between symbols indicates a range
in properties; for example, fracture spacing of “c-m”
would read “close to moderate.” If a property ranges
from an unspecified low value up to a given value,
the word “to” is used in place of the hyphen; for
example, fracture spacing described as “to m” would

| read “up to moderate.”

{1) In cases where a physical property is different
- of a material, in contrast to the extreme range dis-

in fresh and weathered rock, that property is ex-

(3) Parentheses indicate the dominant character
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played. Thus, hardness described as “(f/h” would read
“mostly firm, ranging to hard.” Likewise, fracture
spacing described as “c(m-w)8ft” would read “most
is moderate to wide, but spacing ranges from close
to 8 feet.”

(4) A comma separates an entry into two parts in
cases where a material displays two properties that
are roughly equally abundant. For example, bedding
thickness described as “n, (k)” would read “thin in
about half of the unit, largely thick in about half of
the unit.” Note that the comma is used in a different
sense for description of hardness in rock types hav-
ing hard or firm blocks in softer matrix, as described
below in the section “Rock Hardness.”

(5} A plus sign indicates “more than.” For exampile,
bedding thickness described as “(8-30ft)100ft+” would
read “most is 6 to 30 feet, but thickness ranges to
more than 100 feet.”

(6) Uncertainty is expressed by query, as described
above.

Rock Hardness

Rock hardness (called hardness in the descriptions)
describes the response of pieces of bedrock te the
geologic hammer swung with moderate force (table
2); for some closely fractured materials, hardness of
the rock mass is also described. Hardness in large
part determines excavatability and fill character of
bedrock materials. Hardness algo reflects abundance
of free clay in clayey bedrock compositions, and ag a
result affects cut-slope stability, permeability, and
expansivity of bedrock. Most rock softens with weath-
ering, but some porous rock case hardens at sur-
faces exposed to air.

The symbolic description of rock hardness in the
abbreviated descriptions iz complex in cases where
a single composition consists of matrix surrounding
barder blocks, as in conglomerate, pillow lava, vol-
canic breccia and tuff breccia, highly sheared rock,
and sphercidally weathered rock. Symbolic descrip-
tion of such materials is in the form “g, f clasts m,”
which reads “soft matrix including firm clasts of
medium size.” The term “blocks” is used instead of
“clasts” in description of breccia, tuff breccia, sheared
rock, and spheroidal weathering.

Beddin

Most bedrock of the region consists of interlayered,
more or less tabular masses of different composi-
tions. We describe thickness of beds using terms that

9

indicate ranges of thickness (table 3). Bed thickness
and the nature of interbedding are described some-
what differently in the abbreviated and detailed de-
scriptions. In the abbreviated descriptions, entries
under bedding thickness describe simply thickness
of lavers of each composition within the unit, not
thickness of bedding within a composition. For ex-
ample, the entry for the shale portion of a sand-
stone-shale unit would report the thickness of shale
between sandstone, say 5 to 10 ft, rather than thin
bedding within the shale. Similarly, the bedding
thickness entry following flyach describes thickness
of intervals of flysch rather than thickness of beds
within flysch. In this manner, bedding thickness re-
ported in the gbbreviated descriptions conveys a gen-
eral sense of the arrangement of compositions within
a unit.

The detailed descriptions in addition report other
agpects of bedding that affect behavior of materials,
such asg bedding within a composition and character
of bedding contacts. Entries describe primarily the
thickness of beds and their distinct or indistinet na-

. ture. Bedding is called “distinct” if beds displayv a

strong contrast in composition and sharp contacts
between materials; “indistinct” bedding lacks com-
positional contrast or has vague or gradaticnal con-
tacts. Some entries also describe the form of beds,
their continuity along strike, and details of bedding-
plane character. In nonsedimentary materials, en-
tries under bedding describe thickness of layers of
material.

Fracture and Parting

Fracture and parting are planes of weakness in
bedrock; together they determine the size of natu-
rally occurring pieces of bedrock. Parting surfaces
lie parallel to one another and to compositional lay-
ering; fractures cross compositional layering. In the
abbreviated descriptiong, entries under fracture spac-
ing report spacing of either fractures or parting sur-
faces, whichever is more closely spaced. In the
detailed descriptions, fracture and parting are de-
scribed separately. We describe spacing of fractures
and parting surfaces using terms that indicate ranges
of spacing (table 3). Mcderate spacing includes a
range (2-12 in.) that unfortunately spans the bound-
ary that determines whether hard blocks are consid-
ered oversize for purposes of fill compaction
{(Wentworth and others, 1985).

Fractures in many bedrock materials, particu-
larly those containing clay, are more closely spaced
in weathered rock than in fresh rock, the result of
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additional fractures opened by weathering. The term
“priginal fracture” indicates the set of fresh-rock frac-
tures upon which “weathering fracture” is superim-
posed. Bedrock that “scales,” “flakes,” or “spalls” has
very closely spaced weathering fractures roughly
parallel to exposed surfaces. Fracture spacing in
large part determines excavatability of bedrock and
affects fill character and fracture permeability.
Parting describes the presence and spacing of
planes of weakness parallel to bedding or, in
nonsedimentary materials, parallel to flow banding
or foliation. Parting is most common at distinct bed-
ding planes and within shale; it is accentuated by
weathering. and many compositions where weath-

ered show parting that is absent or incipient in fresh |

rock. Presence of parting affects excavatability, cut-
slope stability, and fill character of materials. Part-
ing also contributes to fracture permeability in
shallow rock, and in some materials this effect is
pronounced (see unit 539).

PERMEABILITY

In this report, permeability means the capacity of
earth materials to transmit water. Water wells in
hillside terrain require permeable bedrock for ad-
equate yields; septic-tank systems require perme-
able near-surface materials for proper sewage
disposal. Permeability can be accurately measured
and described by the precise measuring scales shown
in figure 3, but in this report it is crudely estimated
using the four broad categories shown near the bot-
tom of figure 3. Criteria used for estimating perme-
ability are given in table 4.

Water in the ground moves through spaces, or
_ pores, of two types, those between grains in the rock
or soil (intergranular pores) and those along frac-

tures in the rock mass (fracture pores). Intergranu- .

lar permeability is moderate or high in surficial
mantle or sedimentary rock that has large open

spaces hetween grains. Fracture permeability is sig- |

nificant at those places where fractures are abun-
dant, open, and not clogged with clay or silt.
Intergranular permeability typically persists to depth
(at least several hundred feet beneath the ground
surface). In contrast, fracture permeability typically
ts most significant in shallow rock (within a few
tens of feet of the ground surface) where weathering
has opened fractures. Fracture permeability is gen-
erally very low at depth, where pressure keeps frac-
tures closed; exceptions occur in volcanic flow rock
and shallow intrusive rock, in which original cooling
fractures may remain open to depth, and along faults,
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where tectonic disruption has opened fractures. In
shallow rock, clay released by weathering may re-
strict both intergranular and fracture permeability
by clogging pores.

We report permeability of each map unit in the
detailed descriptions using several statements. The
statement on intergranular permeability of bedrock
. applies to bedrock material both where shallow and
at depth, unless otherwise noted. Fracture perme-
ability is generally reported only where it signifi-
cantly increases permeability of bedrock. For
example, if a unit is reported to have much low and
much very low intergranular permeability, then an
| additional report of much low fracture permeability
in shallow rock must refer to the component having
very low intergranular permeability. Thus, the reader
could expect low total permeability in almost all shal-
low bedrock of the unit. If the term “permeability” is
used without the qualifiers “intergranular” or “frac-
ture,” read “total permeability.” If no distinction is
made between shallow bedrock and bedrock at depth,
the statement applies to bedrock at all depths.

A final statement describes permeability of
surficial mantle. This estimate assumes that mantle
is saturated, so that cracks are closed and perme-
ability is entirely intergranular. The permeability
reported is that of the least permeable (most clayey)
mantle material beneath a point on the ground in
the unit. One result of this convention is that high-
permeability mantle materials are generally not re-
ported although they are common on hillsides
throughout the region.

WEATHERING

Effects of weathering on physical properties are
reported in both the abbreviated and detailed de-
scriptions, but the detailed descriptions include a
! separate statement on weathering for many units.
| Entries primarily describe depth of weathering,
f which is commonly reflected in a contrast between
gray {(fresh) and buff (weathered) colors, but also
note significant aspects of weathered rock in the unit.

SURFICIAL MANTLE TEXTURE

i This entry in the detailed descriptions primarily
describes the clayey or granular texture of surficial
mantle. We call mantle “clayey” if it contains more
than about 25 percent clay-size particles. This pro-
portion of clay is sufficient to effectively fill pores
between larger grains, thereby causing typical clayey
| behavior. We call mantle “granular” if it contains
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less than about 25 percent clay, the remainder be-
ing silt, sand, and gravel.

Surficial mantle in a map unit commonly consists
of several distinct materials; these materials may
either overlie one another or cover different parts of
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other, we report only the texture of the most clayey
layer present, which is commonly subsoil. Thus,
mantle texture is called clayey wherever some part
‘ of the mantle thickness is clayey, even if most of the

‘ mantle thickness is sand, a convention similar to

the map unit. If one mantle material overlies an- | that used in reporting mantle permeability. Areal
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Ficure 3.—Permeability scale. Measuring scales of permeability (in Meinzer units and metric units) extend horizontally across
figure; permeability classes used in unit descriptions (very low, low, moderate, high), labeled near bottom of figure, divide
scale into four broad intervals. Body of chart shows both the control data on which our estimates of permeability are based
and uses of permeability information, such as quality of material as an aquifer. Letters in parentheses refer to sources of
data: (a) Todd, 1959, p. 53; (b) Wenzel, 1942, p. 11-12; {¢) Johnson, 1964; (d) U.S. Soil Conservation Service, 1968, p. a25; (e)
Wagner and Nelson, 1961, p. 93; (f) Davis and DeWiest, 1966, p. 164; (g) Davis and DeWiest, 1966, p. 351; (h) Davis and
DeWiest, 1966, p. 349; (1) Tolman, 1934, p. 39; (j) Davis and DeWiest, 1966, p. 348; (k) Stearns, 1927, p. 168; (I) Cummings
and others, 1962, p. 184; (m) Davis and DeWiest, 1966, p. 319-320; (n) L.C. Dutcher, written commun., 1972.
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abundance of clayey and granular mantle is ex-
pressed by the proportions in the entry, such as
“largely granular, some clayey.”

Descriptions of surficial mantle texture are based
on inference from bedrock character, combined in
most cases with field cbservations related to free-
swell sampling. See entries under “Expansivity” in
the detailed descriptions for information on particu-
lar sampled maierials. Information on the upper 5
ft of surficial mantle is also available in publics-
tions of the Soil Conservation Service (for example,
U.8. Soil Conservation Service, 1968).

EXPANSIVITY

Expansive materials are those capable of shrink
and swell with changes in water content; clay min-
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percent; they are surely capable of damaging light
loads. Materials called “significantly expansive” have
free swell between 45 percent and 80 percent; these

" may be capable of producing damage. Significantly

erals are the principal expansive component. Mate- |

riale called expansive in this report can expand with
force sufficient te damage light loads, such as roads,
frame houses, or concrete slabs.

We have estimated expansivity by testing repre-
sentative samples for free swell (Krynine and Judd,
1957). Free-swell values have been correlated with
loaded swell of the Uniform Building Code’s Expan-
sion Index Test (Internaticnal Conference of Build-
ing Officials, 1973, 1978) using selected control
gamples, as shown figure 4. Materials called
“severelv expansive” have free swell greater than 80

in

113

and severely expansive materials are jointly called
“expansive” in cases where degree of expansivity is
uncertain. Materials called “unexpansive” have frec
swell less than 45 percent; these do not swell suffi-
ciently to be of concern. Many significantly expan-
sive materiais may not be capable of damage under

typical conditions. A conservative appraisal would

consider both significantly and severely expansive
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FREE SWELL, IN PERCENT

FicURE 4.—Control data for reconnaissance estimates of ex-
pansivity. Fxpansion index of the Uniform Building Code
{International Cenference of Building Cfficials, 1973}, mea-
suring swell under confining load of 144 1b/fi2, is plotted
against free-swell values for a suite of samples that cover
the range of free-swell values measured in the bay region.
The range of free-swell values is divided into three catego-
ries: unexpansive, correspending to very low to lew expan-
gien index; significantly expansive, corresponding to
variably medium te very high expansicn index; and se-
verely expangive, corresponding to high to very high expan-
gion index. Although the Uniform Building Code requires
special design fcr all materials with expansicn index above
20, engineers in the bay region have found few problems
with materials having an expansion index below 50 (D.E.
Clark, Cooper-Clark and Asscciates, cral commun., 1976).
For this reason, materials with free swell corresponding to
a low expansion index are included in the unexpansive cat-
egory. Cooper-Clark and Asscciates performed the loaded
swell tests on bulk samples that had been oven dried at
about 100°C, using sample rings 2.38 in. in diameter rather
than the 4.01 in. specified for the expansion index test. The
smaller ring diameter should have little or no effect cn the
results; drying may have reduced expansivity slightly.
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materials capable of damage and hence worthy of |

caution, but most damage from expansivity can be
sxpected from severely expansive materials.

Entries under expansivity in the detailed descrip-
tions report preportions of expansive materials in
hoth bedrock and mantle of each anit. In some units,
the expansive material is identified in parentheses;
if not, the reader may assume that clayeyv materials
are the expansive components. Bedrock is expansive
generally only where weathered, Entries include the
free-swell test data from which we have eatimated
degree of sxpansivity, tested materials are located
by sample number on plate 7. For many samples we
deseribe field evidence for expansivity, particularly
degree of cracking.

The frec-swell test has exaggerated the expansiv-
of some materials. If additionsal tests have con-
red exaggeration, we designate the free-swell

: exaggerated, as in “free swell 80 percent

> of the material but has not been confirmed by
ing query the designation, as in “free swell
80 percent {exaggerated?).”

Unite of the Franciscan assemblage are described
differently from other units in that free-swell samples
are grouped according to bedrock composition and
character rather than strictly by map unit sampled.
For example, samplies of clayey sheared rock from
rarions map units are reported together in the de-
scription for unit 801,

STRATIGRAPHIC THICKNESS

Entries under stratigraphic thickness in the de-
tailed descriptions give stratigraphic thicknesses re-
ported in the literature for many units.

SOURCES

n the detailed descriptions, we list the reference
used in compiling the description and the number of
stations at which field observations were made. The
references listed are not comprehensive; with few

b

4}

rated).” If exaggeration is suggested by tex- |

exceptions, thaey are those that were readily avail- |

able at the time of compilation (1874) and that con-

e

properties. The number of stations is intended to
onvey a sense of the thoroughness of field study,

[

ain useful information on composition and physical :

ut this measure is crude because some stations re- |

vealed much more than others. Appearance in aerial
photographs, an important source of information for
many units, is not listed; its contribution can be

SLOPES 13
judged from the thorcughness of the entry under
“Expression in Aerial Photographs” and from other
discussion within the description.

HILLSIDE SLOPES

Slope of the ground surface (fig. 5) strongly af-
fects ease and cost of land development. Most devel-
opment in hillside terrain requires flat space for
roads, parking lots, and buildings. Except for flat
hilltops and sidehill benches, this flat space must be
created by grading.

Plates 4 to 6 show the region and its materials
units subdivided into three slope intervalg chosen to
reflect the constraint of slope on land use. Gentle
slopes (0-15 percent) present little or no constraint
te road alignment or other land uses and require

FIGURE §.—Measures cf slope of the ground surfza
matic cress section of a hilleide for which glope
in degrees from the horizontsl, as a percent, and as the
ratic of horizental (H) te versical (V) dimensicne. B, Inter-
relation of these measures for different slopes.
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little grading for development. Steep slopes (greater ‘
than 50 percent) are already steeper than standard |
2:1 (horizontal:vertical) cut and fill slopes, and so \
they cannot support development requiring flat space |
unless cuts and fills steeper than 2:1 can be toler- |
ated. The intervening moderate slopes (15-50 per-
cent) are steep enocugh to require grading for flat
space but gentle enough to permit grading by stan-
dard means, and sc they are the principal areas
where hillside development is possible. Within the
moderate slope interval, cost of hillside development
is sensitive to slope. Grading volume increases
sharply with increasing slope (fig. 6), and deeper
cuts typically encounter materials that are more dif- |
ficult and costly to excavate.

Slope can be described in varying detail. The three
slope intervals shown on plates 4 to 6 are derived
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SLOPE, iN PERCENT

Ficure 6.—Eelation of slope to the excavaticn volume necessary |
to create a level cut-and-fill pad 80 by 80 ft using standard
2:1 cut-and-fill slopes. A, Schematic cross section of hillside |
showing cut-and-fill pad, weathered and fresh bedrock, and
surficial mantle. B, Graph relating grading volume to original !
slope of ground surface. :
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from six intervals on the 1:125,000-scale slope map
of the San Francisco Bay region (U.S. Geological Sur-
vey, 1972). Minimum diameter of areas or boundary
intricacies retained on plates 4 to 6 is about 1 mm,
which represents 400 ft on the ground. Accuracy of
the slope determinations is limited by the photome-
chanical interpretation of contour spacings used to
prepare the original slope map and by accuracy of
the topographic maps used.

Distribution of the three slope intervals varies
throughout the region in response to different mate-
rials and geomorphic histories. The 15-percent slope
boundary tends to separate erosional from deposi-
tional terrain, so that major areas of gentle slope
coincide with alluvial flatlands of the valleys. Mod-
erate to steep slopes characterize most hillside ter-
rain, and here differences in erosional behavior of
materials have produced a close relation between
slope and material character. Some materials units,
for example, contain almost entirely steep slopes,
whereas a few contain largely gentle slopes. Like-
wise, systematic differences in slope can aid in dis-
tinguishing contrasting parts within heterogeneous

' materials units. Slope differences on plates 4 to 6

that form bands along the strike length of a unit, or

. that distinguish parts of a unit along its length, prob-

ably mark differences in bedrock and mantle mate-

- rials. More sensitive slope distinctions can be made

by using aerial photographs or topographic maps,

- and digital elevation data are increasingly being used
| to map slope in detail.

Interpretation of slope is also useful for estimat-

ing character and thickness of surficial mantle and

severity and depth of weathering. Material that

. makes up gentle slopes is generally stable except for

very slow surface erosion, and this stability provides
time for weathering and related processes to develop

~ clayey subsoil in surficial mantle. In a similar man-
| ner, weathering of bedrock on gently sloping old up-

land surfaces can be severe and can penetrate beyond
the typical weathering depths of 20-30 ft. On steep

| slopes, in contrast, downslope movement of mantle

mixes it and incorporates rock fragments from un-
derlying bedrock. On such slopes, bedrock is eroded
relatively rapidly, limiting the depth of bedrock
weathering, and soil erosion is generally rapid
enough so that clayey subsoil cannot form. On mod-
erate slopes, movement of surficial mantle tends to
be slower and weathering effects are generally in-
termediate between those on gentle and steep slopes.
Particularly thick accumulations of surficial mantle
tend to develop at toes of steep slopes and in swales,

. except where erosion by streams or waves is active.



REFERENCES CITED IN TEXT

OVERVIEW OF MATERIALS AND SLOPES
IN THE REGION

Plates 1 to 6, in combination with the unit de-
scriptions, provide abundant and detailed informa-
tion on materials and slopes throughout the region.
So that the major characteristice of the various ma-
terials are not lost in details, we here provide a
brief overview of materials and slopes in the region.
In particular, we describe how the colors on plates 1
to 6 reflect fundamental properties of hillside mate-
rials in the region, so that basic material properties
can be read quickly from the maps.

Table 5 provides an overview of the eight major
groups of hillside materials in the region. Materials
include bedded sedimentary rocks of several varie-
ties: soft young sedimentary rocks are designated by
yellow colors and unit labels in the 100’s; firm Ter-
tiary sedimentary rocks are designated by green col-
ors and labels in the 300’s and 400’s; siliceous
sedimentary rocks, distinguished because of their
anomalous hardness, are designated by orange color
and labels in the 500’s; and older Mesozoic sedimen-
tary rocks are designated by blue colors and labels
in the 600’s. Volcanic rocks, designated by brown
colors and labels in the 200’s, differ from the sedi- \
mentary rocks in hardness, quality of layering, and

other fundamental properties. Deformed rocks of the ‘
{ Cummings, J.C., Touring, R.M., and Brabb, E.E., 1962, Geology

Franciscan assemblage, which underlie much of the

region, are subdivided by basic material character: [
coherent masses of deformed sandstone, which are "
|

colored gray and designated by labels in the 700%s, |
are distinguished from the mixed and sheared clayey |
rocks of melange, which are designated by red colors |

designated by shades of purple and labels in the
900’s, are distinct from these various other materi- |
als in the relative homogeneity of their bedrock ma-
terials. Other general characteristics of these major
groups, including topographic character and the re-
lation between component materials and landforms, :
are described in table 5. |

Each of these primary groups is systematically |
subdivided, and the scheme of subdivision is shown |
in the explanations of plates 1 to 6. Different shades |
of the major colors are used to designate the subdi- ;
visions. For example, within the soft sedimentary
rock designated by vellow colors, different shades of
yellow designate different proportions of conglomer-
ate, sandstone, and clayey rock.

In these ways, the map colors were chosen to re-
flect material character. By examining the map ex- |
planation, the reader can discern the logic of unit

15

groupings and their map colors, and so learn teo
interpret the maps at a glance. Once this organiza-
tion is comprehended, the colors provide an immedi-
ate overview of the materials that are described in
detail in the numbered unit descriptions.

SUMMARY

The maps and unit descriptions of this report con-
stitute a systematic, regional-scale description of the
slopes and properties of materials that affect engi-

i neering use of land in hillside areas of nine counties

in the San Francisco Bay region. The information
can be used to anticipate problems and advantages
of engineering use of the ground at particular places,
or as basic data to create regional predictive maps

' of hazardous geologic processes that are influenced

by hillside materials or slopes.
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Abbreviated unit descriptions of hillside materials

81

Physical properties
(see discugzsion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
100 Gravel deposits (Q), in Napa Largely conglomerate with dirty sandstone matrix... s, h clasts m 10-207t a
Valley and Sonoma Valley areas. same?
SOME SANGSEONE . 4ttt ve s e e nnaeaerosnnoeeooannrcosones (s)f 10-20ft. (a)e-m
same? same?
Some ClaysStone. e eveasossnsosasasnsasonssssasssns s 10-20ft a?
s?
101 Santa Clara Formation, undivided Largely conglomerate with dirty sandstone matrix... f-g, h clasts m-w m{k-51t) 307 a
(QT), in San Francisco Peninsula Some sandstone, siltstone, and claystone........... f-s m(k-5f%)30ft? -
and Santa Clara Valley areas. same? ;é;
jus)
e
102 Corte Madera facies of Santa Clara Largely conglomerate with dirty sandstone matrix... s, h-f clasts (m)5ft vk a 2
Formation (QT), in San Francisco Some fine-grained sandstone and siltstone.......... s m-vk c-m g
Peninsula area. 57 same? -3
MINor ClayStone. ceueevarecsnncosorencsosonocssasens s n - =
ER v
Minor calcite-cemented sandstone.....co.vvvooceenss h - = %
3
103 Arastradero facies of Santa Clara Not seen in field. E
Formation (QT), in San Francisco Largely conglomerate with clean fine-grained w
Peninsula and Santa Clara Valley sandstone mabrix...oievieeieioveoncacnvenanosnonns s, h clasts m (vk?) a %
areas. Some clean =andStone..ceveeesisenoorascssanrsansacs s Tm-vk c~-m =
same? =3
Minor(?) Silty ClayStone..e.eeeeessoseerssconssoons El —— - o)
s? 2z
w0
104 Woodside facies of Santa Clara Not seen in field.
Formation (QT), in San Francisco Largely conglomerate, probably with dirty
Peninsula area. sandstone matrix....oeiveiirenrerconnosoooasans s~f, f-s clasts (vk?) a
s-f, f clasts
Some(?) sandstone, siltstone, and claystone........ f-s - C-m
same?
105 Stevens Creek facies of Santa Clara Largely conglomerate with clayey sandstone matrix.. f~g, h clasts m vk~ 1001t+ a
Formation (QT), in San Francisco Minor clayey fine-grained sandstone and claystone.. f-s m~61t Cc-T
Peninsula and Santa Clara Valley same?

aress.

106 Los Gatos facles of Santa Clara Not seen in field.
Formation (QT), in San Francisco Largely conglomerate with clean to silty fine-
Peninsula and Santa Clara Valley grained sandstone matriX......ceeviniivrononanes. s, h clasts (m)w? (vk)? a
areas. Some clean fine-grained sandstong......oeeeesosaoss s m-vk C~m
zame?

Minor{?) claystone. .ueseesceenovoararocooosansocesas s-f -— -




107

108

110

M

112

113

114

115

Searsville facies of Samta Clara
Formation (QT), in San Francisco
Peninsula and Santa Clara Valley
areas.

Conglomerate member of Ohlson Ranch
Formation of Higgins (1960) (T),
in Mendocino highlands.

Montezuma Formation (Q), only in
Montezuma Hills.

Sedimentary rocks (QT), only near
Mission San Jose Distriet of
Fremont.

Merced Formation (QT), only in
Santa Clara County near Palo Alto.

Merced Formation (QT), only in
San Mateo County and San Francisco.

Merced Formation (QT),
Bolinas.

only near

Wilson Grove Formation (T), in
Blucher Hills area, southwest of
Santa Rosa.

Largely conglomerate with dirty sandstone matrix...

Some to much siltstone and pebbly to clayey
SANASLONE. v i i e e e e

Not seen in field.
Largely conglomerate with clean to clayey
sandstone matriX. . oo iioi it iiiiiiieineenenn,

Largely sandstone, clayey to silty, and siltstone..

Some(?) clean sandstone and pebble conglomerate. ...
Minor to some(?) claystone......vveeeeeeveunnennnn.
Rare calcite-cemented sandstone.........vvvrvrvn...
Largely clayey Sandstone........eeseeeernnnnnnesn..
Some clean SANAStONE. ey ueuesseeronnnenennnennnss

and MudSEoNe. vt it e it i et
Minor(?) conglomerate, much clean..........eeeune...
Largely clean fine-grained sandstone...............
Probably some siltstone and claystone..............

Largely sandstone, much clean, much silty and
Ay Y e i e e e e i

Largely fine-grained sandstone, mich clean, much
P

Mich silty and clayey fine-grained sandstone.......

Some siltstone and sandy claystonS.....eeeeeeeees.s
Minor(?) conglomerate. ..vueveeeerenneenennennennnns
Minor tuff and tuff breccia....vvesrereennnnnennn..

f, s-h clasts m
s-f, h clasts

g

-5

s, h clasts

£
3, h clasts ceve

3

(s)f
f
=-f

)
I

h
(s)f, (h)clasts o

O

f, (h) clasts

-3, h clasts (¢)m
-5
(F)af
i

(vk?)

m--vk

vk
vk
(vk=a)n-k

(n-4ft)

m?

k~10ft

k-10ft

k

H-30ft
(n=vl) 2001t

't
ft

6
6
k=301t
k=301t

m~}

m(k-10£%) 301t
m(k~10F%) 30t
(k=107t)7?

(n=k)vi
(to 15ft)50ft

ri-k

c-m
same?

M~V
e=ve

Tm-w

2 (m-w)5ft
“(m-w)5FE
ve -m?

7]

m-w
2(m-w)5ft

(w~10ft)a
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(w-10ft)a
ve-m
(w=10Ft)a
VO-VW
nw)vw

=W

SNOILJIYOSTA LINN ALVIAEYIIY



Abbreviated unit descriptions of hillside materials

S — - - ]
<
Map unit  Geologic unit, (age), and location Composition
(see pls. (see discussion in text) (see discussion in text; fig. 2) see tab
1-6) 2,3
116 Chlson Ranch Formation of Higgins Largely very fine grained sandstone, clean to
{1960), undivided (T), in Mendocino T B R R R R s vKed C-m
highlands. Minor to some conglomerate with clean to clayey
sandstone matriX....cieeooecosoecsoanassosoaccans s, h clasts vk a7
Rare siltstone and mudstone. ..cccoeeoavocconvoscoans - ~= -
Minor CONCretioNS. ...ooecercssvnsercasoscacsooscsns 5 —-— (m)?
h
117 Sandstone member of Ohlson Ranch Almost all very fine grained sandstone, clean fo
Formation of Higgins (1960) (T), STtV e e eaunneroaasscacovasoscossanssosssannsosson s VK=& c-m
in Mendocino highlands. (?)Minor conglomerate, siltstone, and mudstone..... -~ - - .
Minor CONCretionS. ..ec.essacaccscensscsanaosncnenes s -— (m)? ta
W o
5
=
<
118 Garrity unit of Wagner (1978) (T), Much clean medium-grained sandstone................ f-5 m-20ft+ a s
near E1 Sobrante at north end of same? 3
East Bay Hills. Much clayey fine-grained sandstone.........e.ooeens f-5 m(vk)20ft+ HC-10 [Fj
£? 7 -
Some conglomerate with clean sandstone matrix...... f-g, h clasts (¢)m w2080+ a ;;:f
same? e
Minor to some mudstone......ccoceeceviioeaenonsesans f-s —— ve-c -
7 ¢ &S]
Minor tuff and tuff breccia like unit 282.......... f n(k-10£t) 157t+ (m~67t) ;ﬁj
=
120 Sedimentary rocks (QT), largely Much to most is mudstone and clayey sandstone...... f m{k~15F1) 100ft ve-m -3
equivalent to Livermore Gravels ? 5
of Hall (1958}, only near and Some to most is clean sandstone€......cecceecacasoss s (k-15f%) a, mei 2,
south of Livermore Valley. and conglomerate with clean to clayey sandstone w
MALP I . ot eoansossosocasncascansaossssocssscnsanne s, h=f clasts (c)m n{k-15ft) 100t a
s, h clasts
Minor tuffaceous sandstone and tuff.......ccoieeone af (k-15ft) (ve-w)4ft
(m-w) Uft
Minor cemented roCK......vuesocaoocccserosaosanonss r - el
he
121 Sedimentary rocks (QT), only on Much(?) mudston€...ocece.s W eeeserecetesstanesenanes f =y Ve
east side of Santa Clara Valley Much(?) conglomerate with clayey sandstone to grit ?
near Evergreen, e v o < O s, h-f clasts (e)x 2m-vi a
s, h clasts
Some(2)Sandstone. . ceceoonessccasocvascscsosovanasas ?8-f -Vl e
Minor cemented rocK......eseccooaveocacovosaocaonns h - ——
122 Sedimentary rocks (QT), only on Most is conglomerate with clean to clayey
east side of Santa Clara Valley sandstone MAatriXe e sesceseocscocaacrasascisocnns s, (h)f clasts (c-m)w m(vk) 15Ft+ a
south of Coyote. 3?, h clasts
and clayey sandstone.......eccevene ceenoasassesse -5 m(vk) 1570+ G-l

£2 7




-
Ny
[}

126

Nontuffaceous member of Glen Ellen
Formation (Q and (or) T), in
northern part of region; Huichica
Formation (T), in the Napa to Santa
Rosa area excluding area southwest
of Napa distinguished as unit 153;
older fluvial deposits (T), in
northern Mayacmas Mountains.

Tehama Formation (T), including
Putah Tuff Member, only north
and west of Montezuma Hills.

Tehama Formation (T), only in
general vicinity of Mount Diablo.

Oro Loma Formation of Briggs
(1953a) (T), east of Livermore
Valley.

Purisima Formation (T), near Pajaro
River at southern end of Santa Cruz
Mountains.

Some clearn sandstone..eeeeeoeseceansn
and mudstone...oevveiiverersnooaas
Minor tuff associated with unit 230..

Some conglomerate with largely clayey, some

clean, sandstone matrix............

Some sandstone, largely clayey, some clean.........

Some mudstone, siltstone, and claystone........... .

Minor tuff and tuffacecus rock.......

Minor partially cemented conglomerate.......ceee.s '

Some to much conglomerate with clean to clayey

sandstone mabtriX,..eeereeoceocanoes

Some to much sandstone, much clean, much clayey....

Some to much sandy claystone.........

Minor siltstone and mudstone.........

Minor calcite-cemented conglomerate

Minor tuff....covevonncn. becacsesaas

+

Most

and sandy mudstone to claystone....

Some clean sandstone..v.vveeesoccrons

to almost all is clayey sandstone.

and conglomerate with clean to clayey sandstone

272 00 1
Minor calcite-cemented rock..........

Mincr tuffaceous sandstone and conglomerate........
Local blue sandstone and clayey rock like unit

15

Most is clayecy sandstone....c.oeeeen.
and mudstone...... eeeesseacenneaon

Some clean sandston€..ceeeieecveroenn

and conglomerate with clean sandstone matrix.....

Minor calcite-cemented rock...ocoo...
and tuffaceocus rooK.....c.e.. [

Much clean sandstone......oeveicuene,

and conglomerate with largely clean sandstone

11720 o O
Much clayey sandstone........cicivee.

and mudstone with lesser shale.....

Minor cemented rock.....viieevennnens

E3 B

s, (W)f clasts (c-m)w
samne?
(s)f
same?
-3

£2

s~f
a(f)afr
f

(s)f, h clasts (c)m

s-f
f
f

h-f
£

(f)s
f
s

s, h clasts (c)m

f=h
qf

, (h)f clasts (c-m)w
h
qf-h

0]

(s)r

(s)f, h elasts (c)m
f

£

h

m(vk) 15t

n(vk)15Ft+

(k-301t) 1001,
k-30ft+
k-30ft+

m(k-15f4) 30t

(15-501t) 1007t
(15-50£t) 1001t
(15=507t)

(15-50ft)

(k-5ft) 15t
3161t

K (5251t ) 1001+

k(5-25Ft) 160ft+

k(5-25Ft)
k(5-25Ft)
(m-k )it

m( 10-1007t)
m( 10-100ft.)
(m=15ft) 100t
(3-5ft) 10074+
m-K
m--i

k(10-50f1)

k(10-501t )
k(10-50ft)

k(10-50ft)

Ml

s

?

(a)m-101%

Gl
To-w)20Ft
NVC~(
Tm-w) 201t
__ye-m?
{m—w) 20t

a
a, mew
v
?
G-ve
5= 107t
m{w-611) 207t

o

&
G

(re-cim
7
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(m-w)iift
o=W
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?
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Abbreviated unit descriptions of hillside materials

Physical properties
(see discussion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,32) (see table 3) (see table 3)
128 Upper part of Mulholland Formation Most(?) is silty and clayey sandstong.............. s(f)qf (m-10ft)100ft c(m-w)ift
of Ham (1952) (T), in East Bay (Fgf
Hills east of Oakland. and conglomerate with silty and clayey sandstone
1728 o e (f)s, h clasts (o)m (m=-10ft)30ft+ a-vw
f, h clasts
At least some mudstone to siltstone.......eeeeneees (f)s (m-10ft) 100ft c-ve
f ?
Minor cemented rock and limestone...........cocvoes h k —
and tuff and bentonite.......cocviiiiiiiiiinieneen - m —
129 Lower part of Mulholland Formation Much sandstone, clean to dirty..........eo... P (f)s n(m-10ft)20ft c(m-6ft)
of Ham (1952) (T), in East Bay f
Hills east of Oakland. Much mudstone, some CAlCAreoUS.....c.cevesens Cheenen (fih n(m-10£t)100ft+ c-ve
5
Minor to some cemented sandstone.......ceooeevioesee h (m-10ft ) 201t m-6ft
Minor tuff and bentonite............coevennn Chesees - m -—
130 Contra Costa Group, undivided (T), Some to much mMIAStONE.....cvevevereiercnasns Ceeeseen f m(5-40ft)110ft c-ve
in most of East Bay Hills. m-W
Some to much sandstone, clean to dirty............. s~f m(5~40ft) m-w
same?
Some to much conglomerate with dirty sandstone
MALP LN e e e einscitiaieranetoneseeatonononesanonans s-f, h clasts (c)m m(5-U40ft) m(w-vw)a
same?
Minor calcite-cemented rock...ceveveenvoacnecancnan h to k+ m-w
Rare tuff, diabase, and basalt....cviiereevruconnes — - -
131 Contra Costa Group, undivided (T), Some MUASEONE. « v e ererersonevesssosonasansnosasosnsa f m(5~30ft) c-ve
only in area west of San Pablo m-w
Reservoir in East Bay Hills. Some dirty fine-grained sandstone and siltstone.... f m(5~30ft) c-ve
m-w
Some dirty coarse-grained sandstone...........o...n g-f m(5-30ft) C-W, VW-a
m-w, Vw-a
Some conglomerate with dirty sandstone matrix...... s-f, h clasts c-m m(5~30ft) (vw-a )m-w
Minor calcite-cemented rocK....vievuevocansvsocannsns f-h m~k m-6ft
Minor tuff and basalt....c.veececaroiannnnononsnnss -~ - -—

132 Clastic member of Moraga Formation Like unit 133.

(T), in East Bay Hills. Some to MUCh MUASEONE. e vveroveoreocannnnsnsrsesaansa (f)s m(vk-30ft) c-ve
£? MW

Some to much dirty sandston€..csseuveecerseosccocsen f(s) m(vk-30ft) c-m

7 ?

Some to much conglomerate with dirty sandstone
matrix...eeea.. eeescosesenaaons et reneiceeaenon (f)s, h clasts c-m m{vk-30ft )200ft a
7, h clasts
Minor cemented rocK....oeeeoceeceasnorenocssnaonusse h — c-W

Minor tuff and basalt......coeicvencoconsosoncnnnon f-h vk Q=W

e
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133

140

141

150

151

Orinda Formation (T), only in
East Bay Hills.

Orinda Formation (T), only in area
north of Livermore Valley.

Tuffaceous member of Glen Ellen
Formation (Q and (or) T), in area
east of Santa Rosa Valley.

Sedimentary deposits (T), near
Napa and Scnoma Valleys.

Montezuma Formation (Q), only
south of San Pablo Bay at north
end of East Bay Hills.

Sedimentary rocks (QT), only along
Santa Clara Valley margin in
San Jose-Fremont area.

Some to much mudstone to siltstone.......c.cveenenn

Some to much dirty sandstone....ececevececocneenens

Some to much conglomerate with dirty sandstone

MALr X, ettt iivaneosroconsosroscnonssasoseaanenans
Minor calcite-cemented rocK......oveveeerncannneane
Minor tuff and diabase.....ocveeeocnoreoeanasensnns
Much clayey Sandstone....ceeeeseeeernonessessensnns
Much mudstone.......... Geassarsscesrasaessasasasans

Some clean SandstoNe. .. ceeeressnesoansassnasioronns

Minor to some conglomerate with clay-clogged

sandstone matrix...ooeoireniiiioionenenenoaonaans
Minor calecite-cemented rock.....coeeveerenvnccnensn
Minor tuff and tuffacecus sandstone..........e.vs0.
Much tuff. .. i ittt it ieseiensornconarannnns

and tuffaceous rock of silt size to very coarse

Sand SizZe...iiiiiiiiiiiiieioiiititieriteeonrenan
Some conglomerate, as described for unit 123.......
Some sandstone, as described for unit 123..........
Some clayey rock, as described for unit 123........

Proportions highly variable.

Some to much tuffaceous sandstone and tuff.........

Some to much conglomerate with clean to clayey

sandstone matriX. ... ieeeeieneronnonsnaconnoanees

Some to much silty claystone............ Ceeeneieoes

Minor andesitic or rhyolitic flow rock like units

230 and 218, it i i e e et

Largely clayey rocks, including mudstone,
claystone, siltstone, and clayey fine-grained

SANAStONe. v v vt ittt ittt et
Some to much clean to silty sandstone..............

and conglomerate with variably silty sandstone
matrix

Largely mudstone, siltstone, and clayey sandstone..

Some conglomerate with clean to clayey sandstone

1072 e U O

Minor calcite-cemented rocK.....eeveveenoeeerenennn

f

f-3

(s

f-5, h clasts c-m
(f)s, h clasts
(af)h

f

(f)s
f
s-f

same?

s-f, h clasts (¢)m

s-f
2

a

s, h clasts (¢)m
same?

(s)f
same?

-3
s

s, h~f clasts c-m

(s),h clasts c-m
zame?

h

k(5~100ft+) ve-c
i-w
k(5-100ft+) ve-m
m-w
k(5-100ft+) VW-a
m-k m-w
m{k-10ft)50ft+ c-ve
?
m(k=10ft)50ft+ c=ve
?
m(k=10ft )50t + c(m)w
m(k~10ft)50ft+ a
k-Uft (m-w)5ft
(k~5ft) c-ve, mM-w
m—ﬁft
m(k-30ft) Cc=Ve, M=W
Zm—w;20ft
m(k-15ft)30ft (c-ve)w
(m~w)20ft
m{10-30ft) oW
m-w
m-30ft vW-a
m(10-30ft) c-m
?
m-30ft a, C-W
m-30ft a
m~-30ft a
m(3-157t+) c-m
)
m(3-15Ft+) a-vw?
m~5ft m-W
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Abbreviated unit descriptions of hillside materials g
Physical properties
(zee discussion in text)
Map unit Geologic unit, (age), and location Composition Bedding Fracture
(see pls. (sce discussion in text) (see discussion in text; fig. 2) chickness spacing
1-6) (gee table R) (see table 3)
152 Sedimentary rocks (QT), only in Most is mudstone, siltstone, and clayey very
hills east of San Jose-Fremont fine grained sandstone....cviveeiveinenrsoronnnsn f m( 3~15Ft+) VO
area. £
Some dirty sandstone....ececeroorocescensesvsononas r~qf m(3~15Ft+) c(m=w)50t
?f~h
and conglomerate with dirty sandstone matrix..... f-qf, h clasts c-m mf 3=15F%+) c(m-w)5ft
?f-h, h clasts
Minor calcite-cemented sandstone and conglomerate.. h m-5ft c(m-w)5ft
Minor tuff and tuffaceous sandstone................ —— - —
Near Monument Peak, largely clean conglomerate and
2T gTa F ] o) o = — - - ;é;
ol
&
153 Clayey facies of Glen Ellen Almost all mudstone, claystone, and siltstone...... 5 vk~a e 53
(Q and (or) T) and Huichica (T) g-f ? i~
Formations, southwest of Napa. Minor conglomerate and sandstone as described =]
T PN i -— k-30ft+ - g
o
154 Siesta Formation (T), in Fast Bay Largely mudStone. co.eeeocsasocossoacocsoconasnsasens f (m-10ft)20ft c-ve %
Hills. ?
Some to much sandstone, largely dirty and g
BUE T ACEOUS . s s s oasasenssasassncsscnososcsonssacns a(f)af (m=10ft) (¢-m)w w0
()BTt S
Minor calcite-cemented concretionS.....eceevicsonss h m i o
Minor conglomerate, limestone, tuff, and basaltic =
f1OW IroCK. cvevesocesvoecoancccesoocoossnsnserannsas e Lo vk - o
2,
w
155 Petaluma Formation (T), in Largely claystone, sandy claystone, and clayey
Santa Rosa-Sonoma Valley area. I TP f-g vk-200ft+ C=VC
T m
Some sandstone, clean to dirty...oeeeeecicnenoceces s n{k-10t1) 2008t vo-m, a
57 clmiw, a
Minor conglomerate with clean to dirty sandstone
AL X s eussvacnrorocenorecnnoccvsasoasceanaonns s, h clasts (c)w m=vk a
same?
Minor calcite-cemented rock and limestone.......... h N o=
Minor tuf'f, tuff breccla, tuffaceous rocks, and
diatomite. cveniveeencavosesocssssonsnnsacscasocan ~h m~307t —
156 Claystone uwember of Petalums Largely claystone and shale....cecvconcecnsococonncs f-s m(k=-vlk) 100f4+7 vo=C
Formation (T), in Santa Rosa- R m?
Sonoma Valley area. Some siltstone. ... ieeieiiiiiiicarsocescanceronos s m(k-vk) ve=c
f m?
Minor sandstone, clean to Clayey..eciocecesooanasss s (vn-m)k (c-m)
-7

Rare 1imeStoONE.u.eeesecccnccrvoossuscsssncsosonesss h (n)hift (¢iw




200 Andesite and basalt (T), near Not =se

Evergreen, southe of n Joae. Intrusive and DASATE e vocoessoocnaanaca - -
201 :, about 3 wi north- : e8I st et eeo e h-f - (e)m

{ Anderson Reservoir, 1

bou‘rhoaot of San Jose. Scime serpentinites included in map ared...coveveveen. - - —
202 indesitic to dacitic r>114[ and aitic intrusive rocke. . oeervacenonnnes h - C=W

intrusive complexes of Sonam rock included in intrusive complexes.. e —— -

VYoleanics (1), in area betwsen of Hapa, most is breceid..oeeeevencesn 5 b blocks m e e

Santa Ro Valley and Howell

Mowntains.
203 Rhyodacite intrusions (T), Rhyodacitic intrusive rock...c.eeeesesvrcecosonesan ()7 - (m-w) 100%

Marsh K, east of Mount

Diablo. (?)Minor metamorphosed country rocK...oeeeoesusonons (h)? o ——
204 Rhyolitic plugs and dikes of lithoidal rhyolitic intrusive rock,

%n(ma VYolcanics (T), in area as dense and coherent rotk..eceacoececcass (h)f -— c~n

betw Santa Rosa Valley and s;,um.;\;) as brec -3, h blocks c-m e —

Howell Mountains. 2, h blocks

soma(?) as highly icular to pumiceous rock..... f-s - ?0-m

210 Putnam Peak Basalt (T), in Olivine~bearing basalt,

English Hills, north of almost all dense flow POCK. e s s neneoncononannnonn ¢! vk (r)w

Vacaville. minor vesicular rock, interflow breccia, and

p1Uoroasalt..,.,ﬂ...q...“...‘,..,....M,,,...,.. - - —

211 Basalt (QT), only near Concord. Olivine basalt flows, some vesicular......eescososs (n)gf vl m{w-5Hft)7ft
212 Olivine basalt member (Q) of Clear Olivine basalt flows, largely vesicular............ r 3-1001t m-5f%

Lake Volcanics, near nort }an h

boundary of region. Minor lapilli tuff in places abt DAsSe.....ocvenenvn. £ —— -
213 Bald Peak Basalt (T), Almost all hazaltic f1oW Pock..vseveseneccoonsonees feg, | bl( kS m-w to 10077 (e-w)5ft

Hills.

Minor Bl oo ernarensononceononassosescnasos 201t

Rare conglomerate, sandstone,
limes

214 Basalt flows of Sonoma ¥olcanies Largely basaltic flow rock, much dense, wuch
(T), near Santa Rosa Valley. VST LAt s e o e o vnouonoossvnnsosnoesnoosnannssss f, (10-30Ft) 1007E m~61t
Minor pilllow basalb....oevereoenonooncocoasanscesan 7, h blocks — -—
Minor to some dacitic pumice Jlapilli tuff.......... r to vk e
215 Lecna Rhyolite (T?), in East Bay § lithoidal,
Hills near Oakland. aly vesicular or glassy, with sulfides
POCK . o st eutsneanossoscososocsosannoccnes ()t a (ve-w)8tt
216 Rhyolite (T), ]p“h"le s Alum Rock icular), with

Rhyolite of Critt
east of San Jose.

1 (1951), a (vo-w)8ft

a (vo-y)?

3 POCK . e s e o v aasonnancans

;(u]) POCK s naosssasosossaonananonennsens
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-Abbreviated unit descriptions of hillside materials

92

Physical properties
(see discussion in text)

Map unit Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
217 Clear Lake Volecanics (QT), in Not seen in field.
Mayacmas Mountains at northern Probably largely rhyolitic flow rock like that in
boundary of region. UNIE 218, it ettt i et eeecaena e (h)f vi-a e{m-6£t) 10t
h
Probably minor to some breccia, tuff breccia, tuff,
and SCOriaceous I'OCK. s venureoroasoessnoecannsss - - -
218 Rhyolitic flows of Sonoma Almost all rhyolitic flow rock, much vesicular..... (h)r vk-a c(m=611) 101t
Volcanies (T), in general area h
between Petaluma Valley and Howell  Minor breccia, tuff breccia, tuff, and scoriaceous o=
Mountains, excluding area near P OCK s v et n e vt o naneesnesaaososaaeessonessonaesanon - - - g
Calistoga. =
=
S
219 Perlitic rhyolite of Sonoma Much perlite ()asS)ieeeeerersronrenenncnonoccnnans f-s (tens of ft)200ft (ve-m)ift 5
Voleaniecs (T), in area between h m=-81't, =
Santa Rosa Valley and Howell Much nonperilitic rhyolitic flow rock like unit >
Mountains. P2 T O (h)f k(vk) c(m-6Ft) 10t c
B Z
Minor tuff and tuff breccia...o.eeeiiininnnnrennnns — - — =
=
&
220 Soda rhyolite flows of Sonoma Almost all dense soda rhyolite flow rock........... h vk-a m(w-41t)8ft Q
Volecanics (T), in area between Minor highly vesicular flow rocK.....eveveeeeeoenas f - -- =
Santa Rosa Valley and Howell Minor cemented tuff breccid..ueee e ieneneoncoenan h - - 3
Mountains. =~
O
2
w
221 Northbrae Rhyolite (T), northwest Soda rhyolite, dense to vesicular.....veieeenevencs (h)f a c-m, m=4ft
ol Oakland near Berkeley and near {m-Uft) 15Ft
San Pablo Reservoir.
230 Basalt (T), only along east side Much olivine basalt flow rock, much vesicular...... , h blocks m-w tens of ft c(m-w)ift
of Santa Clara Valley near Morgan h
Hill. Much tuff breccla.. oo iieiieiiiioeniinnnenennnans (f)s, (M) blocks(m-w)ift  tens of ft c~ve, m=5ft
s(f)qf7, () f blocks {n-5Ft)8rt
Some clean Sandstone. v e nroreroncoonaanonns E m(vk)15€t+ a
and conglomerate with clean sandstone matrix..... s, (I clasts (e-m)w m(vk) 15ft+ a
231 Page Mill Basalt (T), only in Much basaltic flow rock, dense to vesicular........ (h)f 5-60ft+ c-m
Santa Clara County near Palo Alto. h
Much agglomerate. . vue s ienieieaneorneoaresonansens s-f, h blocks m-w to LOft+ —
same?
Minor U e et i i it ie i cnenancranononononocnnanan s to 6ft -

37
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232

233

234

235

236

237

238

239

Page Mill Basalt (T); Mindego
Basalt and other volcanic rocks
(T); unnamed volcanic rocks
(KJ); only in San Mateo County.

Basalt and andesite member of
Moraga Formation (T), in East Bay
Hills.

Andesitic to basaltic flows of
Sonoma Voleanics (T), in area
between Santa Rosa Valley and
Howell Mountains.

Andesitic and basaltic flows of
Sonoma Volcanies (T) disturbed by
landsliding, near Wooden Valley
northeast of Napa.

Sonoma Voleanies (T), in vicinity
of Burdell Mountain, Marin
highlands.

Andesitic to basaltic flows of
Sonoma Volcanies interbedded
with fine-grained sedimentary
rocks including diatomite (T),
in Sonoma Mountains.

Ash-flow tuff of Soncma
Volcanies interlayered with
andesitic to basaltic flows (T),
in area between Santa Rosa Valley
and Howell Mountains.

Volcanic rocks (T), only at Lone
Hill, south of San Jose.

Almost all basaltic rock,
much as flows and Intrusives...............cvu.. .
much as breccia, pillow lava, and agglomerate....

Minor sandstone and mudsStone..veveeeievnsoesanenons

Most is basaltic and andesitic flow rock, some
VESICULAr. v i sttt e

Some scoria and breccia..veviuiviiiiiiiiiiiiiiiins
R0 b S A o) T
and mudstcone, sandstone, and conglomerate as in
150 T R 1

Minor cemented rhyolitic tuff and breccia..... [

Rare 1imestone..vuvueviieiiiinnerinnennenerennnnnen

Most is andesitic to basaltic flow rock, scome
vesicular to SCOriacCeoUS. ..t vrertrriererrarennes

Some breccia, tuff breccia, and agglomerate........

and ash-flow tuff like unit 270......0.0ieinenvns

Not seen in field.

Like unit 234 except rock mass is disrupted and
broken (by landslide movement) intoc coherent
blocks at least 500 ft across.

Not seen in field.

Largely andesitic to basaltic flow rock with some
fragmental rock, like unit 234.

Minor rhyolite like unit 218 in places near base.

Much andesitic to basaltic flow rock like that in
UNIE 23H . it i it ettt e st

Much tuffacecus and diatomacecus siltstone

and claystone, diatomite, and tuff...............
Minor clean sandstong....viiiieniininnnniesevnnana
Much to most is ash-flow tuff like unit 270........

Much andesitic to basaltic flow rock like that in
unit 234......... et ettt eene et e

and fragmental rock like that in unit 234........

Minor tuffaceous sandstone and siltstone...........

Not seen in field.

Probably largely dacite and perlitic dacite, most
Altered. it i i s i

Some to much tuff and tuffaceous shale, most
altered. v ns sttt esen s

f-s, h blocks (m)w
h
f-s, h blocks m-5ft
f, h blocks

f
h
f£-h

f, h blocks

f-s, h blocks (m)

h
s, h-s blocks (m)5ft
f, h blocks
f

f-s, h blocks (m)
h

f-5
f
s

(f)s
f

f-s, h blocks (m)
h

s, h-s blocks (m)5ft

f, h blocks
f-g

?(h)s

2(f-h)s

vk

vk

25-150ft+

10ft+
10ft+

k-100ft
10-25ft+
to 40ft

(15-25ft)50ft

(k=25ft)

(k-25ft)

10t (15-30ft )50t

10t (15-30ft )50t

k-vk

(40-100f1) 300t7

5ft (20t )100ft

(k-25ft7)

k-vk

to 200ft

vk

(c-w)10ft

(m-6£t)10ft?

c(m)8ft

(ve~m)5ft
m
(m-w)

(c~w)5ft

ve=m
?

a?

m(w-5Ft)20ft

c(mw

(ve-m)5ft
m)
c-ve
a?

7C-m
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Abbreviated unit descriptions of hillside materials

Physical properties

(see discussion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
240 Rhyolitic flows of Soncma Much rhyolitic flow rock like unit 218..... Ceveeaas (h)rf — o(m-6ft)10ft
Volcanies (T), only in Howell h
Mountains north and east of Much hydrothermally altered rhyolitic flow rock.... f-s, h e Cc-vC, VW
Calistoga. SOmE EU e et scnivorassoonotsoanacasassssanonnsns f-s k-vk Tve~m
and tuff breccia and agglomerate...ovevieceeneosn f-s, h blocks k{vk) —-—
241 Rhyolitic breceia of Sonama Rhyolite breccia with dense matrix....ceeeovenvess s(f-h), h blocks m-w — m{w)10ft
Volecanies (T), near Napa. h
Minor lithic lapilli tuff like unit 272............ f-h — ——
250 Volecanic rocks (K), near Loma Briefly seen in field.
Prieta in Santa Cruz Mountains Basaltic pillow lava, breccia, tuff breccila, and
south of San Jose. some diabase, like unit 253. — - —
251 Spilite near Black Point (K), on Spilitic basalt, similar to unit 253.....000evuonns f-h — ¢ (m=w)
Sonoma County coast. “h m-vW
253 Greenstone of Franciscan assemblage Altered basaltic volcanic rock, as
(KJ), throughout most of region; pillow lava....... e cesserescesisetoessesenons . s~f, h-f pillows (w) (tens of ft) vo-m, W
quartz keratophyre of Franciscan (fh, h pillows W
assemblage (KJ), near Loma Prieta breccia, tuff breccia, and tuff...coveeeesnonons s-f, h=f blocks (¢) (tens of ft) vel(e)m
in Santa Cruz Mountains south of (f)h, h blocks c~m
San Jose. flows and intrusives....... Caseesesensesaonsneres (f=s)h (tens of ft) (cem)w
h
Proportions variable; generally much to most is
pillow lava, some to much is tuff breccia, minor
to some is flows and intrusives.
Minor chert (like unit 511) and limestone (like
UNit 909) . ittt ittt Cereaeenns (h) — -
Some sheared rock like units 800 and 804........... —— - e
254 Unsheared metagreenstone of Slightly metamorphosed greenstone like unit 253,
Franciscan assemblage. Consists largely nonfoliate.
of parts of Franciscan metagreen- Most 1S UNSheared...oeeeeoosssooncassasensnsoconass (f=-s)h — ve(e-m)w
stone (KJ) having hard topography, h
as determined by photointerpre- Some is variably sheared and shattered like unit
tation, in Marin highlands. B0t e ettt ittt s e e e e nsaeaaana (f-s)h - (c~-ve)
h)
Minor to some is severely sheared like unit 800.... f-s, h blocks e e
255 Basaltic pillow lava and breccia Most is basaltic pillow lava and breccia........... (f)s, h blocks m-w (tens of ft) (ve-m)w
(J), only in Mendocino highlands; h-f, h blocks ve(m-w)vw
diabase and diabase-basalt Some BUL . e e i iosesesonessssoocnssonsersanassons f-s e —
breceia (J), in northern Mayacmas ?h-f

Mountains.

Materials are shattered and somewhat sheared.

1514
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260

261

262

270

271

273

274

Basaltic pillow lava and breccia
(J), only in Howell Mountains.

Voleanic rocks (T), only near
Blossom Hill (exclusive of Lone
Hill), south of San Jose.

Welded tuff of Sonoma Volecanics
(T), in area between Santa Rosa
Valley and Howell Mountains.

Xenolithic welded tuff(?) of
Sonama Volcanies (T), northeast
of Napa.

Ash-flow tuff of Sonama
VYolcanies (T), in area between
Santa Rosa Valley and Howell
Mountains.

Tuff member (Q) of Clear Lake
Volcanics, near northern
boundary of region.

Lithic tuff of Soncma Volcanics
(T), in area between Santa Rosa
Valley and Howell Mountains.

Agglomerate of Sonoma Volcanics
(T), in area between Santa Rosa
Valley and Howell Mountains.

Andesite(?) (T), immediately east
of Sunol Valley, southwest of
Livermore Valley.

Basaltic rock,

MUCh 85 BreCCla. cuserinrnesetornenoassoncassonos f, h blocks (c-m)w
h
much as pillow 1ava..eeeeseeson. Cereneeeaeann ceea f, h blocks (3-6ft)
Largely welded tuff, altered, rhyolitic to
dacitic. . . ‘e beteerces i enaan h
Some to much flne ash tuff or tuffaeeouq mudstone. f
with minor chert(?) noduleS..eeeeeeenvonraaasnnns h
Largely welded ash-flow tuff........ . PN h
Some to much unwelded ash-flow tuff llke unlt
£ T P . . . . . f
Minor bedded tuff ................................ . f
Welded lapilli tuff and tuff breccia..ieeevese... . h
Largely pumiceous ash~flow tuff....iveeeeiinnonenns (f)s
f
Some welded tuff.............. sesenvoosatirrananenn h
Minor tuff brececila,..eeeevesss eieaos Chieereeereana f, h-f blocks (m)w
tuffaceous sedlmentary POCK v esenonnnns cesevsesas -3
and nontuffaceous sedimentary rock like unlt 1. s-f
Briefly seen in field.
Lapilli tuff, like ash-flow tuff of unit 270....... f
Most is lithic and pumice lapilli tuff with
scattered blocks, some tuff breccia, minor
to some agglomerate and breccia...cveveeierreenne (f-gf)h, (h)blocks(m)Uft
Minor to some hydrothermally altered rock.......... s~h
f~h
Minor ash tuff, tuffacecus sedimentary rock, welded
tuff, and intrusive rock.......icoveninieearnnass -
Much tuff breccia, much tuff with scattered
blocks, some agglomerate and breccid....... Ceeaen (qf)h, h blocks(m)2ft
Minor ash-flow tuff, flow rock, and tuffaceous
sedimentary rock....ceiiienascnns T, -
Not seen in field.
Andesitic or basaltic agglomerate, probably like
fragmental rock of units 230 and 234........... e ?f-s, h-s blocks

f), h-f blocks

vk(tens of ft)

vk(tens of ft)

to 40ft
tens of ft

m

m{vk~200ft)

5~150ft+
n-k

5--150ft+
m-40ft
to 50 ft

m-vk
m(k)15ft+

a?

(vk)
ribs to 50ft

(n-k)20f't+

c-m, w5t

c-ve, m-6ft

m, w-Bft

m-w, viw-10ft+
c~-ve
m
mn-w
c(m-w)5ft
(m-w)

m-Uft

(m-w )20t
c(m-w)5ft
VW-a, m-W

c, a
c-m, a

(m=w)?

m-w, W~-20ft
VC-VW

m{w-10ft)20ft
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Abbreviated unit descriptions of hillside materials

Physical properties
(see discussion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. ) (see diseussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table ) (see table 3)
275 Tuff and volcanic gravel (Q), Largely breccia or rubble of rhyolite blocks in
derived largely from rhyolitic matrix of tuff or tuffacecus sedimentary rock.... f-s,h blocks(c-m)10ft 10~-50ft a,c(m)w
intrusive rocks of Sonoma f?, h blocks
Volcanics, in area between Santa Some UL e e iiiin ittt Ceeeraaes f-s 10-501t m
Rosa and Petaluma Valleys and f
Napa Range. tuff breccia,.cvevvvenvnsnn eeensbanaenn [P f-s, h blocks 10-50ft m
f, h blocks
and tuffaceous sandstone and conglomerate........ f-s 10-50ft a, M-W
same?
280 Cache Formation (QT), near Lake Most is pumice lapilli tuff and coarse-grained
Berryessa, west of Yolo Range. tuffaceous sedimentary rock.......oevveivenenneans s(f) (vk) m
same? w-Ift
Possibly some to much siltstone and claystone...... - —— -
281 Lawlor Tuff (T), in the monocline Some tuffacecus sandstone, clean to clayey......... (f)s k-50ft+ m-5ft
north of Mount Diablo. f
Some tuffaceous Clayey roCK. . eveererienrarssnnsnss (f)s k-50ft+ Vo~
f m-5ft
Some pumice lapilli tuff and vitric tuff........... f 10-60ft c-m, W-oft
{w=5ft) 15ft
Minor conglomerate and basalt.........vvvee [ — —-— —
282 Pinole Tuff (T), near San Pablo Some to most is pumiceous tuff....veiveiieneiiinene, f vk-50ft+ (m-6ft) 15t
Bay at north end of East Bay Some to most is tuffaceous sedimentary rock including
Hills. sandstone, shale, and conglomerate............... (f-3) (vk) ——
Minor tuff breccia........ e eeritbetacae e f, h-f blocks (c-m)w 166t (m=6£t)?
283 Tuff at base of Contra Costa Group Briefly seen in field.
(1), near Lafayette in East Bay Some to almost all is tuff like that in unit 282... (f)qfr? - (w-6ft)?
Hills. Remainder is largely sandy tuffaceous material..... (£32 - b
Minor limestone and basalt......... s eeraes h - ——
284 Tuff member of Orinda Formation Much to most 48 tUff. s erneeiinnsneneeneraerens f-h (k=vk)50ft+ c-ve(m-ft)
(T), in area north of Livermore m-4ft
Valley. Remainder is tuffaceocus sandstone..... et af m-vk c~-ve
m-w
and clayey sandstone, mudstone, and conglomerate,
as described for unit 134.. .00, .. —— - -—
285 Tuff member of Kirker Formation Vitric tuff...... e eeesieee ettt f (10-tens of ft) (c-ve)
of Primmer (1964) (T), in the clmw)
monocline north of Mount Diablo. Tuffaceous sandstone, largely dirty........... f k-4ft(10-tens of ft) (c=ve)
c(m=w)
Tuffaceous mudstone.......... feerbeenerar e reseas f (10~tens of ft) ve
(@Im

Proportions vary from largely tuff to largely
tuffaceous midstone, commonly at least some of
each constituent.

0g€
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290

291

300

301

302

303

310

311

312

313

Sonoma Volcanies, undivided (T),
in area from Sonoma Mountains to
east of Vallejo.

Volecanic rocks (T) (equivalent to
Quien Sabe Volcanics of Leith,
1949), near Pacheco Peak in
Diablo Range, near southern
boundary of region.

Fluvial and lacustrine deposits of
Little Sulphur Creek (T), in

Mayacmas Mountains near Cloverdale.

Conglomerate in G member of Wagner
(1978) of Briones Sandstone (T),
in East Bay Hills.

Basal conglomerate of Monterey
Group (T), in East Bay Hills
near Alamo.

Conglomerate at Point Reyes (T).

San Gregorio Sandstone Member

of Purisima Formation (T); Santa
Margarita Sandstone (T); in Santa
Cruz Mountains.

Sandstone (T), on Point Reyes
peninsula.

Sandstone (T), only near Gilroy
in Santa Clara Valley area.

Laird Sandstone (T), on Point
Reyes peninsula.

Volcanic rocks in urknown proportions. Most are
probably either andesitic flows like unit 234,
rhyolitic flows like unit 218, or ash-flow tuffs
like unit 270.

Not seen in field.

Volcanic rocks, rhyolitic to basaltic, including
intrusives and interbedded extrusive flows,
agglomerates, and water-laid sedimentary rocks.

Not seen in field.

Largely conglomerate. vveieeersrorssvscscnnnnnnns
Some to much sandstone......... ensesnenas cenanes
Some MUASEONE. st veenetnienerensnesenoonorsncsanes
Minor calcite-cemented rock.....vovveiennnnnn. v

Not seen in field.
Largely conglomerate, most carbonate~cemented....

Not seen in field.

Much conglomerate....ovueuiieneinniennnenss eeeas
Much(?) sandstone............. et nr e ves
Minor siliceous shale......... Cerrer e, e
Largely conglomerate with silty sandstone matrix.

Some SaNdstoNE. . veeienenererenrorrsssssasensensas

and shale....vesiinennrennns N PR

Almost all is sandstone, most(?) clean........ .

Minor carbonate concretions......eeveveeeass e

Sandstone, clean, to silty, as in unit 313.......

Largely clean sandstone.......c.eevevinoneennns e
Some partially calcite-cemented sandstone..... een
Minor calcite-cemented sandstone.................
Minor siliceous shal€......vvuvrienerenernvnsnanes
Largely sandstone, clean to silty.....vovevunnnen

Some conglomerate ab base...vevivrienivierionennenn

Minor calcite-cemented sandstone........vevevnnen
and shale. ... .ttt ittt eniseieannnren

f-h, (h)clasts(c-m)15ft+

h-f, h clasts (cm)m

f-h
f

h

same?

(f)?, (h)clasts

f, h-f clasts(c-m)7ft

()7
f-h

h
f=s
h-f

S

T

f-s
f?
h

f-s

f-h
f-h clasts m

?f-h
h
S

bis

6-25ft+
m-100ft
(vk)

to 15 ft
(k-vk)?
(10ft+)
m-20ft

n-60ft

vk-a

Uoft+

k-5ft+
k-5ft

(a)n-20ft+
(vk)

m-20ft
k

6ft+
?6ft+

c-ve

7e~-m

(m=w)?
7c-m
(m-w)10ft
(m-w)10ft

c-ve
?

(vw)?

m(w)ift

w-Uft
w-Urt

c(m-w)20ft

c(m-w)20ft

(m-w)?
C=VC
?
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Abbreviated unit descriptions of hillside materials

Physical properties
(see discussion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)

314 Middle sandstone unit of Largely sandstone, clean to silty.iieeeiniesnennnn s~f m=-4£t, 20-40ft+ (m-4ft)10ft
Nortonville Shale (T), at southern 7(f5h
end of Yolo Range near Vacaville. Minor to some calcite-cemented beds and

CONCPELIONS . v v vt eneerevosnsosnencoasasosososons h Uft+? w=Tft
Minor shale like unit 466, ... cieeirnnonnconnnnns £ Vn-m c=-ve
?

315 Upper sandstone member of unnamed Almost all clean sandston€. .o esronsnesaaes fas (a), vn-m Sft-tens of ft
formation (T), near southern end Minor calcite~cemented concretionS......eeeeeese. h to vk to 12 ft
of Yolo Range. Minor mudstone Near LoD..cewsecrinrserscnnssanons —— vn-n ——

320 Cierbo Sandstone (T), only in Almost all sandstone, clean to clayey.......c.o... . fus 4oft+ e{m-w)10ft
East Bay Hills. same?

Minor calcite-cemented beds and concretions...... h m-4ft w4t

321 Temblor(?) Sandstone (T), only in Much calcite-cemented sandstone......eveeeeevenes f, h blocks (m-w) n-k, vk c{m)w, c
Diablo Range southeast of h w-Ift
San Jose. Much clayey sandstone......ovuiininieiennenenns f m~k, vk -

f-gf

322 Temblor(?) Sandstone (T), only in Most is tuffaceous and clayey sandstone.......... f (m-101t) 1651t 7(c-m)
Santa Cruz Mountains near Mount F{m-w)
Umunhum. Some calcite-cemented sandstone..........cvvees h m-20ft m-5ft

Rare limestone and conglomerate........cveveuuen. —— to 8 ft —

323 Lompico Sandstone (T); Butano Largely SandsStone...veeeeueeeensrnvansreoneasaosnan fes m-30ft c(m-vw)

Sardstone (T), only near Butano f-h
Ridge; in Santa Cruz Mountains. Minor to some calcite-cemented sandstone........... h m-30ft c(m-vw)
Minor mudstone and shale........ovvenniiineniiienn, -3 (n-k)200ft co-ve
il ?
Minor conglomerate. .veeeeeeescnesnsoorscosavsconnes — m-30ft -
330 E member of Wagner (1978) of Largely dirty sandston@......ceeeeeseneeeseonseonnns f vk (30-40ft) c-m
Briones Sandstone (T), only in f? ?
East Bay Hills, excluding area Probably some clean sandston€........c.ceveveannnees ?8-f —n —-—
near Sunol Valley and Pleasanton. Minor to some cemented shell-breccia sandstone..... h to 10ft m(w)lift

331 D member of Wagner (1978) of Almost all dirty sandstone...eeeeeceserivrenoneanen (f)n (k-10ft)20ft c-m

Briones Sandstone (T), in (m~w)
Fast Bay Hills. Minor to some calcite-cemented sandstone........... h k (m—w)

Minor conglomerate

49
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332

333

334

335

340

342

343

344

Sandstone unit of Monterey
Group (T), only at north end of
East Bay Hills near Pinole.

Oursan Sandstone (T) of Monterey
Group, only in Fast Bay Hills,
excluding areas east of Fremont
and northeast of Castro Valley.

Sobrante Sandstone (T) of
Monterey Group, only in Dublin-
Castro Valley area of East Bay
Hills.

Tuffaceous sandstone member of
Kirker Formation of Primmer (1964)
(T), in the monocline north of
Mount Diablo.

Glauconitic sandstone unit of
sedimentary rocks near Drakes Bay
(T), on Point Reyes peninsula.

Temblor(?) Sandstone (T), only
along west side of Santa Clara
Valley near Los Gatos.

Upper sandstone member of
Domengine Sandstone (T), only
on southwest flank of Mount
Diablo.

Upper part of Domengine Sandstone
(T) (equivalent to Escobar
Sandstone of Weaver, 1953), only
in Pacheco syncline, west of
Conecord.

Almost all is dirty to tuffaceous sandstone........
Minor diatomaceous shale,....vveveereveeennnnenenns

porcelaneous shale,....... et
and siltstone..... oottt iiiiiaaaas

Almost all dirty Sandstone.....ieervrenvereenanenns

Minor grit and conglomerate....eveeeeneereeneenesnns
Minor concretions.. ..o ierin i einrenerenenannnsn

Largely clean sandstone.......ucevenvenvanessescnsns
Some dirty sandstone.....veiiiiverineinenannenn ven
Some clayey sandstone...vevuieeeeeroinncenrcrennnnnen

Some MUASEONE. v vttt itereneneetnessareansnssonnanes

Probably most is clean sandstone........eeeeveenens

Some to much siltstone....viiiieerniieneniannennns
and clayey sandstone. . ...ovvieieniiiinneinnconans

Minor porcelaneous shale, concretions,
conglomerate, and volecanic rock like unit 260....

Most is clean to silty sandstone....coevevenennnnns
Some mudstone, clayey fine-grained sandstone, and
shale....... Cheecaacescesassuiariar st anenanao s
Minor to some calcite-cemented sandstone beds and
[S1a) o T) o3 A5 K] o= S AR
Largely clean SandStone.e e e erecenennennsaneroans

Some shale, mudstone, and clayey sandstone.........

Minor to some calcite-cemented beds and
CONCPELIONS . vttt nvveroosvenaossooansnsoraesonsos

f-fas

h-f

37
(f)h

(f)h

f-s, f-h

same?
f

fas(f)qf

same?
f

k-10ft+
m-k

m-k
m-k

m-20ft+
m-20ft+

to 5ft
m-20f't

(a)k-vk
to k
(m)k
vn~-tens of ft

m=-10£t (107t +)
k-5t

(to k)

to bft

m-tens of ft
(vk)
(vk)
(vk)

to k

tens of ft

n-m, vk
n-m, vk?

m-k (10-100ft+)

m-lft, 10-100ft+

to 10ft

VK-50ft, m-4ft

n-12ft

m to 207t

VC~C, MmM-W
m~W

C-m
ve

&-ve
m-w
c(m)w
(m-w)
c-ve
m-w

vC-m
m-w

(m)

C=VC
{c-m)
(m-w)vw
c-ve
{c-m)
C~VC
7(c-m)
(w)oft

c(m-w)vw

Ve
(m-w)vw
C
m-w
vC, C-m

(c-m)w

m-w

m{w-4ft) 155

C=vC
=W

to 10ft

c(m~w)8ft

(¢=ve)m
7

(vw)20fL
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Abbreviated unit descriptions of hillside materials

149

Physical properties
(see discussion in text)

Map unit Geologic unit, (age), and location Composition Hardness Redding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
345 Divisions A and B of Clark and Largely sandstone, most Clean.....vessesessersansns s-f vk (6ft+) 150ft (m) 10ft
Woodford (1927) of Meganos m~101t
Formation (T), near Mount Diablo. some dirty or tUffaceoUS. ..iveeeerennenrencnssnss £ (30-70 ft) ve-m
)
Some to much mudstone, shale, and clayey
SANASEONE . v v v e vaenenseresensanasusssanassonsansan f m-U4ft, vk-100ft+ VC-Mm
7
Minor conglomerate at base......evveevienvnrnnnssnns 7, (h)clasts(c-m)6ft to 50ft m-10ft
Minor calcite-cemented sandstone......... v h to k c(w=ift)
350 San Pablo Group, undivided (T), Largely sandstone, some to much relatively clean... (f)af (6-30ft) 100ft+ (m-4ft)6ft
only on southwest flank of Mount same? >
Diablo. much clayey and dirty......coovvens Creeesana e f (6~30ft) 100ft+ Ve~ g
m-4ft =]
minor to some cemented............. e h m-30f't (w-Uft)8ft tg
Miner to some mudstone, siltstone, and shale....... f (to 60ft)150ft Ve~ =
m-Lft E
=
o)
351 San Pablo Group, undivided (T), Not seen in field. =
only in East Bay Hills. Probably largely sandstone, dirty to clean. E
Some mudstone and shale. Physical properties like those of units 381, 320, 405, H
and 432. =
w
Q
352 Neroly Sandstone (T), only in Largely sandstone, clean to dirty....ccovvvineenens, £ (5-30ft)75ft, k-5ft c(m-5ft)8ft %
area north and east of Mount Some tuffaceous siltstone, sandy tuff(?), and —
Diablo. clayey sandstone.....ueeeenireirriniiinneninrnans £ vk, m-4ft c-ve 3
c-m =
Minor calcite-cemented sandstone........cceevevensn h-qf to 6ft (m~w)5ft w
Minor pebble conglomerate with clean sandstone
128 f, h clasts — (m=51t)
353 Cierbo Sandstone (T), only in Largely sandstone, much clean......covvuvvunvevencnss s~ m-10ft, vk-90ft (m-w)6ft
the monocline north of Mount 57
Diablo. 1110Te) oo B 1 ol v PN s5-f m-10ft, vk-90ft c-m
bils (c-myw
Some mudstone, siltstone, and clayey sandstone..... f n-6ft vC~m
7
Minor conglomerate with clean sandstone matrix..... s-f, h clasts (c)m n-10ft ?(m-w)6ft
354 Cierbo Sandstone (T), only in Much clean Sandstone....ceieeesveesnnresusnnscnnsnsn s-f m( 10ft+) 100ft+ c(w)bft
Livermore Valley area. Some clayey and tuffaceous sandstone............... f m(10ft+) 100ft+ vC~m
m-Uft
Some mudstone, sandy claystone, and shale.......... f (vk) ve~m
m-Ift
Minor calcite-cemented beds and concretions........ h-f (to B5ft)10ft? (m~-w)8ft
Minor conglomerate with clean sandstone matrix..... s-f, (h)clasts(cim - w-bft

Minor vitric tuff, lignite, porcelaneocus rock,
diatomaceous shale, and limestone........cvceenn. — - -




355

356

357

358

359

360

361

Briones Sandstone (T), only in
hills along east side of Santa
Clara Valley from Fremont south
past San Jose.

Briones Sandstone, undivided (T);
upper part of Briones Sandstone
(T); only in East Bay Hills
between Dublin and Upper San
Leandro Reservoir.

Briones Sandstone (T), only in

Pacheco syncline, west of Concord.

Briones(?) Sandstone (T), near
Vallejo.

Briones Sandstone (T), only in
East Bay Hills near San Ramon.

E member of Wagner (1978) of
Briones Sandstone (T), only
south of Livermore Valley near
Sunol Valley and Pleasanton.

Lower part of Briones Sandstone
(T), only south of Livermore
Valley near Sunol Valley.

Largely fairly clean silty sandstone...............
Some calcite-cemented sandstone...........ceveinnn
Some mudstone and clayey sandstone........eceeeeees.
Minor conglomerate and porcelaneous shale..........
Not seen in field.

Probably largely sandstone, much fairly clean but
silty..... e ae et ar et nanny
some cemented. i riirririiirinsianenen e

Some to much mudstone and clayey sandstone.........

Minor conglomerate largely at base, some to much
cemented. i i i i st it e s

Much dirty or tuffaceous sandstone...... e

Some clean SandstonE..eueieresenesnesnoeasssonuasss

Some mudstone, shale, siltstone, and clayey fine-
grained sandstone....vuiiieie it iiiiiiiiienrninnas

Minor calcite-cemented beds and concretions........

Minor conglomerate...cove e erirnnsuennonnones

Not seen in field.

Probably like unit 357.

Briefly seen in field.

Largely sandstone, clean to dirty........cvuivuiunns
Minor to some cemented sandstone......eovvviveneens
Probably some clayey rocK......... Ceeennanen [
Minor conglomerate..v.ueeeie i ieinrnineneenronannss

Largely sandstone, dirty to clean.......vevvveonues

Some to much cemented shell~breccia sandstone......
Some subporcelaneocus(?) MIdStONE..vverveervrennnenn

and clayey sandstone. .. .vveiiiiiniiioiieinnnanns

Some conglomerate with dirty sandstone matrix......

Largely sandstone, most clean.........cvvvveunnnnns

Some to much mudstone and shale, some
SUDPOrCelanEOuUS. v v v s tennsrrsncorreosanssansaneras

and clayey sandstone..... e ren s

Minor cemented shell-breccia sandstone.............

f-qf (10ft+) 40ft+ c(m)5ft
f-h? m-5ft
f(h) (k-15ft)60ft + (m~w)8ft
h
(f)s to 40 ft+ ye-m
f {m=w)
(h) (to 4 ft) —
f-qf (10ft+)100ft c{m)5fL
f-h? m-5ft
f(h) (k=15Ft)60ft+ (m-w)8ft
h
(f)s (5-100ft) ve-m
f m-w)
f-h to 4ft (m-4rt)
(f)gf (tens of ft)100ft+ c-m
same?
f (tens of ft)75ft c~m
same?
f (5-25ft) (c-ve)m
?(c-m
h~f m-k m-U4ft

Physical properties probably like those of unit 355.

— 5~T75ft —
- to 10ft _—
(f)s n-50ft+ c(m-w)
f m-w

h (k-30ft)100ft? m(w-5ft) 10ft+
af to 50ft+ c-ve
c~-m
f to 50ft+ c-m
m-w
f-s, h clasts(cim to 15t W-VW
same?

f-s m-i4ft, 10-50ft c(m)
f? m?
(f-s)qf n-k, 10-50ft Cmyo
(fygf m-w
fms n-k, 10-50ft c-ve
T m-w

hf to 5ft+ () v
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Abbreviated unit descriptions of hillside materials

9g

Physical properties
(see discussion in text)

Map unit Geologic unit, (age), and location Composition Hardness Redding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
362 Lower part of Briones Sandstone Briefly seen in field.
(T), only in area south of Largely SandStone. .cuseeeesiesrurcasassssecnsoasans (f) (vk) (m~-Uft)
Livermore Valley near San Antonic  Probably Some Clayey IoCK...seteeeeeeseecscssooeene D) (vk) c-ve
Reservoir. MW
Minor cemented shell-breccia sandstone............. h to Uft w-Uft
ANd CONELOMETrAtE. v v s e rernnerernnneneeennaneennns h 3-10ft (vw)?
Tn detail, physical properties probably like those of
unit 361,
363 Unnamed sandstone (T), only in Largely silty sandstone.......oviiiiiiiiienennnnnnn s-f vk(tens of ft) ve (m-w)vw
Santa Clara County near Palo Alto. T clm—w)vW
Minor cemented shell-breccla sandstone............. h k-4ft e (mew)vw >
Some(?) siltstone and clayey sandstone......veee... e - - g
j=s]
=

364 Hambre Sandstone (T) of Monterey Largely sandstone, clean to dirty........coovvennn. f k(10-100ft+) ve(o-mw =
Group, only in East Bay Hills (faf clm—w) 5
excluding areas east of Fremont Much siltstone, mudstone, and shale........... f k-100ft+ c~ve =
and northeast of Castro Valley. {m) o

Minor calcite-cemented rock...covevuvuivnvuens e h m-U4ft c(m-w) =
Z
3

365 Sandstone and mudstone near Fort Probably largely sandstone. =
Ross (T}, near Sonoma County Some mudstone and shale. Physical properties like those of unit 378. 51;
coast. Q

=
3

366 Temblor Sandstone (T), only Largely SandsStone. ....veceecvresenanerosoosnscannns () to 10ft+ c-m s
northeast of San Jose near north Some CONELOMEYate. e v s eeenennsanasosnsonensanans (f), h clasts ¢ to k c-m Z
end of Calaveras Reservoir. Probably some Clayey POCK. .veuseee e renereneeenns () (vk)? c-ve w

7c-m
Minor siliceocus shale..iivevevirerennrnnrevennacann h to k —

367 San Ramon Sandstone (T), only in Not seen in field.
southern Napa Range near Carneros Largely sandstone. . v iv it ienneiennnnenen 7 (vk) -
Creek. Probably some Clayey POCK. .veueeeereenreneonnennns £? (vk)? -

368 Sobrante Sandstone (T) of Largely sandstone, clean to dirty or tuffaceous.... s(f)qgf m(tens of ft)100ft (c-w)5ft
Monterey Group; San Ramon f-qf (m-w)5ft
Sandstone (T); in Pacheco Some mudstone and clayey fine-grained sandstone.... f m( 10-301t+) c=ve
syncline, west of Concord. Cc-m

Minor cemented sandstone......c..iuieerceveenernnness h m-k MW
and conglomerate. .. i esericsnrrosonacorsnncsnnasns - — -

369 Vaqueros Sandstone (T), in Santa Largely sandstone, some calcite-cemented where
Cruz Mountains; Butano Sandstone  CIc) o R fos m(k-10ft)tens of ft c(m-w)6ft
(T), in Santa Clara County and f-h
only near Kings Mountain in Some mudstone and shale....cvivinnereiniirneennnaens f-s n-10ft c-Ve

San Mateo County. f ?




384

385

386

387

388

389

390

Sandstone, siltstone, and

shale (T), in southern Napa Range
near Carneros Creek. Mapped as
Monterey Shale by Weaver (1949).

Sandstone unit of Monterey Group
(T), only in East Bay Hills
between Dublin and Upper San
Leandro Reservoir.

Hambre Sandstone (T) of

Monterey Group, only between Niles
Canyon and Calaveras Reservoir,
east of Fremont.

Hambre Sandstone (T) of Monterey
Group, only northeast of Castro
Valley in East Bay Hills.

Oursan Sandstone (T) of
Monterey Group, only northeast
of Castro Valley in East Bay
Hills.

Oursan Sandstone (T) of Monterey
Group, only between Niles Canyon
and Calaveras Reservoir, east of
Fremont.

Sandstone member of Claremont
Shale (T), Monterey Group, in
East Bay Hills.

Not seen in field.

Largely(?) sandstone, probably most dlrty or
tuffacecuS..veeveeonn. eresrreeraeann Ceereesesean

Some(?) shale..c..evsersneonras heearsesenas [P

Not seen in field.
Probably largely dirty sandstone....... Creavasesean

Some clean sandstone...... ceereaeesn Crerereeanen e
Minor(?) cemented sandstone (near Upper San

Leandro Reservoir).. . ..
Minor to some clayey 1nterbeds, probably largely

clayey sandstone.....ceveeneaanes Bersasesanes PN
Largely sandstone, some dirty..... Crereasese [N
some calcite-cemented............. Chasaeteesaaens .
much clayey.coesaesnsonas vaeaasseaaaes Cersesiaaas
Some siltstone and mudstone.............. Cereeieaes

Not seen in field.

Largely sandstone, most dirty...... Ciereesenen fenan
Minor to some shale.........ocve. eraraeeenen eren
Largely dirty to clayey sandstone....... Crserenenee
Some calcite-cemented sandstone......cvvneevernersn
Minor to some shale and siliceous shale.....coevens .

Largely clayey fine-grained sandstone........... cee
Some dirty sandstone.........co00enens tererserenean
Minor to some calcite-cemented sandstone...........
Minor to some mudstone..... Chsisesenesen Creseasaaes

Minor pebble conglomerate southeast of Sunol Valley

Largely dirty sandstone........c.coan.s chseeaeenaes
Some calcite-cemented sandstone.............. enens
Some shale...vevesen s sessrecenans eesene e .

and porcelaneous shale....veveveveoesnn [
Minor altered diabase dikes........ve.n Cresesereans

7
7

In detail, physical propertles probably like those of

(a)

units 385 332, and 406.

—~

f)qf
-q
@)

£7

~
=Y

h?

(£)
{f-qf)
(f)h

(f)

(£),h~gf blocks (m-w)

m(vk)70ft

(vk)

to 70ft

(n-k)6ft, 10-50ft+
?(n-6ft)
(n-k)6ft, 10~50ft+

?(n-k)50ft

(vk-a)

(n-k)
k-Uft (10-50ft)
(to 30ft)50ft+

?(n-m)vk

(vk-50ft)

f-h

n(m-k)20ft+
(m~k)
n(m-k)20ft+

10ft+

m-6ft
m-6ft

m-6ft

(ve-m)
MW

(c-m)ift
c(m=-4ft)
(m-5ft)

(c=ve)m
m-w
(e-ve)m
m-w

?ve-m
m-w
ve-m
2

(e-ve)
m-w
m-w

(e-ve)
?

(e=cv)m

c{m-w)5ft

(c-m)
m-w
(e=ve)
m-w
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ADDreviated Wnlt QesCrlpuLions Ul HLLiSiUC Wauct Ltalo

Physical properties
(see discussion in text)

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
378 Strata of German Rancho (T), Largely Sandstone...cueioeerenosensnsnessnvannesans (f)h m-30ft+ c-m, w-15ft
near Sonoma County coast. (€N
Some MUASEONE. v v vrueessrersoserserennnosoavsns £7 m-30ft+ c-ve
5
Minor to some conglomerate...ceeeiseerersscrssssens —— k-100ft+ —
Minor to some calcite-cemented sandstone........ v h m-30ft? —
379 Undifferentiated sandstone, Largely SandStone....vieeeeeressacenneenansreoconss s  (m=vk) c-m
mudstone, and conglomerate (TK), f-h
near Sonoma County coast. Some(?) MUAStONE. e veeaveeerresserescnsnssonsssosnns s (n-vk) c-ve
)
Some(?) conglomerate........ Chieenseaeneaen, PP s, s-h clasts - c-m
)
380 Purisima Formation, undivided (T); Most is clayey or tuffaceous fine~grained
Tunitas Sandstone Member and sandstone and siltstone........... TSN g (a=vk) ve-m
Tahana Member of Purisima £ m-vw
Formation (T); unnamed sandstone Some silty MUdStONE..e.ieveeerenensesrovsnonanss e f-s — c-ve
(T); in San Mateo County part of f ?
Santa Cruz Mountains. Minor clean sandston@.....eveeveerencnnenansnscnans -5 m-vk —_—
and porcelaneous rock........... f-h — c
o7
381 Neroly Sandstone (T), only in Largely sandstone,
Fast Bay Hills (excluding area much medium- to coarse-grained, largely dirty,
north of Alamo) and in southern SOME CLEAN .+ v e serserarecasososasossssssoesarnnsee (f)s 10-100ft+, n-Uft c(m-w)ilft
Napa Range near Carneros Creek. {H)n
mich fine-grained, Clayey.....cosruseransvoncsnnns (f)s 10-100ft+, n-4ft c-m
f m=-w
Some mudstone, siltstone, and shale...........cvne f (n-Uft)10ft+ c=ve
c-m
Minor calcite-cemented beds and concretions........ -5 to k W
382 G and I members of Wagner (1978) Largely sandstone,
of Briones Sandstone (T), much tuffaceous to clay coated......covvveneeanns f-h k-30ft m(w~10ft)20ft
in East Bay Hills. same?
mich dirty..eeeeeeisuennssnensnnnnn Ceresaesenaans (f)s vn-m, 5-100ft ve-m
£? ?
minor calcite-cemented beds and concretions...... h to k m-w
Some shale interbeds.......eesesvsss (f)s vn-m ve~m
£? ?
Minor conglomerate.........ss Ceeeeaeenn ceeen Cheees ?f-h,h clasts(c)m m-K m(w-10ft )20t
Rare limestone, some with chert..... evesessersaann h — -
383 F member of Wagner (1978) of Probably largely dirty sandstone.......eoeeseeeeoss f-h (5-7ft) (c-m)w
Briones Sandstone (T), in ?
East Bay Hills. Some to much sandy mudstone and shale..... N f (k) c=ve
=
Minor calcite-cemented beds and concretions........ h to k (m)w

8¢
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370

37

372

373

374

375

376

377

Butano Sandstone (T), only near

Sky Londa in Santa Cruz Mountains.

Markley(?) Formation (T), only
in East Bay Hills near QOakland.

Markley Formation (T), only in
Potrero Hills, northwest of
Montezuma Hills.

Lower sandstone member of Markley
Formation (T), north of Mount
Diablo; Markley Formation,
undivided (T), only near Concord.

Shale and sandstone (T), in
Santa Teresa Hills south of
San Jose.

Tolman Formation of Hall (1958)
(T), at mouth of Niles Canyon
near Fremont.

Damengine Sandstone (T)
(equivalent to combined Muir

and Escobar Sandstones of Weaver,
1953), only on east 1imb of
Pacheco syncline, west of
Concord.

Division D of Clark and Woodford
(1927) of Meganos Formation (T),
near Mount Diablo.

Largely sandstone........... Medeacrereserntasaunnna f-5
t

Some to much mudstone and shale.....eeevennuen. N )
t

Minor calcite~cemented sandstone..... [N .. h

Not seen in field.

Probably largely sandstone.......... Cerercerraaan .. (f)h

Some siltstone, mudstone, and shale...........cov.. (f)s
f

Not seen in field.

Largely sandstone, silty to clean.......... cereneas -

Some to MUCh Clayey POCK. . eeersrenrnensneenssnnases —

Some CONglomerate..veeeeeeeenerenseacsa e P f?, h clasts (e)m
Minor cemented rocK....... cesaserseraraans eseenase ——
Largely sandstone.......eo.eo.. ettt eieatieae e, (fls

Some to much shale and mudstone............. [N £

Some CoNCretionS..eeveeerenrnsennnns Cetbeerienaa. . (h)r

Largely sandstone, clean to dirty, much calcite-

cemented where fresh........... Ceereraceseerannas (fh
f-h
Some mudstone and shale......eeevenenen. eeeereenne f
Minor limestone...... Ceveeeenaaa et eerinreenaea (h)
and volcanic rocks like unit 260.....evevrevnoens -

Not seen in field.

Probably largely sandstone, clean to dirty...... v -5
f?
Some(?) caleite-cemented bioclastic sandstone........ h
Some conglomerate.....oocvuu... eetesenes e oienn ~—
Probably some clayey rocK....seo.. Chreeseneasea e e
Largely sandstone....vieeeseess. heseas eesranoaane (f)s
f
Some mudstone, clayey sandstone, and shale......... (f)s
f
Minor calcite-cemented beds and concretions........ h
Largely sandstone, clean to dirty........ cassane [N (s-f)qf

Some mudstone, shale, siltstone, and clayey sand-

stone...... rerer e nan fereeeers e Creerenenn f
Minor calcite-cemented beds and concretions........ h
Minor conglomerate at base....... SRS Cevereraas -

(n~-m)100ft
(vn-m)

k-vk

?(k~-8ft)25ft+
?2(n-5ft)

(5-20ft)B0ft
(5-20ft ) 100t

(k-6ft) 100ft
(n-6ft)20ft+

to 6ft+

m(10ft+)
n-10ft+

(3-5rt)25ft

(20-200ft)
to 10ft?

(20-200ft)

(m-6ft)tens of ft
(n=-6ft )50t

(to Hft)2oft
(k~-vk)150ft
(m~k)vk

(to k)ift

c(m~-w)bft
c-ve
W

Physical properties probably like those of unit 373.

c(m-4ft) 10t

(m-Bft) 70Tt

C-VC

(m)w
m-6ft

ve(m-w)lift

ve-m
)

(m‘)w

(m~w)vw
{c-ve)?

W) 7
(w-6ft)20ft

c(m~w) 101t
{m=w) 10Tt

ve-m
5

(m-w)bft
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Abbreviated unit descriptions of hillside materials

Physical properties
(see discussion in text)

oy

Map unit Geologic unit, (age), and location Composition Hardness Bedding Fract}lre
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
391 Sobrante Sandstone (T) Much to most is sandstone,
(restricted in sense of lLutz, much dirty or tuffacecus..... erseanes PR S=f (10-100ft) c(m-4frt)6ft
1951) of Monterey Group, only f?
near southwest flank of Mount much clayey....oveess [ RN RN PR (f) 10~-60ft+ ve-m
Diablo. c-W
Minor to some mudstone...... eeeenaen Ceaeee Cheeaene f 10-60ft+ ve-m
c-W
Minor to some conglomerate............ [ RN f, (h)f clasts c-m (10~100ft) w-4ft
Minor to some cemented shell-reef sandstone........ h m-4ft (m~4ft)8ft
392 Sobrante Sandstone (T) of Largely sandstone, clayey to silty........... Ceeean (f)s k(10-50ft) [
Monterey Group, only in East Bay f W
Hills near Pinole Ridge and Some mudstone and shale........... PN eesecaeas (f)s n-4ft c-ve
Oursan Ridge. f 7m-w
Minor tuffaceous sandstone and calcite-cemented
[ST=1016 £5) o) o= AU erearaenes h m-Uft m-w
393 Temblor(?) Sandstone (T), only in Largely sandstone, most somewhat dirty, some
Santa Cruz Mountains between Clean. cvevevinnncnn Ceeaseans Ceeaeeen eneaesan . s(f)qf vk-10ft+ (c-w)10ft+
Gilroy and Loma Prieta. (e? m{w)5it
Minor to some mudstone........... cesesanse Peanaen .. f n~-vk c-vC
m-w
Minor cemented sandstone..... ceeaaaen N PR h _— w=ift
conglomerate, porcelaneous shale, and limestone.. — —— -
394 San Ramon Sandstone (T); sandstone Most is dirty and tuffaceous sandstone........ f-h n-10ft+ c(m)w
member of Kirker Formation of c(m-w
Primmer (1964) (T); only in East Some mudstone and siltsStone....vveeeesnansns e (f)s (n-5ft)25ft ve-m
Bay Hills near Briones Reservoir. f c~w
Minor calcite~cemented sandstone........cvvvvune e h (m)k m-w
and conglomerate......... Ceesieereeseseencanannnn — —— -
399 Sandstone (T), near San Antonio Not seen in field at Burdell Mountain.
Creek and on Burdell Mountain Much to most sandstone........cveevvineveninnnns f n-15ft CW
in Marin highlands. m{w)
Some to much mudstone and siltstone............. v f n-vk vec
ve?
Mincr calcite-cemented sandstone................ . h — m(w)
400 Neroly Sandstone (T), only in Much sandstone, clean to dirty...coevevievecnconenss S f’ k-6ft, 6-60ft (m-w)ift
Livermore Valley area. s(f)
Much clayey sandstone, mudstone, and siltstone..... f k-6ft, 6-60ft (c-ve)m
£7 TM-W
Minor to locally scme calcite-cemented rock........ h to 8ft (m-w)lift
and porcelanecus mudstone.............. Ceresaaens h~f - ve-m
Minor conglomerate, ... seeesresrosesoesnsceosssosens f-3s, h clasts (c~-m)w k-vk w-Uft

limestone, and tuff. . ...t ieieiennnnnen -—
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401

4oz

1403

404

405

406

4o7

Neroly Sandstone (T), only along
southwest flank of Mount Diablo.

Neroly Sandstone (T), only near
San Ramon Creek, west of Mount
Diablo.

Neroly Sandstone (T), only near
southern end of Yolo Range.

Briones Sandstone (T), only in
East Bay Hills between Pleasant
Hill and Las Trampas Ridge.

Upper part of Briones Sandstone
(T), in East Bay Hills.

Sandstone unit of Monterey
Group (T), only in Fast Bay
Hills north of Alamo.

Unnamed unit (T), in East Bay
Hills near Pinole.

Much to most is clayey and tuffacecus sandstone....

Some mudstone and siltstone....eeveveeeeneons hesenn
Minor to locally some clean sandstone...... caeeeaes
Mincor to locally some conglomerate......... cesusean

Minor to locally some calcite~cemented rock........
Minor to locally some porcelaneous mudstone........
Minor lithic tuff.............. [ Chrreanaan
Much to most is sandstone, most clean, some
tuffaceous....... Vereaeseensens esesenes [N

Much mudstone, siltstone, and high-matrix
fine~grained sandstone............ ereseaan. eesen

Minor calcite-cemented shell breccia..vceeesenass ..
and conglomerate......... eheesasasean Ceveseaeees

Proportions uncertain.

Probably some to much clean sandstone..............

Much to most tuffaceous siltstone........coevieneen

Minor cemented rock,..veveeennsns eeesraaaen Ceevean

Not seen in field.

Much(?) sandstone, clean to dirty.

Much(?) clayey rock.

Much sandstone, clean to dirty..... Lebtesaseneas e

Much mudstone, siltstone, shale, and clayey fine-
grained sandstone....... casasaens sessenaena cesaa

Minor calcite-cemented beds and concretions...... ..

Much is sandstone, most dirty............ eresunanae
much clean...... cerebassea Cersesessan Crersasaos ..
Much sandy mudstone......... eeseeesen Cresersaaen ..

Minor calcite-cemented shell breccia........veevsen

Much to most is clean sandstone....... besesasasenes

Much shale, siltstone, and clayey fine-grained
sandstone....coeeeans e ssaresaressusassas veseuns

s(f)gf n(6-tens of ft)100ft+ ve-m
f-qf (m=w)5ft
f n(6-tens of ft)100ft+ c=-ve
?
fes (10-tens of ft) c(m)w
same? {m)w
(f)s, h-f clasts(c-m)w  to 120ft+ —
?f, (h) clasts
h-f m-40ft m{w-Urt)8ft
h-qf
h-f (6-20ft) c-ve
5
£? 4.20ft —
£ m-k{6-60ft) (m-w)ift
?
f m-k(10-40ft) 2001t ve(e)m
(mw
h k~Uft (w)8ft
f, h clasts (c) (to k)vk -
£ (k-15ft)40ft (c=m)w
=W
f (n-20ft)60ft+ c=-ve
m
h — m-W

Physical properties probably like those of unit 405.

s(f)qf m-10ft, 10-50ft+ c(m-w)5ft
(Fiaf
s(f) m-10ft, 10-100ft+ ve~m
£ m-w
h (to k)8ft n(w)
f m-k, 10-100ft [at]
f? m-w
f m-k, 10-100ft m-w
£?
f m-k, 10-100ft c-ve
?
h to k Mm-wW
s f k-10ft+ m
?
f m-41t e~-ve
?
h to k w-Uft
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Abbreviated unit descriptions of hillside materials

Physical properties
(see discussion in text)

Map unit Geologic unit, (age), and location Composition Hardness Bgdding Fr’act'ur*e
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
408 Sobrante(?) Sandstone (T) of Some to much is dirty sandstone................ cene f (vk)50ft+ c-ve
Monterey Group, only in m-w
East Bay Hills near Oakland. Much siltstone and mudstone............ R e f (vk) c-ve
m-w
Minor cemented sandstone,..... Veesaena teeseane . . h m~k, vk c-10ft
limestone, siliceous shale, and altered dlabase
dikes.vivevrnnnennn aesesen e Ceaeees AP - e —
409 San Ramon Sandstone (T), only Much sandstone, largely dirty......coeeveiveeens vee f-s k-6ft, vk-30ft+ (c-m)w
between Alamo and Walnut Creek, {F)qf? (m-w)Uft
southwest of Concord. Much shale, mudstone, and claystone..... rereeenenas f n-5ft, vk c-ve
?
Minor to some calcite-cemented sandstone...... S h to k tow
Minor siliceous shale.......... Ceressteereencnne .o qf-h 20ft ve-m
410 Markley Formation (T), only in Much sandstone, largely silty..... eieaaaas ceesea . f-s m-10ft, 10-40ft m{vw)
area between Vallejo, Montezuma 7
Hills, and Yolo Range, excluding Much siltstone, clayey fine-grained sandstone,
Potrero Hills. mudstone, and shale........... Ceeeee ereecreanes f m-U4ft, 10ft+ ve-m
G
Minor calcite-cemented concretionS....v..vuiveenosn. h (k)6rt w-6ft
Some(?) chalky siliceous shale near Jameson Canyon. - - -
411 Markley(?) Formation (T), only on Not seen in field.
east side of East Bay Hills near Probably most is fine-grained sandstone, shaly
Walnut Creek. sandstone, and shale....vvevuivvevnvennnns cereeens . — —— -
Minor(?) calcite~cemented sandstone........ reaaaa . h vn-n?, vk ?2(m-w)
412 Upper sandstone member of Much(?) sandstone, largely clean........ e e (s)f (5-70ft) c-m
Markley Formation (T), in the f-s?
monocline north of Mount Diablo. Much(?) shale, mudstone, siltstone, and clayey
sandstone............ Crererereaaes eraesaa eeneaes f n-k, tens of ft c=ve
)
Minor calcite-cemented beds and concretions......... h to Uft w-4ft
and tuff..... Cireen PN [ .. — — -
413 Sandstone member of Nortonville Much sandstone, clean to dirty............ P .o s-f 10-20ft c(m-w)ift
Shale (T), in Pacheco syncline, Much shale...ieevsrencnnnenronnnnns eerseraaranan f 10-20ft c-ve
west of Concord. ?
414 Damengine Sandstone (T), only in Largely clean sandstone.......... e eereeaaren .. fus 4-100ft+ c(m-U4ft)7ft
area north and east of Mount Some to much siltstone, mudstone, shale and
Diablo, excluding Pacheco clayey sandstoneé........... N eeeana veereann . s(f)h n-150ft ve=m
syncline. m-w
Minor cemented sandstone,....... eeseensnaearr s h to 10ft+ m-10ft
lignite,eeieeiriininnnnnnn tenerrreneseann PN . f to 5ft -
and conglomerate......... Ceeresiraeaan vesesseens f=s,h-f clasts(c-m)U4ft (to 20ft)50ft e

(47
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415

416

417

418

419

L20

421

l22

423

Domengine Sandstone (T), only in
area north and east of Vallejo,
excluding Potrero Hills and area
of exposure near Napa.

Damengine Sandstone (T), only in
Potrero Hills, northwest of
Montezuma Hills.

Damengine Sandstone (T), only
near Napa.

Divisions D and E of Clark and
Woodford (1927) of Meganos
Formation (T), east of Mount
Diablo.

Sandstone unit in division C

of Clark and Woodford (1927) of
Meganos Formation (T), only in
and near Pacheco syncline,

west of Concord.

Divisions A, B, and C of Clark
and Woodford (1927) of Meganos
Formation (T), east of Mount
Diablo.

Butano(?) Sandstone (T), in San
Mateo County foothills of Santa
Cruz Mountains.

Tesla Formation (T), east of
Livermore Valley.

Sandstone (T), only in Santa
Cruz Mountains between Lexington
Reservoir and Pajaro River.

Much to most is sandstone, largely clean....
Much shale and mudstone.......covvvevennnnnes

Some cemented sandstone...... fetaaieinr e

Not seen in field, probably like unit 415.

Much sandstone.....ccvvviiiiiinienesnnonnann

some calcite-cemented......covvuinivvinns
Much mudstone..vveueivieninninneenrronesnnan

Not seen in field. Like units 377 and U444
combined.

Probably some to much mudstone and shale....

Some siltstone to high-matrix sandstone.....

Some clean to dirty sandstone.......... cieae

Minor calcite~cemented sandstone.........ve.

Some clean tuffaceocus sandstone.............
Some high-matrix fine-grained sandstone.....
Some shale and mudstone....oievenevienneenas
Minor cemented sandstone..........vvvvvinnn.
Not seen in field. Like units 345 and U445
combined,
Much(?) sandstone like unit 345,
Much(?) clayey rock like unit 445,
Minor(?) siliceous shale as in unit U445,
Much to most 1s sandstone..........cooecvunn .
Some to much mudstone, siltstone, and shale.
Minor calcite-cemented sandstone............
Much clean sandstone......oevineivnnerennnns
Much mudstone and shale......covevunenrsnnen
Minor clayey sandston€.....ceeevererennncans
Minor concretionS...eeeeieineiivenneeennnnes
and lignite....cevniierinniiiinennnananss

Much sandstone.....eeeeriiiininnneanesnnnnnas

Much mudstone, siltstone, and clayey fine-
grained sandstong......oviiiniieiiiniienes

(s~f)af

..... .. f~s
same?

(10-100ft)
n-100ft

k-10ft

(U=10ft+)

n-10ft+

40-80rt
n-k, 150ft+
(n-10ft)

to 4ft

C-W
7ve-m
?
m-5ft+

c(m-w)8ft

?(m-w)
c-ve

m

ve=¢
m-w
Ve~
m
c{m-w)10ft

{m-w) 10Tt

(m-w)ift

(ve-c)m
c-m
c-ve
c-m
m-Uft

Physical properties like those of units 345 and 445.

= |
5’w{| wil
%]

....... fas
....... f

....... f

....... (hf
f

(f-gf)h
?

....... T

n{ 10ft+)30ft

n-vk

to vk
n{6-50ft) 100t
vn(6-50ft ) 100ft
n{6-~50ft) 100ft

(n-k)10ft
to 6ft

m-k, vk-15ft+

n-k, vk

m-w
c-ve
7

?(m;w)

(m-w)6ft
ve(e)m
m-w
(e)m
?
(m-w)ift

(m-w) 10ft

C=~VC

Tm)w
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AUUL SY1IALTU WHILL UGDULLPLLULIS UL HLLLISLIUS diauel lals

Physical properties

(see discussion in text)

144

Map unit  Geologic unit, (age), and location Composition Hardness Bedding Fracture
(see pls. (see discussion in text) (see discussion in text; fig. 2) (see tables thickness spacing
1-6) 2,3) (see table 3) (see table 3)
42y Martinez Formation (T), only in Much sandstone, largely dirty....c.oocevenvnnennnaons f (m)6rt, 10-50ft c-m
area east of Clayton, north of W
Mount Diablo. Much mudstone, siltstone, and shale........ovivnnnn f m{k-4ft), 10ft+ Ve
m
Minor calcite~cemented sandstone and limestone..... h (n-k)ift (m~w)lUft
Minor conglomerafe at basé.....cieveeeonnvnnn fereans f, h clasts c to 5ft e
H25 Lower glauconitic sandstone Much sandstone, largely clean......eevenecescnsnans h-f 6-307t.(100Ft+) (m-5ft)10ft
member of Martinez Formation (T), h?
only near Carquinez Strait, Much siltstone, mudstcne, and clayey fine-
southeast of Vallejo. grained sandstone..... eereesasaanan F N f 10-501t+ (e)
m? %
Minor calcite-cemented concretions...... Ceeeeareas h to 3t m-w g
=
=
426 Lower glauconitic sandstone Much sandstone, largely dirty.............o.. feve (f)s n-k, (6-30ft)100ft (m-w)6ft 4
member of Martinez Formatiom (T), f? ?3
only in area west of Concord. and conglomerate with dirty sandstone matrix..... f, h clasts c-m 5-20ft v =
Much mudstone, siltstone, and shale................ f n-vk ve-m [w}
m-5ft c
Minor to some calcite-cemented rock................ h kbt w~5ft E
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430 Siltstone and mudstone unit of Most is siltstone and mUdStONE. . .uervrnrinrenonsns s(f)h m(vk-20ft+) o-ve %
sedimentary rocks near Drakes Bay ()h c(myw a
(T), on Point Reyes peninsula. SOME ClayStONE. vt neunurncooeonsnsassossnnaasssnons s (vk-20ft+) c-ve &
f clm)w S
Some dirty sandstone......eeeeeernusvearnaann aeaan s ?(vk-20ft+) c(m)w? —
i c{myw %
Minor calcite-cemented concretions........... PN h m-k (mesw) w
431 Siltstone member of Neroly Largely siltstone, probably tuffacecus....... raees f - c-Ve
Sandstone (T), in the monocline 7c-m
north cf Mount Diablo. Probably some dirty to clayey sandstone...... e f - e(m=-5ft)
and sandy tuff ...ttt bis -— Tc~ve
7c-m
Minor clean sandstone. .. vevvrvresvrvoasnsens P ?s=-f - -
432 Lower part of Briones Sandstone Most(?) is sandy claystone, mudsteone, and
(T), only in Fast Bay Hills. SI1