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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- 
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, Maria, Napa, San Francisco, Â§a 
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 nf 
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 

landsliding and earthquake shaking. For such purpost-s, this 
report offers a consistent description of the physical character 
of hillside terrain pertinent to engineering use of land. 

Hillsides in the $an Francisco Bay region differ 
in slope of the ground surface and in the kinds of 
materials beneath the ground surface, and thebe 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, $an Francisco, 
Â§a 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 (pis. 1-61 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 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, excavatabihty, and photographs, published reports, discussions 
character of material as  fill In addition the data mav move with geolog-lsts familiar with the map units, and " 

useful for predicting the extent and severity of hazards, such as  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 nortrayed at a scale of 1:125,000 in plates 4 to 6, 
which show the distribution of gentle (0-15 percent), 

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. 

moderate (15-50 percent), and steep (greater than , 

USES OF THE REPORT 

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. 

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 
a t  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 

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 a t  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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in Marin County and elsewhere was done mostly by and some clay has been released from appropriate 
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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 a t  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 15,  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, 

MATERIALS UNITS 

A typical unit on the maps of hillside materials 
(pis. 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 pi. 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 l:80,000-scale ste- 
reo aerial photographs (Ellen and others, 1982). 
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EXPLANATION 
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FIGURE 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. 



HILLSIDE MATERIALS 

Materials units in Marin County have been delin- 
eated largely by this technique. 

In addition to units designated by color and pat- 
tern on plates 1 to 3, faults and large landslides 
constitute units in which material character is modi- 
fied from that of undisturbed materials (fig LA). 
Landslides are shown only in parts of the region 
(see source map on pi. I ) ,  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. 
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. 

PURPOSE AND USE 

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, particu- 
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). 

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 (J?), 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 (pi. 1) and on the index map show- 
ing location of counties (pi. 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 as in "Orinda 
Formation (TI, only in the East Bay Hills." 

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 
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 I.), 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 

!C~ass,'!ca!ior~ b,>sea 0'" f'le Wert'?.'orth stzr' scale (mcdttiec frcn-, C o n p i o n ,  
:!362'] 

S17e ,:lass Fart~cle size 

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," "porcelaneous," 
"porcelanite," and "chert" (Bramlette, 1946, p. 12- 
16), except where such specific composition is not 
known, in which case the general term "siliceous9' is 
used. Within volcanic materials, the term "flow rock 
means rocks originating from lava flow (not ash flow). 
The term "tuff breccia" differs from "breccia9' 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," "materials," or 
"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 
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 moderate9' 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 

st all 

Largely, most, predominant 

S Much, abundant 

> Some, substantial constituent 

} Rare 
, / 

FIGURE 2.-Terms used to describe propor- 
tions of components in materials units, 
and their defining percentages. 
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of the  unit .  For example, the  description of uni t  350 
reads: 

Largely sandstone, some T O  much relatively clean 
much clayey and dirty 
minor to some cemented. 

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

For many units ,  proportions can be used to sug- 
gest the  likelihood tha t  a given component is present 
i t  a s i te  of interest.  I n  units  where beds are  thinner  
t han  several tens  of feet, more than  one component 
will probably be present a t  a site. 

Level of Certaintv 

Some units  a re  described more confidently than  
others, just .-AS a re  some aspects of a given unit .  We 
use cevt'ral means to convey level of certainty. In-  
formation is piesented without qualification where 
field observations and  other information are  consis- 
ten t  and  reasonable. The  term "probably" is used 
where information is based on reasonable inference 
but  without solid observation. A query a t  the s ta r t  
of a s tatement  expresses uncertainty about the en- 
tire statement  t ha t  follows; a query in  any other 
position expresses uncertainty only about the  pre- 
ceding term. Major uncertainty exists for all  aspects 
of those uni t s  t ha t  were not visited or only briefly 
visited i n  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 a re  described for each 
composition of each map unit .  These properties to- 
gether describe the  basic physical na ture  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 a r e  defined in  tables 2 
and  3. 

I n  t,he abbreviated descriptions, physical proper- 
ties a re  reported in  symbolic form. Symbolic abbre- 
viations a re  defined in  tables 2 and  3. The following 
conventions a re  used in  the  symbolic descriptions: 

1) In cases where a physical property is different 
in fresh and weathered rock. tha t  property is ex- 

TABLE 2.--Rock-hardness scale 

Pard I. P,?rl l r-r  ,re:?. ! I O ' Y C ~ S  %,u>:P, sol,C 
SOL, -c: 

:E,?~EC QP t l ~  $>Fe!,el?CF 'Pr- ?~:h>,; . the C z l ~ l - r ' ~ ~ ~  Coz- t  Fz,n;]-,j S!;~-ibols J S ~ ;  ,,, 
":brevia;-d U n t  Oescr ,;!jT,-s i - - - - -. - 

Beddins thickness - - 

pressed like a fraction, the description of weathered 
rock above tha t  of fresh rock. For example, fracture 
spacing described a s  "m/w" would read "moderate in  
weathered rock. wide in fresh rock." When this form 
is 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 a n  unspecified low value up to a given value, 
the word "to" is used in  place of the hyphen; for 
example, fracture spacing described a s  "to rn" would 
read "up to moderate." 

3 )  Parentheses indicate the dominant character 
of a material,  in contrast to the extreme range dis- 
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played. Thus, bar as "(f)h" would read 
'mostly firm, ra  Likewise, fracture 
spacing described as "cCm-w)8ft5' 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 '' 
about half of the unit. largely thick in about 
the unit." Note that the comma is used in a d 
sense for description of hardness in rock types hav- 
ing hard or firm blocks in softer matrix, as described 
below in the section "Rock 
(5) A plus sign indicates "more than." For example. 

bedding thickness described as "(6-30ft)100ft+" would 
read "most is 6 to 30 feet, but thickness ranges to 
more tlian 100 feet." 

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

'Rods. hardni-w (called hardness in the descriptions) 
describes the respcnse of pieces of bedrock to the 
geologic hammer swung with moderate force (table 
2\ for some closely fractured materials, hardness of 
the  rock mask is also dehcribed. Hardness in large 
part determines excav fill character of 
bedrock mdtenals. H eflects abundance 
of free dciv in clayey ositions, and ah a 
s u i t  affects cut-slope stability, permeability, and 

ansivitjr of bedrock. Most rock softens mith weath- 
ermg. but ~ o m e  orous rock case hardens at  sur- 

s exposed to air. 
he Â¥Â¥symbol description of rock hardness in the 
cviated descriptions is complex in cases where 

a. single compo&ition consists of matrix surrounding 
blocks, as in conglomerate. pillov~ lava, vol- 
nccia and tuff breccia highly sheared rock, 

nnd bph&rcidallv weathered roc Symbolic descrip- 
tion of such materials is in the form "s. f clasts m," 

indicate ranges of thickness (table 3) 
and the nature of interbeddmg are d 
what differentb in the abbreviated a 
scriptions. In the abbreviated scriptions, entries 
under bedding thickness descr simply thickness 
of layers 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 thicknebs of shale 
between sandstone, say 5 to 10 ft, rathir  than thin 
btdding within the Aak. Similarly, t he  bedding 
thickness entr> following f h ~ c h  descr 
of intervals of flysch rather than thi 
~~ i th i i i  flysch. In thi- manner. bedding thicknegs n-- 
ported in flit abbreviated descriptions corn eys ii gcn- 
era1 ~ e n s e  of the arrangement of compositions within 
a unit. 

The detailed descriptions in addition report 0 t h ~ ~  
aspects of bedding that affect behavior of materials, 
such ad bedding within a co ositiun and character 

scribe pnin;,riH the 
istinct or indifctinct na- 

tinct ' 'if beds dil-pis? a 
strong contrast in composition and s h ~ r p  contacts 

aterials; "indi&ti~ict" bedding lacks com- 
positional contrast or has vague or radational con- 
tacts Some entries also descnbt t form of beds. 
their continuity along strike, and details of oedding- 
plane character. In nonsedimintaq materials, en- 
tries under bedding describe thickness of layers of 
material. 

Fracture rind P::rting 

Fracture and parting arc planes of weakness in 
bedrock, together they det~rmine the size of natu- 
rally occurring pieces of b t  rock. Parting surfaces 
lie parallel to one another and to compositional lay- 
faring, fractures cross compositional layering. In the 
abbreviated descriptions, entries under fracture ,?pac- 
ing report spacing of either frpcturos or parting sur- 
faces, whichever is more cloudy space 

" - 
which rt,ads "soft matrix inclu in? firm clabts of detailed escnptionr' fractuie nad parting are dc- 
medium size " Tht term "blocks"' is used instead of scribed separately We describe 3pi.cing of fracture? 
'clasts9' in description of breccia, tuff breccia, sheared and parting surfaces using terms that indicate ranges 
rock. and spheroidal weathering of &pacing (table 3) Moderate s-pacmg indudes a 

range (2-12 in ; that unfortunately spans the bound- 
I 
1 ary that determines whether haid blocks are consid- 

Becdinc, ered otersize for purposes of fill  compaction 
I (Wentworth and others. 1985). 

Most bedrock of A e  region consists of interlayered, Fracture3 in many bedrock matenais, psrticu- 
more or less tabular masses of different composi- larly those contaming clay are more closely spaced 
tions We describe thickness of beds using terms that in weathered rock than in fresh roc 
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additional fractures opened by weathering. The term 
"original 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 mater ia ls  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 between grains. Fracture permeability is sig- 
nificant a t  those places where fractures are abun- 
dan t ,  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 
is 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 a t  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, 

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 
a t  depth, unless otherwise noted. Fracture perme- 
ability is generally reported only where i t  signifi- 
cantly increases  permeabil i ty 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 a t  depth, 
the statement applies to bedrock a t  all depths. 

A final s t a tement  describes permeabil i ty 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 a r e  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, 
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 TEXTL-RE 

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 i t  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 
the map unit. If one mantle material overlies an- 

Quality of aquifers (a) 

impervious - 1 -  . 
Limitation on percolation in soil for ' 

septic tanks Soil Cons. Sew (d) 

Percolation rate in soil, 
Soil Cons Sew (e) 

Permeability ranges of various 
sediment types (a) 

Unweathered clay I < ,I 
I 

Unfractured metamorphic 
rock (m) 

v 

Very low 
L--' 

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 
that  used in reporting mantle permeability. Areal 

CM3/SEC 

CW (HYDRAULIC GRADIENT OF 1) 

I I I Adequate permeability for most ' 

Â¥ 
domestic wells (b,c) 

Adeauate permeability for most wells 
requiriFg yields of >'ICO galm~in [b) 

Poor aquifers Good aquifers 
-, . 

 oder rate 
Severe Slight 

M o s t  medium-grained sandstone (g) dt i 

J, I + 
Very fine sand; silt, mixtures of sand, I clean sand, clean sand 

0 - 
(0 

Clay-cemented gravel - - - 
03 in Santa Clara 
4 1 Formation (i) 

silt, and clay, stratified clay 

[Butano Sandstone (1) 

-< 
^ Fracture permeability of hard'rocks (m; 

I 

' Most rnedium- 
grained sand(9) 4 1 1 -  

I 

and gravel , Clean grave 

I I Ã£ 5o Percent of fractured crystalline and volcanic rock 
I i - with permeability lower than that designated !n; 

. - 

i 
Low I Moderate 1 High 

. / 

L .---I I I -Lp I -'-1 
10 10- 10" 10 10' 1 10 3 00s 1 o3 10' 10'- 

MEINZER UNITS GALLONSIDAY 

FT2 (HYDRAULIC GRADIENT OF 1 )  

FIGURE 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  a n  aquifer. Letters in parentheses refer to sources of 
data: (a> Todd, 1959, p. 53; (b )  Wenzel, 1942, p. 11-12; (c) Johnson, 1964; (dl U.S. Soil Conservation Service, 1968, p. a25; (e) 
Wagner and Nelson, 1961, p. 93; (0 Davis and DeWiest, 1966, p. 164; (g) Davis and Dewiest, 1966, p. 351; (h) Davis and 
Dewiest, 1966, p. 349; (i) Tolman, 1934, p. 39; (j) Davis and Dewiest, 1966, p. 348; (k) Steams,  1927, p. 168; (1) 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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TABU 4 -Relutzc/i of ptrmeabzlify to  character of material percent: they are sureh capable of damaging light 
s. Materials called "significantly expansive" have 

free swell between 45 percent and 80 percent; these 
may be capable of producing damage. Si 
and severely expansive materials are joi 
"expansive' in cases where degree of expansivity is 
uncertain. Materials called "unexpansivcq9 have free 
swell less than 45 percent; these do not swell suffi- 
cicntlj to be of concern. Many sign1 
srvb materials, may not be capable o 

ical ccnaitions A conscrvcitive 
consider both sipnificaritb and severely expanbiv s 

abundance of clayey and granular mantle is ex- 
pressed b> the  proportions in the entry, such zs 
'largely granular, some clayey." 5 :  

Descriotions of surfidal mantle texture are based 
on inference from bedrock character, combined in 
most cases with field observations n ia ted  to free- 
swell sampling See entries under "Expansivity"' in 
the detailed descriptions for information on particu- 
lar sampled materials. Information on the upper 5 
f t  c.f surficial mantle is also available in publico- 
tions of the Soil Conservation Service (for example. 
L'.S Soil Conservation Sendce, 1968) 

EXPANSIVITY 

Expansive materials are those capable of shrink 
and swell with changes 1c water content: clay mm- 
erals are the principal expansive component. Mate- 
rials called expansive in this report can expand v\ith 
forct sufficient to damage light loads, such as roads, 
Tame houses, or concrete slabs. 

We have estimated expansivity b> testing repre- 
sentative samples for free swell CKrynine 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 

fficials, 1973, 1976) using selected control 
samples, i i ~  shown in figure 4. Materials called 
'severely expansive'" have free swell greater than 80 

FIGURE 4.-Control data  for reconnaissance estimates of ex- 
pansivity. Expansion index of the Uniform Building Code 
(International Conference of Building Officials., 1973), mea- 
suring swell under confining load of 144 1b/ft2, 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, corresponding to very low to low expan- 
sion index;  s ignif icant ly  expansive, corresponding to  
variably medium to  very high c.xp.-insion index; and se- 
vereiy expansive, corrpspcacii.cg to high to very high expan- 
sion index. Although the Uniform Building Code requires 
epeci.al dpsign fcr ail materials with expansion index above 
20. engineers in the bay re:;;on have found few problnns 
with materials having ar, expansion indf-x below 50 1D.E. 
d a r k ,  Cooper-dark and Associates, or;ii cornnun., 1976;. 

- .  For this reason, materials with free swell c o r r e : i p o s a i n ~ o  
a low expansion index are included in the unexpansive cat- 
egory. Cooper-dark and Associates performed the loaded 
swell tests on bulk samples that had been oven dried at 
about lOO'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 on 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 e 
expected frcm severely expansive 

Entries under expansivity in ihe detailed descri 
tions report proportions of expansive material5 
both bedrock and mantle of each unit. In some units, 
h e  expansive material is identified in parentheses; 
if not. the reader may assume that  clayey materials 
arc the s-xpansive components. Bedrock is txpansh e 
generally only wbt-ri. weathered Entries include the 
free-swell tesc data from which we have estimated 
de-grce of expansnity; tested materials ait located 
by sample number on plate 7. For many sa 
~ o a c r i b t  field ~vidfcticc for expansivity, prirticularb/ 
degree of cracking. 

Tiit- frec-mfcll test has exaggerated the cxpansh- 
it? of some materials. If additional tests have con- 
f irncd exanreration, we designate the free-swell 

c'liifc as cvaggiraied, a& in "free swell 80 percent 
(exapg~i-ats d: ' If exagger~ition. is suggested by tex- 
turc of the material but has not been confirmed by 
testing w e  query the designation as in "free swell 
80 perct-nt (exaggerated?) ' 

Unit!- of the- Franciscan assem iage s r u  described 
that free-swell samples 

drock composition and 
charactev rather than strictly b\ maD unit sampled. 
For example, samples of c ayey sheared rock from 
~i ' inous  map units are reported together in the dc'- 
- 9 m   lipt ti on for unit 801. 

STRATIGRAPHIC THICKNESS 

Entries under strat ipaphic thickness in the de- 
d e d  descriptions si\ c stratigraphic thicknesses re- 
ported in the literature for many units. 

SOURCES. 

ir> the detailed d~scription.6, we hs t  the references 
u c a  in compiling f t e  description and the rumber of 
auctions at which field observations were made. The 
refererces listed are not compreht-nsive, with few 
cxci-ptions A--y are those thzt were readily avail- 
pole a t  the time of compilation (1974) and that  con- 
tain useful information on composition and physical 
properties The a-umbcr of stations is intended to 
convey a sense of the thoroughness of field study. 
but this measure is crude because some stations re- 
vealed much more than others. Appearance in aerial 
photogrziphs. a n  important source of information for 
maay units, is not listed; its contribution, can be 

judged from the thoroughness of the entri, under 
"Expression in Aerial Photographs" and from other 
discussion vt ithin the description 

Slope of the ground surface (fig 5) stroll ;ly df- 
fccts ease and cmj, of l a  development Most dc's 31 - 
opmtnt in hillside t t r r a m  reqz.oreh 
roads, parking lots. and buddings 
hilltops and sidchill benches this flat spac., rpwt be 
created b\ grading. 

Plates 4 to 6 ahow the rkgio'"i and its maten& 
units suodividfcd into three slope interval& choscr tc 
reflect thi  constraint of s l o p  en land use Gen.'l.k 
slopes (0-15 perceri) present little or  no constrwnt 
to road alignment or other land zsus and regiiirt 

FIGL'RE 5 --Measures cf slope cf the ground surface. A, Sche- 
matic cress section of a hillside for which ~ J o p e  ' 2  zieasur~d 
in degrees from the h o k ~ o n t d ,  as a percent, aid a? the 
ratio of horizontal 'H) 10 vertical 5'V) dirnensionc. B, lai-c'r- 
relation of these nieas1.ires for different aicpes.  
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h t t k  grading for development. Steep slopes (greater 
than 50 percent) are already steeper than standard 
2:1 (horizontahvcrtical) 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 enough to require grading for flat 
space but gentle enough to permit grading by stan- 
dard means, and so they are the principal areas 
where hillside development is possible. 
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 

Surficial 

I 

I Fill 
i 

, / 
Original slope, 30% 

-. , bedrock Grading volume, 1,875 yd3 
,,?A' Fresh h ,  32 ft 

I' 
bedrock d, 12 f t  

Lb 
2 

2000 
0 
0 z 
2 'COO 
0: 
0 

" 
,j 10 20 30 40 50 

SLOPE, IN PERCENT 

from six intervals on the 1:125,000-scale slope map 
of the San Francisco ay 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 

FIGURE 6 -Relation of slope to the excavation volume necessary :' be slower and weathering effects are generally in- 
to create a level cut-and-fill pad 80 by 80 f t  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. 

termediate between those on gentle and steep slopes. 
Particularly thick accumulations of surficial mantle 
tend to develop a t  toes of steep slopes and in swales, 
except where erosion by streams or waves is active. 
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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 2009s, differ from the sedi- 
mentary rocks in hardness, quality of layering, and 
other fundamental properties. Deformed rocks of the 
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 
and labels in the 800's. Hard homogeneous rocks, 
designated by shades of purple and labels in the 
goo'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- 

' groupings and their map colors, and so learn to 
I interpret the maps at a glance. Once this organiza- 
I tion is comprehended, the colors provide an immedi- 

Plates 1 to 6. in combination with the unit de- I ate overview of the materials that are described in 

scriptions, provide abundant and detailed informa- l detail in the numbered unit descriptions. 

tion on materials and slopes throughout the region. 
So that the major characteristics of the various ma- 1 ?2 !i' 
terials are not lost in details, we here provide a I 
brief overview of materials and slopes in the region. ^he maps and unit descriptions of this report con- 
In particular, me describe how the colors on plates 1 1 stit&e a systematic, regional-scale description of the 
to 6 reflect fundamental properties of hillside mate- properties of materials that affect engi- 
rials in the region, so that basic material properties peering use of land in hillside areas of nine counties 
can be read quickly from the maps. in the San Francisco Bay region. The information 

Table 5 ~rovides an overview of the eight major I can be used to anticipate problems and advantages 
groups of hillside materials in the region. Materials engineering use of the ground at particular places, 
include bedded sedimentary rocks of several varie- I or basic data to create regional predictive maps 
ties. soft Young sedimentary rocks are designated by of hazardous geologic processes that are influenced 
yellow colors and unit labels in the 100's; firm Ter- , by hillside materials or slopes. 
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............................. Some clfiari sandstone 

and mudst,one ..................me.......e......... 

.............. Minor t u f f  associa ted  with I I ~  I-, i13Ci.. 

123 Nontuffaceous member of Glen Ellen Some conglomerate with l a rge ly  clayey, some 
......................... t ion (Q and ( o r )  T), i n  c lean,  sandstone matrix.  s , (h ) f  b l a s t s  (o-m)w- (k-30ft) 100ft  

northern pa r t  of region; Huichica same? 
....... Formation (TI, i n  t h e  Napa t o  Santa Some sandstone, l a rge ly  clayey, some c lean. .  of k-%ft+ 

Rosa area  excluding a rea  sout.hwest m e ?  
of Napa dis t inguished a s  u n i t  153; Some mudstone, s i l t s t , one ,  and c l . a y ~ t o n e . ~ . . . . . ~ . ~ ~ .  - f-s k-30ft+ 
o lder  f l u v i a l  deposi t s  (T), i n  f"3 

..................... northern Mayacms Mountains. Minor t u f f  and tuffaoeous rock s-f ci(k-15ft)30ft 
ZmiF 

.............. Minor p a r t i a l l y  cemented conglomerate f -- 

Formation (T), including Some t o  much conglomerate with clean t o  clayey 
Putah Tuff Member, only north sandstone matrix ................................. ( s ) f ,  h c l a s t s  (o)m (15-50ft)100ft, 
and west of Montezum H i l l s .  Some t,o much sandstone, much c lean,  much clayey .... s-f (15-?Oft) 100ft 

Some t o  much sandy claystone ....................... f (15-50rt) 

....................... Minor s i l t s t o n e  and mudstone f ( 15 -50ft,) 

................ Minor calcite-cemented conglomerate h-f (k-5ft.) 15ft  
Minor t u f f  ......................................... I 3-1Ol"t 

............. 125 Tebama Formation (TI, only i n  Most t o  almost a l l  is clayey sandstone ( f  ) s  k(5-25ft)  100ffc+ 
general v i c i n i t y  of Mount Diablo. 

.................. and sandy mudstone t,o claystone f k(5-?Sift)100ft+ 

............................ Some clean sandstone... s k (5 -Ef t . )  
and conglomerate with clean t,o clayey sandstone 

........................................... matrix s h ? l a s t s  ( c ) s ~  k ( 5 - S f t )  
Minor palcite-cemented rock ........................ f-h (rri-k) 4 f i  
Minor tuffaceoms sandstone and conglomerate ...*.... qf -- 
Local blue sandstone and clayey rock l i k e  un i t  
352 .............................................. -- -- 

......................... 136 Oro Loaa Formation of Brigjp Most is clayey sandstone 
(195%) (T), e a s t  of Livermore 
Valley. and mudstone ................................... 

.............................. Some clean sandstone. (m- I 5ft, ) I n0f t  
and conglomerate with clean sandst,one matrix. .  ... s, ( h ) f  c l a s t s  (c-m)w (" i5f t )  100ri + 

.................... Minor calcite-cemented r o c k . * - .  h m-k 
........................... and tuffaceous rock.. .  Q f -h m-!< 

............................... Formation (T), near Pajai-o Much clean sandstone ( s ) f  k( 10-?Of[,) 
R.iver a t  southern end of Santa Cruz and conglomerate with l a rge ly  clean sandstone 

......................................... Mountains. matrix. .  ( s ) f ,  11 clast,n ( ~ ) I ! I  k(i0-bOffc) 
.............................. Much clayey .sandstone f k (  10-50ft.) 

and mudstone with l e s s e r  sha l e . .  ................. f k(10-50ft)  

................................ Minor cemented rock b m-k 



r̂  
Abbreviated unit descriptions of hillside materials t<. 

Physical properties 
-- ( s e ~  di scussion in text) 

Map unit Geologic unit (age), anil location 
see pis. (see discussion in text,) 
1-6) 

Composi tion 
see discussion in text; fig. 2) 

Hardness Bedding Fractu-e 
(see tables thickness spacing 

2,3) (see t,able "< (see table 3) 

Upper part of Mulholland Formation Most(?) is silty and clayey sandstone. ............. 
of Ham (1952) (T), in East Bay 
Hil-ls east of Oakland. and conglomerate with silty and clayey sandstone 

matrix. .......................................... 

c(m-w)4ft 

a-vw 

c-vc - 
? 
-- 
-- 

............... At least some mudstone t,o siltstone. 

............... Minor cemented rock and limestone... 
.......................... and tuff and bentonite. 

CO 
03 c(m-6ft) 

H 
c-vc - 

? 
<-̂  

m-6ft 2 
-- H 

0 

Lower part of Mulholland Formation Much sandstone, clean to dirty ..................... 
of Ham (1952) (T), in East Bay 

.................. Hills east of Oakland. Much mudstone, some calcareous... 

Minor t,o some cemented sandstone....... . . . . . . . . . * a .  

Minor tuff and bentonite ........................... 

Contra Costa Group, undivided (T), Some to much mudstone .............................. 
in most of East Bay Hills. 

Some to much sandstone, clean to dirty ......an..... 

c-vc - 
m-w 

1-s 
0 

s-f - 
same? 

Some to much conglomerate with dirty sandstone 
matrix ........................................... s-f, h clasts (c)m m( 5-40f t) 

same? 
h t,o k+ 
-- -- 

Minor calcite-cemented rock.... .................... 
Rare tuff, diabase, and basalt.. ................... 

Contra Costa Group, undivided (T), Some mudstone.. .................................... 
only in area west of San Pablo 
Reservoir in East Bay Hills. Some dirty fine-grained sandstone and siltstone .... 

c-vc - 
Tm-w 
c-vc - 
Tm-w 

c-w, vw-a 
m-w, vw-a 
(vw-a )m-w 
m-6ft -- 

c-vc - 
Tm-w 
c-m - 

? 

a 

c-w 
c-w 

............... Some dirty coarse-grained sandstone. 

s-f, h clasts c-m m(5-̂ Oft) 
f-h m-k 
-- -- 

Some conglomerate with dirty sandstone mat,rix ...... 
Minor calcite-cemented rock.. ...................... 
Minor tuff and basalt, .............................. 

Clastic member of Moraga Formation Like unit 133. 
( T ) ,  in East Bay Hills. Some to much mudstone.*....* ....................... 

.................. Some to much dirty sand~tone..~.. 

Some to much cong1omerat.e with dirty sandstone 
matrix ........................................... (f )s, h clasts c-m m(vk-30ft)200ft 

f?, h clasts 
Minor cemented rock. ............................... 
Minor tuff and basalt...# .......................... 

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

Almost all basaltic rock, 

much as flows and intrusives.... ................. f-s, h blocks (m)w 
h 

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

.... much as breccia, pillow lava, and agglomerate 

Minor sandstone and mudstone....... ................ 

Basalt and andesite member of 
Moraga Formation (T), in East Bay 
Hi1 1s. 

Most is basaltic and andesitic flow rock, some 
........................................ vesicular c-w) loft 

(m-6f t ) 1 Oft? 

f - 
h 
f -h 

f, h blocks 
............................ Some scoria and breccia 

.............................. t,uff breccia....... 
and mudstone, sandstone, and conglomerate as in 

......................................... unit 132 
Minor cemented rhyolitic tuff and breccia.......... 
Rare limestone ..................................... 

Andesitic to basaltic flows of 
Sonoma Volcanics (TI, in area 
between Santa Rosa Valley and 
Howell Mountains. 

Most is andesitic to basaltic flow rock, some 
......................... vesicular to scoriaceous f-s, h blocks (m) 

h 
Some breccia, tuff breccia, and agglomerate ...... s, h-s blocks (m)5ft 

f, h blocks 
f .................. and ash-flow tuff like unit 270 

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

Not seen in field. 
Like unit 234 except rock mass is disrupted and 
broken (by landslide movement) into coherent 
blocks at least 500 ft across. 

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

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. 

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

Much andesitic to basaltic flow rock like that in 
......................................... unit 234 f-s, h blocks (m) 

h 
Much tuffaceous and diatomaceous siltstone 

............... and claystone, diatomite, and tuff 10ft(15-30ft)50ft 

k-vk 

f-s - 
f 
s 

vc-m - 
? 
a? Minor clean sandstone .............................. 

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

Much to most is ash-flow tuff like unit 70.. ...... 
Much andesitic to basaltic flow rock like that in 
unit 234 ......................................... f-s, h blocks (m) 

h 
5ft(20ft) 100ft 

(k-25ft?) 

k-vk 

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

f -s 

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

... Minor tuffaceous sandstone and siltstone........ c-vc - 
a? 

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

Not seen in field. 
Probably largely dacit,e and perlit,ic dacite, most 

.................................... altered...... 
Some to much tuff and tuffaceous shale, most 

..................................... altered..... 



Abbreviated u n i t  d e s c r i p t i o n s  of h i l l s i d e  m a t e r i a l s  

Map uni t  Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  
( s e e  p i s .  ( s e e  d i s c u s s i o n  i n  t e x t )  

1-6) 

Phys ica l  p r o p e r t i e s  
- ( s e e  d i s c u s s i o n  i n  t e x t )  

Hardness Bedding F r a c t u r e  
( s e e  t a b l e s  t h i c k n e s s  spac ing  

2,3) ( s e e t a b l e 3 )  ( s e e t a b l e 3 1  

Composition 
( s e e  d i s c u s s i o n  i n  t,ext; f i g .  2 )  

........... Yuch r h y o l i t i c  flow rock l i k e  u n i t  218.. -- c(m-6ft) lo f t  Rhyoli t i c  flows of Son 
Volcanics (T), only  i n  Howel 1 
Mountains nor th  and e a s t  of 
Cali  s t o g a .  

Mucbh hydrothermal 1.y a l t e r e d  r h y o l i t i c  flow rock. ... 
Some t u f f  .......................................... 

and t u f f  b r e c c i a  and agg1omerat.e ................. 
f - s ,  h 

f -3  

f - s ,  h bl-ocks 

o-vc, w 
?vc-m 
-- 

R h y o l i t i c  b r e c c i a  of  Son 
Volcanics ( T I ,  near  Napa. 

Rhyol i te  brecci-a w i t h  dense mat r ix  ................. 
Minor l i t h i c  l a p i l l i  t u f f  l i k e  un i t  272 ............ 

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

f -h 

Volcanic r70cks (K), near  Loma 
P r i e t a  i n  Santa Cruz Mountains 
south  of  San J o s e .  

B r i e f l y  seen  i n  f i e l d .  
B a s a l t i c  p i l l o w  l a v a ,  b r e c c i a ,  t u f f  b r e c c i a ,  and 

some d iabase ,  l i k e  u n i t  253. 

S p i l l  t e  near  Blank Poin t  (K) ,  on 
Sonoma County c o a s t .  

c(m-w ) 
rn-vw 

............... S p i l i t i c  b a s a l t ,  s i m i l a r  t-,o u n i t  253 f-h - 
11 

Greenstone of  Franciscan ass 
(KJ) , throughout most of  reg ion;  
quart,z kerat,ophyre o f  Franciscan 
assemblage (KJ) ,  near  Loma P r i e t a  
i n  Santa  Cruz Mountains s o u t h  of  
San Jose .  

Al te red  b a s a l t i c  v o l c a n i c  rock ,  a s  
p i l l o w  lava.....*....s....9..............-....s.. ( t e n s  of  f t )  vc-rn, w 

w 
s - f ,  h-f p i l lows  (w) 

( f ) h ,  h p i l lows  
s-f h-f blocks ( c )  - ('f)h, h b locks  ( t e n s  o f  f t )  vc(c)m 

c-rn 
( t e n s  of  f t )  (c-rn)w 

......... b r e c c i a ,  t u f f  b r e c c i a ,  and t u f f . . . * * . . . .  

flows and i n t r u s i v e s .  ............................ 
Propor,t,ions var i -ab le ;  g e n e r a l l y  much t o  most is 

pill-ow 1-ava, some t o  much is t u f f  b r e c c i a ,  minor7 
t o  some is flows and i n t r u s i v e s .  

Minor c h e r t  ( l i k e  u n i t  511) and 1-imestone ( l i k e  
........................................ uni t  909) 

Some sheared  rmck l i k e  u n i t s  800 and 804 ........... 

Unsheared metagreenst,one of 
Franciscan ass e. C o n s i s t s  
of p a r t s  of  Franc iscan  metagreen- 
s t o n e  (KJ) having hard topography, 
a s  determined by photo in te rpre-  
t a t i o n ,  i n  Iferin h igh lands .  

S l i g h t l y  metamorphosed greens tone  l i k e  u n i t  ?53, 
l a r g e l y  n o n f o l i a t e .  

................................ Most is unsheared.. 

Some is v a r i a b l y  sheared and s h a t t e r e d  l i k e  unit, 
804 .............................................. ( f - s )h  w- 

f - s ,  h b locks  Minor t o  some is s e v e r e l y  sheared l i k e  u n i t  800.. .. 

B a s a l t i c  p i l low l a v a  and b r e c c i a  
( J ) ,  on ly  i n  Mendocino h ighlands ;  
d iabase  and d iabase-basa l t  
b r e c c i a  ( J ) ,  i n  nor thern  Mayacmas 
Mountains. 

........... Most is basa l t , i c  p i l low lav-a and b r e c c i a  f ) s ,  h b locks  m-w 
h-f ,  h b locks  

f - s  
7tl- f  

Some t u f f  ....................................... 
M a t e r i a l s  a r e  shat,ter7ed and somewhat sheared.  



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

Basaltic rock, 
much as breccia.. .............................. f, h blocks (c-m)w 

h 
f, h blocks (3-6ft) much as pillow l ava . . . . . . . . . - . . . . . . . . . . . .* . . . , . .*  vk(tens of ft) c-vc m-6ft 

-ii$zE 

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

Largely welded tuff, altered, rhyolitic to 
da~itic........~~............ .................... 

Some to much fine ash tuff or tuffaceous mudstone.. 
t,o 40ft m-w, vw-loft+ 

tens of ft, c-vc - 
m 

m m-w .. wi.th minor chert(?) nodules................*,.. 

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

Largely welded ash-flow tuff.... ................... 
Some to much unwelded ash-flow tuff like unit 

.............................................. 270 
Minor bedded tuff.... .......a.e.................... 

5-150ft+ (m-w) 
n-k -- 

Xenolithic welded tuff(?) of 
Volcanics (T) , northeast, 

of Napa . 
. Welded lapilli tuff and tuff breccia............ 

Ash-flow tuff of Sonoma 
Volcanics (T), in area between 
Santa Rosa Val ley and Howell 
Mountains. 

.................. Largely pumiceous ash-flow tuff (f)s 
f 
h 

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

5-150ft+ (m-w )20ft 

m-40ft c(m-w)5ft 
to 50 ft w-a, m-w 
m-vk c, a 

m(k) l5ft+ c-m, a 

............................. Some welded tuff...... 
Minor tuff breccia, ................................ 
tuffaceous sedimentary rock,. .................... 
and nontuffaceous sedimentary rock like unit 141. 

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

Briefly seen in field. 
Lapilli tuff, like ash-flow tuff of unit 270 . . . . . a +  

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

Most is lithic and pumice lapilli tuff with 
scattered blocks, some tuff breccia, minor 
to some agglomerate and breccia ..........a.v..... 

Minor to some hydrothermally altered rock.......*.. 

Minor ash tuff, tuffaceous sedimentary rock, welded 
tuff, and intrusive rock ......................... 

(f-qf )h, (h)blocks(m)4ft 
s-h - 
f-h 

(vk) m-w, w-20ft 
ribs to ?Oft vc-w 

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

Much tuff breccia, much tuff with scattered 
blocks, some agglomerate and breccia.......... 

Minor ash-flow tuff, flow rock, and tuffaceous 
sedimentary rock .............................. 

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

Not seen in field. 
Andesitic or basaltic agglomerate, probably like 
fragmental rock of units 230 and 234 ............. ?f-s, h-s blocks 

(f), h-f blocks 



Abbreviated unit descriptions of hillside materials 

w 
0 

Physical propertdies 
(see discussion in text) 

Map unit Geologic unit, (age), and location 
(see pis. (see discussion in text) 
1-6) 

Composition 
(see discussion in text; fig. 2) 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,3) (see table 35 (see table 3) 

Tuff and volcanic gravel (Q), 
derived largely from rhyolitic 
intrusive rocks of Sonoma 
Volcanics, in area between Santa 
Rosa and Petaluma Valleys and 
Napa Range. 

Largely breccia or rubble of rhyolite blocks in ... matrix of tuff or tuffaceous sedimentary rock. f-s,h blocks(c-m)10ft 
f?, h blocks 

Some tuff, f-s - ......................................... " 

10-50ft a,c(m)w 

10-50ft m 

10-50ft m 

10-50f t, a, m-w 

Cache Formation (QT) , near Lake 
Berryessa, west of Yolo Range. 

Most is pumice lapilli tuff and coarse-grained 
..................... tuffaceous sedimentary rock. s(f) 

same? 
-- Possibly some to much siltstone and claystone ...... 

Lawlor Tuff (T), in the monocline 
north of Mount Diablo. 

Some tuffaceous sandstone, clean to clayey ......... (f)s 
f 

Some tuffaceous clayey rock.... .................... 
Some pumice lapilli tuff and vitric tuff. .......... 

vc-m 
m-5ft 

c-m w-5ft 
zw-5ft)15ft 

Minor conglomerate and basalt................. ..... -- 

Pinole Tuff (T), near San Pablo 
Bay at north end of East Bay 
Hills. 

Some to most is pumiceous tuff... .................. f 
Some to most is tuffaceous sedimentary rock including 
sandstone, shale, and conglomerate ............... (f-3) ............................... Minor tuff breccia.. f, h-f blocks (c-m)w 

Tuff at base of Contra Costa Group 
(T), near Lafayette in East Bay 
Hills. 

Briefly seen in field. 
Some to almost all is tuff like that in unit 282.. . (f )qf? 
Remainder is largely sandy tuffaceous material..... (f )? 
Minor limestone and basalt......................... h 

(k-vk)50ft+ C-~~(m-ft) 
m-4ft 

m-vk c-ve - 
m-w 

Tuff member of Orinda Formation 
(T), in area nort,h of Livermore 
Valley. 

Much to most is tuff........ ....................... f -h 

Remainder is tuffaceous sandstone............... ... qf 

and clayey sandstone, mudstone, and conglomerate, 
as described for unit 134 ........................ 

Tuff member of Kirker Formation 
of Prumier (1964) (T) , in the 
monocline north of Mount Diablo. 

Vitric tuff.. ..................................... f 

Tuffaceous sandstone, largely dirty ............... f 

Tuffaceous mudstone............................... 

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



290 So- Volcanics, undivided (T), Volcanic rocks in unknown proportions. Most are 
in area from Sonoma Mountains to probably either andesitic flows like unit 234, 
east of Vallejo. rhyolitic flows like unit 218, or ash-flow tuffs 

like unit 270. 

291 Volcanic rocks (T) (equivalent to Not seen in field. 
Quien Sabe Volcanics of Leith, Volcanic rocks, rhyolitic to basaltic, including 
1949), near Pacheco Peak in intrusives and interbedded extrusive flows, 
Diablo Range, near southern agglomerates, and water-laid sedimentary rocks. 
boundary of region. 

300 Fluvial and lacustrine deposits of Not seen in field. 
............................. Little Sulphur Creek (T), in Largely conglomerate f-h, (h)clasts(c-m)15ft+ 6-25ft+ 

Mayacmas Mountains near Cloverdale. Some to much sandstone........................... f-h m- 100ft 
Some mudstone. ................................... f (vk) c-vc - 

?c-m 
Minor calcite-cemented rock........... ........... b -- 

301 Conglomerate in G member of Wagner Not seen in field. 
. (1978) of Briones Sandstone (TI, Largely conglomerate, most carbonate-cemented... h-f, h clasts (cm)m -- 

in East Bay Hills. same? 

302 Basal conglomerate of Monterey Not seen in field. 
Group (T), in East Bay Hills Much conglomerate ................................ (f)?, (h)clasts to 15 ft 
near Alamo. Much(?) sandstone........... ..................... (f )? (k-vk ) ? 

Minor siliceous shale.... ........................ f-h -- 

303 Conglomerate at Point Reyes (T ) .  Largely conglomerate with silty sandstone matrix. f, h-f ~lasts(~-m)7ft (loft+) 
h 

'm-w) loft c 
(m-w) 10ft Some sandstone................. .................. 

and shale..... ................................. 
f-s - 
h-f 

c-vc E 
- 03 

? I"! a 
(w)? i-3 0 

m z 
310 San Gregorio Sandstone Member Almost all is sandstone, most(?) clean........,.. 

of Furisima Formation (TI; Santa 
.... Margarit. Sandstone (T); in Santa Minor carbonate concretions.................. 

Cruz Mountains. 

f-s - 
f? 
h 

vk-a 

m 

....... 31 1 Sandstone (T) , on Point Reyes Sandstone, clean, to silty, as in unit 313 f-s a 
peninsula. ?f-h 

312 Sandstone (TI, only near Gilroy Largely clean sandstone......... ................. 
in Santa Clara Valley area. 

Some partially calcite-cemented sandstone. ....... 
Minor calcit,e-cemented sandstone......... ........ 
Minor siliceous shale.... ........................ 

................ 313 Laird Sandstone (T), on Point Largely sandstone, clean to silty f-s (a)n-20ft+ - 
Reyes peninsula. f -h 

..................... Some conglomerate at base... f-s, f-h clasts m (vk) 
?f -h 

Minor calcite-cemented sandstone. ................ h 
and shale ...................................... s 

f? 

m-w)? 
c-vc - 

? 



Abbreviated u n i t  d e s c r i p t i o n s  of  h i l l s i d e  m a t e r i a l s  

Physi-cal p r o p e r t i e s  
( s e e  d i s c u s s i o n  i n  t e x t )  

Map unit. Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  
s e e  p i s .  s e e  d i s c u s s i o n  i n  t e x t )  

1-6) 

Composition 
( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  2) 

Hardness Bedding F r a c t u r e  
( s e e  t a b l e s  t h i c k n e s s  spac ing  

2 , 3 )  ( s e e  t a b l e  3 )  ( s e e  t a b l e  3 )  

Middle sands tone  un1 t o'f 
ortonville Shale (TI ,  a t  southern 

end of  Yolo Range near  V a r a v i l l e .  

Largely sands tone ,  c l e a n  t o  s i l t , y  ................ 
Minor t o  some calci te-cemented beds and 

.................................... concre t ions  
Minor s h a l e  l i k e  u n i t  466 ........................ 

4 f t + ?  
vn-m 

w-7ft 
c-vc - 

? 

Upper sands tone  member o f  unnamed 
formation ( r ) ,  near  southern  end 
of  Yolo Range. 

Almost, all c l e a n  sands tone  ....................... 
Minor calci te-cemented concre t ions  ............... 
Minor mudstone near  t o p  .......................... 

( a ) ,  vn-m 
t o  vk 
vn-n 

Cierbo Sandstone ( T ) , only  i n  
E a s t  Bay H i l l s .  

f - s  - 
same? 

h 

Almost a l l  sands tone ,  c l e a n  t o  c layey  ............ 
. Minor calci te-cemented beds and concre t ions . . . . .  

Temblor(?) Sandstone (T ) ,  only  i n  
Diablo Range s o u t h e a s t  of  
San Jose .  

Much calci te-cemented sands tone . . . . . . . . . . . . . . . . . .  

Much c layey  sands tone  ............................ 
f ,  h blocks (m-w) 

h 
I 

f-qf 

n-k, vk 

m-k, vk 

Temblor(?) Sandstone (T), only  i n  
Santa  Cruz Mountains near  Mount 
Umunhum. 

Most is tuf faeeous  and c layey  sandstone. . .  ....... 
................. Some calci te-cemented sandstone.  

.................. Rare l imes tone  and conglomerate 

Lonipico Sandstone ( T ) ;  Butano 
Sandstone (T) ,  only near  Butano 
Ridge; i n  Santa  Cruz Mountains. 

.................................. Largely sandst,one f - s  - 
f-h 

h 
f - s  - 

f  
-- 

m-30ft 
(n-k) 200ft  

Minor t o  some calci te-cemented sandstone ........... 
.......................... Minor mudstone and s h a l e .  

Minor conglomerate ................................. 

E member of  Wagner (1978) of  
Briones Sandstone (T) , only  i n  
East Bay H i l l s ,  excluding a r e a  
near  Sunol Valley and Pleasanton 

........................... Largely d i r t y  sandstone.  

...................... Probably some c l e a n  sandstone 
Minor t o  some cemented s h e l l - b r e c c i a  sands tone . .  ... 

-- 
t o  l o f t  

D member of  Wagner (1978) of 
Briones Sandstone (TI, i n  
East Bay H i l l s .  

Almost a l l  d i r t y  sands tone . . . . .  .................... 
Minor t o  some calcit,e-cemented sands tone . . . . .  ...... 

................................. Minor conglomerate 



332 Sandstone u n i t  of  Monterey 
Group ( T ) ,  on ly  a t  n o r t h  end of 
F a s t  Bay Hills near  P inole .  

..... Almost a l l  is d i r t y  t o  tu f faceous  sandstone. . .  

Minor diatomaceous s h a l e ,  .......................... 
porcelaneous s h a l e ,  .............................. 
and s i l t s t o n e  .................................... 

m-k 
m-k 
m-k 

-- 
c-m 
vc - 
? 

333 Oursan Sandstone (T) of  Monterey 
Group, only i n  E a s t  Bay H i l l s ,  
excluding a r e a s  e a s t  o f  Fremont, 
and n o r t h e a s t  of  Cas t ro  Valley.  

Most is s i l t y  and c layey  sands tone . . . .  .......... f 
f? 
f 
h 
f 

f - f a s  

-- 
h-f 

f 

( s ) f  
f 

f 

h 

s - 
s ?  

( f  jh 

s 

( f ) h  

h 

s - 
s ?  
f 

s-f 

-- 

f - s ,  f-h 
same? 

f 

h 

f a s ( f  )qf  
same? 

f 

h 

c-vc - 
m-w 

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

............................... Some c l e a n  sands tone  
Minor calci te-cemented sandstone and l imestone. .  ... 

...................... Minor s i l t s t o n e  and mudstone. 

334 Sobrante Sandstone ( I )  of 
Mont,erey G r o u ~ .  on ly  i n  Dublin- 

................. Almost a l l  d i r t y  s a n d s t o n e . . * . . .  

Cas t ro  v a l l e y  a r e a  o f  Eas t  Bay 
H i l l s .  

Minor g r i t  and conglornerat,e ........................ 
Minor c o n c r e t i o n s . .  ................................ 

Tuffaceous sands tone  member of  
Kirker Formation of Primmer (1964) 
( T ) ,  i n  t h e  monocline n o r t h  o f  
Mount Diablo. 

...... Most is d i r t y  and tuf faceous  sands tone . . . . . . .  vn-tens of  f t  

m-10ft(10ft+) 
k-5ft 

( t o  k )  

t o  6 f t  

c-vc 
0 

m-w)w 
c-vc 
0 
c-vc 

? G I  
(w)6f t  

Some c l e a n  sands tone  ............................... 
................... Minor t o  some c layey  sandstone. .  

Minor s h a l e  and c l a y s t o n e  ........................ 
Minor cemented sandstone.  .......................a 

Olauconi t ic  sands tone  u n i t  of  
sedimentm-y rocks  n e a r  Drakes Bay 
( T ) ,  on P o i n t  Reyes peninsu la .  

Largely c l e a n  sandstone. .  ........................ 
............................... Some d i r t y  sands tone  vc-m 

(m-w)w 
c - 

m-w 

w 
m-w 

.............................. Some c layey  sands tone  

Some mudstone ...................................... 
Rare carbonate-cemented c o n c r e t i o n s . . . . . . . . . . . . . . . .  

Temblor(?) Sandstone (TI,  on ly  
a long  west. s i d e  of  Santa  Clara  
Valley near  Los Gates.  

................... Probably most i s  c l e a n  sands tone  t e n s  of  f t  

n-rn, vk 
n-m, vk? 

-- 

m-vw 

Some t o  much s i l t s t o n e  ............................. 
.......................... and c layey  sands tone . . .  

Minor porcelaneous s h a l e ,  c o n c r e t i o n s ,  .. conglomerate, and v o l c a n i c  rock l i k e  u n i t  ?60.. 

Upper sands tone  member of  
Donengine Sandstone (T) , only 
on southwest  f l a n k  of  Mount 
Diablo. 

............... Most is c l e a n  t o  s i l t y  sands tone . , . .  

Some mudstone, clayey f ine-grained sands tone ,  and 
s h a l e  ............................................ 

Minor t o  some calci te-cemented sands tone  beds and 
concret,ions ...................................... 

c-vc - 
m-w 

Upper p a r t  of Dcniengine Sandstone 
(T) ( e q u i v a l e n t  to Escobar 
Sandstone of  Weaver, 19531, on ly  
jn Pacheco s y n c l i n e ,  west  o f  
Concord. 

.......................... Largely c l e a n  sandstone 

....... Some shal-e, mudstone, and c layey  sandstone. .  

Minor t o  some calci te-cemented beds and 
.................................... concre t ions  



Abbreviated unit descriptions of hillside materials 

Physical properties 
(see discussion in text) 

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

Divisions A and B of dark and 
Woodford (1927) of Meganos 
Formation (T), near Mount Diablo 

Largely sandstone, most clean........... ........... s-f vk(6ft+)150ft (m) loft 
m-loft 

f (30-70 ft) vc-m - 
? 

......................... some dirty or tuffaceous 

Some to much mudstone, shale, and clayey 
sandstone..... ................................... f m-4ft, vk-100ft+ vc-m - 

9 
f?, (h)clasts(c-m)6ft h to to 50ft k ?m-loft 

c(w-4ft) 
................ Minor conglomerate at base......... 

Minor calcite-cemented sandstone.. ................. 

San Pablo Group, undivided (T), 
only on southwest flank of Mount 
Diablo. 

(6-30ft) 100ft+ (m-4ft)6ft 
same? > 

Largely sandstone, some to much relatively clean... 

............................ much clayey and dirt,y (6-30ft)100ft+ vc-m tu 
m i t  

w 
a 

m-30f t (w-4ft)8ft a 
(to 60ft)150ft vc-m <! 

m i t  2 
..................... minor to some cemented...... 

Minor to some mudstone, siltstone, and shale.. ..... 

San Pablo Group, undivided (T) , 
only in East Bay Hills. 

Not seen in field. 
Probably largely sandstone, dirty to clean. 
Some mudstone and shale. Physical properties like those of units 381, 320, 405, "s 

and 432. 0 

Neroly Sandstone (T) , only in 
area north and east of Mount 
Diablo. 

.................. Largely sandstone, clean to dirty 
Some tuffaceous siltstone, sandy tuff(?), and 
clayey sandstone. ................................ f 

h-qf 

vk, m-4ft e-vc - 5 
c-rn 

0 

to 6ft (m-w)5ft 5 Minor calcite-cemented sandstone...... ............. 
Minor pebble conglomerate with clean sandstone 
matrix....... .................................... 

.................... Largely sandstone, much clean.. 

much dirty ....................................... 

f, h clasts -- (m-5ft) 

s-f m-loft, vk-90ft (m-w)6ft - 
s? 
s -f - m-loft, vk-90ft C-m 
f? ow 

C i e r b  Sandstone (T) , only in 
the monocline north of Mount 
Diablo. 

Some mudstone, siltstone, and clayey sandstone... .. f n-6f t vc-m - 
? 

s-f, h clasts (c)m n-loft ?(m-w)6ft Minor conglomerate with clean sandstone matrix... .. 

s-f 
f 

m(10ft+)100ft+ c(w)6ft 
m( loft+) 100ft+ vc-m 

m i t  

C i e r b  Sandstone (T), only in 
Livermore Valley area. 

Much clean sandstone.. ............................. 
............. Some clayey and tuffaceous sandstone.. 

Some mudstone, sandy claystone, and shale .......... f (vk) vc-m 
m i t  

h-f (to 5ft)10ft? (m-w) 8ft 
s-f, (h)cl.asts(c)m -- w-6ft 

Minor calcite-cemented beds and concretions.... .... 
Minor conglomerate with clean sandstone matrix..... 
Minor vitric tuff, lignite, porcelaneous rock, 
diatomaceous shale, and limestone............. ... 



............... 355 Briones Sandstone (TI, only in Largely fairly clean silty sandstone 
hills along east side of Santa 
Clara Valley from Fremont south Some calcite-cemented sandstone .................... 
past San Jose. 

................. Some mudstone and clayey sandstone 

....... Minor conglomerate and porcelaneous shale... 

356 Briones Sandstone, undivided (TI; Not seen in field. 
upper part of Briones Sandstone Probably largely sandstone, much fairly clean but 
(T); only in East Bay Hills silty ............................................ 
between Dublin and Upper San 
Leandro Reservoir. some cemented.................................... 

f-qf (10ft+)40ft+ c(m)5ft - 
f -h? m-5ft 
fo (k-15ft)60ft+ (m-w)8ft 

h 
to 40 ft+ 

(to 4 ft) 

vc-m 
Cm̂ w) 

Some to much mudstone and clayey sandstone. ........ (f)s 5-100ft) vc-m 
f 0 

Minor conglomerate largely at base, some to much 
....................................... cemented.. f-h to 4ft (m-4ft) 

357 Briones Sandstone (T), only in Much dirty or tuffaceous sandstone ................. 
Pacheco syncline, west of Concord. 

............................... Some clean sandstone 

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

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

358 Briones(?) Sandstone (T), near Not seen in field. 
Val le jo . Probably like unit 357 

359 Briones Sandstone (T) , only in Briefly seen in field. 
East Bay Hills near San Ramon. 

.................. Largely sandstone, clean to dirty 
.......... Minor to some cemented sandstone......... 

Probably some clayey rock.......................... 
Minor conglomerate ................................. 

(f )qf (tens of ft)100ft+ - c -m 
same? 

f (tens of ftl75ft c -m 
same? B 

m 
en 

Physical properties probably like those of unit 355. n 
Â£ 

360 E member of Wagner (1978) of Largely sandstone, dirty to clean .................. (f)Â 
Briones Sandstone (T) , only f 

n-50ft+ c (m-w) 
m-w 

south of Livermore Valley near Some to much cemented shell-breccia sandstone..... . h (k-30ft) 100ft? m(w-5ft) loft,+ 
Sunol Valley and Pleasanton. Some subporcelaneous(?) mudstone..... .............. qf to 50ft+ - c-vc 

c -m 
and clayey sandstone.... ......................... f to 50ft+ c-m - 

m-w 
Some conglomerate with dirty sandstone matrix...... f-s, h clasts(c)m to 15ft w-w 

same? 

361 Lower part of Briones Sandstone Largely sandstone, most clean ...................... f-s - m-Llft, 10-50ft gbd- 
(TI, only south of Livermore f? m? 
Valley near Sunol Valley. Some to much mudstone and shale, some 

subporcelaneous .................................. (f-s)qf n-k, 10-50ft c-vc 
-Tm- - 

m-w 
and clayey sandstone...... ....................... f-s - n-k, 10-50ft - c-vc 

f? m-w 
Minor cemented shell-breccia sandstone............. h-f to 5ft+ W)W 



Abbreviated unit descriptions of hillside materials 

Physical properties 
(see discussion in text) 

Map unit Geologic unit, (age), and location 
(see pis. see discussion in text) 
1-6) 

Composition 
see discussion in text; fig. 2) 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,3) see table 2 )  (see table 3) 

Lower part of Briones Sandstone 
(TI, only in area south of 
Livermore Valley near San Antonio 
Reservoir. 

Briefly seen in field. 
............................. Largely sandstone..... 

.......................... Probably some clayey rock 

Minor cemented shell-breccia sandstone ............. 
................................. and conglomerate 

(vk) (m-4ft) 
(vk) - c-vc 

m-w 
to 4ft w-4 f t 
?-loft (vw)? 

properties probably like those of 

h 
h 

In detail, physical 
unit 361. 

Unnamed sandstone (T ) ,  only in 
Santa Clara County near Palo Alto 

Largely silty sandstone....... ..................... s-f - 
f? 
h 
-- 

Minor cemented shell-breccia sandstone. ............ 
Some(?) siltst,one and clayey sandstone ............. 

vc(c-m)w 
"'ctm-w)~ 

%? 
c (m-w ) 

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

Largely sandstone, clean to dirt,y .................. 
Much siltstone, mudstone, and shale... ............. 

............. Minor calcite-cemented rock....-...... 

Sandstone and mudstone near Fort 
Ross (T), near Sonoma County 
coast . 

Probably largely sandstone. 
Some mudstone and shale. Physical properties like those of unit 378. 

Temblor Sandstone (T) , only 
northeast of San Jose near north 
end of Calaveras Reservoir. 

(f) t,o loft4 
(f), h elasth c to k 

(f vk)? 

c -m 
c -m 
c-vc - 
?c-m 

Largely sandstone .................................. 
Some conglomerate .................................. 
Probably some clayey rock... ....................... 
Minor siliceous shale .............................. 

Sari Ramon Sandstone ( T ) ,  only in 
southern Napa Range near Carncros 
Creek. 

Not seen in field. 
Largely sandstone...... ............................ 

................... Probably some clayey rock....... 

Sobrante Sandstone (T) of 
Monterey Group; San Ramon 
Sandstone (T); in Pacheco 
syncline, west of Concord. 

Largely sandstone, clean to dirty or tuffaeeous .... 
Some mudstone and clayey fine-grained sandstone .... m( 10-30ft+) c-vc - 

e-m 
........................ Minor cemented sandstone... 

................................. and conglomerate 
m-k m-w 

Vaqueros Sandstone (T), in Santa 
Cruz Mountains; Butano Sandstone 
(T), in Santa Clara County and 
only near Kings Mountain in 
San Mateo County. 

Largely sandstone, some calcite-cemented where 
fresh....... ..................................... f-s - 

f-h 
f-s - 
f 

m(k-10ft)tens of ft c(m-w)6ft 

n-loft - e-ve 
? 

............... Some mudstone and shale............. 



384 Sandstone, siltstone, and Not seen in field. 
shale (T), in southern Napa Range Largely(?) sandstone, probably most dirty or 
near Carneros Creek. Manned as tuffaceous....................................... f? (a) -- 
Monterey Shale by weaver 1949). Some(?) shale. f? -- -- ..................................... 

In detail, physical properties probably like those of 
units 385, 332, and 406. 

385 Sandstone unit of Monterey Group Not seen in field. 
(T), only in East Bay Hills Probably largely dirty sandstone................... oqf 
between Dublin and Upper San f -qf 
Leandro Reservoir. Some clean sandstone............................... - (f) 

f? 
Minor(?) cemented sandstone (near Upper San 
Leandro Reservoir). .............................. 

Minor to some clayey interbeds, probably largely 
clayey sandstone................................. 

...................... 386 Baaibre Sandstone (T) of Largely sandstone, some dirty 
Monterey Group, only between Niles 
Canyon and Calaveras Reservoir, some calcite-cemented............................ 
east of Fremont. ...................................... much clayey 

Some siltstone and mudstone........................ 

c-m - 
m-w 
m-w 

387 Hambre Sandstone (T) of Monterey Not seen in field. 
Group, only northeast of Castro Largely sandstone, most dirty ...................... f 
Valley in East Bay Hills. 

Minor to some shale................................ f 

h-f (n-k)6ft, 10-50ft+ (c-m)4ft - 
h co 
h-f - ?(n-6ft) m-5ft) 
u 
[I 

f (n-k)6ft,10-50ft+ ( c-vc )m 
f? ?m-w 
f - ?(n-k)50ft ( c-vc )m 
f? ?m-w 

(vk-a) 

(n-k) 

388 Ouraan Sandstone (T) of Largely dirty to clayey sandstone.................. (f) k-4f t ( 10-50ft) C-VC) 

Monterey Group, only northeast Cf^qf^ m-w 
of Castro Valley in East Bay Some calcite-cemented sandstone.................... (f)h (to 30ft)50ft+ m-w 
Hills. h 

Minor to some shale and siliceous shale............ (f) ?(n-m)vk (c-vc ) 
? 

389 Oursan Sandstone (T) of Monterey Largely clayey fine-grained sandstone.. ............ (f) , h-qf blocks (m-w) (vk-50ft) (c-cv)m 
Group, only between Niles Canyon f-h co5ft 
and Calaveras Reservoir, east of Some dirty sandstone ............................... f n(m-k)20ft+ (c-m) 
Fremont . Minor to some calcite-cemented sandstone........... h (m-k) m-w 

Minor to some mudstone............................. (f)s n(m-k)20ft+ (c-vc ) 
f ?m-w 

Minor pebble conglomerate southeast of Sunol Valley -- -- -- 

Sandstone member of Claremont Largely dirty sandstone............................ 
Shale (T), Monterey Group, in 
East Bay Hills. Some calcite-cemented sandstone.................... 

Some shale......................................... 

f-s - 
f 
h 
f 

and porcelaneous shale........................... h 

c-m 
c o  
c-4ft 
c-vc - 

? 
c-m 

Minor altered diabase dikes...,.................... ?f -s -- -- 



Map unit Geologic unit, (age), and location 
(see pls. (see discussion in text) 
1-6) 

Composit,ion 
(see discussion in text; fig. 2) 

Physical properties 
(see discussion in text) 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,?) (see table 3) (see table 3 )  

Strata of German Rancho (T) Largely sandstone.................................. 
near Sonoma County coast. 

Some mudstone...................................... f? m-30ft+ - c-vc 
? 

Minor to some conglomerate -- k-looft+ ......................... 
Minor to some calcite-cemented sandstone........... h m-3Oft? 

Undifferentiated sandstone? Largely sandstone.........,..............,......... s (m-vk ) 
mudstone? and conglomerate (TK) , f=h 
near Sonom County coast. Some(?) mudstone................................... f? (n-vk) 

Some (?) conglomerate. sl s-h clasts -- .............................. 
? 

Purisitm Fomtion? undivided (TI; Most is clayey or tuffaceous fine-grained 
Tunitas Sandstone Member and sandstone and siltstone.......................... 
Tahana Member of Purisim 
Fomtion (T); unnamed sandstone Some silty mudstone...,............................ 
(T); in San Mateo County part of 
Santa Cruz Mountains. Minor clean sandstone.............................. 

and porcelaneous rock............................ 

Neroly Sandstone ( T )  , only in Largely sandstone? 
East Bay Hills (excluding area much medium- to coarse-grained, largely dirty, 
north of Alamo) and in southern some clean....................................... 
Napa Range near Carneros Creek. 

much fine-grained? clayey ........................ 
Some mudstonel siltstone, and shale................ 

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

f-s - 
f 
f-s - 
f 

?f -3 
f-h 

f-s - 
h 

c -m 

c-vc - 
? 
c-m 

vc-m - 
m-vw 5 
c-vc L*J - u 

' U  
c(m-w)4ft 5 

0 
c-m - 
m-w 3 
c-vc - 
c-m 
w 

G and I members of Wagner (1978) Largely sandstone? 
of Briones Sandstone (T) much tuffaceous to clay coated................... f-h k-3Oft m(w-lOft)2Oft - 
in East Bay Hills. same? 

much dirty ....................................... (f 1s - vn-ml 5-1OOft VC-in - 
f? ? 

minor calcite-cemented beds and concretions...... h to k m-w 
Some shale interbeds............................... - (f )S vn-m - vc -m 

f? ? 
Minor conglomerate.. ?f-h,h clasts(c)m m-k m(~-ioft)2oft ............................... 
Rare limestone, some with chert.... ................ h -- -- 

F member of Wagner ( 1978) of Probably largely dirty sandstone................... 
Briones Sandstone (T) in 
h s t  Bay Hills. Some to much sandy mudstone and shale.............. 

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

f-h - 
? 
f 

h 

(k) - c-vc 
? 

to k (mh 



Butano Sandstone (TI, only near 
Sky Londa in Santa Cruz Mountains 

.................................. Largely sandstone f-s - 
f 
f-s - 
f 
h 

.................... Some to much mudstone and shale vc - 
c-m 

................... Minor calcite-cemented sandstone m-w 

&rkley(?) Formation (T), only 
in East Bay Hills near Oakland. 

Not seen in field. 
Probably largely sandstone ......................... ................ Some siltstone, mudstone, and shale 

(f )h ? (kW8ft)25ft+ c(m-w)6ft 
?(n-5ft) c-vc - 

f m-w 

t4arlcley Formation (T), only in 
Potrero Hills, northwest of 
Montezuma Hills. 

Not seen in field. Physical properties probbly like those of unit 373. 

(5-20ft) 50ft 
( 5-20f t 1 OOf t -- 

-- 

Largely sandstone, silty to clean .................. .......................... Some to much clayey rock. 
Some conglomerate .................................. ............................... Minor cemented rock. 

-- 
f?, h ~lasts (c)m -- 

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

.................................. Largely sandstone 

.................... Some to much shale and mudstone 

................................... Some concretions 

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

Largely sandstone, clean to dirty, much calcite- ............................. cemented where fresh 
f-h 
f' 

(h) -- 

............................ Some mudstone and shale 

.................................... Minor limestone 
and volcanic rocks like unit 260........,....0... 

Tolmn Formation of H a l l  (1958) 
(T), at mouth of Niles Canyon 
near Fremont. 

Not seen in field. 
Probably largely sandstone, clean to dirty . . . . a . e + .  

...... Some(?) calcite-cemented bioclastic sandstone.. 
Some conglomerate .................................. 
Probably some clayey rock.......................... 

to loft? -- 
(20-2OOft) 

Danzngine Sandstone (TI 
(equivalent to combined Muir 
and Escobar Sandstones of Weaver, 
1953), only on east limb of 
Pacheco syncline, west of 
Concord. 

.................................. Largely sandstone (m-6ft) tens of ft 

(n-6ft)5Oft 

(to 4ft)ZOft 

Some mudstone, clayey sandstone, and shale....... (c-vc)? 
.--zzxF 

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

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

Largely sandstone, clean to dirty .................. (k-vk) 150ft 

Some mudstone, shale, siltstone, and clayey sand- ............................................ stone vc-m - 
? 

Minor calcite-cemented beds and  concretion^..^..... 
Minor conglomerate at base......................... 

(to k)4ft 
-- 



Abbreviated unit, descriptions of hillside materials 

-- 

Physical properties 
(see disc~ission in text > 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,3) (see table 3) (see table 3) 

Map unit Geologic unit, (age), and location 
(see pls. (see discussion in text) 
7-61 

Composition 
(see discussion in text; fig. 2) 

Sobrante Sandstone (T) 
(restricted in sense of Lutz, 
1951) of Monterey Group, only 
near southwest flank of Mount 
Diablo. 

Much to most is sandstone, 
much dirty or tuffaceous......................... s-f - 

f? 
(f) much clayey ...................................... vc-m - 

c-w 
Minor to some mudstone............................. vc-m - 

c-w 
w-4ft 

(m-4ft) 8ft 
Minor to some conglomerate ......................... 
Minor to some cemented shell-reef sandstone.. ...... 

f, (h)f clasts c-m 
h 

Sobrante Sandstone (TI of 
Monterey Group, only in East Bay 
Hills near Pinole Ridge and 
Oursan Ridge. 

Largely sandstone, clayey to silty ................. c - 
m-w 
c-vc - 
?m-w 

Some mudstone and shale............................ 

Minor tuffaceous sandstone and calcite-cemented 
sandstone ........................................ m-w 

Temblor(?) Sandstone (T), only in 
Santa Cruz Mountains between 
Gilroy and Loma Prieta. 

Largely sandstone, most somewhat dirty, some 
clean. ........................................... vk- I Of t+ 

n-vk Minor to some mudstone..... ........................ c-vc - 
?In-w 
w-4ft 
-- Minor cemented sandstone........................... 

conglomerate, porcelaneous shale, and limestone.. 

c(m)w 
c m  
vc-m - 
?c-w 
m-w 
-- 

San Ramn Sandstone (T); sandstone 
member of Kirker F o m t i m  of 
Priwer (1964) (T); only in East 
Bay Hills near Briones Reservoir. 

Most is dirty and tuffaceous sandstone ............. f-h 

a 
f 
h 
-- 

Some mudstone and siltstone... ..................... 
Minor calcite-cemented sandstone..................- 
and conglomerate ................................. 

Sandstone (T), near San Antonio 
Creek and on Burdell Mountain 
in Marin highlands. 

Not seen in field at Burdell Mountain. 
Much to most sandstone.... ......................... n-15ft 

n-vk 

-- 
Some to much mudstone and siltstone..... ........... 
Minor calcite-cemented sandstone ................... 

Neroly Sandstone (T) , only in 
ILivemore Valley area. 

Much sandstone, clean to dirty ..................... s-f 
s m  

(c-vchn 
?In-w 

(m-w)4ft 
vc-m 
w-4ft 
-- 

Much clayey sandstone, mudstone, and siltstone. .... 
Minor to 1ocalI.y some calcite-cemented rock.. ...... 
and porcelaneous mudstone....................... . 

................................ Minor conglomerate, 
.......................... limestone, and tuff.... 

h 
h-f 

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



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

Much to most is clayey and tuffaceous sandstone*... s(f)qf n(6-tens of ft)lOOft+ 
f-qf (iis%-t 

Some mudstone and siltstone........................ f n(6-tens of ft ) 100ft+ c-vc - 
? 

Minor to locally some clean sandstone..... ......... - f-s (10-tens of ft) c(m)w 
same? 7iii'F 

Minor to locally some conglomerate. (f)s, h-f clasts(c-m)w to 120ft+ -- ................ 
?f, (h) ~lasts 

Minor to locally some calcite-cemented rock.....*.. h-f m-40ft m(w-@ft)8ft 
h T f  

Minor to locally some porcelaneous mudstone........ h-f ( 6-2Oft) - c-vc 
? 

Minor lithic t~ff......~......+.........~....... ... f? 4-20ft -- 

Nemly Sandstone (TI, only near 
San Ramon Creek, west of Mount, 
Diablo. 

Much to most is sandstone9 most clean, some 
tuffaceou~,........,....~..........~............ 

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

Minor calcite-cemented shell breccia..........*.... 
and conglomerate ................................. 

h k-4f t (w)8ft 
f, h clasts (c) (to k)vk -- k 

a 

403 Nemly Sandstone (T), only near 
southern end of Yolo Range* 

Proportions uncertain. 
Probably some to much clean sandstone.............. (k-15ft)QOft (c-rn)~ 

m-w % 
c-vc 

m 
(n-20ft )6Oft+ - W Much to most tuffaceous siltstone.........*........ 

m 
m-w 

c 
3 Minor cemented r~ck.~.....~........................ 

404 B r i o n e s S a n d s t o n e ( T ) , o n l y i n  
East Bay Hills between Pleasant 
Hill and Las Trampas Ridge. 

Not seen in field. 
Much(?) sandstone, clean to dirty 
Much(?) clayey rock. 

< 2 
Physical properties probably like those of unit 405. E el 

m-loft, 10-50ft+ c(m-w)5ft 5 
5 405 [Jpper part of Briones Sandstone 

(T), in East Bay Hills. 
Much sandstone, clean to dirty ..................... 
Much mudstone, siltstone, shale, and clayey fine- 
grained sandstone................*............... fl m-loft, 10-looft+ - vc -m 

f m-w 
h (to k18ft m(w) Minor calcite-cemented beds and concretions..... ... 

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

.................... Much is sandstone, most dirty*. 

much clean...........*-.......................... 

m-k9 10-1OOft C-m - 
m-w 

m-k, 10-100ft m-w 

Much sandy mud~tone......................~......... f m-k, 10-IOOft c-vc - 
? 

Minor calcite-cemented shell breccia............... h to k m-w 

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

Much to most, is clean sandstone.................... - s-f k-loft+ m 
f? 

Much shale, siltstone, and clayey fine-grained 
sandstone...................... .................. f c-vc - 

? 
. Minor calcite-cemented sandstone.................. h to k w-4ft 



Abbreviated unit descriptions of hillside mterials 

Physical properties 
(see discussion in text) 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,3) (see table 3) (see table 3) 

Map unit Geologic unit, (age), and location 
(see pls. (see discussion in text) 
1-6) 

Composition 
(see discussion in text; fig. 2) 

Sobrante(?) Sandstone (TI of 
Monterey Group, only in 
&st Bay Hills near Oakland. 

Some to much is dirty sandstone.................... f 

f 

h 

-- 

f-s 
GTjE 

f 

h 
qf -h 

f-s - 
f? 

f 

h 

-- 

(vk)5Oft+ 

(vk) 

m-k, vk 

-- 

c-vc - 
m-w 
c-vc - 
a-w 

c-loft 

Much siltstone and mudstone........................ 

Minor cemented sandstone, .......................... 
limestone, siliceous shale, and altered diabase 
d i k e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sari Ramn Sandstone (T), only 
between Almo and Walnut Creek, 
southwest of Concord. 

(c-m)w 
-iziznE 

c-vc - 
? 

Much sandstone, largely dirty ...................... 
................ Much shale, mudstone, and claystone 

Minor to some calcite-cemented sandstone......... .. 
Minor siliceous shale.............................. 

& & l e y  Formition (T) , only in 
area between Vallejo, Montez~ma 
Hills, and Yo10 Range, excluding 
Potrero Hills. 

Much sandstone, largely silty ...................... 
Much siltstone, clayey fine-grained sandstone, 
mudstone, and shale.............................. vc-m - 

? 
W-6ft Minor calcite-cemented concretions................. 

Some(?) chalky siliceous shale near Jaaeson Canyon. 

Markley(?) Forumtion (T), only on 
east side of East Bay Hills near 
Walnut Creek. 

Not seen in field. 
Probably most is fine-grained sandstone, shaly 
sandstone, and shale. ............................. 

Minor(?) calcite-cemented sandstone................. 
-- 

vn-n?, vk 

Upper sandstone member of 
Markley Formition (T) , in the 
monocline north of Mount Diablo. 

Much(?) sandstone, largely clean.................... c-m 

Much(?) shale, mudstone, siltstone, and clayey 
sandstone......................................... n-k, tens of ft c-vc - 

? 
w-4ft -- Minor calcite-cemented beds and concretions......... 

and tuff .......................................... 

Sandstone member of Nortonville 
Shale ( T ) ,  in Pacheco syncline, 
west of Concord. 

Much sandstone, clean to dirty ...................... 
Much shale .......................................... c(m-w)4ft 

c-vc - 
? 

Dunengine Sandstone (TI, only in 
area north and east of Mount 
Diablo, excluding Pacheco 
syncline. 

Largely clean sandstone............................. 
Some to much siltstone, mudstone, shale, and 
clayey sandstone.................................. 

f-s 4- I OOf t+ 

s(f )h n-150ft 

h to loft+ 
f to 5ft 

f-s,h-f clasts(c-m)4ft (to 2Oft)5Oft 

vc-m - 
?In-w 

a-loft 
-- 

?a-mi 

Minor cemented sandstone, ........................... 
lignite, .......................................... 
and conglomerate .................................. 



415 b n g i n e  Sandstone (T), only in Much to most is sandstone, largely clean............ 
area north and east of Vallejo, Much shale and mudstone............................. 
excluding Potrero Hills and area 
of exposure near Napa. Some cemented sandstone............................. 

f-s 
f 

(10-1OOft) 
n- 1 OOft 

k-loft 

c-w 
?vc-m - 

? 
m-5ft+ 

416 Dunengine Sandstone (T) , only in Not, seen in field, probably like unit, 415. 
Potrero Hills, northwest of 
Montezuma Hi 11s. 

417 Dunengine Sandstone (TI, only Much sandstone..................................... 
near Napa. 

some calcite-cemented............................ 
Much mudstone...................................... 

? (m-w ) 
c-vc - 
m 

418 Divisions D and E of Clark and Not seen in field. Like units 377 and 444 
Wood ford ( 1927) of Meganos combined. 
F o m t i o n  (T), east of Mount Probably some to much mudstone and shale,.......... 
Diablo. 

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

vc-c - 
?m-w 
vc-m - 
m 

Some clean to dirty sandstone.. .................... c(m-w)lOft $ 
(m-w) loft m 
(m-w ) 4f t !a Minor calcite-cemented sandstone................... 

419 Sandstone unit in division C Some clean tuffaceous sandstone .................... 
of Clark and Woodford (1927) of 
Meganos Formation (T) , only in Some high-matrix fine-grained sandstone............ 
and near Pacheco syncline, 
west of Concord. Some shale and mudstone............................ 

f-s 
same? 

40-80ft 

n-k, 150ft+ 

(n-loft) 

to 4ft 

(vc-c)m u 

c-m c 
c-vc - 
c-m 2 
m-4ft u 

E! Minor cemented sandstone........................... 

420 Divisions A, B, and C of Clark Not seen in field. Like units 345 and 445 
and Woodford (1927) of Meganos combined. 
F o m t i o n  (TI, east of Mount Much(?) sandstone like unit 345. 
Diablo. Much(?) clayey rock like unit 445. 

Minor(?) siliceous shale as in unit 445. Physical properties like those of units 345 and 445. 3 

........................ Ebtano(?) Sandstone (T), in San Much to most is sandstone.. 
Mateo County foothills of Santa 
Cruz Mountains. Some to much mudstone, siltstone, and shale........ 

f-s - 
f 
f-s - 
f 

n(lOft+)3Oft 

n-vk 

to vk 

m-w 

c-vc - 
? 

? (m-w ) Minor calcite-cemented sandstone.................. . 

T e s l a  F o m t i o n  (TI, east of Much clean sandstone...... ......................... 
Livermore Valley. Much mudstone and shale ............................ 

fas 
f 

(m-w)6ft 
vc(c)m 
m-w 

? 
(m-w)4ft 

-- 

Minor clayey sandstone................... .......... 
Minor concretions.................................. 
and lignite ...................................... 

Sandstone (T), only in Santa Much sandstone..................................... 
Cruz Mountains between Lexington 
Reservoir and Pajaro River. Much mudstone, siltstone, and clayey fine- 

grained sandstone................................ 

m-k, vk-15ft+ 

n-k, vk c-vc m 



rf^ 
rf^ 

Physical properties 
(see discussion in text,) 

Map unit Geologic unit, (age), and location 
(see pis. (see discussion in text) 
1-6) 

Composition 
(see discussion in t,ext; fig. 2) 

Hardness Bedding Fracture 
see tables thickness spacing 

2 , 3 )  (see table 3) (see table 3) 

424 Martinez Formation (TI, only in Much sandst,one, largely dirty ...................... 
area east of Clayton, north of 

................ Mount Di ablo. Much mudstone, siltstone, and shale vc-m - 
m 

(m-w)4ft, h (n-k)4ft 
f, h clasts c to 5ft 

Minor calcite-cemented sandstone and limestone... .. 
..................... Minor congl~merat~e at base.... 

h-f - 6-30ft,( 100ft+) 
h? 

.......... 425 Lower glauconitic sandstone Much sandstone, largely clean.......... 
member of Martinez Formation (T), 
only near Carqui nez Strait, Much siltstone, mudstone, and clayey fine- 
southeast of Val-lejo. grained sandstone...*......................*... 

m? 
m-w 

> 
% Minor calcite-cementred concretions....-.. .......... 

...................... 426 Lower glaueonit,io sandstone Much sandstone, largely dirty 
member of Martinez Formation (T), 

... only in area west of Concord. and conglomerate with dirty sandstone matrix.. 

... Much mudstone, siltstone, and shale............. 

(f)s n-k, (6-30ft) 100ft 
f? 

w 5 
vc-m 
m-5ft 

3 
c 

w-5ft 3 

f, h clasts C-m 5-20ft 
f n-vk 

............ Minor to some calcite-cemented rock.... 

0 
c-ve 
c o w  

E 
0 

e-ve 
c o w  
e(m)w? 

FO 
2 

cim'l'fT 0 
(m-w ) 

z 
02 

430 Siltstone and mudstone unit of Most is siltstone and mudshone...... ............... 
sedimentary rocks near Drakes Bay 

..................................... (TI, on Point Reyes peninsula. Some claystone 

........................... Some dirty sandstone.... 

................. Minor calcite-cemented concretions h m-k 

............. 431 SiLt,st,one member of Heroly Largely siltstone, probably txffaceous 
Sandstone (TI, in the monocline 
north of Mount Diablo. Probably some dirty to clayey sandstone............ 

................................. and sandy tuff.. 

c-vc - 
?e-m 

c(m-5ft) 

.............................. Minor clean sandstnne 

132 Lower part of Briones Sandstone Most,(?) is sandy claystone, mudstone, and 
...................................... (T), only in East Bay Hills. siltstone.. f 

f-qf 

h 

(vk)200ft+ c-ve - 
m 

Some sandstone ..................................... vk-5ft, 20-100ft vc (m-w ) 
m-w 

Minor calcite-cemented sandst,one beds .............. to 5ft m-w 

433 Clay shale unit of Monterey Group Most is mudstone, siltstone, and clayey 
..................................... (T), in Diablo Range east of San sandstone... 

Jose. 
........................... Some cemented sandstone. 

e-vc - 
?m-w 
c -m (hM -- 

h 
h-f -- and porcelaneous shale and mudstone .............. 



Markley Formation (T), only 
between Briones Reservoir  2nd 
P inole  Creek i n  East  Bay H i l l s .  

Most is rnudstone and s h a l e .  ........................ c-vc - 
? 

Some sands tone ,  l a r g e l y  d i r t y  ...................... 
Minor cemented sandstone.  .......................... c -m 

vc-m - 
m-w 
c-m - 

m 
m-w 

c-vc - 
?in-w 
c-w - 
m-w 
PC-m 

(m-w)6ft 

c-vc - 
? 

Sidney s i l t s t 'one  u n i t  ( T ) ,  
probably Sidney F l a t  S h a l e  Member 
o f  Fulmer (1964) of  Markley 
Formation; only  i n  Pacheco 
s y n c l i n e ,  west  of  Concord. 

Most t o  almost  a l l  is s h a l e  and rnudstone... . . . . . . . .  

Minor t o  some c layey  and tuf faceous  sandstone ...... 
Rare cemented sandstone ............................ 

f 

f - s  - 
f ?  
h 

Nortonville Shale (T) , only i n  
and near  t h e  monocline nor th  of  
Mount Diablo. 

Most is s h a l e  and mudstone. ...................... f m-vk 

s - f  n-k, vk-85ft - 
f 
h (n-a) 
h ( t o  k ) 3 0 f t +  

Some sands tone ,  c l e a n  t o  c layey  .................... 
Minor t o  some s i l i c e o u s  s h a l e . . . . . . . . . . . . . . . . . . . . . .  
Minor cemented sands tone  and l imes tone . . . . . . . . . . . . .  

Nortonville Shale ( T ) ,  on ly  i n  
a r e a  between V a l l e j o  and Yolo 
Range, excluding P o t r e r o  H i l l s .  

Largely sha le . . . . . . . . . . . .  .......................... 
Some t o  much sands tone ,  c l e a n  t o  s i l t y  ............. 
Minor s i l t s t o n e  and b e n t o n i t e . . . . . . . . . . . . . . . . . . . . . .  

S-f m-4f t ,20-Wft+ 
? O h  

(m-4ft) l o f t  

-- G 
03 iz < 

c-vc % - 
? m 

(m-4ft) l o f t  0 
?(in-4ft)IOft 2 

Nortonville Shale (T) , only i n  
P o t r e r o  H i l l s ,  northwest  of  
Montezuma H i l l s .  

Not seen  i n  f i e l d .  
Most is s h a l e  and s i l t s t o n e  ........................ 
Some t o  much sands tone . . . . . . . . . . .  .................. 

much(?) calcite-cemented..................... .... 
Probably minor b e n t o n i t e . . . . . . . . . .  ................. 

( f )  ?n-k,vk-100ft+ 
h-qf t o  4 f t  
-- t o  m 

a 

c-vc C! 
- 

? w "3 
c-w t-3 

0 
(m-w)5ft CO 

Lower p a r t  of  Dcmengine Sandstone 
(T) (equiva len t  t o  Muir Sandstone 
of  Weaver, 19531, on ly  i n  Pacheco 
s y n c l i n e ,  west  of  Concord. 

Most is mudstone wi th  some sandy clayst,one and 
......................................... s h a l e . . .  

Some c l e a n  t o  s i l t y  sandstone.  ..................... 
some calci te-cemented. .  .......................... 

s-f n - k ) 2 0 f t +  - 
f 

f - s  
TW 

h 

Lower s i l t s t o n e  and c l a y s t o n e  
member of Dcmengine Sandstone 
( T ) ,  on ly  a long  southwest  f l a n k  
of  Mount Diablo.  

Largely c layey  rock,  most ranging from mudstone 
t o  muddy f ine-grained sands tone ,  some s h a l e . . . . . .  

Minor t,o some c l e a n  sands tone  ...................... 
and cemented sands tone  ........................... 

Minor conglomerate a t  base. .  ....................... 

f-qf n-m(vk) c-vc - 
m-w 

(m-w) 
m-w)8ft  
?(m-w) 

c-vc - 
m-w 

m-w)4ft 

m-vw 

vc-c - 
?m-w 
vc-m - 

m 
?a ,  c-w 

c-Vi 

f m-k)20f t  
h (m-k) 

f ,  (h )  c l a s t s  (c)m t o  5 f t +  

Lower s i l t s t o n e  and c l a y s t o n e  
member and whi te  sands tone  u n i t  
of  Dcmengine Sandstone (T) , along 
southwest  f l a n k  o f  Mount Diablo. 

Largely c layey  rock ,  most ranging from mudstone 
t o  muddy f ine-gra ined  sands tone ,  some s h a l e . . . .  .. 

Minor t o  some sands tone ,  most c l e a n . . . . . . . . . . . . . . . .  

and cemented s a n d s t o n e . . . . . . . . . . . . . . . . . . . . . . . . . . .  

f-qf n-m(vk) 

(f)E m-k, t e n s  of  f t  
f ?  
h m-k, vk 

Div is ion  E of d a r k  and Woodford 
(1927) o f  Meganos Formation ( T ) ,  
near  Mount Diablo.  

Most is mudstone and s h a l e . . . . . . . . . . . . . . . . . . . . . . . . .  

Some t o  much s i l t s t , o n e  and high-matrix sandstone. . .  

Minor c l e a n  sandstonc.............................. 

Rare calci te-cemented concre t ions  and beds . . . . . . . . .  



Abbreviated unit descriptions of hillside materials 

CT) 
Physical properties 
(see discussion in text) 

Map unit Geologic unit, (age), and location 
(see pis. (see discussion in text) 
1-6) 

Composition 
see discussion in text; fig. 2) 

Hardness Bedding Fracture 
see tables thickness spacing 

2,3) see table 3) (see table 3) 

Division C of Clark and Woodford Largely shale.. .................................... 
(1927) of Meganos Formation (T), 
only north and east of Mount Minor to some siliceous shale................. ..... 
Diablo . Some sandstone, much clayey ........................ 

vc-c - 
?m-w 
?c-m 
-- 

m-w ) much calcite-cemented................... ......... h 

Sandstone unit in Division C of Not seen in field; proportions clear on aerial 
Clark and Woodford (1927) of photographs. 

..................... Meganos Formation (T), only north Largely shale as in unit 445.. 
of Mount Diablo. 

Probably minor to some siliceous shale as in unit 1445 
Much sandstone, probably like that in units 345, 
377, and 445 ..................................... 
some cemented.................................... 

vc-c - 
?m-w 
-- 

Unnamed formation (T), only Not seen in field. 
in Potrero Hills, northwest Largely shale................. ..................... 
of Montezuma Hills. 

Some sandstone..................................... 
Rare concretions................................. .. 

c-vc - 
? 

Martinez Formation, undivided (T), Not seen in field. 
only in area west of Concord. Most is mudstone, siltstone, clayey sandstone, 

and shale. 
Some sandstone. 
Minor calcite-cemented rock. Physical properties like those of units 425, 426, 451 5 

and 474. 3 
Martinez Formation (T) , only Most(?) is claystone, shale, mudstone, and clayey 
near Potrero Hills, northwest sandstone........................................ 
of Montezuma Hills. 

Some(?) sandstone, largely dirty, some clean....... 

c-vc - 
? 

c-m)w 
same? 
?m-w Minor to same calcite-cemented sandstone........... 

Minor pebble conglomerate .......................... 

Upper siltstone and shale member Most is mudstone, siltstone, clayey sandstone, 
of Martinez Formation (TI, only and lesser shale................................. 
in area west of Concord. 

Some sandstone, largely dirty ...................... 
Minor calcite-cemented sandstone ................... 

Lower glauconitic sandstone member Briefly seen in field. 
of Martinez Formation (T), only at Largely siltstone, mudstone, and clayey fine- 
north end of East Bay Hills near grained sandstone... ............................. f 
Crockett . 

Some(?) sandstone, largely clean................... h-f - 
h? 



Unnamed u n i t  (TK), i n  Santa  Cruz 
Mountains near  Mount Madonna and 
S i e r r a  Azul. 

B r i e f l y  seen  i n  f i e l d .  
Most(?)  is s h a l e  and mudstone. . . . . . . . . . . . . . . . . . . . . .  c-vc - 

c-w 
c-4ft  Minor t o  some(?) d i r t y  sands tone  and conglomerate.. 

Rare cemented sands tone  beds and concre t ions . . . . . . .  

Lobi tos  Mudstone Member of 
Purisitm Formation (T) ; Lambert 
Shale and San Lorenzo Formation, 
undivided (T) ;  i n  San Mateo 
County. San Lorenzo Formation, 
undivided ( T ) ;  Rices Mudstone 
Member of  San Lorenzo Formation 
( T ) ;  i n  San Mateo and Santa  
Clara  Counties.  

Almost a l l  is mudstone and s i l t s t o n e  wi th  some 
s h a l e . .  ........................................ ( c - V C ) ~  

m-w -- 
f - s  - 
f ?  
f ?  

vk-a 

-- Minor sandstone.  ................................. 

Twobar Sha le  Member of San 
Lorenzo Fornation (T) ; s h a l e  
member of Butano Sandstone ( T ) ;  
s h a l e  near  Pa lo  Al to  ( K )  ; i n  
San Mateo County. 

Almost a l l  is s h a l e  wi th  some mudstone... . . . . . . . . . .  

Minor sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s-f - 
f ?  

c-vc - 
? 

c-vc - 
m-w 

B 
Cd 

c (m-w ) 

Nortonville Shale (TI , on1 y i n  
Pacheco s y n c l i n e ,  west o f  
Concord. 

Most is s h a l e  and mudstone. . . . . . . . . . . . . . . . . . . . . . . . .  

Minor sands tone  .................................... s-f - 
f  
h 

?f -h 
Rare calci te-cemented sands tone . . . . . . . . . . . . . . . . . . . .  
Rare porcelaneous sha le . . . . . . . . . . , . . . . . . . . . . . . . . . . .  

Upper s h a l e  u n i t  of Nortonville 
Shale (TI ,  i n  a r e a  at  southern  
end o f  Yolo Range near  Vacavi l le .  

Almost a l l  s h a l e  ................................... 
Minor s i l t s t o n e ,  sandstone,  and bentoni te . . . . . . . . . .  

c-vc - 
? 3 

Lower s h a l e  u n i t  of  Nortonville 
Shale ( T ) ,  i n  a r e a  at  southern  
end of  Yolo Range near  Vacavi l le .  

Almost a l l  sha le . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Minor s i l t s t o n e ,  sandstone,  and bentoni te . . . . . . . . . .  -- 2 
0 

vc-c)m 3 
m-w 

Divis ion  C of d a r k  and Woodford 
( 1927) o f  Meganos Formation (T) , 
only  i n  and n e a r  Pacheco 
s y n c l i n e ,  west of  Concord. 

Almost a l l  is s h a l e  and mudstone, much of  each. . . . .  

Minor sands tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Rare l imes tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c-m 
c m w  

m 

Divis ion  C of d a r k  and Woodford 
(1927) o f  Meganos Formation (TI, 
only  a t  n o r t h  end o f  Eas t  Bay 
H i l l s  near  Crocke t t .  

(vk)  

m-k 

n-m 

Almost a l l  is mudstone wi th  some sha le . . . . . . . . . . . . .  

Minor c layey  sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

and cemented rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

f - s  - 
f  

qf PC-m - 
c-m 
c-m 

Vacaville Shale of Merrian and 
Turner (1937) ( T ) ,  west  o f  Napa. 

Not seen  i n  f i e l d .  
Largely sha le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c-vc - 

PC-m 
?vc-m 
?c-m 

Some sandy mudstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Capay Formation (T),  on ly  n o r t h  
o f  Vacavi l le  a long  e a s t  s i d e  of  
Yolo Range. 

Almost a l l  c layey  mudstone. . . . . . . . . . . . . . . . . . . . . . . . .  

Minor sands tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(vk-a ) 

3ft+ 



Abbreviated u n i t  d e s c r i p t i o n s  of  h i l l s i d e  m a t e r i a l s  

Physical  p r o p e r t i e s  
s e e  d i s c u s s i o n  i n  t e x t )  

Map u n i t  Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  
( s e e  p i s .  s e e  d i s c u s s i o n  i n  t e x t )  

1-6) 

Composition 
( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  7) 

Hardness Bedding F r a c t u r e  
( s e e  t a b l e s  t h i c k n e s s  spac ing  

2 , 3 )  ( s e e  t a b l e  3) ( s e e  t a b l e  3)  

Capay Formation (TI ,  only i n  Not seen  i n  f i e l d .  ...................... P o t r e r o  H i l l s ,  northwest  of  Largely s h a l e . . . . . . , . . . . . . . . .  f  ? 
Montezuma H i l l s .  

Some c h e r t y  s h a l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?f-h 
and sandy mudstone. .............................. f ?  

Minor cemented sandstone,  b e n t o n i t e ,  and limonit,ic 
p h o s p h a t i c ( ? )  i n t e r b e d s .  ......................... -- 

.. Unnamed formation ( T ) ,  on ly  a long  Almost a l l ( ? )  is sandy mudstone with some s h a l e . .  f  
e a s t  s i d e  of  Yolo Range n o r t h  ............. o f  Vacavi l le .  Minor t o  p o s s i b l y  some sands tone . . . . . .  - ?f-s  

? f  

Upper s i l t s t o n e  and s h a l e  member Almost a l l  is s i l t s t o n e ,  mudstone, and c layey  .............. o f  Martinez Formation (T) , only  f ine-grained sands tone . . . . . . . . . . . . .  ( f h f  
n e a r  Carquinez S t r a i t ,  s o u t h e a s t  
o f  Val le jo .  Rare cemented sands tone  and concre t ions . . . . . . . . . . . .  h  

Pomponio Mudstone Member o f  Most is porcelaneous s h a l e  and mudstone. . . . . . . . . . . .  h-f 
Purlsima Formation (T) ;  Monterey Some c h e r t . . . . . . . . . . . . .  ............................ h .......... Group ( T ) ;  Santa Cruz Mudstone Some n o n s i l i c e o u s  mudstone. . . . . . . . . . . . . . .  - f-s  
( T ) ;  Lambert. Shale (T) ;  i n  San f  
Mateo Count,y p a r t  of Santa  Cruz Minor sands tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f-h 
Mountains. 

....... Monterey Group (T) ,  on ly  i n  Most i s  porcelaneous s h a l e  and s i l t s t z o n e . . . .  f  
f o o t h i l l s  of  Santa  Cruz Mountains Minor p o r c e l a n i t e  .................................. h 
near  Los Gatos. Minor t o  some n o n s i l i c e o u s  s i l t s t o n e  and s h a l e . . . . .  f  

Minor t o  some c l e a n  sandstone.  ..................... 
..................... Minor b e n t o n i t e  o r  ash . . . . . . . .  

................. Rare calci te-cemented sandstone. . .  

s - 
s ?  
s-f 

h 

c-vc - 
? 

vc-m 
vc-c - 

? 

vn-m(vk) 

vn-m 

c-vc - 
? 
-- 

vk-a 

t,o k 

m-vk 
?(n-m) 
m-vk 

m-vk 

n-m, vk 
n-m, vk 

vn-m 

(c-vc)m 0 
c-vc - 

? 
!2 
0 

(c-m) a 
i-3 
0 

c-m CO 
c -m 
e-m - 

? 
c-vw 

Shale  u n i t  of Monterey Group ( T I ,  Not seen  i n  f i e l d .  
on ly  i n  a r e a  n o r t h  of  Cas t ro  Much(?) subporcelaneous s h a l e  o r  mudstone. 
Valley i n  Eas t  Bay H i l l s .  Some(?) porcelaneous s h a l e  o r  mudstone. 

Some t o  much(?) n o n s i l i c e o u s  s h a l e  o r  mudstone. 
Minor t o  some(?) sandstone.  Physical  p r o p e r t i e s  probably l i k e  those  o f  u n i t s  504 

and 507. 

... Shale  u n i t  of  Monterey Group ( T ) ,  Most is subporcelaneous t o  porcelaneous mudstone 
only near  e a s t e r n  margin of  East 

.............. Bay H i l l s  n o r t h  of  Alamo. Probably some n o n s i l i c e o u s  mudstone.. 

........................ Some d i r t y  sands tone . . . . . . .  

(c-ve)m 
c-m 

c-vc - 
c-m 
?(m) 



Clarawnt Shale ( T I  of Monterey 
Group, only near Oakland in 
East Bay Hills. 

Most is porcelanite with some chert................ 
repetitively interbedded with shale.............. 

h 
f 

TfTq? 
f-s - 
f 
f - 

f -qf 
h 
S-h 

h-f 
h 
f 
f 

f 

h 

f-qf 
qf 

vc-c 
vc-c 

c - 
c -m 
c-vc - 
c-w 

(c-w)'+ft -- 

vc(c)m 
vc(c)m 
c-vc 

(vc-m)w 
ow -- 

vc(c)m 

c-vc 
c-vc - 
c-w 
c-vc - 
?c-w 

vc(c-m) 
c-m 
c-w 

(w-4ft) 

c-vc - 
m-w 
c-m 
vc-m 

c-vc 
c-m 
vc-c 
(m)w 

c(m-w)5ft 

c-vc 
(c-m)w? 

vc(c)6ft 
c-vc 

-- 

m-a 

c - 
? 

a-vw 

PC-in - 
? 

?c-w - 
?m-u 
-- 

Minor to some dirty to tuffaceous sandstone........ 

..... Minor to some shale and mudstone.............. (to 15ft)300ft? 

Rare limestone and cemented sandstone....... ....... 
and altered diabase dikes.. ...................... 

Claremont Shale (T) of Monterey 
Group, only in area northeast of 
Castro Valley in East Bay Hills. 

Largely porcelaneous shale...... ................... 
Minor to some chert.............. .................. 
Some repetitive shale interbeds.................... 

.............. Some to much sandstone, largely dirty 

n-m, k-vk 
(n-m) 
vn-m 

(vk) 15ft+ 

(to k) Minor diatomaceous shale............... ............ 

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

Most is chert and porcelaneous shale............... 
repetitively interbedded with shale, largely 
subporcelaneous .................................. 

Some subporcelaneous mudstone... ................... 

n-m 

vn-m 
to k, vk-20ft 

to vk? f-s - 
f 

Some shale......................................... 

Some sandstone............... ...................... 
much cemented.................................... 

Rare to minor silty dolomite?. ..................... 
n-4ft 

(to k)4ft 

Shale and sandstone (T), in 
Santa Crux Mountains between 
Chittenden and Mount Madonna. 

Most is porcelaneous to subporcelaneous shale and 
mudstone.... ..................................... f-h 

'of 
h 
h 

f 
f 
f 
f 
h 

Some porcelaneous siltstone......... ............... 
Some chert and porcelanite ......................... 
repet,itively interbedded with subporcelaneous 
shale.................................... ........ 

Some sandstone.................... ................. 
repetitively interbedded with shale... ........... 

Minor to some sandstone............................ 
and cemented rock..... ........................... 

n-m 
n-m 

vn-m 
n-m 
n-m 

m-4ft) 15ft 
(to 4ft) 

Pinehurst Shale ( T ) ,  in East Bay 
Hills west of Upper San Leandro 
Reservoir. 

Not seen in field. 
Most(?) is siliceous shale..... .................... 
Some(?) interbedded cemented sandstone. ............ 

Chert of Franciscan assemblage 
(KJ) , throughout region; 
metachert of Franciscan 
assemblage, in Marin highlands. 

Largely chert... ................................... 
Some repetitively interbedded ferruginous shale.... 

vncn-mlvk 
(vn-n )m 

Rare clayey altered rock. .......................... 

DiaLomite with interbedded sand, 
gravel, and tuff ( T ) ,  near Napa. 

Proportions uncertain. 
Some(?) tuffaceous sandstone.... ................... fas - 

f? 
Some(?) diatomite and fine-grained diatomaceous 
rocks. ........................................... (n-m)vk? 

m-vk 

m-vk 

-- 

Some(?) conglomerate ............................... s, h clasts 
same? 

Some(?) clayey rock....................,........... 

Minor to some(?) tuff.............................. 

and tuff breccia................................. fas  h-f blocks m-w 
f'?, b-f blocks- 



Abbreviated unit descriptions of hillside materials 

Physical properties 
(see discussion in text) 

Hardness Bedding Fracture 
(see tables thickness spacing 

2,3) (see table 3) (see table 3) 

Map unit Geologic unit, (age), and location 
see pis. (see discussion in text) 
1-6) 

Composition 
(see discussion in text; fig. 2) 

Limestone in E member of Wagner 
(1978) of Briones Sandstone (T), 
near Sunol Valley, east of 
Fremont . 

Not seen in field. 
?)Largely limestone. .............................. 
Some(?) siliceous inclusions..................... .. 

h? 
h? 

f - 
f-qf? 
(f )? 

h 

h 
f -s 
(f)s 
f 
(h) 
f? 
h 

h 

f 
f 

f-qf 
(f )qf 

h 

h 

f 
(f)s 
f 

(f )qf 

h 

(f)qf 

qf 
(f)s 
f? 
f-h 
h-qf 
h 
-- 

(vk) 

(to 20ft)100ft? 

(to 20ft)100ft? 

Hercules Shale Member of Briones 
Sandstone (T), in northern part 
of East Bay Hills. 

Most is mudstone and subporcelaneous mudstone...... c-vc - 
c -m 

(vc-m) 
? 

?vc-m 

Some siltstone and clayey fine-grained sandstone... 

Probably some porcelaneous shale or mudstone....... 

Monterey Group (T), only on Point 
Reyes peninsula. 

Much porcelaneous mudstone, porcelanite, and 
chert................................... ......... 
repetitively interbedded with silty shale........ 

Much nonsiliceous mudstone.................. ....... 
(n-m)k 
vn-n 

k(vk-looft+) 

vc(c)m 
vc-m 
c-vc 
c o w  
?(m)w 
-- 
to w 

.. Minor to some siltstone.......................... 

.. and diatomaceous rock.......................... 
Minor calcite-cemented concretions........... ...... 

Monterey Group (T), only in Diablo 
Range between Calaveras Reservoir 
and Anderson Reservoir. 

.............. Some to most is chert and porcelanite 
repetitively interbedded with nonsiliceous 

c-vc shale............................................ 
Some clayey sandstone............... ............... vc-m - 

?m-w 
Some mudstone and siltstone........................ vc-m - 

m-w 
m-6f t Minor limestone and calcite-cemented sandstone..... 

Monterey Group (T), only in Diablo 
Range east of Anderson Reservoir. 

Some porcelaneous shale............................ 
repetitively interbedded with nonsiliceous 

n-k 

vn-n 
(tens of ft) 

vk) 

to 4ft 

c-m 

c-vc 
c-vc - 
c -w 
c-vc - 
m? 
m-w 

shale............................................ 
Some clayey sandstone.............................. 

Some mudstone and lesser porcelaneous mudstone.. ... 
Minor calcite-cemented sandstone and concretions. 

(vk-tens of ft) 

k-tens of ft 
k-tens of ft 

k-tens of ft 

to k -- 

Monterey Group 
Gilrov-Sveadal 

(T), only in 
area of Santa 

Much is mudstone, some porcelaneous ............. vc-m - 
? 
m ~ l a r a  Valley and Santa Cruz 

Mountains. 
Some porcelaneous shale and siltstone........... ... 
Some dirty sandstone............................... 

Some tuffaceous sandstone and siltstone............ 
m-w 
m-w 
-- Minor cemented sandstone and dolomite.............. ............ and bentonitic shale and conglomerate 



526 Monterey Group (T), only  i n  Santa  Propor t ions  u n c e r t a i n .  
Clara  County near  Los Altos.  Some t o  most is porcelaneous s h a l e  and mudstone .... 

Remainder is sands tone  and c layey  rock a s  i n  u n i t s  501 ...................................... and 523-525 

f-h -- vc-m 

527 Monterey Group, undivided (T) , B r i e f l y  seen  i n  f i e l d .  
on ly  i n  a r e a s  near  Las Trampas Probably much t o  most is d i r t y  sands tone . . . . . . . . . . .  
Ridge and San Pablo Reservoir  i n  Some t o  much porcelaneous s h a l e  and cher t . . . . . . . . . .  

...... E a s t  Bay H i l l s .  Some t o  much n o n s i l i c e o u s  s h a l e  and mudstone. 
Minor cemented sands tone  and l i m e s t o n e . . . . . . . . . . . . .  h -- -- 

I n  d e t a i l ,  p h y s i c a l  p r o p e r t i e s  l i k e  those  of  u n i t s  
529, 364, 530, 333, 506, and 334. 

(f-qf)  n-k, vk-50ft? (vc-m)w ow 
f vn-m(vk) VC-m - 

? 

Monterey Group, undivided (T) , 
only i n  E a s t  Bay H i l l s  between 
Dublin and Upper San Leandro 
Reservoir .  

Much sands tone ,  l a r g e l y  d i r t y  ...................... 
Much n o n s i l i c e o u s  t o  subporcelaneous s h a l e . . . . . . . . .  

n-m, vk 

t o  k 

vc-m - 
same? 

m-w 

Some c h e r t  and porcelaneous s h a l e . . . . . . . . . . .  ...... 
Minor cemented sands tone . . . . . . . . . . . . . . . . . . . . . . .  ... 

529 Rodeo Shale (TI of  Monterey 
Group, i n  Eas t  Bay H i l l s .  

Much porcelaneous s h a l e  and subporcelaneous 
......................................... mudstone f ( q f ) h  ?n-m, vk-20ft+ 

same? 
f - s  ?n-m, vk-20ft+ - 

(c-vc)m 
c-m)5ft 

(c-vc ) Much n o n s i l i c e o u s  s h a l e ,  mudstone, and s i l t s t o n e . . .  

n-20f t +  

( t o  k ) 7 f t  

Some t u f f a c e o u s  o r  c layey  f ine-grained sands tone . . .  

Rare l imestone and c o n c r e t i o n s . . . . . . . . . . , . . . .  ...... 
f - s  - 
f ?  

c -m - 
same? 
m)w 

( h ) q f  n-m, vk 
h ?(n-m) 
f n-m, vk 

vc(c)m 
vc-m 
c-vc - 

? 
c-vc - 

? 

Tice Shale (T) of Monterey 
Group, only i n  E a s t  Bay H i l l s .  

Much is porcelaneous s h a l e . . . . . .  ................... 
with  some c h e r t . . . . . . .  ........................... 

Much(?) n o n s i l i c e o u s  s h a l e . . . . . . . . . . . . . . . . . . . . . . . . .  

......... and subporcelaneous s h a l e  and mudstone.. f -qf n-m, vk 

Minor t o  some s i l t s t o n e  and c layey  o r  tu f faceous  ............................. s a n d s t o n e . . . . . . . . . . .  f - s  - 
f 

h 

n-vk 

( t o  k )  
Minor cemented sands tone ,  l imes tone ,  and s i l i c e o u s  

................................... carbonate  rock m-w 

Tice Shale (T) of  Monterey 
Group, only between N i l e s  Canyon 
and Calaveras  Reservoi r ,  e a s t  o f  
Fremont. 

Var iab le  propor t ions .  
Some t o  almost  a l l  is porcelaneous s h a l e ,  

p o r c e l a n i t e ,  and l e s s e r  c h e r t . . . . .  ............... vc(c)m 
vc-w 

h vn(n)m, k-vk 

............... Some mudstone, s h a l e ,  and s i l t s t o n e .  c-vc - 
m-w 

Minor t o  much c layey  f ine-grained sands tone . . . . .  ... f ,  h b locks  m-vk 
h 

c-vc - 
m-w 

Minor d ia tomi te . .  .................................. 
and l imestone .................................... 

-- 
m-k 

c -m 
m-w 

Oursan Sandstone, Claremont Shale, Largely d i r t y  t o  tu f faceous  sandstone.  
and Sobrante Sandstone, Minor t o  some c l e a n  sandstone.  
undivided (TI ,  of  Monterey Group; Minor t o  some s i l i c e o u s  s h a l e  and s i l t s t o n e .  
near  Briones Reservoir  i n  Eas t  Minor t o  some c layey  mudstone and s h a l e .  
Bay H i l l s .  Minor cemented sandstone.  

Vt 
Physical  p r o p e r t i e s  l i k e  those  of  u n i t s  333, 534, and + 
392. 



Phys ica l  p r o p e r t i e s  01 M 
s e e  d i s c u s s i o n  i n  t e x t )  

Map u n i t  Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  Composition Hardness Bedding F r a c t u r e  
s e e  p i s .  s e e  d i s c u s s i o n  i n  t e x t )  ( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  2) s e e  t a b l e s  t h i c k n e s s  spac ing  

1-61 2,3) s e e  t a b l e  3)  ( s e e  t a b l e  3) 

534 Clareinont Shale (T) of Monterey 
Group, on ly  i n  a r e a  near  P inole  
Creek a t  nor thern  end o f  Eas t  
Bay Hills. 

535 Diatomite u n i t  of  Monterey Group 
T ,  a t  nor thern  end of  Eas t  Bay 
H i 1  1s near  P inole .  

536 Lambert Shale ( T ) ,  only i n  Sant,a 
Clara  County par t  of  Santa Cruz 
Mountains. 

537 Upper p a r t  of Sidney F l a t  S h a l e  
Member of Fulmer (1964) of  
Markley Formation ( T I ,  i n  t h e  
monocline n o r t h  of  Mount Diablo. 

538 L.ower part, of  Sidney F l a t  S h a l e  
Member of Fulmer (1964) of  
Markley Formation (TI,  i n  t h e  
monocline n o r t h  of  Mount Diablo. 

539 Markley Formation (TI (equiva len t  
t o  Kel lorg  S h a l e  of  Clark and 
Campbell, 19112), on ly  i n  a r e a  
east of Mount Ihablo .  

W )  Markley Formation and 
Nortonville Shale,  undivided 
( T I ,  e n t  uf  Mount Diablo. 

Much t u f  faceous sandst,one. 
Some s i l i c e o u s  s h a l e  and s i l t s t o n e .  
Probably some c layey  s h a l e .  

Much diatom-ite  and diatomaceous shal-e. . .  ........... 
Much c layey  and t u f f a c e o u s  sandstone.  .............. 
Some t u f f a c e o u s  mudstone and s i l t s t o n e . . . .  ......... 
Minor c h e r t . . .  ..................................... 

and c o n c r e t i o n s . . . . . .  ............................ 

Most i s  subporcelaneous mudstone, s i l t s t o n e ,  and 
c l a y s t o n e  ........................................ 

Minor c h e r t  ........................................ 
Minor t o  some sands tone . . . . . . . .  .................... 
Minor dolomite. . . . .  ................................ 

Most(?) is s h a l e ,  mudstone, and s i l t s t o n e . . . . . . .  .... 
Some(?) p a r t i a l l y  s i l i c e o u s  organic  s h a l e  t o  

s i l t , s t o n e .  ....................................... 
Minor sands tone  .................................... 
Minor calci te-cemented sands tone  and l imestone 

nodules .......................................... 

Most i s  mudstone and s h a l e .  ........................ 
Some s i l i c e o u s  s h a l e  ............................... 

and d ia tomi te .  ................................... 
Some c layey  and tuf faceous  sands tone  ............... 

Much c l a y  s h a l e  .................................... 
Much p a r t i a l l y  s i l i c e o u s  organic  s i l t y  s h a l e .  ...... 
Minor sands tone  a t  base  ............................ 

Much c l a y  sha1.e .................................... 
Much par t , i a l ly  s i l i c e o u s  o r f a n i c  s i l t y  s h a l e . . . . . . .  

Minor mudstone ..................................... 
Minor sands tone  .................................... 

Physical. p r o p e r t i e s  l i k e  those  of  u n i t  506. 

f-h 

& 
f ?  

f-h 

h 
h 

f-h 

h 
( f  )h  

h 

f 

( f - q f ) h ?  

f 

h 

f 

f -h 
f - s  

s ( f  )qf 
7nF 

f 

f-qf 

f ?  

f 

f-qf 

f 

f ?  

(vk) 

?(n-m) 
t o  100f t  

m-k 

n-m 
?k-vk 
n-k 

VC-m - 
m-w 

vc(m-w) 
ctni-w'F 

c -m - 
same? 

(c)m ^ 
m-w H 

?c-w 
0 
d '- 

ve-m 
3 

c o w  
0 
52 
0 

v c  )m cow Ã 
i-0 

c -m - i-s 
? 0 z 

US m 

c-vc - 
?m-w 
?vc-m 
-- 

c-m)w 

rn 
m? 

(vc)m 
m-w 
-- 

rn 
m? 

lvc)m 
m-w 
c-vc - 

? 
-- 



Mudstone (T), in Santa Cruz 
Mountains near Loma Prieta and 
Mount Madonna. 

Largely mudstone, much subporcelaneous. ............ f-qf c-vc - 
c-w 

........................... Minor to some shale..... c-vc - 
c-w 

c(w)5ft 
c-w 

Minor to some sandstone, much calcite-cemented..... 
much uncemented....... ........................... 

h-qf 
f-s - 
f? 

Conglomerate unit (K) of Great 
Valley sequence, only in East 
Bay Hills near Dublin. 

Briefly seen in field. 
Almost all conglomerate with dirty and clayey 
sandstone matrix................................. (f -s) , (h-f )clasts(c-m)w (hundreds 

f-h, h clasts of ft) 
?f -s -- 
?f -h 

Minor sandstone.............................. ...... 

Predominantly conglomerate unit 
(K) of Great Valley sequence, 
only east of San Jose. 

Largely conglomerate with dirty sandstone 
matrix, much calcite-cemented where fresh........ 

Some sandstone..................................... 

and flysch ....................................... 

(f) ,h clasts c-m (tens to w(3-8ft) loft 
(h-qf) h clasts hundreds of ft) 

(f )h m-vk c(m-w)4ft 
?(h-qf) 

f-h vk) - vc-m 
?m-w 

Predominantly conglomerate unit 
(K) of Great Valley sequence, 
only in Santa Cruz Mountains 
near Sierra Aziul. 

Largely conglomerate with dirty sandstone matrix... 

some cemented................................. ... 
Some sandstone..................................... 

some cemented.................................... 
and mudstone..................................... 

(f)h,(h) clasts c-m (tens of ft) 
(h)?, h clasts 

h to 9ft 
~(f-h) m-k, 20ft+ 
?f-h 
h to 8ft+ 
f m-vk 

c-m w-5ft ?o 
?(w-5ft) 
c-m, m-4ft 

to 8 ft 
c-vc - 
m-w 

W-6ft 

c-m 

Novato Conglomerate (K?) , east 
of Marin highlands near San Pablo 
Bay. 

Almost all conglomerate with dirty and clayey 
sandstone matrix................................. f, h clasts (c-m)w to hundreds 

f-h, h clasts of ft 
f - m-k 
h 

Minor sandstone............................ ........ 

604 Conglomerate unit (KJ) of Great 
Valley sequence, only in 
Mendocino highlands. 

Largely conglomerate with dirty and clayey 
sandstone matrix......... ........................ f, h clasts c-m to hundreds w-w 

f-h, h clasts of ft 
f m-k, vk-100ft+ c-m)w 
f-h 

.. Some dirty sandstone............................. 

Some to locally much flysch of mudstone, siltstone, 
and sandstone............. ....................... f to 300 ft+ (c-vc ) 

?m-w 

610 Conglomerate in unnamed unit 
(TK), in Diablo Range east of 
Santa Clara Valley. 

Not seen in field. 
Most is conglomerate ............................... 
and sandstone.................... ................ 

h-f, h clasts c-m ?(vk) 
f-h - (k-vk) 
h 

Some mudstone, shale, and silt,stone... ............. f - (n-k) 
h-f 

c-vc 
c w w  
(m-w ) Some calcite-cemented beds and concretions........ . 

611 Conglomerate unit (K) of Great 
Valley sequence, only in East 
Bay Hills near Hayward. 

Not seen in field. 
Largely ( ? )  sands tone. .............................. ?f-h (vk) -- 
Much(?) conglomerate ............................... ?f-h,(h)clasts(c-m)w vk -- 
Some(?) shale (flysch?) ............................ f? ? to vk - c-vc 

? 
Some calcite-cemented r~ck......~....~..........~.. h -- -- 



Abbreviated unit descriptions of hillside materials 

Physical properties 
see discussion in text) 

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

Conglomerate unit (K) of Great Not seen in field. 
Valley sequence (part of Del Much conglomerate with largely dirty sandstone 
Valle Formation of Hall, 1958), matrix........................................... ?f, h clasts c-m (10-100ft) 
only on Sunol Ridge in East Bay Much sandstone, largely dirty ...................... f? (10-100ft) 
Hills and near Del Valle Minor to some(?) calcite-cemented rock............. h -- 
Reservoir south of Livermore 
Valley. 

Strata of Stewarts Point (K), Much(?) sandstone.................................. - f-h (k-15ft) 
near Sonoma County coast. h 

Much(?) conglomerate ............................... f-h, (h)clasts(c-m)w k-40ft 
h.  h clasts 

c-m, ?m(w-vw) 

Minor to some mudstone............................. f? (vn-m)200ft c-vc - 
9 

Conglomerate member of Redwood Not seen in field. 
Canyon Formation (K), in East Bay Largely(?) sandstone.. ............................. f(h) m(k-50ft+) 
Hills near Upper San Leandro Some to much conglomerate with dirty sandstone 
Reservoir. matrix........................................... f-h, h clasts (m)w (k-20ft+) 

(h) 
Possibly minor siltstone and mudstone.............. f n-k c-vc - 

? 

Oakland Conglomerate (K) , in Much(?) conglomerate with largely dirty sandstone 
East Bay Hills near Oakland. matrix........................................... f,h clasts (c-m)w m(vk-10ft)25ft+ 

?f-h. h clasts 
(c-w) 
c-vc - 

? 

Much(?) sandstone, largely dirty ................... ............................... Minor shale near top 
f -h m-50ft+ 
?f -h n-k 

Conglomerate (KJ), in East Bay Much(?) conglomerate. .............................. 
Hills near Hayward. 

.... Much(?) dirty sandstone........................ 

Minor shale........................................ 

f, h clasts c-m k-50ft 
f(h), h clasts 

f-h k-50ft - 
h 

m(w)4ft+ 

c-m 

f-h (n-k 5 c-vc - 
? 

Mapped sandstone in unnamed unit Largely sandstone.................................. 
(TK), in Diablo Range east of 
Santa Clara Valley. some calcite-cemented...,......................,. 

Some mudstone, shale, and siltstone................ 

f-h - 
h 

(to k)15ft 

(m-w ) 
c-vc 
c o w  
w-4ft 

h to k+ 
f (n-k) - 

h-f 
h-f, h clasts c-m -- Minor to some conglomerate ......................... 

Predominantly sandstone unit in Largely sandstone, dirty to clean.................. 
unnamed sandstone and shale ( K )  Some to much mudstone, siltstone, and 
of Great Valley sequence, near lesser shale...................... ............... 
Mount Diablo. 

Minor calcite-cemented concretions................. 

c-vc - 
?m-w 
to 6ft 



622 Predominantly sandstone unit (K) Exposure near Tesla not seen in field. 
............ of Great Valley sequence, only Largely sandstone...............,...... 

in East Bay Hills near Martinez 
and east of Livermore Valley Some to much mudstone, siltstone, and shale........ 
near Tesla. 

Minor(?) to some(?) calcite-cemented rock.......... 

f-h 

f-h 

h 

k-40ft C-VC, (m-w)5ft 
(m-w ) 5ft -- c-vc - 
?m-w 

623 Sandstone unit (K) of Great Valley Briefly seen in field. .............................. sequence, only in Diablo Range Largely (? ) sandstone. ................... south of Sunol Valley. some(?) calcite-cemented...... 
Some to much mudstone, shale, and siltstone........ 

c(m-w)IOft 
(m-5ft) 
c-vc - 

? 

h-f 
h 
h-f 

m-25f t 
?m-vk 
m-vk 

n-k, 25-60ft 624 Sandstone and shale unit (K) of Largely sandstone.................................. 
Great Valley sequence, only near 
Crockett at north end of East Some to much mudstone.............................. 
Bay Hills. 

Minor concretions .................................. 
n-k 

to 4ft 

c-vc 

625 Predominantly sandstone unit (K) Largely clean sandstone....... ..................... 
of Great Valley sequence, only 

.......... in Santa Teresa Hills south of minor to some calcite-cemented......... 
... San Jose. Some mudstone, siltstone, and shale............. 

h-f - m-Soft 
h 
h to loft? 

f-h (n-k)vk 

626 Predominantly sandstone unit (K) Largely sandstone.................... .............. 
of Great Valley sequence, only 

................... in Diablo Range south from some to much calcite-cemented. 
Calaveras Reservoir. Some mudstone, shale, siltstone, and clayey 

sandstone........................................ c-vc - 
? 

1-3 
u 
m m 
0 

c-m 
m(w)5ft 

2 
"s 
0 

c-vc - 
? 3 

w-4ft 

627 Sandstone unit (K) of Great Valley Much high-matrix fine-grained sandstone t,o sandy 
sequence, only east of Martinez siltstone........................................ 
in vicinity of Concord. Much clean to dirty and tuffaceous sandstone....... 

f to tens of ft 
qf k-IOft,10-4Oft 
qf? 
f? to 40ft 

h k-4ft 

Minor to some(?) mudstone and shale................ 

Minor to some calcite-cemented concretions......... 

Deer Valley Formation of Colburn Almost all is sandstone, some clean................ 
(1964) (K), east of Mount Diablo. 

much silty ....................................... 
some clayey ...................................... 

Minor to locally some calcite-cemented beds and 
.......................... concretions............ ...................... Minor siltstone and mudstone. 

(m-w ) vw? 
c-vc - 

? 
(m-w)vw? 

h-qf (to 4ft)lOft 
f to k 

f?,h clasts c-m vk-30f t 
same? 

Rare conglomerate .................................. 

Mappable sandstone in lower Not seen in field. 
member of (foreno Formation (K), Largely clean sandstone............................ 
east of Mount Diablo. some calcite-cemented................"........... 

Some to much mudstone, shale, and siltstone........ 

(m-w) 4ft+ 
?to Oft+ g 
c-vc - 
m-w 

(vk-30ft+) 
to loft+ 
n-vk 



Abbreviated unit descriptions of hillside materials 

01 
0> 

Physical properties 
(see discussion in text) 

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

...................... Redwood Canyon Formation (K), in Largely sandstone............ 
East Bay Hills east of Oakland. Some siltstone, laminated sandstone, mudstone, 

and shale. ....................................... 

Predominantly sandstone unit (K) Most(?) is sandstone....................... ........ 
of Great Valley sequence 
(correlative with F-2 zone of some calcite-cemented.. .......................... 
Goudkoff, 1942), only north and Much flysch, consisting of................ ......... 

............................ east of Livermore Valley. much sandstone....... ........................... much mudstone......... 

................................. Minor conglomerate 

Guinda Formation of  Kirby (1942) Largely sandstone, dirty to clean......... ......... 
(K), in and near Yolo Range. 

.... minor to some calcite-cemented............... 
Some mudstone, shale, siltstone, and laminated 
sandstone......... ............................... 

S i t e s  Formation of  Kirby ( 1942) Largely sandstone, most di rty. ..................... 
(K), in and near Yolo Range. 

Some to much mudstone, siltstone, laminated 
.................... sandstone, and shale......... 

......................... Minor concretions.......,. 

Venado Formation of  Kirby (1943) Largely dirty sandstone, much partially calcite- 
................................ (K), in Yolo Range. cemented......... 

............... Some to much flysch, consisting of.. ........... largely mudstone, siltstone, and shale 

........................... some dirty sandstone.. 

................................. Minor conglomerat,e 

.............. Minor calcite-cemented concretions... 

Lcwer part of Knoxville Formation Most is dirty sandstone... ......................... 
(Robinson, 1956) (J); part of 
shale unit (KJ), only near Niles Some to much mudstone and shale.. .................. 
District of Fremont,; in East Bay 
Hi 1 Is between Hayward and much sheared ..................................... 

...................... Fremont . Minor to some(?) conglomerate 

f (k-loft+) 
f? 
h t,o 6ft -- vk-30ft+ 
f n-m 
f (n-m) 

f, h clasts c-m to 100ft 

h (to k)12ft 

h-f 
TIT 
h 

(f)h (k-20ft)lOOft 
h 
-- to 50ft+ 
f - (vn-m) 
f-h 
f vn(n)m - 
f-h 

f-h, h clasts c-m 6-35ft 
h 
h -- 

f-h m-4ft) loft? 
m 
f-h n-?Oft+ 

f-s -- 
f, h ~lasts 
(h) f, h clasts 

c(w-6ft) 

c-vc 
?(m-w) 

( W-8f t ) 

to 6ft 
-- 
c-m 
c-vc - 
?c-m 
-- 

c-vc - 
?m-w 
to w 

-- 
c-vc - 
?m-w 
c-vc) 

vc(c)w 
ow 
c-vc - 

f 

c-vc 
m-w 



640 Unnamed sandstone, shale, and Almost all is flysch, consisting of 
......... conglomerate (T), near Point San much sandstone, much calcite-cemented... 

Pedro on San Mateo County coast. 
....................................... much shale f-s - 

f-h 
f, h clast,s m - 

h, h cl-asts m-5ft 

c-ve - 
? 

c-m, w-5ft 
w-5ft 

Minor conglomerate ................................. 

Shale and sandstone in unnamed Largely flysch, consisting of 
unit (TK), only in Di-ablo Range largely mudstone, shale, and siltstone........... 
east of Santa Clara Valley. 

......... some sandstone.......................... 

f - 
h-f 

c-ve 
c o w  
c -m f-h - 

h 
f-h - 
h 

............ Some sandstone......................... 

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

h 
h-f, h clasts c-m 

642 Shale and sandstone (TK) , Briefly seen in field. 
only in Santa Cruz Mountains Largely(?) flysoh, consistzing of 

........... near Mount Madonna and Mount much sandstone........................ 
Umunhum. much mudstone and shale............... ........... 

f-h 
f-h - 

? 
f-h 
h 

n-k 
n-k 

c-w 
e-vc - 
m-w 

c(w)4ft 
e-4ft 

(to 6ft)15ft 
-- Some(?) dirty sandstone................. ........... 

much calcite-cemented.............. .............. 
Some(?) mudstone, much subporcelaneous ............. f-h to hundreds of ft - e-vc 

c-w 
Rare conglomerate .................................. 

643 Unnamed unit (K) of G r e a t  
Valley sequence, only in 
East Bay Hills near Oakland. 

Much to most is flysch, consisting of 
largely mudstone, lesser siltstone and shale..... (n-k)vk 

n-m 

k-25ft 

to vk 
-- 

c-vc - 
?m-w 
c-m some to much dirty sandstone................ ..... 

.... Some to much dirty sandstone................... 

........................... some calcite-cemented. ................... Minor conglomerate like unit 615 

644 Sandstone and shale unit (K) of Most is flysch, consisting of.. .................... 
G r e a t  Valley sequence, only in 

........ East Bay Hills near Hayward. largely mudstone, shale, and siltstone... 

tens to 
hundreds of ft 

m-4ft) h-f c-vc - 
?m-w 
c -m 

(m-wl5ft 
.................................. some sandstone. 

...... Some dirty to clean sandstone................ 
h-f 

h-f, f-s 
f? 

Minor ealcite-cemented beds and concretions.... .... 
Minor conglomerate ................................. 

h 
h-f, h clasts c-m 

vk- 15f t 

to 6ft 
to 70ft+ 

n(m-k)8ft 

m-k 

645 Sandstone and shale unit (K) of Much sandstone, dirty to clean.. ................... 
G r e a t .  Valley sequence, only south 

........................... of Livermore Valley near Del some ealeite-cemented. 
.......... Valle Reservoir. Much flysch, consisting of............... 

largely siltstone, mudstone, and clayey fine- 
grained sandstone........................... ..... (e-vc) 

?m-w 
m-w .............. some sandstone..................... 



Abbreviated unit descriptions of hillside materials 

Physical properties 
(see discussion in text) 

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

Sandstone, shale, and minor 
conglomerate unit (K) of 
G r e a t  Valley sequence, only on 
east side of Santa Clara Valley 
near San Jose. 

Most is flysch, consisting ..................... ... 
................... largely mudstone and siltstone 

vk 
n-k 

-- 
c-vc - 
?m-w 
c -m 

m)w 

~(3-8ft) 

.................. some sandstone................. B 
same? 

n-m 

k-vk ............. Some sandstone..................... 
same? 

f-s, h clasts (m) k-vk 
f-h, h clasts 

................ Probably minor to some conglomerate 

Sandstone and shale unit (K) of 
G r e a t  Valley sequence, only ir} 
Santa Cruz Mountains between 
Sierra Azul and Mount Madonna. 

Most(?) is flysch, consisting of 
largely mudstone and siltstone................... f-qf (n-m)k c-vc - 

m-w 
(c-m)w ................. much sandstone.................. 

Some to much dirty to clayey sandstone and 
siltstone........................................ vc-m - 

c-w 
c(m-w)4ft Minor to locally some(?) cemented sandstone.. ...... 

Minor conglomerate like unit 602.. ................. 
h vk- 100f t 
-- to tens of ft 

Unnamed formation, undivided (K) , 
of G r e a t  Valley sequence, only in 
and near Yolo Range. 

Proportions uncertain. 
.......... Most(?) is mudstone, shale, and claystone f (tens of ft) c-vc - 

? 
c(m-4ft)lOft Some(?) clean to dirty sandstone.................. . 

. . 

h to 8ft 
h n-m 

.. some calcite-cemented.......................... ................ Minor(?) siliceous shale........... 
m-w 
c -m 

Predominantly sandstone unit (K) 
of G r e a t  Valley sequence 
(correlative with F zone of 
Goudkoff, 1942), only east of 
Livermore Valley. 

Much sandstone, most clean......................... 

m(w-4ft) -- 
(c-vc) 
?m-w 
c -m 

.................. some calcite-cemented.......... ................ Much flysch, consisting of......... 
largely mudstone, shale, and siltstone........... f - 

f -h 
(f) - 
f-h 

n-vk 

n-m ........................ some sandstone........... 

Minor conglomerate, most calcite-cemented.......... 
Rare porcelaneous shale............................ 

(h), h clasts c-m (to 5ft)20ft 
-- to 30ft 

(f) - (k-10ft)lOOft 
f-h 
h (to k)6ft 

Joaquin Ridge Sandstone Member of 
Goudkoff (1945) of Panoche 
Formation (K), east of Mount 
Diablo. 

...................... Much sandstone, most clean... 

.................... much calcite-cemented........ 
......................... Much flysch, consisting of 

largely mudstone, shale, and siltstone........... 
-- (vk-tens of ft)300ft 
f (m-k)5ft+ 

................... some sandstone................ (f) n-m 
f-h 

(h), h c l a ~ t ~  C-m (to 5ft)20ft 
h? to 30ft 

Minor conglomerate, most calcite-cemented .......... 
......................... Rare poroeelaneous shale... 



Mappable sandstone interbeds in Not seen in field. 
upper shale and siltstone member Some to much sandstone, 
of Marlife Stele of Payne (1962) some to much calcite-cemented. 
(K), near Mount Diablo. Much to most flysch, consisting of 

largely mudstone, shale, and siltstone, 
some sandstone. Physical properties like those of unit 650. 

............. 652 Middle sandstone member of Much sandstone, dirty to clean........ f(qf-h) m(k-10ft)20ft+ m(w-4ft)8ft 
Marlife Shale of Payne (1962) (K), some calcite-cemented................... h (to 4ft)9ft (to 4ft) ......... ..................... near Mount Diablo. Much mudstone and siltstone... - f-h n-150ft - c-vc 

same? ?m-w 
Minor to some conglomerate with sandstone matrix.. . f, h clasts (c-m)4ft to looft -- 

653 Predominantly sandstone unit (K) Briefly seen in field. 
of Great Valley sequence Probably largely clayey sandstone, possibly with 
(correlative with G-1 zone of mudstone....................................... 
Goudkoff, 1942), only north and 
east of Livermore Valley. 

m-k) 30ft of 
h 
h 
of 
h 

f, h clasts 
?f-h, h clasts 

h 

654 Joaquin Miller Formation (K), in Much sandstone and siltstone..... .................. 
East Bay Hills near Oakland. 

some calcite-cemented............................ 
Much shale......................................... 

(c-w) 
c-vc - 

? 
?w-w Minor conglomerate with sandstone matrix......... 

Rare limestone lenses.............................. 

n-6ft) loft 

(to k)IOft 

to loft? 

655 Unnamed sandstone and shale, Much mudstone, claystone, and lesser shale......... 
undivided (K), of Great ......................... Valley sequence (equivalent Much sandstone, most dirty 
to unit Ku? of source map), .............................. only northwest of Mount Diablo. some to much clayey 

c-vc - 
m? 
c-w 

c-vc - 
c -w 

656 Pigeon Point Formation (K); Not seen in field at San Bruno Mountain. 
...................... unnamed sandstone at San Bruno Much sandstone, largely dirty 

Mountain (KJ); in San Mateo 
County. Much mudstone, shale, and siltstone................ f-s - (n-4ft)20ft+ 

f-h 
f,f-h clasts (c-m) (to 4ft)20ft+ 

h 

c-vc - 
? 

c-5ft Some conglomerate south of Pescadero Point...... ... 

657 Unnamed formation (KJ) of Great Much(?) dirty sandstone..... ....................... 
Valley sequence, in Yolo Range. 

much calcite-cemented............................ 
Much(?) flysch of siltstone, laminated sandstone, 
mudstone, and shale .............................. 

m-k) loft 

?(m-k) loft 

n-vk c-vc - 
? 

658 Great Valley sequence, undivided Briefly seen in field. 
(KJ), only in Mendocino highlands Some to much(?) sandstone. 
and Mayacmas Mountains. Some to much(?) conglomerate. 

Some to much(?) mudstone and shale. 
Physical properties like those of units 604 
and 684. 

659 Sandstone and claystone unit (KJ) Not seen in field. 
of Great Valley sequence, in Much(?) sandstone. 
Marin highlands. Much(?) claystone. 

Minor conglomerate like unit 603. 
Physical properties like those of units 684 
and 603. 



cn 
Phys ica l  p r o p e r t i e s  0 

( s e e  d i s c u s s i o n  i n  t e x t )  

Hardness Bedding F r a c t u r e  
( s e e  t a b l e s  t h i c k n e s s  spaci  ng 

2,3) ( s e e  t a b l e  3 )  ( s e e  t a b l e  3)  

Map u n i t  Geologic uni . t ,  ( a g e ) ,  and l o c a t i o n  
( s e e  p l s .  ( s e e  d i s c u s s i o n  i n  t e x t )  

1-6) 

Composition 
( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  2) 

Predominantly s h a l e  u n i t  (K) 
of  G r e a t  Valley sequence, only 
i n  Diablo Range near  and south  
o f  Calaveras Reservoir .  

Almost a l l  is f l y s c h ,  c o n s i s t i n g  of  
l a r g e l y  m d s t o n e ,  s i l t s t o n e ,  and s h a l e . . . . . . . . . . .  f  - 

h-f 
(m-k)lOft+ 

n-m 

(k-4f t )  100f t+  

( t o  4 f t )  
t o  vk 

c-vc - 
m-w 
c-m 

(c-w)4ft 

o-4ft  
w-4ft 

(c-m)w 

c-vc - 
?m-w 

(c-w)4ft 
c-m 

some sands tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 
Some sands tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 

f-h 
T33 

f-h 
T33 

Minor calci te-cemented sands tone ,  .................. 
conglomerate, .................................... 

h 
f-h, h c l a s t s  

h 
l imes tone  and dolomi te . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Predominantly s h a l e  u n i t  (K) 
o f  G r e a t  Valley sequence, on ly  
souLh of San J o s e  i n  Santa  
Teresa H i l l s  and Santa  Cruz 
Mountains. 

Most is m d s t o n e  wi th  l e s s e r  s h a l e . . . . . . . . . . . . . . . . .  1 

f-h 
h 

Some sandst,one t o  s i l t s t o n e . . . . . . . . . . . . . . . . . . . . . . . .  
Minor  arbo on ate-cemented ~oncretions............... 

Shale  u n i t  (K) of G r e a t  Valley 
sequence, on ly  i n  Eas t  Bay H i l l s  
near  Dublm. 

B r i e f l y  seen  i n  f i e l d .  
Most t o  almost  a l l  is mudstone, s h a l e ,  and 

s i l t s t o n e . . . . . . . . . . . . . . . . . . . .  .................... (c-vc) 
?m-w 

................... Minor l i m o n i t e  concre t ions . . . . . .  
Probably minor sands tone . . . . . . . . .  .................. 

Shale  u n ~ t  (K) of  G r e a t  Valley 
sequence, only In  Eas t  Bay H l l l s  
near  Martlnez and e a s t  of  
Llvermore Valley near  Tes la .  

Not, seen  i n  f i e l d .  
Almost a l l  is f l y s c h ,  l i k e  u n i t  679. 

B r i e f l y  seen  i n  f i e l d .  1,ike u n i t  660. Saritistone, s h a l e ,  and m l  nor  
conglomerate unit (K) of  G r e a t  
Valley sequence; only In  Diablo 
R a n ~ e  near  Sun01 Valley.  

f  
fi 
f  

I?? 

h-f 

vk-200ft 

vk-60ft 

3-?Oft+ 

n-vk 

vn-m . 

m-40f t ?  

m-40f t ?  

c-vc - 
m-w 
c-vc - 
m-w 

(m-w)6ft 

c-vc - 
c -m 
c-m 

m-vw 

?m 

Sandstone u n ~ L  (K) of' G r e a t  
Valley sequence, on1 y west of 
M a r t ~ n e ~  In  Fas t  Bay f h l l s .  

1,argely sandy muds tone . . . . . . . . . . . . . . . . . . . . . . .  ...... 
Some fine-grained sands tone ,  l a r g e l y  c layey  ........ 
Minor t o  poss ib ly  some d i r t y  g l a u c o n i t i c  

s a n d s t o n e . . . . . . . .  ................................ 

S t r a t a  of  Anchor Bay (K),  near  
Sonoma County c o a s t .  

Largely f l y s c h ,  c o n s i s t i n g  of  
l a r g e l y  m d s t o n e .  ............................. 
some sands tone  ................................... f-h - 

h 
Some sandstone.  .................................... f-h - 

h 
......................... Minor t o  some conglomerate f-h, ( h )  c l a s t s  c-m - 

h 



.............. 667 Shephard C& Formation (K), in Almost all is flysch, consisting of.. 
East Bay Hills near Oakland. 

.............. largely mudstone and  hale^.,...^^. 

(tens to -- 
hundreds of? ft) 

(m-k)2Oft+ - e-vc 
? 

h-f 

some sandstone and siltstone...... ............... h-f - 
same? 
h-f 
same? 

n-m c-m 

k- 15ft+ C-w Minor t,o some sandstone.......,. ................... 

668 Predominantly shale units (K) Flysch, consisting of 
............ of G m t  Valley sequence most to al.most all mudstone and shale 

(probably correlativ(? with E 
and F-2 zones of Goudkoff, 1947), minor to some sandstone.. ........................ 
only north and cast of Livermore 
Val ley. 

f 
hZf 
f-h 

m-vk 

n-m 

669 Forbes Formation of Kirby (1942) Almost all is mudstone, siltstone, clayey fine- 
(K), in and near Yolo Range. grained sandstone, and shale ..................... f-s (tens of 

7rh ft or more) 
(h-f )s (n-vk)2Oft 
h (to IOft)2Oft? 
h m 
i-? m-k 

c-ve 
?Gii)  

(m-)+ft)6ft 
(w)bft 
c-m 
c-vc - 

? 

Minor clean to dirty sandstone........... .......... 
................ much calcite-cemented....*....... 

Rare siliceoils shale.............. ................. 
Rare hentoni.te ..................................... 

670 !Amks Formation of Kirby (1942) Most is claystone, shale, mudstzone, siltstone, and 
(K), in Yo10 Range. lesser fine-grained sandstone... ................. ?(f) - 

h-f 
c-vc - 
?m-w 

m(w-6ft) Minor to some clean to dirty sandstone............. 

(to k)lOft some calcite-cemented....... ..................... 

Yo10 Formation of Kirby (1942) Most is flysch, consisting ...................... .. 
(K), in Yo10 Range. largely mudstone, siltstone, and shale........ ... f - 

h-f 
... some dirty ~andstone.........~....~.,......... f-h - 

h 
Some di-rty sandstone........ ....................... f-h - 

h 
h Rare concretions.... ............................... n-m c-m 

672 Upper siltstone member of Moreno Most(?) is mudstone and siltstone....... ........... 
Formation (K), east of Mount 

................... Di ablo. Some clean sandstone............ 

c-vc - 
?m-w 

n-k, vk-5Oft+ 

............................ some calcite-cemented 
......................... Some(?) shale or claystone 

m-k, vk-loft 
-- 

(m-w) loft 
c-vc - 
?m-w 

Rare limestone....... .............................. 

............. 673 1,ower shale and claystone member Most is mudstone, shale, and claystone 
of Moreno Formtion ( K )  east of 
Mount Diahlo. Some siltstone and dirty fine-grained sandstone.... 

n-vk c-vc - 
?m-w 
(c-ve) 
?m-w 

Some clean ~andstone...........~~.................. 
............................ some calcite-cemented 

Rare lime~tone*.........~.......... ................ 
m-w 
e -m 



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 disoussion in t,ext) (see discussion in text; fig. 2) (see tables thickness spacing 
1-6) 2,?) (see table 3) (see table 3) 

674 Shale interbeds in Joaquin Ridge 
Sandstone Member of Goudkoff 
(1945) of Panoche Formation (K), 
east of Mount Diablo. 

675 Upper shale and siltstone member 
of Marlife Shale of Payne (1962) 
(K), near Mount Diablo. 

Most to almost all is flysch, consisting of........ 

largely mudstone... .............................. 
............. some sandstone and siltstone........ 

Minor to some sandstone, most clean........ ........ 
...................... much calcite-cemented...... 

Almost all is flysch, consisting of......... ....... 
largely(?) siltstone........... .................. 
muoh(?) mudstone and shale..... .................. 
some dirty to clayey sandstone.... ............... 

Minor to some sandstone, much clean.... ............ 
much calcite-cemented....... ..................... 

676 Lower shale and siltstone member Almost all is flyseh, consisting of...... .......... 
of Marlife Shale of Payne (1962) ......... (K), near Mount Diablo. largely shale, mudstone, and siltstone.. 

......................... some sandstone.......... 

Minor sandstone, clean to dirty .................... 
some calcite-cemented.......... .................. 

677 Mappable sandstone interbeds in Most is mudstone and lesser siltstone.... .......... 
lower shale and siltstone member 
of Marlife Shale of Payne (1962) Some to much sandstone, clean to dirty ............. 
(K), near Mount Diablo. ................. some to much calcite-cemented... 

Rare limestone..... ................................ 

678 Unnamed sandst,one and shale, 1,argely flysch, consisting of 
.............. undivided (K), of G m t  Valley largely mudstone and shale......... 

sequence, only near Mount Diablo. 
.................. minor to some sandstone........ 

......................... Some sandstone, most dirty 

...................... some calcite-cemented...... 
Minor conglomerate ................................. 
Probably rare vitric tuff......................*. .. 

-- 

f 

f 

f 
h 

-- 

f 
fi 
f 
fi 
f 
fi 
f 
fi 
f-h - 
h 

-- 
f 
fi 
f 
t? 
f 
t? 
h 

f 
t? 
f 
fi 
h 
h 

f -h 

f-h m 
f-h 
rn 

h 
(h) 
f? 

(tens to 
hundreds of ft ) 

n-vk 

n-m 

to loft+ 
to 5ft+ 

(tens to 
h~~ndreds of f t ) 

(n-m) 

(n-m) 

(m-5ft)lOft+ 

(to k)6ft 

(tens to 
hundreds of ft) 

(m-k) 

n-m 

(to 4ft)2Oft 
(to 5ftl2Oft 

30ft 

c-vc - 
?m-w 
vc-m - 
?c-w 

c(m-w)5ft 
c(m-w)5ft 

-- 

c-vc - 
?m-w 
c-vc - 
?m-w 
vc-m - 

? 
(m)w 

w-4ft 

c-vc - 
?m-w 
(c) 

(m-w ) 

(m-w)6ft 
c-m 

c-vc - 
m? 
c -m 

vo (m-w 16ft 
(m-w)6ft 
(w15ft 
?(w-vw) 



........ Predominantly shale unit in Almost all flysch, consisting of........... 
unnamed sandstone and shale (K) 

................................. of G r e a t  Valley sequence, only largely mudstone 
near Mount Diablo. 

........... some siltstone and silty sandstone.... 

to hundreds 
of ft 

f m-k, vk - 
f-h 

c-vc - 
?c-m 

f-h n -m 

............ Minor to some sandstone, clean to dirty 

some calcite-cemented. ........................... 

Unnamed shale (K) of G r e a t  Briefly seen in field. 
Valley sequence (equivalent Probably largely flysch, consisting of........... .. 
to unit Ks? of source map), largely mdstone and shale... .................... 
only west of Clayt,on, northwest 
of Mount Diahlo. minor to some sandstone...........,....... ....... 

Possibly much siltstone and clayey sandstone....... 
. Minor to some dirty sandstone..................... 

-- (vk-50ft) 
h-f n-6ft 

n-m 
-- 

(m-loft) 

Unnamed shale (K) of G r e a t  Largely flysch, consist,ing of................. ..... 
Valley sequence, only in Marsh 
Creek area near Mount Diablo. largely mudstone, shale, and lesser siltstone.... 

-- (tens to 
hundreds of ft) 

vc-m ... - 
?m-w 
c-m & 

(vc-w)5ft rd 
(m-w)5ft 
m-w+ 

minor sandstone................... ............... 
Some dirty sandstone............... ................ 

(f) n-m . , 

f-qf (m-4f t loft+ 
fas(f-h)? 

much calcite-cemented......................... ... 

682 Unnamed unit (K) of G r e a t  Valley Not seen in field. 
sequence, only east of Livermore Largely shale......... ............................. 
Vallev near Tesla. Includes 

f-h - 
h 
f - 
h 
h 
f-s 

c-vc c - 
? z u 

(em) e Horseiown Formation of Huey Minor to some dirty sandstone.... .................. 
( 1948). 

Minor concretions............... ................... 
Some(?) clayey sheared rock.... .................... 

683 Unnamed formations (KJ) and Almost all is flysch, consisting of 
undivided rocks (K) of G r e a t  largely mdstone, siltstone, and shale... ........ 
Valley sequence, only between 
Napa Range and Yolo Range some sandstone......................... .......... 
and at north end of East Bay 
Hi1 1s near Martinez. Minor to some sandstone.... ........................ 

2 
c-vc 0 - 
m-w 5 f-h n-vk - 

h 
h-f - (n)m 
h 
h-f - m-k, vk-5Oft+ 
h -- to 20ft Minor claystone .................................... 

Rare calcite-cemented sandstone beds and 
................... concretions................... 

Rare conglomerate .................................. 
h -- 

h-f, h ~lasts (c)m 5-25ft 
h 

..................... 684 Siltstone and minor sandstone Most is mudstone and shale.... 
unit (K<J) of G r e a t  Valley 

................. sequence, north and west of Some to m~~ch flysch, consisting of 
Santa Rosa in Mendocino highlands 

..... and Mayacms Mountains. largely mudstone and shale.................. 

c-vc - 
c -m 

-- (tens t,o 
hundreds of ft) 

f (n-k) c-vc - 
c -m 
vc-m - 
c -m 
m-w 
m-w ? 

some sandstone and siltstone............. ........ f n-m 

Some dirty sandstone............................... 
some calcite-cemented............................ 

Minor conglomerate like unit 604 ................... 
and limestone..... ............................... 

f-h 
h 

k-50ft? 
m-vk? 



Phys ica l  propert i .es  Cn tF- 
( s e e  d i s c u s s i o n  i n  t e x t )  

Hardness Bedding F r a c t u r e  
( s e e  t a b l e s  th ickness  spac ing  

2 , 3 )  ( s e e  t a b l e  3) ( s e e  t a b l e  3)  

Map u n i t  Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  
( s e e  p l s .  ( s e e  d i s c u s s i o n  i n  t e x t )  

1-61 

Composition 
( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  2) 

Upper- p a r t  of  Knoxville Formation 
(Robinson, 1956) (<J) ;  p a r t  of  
s h a l e  u n i t  (K<J), on ly  near  N i l e s  
Dis t r ic t ;  of  Fremont; i n  Eas t  
Bay H i l l s  between Hayward and 
Fremont. 

Much s h a l e . . . . . . . . . . . . .  ............................ h 

h 

f-h - 
h 
h 

f-s  

c-vc - 
?c-m 

Much mudstone and s i l t s t o n e . . . . . . . . . .  ............ k-?Oft+ c-vc - 
?c-rn 

(n-m)llft+? (c-rn)w Minor t o  some d i r t y  s a n d s t o n e . . * . . . . .  ............ 
Minor l imes tone . . . . . . . . . .  .......................... 
Some t o  much c layey  sheared rock ................... 

n-m 
-- 

c -rn 
c-vc 

Knoxville Formation ( J  ) , 
between Napa Range and Yo10 Range 
and near  Mount Di ab lo .  

Not seen  i n  f i e l d  near  Mount Diablo.  
Almost a l l  is mudstone and s h a l e . . . . . . . . .  .......... h-f ( t e n s  t o  - 

h hundreds of  f t  ) 
Minor sandst,one, conglomerate, t u f f ,  ............... 

and l imestone. .  .................................. 
Minor t o  some c layey  sheared rock. . .  ............... 

c -w 
c-m 
c-vc f - s  

Mudstonc and s l l t s t o n e  u n ~ t  (KJ) , 
near  Oakland. Inc ludes  rocks  
p r e v ~  o u ~ l y  mapped a s  Knoxv~l  1 e 
F o m a t l o n  by some workers. 

Not seen  i n  f i e l d .  
.......... Most t o  almost  a l l  is mudstone and s h a l e .  o-vc - 

c -m 
................... Minor t o  some d i r t y  sandstone. . .  

? (m-w j  
c-w 
c-vc 

Minor conglomerate,  ................................ 
.................... l imes tone ,  and c o n c r e t i o n s . . .  
................... Some(?) c layey  sheared  rock . . . . .  

h  t o  k 
f - s  -- 

Shale  u n l t  (KJ),  In  F a s t  Bay 
H i  1  1 s  between F r ~ m o n t  and 
Oakland and near  D u b l ~ n .  

............. Most i s  ? h a l e ,  mudstone, and s i l t s t o n e  c-vc - 
? 

Some t.o much d i r t y  sands tone . .  ..................... 
Minor t,o some conglomerate ......................... f ,  h c l a s t s  -- 

( h ) f ,  h ~ l a s t s  
f - s  -- Some(?) c layey  sheared rock ........................ c-vc 

Predominantly s h a l e  uni-t (KJ) , 
i n  Diablo Range sotl theast  o f  
San J o s e  and i n  Sant.a Cruz 
Mountains near Mount [Jmunhum 
and Mount Madonna. Inc ludes  
Knoxvil le  F o r m t i o n  of  
Gr i t t enden  (1951).  

Not seen  i n  f i e l d  near  Mount, Umunhm. 
Largely s h a l e ,  mudstone, and l e s s e ~  s i l t s t o n e . .  .... n-vk 

(n-m)6ft+ 

(n-m) 

Soqe sands tone . . . .  ................................. 
Minor l imes tone ,  c o n c r e t i o n s ,  s i l i c e o u s  s i l t s t o n e . .  

( f ) ,  h  c l a s t s  -- 
(h-qf) 

f - s  -- 
................................. and conglomerate 

........................... Some c layey  sheared rock vc-c 

U n s h e a r ~ d  sandstone and s h a l e  of  
Franciscan assemblage, In  Marln 
highlands. C o n s ~ s t s  of  hard 
topography l n  Franciscan melanpe 
(KJ) and I n  Franc iscan  sandstone 
and s h a l e  (KJ) ,  a s  det e r m ~ n e d  by 
p h o t o l n t e r p r e t a t l o n .  

Most t,o almost  a l l  is ~ ~ n s h e a r e d  d i r t y  s a x i s t o n e . .  .. s ( f ) h  n-m, k(l0-30ft)IOOft+ 
h 

f - s  n(m-k)vk - 
h 

f - s ,  f-h e l a s t s  ( t o  t e n s  of  f t )  
h 

and s h a l e  ........................................ 
........................... and minor conglomerat,e 

Poss ib ly  some variab1.y sheared sands tone  and s h a l e  
l i k e  u n i t  803.. .................................. 

Poss ib ly  minor s e v e r e l y  sheared  rock ( l i k e  u n i t  800) 
........................... chert; ( l i k e  u n i t  511) ,  

................... and greenstone ( l i k e  u n i t  253) 



s ( f ) h  n-m, k(10-30ft)100ft+ (vc-m)6ft 
h (c-m)6ft 

f-s n(m-k)vk (c-vc)m - 
h ? 

70 1 Sandstone and s h a l e  of  Franciscan Much is unsheared d i r t y  sands tone . . . . .  ............. 
assemblage (KJ) ,  throughout region.  

........................................ Inc ludes :  u n i t  KJfss  i n  Marin and s h a l e  
and Mendocino h ighlands ;  uni.t gwy 
only i n  Marin Peninsu la ;  u n i t s  and minor conglomerate ........................... 
f s  and f c g  i n  most of  Sant,a Cruz 
Mountains; u n i t  KJfm i n  Diablo Much is v a r i a b l y  sheared sands tone  and s h a l e  l i k e  

......................................... Range; and u n i t s  f s ,  f s l ,  u n i t  803 
and f s 2  i n  nor thern  Mayacmas Some s e v e r e l y  sheared  rock l i k e  u n i t  800 ........... 
Mount,ains. (See source  map, p i .  1 ,  

f - s ,  f-h o l a s t s  ( t o  t e n s  of  ft,) (w-4ft) 

f o r  sources  of  u n i t  symbols.) 

Flysoh-l ike sha1.e and sandstone 
of  Franciscan assemblage (KJ ) , 
i n  Diablo Range and S a n t a  Cruz 
Mountains. C o n s i s t s  o f  u n i t  KJfss 
i n  Diablo Range and u n i t  f h  i n  
Santa  Cruz Mountains. (See source  
map, p i .  1, f o r  sources  of  unit, 
symbols. ) 

Not seen  i n  f i e l d  where mapped. 
Most is unsheared f l y s c h ,  c o n s i s t i n g  o f .  ........... 

l a r g e l y  s h a l e  and s i l t s t o n e . . . . . . . . . . . . .  ......... 
- ( t e n s  t o  hundreds of  f t )  
f - s  n - k )  l o f t  - 
h 

-- 
c-vc)m 

? 
vc-m - 
c -m 

...... some t o  much d i r t y  sands tone . . . . . . . . . . . . . . .  f -s n-m - 
h 

Minor t o  some d i r t y  sandstone ...................... f-h k-3Oft+ - 
h 

vc-m) 6 f t  
(c-m)6ft 
? ( t o  w) 

-- 
Minor conglomerate wi th  d i r t y  sands tone  mat r ix . . . . .  f - s ,  f-h c l a s t s  ? ( t o  k )  

h 
-- -- 

f - s ,  h b locks  -- 
Much rock v a r i a b l y  sheared . . . . . . . . . . . . . . .  .......... 

i n c l u d i n g  some s e v e r e l y  sheared rock l i k e  u n i t  800 

(vc-m)w ow EÂ 
$5 

(c-vc) > 
? H 

(f) 
h 

f - s  - 
h 

f-h - 
h 
h 

703 Metamorphic rocks of  Franciscan 
assemblage (KJ) , c h i e f l y  met,a- 
graywacke t h a t  is l a r g e l y  un- 
sheared ,  i n  nor thern  h a l f  o f  
reg ion .   consist,^ of  much of  
u n i t  KJfm throughout. n o r t h e r n  
p a r t  of  reg ion ,  a s  determined by 
p h o t o i n t e r p r e t a t i o n ;  and u n i t  
fins i n  nor thern  Mayacmas 
Mountains. (See source  map, 
p i .  1, f o r  sources  of  u n i t  
symbols. ) 

Most is metagraywacke .............................. 
and l e s s e r  metashale ............................. 

Minor metagreenstone ............................... 
........................... and metacher t . . . . . . . . .  

.................. Much rock unsheared l i k e  u n i t  700 
Much rock v a r i a b l y  sheared  l i k e  u n i t  803 ........... 
Some s e v e r e l y  sheared  rock l i k e  u n i t  800 ........... 

Franciscan assemblage, 
undivided (KJ) ,  i n  southern  
h a l f  of  reg ion .  

L,argely sands tone  and s h a l e  l i k e  u n i t  701. 
Much(?) of  o t h e r  rock t y p e s ,  such a s  

sheared  rock ( l i k e  u n i t s  800 and 803),  
g reens tone  ( l i k e  u n i t  2531, 
c h e r t  ( l i k e  u n i t  511),  
and s e r p e n t i n i t e  ( l i k e  u n i t  805). 

On Mount Diablo,  l a r g e l y  greens tone  and c h e r t .  

Severe ly  sheared rocks  of  
Franciscan assemblage ( K J  , 
throughout reg ion .  Cons is t s  of  

Most is c layey  gouge and s e v e r e l y  sheared rock. .  . 
Some t o  much is b locks  and s h a t t e r e d  small  masses.. 

s o f t  topography i n  Marin h igh lands ,  of  sands tone  and s h a l e  ( l i k e  u n i t  701 ) ,  
a s  determined by photo in te rpre-  c h e r t  ( l i k e  u n i t  511),  
t a t i o n ;  and high-grade metamorphic greens tone  ( l i k e  u n i t  2 5 3 ) ,  
rock i n  p l a c e s  throughout reg ion .  and s c h i s t  ( a s  i n  u n i t  802).  

Melange o f  l a r g e l y  e l a s t i c  r o c k s  Much t o  most is mat r ix  of  gouge and s e v e r e l y  sheared 
of  Franciscan assemblage (KJ) , rock ............................................. 
throughout reg ion ,  except  where wi th  abundant blocks and smal l  masses o f  var ious  
subdivided by photo i -n te rpre ta t ion  rock types  ( l i k e  u n i t  800).  ...................... 
i n  Marin highlands.  Some t o  most i s  l a r g e  masses of sandstone and s h a l e  

much t o  most unsheared l i k e  u n i t  700 ............. 
much variably sheared l i k e  u n i t  803 .............. 

s - 
f-s  



Abbreviated u n i t  d e s c r i p t i o n s  of h i l l s i d e  m a t e r i a l s  

Phys ica l  p r o p e r t i e s  
( s e e  d i s c u s s i o n  i n  t e x t )  

Map u n i t  Geologic u n i t ,  ( a g e ) ,  and l o c a t i o n  
( s e e  p i s .  ( s e e  d i s c u s s i o n  i n  t e x t )  

1-6) 

Composition 
( s e e  d i s c u s s i o n  i n  t e x t ;  f i g .  2) 

Hardness Bedding F r a c t u r e  
s e e  t a b l e s  t,hickness spac ing  

2,:) ( s e e  t a b l e  3 )  ( s e e  t a b l e  3) 

802 Melange of  metamorphic rocks  of  Much t o  most is gouge and s e v e r e l y  sheared rock . . . .  
Franciscan assemblage (KJ) , i n  
nor thern  h a l f  of  region.  Cons is t s  wi th  abundant blocks and smal l  masses of  var ious  

....................... o f  p a r t s  of  u n i t  KJfm, a s  det,er- rock types  ( l i k e  u n i t  800) 
mined by p h o t o i n t e r p r e t a t i o n ;  and Minor t o  most is l a r g e  masses of  metamorphic rock ,  

............. u n i t  fmsr i n  nor thern  Mayacmas c h i e f l y  metagraywacke, l i k e  u n i t  703 
Mountains. (See source  map, p i .  1 ,  
f o r  sources  of  u n i t  symbols.) 

Variably sheared sandstone and Much t o  most is s h a t t e r e d  o r  b r e c c i a t e d  sandstone 
.................................... s h a l e  of  Franciscan assemblage and s h a l e . . . .  

(KJ) , i n  Marin highlands.  Much unsheared and unsha t te red  sandstone and s h a l e  
C o n s i s t s  of  in te rmedia te  topo- ( l i k e  u n i t  700) a s  smal l  m a s s e s . . . . . . . . . . . . . . . . . .  
graphy i n  melange ( u n i t  KJfs )  Some gouge and s e v e r e l y  sheared rock t h a t  may have 

.......................... and i.n sands tone  and s h a l e  ( u n i t  b locks  ( l i k e  u n i t  800) .  
KJfss )  , a s  detkrmined by 
p h o t o i n t e r p r e t a t i o n ;  and u n i t  
gwy o u t s i d e  of  Marin Peninsula.  
(See source  map, p i .  1 ,  f o r  sources  
of  u n i t  symbols.) 

Variably sheared metagreenstone of  Largely metagreenstone ( l i k e  u n i t  2541, 
........ Franciscan assemblage (KJ) , i n  most v a r i a b l y  sheared and s h a t t e r e d . . . . . .  

Marin h igh lands .  C o n s i s t s  of  p a r t s  
..................... of Franc iscan  metagreenstone some unsheared l i k e  u n i t  254 

having i n t e r m e d i a t e  topography, a s  
........... determined by p h ~ t ~ o i n t e r p r e t a t i o n .  Some s e v e r e l y  sheared  rock l i k e  u n i t  800 

Sheared s e r p e n t i n i t e ,  throughout Most, is sheared s e r p e n t i n i t e  ....................... 
reg ion .  C o n s i s t s  of  p a r t s  of  inc lud ing  abundant b locks  of  s e r p e n t i n i t e ,  u l t r a -  

................ s e r p e n t i n i t e ,  a s  determined by mafic rocks ,  and o t h e r  rock t y p e s  
p h o t o i n t e r p r e t a t i o n ;  sedimentary Some c layey  gouge wi th  b locks  ( a s  i n  u n i t  800) ..... 
s e r p e n t i n e  member of Knoxville Minor s i l i c a - c a r b o n a t e  rock ( l i k e  u n i t  910) ........ 
Formation ( J ) ,  i n  nor thern  p a r t  
of  r e g i o n ;  and metamorphosed 
u l t r a m a f i c  rocks ,  i n  nor thern  
Mayacmas Mountains. 

900 Largely unsheared u l t r a m a f i c  rock Not seen  i n  f i e l d .  
and s e r p e n t i n i t e .  C o n s i s t s  of  Largely unsheared u l t r a m a f i c  rocks  and s e r p e n t i n i t e .  
p a r t s  of  se rpent , in i te  throughout 
reg ion ,  a s  determined by photo- Some sheared s e r p e n t i n i t e  l i k e  u n i t  805.. .......... 
i n t e r p r e t a t i o n .  

Ul t ramaf ie  rock ( J ) ,  i n  Mendocino Most(?)  is unsheared u l t r a m a f i c  rocks ,  p a r t i a l l y  
.................................... highlands .  s e r p e n t i n i z e d  

Some t o  much sheared  rock,  some wi th  hard blocks. . .  

s -- - 
f - s  

( f - s )  t o  hundreds of  f t  
-05- 

s ,  h b locks  c-vw t o  t e n s  of  f t  
s - f ,  h blocks 

( f - s )h  -- 
T 
( f - s ) h  -- 
T 

f - s ,  h b locks  t o  t e n s  of  f t  

h ( t o  l o f t )  100ft  
s - f ,  h b locks  c-50ft  t o  t e n s  of  f t  

(h )  -- 

? - -- 
h 

s - f ,  h blocks -- 

(h) -- 
h 

f - s ,  h b locks  w-vw -- 

( t o  l o f t )  
v e - w  

c - l o f t +  

(m-w)vw 

vc-rn 



902 

903 

904 

905 

906 

907 

908 

909 

910 

91 1 

Faults 
and land- 
slides 

Diabase and gabbro (J), only in 
Mendocino highlands and Mayacmas 
Mountains. 

Most to almost all is unsheared diabase and gabbro s-f, h-f blocks(m)w -- 
h 

Minor to some(?) sheared rock like unit 800 ........ -- -- 

Diabase, only near Vallejo. Not seen in field. 
Diabase, holocrystalline ........................... 
some(?) sheared as in unit 905. .................. 

Diabase, only near Mount Diablo. Most is unsheared holocrystalline diabase, 
largely(?) sheeted.. ............................ 

Some pillow basalt as in unit 253 .................. 
Minor(?) sheared rock, some like unit 800 .......... 
some (sheared diabase) between sheets......... ... 

-- 
-- 
vn-n 

Diabase, only east of Santa Clara 
Valley near Coyote and near 
Lexington Reservoir in Santa Cruz 
Mountains. 

Diabase...... ...................................... s - -- 
h 

some to much sheared and partially serpentinized. f-s, h blocks(m-w)4ft -- 

Granitic rocks (K), only on Point 
Reyes peninsula and Bodega Head. 

Almost all is granitic rocks with aplite and f-s, h blocks -- 
pegmatite dikes and mafic inclusions........,.... h 

Minor schist, marble, and quartzite like unit 908.. -- -- 
Minor sheared granitic rock including clayey gouge. f-s (n)k 

Granitic rocks (K), only near 
Montara Mountain in northern 
Santa Cruz Mountains. 

Almost all is granitic rock with aplite and s, h blocks m-w -- 
pegmatite dikes.............,................... . h 

Minor marble, hornfels, and schist like unit 908. .. -- -- 
Rare sheared granitic rock including clayey gouge.. f-s (n) 

Metamorphic rocks (pre- 
Cretaceous) only on Point 
Reyes peninsula. 

Briefly seen in field. 
Marble, quartzite, and schist.... .................. 

Limestone of Franciscan 
assemblage (KJ), in Santa Cruz 
Mountains. Includes Calera 
Limestone of Lawson (1902). 

Largely limestone.. ................................ h 
................................ Minor to some chert h 

m-k,vk-tens of ft 
n-m 

c-vw 
c-vw 

Silica-carbonate rock, 
throughout region. 

Largely silica-carbonate rock............ .......... 
............ Some sheared ~erpent~inite like unit 805 

High-grade metamorphic rocks of 
Franciscan assemblage (KJ ) , 
in nort,hern Mayacmas Mountains. 
Consists of much of metasandstone 
(unit fsm) and high-grade rocks 
(unit fm) of McLaughlin (1978). 

Not seen in field where mapped. 
....... Most is foliated high-grade metamorphic rock h-f - 

h 

f-s, h blocks 
Some to much(?) severely sheared rock 
like unit 800 .................................... 

Mapped faults and large landsli.de 
deposits, through region. 
Landslides are incompletely shown 
(seemaponpi. 1). 

Like underlying or adjacent uni-ts except sheared, 
shattered, or otherwise modified by movement. 
Fractxres generally more closely spaced and more 
open than elsewhere; weathered rock may extend 
deeper t,han elsewhere. Includes minor to much 
gouge and severely sheared rock like unit 800. 



68 HILLSIDE MATERIALS AND SLOPES OF THE SAN FRANCISCO BAY REGION 

LED UNIT DESC 

[Refer to text, figures 2-4, and tables 1-4 for discussion and explanation 
of terms. See plate 7 for location of free-swell samples] 

MAP UNIT 100 

Geologic unit, (age), and location: Gravel deposits (Q), in Napa Valley 
and Sonoma Valley areas 

Summary: Conglomerate of hard volcanic clasts as much as 1 ft in diam- 
eter in soft matrix, and interbedded sandstone and claystone Claystone 
and some mantle is severely expansive 

Composition: Largely conglomerate of rounded volcanic clasts as large 
as 1 ft in diameter, mostly about 3 in in diameter, in poorly sorted sand, 
silt, and clay matrix that is mostly clay clogged, but is porous in part 
Clay is from pumice and tuffaceous fragments in matrix, and so is vari- 
ably abundant Interbedded with conglomerate is sandstone, some of 
which is tuffaceous Also present are intervals of poorly sorted sandy 
and silty claystone that may constitute as much as 30 percent of unit 

Hardness: Clasts in conglomerate are largely hard, rarely firm, in matrix 
that is soft and friable where weathered Sandstone is soft and friable. 
but tuffaceous sandstone is firm where weathered Claystone is soft 
where weathered 

Bedding: Distinct bedding of very thick (10- to 20-ft) intervals of con- 
glomerate, sandstone, and claystone, thin to thick distinct lenticular beds 
and crossbeds within intervals of sandstone and conglomerate 

Parting: Largely absent 
Fracture: Absent in conglomerate and sandstone, moderate to close spac- 

ing in tuffaceous sandstone Weathered claystone develops shrinkage 
cracks 

Permeability: Conglomerate and sandstone, where shallow, have mostly 
low intergranular permeability, some moderate, probably much moder- 
ate below shallow rock Tuffaceous sandstone has low intergranular per- 
meabiltty, claystone very low Thus, shallow bedrock largely low, some 
moderate, some very low, probably much moderate below shallow rock 
Mantle probably largely moderate, some to much low to very low 

Weathering: To depth of more than 10 ft in conglomerate and sandstone 
Probably to depth of about 5 ft in claystone 

Surficial mantle: Probably largely granular, some to much clayey Rocky 
Expansivity: Bedrock and mantle are largely unexpansive to possibly sig- 

nificantly expansive, some of each severely expansive (claystone and 
mantle on claystone) Sample CAI 1, sandy silty claystone, free swell 150 
percent 

Stratigraphic thickness: Probably tens of feet to more than 100 ft 
Sources: K F Fox, oral commun , 1972-73, Fox and others, 1973, two 

stations 

MAP UNIT 101 

Geologic unit, (age), and location: Santa Clara Formation, undivided 
(QT), in San Francisco Peninsula and Santa Clara Valley areas. 

Summary: Largely conglomerate; some sandstone, siltstone, and claystone. 
Some bedrock and much to most mantle is significantly expansive; mi- 
nor bedrock and some mantle may be severely expansive. See units 102- 
107 (mapped facies of Santa Clara Formation). 

Composition: Largely conglomerate; some sandstone, siltstone, and clay- 
stone; rare lignite and limestone. Conglomerate consists of cobbles in 
poorly sorted matrix of sandstone or siltstone; locally contains boulders 
as large as a few feet in diameter. Sandstone is fine to coarse grained. 

Hardness: Firm to soft, conglomerate clasts hard, where fresh and weath- 
ered. 

Bedding: Distinct to indistinct lenticular beds that range from medium to 
very thick (30 ft?), commonly a few feet thick. 

Parting: On some bedding planes. 
Fracture: Largely absent in conglomerate; close to moderate spacing in 

other compositions. 

Permeability: Bedrock has largely low intergranular permeability, some 
moderate, some very low. Mantle largely moderate. some low to very low. 

Surficial mantle: Largely granular, some clayey; generally clayey sub- 
soil on gentle slopes. 

Expansivity: Most bedrock is unexpansive, some significantly expansive, 
probably minor severely expansive (claystone). Much to most mantle is 
significantly expansive, some may be severely expansive, remainder 
unexpansive. See samples for units 102-107. 

Stratigraphic thickness: 2,200 ft in type section at Stevens Creek 
(Dibblee, 1966). 

Sources: Bailey and Everhart, 1964; Branner and others, 1909; California 
Department of Water Resources, 1967; California State Water Resources 
Board, 1955; Cummings, 1968, 1972; Davis and Jennings, 1954; Dibblee, 
1966; Ellen and others, 1972; Pampeyan, 1970; 19 stations over entire 
Santa Clara Formation (units 101 - 107). 

MAP UNITS 102-107 

Geologic units, (age), and location: Santa Clara Formation (QT), facies 
mapped by Cummings (1972) in San Francisco Peninsula and Santa Clara 
Valley areas Corte Madera facies (map unit 102), Arastradero facies 
(map unit 103), Woodside facies (map unit 104). Stevens Creek facies 
(map unit 105), Los Gatos facies (map unit 106), Searsville facies (map 
unit 107). 

Summary: Each of the six facies is largely conglomerate, but they vary 
in composition of clasts and in proportions of finer grained compositions. 
Much mantle is expansive. See also unit 101 (undivided Santa Clara For- 
mation). 

Composition: Corte Madera facies (unit 102)-Largely conglomerate, 
some fine sandstone and siltstone, minor claystone and calcite-cemented 
sandstone. Cobbles in conglomerate are mainly graywacke, but include 
numerous clasts of the Cretaceous conglomerate found in the Los Gatos 
facies, as well as granitic and porphyritic cobbles derived from that con- 
glomerate Conglon~erate 1s poorly sorted and contains hard to firm clasts 
that generally range from granules to cobbles (as large as 1 ft in diam- 
eter), larger clasts are subrounded, smaller clasts more angular Clasts 
are supported in silt and sand matrix, which also is poorly sorted In 
places toward the northwest extent of this unit, interbedded fine sand- 
stone, siltstone, and minor (but significant) claystone predominate over 
conglomerate In the southeast, this unit is coarse conglomerate that 
contains boulders as large as 5 ft in diameter (Cummings, 1968) Some 
sandstone is calcite cemented. Rare lignite. 

Arastradero facies (unit 103)-Not seen in field. Largely conglomer- 
ate, some sandstone, minor(?) silty claystone. Conglomerate consists of 
subangular to subrounded clasts as much as 6 in. in diameter in matrix 
of moderately well sorted fine sand; clasts consist of red chert, 
graywacke, arkosic sandstone, laminated brown siliceous shale, and por- 
phyritic silicic volcanic rock. Lenses of silty claystone and of sandstone 
similar to conglomerate matrix are intercalated with conglomerate. Sand- 
stone probably makes up about one-third of unit and occurs in signifi- 
cant amounts in most exposures. 

Woodside facies (unit 104)-Not seen in field. Largely conglomerate; 
probably includes some interbedded sandstone, siltstone, and (or) clay- 
stone. Conglomerate is composed almost entirely of angular to 
subangular clasts of firm arkosic sandstone; matrix is probably sandy and 
silty. 

Stevens Creek facies (unit 105)-Largely conglomerate, minor clayey 
fine sandstone and claystone. Rather homogeneous, very thick bedded 
conglomerate of angular to subangular pebbles and cobbles of hard, fresh 
graywacke and greenstone supported by a poorly sorted matrix that con- 
sists of clay, silt, and sand (in order of abundance). Clay is the cement- 
ing agent throughout. Basal part of unit is very clayey, and dense 
claystone commonly forms the base (Tolman, 1934). Clayey fine sand- 
stone and claystone occur rarely in beds and lenses that are a few inches 
to 6 ft thick. 



DETAILED UNIT DESCRIPTIONS 69 

Los Gatos facies (unit 106)-Not seen in field. Largely conglomer- 
ate, some fine sandstone, possibly minor claystone. Conglomerate is simi- 
lar to that of the Arastradero facies. but also includes clasts of granite 
and porphyritic rock and large cobbles of a hard Cretaceous conglomer- 
ate that contains clasts of granite and porphyry. Matrix and distinct beds 
of sandstone consist of fairly clean, moderately sorted fine sand contain- 
ing some silt, similar to Arastradero facies. Sandstone probably makes 
up less than 25 percent of unit. 

Searsville facies (unit 107)-Largely conglomerate, some sandstone, 
some siltstone, minor claystone. Conglomerate consists of subangular 
clasts as large as 8 in. in diameter in matrix of silt, clay, sand, and iron 
oxide; clasts are mainly greenstone, but include graywacke and arkosic 
sandstone. Includes significant amount (one-fourth?) of poorly to mod- 
erately sorted pebbly to clayey sandstone. Unit is deeply weathered. 

Hardness: Where fresh, conglomerate clasts are largely hard, firm in 
Woodside facies; many to most clasts weather soft in Searsville and 
Woodside facies. Matrix and interbedded materials are firm to soft in 
Stevens Creek and Searsville facies and probably in Woodside facies, 
soft in other facies. 

Bedding: In Stevens Creek and Corte Madera facies, conglomerate oc- 
curs in massive, very thick beds (as much as several hundred feet in 
Stevens Creek facies); in other facies, probably most conglomerate also 
occurs as massive, very thick beds. All facies, except Stevens Creek and 
Woodside facies, have significant sequences of soft to firm sandstone 
and siltstone as thick as 40 ft or more. Corte Madera facies contains thin 
seams of claystone along which springs emerge and landslides occur. 

Parting: Largely absent. In fine sandstone and siltstone of Searsville 
facies. weathering produces parting parallel to bedding at very close 
spacing. 

Fracture: Absent in conglomerate; close to moderate spacing in sandstone 
and siltstone. 

Permeability: Bedrock permeability is intergranular and extends to depth. 
Corte Madera facies (unit 102)-Conglomerate moderate, locally high; 
sandstone low, some moderate; siltstone very low to low. Thus, most 
bedrock moderate, locally high, some low to very low. Mantle probably 
largely moderate, some low to very low. Arastradero facies (unit 103)- 
Probably most bedrock moderate, locally high, some low to very low. 
Probably most mantle moderate, some low to very low. Woodside fa- 
c i e ~  (unit 104)-Probably most bedrock low, some possibly moderate, 
some very low (bedrock not observed). Probably most mantle moder- 
ate, some low. Stevens Creek facies (unit 105)-Bedrock low to very 
low. Mantle probably largely moderate, some low. Los Gatos facies (unit 
106)-Bedrock probably moderate to low. Probably most mantle mod- 
erate, some low. Searsville facies (unit 107)-Bedrock very low to low 
where weathered, probably largely low where fresh. Probably much 
mantle moderate, much low to very low. 

Weathering: Arastradero and Los Gatos facies are weathered to depths 
greater than 10 ft, possibly much greater; no outcrops or roadcut expo- 
sures observed in these units. Stevens Creek facies is weathered to depths 
of a few feet to perhaps 10 ft. Searsville facies is weathered to depths 
of many tens of feet; weathered material is clayey, iron stained through- 
out, and clasts are weathered soft; some weathering in all exposures 
observed. 

Surficial mantle: Probably largely granular, some clayey, except in 
Searsville facies probably much granular, much clayey. Generally clayey 
subsoil on gentle slopes. 

Expansivity: Most bedrock is unexpansive, some significantly expansive, 
minor severely expansive (claystone) in Searsville facies at least. Much 
to most mantle is probably significantly expansive in all facies; some to 
much is severely expansive in Searsville and Arastradero facies, minor 
may be severely expansive in other facies; remainder unexpansive. 
Samples: 

Cone Madera facies (unit 102): MH13A, matrix of conglomerate, free 
swell 60 percent; MH14B, shaly bedrock, free swell 72 percent; MH13B, 
stony sandy silty soil, uncracked, typical, free swell 50 percent; MH13C, 

uncracked soil, free swell 61 percent; MH14A, soil, free swell 75 per- 
cent; MH14C, stony sandy clay soil, moderately cracked, free swell 60 
percent. 

Arastradero facies (unit 103): PA14, black soil 3 ft thick, free swell 
101 percent; PA50A, stony sandy silty soil, typical, free swell 80 per- 
cent; MH17, sandy silty soil, typical, free swell 44 percent; PA53, sandy 
silty clay soil, cracked, free swell 90 percent. 

Woodside facies (unit 104): WO19, well-cracked dark sandy clay soil, 
free swell 7 1 percent. 

Stevens Creek facies (unit 105): CUPS, mildly cracked silty sandy 
soil, typical, free swell 59 percent. 

Los Gatos facies (unit 106): LOG6, sandy silty clay soil, mildly 
cracked, typical, free swell 54 percent; LOG7, pebbly sandy silty soil, 
free swell 55 percent; CRR1, pebbly sandy silty soil, typical, free swell 
46 percent. 

Searsville facies (unit 107): PA9B, bedrock, free swell 83 percent; 
PA12, weathered bedrock, free swell 58 percent; PA36, weathered peb- 
bly sandstone, free swell 60 percent; PA9A, soil, free swell 146 percent; 
PA37. adobe soil, free swell 154 percent; PA48, stony clayey silty soil, 
cracked, probably typical, free swell 69 percent; PA49, sandy silty clay 
soil, mildly to moderately cracked, typical, free swell 79 percent; PA56, 
dark sandy silty clay soil, typical, free swell 82 percent. 

Stratigraphic thickness: Stevens Creek facies (unit 105). 2,200 ft 
(Dibblee, 1966); Corte Madera facies (unit 102), about 1,800 ft at Coal 
Mine Ridge (Ellen and others, 1972). 

Sources: Cummings, 1968, 1972; Dibblee, 1966; Ellen and others, 1972; 
Tolman, 1934; 19 stations over entire Santa Clara Formation (units 101- 
107). 

MAP UNITS 108,116,117 

Geologic units, (age), and location: Ohlson Ranch Formation of Higgins 
(1960) (T); undivided (map unit 116); sandstone member (map unit 117); 
conglomerate member (map unit 108); in Mendocino highlands. 

Summary: Largely soft, very fine grained sandstone deposited on old 
ridgetop marine-terrace surfaces. Bedrock has moderate permeability and 
is deeply weathered. Bedrock and mantle are unexpansive. 

Composition: Unit 116 is largely very fine grained sandstone of angular 
grains that contains as much as 15 percent silt matrix. Includes minor to 
some conglomerate; some to much is poorly sorted and clayey, some to 
much (generally near basal contact) has well-sorted sandstone matrix. 
Also includes poorly sorted, clayey, coarse-grained sandstone near base; 
two known occurrences of volcanic tuff; and local carbonate concretions 
in fresh bedrock. Siltstone and rnudstone probably rare. Unit 117 is al- 
most all sandstone; unit 108 is largely conglomerate. 

Hardness: Soft, except for hard concretions and conglomerate clasts. 
Bedding: Largely absent, but close inspection reveals indistinct, thin to 

very thin beds of differing grain size accentuated by iron staining. 
Parting: Absent. 
Fracture: Fractures are inconsequential to strength of rock and are dis- 

tinguished by iron staining that varies in thickness and degree of cemen- 
tation; cemented fractures are soft, but harder than surrounding 
sandstone. Major fractures at moderate to wide (0.5-1 ft) spacing have 
relatively thick zones of staining and cementation; superimposed random 
fractures at close to very close spacing have thinner zones of staining. 

Permeability: Most bedrock has moderate intergranular permeability; 
probably includes minor to some low permeability where content of fines 
is greater, probably minor to some high where coarser sand predominates. 
Mantle moderate. 

Weathering: Iron-stained fractures at close to very close spacing extend 
to depths of more than 50 ft; rock between fractures is white and ap- 
pears unweathered. Concretions absent in weathered rock. 

Surficial mantle: Granular. 
Expansivity: Bedrock and mantle unexpansive. Sample SP6, typical sand 

soil, free swell 17 percent. 
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Stratigraphic thickness: Entire unit generally less than 100 ft, locally as 
much as 300 ft. 

Sources: Higgins, 1960; two stations. 

MAP UNIT 110 

Geologic unit, (age), and location: Montezuma Formation (Q), only in 
Montezuma Hills 

Summary: Largely clayey and silty sandstone and siltstone that is firm to 
soft, some clean sandstone, pebble conglomerate, and claystone Some 
bedrock and probably much mantle are severely expansive 

Composition: Largely clayey sandstone, silty sandstone, and siltstone, 
some clean sandstone and pea gravel at least in the general vicinity of 
Rio Vista Also includes less abundant sandy and silty claystone, tuf- 
faceous siltstone and fine sandstone, and conglomerate Clayey sandstone 
is medium to very fine grained and clay saturated or nearly so Silty 
sandstone is fine to very fine grained Clean sandstone is generally coarse 
grained, hut vanes from medium grained to grit in which clasts are as 
large as 0 15 in in diameter Rare pieces of sandstone are calcite ce- 
mented Conglomerate consists of pebbles and very coarse grained sand, 
except near western margin of exposure near unit 124, where hard 
cobbles are as large as 5 in in diameter 

Hardness: Clayey sandstone and siltstone are firm to soft where weath- 
ered, probably firm where fresh Silty sandstone and clean sandstone are 
soft Rare calcite-cemented sandstone is hard, sandy claystone firm Unit 
is generally firm to soft, both where fresh and weathered 

Bedding: Most exposures are unbedded Where bedding does occur, it is 
distinct, thin to very thick (more than 4 ft), and shows much thin to thick 
interbedding Clean sandstone and pebble conglomerate are commonly 
indistinctly laminated and cross laminated Calcite-cemented sandstone 
probably in medium beds 

Parting: At bedding planes, also crude parting at moderate spacing in 
tuffaceous siltstone Not pronounced in this unit 

Fracture: Clayey sandstone and siltstone have close to moderate spac- 
ing, and particularly the fine-grained clayey compositions have close to 
very close spacing of weathering fracture Silty sandstone is largely 
unfractured, but some produces close spacing of weathering fracture 
Clean sandstone is generally unfractured, but some has moderate to wide 
spacing Tuffaceous sandstone and siltstone have close, possibly mod- 
erate, spacing Hard calcite-cemented sandstone has moderate to wide 
spacing 

Permeability: Intergranular permeability of clayey sandstone low, rarely 
moderate, clayey siltstone low to very low, silty fine sandstone low, clean 
sandstone largely high, some moderate, sandy and silty claystone very 
low, tuffaceous siltstone and fine sandstone low to very low, conglom- 
erate unknown, but some grit of high permeability is associated with 
clean sandstone Thus, most bedrock has low intergranular permeabil- 
ity, some very low, some moderate to high at least in vicinity of Rio 
Vista Most surficial mantle low to very low, some moderate 

Weathering: All exposures are weathered to depths greater than 8 ft 
Caliche on fractures in weathered zone in much of unit 

Surficial mantle: Most is clayey, some granular 
Expansivity: Bedrock is largely unexpansive, but minor to some (clay- 

stone) is severely expansive and much clayey sandstone may be signifi- 
cantly expansive Probably 50-75 percent of surficial mantle is expansive, 
much of this severely expansive Bedrock samples DN8, silty claystone, 
free swell 112 percent, BL4B, weathered sandy claystone, free swell 110 
percent Surficial mantle samples BL5, loam soil, free swell 120 per- 
cent, BL4A, subsoil, free swell 88 percent, RV5, sandy clay soil, free 
swell 93 percent, DN7, dark sandy clay soil, typical, free swell 107 per- 
cent, RV1, clayey soil, free swell 138 percent Many fence posts and 
telephone poles are tilted by soil creep In places, unexpansive surface 
soil overlies expansive subsoil 

Sources: Sims and others, 1973, 17 stations 

MAP UNIT 111 

Geologic unit, (age), and location: Sedimentary rocks (QT), only near 
the Mission San Jose District of Fremont. 

Summary: Largely clayey sandstone, some clean sandstone, mudstone, 
and lesser conglomerate Rock is soft where weathered Much mantle is 
severely expansive 

Expression in aerial photographs: Intermediate topography, some sub- 
tly ribbed, minor resistant outcropping beds 

Composition: Largely medium-grained sandstone that is saturated to nearly 
saturated by clay and lesser silt. Some of unit consists of clean, fine- to 
coarse-grained sandstone; mudstone; and lesser conglomerate that has 
clasts as large as 1 in. in diameter, much of which is clean and well 
sorted. 

Hardness: Soft where weathered, except hard clasts in conglomerate. 
Bedding: Indistinct lenticular beds, thick to very thick (10 ft); thick lenses 

of clean conglomerate. 
Parting: Largely absent. 
Fracture: Largely absent; close to very close spacing of weathering frac- 

ture in mudstone 
Permeability: Bedrock has largely low intergranular permeability, some 

very low, some moderate, minor high (clean conglomerate) Much to 
most mantle low to very low, probably much moderate 

Weathering: To depths of more than 30 ft 
Surficial mantle: Much to most clayey (like sample NL18), probably much 

granular 
Expansivity: Most bedrock (clayey sandstone and mudstone) may be sig- 

nificantly expansive (see sample CR37 of unit 151 and samples CR19A 
and CRl9B of unit 152) Much mantle is severely expansive, the remain- 
der unexpansive to significantly expansive. Sample NL18, moderately 
cracked sandy clay soil, typical of more expansive soil, free swell 96 
percent. See units 121, 122, 151, and 152 for additional information. 

Sources: California State Water Resources Board, 1963; California De- 
partment of Water Resources, 1967; one station. 

MAP UNIT 112 

Geologic unit, (age), and location: Merced Formation (QT), only in Santa 
Clara County near Palo Alto. 

Summary: Largely clean, soft, fine-grained sandstone of moderate per- 
meability. Much mantle severely expansive. See more detailed descrip- 
tion for unit 113. 

Composition: Most is sandstone, clean, well sorted, fine grained, glauco- 
nitic at least in part. Probably some siltstone or claystone. 

Hardness: Soft, locally approaching firm, where weathered and probably 
where fresh. 

Bedding: None noted, probably very thick (5-30 ft) where present. 
Parting: Probably absent. 
Fracture: Close to moderate spacing, some iron stained; fracture has no 

effect on strength of weathered rock. 
Permeability: Largely moderate intergranular permeability in bedrock. 

Probably much mantle moderate, much low to very low. 
Weathering: To depths of more than 10 ft. 
Surficial mantle: Texture uncertain, probably much granular, much clayey. 

Sample PASOB, sandy silty soil, is typical, but free-swell test suggests 
significant clay content. 

Expansivity: Bedrock largely unexpansive, but claystone, if present, may 
be severely expansive (see unit 113). Much mantle severely expansive. 
Sample PASOB, typical mildly cracked soil, free swell 93 percent. 

Sources: Dibhlee, 1966; Pampeyan, 1970; one station. 

MAP UNIT 113 

Geologic unit, (age), and location: Merced Formation (QT), only in San 
Mateo County and San Francisco. 
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Summary: Largely sandstone, much siltstone and claystone, and minor 
hard cemented rock. Materials are largely soft to firm. Some bedrock 
(claystone) and some mantle are severely expansive 

Composition: Largely sandstone, much siltstone and claystone, minor 
conglomerate, volcanic ash, and cemented shell breccia Sandstone is 
medium to very fine grained, in places conglomeratic, much is clean. 
much silty or clayey Volcanic ash is white and clean and consists largely 
of fresh glass shards of fine sand and silt size Proportion of sandstone 
to finer grained materials is about 2 1 in the Westlake area of Daly City 
and generally somewhat lower in other places 

Hardness: Where fresh, sandstone is commonly firm, in places soft, but 
hard at and within several inches of shell horizons, where weathered, it 
is commonly soft and friable Siltstone and claystone are firm, shell brec- 
cia and some conglomerate well cemented and hard, volcanic ash soft 
and friable 

Bedding: Sandstone occurs in very thick (about 5- to 30-ft) heds that are 
commonly indistinct, in places distinct Beds in many places are lenticu- 
lar, and many show large-scale internal crossbedding Siltstone and clay- 
stone occur in thin to very thick beds that are in many places internally 
laminated and in places internally crosslaminated, in the Westlake area 
of Daly City, siltstone and claystone occur in zones as thick as 200 ft 
Conglomerate commonly occurs in lenses as thick as 4 ft Beds of vol- 
came ash and shell breccia are as thick as 6 ft 

Parting: None observed 
Fracture: Sandstone is commonly fractured at moderate to very wide spac- 

ing Siltstone and claystone have close spacing in weathered exposures 
Permeability: Most bedrock has moderate to low intergranular permeabil- 

ity, some very low Probably much mantle moderate, much low to very 
low 

Weathering: Sandstone is gray where fresh, yellowish gray to yellowish 
orange where weathered Siltstone and claystone are medium to dark gray 
where fresh, light gray where weathered 

Surficial mantle: Clayey to granular, probably much of each Much(?) 
clayey subsoil. 

Expansivity: Most bedrock is unexpansive, but some is severely expan- 
sive (claystone), and some is significantly expansive. Probably much 
mantle unexpansive, much significantly expansive, some severely expan- 
sive. Bedrock samples: SFS5A, claystone from 15-ft bed, free swell 113 
percent; SFS5B, claystone interbed, free swell 169 percent; MM21, sand- 
stone, free swell 69 percent; MM22, weathered silty claystone, free swell 
70 percent. Surficial mantle samples: MM15, slightly cracked silty clay 
soil, free swell 42 percent; MM16, very slightly cracked silty clayey soil, 
free swell 55 percent; SFS6, soil, free swell 45 percent. 

Stratigraphic thickness: About 5,000 ft in type section along sea cliff 
north of Mussel Rock. 

Source: Ellen and others, 1972. 

MAP UNIT 114 

Geologic unit, (age), and location: Merced Formation (QT), only near 
Bolinas. 

Summary: About half clean and slightly silty sandstone and half silty 
sandstone and siltstone. Rock is firm where fresh and mostly soft and 
friable where weathered. Moderate permeability in clean sandstone. 

Composition: Largely very fine grained to fine-grained sandstone that has 
variably silty matrix, ranging from clean to silt clogged; lesser interbed- 
ded sandy siltstone. Sand consists of angular to subrounded grains. Mi- 
nor scattered carbonate-cemented concretions, fossiliferous horizons, and 
pebble conglomerate. Toward northern limit of exposure, some beds are 
more poorly sorted and contain abundant clay. Probably half is clean and 
slightly silty sandstone, half silty sandstone and siltstone. 

Hardness: Firm where fresh; mostly soft and friable, in places firm, where 
weathered. Concretions hard. 

Bedding: Indistinctly bedded in thick to very thick (30-ft) beds; many beds 
are indistinctly internally laminated and cross laminated. Concretions are 
irregular, medium to thick, and as long as 10 ft parallel to bedding. 

Parting: Absent 
Fracture: Mostly moderate to wide spacing, some very wide (5 ft), where 

fresh Where weathered, some sandstone fractures at close to moderate 
spacing, but within 1-2 ft of the ground surface spacing becomes close 
to very close in places Spacing in weathered siltstone in places is very 
close Many fractures are iron stained and cemented 

Permeability: Intergranular permeability is moderate in clean sandstone, 
becoming low in silty sandstone and siltstone and possibly very low in 
clayey heds. About half of bedrock has moderate intergranular perme- 
ability, about half low. Mantle largely moderate. 

Weathering: To depth of 40 ft in seacliffs, controlled by composition. 
Surficial mantle: Largely granular. Soil consists of silt and fine sand. 
Expansivity: Bedrock and surficial mantle are largely unexpansive, hut 

some mantle is significantly expansive Surficial mantle samples B018, 
A-honzon soil, free swell 51 percent, B019, organic-rich soil, free swell 
31 percent, B020, soil, free swell 45 percent 

Stratigraphic thickness: In this fault-bounded patch, minimum thickness 
is about 5 5 0  ft. 

Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974; 
Galloway, 1977; Gluskoter, 1962; Martin, 1916; Wahrhaftig, 1970; five 
stations 

MAP UNIT 115 

Geologic unit, (age), and location: Wilson Grove Formation (T), in 
Blucher Hills area, southwest of Santa Rosa 

Summary: Largely very fine grained to fine-grained sandstone that has 
variably abundant silt and, to lesser degree, clay matnx, sandstone ranges 
from clean to saturated by silt and clay Much bedrock has moderate per- 
meability Some bedrock and much mantle are significantly expansive 

Composition: Most is very fine grained to fine-grained sandstone that has 
variably abundant silt and, to lesser degree, clay matnx, sandstone ranges 
from clean, containing less than 5 percent silt, to saturated by silt and 
(or) clay Clean sandstone and silt- or clay-saturated sandstone are 
present in about equal proportions, although much sandstone falls be- 
tween these extremes These sandstones are interbedded with one another 
and also with very fine sandy siltstone, clayey sandstone, sandy clay- 
stone, and rare claystone (probably weathered tuff). Much sandstone has 
some tuffaceous components, especially in eastern part of area. Unit also 
contains a bed of pumiceous lapilli tuff and tuff breccia. Highly fossil- 
iferous beds occur locally Sandstone, especially in western part of area, 
contains hard calcareous concretions 

Conglomerate occurs both at base of unit and within a gravelly facies 
Basal conglomerate generally consists of very coarse grained sandstone 
and pebble conglomerate (pebbles mostly granules but rarely as large 
as 1 in. in diameter) that have a variably clayey and silty very fine 
grained sand matrix that fills all pores. Near mouth of Mark West Creek, 
however, basal conglomerate about 50 ft thick contains hard pebbles and 
cobbles that are commonly as large as a few inches in diameter, as well 
as less common boulders as large as 1 ft in diameter. Basal conglomer- 
ate is most abundant and well exposed in western part of outcrop area, 
where it generally ranges from a few feet to perhaps 20 ft in thickness, 
although locally it is as thick as 100 ft. The gravelly facies occurs to- 
ward the eastern edge of outcrop area, in the vicinity of Sebastopol. 
Gravel within this facies occurs as trains within sandstone and as con- 
glomerate saturated by silty and clayey sandstone matrix. Clasts are 
mostly about 0.25 in. in diameter; 95 percent are less than 1 in. in di- 
ameter, and a minor proportion are as large as 2 in. 

Hardness: Clean sandstone is firm to soft and friable where fresh, weath- 
ering to soft and friable. Silty and clayey sandstone is mostly firm where 
fresh; some weathers soft, but much silty sandstone and siltstone remain 
firm where weathered. Conglomerate is similar in hardness to sandstone, 
except clasts are hard. Concretions are hard, and local highly fossilifer- 
ous beds may be hard. Tuff and tuff breccia are firm but tough, approach- 
ing hard in places; weathered tuff is soft. 
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Bedding: Clean and dirty sandstone is indistinctly interbedded in medium 
to very thick (as much as 30-ft) beds, mostly thick to as much as 10 ft 
Indistinct internal lamination and cross lamination is present in much 
sandstone Local highly fossiliferous beds are thin to thick, concretions 
are as much as 6 ft in length and 1 ft in thickness Basal conglomerate 
mostly occurs in very thick, unbedded bodies, but near mouth of Mark 
West Creek much is irregularly interbedded with sandstone and clayey 
rock Conglomerate within the gravelly facies occurs in irregular, some 
crossbedded, thin to thick beds between thin to very thick (5-ft) beds of 
sandstone The bed of tuff and tuff breccia is generally less than 15 ft 
thick, but near mouth of Mark West Creek it is as thick as 50 ft 

Parting: Mostly absent, but present on some bedding planes (where clayey 
interlayers are present). 

Fracture: Most fresh sandstone has wide to very wide (10-ft) spacing to 
absent or occasional fracture, but near faults fracture spacing may be 
moderate or even close Silty and clayey sandstone generally produces 
additional fracture where weathered, commonly at close spacing, and 
commonly scales from cut faces at very close to close spacing Spacing 
in tuff and tuff breccia ranges from moderate to very wide, largely wide, 
and some weathered rock has close-spaced and very close spaced frac- 
tures Concretions are fractured at moderate to wide spacing 

Permeability: Intergranular permeability of clean sandstone is mostly 
moderate, some high permeability possibly occurs in medium-grained 
sandstone interbedded witb gravel in the gravelly facies, and high per- 
meability is suggested near highly fossiliferous beds Intergranular per- 
meability of silt- and clay-saturated sandstone is low to very low, of tuff 
and tuff breccia very low to low Thus much bedrock has moderate in- 
tergranular permeability, much low, some very low, minor high particu- 
larly in irregular beds near eastern margin (Well yields in entire unit 
average 100-1,500 gal/min Problems caused by fine sand in wells ) 
Much mantle moderate, much low, some very low. 

Weathering: Generally extends to depths of 10-20 ft, but depth depends 
strongly on grain size; finer grained beds remain fresh near ground sur- 
face, clean beds weather to greater depths. 

Surficial mantle: Much granular; much clayey, largely as clay-saturated 
to nearly clay-saturated red subsoil that is widely developed in eastern 
part of outcrop area. 

Expansivity: Most bedrock is unexpansive, some significantly expansive 
(claystone and clayey sandstone). Much mantle is significantly expan- 
sive, particularly subsoil. Bedrock samples: SB2A, silty claystone, free 
swell 50 percent; TR4, very fine sandy claystone in slump, free swell 
70  percent; COlD,  clayey sandstone, free swell 74 percent; COIE, 
weathered ash (clayey sand), minor, free swell 72 percent. Surficial 
mantle samples: SB2B, soil, free swell 46 percent; COlA, subsoil, free 
swell 64 percent; COIB, organic A-horizon soil, free swell 51 percent; 
COlC, organic soil, free swell 39 percent; VF4, subsoil on clayey sand- 
stone, typical at this station, free swell 70 percent; CM2, organic soil, 
free swell 39 percent; CM3, red clayey subsoil on clayey sandstone, free 
swell 39 percent. 

Stratigraphic thickness: Exposed thickness generally less than 300 St, but 
as much as 500 ft (Weaver, 1949). Total deposited thickness not more 
than 1,500 ft (Johnson, 1934); as much as 2,000 ft, including that con- 
cealed by younger deposits in Santa Rosa Valley (Cardwell, 1958); maxi- 
mum 2,100 ft locally (J.A. Bartow, written commun., 1972). 

Sources: J.A. Bartow, written commun., 1972; Blake and others, 1971. 
1974; Cardwell, 1958; Dickerson, 1922; Fox, 1983; Gealey, 1951; 
Johnson, 1934; Sarna-Wojcicki, 1971, 1976; Travis, 1952; Weaver, 1949; 
13 stations. 

MAP UNIT 116 

Geologic unit, (age), and location: Ohison Ranch Formation of Higgins 
(1960). undivided (T), in Mendocino highlands. 

Summary: See description for unit 108. 

MAP UNIT 117 

Geologic unit, (age), and location: Ohison Ranch Formation of Higgins 
(1960), sandstone member (T), in Mendocino highlands. 

Summary: See description for unit 108. 

MAP UNIT 118 

Geologic unit, (age), and  location: Garrity unit of Wagner (1978) (T), 
near El Sobrante at north end of the East Bay Hills. 

Summary: Largely sandstone, much clean, much clayey; some conglom- 
erate and mudstone; minor tuff and tuff breccia. Much has moderate 
permeability, some high. Most mantle severely expansive. 

Composition: About 35 percent clean sandstone; 35 percent clayey fine 
sandstone; 20 percent conglomerate; 10 percent mudstone and clayey 
very coarse grained sandstone; minor tuff and tuff breccia as described 
for unit 282 Clean sandstone is medium grained, well to moderately well 
sorted, and vanes from clay free to clay coated Clayey fine sandstone 
is very fine to medium grained, moderately sorted, and when scraped 
shows a sheen suggestive of clay or tuffaceous components Conglom- 
erate consists of pebbles and cobbles as much as 6 in in diameter, mostly 
less than 3 i n ,  scattered to concentrated in matrix of clean medium- 
grained sand to pea gravel that is mostly clay coated 

Hardness: Mostly firm to soft where weathered Pebbles and cobbles are 
hard Tuff is firm, coherent, and tough 

Bedding: Irregular Beds range from medium to very thick (20 ft or more) 
Sandstone and conglomerate sequences are probably crossbedded and 
show much internal very thin to medium bedding. Clayey fine sandstone 
mostly occurs in very thick beds, but some is interbedded witb clayey 
siltstone in medium to very thick beds. Tuff occurs in thin to very thick 
(15-St or more) beds that are distinct to indistinct 

Parting: Present at many bedding planes, but not a common feature of 
unit 

Fracture: Mostly absent, except clayey fine sandstone has close to mod- 
erate spacing and some very close spacing of weathering fracture Frac- 
ture spacing in tuff is moderate to very wide (as much as 6 ft), depending 
on bed thickness and composition 

Permeability: Intergranular permeability of clean sandstone is high where 
rock is clay free, moderate where clay coated, conglomerate mostly high, 
some moderate, clayey fine sandstone low, mudstone very low, clay- and 
silt-saturated very coarse grained sandstone low to very low, tuff mostly 
low. In all, 15-25 percent of bedrock has high intergranular permeabil- 
ity, 40 percent moderate, 35 percent low to very low. Most mantle very 
low, some moderate. 

Weathering: Not observed where fresh. Weathered to depths of more than 
30 ft. 

Surficial mantle: Largely clayey, some granular. 
Expansivity: Most bedrock is unexpansive, some expansive (mudstone). 

Most mantle severely expansive. Bedrock samples: R9B, mildly cracked 
clayey mudstone, free swell 75 percent; RlOB, mildly cracked mudstone, 
free swell 92 percent. See sample for unit 407. Surficial mantle samples: 
RlOA, dark sandy clay soil, typical, free swell 89 percent; R9A, dark 
clay soil, free swell 109 percent. 

Stratigraphic thickness: About 1,100 ft (inferred from J.R. Wagner, writ- 
ten commun., 1973). 

Sources: J.R. Wagner, written commun., 1973; Wagner, 1978; five sta- 
tions. 

MAP UNIT 120 

Geologic unit, (age), and  location: Sedimentary rocks (QT), largely 
equivalent to Livermore Gravels of Hall (1958), only near and south of 
Livermore Valley. 

Summary: Mudstone and clayey sandstone interbedded witb clean sand- 
stone and conglomerate in variable proportions. Some moderate and 
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minor high permeability in clean sandstone and conglomerate Clayey 
bedrock and most mantle are expansive 

Expression in aerial photographs: Largely hard topography, prominently 
ribbed, some intermediate topography Looks more resistant than unit 
645 Some flat-topped gentle dip slopes In places, light- and dark-toned 
distinct bands 20-150 ft in width 

Composition: Includes the following, many of which have coatings and 
partial cloggings of clay (1) Mudstone and lesser claystone and silt- 
stone, reddish or bluish in color, (2) Clayey sandstone, including (a) well- 
sorted very fine grained to medium-grained sand that is saturated to 
nearly saturated by clay and (b) poorly sorted sand in an abundant ma- 
trix of silt and clay, (3) Clean, well-sorted sandstone that ranges from 
fine to very coarse grained, mostly fine to medium grained, containing 
minor firm concretions, (4) Conglomerate, ranging from well-sorted and 
washed conglomerate of tightly packed clasts in clean sandstone matrix 
to poorly sorted, largely clay-clogged conglomerate Clasts are variably 
rounded pebbles and cobbles, mostly less than 3 in in diameter, but in 
places including boulders more than 1 ft in diameter, (5) Tuffaceous 
sandstone, very fine to coarse grained, well sorted, (6) Tuff (see section 
by Sarna-Wojcicki, 1976) 

Proportions vary greatly from place to place, from almost entirely 
conglomerate to almost entirely mudstone in intervals as thick as 100 ft 
or more Near Del Valle Reservoir, 80 percent is mudstone and clay- 
saturated fine sandstone, 20 percent is conglomerate, tuff, and clean sand- 
stone On Valecitos Road, 40 percent is mudstone and clayey fine 
sandstone, 60 percent is conglomerate and clean sandstone, of which one- 
third of shallow rock may have moderate permeability Expression in 
aenal photographs suggests that most of unit is clean sandstone and con- 
glomerate 

Hardness: Mudstone and clayey sandstone are soft when wet, firm when 
dry Clean sandstone and conglomerate are soft, but contain hard to firm 
(weathered) clasts Tuffaceous sandstone is quite firm where weathered 
Concretions in sandstone are firm where weathered Most conglomerate 
is not cemented (Hall, 1958) 

edding: Indistinct to distinct beds, medium to very thick (as much as 
100 ft), in many places highly irregular or lenticular Typical bed is thick 
to very thick (as much as 15 ft) Intervals of clean sandstone and tuf- 
faceous sandstone, which generally are thick to very thick (as much as 
15 ft), are internally bedded at very thin to medium 

Parting: Present on some bedding planes but not on most, mostly absent 
within beds Much tuffaceous sandstone has parting at moderate to wide 
spacing 

Fracture: In clean sandstone, fracture is absent to irregular at moderate 
to wide spacing, in clayey sandstone close to moderate spacing, in con- 
glomerate fracture is absent, mudstone has close to very close spacing 
of weathering fracture, tuffaceous sandstone has moderate to wide spac- 
ing, some very wide (as much as 4 ft), some having close to very close 
spacing of weathering fracture Concretions have spacing to moderate 

Permeability: Intergranular permeability of mudstone very low, clayey 
sandstone low, clean sandstone mostly moderate, high in places, clean 
conglomerate moderate, poorly sorted clayey conglomerate low, tuf- 
faceous sandstone mostly low to very low, some moderate Thus, much 
to most shallow bedrock has low and very low intergranular permeabil- 
ity, some moderate, minor high, probably much moderate below shal- 
low rock Much mantle very low, much low, some or more moderate 

Weathering: Variable Clean sandstone weathers deeply, mudstone and 
clay-saturated fine sandstone have fresh color at depth of 6 ft in places 
Most is weathered to depths greater than 10 ft 

Surficial mantle: Probably largely clayey, some to much granular Two 
dominant soils brown stony and clayey sand soil, such as sample LCV1, 
and brown clay soils, such as samples LV4 and MDS4A Red clayey 
subsoil, such as sample LCV2A, underlies some granular soil 

Expansivity: Clayey bedrock (much to most of unit) is expansive, much 
severely expansive, clean sandstone and conglomerate (some to most of 

unit) are unexpansive. Some to much mantle is severely expansive, much 
significantly expansive, some to much unexpansive Bedrock samples 
MDS4B. typical mottled mudstone, free swell 75 percent, LCV2B, well- 
cracked claystone, most expansive abundant constituent, free swell 8 1 
percent, LV3, moderately cracked red sandy claystone, free swell 99 
percent, LV1, moderately cracked clay-saturated fine sandstone, free 
swell 88 percent, LCV4, weathered claystone in landslide, free swell 123 
percent, MDS7A, mildly cracked mudstone, typical, free swell 80 per- 
cent Surficial mantle samples LCVI, sandy soil, typical of much of 
unit, free swell 52 percent (exaggerated), LV4, clay soil on claystone, 
free swell 77 percent, MDS4A, clay soil on mudstone, free swell 101 
percent, MDS7B, silty clay soil, typical, free swell 75 percent, LCV2A, 
clayey subsoil, mildly cracked, free swell 99 percent. 

Stratigraphic thickness: 4,000 ft (Hall, 1958). 
Sources: California State Water Resources Board, 1963; California De- 

partment of Water Resources, 1966a; Geological Society of Sacramento, 
1959; Hall, 1958; Hansen, 1964; Huey, 1948; Sarna-Wojcicki, 1971, 
1976; 17 stations. 

MAP UNIT 121 

Geologic unit, (age), and location: Sedimentary rocks (QT), only on east 
side of Santa Clara Valley near Evergreen Includes Packwood Gravels 
of Cnttenden (1951) and Santa Clara(?) Formation of Cnttenden (1951) 

Summary: Unknown proportions of mudstone, clay-clogged conglomer- 
ate, and sandstone. Much of both bedrock and mantle is severely expan- 
sive. See descriptions of nearby similar units 122 and 151, 

Expression in aerial photographs: Intermediate topography that shows 
much subtle ribbing that is rounded but regular. 

Composition: Includes mudstone, some sandy and pebbly; and conglom- 
erate, largely of pebbles and local boulders, in a clay-clogged medium- 
grained to very coarse grained sandstone matrix Crittenden (1951) 
reported sandstone and, locally, rock cemented by dolomite Proportions 
unknown 

Hardness: Mudstone is firm where weathered, probably firm where fresh, 
conglomerate is soft where fresh and weathered. Local cemented rock 
is hard. 

Bedding: Probably medium to very thick, distinct, irregular to lenticular. 
Parting: Mostly absent. 
Fracture: Mudstone has close to very close spacing of weathering frac- 

ture; conglomerate unfractured. 
Permeability: Mudstone has very low intergranular permeability. Con- 

glomerate has low intergranular permeability in shallow rock, probably 
some to much moderate to possibly high below shallow rock. Thus, bed- 
rock is largely low to very low where shallow, probably some to much 
moderate or high below shallow rock. Much surficial mantle very low, 
much moderate. 

Weathering: Some mudstone is fresh at depth of 6 ft; most conglomerate 
is weathered to depths greater than 10 ft. 

Surficial mantle: Much clayey, such as sample SJE8, and much granu- 
lar. 

Expansivity: Much of both bedrock (mudstone) and mantle is severely 
expansive. Samples: SJE7, weathered mudstone, typical, free swell 81 
percent; SJE8, mildly cracked clay soil, free swell 99 percent. 

Stratigraphic thickness: 500 ft minimum. 
Sources: California State Water Resources Board, 1955; Crittenden, 1951; 

three stations. 

MAP UNIT 122 

Geologic unit, (age), and location: Sedimentary rocks (QT), only on east 
side of Santa Clara Valley south of Coyote. 

Summary: Largely conglomerate and sandstone; some to much is clayey, 
some to much clean. Also. some mudstone. Most rock is soft where 
weathered and firm to soft where fresh. Unit is bedded in very thick 
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alternating layers of clean and clayey materials Much mantle is signifi- 
cantly expansive, mudstone is probably expansive 

Expression in aerial photographs: Mostly intermediate topography that 
has some ribbing and some light- and dark-toned banding In extreme 
south end of outcrop area, half is equally abundant light-toned resistant 
and dark-toned nonresistant bands as wide as about 30-40 ft, minor light- 
toned beds crop out, other half is subdued intermediate topography that 
lacks banding and has lower relief Large patch at northern end of Ander- 
son Reservoir shows concordant attitudes, largely intermediate topogra- 
phy, but has some resistant bands as wide as 50 ft that form hogbacks, 
some hard topography locally, sharp crests One clear section on photo- 
graphs shows light-toned resistant bands constituting as much as one- 
third of unit, the remainder being dark in tone 

Composition: Most of unit is conglomerate and clayey sandstone, some 
is clean sandstone and mudstone Some sandstone matrix in conglomer- 
ate is clean and well sorted, some is clayey and poorly sorted Conglom- 
erate generally has clasts as large as 6 inches in diameter, locally as large 
as 2 ft Near Morgan Hill, unit includes marl and vitric tuff and is inter- 
bedded with olivine basalt flows of unit 230 

Hardness: Clean sandstone and most conglomerate is soft where weath- 
ered, probably soft where fresh, most clasts in conglomerate are hard 
Clayey sandstone is firm to soft where weathered, probably firm where 
fresh, mudstone is firm where weathered, probably firm where fresh 

Bedding: Largely distinct, medium to verv thick (as much as 15-ft or 
more), irregular or lenticular beds of clean materials between similar 
thicknesses of clayey materials Both clean and clayey materials may 
have internal thin to very thick bedding that is distinct to indistinct Near 
Morgan Hill, unit is described as well bedded 

Parting: Mostly absent, present only on contacts between mudstone and 
clean materials Many distinct bedding contacts lack parting 

Fracture: Much clean sandstone and conglomerate is unfractured, clayey 
sandstone may have close to moderate spacing or may show expansivity 
cracks, mudstone has close to very close spacing of weathering fracture 

Permeability: Much bedrock has low intergranular permeability, some 
moderate and some high (clean sandstone and conglomerate), some very 
low (mudstone) Much mantle moderate, much low, some very low 

Weathering: Some mudstone is fresh at depth of 6 ft, most sandstone and 
conglomerate are weathered to depths greater than 10 ft 

Surficial mantle: Much granular, much clayey 
Expansivity: Bedrock is largely unexpansive, some probably expansive 

(mudstone) Much mantle unexpansive, much significantly expansive, 
some severely expansive Samples of clayey mantle MGH4A, pebbly 
sandy clay soil, typical of 10 percent of unit, free swell 88 percent, 
MGH4B, sandy clay soil typical of 20 percent of unit, free swell 73 
percent, MGH4C, moderately cracked soil, free swell 74  percent, 
MGH4D, mildly cracked soil typical of 10 percent of unit, free swell 44 
percent See units 121 and 152 for additional information 

Sources: California State Water Resources Board, 1955, five stations 

MAP UNIT 123 

Geologic units, (age), and location: Glen Ellen Formation, nontuffaceous 
member (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. 

Summary: Some each of conglomerate, sandstone, and clayey rock; mi- 
nor tuff and tuffaceous rock. Some moderate to high permeability. Some 
mantle and bedrock are expansive. 

Composition: Some conglomerate, some sandstone, and some clayey rock, 
interbedded with minor tuff and tuffaceous rock. Conglomerate consists 
of rounded pebbles, cobbles, and boulders in matrix of silty and gener- 
ally clayey, poorly sorted sand. Clasts are rarely as large as 3 ft in di- 
ameter some zones have plentiful boulders 1-2 ft in diameter; in most 
exposures the largest clasts are 6 in. in diameter or less, and the great 

majority are 3 in. in diameter or less. Clasts are mostly hard, but some 
are firm and even soft, and most are derived from volcanic rock. Con- 
glomerate matrix is similar to the sandstone and consists of poorly sorted 
sand, ranging from very coarse to very fine grained, that contains silt 
and clay in varying proportions. Although some matrix is clay saturated 
and some clay free, sufficient clay is generally present in the weathered 
zone to substantially fill pores. Some conglomerate is partially cemented 
in irregular patches. 

Sandstone similar in composition to conglomerate matrix is generally 
interbedded with conglomerate within conglomerate sequences. Sand- 
stone is mostly poorly sorted, but some is well sorted, and much sand- 
stone, as  well as  conglomerate matrix, contains ash and pumice 
fragments. Clayey rock, mostly mudstone, clayey siltstone, and silty or 
sandy claystone, is generally clay saturated. Tuff consists of fine and 
coarse ash of vitric, pumice, and crystal content, and in many places 
contains pumiceous or, less commonly, lithic lapilli. Most tuff has fine 
ash matrix that appears as tight as silt, but some tuff has matrix largely 
of coarse ash. Tuffaceous rock contains substantial tuffaceous compo- 
nents such as ash and pumice fragments, ranges in texture from silt to 
very coarse sand or grit, and is variably sorted and variably clay clogged. 
Some tuffaceous materials have no clay but a tight ash matrix, others 
have free clay clogging pores, and others are only partly clogged by clay 
or are clay free. Most tuffaceous rock has at least incipient clay devel- 
opment where weathered. 

Hardness: Where weathered, conglomerate has hard clasts and matrix that 
is mostly soft and friable, but in places about half of matrix is firm owing 
to calcite cement. Sandstone is mostly soft and friable, but some beds 
are firm where tuffaceous components form much of the rock. Clayey 
rock varies from soft to firm. Tuff is low in density, and where fresh is 
mostly firm, some nearly hard, some soft, becoming soft where weath- 
ered. Much tuff is brittle, being soft to a pick but firm to the hand, and 
much is unusually coherent for its hardness. Tuffaceous rock is soft to 
firm where fresh and weathered; most fine-grained and tight rock is firm, 
whereas most medium- and coarse-grained rock is soft. Extremely weath- 
ered rock is soft. 

Bedding: Beds of conglomerate, sandstone, and clayey rock are distinct 
and generally irregular, commonly lenticular or crossbedded. Beds are 
commonly thick to very thick (30 ft or more), hut conglomerate se- 
quences may be as thick as 100 ft or more and beds may be thin to me- 
dium within sequences of conglomerate and sandstone. Tuff occurs in 
distinct beds that are mostly thick to very thick (as much as 30 ft), but 
includes some medium beds. Tuffaceous rock shows major lithologic 
changes in distinct medium to very thick (30-ft) heds, commonly as thick 
as 15 ft, and some beds contain distinct very thin to thin interbeds. Tuf- 
faceous rock is generally interbedded with tuff and other materials. 

Parting: Present on some bedding planes, mostly between fine- and coarse- 
grained materials and between beds of tuff or tuffaceous rock. Absent 
within heds. 

Fracture: In conglomerate, mostly absent, but present in places at mod- 
erate to very wide (10-ft) spacing and lined by a resistant mineral that 
produces firm rock along fractures. In sandstone, clayey rock, tuffaceous 
rock, and tuff, spacing in fresh rock is moderate to wide, some very wide 
(as much as 20 ft), indistinct in places; where weathered, fracture in many 
places becomes close to very close, commonly parallel to surfaces of 
exposure (scaling). 

Permeability: Conglomerate and interbedded sandstone are generally 
clayey, producing low to very low intergranular permeability, but some 
have clean sand matrix resulting in moderate to high values. Intergranular 
permeability of clayey rock is very low, some siltstone possibly low; tuff 
mostly low, ranging from very low to moderate; most tuffaceous rock 
very low to low, but as much as 25 percent is well sorted and has mod- 
erate and, less commonly, high values. The permeable materials are gen- 
erally partly clay clogged in shallow rock, probably clay free below 
shallow rock. Thus, bedrock has largely low to very low intergranular 
permeability, hut some shallow rock and some to much bedrock below 
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shallow rock has moderate to high values. Probably much mantle mod- 
erate, much low to very low 

Weathering: In conglomerate and sandstone, weathering extends deeper 
than 12 ft, possibly as deep as 30 ft Clayey rock and tuff are generally 
weathered to depths of only 1-5 ft Some tuffaceous rock is imperme- 
able and shallowly weathered, other is permeable and weathered along 
pores to considerable depth, although insides of pumice fragments re- 
main fresh 

Surficial mantle: Granular to clayey, probably much of each 
Expansivity: Most bedrock is unexpansive, but some of unit (much of 

mudstone and claystone) is expansive, some claystone severely so, and 
minor clayey sandstone near tuff i s  expansive Most mantle is 
unexpansive, but some to much, especially on mudstone and claystone, 
is  expansive, some of this severely so Bedrock samples K l ,  claystone, 
free swell 91 percent, GE2A, red claystone, appears uncommonly ex- 
pansive, free swell 57 percent, GE2B, white-weathering sandy claystone, 
free swell 58 percent, MWS6, clayey sand matrix of conglomerate, near 
tuff, free swell 82 percent, MWS12, tuffaceous sandstone, mildly cracked 
where weathered, not typical, free swell 45 percent, J4, silty mudstone, 
free swell 55 percent Surficial mantle samples K2, soil on conglom- 
erate, free swell 33 percent, SN1, dark clayey soil, free swell 40 per- 
cent, MWS3, soil over tuffaceous facies, typical, free swell 49 percent, 
K3, dark clayey soil, free swell 50 percent 

Stratigraphic thickness: At least 300 ft (Weaver, 1949), possibly 3,000 
ft (Cardwell, 1958) 

Sources: Blake and others, 1971, Cardwell, 1958, 1965, Fox, 1983, Kunkel 
and Upson, 1960, McLaughlin, 1978, Weaver, 1949, 25 stations 

MAP UNIT 124 

Geologic unit, (age), and location: Tehama Formation (T), including 
Putah Tuff Member, only north and west of Montezuma Hills. 

Summary: Most is soft to firm conglomerate, sandstone, and sandy clay- 
stone; less abundant siltstone, mudstone, and water-laid tuff. In places, 
conglomerate is cemented hard or firm. Unit is characterized by strong 
permeability contrasts; moderate and high permeability materials make 
up 25-50 percent of unit. Much mantle is severely expansive. 

Composition: Most is conglomerate, sandstone, and sandy claystone grad- 
ing to clay-saturated sandstone; less abundant siltstone, mudstone, and 
water-laid pumiceous tuff. Conglomerate consists of well-rounded, hard 
pebbles and cobbles as much as 6 in. in diameter, but mostly less than 
2-3 in., in matrix of poorly sorted sand that has variable clay coatings 
and clogging. Matrix of clay-free conglomerate is soft to loose, of clay- 
saturated conglomerate soft to firm. Where clay is absent or occurs only 
as coatings, permeability of conglomerate is high; where clay largely 
clogs pores, permeability is moderate, in places low. Conglomerate se- 
quences commonly include sandstone beds and crossbeds. Some con- 
glomerate is calcite cemented, at least in northern part of area, near Putah 
Creek. 

Sandstone is mostly well sorted and largely medium to coarse grained, 
ranging from fine to very coarse grained. Some sandstone is clean and 
porous and has minor clay coatings, some is saturated by clay and silt. 
Stringers of pea gravel occur locally in sandstone. Sandy claystone and 
clayey fine sandstone have effectively the same properties and are abun- 
dant constituents. Siltstone and mudstone are less abundant, in places 
gradational to fine sandstone, and in places tuffaceous. Pumiceous tuff 
(Putah Tuff Member of Tehama Formation) is water-laid tuff of well- 
sorted, well-rounded, firm pumice clasts, mostly coarse-sand size or 
larger, in places as large as 1.5 in. in diameter. Pores are clay coated in 
places. 

Proportions vary. North of Vacaville, exposures show conglomerate 
and sandy claystone about equally abundant, and minor clean sandstone 
and tuff. From Vacaville south, clean sandstone is an abundant constitu- 
ent along with conglomerate and sandy claystone. Mudstone, siltstone, 
and tuff are minor. 

Hardness: Conglomerate is soft to firm with hard clasts, but hard or firm 
where calcite cemented. Sandstone is soft to firm. Sandy claystone and 
clayey sandstone have firm pieces, but close to very close fracture pro- 
duces a soft rock mass Tuff, siltstone, and mudstone are firm 

Bedding: Major compositional changes occur in very thick beds, com- 
monly 15-50 ft, but as thick as 100 ft  Within conglomerate sequences, 
sandstone and conglomerate are commonly bedded and crossbedded in 
thin to thick beds Most sandstone is internally laminated and cross l a m -  
nated Tuff occurs in a few 3- to 10-ft beds that are internally thinly to 
very thinly bedded and crossbedded Hard calcite-cemented zones in con- 
glomerate are irregular and generally range from thick to 5 ft, but may 
be as thick as 15 ft or more See sections by Thomasson and others 
(1 960) 

Parting: Present at bedding contacts between major compositions (15-50 
ft) Absent on bedding within conglomerate intervals and within sand- 
stone and tuff beds Absent in sandy claystone 

Fracture: Conglomerate is unfractured except where calcite cemented, in 
which case spacing is 5-10 ft Sandstone where soft is generally 
unfractured, where firm generally has moderate to wide spacing Sandy 
claystone, siltstone, and mudstone have close to very close spacing of 
weathering fracture Tuff is fractured mostly at wide to very wide (6-ft) 
spacing, but spacing ranges from moderate to 20 ft 

Permeability: Intergranular permeability of clean conglomerate, clean 
sandstone, and tuff is high, although some tuff may be moderate; clay- 
clogged conglomerate and sandstone moderate to low; sandy claystone, 
clayey sandstone, and mudstone very low to low; siltstone low. Notable 
contrast in permeability within unit: materials of moderate and high in- 
tergranular permeability make up 25-50 percent of bedrock, the remain- 
der low to very low. Much mantle moderate, much very low to low. 

Weathering: All exposures appear entirely weathered, one to a depth of 
more than 100 ft. 

Surficial mantle: Granular to clayey, much of each. Claystone produces 
an expansive clayey soil or subsoil, sandstone a granular soil. Many soils 
are stony, owing to lag deposit of pebbles and cobbles. 

Expansivity: Bedrock is largely unexpansive, but mudstone (minor) is 
expansive and sandy claystone (some to much of unit) is probably ex- 
pansive. Most clayey mantle (much of unit) is severely expansive. 
Samples: E l ,  silty mudstone, free swell 79 percent; MV23, clay soil on 
sandy claystone, free swell 120 percent; DN2, sandy clay soil on sand- 
stone, free swell 105 percent (exaggerated?); E4, soil on mudstone, free 
swell 102 percent; DN6, sandy clay subsoil on sandy claystone, free swell 
87 percent. 

Sources: Anderson and Russell, 1939; Olmsted and Davis, 1961; Sarna- 
Wojcicki, 1971, 1976; Sims and others, 1973; Thomasson and others, 
1960; Weaver. 1949; 15 stations. 

MAP UNIT 125 

Geologic unit, (age), and location: Tehama Formation (T), only in gen- 
eral vicinity of Mount Diablo (equivalent to Wolfskill Formation of 
former usage as used by Brabb and others, 1971). 

Summary: Most to almost all is clayey sandstone and sandy mudstone, 
but includes some clean sandstone and conglomerate of moderate to high 
permeability. Anomalous compositions similar to unit 352 underlie re- 
sistant topography in places near Antioch. Materials are largely firm to 
soft, but local tuffaceous rock and cemented rock are quite firm to hard. 
Much bedrock and most mantle are severely expansive. 

Expression in aerial photographs: Most is soft topography that lacks ribs, 
dark-toned in places. Local hard topography and resistant intermediate 
topography represent either clean sandstone and conglomerate or mate- 
rials similar to unit 352. 

Composition: Unit generally consists mostly of: (1) clayey sandstone of 
low permeability, saturated to nearly saturated by clay, ranging from fine 
to coarse grained, mostly medium grained; and (2) sandy mudstone and 
claystone. Unit includes variable amounts of (3) clean sandstone, 
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medium to coarse grained, well to moderately well sorted, some having 
pebbly stringers, and (4) conglomerate of pebbles and some cobbles as 
much as 6 in in diameter, mostly 2-3 in , in matrix of moderately sorted 
medium-grained to very coarse grained sand that is clean where fresh 
but variably clay clogged where weathered Local minor constituents 
include (5) calcite-cemented sandstone and conglomerate and (6) quite 
firm tuffaceous and pumiceous sandstone that grades to pumiceous con- 
glomerate (reworked lapilli tuff) Unit includes local compositions similar 
to nnit 352 (7) blue sandstone, mostly coarse grained, well to moder- 
ately well sorted, having blue grain coatings (see unit 400), and (8) all 
gradations from clayey very fine sandstone to siltstone to fine sandy 
claystone 

In most places, clayey sandstone and sandy mudstone constitute more 
than 75 percent o t  unit, but in resistant topography more than half of 
unit may be clean sandstone and conglomerate Materials similar to unit 
352 are abundant locally 

Hardness: Mudstone is firm, clayey sandstone firm to possibly soft when 
dry, soft when wet, clean sandstone and conglomerate soft, all where 
both fresh and weathered Local materials similar to unit 352 are firm 
and some quite tough, all have been ripped where fracture spacing is wide 
or less Local tuffaceous and pumiceous sandstone is quite firm Local 
calcite-cemented sandstone and conglomerate are firm to hard 

edding: Beds of contrasting compositions are distinct to indistinct, thick 
to very thick (mostly 5-25 ft), in many places lenticular and irregular, 
some clayey materials are unbedded or indistinctly bedded over hundreds 
of feet of section Beds of clean materials have thin to thick internal 
bedding Cemented beds are as thick as 4 ft 

Parting: Parting is present on some bedding planes, but absent on most 
bedding planes and within beds In local compositions similar to unit 352, 
ripping has opened parting on some beds but not on others 

racture: Mudstone has very close to close, some moderate, spacing of 
weathering fracture, clayey sandstone has close to moderate spacing of 
weathering(?) fracture, in clean sandstone and conglomerate, fracture is 
absent to occasional Calcite-cemented rock has moderate to wide, some 
as much as 4-ft, spacing Materials similar to unit 352 have moderate 
and some wide spacing, but clayey interbeds have superimposed close 
to very close spacing of weathering fracture Local quite firm tuffaceous 
rock has moderate to wide spacing 

Permeability: Intergranular permeability of sandy mudstone very low, 
clayey sandstone low, clean sandstone moderate to high (high where 
coarse grained), conglomerate high at depth, but in shallow rock clay 
clogging results in mostly moderate permeability, although range is low 
to high Compositions similar to unit 352 have interbedded moderate to 
high (sandstone) and low to very low (clayey rock) intergranular per- 
meability Thus, intergranular permeability of most to almost all bed- 
rock is very low to low, but some, locally abundant, is moderate to high 
Most to almost all surficial mantle very low, some to moderate 

Weathering: Variable depth One observation of all compositions weath- 
ered to depth greater than 12 ft 

Surficial mantle: Most to almost all is clayey, some granular 
Expansivity: Most to almost all bedrock is expansive, much severely ex- 

pansive (mudstone and claystone) Most to almost all surficial mantle is 
severely expansive Bedrock samples HBISA, moderately cracked clay- 
stone, free swell 120 percent, AS7A, weathered clay-saturated sandstone, 
abundant constituent, free swell 70 percent (exaggerated), HB13, weath- 
ered sandy mudstone, abundant constituent, free swell 96 percent (ex- 
aggerated), HB10, weathered sandy mudstone, typical, free swell 135 
percent, AS7B, sandy claystone, abundant constituent, free swell 121 
percent, HB4A, sandy claystone, free swell 134 percent 

Surficial mantle samples HB4B, mildly cracked sandy clay soil, typi- 
cal, free swell 91 percent, PC16, mildly cracked dark sandy clay soil, 
typical, free swell 120 percent, HB14, mildly cracked dark sandy clay 
soil, typical, free swell 101 percent, HB15B. dark sandy clay soil on 
claystone, free swell 120 percent, A S H ,  well-cracked, black, popcorn 
clay soil on rock similar to unit 352, free swell 131 percent, BHS19, dark 

sandy clay soil, typical, free swell 101 percent; ASS, uncracked brown 
clayey sand soil on ridgetop, substantial constituent, free swell 99 per- 
cent (exaggerated). 

Stratigraphic thickness: About 300-500 ft (Snow, 1957; Briggs, 1953a; 
Reiche, 1950); 500-1,000 ft (Brabb and others, 1971). 

Sources: Brabb and others, 1971; Briggs, 1953a; Reiche, 1950; Snow, 
1957; J.R. Wagner, written and oral commun., 1973; Wagner, 1978; 15 
stations. 

AP UNIT 126 

Geologic unit, (age), and location: Oro Loma Formation of Briggs 
(1953a) (T), east of Livermore Valley. 

Summary: Probably largely mudstone and clayey sandstone, some clean 
sandstone and associated conglomerate Minor hard beds to thick Clean 
sandstone and conglomerate have moderate permeability Much bedrock 
and most mantle are severely expansive 

Expression in aerial photographs: Subdued intermediate to soft topog- 
raphy, distinctly smoother than adjacent unit 400 

Composition: (1) Mudstone, clayey to silty and sandy, clay is montmo- 
rillonitic (Reiche, 1950) (2) Clayey, high-matrix sandstone, well sorted 
to poorly sorted, fine to medium grained (3) Clean, well-sorted sand- 
stone, fine to coarse grained, some pebbly (4) Conglomerate of pebbles 
and some cobbles (as large as 6 in in diameter, mostly less than 3 in ), 
in places includes boulders of Cretaceous sandstone concretions, gener- 
ally has poorly sorted but clean sandstone matrix (5) Calcite-cemented 
sandstone, conglomerate, and concretions as large as 18 in in diameter 
(6) Quite firm to hard tuffaceous rock 

Unit is probably largely mudstone and clayey sandstone, some clean 
sandstone and conglomerate, minor hard to quite firm calcite-cemented 
sandstone and tuffaceous rock Reiche (1950), from good evidence, re- 
ported dominant lithology of silty and clayey, very fine to medium- 
grained sandstone, soft and "firm-friable," that grades erratically to 
sandstone or sandy and silty claystone; conglomerate and coarse sand- 
stone minor, sporadic cemented rock 

Hardness: Clayey rock is firm when dry, soft and sticky when wet, but 
much high-matrix sandstone is firm wet or dry, clean sandstone and 
conglomerate soft, calcite-cemented rock hard, tuffaceous rock quite firm 
to hard, pebbles and cobbles in conglomerate hard to firm, boulders hard, 
these values for both weathered and fresh rock. No blasting required for 
aqueduct (Reiche, 1950). 

Bedding: Distinct to indistinct, medium to very thick (as much as 100-ft) 
beds; most are highly irregular and discontinuous (Reiche, 1950). Inter- 
vals of clean compositions are mostly distinctly bedded in medium to 
15-ft beds, many of which (clean sandstone) may be internally indis- 
tinctly bedded and crossbedded. Intervals of clayey rock are commonly 
10-100 ft thick; beds and zones of hard rock to thick. Conglomerate is 
generally 3-5 ft thick, in lenticular bodies (channel fills) that are 10-20 
ft in width (Reiche, 1950); to the south (probably beyond map area), 
conglomerate lenses are as thick as several hundred feet (Anderson and 
Pack, 1915). 

Parting: Absent in most of nnit. Present on distinct bedding planes in 
intervals of clean sandstone at spacing of wide to 15 ft. 

Fracture: Mudstone has close to very close spacing of weathering frac- 
ture, firm, clayey, high-matrix sandstone has close to moderate spacing, 
clean sandstone and conglomerate have no fracture or indistinct fracture 
at close to moderate spacing, calcite-cemented sandstone and tuffaceous 
rock have largely moderate spacing, locally to very wide (5 ft) 

Permeability: Intergranular permeability of mudstone very low, clayey 
sandstone mostly low, some very low; clean sandstone mostly moder- 
ate, minor high; conglomerate mostly moderate; calcite-cemented rock 
and tuffaceous rock very low to low. Thus, intergranular permeability 
of bedrock is largely low and very low, but some (one-eighth to one- 
fourth?) is moderate to locally high. Reiche (1950) reported local aqui- 
fers. Surficial mantle largely very low, some to moderate. 
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Weathering: No observations. Most rock weathered deeper than cuts. 
Surficial mantle: Largely clayey, some granular. 
Expansivity: Much bedrock severely expansive (mudstone), much prob- 

ably significantly expansive (clayey sandstone, compare sample AS7A 
of unit 125), some unexpansive Most mantle severely expansive Bed- 
rock samples MDW21 A, popcorn-weathering mudstone, free swell 118 
percent, and MDW22, popcorn-weathering mudstone, free swell 120 
percent, botb locally substantial constituents, MDW21B, mildly cracked 
mudstone, typical of most mudstone in unit, free swell 100 percent, 
MDW5, sandy claystone, abundant constituent, free swell 145 percent 
Surficial mantle samples MDW4, clayey soil, free swell 99 percent, 
MDW6, clayey soil, free swell 120 percent, MDW20, dark sandy clay 
soil, typical, free swell 107 percent, BHY3, dark clay soil, free swell 
130 percent 

Stratigraphic thickness: 450-500 ft (Reiche, 1950, Snow, 1957), 300 ft 
maximum in Ortigalita Peak 15' quadrangle south of map area (Briggs, 
1953a). 

Sources: Anderson and Pack, 1915; Briggs, 1953a; Reiche, 1950; Snow, 
1957; eight stations. 

MAP UNIT 127 

Geologic unit, (age), and location: Purisima Formation (T), near Pajaro 
River at southern end of Santa Cruz Mountains 

Summary: Consists of about equal proportions of (1) soft, clean sandstone 
and conglomerate of moderate and some high permeability and (2) firm 
clayey sandstone, mudstone, and shale of low to very low permeability 
Some severely expansive bedrock and surficial mantle Depositional 
environment is marine toward base, continental toward top. 

Expression in aerial photographs: Largely intermediate topography, but 
some hard topography and some areas of soft topography. Topographic 
contrast is accompanied by tonal banding in many places: light-toned 
resistant bands 5-50 ft in width, one as wide as 500 ft, among dominant, 
dark-toned, less resistant bands Some beds as thick as tens of feet form 
ledges and walls or prominent outcrops 

Composition: (1) Clayey rock clay-saturated to partially clay-saturated 
fine-grained sandstone, mudstone and some shale, fine sandy mudstone, 
and silty and clayey fine sandstone; all substantial constituents. Some 
mudstone and shale are exceedingly fine grained (Krauskopf and oth- 
ers, 1939) and plastic (Allen, 1946) (2) Clean rock clean, well-sorted 
to locally moderately well sorted, fine- to coarse-grained sandstone and 
clean to clay-clogged conglomerate Sandstone and matrix of conglom- 
erate are largely fine and medium grained Conglomerate consists largely 
of pebbles, some cobbles that are mostly less than 3 in in diameter, and 
locally boulders at base Unit also includes minor fossiliferous calcite- 
cemented rock, ash beds (Geological Society of Sacramento, 1959), hg- 
nite (Tahaferro, 1948), and spheroidal concretions cemented by 
manganese oxide (Geological Society of Sacramento, 1959) Unit con- 
sists of about equally abundant clean and clayey rock. 

Hardness: Clean rock .is largely soft where fresh and weathered, some 
firm; clayey rock firm where fresh and weathered; calcite-cemented rock 
hard; concretions probably hard to firm. 

Bedding: Clean and clayey rocks are generally interbedded in very thick 
intervals (most 10-50 ft), but some interbedding at thick. Very thin to 
medium, distinct bedding within much clayey sandstone, but absent in 
most clayey rock. Medium to u, distinct to indistinct bedding within 
much of clean rock, and many clean sandstone beds are indistinctly lami- 
nated. Calcite-cemented rock medium to thick; lignite and ash probably 
to medium. One reported "bed" of massive fine sandstone at base of unit 
is about 1,500 ft tbick. See sections by Allen (1946). 

Parting: Mostly absent. Present at contacts between clean and clayey rock, 
which generally have very wide (10- to 50-ft) spacing. Also present in 
shale at close to very close spacing, in much of clayey sandstone at close 
to moderate spacing, and in much of clean sandstone at moderate to wide 
spacing. 

Fracture: Clean sandstone and conglomerate have moderate to wide spac- 
ing, some as wide as 6 ft, clayey sandstone has original moderate to y.& 
spacing and much has additional weathering fracture at close to moder- 
ate spacing, mudstone and shale have close to very close spacing of 
weathering fracture, hard cemented beds have wide spacing 

Permeability: Intergranular permeability of clean rock mostly moderate, 
some high, clayey rock low to very low, some or more of each On the 
whole, intergranular permeability of bedrock is about one-third moder- 
ate, one-third low, one-third very low, and possibly one-tenth to one- 
twentieth high Mantle probably largely moderate, some low to very low 

Weathering: Clean rock weathered to depths greater than 30 ft, clayey 
rock to depths greater tban 5 ft 

Surficial mantle: Probably largely granular, some clayey 
Expansivity: Some bedrock is severely expansive (mudstone and shale), 

some possibly significantly expansive (clayey sandstone), much to most 
unexpansive Some mantle severely expansive, some significantly expan- 
sive, probably most unexpansive Bedrock samples CTT11, mildly 
cracked weathered shale, free swell 91 percent, CTT5, moderately 
cracked sandy mudstone, free swell 119 percent Surficial mantle 
samples CTT10, dark sandy clay soil, free swell 67 percent, CTT2, 
moderately cracked dark silty and sandy clay subsoil, free swell 101 
percent 

Stratigraphic thickness: About 7,000 ft (Micbelin, 1943), nearly 10,000 
ft (Allen, 1946) 

Sources: Allen, 1946, California State Water Resources Board, 1955, 
Geological Society of Sacramento, 1959, Jones, 1911, Krauskopf and 
others, 1939, Michelin, 1943, Tahaterro, 1948, 13 stations 

MAP UNIT 128 

Geologic unit, (age), and location: Mulholland Formation of Ham (1952), 
upper part (T), in the East Bay Hills east of Oakland. 

Summary: Interbedded sandstone, conglomerate, and variably silty mud- 
stone; probably largely sandstone and conglomerate, but includes some 
or more mudstone. Rock is mostly firm, low permeability. Some bed- 
rock and probably most mantle are expansive. 

Expression in aerial photographs: Hard topography, regularly ribbed, 
resistant with respect to unit 130 and some of unit 129 Prominently 
banded by light-toned resistant zones against dark-toned nonresistant 
zones Light-toned resistant bands range from less than 10 ft to 100 ft 
in width, mostly less than 50 ft, dark-toned bands are 10-200 ft in width, 
mostly less than 100 ft 

Composition: Interbedded sandstone, conglomerate, and variably silty 
mudstone; most of unit is probably sandstone and conglomerate, but some 
or more is mudstone. Sandstone varies from fine to coarse grained, well 
to moderately well sorted, and has silt and clay matrix filling to nearly 
filling pores. Conglomerate consists of hard pebbles and cobbles that are 
mostly less tban 2 in. in diameter, but as much as 6 in. and many greater 
than 3 in., in poorly sorted matrix of silty and clayey sand similar to the 
sandstone. Mudstone varies in silt content from nearly claystone to silt- 
stone. Unit includes hard calcite-cemented concretions to large or greater, 
and minor limestone, tuff, and bentonite. 

Hardness: Most is firm botb where weathered and fresh, some soft where 
weathered Some sandstone quite firm, cobbles and pebbles in conglom- 
erate hard, concretions and limestone hard 

Bedding: Beds are mostly distinct, some indistinct, medium to very thick 
(commonly as tbick as 10 ft, some as tbick as 30 ft or more), some in- 
tervals of a given composition are as thick as 100 ft interrupted by a few 
medium to thick beds of different composition. Some contacts are dis- 
tinct and sharp, others gradational and indistinct. Many sandstone beds 
grade upward from a massive base to laminated and parted flaky sand- 
stone. Bentonite and tuff beds to medium, persistent. See section by 
Radbruch and Weiler (1963). 

Parting: Present on some distinct bedding planes; at close to moderate 
spacing on internal lamination in some sandstone (in upper part of very 
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thick beds), and crude to good parting in most mudstone Radbruch and 
Weiler (1963) explained lack of bedding-plane landslides by the fact that 
many contacts are gradational and most distinct contacts are irregular 

Fracture: Conglomerate is unfractured to occasionally fractured, sandstone 
where parted has close to moderate spacing, where massive (unparted 
and unlarninated) moderate to wide, some very wide (4-ft), spacing, mud- 
stone has close to very close spacing Spheroidal weathering fracture in 
fine-grained silty sandstone and in mudstone Much sandstone flakes 
where weathered. 

Permeability: In shallow bedrock, sandstone and conglomerate have 
mostly low intergranular permeability owing to clogged pores, hut some 
sandstone and conglomerate moderate, and mudstone yerv l o x  to low, 
below shallow rock, probably much sandstone and conglomerate mod- 
erate, mudstone low to very low Thus, most shallow bedrock low, some 
moderate, some very low; below shallow rock, probably some to much 
moderate, some low, some very low Probably most mantle low to very 
low, some moderate 

Weathering: Variable, depending on composition Some beds fresh at 
depth of 5 ft, others weathered to depth of 20 ft Most is weathered to 
depths of 10-20 ft 

Surficial mantle: Probably most is clayey, some granular 
Expansivity: Probably most bedrock is unexpansive, but some or more is 

significantly expansive (mudstone), and minor is severely expansive 
(bentonite) Probably most mantle is expansive, much severely expan- 
sive Bedrock sample OE23, mildly cracked mudstone, free swell 75 
percent Surficial mantle samples OE25, moderately cracked clay soil, 
free swell 128 percent, LTR7A, moderately cracked clay soil, most ex- 
pansive material at this station, free swell 119 percent, LTR7B, clay soil, 
probably typical, free swell 79 percent 

Sources: Case, 1963, Ham, 1952, Lawson, 1914, Radbruch, 1969, 
Radbruch and Case, 1967, Radbruch and Weiler, 1963, J R Wagner, 
written commun , 1973, Wagner, 1978, six stations 

MAP UNIT 129 

Geologic unit, (age), and location: Mulholland Formation of Ham (1952). 
lower part (T), in the East Bay Hills east of Oakland. 

Summary: Largely interbedded firm sandstone and mudstone, but locally 
almost all sandstone beds are hard and as thick as 20 ft In many places 
unit is bedded in medium to 10-ft beds, about equal parts sandstone and 
mudstone, but in other places swale topography suggests mudstone as 
thick as hundreds of feet Some to much bedrock and most mantle are 
expansive. 

Expression in aerial photographs: Distinctly banded in resistant, light- 
toned bands 10-20 ft in width between nonresistant dark-toned bands as 
wide as 100 ft. 

Composition: Interbedded sandstone and mudstone; minor persistent heds 
of limestone, tuff, and bentonite. Sandstone and mudstone generally 
occur in about equal proportions, but in places, especially to south near 
Cull Canyon, swale topography suggests dominantly mudstone intervals 
as thick as a few hundred feet, and locally sandstone dominates Sand- 
stone is mostly medium grained, ranging from fine grained to very coarse 
grained, and has minor pebbly beds in which pebbles are mostly less than 
0 5 i n ,  but as much as 2 i n ,  in diameter About one-third of sandstone 
is well sorted, has interstices partly filled by clay and silt, and has mod- 
erate permeability, remainder consists of moderately sorted sand in silt 
and clay matrix, has low permeability, and flakes where weathered Sand- 
stone generally contains minor to some calcite-cemented concretions and 
beds, but to south near Cull Canyon almost all beds are cemented by 
calcite Mudstone in places is fissile (shale), is variably silty and fine 
sandy (grades to siltstone), and locally (near Cull Canyon) is calcare- 
ous Clay beds suitable for brickmaking are as thick as 75 ft (Lawson, 
1914) 

Hardness: Sandstone is mostly firm where fresh and weathered, but some 
is soft where weathered and minor to some is cemented by calcite and 

hard. Mudstone has firm pieces where fresh and weathered, except where 
calcareous (as near Cull Canyon), in which case pieces are hard. Lime- 
stone is hard 

Bedding: Distinct to indistinct Includes prominently bedded sandstone and 
mudstone in thin to very thick (20-ft) beds (largely medium to thick but 
some very thick), but also includes very thick (as much as 25-ft or more, 
probably as much as 100-ft or more) intervals of mudstone Most of rock 
(about 70 percent) is bedded at medium to 10 ft Many sandstone beds 
are laminated and cross laminated Hard cemented sandstone generally 
occurs in beds and concretions to thick, some concretions as large as 5 
ft in diameter, but to south near Cull Canyon almost all sandstone is 
cemented in beds as thick as 20 ft Persistent bentonite and tuff heds to 
medium. 

Parting: Present at distinct bedding planes, which have moderate to very 
wide (10-ft) spacing, and within thin to medium mudstone beds at 
to very close spacing. Present within some to much very thick mudstone. 
Present in some sandstone on lamination, and in some very thick sand- 
stone at close to wide spacing in upper part of beds In summary, dis- 
tinctly bedded parts of unit have good parting, indistinctly bedded parts 
have less consistent parting, we estimate that good parting is present in 
about half of unit Radbruch and Weiler (1963) explained lack of bed- 
ding-plane landslides by the fact that many contacts are gradational and 
most distinct contacts are irregular 

Fracture: Sandstone in thin to medium heds is generally fractured at close 
to moderate spacing, some wide, about perpendicular to beds, in thick 
to very thick beds, spacing is mostly wide to 6 ft, often having superim- 
posed moderate weathering fracture. Near Cull Canyon, many hard sand- 
stone beds are fractured at spacing greater than bed thickness. 
Concretions in sandstone as large as 5 ft are unfractured, but some are 
fractured at moderate spacing. Mudstone is fractured at close to very 
close spacing. 

Permeability: In shallow bedrock, intergranular permeability of sandstone 
is largely low, some (about one-third) moderate; below shallow rock, 
probably much sandstone moderate. Mudstone has very low intergranu- 
lar permeability, but some has low fracture permeability in shallow rock. 
Thus, much to most shallow bedrock low, some moderate, some to much 
very low; below shallow rock some to possibly much moderate, some 
low, much very low Most mantle very low to low, some moderate. 

Weathering: Most sandstone is weathered or partially weathered to depth 
of 30 ft, some to depth of more than 50 ft, some well weathered to depth 
of only 10 ft. Mudstone weathered to depths of 5-10 ft 

Surficial mantle: Largely clayey, some granular. 
Expansivity: Some to much bedrock is expansive (mudstone), some se- 

verely expansive. Most mantle significantly expansive, some severely 
expansive. Bedrock samples: LTR18A, claystone, free swell 70 percent; 
LTR5, mildly cracked mudstone, constitutes some of unit, free swell 135 
percent. Surficial mantle samples: LTR3A, uncracked to mildly cracked 
clayey soil, typical, free swell 65 percent; LTR18B, mildly cracked silty 
soil, typical, free swell 77 percent; LTR3B, sandy clay colluvium, most 
expansive mantle seen in unit, free swell 129 percent. 

Sources: Case, 1963; Ham, 1952; Lawson, 1914; Radbruch, 1969; 
Radbruch and Case, 1967; Radbruch and Weiler, 1963; J.R. Wagner, 
written commun., 1973; Wagner, 1978; five stations. 

MAP UNIT 130 

Geologic unit, (age), and  location: Contra Costa Group, undivided (T), 
in most of the East Bay Hills 

Summary: Mudstone, sandstone, and conglomerate, generally firm to soft, 
some to much of each composition, proportions vary in different areas 
Some hard, cemented rock Some bedrock and much to most mantle are 
severely expansive. See unit 13 1. 

Expression in aerial photographs: Variable, from intermediate approach- 
ing hard topography that has distinct, contrasting tonal bands, to sub- 
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dued intermediate approaching soft topography that contains subdued 
bands in gray tones and little ribbing Contrasting bands consist of light- 
toned resistant zones that are generally less than 50 ft wide, but as wide 
as 100 ft, between dark-toned nonresistant zones that are largely 10-100 
ft wide, commonly as wide as 200 ft, and some as wide as 500 ft The 
subdued gray banding probably has similar thicknesses Field observa- 
tions suggest that light-toned resistant bands are sandstone and conglom- 
erate and dark-toned bands are mudstone Uncommonly resistant 
topography in a number of places, as west of Cull Canyon Road, sug- 
gests that some sandstone and conglomerate is quite firm 

Composition: Mudstone, sandstone, and conglomerate in variable propor- 
tions, some to much of each Mudstone, as used here, includes materi- 
als ranging from claystone to sandy claystone to siltstone Sandstone 
ranges from well-sorted rock to poorly sorted silty and clayey rock and 
from fine to very coarse grained, some is glauconitic (Robinson, 1956) 
Sand grains are mostly subangular to subrounded Conglomerate con- 
sists of variably rounded pebbles and cobbles of mostly hard rock that 
are generally less than 3 in in diameter, but some as much as 1 ft in 
diameter, in matrix of poorly sorted silty and clayey sand Matrix in 
conglomerate is commonly sufficiently silty and clayey to have low per- 
meability, but some appears clean enough to have moderate permeabil- 
ity (Page,1950, Kachadoonan, 1956) Some conglomerate and probably 
some sandstone is calcite cemented, and calcite-cemented concretions 
occur in sandstone Unit also includes hard pods and thin beds of lime- 
stone, some cherty, that constitute less than 1 percent of unit, thin seams 
of lignite, and minor tuff Rare basaltic rock occurs both near Lafayette, 
where it is highly vesicular porphyritic basalt that is well weathered near 
the ground surface, and on Rocky Ridge, where it is porphyritic olivine 
diabase intrusive, fresh to the ground surface 

Proportions vary, some areas are largely mudstone and dirty fine sand- 
stone, others largely sandstone and conglomerate At sample locality 
BV30,40 percent is mudstone, 40 percent conglomerate, 20 percent sand- 
stone; at sample locality LTR16, about 50 percent mudstone (sandy clay- 
stone), 45 percent clayey sandstone, 5 percent conglomerate; at sample 
locality LTR17, dominant sandstone and conglomerate; near Orinda 
(Kachadoonan, 1956), 55 percent mudstone, 15 percent sandstone, 30 
percent conglomerate In northeast comer of Hayward 7 5' quadrangle, 
Robinson (1956) reported largely conglomerate and sandstone but oc- 
casional clay and limestone, although exposures are rare and ground 
surface is scarred by landslides (abundant landslides suggest more than 
occasional clayey rock) Thus, unit contains some to much of each ma- 
jor composition. 

Hardness: Mudstone has mostly firm pieces. Sandstone and conglomer- 
ate are largely soft to firm where weathered, probably soft to firm where 
fresh, but some sandstone is firm and some conglomerate and sandstone 
is cemented by calcite and hard. Concretions are hard, as are great ma- 
jority of clasts in conglomerate. Some rock is hardened, largely to firm, 
by iron oxide and clay cement. Limestone is hard, tuff probably firm to 
soft. 

Bedding: Major compositional changes are distinct and mostly very thick 
(5-40 ft, some as much as 80 ft), but some interbedding is medium to 5 
ft. Kachadoorian (1956) cited the following thicknesses: conglomerate 
1-45 ft, mostly 6-8 ft; sandstone 2-15 ft, mostly 7-8 ft; mudstone mostly 
30-35 ft, but as thick as 110 ft; tuff bed 6 ft. Bedding is lenticular. Con- 
glomerate and sandstone in places are internally bedded and crossbedded, 
commonly indistinctly, and mudstone in places is laminated. Limestone 
beds and nodules are thin; lignite beds thin; calcite-cemented conglom- 
erate to thick or more; concretions to medium. Basalt flow near Lafayette 
has maximum thickness of 75 ft. 

Parting: Mostly absent within mudstone, sandstone, and conglomerate. 
Present at some bedding planes, but Radbruch and Weiler (1963) and 
Kachadoorian (1956) reported that many beds are gradational and that, 
where sharp contacts do occur, these are commonly undulatory and ir- 
regular, explaining the paucity of bedding-plane failures in unit of abun- 
dant landslides. 

Fracture: In mudstone, close to very close spacing of weathering frac- 
ture on probably moderate to wide original spacing; in sandstone, mod- 
erate to wide spacing, some scaling where weathered; in conglomerate, 
fracture is commonly absent or at wide or very wide spacing, some at 
moderate spacing. Kachadoorian (1956) reported fairly regular jointing 
at wide spacing. 

Permeability: Intergranular permeability of mudstone is very low to pos- 
sibly low, sandstone and conglomerate largely low, some moderate At 
sample locality BV30, an estimated 10-20 percent of unit has moderate 
intergranular permeability, the remainder low to very low, at sample 
locality LTR16, less than 5 percent of unit has moderate intergranular 
permeability, the remainder low to very low In many places, probably 
more of unit has moderate intergranular permeability than these examples 
suggest Thus, intergranular permeability of shallow bedrock is largely 
low and very low, some moderate, probably some to much moderate 
below shallow bedrock Mantle largely very low to low, some moderate 

Weathering: Sandstone and conglomerate are weathered to depths greater 
than 15 ft Some mudstone fresh at depth of 6 ft 

Surficial mantle: Largely clayey, some granular; much is stony owing to 
pebbles from conglomerate. 

Expansivity: Much bedrock is expansive, some severely expansive (mud- 
stone). Much to most mantle severely expansive, some unexpansive. 
Bedrock samples: LTR16A, gray-green waxy claystone, represents clay 
in much clayey sandstone and mudstone, free swell 99 percent; BV30A, 
popcorn-weathered mudstone, free swell 135 percent. Surficial mantle 
samples: WC1, clayey soil, moderately to well cracked, typical, free 
swell 129 percent; BV30B, moderately cracked clay soil, more expan- 
sive than most, free swell 119 percent; LTR16B. clayey sand soil, typi- 
cal, free swell 90 percent; LTR17, clay subsoil, free swell 110 percent; 
BV34A, dark clay soil, more expansive than most, free swell 102 per- 
cent; BV34B, subsoil, severely cracked, free swell 102 percent. 
Kachadoorian (1956) reported that near Orinda about half of mudstone 
shows evidence of swelling, half shows none, and montmorillonite av- 
erages about 50 percent of clay content. 

Stratigraphic thickness: As much as 6,000 ft (Lawson, 1914). 
Sources: Ham, 1952; Kachadoorian, 1956; Lawson, 1914; Newton, 1948; 

Page, 1950; Radbruch, 1969; Radbruch and Case, 1967; Radbruch and 
Weiler, 1963; Robinson, 1956; Sheehan, 1956; J.R. Wagner, written 
commun., 1973; Wagner, 1978; five stations. 

MAP UNIT 131 

Geologic unit, (age), and location: Contra Costa Group, undivided (T), 
only in area west of San Pablo Reservoir in the East Bay Hills. 

Summary: Interbedded conglomerate, sandstone, siltstone, and mudstone. 
Much mantle and probably some bedrock are severely expansive. See 
unit 130. 

Expression in aerial photographs: Mostly intermediate, some soft, to- 
pography. Much of unit has weak tonal banding. Light-toned bands are 
resistant and 20-30 ft wide, some as wide as 50 ft, two or three as wide 
as 100 ft; dark-toned bands are 20-200 ft wide, mostly less than 100 ft. 

Composition: Interbedded (1) conglomerate, (2) medium-grained to very 
coarse grained sandstone, (3) clayey fine-grained to very fine grained 
sandstone and siltstone, and (4) mudstone; unit contains some of each 
composition. Conglomerate consists of hard rounded pebbles and cobbles 
as much as 8 in. or more in diameter, mostly less than 3 in., in matrix 
of poorly sorted medium-grained to very coarse grained sand that is satu- 
rated to nearly saturated by clay and silt. J.R. Wagner (written commun., 
1973) described lower half of unit as having pebbles as large as 1 in. in 
diameter, in contrast to cobbles as large as 4-5 in. in diameter in upper 
half. Sheehan (1956) reported cobbles in this unit and noted that clast 
size and conglomerate-to-sandstone ratio decrease rapidly to east. Me- 
dium-grained to very coarse grained sandstone is similar to conglomer- 
ate matrix and is associated and interbedded with conglomerate. This 
sandstone in places contains pebble trains, and consists of poorly sorted 
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sand that contains silt and clay to saturation or near saturation Clayey 
fine-grained to very fine grained sandstone and siltstone grade into one 
another and into mudstone Hard calcite-cemented concretions occur in 
places within medium- to coarse-grained sandstone, and some conglom- 
erate beds are partially cemented by calcite Unit also includes minor 
basaltic tuff or tuff breccia near middle of section and basalt flow near 
base 

Hardness: Conglomerate and medium- to coarse-grained sandstone are 
mostly soft to firm where weathered and fresh, but some of these mate- 
rials are anomalously quite firm, especially where partially cemented by 
calcite Dirty fine sandstone, siltstone, and mudstone have firm pieces 
where fresh and weathered and firm to soft weathered rock mass Con- 
cretions are hard, clasts in conglomerate largely hard, some firm 

Bedding: Mostly distinct Major compositional changes are medium to 
very thick (as much as 30  ft  or more, generally more than 5 ft) Bed- 
ding within major compositions is thin to very thick (more than 4 ft), 
distinct in conglomerate sequences, indistinct in dirty sandstone se- 
quences, some sandstone is laminated Much of unit has irregular or len- 
ticular bedding and crossbedding Firm calcite-cemented conglomerate 
occurs in medium to thick zones, hard concretions to medium 

Parting: Largely at contacts between major compositions (moderate to very 
wide spacing, generally more than 5 ft) About half of mudstone has 
crude parting at close spacing 

Fracture: Conglomerate generally has occasional fracture, but some un- 
commonly firm beds have distinct fracture at moderate to 6-ft spacing 
Medium- to coarse-grained sandstone in places has occasional fracture, 
in places vague moderate to wide spacing, in uncommonly firm rock is 
fractured along with adjacent conglomerate at moderate to 6-ft spacing, 
and in places has close to moderate spacing of weathering fracture Dirty 
fine sandstone and siltstone have close to very close spacing of weath- 
ering fracture and much flaking and spheroidal weathering. Mudstone 
has close to very close spacing of weathering fracture. 

Permeability: Intergranular permeability of conglomerate and medium- 
to coarse-grained sandstone is mostly low, some moderate in places, 
locally moderate to high; dirty fine sandstone and siltstone low; mud- 
stone very low. Thus, shallow bedrock has largely low intergranular 
permeability, some very low, some moderate, locally high; below shal- 
low rock probably much moderate, some high. Much mantle moderate, 
much very low to low. 

Weathering: Conglomerate and medium- to coarse-grained sandstone are 
weathered to depths of 25-30 ft; dirty fine sandstone and siltstone have 
partly weathered pieces at 15 ft, mudstone fresh at 15-20 ft 

Surficial mantle: Much granular, much clayey Two principal soils, much 
of each light-colored loam soil, such as sample BV18, over conglomer- 
ate and sandstone and on ndges, and dark clayey soil, such as samples 
R17 and R22 Each type is dominant in places 

Expansivity: Much bedrock may be expansive, some probably severely 
expansive (mudstone, see unit 130) Much mantle severely expansive, 
much significantly expansive to unexpansive Surficial mantle samples 
BV18, loam soil, free swell 56 percent, R17, well-cracked silty clay soil, 
free swell 88 percent, R22, moderately cracked clayey soil, free swell 
98 percent. 

Stratigraphic thickness: About 3,800 ft (inferred from J.R. Wagner, writ- 
ten commun., 1973). 

Sources: Sheehan, 1956; J.R. Wagner, written commun., 1973; Wagner, 
1978: six stations. 

MAP UNIT 132 

Geologic unit, (age), and location: Moraga Formation, clastic member 
(T), in the East Bay Hills. 

Summary: Most is firm sandstone, conglomerate, and mudstone; minor 
tuff and concretions. Similar to unit 133. 

Composition: Includes (1) sandstone, fine to very coarse grained, some 
gritty, all having sufficient clay and silt to produce low permeability; 

(2) conglomerate containing hard cobbles as much as 4 in. or more in 
diameter in low permeability sandstone matrix; and (3) mudstone and 
shale. Proportions vary; some to much of each major constituent. Includes 
less abundant hard grit, consisting of grains of very coarse sand to pea 
size; hard to firm tuff and tuff breccia containing abundant crystals and 
clastic grains of very coarse sand to pea size, hard, elongate, medium 
concretions, minor limestone and lignite, well-cemented rhyolite tuff that 
is tight to porous. and, in places, basaltic flow rock (like unit 233) less 
than 20 ft thick 

Hardness: Where weathered, mostly firm pieces, some soft, probably firm 
where fresh. Minor hard grit, concretions, and limestone. Rhyolite tuff 
largely hard 

Bedding: Major compositional changes are distinct and range from me- 
dium to very thick (generally as much as 30 ft, one conglomerate inter- 
val as thick as 200 ft), mostly very thick Internal bedding mostly 
indistinct and thin to thick Much interbedding of sandstone with mud- 
stone and conglomerate Bedding is lenticular Rhyolitic tuff in very thick 
(10- to 25-ft or more) intervals 

Parting: Present on some to most bedding planes, mostly at very wide 
spacing (greater than 10 ft). Much shale and mudstone have crude part- 
ing at close to very close spacing. 

Fracture: Sandstone has close to moderate spacing; conglomerate 
unfractured; mudstone and shale close to very close spacing; hard grit 
close to wide spacing; tuff close to moderate spacing of weathering frac- 
ture on moderate to wide original spacing. 

Permeability: Intergranular permeability of sandstone, conglomerate, gnt, 
and tuff low, mudstone and shale very low Thus, intergranular penne- 
ability of most bedrock is low to very low, probably minor moderate in 
shallow rock, some moderate below shallow rock Probably most mantle 
low to very low, some moderate 

Weathering: Sandstone is weathered to depths greater than 20 ft, mud- 
stone to 15 ft. 

Surficial mantle: Probably largely clayey, some granular, like unit 133. 
Expansivity: Probably like unit 133: some bedrock severely expansive 

(mudstone), much unexpansive; probably much to most mantle severely 
expansive, some unexpansive. One sample, BV32, clayey soil, free swell 
80 percent. 

Stratigraphic thickness: About 300 ft (J.R. Wagner, written commun., 
1973). 

Sources: Lawson, 1914; Lawson and Palache, 1902; Radbruch, 1969; J.R. 
Wagner, written commun., 1973; Wagner, 1978; two stations. 

MAP UNIT 133 

Geologic unit, (age), and location: Onnda Formation (T), only in the East 
Bay Hills 

Summary: Interbedded firm conglomerate, sandstone, and mudstone, some 
to much of each Radbruch (1969) reported that some beds of cemented 
sandstone and conglomerate may require blasting Some bedrock and 
probably much to most mantle is severely expansive 

Expression in aerial photographs: Nonresistant, subdued topography that 
has prominent to subdued tonal bands 

Composition: Interbedded conglomerate, sandstone, and mudstone that 
grades to siltstone Conglomerate has hard rounded pebbles and cobbles, 
in places as large as 8 in in diameter but mostly less than 6 i n ,  and in 
other places as large as 2 in but mostly less than 1 i n ,  in sandstone 
matrix that is saturated to nearly saturated by clay and silt Page (1950) 
reported that conglomerate generally consists of pebbles, rare cobbles 
Sandstone is of two types (1) relatively clean sandstone of medium to 
coarse grains, some gntty, in many places interbedded with conglomer- 
ate; and (2) dirty fine- to medium-grained silty sandstone that grades to 
siltstone and mudstone. Both types of sandstone generally have low per- 
meability. Page (1950) reported that sandstone is ill sorted and has an- 
gular grains. Mudstone and siltstone intergrade with one another and with 
dirty fine sandstone. In places, conglomerate and relatively clean sand- 
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stone are cemented by calcite; mostly they are only partly cemented and 
firm, but locally they are well cemented and hard, especially sandstone. 
Unit locally includes minor limestone (less than 1 percent of unit), some 
cherty; minor lignite; minor decomposed tuff (Lawson, 1914); and in- 
trusive diabase. 

Proportions are variable: conglomerate is reported to be more abun- 
dant and coarser to the north, fine-grained rock more abundant to the 
south. Conglomerate constitutes from 10 to 60 percent of unit; relatively 
clean sandstone 20-40 percent; mudstone, siltstone, and dirty fine sand- 
stone 40-60 percent or more. Thus, unit includes some to much of each 
major constituent. 

Hardness: Conglomerate and sandstone where fresh are mostly firm, some 
soft, firm to soft where weathered. Some conglomerate and sandstone 
(locally as much as half) is quite firm where partly cemented by calcite, 
and minor is well cemented and hard. Mudstone and siltstone have firm 
pieces where fresh and weathered. Clasts in conglomerate, rare intrusive 
rock, and limestone are bard. 

Bedding: Beds are irregular and lenticular. Generally, intervals of con- 
trasting compositions (that is, conglomerate and associated sandstone 
against interbedded mudstone, siltstone, and dirty fine sandstone) are 
distinct and very thick (5-100 ft or more, most greater than 10 ft); bed- 
ding within these intervals (such as interbedding of mudstone and silt- 
stone) is distinct to indistinct and medium to very thick (4 ft). Hard 
calcite-cemented zones in sandstone and conglomerate are mostly to 
thick. In Broadway tunnel, sandstone beds are reported to be ill defined, 
some crossbedded, and mostly 1-10 ft thick but as much as 65 ft; con- 
glomerate beds mostly 1-10 ft thick. some more than 25 ft; and mud- 
stone massive or indistinctly bedded (Page, 1950). Limestone is reported 
to occur in thin beds and lignite in thin seams. Tuff beds as thick as 
6 ft. 

Parting: Mostly at bedding contacts between contrasting compositions 
(very wide spacing, generally more than 10 ft). Absent in mudstone, al- 
though Radbruch and Weiler (1963) reported much laminated shale (may 
he in adjacent unit). Radbruch and Weiler (1963) also reported tbat many 
beds are gradational and many bedding surfaces are irregular. 

Fracture: Conglomerate has very wide (4 ft) spacing to occasional frac- 
ture; sandstone has moderate to close spacing, and much weathers sphe- 
roidally on moderate spacing; weathered mudstone and siltstone have 
spheroidal weathering on to very close fracture spacing, produc- 
ing verv small to small pieces. For fresh rock in Broadway tunnel, Page 
(1950) reported that mudstone and sandstone are not closely fractured 
and have blocky fracture. 

Permeability: Intergranular permeability of conglomerate and relatively 
clean sandstone is mostly low, minor moderate where pores are not quite 
clogged; dirty sandstone and siltstone low to very low; mudstone very 
low. Springs along fractures and from local intrusive rock suggest local 
fracture permeability. Page (1950) reported that conglomerate conducted 
moderate amounts of water into Broadway tunnel, and so probably some 
or more fresh conglomerate has moderate intergranular permeability. 
Thus, intergranular permeability of most bedrock is low to very low, but 
minor moderate in shallow rock and some moderate below shallow rock. 
Probably most mantle low to very low, some moderate. 

Weathering: Conglomerate and sandstone are weathered to depths of 20- 
30 ft, mudstone to 10 ft. 

Surficial mantle: Probably mostly clayey, some granular. 
Expansivity: Some bedrock is severely expansive (mudstone), much 

unexpansive. For surficial mantle, proportions are difficult; unit includes 
both uncracked to mildly cracked soils and moderately cracked expan- 
sive soils. Probably much to most mantle severely expansive, some 
unexpansive. Bedrock sample: OE26, moderately cracked mudstone, free 
swell 139 percent. Surficial mantle samples: OE4, moderately cracked 
clayey soil, free swell 103 percent; OE27B, moderately cracked sandy 
clay soil, free swell 94 percent; OE27A. mildly cracked clayey subsoil, 
free swell 85 percent. Young (1929) reported only small sections of 
swelling ground in Claremont water tunnel. 

Stratigraphic thickness: About 2,000 ft (J.R. Wagner, written commun., 
1973), 800-1,000 ft (Lawson and Palache, 1902). 

Sources: Ham, 1952; Kachadoorian, 1956; Lawson, 1914; Lawson and 
Palache, 1902; Page, 1950; Radbruch, 1969; Radbruch and Case, 1967; 
Radbruch and Weiler, 1963; J.R. Wagner, written commun., 1973; 
Wagner, 1978; Young, 1929; five stations. 

MAP UNITS 134,284 

Geologic units, (age), and location: Orinda Formation (T) and tuff mem- 
ber of Orinda Formation (T), only in area north of Livermore Valley. 

Summary: Most of unit 134 consists of variably clayey sandstone and 
mudstone, some (locally equally abundant) clean sandstone, and lesser 
conglomerate and tuff Zones of abundant tuff are mapped as unit 284 
Much bedrock and most to almost all mantle are severely expansive in 
both units. 

Expression in aerial photographs: Unit 134 is largely intermediate to- 
pography tbat has some areas of light- and dark-toned banding, other 
areas that lack banding, and several narrow white bands that form ridges 
Light-toned bands and zones of bands are resistant and contrast with 
softer, smooth, dark-toned zones, soft dark-toned zones are probably 
clayey rock, light-toned resistant zones probably clean compositions 
Narrow white bands that form ridges are tuff, principal zones of tuff con- 
stitute unit 284 

Composition: ( I )  Clean sandstone, well sorted, medium to coarse grained, 
some has very coarse grains and small pebbles (2) Clayey sandstone, 
consisting of fine- to medium-grained sand that is mostly well to mod- 
erately sorted, this sandstone is variably clayey, but most is saturated to 
nearly saturated by clay and some has tuffaceous matrix Some sandstone 
is dirty but not clayey (lacks weathering fracture) (3) Mudstone, some 
has minor fissility, some is sandy (4) Tuff, includes both fine ash tuff 
and pumice lapilli tuff that has ash matrix. (5) Conglomerate, associated 
with tuff. In most places, conglomerate consists of pebbles, but some 
includes cobbles as large as 10 in. in diameter, mostly less than 3 in. 
Matrix of conglomerate is well-sorted, medium- to coarse-grained sand- 
stone that has clay clogging. (6) Minor limestone. Some clean sandstone 
and conglomerate, as well as nodules and concretions in mudstone, are 
cemented by calcite. 

Unit 134 consists largely of variably dirty and clayey sandstone and 
mudstone, some (locally equally abundant) clean sandstone, minor to 
some conglomerate, and minor tuff and tuffaceous sandstone Composi- 
tion of soft dark-toned zones on aerial photographs is estimated to be 
about 45 percent mudstone, 45 percent clayey sandstone, and 10 percent 
cleaner sandstone, composition of light-toned resistant zones is about 30 
percent clayey sandstone, 30 percent clean sandstone, 30 percent mud- 
stone, or possibly dominant clean compositions. Much to most of unit 
284 consists of tuff, as described above and for unit 120; the remainder 
consists of unknown proportions of other materials described above. 

Hardness: Dirty and clayey sandstone is firm; clean sandstone soft to firm; 
mudstone &Q to soft; conglomerate soft to firm with hard clasts; tuff 
beds firm to hard, many brittle; tuffaceous sandstone quite firm; calcite- 
cemented sandstone, conglomerate, concretions, and nodules hard. All 
hardnesses are for weathered dry rock, probably same for fresh rock. 

Bedding: Medium to very thick (50-ft or more) beds, many thick to 10 ft, 
variably regular to lenticular and irregular. Mudstone intervals are as 
thick as 50 ft or more; conglomerate in places makes up 80 percent of 
150-ft sections. Distinctness of beds depends upon compositional con- 
trast; some contacts are distinct and provide potential parting, some are 
indistinct and lack potential parting. Mudstone, in places at least, has 
indistinct thin to medium bedding within very thick intervals. Beds and 
zones of calcite-cemented conglomerate and sandstone are thick to 4 ft; 
nodules and concretions to large; limestone beds medium. Tuff beds in 
unit 284 occur in zones of dominant tuff as thick as 50 ft or more, many 
10-50 ft thick (as judged from expression in aerial photographs); tuff beds 
show many distinct internal very thin to thick beds that lack parting 
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potentla1 Most tuff beds In unlt 134 are thlck to 5 ft (Sarna-Wojc~ck~, 
1976) 

Parting: Present on some beddlng planes, mostly wide to 10-ft spacing 
Poorly developed parting In some mudstone In tuff, 11ttIe partlng on 
bedding within tuff, but present at unknown spacmg, probably wlde to 
very w ~ d e  (as much as 15 ft), on contacts between tuff and nontuffaceous 
rock wlthin zones of dom~nant tuff 

Fracture: Mudstone and clayey sandstone have close to very close spac- 
ing of weathenng fracture, clean and silty sandstone have close to w ~ d e ,  
mostly moderate, fracture spacmg Tuff has moderate to 4-ft spacmg, and 
some has addlt~onal weather~ng fracture at close to very close spaclng 
Conglomerate is unfractured Tuffaceous sandstone has moderate to w ~ d e  
or~ginal spacing and close to very close spaclng of weathenng fracture 
Calc~te-cemented sandstone, conglomerate, concretions, and nodules 
generally have moderate to wlde spaclng, some as much as 5 ft 

Permeability: Intergranular permeab111ty of mudstone is very low, clayey 
and d ~ r t y  sandstone low, clean sandstone moderate, conglomerate low 
to moderate, probably largely low, tuff low to very low, tuffaceous sand- 
stone low Thus, Intergranular permeabll~ty of bedrock In both units IS 

largely low to very low, minor to some moderate in shallow rock, prob- 
ably some moderate to h ~ g h  below shallow rock Almost all mantle in 
unlt 134 IS very low, minor to some moderate; most to almost all mantle 
In unlt 284 IS very low, mlnor to some moderate 

Weathering: Mudstone IS weathered to depths less than 8 ft, clean sand- 
stone probably to depths greater than 30 ft 

Surficial mantle: In unit 134, almost all is clayey, mlnor to some granu- 
lar; in unit 284, most to almost all is clayey, minor to some granular. 

Expansivity: In unit 134, much bedrock is severely expansive (mudstone), 
probably most is expansive; almost all mantle is severely expansive. In 
unit 284, probably much bedrock is expansive; probably most to almost 
all mantle is severely expansive. Bedrock samples: D19A, moderately 
cracked mudstone, typ~cal  of much mudstone, free swell 105 percent, 
LV6, well-cracked f ~ n e  sandy mudstone, anomalous but abundant local 
constituent In intervals thicker than 50 ft, free swell 140 percent S U ~ C I ~ I  
mantle 80 percent of mantle In unit 134 IS similar to sample DU2, dark 
sandy clay soil, free swell 113 percent, and sample D20, dark clay ~011, 
free swell 103 percent, 10 percent IS s ~ r n ~ l a r  to sample TJ8, well-cracked 
dark clay s011, free swell 112 percent, and sample D21, moderately 
cracked dark clay s011, free swell 129 percent, and I 0  percent of mantle 
is sandy, l ~ g h t  colored, very mildly cracked Other samples TJl ,  light- 
brown clayey so11 on conglomerate, free swell 80 percent, D2, dark clay 
soil, typical, free swell 108 percent. 

Stratigraphic thickness: Unit 134 about 9,000 ft (Hall, 1958). 
Sources: Hall, 1958; Sarna-Wojcicki, 1971, 1976; Taff, 1935; Vitt, 1936; 

Webb and Woodbume, 1964; Welch, 1964; 12 stations. 

MAP UNIT 140 

Geologic unit, (age), and location: Glen Ellen Formation, tuffaceous 
member (Q and (or) T), in area east of Santa Rosa Valley. 

Summary: Much (probably more than 40 percent) tuff and tuffaceous rock 
interbedded with some conglomerate, some sandstone, and some fine- 
grained clayey rock. See unit 123. 

Composition, hardness, bedding, parting, fracture, and weathering: 
Materials in this unit are identical to those described for unit 123, but 
proportion of tuff and tuffaceous rock IS different 

Permeability: Most shallow bedrock has low to very low mtergranular 
permeabil~ty, some moderate to h~gh;  below shallow rock, some to much 
moderate to h ~ g h  Probably much mantle moderate, much low to very 
low 

Surficial mantle: Granular to clayey, probably much of each 
Expansivity: Most bedrock is unexpansive, but some (much of mudstone 

and claystone and much clayey sandstone near tuff) is expansive, some 
claystone severely so. Much to most mantle is expansive, some of this 
severely expansive. See samples for unit 123. 

Sources: Blake and others, 1971; J.A. Bartow and M.C. Blake, Jr., oral 
commun., 1973; Cardwell, 1958, 1965; Gealey, 1951; Sama-Wojcicki, 
197 I ; several stations. 

MAP UNIT 141 

Geologic unit, (age), and location: Sedimentary deposits (T), near Napa 
and Sonoma Valleys 

Summary: Largely soft sedimentary materials, almost all havlng some 
tuffaceous component, includes conglomerate, sandstone, and silty clay- 
stone Most has low to very low permeab~lity, but unlt contalns some 
mater~als of moderate to high permeab~llty Some severely expansive 
bedrock and mantle See unlts 123 and 140 for more deta~led descr~p- 
tlon of similar materials 

Expression in aerial photographs: Least resistant unlt in Sonoma 
Volcan~cs, generally underl~es low topography 

Composition: Sedimentary materials, almost all of which have some tuf- 
faceous component, Includes mater~als of different character In differ- 
ent areas of exposure. Major compos~tions are: ( I )  Conglomerate of hard 
rounded pebbles and cobbles, mostly less than 3 in. in diameter but as 
large as 1 ft, in matrix of clean to clay-saturated, fine-grained to very 
coarse grained sandstone. (2) Tuffaceous sandstone and tuff, variably 
tight or porous. (3) Silty claystone. Unit consists of some to much of 
each major composit~on; locally includes andesitic or rhyolitic flow rock 
(like units 234 and 218). 

Hardness: Largely soft; some tuff and tuffaceous sandstone is firm. Clasts 
in conglomerate are hard. 

Bedding: Intervals of major compositions are distinct to indistinct and 
mostly very thick (10-30 ft); bedding within these intervals, including 
crossbedding, is medium to very thick (5 ft). In places, sandstone, con- 
glomerate, and claystone are distinctly interbedded in medium to 15-ft, 
generally thick, beds. 

Parting: At some bedding planes, mostly at very wide (10- to 30-ft) spac- 
ing. 

Fracture: Highly variable spacing, ranging from close and moderate in 
claystone and some sandstone, to moderate and wide in some tuff and 
tuffaceous sandstone, to very wide, occasional, or absent in coarse sand- 
stone and conglomerate. In places, fracture is developed only within 1- 
2 ft of ground surface. 

Permeability: Intergranular permeability of most bedrock is low to very 
low, but perhaps one-fourth of shallow bedrock is moderate to locally 
high; generally more moderate and high below shallow bedrock. Most 
mantle low to very low, some moderate. 

Weathering: Permeable materials are weathered to depths of more than 
25 ft, relatively impermeable materials to depths of 4-10 ft; weathered 
beds may underlie unweathered beds, Free clay is produced in many beds 
by weathering, but absent in tight beds. 

Surficial mantle: Largely clayey, some granular. 
Expansivity: Most bedrock is unexpansive; some is severely expansive 

(claystone), particularly in area of exposure near Howell Mountain Road. 
Much to most mantle is unexpansive, but some or more is severely ex- 
pansive, particularly in area of exposure near Howell Mountain Road. 
Bedrock sample: SH5, claystone typical of much of area of exposure 
near Howell Mountain Road, free swell 104 percent. Surficial mantle 
samples: N7, typical clayey soil, free swell 35 percent; SHl6A, clay in 
landslide, free swell 99 percent; SH16B, cracked clay, free swell 54  
percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; 
Johnston, 1948; Kunkel and Upson, 1960; six stations. 

MAP UNIT 150 

Geologic unit, (age), and location: Montezuma Formation (Q), only south 
of San Pablo Bay at north end of the East Bay Hills. 
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Summary: Clayey materials ~nterbedded with some sandstone and con- 
glomerate Largely soft, but some firm matenals Much severely expan- 
sive hedrock and mantle 

Composition: Most consists of clayey material, including mudstone, clay- 
stone, slltstone, and clayey fine-grained sandstone, some to much is 
nonclayey material, including silty fine-grained sandstone, clean me- 
dium- to fine-grained sandstone, and conglomerate Conglomerate con- 
sists of hard and firm clasts rarely as much as 6 In In diameter In matrix 
of vmably s~lty,  medium-grained sandstone A typical exposure might 
show largely clayey matenal, but perhaps 30 percent clean sandstone and 
10 percent conglomerate Includes oyster bed at base of unit In places 

Hardness: Largely soft, some clean sandstone approaches loose, some 
clayey fine sandstone, mudstone, and claystone are firm 

Bedding: Horizontal beds of variable thickness. Major lithologic changes 
are distinct and medium to very thick (30 ft). Within these intervals, bed- 
ding is indist~nct at medium to very thick (6 ft), except clean sandstone 
has Internal thin to very thin crossbedding 

Parting: At some bedding planes, which mostly have wide to very w ~ d e  
(30-ft) spacing, but absent on other bedding planes and withln beds 

Fracture: Largely unfractured Firmer materials are fractured, mudstone 
at close spacing, clayey sandstone In places at moderate to wlde spac- 

ing 
Permeability: Intergranular permeability of claystone, mudstone, and clay- 

saturated sandstone very low, siltstone and partly saturated clayey fine 
sandstone low, clean sandstone mostly moderate, some h ~ g h ,  conglom- 
erate mostly moderate, some low Thus, intergranular permeabil~ty of 
most bedrock is low to very low, some to much moderate to high in hon- 
zontal lnterbeds Most mantle very low to low, some moderate 

Weathering: All exposures are weathered at least on surface of cuts to 
depths greater than I 0  ft 

Surficial mantle: Largely clayey, some granular 
Expansivity: Some to much bedrock is severely expansive (claystone, 

mudstone), some unexpanslve Much mantle severely expanslve, some 
unexpanslve Bedrock samples MIlO, silty claystone, moderately 
cracked, free swell 122 percent, M17B, sandy claystone, free swell 170 
percent, M113, silty claystone, well cracked, free swell 154 percent 
Surficial mantle sample M17A, sandy clay s011, well cracked, free swell 
97 percent Expans~ve claystone and mudstone constltute much of unit 
in places, In other places as 11ttle as 10 percent of exposure 

Sources: J R Wagner, wntten commun , 1973, Wagner, 1978, four sta- 
tlons 

MAP UNIT 151 

Geologic unit, (age), and location: Sedimentary rocks (QT), only along 
Santa Clara Valley margin in the San Jose-Fremont area. 

Summary: Largely clayey rock, including mudstone, siltstone, and clayey 
sandstone; some conglomerate. Most bedrock and mantle is expansive. 

Expression in aerial photographs: Nonresistant intermediate topography. 
Composition: Largely clayey rock, including mudstone, siltstone, and 

clayey sandstone; some conglomerate; minor calcite-cemented rock, es- 
pecially near base. Some clayey sandstone is pebbly. See units 120-122 
for more detailed description of similar materials, 

Hardness: Clayey rock is largely firm to soft where weathered, firm where 
fresh; conglomerate largely soft with hard clasts; cemented rock hard. 

Bedding: Largely distinct, medium to verv thick (3- to IS-ft or more), 
irregular or lenticular beds of conglomerate between similar thicknesses 
of clayey rock. Conglomerate and clayey rock may be internally bed- 
ded, distinctly to ~ndistinctly, at thin to very thick. Hard cemented rock 
in medium to- very thick (5-it) beds. 

Parting: Largely absent; present only at contacts between mudstone and 
conglomerate. 

Fracture: Clayey rock has close to moderate spacing of weathering frac- 
ture; much conglomerate is unfractured; cemented rock probably mod- 
erate to wide. 

Permeability: Most bedrock has low to very low intergranular permeabil- 
lty, some moderate to h ~ g b  (conglomerate) Mantle largely very low 

Weathering: Some mudstone IS fresh at depth of 6 ft, most sandstone and 
conglomerate IS weathered to depths greater than 10 ft 

Surficial mantle: Largely clayey 
Expansivity: Much to most bedrock is severely expansive (mudstone), 

some s~gnificantly expansive (clayey sandstone) Most mantle expanswe, 
much severely so Bedrock samples CVRl,  weathered sandy mudstone, 
typical of about half of bedrock, free swell 108 percent, CVR37, weath- 
ered clayey sandstone, free swell 57 percent Surflcial mantle samples 
CVR38, mlldly cracked sandy clay s011, typical, free swell 75 percent, 
CVR39, black pebbly clay s011, typical, free swell I00 percent Callfor- 
nia Department of Water Resources (1966b) reported fat clay soil (that 
IS, h~gbly plast~c and probably severely expanslve clay s011) that has 
cracks to depth of 30 ft 

Stratigraphic thickness: At least 800 ft 
Sources: Cal~fornia Department of Water Resources, 1966b. 1967, 

Cr~ttenden, 193 I ,  Templeton, 1912, five stations 

MAP UNIT 152 

Geologic unit, (age), and location: Sedimentary rocks (QT), only in hills 
east of the San Jose-Fremont area. 

Summary: Most is mudstone, siltstone, and clayey very fine grained sand- 
stone; some sandstone and conglomerate; minor calcite-cemented rock, 
tuff, and tuffaceous sandstone Near Monument Peak, largely clean con- 
glomerate and sandstone Most bedrock is s ~ g n ~ f ~ c a n t l y  expansive, most 
mantle severely expansive 

Expression in aerial photographs: Largely mtermedlate topography, most 
lacks nbs Near golf course has numerous, prominent, light-toned resis- 
tant bands as wlde as 30 ft against dark-toned bands as w ~ d e  as I00 ft 
On steep slope below Monument Peak, hard to ~ntermediate topography 
shows abundant resistant light-toned bands as wide as 30 ft Interspersed 
with dark-toned bands of about equal or greater w~dth  (generally as much 
as 50 ft) L~ght-toned bands are probably conglomerate and sandstone(?) 
as descnbed in literature 

Composition: Over most of area, most of unit (80 percent) is mudstone, 
siltstone, and clayey very fine grained sandstone; some (20 percent) is 
dirty sandstone and conglomerate; minor hard calcite-cemented sandstone 
and conglomerate. Near Monument Peak, most of unit is conglomerate 
and sandstone, probably more than half conglomerate; in this area, con- 
glomerate has clean, coarse sand matrix and sandstone is - to me- 
dium grained. 

Hardness: Clayey materials are firm where weathered, probably firm 
where fresh. Sandstone and conglomerate are firm to quite firm where 
weathered, probably hard to firm where fresh. Calcite-cemented rock is 
hard. 

Bedding: Largely distinct, medium to very thick (3- to IS-ft or more), 
irregular or lenticular beds of sandstone and conglomerate between simi- 
lar thicknesses of clayey rock; these materials may be internally bed- 
ded, distinctly to indistinctly, at thin to very thick. Hard cemented rock 
in medium to very thick (5-ft) beds. 

Parting: Largely ahsent; present only on contacts between mudstone and 
sandstone or conglomerate. 

Fracture: Most clayey rock has very close to moderate spacing of weath- 
ering fracture. Conglomerate and sandstone (including hard cemented 
rock) have spacing at close to very wide (5 ft), mostly moderate to wide, 
and in places produce coherent blocks as large as 8 ft in diameter. 

Permeability: Intergranular permeability of clayey rock (most of unit) is 
very low to low, sandstone and conglomerate (some of unit) are largely 
low, except near Monument Peak where they constltute most of unlt and 
are probahly moderate to high, calc~te-cemented rock very low to low 
Probably some low fracture permeab~lity In shallow hedrock Most 
mantle very low, except most is probahly moderate near Monument Peak 
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Weathering: Some mudstone is fresh at depth of 6 ft; most sandstone and 
conglomerate is weathered to depths greater than 10 ft 

Surficial mantle: Largely clayey, except most IS probahly granular near 
Monument Peak 

Expansivity: Near Monument Peak, most bedrock and mantle are prob- 
ably unexpanslve Elsewhere, most bedrock IS s~gnlficantly expanslve, 
most mantle severely expansive Bedrock samples CVRlgA, typical 
mudstone, free swell 50 percent, CVRl9B, cracked mudstone, free swell 
70  percent Surf~clal mantle samples CVRS, m~ldly cracked sandy clay 
s011, typical, free swell 100 percent (exaggerated), CVRl9C, moderately 
cracked sandy clay so11 on some of unlt, free swell 85 percent 

Stratigraphic thickness: As much as 2,000 ft 
Sources: Callforn~a State Water Resources Board, 1955, Cnttenden, 1951, 

Hall, 1958, Templeton, 1912, three statlons 

MAP UNIT 153 

Geologic units, (age), a n d  location: Glen Ellen Formation (Q and (or) 
T) and Hulchlca Format~on (T), clayey facies mapped by reference to 
Weaver (1949) and interpretatlon of aenal photographs, southwest of Napa 

Summary: Almost all is unbedded claystone and slltstone, minor Inter- 
bedded conglomerate and sandstone s~mllar to that described for unlt 123 
Most bedrock and mantle 1s expanslve See u n ~ t  123 

Expression in aerial photographs: Entirely nonresistant, soft topography; 
distinguished from unit 123 by excluding areas of resistant topography, 

Composition: Almost all is silty claystone, claystone, and siltstone; mi- 
nor interbedded conglomerate and sandstone similar to that In unit 123. 
Largely clay saturated. 

Hardness: Soft to poss~bly firm where fresh, soft where weathered. 
Bedding: Largely absent; interbedded conglomerate and sandstone are 

distinct. 
Parting: Absent. 
Fracture: Unknown where fresh, close to very close where weathered. 
Permeability: Intergranular permeab~llty of almost all bedrock IS very low 

or low, but mlnor low (In shallow rock) to moderate (below shallow rock) 
in sandstone and conglomerate interbeds Most mantle very low, some low 

Weathering: To depths of more than 6 ft 
Surficial mantle: Almost all clayey Dark clay and silty clay s o ~ l ,  2-3 ft 

thlck 
Expansivity: Most to almost all bedrock is expansive, some or more is 

severely so. Most to almost all mantle IS expansive, most IS severely 
expansive. See unit 123 for bedrock samples. Surficial mantle samples: 
CW2, dark soil, typical, free swell 89 percent; N8, clay and soil over 
clay, typlcal, free swell 91 percent Compare sample SNI, dark clayey 
soil on clayey materials in unlt 123 that appear s~mllar to unit 153, free 
swell 40 percent 

Sources: Fox, 1983 Kunkel and Upson, 1960, Weaver, 1949, four sta- 
t1ons 

MAP UNIT 154 

Geologic unit, (age), and location: Siesta Formation (T), in the East Bay 
Hills. 

Summary: Interbedded mudstone and sandstone, largely mudstone. Most 
firm, low to very low permeability, Much expansive bedrock, much se- 
verely expansive mantle. 

Expression in  aerial photographs: Soft, nonresistant topography and 
some areas of intermediate topography 

Composition: Interbedded mudstone (s11ty claystone) and sandstone, ap- 
proximately 60-70 percent mudstone, 30-40 percent sandstone Sandstone 
IS tuffaceous, very fine to coarse gralned, mostly flne to medlum gramed, 
and moderately to moderately well sorted Most sandstone is saturated 
hy clay and silt, but about 5-10 percent is clean enough to have moder- 
ate permeability. Unit includes minor pebble conglomerate, cherty lime- 
stone, lignite seams, and tuf t  also a few basaltic or andesitic flows near 

top of unit. Includes hard, calcite-cemented, ovoid concretions to me- 
dium and some partial calcite cementation that produces firm to quite 
firm rock 

Hardness: Mudstone has firm pieces Sandstone is largely firm, some f ~ r m  
to soft, some partially cemented by calclte and quite f ~ r m  Conglomer- 
ate firm, tuff probably flrm Hard concretions to medium 

Bedding: Dlstmct to indistinct mterbedded sandstone and mudstone mostly 
In medlum to very thlck (10-ft) beds, but some mudstone beds as thlck 
as 20 ft Radbruch (1969) reported that beds are thln to 12 ft thick, mostly 
1-5 ft Much mudstone is massive, some laminated Limestone beds 
rarely as thick as 10-20 ft Lignite In dlstlnct very thin beds 

Parting: At beddlng planes, mostly moderate to very wlde (10-ft) spac- 

1% 
Fracture: Mudstone has close to very close spaclng Dlrty sandstone IS 

generally fractured at close to modera& spaclng, and some weathers 
spheroidally at very close spacmg to produce on~onskln shells Clean 
sandstone has moderate to wlde spaczng, rarely very w ~ d e  (as much as 
5 ft) 

Permeability: Intergranular permeahility of mudstone IS very low, most 
sandstone (saturated by clay and sllt) low, clean 5-10 percent of sand- 
stone moderate, some poss~bly hlgh, conglomerate low, tuff probably 
low, l~mestone very low Thus, Intergranular permeabil~ty of most bed- 
rock very low, some to much low, minor moderate to high in shallow 
rock, probably some moderate to high below shallow rock. Probably 
some low fracture permeability in shallow rock. Most mantle very low 
to low, probably some moderate. 

Weathering: Much of unit lacks color change, gray to ground surface. 
Weathering fracture extends to depths of more than 15 ft Radbruch 
(1969) reported weathering depths from a few inches to 15 ft We estl- 
mate weathering to depths greater than 30 ft In permeable sandstone 

Surficial mantle: Largely clayey, probably some granular Radbruch 
(1969) reported soil as deep as 3 ft 

Expansivity: Much to most bedrock is expanslve, some severely expan- 
sive Much mantle IS severely expanslve, probably much s~gnif~cantly 
expanslve Bedrock samples OESB, well-cracked weathered mudstone, 
free swell 76 percent, OE6, well-cracked weathered mudstone, free swell 
87 percent, much mudstone appears less expanslve Surf~clal mantle 
sample OESA, dark clay soil, typical of 30-40 percent of mantle, free 
swell 122 percent, remainder of so11s are less expansive 

Stratigraphic thickness: As much as 200 ft (Lawson, 1914), 550 ft (J R 
Wagner, written commun , 1973) 

Sources: Case, 1963, Lawson, 1914, Lawson and Palache, 1902, Radbruch, 
1969, Radbruch and Case, 1967, J R Wagner, wrltten commun , 1973, 
Wagner, 1978, four statlons 

MAP UNIT 155 

Geologic unit, (age), and location: Petaluma Formation (TI, in the Santa 
Rosa-Sonoma Valley area. 

Summary: Ahout 70 percent claystone and fine-grained clayey rock, 25 
percent sandstone, 5 percent conglomerate. Most bedrock and mantle is 
severely expansive. 

Expression in aerial photographs: Topography is subdued over clayey 
rock, especially claystone, and more resistant over clean materials. Ex- 
posures are representative largely of clean materials. 

Composition: Largely claystone and similar fine-grained clayey rock, such 
as clayey siltstone and sandy claystone; lesser sandstone and conglom- 
erate. Includes minor tuff breccia, fine-grained tuff, tuffaceous rock, and 
diatomite. Limestone beds and nodular masses occur rarely in claystone, 
and calcite-cemented concretions and beds occur locally in sandstone. 

Claystone, silty claystone, clayey siltstone, and sandy claystone all 
occur, and are similar in properties. Sandstone ranges from very tine 
grained to very coarse grained, mostly fine to medium grained; from 
poorly sorted to well sorted, mostly moderately sorted to well sorted; 
and from clean rock that lacks interstitial fines to rock that is saturated 
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by silt and (or) clay. Some of both clean and clay-saturated sandstone 
are present, and much sandstone is partly clogged by clay and silt. Con- 
glomerate is composed of hard clasts in sandstone matrix. Clasts gener- 
ally are less than 3 in. in diameter, but in places as large as 6 in. and 
locally (near Meacham Hill) greater than I ft in diameter. Conglomer- 
ate matrix is similar to sandstone beds, but generally more poorly sorted; 
it varies in grain size and in proportion of clay and silt from clean sand 
to clay-saturated sand. Almost all conglomerate contains interstitial ma- 
trix, but some very coarse sandstone and grit (grains as large as 0.15 
in.) lacks interstitial fines. Tuffaceous rock includes pumiceous tuff brec- 
cia, pumiceous lapilli tuff, and well-bedded tuffaceous rock. In places, 
tuff beds are bentonized, but mostly they appear fresh. Diatomite occurs 
near tuff in places. 

An estimated 70 percent of unit is claystone and fine-grained clayey 
rock, 25 percent sandstone, and 5 percent conglomerate (Cardwell, 1958; 
Weaver, 1949). 

Hardness: Fine-grained clayey rock is firm where fresh, firm to soft and 
sticky where weathered, Sandstone and conglomerate are soft and fri- 
able where weathered, but clasts in conglomerate are hard. Where fresh, 
tuff breccia and lapilli tuff are firm and tough, diatomite firm to hard 
but punky, and tuffaceous rock mostly firm. Tuff beds are low in den- 
sity. Calcite-cemented sandstone beds and concretions are hard, as is 
limestone. 

Bedding: At a broad scale, zones and lenses of sandstone and conglomer- 
ate as thick as 200 ft are distributed within dominant fine-grained clayey 
rock. At a more detailed scale, bedding, where observed, is distinct, and 
thicknesses are as follows: Claystone and most fine-grained clayey rock 
are internally laminated and occur in very thin to very thick beds be- 
tween beds of different composition. Sandstone beds range from thin to 
very thick (30 ft), but are mostly medium to 10 ft. Sandstone in many 
places is internally laminated and cross laminated, and beds are irregu- 
lar in thickness and form, especially where interbedded with conglom- 
erate. Conglomerate occurs in medium to very thick beds, in many places 
crossbedded with sandstone interbeds. Tuff breccia and lapilli tuff oc- 
cur in very thick (10- to 25-ft) beds. Tuffaceous rock generaliy occurs 
in medium to thick beds, but beds range from thin to 15 ft. Diatomite 
occurs in beds as thick as 30 ft. Calcite-cemented concretions are me- 
dium in thickness and as much as 5 ft in length. Limestone beds and 
nodules are thin to medium. 

Parting: Mostly absent in fine-grained clayey rock, but present in some 
claystone at close to moderate spacing. Mostly present at bedding planes 
between sandstone and fine-grained clayey rock, hut not between sand- 
stone and conglomerate. Close spacing of parting in some diatomite 
becomes very close where weathered, Good parting in bedded tuffaceous 
rock. 

Fracture: In claystone, weathering fracture is discoidal at close to very 
close spacing; some or more has original fracture at moderate spacing. 
Siltstone and clayey very fine sandstone show moderate spacing where 
fresh, becoming close to very close where weathered. Some or more 
sandstone shows spacing at close to wide, mostly moderate, some or more 
shows no fracture; thin-bedded sandstone is mostly fractured at close to 
very close spacing. Clayey sandstone develops additional fractures at 
moderate to very close spacing where weathered. In conglomerate, frac- 
tures generally are not recognizable except where cemented by iron ox- 
ide. Tuff breccia and lapilli tuff are fractured at moderate to wide 
spacing, some close, becoming very close to close where weathered. 
Diatomite has close to moderate spacing. Tuffaceous rock has mostly 
moderate spacing, becoming close to very close where weathered, 

Permeability: Intergranular permeability is very low in claystone and clay- 
saturated rock; low in silt-saturated sandstone; moderate to high in clean 
sandstone and clean grit; low to very low in tuff and tuffaceous rock, 
Thus, intergranular permeability of most bedrock is very low, but some 
is moderate and even high. Unit is reported to have low yields as an 
aquifer, generally adequate for domestic use only. Most mantle very low, 
some moderate, 

Weathering: Variable; to depths of 2-3 ft in claystone, more than 30 ft in 
some sandstone. Sandstone and conglomerate generally are weathered 
to depths greater than 15 ft. 

Surficial mantle: Largely clayey, some granular 
Expansivity: Most bedrock and mantle are severely expansive, some of 

each unexpanswe Bedrock samples PRl4, weathered claystone, typl- 
ca1 under much of low topography in unit, free swell 121 percent, PR8, 
sandstone, free swell 42 percent, PR6B, weathered sandstone, free smell 
15 percent, PR9, claystone near base of unzt, free swell 80 percent, SP2A, 
claystone, free swell 84 percent, GE8, weathered very fme sandy clay- 
stone, free swell I29 percent, C02,  weathered claystone, free swell 148 
percent, TR5, claystone, free swell 83 percent Surflciai mantle samples 
SPI, deeply cracked s011, free swell 124 percent, SP2B, clay so11 on clay- 
stone, free swell 122 percent, C05,  clay ~011, typical, free swell 127 
percent, C09,  so11 on sandy claystone, free swell 54 percent, PR7, so11, 
free swell 47 percent, PR12, clay so11 on sandstone and claystone, free 
swell 120 percent, PR6A, typ~cal  so11 on sandqtone and conglomerate, 
free swell 39 percent In summary, generally hlgh expanslvlty of clay- 
stone, soil on claystone, and soil on interbedded claystone and sandstone; 
low expansivity of sandstone and soil on predominantly sandstone and 
conglomerate. 

Stratigraphic thickness: About 4,000 ft for entire formation (Morse and 
Bailey, 1935). Where claystone member (unit 156) is distinguished, re- 
mainder of unit about 3,500 ft (Morse and Bailey, 1935). 

Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974; 
Cardwell, 1958; Dickerson, 1922; Huffman, 1971; Johnson, 1934; 
Kunkel and Upson, 1960; Morse and Bailey, 1935; Travis, 1952; Weaver, 
1949: 25 stations, 

MAP UNIT 156 

Geologic unit, (age), and location: Petaluma Format~on, claystone mem- 
ber (T), In the Santa Rosa-Sonoma Valley area 

Summary: Largely claystone and shale, some Interbedded slltstone, ml- 
nor volcan~c rock and sandstone Materials are largely firm where fresh, 
firm to soft where weathered. Most to almost all bedrock and mantle is 
severely expansive. 

Composition: Largely claystone and shale; some siltstone; minor scattered 
sandstone interbeds, nodular masses and interbeds of limestone, lignite 
beds, and volcanic rock. Lower part of unit is interbedded with volca- 
nic rock; upper part has increasing amount of sandstone as thin to me- 
d ~ u m ,  some thlck, beds interbedded with th~ck,  some med~um, claystone 

Hardness: Shale and claystone are firm where fresh, f ~ r m  to soft where 
weathered, sandstone mterbeds soft and frlable where weathered, prob- 
ably flrm where fresh, l~mestone hard 

Bedding: Shale and claystone are generally laminated; sandstone interbeds 
very thin to medium, rarely thick; limestone interbeds and nodular masses 
thin to very thick (4 ft), mostly thin; lignite beds thin to medium. 

Parting: In shale at very close spacing, and at contacts with sandstone 
and limestone interbeds. An unknown proportion of fresh rock is fissile. 

Fracture: In shale and claystone, spacing is very close to close where 
observed (probably weathered); in sandstone, mostly close to moderate; 
in limestone, variable, from close spacing to absent. 

Permeability: Intergranular permeability is very low in shale and clay- 
stone, low in siltstone, low to possibly moderate in sandstone. Thus, 
intergranular permeability of most bedrock very low, some low, minor 
low to possibly moderate in shallow rock, minor moderate below shal- 
low rock. Almost all mantle very low. 

Weathering: Color change at depths of 2-3 ft. Weathering develops fis- 
sility in otherwise nonfissile rock. 

Surficial mantle: Almost all clayey. 
Expansivity: Most to almost all bedrock and mantle is severely expan- 

sive. Sample: PRl0, typical clayey soil, free swell 98 percent. Expan- 
sivity is probably similar to claystone and soil over claystone in unit 155. 

Stratigraphic thickness: 500-600 ft (Morse and Bailey. 1935). 
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Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974; 
Huffman, 1971; Morse and Bailey, 1935; one station. 

MAP UNIT 200 

Geologic unit, (age), and location: Andesite and basalt (TI, near Ever- 
green, southeast of San Jose 

Summary: Not seen in f ~ e l d  Includes fresh andes~te and basalt, and al- 
tered andes~te Mantle is probably expansive 

Composition: ( I )  Fresh, black, porphyritic andesite that has a pitchy lus- 
ter Contains phenocrysts of plagioclase and augite In felted groundmass 
that has lnterst~tial glass (Cr~ttenden, 1951) Compos~tion probably In- 
cludes basalt Occurs ~mmediately east of Sdver Creek (2) Altered andes- 
ite, cream colored to greenish, vaguely porphyrit~c having p~lotax~tic 
groundmass Occurs w ~ t h ~ n  unlt 689 near Thompson Creek (not distin- 
gulshed on map) 

Hardness: Probably hard where fresh, hard to firm where weathered 
Bedding: Sill-11ke and dlkel~ke sheets, unbedded 
Parting: Probably absent 
Permeability: Bedrock has very low lntergranular permeab~lity, probably 

low fracture permeabll~ty to depth Mantle probably very low 
weathering: Andes~te east of S ~ l v e r  Creek noted for freshness Andes~te 

along Thompson Creek IS descr~bed as barely recognizable, and so IS 

probably much affected by weathering 
Surficial mantle: Probably clayey, similar to other ~011s on andesite, such 

as sample MGH2, red-brown clay subsoil on unit 201 
Expansivity: Bedrock unexpansive Mantle probably expansive, as inferred 

from sample MGH2, mlldly cracked clay subsoil, free swell 90  percent 
Source: Crittenden, 195 1 

MAP UNIT 201 

Geologic unit, (age), and location: Andes~te, about 3 m11es northwest of 
Anderson Reservo~r, southeast of San Jose 

Summary: Largely andesite, but some serpentinite included In mapped 
body Hard where fresh, hard to firm where weathered Probably most 
mantle is expansive. 

Composition: Largely andesite, mildly vesicular, but some serpentinite 
included in mapped body. Probably shallow intrusive by inference from 
unit 200. Much is brecciated or sheared. 

Hardness: Hard where fresh, hard to firm where weathered; rock mass is 
firm owing to brecciation and shearing. 

Bedding: Probably absent. 
Parting: Largely absent. 
Fracture: to moderate spacing; hard medium blocks on ground sur- 

face. 
Permeability: Bedrock has very low intergranular permeability, probably 

low fracture permeability to depth. Most mantle very low to low. 
weathering: Weathers from fractures inward. 
Surficial mantle: Largely clayey (subsoil). Mapped unit includes some 

moderately cracked dark clay soil over serpentinite. 
Expansivity: Bedrock unexpansive Probably most mantle expansive, much 

severely expanswe (subsoil) Sample MGH2, mildly cracked red-brown 
clay subsoil, free swell 90 percent 

Source: One station 

MAP UNIT 202 

Geologic unit, (age), and location: Andesit~c to d a c ~ t ~ c  plugs and Intru- 
sive complexes of the Sonoma Volcanics (T), in area between Santa Rosa 
Valley and Howell Mounta~ns 

Summary: Andesitic to dacitic intrusive rock and intrusive complexes 
(areas of abundant intrusions). Intrusive rock is hard, has close to wide, 
mostly moderate, fracture spacing, and some has close to very close 
parting. Topographically resistant. Ripped with difficulty, some blast- 
ing may be necessaq. 

Composition: Andesitic to dacitic intrusive rock, in many places porphy- 
ritic and (or) vesicular. In area e a t  of Napa, unit is predominantly breccia 
of blocks of andesite as large as 1 ft in diameter in matrix of smaller 
blocks and chips. Long, narrow mapped bodies of unit are entirely in- 
trusive rock, whereas wide and irregularly shaped bodies contain other 
materials in addition to numerous 10- to 30-ft-wide bodies of intrusive 
rock. 

Hardness: Intrusive rock is uniformly hard to the ground surface, where 
it generally crops out. In area east of Napa, breccia of hard blocks in 
firm matrix. 

Bedding: Absent. 
Parting: Present in some intrusive rock at close to very close spacing, 

about parallel to borders of intrusive body. Absent in much rock, incipi- 
ent in some. Emphasized by weathering. 

Fracture: Spacing ranges from close to wide, generally either d o s e  to 
moderate or moderate to wide. Orderly prismatic jointing in places. In 
places, fractures are lined by white altered rock as thick as about 0.1 in. 
on fracture-bounded blocks. 

Permeability: Bedrock has very low intergranular permeability, probably 
low fracture permeability to depth. In area east of Napa, breccia has low 
to moderate intergranular permeability, Mantle probably variable, mod- 
erate to very low. 

Weathering: Mostly crops out or nearly crops out, fresh to ground sur- 
face. Where incipient patting is present, parting may be developed by 
weathering at ground surface or within about 1 ft of surface. 

Surficial mantle: Absent (in outcrop) to thin (about 1 ft), granular to 
clayey, containing many small to medium hard blocks. 

Expansivity: Bedrock largely unexpansive. Probably some mantle expan- 
sive. See samples for unit 234. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; four 
stations 

MAP UNIT 203 

Geologic unit, (age), and location: Rhyodacite intrusions (T), near Marsh 
Creek, east of Mount Diablo. 

Summary: Rhyodacitic intrusive rock, largely as sills and dikes, some 
plugs. Largely hard; moderate to wide fracture spacing, but some blocks 
as large as I0  ft in diameter Largely clayey mantle, probably much to 
most IS signif~cantly expansive 

Expression in aerial photographs: Somewhat resistant bumps 
Composition: Rhyodac~te, contanlng phenocrysts of plagioclase, proml- 

neat biot~te,  and hornblende in m~crocrystal l~ne to cryptocrystalline 
groundmass of about 30 percent quartz, 35 percent potassium feldspar, 
and 25 percent plagioclase (An 32-35) (Pampeyan, 1963). Previously 
called micaceous hornblende andesite (Turner, 1891; Taff, 1935). May 
include minor metamorphosed Cretaceous sedimentary rock. 

Hardness: Hard where fresh; largely hard, some firm, where weathered. 
Country rock is metamorphosed, probably hard, within 2-10 ft of con- 
tact (Turner, 1891; Pampeyan, 1963). 

Bedding: Absent. Some is banded. Occurs largely as sill-like masses (Taff, 
193.5). lesser plug-like masses. 

Parting: Absent. 
Fracture: Largely moderate to wide spacing, much of each, probably 

dominant moderate, but some blocks as large as 10 ft in diameter. 
Permeability: Bedrock has very low intergranular permeability, probably 

low fracture permeability to depth. Probably most mantle low to very 
low, some to much moderate. 

Weathering: Some rock flakes where well weathered. 
Surficial mantle: Probably largely clayey, some to much granular. 
Expansivity: Bedrock unexpansive. Probably most mantle significantly 

expansive. Sample AS45, brown clayey soil, typical, free swell 53 per- 
cent. 

Sources: Pampeyan, 1963; Taff, 1935; Turner, 1891; one station, 
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MAP UNIT 204 

Geologic unit, (age), and location: Rhyolitic plugs and dikes of the 
Sonoma Volcanics (T), in area between Santa Rosa Valley and Howell 
Mountains 

Summary: Intrusive rhyolite to rhyodacite variably composed of coher- 
ent rock, breccia, and highly vesicular to pumiceous rock Coherent rock 
is mostly hard and resistant, it could require blasting in places Mantle 
probably thin and largely unexpansive 

Expression in aerial photographs: Topographically resistant rock, gen- 
erally protrudes from surrounding terrain as buttes, knife-edges, or less 
dramatic steep, prominent topography 

Composition: Rhyolite to rhyodacite, glassy to lithoidal, flow banded, and 
locally perlitic Composed of either coherent rock, breccia of small to 
medium blocks in matrix of very close fractured rock, or highly vesicu- 
lar to pumiceous rock 

Hardness: Coherent rock, both rbyohte and glass, is mostly hard, but is 
firm in places, both where weathered and fresh Brecciated rock has hard 
blocks, which are fresh to near the ground surface, in matrix of very 
closely fractured rock that is firm to soft where weathered Vesicular 
rhyolite is firm to soft 

Bedding: Absent Much rhyolite has flow banding 
Parting: Present at close to moderate spacing in some flow-banded rhyo- 

lite, parallel to bands 
Fracture: Generally close to moderate spacing in coherent rock, small to 

medium blocks in breccia 
Permeability: Very low intergranular permeability, probably low fracture 

permeability to depth, in coherent bedrock; moderate to high intergranu- 
lar permeability in breccia. Probably most mantle moderate, some low. 

Weathering: Coherent rhyolite is fresh to ground surface except for some 
weathering along fractures; perlitic glass probably is commonly weath- 
ered firm to depth of 10 ft. Matrix of breccia weathered to depth of more 
than 25 ft, pieces fresh. 

Surficial mantle: Probably largely granular, some clayey; thin to absent. 
Expansivity: Bedrock largely unexpansive. Most mantle probably 

unexpansive, some may he expansive. See units 218 and 240. 
Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; one 

station. 

MAP UNIT 210 

Geologic unit, (age), and location: Putnam Peak Basalt (T), in English 
Hills, north of Vacaville. 

Summary: Hard, dense, olivine-bearing basalt, having variably crude co- 
lumnar jointing at moderate spacing. Forms cliffs. 

Composition: Olivine-bearing basalt, some porphyritic; almost entirely 
dense, hard rock. Minor vesicular rock near top; no scoriaceous rock; 
local interflow breccia. Durrell (1959) reported that it is almost impos- 
sible to find interflow contacts. Minor pillow basalt at Drakes Point 
(Thomasson and others, 1960). 

Hardness: Uniformly hard. 
Bedding: Minor flow banding in places. 
Parting: Parting parallel to flows is absent or rare (Durrell, 1959). 
Fracture: Columnar jointing perpendicular to flows is irregular or poorly 

developed in part, mostly at moderate, rarely wide, spacing. Other ir- 
regular joints produce medium blocks. Weaver (1949) characterized frac- 
ture as splintery to subconchoidal. Blocks 20-30 ft in diameter have 
moved down hillsides. 

Permeability: Bedrock has very low intergranular permeability, low to 
possibly moderate fracture permeability persisting to depth. Mantle prob- 
ably largely low to very low, much may be moderate. 

Weathering: Alters rock to red-brown color, especially along fractures, 
but rock is largely hard and fresh to ground surface. Forms cliffs. 

Surficial mantle: Probably largely clayey, much may be granular. Much 
thin to absent. 

Expansivity: Bedrock unexpansive. Mantle probably largely expansive. 

Stratigraphic thickness: 25-300 ft. 
Sources: Durrell, 1959; Weaver, 1949; Thomasson and others, 1960; one 

station. 

MAP UNIT 211 

Geologic unit, (age), and location: Basalt (QT), only near Concord. 
Summary: Probably Quaternary flow (Taff, 1935) on surface eroded into 

unit 373, overlain by alluvial deposits. Hard rock, expansive clay soil. 
Expression in aerial photographs: Resistant intermediate topography, but 

no topographic style has developed owing to occurrence in small, iso- 
lated patches. Supports trees; light tone. 

Composition: Olivine basalt, reported to be finely porous to vesicular, 
much having flow structure (Taff, 1935). Minor red vesicular basalt near 
south edge of exposure. 

Hardness: Largely ringing hard; highly vesicular rock probably quite firm. 
No weathered rock observed. 

Bedding: Absent. 
Parting: Absent in exposures observed; possibly present in some rock 

owing to flow structure reported by Taff (1935). 
Fracture: Spacing ranges from moderate to very wide (7 ft), mostly wide 

to 5 ft in outcrop; strikingly widely fractured in outcrop. Much may have 
moderate spacing, as this rock has been quarried for paving (Taff, 1935). 

Permeability: Bedrock has very low intergranular permeability, low to 
possibly moderate fracture permeability to depth. Probably most mantle 
very low. 

Weathering: In exposures observed, weathering effects are absent and 
fresh rock crops out. 

Surficial mantle: Probably largely clayey. 
Expansivity: Bedrock unexpansive, most mantle expansive. Sample CL26, 

moderately cracked typical clay soil, free swell 100 percent (exagger- 
ated). 

Sources: Taff, 1935; Turner, 1891; two stations. 

MAP UNIT 212 

Geologic unit, (age), and location: Clear Lake Volcanics (called volca- 
nic rocks of Clear Lake area by Fox and others, 1973), olivine basalt 
member (Q), near northern boundary of region northeast of Napa Valley. 

Summary: Hard olivine basalt that has moderate to 5-ft fracture spacing. 
Most can be ripped, some blasting required. Minor firm tuff at base in 
places (see unit 271). Thin, stony clay mantle, where present, is largely 
expansive. 

Composition: Olivine basalt, mostly vesicular. Includes minor lapilli tuff 
at base. 

Hardness: Hard where fresh, firm where weathered. Tuff is firm. 
Bedding: Includes as many as three principal flows, ranging from a few 

feet to about 100 ft thick (Brice, 1953). 
Parting: In places, crude parting parallel to elongate vesicles at moderate 

to wide spacing. 
Fracture: Moderate to very wide (5-ft) spacing, irregular except where 

parallel parting exists, in which case fracture is about perpendicular to 
parting. Where unit forms palisades, fracture is crudely columnar about 
perpendicular to the layer at wide to 5-ft spacing. Fracture spacing in 
tuff is unknown. 

Permeability: Intergranular permeability of basalt (almost all of unit) very 
low; fracture permeability probably low, extending to depth. Tuff has 
low intergranular permeability. Mantle probably largely very low to low. 

Weathering: Extends to unknown depth along fractures, leaving firm or 
soft material as thick as about 0.5 in. on some fractures. Weathering of 
surface rock varies from absent (outcrop of hard rock) to maximum depth 
of 5 ft; where no outcrop, rock is generally weathered firm within 2 ft 
of ground surface. Outcrop extends over about half of ground surface. 

Surficial mantle: Thin, probably largely clayey where present. Red stony 
clay soils, such as sample AES1, are typical. 
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Expansivity: Bedrock unexpansive Mantle, where present, is probably 
largely expansive Sample AES1, red stony clay soil, mildly cracked, 
typical, free swell 79 percent 

Stratigraphic thickness: Variable because lava flowed onto an uneven 
surface, total thickness of 550 ft in main basalt area near Clear Lake 
includes flows from several feet to about 100 ft thick (Brice, 1953) 

Sources: Brice, 1953, Fox and others, 1973, one station 

MAP UNIT 213 

Geologic unit, (age), and location: Bald Peak Basalt (T), in the East Bay 
Hills 

Summary: Basaltic flow rock, close to wide fracture spacing Resistant 
unit on the whole, but some parts are not very resistant Mantle largely 
significantly expansive 

Composition: Largely basaltic flow rock in three flows Lower two flows 
are porphyritic olivine basalt that have large plagioclase and olivine 
phenocrysts in an aphanitic groundmass Overlying these flows is a tuff 
of variable thickness, which is in turn overlain by a third flow, described 
as doleritic, that is coarser grained than the lower two Flow surfaces 
show oxidized (red) froth Unit includes very minor interbeds of con- 
glomerate, sandstone, and siltstone, which include abundant volcanic 
fragments, and a lens of freshwater limestone 

Hardness: Flow rock is hard where fresh, where weathered, consists of 
hard medium to large blocks in firm to soft weathered clayey matrix 
Weathered matrix makes up 50-70 percent of rock in upper 20 ft Tuff 
is probably firm fresh, firm to soft weathered 

Bedding: Three flows and one very thick (20-ft) bed of tuff 
Parting: About half of flow rock observed has roughly parallel fracture 

at close to wide spacing Also at rare bedding planes 
Fracture: Close to wide spacing, rarely as much as 5 ft Hard blocks in 

weathering zone are mostly medium to large owing to softening of small 
pieces; Radbruch (1969) reported that blocks are as large as 1 ft in di- 
ameter. Uppermost flow has crude columnar structure and tendency to- 
ward spheroidal weathering. 

Permeability: Flow rock has very low intergranular permeability and low 
to moderate fracture permeability to depth Permeability of minor tuff 
and sedimentary rock unknown Most mantle low to very low 

Weathering: To depths greater than 20 ft along fractures Close-fractured 
pieces weather spheroidally to firm or soft material, medium to large 
pieces remain hard to surface in places, in other places most is firm to 
soft in upper 10 ft. 

Surficial mantle: Largely clayey, stony. Thin (2-3 in.) according to 
Radbruch (1969). 

Expansivity: Almost all bedrock is unexpansive, but tuff (minor) is se- 
verely expansive where weathered. Most mantle significantly expansive. 
Samples BV31B, clayey weathered tuff, moderately cracked, minor con- 
stituent, free swell 110 percent, BV31A, stony clayey soil, typical, free 
swell 62 percent 

Stratigraphic thickness: 375 ft (Lawson and Palache, 1902), 200 ft ( J  R 
Wagner, written commun , 1973), 300-350 ft (Lawson, 1914) 

Sources: Case, 1963, Lawson, 1914, Lawson and Palache, 1902, Radbruch, 
1969, Radbruch and Case, 1967, J R Wagner, written commun , 1973, 
Wagner, 1978, one station 

MAP UNIT 214 

Geologic unit, (age), and location: Basalt flows of the Sonoma Volcanics 
(T), near Santa Rosa Valley. 

Summary: Largely basalt flows, minor to some tuff. Basalt is fresh and 
hard to near ground surface; weathers to bouldery rubble. Blasting re- 
quired in some for excavation. Mantle is thin, and probably most is sig- 
nificantly expansive. 

Expression in aerial photographs: Resistant unit, but not very thick or 
extensive; very resistant where mapped as thin bands. Intermediate to- 
pography, much irregular 

Composition: 
some dense, 
phenocrysts 

Most is aphanitic basalt, dark gray to black, porphyritic; 
some very vesicular, some amygdaloidal. Contains scattered 
of labradorite, olivine, and augite, and in places clumps of 

olivine. Unit includes minor to some pumice lapilli tuff, dacitic in com- 
position, that in places contains minor lithic fragments as large as 6 in. 
in diameter. 

Hardness: Basalt is ringing hard where fresh; most rock breaks only with 
difficulty along conchoidal fracture. Where spheroidally weathered, rock 
between hard cores is firm. Basalt blocks in surficial mantle are hard. 
Tuff is firm where fresh and weathered. 

Bedding: Basalt in distinct layers (flows), mostly 10-30 ft thick, in places 
as thick as 100 ft, between tuff of lesser thickness. Basalt locally has 
distinct flow banding. 

Parting: Largely absent. 
Fracture: Spacing in basalt is moderate to very wide (6 ft) Local colum- 

nar jointing, in places, pillow structure defines effective fracture spac- 

ing 
Permeability: Flow rock (most of unit) has very low intergranular per- 

meability, but low to possibly moderate fracture permeability to depth 
Very vesicular rock may have moderate intergranular permeability where 
vesicles are interconnected (not observed) Intergranular permeability in 
tuff (minor to some of unit) is low Probably most mantle low 

Weathering: Fresh rock extends to very near ground surface, where weath- 
ering attacks joints and leaves a mass of hard houldery rubble Spheroi- 
dal weathering in places Soil contains many blocks of hard rock 

Surficial mantle: Probably largely clayey like unit 234, but much may 
be granular Most is rocky and thin, but as thick as 5 ft 

Expansivity: Bedrock largely unexpansive Probably most mantle signifi- 
cantly expansive, possibly severely expansive locally Sample HL8, 
uncracked thin silt soil, typical, free swell 60 percent. Expansivity prob- 
ably similar to unit 234. 

Sources: Gealey, 1951; Travis, 1952; three stations. 

MAP UNIT 215 

Geologic unit, (age), and location: Leona Rhyolite (T?), in the East Bay 
Hills near Oakland. 

Summary: Hard to firm, variably fractured rhyolite. In places requires 
blasting (Radbruch, 1969). Rock used for fill, subgrade, and aggregate, 
inspected by State for sulfides. Runoff is very acid and corrodes con- 
crete pipes (Radbruch, 1969). Much mantle lacking or thin, some is ex- 
pansive. Minor expansive bedrock. 

Composition: Soda rhyolite, largely lithoidal; includes some porphyritic 
glass, rare vesicular rock, very rare pyroclastic debris. Generally con- 
sists of a few percent (locally as much as 15 percent) phenocrysts in 
groundmass of microcrystalline albite and quartz, less commonly ground- 
mass is spherulitic glass (Robinson, 1953) Rock is commonly a mix- 
ture of quartz, argillized feldspar, clay, and wisps of chlorite, and 
iron-stained pits mark former pyrite grains. Sulfides are universally 
present in fresh rock and are concentrated near base of unit by second- 
ary sulfide enrichment; largely absent in weathered rock. Average fresh 
rock contains 1-2 percent pyrite (G.D. Robinson, 1953, oral commun., 
1973). Some rock is altered. Fractures in weathered rock are iron stained. 

Hardness: Largely hard where fresh. Where weathered, most pieces are 
hard, some firm; rock mass is firm to soft where fracture spacing is close 
to very close. Breccia zones and altered rock are firm, some soft and 
clayey. 

Bedding: Absent. No signs of layering in even largest quarry exposures. 
Locally flow banded. 

Parting: Absent. 
Fracture: Variable and apparently random. Mostly very close to wide 

spacing, but includes excavated blocks to very large (5 ft, some as much 
as 8 ft) that have internal incipient fracture at very close to wide spac- 
ing. Much brecciation in places. Weathered vesicular rock has close to 
very close spacing of weathering fracture in medium spheroids. 
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Permeability: Bedrock has very low intergranular permeability, low to 
possibly moderate fracture permeability to depth. Most mantle probably 
moderate, some to much low to very low 

Weathering: Variable Some hard rock extends to ground surface, but 
some firm weathered rock and spheroidal fracture extends to depths of 
more than 35 ft 

Surficial mantle: Largely granular, some to much clayey Most mantle is 
stony silt, some is stony clay, such as sample OE36A Soil is generally 
absent or less than 18 in thick, but it may accumulate in ravines to more 
than 12 ft thick (Radbruch, 1969) 

Expansivity: Most bedrock is unexpansive, minor severely expansive 
(gouge and weathered bedrock) Most mantle unexpansive, some expan- 
sive Bedrock samples OE36C, mildly cracked weathered bedrock, 
minor, free swell 71 percent, HAY 12, moderately cracked clayey weath- 
ered bedrock, occurs locally in pockets, free swell 97 percent, OE37, 
clayey gouge, free swell 88 percent Surficial mantle sample OE36A, 
mildly cracked clay soil that overlies some of unit, free swell 78 per- 
cent Most mantle is uncracked 

Stratigraphic thickness: Generally less than 100 ft, maximum of 800 ft, 
some dikes to depth 

Sources: Clark. 1917, Lawson, 1914, Radbruch, 1969, Radbrucb and Case, 
1967, Robinson, 1953, G D Robinson, oral commun , 1973, five stations 

MAP UNIT 216 

Geologic unit, (age), and location: Rhyolite (T), includes Alum Rock 
Rhyolite of Crittenden (1951), east of San Jose 

Summary: Hard rhyolite that is more or less silicified, fracture spacing 
very close to 8 ft Sulfides present at least in places Includes minor soft 
vesicular rock in places near margin Strikingly resembles Leona Rhyo- 
lite (Crittenden, 1951) 

Expression in aerial photographs: Bluffs and talus slopes that contain 
blocks as large as 20 ft in diameter. 

Composition: Rhyolite, largely dense (nonvesicular), consisting largely 
of orthoclase and quartz. Rock contains phenocrysts' as large as 2 mm 
in places; lacks ferromagnesian minerals except sulfides that are present 
at least in places; is more or less silicified; and is stained by limonite, 
At extreme northwest end and in a few places around margin, includes 
soft vesicular rock that is  probably more basic in composition 
(Crittenden, 1951). Unit is dominantly hard dense rock; minor soft ve- 
sicular rock in places on margin. 

Hardness: Hard pieces; some firm rock mass where fracture spacing is 
close to very close. Minor vesicular rock soft to firm. 

Bedding: Absent. 
Parting: Absent, except along parallel joints. 
Fracture: Highly variable; spacing ranges from very close to very wide 

(8 ft). Much is fractured at very close to moderate spacing, but promi- 
nent major fractures have wide to 8-ft spacing. Talus shows much mod- 
erate to wide spacing, but some blocks are as large as 20 ft in diameter. 
On the whole, most has very close to wide spacing, some very wide. 
Described as strongly jointed (Crittenden, 1951). 

Permeability: Bedrock has very low intergranular permeability, low to 
possibly moderate fracture permeability to depth. Most mantle probably 
moderate, some to much low to very low 

Weathering: No observation; assume similar to unit 215. 
Surficial mantle: Probably largely granular, some to much clayey. Unit 

mostly underlies steep canyon walls that have little soil. 
Expansivity: Bedrock largely unexpansive, possibly minor severely ex- 

pansive. Probably most mantle unexpansive, some expansive. Inferred 
from samples of unit 215. 

Sources: Crittenden, 1951; Templeton, 1912; one station. 

MAP UNIT 217 

Geologic unit, (age), and location: Clear Lake Volcanics (QT), in 
Mayacmas Mountains at northern boundary of region. 

Summary: Not seen in field. Probably like unit 218; largely hard rhyolitic 
flow rock, minor to some breccia, tuff breccia, tuff, and scoriaceous rock. 

Sources: Blake and others, 1971; McLaughlin, 1978. 

MAP UNIT 218 

Geologic unit, (age), and location: Rhyolitic flows of the Sonoma 
Volcanics (T), in general area between Petaluma Valley and Howell 
Mountains, excluding area near Calistoga 

Summary: Almost all is hard flow rock that has moderate to very wide 
(10-ft) fracture spacing and very close to very wide (4-ft) parallel part- 
ing. Includes minor breccia, scoria, tuff, tuff breccia, and hydrothermal 
alteration. Some bedrock and mantle is expansive, most is nnexpansivc. 

Composition: Almost all is rhyolitic to rhyodacitic lithoidal flow rock; 
much contains tabular phenocrysts and vesicular cavities and much is 
flow banded. Includes minor vitrophyre (porphyritic glass), commonly 
at base of flows; volcanic breccia and tuff breccia containing blocks as 
large as 3 ft in diameter, but mostly less than 1 ft, scoriaceous rock, and 
lithic or pumiceous tuff May be intrusive locally Hydrothermally al- 
tered in a few places Probably 90 percent or more of unit is flow rock, 
10 percent or less fragmental rock 

Hardness: Lithoidal flow rock is generally hard to the ground surface, 
but some weathers firm Vitrophyre is firm where weathered, hard where 
fresh Breccia and tuff breccia, where fresh, have hard blocks in hard to 
firm or soft matrix, where weathered, they have hard to firm blocks in 
firm to soft matrix. Scoriaceous rock is firm where weathered, probably 
firm to hard where fresh. Tuff is generally firm both where fresh and 
weathered. 

Bedding: Absent within flows, except for flow banding. 
Parting: Present within flow rock, although variable in spacing. In some 

exposures, most rock has very close to moderate spacing, mostly close, 
parallel to flow banding. This parting commonly changes orientation (is 
folded) in outcrop-scale exposures. Other exposures show thick to very 
thick (4-ft) sheets bounded by parting surfaces, and some of these sheets 
have moderately spaced incipient parting parallel to the sheets. Scoria- 
ceous rock. at least in places, has moderate spacing, 

Fracture: In lithoidal flow rock, fracture spacing ranges from moderate 
to 10 ft; spacing is mostly moderate to 6 ft and in many places wide to 
6 ft. Vitrophyre has close spacing where weathered, probably spacing 
similar to flow rock where fresh. In breccia and tuff breccia, fracture 
spacing is effectively the size of blocks, which are medium to large. 
Scoriaceous rock has moderate spacing. Most tuff has moderate to wide 
spacing, some very wide, as described for units 270 and 272. 

Permeability: Lithoidal flow rock and vitrophyre (almost all of unit) have 
very low intergranular permeability, probably low fracture permeability 
to depth. Most breccia has low intergranular permeability, but moderate 
or high in some zones. Low intergranular permeability in scoriaceous 
rock and tuff. Probably most mantle moderate, some low to very low. 

Weathering: Lithoidal flow rock mostly crops out fresh or is shallowly 
weathered (within 3 ft of ground surface), but it may be weathered 
to clayey material along fractures to depths of more than 20 ft. Vitrophyre 
and scoria are weathered to depths of more than 6 ft. Matrix of breccia 
and tuff breccia may be weathered clayey to depths of more than 
15 ft. 

Surficial mantle: Probably largely granular, some clayey; in most places 
thin (less than 3 ft) to absent. 

Expansivity: Almost all bedrock is unexpansive, but minor to some is 
expansive, particularly where hydrothermally altered. Most mantle 
unexpansive, some expansive. Samples: SN8A. bedrock, free swell 69 
percent; SNSB, soil, free swell 86 percent; SN9, soil, free swell 62 per- 
cent. Also sample SH17A from unit 240, clayey mantle on unaltered 
rhyolite, free swell 31 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; Kunkel 
and Upson, 1960; 10 stations. 
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MAP UNIT 219 

Geologic unit, (age), and location: Perlitic rhyolite of the Sonoma 
Volcanics (T), in area between Santa Rosa Valley and Howell Moun- 
tains. 

Summary: Most is flows and plugs of perlite (perlitic glass) and typical 
rhyolitic flow rock; minor tuff and tuff breccia. Flow rock in thick to 
very thick beds. Rock is hard where fresh, perlite weathers firm to soft. 
Some moderate and high permeability in weathered perlite. Almost all 
mantle and bedrock is unexpansive 

Expression in aerial photographs: Sharp rugged topography, similar to 
unit 218 

Composition: Most to almost all is perlite (volcanic glass that has per- 
litic texture owing to very closely spaced cooling cracks) and nonperlitic, 
lithoidal rhyolite similar to unit 218, minor interbedded tuff and tuff 
breccia Perlite constitutes probably 50 percent of unit as a whole, but 
varies from 10-80 percent Perlite, where fresh, is hard and similar in 
engineering properties to typical rhyolitic flow rock, but it weathers more 
rapidly and deeply 

Hardness: Perlite is hard where fresh, but weathers firm to soft and to 
loose glass sand where extremely weathered; most weathered exposures 
are firm, some soft. Some fractures in firm weathered rock are cemented 
hard, and weathered rock is case hardened in places. Nonperlitic rhyo- 
lite as described for unit 218. Tuff is firm; tuff breccia has firm matrix 
and hard blocks. 

Bedding: Rhyolite and perlite in most places are interlayered in thick to 
very thick layers; perlite commonly is tens of feet to as much as several 
hundred feet thick (Davis, 1948). Thin to very thin internal banding is 
common. 

Parting: Present in rhyolitic flow rock as described for unit 218, and lo- 
cally in perlite at wide to very wide spacing. 

Fracture: In fresh perlite, spacing is moderate to 8 ft. In firm weathered 
perlite, spacing typically is moderate, but locally as much as 4 ft; in soft, 
well-weathered perlite, spacing is close to very close. Nonperlitic rhyo- 
lite as described for unit 2 18. 

Permeability: Very low intergranular permeability in bedrock; low frac- 
ture permeability to depth in both perlite and nonperlitic rhyolite, some 
moderate in weathered perlite Well-weathered perlite is highly perme- 
able sand of glass beads Most mantle moderate, some low to very low 

Weathering: Perlite generally is weathered firm to depth of 10 ft, but in 
places contains hard blocks of perlite within predominantly firm weath- 
ered material, and in other places hard rock crops out. Weathers soft to 
depth of 2 ft or more, in places to depth of 7 ft or more. Cut slopes 
weather rapidly to loose glass sand. Free clay appears only in soft weath- 
ered rock and soil. 

Surficial mantle: Largely granular (clayey sand). 
Expansivity: Almost all bedrock and mantle are unexpansive, but minor 

to some of each may be expansive. Samples: SR9, sheared and some- 
what weathered perlitic bedrock, mildly cracked, moldable although 
largely glass, abnormally high clay content, minor constituent, free swell 
43 percent; SR6, typical clayey sand soil, free swell 28 percent. 

Sources: Davis, 1948; K.F. Fox, oral commun., 1972-73; Fox and others, 
1973; eight stations. 

MAP UNIT 220 

Geologic unit, (age), and location: Soda rhyolite flows of the Sonoma 
Volcanics (T), in area between Santa Rosa Valley and Howell Moun- 
tains 

Summary: Uniformly hard soda rhyolite flow rock and minor cemented 
lithic tuff breccia Flow rock occurs in sheets that typically are thick and 
have moderate to 4-ft fracture spacing Unit forms rugged outcrops 

Composition: Almost all is soda rhyolite as flows and possibly intrusives; 
minor cemented lithic tuff breccia. Soda rhyolite is largely homogeneous, 
very fine grained, and lithoidal, but locally it is platy or banded, in places 

glassy and spherulitic, and locally along northeastern contact it is highly 
vesicular. 

Hardness: Hard except for vesicular zones, which are firm. An uncom- 
monly tough and hard rock 

Bedding: Occurs in parallel sheets that are mostly thick, but in places as 
thick as 8 ft, more commonly as thick as 4 ft These sheets are continu- 
ous, persistent features of the rock Some sheets are lined by clay and 
close-fractured rock 

Parting: Much rock has parting parallel to sheeting at close to moderate 
or wide spacing, although most slabs are thick About 10 percent of unit 
has close to very close parallel parting 

Fracture: Mostly moderate to very wide (4-ft) spacing, much wide to very 
wide (4 ft), but ranges from close to 8 ft Where spacing is very wide, 
most rock has incipient fracture at moderate spacing Some (30 percent?) 
has columnar jointing at wide spacing about perpendicular to sheets 

Permeability: Bedrock has very low intergranular permeability, low frac- 
ture permeability to depth Probably much mantle moderate, much low 

Weathering: Mostly unweathered, fresh to ground surface, abundant out- 
crops. 

Surficial mantle: Probably much granular, much clayey; thin and stony 
where present. 

Expansivity: Almost all bedrock is unexpansive, minor may be expan- 
sive. Some to much mantle significantly expansive, much to most 
unexpansive. Sample K16, typical stony clay soil, free swell 49 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; one sta- 
tion. 

MAP UNIT 221 

Geologic unit, (age), and location: Northbrae Rhyolite (T), northwest of 
Oakland near Berkeley and near San Pablo Reservoir. 

Summary: Hard soda rhyolite, fracture spacing ranges from close to 15 
ft or more. Crops out as blocky crags. In places requires blasting. 

Composition: Hard soda rhyolite, largely flow banded. Palache (1893) 
recognized three facies: (1) porphyritic facies, of cryptocrystalline 
groundmass containing quartz and feldspar phenocrysts; (2) spherulitic 
facies, of glassy spherulitic matrix, commonly vesicular and largely 
flow banded, constituting more than two-thirds of unit; and (3) minor 
glass. Also minor silica-cemented breccia. Vesicles as large as 1 in. in 
diameter. Ferromagnesian minerals and pyrite are absent, but minor mag- 
netite. 

Hardness: Largely hard, probably some firm (vesicular rock). 
Bedding: Much of unit shows distinct flow banding, in many places folded. 

Bands are very thin to medium and are defined by concentration of 
spherulites. 

Parting: Present in places along flow banding at wide to 4-ft spacing, in 
other places absent in intervals as thick as 20 ft. Locally very close spac- 
ing along flow banding. 

Fracture: Variable; produces coherent blocks as large as 15 ft or more in 
diameter. Clear planar fracture at moderate to 4-ft spacing; much close 
to moderate irregular spacing that is incipient in most places. Thus, unit 
produces a variety of block sizes, from small to 15 ft or more. Palache 
(1893) reported subconchoidal fracture in less than one-third of unit (por- 
phyritic and glass facies). 

Permeability: Bedrock has very low intergranular permeability, low to 
locally moderate fracture permeability to depth. Probably most mantle 
moderate, some low. 

Weathering: Crops out fresh in the one exposure observed. 
Surficial mantle: Probably largely granular, some clayey. Soil is silty 

where observed, mostly thin. 
Expansivity: Almost all bedrock is unexpansive. Probably most mantle 

unexpansive, some may be expansive. 
Stratigraphic thickness: Less than 100 ft. 
Sources: Case, 1963; Lawson, 1914; Palache, 1893; Radbmch, 1969; one 

station. 
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MAP UNIT 230 

Geologic unit, (age), and  location: Basalt (T), only along east side of 
Santa Clara Valley near Morgan Hill. 

Summary: Interbedded, about equally abundant basaltic flow rock and tuff 
breccia; some mostly clean sedimentary rock similar to unit 122. Flow 
rock is hard; tuff breccia has firm matrix and hard to firm blocks. Some 
moderate fracture permeability in flow rock and some moderate inter- 
granular permeability in tuff breccia and sedimentary rock. Most to al- 
most all mantle is severely expansive 

Expression in  aerial photographs: Varied Includes resistant, intermedi- 
ate to hard topography that consists of light-toned ridges as wide as 200- 
300 ft, probably flows (although much flow rock observed in field does 
not show on photographs) Most of unit is intermediate to soft topogra- 
phy, showing light-toned subdued lumps in darker matrix Much of unit 
is very soft topography, probably benches underlain by tuff breccia or 
sedimentary rock that are supported by basalt Much of tuff breccia ob- 
served in field shows as light-toned resistant lumps on photographs 
Where clearly defined (rare), bands of soft, dark-toned material are as 
wide as 400 ft. Much detail in tones is visible on photographs. 

Composition: (1) Olivine basalt flow rock (Taliaferro, 1948; California 
State Water Resources Board, 1955); much is vesicular, highly vesicu- 
lar on tops of flows. (2) Tuff breccia, composed of hard and firm blocks 
that are small to 4 ft in diameter, mostly medium to large, in firm ma- 
trix that is powdery to granular. (3) Clean, soft sandstone and conglom- 
erate, similar to unit 122, but notably clean. 

Unit is largely basalt and tuff breccia, each dominant in different 
places; tuff breccia probably dominates slightly. Some (possibly as much 
as 20 percent) interbedded sedimentary rock. 

Hardness: Nonvesicular and mildly vesicular flow rock is hard and fresh 
to near ground surface in places, but in other places develops spheroi- 
dal weathering of firm crumbly weathered material around cores of hard 
rock to depths greater than 12 ft. Highly vesicular flow rock is firm where 
weathered, generally to depths greater than 4 ft. Tuff breccia has matrix 
that is largely firm, some soft, where weathered, but some tuff breccia 
may be quite firm (craggy outcrops); most blocks are hard, some firm, 
both where fresh and weathered. Interbedded sandstone and conglomer- 
ate are soft except for hard clasts in conglomerate. 

Bedding: Probably largely distinct (flow against tuff breccia against sedi- 
mentary rock) and very thick (tens of feet). No bedding observed in tuff 
breccia. Within sedimentary rock, much medium to very thick distinct 
bedding. 

Parting: Absent in tuff breccia; none observed within flow rock; absent 
on distinct bedding within sedimentary rock. Thus, present only on very 
widely spaced contacts between flows, tuff breccias, and sedimentary 
rock. 

Fracture: In flow rock, spacing ranges from close to very wide (4 ft), 
mostly moderate to wide. Crumbly weathered rock around corestones has 
close to very close spacing. Tuff breccia has irregularly spaced fracture 
at moderate to very wide (5 ft), but locally produces coherent blocks as 
large as 8 ft and more in diameter (below crags), and much has weath- 
ering fracture at close to very close spacing. Hard blocks in tuff breccia 
mostly have moderate to wide spacing. Interbedded sandstone and con- 
glomerate are unfractured. 

Permeability: Flow rock (much of unit) has very low intergranular per- 
meability, but low to moderate fracture permeability to depth, as evi- 
denced by abundant springs (California State Water Resources Board, 
1955). Tuff breccia (much of unit) has low to less abundant moderate 
intergranular permeability; low permeability occurs in powdery matrix, 
moderate permeability in granular matrix, at least in places. Interbed- 
ded sandstone and conglomerate (some of unit) have low to moderate 
intergranular permeability. Most to almost all mantle very low. 

Weathering: In places, flow rock is fresh to ground surface, in other places 
it is weathered spheroidally to depths greater than 12 ft; highly vesicu- 

lar rock is weathered to depths of more than 4 ft Tuff breccia weathers 
to depths of more than 20 ft, interbedded sedimentary rock weathers 
deeply (more than 20 ft) 

Surficial mantle: Almost all clayey, minor to some granular 
Expansivity: Bedrock is largely unexpansive Most to almost all mantle 

is severely expansive Samples MSZ2, well-cracked dark popcorn clay 
soil, typical on flow rock, free swell 120 percent, GL4, mildly to mod- 
erately cracked dark clay soil, typical of much soil on tuff breccia, free 
swell 91 percent Much mantle over tuff breccia appears somewhat less 
expansive than sample GL4 

Sources: California State Water Resources Board, 1955, Taliaferro. 1948, 
six stations 

MAP UNIT 231 

Geologic unit, (age), and  location: Page Mill Basalt (T), only in Santa 
Clara County near Palo Alto. 

Summary: Almost all is basaltic flow rock and agglomerate; minor inter- 
bedded tuff. Flows and agglomerate blocks are hard, agglomerate ma- 
trix soft to firm. Rock has been quarried at one site. Most mantle is 
expansive, much or more is severely expansive. 

Composition: Almost all is basaltic flow rock and agglomerate in vari- 
able proportions, from largely flow rock to largely agglomerate, prob- 
ably much of each in unit as a whole. Much flow rock is dense, much 
vesicular. Agglomerate consists of hard, unfractured or slightly fractured 
blocks in a much softer matrix of ash and lapilli; most blocks are 0.5-2 
ft in diameter, but occasional blocks are as large as 3 ft in diameter. 
Blocks in agglomerate remain fresh where matrix appears to be weath- 
ered, altered, or uncemented, which permits blocks to fall out rather 
easily. Interbedded tuff (less than 5 percent of unit) is present in both 
agglomerate and flow sections, and some agglomerate is interbedded with 
flows. 

Hardness: Flow rock is hard, some firm where highly weathered or closely 
fractured. Agglomerate blocks hard, matrix soft to firm. Tuff soft. 

Bedding: Flows in basalt are indistinct and 5-15 ft thick; sections of domi- 
nant flows are 40-60 ft or more in thickness. Agglomerate sections are 
as thick as 40 ft or more. Tuff beds are as thick as 6 ft. 

Parting: Absent. 
Fracture: Mostly close to moderate spacing in flow rock; some very close 

spacing, but this may be related to a mapped fault. Blocks in agglomer- 
ate have mostly moderate spacing. 

Permeability: Flow rock (much of unit) has largely very low intergranu- 
lar permeability, possibly minor to some low in very vesicular flows; 
low fracture permeability to depth. Agglomerate (much of unit) has 
mostly low intergranular permeability, some moderate. Tuff (minor) has 
moderate to high intergranular permeability. Most to almost all mantle 
very low. 

Weathering: Rock is weathered to depths of 10 ft or more; iron-stained 
and opened fractures extend to depths of 40 ft or more. 

Surficial mantle: Most to almost all is clayey. 
Expansivity: Most bedrock is unexpansive, but some may be expansive 

(weathered tuff and agglomerate). Most to almost all mantle is expan- 
sive, much or more is severely expansive. Samples: PA51, well-cracked 
dark clay soil, thick, typical, free swell 101 percent; PA12, soil, free 
swell 82 percent; PA39, soil(?), free swell 134 percent. 

Sources: California State Water Resources Board, 1955; Davis and 
Jennings, 1954; Dibblee, 1966; Pampeyan, 1970; two stations. 

MAP UNIT 232 

Geologic units, (age), and location: Page Mill Basalt (T); Mindego Ba- 
salt and other volcanic rocks (T); unnamed volcanic rocks (KJ); only in 
San Mateo County. 
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Summary: Basaltic rock as flows, breccia, pillow lavas, agglomerate, tuff, 
and intrusives, minor sandstone and mudstone Most mantle is expan- 
sive 

Composition: Almost all is basaltic rock, largely fine grained, occurs as 
dense to vesicular flows, flow breccia of 1-12 in blocks m matrix of 
glass or calcite, pillow lavas that have pillows 2-5 ft in diameter in ma- 
trix of glass or tuff, agglomerate, and less abundant tuff and medium- 
to coarse-grained intrusive rock Minor sandstone and mudstone 

Hardness: Where fresh, crystalline rock is hard, glass and tuff probably 
firm Weathered rock is mostly firm to soft, glass and tuff are more easily 
weathered than other compositions Decomposed basalt is firm to soft 
and commonly contains hard spheroidal weathering cores of small to 
large size 

Bedding: Much is indistinct to locally distinct, much rock unbedded 
Parting: Largely absent 
Fracture: Close to moderate spacing, locally wide 
Permeability: Very low to low intergranular and fracture permeability in 

bedrock at depth Low to moderate fracture and intergranular permeabil- 
ity in shallow bedrock Largely low to very low in surficial mantle and 
decomposed basalt 

Weathering: In places, flow rock is weathered to clayey decomposed 
basalt to depths of tens of feet 

Surficial mantle: Largely clayey 
Expansivity: Almost all bedrock is unexpansive Most mantle expansive, 

some to much severely expansive Samples LH10, soil, free swell 64 
percent, LH11, soil, free swell 90 percent, MH9, black soil on pillow 
basalt, free swell 169 percent 

Stratigraphic thickness: Variable. 60-4000 ft 
Source: Ellen and others. 1972 

MAP UNIT 233 

Geologic unit, (age), and location: Moraga Formation, basalt and andes- 
ite member (T), in the East Bay Hills. 

Summary: Largely hard basaltic and andesitic flow rock, some (locally 
to 50 percent) scona, tuff breccia, breccia, and interbedded firm sedi- 
mentary rock No evidence of blasting, but Radbruch (1969) reported that 
flow rock generally requires blasting Flow rock used for fill, base rock, 
and riprap (Radbruch, 1969) Much mantle severely expansive 

Expression in aerial photographs: Largely rugged topography, ranging 
from sharp hard crests to intermediate crests 

Composition: Largely hard basaltic and andesitic flow rock, parts of which 
are vesicular, some scoria and scoriaceous breccia, tuff breccia of hard 
medium blocks and bombs in firm matrix, breccia of medium to large 
blocks in matrix, and sedimentary rock as described for unit 132. Lo- 
cally scoria, tuff breccia. and breccia constitute 50 percent of unit. Also 
includes minor well-cemented rhyolite tuff, tight to porous; reported 
rhyolite breccia; and rare limestone and associated chert. See descrip- 
tion by Lawson and Palache (1902). 

Hardness: Fresh flow rock, both dense and vesicular, is hard; weathered 
flow rock is firm. In most exposures, probably where both fresh and 
weathered, scoria is firm to hard and tough; tuff breccia has hard blocks 
in firm matrix; breccia has firm to hard blocks in firm to hard matrix. 
Clastic sedimentary rock is largely firm where weathered, but minor grit 
(see unit 132) that occurs in beds to thick is hard. Brecciated fracture 
zones are firm to soft. Rhyolite tuff is generally hard, as is limestone. 

Bedding: Flows are distinct and 25-150 ft or more thick; intervals of sedi- 
mentary rock are thick to very thick (100 ft); and zones of scoria, brec- 
cia, and tuff breccia are very thick (10 ft or more). Within sedimentary 
rock, distinct compositional changes are medium to very thick (as much 
as 30 ft or more), mostly very thick, and indistinct bedding within very 
thick distinct beds is thin to thick. Rhyolite tuff occurs in very thick (10- 
to 25-ft or more) intervals that are internally distinctly bedded. Rare lime- 
stone beds as thick as 40 ft contain chert interbeds. 

Parting: Much flow rock has parallel fracture or parting at close to wide 
spacing, mostly close to moderate, parallel to the flow. Parting is present 
at contacts between flow rock and sedimentary rock and within sedimen- 
tary rock on some bedding planes at very wide spacing Absent in brec- 
cia, tuff breccia, scoria, and in much flow rock Continuous parting at 
very close to moderate spacing reported in holocrystalline andesite sub- 
unit (Lawson and Palache, 1902) 

Fracture: Most hard flow rock is fractured at close to wide spacing (mostly 
less than 2 ft); in places, major fractures at spacing as wide as 5 ft, rarely 
as wide as 10 ft, define blocks that have incipient internal moderate to 
wide spacing. Scoria has moderate to 5-ft spacing, some probably as 
much as 10 ft. Breccia has moderate to very wide (6-ft) spacing. Most 
sedimentary rock has close to moderate spacing, some wide in hard grit. 

Permeability: Flow rock (most of unit) has very low intergranular per- 
meability, low to moderate fracture permeabilit> to depth (as judged from 
springs at contact with unit 154) Breccia, tuff breccia, scoria, and sedi- 
mentary rock (some of unit) have mostly low to very low intergranular 
permeability, but probably some moderate Most mantle very low to low 

Weathering: Weathers along fractures Flow rock is weathered firm to 
depths of 4-35 ft or more, depending on fracture spacing, closely frac- 
tured rock weathers deeply In sedimentary rock, sandstone is weathered 
to depths of more than 20 ft, mudstone as deep as 15 ft Tops of indi- 
vidual flows are oxidized red 

Surficial mantle: Largely clayey Radbruch (1969) reported sparse, gen- 
erally clayey soils and accumulations of clayey mantle as thick as 60 ft 

Expansivity: Bedrock is largely unexpansive, but minor may be severely 
expansive (particularly mudstone) Much mantle is severely expansive, 
much significantly expansive to possibly unexpansive. Of mantle, much 
is mildly cracked, some is moderately cracked, such as sample OE2, 
stony clay soil, free swell 123 percent, and some is well cracked, such 
as sample BV33, dark clay soil, free swell 109 percent 

Stratigraphic thickness: Bands mapped are 300 and 600 ft thick (inferred 
from Lawson and Palache, 1902) Entire Moraga Formation has maxi- 
mum thickness of about 1,200-1,300 ft 

Sources: Case, 1963, Lawson, 1914, Lawson and Palache, 1902, Radbruch, 
1969, Radbruch and Case, 1967, five stations 

MAP UNIT 234 

Geologic unit, (age), and location: Andesitic to basaltic flows of the 
Sonoma Volcanics (T), in area between Santa Rosa Valley and Howell 
Mountains. 

Summary: Hard and generally moderately fractured flow rock interlayered 
with fragmental rock of hard blocks in firm matrix. Most mantle is sig- 
nificantly expansive to unexpansive, some severely expansive. 

Expression in aerial photographs: Generally shows prominent layers 40- 
120 ft in width. 

Composition: Andesitic to basaltic lava flows, variably porphyritic and 
vesicular and in part scoriaceous, interlayered with or grading to flow 
breccia of andesitic or basaltic blocks, and interlayered with scoriaceous 
tuff breccia, agglomerate, volcanic breccia, and ash-flow tuff. Flows 
typically have coherent rock at base, but vesicular to scoriaceous, com- 
monly brecciated rock toward their tops and distal edges. A discontinu- 
ous baked, hardened, red-orange zone as thick as several feet commonly 
underlies the base of each flow. Flow breccia, volcanic breccia, agglom- 
erate, and tuff breccia consist of blocks or bombs of largely andesitic to 
basaltic rock as large as 5 ft in diameter, mostly 1 ft or less, in matrix 
of lapilli tuff, coarse and fine ash tuff, tuffaceous sedimentary rock, or 
unidentified fine-grained material. Blocks and bombs make up more than 
50 percent of volcanic breccia and agglomerate and 5-50 percent of tuff 
breccia. Interlayered tuff is typically ash-flow tuff, as described for unit 
270. 

Proportions of flow and fragmental rock are variable. Unit on the whole 
is estimated to be about 75 percent flow rock and 25 percent fragmental 
rock, but in places fragmental material constitutes 50 percent of unit. 
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Hardness: Flow rock is hard where fresh, firm to soft where weathered 
Breccla and tuff breccia contaln hard blocks In firm matnx where fresh, 
hard and soft blocks In soft matnx where weathered 

Bedding: Flow rock IS interlayered w ~ t h  Interflow breccia, agglomerate, 
volcanic breccla, tuff breccia, and tuff in distlnct beds that are variably 
very thick lndiv~dual flows pinch and swell abruptly along strike, but 
are mostly 15-25 ft thick, exceptionally as thick as 50 ft Interflow zones 
are of similar or lesser th~ckness Aenal photographs show distinct bands 
40-120 ft In w ~ d t h  

Parting: Present at flow contacts, within much flow rock at moderate to 
4-ft spaclng, and in perhaps 25 percent of flow rock at close to bery close 
spacing In rock that has wide or moderate spaclng of parting, incipient 
partlng at close to very close spacing IS common Parting is accentuated 
by weathering 

Fracture: In flow rock, fracture spacing ranges from close to very wide 
(8 ft), most spacing IS moderate, but some is close and, In places, some 
is wide Columnar jointing, probably at moderate spacing, is present In 
a few places, and poorly defined pillow structure of medium to large 
pillows is present locally, but fracture appears randomly onented In most 
flow rock. Fracture spacing in breccia and tuff breccia generally is ef- 
fectively the size of blocks, but large blocks commonly are fractured at 
close to moderate spacing Tuff matnx ln tuff breccia has moderate spac- 
ing where fresh, very close spacing where weathered 

Permeability: Flow rock (most of u n ~ t )  has very low ~ntergranular per- 
meabil~ty, low to possibly moderate fracture permeability to depth ex- 
cept shallow rock probably low. Fragmental rock (some of unit) has 
largely low intergranular permeability, locally moderate. One observa- 
tion of a spring at base of flow over interflow breccia. Most mantle low 
to very low. 

Weathering: Flow rock weathers irregularly; some blocks remain hard to 
the ground surface, other zones weather un~formly firm to depths of 15 
ft or more Weathenng generally progresses along fractures and is com- 
monly sphero~dal around fracture-~solated blocks As a consequence, the 
weathered zone, which IS generally 3-15 ft deep but may be deeper than 
20 ft, contains hard blocks In firm and soft clayey matrix that crumbles 
to granular material. 

Fragmental rock weathers to depths of more than 5 ft, and in places 
to more than 20 ft, depending on the matrix. Weathered matrix is soft, 
and blocks range from hard to soft. Weathered material is clayey; free 
clay is produced in weathering. 

Surficial mantle: Largely clayey, typically red, containing hard blocks. 
Soil is thin (1-2 ft) in many places, but mostly thicker than other soils 
on Sonoma Volcanics. 

Expansivity: Almost all bedrock is unexpansive, minor severely expan- 
sive weathered bedrock. Most mantle significantly expansive to 
unexpansive, some severely expansive. Bedrock samples: K15, clay 
between blocks in weathered zone, minor, free swell 160 percent; 
MWSl lA, blue-gray clay gouge, minor, free swell 92 percent. Surficial 
mantie samples: MWSl IB, clayey soil, typical at this station, free swell 
87 percent; GEl !A, dark clay soil on fragmental rock, typical, free swell 
116 percent; GEI lB,  typical soil on flow rock, free swell 50 percent; 
CA9, uncracked typical red clay soil, free swell 60 percent; MWSl6, soil, 
free swell 40 percent; CA8, typical red clayey soil, very mildly cracked, 
free swell 52 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; Kunkel 
and Upson, 1960; 16 stations. 

MAP UNIT 235 

Geologic unit, (age), and location: Andesitic and basaltic flows of the 
Sonoma Volcanics (T) disturbed by landsliding, near Wooden Valley 
northeast of Napa. 

Summary: Not seen in field. Largely andesitic flow rock, some fragmen- 
tal rock. Composition, physical properties, expansivity, and surficial 
mantle texture are similar to unit 234, but rock mass is broken by land- 

slide movement into coherent blocks 500 ft or more in width. Disrup- 
tion has probably created much moderate and high fracture permeabil- 
ity in bedrock at shallow and intermediate depths. 

Source: K.F. Fox, oral commun., 1972-73. 

MAP UNIT 236 

Geologic unit, (age), and location: Sonoma Volcanics (T), in vicinity of 
Burdell Mountain, Marin highlands. 

Summary: Not seen in field. Largely andesitic to basaltic flows and frag- 
mental rock, similar to unit 234. Rhyolite like unit 218 is present near 
base of unit at Burdell Mountain and possibly elsewhere. 

Sources: J.A. Bartow, oral commun., 1973; R.L. Rose, oral commun., 
1973. 

MAP UNIT 237 

Geologic unit, (age), and location: Andesitic to basaltic flows of the 
Sonoma Volcanics interhedded with fine-grained sedimentary rocks in- 
cluding diatomite (T), in the Sonoma Mountains. 

Summary: Andes~tic to basaltic lava flows, similar to unit 234, Interlayered 
with predomlnantly very fine grained tuffaceous and d~atomaceous sedi- 
mentary rock and diatom~te Flows and sedimentary rock occur In about 
equal proportions in layers 10-50 ft thick, mostly 15-30 ft th~ck  Some 
to much bedrock and mantle IS severely expansive 

Composition: Andesitlc to basaltic lava flows, as described for unit 234, 
Interlayered with predom~nantly very fine grained tuffaceous and d~ato-  
maceous sed~mentaxy rock, dlatom~te, and tuff Tuffaceous and d~atoma- 
ceous rock and tuff are almost all (about 90 percent) silt- and clay-size 
materials that weather to stlcky clay, the remalnlng 10 percent IS fine- 
grained to very coarse grained, well to moderately well sorted, largely 
clean, clay-free sandstone Diatomite is wh~te,  chalky, very fine grained 
rock 

Hardness: Flows are hard where fresh, firm to soft contalnlng hard blocks 
where %eathered Diatomite IS firm and brittle where fresh and where 
moderately weathered, but becomes soft and clayey in places where 
weathering is extreme (within 3 ft of ground surface) or where much is 
fractured at very close spacing. Very fine grained diatomaceous and tuf- 
faceous rock and tuff are generally firm where fresh; where weathered, 
they range from firm to soft, sticky clay. Clean sedimentary rock is soft 
and friable where weathered and probably where fresh. 

Bedding: Distinct flows and sedimentary intervals are interlayered in very 
thick (largely 15- to 30-ft, ranging from 10- to 50-ft) layers. Bedding 
within sedimentary intervals is largely thick to very thick, medium in 
places. 

Parting: Present at contacts between flows and sedimentary rock and 
withln sedimentary intervals at some bedding planes, especially at di- 
atomite contacts. Present at close to very close spacing in some (10-30 
percent) of flow rock. Present at very close spacing in some sedimen- 
tary rock where well weathered within several feet of ground surface. 

Fracture: Row rock is fractured at close to 5-ft spacing, mostly close to 
wide. Diatomite is fractured at very close to moderate spacing, mostly 
close to very close. Diatomaceous and tuffaceous rock and tuff are frac- 
tured at very close to moderate, mostly close to moderate, spacing where 
weathered. 

Permeability: Flow rock has very low intergranular permeability and low 
fracture permeability to depth. Intergranular permeability of diatomite 
low, of silt- and clay-size sedimentary material very low, of clean and 
well-sorted sedimentary rock moderate to locally high. Thus, an esti- 
mated 50 percent of bedrock (flows) has low fracture permeability to 
depth, 40-45 percent has very low total permeability, and 5-10 percent 
has moderate to locally high intergranular permeability. Most mantle very 
low to low. 

Weathering: Flows are weathered irregularly, from depths of several feet 
to more than 20 ft, leaving firm to soft clayey weathered rock contain- 
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mg variable proportions and sizes of hard blocks D ~ a t o m ~ t e  IS weath- 
ered to soft, clayey mater~al to depth of 8 ft In places (where much very 
close fracture), but In other places ~t IS bas~cally fresh (flrm, bnttle, no 
clay) to w ~ t h ~ n  3 ft of ground surface Very fme gramed d~atomaceous 
and tuffaceous rock and tuff generally are weathered to clay to depths 
of more than 6 ft, but some have 11ttIe clay at depth of 4 ft Clean sedl- 
mentary rock IS weathered to depths of more than 15 ft 

Surficial mantle: Largely clayey 
Expansivity: Much bedrock 1s unexpanslve (flow rock), some to much 

severely expanslve (weathered very fme graned sedimentary rock) Much 
mantle s~gn~ficantly expansive to unexpanslve, some to much severely 
expanswe Bedrock samples GE12A, weathered tuffaceous and d~ato-  
maceous rock, cracked, free swell 137 percent, GEl2B, weathered fme 
ash tuff or tuffaceous rock, free swell 135 percent, GEl3B, popcorn- 
weathered material (clay), free swell 188 percent A11 of the above 
samples are assoc~ated w ~ t h  cracking In roads Also sample GE14, weath- 
ered d ~ a t o m ~ t e  (clay), s11ghtIy cracked, free swell 85 percent Surficlal 
mantle samples GE13A. black clay so11 on weathered tuff(?), free swell 
1 I8 percent, GEl3C, so11 on dlatom~te, free swell 40 percent 

Sources: K F Fox, oral commun, 1972-73, Fox and others, 1973, four 
stations 

MAP UNIT 238 

Geologic unit, (age), and location: Ash-flow tuff of the Sonoma Volcan~cs 
~nterlayered wlth andes~tic to basaltic flows (T), En area between Santa 
Rosa Valley and Howell Mountams 

Summary: Hard a n d e s ~ t ~ c  to basaltic lava flows and flow brecc~a Inter- 
bedded w ~ t h  flrm ash-flow tuff and mlnor f ~ r m  to soft tuffaceous sedl- 
mentary rock Hard flows are generally 5-100 ft th~ck,  firm mtervals 40 
ft to a few hundred feet t h ~ c k  Minor bedrock and some mantle severely 
expanslve 

Composition: A n d e s ~ t ~ c  to basaltic flow rock ~ d e n t ~ c a l  to unlt 234, lnclud- 
mg fragmental rock, lnterbedded wlth ash-flow tuff ~dentlcal to unlt 270 
and mlnor tuffaceous sed~mentary rock Probably much to most of unlt 
IS tuff, much IS flow rock, mmor sedjmentary rock 

Hardness: Flow rock 1s s~mllar  to unlt 234, that IS, mostly hard, becomes 
firm where weathered Ash-flow tuff is firm, some soft Tuffaceous sedl- 
mentary rock IS f ~ r m  to soft 

Bedding: Very thlck beds of alternat~ng flow rock and tuff, Intervals of 
flow rock are 5-100 ft thlck, commonly about 20 ft, whereas tuff Inter- 
vals are mostly 40-100 ft thick, but may be as thick as a few hundred 
feet Beds are clear on aer~a l  photographs, but most exposures are too 
small to reveal bedding Some tuffaceous sed~mentary rock In tuffaceous 
intervals has medlum to th~ck  beds 

Parting: Probably at bedding planes (very w ~ d e  spacmg) and locally wlthln 
tuffaceous intervals 

Fracture: Flow rock has mostly moderate spacing, rangmg from close to 
wlde Spacing In ash-flow tuff ranges from moderate to 20 ft, mostly 
w ~ d e  to 5 ft Tuffaceous sedimentary rock generally has lnd~stmct frac- 
ture where fresh, close to very close spaclng where weathered 

Permeability: Flow rock has very low mtergranular permeabil~ty, prob- 
ably low fracture permeabll~ty to depth, ash-flow tuff has low mtergranu- 
lar permeab~l~ty,  tuffaceous sed~mentary rock has low to moderate and 
locally high ~ntergranulac perrneabll~ty Thus, bedrock has largely low 
permeab~lity to depth, but contams mznor zones of moderate and even 
h ~ g h  permeab~l~ty parallel to bedding Probably most mantle low to very 
low, some to much moderate 

Weathering: Andesltlc flows weather as descr~bed for unlt 234 Tuff and 
tuffaceous rock have variable weathering, much sed~mentary rock and 
tuff are weathered clayey to depths of more than 6 ft, but some are weath- 
ered to clay to depths of more than 20 ft 

Surficial mantle: Probably most clayey, some to much granular 
Expansivity: Most bedrock is unexpansive, minor severely expanslve 

(weathered tuffaceous sed~mentary rock) Most mantle unexpanslve to 

s ~ g n ~ f ~ c a n t l y  expansive, some severely expanswe See samples for units 
234 and 270 Samples of weathered tuffaceous sedimentary rock Kg, 
mildly cracked weathered clayey m a t e d ,  free swell 92 percent, KlOA, 
mildly cracked tuff, free swell 81 percent; KlOB, weathered tuffaceous 
siltstone or tuff, mildly cracked, free swell 71 percent; K12, weathered 
tuffaceous sandstone, free swell 100 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; four 
stations. 

MAP UNIT 239 

Geologic unit, (age), and location: Volcan~c rocks (T), only at Lone H111, 
south of San Jose 

Summary: Not seen In f ~ e l d  Some tuff and tuffaceous shale, some dac~te  
(flinty), and some p e r l ~ t ~ c  daclte, all of these extens~vely altered 
(kaollnlzed and pyrltized) Most IS hard rock, quamed for road metal 

Expression in aerial photographs: Res~stant bump In flat alluv~al plane 
Largely removed and graded 

Composition: Unlt Includes ( I )  Tuff gradmg to tuffaceous shale, wh~te,  
well bedded, looks 11ke shale In Monterey Group (unlt 525) (2) Perllt~c 
dac~te  (3) Dac~te that IS masswe and fl~nty, some ves~cular All of these 
composit~ons are altered in most places, in large part kaolinized and 
pyritized. 

Unit contains some of each composition. Dacite (composition 3) forms 
most of Lone Hill. Tuff and tuffaceous shale (composition 1) forms some 
of Lone Hill and all of isolated exposure immediately south of Lone Hill. 

Hardness: Dacite and perlitic dacite are largely bard; quarried for road 
metal. Tuff and tuffaceous shale firm to hard. 

Bedding: In tuff and tuffaceous shale, distinct and probably thin to me- 
dium. Absent in remainder (most of unit). Perlitic dacite as thick as 
200 ft. 

Parting: Present probably at close to moderate spacing in tuff and tuf- 
faceous shale, absent in remainder (most of unit), 

Permeability: Intergranular permeability of bedrock probably largely very 
low, except much shallow rock probably low owing to alteration. Prob- 
ably low fracture permeability to depth in most bedrock. Probably much 
to most mantle low to very low. 

Surficial mantle: Probably much to most clayey where not removed by 
grading. 

Expansivity: Most bedrock unexpansive, some to much (tuff and tuf- 
faceous shale) may be expansive. Much mantle may be expansive. See 
samples for unit 260. 

Sources: Bailey and Everhart, 1964; Davis and Jennings, 1954. 

MAP UNIT 240 

Geologic unit, (age), and location: Rhyolitic flows of the Sonoma 
Volcanics (T), only in Howell Mountains north and east of Calistoga. 

Summary: Largely rhyolitic and rhyodacitic flows, in many places hy- 
drothermally altered; includes some tuff, tuff breccia, and agglomerate. 
Unit is about half firm to soft rock and half hard rock. Hydrothermally 
altered bedrock may be significantly expansive, and much mantle is sig- 
nif~cantly expansive. 

Composition: Largely rhyolitic to rhyodacitic flow rock similar to unit 
218; may be intrusive in part. Contains much bydrothermally altered 
rhyolite, both hardened silicified rock and soft and clayey bleached and 
altered rock. Also includes some tuff, lithic tuff, agglomerate, and other 
lithologies, particularly near Calistoga Grade, north of Calistoga, and at 
Glass Mountain. 

Unit is decidedly less homogeneous and generally softer than unit 218. 
Softness and lack of homogeneity in most areas is due to hydrothermal 
alteration, but in other areas it is due to admixture of other materials ow- 
ing to tectonic movement or landsliding and, also, to inclusion within 
the map unit of tuff, tuff breccia, and agglomerate, 

Hardness: Variable, but probably about half firm to soft rock and half 
hard rock. In some areas, unit consists wholly of firm to soft rock ow- 
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ing either to alteration or to admixture of firm lithologies. In contrast, 
some rock types that would otherwise be firm are locally hard owing to 
silicification in hydrothermally altered areas. Hydrothermally altered 
rhyolite has much more firm to soft rock than is typical for rhyolitic 
flows. 

Bedding: Mostly absent, but present and distinct in some interlayered 
pyroclastic rock at medium to very thick (10 ft or more) 

Parting: Present in some flow rock at very close to very wide (4-ft) spac- 
ing, as described for flows of unit 218, and In some altered rock at close 
to very close spacmg 

Fracture: Var~able, from moderate to very wide spacing, as in typical 
rhyolitic flow rock, to close to very close spacing in firm to soft altered 
rock. 

PermeabiIity: Most bedrock has very low intergranular permeability and 
low fracture permeability to depth, but some has moderate to high in- 
tergranular permeability (breccia and pyroclastics) and probably some 
has very low total permeability (some altered rock) Much mantle mod- 
erate, much low to very low 

Weathering: Variable, from no vis~ble weathering effect to thorough al- 
teration that extends deeper than cuts Thorough alterat~on probably re- 
sults from hydrothermal activity and so probably extends to depth, it 
commonly produces clayey material, and so free clay is more abundant 
in this unit than in unit 218. 

Surfieial mantle: Much granular, much clayey; typically sandy clay or 
clayey sand. More clay in soil than unit 218. 

Expansivity: Most bedrock is unexpansive, but much may be significantly 
expansive (altered rock) and some may be severely expansive. Much 
mantle unexpansive, much significantly expansive, minor to some se- 
verely expansive. Samples: CAl4A, typical soil on altered rock, free 
swell 51 percent; CA14B. uncommon soil on altered rock, free swell 72 
percent; CA12, red clay soil on tuff, free swell 116 percent; SHl7A, 
clayey colluvium on unaltered rhyolite, free swell 31 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; seven 
stations. 

MAP UNIT 241 

Geologic unit, (age), and location: Rhyolitic breccia of the Sonoma 
Volcanics (T), near Napa. 

Summary: Largely hard, tough rhyolite breccia that has mostly wide frac- 
ture spacing; much is blasted for excavation. Forms bold outcrops. Some 
weathered rock has firm matrix containing hard blocks as large as 2-3 ft 
in diameter. Minor interbedded firm lithic tuff. Mantle is unexpansive. 

Composition: Breccia of small to large blocks of rhyolite in tight matrix 
of smaller pieces and, where discernible, banded rhyolitic flow rock. 
Includes minor interbedded lithic lapilli tuff as described for unit 272. 

Hardness: Typically hard, uniformly. Some rock (less than half) has firm 
or, less commonly, so& matrix between hard blocks where weathered. 
Lithic tuff is firm to hard. 

Bedding: Absent, except where lithic tuff is interbedded, 
Parting: Absent. 
Fracture: Spacing is mostly wide, but ranges from moderate to very wide 

(6 ft), in places as much as 10 ft. Where weathered matrix is firm to 
soft, effective spacing is  size of hard blocks, which are medium to large; 
matrix in this rock has very close fracture spacing on surface where 
weathered. 

Permeability: Very low intergranular permeability in almost all bedrock. 
Very low to low fracture permeability in shallow bedrock, may extend 
to depth. Most mantle moderate. 

Weathering: Mostly fresh to outcrop. Some matrix is weathered firm to 
depths of more than 6 ft. 

Surficial mantle: Largely granular; typically loam containing abundant 
rock fragments. 

Expansivity: Bedrock and mantle are unexpansive. Sample N5, uncracked 
loam soil, typical, free swell 35 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two 
stations. 

MAP UNIT 250 

Geologic unit, (age), and location: Volcanic rocks (K), near Lorna Prieta 
in Santa Cmz Mountains south of San Jose. 

Summary: Briefly seen in field. Basaltic pillow lava, breccia, and tuff 
breccia; some diabase. Unit is similar in composition, physical proper- 
ties, permeability, and surficial mantle texture to Franciscan greenstone 
(unit 253), but it is probably less sheared and disrupted. 

Expansivity: Like unit 253, Bedrock is largely unexpansive, but minor to 
some may be expansive where sheared, altered, or weathered. Much 
mantle unexpansive, much significantly expansive, probably minor to 
some severely expansive. Samples: LOG1 I, mildly cracked red-brown 
sandy silt soil, typical, free swell 53 percent; LOG12, red sandy silty 
soil, typical, free swell 50 percent. 

Sources: R.J. McLaughlin, oral commun., 1979; two stations. 

MAP UNIT 251 

Geologic unit, (age), and location: Spilite near Black Point (K), on 
Sonoma County coast. 

Summary: Spilitic basalt, like Franciscan greenstone (unit 253) except 
much wide and some very wide fracture spacing in fresh rock. Bedding 
and parting are absent. Fresh rock is hard, weathers firm to hard. 

Composition: Spilitic basalt containing widespread but minor replacement 
by epidote; locally minor chloritic pillow matrix. 

Hardness: Fresh rock is hard. Weathered rock is firm to hard, becoming 
firm to soft where severely weathered. 

Bedding: Largely absent or unrecognizable; locally defined by pillows in 
sequences of unknown thickness. Dikes may be present, 

Parting: Absent. 
Fracture: Shattered like Franciscan assemblage except at northern end of 

coastal exposure. Effective fracture spacing is probably largely moder- 
ate to wide, close where more shattered and weathered; some has very 
wide effective spacing in fresh rock. Pillows, 1-5 ft in intermediate di- 
ameter, form effective fracture in some rock. Fractures are largely tight 
in fresh rock and in some weathered rock. 

Permeability: Very low intergranular permeability, low to locally mod- 
erate fracture permeability largely in shallow bedrock. Mantle probably 
variable, moderate to very low. 

Weathering: Depth of weathering not observed, but probably highly vari- 
able, as is degree of weathering. Weathered rock is oxidized along en- 
tire fracture system, although this does not affect physical properties 
much. 

Sufl~cial mantle: Probably clayey to granular, much of each, like unit 253. 
Expansivity: Probably like unit 253, in which bedrock is largely 

unexpansive, but minor to some is expansive where sheared, altered, or 
weathered. Probably much mantle unexpansive, much significantIy ex- 
pansive, minor to some severely expansive, 

Stratigraphic thickness: Thousands of feet. 
Sources: Blake and others, 1971; Wentworth, 1966; three stations. 

MAP UNIT 253 Franciscan greenstone 

Geologic units, (age), and location: Greenstone of the Franciscan assem- 
blage (KJ) ,  throughout most of region; quartz keratophyre of the 
Franciscan assemblage, near Loma Prieta in Santa Cmz Mountains south 
of San Jose. 

Summary: Altered basaltic volcanic rock consisting of pillow lava, tuff 
breccia, tuff, flows, and related intrusive rock; includes some sheared 
rock like units 800 and 804. Most fresh rock is hard; quarried for fill 
and road metal. Low to locally moderate fracture permeability in shal- 
low rock. Bedrock is largely unexpansive; much surficial mantle is ex- 
pansive. 
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Composition: Altered basaltic volcan~c rock conslstlng of p1110w lava, 
breccla, tuff breccia, tuff, flows, and related Intrusive rock, locally mi- 
nor chert (11ke unit 51 1) or limestone (11ke unit 909) Pillows, flows, and 
breccia fragments are glassy to holocrysta1l1ne and largely aphanltic, 
some rock, especially in larger masses, IS dlabaslc (gram s ~ z e  as large 
as 1 mm) P11low lava cons~sts of rounded p~llow masses I ft to several 
feet In length in a subordinate to generally mlnor matrix of chlor~te or 
tuff, tuff breccia cons~sts of vanably abundant altered basalt~c fragments, 
mostly very small to small, In tuff matrix, tuff IS sandstone and siltstone 
composed of altered maflc glass fragments Some rock is variably 
sheared, borders may be altered to clay 

Proport~ons are variable Tuff and tuff breccia generally are subordi- 
nate but locally they dominate, In Marin County, about 60 percent p11- 
low lava, 30 percent tuff breccia, 10 percent tuff 

Hardness: Where fresh, flows, intruslves, p~llows, breccia fragments, and 
some p~llow and breccia matrix are hard, tuff and most p~llow and brec- 
cia matrix are firm Weathered rock IS largely flrm to soft, larger pleces 
hard, clay is soft 

Bedding: Mostly ~ndtstlnctly bedded In very th~ck  (commonly tens of feet), 
irregular beds, or~ented p~llows deflne crude bedding in some 

Parting: Absent except In chert (like unit 511) and along shear surfaces 
In sheared rock 

Fracture: Largely close to moderate spacing, some w ~ d e ,  especially In 
d~abasic rock Common close to very close spaclng of lnclplent fracture 
that becomes effectlve In weathered rock P~llows 1 ft to several feet In 
length create effectlve w ~ d e  fracture spaclng in p~llow lava Vmable very 
close to very w ~ d e  shear surfaces In some rock 

Permeability: Bedrock has very low ~ntergranular permeab~llty, low to 
locally moderate fracture permeabll~ty largely In shallow rock Mantle 
variable, moderate to very low 

Surficial mantle: Clayey to granular, probably much of each Much so11 
IS on borderline between granular and clayey 

Expansivity: Bedrock IS largely unexpansive, mlnor to some expanslke 
(where sheared, altered, or weathered) Much sur f~c la l  mantle IS  

unexpansive, much s~gnificantly expanslve, minor to some severely ex- 
pansive Bedrock sampIes SM6, altered greenstone, free swell 50 per- 
cent, SFNI,  altered greenstone, free swell 61 percent, B09,  deeply 
weathered greenstone, free swell 50 percent, B012, weathered green- 
stone, free swell 70 percent, SFSl6, sheared greenstone in BART tun- 
nel, free swell 98 percent S u r f ~ c ~ a l  mantle samples SG24, typ~cal  
grassland so11 on greenstone, free swell 60 percent, BO24A. typical 
woodland surflcial soil on greenstone, free swell I9  percent, BO24B. 
typical woodland subsoil on greenstone, free swell 30 percent, MHl6A, 
surfic~al so11 on greenstone (Loney topso~l), free swell 120 percent, 
MHl6B, subs011 on greenstone (Loney subso~l), free swell 138 percent, 
MM4, so11 on greenstone, free swell 43 percent, WOl5,  moderately 
cracked soil on greenstone, free swell I01 percent, MM5, so11 on collu- 
vlum from greenstone, free swell 105 percent 

Stratigraphic thickness: Hundreds to thousands of feet 
Sources: Blake and others, 1971, 1974, Bailey and others, 1964, Ellen and 

others, 1972, Robinson, 1956, many stations 

MAP UNIT 254 Unsheared Franciscan metagreenstone 

Geologic unit, (age), and location: Parts of metagreenstone of the 
Franciscan assemblage (KJ) that have hard topography, as determined 
by interpretation of aerial photographs, in Marin highlands. 

Summary: Slightly metamorphosed greenstone; most is unsheared, but 
minor to some severely sheared and some variably sheared and shattered 
rock. Largely hard where fresh and firm to hard where weathered; 
sheared or shattered rock is firm to soft where weathered. Low to lo- 
cally moderate fracture permeability. Much surficial mantle is signifi- 
cantly expansive, minor severely expansive. 

Composition: Largely nonfoliate, slightly metamorphosed greenstone that 
shows some development of blue amphiboles; similar in composition to 

unit 253 except for metamorphism. Unit is largely unsheared, but in- 
cludes minor to some severely sheared rock (like unit 800) and some 
variably sheared and shattered rock (like unit 804). 

Hardness: Largely hard where fresh; firm to hard pieces in soft to firm 
matrix where weathered. Sheared or shattered rock is firm to soft where 
weathered. May be altered to soft material along contacts with other rock 
types. 

Bedding: Mostly unbedded to indistinctly bedded in thick to very thick 
(tens of feet) irregular beds; orlented pillows define crude bedding in 
some. 

Parting: Largely absent. 
Fracture: Where unsheared, spacing is largely close to moderate, some 

very close; where sheared or shattered, spacing is very close to close. 
P~llows 1 ft to several feet in length create effective wide fracture in 
weathered pillow lava. Very close to very wide shear surfaces in some 
rock. 

Permeability: Bedrock has very low intergranular permeability, low to 
locally moderate fracture permeabil~ty largely in shallow rock. Mantle 
variable, moderate to very low 

Surficial mantle: Clayey to granular, probably much of each 
Expansivity: Bedrock IS largely unexpanslve, minor to some expanslve 

(sheared rock) Much surfic~al mantle IS unexpansive, much s~gn~ficantly 
expansive, mlnor severely expanslve See samples for unlts 253 and 801 

Stratigraphic thickness: Hundreds to thousands of feet. 
Sources: Blake and others, 1974; several stations. 

MAP UNIT 255 

Geologic units, (age), and location: Basaltlc p~llow lava and brecc~a (J), 
only In Mendocino h~ghlands, diabase and d~abase-basalt breccia (J), In 
northern Mayacmas Mountains 

Summary: Basaltic p~llow lava and breccia Rock is deeply weathered, 
most IS firm, but Includes some hard corestones and soft zones of sheared 
or altered rock Much to most mantle is significantly expanslve 

Composition: Shattered and somewhat sheared basalt~c to d ~ a b a s ~ c  p11- 
low lava and breccia, some tuff, rare chert Rock IS composed of green- 
~sh-gray basalt altered by a l b ~ t ~ z a t ~ o n  and s~ l ic~f ica t~on  so that or~ginal 
textures are destroyed In Bradford Mountaln area, h~ghly altered dacite 
porphyry is ~nd~st~nguishable In the field from basalt (Gealey, 1951) 

Hardness: Fresh rock is probably largely hard having hard to firm ma- 
t r~x ,  but no fresh rock observed Weathered rock IS mostly firm, but some 
consists of soft zones of more weathered, sheared, or altered rock, and 
an unknown proportion contams res~dual corestones of hard rock, which 
may constitute most of weathered rock In places 

Bedding: Most intervals of p~llow lava and brecc~a are probably tens of 
feet th~ck  

Fracture: Effective spacing in fresh rock is probably moderate to wide, 
ranging from very close to very wide, Effective spacing in weathered 
rock is very close to moderate, some wide. Most rock is shattered at very 
close spacing, but in places, particularly in hard corestones, these frac- 
tures are tight and do not represent effective fracture spacing. Iron stain- 
mg is prominent on all fractures 

Permeability: Intergranular permeab~lity of bedrock very low, probably 
low fracture permeab~l~ty in shallow rock Probably much mantle mod- 
erate, much low to poss~bly very low 

Weathering: Weathered deeper than cuts (which are as deep as 30 ft) 
wherever observed; probably weathered deeply in most places. Corestone 
(spheroidal) weathering noted in places, absent in others. 

Surficial mantle: Clayey to granular, probably much of each. Soil is stony, 
reddish brown, and thin on ridge crests and slopes, 

Expansivity: Bedrock is largely unexpansive, but some may be expan- 
sive (where sheared, altered, or weathered). Probably much mantle is 
unexpansive, much to most is significantly expansive, probably minor 
to some severely expansive. Samples: GY8, mildly cracked sandy clay 
soil, free swell 61 percent; GRN1, mildly cracked clayey silt soil, free 
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swell 50 percent; J l ,  typical soil on unit Jdb of source map, free swell 
60  percent (exaggerated). 

Sources: Blake and others. 1971; Gealey, 1951; McLaughlin, 1978: four 
stations. 

MAP UNIT 256 

Geologic unit, (age), and location: Basaltic pillow lava and breccia (J), 
only in Howell Mountains. 

Summary: Boldly outcropping, resistant basaltic rock occurring as brec- 
cia and pillow lava. Hard blocks in firm matrix, varied fracture spacing. 
Thin soil, largely unexpansive. 

Composition: Basaltic rock. both as breccia of mostly small to medium 
blocks, but containing blocks as large as 3 ft or more in diameter, and 
as pillow basalt of elongate pillows mostly 3-6 ft in length. In both brec- 
cia and pillow basalt, a fine-grained matrix fills interstices. 

Hardness: Breccia bas hard blocks in hard matrix where fresh, otherwise 
hard blocks in firm matrix. Pillow basalt has hard blocks in firm ma- 
trix. 

Bedding: Breccia has indistinct very thick (as much as 25-ft) beds. Pil- 
low basalt imbedded. 

Parting: Absent, but possibly some weakness at very wide spacing (as 
much as 25 ft) in breccia. 

Fracture: Present at different scales, any of which may dominate a given 
exposure. In breccia, much fracture has close to moderate spacing (size 
of blocks and closer), but throughgoing fractures are moderate to very 
wide (5 ft) and major throughgoing fractures 20-30 ft. Pillow basalt has 
close to very close spacing that is incipient in many places, another set 
of fractures at moderate spacing, and major throughgoing fractures at 
wide to 8 ft. 

Permeability: Intergranular permeability of bedrock very low; probably 
low fracture permeability in shallow rock. Mantle variable, moderate to 
very low. 

Weathering: Rock forms bold, craggy outcrops and is hard to the surface 
of these outcrops. Weathering has little effect except to soften matrix 
and open incipient fractures. 

Surficial mantle: Granular to clayey, probably much of each. Thin, stony 
soil over boldly outcropping rock. 

Expansivity: Bedrock is largely unexpansive, but minor may be expan- 
sive. Much to most mantle is unexpansive, probably much significantly 
expansive. Sample WS7, typical stony clayey soil, free swell 40 percent. 
See samples for unit 255. 

Sources: Sims and others, 1973; two stations. 

MAP UNIT 260 

Geologic unit, (age), and location: Volcanic rocks (T), only near Blos- 
som Hill (exclusive of Lone Hill), south of San Jose. 

Summary: Largely hard welded tuff, rhyolitic to dacitic in composition, 
forms outcropping blocks and minor bluffs: some to much firm altered 
tuff or tuffaceous mudstone. Some to much bedrock and most mantle 
are expansive. 

Expression in aerial photographs: Resistant bump. 
Composition: (1) Altered welded tuff of lapilli and feldspar crystals in 

dominant ash matrix; rhyolitic to dacitic in composition (E.E. Brabb, 
written commun., 1972). dacitic (Bailey and Everhart, 1964). Includes 
minor tuff breccia that contains blocks as large as 1 ft in diameter. (2) 
Altered fine ash tuff or tuffaceous mudstone, firm, green; includes mi- 
nor nodules(?) of hard chert('?). Welded tuff is the prominent and prob- 
ably dominant constituent, some to much composition 2. 

Hardness: Welded tuff is hard to the ground surface where it crops out, 
but minor weathers firm within 2 ft of ground surface. Green tuff or 
tuffaceous mudstone is firm where fresh and weathered, but weathered 
rock mass is soft containing hard nodules. 

Bedding: Welded tuff occurs as a very thick (as much as 40-ft) layer that 
is internally unbedded to indistinctly bedded, but has planar fabric. Very 
thick (tens of feet) green tuff or tuffaceous mudstone is imbedded inter- 
nally. Chert nodules are medium and 1-3 ft in length 

Parting: Largely absent, some probably to wide. 
Fracture: Welded tuff is fractured both at moderate to wide and at very 

wide spacing (as much as 10 ft or more) in outcropping blocks, much 
of each; all has variably prominent close irregular fracture that is insig- 
nificant except for durability. Green tuff or tuffaceous mudstone has 
close to very close spacing of weathering fracture on moderate original 
spacing. 

Permeability: Welded tuff (most of unit) has low to very low intergranu- 
lar permeability, probably low fracture permeability to depth. Green tuff 
or tuffaceous mudstone (some to much of unit) has very low intergranular 
permeability, possibly some low fracture permeability in shallow rock. 
Most mantle very low to low. 

Weathering: Most welded tuff crops out. minor weathers firm within 2 ft 
of ground surface. 

Surficial mantle: Largely clayey, stony. 
Expansivity: Most bedrock is unexpansive, but some to much (green tuff 

or tuffaceous mudstone) is significantly expansive where fresh and prob- 
ably severely expansive where weathered. Most mantle expansive, much 
to most severely expansive. Samples: STH12C, fresh green altered tuff, 
typical of some to much bedrock of unit. free swell 54 percent; STH12A. 
very mildly cracked stony clay soil, typical on welded tuff, free swell 
80 percent; STH12B moderately cracked stony clay mantle, local con- 
stituent, free swell 155 percent. 

Sources: Bailey and Everhart, 1964; E.E. Brabb, written commun., 1972: 
one station. 

MAP UNIT 261 

Geologic unit, (age), and location: Welded tuff of the Sonoma Volcanics 
(T), in area between Santa Rosa Valley and Howell Mountains. 

Summary: Hard welded ash-flow tuff interlayered with firm partially 
welded or unwelded ash-flow tuff and with minor firm bedded tuff. Most 
bedrock and mantle is unexpansive. 

Composition: Hard welded lithic and pumice lapilli ash-flow tuff 
interlayered with some to much firm partially welded and unwelded ash- 
flow tuff similar to unit 270 and with minor firm bedded tuff composed 
of fine ash, crystals, pumice lapilli, and lithic lapilli. Hard welded tuff 
probably predominates, but as much as half of unit may consist of 
unwelded or partially welded tuff. Baked and hardened zones about 3-5 
ft thick lie immediately below welded rock. 

Hardness: Welded tuff is hard (ringing) both where fresh and weathered. 
Unwelded tuff, where fresh, is firm; where weathered, it is largely firm, 
but soft in places within 3 ft of the ground surface. 

Bedding: Hard welded tuff occurs in layers generally less than 200 ft thick, 
between layers of firm tuff. The firm tuff is mostly unbedded or indis- 
tinctly bedded, but locally where sorted it is distinctly bedded in thin to 
thick beds. 

Parting: Hard welded rock generally has parting parallel to layering at 
moderate to very wide (6-ft) spacing; in places, parting is present at close 
to very close spacing, but this parting is commonly incipient. Firm tuff 
lacks parting, 

Fracture: Much hard welded rock shows columnar jointing perpendicu- 
lar to layering at moderate to wide spacing: where columnar jointing is 
absent, the rock is fractured mostly at moderate to wide spacing, but 
ranges from close to very wide (5 ft), in places as wide as 8 ft. Firm 
tuff shows variable fracture spacing, mostly moderate to wide. 

Permeability: Hard welded tuff (most of unit) has very low intergranular 
permeability, probably low fracture permeability to depth. Firm tuff 
(some to much of unit) has low intergranular permeability. Most mantle 
low to very low, some to much moderate. 
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Weathering: On hard welded rock, weathering has little effect except 
production of new fractures and opening of incipient fractures within 2 
ft of ground surface; hard rock generally crops out. Effects of weather- 
ing on firm tuff are described for unit 270. 

Surficial mantle: Largely clayey, some to much granular. 
Expansivity: Most bedrock is unexpansive, but minor is severely expan- 

sive (weathered bedded tuff) and some is significantly expansive (weath- 
ered welded tuff). Most mantle unexpansive, probably some expansive. 
Samples: DR12. stony clayey soil, typical, free swell 30 percent; DR13, 
cracked clayey weathered tuff, rare, free swell 84 percent. Also samples 
reported for unit 270: SH2, typical red clay soil on welded tuff, free 
swell 41 percent; SH4, clay weathering product of welded tuff, free swell 
62 percent. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; 11 sta- 
tions. 

MAP UNIT 262 

Geologic unit, (age), and location: Xenolithic welded tuff(?) of the 
Sonoma Volcanics (T), northeast of Napa. 

Summary: Hard welded tuff that has moderate to very wide fracture spac- 
ing. Forms rugged outcrops and required blasting at both exposures ex- 
amined. 

Composition: Welded lapilli tuff and tuff breccia that contain pebble-size 
xenoliths (fragments of nonvolcanic rock derived from depth). 

Hardness: Uniformly hard. 
Bedding: Absent. 
Parting: Absent. 
Fracture: Moderate to very wide (4-ft) spacing, 
Permeability: Bedrock has very low intergranular permeability, low frac- 

ture permeability probably to depth. Probably much mantle moderate. 
much low to very low 

Weathering: Crops out, fresh to ground surface. 
Surficial mantle: Granular to clayey, probably much of each; much thin 

to absent. 
Expansivity: Bedrock is largely unexpansive; mantle probably is largely 

unexpansive. 
Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two 

stations. 

MAP UNIT 270 

Geologic unit, (age), and location: Ash-flow tuff of the Sonoma Volcanics 
(T), in area between Santa Rosa Valley and Howell Mountains. 

Summary: Largely firm, coherent, low density ash-flow tuff that is widely 
fractured and has low permeability, but contains scattered to locally 
abundant hard welded layers. Also contains less abundant tuff breccia, 
which consists of hard blocks and bombs in firm tuff matrix, and minor 
soft to firm tuffaceous sedimentary rock and nontuffaceous clastic sedi- 
mentary rock. Minor bedrock and some mantle are severely expansive. 

Expression in aerial photographs: Prominent layers of greater and lesser 
resistance 20-150 ft in width. 

Composition: Ash-flow tuff is typically composed of pumice lapilli and 
minor lithic lapilli embedded in coarse to fine ash matrix. Unit locally 
includes welded tuff, tuff breccia, lithic tuff, tuffaceous sedimentary rock, 
fine ash tuff. and nontuffaceous clastic sedimentary rock similar to that 
mapped as unit 141. Hard welded tuff and firm partially welded tuff 
occur within unwelded ash-flow sequences. Tuff breccia is composed of 
5-50 percent volcanic blocks and bombs or. less commonly, pumice 
blocks, in tuff matrix; blocks and bombs generally are less than 1 ft in 
diameter, but may be as large as 3 ft and rarely even 5-10 ft in diam- 
eter. Tuffaceous sedimentary rock consists of water-laid sand- to silt- 
size material, mostly medium- to fine-grained sandstone and siltstone. 
that is composed of reworked pumice, lithic clasts, and ash admixed with 
other terrigenous materials in variable proportions; locally it grades to, 

or interfingers with, nontuffaceous sedimentary rock as described for 
unit 141. 

Unit consists largely of ash-flow tuff; some welded tuff; minor tuff 
breccia and sedimentary rock. In places, hard welded tuff makes up as 
much as 50 percent of unit, but generally much less. 

Hardness: Ash-flow tuff is firm, coherent rock that contains some soft 
zones, especially where weathered along fractures; in many places, ex- 
posed surfaces are case hardened to firm or hard. Welded tuff is hard; 
partially welded tuff is firm, but firmer than typical ash-flow tuff. Tuff 
breccia has hard to firm blocks and bombs in firm matrix. Fine-grained 
tuffaceous sedimentary rock is mostly firm; medium-grained and coarser 
sedimentary rock is mostly soft and friable. Nontuffaceous clastic sedi- 
mentary rock is soft to firm. 

Bedding: Ash-flow tuff occurs in indistinct beds that are 5-150 ft or more 
thick. Partially welded and welded tuff occurs within beds in medium 
to 40-ft zones, typically grading both upward and downward to unwelded 
ash-flow tuff. Tuff breccia is unbedded or indistinctly bedded and oc- 
curs in intervals as thick as 50 ft or more. Tuffaceous sedimentary rock 
is distinctly to indistinctly bedded in medium to very thick beds. Clas- 
tic sedimentary rock is distinctly bedded in generally thick beds, rang- 
ing from medium to 15 ft. On aerial photographs, this unit commonly 
shows prominent layers of greater and lesser resistance 20-150 ft in 
width. 

Parting: Mostly absent except in welded or partially welded zones, where 
it occurs at moderate to wide or very wide (4-ft) spacing. Also present 
in some fine ash tuff at close spacing, and in sedimentary rock along 
some bedding planes. Probably present at spacing of 20-150 ft, as judged 
by scale of folding observed on aerial photographs. 

Fracture: In ash-flow tuff, fracture spacing ranges from moderate to about 
20 ft; most exposures show predominantly moderate or wide to about 4 
ft, and some show largely 5-20 ft. Some fractures are open and accentu- 
ated by weathering, others are lined by hard minerals. In ash-flow tuff, 
weathering typically produces scaling roughly parallel to the weathered 
surface at close to very close spacing and, in places, produces close 
weathering fracture within a few feet of the ground surface. Most welded 
tuff is fractured at moderate to wide spacing, much at wide to 5-ft spac- 
ing, but in places spacing is close to moderate and in other places as 
wide as 8 ft. Tuff breccia generally has only occasional fracture, but 
moderate to wide spacing is present in places; some larger blocks within 
tuff breccia are internally fractured at close to moderate spacing. Tuf- 
faceous sedimentary rock generally shows indistinct fracture, but fine- 
grained and very fine grained tuffaceous sedimentary rock is fractured 
at close spacing. Partly nontuffaceous sedimentary rock generally shows 
fracture at close to moderate or wide spacing in rock of medium and finer 
sand size, but fracture is absent in coarser grained rock. 

Permeability: Ash-flow tuff has largely low intergranular permeability; 
moderate to high permeability generally is restricted to medium to thick 
zones within low permeability rock. Welded tuff has very low intergranu- 
lar permeability and probably low fracture permeability to depth, Inter- 
granular permeability of tuff breccia ranges from very low to moderate 
and locally high, depending on tightness of matrix, but is mostly low; 
fine-grained tuffaceous sedimentary rock is mostly low to very low, but 
coarse sandstone and pebble conglomerate may be moderate or high, 
depending on clay clogging. Intergranular permeability of nontuffaceous 
sedimentary rock ranges from very low to moderate and high. In sum- 
mary, most bedrock has low total permeability: minor to some moder- 
ate and high permeability occur both as restricted zones within tuff and 
more commonly as permeable horizons within sedimentary rock. Much 
mantle moderate, much low to very low. 

Weathering: Ash-flow tuff in many places is fresh to within a foot or so 
of the ground surface, but at most places it is weathered soft to depth of 
4 ft; in places, weathering has produced soft clayey material along frac- 
tures to depths of more than 15 ft. Welded tuff is commonly unweath- 
ered to outcrop of hard, fresh rock, but locally weathers spheroidally to 
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more than 8 ft deep, producing firm or soft weathered material surround- 
ing hard blocks that persist to the ground surface. Tuff breccia that is 
somewhat permeable (much of tuff breccia) weathers deeply (more than 
15 ft) producing free clay, but tuff breccia that has tight matrix weath- 
ers to only about 3 ft deep, Tuffaceous sedimentary rock generally wreath- 
ers more deeply than ash-flow tuff, commonly to depths of more than 6 
ft, some to 10 ft or more, but tight tuffaceous sedimentary rock weath- 
ers shallowly similar to ash-flow tuff. Nontuffaceous sedimentary rock 
weathers deeply (more than 25 ft) where permeable, but impermeable 
fine-grained beds may weather to depth of only 3 ft. 

Surficial mantle: Much granular, much clayey. 
Expansivity: Most bedrock is unexpansive, but minor is severely 

expansive (weathered tuffaceous sedimentary rock), Much mantle is 
unexpansive, much significantly expansive, some severely expansive. 
Bedrock samples: SH4, mildly cracked clay weathering product of 
welded tuff, free swell 62 percent: MWSI4, well-cracked clayey weath- 
ered tuff. free swell 128 percent, Surficial mantle samples: GE6, 
uncracked clayey soil, typical, free swell 91 percent; SH2, uncracked red 
clay soil on welded tuff, typical, free swell 41 percent; K14, uncricked 
clayey soil, typical, free swell 49 pcrcent; MG9, clayey glass sand soil, 
typical, free swell 38 percent; MWSl3,  clayey dark cracked soil on tuf- 
faceous sandstone: free swell 89 percent. 

Sources: K.F. Fox, oral commun,, 1972-73; Fox and others, 1973; Kunkel 
and Upson, 1960: Sarna-Wojcicki, 1971, 1976; 33 stations. 

MAP UNIT 271 

Geologic unit, (age), and location: Clear Lake Volcanics (equivalent to 
the volcanic rocks of Clear Lake area of Fox and others, 19731, tuff 
member (Q), near northern boundary of region northeast of Howell 
Mountains, 

Summary: Briefly seen in field. Firm lapilli tuff, mainly at base of o l i v  
ine basalt flows (unit 212). Bedrock has low intergranular permeability, 
probably moderate to wide fracture spacing. Other properties of bedrock 
and mantle are probably similar to ash-flow tuff of unit 270. 

Sources: Fox and others, 1973; one station. 

MAP UNIT 272 

Geologic unit, (age), and location: L i t h ~ c  tuff of the Sonoma Volcanics 
(T), in area between Santa Rosa Valley and Howell Mountains. 

Summary: Largely firm, tough, lithic and pumice lapilli tuff that contains 
scattered hard lithic bombs and blocks, grading to tuff breccia; minor 
zones of agglomerate and volcanic breccia that contain abundant hard 
blocks. Includes beds and zones of hard tuff and tuff breccia that con- 
stitute as much as half of unit locally. Most rock is difficult or impos- 
sible to rip, some is easily ripped. ,Most bedrock and mantle are 
unexpansive. 

Composition: Largely poorly sorted lithic and pumice lapilli tuff contain- 
ing lithic blocks and bombs that are mostly less than 6 in. in diameter, 
but as large as 4 ft. Blocks and bombs are commonly absent or scattered 
and constitute less than 5 percent of the rock, but some of unit is tuff 
breccia that contains 5-50 percent blocks and bombs, and perhaps 10 
percent is agglomerate and volcanic breccia that consist predominantly 
of bombs and blocks in subordinate tuff matrix. Tuff, as well as tuff 
matrix of the tuff breccia, agglomerate, and volcanic breccia. is com- 
posed of lapilli of rock, pumice, and crlstals in matrix of coarse and fine 
ash. Unit also includes minor beds of fine ash tuff, coarse ash tuff. and 
sorted tuffaceous sedimentary rock; also local welded tuff (like unit 261) 
and andesitic intrusive rock (like unit 202). Some areas are hydrother- 
mally altered. 

Hardness: Includes firm and hard rock, all tough; rock is dominantly firm, 
but much firm rock approaches hard, both where fresh and weathered. 
Lithic blocks and bombs are generally hard, but as much as half are firm 

where weathered, Thus, the rock is firm to hard and contains some hard 
blocks. HydrothermalIy altered areas in which rock hardness is anoma- 
lous and irregularly distributed occur east of Napa and on the southeast 
side of Mount St, Helena. Easr of Napa, irregularly distributed firm ap- 
proaching hard rock may exist to near the ground surface beside altered 
rock that is firm approaching soft to depths of more than 10 ft. and hard 
rock is absent. On southeast side of Mount St. Helena, planar silicified 
zoncs that are hard where fresh and weathered, generally as wide as 20 
ft and locally as wide as 50 fti?), are interspersed with altered rock that 
weathers firm to soft. 

Bedding: Mostly absent to indistinct at medium to very thick, Locally, 
distinct thin to very thick beds are revealed by differential weathering 
of beds of contrasting hardness or where tuffaceous sedimentary rock is 
sorted. 

Parting: Absent. 
Fracture: Variable. Many exposures show random moderate to wide frac- 

ture spacing but spacing in crags and cliffs is wide to very wide (as much 
as 10.20 ft) and uniformly perpendicular to bedding. In many places there 
is a less well developed fracture at moderate spacing. In all exposures, 
weathering produces irregular close to very close spalling of exposed 
rock. Many hard blocks have moderate fracture spacing. Welded layers 
show moderate to wide columnar jointing and very wide noncolumnar 
fracture. 

Permeability: Bedrock has uniformly low intergranular permeability. No 
pores are visible using lens, but deep weathering (alteration?) suggests 
some permeability. Most mantle moderate to high, some low to very low. 

Weathering: Variable. Much rock on southeastern slopes of Mount St, 
Helena and east of Napa is hydrothermally altered to depths greater than 
cuts (deeper than 12 ft). Southeast of State Highway 29 and east of The 
Palisades, unit is not hydrothermally altered in outcrop, In some places 
within 2-3 ft of the ground surface, rock is soft and free clay is present, 
but nearby firm rock may persist to the ground surface. On exposed faces, 
rock weathers by spalling on close to very close irregular fractures. pro- 
ducing a granular, highly permeable colluvium. 

Surficial mantle: Largely granular, some clayey. Most is permeable silty 
soil containing free clay and rock fragments as large as 4 ft in diameter. 
Local sticky clay. Highly permeable colluvium on steep slopes. 

Expansivity: Most bedrock is unexpansive, some may be expansive (par- 
ticularly altered rock), Most mantle is unexpansive, some to much prob- 
ably significantly expansive, minor severely expansive, Samples: DR7, 
clayey sand soil, typical for Mount St. Helena, free swell 31 percent; 
N3, minor cracked clayey soil, free swell 100 percent, Most soil is not 
cracked but granular and silty, containing rock fragments. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; 18 sta- 
tions. 

MAP UNIT 273 

Geologic unit, (age), and location: Agglomerate of the Sonoma Volcanics 
(T). In area between Santa Rosa Valley and Howell ,Mounta~ns 

Summary: Largely firm, some hard. tough rock, s im~lar  to unit 272 ex- 
cept for promfnent bedding and markedly greater abundance of blocks 
and bombs. Blocks and bombs are hard and range from scattered to lo- 
cally abundant (as much as 50-60 percent of rock). Unit is mostly dis- 
tinctly bedded in thin to medium beds, some thick, but lacks parallel 
parting; has wide to very wide (as much as 20-ft) fracture spacing: has 
low to possibly moderate intergranular permeability; and is shallowly 
weathered, producing little free clay. Much craggy outcrop: forms The 
Palisades east of Calistoga. Almost all bedrock and most mantle are 
unexpansive. 

Composition: Interlayered and intergrading tuff breccia, tuff, agglomer- 
ate, and volcanic breccia, all of which consist of lithic and pumice lapilli 
tuff containing blocks and bombs. Blocks and bombs generally are less 
than 1 ft iu diameter, but are as large as 2 ft, and rarely as large as 6 ft, 
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in diameter, Agglomerate and volcanic brecc~a. which consist of domi- 
nant bombs and blocks in subordi~late mztrix, make up about 10-30 per- 
cent of unit: tuff breccia, which consists of 5-50 percent blocks and 
bombs in tuff matrix, makes up 30-50 percent of unit; and tuff, which 
contams scattered blocks and bombs. makes up most of the remainder 
of unit. Unit also includes minor pumiceous ash-flow tuff similar to 
unit 270, andesi t :~ to dacitic flow rock, and rare (less than 2 percent) 
well-sorted tuffaceous sedimentary rock of coarse sand to fine gravel 
size. 

Hardness: Firm, approaching hard: perhaps 20-30 percent 1s truly hard 
rock. Firm rock is com~nonly case hardened. Rock is tough. Blocks and 
bombs are hard. 

Bedding: Distinct beds, largely thin to medium. some thick, and some very 
thick unbedded intervals (as much as 20 ft or more). Thin- to thick-bed- 
ded intervals are crudely sorted into fine-grained, resistant beds and 
coarser grained, less resistant beds that weather to prominently strati- 
fied exposures. Beds are warped under blocks and bombs. 

Parting: Absent. 
Fracture: Mostly wide to 10-ft spacing of major fractures, but spacing 

ranges from n~oderate to 20 ft. These fractures are generally parallel and 
perpendicular to bedding where exposed in The Palisades. Many of these 
fractures are cemented by a hard material, but in many places rock within 
about 3 in, on both sides of fractures is weathered soft or firm. Where 
spacing of major fractures is wide to very wide, a moderate to close 
incipient fracture is developed in many places. Some blocks are inter- 
nally fractured, but some blocks as large as 2 ft in diameter remain 
unfractured. 

Permeability: Most bedrock has low intergranular permeability. but as 
much as half of the thinly interbedded majority of unit possibly has 
moderate intergranular permeability along bedding. Well-sorted tuf- 
faceous sedimentary rock (minor) has low to moderate intergranular 
permeability, blast mantle moderate to high, probably minor to some low 
to very low. 

Weathering: Unit generally crops out or is covered by thin (less than 1- 
ft) soil. Weathering of bare rock produces close to very close irregular 
fractures that result in gravel-sized granula weathering debris, which ac- 
cumulates to form highly permeable colluvium. Where soil cover is 
present, weathering softens rock to about 3 in. deep, both down from 
the ground surface and in from fractures and, where original fractures 
are at moderate spacing, produces spheroidal weathering, Little free clay 
produced. 

Surficial mantle: Largely granular, probably minor to some clayey. Much 
lacks soil. Soil is thin (mostly less than 1 ft). 

Expansivity: Almost all bedrock is unexpansive. Most mantle is 
unexpansive. probably some to much significantly expansive. Sample 
DR27, typical clayey silt soil, free swell 45 percent. No evidence of 
expansivity in bedrock or mantle; little free clay. 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; five 
stations. 

MAP UXIT 274 

Geologic unit, (age), and location: Andesite(?) (Tj, immediately east of 
Sun01 Valley, s o u t h ~ e s t  of Livermore Valle). 

Summary: Not seen in field. Only information is from Hall (1958), who 
described unit as "reddish-brown basaltic agglomerate 300 ft? thick." 

Expression in aerial photographs: Smooth, soft topography that has 
rounded intermediate crests and resistant knobs. Small area of expo- 
sure. 

Composition and physical properties: Probably similar to fragmental 
rock of units 230 and 234. 

Permeability: Bedrock probably has low intergranular permeab~lit!. Prob- 
ably most mantle low to very low. 

Surficial mantle: Probably largely clayey, like units 230 and 234. 

Expansivity: Bedrock probably is largely unexpansive. Probably most 
mantle expansive. some to much severely expansive. Infemed from units 
230 and 234. 

Source: Hall, 1958. 

MAP UNIT 275 

Geologic unit, (age), and Iocation: Tuff and volcanic gravel (Q). derived 
largely from rhyolitic intrusive rocks of the Sonoma Volcanics, In area 
between Santa Rosa and F'etaluma alleys and Napa Range. 

Summary: About 70 percent is breccia of hard, angular rhyolitic blocks 
in firm to soft matrix of tuft' or indistinctly bedded tuffaceous sedimen- 
tary rock, Remainder of unit is firm to soft tuff, tuffaceous sedimentary 
rock, sandstone, and conglomerate, Unit is characterized by scattered 
large blocks of rhyolite on ground surface, Most mantle is unexpansive; 
minor to some bedrock (weathered tuff) is severely expansive 

Composition: About 70 percent is breccia or rubble of bard, angular blocks 
of rhyolite in variably abundant matrix of tuff or tuffaceous material that 
is variably tight to granular and permeable. Most blocks of rhyolite are 
small to medium in size. but many are as large as 4 ft in diameter, some 
as large as 10 ft. and fractured masses of rhyolite are as large as 25 ft in 
diameter. Many blocks remain on the ground surface as a lag deposit, 
The remaining 30 percent of unit includes: (1) Tuff and tuff breccia, (2) 
Tuffaceous sedimentary rock that is sand-sized and poorly to moderately 
well sorted. (3) Interbedded partly tuffaceous sandstone and conglom- 
erate, poorly to moderately sorted, clayey but not entire11 clay saturated; 
conglomerate contains cobbles as large as 6 in. in diameter. 

Hardness: Where weathered, breccia has hard blocks in firm to soft ma- 
trix and a few beds are resistant enough to crop out. Tuff and tuff brec- 
cia are firm where fresh, weathering firm or soft, and contain hard blocks. 
Tuffaceous sedimentary rock is firm to soft where weathered. Sandstone 
and conglomerate are soft and friable, but conglomerate contains hard 
clasts. 

Bedding: Distinct 10- to 50-ft intervals of the principal compositions, such 
as breccia, tuff, or conglomerate. In places, breccia deposits are indis- 
tinctly bedded in thick to very thick beds of breccia between thin to 
medium beds of sorted tuffaceous sedimentary rock. Some very thick (6- 
ft) beds within breccia are firm enough to crop out and form hogbacks. 
Sandstone and conglomerate are interbedded in thick to very thick (more 
than 6-ft) distinct beds. 

Parting: Absent. 
Fracture: Present in firm breccia at close to wide spacing, mostly moder- 

ate; absent in breccia that bas soft matrix. Tuff and tuff breccia are frac- 
tured at moderate spacing, Tuffaceous sedimentary rock and sandstone 
are unfractured to fractured at moderate to wide spacing. Conglomerate 
unfractured 

Permeability: Breccia (most of unit) has generally low intergranular per- 
meability, locally moderate or high, depending on matrix. Intergranular 
permeability of tuff and tuff breccia low: of tuffaceous sedimentary rock, 
sandstone, and conglomerate mostly low, moderate in places. Probably 
much moderate intergranular permeability In sedimentary rock below 
weathering zone. Thus, permeability of most bedrock low, some mod- 
erate to locally high. Probably much mantle moderate. much low to very 
low. 

Weathering: Breccia has fresh blocks in matrix that is weathered to depths 
of more than 12 ft. Tuff and tuff brecc~a are  eath he red to depths of more 
than 6 ft: tuffaceous sedimentary rock probably to depth of 10 ft; sand- 
stone and conglomerate to depths of more than 12 ft. 

Surficial mantle: Granular to clayey, probably much of each. Porous in 
places, clayey and tight in other places. 

Expansivity: Xfost bedrock is unexpansive, but minor to some se\rerely 
expansive (weathered tuff).  Most mantle unexpanslve. probably some 
severely expansive. Samples: SP4, typical soil, free swell 39 percent: 
SR4.A stony clay soil, typical, free swell 28 percent; SR4B, heathered 
tuff, cracked, free swell 89 percent, 
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MAP CNIT 281 

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two , coarse-grained clean sandstone, similar to sandstone of unit 352, and 

stations. 1 minor siltstone. conglomerate. and tuffaceous components. (7) Basalt. 
I some \esicular (Clark, 19 12). (8) Local basal conglo~nerate of subangular 

MAP VNIT 280 ~ basaltic boulders 2-3 ft in d~ameter .  
i One-fourth to one-third of unit is tuff, of which much is composition 

Geologic unit! (age), and location: Cache Formation (QTh near Lake ~ 1 ,  ]nuch c o ~ p ~ s i t i o n  2. Remaining t\\,o-thirds to three-fourths of unit is 
Berryessa. west of Yo10 Range. ~ tuffaceous sedimentary rock. of which much is sandy [compositions 3, 

Summary: Largely tuff and punlicite, tight and clogged to highly 1 6)  and much clayey (composition 4). Minor local basalt and basal con- 
permeable. largely firm where we:~thered. blay contain interbedded silt- ~ glomerate, Minor to locally some conglomerate lenses (compos~tion 5) 
stone and claystone. Severely expansive clay soil. 1 within tuffaceous sedimentary rock. 

Composition: Largely pumice lapilli tuff and couse-grained t u f f a c e o ~  ~ Hardness: ~ ~ f f  is firnl, cohesive, and brittle; sedimentary rock largely 

sedimentary rock (pumicite). Tuff is tight to highly porous (pores 8s large 1 firm, some weathers soft; nlinor basalt hard to firm; clasts in conglom- 
as 0.1 in. in diameter); scattered blocks of basalt or andesite as much as ~ erate hard, 
6 in. in diameter on ground surface of unit suggest minor scattered blocks I ~ ~ d d i ~ ~ :  ~ ~ f f  occurs largely in very thick (10- to 6o.ft) beds, within some 
in tuff. Pumictte consists largely of pumice c h t s  of coarse sand to f ~ n e  of which indistinct bedding at medium to 4 ft and son,e parting at ->ide 
gravel size, coated by clay that saturates much of the rock where weath- to 4 ft  is present, sedimentary rock varies froIn distinct thick to 4-ft beds 
ered. C n ~ t  may include some to much interbedded siltstone and claystone; to very [hick (as much as 50.ft or more) beds, Basalt flow thick to 4 ft,  
we did not observe siltstone and claystone, hut infer the possibility of see sections by vl t t  (1936) and sarna.w-ojcicki (1976). 
their presence from descr i~ t ion  of upper cache Formation by kite Parting: Difficult to evaluate. Mostly absent within tuff beds, but some 
(1953). wide 10 4-ft spacing, Present on tuff contacts. Variable within sedimen- 

Hardness: Firm to soft, largely firm, where weathered. tary rock, from largely absent to largely present at wide to 4-ft spacing. 
Bedding: No bedding observed, but material must be bedded because dif- ~ ~ ~ ~ t ~ ~ ~ :  ~ ~ f f  is fractured at wide to 15.ft spacing. most &,ide to j ft; 

ferent materials are present. Indistinct crossbedding in some exposures. some close to scaling \\,here ~ ~ d , ~ ~ ~ t ~ ~  rock vari- 
Parting: Largely absent; possibly present at bedding planes. able. moderate to 5-ft spacing; clayey rock has very close to moderate 
Fracture: Where observed, wide to 4-ft original spacing and superimposed of \$eathering fracture 

moderate spacing (weathering fracture?). Permeability: Pumice lapilli tuff (composition 1) has probably moderate, 
Permeability: Variable intergranular permeability in bedrock: tuff very some 1 intergranular where (clay c1 ogge d); 

low to moderate; pumicite very low to high; siltstone and claystone, if probably high where fresh, vi t r ic  tuff 2) has inter- 
present3 low to very 1 0 ~ .  Thus, i n t e w a n u l a  permeability of shallow granular permeability where fresh and weathered. Sandy sedimentary 
bedrock is  roba ably largely low to very low, but some s h a k ~ w  rock and 1 rock has some of both low and moderate intergranular permeability; 
much bedrock below shallow rock has large Pores and moderate to high clayey sedimentary rock low. Thus, bedrock has much of both moder- 
intergranular permeability. Probably most mantle very low. ate and low intergranular permeability; minor to some high, especially 

weathering: Where observed, all of exposure is weathered. Much clay 1 below shallow rock, M~~~ mantle very low, some to much moderate, 

Geologic unit, (age), and location: Lawlor Tuff (T), in the monocline 
north of Mount Diablo. 

clogging of pores in weathered zone. 
~ u r f i c i a ~  mantle: ~ a r g e l y  clayey. Typically sandy clay soil, well cracked; 

Summary: About one-fourth to one-third of unit is firm tuff in very thick 

Weathering: All is weathered to depths greater than 20 ft, 
surficiai mantle: Largely clayey, some to much granular. Obsewations 

beds that form cavernous outcrops; remainder is firm tuffaceous sedi- 
mentary rock that is poorly exposed, including some clayey rock and 
some sandstone and lenses of conglomerate. Minor basalt locally. Most 
mantle is severely expansive. 

contains glass and crystal fragments. , of clay soil and loam soil. 
Expansivity: Most bedrock is unexpansive, but much may be expansive Expansivity: probably most bedrock is unexpansive, but much may he 

where weathered. Probably most mantle severely expansive. sample i expansive -,here weathered, Most mantle severely expansive. Samples: 
WS8, typical sandy clay soil, well cracked, free swell 102 percent. ASl ,  typical dark clay soil, moderately cracked: free swell 130 percent; 

Sources: Anderson, 1936: Brice, 1953; Fox and others, 1973: Rymer, 1981; 1 ~ ~ 2 3 ,  dark sandy clay soil, typical, free swell 130 percent, 
one s tat~on.  1 Stratigraphic thickness: 50-100 ft (Brtbb and others, 1971): 50-100 ft 

(Society of Economic Paleontologists and Mineralogists, Pacific Section, 
! 1950): 130-195 ft (Vitt, 1936); 170 ft (,Sarna-Vv'ojcicki, 1976): 150 ft 

Expression in aerial photographs: Includes one or two light-toned. vari- 
ably resistant bands 30-100 ft in width and dark-toned intervals between 
bands as wide as 70 ft, Kot clearly expressed in much of area. 

Composition: ( I )  Pumice lapilli tuff, andesitic in composition (Vitt, 19361, 
composed almost entirely of pumice lapilli that range from less than 0.25 
in. to 1 ,5  in. in diameter? nlostly pea-sized; contains occasional lithic 
fragments as large as 0.25 in. in diameter. Between these grains are voids 
filled to partly filled by clay in weathered zone. (2) Pumiceous lithic 
vitric tuff consisting of 10-30 percent pumice lapilli and 2-10 percent 
lithic lapilli in matrix of 95 percent glass fragments; large clasts are not 

(Clark, 19 12). 
Sources: Brabb and others, 1971; Clark, 1912; Davis and Vernon, 1951: 

Davis and Goldman, 1958; Sarna-Wojcicki, 1971, 1976; Society of Eco- 
nomic Paleontologists and Mineralogists, Pacific Section, 1950; Vitt, 
1936: J.R. Wagner, written commun., 1973; Wagner. 1978; five stations. 

MAP UNIT 282 

Geologic unit, (age), and location: Pinole Tuff (T), near San Pablo Bay 
at north end of the East Bay Hills, 

Summary: Much is firm. tough, coherent rock, variably bedded in thin to 
very thick (more than 15-ft) beds: much is firm to soft(?) tuffaceous 
sedimentary rock. Much very wide fracture spacing. Probably most 
mantle is severely expansive. 

Composition: Includes pumiceous tuff and tuffaceous sedimentary rock 
in varying proportions. from mostly tuff to rnostly tuffaceous rock; mi- 
nor tuff breccia. See sections by Vitt (1936) and Sarna-\Vojcicki (1976) 
for proportions in different areas. The tuff is classified as an augite, 

I 
sorted. (3) Pumice-bearing clayey sand sedimentary rock, in n8hich pum- ' hypersthene. andesitic vitric tuff (Vitt, 1936); it is composed almost 
ice constitutes minor to as much as half of the rock. ( 4 )  Pumice-bearing entirely of pumice, as ash and as fragments as large as 8 in. in diam- 
sandy clay sedimentary rock. (5) Conglomerate lenses in tuffaceous sedi- i eter. although most consists of pumice lapilli in ash matrix, Crystal frag- 
mentary rock: clasts are as large as 2 in. in diameter. (6) Medium- to ments nowhere exceed 5 percent of the rock, and lithic fragments are 
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rare also, Tuffaceous sandstone (fine to coarse grained), shale, and con- 
glomerate constitute some to most of unit and are poorly exposed. They 
consist of various proportions of tuffaceous and nontuffaceous materi- 
als; most are dominantly tuffaceous. Unit includes one 16-ft bed of tuff 
breccia that consists of blocks and bombs of pumice, andesite, basalt, 
and rhyolite in matrix of pumiceous ash; blocks and bombs are gener- 
ally less than 3 in. in diameter but as large as 3 ft in diameter. 

Hardness: Mostly firm; fine ash tuff is brittle. All exposed rock is coher- 
ent and tough, but tuffaceous sedimentary rock is probably firm to soft 
(inferred from Vitt, 1936). Pebbles In conglomerate are hard to firm. 

Bedding: Distinct to indistinct thin to very thick [more than 15-ft) beds, 
mostly thick to 10 ft. Many beds are internally bedded, but most very 
thick beds show no internal structure. Lawson (1914) reported that most 
of unit is dist~nctly bedded and water sorted. 

Parting: Present on some bedding planes, absent on others. In many places, 
spacing is very wide (about 20 ft). 

Fracture: Spacing ranges from moderate to very wide (15 ft). depending 
on composition and bed thickness (wider in thicker beds). Much has 
moderate to 6-ft spacing, but spacing greater than 6 ft is common. Rare 
beds produce closely spaced weathering fracture. 

Permeability: Bedrock has largely low intergranular permeability: minor 
to possibly some moderate intergranular permeability in shallow rock, 
probably some moderate below shallow rock. Probably most mantle very 
low. 

Weathering: Exposed rock is firm to ground surface and shows no ap- 
parent weathering effect. 

Surficial mantle: Probably largely clayey. 
Expansivity: Probably most bedrock is unexpansive, but much may be 

expansive where weathered, Probably most mantle severely expansive. 
Sample R2, dark clay soil, well cracked, typical, free swell 102 percent. 

Stratigraphic thickness: 900 ft at type locality near Rodeo (Vitt, 1936), 
varying to less than 50 ft near Pinole. 

Sources: Lawson, 1914; Sarna-Wojcicki, 1971, 1976; Vitt 1936; five sta- 
tions 

MAP UNIT 283 

Geologic unit, (age), and location: Contra Costa Group, basal tuff (T). 
near Lafayette in the East Bay Hills. 

Summary: Briefly seen in field. Unit is 60-350 ft thick of which 60 ft is 
andesitic vitric tuff, the remainder largely sandy tuffaceous sedimentary 
rock. Much to most mantle is severely expansive. Unit is reported to be 
resistant and underlie ridges. 

Composition: Tuff proper (about 60  ft thick) is andesitic vitric tuff simi- 
lar to the Pinole Tuff (unit 282) and consists of pumice lapilli as much 
as 0.75 in. in diameter in matrix of pumiceous ash, Pumiceous glass 
constitutes 95-98 percent of the rock; lithic fragments as large as 0.5 in. 
in diameter constitute as much as 5 percent. Upper parts of tuff are ce- 
mented by calcite and grade upward to pure white limestone. Included 
in unit are sandy tuff beds below the tuff proper, local porphyritic ba- 
salt and sandstone interbedded with the tuff proper, and probably tuf- 
faceous sandstone above the tuff proper, grading into unit 130. 

Hardness: Tuff is firm, tough, and coherent; limestone and basalt hard; 
tuffaceous sandstone and sandy tuff probably firm. 

Bedding: Tuff is distinctly bedded in beds that average 4-5 ft thick, Lime- 
stone bed is 3-5 ft thick. Vnknown in materials above and below tuff. 

Parting: Unknown. Probably not present on all bedding planes in tuff, but 
at least on some, Unknown in materials above and below tuff. 

Fracture: Probably wide to very wide (6  ft) in tuff. 
Permeability: Bedrock probably has largely low intergranular permeabil- 

ity, possibly some moderate. Probably most mantle low to very low. 
Surficial mantle: Probably largely clayey. 
Expansivity: Probably most bedrock is unexpansive. but much may be 

expansive where weathered. Much to most mantle severely expansive. 

Sample WC62, typ~cal  gray silty clay soil, well cracked, free swell 90  
percent. 

Sources: Ham, 1952; Vitt, 1936; one station. 

MAE' UNIT 284 

Geologic unit, (age), and location: Orinda Formation. tuff member (T), 
in area north of Livermore Valley. 

Summary: See description for unit 134. 

MAP UNIT 285 

Geologic unit, (age), and location: Kirker Formation of Primmer (19641, 
tuff member (TI, in the monoclii~e north of Mount Diablo. 

Summary: Consists of tuff, tuffaceous sandstone, and tuffaceous mudstone 
in variable proportions. Possibly some moderate permeability in sand- 
stone. Most mantle is severely expansive. 

Expression in aerial photographs: In many places. nonresistant to inter- 
mediate in resistance; in other places forms knobs. In a few places, forms 
knobs along white band 75-100 ft in width. 

Composition: (1) Tuff of fine-grained, some medium-grained, clasts 
wholly or largely of glass; well sorted in sense of no anomalously large 
clasts, but enough silt-size material to have low permeability. Tuffaceous 
material is largely reworked (Primmer, 1964). (2) Tuffaceous sandstone, 
fine to medium grained, some coarse grained (Primmer, 1964), composed 
of lesser arkosic terrigenous clasts mixed with dominant tuffaceous com- 
ponents; most has sufficient fines to produce low permeability, but Prim- 
mer (1964) reported arenite as well as wacke. (3) Tuffaceous fine and 
very fine sandy mudstone grading to muddy fine-grained to very fine 
grained sandstone, probably Primmer's (1964) argillaceous fine tuff; 
weathers spheroidally. (4) Fissile fine tuff or tuffaceous shale. 

In section exposed on Kirker Pass Road, 20 percent is tuff (composi- 
tion I),  30 percent tuffaceous sandstone (composition 2), 50 percent tuf- 
faceous mudstone (composition 31, minor composition 4. Primmer's 
(1964) sections show great variability along strike, as well as a similar 
combination of lithologies, including fine to medium tuff, fine argilla- 
ceous tuff (probably our mudstone), and tuffaceous sandstone. His 
columns suggest substantial variation in proportions: for example, a sec- 
tion about 1 mile from Kirker Pass Road shows about two-thirds tuff, 
one-tenth tuffaceous sandstone, and less than one-third tuffaceous mud- 
stone. 

Hardness: Tuff is firm and brittle; tuffaceous sandstone and mudstone are 
firm where fresh and weathered. 

Bedding: Beds or intervals of the three major compositions are distinct 
and very thick, generally ranging from 10 ft to tens of feet. Internal lami- 
nation within tuff beds results in wide to 4-ft parting, In places, thick to 
4-ft beds of tuffaceous sandstone occur within tuff (Primmer, 1964). 
Probably indistinct bedding and crossbedding within tuffaceous sand- 
stone (Clark, 1918). 

Parting: Present at very wide spacing on distinct bedding planes and at 
wide to 4-ft spacing within tuff on laminations, Probably largely absent 
in mudstone. 

Fracture: Tuff and tuffaceous sandstone have moderate to wide, some 
close, original spacing and close to very close spacing of weathering 
fracture in form of scaling, parting on lamination, or checking (that is, 
normal weathering fracture). Tuffaceous sandy mudstone has close, some 
moderate, spacing on which very closely spaced spheroidal weathering 
fracture is superimposed. 

Permeability: Tuff and tuffaceous sandstone have largely low intergranular 
permeability, but possibly some moderate, especially below shallow rock; 
tuffaceous mudstone largely very low, but some low. especially where 
fresh. Thus, bedrock has some to much of both low and very low inter- 
granular permeability, but probably minor to some moderate, especially 
below shallou~ rock, Most mantle very low. 



DETAILED UNIT DESCRIPTIONS 103 

are rhythmically interbedded with silty sandstone. Mudstone and siltstone 

Weathering: Tuff and mudstone are dark (fresh) within 10 ft of ground i MAP UNIT 300 
surface. Spheroidal weathering in mudstone; much flaking and weath- 1 Geologic unit, (age), a n a  location: Fluvial and lacustrine deposits of Little 
ering fracture in tuff and tuffaceous sandstone. 1 Sulphur Creek (T), in Mayacmas Mountains near Cloverdale. 

Surficial mantle: Largely clayey, uniform. Summary: Not seen in field. Largely conglomerate, but contains inter- 
Expansivity: Bedrock probably is largely unexpansive, but much may be , bedded sandstone lenses in lower half and sequences of siltstone and silty 

expansive where weathered,  most mantle severely expansive. Sample mudstone rhythmically interbedded with silty sandstone that constitute 
CL20, mildly to moderately cracked dark sandy clay soil, typical, free 1 

1 50 percent of upper half of unit. Hard calcite-cemented beds make 
swell 112 percent. 1 up some of the sandstone and conglomerate, Some mantle prohably ex- 

Strat igraphic thickness: As much as 150 ft (Primmer, 1964); 100 ft : 1 pansive. 
(Brabb and others. 1971). i Expression in aerial photographs: Very bold resistant bluffs as high as 

Sources: Brabb and others, 1971: Clark, 1918; Primmer, 1964; Society of 200 ft or more, unique to the area. Very widely jointed. 
Economic Paleontologists and Mineralogists, 1950; two stations. 1 Composition: Lower half-Well-rounded to subangular, well-n'orked 

pebble to cobble conglomerate, moderately sorted, including a very 

218, and 270, respectively. but may include other compositions of the 
Sonoma Volcanics (like units 219, 220, 235, 237, 241, 261, 262, 272, 
and 273). Along State Highway 21 between Cordelia and Benicia, unit 
includes much of both ash-flow tuff (like unit 270) and andesitic flows 
(like unit 234). Surficial mantle variable. 

Expansivity: Almost all bedrock unexpansive, but some may be severely 
expansive. Probably much mantle unexpansive, much significantly ex- 
pansive, some severely expansive. 

Permeability: Variable. 

MAP CNIT 291 

Geologic unit, (age), and  location: Volcanic rocks (T) (equivalent to 
Quien Sabe Volcanics of Leith, 1949), near Pacheco Peak in Diahlo 
Range, near southern boundary of region. 

Summary: Not seen in field. Consists of intrusive volcanic rock and of 
extrusive volcanic rock interbedded with agglomerate and water-depos- 
ited sedimentary rock. Volcanic rock is probably hard except for matrix 
of agglomerate, which is firm or soft. Gentler slopes are covered by 
adobe soil that is probably severely expansive. 

Composition: All information from Leith (1949). Unit consists of intru- 
sive rock and of extrusive rock interbedded with agglomerate and wa- 
ter-deposited sedimentary rock. Intrusive rock consists of andesite and 
rhyolite; extrusive rock consists of andesite, hasalt (much olivine basalt), 
and dacite. Agglomerate is composed of rock fragments in glassy, hon- 
eycombed matrix; the coarser rock fragments are largely 1-3 in, in di- 
ameter, but some are as large as 3 ft in diameter. Sedimentary rock has 
crude stratification. 

Hardness: Where fresh, intrusive and extrusive volcanic rock is probably 
hard; agglomerate contains hard to firm rock fragments in firm or soft 
matrix. 

Bedding: Extrusive rock is interbedded with agglomerate and sedimen- 
tary rock. Bedding is indistinct in sedimentary rock. 

Fracture: Jointing occurs parallel to contacts in intrusive rock, 
Permeability: Most bedrock probably has very low intergranular perme- 

ability and largely low, some moderate, fracture permeability to depth, 
Mantle probably largely very low to low, much(?) moderate on steeper 
slopes. 

weathering:  Glassy matrix of agglomerate weathers more deeply than its 
rock fragments or other volcanic rock. 

Surficial mantle: Probably largely clayey, much granular on steeper 
slopes. Dense adobe soil underlies gentle slopes; steeper slopes have little 
soil development. 

Expansivity: Bedrock is probably largely unexpansive. Much mantle is 
probably severely expansive. 

Stratigraphic thickness: As much as 4,000 ft (Leith, 1949). 
Source: Leith, 1949. 

hfAP UXIT 290 

Geologic unit, (age), and  Iocation: Sonoma Volcanics, undivided (T), in 

have graded beds and crossbedding, nonmarine fossils, and carbonized 
plant remains. 

Hardness: Sandstone and conglomerate matrix are firm to hard, clasts 

coarse breccia (blocks as large as 15 ft or more in diameter) locally at 
base. Clasts are mostly Franciscan detritus; matrix is fairly clean wacke 

largely hard: calcite-cemented beds ringing hard; mudstone and siltstone 

area from Sonoma Mountains to east of Vallejo. 1 sandstone. Interbedded lenses of coarse wacke sandstone make up 10- 
Summary: Briefly seen in field. Volcanic rock, most of which is prob- ; 50 percent of this part of unit. Calcite-cemented beds (hard) constitute 

ably andesitic flows, rhyolitic flows, and ash-flow tuff like units 234, , as much.as 20 percent of sandstone and conglomerate. 
i Upper half-Conglomerate similar to lower part, but as much as 50 

1 percent of section is thinner interbeds of siltstone and silty mudstone that 

firm. 
Bedding: Conglomerate in very thick (6- to 25-ft) beds that have vague 

internal bedding including lineation of pebbles. Minor medium-bedded 
lenses of coarse wacke are interbedded with conglomerate in sequences 
as thick as 100 ft. Very thin internal beds and crossbeds in mudstone 
and siltstone. Rhythmic interbedding in much of upper half. 

Parting: Absent in conglomerate, Probably present in much of upper half 
at spacing to wide (in rhythmically bedded rock and in much mudstone). 

Fracture: Very wide spacing (more than 6 ft) in conglomerate and possi- 
bly in sandstone. Mudstone and siltstone probably moderate to close 
spacing. Blocks in breccia as large as 15 ft or more in diameter. 

Permeability: Intergranular permeability of sandstone and conglomerate 
prohably largely low, some to possibly much moderate; very low to low 
in siltstone, mudstone, and calcite-cemented sandstone and conglomer- 
ate. Probably low fracture permeability in shallow rock. Thus, intergranu- 
lar permeability in bedrock is largely low, some to possibly much 
moderate, some very low. Most mantle moderate, some very low to low, 

Weathering: Much mudstone probably develops good weathering p a t -  
ing, as rock fragments are elongate. Weathers in more resistant fashion 
than Xovato Conglomerate (unit 603) but matrix is softer. 

Surficial mantle: Largely granular, some clayey. Thin granular soils on 
conglomerate and sandstone; thicker, landslide-prone, clayey soils on 
mudstone. 

Expansivity: Most bedrock unexpansive, but some (mudstone) may be 
expansive where weathered. Some mantle probably expansive. 

Stratigraphic thickness: 500-2,000 ft. 
Sources: R.J. McLaughlin and M.C. Blake, Jr., oral commun., 1974; 

McLaughlin, 1978; McNitt, 1968. 

MAP UNIT 301 

Geologic unit, (age), and location: Briones Sandstone, conglomerate in 
G member of Wagner (1978) ('I), in the East Bay H~l l s ,  

Summary: Not seen in field. Largely hard cemented conglomerate, Stony 
sandy soils, 

Composition: Conglomerate of hard, &,ell-rounded pebbles and cobbles 
as much as 3 in. in diameter of chert. quartz, and volcanic rock in un- 
known matrix that is largely cemented by carbonate. 

Hardness: Clasts hard, matrix hard to possibly firm. 
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Parting: Unknown, probably absent. 
Permeability: Intergranular permeability of bedrock probably variable. 

very low to moderate; low fracture permeability in shallow rock. Most 
mantle moderate. 

Surficial mantle: Largely granular, stony. 
Expansivity: Bedrock and almost all mantle unexpansive. 
Source: Ham, 1952. 

MAP UNIT 302 

Geologic unit, (age), and location: Monterey Group, basal conglon~erate 
(T), in the East Bay Hills near Alamo. 

Summary: Not seen in field" Probably equally abundant conglomerate and 
coarse-grained sandstone, minor siliceous shale toward top. Bedrock and 
mantle largely unexpansive. According to Ham (1952), forms narrow 
strike ridge, thus resistant unit. 

Composition: Probably equally abundant conglomerate and sandstone, 
minor siliceous shale near top. Conglomerate consists of largely hard, 
some firm. clasts. probably pebbles and cobbles, in matrix of probably 
coarse-grained, poorly sorted sand. Sandstone is coarse grained, poorly 
sorted, and moderately cemented, probably by calcite. 

Hardness: Clasts in conglomerate largely hard, some firm. Matrix of con- 
glomerate probably firm, possibly some hard. Sandstone largely firm, 
possibly some hard. Siliceous shale consists of firm to hard pieces. 

Bedding: Conglomerate in distinct lenticular beds as thick as 15 ft; sand- 
stone crossbedded; siliceous shale in very thin to medium beds. 

Parting: Largely absent. Present near top of unit on siliceous shale-sand- 
stone contacts. 

Fracture: Unknown, probably moderate to wide spacing in sandstone. 
Permeability: Probably low to moderate, some possibly high, intergranu- 

lar permeability in bedrock. Mantle largely moderate. 
Surficial mantle: Probably largely granular, stony. 
Expansivity: Bedrock and mantle largely unexpansive. 
Stratigraphic thickness: 100-140 ft (Ham, 1952); appears to be 250 ft 

on our map. 
Source: Ham, 1952. 

MAP UNIT 303 

Fracture; In conglomerate and sandstone, spacing ranges from moderate 
to very wide (about 10 ft), mostly moderate to wide, and in at least some 
places is about perpendicular to bedding. Most clasts are fractured. Rock 
breaks around clasts in places, through clasts in other places. 

Permeability: Intergranular permeability in bedrock largely low owing to 
silt and very fine sand matrix that fills interstices, possibly some mod- 
erate. Mantle moderate. 

Weathering: Weathered to depth of about 15 ft. Little or no free clay. 
Surficial mantle: Granular. Dark sand-silt soil, no cohesion, thin (1-2 ft). 
Expansivity: Almost all bedrock and mantle unexpansive. 
Stratigraphic thickness: At least 300 ft at its thickest, thinning away from 

lighthouse. 
Sources: J .A.  Bartow, written comnlun., 1972; Blake and others, 1974; 

Galloway, 1977; two stations. 

MAP UNIT 310 

Geologic units, (age), and location: Purisima Formation, San Gregorio 
Sandstone Member (T); Santa Margarita Sandstone (T); in Santa Cruz 
Mountains. 

Summary: Sandstone. variably sorted. containing concretions as large as 
1 ft in diameter. Almost all bedrock and most surficial mantle is 
unexpansive, some mantle is significantly expansive (clayey subsoil). 

Composition: Very fine grained to coarse-grained sandstone, variably 
sorted; Santa Margarita Sandstone, in particular, is clean. Carbonate 
concretions as large as 1 ft in diameter. 

Hardness: Firm to soft and friable where weathered, probably firm where 
fresh; concretions hard. 

Bedding: Absent to indistinct very thick beds. 
Parting: Absent. 
Fracture: Spacing uncertain, most is probably very wide 
Permeability: Very low to high intergranular permeability in bedrock, 

depending on presence of cement and on grain size and sorting; prob- 
ably much moderate, especially in Santa Margarita Sandstone. Low frac- 
ture permeability in shallow bedrock. Surficial mantle largely moderate, 
some low to very low where clayey subsoil present. 

Surficial mantle: Largely granular, some clayey subsoil. 
Geologic unit, (age), and location: Conglomerate at Point Reyes (TI. Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive, 
Summary: Largely conglomerate having matrix of poorly sorted silty sand- some significantly expansive (clayey subsoil). Bedrock samples: FP2A, 

stone. Conglomerate is hard where fresh, firm where weathered. Largely ; sandstone, free swell 45 percent; SGG8A. sandstone, free swell 49 per- 
very thick beds and moderate to wide, but as much as very wide, frac- \ cent, Surficial mantle samples: FP2B. soil, free swell 51 percent; 
ture spacing. Almost all bedrock and mantle is unexpansive. ~ SGG8B, moderately cracked clayey soil, free swell 62 percent. 

Composition: Largely conglomerate of rounded pebbles, cobbles. and Stratigraphic thickness; 150.450 ft. 
boulders of quartzite. granitic rock, and porphyritic volcanic rock, in a ' Source: Ellen and others, 1972. 
matrix of finer conglomerate and poorly sorted silty sandstone, Most 
clasts are less than 6 in. in diameter, but conglomerate includes angular , 
blocks of granitic rock as large as 7 ft or more in diameter. Unit includes , MAP UNIT 311 
some (about 20 percent) sandstone and shale interbeds. Near base in most 
of area of exposure is 50-60 ft of dark sandy shale (not seen in field), Geologic unit, (age), and location: Sandstone (T), on Point Reyes penin- 
which includes several layers of calcareous concretionary material. Unit sula. 
overlies granitic rock of unit 906. i Summary: Massive clean to silty sandstone, soft to firm where weath- 

Hardness: In fresh exposure, conglomerate is hard and sandstone is hard ' ered. Probably consists of sand from Laird Sandstone (unit 313) intruded 
to firm; in weathered exposure, conglomerate is firm, sandstone is firm into overlying rock, and so composition, many physical properties, per- 
to soft and friable, and shale is soft. Most clasts in conglomerate are hard, ' meability. expansivity, and surficial mantle texture are probably similar 
but blocks of granitic rock are firm. to those of unit 313. See description for unit 3 13. 

Bedding: Very thick (generally more than 10-ft) beds of conglomerate 1 Composition: Sandstone, probably largely fine to medium grained, clean 
distinctly and irregularly interbedded with sandstone and with intervals 1 to silty. Petroliferous in many places; shows hydrocarbons on joint sur- 
of sandstone and shale as thick as 20 ft. Sandstone beds within these 1 faces. 
intervals are medium to thick; shale beds are thin to medium. ' Hardness: Where weathered, soft to firm and friable. 

Parting: Present in shale at very close spacing and at shale contacts. Pos- Bedding: Absent. 
sibly present on some sandstone contacts with conglomerate or adjacent Parting: Probably none. 
sandstone, but most of these contacts are gradational and lack potential i Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974: 
for parting. one station. 
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MAP UNIT 312 Permeability: Intergranular permeability m bedrock ranges from high to 

Hardness: Largely firm to soft where weathered, some quite firm where 1 

weathered Fresh rock is largely firm, hard where cemented 
1 Geologic units, (age), and location: Nortonville Shale (T) undivided 

Geologic unit, (age), and location: Sandstone (T), only near Gilroy in 
Santa Clara Valley area. 

. . 

Bedding: Where observed, sandstone is unbedded in exposures 40 ft and 
more in width, except for thick to 5-ft zone of calcite cementation. Some 
indistinctly bedded (McLaughlin and others, 1971). 

Parting: Absent. 
Fracture: Moderate to very wide (4-ft) spacing, largely wide, in firm sand- 

stone: spacing wide to 4 ft in hard cemented sandstone. 
Permeability: Intergranular permeability in sandstone moderate to high 

(at least some high), except low to very low where cemented; thus, 
largely moderate to high in bedrock. Almost all mantle moderate. 

Weathering: Sandstone weathered to buff color to depths of 20 ft or more. 
Upper 5-10 ft is weathered soft, at least in places. 

Surficial mantle; Granular. 
Expansivity: Almost all bedrock and surficial mantle is unexpansive. 
Sources: E.E. Brabb, written commun., 1972; McLaughlin and others, 

1971; two stations. 

low, mostly moderate. depending on silt content and grain size. Defi- 
nitely a permeable unit that has some high permeability. Mantle largely 
moderate. 

MAP UNIT 313 

Summary: Almost entirely sandstone, moderate to high permeability, , weathering: To depth of 40-50 f t ,  
largely firm, but minor hard calcite-cemented rock and some quite firm Surficial mantle; Largely granular. 
partially cemented rock. Wide fracture spacing, Unexpansive sandy soil. Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive 

Expression in aerial photographs: Less resistant than unit 525. Interme- but some is significantly expansive. Samples DB31, soil, free swell 52 
diate topography. somewhat rounded, having smooth ribs and slopes. No i percent; DB32, organic soil, free swell 47 percent. 
tonal banding, homogeneous. Stratigraphic thickness: Variable, generally 100-150 ft. Conglomerate at 

Composition: (1) Sandstone, coarse to medium grained, well to moder- ! base varies from 1-2 ft to as much as 20 ft. 
ately sorted (McLaughlin and others, 1971), containing minor calcite- ; 

Sources: Anderson, 1899; J.A. Bartow, written- commun., 1972: Blake and 
cemented rock and some partially cemented (quite firm) rock. ( 2 )  others, 1974: Galloway, 1977: Weaver, 1949; seven stations. 
Siliceous shale, minor (E.E. Brabb, written commun., 1972). Unit is al- 
most all sandstone, minor cemented and hard, some partially cemented i 
and quite firm (tough ripping). MAP UNITS 314,439,466,467 

Geologic unit, (age), and location: Laird Sandstone (T) ,  on Point Reyes 
peninsula. 

Summary: Largely clean to silty clayless sandstone, some conglomerate 
at base, minor calcite-cemented beds, and minor shale interbeds near 
contact with unit 522. Largel) moderate intergranular permeability, varies 
from high to low. Firm to hard where fresh, firm to soft where weath- 
ered except for hard calcite-cemented beds. Almost all bedrock and most 
mantle are unexpansive. 

Composition: Largely clean to silty clayless sandstone, poorly to moder- 
ately well sorted; ranges from fine to very coarse grained, probably av- 
erages medium grained. Includes conglomerate of hard rounded boulders 
and firm to hard medium granitic blocks in sandstone matrix at base. 
Locally calcite-cemented, medium to very thick (20-ft) beds. Much sand- 
stone is micaceous, and all appears derived from granitic rock of unit 
906. Minor shale interbeds locally near contact with unit 522, 

Hardness: Firm to hard where fresh, firm to soft and friable where weath- 

(unit 439), only in area between Vallejo and Yolo Range. excluding 
Potrero Hills; upper shale unit (unit 466); middle sandstone unit (unit 
314); lower shale unit (unit 467). Units 314, 466, and 467 occur at south- 
ern end of Yolo Range near Vacaviile. 

Summary: Units 466 and 467 are fissile shale, firm pieces, soft rock mass; 
almost all bedrock and mantle is severely expansive. Unit 3 14 is largely 
sandstone of moderate intergranular permeability, mostly soft to firm and 
friable where weathered, but contains hard concretions as much as 7 ft 
in length; this unit is a prominent ridge former to the south. Unit 439 is 
generally largely shale similar to units 466 and 467, but between 
Vacaville and Travis Air Force Base exposures are sandstone similar to 
unit 314. 

Composition: Units 466 and 467 are fissile shale but contain minor silt- 
stone, minor thin sandstone beds, and rare thin to medium bentonite beds. 
Unit 314 is largely sandstone, but contains minor interbedded shale simi- 
lar to unit 466. Sandstone is mostly fine grained, some medium to coarse 
grained, well to moderately well sorted, clean to silt? (in places more 
than 15 percent silt); calcite cemented at least in part where fresh. con- 
cretions where weathered. 

Hardness: Shale of units 466 and 467 has firm pieces, soft rock mass, 
both where fresh and weathered. Sandstone of unit 314 is soft to firm 
where weathered, but contains hard calcite-cemented concretions: where 
fresh, sandstone is hard, at least in pan, owing to calcite cement, remain- 
der probably firm. 

Bedding: Units 466 and 467 are laminated and contain minor distinct thin 
beds of sandstone and thin to medium beds of bentonite (rare). Unit 314 
is distinctly bedded in places, having sandstone in medium to 4-ft beds 
between very thin to medium beds of shale; in other places, sandstone 
occurs in very thick (20- to 40-ft and more) beds that have indistinct 
internal medium to 10-ft beds. 

Parting: In units 466 and 467, at very close spacing, some close spacing 
in siltstone. In unit 314. at bedding planes where distinctly bedded, mod- 
erate to 4-ft spacing, and within shale interlayers at very close spacing; 
absent in verv thick beds. 

ered, except for hard calcite-cemented sandstone present locally. Inter- ' Fracture: In shale of units 466 and 467, close to very close spacing across 
bedded shale is soft. 1 fissility where weathered. In sandstone of unit 314, fracture at moder- 

Bedding: Mostly absent. In places, very thick (20-ft) beds of sandstone i ate to 10-ft spacing, mostly moderate to 4 ft; unfractured concretions 
between thick shale interbeds: in other places. some sandstone is in very 

' 
range from large to 7 ft in length by 4 ft thick. 

thin to medium beds. I Permeability: Units 466 and 467 have very low total permeability in both 
Parting: Mostly absent. Present only where shale interbeds or where sand- ' bedrock and mantle. Bedrock of unit 314 has largely moderate inter- 

stone is distinctly bedded. granular permeability. some possibly high, but very low in calcite-ce- 
Fracture: In fresh and most weathered rock. fracture spacing is mostly ' mented zones and beds (abundant at depth?): mantle largely moderate. 

moderate to wide. ranging from close to 20 ft.  Within several feet of the I some very low. Unit 439 has largely very low intergranular permeabil- 
ground surface. new fractures develop in most places at close to model- ity, some to much moderate and possibly high, in bedrock: largely very 
ate spacing. Fractures are generally closed. filled by crushed sand or iron I low, some to much moderate, in mantle. 
stain, and are open onl j  within several feet of the ground surface. Much ' Weathering: Both shale and sandstone weathered to depth of 20 ft (buff 
fracture is indistinct. to gray color change). 
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Surficial mantle: Almost all clayey in units 466 and 467. Largely granu- 
lar, some clayey, in unit 314. Largely clayey, some to much granular, 
in unit 439. 

Expansivity: In units 466 and 467, almost all bedrock and mantle is se- 
verely expansive. In unit 3 14, most bedrock and mantle are unexpansive, 
but minor bedrock and some mantle is severely expansive, and much 
mantle may be significantly expansive. In unit 439, most bedrock and 
mantle is severely expansive but some to much of each is unexpansive. 
Bedrock samples: MV17A. weathered claystone of unit 466, free swell 
172 percent; MV17C, weathered shale of unit 467, free swell 127 per- 
cent; AIA,  bentonite bed 3-4 in. thick in unit 466, free swell 120 per- 
cent; AlC,  clayey shale from unit 466, moderately cracked, free swell 
87 percent. Surficial mantle samples: MV17B, soil on unit 466, free 
swell 150 percent; AlB,  sandy clay soil on unit 466, free swell 70 per- 
cent. 

Sources: Bailey, 1930; Bartow, 1985; Sims and others, 1973; Tolman. 
1943: two stations 

MAP UNIT 315 

Geologic unit, (age), and location: Unnamed formation, upper sandstone 
member (T), near southern end of Yolo Range. 

Summary: Nearly uniformly firm, medium- to fine-grained clean quartz 
sandstone, unbedded; minor mudstone. Contains scattered hard concre- 
tions as much as 12 ft in length. Moderate, approaching high, perme- 
ability. Thin sand soil. 

Composition: Medium- to fine-grained quartz sandstone, well sorted, con- 
taining minor silt; minor fine-grained silty sandstone. Scattered calcite- 
cemented concretions as much as 12 ft in length. Near contact with unit 
473, minor interbedded fissile mudstone. 

Hardness: Largely firm, approaching soft. Concretions are hard 
Bedding: Mostly absent, locally indistinctly crossbedded. Minor thin-bed- 

ded silty sandstone (observed in one place). Near upper contact with unit 
473, very thin to thin beds of fissile mudstone are interbedded with very 
thin to medium beds of sandstone. 

Parting: Largely absent 
Fracture: Largely very wide spacing (5 ft to tens of feet). Some highly 

weathered rock has moderate spacing, and some highly weathered rock 
has moderate to wide sheeting parallel to the ground surface. Concre- 
tions are unfractured. 

Permeability: Moderate, approaching high. intergranular permeability in 
bedrock. Moderate in mantle. 

Weathering: To depths greater than 30 ft, 
Surficial mantle: Granular. Thin sand soil. 
Expansivity: Almost all bedrock and mantle is unexpansive 
Sources: Sims and others, 1973; two stations. 

MAP UNIT 320 

Geologic unit, (age), and location: Cierbo Sandstone (T), only in the East 
Bay Hills. 

Summary: Almost entirely sandstone: some contains clay coatings ap- 
proaching saturation, some is clean. Much to most mantle is severely 
expansive. Moderately resistant unit. 

Composition: Almost all is sandstone, well to moderately well sorted, 
mostly medium grained, but some fine grained and minor coarse grained. 
Sandstone contains less than 10 percent silt; some is clay free, but most 
medium-grained sandstone contains clay coatings and grades toward clay 
saturation. Clay content suggests tuffaceous components. Includes mi- 
nor fossiliferous shell horizons, clay-saturated sandstone, thin-bedded 
sandstone, and medium to thick elongate (as long as 10 ft) calcite-ce- 
mented concretions. 

Hardness: Weathered sandstone is firm to soft. Fine-grained sandstone is 
quite firm. Fossiliferous horizons are largely hard. some firm. Clay-satu- 
rated sandstone is firm. 

Bedding: Absent to indistinct in very thick (40-ft and thicker) beds. Al- 
most entirely sandstone, containing only occasional fossiliferous sand- 
stone medium to 4 ft in thickness, clay-saturated sandstone very thick 
(as much as 15 ft), and thick sequences of thin to very thin beds of sand- 
stone separated by very thin partings. 

Parting: Almost entirely absent. Present only in rare very thin bedded to 
thin-bedded sandstone interbeds. 

Fracture: Indistinct and variable, largely because rock is soft. Probably 
mostly moderate to wide spacing, ranging from close to 10 ft. Much of 
unit develops sheeting parallel to ground surface; spacing is mostly 
moderate, ranging from close to wide, in upper 15 ft and very wide (about 
6 ft) to depth of 30 ft. In hard fossiliferous rock, wide to 4-ft fracture 
spacing. 

Permeability: Sandstone (almost all of unit) has low to moderate inter- 
granular permeability, depending on extent of clay coatings; in shallow 
rock largely low but some moderate, below shallow rock probably largely 
moderate, Clay-saturated sandstone very low; thin-bedded sandstone low. 
Most mantle very low to low. 

Weathering: To depths greater than 35 ft. 
Surficial mantle: Largely clayey, typically dark sandy clay soil. 
Expansivity: Bedrock largely unexpansive, but some may be expansive 

where weathered. Much to most mantle severely expansive. Samples: 
MI9, moderately cracked sandy clay soil, free swell 90  percent; MI20, 
well-cracked sandy clay soil, typical, free swell 114 percent. 

Stratigraphic thickness: 775 ft (Sheehan, 1956). 800 ft (J.R. Wagner, 
written commun., 1973). 

Sources: Sheehan, 1956; J.R. Wagner, written commun., 1973; Wagner, 
1978; four stations. 

MAP UNIT 321 

Geologic unit, (age), and location: Temblor(?) Sandstone (T). only in 
Diablo Range southeast of San Jose. 

Summary: Sandstone, much calcite cemented and hard, bedded thin to 
very thick, some spheroidal weathering leaving corestones. Clayey sand 
mantle is unexpansive to significantly expansive. 

Expression in aerial photographs: Mostly hard topography having 
slightly rounded crests. Tonal bands 10-30 ft in width in a few places 
(may be in unit 524). Topographic resistance similar to unit 641. 

Composition: Sandstone, mostly medium grained and moderately well 
sorted; minor is coarse and very coarse grained and contains scattered 
pebbles. Much sandstone is calcite cemented. the remainder is clay satu- 
rated. About equal amounts of clayey sandstone and calcite-cemented 
sandstone 

Hardness: Calcite-cemented sandstone hard where fresh, firm where 
weathered; clayey sandstone firm to quite firm where fresh, firm where 
weathered. 

Bedding: About one-third of unit has distinct interbedding of calcite-ce- 
mented and clayey sandstones, consisting of thin to thick beds of cal- 
cite-cemented rock between medium to thick beds of clayey rock. 
Another one-third is probably very thick beds of calcite-cemented rock, 
and the remaining one-third is probably clayey sandstone of at best in- 
distinct bedding. 

Parting: Present on distinct bedding at close to wide in about one-third 
of unit, but this parting occurs along irregular, lumpy surfaces, and so 
is effective for ripping hut not for cut-slope failure. Remainder of unit 
essentially unparted. 

Fracture: In distinctly bedded one-third of unit. hard beds fractured at 
close to wide spacing, mostly moderate. In very thick bedded calcite- 
cemented one-third of unit, wide to 4-ft original fracture spacing pro- 
duces irregular close pieces by spheroidal weathering. No fracture 
observed in firm clayey rock. 

Permeability: Low to very low intergranular permeability in fresh cal- 
cite-cemented sandstone; low in fresh and weathered clayey sandstone; 
low to moderate in weathered calcite-cemented sandstone. Thus. low to 
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very low intergranular permeability in fresh bedrock at depth, low to 
possibly moderate fracture permeability in shallow fresh rock. and low 
to moderate intergranular permeability in shallow weathered bedrock. 
Most mantle moderate. 

Weathering: Very thick bedded calcite-cemented sandstone weathers sphe- 
roidally to hard fresh cores surrounded by firm weathered rock to depths 
greater than 15 ft. Similar weathering depth for distinctly bedded sand- 
stone. 

Surficiai mantle: Largely granular. Uniform clayey sand soil. 
Expansivity: Bedrock unexpansive. Mantle unexpansive to significantly 

expansive. Sample MSZ13, typical uncracked clayey sand soil, free swell 
52 percent. 

Stratigraphic thickness: Variable thickness, from 0 to less than 1,000 ft 
(Gilbert, 1943). 

Sources: Gilbert, 1943; one station. 

MAP CNIT 322 

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only in 
Santa Cruz Mountains near Mount Umunhum. 

Summary: Largely firm clayey sandstone, some hard calcite-cemented 
sandstone, rare limestone and conglomerate. Bedrock and almost all 
mantle are unexpansive 

Expression in aerial photographs: Fairly resistant, forms Jacques Ridge. 
Intermediate to bard topography, sharp to flat crest, regularly ribbed. 

Composition: Sandstone, but contains rare clayey and organic (shelly) 
limestone, as well as conglomerate at and near base. Sandstone makes 
up almost all of unit and is of two types: (1) clean, well-sorted, coarse- 
to medium-grained, calcite-cemented sandstone that crops out; and (2) 
clay-saturated to nearly clay-saturated, tuffaceous, medium- to coarse- 
grained, well-sorted sandstone in which milky to amber-colored mobi- 
lized tuffaceous clayey material fills to nearly fills pores. Conglomerate 
typically consists of pebbles, but rarely boulders as large as 3 ft in di- 
ameter. Where observed, 20-40 percent of unit is hard calcite-cemented 
sandstone, 60-80 percent is firm clayey sandstone, and 2 percent is lime- 
stone and conglomerate. 

Hardness: Calcite-cemented sandstone is hard; clayey sandstone firm, 
friable; limestone hard; clasts in conglomerate hard. Thus, 20-40 per- 
cent hard rock, 60-80 percent firm. 

Bedding: Distinct calcite-cemented beds are interbedded with clayey sand- 
stone in upper part of section where observed. Calcite-cemented beds, 
medium to very thick (8 ft) in sequences as thick as 20 ft, occur between 
medium to very thick (as much as 15-ft, generally as much as 10-ft) beds 
of clayey sandstone. Limestone to very thick (6 ft or more). Conglom- 
erate in sandstone to very thick ( 8  ft). In much of lower part of section, 
bedding may be largely indistinct and similar in thickness to distinct 
beds. 

Parting: In parts of section, at distinct bedding planes, mostly wide to 
very wide spacing (as much as 10 ft), but some at moderate spacing. 
Mostly absent in other parts. 

Fracture: In hard calcite-cemented rock at spacing about equal to bed 
thickness, as wide as 5 ft in beds as thick as 6-8 ft. Fracture in firm clayey 
sandstone not observed, probably close to wide spacing, mostly moder- 
ate. Fracture in limestone similar to bed thickness. 

Permeability: Intergranular permeability in tuffaceous sandstone is low 
where weathered, low to possibly moderate where fresh; in calcite-ce- 
mented sandstone, very low where fresh, moderate to high where weath- 
ered (essentially a loose sand). shallow cemented rock has low fracture 
permeability. Thus, most bedrock at depth has low intergranular perme- 
ability, possibly some moderate, some very low; shallow bedrock largely 
low, possibly some moderate to high. Almost all mantle moderate to high. 

Weathering: Variable. Hard sandstone crops out essentially fresh, firm 
sandstone probably weathered to depths greater than 15 ft. 

Surficial mantle: Almost all granular, typically slightly clayey sand. Lo- 
cally, over hard sandstone, mantle may lack clay. 

Expansivity: Bedrock unexpansive. Almost all mantle unexpansive. some 
possibly significantly expansive. Sample STH3, clayey sand mantle, typi- 
cal, free swell 51 percent (probably exaggerated). 

Stratigraphic thickness: About 700 ft exposed where observed at sample 
locality STH3; 2,150 ft (Bailey and Everhart, 1964). 

Sources: Bailey and Everhart, 1964; McLaughlin and others. 1971; one 
station. 

MAP LNIT 323 

Geologic units, (age), and location: Lompico Sandstone (T); and Butano 
Sandstone (T), only near Butano Ridge: in Santa Cruz Mountains. 

Summary: Sandstone and minor mudstone and shale, but intervals of 
clayey rock as thick as 200 ft. Minor significantly expansive bedrock 
and surficial mantle. 

Composition: Sandstone and less than 10 percent mudstone and shale. 
Sandstone is very fine to very coarse grained, some thicker beds are 
carbonate cemented; local conglomerate of pebbles, cobbles, and boul- 
ders as much as a few feet in diameter. 

Hardness: Sandstone is firm to hard where fresh, hard where cemented, 
firm to soft and friable where weathered; conglomerate clasts hard; 
clayey rock firm to soft. 

Bedding: Medium to very thick (30 ft), distinct to locally indistinct. Clayey 
rock occurs in sequences locally as thick as 200 ft. 

Parting: Moderate to very wide (30-ft) spacing in most. 
Fracture: Moderate to very wide spacing, locally close; in weathered 

clayey rock close to very close spacing. 
Permeability: Intergranular permeability of sandstone (most of unit) is 

low to locally moderate(?), of cemented sandstone and clayey rock very 
low. Low fracture permeability in shallow clayey bedrock and cemented 
rock. Almost all surficial mantle moderate, minor low. 

Surficial mantle: Almost all granular, minor clayey subsoil. 
Expansivity: Almost all bedrock and most mantle unexpansive, minor 

bedrock and some mantle significantly expansive. Samples: FP3A, sand- 
stone(?), free swell 49 percent; LH4, mudstone, free swell 54 percent: 
FP3B, organic soil, free swell 58 percent (probably exaggerated). 

Stratigraphic thickness: 500 ft near Half Moon Bay (Lompico Sandstone); 
9,000 ft at Butano Ridge (Butano Sandstone). 

Source: Ellen and others. 1972. 

MAP UNIT 330 

Geologic unit, (age), and location: Briones Sandstone, E member of 
Wagner (1978) (T), only in the East Bay Hills, excluding area near Sunol 
Valley and Pleasanton. 

Summary: Most resistant unit in area, forms crests of Rocky Ridge and 
Las Trampas Ridge. Largely firm sandstone but contains minor to some 
hard calcite-cemented shell-breccia sandstone in very thick (as much as 
10-ft) beds. Almost a l l  bedrock and most to  almost all mantle is 
unexpansive. 

Composition: Largely sandstone. medium to coarse grained, poorly to well 
sorted, interstices filled to nearly filled by silt and clay; minor to some 
hard calcite-cemented pebbly shell-breccia sandstone composed of abun- 
dant shells and shell debris in poorly to well-sorted, medium- to coarse- 
grained pebbly sandstone. May contain some clean, "well washed" 
sandstone (Newton, 1948). 

Hardness: Shell-breccia sandstone is hard where fresh and weathered; 
sandstone between shell-breccia beds firm where weathered, probably 
firm where fresh. 

Bedding: Shell-breccia sandstone occurs in very thick (as much as 10-ft), 
distinct, outcropping beds; on Rocky Ridge, as many as three of these 
beds. Within shell-breccia beds, indistinct medium to thick beds revealed 
by weathering. Firm sandstone in very thick (30- to 40-ft) unbedded in- 
tervals between shell-breccia beds. 
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Parting: Probably present at contacts of shell-breccia sandstone at very 1 nor diatomaceous shale, hard porcelaneous shale, and clayey very fine 

a i d e  (10-40 ft),  ' grained sandstone and siltstone probably represent gradation upward to 
Fracture: In shell-breccia sandstone, spacing is mostly wide, ranging from ; unit 535. 

moderate to very wide \4  ft). Firm sandstone has close to moderate spac- I Hardness: Sandstone is firm, diatomaceous shale firm. siliceous shale hard, 
ing of weathering fracture: some flakes where weathered. clayey sandstone and siltstone firm. 

Permeability: Most bedrock has low intcrgranular permeability owing to 4 Bedding: In sandstone. indistinct at thick to very thick (10 ft). Diatoma- 
clay and silt and to calcite cement; some very low. probably some mod- i ceous shale interbeds medium to thick. Interbedded siliceous shale and 
erate. Reports of springs from this unit by Newton (1948) suggest some 1 clayey very fine sandstone and siltstone in medium to thick distinct beds. 
moderate permeability, possibly along fractures in shallow rock. Most Parting: Absent in sandstone and at contacts between sandstone and di- 
to almost all mantle moderate. ! atomaceous shale. Present in minor interbedded siliceous shale and 

Weathering: Shell-breccia sandstone crops out, fresh to surface. Firm I clayey very fine sandstone and siltstone at bedding planes (moderate to 
sandstone unknown. 1 wide) and within clayey sandstone and siltstone at very close spacing. 

Surficiai mantle: Most to almost all is granular. Uncracked clayey sand Fracture: Spacing in sandstone is close to wide. mostly moderate to wide. 
soil. but weathering fracture at very close to moderate spacing, mostly close, 

Expansivity: Almost all bedrock and most to almost all mantle is occurs in places at depths of less than 5-10 ft. Where weathered, much 
unexpansive, the remainder significantly expansive. See sample for sandstone scales at very close spacing. Spacing close to moderate across 
unit 382. bedding in hard siliceous shale. 

Stratigraphic thickness: 600-800 ft (J.R. Wagner, written coinmun,, 1973). Permeability: Sandstone, clayey fine sandstone, and siltstone have low 
Sources: Ham, 1952; Newton, 1948; J.R. Wagner. written comnlun., 1973: intergranular permeability. Shale has very low intergranular permeabil- 

Wagner. 1978; two stations. ity but low fracture permeability in shallow rock. Thus, almost all bed- 
rock has low permeability. Probably much to most mantle low to very 

MAP CNIT 331 , low, much moderate. 
Weathering: Sandstone weathered to depths greater than 20 ft. 

Geologic unit, (age), and location: Briones Sandstone, D member of ; surficial mantle: probably much to most clayey, much granular, 
Wagner (1978) (T), in the East Bay Hills. Expansivity: Probably most to almost all bedrock unexpansive, but some 

Summary: Resistant sandstone, largely firm, some hard, mostly in thick 1 may be significantly expansive where well weathered, ~~~h to most 
to very thick beds. Low intergranular permeability Almost all bedrock 1 mantle expansive, probably much unexpansive, sample 
and most to almost all mantle is unexpansive. , MI27, uncracked sandy and silty clay soil, typical, free swell 68 percent. 

Composition: Fine- to medium-grained sandstone, containing sufficient s ~ ~ ~ ~ ~ ~ :  ~h~~~ stations, 
silt and clay to produce low permeability and weathering fracture. Mi- I 

nor conglomerate reported. Minor to some sandstone is calcite cemented MAP UNIT 333 
and hard. some hard without calcite cement. 

~ ~ ~ d ~ ~ ~ ~ :  ~~~~l~ firn, some sandstone is hard, some of which is 1 Geologic unit, (age)? and location: Oursan Sandstone (TI of the Monterey 

cite cemented. 1 Group  o n  in the East Bay Hills, excluding areas east of Fremont and 

Bedding: Indistinct medium to very thick (as much as 20-ft or more) beds, northeast of Castro Valley. 
mostly thick to 10 ft, of hard sandstone between firm sandstone or of ; Summary: Almost all is firm, low permeability sandstone, largely dirty 

different compositions revealed by differences in weathering fracture, , to clayey, but contains some clean sandstone: indistinctly bedded. Prob- 

One hard sandstone bed as thick as 20 ft: calcite-cemented hard sand- / ^Y much mantle is severely expansive. 

stone beds to thick or more. 1 Expression in aerial photographs: At Oursan Ridge, unit is clearly 

Parting: Absent. banded in light- and dark-toned zones 50 ft in width, intermediate to hard 

Fracture: Close to moderate spacing of weathering fracture in firm sand- ' crests. TO north and south the banding disappears, leaving homogeneous 

stone. Moderate to wide spacing in very thick hard bed. intermediate topography. 

p a :  Bedrock has largely low intergranular permeability, minor 1 Compo~iti0n: *hl10St all sandstone, largely fine grained to very fine 

moderate, Reports of springs from "basal Briones" suggest some mod- 1 grained, some medium grained. Some sandstone (10-30 percent) is clean 

erate permeability, possibly as fracture permeability in shallow rock. and well sofled. but most (30-90 percent) is silty and clayey enough to 

Most to almost all mantle moderate. produce weathering fracture, and some contains enough clay to g i t e  the 

Weathering: To depths greater than 15 ft. rock a waxy lustre. Includes hard, ovoid, calcite-cemented concretions 

surficial mantle: ~~~t to almost all is granular, uncracked ciayey 1 mostly medium but as large as 4 ft in diameter. and rare calcite-cemented 

soil. beds as thick as 5 ft. Minor siltstone to silty mudstone, and minor lime- 

Expansivity: Almost all bedrock is unexpansive. Most to almost all mantle . stone lenses. 
is unexpansive, the remainder probably significantly expansive, See . Hardness: Largely firm where weathered. probably firm where fresh. 
sample for unit 382, 1 Concretions and calcite-cemented sandstone are hard. Sheehan (1956) 

Stratigraphic thickness: 800 ft iJ.R. Wagner, written commun., 1973;. reported hard arenite to north. 
Sources: Ham, 1952; Newton, 1948; Trask, 1922; J .R.  Wagner, written I Bedding: Mostly indistinct, medium to very thick ( a s  much as 20-ft or 

commun., 1973; Wagner, 1978: two stations. 
I more) beds of clean and dirty sandstone distinguished by differences in 

weathering fracture reflecting silt and clay content. Less common dis- 

MAP UNIT 332 tinct beds. On photographs, bands on Oursan Ridge are 50 ft in width. 
; Radbruch and Case 11967) reported that the more resistant beds are gen- 

Geologic unit, (age), and location: Monterey Group, sandstone unit (T), erally thick. 
only at north end of the East Bay Hills near Pinole. Parting: On some bedding planes. but m m y  bedding planes reflect onl j  

Summary: Almost all is firm dirty sandstone, partly tuffaceous, but con- 1 subtle compositional differences and do not provide parting. Present in 
rains minor shale and clayey very fine sandstone and siltstone. L'nder- minor rock at moderate to wide spacing. Parting is not a prominent fea- 
lies subdued topography. Much to most mantle is significantly expansive. ture of this unit. 

Composition: Almost all is sandstone, fine grained, well to moderately . Fracture: Firm clean sandstone has close to moderate spacing. largely 
well sorted; tuffaceous at least in part, interstices filled by ash( ?). Mi- . moderate, some approaching wide. Dirty sandstone and siltstone have 
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close to very close spacing of weathering fracture, largely spheroidal, Sources: E.E. Brabb, written commun., 1972; Hall. 1958; Lutz, 1951; 
on moderate to wide iron-stained original fracture. Large and very large I Newton. 1948: Robinson, 1956; two stations. 

concretions have wide fracture spacing. I 

Permeability: Intergranular permeability of bedrock largely low. some , 
very low. minor moderate in shallow rock. probably some moderate be- , 
low shallow rock. Probably much mantle very low to low. much moder- 
ate 

Weathering: Weathers along fractures. Some fresh cores of spheroids 
occur at depth of 10 ft, most rock is weathered to depths greater than 20 
ft, in places to depths greater than 30 ft. 

Surficiai mantle: Probably much clayey, much granular, Near sample 
localities BV4 and BV5, pronounced accumulation of dark cracked soils 
like sample BV4 in swales, uncracked or mildly cracked light-colored 
soils like sample BV5 on ridges. 

Expansivity: Probably most bedrock unexpansive, some expansive. Prob- 
ably much mantle severely expansive, much significantly expansive to 
possibly unexpansive. Samples: BV4, well-cracked sandy clay soil, free 
swell 100 percent; BV5, mildly cracked loam soil, free swell 79 percent. 
On Hampton Grave Road, largely mildly cracked soil, minor expansive 
soil. 

Stratigraphic thickness: Near San Pablo Bay, as much as 525 ft although 
generally less than 200 ft (Sheehan, 1956). Averages about 800 ft (Pease, 
1954, quoted by Radbruch and Case, 1967). 

Sources: Arnold. 1908; Case, 1963; Lawson, 1914; Lutz. 1951; Newton, 
1948; Pease, 1954: Radbruch, 1969: Radbruch and Case, 1967; Sheehan, 
1956; six stations. 

MAP UNIT 334 

Geologic unit, (age), and location: Sobrante Sandstone (T)  of the 
Monterey Group, only in Dublin-Castro Valley area of the East Bay Hills. 

Summary: Almost all is dirty fine- to medium-grained sandstone; minor 
grit and conglomerate, and minor hard to firm concretions. Most bed- 
rock and mantle is unexpansive, some subsoil is significantly expansive. 

Expression in aerial photographs: Largely underlies swales 
Composition: (1) Sandstone, arkosic, locally micaceous, fine to medium 

grained, subrounded, consisting of well to moderately sorted sand that 
has silt and clay matrix sufficient for low permeability, scaling, and 
weathering fracture. ( 2 )  Gnt  and conglomerate. (3) Concretions, largely 
calcite cemented. some cemented by iron oxide. 

Hardness: Firm, much approaching soft, where both fresh and weathered: 
some rock mass is soft owing to weathering fracture. Concretions hard 
to firm. 

MAP UNIT 335 

Geologic unit, (age), and location: Kirker Formation of Primmer (1964). 
tuifaceous sandstone member (T),  in the monocline north of Mount 
Diablo. 

Summary: Variable proportions along strike. More than half of unit con- 
sists of laminated to thick-bedded dirty sandstone: some (as much as one- 
third) is clean. soft sandstone of moderate to high permeability; and some 
is clayey sandstone. Minor to some bedrock is expansive, probably much 
mantle is severely expansive. 

Expression in aerial photographs: Generally appears to be nonresistant, 
swale-forming unit except for light-toned resistant spur in Markley Can- 
yon (possibly part of landslide block). Where location is fairly clear. unit 
has light to intermediate tone and lacks tonal bands and ribs. 

Composition: (1) Clean sandstone, well sorted, fine (Primmer, 1964) to 
medium and coarse grained, some pebbly in places, containing jarosite 
in some places. (2) Dirty sandstone. weathers to white or buff color, fine 
to medium grained. probablj much tuffaceous, largely very thin to me- 
dium bedded between partings, scales or shows weathering fracture. (3) 
Clayey sandstone, fine to medium grained, may be tuffaceous, grades 
to sandy mudstone. much behaves as clay, appears expansive. (4) Shale 
(black) and claystone (Primmer, 1964). (5) Calcite-cemented sandstone, 
in concretions as large as 6-ft ovoids and in beds to thick; also limonite 
nodules (Primmer. 1964). (6) Conglomerate, pebble to cobble (Primmer, 
1964). (7) Tuff like unit 285, in places. 

Unit has variable proportions. Major constituents are the clean sand- 
stone, dirty sandstone, and clayey sandstone; shale, claystone, and con- 
glomerate are minor. the conglomerate, where present, occurring near 
base of unit. Proportions are difficult to translate from Primmer's ( 1964) 
sections, but best overall approximation is more than half dirty sandstone. 
some (as much as one-third) clean sandstone. and some clayey sandstone 
in some of unit. Other compositions minor. 

Hardness: Clean sandstone is soft, some to firm, where weathered and 
probably where fresh. Dirty sandstone and clayey sandstone are firm 
where fresh and weathered; shale good and firm; cemented rock hard. 

Bedding: Clean sandstone occurs typically in very thick (commonly greater 
than 10-ft) distinct beds. but occurs also in medium to 10-ft beds inter- 
bedded with other compositions. Dirty sandstone ranges from very thin 
to thick bedded between partings and occurs in intervals as thick as 30 
ft or more. Clayey sandstone is indistinctly interbedded with more or less 

Bedding: Unbedded by our observations. Robinson (1956) reported bed- clayey sandstone in thick to 5-ft beds Cemented beds to thick, concre- 
ding 2-4 ft in thickness Probably some of both, but bedding probably , t i o n ~  to 6-ft ovoids 
largely indistinct. obscure (Hall, 1958) Concretions mostly medium ' Parting: Present within dirty sandstone largely at tery close to wide spac- 
some large. Grit to thick. ing. Absent in clean sandstone and in clayey sandstone. Present on dis- 

Parting: Largely absent. ~ iincl bedding contacts. Thus, present in half to two-thirds of unit at 
Fracture: Nearly all has moderate to wide spacing of stained original frac- ', spacings to wide. 

ture. as well as close to moderate spacing of weathering fracture, some I Fracture: In clean sandstone, largely moderate but some wide spacing. 
spheroidal weathering on original fracture, and very close scaling. Con- moderate to 4 ft where observed in a 30-ft bed, mostly very wide to wide 
cretions have largely moderate fracture spacing 1 in ver) thick beds Fracture is not mechanically significant in most clean 

Permeability: Sandstone (almost all of unit) has low intergranular per- sandstone owing to softness Spacing in dirty sandstone and probably 
meability, grit (minor) moderate Probably most mantle moderate, some clayey sandstone is largely close to moderate but includes close to very 
low to very low close spacing of weathering fracture Cemented beds have wide spac- 

Weathering: Sandstone weathered to depths a t  15-20 ft, staining on frac- ing. concretions unfractured or fractured at wide to 4-ft spacing 
tures extends deeper. Some spheroidal weathering on original fracture. 

Surficial mantle: Probably largely granular. some clayey subsoil. 
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive, 

some significantly expansive (subsoil). Samples: HAY l5A, typical dark 
clayey silt soil, free swell 41 percent; HAY15B, clayey subsoil, covers 
minor to some of unit. free swell 66 percent. 

Stratigraphic thickness: 500 ft (E.E. Brabb, written commun., 1972); 300- 
400 ft (Robinson, 1956); 134 St or more (Newton, 1948). 

Permeability: Clean sandstone has moderate to high intergranular perme- 
ability. much of each; dirty sandstone low: clayey sandstone low to very 
low: shale and claystone very low. conslomerate unknown. Thus, bed- 
rock has largely low intergranular permeability. but some (as much as 
one-third) moderate and high, and some very low. Probably much mantle 
very low, much moderate. 

Weathering: Clean sandstone weathered to depth of about 15 ft, some 
light-gray color at 15 ft. Clayey sandstone shows expansivity cracking. 
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Dirty sandstone shows scaling and parting on lamination where weath- 
ered. 

Surficial mantle: Probably much granular, much clayey. Some or more 
is clayey like sample CLlYB, dark plastic sandy clay soil, typical and 
uniform, more than 4 ft thick; some or more is granular like sample ASS. 
uncracked slightly clayey sand. a typical weathering product. 

Expansivity: Probably most bedrock unexpansive, but minor to some ex- 
pansive (clayey sandstone). Probably much mantle severely expansive, 
much unexpansive. Bedrock sample CL19A, weathered clayey fine sand- 
stone, moderately cracked. free swell 100 percent (exaggerated), the most 
expansive abundant bedrock composition. Surficial mantle samples: 
CLlYB, moderately cracked dark sandy clay soil, free swell 120 percent: 
AS5, uncracked slightly clayey sand. free swell 50 percent (exaggerated). 

Strat igraphic thickness: 80-130 ft (Primmer, 1964); 200 ft (Brabb and 
others, 1971 ). 

Sources: Brabb and others. 197 1; Clark, 1918: Primmer, 1964; Society of 
Economic Paleontologists and Mineralogists, 1950: two stations. 

MAP UNIT 340 

Geologic unit,  (age), and  location: Sedimentary rocks near Drakes Bay, 
glauconitic sandstone unit (T), on Point Reyes peninsula. 

Summary:  Largely clean sandstone; some dirty sandstone, clayey sand- 
stone, and mudstone. Clean sandstone is highly erodible and has mod- 
erate to high intergranular permeability. Some of both bedrock and 
surficial mantle is expansive. 

Composition: Largely medium- to fine-grained sandstone containing mi- 
nor silt, well to moderately well sorted (clean sandstone); some fine- 
grained to very fine grained sandstone containing abundant fines (dirty 
sandstone), sandy and silty mudstone, and sandstone that has abundant 
clay matrix (clayey sandstone). Thick bed of glauconitic sandstone at 
base. Local concretions. 

Hardness: Clean sandstone is soft and friable where weathered and prob- 
ably where fresh; dirty sandstone is largely firm both where fresh and 
weathered, but some dirty sandstone is hard; mudstone where fresh var- 
ies from hard beds, commonly interbedded with soft fissile interbeds, to 

interstices. Thus, bedrock has largely moderate to high intergranular 
permeability, some low to very low. Most mantle moderate, some low 
to very low, 

Weathering: Clean sandstone weathered to depths greater than 25 ft; dirty 
sandstone completely weathered to depth of 10 ft, weathered along frac- 
tures to 20 ft; weathering depth in mudstone unknown, but surface weath- 
ering rapidly produces very close chips; clayey sandstone weathered to 
depth of about 5 ft. 

Surficial mantle: Largely granular, some clayey. 
Expansivity: Most bedrock is unexpansive, some is significantly expan- 

sive, minor to some severely expansive. Most mantle unexpansive, some 
expansive, minor to some severely expansive. Bedrock samples: DB12, 
well-cracked clayey sandstone, typical of less than 20 percent of unit, 
free swell 105 percent; DB 19, black sandy claystone, minor constituent, 
free swell 62 percent; DB20, well-cracked weathered clayey sandstone, 
fairly abundant, free swell 74  percent; DB22A, mildly cracked clayey 
sandstone, abundant constituent (more than half of exposure in places), 
free swell 58 percent. Surficial mantle sample DB14, typical soil, free 
swell 48 percent. 

Strat igraphic thickness: About 500 ft (estimated from map). 
Sources: J.A. Bartow. written commun., 1972; Blake and others, 1974; 

Galloway. 1977; 10 stations. 

MAP UNIT 342 

more uniform firm rock; and clayey sandstone is soft both where fresh 
and weathered. Locally contains hard calcite-cemented concretions as 
large as 3 ft in diameter. Glauconitic sandstone is hard to firm, becom- 
ing soft where well weathered. 

Bedding: Varies with rock type, but mostly absent to indistinct, in places 
distinct in very thick beds. In some exposures (near coast at Bear Val- 
ley), medium to very thick (as much as 20-ft or more), mostly thick, 
distinct beds of clean sandstone are interbedded with thin to medium beds 
of dark clayey sandstone and with less common hard medium beds of 
sandy siltstone. In places, mostly medium beds of silty mudstone are dis- 
tinctly interlayered with thin to medium beds of shaly mudstone, Glau- 
conitic bed at base of unit is thick. 

Parting: Absent except in bedded silty mudstone, where shaly interbeds 
have very close fissility and parting is present on bedding planes at 
mostly moderate spacing 

Fracture:  Varies with composition. Spacing in clean sandstone ranges 
from close to very wide, mostly moderate to wide: no weathering frac- 
ture. Dirty sandstone has original spacing at moderate to very wide, 
mostly moderate to wide, but weathering produces secondary fractures 
at very close to moderate spacing. Mudstone shows variable fracture 
spacing, from close to wide, mostly close to moderate, and where weath- I 
ered much produces very close fracture. Clayey sandstone is fractured 1 ing: much siltstone is largely unparted to variably parted, but some to 
at moderate to wide spacing, but weathering produces additional close- most has regular c lose to  moderate  parting s imilar  to  unit 501.  
spaced fractures. Fractures are in many places iron stained or iron ce- Porcelaneous rock in many places is regularly parted at close to moder- 
merited, in places bleached, and in places show simply diminution of ' ate spacing. 
grain size. Glauconitic sandstone has close to moderate spacing. Fracture:  Indistinct to absent in sandstone, moderate where apparent. 

Permeability: Clean sandstone has moderate to high intergranular perme- 1 Close to moderate in siltstone and porcelaneous rock. Probably absent, 
ability; dirty sandstone low; mudstone low to very low; clayey sandstone effectively clast size (close to moderate), in conglomerate. Firm concre- 
mostly very low, some low where clay matrix does not completely fill ~ tions in sandstone to medium. 

Geologic unit, (age), a n d  location: Temblor(?) Sandstone (T), only along 
west side of Santa Clara Valley near Los Gatos. 

Summary: Largely soft clean sandstone, some to much siltstone and clayey 
sandstone. Clean sandstone has moderate permeability. Most bedrock and 
mantle is unexpansive. 

Expression in aerial photographs: Intermediate topography that is less 
resistant than unit 501. Banded by light-toned zones 5-10 ft in width 
between dark-toned zones as wide as 20 ft, which suggests some to domi- 
nant clayey sandstone and siltstone (dark). 

Composition: (1) Sandstone, medium to coarse grained, well to moder- 
ately well sorted, little matrix in most but some is slightly silty, inter- 
bedded with minor clay-saturated sandstone to siltstone. Contains minor 
firm concretions. Somewhat tuffaceous near contact with unit 260 (Bailey 
and Everhart, 1964). (2) Foraminifera1 siltstone, some slightly siliceous 
(sub-porcelaneous), that has very thin shale interbeds; and clayey sand- 
stone. (3) Porcelaneous shale and siltstone similar to unit 501. (4) Con- 
glomerate of pebbles to boulders common at or near base ( E L .  Brabb, 
written commun., 1972). (5) Locally includes volcanic rock like unit 260. 

Probably half to two-thirds of unit is sandstone (composition l ) ,  one- 
third to half is siltstone and clayey sandstone (composition 2). Minor 
conglomerate, porcelaneous rock, and volcanic rock. 

Hardness: Sandstone is soft where weathered and probably where fresh 
and contains minor firm concretions. Siltstone firm, porcelaneous rock 
hard, and conglomerate probably soft to firm with hard clasts. 

Bedding: Sandstone occurs in barely distinct medium to 5-ft beds between 
thin, some to medium, clay-saturated sandstone and siltstone, but sand- 
stone looks massive in very thick (tens of feet) bed. Banding on photo- 
graphs suggests very thick intervals of both sandstone and clayey rock. 
Siltstone is all very thin bedded or has parallel fabric, and some has very 
thin shale interbeds. Porcelaneous rock variably bedded. 

Parting: Present on bedding planes in sandstone at moderate to 5-ft spac- 
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Permeability: Sandstone has moderate intergranular permeability: siltstone 
and clayey sagdstone low to very low; porcelaneous rock very low, Low 
fracture permeability in shallow siltstone and clayey sandstone, low to 
moderate in shallow porcelaneous rock. Thus, most bedrock has moder- 
ate intergranular permeability; some to much is low to very low. but this 
has fracture permeability in shallow rock. Most mantle moderate. 

Weathering: Sandstone weathered to depths greater than 15 ft. 
Surficial mantle: Largely granular. One observation of uncracked silty 

soil over siltstone. Largely sandy and silty soils. 
Expansivity: Bedrock and mantle largely unexpansive. some to much 

mantle significantly expansive. Sample LOG3, very mildly cracked sand- 
silt soil, typical, free swell 63 percent (probably exaggerated). 

Sources: Bailey and Everhart, 1964; E.E. Brabb, written commun , 1972; 
two stations. 

MAP UNIT 343 

Geologic unit, (age), and location: Domengine Sandstone, upper sand- 
stone member (T), only on southwest flank of Mount Diablo. 

Summary: Largely very thick bedded (tens of feet) sandstone of moder- 
ate permeability, much crops out, and some interbedded clayey rock. 
Sandstone varies from soft to hard where nseathered. most firm, some 
marginal hard rock ripped with difficulty.  more than half of unit is very 
thick bedded sandstone, as much as tno-fifths is clayey rock plus sand- 
stone in beds to thick. Unit is largely unexpansive, hut some clayey hed- 
rock and mantle is severely expansive. See unit 344. 

Expression in aerial photographs: Strikingly banded by zones of dra- 
matic outcropping sandstone against dark-toned tree and brush cover. 
About equally abundant light-toned bands (outcrop) ranging from 5 to 
150 ft in width, many as wide as 100 ft, between dark-toned bands (veg- 
etation) 5-100 ft in width. Toward unit 442 and especially to south near 
Riggs Canyon, includes some area lacking outcrop, ribbed, grass cov- 
ered, similar in expression to unit 442, Spacing of major joints in out- 
cropping sandstone is 5 to more than 100 ft, showing some relation to 
bed thickness. Unique intermediate topography having some sharp crests 
along outcrops. 

Composition: ( I )  Sandstone. largely medium to coarse grained, ranging 
from fine to very coarse grained, poorly to moderately sorted, silty but 
little or no clay, May contain tuffaceous clasts. (2) Calcite-cemented con- 
cre,tions and beds in sandstone. (3) Interbedded fine-grained clayey rock, 
including mudstone to siltstone to clayey very fine sandstone and shale. 
Some shale is carbonaceous and includes minor lignite (Dickerson, 1916). 

Unit is largely sandstone, but contains some (as much as one-third) 
fine-grained clayey rock, Most fine-grained clayey rock is mudstone to 
clayey very fine sandstone, but some is shale. Of entire unit, over half 
is very thick bedded sandstone, as much as two-fifths is clayey rock 
containing sandstone beds to thick (measured from Dickerson, 19161, 

Hardness: Sandstone occurs both as firm to hard (weathered) outcropping 
rock and firm to soft (weathered) rock, both about equally abundant. The 
firm to hard rock (not calcite cemented) includes much firm rock and 
much marginal hard rock that dents slightly when struck by hammer; in 
part case hardened. Calcite-cemented sandstone hard. Clayey rock weath- 
ers firm, probably firm where fresh. 

Bedding: Intervals tens to hundreds of feet thick of: (a) Massive sand- 
stone in beds tens of feet thick; (b) largely distinct medium to thick beds 
of sandstone between medium to 4-ft beds of fine-grained clayey rock, 
many of which are distinctly interbedded at thin to medium; (c) thin11 
to thickly interbedded clayey rock, largely distinct. Mudstone intervals 
and bedded sandstone intervals are thicker and more abundant near base. 
Massive sandstone beds In many places are separated by part~ngs or by 
mudstone intervals to thick. Concretions as large as 10 ft in diameter. 
See sections by Dickerson (1916) and Colburn (1961). 

Parting: Absent within sandstone, except in some soft-weathering sand- 
stone at very close spacing parallel to and near ground surface. Present 
at distinct bedding planes, both at very wide (tens of feet) bounding very 

thick sandstone beds and at close to wide spacing in interbedded rocks. 
Very close spacing in shale. Over half at very wide spacing (tens of feet): 
as much as two-fifths at close to wide spacing. 

Fracture: Very thick sandstone beds have irregular fracture, the spacing 
of ~ j h i c h  ranges from moderate to IS ft, largely wide to 4 ft. but out- 
cropping sandstone commonly has 6- to IS-ft spacing. Sandstone beds 
to thick have spacing similar to bed thickness. Fine-grained clayey rock 
has close to very close spacing of weathering fracture superimposed on 
moderate to wide, s ta~ned,  original spacing. 

Permeability: Most sandstone has moderate intergranular permeability, 
the rema~nder low. Clayey fine-grained rock very low to low. Thus, bed- 
rock has largely moderate intergranular permeability, but includes some 
to half low and very low (some of each). Most mantle moderate, some 
very low to low. 

Weathering: Sandstone not seen fresh. 
Surficial mantle: Largely granular, some clayey. Largely uncracked clayey 

sand soil, such as sample D12B, and some sandy clay soil, dominant 
locally, such as sample D12C. Observations suggest that granular soil 
has moved downslope over clayey soil, and so expans~ve clayey soils 
are concealed in places. 

Expansivity: Bedrock largely unexpansive, but some severely expansive 
(mudstone). Most mantle unexpansi\re, some severely expansive. Bed- 
rock sample D12A, mudstone. moderately cracked, typical of interbeds 
throughout unit, free swell 93 percent. Surficial mantle samples: D12B, 
uncracked clayey sand soil, free swell 37 percent; Dl2C,  moderately 
cracked sandy clay soil, free swell 79 percent. 

Stratigraphic thickness: 1,500-3.500 ft (Brabb and others, 1971); about 
2,400 ft near Cave Point (Dickerson, 1916); 1,400-1,650 St in Pine Can- 
yon area, 1,200 ft near Mount Diablo State Park, 2,750 ft near Cave Point 
(Colburn, 1961). 

Sources: Brabb and others, 1971; Colburn, 1961; Dickerson, 1916; three 
stations. 

MAP UNIT 344 

Geologic unit, (age), and location: Domengine Sandstone, upper part (T) 
(equivalent to Escobar Sandstone of Weaver, 1953). only in Pacheco 
syncline, west of Concord. 

Summary: Largely firm sandstone of moderate permeability, some clayey 
interbeds, minor to some cemented sandstone. Sandstone erodes rapidly, 
is difficult to trench owing to lack of brittleness, is ripped at least in 
places with one tooth, and contains abundant hard blocks as large as 20 
ft in diameter. Most bedrock and mantle is unexpansive, some clayey 
rock and probably overlying mantle are expansive. See unit 343. 

Expression in aerial photographs: Most-resistant Tertiary unit in Pacheco 
syncline. Much hard topography of sharp crests and steep ribs between 
broad draws, producing an almost glaciated appearance that is charac- 
teristic but not everywhere present. Some intermediate topography on 
strike with hard topography. Underlies a number of topographic highs 
in Martinez, where it forms intermediat~ to hard topography. ,Many pits 
(borrow pits?). Forms crest of ridge. 

Composition: Sandstone, interbedded with shale, silty and sandy shale, 
mudstone, and clayey sandstone. Clayey interbeds have sufficient clay 
for dominantly clayey behavior, and most are dominantly shale or mud- 
stone. Sandstone is largely clean and moderately to moderately well 
sorted, mostly medium grained but ranges from fine to coarse grained, 
and typically contains scattered granules of white quartz and black chert 
that in places are concentrated as beds and stringers within sandstone 
beds. Sandstone grains are angular to subangular and are probably tuf- 
faceous in part  Sandstone generally contains minor silt-sized angular 
grains. 

Unit is largely sandstone, some clayey rock as interbeds (see section 
by W-eaver, 1953). Basal 400 ft(?) is poorly exposed, composed of un- 
known proportions of sandstone, silty sandstone, sandy shale, and shale 
(Weaver, 1953). probably thin to thick bedded, 
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Hardness: Sandstone is mostly firm. some approaching soft. where weath- 
ered. probably the same where fresh, but some is quite firm. Concre- 
tions hard. Shale, mudstone, and clayey sandstone are firm. . . 

Bedding: Dist~nct, occurring in two general characters: (1) very thick (as 
much as 50-ft or more) sandstone beds (some internally bedded by con- 
centrations of different grain sizes) between thin to very thick (12 ft) 
shaly sequences that in many places are very thin to thin bedded and 
contain thin sandstone beds: and (2) semirhythmic medium to very thick 
(4-ft) sandstone interbedded with medium shaly beds. Minor to some car- 
bonate-cemented beds, more commonly horizons of concretions, which 
range from medium to very thick (as much as 20 ft), mostly very thick. 
See Weaver's (1953) section for dctails. 

Parting: At bedding planes, some of which are 5paced moderate to 4 ft, 
some very wide (10 ft and more), and within shaly interbedded sequences 
at very close to moderate spacing. 

Fracture: In very thick bedded sandstcne. fractures are irregular in spac- 
ing and orientation, ranging from close to very wide spacing (as much 
as 4 ft, rarely as much as 8 ft), much of which is moderate to wide. 
Medium to very thick (4-ft) bedded sandstone has regular fractures per- 
pendicular to bedding at moderate spacing, some to wide. Shaly inter- 
bedded sequences have close to very close spacing, some moderate in 
thin sandstone. Spacing in sandstone is close to moderate where highly 
weathered w i t h ~ n  about 8 ft of the ground surface. Concretions have 
moderate to wide spacing, but fractures are tight; effective spacing is 
size of concretions (mostly very large, as much as 20 ft). 

Permeability: Most sandstone has moderate intergranular permeability, 
some low; clayey interbeds very low, some low, Low fracture perme- 
ability in some shallow clayey rock. Thus, most bedrock has moderate 
intergranular permeability, some low to very low, Most mantle moder- 
ate, probably some low to very low. 

Weathering: Sandstone weathered to depths greater than 35 ft; shaly 
interbeds fresh at 8 ft. Close to moderate spacing of extreme weather- 
ing fracture to depth of about 8 ft in sandstone. 

Surficial mantle: Largely granular, probably some clayey. 
Expansivity: Most bedrock unexpansive. but minor to some severely ex- 

pansive (clayey rock), Most mantle unexpansive, probably some expan- 
sive, Samples: WC2, typical shale interbed, free swell 80 percent; WC9, 
sandy soil on sandstone, typical of most of unit, free swell 30 percent, 

Stratigraphic thickness: 1.690 ft (Weaver, 1953). 
Sources: Weaver, 1953; seven stations, 

MAP UNIT 345 

Geologic units, (age), and location: Meganos Formation, Divisions A and 
B of Clark and Woodford (1927) (T), near Mount Diablo. 

Summary: To west, unit is largely coarse clean sandstone, soft to firm, 
in very thick beds, and includes basal conglomerate. To east, as much 
as half or more of unit is clayey rock, conglomerate is absent, and the 
remainder ranges from coarse clean sandstone to dirty sandstone. Minor 
cemented rock. Minor to some bedrock and some to much mantle are 
severely expansive, largely toward east end of unit. 

Expression in aerial photographs: Resistant unit. At west end of expo- 
sure. where separated from resistant unit 628. largely forms hard, ribbed 
dip slope of sharp-crested hogback, but includes some resistant areas of 
intermediate topography. Along main part of Deer Valley. where unit is 
adjacent to unit 628 on the downslope side, either looks identical to unit 
628 or forms horizontal-crested spurs that are largely sharp crested and 
lack ribs. Suggestion here of discontinuous nonresistant zone 200 ft or 
more in thickness at base of this unit or top of unit 628. Near sample 
locality AS30, unit becomes subdued intermediate topography that con- 
tains discontinuous light-toned bands as wide as I00 ft or more: here 
most looks identical to unit 628, which likewise has become more sub- 
dued. Farther southeast, unit becomes nondescript intermediate topog- 
raphy, much of which contains tonal bands; light-toned bands are mostly 

as wide as I 0  ft, some as wide as 50 ft, dark-toned bands are 10-100 ft 
wide. 

Composition: (1) Clean sandstone* coarse to medium grained, moderately 
well to well sorted, some sl~ghtly silty, quxtzose, including some grit 
and zones and beds of pebbles. Quarried for glass sand. (2) Calcite-ce- 
mented beds and concretions of fine- to coarse-grained sandstone. (3) 
Sandstone. variably tuffaceous to dirty, of well-sorted fine grains. rang- 
ing from very fine to medium. Scaly. (4) Clayey rock, including some 
mudstone, some of which is tuffaceous: some shale, some of which is 
carbonaceous; and some clay-saturated sandstone. (5) Conglomerate, 
largely of rounded pebbles and cobbles, boulders in places (Johnson, 
1964); rarely, near Stem~artville. includes angular slabs of fossiliferous 
Cretaceous sandstone more than 6 ft in width (Clark, 1921). Clasts are 
largely quartz, quartzite, chert, limestone, and sandstone (Clark and 
R'oodford, 1927); 75 percent metamorphic, minor igneous, 25 percent 
sandstone and limestone (Johnson, 1964). 

Unit has variable proportions along strike. Toward west, conglomer- 
ate is present at base, the remainder probably largely composition 1 but 
containing some of compositions 3 and 4. Toward east, conglomerate is 
absent to minor, some to half is composition 1, one-third to more than 
half is composition 4, some to one-third is composition 3. Cemented rock 
1s minor, but blocks are common. 

Hardness: Coarse sandstone (con~position 1) varies soft to firm where 
weathered and probably fresh, some case hardens. Scaly sandstone (com- 
position 3) and clayey rock are firm where fresh and weathered. Ce- 
mented rock hard. Conglomerate has largely hard clasts in probably firm 
matrix; grit f~ r rn ,  

Bedding: Coarse sandstone (composition I )  occurs largely in very thick 
beds, most greater than 6 ft and in many places 25-150 ft thick, which 
in many places are internally crossbedded at very thin to medium, largely 
indistinctly (little parting), This sandstone occurs in very thick (100-ft) 
intervals that either lack internal interbeds or contain medium to 4-ft 
clayey interbeds. Grit as thick as 5 ft or more. Conglomerate beds un- 
known. Intervals of clayey rock are as thick as 150 ft or more; these are 
internally distinctly to indistinctly interbedded at medium to 10 ft and 
contain minor interbeds to thick of clean sandstone. Scaly sandstone 
 composition 3) probably occurs in very thick (30- to 70-ft) intervals in 
which beds are more than 6 ft thick. Cemented rock to thick. 

Parting: Within sandstone intervals, on distinct bedding (largely 6-50 ft) 
and within some crossbedded rock irregularly at moderate to 6-ft spac- 
ing. Within clayey rock, ranges from very close spacing in shale, to 
largely close spacing in mudstone. to 10 ft at beds of clayey sandhtone; 
overall largely at very close to moderate spacing in clayey rock. In much 
cemented rock at close to moderate spacing. 

Fracture: Coarse sandstone (composition 1) has indistinct fracture at 
moderate to wide to 10-ft spacing, most at moderate spacing within 10 
ft of the ground surface. Scaly sandstone has very close to moderate 
spacing of weathering fracture, much scales at very close, Clayey rock 
has very close to moderate spacing of weathering fracture. Cemented 
rock largely wide to 4 ft, some close to moderate spacing. 

Permeability: Intergranular permeab~lity in sandstone of composition I 
moderate to high, some of each, lesser low; in sandstcne of composi- 
tion 3 low; clayey- rock very low to low; conglomerate probably moder- 
ate. Thus, permeab~lity of bedrock ranges from largely moderate to high 
toward west end of unit to largely very low to low, but including some 
to half moderate to high, toward east end. Much to most mantle moder- 
ate. some to much very low. 

Weathering: Coarse sandstone weathered to depths greater than 40 ft. 
Surficiai mantle: Much to most granular, some to much clayey. Half to 

most is uncracked to very mildly cracked sandy s o ~ l .  some to half is 
clayey soil such as sample AS30. 

Expansivity: Most bedrock unexpansive, some to much expansive. minor 
to some severely expansive. Some to much mantle severely expansive. 
much to most unexpansive to possibly significantly expansive. Samples: 
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BW3. weathered shale. mildly cracked, most expansive abundant bed- 
rock constituent, free swell 90  percent; AS30, typical clayey soil, free 
swell 118 percent, .%lost of the expansive materials are toward eastern 
end of outcrop area. 

Stratigraphic thickness: 600-800 St. basal conglomerate as much as 90  
ft (Brabb and others. 1971); about 470 ft. of which about 20 ft is basal 
conglomerate (Johnson, 1964); 0-750 St, of which 1-50 ft is conglomer- 
ate (Clark and Woodford, 1927). 

Sources: Brabb and others, 1971: Clark, 1921: Clark and \\'oodford, 1927: 
Colburn, 1961: Johnson, 1964: Taff, 1935; four stations. 

Geologic unit, (age), and location: San Pablo Group. undlvlded (TI, only 
on southwest flank of Mount Dlablo 

Summary: About half sandstone. f ~ r m  to h a d ,  and half clayey rock hav- 
ing weathering fracture, largely clayey and dirty sandstone, As much as 
one-sixth of unit is hard rock, much sandstone quite firm, All apparently 
ripped, some with difficulty (deep grooves). Bedding mostly very thick; 
permeability mostly low, some (as much as one-third) moderate, Some 
rock used for crushed rock (Davis and Goldn~an, 1958). Some to much 
severely expansive surficial mantle 

Expression in aerial photographs: Unit includes two shell-breccia ridges 
on Ygnacio Valley Road and Shell Ridge. Kear Shell Ridge, includes 
prominent sharp-crested Shell Ridge hogback and less resistant valley; 
here unit is largely light toned but includes lesser dark-toned zones in 
swales and on aprons. Near Mount Diablo State Park, lower 1,000 ft 
forms characteristic resistant intermediate topography, bmsh covered. and 
has outcropping light-toned bands largely 5-20 ft in width, some as wide 
as 50 ft: upper 500 ft is subdued intermediate topography, much dark in 
tone, similar in resistance to adjacent unit 401. Minor patches are non- 
resistant intermediate topography. Packets of both light-toned resistant 
bands and dark-toned nonresistant bands mostly 50-100 St thick, some 
of each to several hundred feet thick. 

Composition: ( I )  Sandstone, resistant, some crops out. largely medium 
to coarse grained but in places fine grained, some contains tuffaceous 
clasts; moderately to well sorted, much clean enough for moderate per- 
meability, but much contains sufficient clay pore fillings, flakey clay 
coatings, or silt to have low permeability. The low permeability sand- 
stone is more resistant, crops out. Sandstone in places includes grit and 
pebbly beds. This sandstone uscd as building stone for buildings at sum- 
mit of Mount Diablo (Pampeyan, 1963). Grades to: (2) Calcite-cemented 
shell beds in gritty and pebbly, firm, coarse- to medium-grained sand- 
stone, some of which has blue grain coatings (see unit 400). These beds 
occur in groups to form "reefs," Shell Ridge IS held up by these beds, 
Also calcite-cemented beds without shells. (3) Clayey to dirty sandstone, 
largely fine to medium grained, low permeability, probably some tuf- 
faceous; ranges from sandstone that is well sorted but clay clogged to 
that which is muddy and fine to very fine grained; nonresistant and 
weathers spheroidally, scales, or otherwise develops weathering fracture, 
(4) Mudstone, siltstone, and less commonly shale. 

Unit is about half sandstone (compositions I ,  2), half nonresistant 
clayey rock (compositions 3, 4). Of sandstone, some (as much as one- 
third) is h a d  (some calcite-cemented, some not), and some to more than 
half has moderate permeability, the rest low. Shell beds are minor over- 
all but prominent. Of clayey rock, most is clayey to dirty sandstone (com- 
position 3), minor to locally some mudstone (composition 4). 

Hardness: Sandstone is largely firm, much quite firm approaching hard, 
but minor to as much as half IS hard (this includes calcite-cemented beds 
and shell beds, but much hard sandstone IS not apparently calcite ce- 
mented). Clayey rock firm, Thus, unit has minor to one-fourth, probably 
to one-sixth, hard rock, which IS minor toward the north end of outcrop 
band near Walnut Creek and becomes more abundant toward the south, 

Unit generally contains some hard rock, estimated about one-sixth near 
Maaunt Diablo Road. 

Bedding: Sandstone occurs in distinct very thick beds, 6-200 ft thick, some 
of unit in 100-ft and thicker beds, some in 20- to 100-ft beds, most beds 
probably 6-30 ft. Some of these beds are parted internally, largely at 
moderate to 6-ft spacing, and many are internally laminated. Some sand- 
stone mediunl to thick. Shell beds are mostly medium, but as thick as 4 
ft, and occur in groups within very thlck (tens of feet) firm pebbly sand- 
stone. Other calcite-cemented rock probably as thick as 6-30 St. Clayey 
rock occurs in intervals as thick as 150 St, generally as thick as 60  ft; 
these intervals are largely internally bedded at thin to medium, most 
distinct and accompanied by parting, but some are thick to very thick 
bedded (as much as tens of feet). 

Parting: Present on bedding contacts between sandstone and clayey rock, 
largely at very wide spacing (6 ft or more); within most clayey inter- 
vals on distinct bedding at close to moderate spacing, but some zones 
as wide as 6 St or more lack parting. Within sandstone, some to most 
parted at moderate to 6-St spacing, some unparted. 

Fracture: Spacing in sandstone largely moderate to 4 St, some as much 
as 6 ft. Cemented shelly beds largely wide to 4 ft, some as much as 8 ft. 
Clayey rock has moderate to 4-ft original spacing and superimposed very 
close to moderate spacing of weathering fracture, much as scaling and 
spheroidal weathering. 

Permeability: Some to more than half of sandstone has moderate inter- 
granular permeability, the remainder low; clayey ~andstone low: mud- 
stone very low to low: cemented rock very low to low. Thus, bedrock 
contains some (as much as one-fourth or one-third) moderate intergranu- 
lar permeability, the remainder largely low, minor very low, Much to 
most mantle moderate to high, some to much very low. 

Weathering: No color change in sandstone to depths greater than 25 ft. 
Clayey sandstone fresh at 5 ft in places, but weathering fracture occurs 
to base of cuts at depths greater than 25 ft (possibly on surface of cut 
only). Possible case hardening of some sandstone. 

Surficial mantle: Much to most granular, some to much clayey. Unit in- 
cludes some or more of both granular soil (samples D9, WC47) and sandy 
clay soil (samples WC50, WC51), the granulx soil dominant to the south. 

Expansivity: Most bedrock unexpansive. probably minor to some expan- 
sive (clayey rock). Much to most mantle unexpansive to possibly sig- 
nificantly expansive, some to much severely expansive. Samples: D9, 
slightly clayey sand soil, very mildly cracked, free swell 62 percent: 
WC47, dark clayey sand subsoil, typical, free swell 65 percent; WC50, 
well-cracked black sandy clay soil, free swell 98 percent; WC51, mod- 
erately cracked brown sandy clay soil, free swell 100 percent. Sand soils 
appeared unexpansive in the field, free swell probably exaggerated. 

Stratigraphic thickness: About 1,200-2,000 ft, 
Sources: Davis and Goldman, 1958: Pampeyan, 1963: Weaver, 1909; seven 

stations. 

MAP CXIT 351 

Geologic unit, (age), and location: San Pablo Group, undivided (TI. only 
in the East Bay Hills. 

Summary: Not seen in field. Probably largely sandstone, dirty to clean, 
some mudstone and shale, like units 381. 320, 405, and 432; see descrip- 
tions of these units for likely character of materials. Sandstone probably 
occurs in very thick beds, obscurely bedded (,Lawson, 1914). 

Permeability: Bedrock probably has largely low intergranular permeabil- 
ity, some moderate, some very low. Probably most mantle moderate, 
some to much low to very low, 

Surf'icial mantle: Probably much to most is granular, some to much clayey. 
Expansivity: Probably most bedrock unexpansive, some expansive (clayey 

rock). Probably most mantle unexpansive to  significantly expansi\ne, 
some to much severely expansive, 

Sources: Ham, 1952: Lawson, 1914. 
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MAP UXIT 352 

Geologic unit, (age), and location: Neroly Sandstone (TI, only in area 
north and east of Mount Diablo. 

Summary: More than half of unit consists of very thick bedded, firm. blue 
sandstone, the remainder largely of thick to 4-ft sandstone beds inter- 
bedded with tuffaceous siltstone and dirty sandstone. Some moderate per- 
meability. Probahly some to much mantle severely expansive. 

Expression in aerial photographs: To east, subdued intermediate topog- 
raphy (similar to unit 353, more subdued than unit 125); major resistant 
and nonresistant bands 200-500 ft in width, Toward west, mostly resis- 
tant intermediate to minor hard topography, Where good exposure. light- 
gray and dark-gray bands are visible, 5-30 ft in width, mostly 10-20 ft, 
some zones as wide as 100 ft; dominant light tone to unit. Some minor 
white bands, 5-10 ft in width, posslbly cemented sandstone. Some non- 
resistant intervals as wide as 200 ft. Most of unit lacks ribs. 

Composition: (1) Clean andesitic sandstone, well sorted; ranges from fine 
to coarse grained, but most is medium to coarse grained; characteristic 
blue coatings on grains (see unit 400); includes stringers and lenses of 
pebble conglomerate and grit. Grades to more poorly sorted, probably 
tuffaceous, low permeability blue sandstone of sin~ilar grain size. Some 
of both. (2) Dirty to muddy to clay-saturated &- to medium-grained 
sandstone, probably much tuffaceous. (31 Siltstone, much sandy, most 
probably tuffaceous, approaches mudstone in character; contains fossil 
plant debris. (4) Sandy tuff, white (Condit, 19381, may be equivalent to 
composition 3. (5) Calcite-cemented sandstone, (6) Pebble conglomer- 
ate having clean sandstone matrix. 

Sandstone (con~position 1) is characteristic of unit and in places ap- 
pears to make up nearly the entire unit. More commonly, unit consists 
of more than two-thirds sandstone interbedded with some dirty sandstone 
and (or) siltstone or tuff. Minor conglomerate as lenses and stringers in 
clean sandstone, and minor cemented sandstone. Very thick bedded sand- 
stone occupies more than half of unit, in places apparently nearly all of 
unit, Of sandstone, some or more of both clean. moderate permeability 
rock and more poorly sorted, low permeability rock. 

Hardness: All compositions firm where weathered and probably where 
fresh, except cemented sandstone, which is hard to quite firm. Pebbles 
in conglomerate hard. Much sandstone is friable with difficulty. 

Bedding: Two habits: sandstone in very thick (5- to 30-ft or more) dis- 
tinct beds; and sandstone in thick to 5-ft beds, largely gradationally in- 
terbedded with medium to 4-ft dirty sandstone or siltstone. The very thick 
bedded sandstone can form nearly uninterrupted stacks of sandstone as 
thick as 75 ft or more, but these include minor interheds between the 5- 
to 30-ft beds, The thick to 5-ft interbedded habit has largely (70 percent 
or more) gradational contacts between beds, and most of these bedding 
planes are irregular. Sandstone is commonly internally very thin to thin 
bedded and crossbedded by pebble trains and concentrations of differ- 
ent grain sizes. Cemented sandstone occurs in beds as thick as 6 ft that 
grade to concretionary zones (Clark, 1912). Very th~ck  bedded sandstone 
appears to occupy more than half of unit. but thick to 5-ft bedded sand- 
stone generally occupies more than 30 percent of unit and occurs in in- 
tervals as thick as 200 ft. Tuff beds as thick as 30 ft (Condit, 1938). See 
section by Condit (1938). 

Parting: Absent within very thick sandstone except possibly where well- 
weathered; present as sharp discontinuity on at most 30 percent of bed- 
ding planes in thick to 5-ft bedded rock; present only locally within 
siltstone. Thus, largely very widely spaced (10-ft or more) partings In 
sense of slope failure planes; for ripping, the very thick bedded half of 
unit has very wide (more than 5-ft] spacing, the thick to 5-ft bedded part 
probably has ripping parting at wide to 5-ft spacing. In some well weath- 
ered rock, spacing at close to wide in all compositions. 

Fracture: In sandstone. spacing ranges from close to more than 8 ft: most 
falls within the range of moderate to 5 ft, some greater than 4 ft. Most 
spacing in very thick beds is wide to 4 ft, Much fracture is about per- 
pendiculx to bedding. Dirty sandstone and siltstone have close to mod- 

erate spacing of original fracture and close to very close spacing of 
weathering fracture, some of which is spheroidal. Cemented sandstone 
has spacing to wide: some probably to 5 ft. 

Permeability: Clean sandstone has moderate intergranular permeability: 
more poorly sorted sandstone low; dirty to clayey sandstone low; silt- 
stone and tuff low, some to very low; conglomerate moderate to low: 
ce~nented sandstone low to very low. Thus, some to half of bedrock has 
moderate intergranular permeability, the remainder largely low. Probably 
much to most mantle very low to low, much moderate to high. 

Weathering: No apparent effect on clean sandstone except suggestion of 
development of parting on internal lamination where well weathered 
(within 5 ft of surface at sample locality BHS20). Weathering fracture 
in dirty sandstone and siltstone. Weathering frees clay bound up in tuf- 
faceous component, so that, while rock does not appear clayey, soils are 
clayey, 

Surficial mantle: Probahly much to most clayey, much granular, 
Expansivity: Most bedrock unexpansive but probably minor to some ex- 

pansive (clayey rock). Much to most mantle expansive, probably much 
of this severely expansive. Samples: AS3, mildly cracked dark sandy 
clay soil, typical, free swell 120 percent; BHS20, mildly cracked dark 
clay soil, typical, free swell 90 percent; H B l l ,  brown sandy clay sub- 
soil, typical, free swell 140 percent; HB7, moderately cracked sandy clay 
subsoil, free swell 101 percent. Free-swell values may be exaggerated. 

Stratigraphic thickness: 250 ft 1 mile west of Kirker Creek (Clark, 1912). 
Sources: Clark, 1912; Condit, 1938; Vitt, 1936; J.R. Wagner, written 

commun,, 1973; seven stations, 

MAP UNIT 353 

Geologic unit, (age), and  Iocation: Cierho Sandstone (T), only in the 
monocline north of Mount Diablo. 

Summary: Largely (about two-thirds) firm and soft sandstone in very thick 
(most greater than 10-ft, as much as 90-ft) beds; some mudstone, silt- 
stone. and interbedded sandstone. 

Expression in aerial photographs: In places, unit is equally resistant to 
unit 352 and is banded hy largely light-toned bands 20 to more than 100 
ft in width and lesser dark-toned bands as wide as 20 ft, no apparent 
difference in resistance. In other places, unit is relatively nonresistant 
(subdued intermediate topography) and forms swales. To east, forms 
variably resistant subdued intermediate topography, from fairly resistant 
bold rounded hills to very subdued intermediate topography. 

Composition: (1) Clean sandstone, well to moderately well sorted, ranges 
from fine to coarse grained, much medium to coarse grained; includes 
stringers of pebbles and tuffaceous clasts. (2) Conglomerate beds and 
conglomeratic zones in clean sandstone, largely pebbles, lesser cobbles 
as much as 4 in. in diameter, in clean sandstone matrix. (3) Grit, clean, 
thin beds in clean sandstone, high permeability. (4) Dirty sandstone, 
much tuffaceous, fine to medium grained. (5) Clayey rock. including 
mudstone, siltstone. and clayey sandstone to sandy mudstone. 

Unit contains some each of clean sandstone, dirty sandstone, and 
clayey rock. These materials occur in a consistent pattern: an upper one- 
fourth to one-third sandstone body; a middle one-fourth to as much as 
one-half interbedded mudstone, siltstone, and sandstone; and a lower one- 
fourth to one-half sandstone that in places is conglomeratic. Clean sand- 
stone and dirty sandstone occur both separately and intermixed in both 
top and bottom sandstone bodies. Conglomerate near bottom of section 
is minor constituent overall. Minor grit, 

Hardness: Clean sandstone and dirty sandstone weather both soft and firm; 
fresh clean sandstone is probably soft, fresh dirty sandstone probably 
firm. Unit includes some or more of both soft and firm sandstone. Clayey 
rock firm where fresh and weathered. Clasts in conglomerate hard, ma- 
trix soft to firm, 

Bedding: Unit consists of three zones that are tens of feet thick. Bedding 
in the two sandstone parts is variable: from very thick (30- to 90-ft) 
bedded sandstone; to thick to very thick sandstone distinctly interbed- 
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ded with thin to 10-ft conglomerate, fossil layers to medium('?), or thin 
shale partings; to indistinctly interbedded sandstones of cleaner and 
dirtier compositions. The middle mudstone zone is generally distinctly 
to indistinctly bedded in medium to 6-ft beds of all compositions. Clean 
sandstone is commonly internally crossbedded by stringers of pebbles 
or tuffaceous clasts. 

Parting: At very wide (greater than 5-ft, much greater than 10-ft) spac- 
ing in both sandstone zones; at moderate to 6-ft spacing in mudstone 
zone. 

Fracture: Clean sandstone has largely moderate to wide spacing, some 
very wide (as much as 6 ft); some has weathering fracture at moderate 
spacing, Dirty sandstone probably has largely close to moderate spac- 
ing of original fracture and weatbering fracture, some wide original spac- 
ing. Clayey rock has very close to moderate spacing. 

Permeability: Intergranular permeability of clean sandstone moderate, 
dirty sandstone low, clayey rock very low to low, grit high, conglomer- 
ate largely moderate (owing to clean sand niatrix). Thus, some to much 
bedrock moderate, much low, some very low, minor high. Probably much 
mantle moderate, much very low to low. 

Weathering: Some spheroidal weathering in muddy sandstone. 
Surficial mantle: Probably much granular, much clayey. 
Expansivity: Most bedrock is unexpansive, some probably expansive 

(mudstone). Probably much mantle severely expansive, much unexpan- 
sive to significantly expansive. Sample CL22, uncracked clajey sand soil 
on knob, free swell 60  percent (possibly exaggerated). See units 320 and 
354, 

Stratigraphic thickness: 200-2,000 ft reported for Cierbo Sandstone 
(Brabb and others, 1971). but 2,000 ft is misleading for this area in the 
monocline nonh of Mount Diablo. Thins to east. 

Sources: Bmbb and others, 1971; Clark, 1912; Primmer, 1964; Weaver, 
1909; four stations. 

MAP UNIT 354 

Geologic unit, (age), and location: Cierbo Sandstone (T), only in 
Livermore Valley area. 

Summary: About equally abundant clean soft to firm sandstone, includ- 
ing some conglomerate, and clay-saturated sandstone to sandy mudstone; 
the clean materials underlie high ground, the clayey materials low 
ground. Minor to locally some calcite-cemented rock. Some bedrock and 
much mantle is severely expansive, 

Expression in aerial photographs: Over most of area, unit consists of 
fairly subdued, lumpy, intermediate topography that shows very subdued 
banding on dark tone. Distinctly less resistant than adjacent unit 400. 
Near Morgan Territory Road. unit is resistant with respect to unit 400 
and consists of intermediate to hard topography that has broadly spaced 
ribs and light- and dark-toned bands 5-200 ft in width, most 5-50 ft, Area 
near Dei Valle Reservoir has intermediate topography that contains abun- 
dant light-toned bands 5-50 ft in width that are dominant in resistant 
intervals as wide as 500 ft, but light tone does not clearly constitute more 
than half of unit. 

Composition: ( 1 )  Sandstone, medium to coarse grained, ranging from fine 
to very coarse, moderately to moderately well sorted; largely clean, some 
silty, much tuffaceous, clay absent or minor coatings; largely moderate, 
some high, some low, permeability; some has gritty and pebbly zones, 
and some beds contain large oyster shells. Grades to: (2) Conglomerate 
of rounded to angular pebbles and cobbles, some as much as 6 in, in 
diameter, most less than 3 in.. most hard, some firm, in matrix of clean 
sandstone similar to composition 1 ,  (3) Calcite-cemented beds, zones, 
and concretions in sandstone and conglomerate, some containing abun- 
dant oyster shells. Also limestone nodules. (4) Clay-saturated to nearly 
saturated sandstone, fine to coarse grained, mostly fine to medium 
grained, much tuffaceous, grading to sandy claystone. low, to very low 
permeability. Some has moderately to well sorted sand, some poorly 

sorted. Grades to: (5) Mudstone (much sandy), siltstone, and shale (some I carbonaceous). (6, Porcelaneous mudstone and shale. ( 7 )  One bed of 
j compact, fine-grained white tuff of 97 percent clear glass shards (Huey. 
1 1948). Also, many sandstone beds contain tuffaceous clasts and matrix 

; material. (8)  Lignite seams iHuey, 1948). (9) Punky. tuffaceous and di- 
3 atomaceous shale (Huey, 1948). 

Unit contains much of both sandstone, including conglomerate (corn- I positions 1, 2,  3). and clayey rock (coinpositions 4,  5): probably about 
equally abundant, Of sandy rock, most is sandstone. some to much of 

i which is pebbly: conglomerate is minor overall. locally some; cemented 

1 rock minor overall but commonly present. Of clayey rock. half or more 

; is clayey sandstone, some is sandy mudstone to sandy claystone and silt- 
i stone. nxnor shale. Compositions 6-9 are minor. Sandstone dominant 
1 (two-thirds) in some sections to several hundred feet thick: clayey rock 

dominant in other sections. 

i Hardness: Sandstone is soft to firm where weathered, but commonly has 
case hardened firm to quite firin crust on outcrops; probably soft to firm 

/ where fresh. Conglomerate has soft to firm matrix and clasts that are 
mostly hard: some firm. Cemented sandstone and conglomerate hard to 
firm. Clayey rock firm where weathered and probably where fresh, ex- 
cept some soft when wet. Tuff firm: porcelaneous mudstone hard: com- 
positions 8 and 9 firm; concretions and limestone nodules hard. 

Bedding: Largely very thick distinct beds, ranging from 5 to more than 
100 ft thick, most sandstone beds thicker than 10 ft. Some medium to 5- 
ft interbedding, largely distinct. Packets of less resistant rock to tens of 
feet thick. Much sandstone is internally bedded and crossbedded by 
changes in grain size or pebbly layers; shale is laminated. Outcropping 
sandstone beds as thick as 10 ft. Cemented beds as thick as 5 ft or more, 
probably as thick as 10 ft; concretions as large as thick by 8 ft. Lime- 
stone nodules to thick. Near Del Valle Reservoir. repetitively interbed- 
ded thick to 10-ft sandstone between medium interbeds of dark rock. 
Lignite seams to thick (2 ft). 

Parting: Present on distinct bedding planes, largely at very wide (more 
than 5-ft) spacing, some at moderate to 5-ft spacing. Present \%ithin some 
sandstone at moderate to 4-ft spacing. Present in shale at very close spac- 
ing where weathered. Thus. largely very widely spaced. 

Fracture: Spacing in sandstone ranges from close to 6 ft, largely moder- 
ate to 4 ft, most commonly wide, this fracture in many places perpen- 
dicular to bedding. Scaling at very close spacing in some tuffaceous or 
more clayey beds. Conglomerate at wide to 6-ft spacing, Clayey rock 
has moderate to 4-ft spacing of stained original fracture and very close 
to moderate spacing of weathering fracture. some of which is spheroi- 
dal on original fracture. Cemented beds have largely moderate to wide 
spacing. probably as wide as 5 ft. Some concretions as large as 3 ft by 8 
ft are unfractured. Porcelaneous mudstone has very close spacing. Frac- 
ture in sandstone is distlnct as in unit 400, contrasting with indistinct 
fracture in units 414 and 422, 

Permeability: Intergranular permeability of sandstone and conglomerate 
(compositions I ,  2)  mostly moderate, some low and high; clayey rock 
(compositions 4, 5) low to very low. much of each; calcite-cemented rock 
and porcelaneous rock very low; tuff and lignite low. Thus, much (nearly 
halo of bedrock has moderate intergranular permeability, most low to 
very low. Much mantle very low. much moderate, 

Weathering: Clayey sandstone IS fresh (blue-gray) at depths of 8-10 ft, 
wherea~  sandstone is heathered to morc khan 26-30 ct ivfud\tone aud 
shale host gypsum crystals to depth of 30 ft, although rock 19 fresh to 
~vlthln I 0  ft of ground surface Some n ~ u d ~ t o n e  or shale IS fisslle only 
at the i e ry  surface, remains blocky below ground surface Plentiful free 
clay In weathered clayey rock 

Surficial mantle: &Much clayej, much granular On several traverses two 
equally abundant soils At sample I o c a l ~ t ~ e s  AAl-AA4 and BHS25- 
BHS27, equally abundant uncracked sandy so11 and dark sandy clay s o ~ l ,  
such as sample AA2B At  ample localit~es A A l  I-A.414, equally abun- 
dant sand-clay s011, such as sample AAI lA,  and fluffy sandy clay so11 
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such as sample AA12, as well as local more clayey soils. At sample lo- (less than one-third at  surface and near surface) cemented rock (compo- 
calities MDW8 and MDW9. equally abundant light granular soil and dark sition 1) and some clayey rock (compositions 3. 4). Minor amounts lo- 
clay soil, such as sample MDW8, Types of surficial mantle correspond 1 cally of compositions 5-7. 
with bedrock types and topography. granular mantle overlying clean ; Hardness: Cemented rock hard, generally to outcrop, but some rock that 
materials and topographic highs. i is cemented where fresh weathers firm to hard. Most sandstone is firm 

Expansivity: Most bedrock is unexpansive. but some is severely expan- to quite firm where weathered; most is probably quite firm where fresh. 
sive (sandy claystone, shale, and probably mudstone), and some may be '' but we don't know how much fresh sandstone is cemented. Clayey sand- 
significantly expansive (clayey sandstone), Much mantle severely expan- ' stone is - to soft where weathered, inudstone firm where fresh and 

weathered. Conglomerate where observed is hard: porcelaneous shale sive. much unexpansive to possiblv significantly expansive Bedrock 
samples: AA2A. moderately cracked sandy claystone, substantial con- 
stituent, free swell 100 percent: AA1 lB ,  mildly cracked shale, typical, 
free swell 92 percent. Surficial mantle samples: AA2B. mildly cracked 
sandy clay soil, typical, free swell 95 percent; AA11A. mildly cracked 
sand-clay soil, free swell 90  percent (exaggerated'?); AA12. mildly 
cracked sandy clay soil, free swell 99 percent; MDW8, moderately 
cracked sandy clay soil. typical, free swell 119 percent; TJ5, mildly 
cracked dark-brown sandy clay soil, typical, free swell 100 percent iex- 
aggerated). Expansivity appears more pronounced in some areas than in 
others. 

Stratigraphic thickness: 200-2,000 ft (Brabb and others. 1971); 500 ft 
estimated maximum in Tesla 15' quadrangle, on eastern edge of map area 
(Huey, 1948); 2,000 ft near Del Valle Reservoir (Hall, 1958); 100-500 
ft in Tesla 15' quadrangle, 1,900 ft in Pleasanton 15' quadrangle (Geo- 
logical Society of Sacramento, 1959). 

Sources: Brabb and others, 1971; Geological Society of Sacramento, 1959; 
Hall, 1958; Huey, 1948; 18 stations. 

MAP UNIT 355 

Geologic unit, (age), and location: Briones Sandstone (T), only in hills 
along east side of Santa Clara Valley from Fremont south past San Jose. 

Summary: Largely sandstone: some is hard and calcite cemented, and 
crops out as reefs associated with shell breccia: some is dirty and clayey, 
weathers spheroidally, and grades to fine sandy mudstone; and most is 
uncemented, firm weathered sandstone. Minor conglomerate. Probably 
most mantle is significantly expansive, some severely expansive, some 
to much unexpansive. 

Expression in aerial photographs: Largely bumpy resistant intermedi- 
ate topography. locally hard topography. Most of unit underlies bumpy 
upland surface lacking ribs. Unit is largely unhanded or subtly banded; 
where banded. consists largely of light-toned bands between minor dark- 
toned bands, the light-toned bands mostly 20-100 ft in width, the dark- 
toned bands as wide as 20 ft. In places, cemented beds as wide as about 
20 ft crop out in bands; in other places, largely light-toned bands but no 
outcrop, the bands as wide as 30 ft, some resistant zones as wide as 200 
ft. In Mission Pass area, forms resistant ribbed intermediate topography. 
Much more resistant than adjacent units of Monterey Group. 

Composition: Largely sandstone, ranging from cemented to clayey, lesser 
mudstone and conglomerate, as differentiated below. Sandstone is 
arkosic, generally well to moderately well sorted, largely medium 
grained, some coarse grained, but clayey sandstone is fine to medium 
grained. A typical sandstone consists of 25 percent quartz, 28 percent 
feldspar, 10 percent carbonate, and 37 percent lithics (Crittenden, 1951). 
The compositions distinguished are: (1) Sandstone, cemented by cal- 

hard; concretions hard. Thus, sandstone of unit is hard where it crops 
out, largely firm to quite firm. some hard. where no outcrop. 

Bedding: Cemented sandstone crops out in prominent thick to very thick 
(as much as 15-ft) beds on hillsides. The cemented sandstone occurs in 
thin to very thick, largely very thick (3- to 15-ft), distinct beds between 
very thin to very thick intervals of other compositions and occurs both 
as isolated beds and in intervals of dominant to nearly entirely cemented 
sandstone as thick as 60 ft or more. Dirty and clayey sandstones are dis- 
tinctly to indistinctly bedded at thin to thick and occur in intervals as 
thick as 40 ft or more. Conglomerate in beds to very thick (4 ft): mud- 
stone in intervals to 25 ft thick. Shell breccia as thick as 8 ft. In some 
good exposures of sandstone, little bedding was seen, and so most sand- 
stone (composition 2) probably is very thick bedded (tens of feet) or 
indistinctly bedded. Concretions to medium. 

Parting: Present at boundaries of cemented beds and on other distinct 
bedding, but not a common feature of this unit. Cemented beds are 
largely unparted, but some cemented rock shows parting at close to 
moderate spacing. 

Fracture: Cemented sandstone generally has moderate to wide spacing, 
some to 8 ft, in places having abundant spacing greater than 4 ft.  
Uncemented sandstone has moderate to 5-ft original spacing, but much 
has close to moderate spacing of weathering fracture, typically produc- 
ing medium blocks. Clayey sandstone has very close to moderate spac- 
ing of weathering fracture on moderate to wide original spacing. 
Mudstone has close to very close spacing of weathering fracture. Con- 
glomerate has moderate to 4-ft spacing where cemented. 

Permeability: Sandstone (most of unit) has mostly low intergranular per- 
meability, very low where calcite cemented, but weathered cemented 
sandstone may have moderate intergranular permeability. Much of the 
low permeability sandstone must approach moderate permeability, prob- 
ably with significant help from fractures in shallow rock, because unit 
is most important bedrock aquifer in region, contributing to many large 
springs, especially at contact with unit 523 (Crittenden, 1951). Mudstone 
has very low to low intergranular permeability, conglomerate and clayey 
sandstone low, porcelaneous shale very low. Most mantle moderate, some 
very low to low. 

Weathering: Much cemented sandstone fresh to outcrop, but in a number 
of places this rock is weathered. from fractures inward, to depths greater 
than 10 ft. Dirty and clayey sandstones show spheroidal weathering to 
depths greater than 15 ft. 

Surficial mantle: Largely granular, some clayey. Unit has a consistent 
uncracked to mildly cracked sandy soil, sampled at locality CVR4. At 
sample localities CVR20-21, 80 percent of soil is similar to sample 
CVR4, 20 percent is a mildly to locally moderately cracked sandy clay 
soil, such as sample CVR21. 

cite, some conglomeratic containing shells and shell fragments (shell Expansivity: Most bedrock unexpansive, probably some significantly ex 
breccia), generally crops out (2) Sandstone, fairly clean but enough fines 
(largely silt?) to produce low permeability and weathering fracture. Much 
of this may be partially calcite cemented where fresh, but weathers to 
firm rock, ( 3 )  Clay-saturated to nearly saturated dirty sandstone. weath- 
ers spheroidally. Grades to: ( 4 )  Fine sandy mudstone. (5) Conglomerate 
of pebbles and lesser cobbles in sandstone matrix, some or more of which 
is cemented: present at base in many places in Hayward 7.5' quadrangle 
(Robinson. 1956). (6) Porcelaneous shale. (7)  Concretions, calcite 
cemented, within dirty sandstone. Unit is largely composition 2, but some 

pansive (clayey rock). Probably most mantle significantly expansive. 
some severely expansive, some to much unexpansive. Samples: CVR4. 
typical light-brown uncracked to mildly cracked sandy clayey silt soil, 
free swell 87 percent (probably exaggerated): CVR21, mildly cracked 
sandy clay soil, free swell 80 percent. 

Stratigraphic thickness: 1,650-5,000 ft (Crittenden. 1951); 500-1,500 ft 
in Hayward 7.5' quadrangle (Robinson, 1956). 

Sources: Crittenden, 1951; Gilbert, 1943; Robinson, 1956; Templeton, 
1912; 11 stations. 
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MAP UNIT 356 

Geologic units, (age), and location: Briones Sandstone, undivided (T): 
Briones Sandstone, upper part IT) :  only in the East Bay Hills between 
Dublin and Upper San Leandro Reservoir. 

Summary: Not seen in field. Probably like unit 355 but includes more 
clayey rock. Largely sandstone: some is hard and calcite cemented, and 
crops out as reefs associated with shell breccia; some to much is dirty 
and clayey, weathers spheroidally, and grades to fine sandy mudstone: 
and much is uncemented firm weathered sandstone. Much bedrock and 
mantle may be expansive. 

Expression in aerial photographs: Prominently banded, resistant unit with 
respect to Monterey Group. showing strong topographic contrast across 
tonal bands. Unit forms resistant intermediate to hard topography, much 
of each; hard topography occurs where abundant light-toned bands pro- 
vide sharp crests. Unit occupies only really resistant terrain and lacks 
soft zones near boundaries. Distinctly banded by light- and dark-toned 
bands 5-100 ft in width, resistant bands as wide as 100 ft. Most of unit 
shows 60 percent light-toned bands and 40 percent dark-toned bands, but 
these become equally abundant to north. 

Composition: Largely sandstone, ranging from cemented to clayey, lesser 
mudstone and conglomerate. Compositions are as described for unit 355. 
Probably much of unit is somewhat dirty sandstone (composition 2), 
some (less than one-third at surface and near surface) is cemented rock 
(composition I), and some to much is clayey rock (compositions 3, 4). 
Minor amounts locally of conglomerate and concretions (compositions 
5, 7). 

Hardness: As described for unit 355. 
Bedding: As described for unit 355. Many sandstone beds are thick to 4 

ft (Robinson, 1956). See "Expression in aerial photographs." 
Parting: As described for unit 355. 
Fracture: As described for unit 355. 
Permeability: Much bedrock (sandstone) probably has low approaching 

moderate intergranular permeability, some to much (clayey rock and 
cemented rock) very low to low, Some shallow rock has moderate total 
permeability, probably most of remainder has low fracture permeabil- 
ity. See unit 355. Probably much to most mantle moderate, much low to 
very low. 

Weathering: As described for unit 355. 
Surficial mantle: Probably much to most granular. much clayey, as judged 

from expression in aerial photographs 
Expansivity: Most bedrock unexpansive, probably some to much expan- 

sive (clayey rock). Probably most mantle significantly expansive to 
unexpansive, but much may be severely expansive. See samples for unit 
355. 

Stratigraphic thickness: 500-1,500 ft (Robinson, 1956). 
Source: Robinson, 1956. 

MAP UNIT 357 

Geologic unit, (age), and location: Briones Sandstone (T) ,  only in 
Pacheco syncline, west of Concord. 

Summary: Clean sandstone, scaly sandstone, and mudstone interbedded 
in very thick beds (tens of feet). Hard shell beds to thick in places. Much 
to most mantle is significantly expansive. 

Expression in aerial photographs: Low-lying, soft topography contain- 
ing some hills of intermediate topography. Includes some elongate hills 
parallel to strike, and tonal bands in nose of syncline. Bands, where 
present, are subdued; light-toned bands generally are 20-50 ft wide, dark- 
tones bands as wide as 200 ft. To south. some isolated light-toned hills 
of resistant intermediate topography. Generally looks similar to unit 368, 
but slightly more resistant. 

Santa Fe railroad, sandstone is medium-grained. some to coarse-grained, 
well-sorted lithic sandstone of moderate permeability that contains tuf- 
faceous grains, some tuffaceous matrix and stringers of dominantly tuf- 
faceous grains, and several shell beds and pebble stringers. This 
sandstone is interbedded with tuffaceous and clayey fine-grained to very 
fine grained sandstone. Along Industrial Highway and presumably far- 
ther south. sandstone is fine to medium grained, well to moderately well 
sorted, some scaly, low permeability. This is interbedded with fine sandy 
and silty shale. mudstone. and clayey siltstone. and also with fine-grained 
to very fine grained tuffaceous sandstone and siltstone. Minor conglom- 
erate and pebbly zones. Unit is largely sandstone, some mudstone and 
clayey fine sandstone. 

Hardness: Largely firm where fresh and weathered. Some fine-grained 
tuffaceous sandstone is brittle and quite firm. Concretions and some shell 
beds cemented hard, but some shell beds firm. 

Bedding: Sandstone in distinct very thick beds, generally tens of feet thick, 
between mostly very thick (5- to 25-ft) mudstone or clayey sandstone 
interbeds. Some intervals of thin to verj  thick (4-ft) interbedding. In 
much of sandstone the only evidence of bedding is tufiaceous stringers 
or shell beds. Shell beds are medium to thick; concretions to medium. 
See section by Weaver (1953). 

Parting: At bedding contacts, mostly at very wide spacing (tens of feet), 
in places at close to wide. In places at close to very close spacing in 
shale. 

Fracture: Sandstone has close to moderate spacing, but in some places 
much of close fracture is induced by weathering. Interbedded mudstone 
and matrix-saturated sandstone have close to very close spacing, some 
to moderate. Much sandstone scales where weathered, and much fine- 
grained matrix-saturated sandstone weathers spheroidally, as does some 
mudstone. Shell beds have spacing as wide as 4 ft. 

Pern~eability: Intergranular permeability largely low, minor moderate, in 
sandstone, but to north (along Santa Fe tracks) sandstone has mostly 
moderate intergranular permeability, about 30 percent low and about 10 
percent high. Some very low intergranular permeability (in mudstone and 
matrix-saturated fine sandstone). Thus, much to most bedrock has low 
intergranular permeability, some very low, minor to some moderate to 
locally high. Probably most mantle low to very low, some moderate. 

Weathering: Sandstone generally weathered to depths of more than 15 
ft, clayey rock to depth of about 10 ft. 

Surficial mantle: Probably largely clayey, some granular. Most is sandy 
clay. 

Expansivity: Most bedrock is unexpansive, probably some expansive 
(clayey rock). Much to most mantle significantly expansive, some to 
much unexpansive. Samples: PC4, typical sandy clay soil, free swell 
56 percent (exaggerated); WC23, typical sandy clay soil, free swell 64 
percent. 

Stratigraphic thickness: About 700 ft. 
Sources: Weaver, 1953; three stations. 

MAP LNIT 358 

Geologic unit, (age), and location: Briones(?) Sandstone (T), near Vallejo. 
Summary: Not seen in field. Probably like unit 357, interbedded clean 

sandstone, dirty sandstone, and mudstone. 
Sources: Sims and others, 1973; Weaver, 1949. 

MAP UNIT 359 

Geologic unit, (age), and location: Briones Sandstone (T) ,  only in the 
East Ba: Hills near San Ramon. 

Summary: Briefly seen in field. Largely sandstone, probably some clayey 
rock. Described differently by Ham (1952) and Newton (1948): not ac- 

Composition: Sandstone interbedded with mudstone, shale, siltstone. and , tually mapped by Ham (1952), but his upper, middle, and lower mem- 
clayel or tuffaceous fine-grained to very fine grained sandstone Along 1 bers appear continuous with those of source map 
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Expression in aerial photographs: Includes both resistant high topogra- 
phy and lower more subdued topography; much of the latter looks like 
apron of landslides. Mostly intermediate topography. Upper member is 
resistant and has uniform light tone; much is finely ribbed. Middle mem- 
ber is largely intermediate in tone, shows intermediate crests, and con- 
tains one light-toned resistant band 200 ft in width. Lower member is 
largely subdued soft to intermediate topography, but includes some steep, 
irregularly ribbed hillslopes 

Composition: Newton (1948) described unit as largely coarse- to fine- 
grained arkosic sandstone, "well washed," including gnt  and pebble beds. 
"massive or heavily bedded." Ham (1952) described components as 
follows: Lower member-massive tuffaceous graywacke, beds as thick 
as 75  ft.  Graywacke consists of angular. poorly sorted, medium- to 
coarse-grained feldspar and lithics. Thin shale partings and concretions 
in some beds. Also platy graywacke beds, medium in thickness. Middle 
member-coarse-grained. poorly sorted graywacke, much cemented by 
calcite. Consists of zones of pebbly shell breccia as thick as 10 ft be- 
tween 30- to 40-ft massive interbeds. Upper member-incompetent unit, 
moderately fossiliferous, including 5 -  to 7-ft beds of micaceous fine- 
grained sandstone rhythmically interbedded with 2-ft beds of arenaceous 
shale. Concretions at base, slightly pebbly near upper contact. 

Permeability: Probably like unit 355. 
Surficial mantle: Probably largely granular, some clayey. Sample D22 

suggests clayey bedrock. 
Expansivity: Probably most bedrock unexpansive, some expansive (clayey 

rock). Probably most mantle unexpansive to significantly expansive, 
some probably severely expansive. Sample D22, well-cracked dark sandy 
silty clay soil, free swell 70 percent. 

Sources: Ham, 1952: Newton, 1948; one station. 

MAP LNIT 360 

Geologic unit, (age), and location: Briones Sandstone, E member of 
Wagner (1978) (T), only south of Livermore Valley near Sunol Valley 
and Pleasanton 

Summary: Largely firm, low permeability sandstone interbedded in thin 
to very thick beds with lesser clay-saturated sandstone, mudstone, and 
shale, but typically includes 30-40 percent hard calcite-cemented shell- 
breccia sandstone in 10- to 30-ft beds that crop out prominently as tow- 
ering crags, fractured largely at wide to 5 ft. Some to much conglomerate 
near Pleasanton. Some severely expansive clayey mantle 

Expression in aerial photographs: Forms sharp ridges, hogbacks, and 
peaks. Cemented beds stand out in bold relief. Hard to intermediate to- 
pography; much has sharp crests or hogbacks, most shows ribbing. In- 
cludes prominent light-toned resistant bands as wide as 30 ft and less 
resistant dark-toned bands 10-100 ft in width. 

Composition: Includes: (1) Shell-breccia sandstone. largely gritty sand- 
stone, cemented by calcite, much containing shell fragments and pebbles, 
some conglomerate interbedded. Some beds are largely fossils. (2) Fine- 
to medium-grained sandstone of well-sorted to moderately well sorted 
sand, low permeability, not cemented, some to most having weathering 
fracture. (3) Clay-saturated fine- to medium-grained sandstone. (4) Mud- 
stone, somewhat siliceous(?). some has parting sufficient for shale. (5) 
Conglomerate and lesser clay-saturated sandstone interbeds. Conglom- 
erate is poorly sorted and consists largely of pebbles, but contains some 
cobbles as much as 6 in. in diameter, in poorly sorted matrix of clayey 
and silty sandstone. 

Unit is largely composition 2, but includes some interbedded compo- 
sitions 3 and 4; composition 1 generally forms 30-40 percent of unit, 
largely within a single 250-ft interval. Each of compositions 1-5 is domi- 
nant locally. Conglomerate (composition 5) is abundant near Pleasanton 
where it constitutes as much as 70  percent of large exposures 

Hardness: Shell-breccia sandstone is hard to outcrop or ground surface; 
sandstone of composition 2 firm where fresh, to soft where weath- 
ered; clayey sandstone firm where fresh and weathered: mudstone pieces 

quite firm where weathered. Conglomerate matrix and interbedded clayey 
sandstone are firm to soft where weathered. 

Bedding: Shell-breccia sandstone occurs in distinct thick to very thick (as 
much as 30-ft) beds, many 10-30 ft, the very thick beds largely within a 
250-ft interval; thick to 4-ft beds present in other parts of section. From 
a distance, some outcropping beds appear lenticular and as thick as 100 
ft. Sandstone of composition 2 occurs in distinct thin to medium and very 
thick (10- to 20-ft) beds and also in intervals as thick as 50 ft or more. 
Clayey sandstone and mudstone (compositions 3 and 4) have unknown 
bedding character and occur in intervals as thick as 50 ft or more. Con- 
glomerate occurs in distinct beds as thick as 15 ft between thinner(?) 
beds of clayey sandstone. 

Parting: Present at shell-breccia bedding planes (wide to 30 ft): in firm 
sandstone (composition 2) on distinct bedding planes (some close to 
moderate spacing, some very wide) and within some very thick beds at 
moderate to wide spacing; within most (70 percent) of mudstone at close 
to moderate spacing, in some (30 percent) at very close (shale). Absent 
in conglomerate and interbedded sandstone. 

Fracture: In shell-breccia sandstone, spacing ranges from moderate to 10 
ft, mostly wide to 5 ft, locally as much as 20 ft. Firm sandstone has 
moderate to wide original spacing and some superimposed close to mod- 
erate spacing of weathering fracture; mudstone has close to moderate 
original spacing and close to very close spacing of weathering fracture. 
In conglomerate at wide to very wide spacing. 

Permeability: Shell-breccia sandstone has largely very low intergranular 
permeability, but may have low fracture permeability in shallow rock: 
compositions 2, 3, and 5 have low intergranular permeability, composi- 
tion 4 very low. Thus, most bedrock has low intergranular penneabil- 
ity; some to much has very low intergranular permeability, but may have 
low fracture permeability in shallow rock. Most mantle moderate, some 
low to very low. 

Weathering: Shell-breccia sandstone unweathered to outcrop. Firm sand- 
stone and mudstone weathered to depths greater than 10-15 ft, some 
mudstone developing spheroidal weathering on original fractures. Con- 
glomerate weathered to depths greater than 30 ft. 

Surficial mantle: Largely granular, some clayey. 
Expansivity: Most bedrock unexpansive, possibly some expansive (weath- 

ered clayey rock). Most mantle unexpansive to significantly expansive, 
some severely expansive. Surficial mantle samples: LCV8, black loam 
soil, typical, free swell 57 percent; LCV13, mildly cracked silty and 
sandy clay soil, free swell 88 percent; DU3, mildly cracked sandy silty 
soil, free swell 46 percent. 

Stratigraphic thickness: About 2.500 ft (Hall, 1958). 
Sources: Hall, 1958; five stations. 

MAP UNIT 361 

Geologic unit, (age), and location: Briones Sandstone. lower part (T), 
only south of Livermore Valley near Sunol Valley. 

Summary: Largely sandstone of low approaching moderate permeability; 
lesser interbedded clay-saturated sandstone, mudstone, and shale: and 
minor hard shell-breccia sandstone beds to more than 5 ft thick. Some 
to much mantle and at least minor bedrock are severely expansive. 

Expression in aerial photographs: Unhanded to very subtly banded 
smooth-textured slopes that have broad rounded ribs. Some swale-form- 
ing soft areas. 

Composition: (1) Sandstone, fine- to coarse-grained lithic arkosic wacke 
(Hall, 1958). mostly medium grained. locally carbonaceous (Hall, 1958). 
well sorted having minor clay content (less than 5 percent), some clean 
(no clay). (2) Clay-saturated to nearly saturated sandstone, behaves as 
mudstone. (3)  Mudstone and minor shale, some subporcelaneous. (4) 
Shell-breccia sandstone, calcite cemented, medium to very coarse 
grained. Unit is largely sandstone (composition 1). but has some to much 
clay-saturated sandstone and mudstone, and minor shell-breccia sand- 
stone and shale. 
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Hardness: Sandstone (composition I),  clayey sandstone, mudstone, and 
shale are firm to soft where weathered, commonly friable (Hall. l958). 
Shell-breccia sandstone is firm to hard where weathered. Subporcela- 
neous rock quite firm. 

Bedding: Sandstone (composition 1). clay-saturated sandstone (composi- 
tion 2), and mudstone occur both in distinct very thick (10- to 50-ftj beds 
and intervals and in distinct medium to 4-ft sandstone beds between thin 
to thick intervals of mudstone to clayey or laminated sandstone. Some 
clayey sandstone has thin to medium distinct interbeds of cleaner sand- 
stone. Shell-breccia sandstone in beds to very thick (5  ft or more). Some 
crossbedding in sandstone (Hall, 1958). 

Parting: At distinct bedding planes. both at close to wide and at very wide 
(10 ft or more); some clayey sandstone has close to moderate spacing 
along interbedded cleaner sandstone, other is unparted; most mudstone 
has spacing at very close to moderate; shale parts at very close spacing. 

Fracture: Sandstone (composition 1) has moderate to close spacing. some 
of which is weathering fracture: clayey sandstone, mudstone. and shale 
have close to very close spacing of weathering fracture on moderate to 
wide original spacing; shell-breccia sandstone has wide and less abun- 
dant very wide spacing 

Permeability: Sandstone (composition 1) has low to moderate intergranu- 
lar permeability in weathered rock, where minor clay content appears 
sufficient to reduce inherent moderate permeability of some sandstone 
to low. Because the clay is probably related to weathering, most fresh 
sandstone probably has moderate intergranular permeability. Clay-satu- 
rated sandstone and shell-breccia sandstone have low to very low inter- 
granular permeability, mudstone and shale very low. Thus, most shallow 
bedrock has low to moderate intergranular permeability; some has very 
low intergranular permeability, but some of this has low fracture per- 
meability. Most bedrock below shallow rock probably has moderate in- 
tergranular permeability, some low, some very low. Probably most 
mantle moderate, some to much very low. 

Weathering: Sandstone (composition 1 )  weathered to depths greater than 
15 ft; shell-breccia sandstone to depths greater than 5 ft. Spheroidal 
weathering in clayey sandstone to depths greater than 10 ft. 

Surficial mantle: Probably largely granular, some to much clayey. Little 
observation owing to nature of exposure. 

Expansivity: Most bedrock unexpansive but some to much expansive, 
at least minor severely expansive (shale). Probably most mantle unex- 
pansive, some to much severely expansive. Samples: LCV9A, typical 
shale, minor constituent, free swell 160 percent; LCV10, moderately 
cracked dark clay soil, substantial constituent, free swell 102 percent; 
LCV9B, clayey soil, free swell 110 percent. 

Stratigraphic thickness: About 1.500 ft (Hall, 1958). 
Sources: Hall, 1958; four stations. 

MAP UNIT 362 

Geologic unit, (age), and location: Briones Sandstone, lower part (T), 
only in area south of Livermore Valley near San Antonio Reservoir. 

Summary: Briefly seen in field. Largely sandstone, probably some clayey 
rock and minor conglomerate. Largely firm, but conglomerate and ce- 
mented sandstone beds are hard. Some severely expansive mantle. 

Expression in aerial photographs: Ribbed intermediate to hard topogra- 
phy: some to much is hard. 

Composition: Unit was mapped by Hall (1958) as "anomalous" Briones 
Sandstone, Cierbo Sandstone, and Neroly Sandstone. Includes: (1) 
Medium-grained to very coarse grained sandstone, including calcite-ce- 
mented shell-breccia sandstone. (2) Sandstone of coarse shell and ser- 
pentine fragments ,  called serpentine arenite by Hall (1958).  (3)  
Conglomerate of chert and basalt pebbles, well indurated (Hall, 1958). 
(4) Sandstone, very friable. to coarse grained, some having blue clay 
coatings (Hall, 1958; see unit 400). (5) Probably mudstone and clayey 
sandstone as in unit 361. Proportions are unknown, probably some each 
of compositions 1, 2, 4, and 5, and minor composition 3 

Hardness: Largely firm (similar to units 354 and 361), but conglomerate 
and cemented sandstone beds hard to outcrop. 

Bedding: Largely unknown. Assume largely similar to units 354 and 361. 
Conglomerate bed 3-10 ft thick; cemented sandstone beds as thick as 
4 ft. 

Parting: Assume similar to units 354 and 361. 
Fracture: Largely unknown. Assume similar to units 354 and 361, ex- 

cept spacing in cemented sandstone wide to 4 ft, uncemented sandstone 
moderate to 4 ft, conglomerate probably very wide. 

Permeability: Bedrock unknown, probably some v e q  low intergranular 
permeability, much low, much moderate, minor to some high. Probably 
most mantle moderate, some low to very low. 

Weathering: Unknown, assume similar to units 354 and 361. 
Surficial mantle: Probably largely granular, some clayey. Dark sandy clay 

soil like sample LCV11 covers some of unit. 
Expansivity: Most bedrock unexpansive, probably some expansive (clayey 

rock). Probably most mantle unexpansive, some severely expansive. 
Sample LCV11, dark sandy clay soil, free swell 85 percent. 

Sources: Hall. 1958; one station. 

MAP UNIT 363 

Geologic unit, (age), and location: Unnamed sandstone (T), only in Santa 
Clara County near Palo Alto. 

Summary: Fine-grained silty sandstone, including minor hard calcite-ce- 
mented shell beds and some clayey rock. 

Composition: Fine-grained, well-sorted sandstone, including minor me- 
dium-grained fossiliferous sandstone and shell breccia near base. Ma- 
trix material is silt. These compositions were the only ones at the two 
roadcuts examined, but siltstone encountered in boring at sample local- 
ity PA38. Calcite cementation is associated with shell beds. Unit is 
largely sandstone, minor cemented; probably some siltstone and clayey 
fine-grained sandstone. 

Hardness: Soft to firm, locally hard where calcite cemented. 
Bedding: Where observed, sandstone lacks bedding except for shell beds, 

which are 1-4 ft thick. Bedding may be visible in fresh rock, as in San 
Mateo County (unit 380). 

Parting: In some of unit at moderate to wide spacing. 
Fracture: Spacing ranges from close to very wide, largely moderate to 

wide in weathered rock. Some of unit has weathering fracture at very 
close to close spacing. 

Permeability: Intergranular permeability of bedrock largely low, probably 
some moderate, probably some very low, Probably most mantle moder- 
ate, some low to very low. 

Weathering: Weathered to buff color to depths greater than 15 ft. 
Surficial mantle: Probably largely granular, some clayey. 
Expansivity: Most bedrock unexpansive, minor to some severely expan- 

sive (siltstone). Probably most mantle unexpansive to significantly ex- 
pansive. some severely expansive. Samples: PA38, siltstone, free swell 
153 percent; PA55, sandy clay soil, free swell 66 percent. 

Sources: Dibblee, 1966; Pampeyan, 1970; two stations. 

MAP UNIT 364 

Geologic unit, (age), and location: Hambre Sandstone (T) of the Monterey 
Group, only in the East Bay Hills, excluding areas east of Fremont and 
northeast of Castro Valley. 

Summary: Largely fine-grained to very fine grained sandstone, clean to 
dirty, and much siltstone, silty mudstone. silty shale, and very fine sandy 
siltstone. Also includes as much as 10 percent hard, brittle, calcite-ce- 
mented fine sandstone and siltstone and hard calcite-cemented concre- 
tions. Possibly some blasting necessary in unusually resistant beds 
(Radbruch and Case, 1967). Most mantle is severely expansive. 

Expression in aerial photographs: Mostly intermediate topography, some 
hard. Mostly shows only hints of tonal bands, but in places. especially 
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north of Pinole Valley Road and Alhambra Valley Road, shows distinct 
banding of light-toned resistant intervals 100-200 ft in width between 
dark-toned nonresistant intervals 100-300 ft in width; also some light- 
and dark-toned intervals of several tens of feet. Unit is disrupted to north 
near Interstate SO. 

Composition: Largely fine-grained to very fine grained. some medium- 
grained, sandstone. probablj tuffaceous. Varies from resistant sandstone 
that is clean and well-sorted to moderately well sorted, to dirty and clayey 
sandstone that scales where weathered. Some pebbly. Also includes much 
siltstone, silty mudstone, silty shale, and very fine sandy siltstone, grad- 
ing to dirty fine sandstone. Shale and locally some siltstone to dirty very 
fine grained sandstone are fissile, but generally the rock is not fissile. 
In the good exposures studied, resistant sandstone occupies the upper 
one-third to one-half of section, whereas the lower two-thirds to one- 
half is largely siltstone, silty mudstone, and dirty fine sandstone, Unit 
also includes 10 percent hard, brittle, calcite-cemented fine sandstone 
and siltstone and hard calcite-cemented concretions as large as 5-ft 
spheres. Also minor (and possibly mismapped) firm diatomite and di- 
atomaceous siltstone. Radbruch and Case (1967) emphasized the clayey 
nature of this unit and distinguished the body east of El Sobrante as being 
less clayey than the remainder of unit. 

Hardness: All compositions are firm where weathered, probably firm 
where fresh, except calcite-cemented sandstone, siltstone, and concre- 
tions are hard. Some clean sandstone is quite firm, approaching hard. 

Bedding: In outcrop generally appears unbedded, but in places distinct to 
indistinct, thick to more than 20-ft beds of sandstone are interbedded with 
siltstone and silty mudstone. Distinct medium to 4-ft beds of hard cal- 
cite-cemented sandstone. Radbruch and Case (1967) reported 2- to 10- 
ft firm resistant sandstone beds. 

Parting: Mostly absent. Present in some sandstone at wide to 4 ft. on some 
contacts between sandstone and siltstone at wide to more than 20 ft, and 
within shale, fissile siltstone, and fissile very fine grained sandstone at 
close to very close. In places this fissile rock constitutes as much as one- 
fourth of section. 

Fracture: Sandstone has close to wide, mostly moderate to wide, spacing 
of original iron-stained fracture. Generally a weathering fracture at very 
close to moderate spacing. largely close to moderate, is superimposed 
on the original fracture. but some clean sandstone does not develop 
weathering fracture. Much dirty sandstone develops spheroidal weath- 
ering on the original fracture. Siltstone and dirty very fine sandstone 
generally have moderate spacing of original fracture and superimposed 
close to very close spacing of weathering fracture. Mudstone and shale 
have close to very close spacing of weathering fracture. Hard sandstone 
and siltstone have mostly close to moderate spacing, some wide: con- 
cretions are fractured at moderate to &. 

Permeability: Intergranular permeability of sandstone low, mudstone and 
siltstone low to very low, except possibly some sandstone moderate be- - .  

low shallow rock. Thus, most bedrock low, some very low, possibly some 
moderate below shallow rock. Most mantle very low. 

Weathering: In all exposures to greater than depth of cut (more than 15 
ft), but some problematical brown-gray coloration at depth of 4 ft in 
places. 

Surficial mantle: Largely clayey. Radbruch and Case (1967) reported a 
generally expansive clayey soil, 2-5 ft thick. 

Expansivity: Probably much bedrock expansive. Most mantle severely 
expansive. Samples: M i l ,  moderately cracked fine sandy clay soil, free 
swell 105 percent: MI3, well-cracked sandy clay soil, free swell 101 per- 
cent; BV8, well-cracked dark clay soil, free swell 118 percent; BV9, 
mildly cracked dark silty clay soil, free swell 81 percent; at BV16, mildly 
cracked clayey soil. free swell 87 percent, occurs with uncracked sandy 
soil. All samples typical. Cracking noted also in weathered bedrock. 

Stratigraphic thickness: Maximum thickness of 3,000 ft (Pease, 1954, 
quoted by Radbruch and Case, 1967). Thins to 500 ft on Crow Canyon 
Road (Newton, 1948). 

Sources: Lawson, 1914; Newton, 1948; Pease. 1954; Radbruch, 1969; 
Radbruch and Case, 1967: Sheehan, 1956: eight stations. 

MAP UNIT 365 

Geologic unit, (age), and location: Sandstone and mudstone near Fort 
Ross (T), near Sonoma Count) coast. 

Summary: Like unit 378, except (1) lacks conglomerate, and (2) some 
mudstone is somewhat fissile, hence parting in some at close to very 
close spacing. 

Sources: Blake and others, 1971; Wentworth. 1966; two stations. 

MAP UNIT 366 

Geologic unit, (age), and location: Temblor Sandstone [T), only north- 
east of San Jose near north end of Calaveras Reservoir. 

Summary: Largely sandstone in beds as thick as 10 ft: some pebble con- 
glomerate in beds as thick as 2 ft, and probably some clayey rock. Bed- 
rock is firm. in places approaching hard; largely close to moderate 
fracture spacing; low intergranular permeability. Most bedrock and 
mantle is unexpansive. 

Expression in aerial photographs: Includes both intermediate and hard 
topography; some is banded at 10-30 ft, light and dark tones about 
equally abundant. Includes both resistant and prominently nonresistant 
areas that suggest some clayey rock. 

Composition: (1) Sandstone, fine to coarse grained, probably largely fine 
to medium grained, fairly well sorted, clean but low intergranular per- 
meability; very fossiliferous, containing abundant leaves and stems 
largely in finer grained beds. (2) Conglomerate of rounded pebbles as 
much as 2 in. in diameter, largely chert, in coarse-grained fossiliferous 
sandstone matrix. (3) Siliceous shale. Unit is largely sandstone, some 
conglomerate and probably some clayey rock, minor siliceous shale. 

Hardness: Sandstone and conglomerate are firm where fresh and weath- 
ered. locally approaching hard. Templeton (1912) described rock as 
moderately hard. Siliceous shale hard. 

Bedding: Distinct interbedding of sandstone and conglomerate, sandstone 
in beds to very thick (10 ft). conglomerate in lenticular beds to thick. 
Siliceous shale to thick, distinct. Geological Society of Sacramento 
(1959) described sandstone as massive, so much must be very thick bed- 
ded. 

Parting: Most lacks parting on bedding planes. but some to nearly half 
has parting along bedding planes, much at moderate to wide. 

Fracture: Close to moderate spacing in sandstone and conglomerate. and 
close weathering fracture in some beds; in places close to very close 
spacing (near faults?). 

Permeability: Low intergranular permeability in sandstone and conglom- 
erate, very low in siliceous shale and probably in most clayey rock; low 
fracture permeability in shallow siliceous shale and probably in much 
shallow clayey rock. Thus, largely low intergranular permeability in 
bedrock: minor to some very low, but this probably has low fracture 
permeability in shallow rock Most mantle moderate, some Ion to very low 

Weathering: Most of exposure is weathered to buff color. 
Surficial mantle: Largely granular, some clayey. 
Expansivity: Bedrock and mantle largely unexpansive. some mantle sig- 

nificantly expansive. Sample CVR40, sandy silty clay soil, free swell 53 
percent. 

Sources: Crittenden, 195 1 ; Geological Society of Sacramento, 1959; 
Templeton, 1912: one station, 

MAP UNIT 367 

Geologic unit, (age), and location: San Ramon Sandstone (T) ,  only in 
southern Napa Range near Carneros Creek. 

Summary: Not seen in field. Medium- to fine-grained sandstone, prob- 
ably firm, massive; probably some clayey rock. See units 368 and 409. 
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Composition: According to Weaver (1949) and Clark (1918). rock is uni- 
formly medium- to fine-grained sandstone, in places pebbly or slightly 
shaly. blue gray to light brown. Thus, unit is probably largely sandstone, 
some clayey rock. 

Hardness: Probably firm. 
Bedding: Unknown. Not mentioned in literature, probably very thick in- 

distinct beds. 
Parting: Unknown. Probably rare. 
Permeability: Probably largely low intergranular permeability in bedrock, 

some very low, possibly some moderate. Probably most mantle low to 
very low 

Weathering: Unknown depth, weathers light brown. 
Surficial mantle: Probably largely clayey. 
Expansivity: Probably most bedrock unexpansive, some may be expan- 

sive. Probably most mantle expansive, some severely expansive. See 
samples for units 368 and 409, 

Stratigraphic thickness: Exposed pan of unit about 300 ft (Weaver, 1949). 
Sources: Clark, 1918; Fox and others, 1973; Weaver, 1949. 

MAP UNIT 368 

Geologic units, (age), and location: Sobrante Sandstone (T) of the 
Monterey Group. and San Ramon Sandstone (T); in Pacheco syncline, 
west of Concord. 

Summary: Largely Sobrante Sandstone, but includes a band of San Ramon 
Sandstone 130-200 ft in stratigraphic thickness along contact with unit 
436. These geologic units are described separately below. For the com- 
bined map unit, most bedrock is unexpansive, some expansive (.mud- 
stone); most mantle i s  expansive (some to much of this severely 
expansive), some unexpansive. Bedrock has some moderate to high in- 
tergranular permeability, much low, some very low; most mantle very 
low to low, some moderate. Mantle is largely clayey, some granular. 

Sobrante Sandstone 

Summary: Two main lithologic sequences, much of each. One is a fine- 
grained to very coarse grained sandstone that contains pebble stringers 
and some tuffaceous matrix, much clean, much dirty. The other sequence 
consists of clayey and tuffaceous fine-grained sandstone interbedded with 
mudstone and clean fine sandstone. All rock can be ripped, some diffi- 
cult trenching. Some bedrock and most mantle is expansive. 

Expression in aerial photographs: Low-lying, nonresistant topography. 
Occupies the most pronounced lows and drainages in area, but largely 
consists of low rolling topograph) that has some elongate light-toned 
hills and some low ridges in neutral low topography. Where section is 
revealing, a 200-ft dark-toned nonresistant band is followed by a 100-ft 
light-toned resistant band and a 200-ft dark-toned resistant band. Gen- 
erally similar to unit 357; most soft, some intermediate topographj. 

Composition: Composition 1 occurs near base of unit and less consistently 
near top of unit. It is dominantly lithic sandstone, ranging from fine to 
very coarse grained, well to moderately sorted, containing tuffaceous 
clasts (pumice); some contains tuffaceous matrix that is locally suffi- 
clently abundant to call the rock a tuff. Some parts are clean and mod- 
erately to highly permeable; some pans less clean. low permeability. 
Includes beds and stringers of pebbles, as well as conglomerate that 
contains hard clasts as much as 6 in.. but mostly less than 2 in.,  in di- 
ameter. Interbedded are very thick beds of clayey or tuffaceous sand- 
stone. Also includes shell beds and concretions. 

Composition 2 consists of clayey and tuffaceous fine-grained sandstone 
interbedded with mudstone and with relatively clean fine sandstone. This 
composition underlies most areas of gentle. low-lying topography. 

Hardness: Composition 1 largely firm. including some quite firm and 
tough material and some clean sandstone that weathers firm to soft. 
Concretions, some shell beds, and some conglomerate hard. Composi- 
tion 2 largely firm, some hard tuffaceous sandstone. Crushed rock, quar- 

ried from some very thick beds, is substantially less wear resistant than 
Franciscan sandstone (unit 700) or unit 233 (Davis and Vernon, 1951; 
Davis and Goldman, 1958). 

Bedding: Composition 1 has very thick (several tens of feet or more) beds 
of sandstone between less abundant very thick interbeds. Sandstone is 
largely internally unbedded except for pebble trains, beds of conglom- 
erate to thick. stringers of highly tuffaceous sandstone. and medium to 
thick shell beds. all of which do not produce parting. Hard shell beds, 
conglomerate, and concretions are medium to thick. Minor thin to verj  
thick (4-ft) distinctly bedded sandstone. Composition 2 is distinctly to 
indistinctly bedded in medium to very thick (as much as 50-ft) beds. See 
section by Lutz (1951). 

Parting: Absent in composition 1 except at bedding planes that are very 
widely spaced (tens of feet). In composition 2, parting largely on bed- 
ding planes at very wide spacing (5-50 ft), but some material has part- 
ing at close to moderate spacing. 

Fracture: In composition 1 ,  moderate to wide spacing, some to very wide 
( 5  ft). in sandstone. close to moderate spacing of weathering fracture on 
moderate to wide original spacing in clayey and tuffaceous interbeds. 
In composition 2, coarser grained sandstone has close to moderate spac- 
ing of weathering fracture that is commonly superimposed on moderate 
to wide original spacing; finer grained materials have close to very close 
spacing of weathering fracture that is commonly superimposed on close 
to moderate original spacing. 

Permeability: Much sandstone of composition 1 has low intergranular 
permeability, much moderate to high; interbeds low to very low. Com- 
position 2 has largely low to very low intergranular permeability, much 
of each, and some moderate intergranular permeability. Most mantle very 
low to low, some moderate. 

Weathering: In composition 1, sandstone is weathered from depths of 15- 
20 ft to much deeper in clean sandstone. Composition 2 generally weath- 
ered to depths greater than 10- 15 ft. 

SurficiaI mantle: Largely clayey, some granular. Two main types: a sandy 
clay soil that is dominant except on hilltops and slopes down from hill- 
tops. such as samples WC21, WC12, and WC29; and a granular soil, such 
as sample WC30. 

Expansivity: Most bedrock is unexpansive, some expansive (mudstone). 
Most mantle expansive, some to much of this severely expansive, some 
unexpansive. Samples: WC26, mudstone, mildly cracked surface, free 
swell 80 percent; WC21, typical black sandy clay soil, free swell 81 
percent; WC12, black sandy clay subsoil on sandstone. mildly cracked, 
typical, free swell 100 percent (exaggerated): WC29, mildly cracked 
sandy clay soil, free swell 83 percent; WC30, sandy silty soil. free swell 
50 percent. 

Stratigraphic thickness: About 670 ft. 
Sources: Davis and Vernon, 1951; Davis and Goldman, 1958; Lutz, 1951; 

Weaver, 1953; 12 stations. 

San Ramon Sandstone 

Summary: Firm sandstone, dirty to clean. All can be ripped, some over- 
size blocks. Most nlantle significantly expansive. 

Expression in aerial photographs: Generally forms light-toned resistant 
ridge, but on west limb of Pacheco syncline forms intermediate ridge 
that is not all light in tone. 

Composition: Tuffaceous sandstone. Includes some to much high-matrix, 
scaly sandstone that is fine to medium grained, and some clean sand- 
stone that is fine to coarse grained; high-matrix sandstone is probably 
dominant. Includes hard fossiliferous beds to thick and concretions to 
large. Minor pebble conglomerate. Clay coatings in some sandstone and 
free clay in some clayey sandstone. 

Hardness: Firm where fresh and weathered. Concretions and some fos- 
siliferous beds hard. 

Bedding: Beds largely very thick (tens of feet) and distinct, but unit in- 
cludes less abundant medium to thick sandstone interbedded with clayey 
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very fine sandstone in medium to very thick (6-ft) beds. Some indistinct 
thin to medium beds. Hard fossiliferous beds and concretions to thick. 
See sections by Weaver (1953). 

Parting: On bedding planes, largely at very wide spacing (tens of feet), 
Minor parting at close to moderate spacing in some laminated sandstone. 

Fracture: High-matrix sandstone has moderate to wide original spacing 
and close. some moderate, spacing of weathering fracture. Clean sand- 
stone has mostly moderate to wide spacing. some to very wide (6 ft), 
producing very large blocks of firm, coherent rock (oversize blocks). 
Hard beds and concretions have moderate to wide fracture spacing. Much 
of rock scales where weathered. 

Permeahility: Mostly low intergranular permeability in bedrock, minor 
moderate. Most mantle low to very low. 

Weathering: To greater than depth of exposures. about 20 ft or more. 
Surficial mantle: Largely clayey. Dark sandy clay soils like samples 

WC11, WC20. and PC6A are typical. 
Expansivity: Most bedrock unexpansive. Most mantle significantly ex- 

pansive, some unexpansive. Samples: WC11, dark sandy clay soil, free 
swell 90  percent (exaggerated); WC20, mildly cracked black sandy clay 
soil, free swell 72 percent; PC6A, sandy clay soil, free swell 51 percent 
(exaggerated). 

Stratigraphic thickness: About 130-200 ft. 
Sources: Weaver, 1953; six stations. 

MAP UNIT 369 

Geologic units, (age), and location: Vaqueros Sandstone (T), in Santa 
Cruz Mountains; Butano Sandstone (T), in Santa Clara County and only 
near Kings Mountain in San Mateo County 

Summary: Largely sandstone. some mudstone and shale. Some signifi- 
cantly expansive bedrock and surficial mantle. 

Composition: Largely sandstone, some mudstone and shale. Sandstone is 
fine to medium grained and moderately to well sorted, carbonate cement 
common in thicker beds. 

Hardness: Hard to firm where fresh, firm to soft where weathered 
Bedding: Distinct sandstone beds medium to very thick (tens of feet), 

commonly 1-10 ft; sequences of clayey rock thin to very thick (10 ft). 
Some sandstone is laminated. 

Parting: Moderate to very wide spacing, commonly 1-10 ft, along dis- 
tinct bedding. Some at close to very close spacing in clayey rock 

Fracture: Spacing in sandstone ranges from close to very wide (6 ft), 
commonly moderate to wide: close to very close spacing in weathered 
clayey rock. 

Permeability: Low intergranular permeability in sandstone, very low 
where cemented and in clayey rock. In shallow clayey bedrock and ce- 
mented sandstone, opening of fractures gives low permeability. Thus, 
bedrock at depth has largely low permeability, some to much very low; 
shallow rock has low permeability. Moderate in most surficial mantle, 
minor to some low to very low. 

Surficial mantle: Largely granular, minor to some clayey subsoil. 
Expansivity: Bedrock and surficial mantle are largely unexpansive, some 

of each significantly expansive. Samples: W 0 5 ,  mudstone, free swell 
54 percent; W 0 7 ,  shale, free swell 62 percent: W 0 4 ,  soil, free swell 59 
percent; W 0 1  1, soil, free swell 43 percent. 

Stratigraphic thickness: Variable, from a few feet to 3,000 ft or more. 
Source: Ellen and others, 1972. 

MAP UNIT 370 
I 

I 
Geologic unit, (age), and location: Butano Sandstone (T), only near Sky 1 

Londa in Santa Cruz Mountains. ! 
Summary: Largely sandstone, which is thinly interbedded with some I 

mudstone and minor shale. Some significantly expansive bedrock and 
surficial mantle. 1 

I 
Composition: Sandstone interbedded with mudstone and minor amounts , 

of shale. Sandstone is commonly very fine to fine grained, but medium ~ 

to very thick beds are coarser. Unit is largely sandstone, some to much 
(30-40 percent) mudstone and shale. 

Hardness: Largely firm where fresh, some sandstone (thicker beds) ce- 
mented hard; firm to soft where weathered. 

Bedding: Distinct. largely very thin to thin, some medium: medium to very 
thick sandstone beds, including minor interbedded clayey rock. form a 
few sequences 25.100 ft in thickness. 

Parting: Largely very close to close spacing, some moderate to very wide. 
Fracture: Largely close spacing in thin to medium sandstone beds, mod- 

erate to wide in thicker beds; in mudstone close to moderate spacing 
where fresh, very close where weathered. 

Permeability: Low intergranular permeability in sandstone, very low 
where cemented and in clayey rock. In shallow clayey rock and cemented 
sandstone, opening of fractures gives low permeability. Thus, bedrock 
at depth largely low, some to much very low; shallow bedrock low. 
Surficial mantle largely low, some moderate. 

Surficial mantle: Largely clayey, some granular. 
Expansivity: Most bedrock and mantle is unexpansive, some of each sig- 

nificantly expansive. Samples: W012 ,  interbedded fine sandstone and 
mudstone, free swell 58 percent: W 0 2 ,  shale, free swell 75 percent; 
MH3A, shale, free swell 72 percent; MH3B, shale, free swell 73 per- 
cent; LH7, soil, free swell 50  percent. 

Stratigraphic thickness: More than 2,500 ft. 
Source: Ellen and others, 1972. 

MAP UNIT 371 

Geologic unit, (age), and location: Markley(?) Formation (T), only in the 
East Bay Hills near Oakland. 

Summary: Not seen in field. Probably largely sandstone, some siltstone 
and shale. Difficult to distinguish from adjacent units 630 and 408 be- 
cause it contains similar compositions, Radbruch (1969) reported that 
some sandstone may require blasting. According to Radbruch (1969), 
forms moderately steep-sided ridges and valleys. 

Composition: Includes: (1) sandstone, probably fairly well sorted, mostly 
fine grained, ranging from very fine to medium grained, consisting of 
mostly angular and less commonly subrounded grains of abundant quartz, 
lesser feldspar and lithics, in matrix of clay, iron oxide, or both; (2) glau- 
conitic sandstone; (3) silty fine-grained to very fine grained sandstone; 
(4) siltstone, mudstone, and clay shale. Unit is probably largely sand- 
stone, some clayey rock. Some of unit resembles underlying unit 630, 
some resembles overlying unit 408. 

Hardness: Some sandstone hard approaching firm both where fresh and 
weathered; shale, siltstone, silty sandstone, and mudstone firm where 
fresh, largely firm, some soft, where weathered. 

Bedding: Unknown. Judging from units 630 and 408, some of unit con- 
sists of distinctly bedded thick to very thick sandstone between thin to 
very thick shale, silty sandstone, and siltstone. The remainder of unit is 
probably unbedded to indistinctly bedded. 

Parting: Probably present in some of unit on distinct bedding planes, 
mostly at wide to very wide spacing, and in interbedded shale at close 
to very close spacing. Probably absent in remainder of unit. 

Fracture: In hard sandstone at close to very wide (6-ft) spacing, prob- 
ably largely moderate to wide. In firm dirty sandstone and mudstone at 
moderate to wide spacing in fresh rock, weathering close to very close. 

Permeahility: Sandstone (most of unit) probably has low intergranular 
permeability; clayey rock (some of unit) very low. Probably most mantle 
moderate. some low to very low. 

Weathering: Hard sandstone weathered to depth of about 30 ft, other 
materials to depths of 10-30 ft. 

Surficial mantle: Unknown, probably largely granular. some clayey. 
Expansivity: Unknown, probably most bedrock unexpansive, some expan- 

sive. Probably most mantle unexpansive to significantly expansive. some 
severely expansive. 
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Stratigraphic thickness: 500-1.000 ft maximum thickness (Case, 1963) 
Sources: Bartow. 1985. Case. 1963. Radbru~h.  1969, Radbruch and Case, 

I967 

MAP UNIT 372 

Geologic unit, (age), and location: Markley Formation (T). only in Potrero 
Hills, northwest of Montezuma Hills. 

Summary: Not seen in field. Similar to units 373 and 412 which occur 
near Mount Diablo (Weaver, 19491, but here contains a large lens of 
conglomerate consisting of hard rounded clasts, most 3 in. in diameter 
and less, some as much as 1 ft, in sand and silt matrix that constitutes 
40 percent of deposit (Cooper-Clark and Associates. 1973). Sandstone 
is locally hard, called largely "moderately hard," in beds as thick as sev- 
eral feet, should be rippable in most cases (Cooper-Clark and Associ- 
ates, 1973), See section by Tolman (1943). 

Expression in aerial photographs: Largely resistant intermediate topog- 
raphy that has regular ribbing, but local hard topography has abundant 
resistant light-toned bands. Prominent to subdued bands. both light and 
dark in tone, are largely 5-30 ft wide but as wide as 50  ft; dark-toned 
bands are locally as wide as 100 ft. Dominantly light-toned, about one- 
third dark-toned. Minor outcrop within light-toned bands. 

Permeability: Probably some to much bedrock has moderate intergranu- 
lar permeability. much low, some very low. Probably most mantle mod- 
erate, some very low to low. 

Surficial mantle: Probably largely granular, some clayey. 
Expansivity: Probably most bedrock unexpansive, some expansive (clayey 

rock). Probably most mantle unexpansive to significantly expansive, 
some severely expansive. 

Stratigraphic thickness: 1,300 ft (Bailey, 1930); 1,400 ft (Tolman, 1943); 
nearly 1,500 ft (Weaver, 1949). 

Sources: Bailey, 1930; Bartow, 1985; Clark, 1938: Cooper-Clark and 
Associates, 1973: Sims and others. 1973; Tolman, 1943; Weaver, 1949. 

MAP UNIT 373 

Geologic units, (age), and location: Markley Formation, lower sandstone 
member (T). north of Mount Diablo; Markley Formation, undivided (T), 
only near Concord. 

Summary: Regularly interbedded sandstone and shale, largely in beds less 
than 6 ft in thickness, some more than 10 ft. Mostly sandstone but shale 
is almost equally abundant in parts of section. Probably one-third of sand- 
stone has moderate intergranular permeability. Some bedrock and some 
to much mantle is severely expansive. 

Expression in aerial photographs: Largely intermediate topography, es- 
pecially to east where unit underlies ridge and valley topography that 
includes about one-third or more valley bottom, the rest consisting of 
fairly subdued hogbacks that are broadly ribbed to ribless and have 
rounded crests. Near old coal mines, some hard topography containing 
sharp ribs on back side of hogbacks, but most of this area shows hard to 
intermediate crests and no ribs, just resistant bands between soft, smooth, 
landsliding zones. Almost entire area shows subdued banding. largely 
light-toned, some dark-toned; zones of dominant dark tone are as wide 
as 500 ft or more. Both light- and dark-toned bands are typically 5-20 ft 
wide. but some dark-toned bands are as wide as 50 ft: light-toned bands 

cretions as large as 6 ft or more in diameter. many larger than 3 ft. (2) 
Interbeds of shale, mudstone. and siltstone, the shale often interlaminated 
with sandstone and siltstone. These materials are commonly carbon- 
aceous and micaceous. Literature describes these materials as largely 
mudstone and siltstone. but our observations are of largely fissile shale 
and some mudstone. Interbeds include abundant limonite concretions to 
medium, abundant gypsum, and less abundant limestone nodules as much 
as several inches in length. 

Unit is largely sandstone. but some to much is clayey rock that in 
places constitutes as much as half of unit; sections of dominant clayey 
rock as thick as several hundred feet (mapped by Brabb and others, 
1971). Sandstone varies from relatively clean, outcropping to nearly 
outcropping rock, to silty. poorly exposed rock: proportions of these 
sandstones (1:2, clean:dirty) are suggested in column by Fulmer (1964). 
Some concretions. 

Hardness: Sandstone firm to soft, most barely firm, where weathered; 
probably similar where fresh. Shale, mudstone. and siltstone are firm 
where fresh and weathered. Calcite concretions hard; limonite concre- 
tions firm to hard; limestone nodules hard. 

Bedding: Distinct sandstone beds between shale and mudstone intervals; 
some intervals of shale and mudstone are distinctly interbedded at very 
thin to medium with sandstone and siltstone. Sandstone beds are crudely 
rhythmic, largely thick to 6 ft between similar to lesser thickness of shale, 
but include some beds thicker than 10 ft (as much as 100 ft or more, 
generally as much as 30 ft). Shale intervals as thick as 20 ft or more; 
intervals of dominant clayey rock as thick as several hundred feet. Sand- 
stone beds are massive and have an irregular, bleb-like form. Very regu- 
lar banding throughout unit on photographs suggests regular interbedding 
throughout. Many sandstone beds grade upward to more clayey sand- 
stone that has parting and weathering fracture. 

Parting: At distinct bedding contacts and within shale intervals. Within 
shale intervals, largely at very close spacing, moderate at the widest. 
Within some dirty sandstone near tops of beds where weathered, and at 
close to moderate spacing in some sandstone on micaceous partings, 
Parting is plentiful. 

Fracture: In sandstone beds less than 6 ft in thickness, largely moderate 
to wide spacing, much regular, perpendicular to bedding; in beds more 
than 6 ft in thickness, variable spacing, some moderate, much moderate 
to wide, some as much as 6 ft and possibly 10 ft, largely irregular and 
indistinct. Overall, largely moderate to 4-ft spacing in sandstone. Close 
to moderate spacing of weathering fracture in dirty sandstone near ground 
surface. Shale intervals have close to very close spacing of weathering 
fracture and fissility on moderate to wide original spacing. Concretions 
in sandstone are as large as 6 ft or more in diameter, many greater than 
3 ft, unfractured. 

Permeability: Sandstone has largely moderate intergranular permeability 
where exposed. some low, probably overall two-thirds low, one-third 
moderate; shale interbeds very low to low. Thus, most bedrock low, some 
moderate, some very low. Probably most mantle moderate, some to much 
very low to low. 

Feathering: Sandstone weathered to depths greater than 70 ft. Dirty sand- 
stone develops weathering fracture and parting near ground surface. 
Cavernous weathering in some sandstone. Accumulations of surficial 
mantle as thick as 15 ft or more. 

urficial mantle: Probably most granular. some to much clayey Clayey 
soils such as samples CL13A and CL15 are typical. Over verv thick sand- - . . 

as wide as 100 ft or more form caps of hogbacks. Along east side of ~ stone, subsoil, such as sample CLl3B, is typical. 
Nortonville Road, nearly entire section is banded in this manner. Unit , Expansivity: Most bedrock is unexpansive, but some is severely expan- 
appears very regularly bedded. i sive (shale) throughout unit. Probably most mantle unexpansive to sig- 

Composition: (1) Sandstone, arkosic. characteristically rich in muscovite, 1 nificantly expansive. some to much severely expansive. Bedrock samples: 
poorly to moderately sorted (Fulmer (1964) called it well sorted), silty I C L I l A ,  typical shale, moderately cracked on surface of cut, free swell 
to varying degrees. Angular to subangular grains vary from fine to coarse, ; 89 percent: CL12, well-weathered shale, moderately cracked, typical, free 
called anything from most commonly fine grained (Johnson. 1964) to ' swell 99 percent, Surficial mantle samples: CL13A, moderately cracked 
medium to coarse grained (Clark, 1912); by our observations l a r g e l y  dark sandy clay soil, free swell 90 percent; CL15, typical mildly cracked 
medium to coarse grained. Includes calcite-cemented and limonite con- clay soil, free swell 82 percent (exaggerated); CL13B. mildly cracked, 
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slightly clayey sand subsoil on sandstone. free swell 65 percent, AS22, i MAP UNIT 375 
light-brown sandy clay soil, typical, free swell 87 percent (exaggerated): 
C L U B ,  typical mildly cracked sandy clay subsoil, free swell 90 percent; 
CLlS,  moderately cracked clay subsoil, possibly substantial constituent, 
free swell 100 percent. 

Stratigraphic thickness: About 2,000 ft  (Brabb and others, 1971): 3.100 
ft (Johnson, 1964); 1,975 ft (Fulmer. 1964): 2,300 ft ( d a r k ,  1918). 

Sources: Bartow, 1985; Brabb and others, 1971; d a r k ,  1913; Colburn, 
1961; Fulmer. 1964: Johnson. 1964; Taff, 1935: 11 stations. 

Geologic unit, (age), and location: Tolman Formation of Hall (1958; (TI, 
at mouth of Niles Canyon near Fremont. 

Summary: Not seen in field. Probably largely firm sandstone of low and 
probably some moderate permeability, but includes some calcite-ce- 
mented bioclastic sandstone especially near Tolman Peak. some congloin- 
erate near Niles. and probably some clayey rock. No information on 
bedding thickness, fracture, and surficial mantle, but mantle probably 
ranges from sandy to clayey. 

Expression in aerial photographs: Intermediate topography that has de- 

MAP UNIT 374 
veloped some ribbing parallel to bedding. Includes light-toned bands and 

, dark-toned nonresistant bands 20-200 ft in width, fairly subtle. Minor 
Geologic unit, (age), and location: Shale and sandstone (T) ,  in Santa , outcrop within light-toned bands. 

Teresa Hills south of San Jose. Composition: ( 1 )  Bioclastic sandstone consisting of fragments of calcar- 
Summary: Upper two-thirds to three-fourths of unit is sandstone, largely eous algae and other organic material in a finer grained quartz sand 

in very thick (10-ft or more) beds, covered by uncracked sand soil; lower matrix, the matrix being as coarse as very coarse grained to gritty (mea- 
one-fourth to one-third of unit is dominantly mudstone. covered by se- . sured from thin-section photograph). This sandstone consists of approxi- 
verely expansive silty clay soil. Sandstone is firm, has moderate to wide 1 mately 35 percent organic debris, 40 percent quartz, 5 percent potassium 
fracture spacing. low to moderate permeability, and many largely firm ' feldspar, 10 percent calcite, 2 percent glauconite, and 3 percent mica, 
oversize blocks as large as 5 ft in diameter. I 

Expression in aerial photographs: Irregular, smooth intermediate topog- 
raphy that lacks ribbing and banding. Very minor outcrop evident. ~ 

Composition: (1) Upper two-thirds to three-fourths of unit is sandstone 1 
of fine to coarse angular grains, mostly medium to coarse graiilcd, poorly ~ 
to moderately well sorted. Some to most rock is calcite cemented where 
fresh (Bailey and Everhart, 1964), minor cemented where weathered. (2) 1 
Lower one-fourth to one-third of unit is mudstone, fissile and exception- i 
ally powdery (Bailey and Everhart. 1964); includes shale (Bailey and 
Everhart,1964). (3) Minor limestone in pods and beds as thick as 25 ft, 1 

most 3-5 ft (Bailey and Everhart, 1964). (4) Minor volcanic rock (like 
unit 260) near Blossom Hill. 

Hardness: Weathered sandstone is largely firm, minor hard, case hardens 
b j  iron oxide (Bailey and Everhart, 1964): fresh sandstone hard (ce- 
mented) to firm, some to most hard (Bailey and Everhart, 1964). Mud- 
stone firm where weathered and probably where fresh. Limestone hard. 

Bedding: In lower (mudstone) part of unit, sandstone occurs in distinct 
beds as thick as 10 ft between very thick mudstone. In upper part of unit, 
sandstone beds largely very thick (more than 10 ft'?). 

Parting: Present on distinct bedding planes, largely at very wide spacing 
(more than 10 ft). Probably present at close to wide spacing in most 
mudstone. Thus, spacing largely very wide, but close to wide in one- 
fourth to one-third of unit. 

Fracture: Sandstone has largely moderate to wide spacing, ranging from 
very close to 4 ft, but produces many oversize blocks (3-5 ft in diam- 
eter), most internally fractured. Mudstone has very close to moderate 
spacing of weathering fracture. Limestone largely moderate, some wide. 

Permeability: Intergranular permeability of sandstone low to moderate 
where weathered, much of each: very low to moderate where fresh; 
mudstone very low. Thus, in weathered rock about three-eighths of unit 
moderate, three-eighths low, one-fourth very low: in fresh rock probably 
some moderate, some low. much very low. Most mantle moderate, some 
very low. 

Surficial mantle: Largely granular, some clayey. Sample STH9, dark silty 
clay soil on mudstone, is typical of about one-fourth to one-third of 
soils (those on mudstone;'; remaining two-thirds to three-fourths is sand 
soil. 

Expansivity: Most bedrock unexpansive, minor to some significantly 
expansive.  Most  mantle  unexpansive,  some severely expansive.  
~ a h ~ l e s :  STH11. weathered clayey bedrock, moderately cracked, lo- 
cal constituent, free swell 60 percent; STH9, mildly cracked silty clay 
soil, free swell 100 percent, typical of soil on mudstone. Soil on sand- 
stone is uncracked. 

Stratigraphic thickness: At least 900 ft (Bailey and Everhart, 1964). 
Sources: Bailey and Everhart, 1964; three stations. 

hornblende, pyroxene. and dark lithics, all subangular to angular. (2) 
Grades to medium-grained lithic quartz sandstone, locally containing 
abundant barnacle remains, grains subangular to angular. (3) Conglom- 
erate, predominantly of chert pebbles, well sorted, average 0.75 in. in 
diameter. (4) Probably some clayey rock, judging from expression in 
aerial photographs. 

Proportions unknown, probably largely sandstone, some of which is 
cemented, some conglomerate, some clayey rock. Bioclastic sandstone 
underlies Tolman Peak and grades laterally from sandstone to conglom- 
erate near Niles. 

Hardness: Largely firm where fresh, firm to soft where weathered; prob- 
ably some hard calcite-cemented rock, especially near Tolman Peak 
where bioclastic sandstone has 10 percent calcite, and in remainder of 
unit where barnacle-rich beds occur. 

Bedding: Unknown. No mention other than conglomerate interbeds. 
Parting: Unknown, but probably largely absent to very widely spaced. No 

mention of clayey interbeds. 
Permeability: Bedrock probably has largely low intergranular permeabil- 

ity, probably some moderate and some very low. Cemented rock and 
much clayey rock probably have low fracture permeability in shallow 
rock. Probably most mantle moderate. some low to very low. 

Weathering: Hall (1958) noted much weathering of feldspars to clay. 
Surficial mantle: Probably largely granular, some clayey. 
Expansivity: Most bedrock and mantle unexpansive, probably some of 

each expansive. 
Stratigraphic thickness: From 470 ft to more than 900 ft (Hall, 1958). 
Source: Hall, 1958. 

MAP UNIT 376 

Geologic unit, (age), and location: Domengine Sandstone (T) (equiva- 
lent to the combined Muir and Escobar Sandstones of Weaver, 19531, 
only on east limb of Pacheco syncline, west of Concord. 

Summary: Largely sandstone. some clayey interbeds. Includes many hard 
concretions, some as large as 15-20 ft in diameter. Difficult trenching 
in massive sandstone of upper part (not brittle). Much moderate perme- 
ability. Some bedrock and mantle is expansive. See units 344, 441. and 
414. 

Expression in aerial photographs: \ anable Forms prominent snterme- 
diate to hard ridge, but a l ~ o  underlies \er) subdued soft topography 
Banded, not homogeneous Light-toned resistant bands are 30-100 ft 
wide, some quite prominent topographically Much has subtle banding 
that shows little topographic expression Some good sections on photo- 
graphs 
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Composition: Equivalent to combination of Weaver's (1953) Muir and 
Escobar Sandstones. hence basically a combination of units 441 and 344. 
Here. however. Weaver's Muir Sandstone consists of interbcdded sand- 
stone and mudstone, sandstone dominant over mudstone and matrix-satu- 
rated sandstone. Sandstone is fine to medium grained. tuffaceous, and 
ranges from moderately to well sorted. Includes minor calcite-cemented 
fossiliferous beds and concretions. Thus. we conceive upper half of unit 
as very thick bedded, moderately permeable, medium-grained sandstone. 
and lower half as fine-grained, tuffaceous and somewhat siity sandstone 
of mostly low permeability, interbedded with matrix-saturated sandstone. 
mds tone ,  and some shale. 

Hardness: Sandstone firm, some brittle (tuffaceous?), scme weathers soft. 
Cemented beds and concretions hard. Interbedded clayey rock firm, some 
weathers soft. Massive sandstone in upper part is net brittle. 

Bedding; Distinct. Most is bedded at medium to very thick (6  f t ) ,  much 
of which is medium to thick bedded. Some very thick (greater than 10- 
ft) beds in upper part of unit. Hard cemented beds are medium to thick 
(several in section, broadly lenticular), and concretionary beds as thick 
as 4 fi. Some beds of matrix-saturated sandstone as thick as 50 ft. See 
sections by Weaver (1953). 

Parting: At bedding planes. largely moderate to very wide (6 ft). Some 
parting in clayey interbeds at very close to moderate spacing. but much 
lacks parting. 

Friicture: Irregular in sandstone. moderate to very wide, probably largely 
moderate to wide spacing. Much scaling in sandstone. Hard cemented 
beds fractured at E& to moderate spacing, Concretions as large as 15- 
20 ft in diameter. most large tc 6 ft. 

Permeability: Much bedrock has inoderate intergranular permeability, 
much low, minor to some very low. Most mantle moderate, some low 
to very low 

Weathering: Sandstone weathered to depths greater than 30 ft, much to 
depths greater than 40 ft. Mudstone and matrix-saturated sandstone fresh . - 
at 20 ft ,  probably weathered to depths of 10-15 ft. Some sandstcne scales 
where weathered. 

Surficial mantle: Largely granular, some clayey. 
Expansivity: Most bedrock unexpansive, some expansive. probably mi- 

nor severe!) expansive (clayey rock). Most mantle unexpansive. some 
to possibly much significantly expansive. See samples for units 344 and 
441. 

Sources: Weaver, 1953; live stations. 

MAP UNIT 377 

Geologic unit,  :age), and location; Meganos Formation. Division D of 
Clark and Woodford (1927) (T).  near Mount Diablo. 

Summary: Largely sandstone, some clayey rock. Sandstone is variable, 
from dirt\ and fine grained to clean and coarse grained. Minor cemented 
rock. Some to half of unit has moderate intergranular permeability, some 
hirh Some to much mantle and probabl] some bedrock is significantly 
expansive. 

Expression in aerial photographs: Resistant ridge former, includes one 
prominept resistmt ridgetop bed. about 100 ft in width, in which sharp 
white hand is 10 ft wide, little apparent outcrop. Dip slope of much of 
hogback is hard topography, but toward Deer Valley Road this becomes 
more subdued intermediate topography that has ribbing and subtle light- 
gray and dark-gray bands 30-100 ft in width. Except for prominent re- 
sistant bed. unit is moderately resistant. not strongly so. 

Composition: (1 )  Sandstone. coarse to medium grained. clean, well to 
moderately well sorted. Some is somewhat silty, some has minor pebbles, 
and some contains tuffaceous clasts. (2) Sandstone, very fine to medium 
grained, largely tine grained, varying from moderately or poorly sorted 
dirty sandstcne of low permeabilty to well-sorted and moderately well 
sorted :lean sandstone of moderate permeability largely dirty sandstone, 
some clean ( 3  8 Calcite-cemented beds and concretion,, including shell 
bed that is an excellent outcropping marker bed and ndge former Ce- 

mented beds occur in both compositions 1 and 2. (4) Clayey and silty 
interbeds of sandy and tuffaceous mudstone, shale. siltstone laminated 
silty fine sandstone, and clayey fine sandstone: some clayey sandstone 
is gritty. (5) Conglomerate reported at base (Brabb and others. 1971). 
(6) Sandstone, quite firm. resistant bed. fine to medium grained. scaly. 

Proportions vary along strike. To west. unit is largely composition 2 
but contains some clayey interbeds. minor cemented beds, and quite firm 
scaly sandstone (composition 6) .  To east, unit includes as much as half 
coarse clean sandstone (composition I ) :  the remainder is either largely 
sandstone of composition 2 or largely claye} sandstone of composition 
4.  Minor cemented rock, minor eonglomeriitc. 

Hardness: Coarse sandstcne is largely soft (.although some of this is firm 
at the surface because case hardened), scme firm. both where fresh and 
weathered. Sandstone of composition 2 is largely firm where weathered. 
some quite firm, some soft. Clayey interbeds firm where fresh and weath- 
ered. Cemented rock hard. Scaly sandstone quite firm. 

Bedding: Coarse sandstone in very thick (10- to 150-ft) distinct beds, some 
internally bedded and crossbedded ( d a r k  and Woodford, 1927), between 
medium to very thick interbeds of clayey rock. Sandstone cf composi- 
tion 2 is distinctly to indistinct!) bedded in beds that range from very 
thin to very thick ( 8  ft), largely thick; bedding is defined by clean against 
dirty sandstone and by medium to thick clayey interbeds. Cemented beds 
largely to thick, some as much as 4 ft. Quite firm sandstone of compo- 
sition 6 is 25 ft thick. 

Parting: Largely absent in coarse sandstone, present in some at close to 
moderate spacing. In some of composition 2. parting occurs on lamina- 
tion largely at moderate spacing, ranging from close to wide; in scme, 
parting (for ripping) largely at wide but slope-failure parting at 6 f t .  Many 
cemented beds parted at moderate spacing. 

Fracture: Indistinct and variable in coarse sandstone, moderate to very 
wide spacing (10 ft). Some sandstone of composition 2 is fractured at - - 

moderate to wide spacing (clearly defined within 10 ft of ground sur- 
face), some shows close- to moderate-spaced weathering fracture and 
scaling. Clayey interbeds have very close to moderate spacing of weath- 
ering fracture. Scaly sandstone has moderate to wide spacing, clearly 
defined near ground surface. Cemented rock largely moderate to wide 
spacing, some as much as 4 ft. 

Permeability: Coarse sandstone has moderate to high intergranular pcr- 
meability. much of each; cornposition 2 largely low but some moderate; 
clayey interbeds low to very low, largely low; scaly sandstone low. Thus, 
to west intcrgranular permeability of bedrock is largely low but some 
moderate. varying along strike toward the east to about half moderate 
and some of both high and low; minor to some very low throughout, but 
this probably is accompanied by low fracture permeability in shallow 
rock Most mantle moderate, probabl) some low 

Weathering: Much fracture is distinct only near ground surface, appar- 
ently absent or incipient at depth. Coarse sandstone weathered deeply 
(.greater than 40 ft). 

Surficiai mantle:  Largely granular, probably some clayey. L a r ~ i :  
uncracked silty sand soil to the east. grading toward the west to about 
equally abundant uncracked silty sand soil and n~ildl) cracked brown silty 
scil, such as sample AS27. 

Expansivity: Bedrock largely unexpansive, probably some significantly 
expansive (cla>ey rock). Most mantle unexpansive, some to much sig- 
nificantly expansive. Sample AS27, mildly cracked silty soil typical of 
low-lying terrain, free swell 60 percent. 

Stratigraphic thickness: 100-900 ft (Brabb and others. 1971): 0-700 ft 
(Johnson, 1964): 0-300 ft ( d a r k  and Woodford, 1927). 

Sources: Brabb and others. 1971; d a r k .  1921; Clark and Woodford, 1927: 
Johnson, 1964: five stations. 

MAP L'MT 378 

Geologic unit, (age) ,  and location: Strata of German Ranchc iT). necr 
Sonoma County coast 
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Summary: Largely sandstone, lesser mudstone and conglomerate. Prob- Composition: Fine-grained sandstone, siltstone, locally much silty mud- 
ably most bedrock and mantle is unexpansive. 1 stone, minor amounts of medium- to coarse-grained sandstone and 

Composition: Largely sandstone, lesser mudstone and conglomerate. Most 1 porcelaneous shale and mudstone. Most fine-grained sandstone and silt- 
of unit is moderately sorted, medium-grained sandstone accompanied by i stone has clay or ash matrix; medium- to coarse-grained sandstone com- 
minor interbedded mudstone, but includes sequences a few feet to hun- 1 monly lacks matrix. 
dreds of feet thick of either mudstone and fine-grained to very fine 1 Hardness: Firm where fresh, firm to soft where weathered; porcelaneous 
grained sandstone or conglomerate having sandstone matrix. Conglom- rock firm to hard. 
erate clasts (cobbles and locally boulders) are composed largely of gra- ; Bedding: In fine-grained sandstone commonly absent to indistinct, local 
nitic rock and some metamorphic rock, but locally they are composed 1 distinct beds medium to very thick; in other compositions thin to medium. 

Parting: In sandstone commonly absent, local parting at moderate to very 
wide spacing. In other compositions much parting at close to moderate 
spacing. 

Fracture: Spacing moderate to very wide in fine-grained sandstone where 
fresh, very close to moderate where weathered; close in porcelaneous 

of siliceous porphyritic volcanic rock. Minor to some sandstone is cal- 
cite cemented. 

Hardness: Fresh rock is to fir111, moderately weathered rock is fbm 
to hard. Calcite-cemented beds are hard. 

Bedding: Distinct, medium to very thick (30 ft or more); thick to very 
thick beds abundant, beds locally thin to very thin. 

Parting: At distinct bedding planes. Mudstone is not fissile. 
Fracture: In rift valley. sandstone is shattered at close to moderate spac- 

ing: elsewhere largely wide to very wide (15 ft), some moderate. 
Permeability: Intergranular permeability of bedrock largely low, some 

very low, some coarser sandstone may be moderate, especially where 
weathered; probably some low fracture permeability in shallow rock. 
Most mantle moderate. 

Weathering: Some weathered rock so soft as to gully in ditches along 
roads 

Surficial mantle: Largely granular. 
Expansivity: Bedrock and mantle probably largely unexpansive. No 

sample. 
Stratigraphic Thickness: 10,000-20,000 ft or more. 
Sources: Blake and others, 1971; Wentworth, 1966: two stations. 

MAP UNIT 379 

Geologic unit, (age), and location: Undifferentiated sandstone, mudstone, 
and conglomerate (TK), near Sonoma County coast. 

Summary: Largely sandstone, probably some mudstone and some con- 
glomerate. Almost all rock is soft to a depth of 30 ft, shattered at close 
to moderate spacing 

Composition: Largely sandstone, lesser mudstone and conglomerate. Simi- 
lar to units 378 and 613, minor amount similar to unit 666. 

Hardness: Almost all rock is soft to depth of 30 ft or more. 
Bedding: Probably most sandstone in medium to very thick distinct beds. 
Parting: Absent. 
Fracture: All shattered at close to moderate spacing, largely less than 3- 

4 in. 
Permeability: Moderate intergranular permeability in weathered medium- 

grained sandstone, very low in mudstone. fresh rock like units 378 and 
613. Thus, bedrock has largely low and very low intergranular perme- 
ability at depth, low to moderate intergranular and fracture permeabil- 
ity in shallow weathered rock. Probably much to most mantle moderate. 
much low to very low. 

Weathering: Highly weathered to depths greater than 30 ft; almost all rock 
is soft in weathered zone. 

Surficial mantie: Probably much to most granular, much clayey. 
Expansivity: Probably most bedrock and mantle unexpansive. Sample 

SP13. sandy soil on sandstone. typical(?), free swell 38 percent. 
Sources: Blake and others, 1971; Wentworth, 1966; one station. 

MAP KNIT 380 

Geologic units, (age), and location: Purisima Formation. undivided (T), 
Tunitas Sandstone Member (T), and Tahana Member (T); unnamed sand- 
stone (T);  in San Mateo County part of Santa Cruz Mountains. 

Summary: Largely fine-grained sandstone and siltstone: most of this has 
clay or ash matrix. Rock firm where fresh, firm to soft where weath- 
ered. Some bedrock and most surficial mantle is expansive. 

rock 
Permeability: Bedrock has largely very low intergranular permeability, 

some low, probably minor moderate (in clay-poor sandstone). In surficial 
mantle largely very low, some low, some moderate (where mantle is 
sandy). 

Surficial mantle: Largely clayey, some granular 
Expansivity: Most bedrock unexpansive, some significantly expansive, 

minor severely expansive. Most mantle significantly expansive, some 
severely expansive, some unexpansive. Bedrock samples: PA18, coarse 
sandstone, free swell 26 percent; SGGSB, bedrock, free swell 34 per- 
cent: SGG3B, bedrock, free swell 40 percent; SGG3A, weathered bed- 
rock, free swell 92 percent; PAS, very fine sandstone, free swell 45  
percent; W03C,  bedrock, free swell 52 percent; LH14A, bedrock, free 
swell 57 percent; PA6B. bedrock(?), free swell 60 percent; LH12B, bed- 
rock, free swell 64 percent: HMB6, bedrock(?), free swell 80 percent; 
HMB7A, bedrock(?), free swell 90 percent; PA7, siltstone, free swell 
100 percent. Surficial mantle samples: PA1 1, uncracked granular soil, 
free swell 32 percent; SGGSA, soil, free swell 43 percent; PA10, slightly 
cracked soil, free swell 48 percent; W03A,  soil on landslide, free swell 
51 percent; LH14B, soil, free swell 54 percent; HMB9, uncracked or- 
ganic soil, free swell 57 percent; SGG2A, soil, free swell 60 percent; 
MH12, gray soil, free swell 62 percent; LH15, soil, free swell 64 per- 
cent; PA3, clayey soil. free swell 68 percent: SGG2D. soil(?), free swell 
69 percent; SGG7, soil, free swell 75 percent; PA6A, soil, free swell 88 
percent; LH12A. soil, free swell 103 percent; SGG2B. upper popcorn 
subsoil, free swell 110 percent; SGG2C, lower popcorn subsoil, free 
swell 120 percent; LH13, soil, free swell 115 percent: HMB7B, soil, free 
swell 128 percent: W03B, soil on landslide, free swell 158 percent. 

Stratigraphic thickness: 250-2,150 ft (Tunitas Sandstone Member 250- 
400 St, other units much thicker). 

Source: Ellen and others, 1972. 

MAP UNIT 381 

Geologic unit, (age), and location: Neroly Sandstone (T), only in the East 
Bay Hills (excluding area north of Alamo) and in southern Napa Range 
near Carneros Creek. 

Summary: Medium- to coarse-grained sandstone that has clay coatings 
generally approaching saturation interbedded with fine clayey sandstone 
and intervals of mudstone, siltstone, and shale. Mostly firm and of low 
permeability, but some moderate permeability. Toward the south in the 
East Bay Hills, proportion of dirty and fine-grained rock increases and 
the coarser sandstone becomes harder. Area of exposure near Carneros 
Creek not seen in field. Much mantle is severely expansive. 

Composition: Interbedded (1) medium- to coarse-grained andesitic sand- 
stone, well sorted, rounded to subrounded, most having characteristic 
blue-gray clay coatings (see unit 400), locally including beds of shell 
debris and pebbly sandstone containing pebbles as much as 1 in. in di- 
ameter; (2) fine-grained sandstone, some tuffaceous. well to moderately 
well sorted, having clay coatings; and (3) mudstone, siltstone, and shale. 
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Some medium- to coarse-grained sandstone contains calcite-cemented 
beds to medium and calcite concretions as large as thick by 3 ft in length. 
Beds of ash in places. To  the south in the East Bay Hills. well-sorted 
sandstone becomes less abundant and is replaced by fine- to medium- 
grained d i m  and tuffaceous sandstone, mudstone, and shale. Near Rocky 
Ridge, laminated shale contdining thin bentonite beds is common in 
upper half of unit. 

Most of unit is sandstone and dirty sandstone, some mudstone and 
shale. In the East Bay Hills near San Pablo Bay, about half of unit is 
the resistant, coarser sandstone; to the south, near Las Trampas Ridge. 
this material constitutes only some of unit. Proportions unknown near 
Carneros Creek. 

Hardness: Mostly firm pieces where fresh and weathered. but sandstone 
weathers firm to soft. Beds of shell debris firm to quite firm. Calcite- 
cemented beds and concretions hard where fresh, weather firm to soft. 
To the south in the East Bay Hills, well-sorted sandstone, here less abun- 
dant, is firm to hard, and some is calcite cemented and hard. 

Bedding: Large-scale bedding is clear in places on aerial photographs. In 
outcrop. bedding is indistinct to distinct. Unit includes both very thick 
(10- to 100-ft or more) beds and thin to very thick (4-ft) interbedded 
rock in intervals as thick as many tens of feet. Very thick beds in places 
contain medium to very thick (4-ft) beds of shell debris and pebbly sand- 
stone. Hard calcite-cemented beds and concretions thin to thick. Many 
sandstone beds are internally bedded and crossbedded. Ash beds thin to 
medium. To the south in the East Bay Hills, most very thick beds are 
dirty sandstone or mudstone; well-sorted sandstone mostly occurs in beds 
that are thick or less, but some are as thick as 20 ft. 

Parting: Mostly absent in very thick beds, but a few partings occur within 
these beds in places. Present on some bedding planes, absent on many; 
good parting, for example, on contacts between sandstone and mudstone. 
Parting in siltstone and mudstone in places at close spacing, in places 
as wide as 4 ft. In shale, at very close spacing. 

Fracture:  In medium- to coarse-grained sandstone, mostly moderate to 
wide spacing, some close to 4 ft, except within several feet of ground 
surface where close to moderate spaced fracture is parallel to ground 
surface in places. In fine sandstone, moderate to wide original spacing 
and close to moderate spacing of weathering fracture; much spalls at very 
close. Mudstone and siltstone have close to moderate original spacing, 
close to very close spacing of weathering fracture. Hard calcite-cemented 
beds have wide spacing. 

Permeability: Sandstone has mostly low intergranular permeability ow- 
ing to clay coatings, but as much as 25 percent of medium- to coarse- 
grained sandstone may have moderate intergranular permeability in 
shallow rock. probably more.at depth. Minor high intergranular perme- 
ability locally. Intergranular permeability of siltstone low, mudstone and 
shale very low. Thus, most bedrock low, minor to some moderate, some 
very low. To  south, permeability of unit decreases. Probably much mantle 
very low to low, much moderate. 

Weathering: Sandstone weathered to depths greater than 20 ft. Mudstone 
fresh in places at depth of 5 ft. 

Surficiai mantle: On the whole probably much clayey, much granular, 
but varies from largely clayey to largely granular. Radbruch and Case 
(1967) reported sparse sandy loam soil less than 1 ft thick. Sample 
BV28A represents the most expansive end of typical soil near Briones 
Reservoir, but here unit includes some soil like sample BV28B, popcorn 
clay soil, most expansive soil seen here. At southern extreme (Rocky 
Ridge), three-fourths or two-thirds of soil is mildly cracked at most; the 
remaining one-fourth to one-third has a moderately cracked subsoil, of 
which sample LTR13 is typical. 

Expansivity: Probably most bedrock unexpansive, but much may be sig- 
nificantly expansive and some may be severely expansive. Probably 
much mantle unexpansive to significantly expansive, much severely ex- 
pansive, but near Las Trampas Ridge only some is severely expansive. 
Samples: BV28.4, dark clayey soil, most expansive typical soil, free 

swell 92 percent: BV28B, popcorn clay soil, most expansive soil at this 
station. free swell 120 percent: LTR13. subsoil, typical of some soil in 
southern extreme, free swell 98 percent; MI19, dark sandy clay soil, free 
swell 94 percent. 

Strat igraphic thickness: 1,250 ft near San Pablo Bay (Weaver, 1944); 
1,100-1,400 ft near Rocky Ridge (Ham, 1952): more than 1,500 ft north 
of Sacramento River (Weaver, 1909). 

Sources: Condit, 1938; Ham, 1952; Osmont, 1905; Radbruch and Case, 
1967; Vitt, 1936; J.R. Wagner, written commun., 1973; Wagner. 1978; 
Weaver, 1909, 1944, 1949: seven stations. 

MAP UNIT 382 

Geologic units, (age), a n d  location: Briones Sandstone, G and I mem- 
bers of Wagner (1978) (T). in the East Bay Hills. 

Summary: Dramatically bedded unit consisting of boldly outcropping firm 
to hard sandstone in thick to very thick (30-ft) beds between nonresis- 
tant, very thick (5- to 100-ft) intervals of silty and clayey sandstone and 
shale. Minor to some mantle is significantly expansive. Mapped as Cierbo 
Sandstone by Ham (1952). 

Composition: Largely sandstone. Outcropping beds of sandstone are 
mostly medium grained, tuffaceous at least in part, and have clay coat- 
ings that fill or nearly fill interstices. Some beds of sandstone are coarse 
grained and conglomeratic. Minor conglomerate contains pebbles as 
much as 3 in. in diameter. Minor calcite-cemented concretions to large. 
Non-outcropping interbeds include: (1) firm, thin-bedded, medium- to 
coarse-grained sandstone that contains sufficient clay and silt to scale 
where weathered (some of unit) and (2) very thin to medium interbed- 
ded sandstone and shale (some of unit). Glauconite reported to he com- 
mon. Occasional shell-breccia beds; rare limestone, some containing 
chert, some argillaceous. 

Hardness: Outcropping sandstone firm to hard (much firm, much hard); 
nonoutcropping interbeds of sandstone and shale where weathered are 
firm and friable with difficulty, some soft. Concretions hard; pebbles in 
conglomerate hard. Limestone hard where fresh and weathered. 

Bedding: Outcropping sandstone in thick to very thick (30-ft) distinct beds 
between very thick (5- to 100-ft) non-outcropping intervals composed 
of either thin-bedded dirty sandstone or very thin to medium interbed- 
ded sandstone and shale. Conglomerate in medium to thick beds. Lime- 
stone in very thick (30- to  70-ft) lens on  Divide Ridge. Unit is 
dramatically bedded. 

Parting: Present at contacts of outcropping sandstone beds; within some 
outcropping beds at very wide (6 ft or more), but some beds as thick as 
20 ft remain unparted; within interbedded sandstone and shale at close 
to very close spacing. 

Fracture:  In outcropping sandstone, fracture spacing is moderate to very 
wide (20 ft), mostly wide to very wide (10 ft). Sandstone and shale that 
make up nonresistant interbeds are fractured at very close to moderate 
spacing. 

Permeability: Shallow sandstone has largely low intergranular permeabil- 
ity, some moderate; probably much of both moderate and low intergranu- 
lar permeability in sandstone below shallow rock; shale very low. Thus, 
permeability of shallow bedrock is largely low, some moderate, some 
very low; below shallow rock probably much of both moderate and low, 
some very low. Most to almost all mantle moderate. 

Weathering: Sandstone weathers from fractures inward, partially weath- 
ered at depth of 8 ft. Some outcropping sandstone scales somewhat where 
weathered. All interbed sandstone scales where weathered. 

Surficial mantle: Most to almost all is granular (clayey sand soil). 
Expansivity: Almost all bedrock is unexpansive. Most to almost all mantle 

is unexpansive, but minor to some is significantly expansive. Where 
observed, almost all mantle is uncracked; 10 percent at most is mildly 
cracked like sample LTR12. clayey sand soil, free swell 69 percent (pos- 
sibly exaggerated). This sample represents the most expansive material 
seen in this unit and in units 330, 331, and 383. 
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Stratigraphic thickness: 800-900 ft (J.R. written commun.. 
1973). 

Sources: Ham, 1952; Newton, 1948; Trask, 1922; J.R. Wagner. written 
commun., 1973; Wagner, 1978; two stations. 

MAP UNIT 383 

Geologic unit, (age), and location: Briones Sandstone. F member of 
Wagner (,1978) (T). in the East Bay Hills. 

Summary: Nonresistant unit, forms swales and upland valleys between 
high]) resistant units 330 and 382. Firm and hard sandstone, probably 
interbedded with less abundant mudstone. Bedrock and mantle probably 
largely unexpansive. 

Composition: Probably largely sandstone, interbedded with some to much 
sandy mudstone or shale. Sandstone is fine to medium grained, variably 
silty and clayey (some scaly), but all contains sufficient fines for low 
permeability. Sandstone contains hard calcite-cemented concretions as 
large as medium, especially near base, and minor medium to thick hard 
calcite-cemented beds. Sandstone is pebbly in places near upper contact 
with unit 382. J.R. Wagner (,written commun., 1973) suggested that shale 
and mudstone are dominant over sandstone; Ham (1952) suggested the 
opposite. 

Hardness: Where weathered, some sandstone is hard, some firm. Mud- 
stone has firm pieces. Concretions and calcite-cemented sandstone hard. 

Bedding: Probably distinct, very thick (5- to 7-ft) beds of sandstone be- 
tween thick beds of sandy mudstone. rhythmically interbedded. Hard 
calcite-cemented beds medium to thick; hard sandstone beds as thick as 
5 ft or more. Unit has distinct beds on photographs and from distance 
on ground, but bedding contacts could well be gradational or otherwise 
indistinct. 

Parting: Probably present at contacts between sandstone and mudstone at 
wide to very wide (7-ft) spacing. 

Fracture: In sandstone close to moderate spacing. possibly some wide. 
Mudstone probably has close spacing. Some sandstone scales where 
weathered. 

Permeability: Sandstone (probably most of unit) has low intergranular 
permeability: mudstone (some to much of unit) very low, but much prob- 
ably has low fracture permeability in shallow rock. Probably most mantle 
moderate, some low to very low. 

Weathering: Unknown. Some sandstone scales. 
Surficial mantle: Probably largely granular, some clayey. 
Expansivity: Most bedrock unexpansive, but some to much may be sig- 

nificantly expansive where weathered (clayey rock). Probably most 
mantle unexpansive, some significantly expansive. Uncracked soil. See 
sample for unit 382. 

Stratigraphic thickness: 0-400 ft (J.R. Wagner, written commun., 1973). 
Sources: Ham, 1952: Newton, 1948: Trask, 1922; J.R. Wagner, written 

commun., 1973; Wagner, 1978; two stations. 

MAP UNIT 384 

Geologic unit, (age), and location: Sandstone, siltstone. and shale IT), ~ 
in southern Xapa Range near Cameros Creek Mapped as Monterey Shale 
by Weaver (1949). 

Summary: Not seen in field. Reported to be medium- to fine-grained sand- 
stone, shaly sandstone. and sandy shale. Probably like units 385, 332, 
and 406. 

Composition: Medium- to fine-grained, light-gray to white sandstone, 

Surficial mantle: Unknown. Probably much granular, much clayej 
Expansivity: Probably most bedrock unexpansive, probably some expan- 

sive (clayey rock). Probably much mantle expansive. See samples for 
units 332 and 406. 

Stratigraphic thickness: Averages about 500 ft (Weaver, 1949). 
Sources: Fox and others, 1973: Weaver. 1949. 

MAP UNIT 385 

Geologic unit, (age), and location: Montere) Group, sandstone unit (T), 
only in the East Bay Hills between Dublin and Upper San Leandro Res- 
ervoir. 

Summary: Not seen in field. Probably mostly like other sandstone units 
of the Monterey Group, consisting of firm to quite firm sandstone inter- 
bedded with less abundant clayey rock. Near Upper San Leandrc Rescr- 
voir. however, much sandstone may be cemented and probably hard. 
Probably most bedrock and mantle is unexpansive. 

Expression in aerial photographs: Between Dublin and Cull Canyon, 
forms intermediate topography, distinctly banded by light- and dark- 
toned zones as wide as 70 ft 

Composition: (1) Sandstone. fine to medium grained; most has silt and 
clay matrix that produces weathering fracture, but some lacks weather- 
ing fracture. (2) Clayey interbeds, probably largely clayey sandstone. (3) 
Fossiliferous, well-cemented pebbly lithic feldspathic grajwacke inter- 
bedded with sandy shale; graywacke is poorly sorted and consists of 
angular grains in matrix that appears to be clay or chlorite (Ham, !952). 
Unit is probably largely sandstone (composition I) ,  minor to some clayey 
interbeds (composition 2). Cemented sandstone (composition 3) reported 
only near Upper San Leandro Reservoir, where much sandstone may be 
cemented 

Hardness: Sandstone probably firm to quite firm where fresh, firm and 
lesser quite firm where weathered; probably hard where cemented. 
Clayey rock probably firm where fresh and weathered. 

Bedding: Probably most sandstone beds very thick, some medium to thick. 
Parting: Spacing probably largely very wide 
Fracture: Uncemented sandstone probably has original moderate to wide 

spacing, and probably most has close to moderate spacing of weather- 
ing fracture, much spheroidal. Cemented sandstone unknown. 

Permeability: Sandstone (most of unit) probably has low intergranular 
permeability, clayey rock (minor to some of unit) low to very low, ex- 
cept near Upper San Leandro Reservoir where much to most bedrock 
probably has very low intergranular permeability and low fracture per- 
meability in shallow rock. Probably most mantle moderate. some to much 
low to very low. 

Surficial mantle: Probably largely granular. some to much clayey. Granu- 
lar soils probably similar to sample DU6A in unit 528. 

Expansivity: Most bedrock unexpansive, probably some expansive (weath- 
ered clayey rock). Probably most mantle unexpansive, some to much 
significantly expansive. See samples DG6A and DU6B in unit 528. 

Source: Ham, 1952. 

MAP L'NIT 386 

Geologic unit, (age), and location: Harnbre Sandstone I T )  of the Montere] 
Group, only between Niles Canyon and Calaberas Resenoir ,  east of 
Fremont 

Summary: Sandstone, hard to firm where neathered, interbedded with firm 
clayey sandstone to siltstone North of Mission Pass reltiti\elj clean 

shaly sandstone, and sandj shale Probably largely sandstone, some shale sandstone and clayey rock are about equally abundant, south of Mission 
Hardness: Probably firm. 
Bedding: Probably largely unbedded, some indistinct bedding in places. 
Parting: Probably absent in most of unit. present in shale at close to very 

close spacing. 
Permeability: Bedrock probably has largely low intergranular permeabil- 

Pass, largely clayey rock. Much to most mantle is severely expansive. 
Expression in aerial photographs: Intermediate topogr~phy that varies 

from swale-forming, nearly soft topography to ribless but fairly resis- 
tant intermediate topography that contains small aligned bumps or peaks. 
which are possibly cemented rock. Tone is uniform, smooth, unhanded, 

ity. some very low. Probably much mantle moderate, much low to very in contrast to adjacent units. More resistant north of Mission Pass, forms 
low. swales south of Mission Pass. 
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Composition: (1) Sandstone, medium to fine grained, well to moderately 
well sorted. some calcite cemented, some cemented but lack of reaction 
to acid suggests clay cementation. (2) Clayey fine- to medium-grained 
sandstone and lesser siltstone and silty mudstone. (3) Limestone. (4) 
Sheil-breccia sandstone, calcite cemented. North of Mission Pass, unit 
consists of sandstone (composition 1) interbedded with about equal 
amounts of clayey sandstone (composition 2 ) ,  although composition 1 
is probably dominant: minor limestone (one bed) and shell-breccia sand- 
stone (two beds). South of Mission Pass, unit is probabl) dominantly 
clayey rock (composition 2). 

Hardness: Sandstone (composition 1) is hard where fresh. hard to firm 
where weathered, some durable (calcite cemented). some probably not 
durable (clay cemented?). Clayey sandstone, siltstone. and mudstone firm 
where weathered, probably firm where fresh, Limestone and shell brec- 
cia hard to outcrop. 

edding: North of Mission Pass, two styles of bedding are about equally 
abundant: ( . I )  thin to thick, some as much as 6-ft, interbedded sandstone 
and clayey sandstone, both compositions about equally abundant, in fairly 
distinct beds; and (2)  very thickly iuterbedded sandstone and clayey sand- 
stone, largely sandstone, in intervals 10-50 ft and more in thickness. dis- 
tinct beds. Limestone in thick hed; shell breccia in 6-ft beds. 

Parting: North of Mission Pass, present on most distinct bedding planes, 
which are close to wide in about half of unit, very wide (10 ft or more) 
in other half of unit. Very thick bedded sandstone shows some internal 
parting, but mostly at spacing of 10 ft or more. Little parting within 
clayey interbeds. 

Fracture: Most sandstone has close to moderate spacing of weathering 
fracture on moderate to 4-ft spacing of original fracture, but in thin- to 
thick-bedded part of unit original spacing is probably close to moder- 
ate. Some very thick beds of sandstone show no weathering fracture and 
produce large to 4-ft blocks, but half or more of very thick sandstone 
beds have real or incipient weathering fracture at close to moderate spac- 
ing. Clayey sandstone, siltstone, and mudstone show much spheroidal 
weathering and produce close to very close. some moderate, spacing of 
weathering fracture. Limestone fractured at moderate to wide: shell brec- 
cia at wide to 5 ft. 

Permeability: North of Mission Pass, shallow bedrock has largely low 
intergranular permeability, some to much very low (in mudstone and 
cemented sandstone); possible some moderate intergranular permeabil- 
ity below shallow rock. South of Mission Pass, bedrock probably has 
low to very low intergranular permeability. Probably most mantle very 
low to low; some to much moderate, especially north of Mission Pass. 

Weathering: Much sandstone has weathering fracture as described. Clayey 
sandstone shows much spheroidal weathering and abundant weathering 
fracture. Some sandstone fresh at depths of 5-10 ft, minor crops out. 
Limestone and shell-breccia sandstone fresh to outcrop. 

Surficial mantle: Probably largely clayey: some to much granular, espe- 
cially north of Mission Pass. 

Expansivity: Much bedrock may be significantly expansive, some may 
be severely expansive. Much to most mantle severely expansive, some 
to much significantly expansive to unexpansive. Samples: NL5A, 
slightly cracked sandy silt soil, typical on sandstone, free swell 59 per- 
cent; NL5B. slightly cracked sandy clay soil on interbedded rock, typi- 
cal, free swell 85 percent; NL19, well-cracked dark sandy clay soil, 
typical, free swell 89 percent. No cracked bedrock noted. 

Stratigraphic thickness: About 500 ft (Hall. 1958) 
Sources: Hall. 1958; two stations. 

MAP UNIT 387 

Geologic unit, (age), and location: Hambre Sandstone (T) of the Monterey 
Group onl] northeast of Castro Valley in the East Bay Hills 

Summary: Not seen in field Probably largely firm, dirty, fine-grained 
sandstone that has weathering fracture and much spheroidal weathering, 

very thick beds. Minor to some shale interbeds. Probably much to most 
mantle severely expansive. See unit 364. 

Expression in aerial photographs: Intermediate topograph} 
Composition: Probably largely arkosic sandstone that is mostly fine 

grained, some medium grained; largely dirty to clayey, resulting in 
weathering fracture, scaling, and low permeability. Minor to some silty 
shale to shale. 

Hardness: Sandstone and shale probably firm where fresh and weathered. 
Bedding: Sandstone is probably largely very thick bedded, called mas- 

sive (Newton, 1948): occasional distinct shale interbeds or indistinct 
contrasting sandstone. 

Parting: Probably largely absent; present in shale. 
Fracture: Probably close to moderate spacing of weathering fracture, much 

spheroidal, on moderate to wide original spacing. Much may scale at very 
close spacing. Very close to moderate spacing of weathering fracture in 
shale. 

Permeability: Intergranular permeability of sandstone (most of unit) prob- 
ably low, some possibly moderate below shallow rock; shale (minor to 
some of unit) very low. Probably most mantle very low to low, some to 
much moderate. 

Surficial mantle: Probably largely clayey, some to much granular. 
Expansivity: Probably some bedrock expansive. Probably much to most 

mantle severely expansive, some to much significantly expansive to 
unexpansive. See samples for units 386 and 364. 

Sources: Hall, 1958; Newton, 1948; Robinson, 1956. 

MAP UNIT 388 

Geologic unit, (age), and location: Oursan Sandstone (T) of the Monterey 
Group, only northeast of Castro Valley in the East Bay Hills. 

Summary: Largely dirty to clayey fine- to medium-grained sandstone, 
most weathers spheroidally, but some calcite-cemented sandstone in very 
thick beds and minor to some clayey interbeds. Probably much mantle 
is severely expansive. 

Expression in aerial photographs: Too narrow to locate confidently. 
probably light-toned resistant band of intermediate topography. 

Composition: (1) Sandstone, arkosic, fine to medium grained, sand grains 
well sorted (Robinson, 1956), containing matrix of silt and clay (some 
quite clayey) sufficient for low permeability and weathering fracture. (2) 
Calcite-cemented sandstone, as beds and concretions. (3) Interbeds of 
clay shale, siliceous shale, and silty fine sandstone: lignite present in 
some shale beds. (4) Limestone lentils. Unit is largely dirty to clayey 
sandstone (composition 1). but has some cemented sandstone, minor to 
some clayey interbeds, and minor limestone. 

Hardness: Sandstone is largely firm where weathered, largely firm to quite 
firm where fresh. Calcite-cemented sandstone is hard where fresh, most 
weathers firm. Clayey interbeds largely firm where fresh and weathered. 
Limestone hard. 

Bedding: Sandstone largely very thick (10-50 ft), called massive (New- 
ton, 1948: Hall. 1958). Some sandstone beds thick to 4 ft (Robinson, 
1956), distinct to indistinct, between beds of clayey rock that are thin 
to medium (Hall, 1958), possibly to very thick. Cemented sandstone in 
distinct and prominent beds as thick as 30 ft; zones of dominant hard 
rock as thick as 50 ft or more. Limestone and concretions thin to me- 
dium(?). 

Parting: Largely absent, some probably at wide to 4-ft spacing. 
Fracture: Sandstone has moderate to wide original spacing and typically 

has close to very close spacing of spheroidal weathering fracture. Ce- 
mented sandstone moderate to wide spacing, but some has moderate spac- 
ing of weathering fracture. Most clayey interbeds have close to very close 
spacing of weathering fracture. Limestone probably has close to moder- 
ate spacing. 

Permeability: In shallow bedrock, intergranular permeability of sandstone 
low, cemented sandstone and clayey interbeds very low to low; thus, 
largely low, some very low. Probably some moderate intergranular 
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Expansivity: Probably most bedrock unexpansive, some expansive. Prob- 
ably much mantle severely expansive, much significantly expansive to 
possibly unexpansive. Sample HAY3, uncracked clayey sand soil, prob- 
ably typical, free swell 84 percent. 

Stratigraphic thickness: About 250 ft (Hall. 1958): 410 ft (Newton. 1948). 
Sources: Hall, 1958: Newton, 1948; Robinson, 1956; two stations. 

permeability below shallow rock. Probably much mantle low to very low, Weathering: Spheroidal weathering characterizes most of unit and gen- 
much moderate. 1 erally extends to depths greater than 15 ft;  fresh hard to quite firm 

Weathering: Most of unit has spheroidal weathering. Most sandstone is , corestones remain in this interval. Much mudstone appears to be weath- 
weathered to depths greater than 20 ft. some fresh cores of spheroids at 1 ered to soft clayey material to depth of 30  ft, but this may be restricted 
depth of 10 ft. i to rapidly weathering surfaces of cuts. Some calcite-cemented sandstone 

Surficial mantle: Probably much granular, much clayey. is fresh and hard at depth of 6 ft. 
I Surficial mantle: Probably largely clayey, scme granular. Over clayey 

sandstone, much of soi! is similar to sample NL12, but includes some 
black clay, such as sample NLl0.  

Expansivity: Most bedrock may be significantly expansive, minor to scme 
severely expansive (mudstone). Most mantle significdntly expansive, 
some severely expansive. Bedrock samples: NL11 A, moderately cracked 
weathered mudstone, free swell 100 percent; NL11B. mildly cracked 
weathered mudstone, free swell 101 percent. About half cf weathered 

MAP UNIT 389 

Geologic unit, (age), and location: Oursan Sandstone (T) of the Monterey 
Group. only between Niles Canyon and C a l a ~ e r a s  Reservoir, east of 
Fremont. 

Summary: Largely clay-saturated, fine-grained sandstone grading to sandy 
mudstone, much showing spheroidal weathering, unbedded to indis- 
tinctly bedded, largely nnparted. Minor to some hard calcite-cemented 
sandstone. Minor to some bedrock and some mantle is severely expan- 
sive. 

Expression in aerial photographs: Intermediate topography, largely non- 
resistant swale-former between more resistant units 508 and 532. Smooth 
texture, in places very subtly banded by largely light-toned zones about 
50 ft in width. Near Morrison Canyon forms uniform, relatively resis- 
tant band 200 ft in width. 

Composition: (I) Sandstone, fine to medium grained, clay saturated, 
weathers spheroidally: sand is moderately to moderately well sorted. (2) 
Mudstone to sandy mudstone. (3) Sandstone undersaturated by clay. (4) 
Calcite-cemented fine- to medium-grained sandstone. (5) To east of 
Calaveras fault, abundant calcite-cemented fossiliferous beds, medium 
to thick, as well as conglomerate of well-sorted and well-rounded chert 
pebbles, interbedded with sandstone (Hall, 1958). L'nit is largely (as 
much as 80 percent or more) clayey fine sandstone, composition 1; some 
(as much as 20 percent) is less clayey sandstone, composition 3; in places 
some mudstone, composition 2, and as much as 5 percent or more ce- 
mented sandstone, composition 4. Composition 5, which occurs only east 
of Calaveras fault, constitutes minor to some of unit there. 

Hardness: Clayey sandstone (composition 1) ranges from firm to quite 
firm and hard where weathered, probably largely firm, but variably abun- 
dant quite firm to hard beds in places make up most of unit. Material 
that is firm where weathered is probably firm to hard where fresh; harder 
weathered material is probably hard where fresh, judging from cores of 
spheroids. Mudstone is firm. probably both where fresh and weathered, 
but some weathers soft. The less clayey sandstone (composition 3) is firm 
where weathered, probably firm where fresh. Calcite-cemented sandstone 
and some clayey sandstone is hard where fresh and weathered. 

Bedding: Unbedded to indistinctly bedded at thin to very thick (as much 
as 20 ft or more), much at medium to thick (Hall, 1958). Indistinct bed- 
ding is revealed by variations in grain size, spacing of weathering frac- 
ture, and expansivity cracks. 

Parting: Little present. 
Fracture: Most clayey sandstone is spheroidally weathered along close 

to 5-ft, mostly moderate to wide, original spacing; weathered parts are 
reduced to close to very close spacing. Some more resistant, harder beds 
of clayey sandstone and less clayey sandstone have close to moderate 
spacing and do not weather spheroidally. Calcite-cemented rock has 
moderate to wide spacing. 

Permeahility: In shallow bedrock. low to very low intergranular perme- 
ability, much of each, but most shallow rock has low fracture perme- 
ability. Probably some moderate intergranular permeability below 
shallow rock. Probably most mantle low, some very low, some moderate. 

mudstone is uncracked and about half mildly cracked, such as sample 
NL11B: locally moderately cracked, such as sample NL11.4. Surficial 
mantle samples: NL12, typical uncracked to mildly cracked soil c n  
clayey sandstone, free swell 80 percent (exaggerated): NL10, black clay 
soil, free swell 13i percent. 

Stratigraphic thickness: Averages 250 ft, maximum of 500 ft (Hall, 1953). 
Sources: Hall, 1958; five stations. 

MAP L'NIT 390 

Geologic unit, (age), and location: Claremont Shale of the Menterey 
Group, sandstone member (T). in the East Bay Hills. 

Summary: Largely sandstone: most firm, some hard and calcite cemented. 
Hard blocks as large as 4 ft in diameter. Not blasted. Probably much 
surficial mantle is expansive. 

Composition: Largely sandstone, medium to coarse grained, poorly sorted, 
nearly saturated by interstitial fines (silt, clay, ash?), some calcite ce- 
mented. Includes some siliceous shale and firm shale. In Broadway tun- 
nel, Page (1950) reported fine- to medium-grained sandstone that consists 
of mostly angular grains of quartz and abundant feldspar. Includes mi- 
nor diabase dikes that are altered and clayey. 

Hardness: Some sandstone is firm to soft where weathered. some is hard 
and calcite cemented where weathered and fresh; probably most is firm, 
some hard. Radbruch ( 1  969) reported "generally firm." Page ( 1  950) re- 
ported "mainly fairly well consolidated"; hence, probably largely firm 
fresh and weathered. Siliceous shale hard. Shale has firm pieces and firm 
to soft rock mass where weathered. 

Bedding: Firm sandstone probably in very thick (10-ft or morej beds. 
Distinct beds of hard sandstone, siliceous shale, and shale are medium 
to very thick (6 ft). Page (1950) reported that unit is uniform rock, 
"largely devoid of stratification." 

Parting: Largely absent to very wide (10 ft or morej. At distinct bedding 
planes and within shale at close to very close spacing. 

Fracture: Spacing in hard sandstone is close to very wide ( 4  ft) Firm 
sandstone has close to moderate spacing of weathering fracture on close 
to wide original fracture spacing apparent in some exposures. Siliceous 
shale close to moderate spacing, firm shale close to vt-r] close Firm 
sandstone has close spacing where fresh in many places at Broadway 
tunnel (Page. 1950) Rock would habe been satisfactory for tunneling 
except for close fracture and diabase dikes (Page. 1950) 

Permeability: Sandstone has low intergranular permeability, probably 
moderate fracture permeability in some shallow rock Shale hiis very low 
intergranul-r permeability, some has lew to moderate fracture per- 
meability in shallow rock Thus, most bedrock has low mtergranular per- 
meability, some \cry low, probably moderate fracture permeability in 
some shallow rock. Probably much mantle moderate, much low to very 
low. 

Weathering: To depths greater than 15 ft. Hard sandstone remains hard 
to near surface. 

Surficial mantle: Probably much granular, much clayey. 
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Expansivity: Most bedrock unexpansive. minor may be expansive (shale). On distinct bedding planes (most at spacing greater than 10 ft); 
within some sandstone beds at moderate to 4-ft spacing; mostly absent Probably much m a t  expansive. See samples for o h  sandstones of 1 Parting: 

the Monterey Group, such as unit 364. No mention of swelling clays by in clayey sandstone, conglomerate. and shell reefs; present largely at 
Page ( 1950). 1 close spacing in mudstone. 

Stratigraphic thickness: 130-400 ft (Page, 1950). 1 Fracture: In sandstone, spacing ranges from close to 6 ft. mostly moder- 
Sources: Page, 1950: Radbruch. 1969; Radbruch and Case. 1967; one sta- 1 ate to 4 ft: fracture is commonly poorly defined and variable. Firm blocks 

tion. as large as 6 ft in diameter have been excavated. Clayey sandstone and ' 
mudstone have close to wide original spacing and t e ry  close to moder- 

MAP UNIT 391 
ate spacing of weathering fracture. Conglomerate spacing wide to 4 ft; 

1 shell reef mostly moderate to 4 ft, some blocks as large as 8 ft. All is 
ripped, some with difficulty 

Geologic unit, (age), and location: Sobrante Sandstone (T) (restricted in I 
Permeability: Of shallow sandstone, about one-third or less has moder- 

sense of Lutz, 1951) of the Monterey Group, only near southwest flank 
ate intergranular permeability two-thirds or more low, the result of cla? 

of Mount Diablo 
I and tuffaceous clogging of otherwise moderate to high permeability rock. 

Summary: Contains sandstone, conglomerate, clayey and tuffaceous fine 1 most sandstone below shallow rock may be moderate, some high Shell 
sandstone, mudstone, and minor prominent shell reef, all in variable pro- 

beds have very low to low intergranular permeability, conglomerate low 
portions from dominant sandstone to some of all compositions Largely 1 clayey sandstone to mudstone low to very low Thus, shallow bedrock 
low permeability, some moderate. Minor to some bedrock and much 
mantle severely expansive. 

Expression in aerial photographs: Mostly occupies valley or nonresis- 
tant swale between resistant ridges formed by adjacent units 350 and 343. 
Near Mount Diablo State Park, includes a sharp resistant crest about 100 
ft in width, probably shell breccia: in other areas, nearly half of section 
forms resistant knobs in places along strike. Along flank of Mount 
Diablo. forms prominent smooth, rounded, grassy zone between rough, 
craggy, brush- and tree-covered adjacent units. Unit shows light-toned 
resistant bands 20-100 ft in width between dark-toned nonresistant bands 
commonly 20-50 ft, but as much as 200 ft, in width. 

Composition: (1)  Sandstone, fine to coarse grained, largely medium 
grained, some coarse. some grit and pebble stringers, much contains tuf- 
faceous clasts. Rock has well-sorted to moderately sorted sand, but most 
contains tuffaceous fines and clay clogging sufficient to reduce a rock 
of inherent moderate and lesser high permeability to one of low and lesser 
moderate permeability. Some coarse-grained sandstone has blue coatings 
on grains (see unit 400). (2) Fossiliferous sandstone containing abun- 
dant oyster shells, pebbly and gritty. coarse grained, much calcite ce- 
mented. Limonite stained and cemented in part. In places contains huge 
blocks (as large as 10 ft in diameter) of foreign material, in particular 
muddy fine sandstone. ( 3 )  Conglomerate of pebbles and some cobbles 
as much as 4 in. in diameter, most less than 2 in.. in low permeability 
sandstone matrix. (4) Clayey rock, consisting of fine-grained, dirty, 
clayey, or tuffaceous sandstone, mudstone, and sandy shale. These clayey 
compositions are gradational and all have weathering fracture; all occur 
interbedded in typical interbeds, but clayey and tuffaceous sandstone and 
mudstone also occur as very thick monolithologic intervals. 

Proportions are variable. At traverse near Walnut Creek (sample lo- 
calities WC48, WC49), unit is largely sandstone and clayey sandstone, 
sandstone dominant to equally abundant; minor conglomerate and mud- 
stone, no shell reef (here included in unit 350). At traverse near Mount 
Diablo State Park (sample localities D10, D l  I), unit includes some each 
of mudstone, clayey sandstone, sandstone, and conglomerate, as well as 
a shell reef 30 ft thick; thus, unit here contains significantly less sand- 
stone and more mudstone and conglomerate than near Walnut Creek. 

Hardness: Sandstone soft to firm where weathered, probably firm where 
fresh. Shell reefs are firm but contain hard cemented layers. Clayey sand- 
stone largely firm where weathered, some tuffaceous sandstone firm and 
brittle. Mudstone firm. Concretions hard to firm. Conglomerate is firm 
and contains largely hard, some firm, pebbles and cobbles. 

Bedding: Most sandstone beds, conglomerate beds. and shell reefs are 
distinct and very thick (10-100 ft) .  Most mudstone and clayey sandstone 
occur in distinct very thick (10-ft to more than 60-ft) intervals. Much 
clayey sandstone is indistinctly internally bedded in medium to 4-ft beds; 
mudstone is commonly internally distinctly thin bedded, and some con- 
tains thin hard sandstone interbeds. Concretions and hard cemented lay- 
ers in reefs are medium to 4 ft thick. 

has largely low intergranular permeability, minor to some (possibly as 
much as one-fourth) moderate, minor to some very low; below shallow 
rock probably some to much moderate, minor to some high, remainder 
low to very low. Much mantle very low. much moderate. 

Weathering: To depths greater than 25 ft in sandstone: to depths of about 
5-10 ft in mudstone: to depth of 15 ft in clayey sandstone that shows 
weathering fracture. 

Surficial mantle: Much clayey, much granular. About half of unit is cov- 
ered by clayey soil. such as sample D10B. Soils similar to sample D10B 
are sample WC48, dark sandy clay soil, local constituent, and sample 
WC55, dark brown sandy clay soil, typical of area of much road dam- 
age. The other half of unit is covered by granular soil similar to sample 
WC52, a clayey sand to sandy clay soil. Lutz (1951) reported that most 
of unit is covered by adobe. 

Expansivity: Most bedrock unexpansive, much may be significantly ex- 
pansive, minor to some severely expansive (mudstone). Much mantle 
severely expansive, much unexpansive to significantly expansive. 
Samples: DlOA, well-cracked fine sandy mudstone, free swell 128 per- 
cent; DlOB, moderately cracked dark clay soil, typical of half of unit, 
free swell 118 percent; WC48, moderately cracked sandy clay soil, free 
swell 105 percent; WC55, moderately cracked sandy clay soil, free swell 
70 percent; WC52, mildly cracked clayey sand to sandy clay soil, free 
swell 69 percent. 

Stratigraphic thickness: 500 It (Brabb and others, 1971): 500-1,100 ft 
(.based on measured map width). 

Sources: Brabb and others, 1971; Lutz, 1951: seven stations. 

MAP UNIT 392 

Geologic unit, (age), and location: Sobrante Sandstone (T) of the 
hfonterey Group, only in the East Bay Hills near Pinole Ridge and 
Oursan Ridge. 

Summary: Largely firm, clayey to silty sandstone; some sandy mudstone. 
In places includes hard sandstone beds as thick as 4 ft. On aerial photo- 
graphs, nonresistant soft topography. Much to most mantle is severely 
expansive. 

Composition: Largely clayey to silty. fine- to medium-grained sandstone, 
some sandy mudstone and shale. In Pinole Valley anticline, character- 
ized by iron-stained zones as wide as 1 ft on joints and bedding. Near 
Briones Reservoir includes: anomalous hard, fine- to medium-grained, 
tuffaceous sandstone; some clay-free, variably silty medium-grained 
sandstone; and hard calcite-cemented medium to thick beds and concre- 
tions. 

Hardness: Clayej sandstone, mudstone. shale, and clay-free sandstone are 
largely firm, some soft, where weathered and probably firm where fresh: 
anomalous tuffaceous sandstone near Briones Reservoir is hard and 
brittle; calcite-cemented beds and concretions are hard. Iron-stained 
zones in Pinole Valley anticline are probably firm to hard. 
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d Variable. In Pinole Valley anticline. Sheehan (1956) reported 
thick" distinct sandstone beds between thin shaly partings; Radbruch and 
Case (1967) reported largely vei l  thick beds. Near Briones Reservoir. 
Lutz i 1951) measured largely very thick (10- to 50-ft) sequences of 
massive to indistinctly bedded sandstone (see section). Also near Briones 
Reservoir. distinct to indistinct medium to very thick (4-ft) beds of tuf- 
faccous sandstone are interbedded with similar thicknesses of clayey 
;andstone and shale. 

Parting: Mostly very wide spacing (10 ft and more), except minor wide 
spacing where distinct thick beds. Presen; also in shale at very close 
spacing and at contacts between sandstone and shale in anomalous dis- 
ti.ict1y bedded rock near Briones Reservoir 

Fracture: Claley sandstone has close-spaced weathering fracture on niod- 
crate to wide original iron-stained fracture; mudstone and shale have 
clcse to very close fracture spacing: firm to hard iron-stained zones in 
sandstone are moderate to wide: hard tuffaceous sandstone has close to 
moderate fracture spacing. 

Permeability: Clayey sandstone and tuffaceous sandstone have low to very 
low mtergranular permeability, largely low fracture permeability in shal- 
low bedrock. Intergranular permeability of mudstone and shale very low, 
of rare clay-tree medium-grained sandstone as much as moderate. Thus. 
almost all bedrock has low and very low permeability. Probably much 
mantle moderate, much low 10 very low. 

Weathering: Silty medium-grained sandstone partly fresh at depths of 10- 
15 ft. 

Surficial mantle: Probably much granular, much clayey. 
Expansivity: Probably most bedrock unexpansive, some expansive (mud- 

stone). Much to most mantle severely expansive. Samples: R23, mod- 
erately cracked clayey sand soil. free swell 101 percent (exaggerated?); 
R24, moderately to severely cracked clayey sand subsoil, free swell 81 
percent; BV22, mildly cracked clayey sand soil, free swell 100 percent 
(exaggerated'?). 

Stratigraphic thickness: About 120 ft (Lutz. 1951). 
Sources: Lutz, 1951; Radbruch, 1969; Radbruch and Case, 1967; Sheehan, 

1956: three stations. 

MAP UNIT 393 

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only in 
Santa Cruz Mountains between Gilroy and Loma Prieta. 

Summary: Largely sandstone that is firm, low permeability, and in very 
thick beds between lesser mudstone interbeds. Minor calcite-cemented 
rock, but much sandstone crops out as case-hardened very large (6- to 
10-ft or more) blocks. Most bedrock and mantle unexpansive, but prob- 
ably some of each severely expansive. 

Expression in aerial photographs: Largely intermediate topography, re- 
sistant to subdued, that includes nonresistant saddles: broadly ribbed in 
many places. Near Sveadal, some hard topography and much resistant 
intermediate topography includes abundant prominently outcropping rock 
ribs, 30-100 ft in width, and subdued zones between ribs as wide as 200 
ft, all in 1,000 ft of section. 

Composition: ( 1) Sandstone, largely medium to coarse grained, some has 
very coarse grains, small pebbles, and mud chips: largely moderately to 
poorly sorted; ranges from somewhat dirty, scaly, low permeability rock 
to clean moderate permeability rock. largely low permeability but not 
seal>. (2) Calcite-cemented and lesser silica-cemented zones and con- 
cretions in sandstone. (3 )  Mudstone, some contains limestone nodules. 
( 4 )  Conglomerate of pebbles to boulders in sandstone matrix. (5) 
Porceianeous shale (mismapped). Sandstone is dominant, minor to some 
mudstone. Minor conglomerate at base of unit, minor cemented rock. and 
minor porcelaneous shale, 

Hardness: Sandstone largely firm where weathered and probably where 
fresh, much case hardens in outcrop; some sandstone quite firm where 
weathered, probably difficult ripping. Much sandstone is soft where well 

weathered (within several feet of ground surface). Cemented rock and 
limestone nodules are hard. mudstone firm. conglomerate probably firm 
with hard clasts. 

Bedding: Sandstone largely in very thick beds, many thicker than 10 ft,  
Mudstone interbeds thin to very thick. 

Parting: In some sandstone at to moderate spacing. In most at yery 
wide spacing on distinct beddmg planes.. Probably largely wide spacing 
within mudstone. 

Fracture: Sandstone has original major fracture at moderate to 5-tt spac- 
ing, largely wide. but outcropping blocks are 6-10 ft or more in diam- 
eter. Much sandstone has fracture at close to moderate spacing that . . 

develops where weathered. Thus, fresh rock and some weathered rock 
have largely wide spacing, but much weathered rock has close to mod- 
erate spacing, especially where well weathered (within 5-10 ft of ground 
surface). Cemented rock wide to 4 ft, limestone nodules close to mcd- 
crate. Mudstone has close to very close spacing of weathering fracture, 
probably moderate to wide original spacing. 

Permeability: Intergranular permeability in sandstone largely low, some 
moderate; mudstone very low; cemented sandstone low to ver) low; 
conglomerate probably low. Thus, bedrock has largely low intergranu- 
lar permeability, some moderate, some very low. Most mantle moder- 
ate, some very low to low. 

Weathering: Sandstone commonly weathers to depths of more than 10 ft. 
Most sandstone case hardens in outcrop. 

Surficial mantle: Largely granular, some clayey. Largely uncracked sand 
and clayey sand soils, in places much clayey subsoil. 

Expansivity: Bedrock largely unexpansive, but minor to some severel) 
expansive (mudstone). Most mantle unexpansive, some probably severely 
expansive (subsoil). Samples: MMD11, weathered mudstone, may be 
typical of mudstone and clayey subsoil but may be anomalous, free swell 
92 percent; MMD13, dark clayey subsoil, probably on unmapped 
Monterey Group, free swell 70 percent. 

Sources: McLaughlin and others, 1971; nine stations. 

MAP UNIT 394 

Geologic units, (age), and location: San Ramon Sandstone (T); Kirker 
Formation of Primmer (1964), sandstone member (T); only in the East 
Bay Hills near Briones Reservoir. 

Summary: Consists of two adjacent geologic units, described separately 
below; both occur in bands of about equal width, the San Ramon Sand- 
stone adjacent to unit 435. For the combined map unit, most bedrock is 
unexpansive, some is probably expansive: most mantle is significantly 
expansive, some severely expansive. Intergranular permeability in bed- 
rock is largely low, minor to some very low; much mantle moderate, 
much low to very low. Much mantle is granular, much clayey. 

San Ramon Sandstone 

Summary: Firm sandstone, some in concretionary resistant beds. most is 
nonresistant dirty sandstone; minor tuffaceous siltstone. Forms resistant 
ridge, but little outcrop. On aerial photographs, largely light-toned bands, 
some dark. No blasting necessary ~Radbruch and Case. 1967). Typical 
soil is significantly expansive. 

Composition: Largely fine- to medium-grained sandstone, some tuf- 
faceous: includes both relatively clean. concretionary beds that crop out 
in places and dirty sandstone that produces weathering fracture Largely 
the dirty sandstone. Concretions are calcite cemented, elongate. mostl) 
medium but some large. Includes one bed of white tuffaceous siltstone 
or tuff. 

Hardness: Sandstone largely firm; resistant beds are firm to quite firm, 
some possibly hard (Radbruch and Case, 1967) weathering firm. Silt- 
stone firm. Concretions hard. 

Bedding: Concretionary sandstone and dirty sandstone indistinctly inter- 
bedded in beds of unknown thickness. Tuffaceous siltstone as one dis- 
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tinct very thick (5-  to 25-ft) bed. Radbruch and Case (1967'; reported 
beds thin to 5 ft. 

Parting: Absent to rare. 
Fracture: Resistant sandstone generally has moderate to close spacing: 

dirty sandstone has close to moderate spacing of weathering fracture on 
moderate to wide spacing of iron-stained original fracture. Siltstone has 
very clcse 10 moderate spacing of weathering fracture. Some or mere 

Sources: Lutz, 1951; Radbruch, 1969; Radbruch and Case, 1967; one sta- 
tion. 

MAP UNIT 399 

Geologic unit, (age), and location: Sandstone (T) ,  near San Antonio Creek 
and on Burdell Mountain in Marin highlasds. 

Summary: Sandstone interbedded with mudstone. proportions uncertain. . . 

Minor hard calcite-cemented sandstone. Probably much bedrock and most 
sandstone weathers spheioidally. mantle is significantly expansive. 

Permeability: Low intergranular permeability in bedrock. Most mantle Expression in aerial photographs: A; Burdell Mountain. steep interme- 
moderate diate topographj. Near San Antonio Creek. largely intermediate topop- 

Weathering: To depths greater than 10 ft. raphy, some soft, some crude light-toned resistant bands: much appears 
Surficial mantle: Largely granular. Mildly cracked clayey sand soil, such , similar to the exposure studied in field. 

as sample BV25, is typical. Radbruch and Case (1967) reported rocky Composition: Sandstone interbedded with mudstone. Sandstone is largely 
l o ~ m  soil less than 1 ft in thickness. fine to very fine grained. moderately to poorly sorted, and contains some 

Expansivity: Most bedrock unexpansive. Most mantle significantly ex- 
pansne.  Sample BV25, mildly cracked clayey sand soil, free swell 74 
percent. 

Stratigraphic thickness: Maximum thickness of 250 ft reported by Pease 
f l954), quoted by Radbruch and Case ( 1967;. 

Sources: Radbruch, 1969; Radbruch and Case, 1967: one station. 

Sandstone member of Kirker Formation of Primmer (1964) 

Summary: In large part resistant tuffaceous sandstone, crops out, forms 
ridge, most hard. Includes some firm mudstone. On aerial photographs, 
forms resistant white band. No blasting necessary (Radbruch and Case, 
1967). Most mantle and probably some bedrock is expansive. 

Composition: Lower part of unit is largely fine- to medium-grained tuf- 
faceous sandstone that weathers to a distinctive light gray, but contains 
some tuff and minor siltstone and conglomerate (not seen); minor sand- 
stone has enough silt and clay to weather spheroidally. As one moves 
upward through unit, shale partings are reported to interrupt the sand- 
stone, grading upward to massive mudstone interbedded with tuffaceous 
sandstone. Most of unit is tuffaceous sandstone, some mudstone, minor 
siltstone and conglomerate. 

Hardness: Sandstone firm to hard. most hard; siltstone firm pieces. Con- 
glomerate has hard clasts. Mudstone probably has firm pieces, weather- 
ing firm to soft; tuff firm. 

Bedding: Prominent tuffaceous sandstone in distinct thick to very thick 
(as much as 10-ft or more) beds. Other beds thin to very thick, some 
laminated. 

Parting: About half of sandstone has parting at close to wide spacing; 
remainder has parting on bedding planes mostly at very wide spacing 
(as much as 10 ft or more). 

Fracture: In sandstone. mostly moderate spacing, ranging from close to 
wide. Radbruch and Case (1967) reported prominent moderate to wide 
fracture spacing perpendicular to bedding in sandstone. Minor sandstone 
weathers spheroiddlly by close to very close spacing of weathering frac- 
ture on close to moderate original spacing. Siltstone has close to very 
close spacing. Mudstone and tuff probably have close to very close spac- 
ing of weathering fracture. 

Permeability: Bedrock has largely low intergranular permeability (sand- 
stone), some very low imudstone). Most mantle low to very low. 

Weathering: To depths greater than 10 ft, but may not have much effect 
on rock properties. 

Surficial mantle: Largely clayey. Soil on ridge over tuffaceous sandstone 
is generally thin (less than 1 ft)  and like sample BV24. Soil on mud- 
stone is 1-3 ft thick, clayey. no sample. 

Expansivity: Most bedrock unexpunsive but some is probably expansive 
(mudstone). Most mantle expansive, some to most of this severely ex- 
pansive. Sample BV24, mildly cracked sandy clay soil, free swell 83 
percent. No expansivity mentioned by Radbruch and Case (1967). 

Stratigraphic thickness: Pease (1954), quoted by Radbruch and Case 
(1967). showed maximum of 250 ft. 

interstitial silt. Much sandstone is tuffacecus and some is calcite ce- 
mented. Minor coarse-grained to very coarse grained sandstone that con- 
tains silt-saturated matrix and fossil debris occurs at base and as intrusive 
dikes: much of this sandstone is calcite cemented and some is conglom- 
eratic. Mudstonc ranges from silt) claystone to siltstone. Proportions 
uncertain. In area near San Antonio Creek, probably much sandstone, 
much mudstone. Exposure on Burdell Mountain not seen in field, re- 
ported to be largely sandstone (J.A. Bartow, written commun,. 1972). 

Hardness: Fine sandstone is firm where weathered except hard where 
calcite cemented. Coarse-grained calcite-cemented sandstone is hard 
where weathered; mudstone is firm where fresh and where weathered. 
but rock mass is firm to soft owing to very close fracture. 

Bedding: Distinct where sandstone beds present. Sandstone beds range 
from thin, where within very thick mudstone, to as thick as 15 ft. Much 
fine sandstone is laminated. 

Parting: Very close spacing in laminated fine sandstone and in some 
mudstone, but most mudstone weathers spheroidally. Present at distinct 
bedding planes. Absent in very thick sandstone and in coarse-grained 
sandstone. 

Fracture: In sandstone. & to moderate spacing, except in laminated 
sandstone that produces parallel parting, where spacing is close. In mud- 
stone, spacing is very close in both fresh and weathered rock; most 
weathered mudstone shows spheroidal weathering. 

Permeability: Intergranular permeability of sandstone probably low, mud- 
stone very low. Probably low fracture permeability in shallow mudstone. 
Probably most mantle low near San Antonio Creek, probably much to 
most moderate on Burdell Mountain. 

Weathering: To depths of 20-25 ft. 
Surficial mantle: Probably largely clayey near San Antonio Creek, prob- 

ably much to most granular on Burdell Mountain, Typical soil on hill 
near San Antonio Creek is silty clay containing sand. 

Expansivity: Probably some to much bedrock and much to most mantle 
is significantly expansive. Samples P lB ,  mudstone, probably more ex- 
pansive than most, free swell 55 percent; P lA,  typical silty and sandy 
clay soil, free swell 53 percent. 

Sources: J.A. Bartow, written commun.. 1972: Blake and others. 1974; 
one station. 

MAP UNIT 400 

Geologic unit, (age), and location: Neroly Sandstone (TI, only in the 
Livermore Valley area. 

Summary: About equally abundant sandstone and clayey rock (including 
clayey sandstone). Most rock firm. Minor. locally some. calcite-cemented 
rock. Some or more bedrock and much mantle is severely expansive. 

Expression in aerial photographs: Stands out prominently above unit 354. 
Hard to intermediate topography, some sharp crests and regular ribbing, 
Banded by light-gray and dark-gray zones 20-100 ft in width, mostly 20- 
50 ft. Character of hogbacks is distinctive; light photographic tone, in 
places shows prominent coarse ribbing. 



134 H I L L S I D E  M A T E R I A L S  A N D  S L O P E S  OF T H E  S A N  F R A N C I S C O  BAY REGION 

Composition: (1) Sandstone. mostly medium grained, ranging from fine 
to coarse grained, well to moderately well sorted; tuffaceous clasts and 
matrix in some. Sandstone is andesitic and has blue grain coatings of 
montmorillonitic clay (Snow, 1957, p. 38) and (or) opaline material 
(Huey, 1948, p. 43; Reiche, 1950, p. 5 )  that are characteristic of Neroly 
Sandstone; n~ontmorillonite in blue coatings is not free clay. Sand grains 
subangular to angular (Huey, 1948: Reiche, 1950: Snow, 1957;. (2) Sand- 
stone, clay coated (free clay). brown (rather than blue), fine to coarse 
grained, much medium to coarse grained, well to moderately well sorted. 
Varies from clean (no  clay) to nearly clay clogged, (3 )  Ciilcite-cemented 
sandstone and concretions that commonly occur in zones. (4) Clay- or 
tuff-saturated sandstone. fine to coarse grained, well to moderately well 
sorted. (5) Clayey fine-grained sedimentary rock, including mudstone, 
siltstone, clayey fine sandstone, sandy mudstone, and sandy claystone; 
most is silty to fine sandy, much tuffaceous. (6) Porcelaneous to 
subporcelaneous mudstone. some shale. (7) Conglomerate of well- 
rounded andesitic pebbles to cobbles. some boulders. scattered to tightly 
packed in matrix of clean to clay-coated, fine- to coarse-grained sand- 
stone similar to compositions 1 and 2. Grades to pebbly sandstone. Some 
is calcite cemented. (8) Limestone in beds and nodules (Reiche, 1950). 
(9) Tuff (Condit, 1938), probably highly tuffaceous siltstone or mudstone, 
and beds of swelling bentonitic clay (Snow, 1957; Hansen, 1964). 

Unit includes much of both sandstone (compositions 1, 2, 3, 7) and 
clayey rock (compositions 4, 5, 6) .  Estimates for entire unit vary from 
about three-fourths sandstone (Snow, 1957) to three-fourths clayey rock 
at sample locality AA7; a reasonable estimate of total composition is 
about equally abundant sandstone and clayey rock. sandstone dominant 
(two-thirds or more) near base, clayey rock dominant toward top. Cal- 
cite-cemented rock and porcelaneous mudstone are generally minor, as 
much as 12 percent in places. Limestone and tuff minor. Conglomerate 
minor overall, locally makes up most of section in intervals as thick as 
several hundred feet (Anderson and Pack, 1915). 

Hardness: Blue sandstone (composition 1) firm where weathered and prob- 
ably where fresh, friable to some degree; brown clay-coated sandstone 
(composition 2 )  soft, some firm, where weathered, probably soft to firm 
where fresh. Conglon~erate firm to soft, contains hard clasts. Clayey 
materials (compositions 4, 5) firm where weathered and probably where 
fresh. Porcelaneous mudstone hard to firm where fresh and weathered. 
Calcite-cemented sandstone and conglomerate, concretions, and lime- 
stone are hard. 

Bedding: Ranges from thick to very thick (as much as 60 ft or more), of 
which some or more is 6-30 it,  some or more thick to 6 ft. Both sand- 
stone and clayey fine-grained rock occur in part in 30- to 60-ft beds, 
some persistent along strike (Reiche, 1950). Sandstone beds are com- 
monly internally indistinctly bedded or crossbedded: some mudstone in- 
tervals are indistinctly internally bedded at medium to thick. Much 
bedding is lenticular and irregular, especially conglomerate bodies. 
Bedding planes between sandstone and siltstone vary from distinct to 
indistinct; an estimated half of contacts are gradational. half sharp, 
and all contacts are commonly very irregular. Thus, less than half of bed- 
ding planes serve as potential slip surfaces for cut-slope failure, but 
half or more are probably effective for ripping. Calcite-cemented beds 
as thick as 8 ft, concretions to large; limestone beds and nodules to me- 
dium. 

Parting: Absent within beds. Present on less than half of wide-spaced to 
very wide spaced bedding planes in sense of planes for cut-slope fail- 
ure; present on more than half of bedding planes for ripping. Thus, 
mostly very widely spaced. Calcite-cemented sandstone parted internally 
at moderate to wide. 

Fracture: Distinct fracture in sandstone, in contrast to indistinct and ir- 
regular fracture in Domengine Sandstone (for example, units 343 and 
344). Moderate to wide spacing, some as much as 4 it, in sandstone and 
calcite-cemented sandstone (compositions 1, 2, 3), much about perpen- 
dicular to bedding. Wide to 4-ft spacing in conglomerate. Clayey rock 
(compositions 4, 5) has very close to moderate, most close to very close. 

spacing of weathering fracture on probably moderate to wide original 
spacing. Porcelaneous mudstone has very close to moderate spacing. 

Permeability: Sandstone and conglomerate (compositions 1, 2, 7) have 
much of both moderate and low intergranular permeability, probably 
about equally abundant in shallow rock, and minor high; clayey rock 
(compositions 4;5, 6) low to very low, much of each; cemented rock 
very low to low. Thus, shallow bedrock has about one-fourth or  less 
moderate, one-half low, one-fourth very low: possibly much moderate 
below shallow rock. Much mantle very low, much moderate 

Weathering: Blue sandstone unchanged by weathering to near ground 
surface; brown clayey sandstone weathered to depths greater than 20 ft. 
Clayey rock shows weathering fracture. In sandstone. weathering frees 
clay of tuffaceous component, but apparently does not significantly af- 
fect blue clay coatings. 

Surficia! mantle: Much clayey. much granular. Some of both fluffy dark 
clay soil, such as sample MDW10. and clayey sand soil, such as sample 
B H Y I .  Also some brown, very sandy clay soi l ,  such as  sample 
MDW19B. Granular soil occurs largely over topographic highs, clayey 
soil in lower areas. Snow (1957) reported blue-black soils. 

Expansivity: Much bedrock is unexpansive: much is expansive. includ- 
ing some or more that is severely expansive. Much mantle severely ex- 
pansive, much unexpansive to significantly expansive. Bedrock samples: 
AA7, well-cracked plastic sandy claystone from 25-ft bed. free swell 120 
percent, MDW11. moderately cracked sandy claystone from 6-ft bed. free 
swell 98 percent; MDW16, moderately cracked sandy mudstone, typi- 
cal of much of unit, free swell 100 percent (exaggerated); MDW18, 
moderately cracked sandy mudstone, typical of most expansive 10 per- 
cent of unit, free swell 104 percent; MDW19A, mildly cracked mudstone, 
probably typical of mudstone, free swell 95 percent. Reiche (1950) re- 
ported 50 percent montmorillonite in clays of this unit. Surficial mantle 
samples: MDW10, clay soil, free swell 157 percent (exaggerated?); 
BHY 1, clayey sand soil, free swell 90 percent (exaggerated); MDW19B, 
sandy clay soil, free swell 95 percent. 

Stratigraphic thickness: Maximum of 2,500 it (Brabb and others. 1971); 
931 i t  at pumping plant near Tracy (Hansen, 1964); 750 ft near Moun- 
tain House (Snow, 1957); 2,000 ft or more (Geological Society of Sac- 
ramento, 1959). 

Sources: Anderson and Pack, 1915; Brabb and others, 1971; Condit, 1938; 
Geological Socicty of Sacramento, 1959; Hansen, 1964; Huey. 1948; 
Reiche, 1950; Snow, 1957; 14 stations. 

MAP CNIT 401 

Geologic unit, (age), and location: Neroly Sandstone (T), only along 
southwest flank of Mount Diablo 

Summary: Largely clayey and tuffaceous sandstone and mudstone, mi- 
nor to locally some relatively clean sandstone and cemented pebbly shell 
breccia Blasting necessary in very thick shell b r e c ~ i a  Some bedrock and 
most mantle severely expansive. 

Expression in aerial photographs: Largely intermediate crests; indis- 
tinctly banded in light and dark tones. Where clear. both light- and dark- 
toned bands are about 10-50 ft wide. Unit is lower and less resistant than 
units 350 and 354, very similar in appearance to unit 134. Toward north 
(Shell Ridge), develops strong hogback topography in which shell beds 
form knife-edge crests. 

Composition: (1) Relatively clean sandstone, fine to coarse grained, mostly 
medium grained, well to moderately well sorted; most has blue clay 
coatings (see unit 400): low to moderate permeability depending on de- 
gree of clay filling. Grades to (2) clayey and (or) tuffaceous sandstone. 
largely fine to medium grained but scme coarse grained, ranges from 
well-sorted but clay-clogged rock to moderately or  poorly sorted rock 
approaching sandy claystone. mostly of low permeability but commonly 
includes very low permeability material. Tuffaceous components occur 
both as clasts and in matrix. (3) Clayey fine-grained rock, variably 
tuffaceous, including mudstone. siltstone, high-matrix very fine grained 
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sandstone,  and  sandy mudstone.  Grades to  ( 4 )  porcelaneous to  
subporcelaneous mudstone. (5) Conglomerate to pebbly sandstone, in 
coarse-grained sandstone matrix of low to moderate permeability. Boul- 
der conglomerate at base of unit, otherwise largely pebble and some 
cobble conglomerate. largely of well-rounded porphyritic andesitic clasts 
(6) Shell breccia and pebble conglomerate in sandstone matrix. cemented 
to partially cemented by calcite. (7) Calcite-cemented clean sandstone 
and siltstone, (8) Brown lithic tuff (Webb and Woodhurnc. 1964). (9) 
Tuffaceou.~ fine sandstone, hard. (10) Concretions in clean and clayey 
sandstone. calcite cemented. 

Unit is largely clayey sandstone (composition 2) and clayey fine- 
grained rock (composition 3) ,  but includes minor to locally some relatively 
clean sandstone (composition 1 j and minor to locally some conglomerate 
and porcelaneous mudstcne. Shell breccia is generally minor, but near 
Shell Ridge constitutes some of unit, associated with sharp crest. Other 
compositions are minor. Unit probabl) averages more than half clayey 
sandstone (composition 2), one-third clayey fine-grained rock (compo- 
sition 3). the remainder clean sandstone and conglomerate. 

Hardness: Clean sandstone is firm to soft where weathered; clayey and 
(or) tuffaceous sandstone ranges from soft to quite firm, some brittle, 
but is mostly firm. some soft, where weathered and probably firm to quite 
firm where fresh; clayey fine-grained rock (composition 3) is firm where 
weathered, probably firm where fresh; porcelaneous to subporcelaneous 
mudstone is hard to firm where fresh and weathered. Where weathered. 
conglomerate is largely firm, some probably soft, containing hard to firm 
clasts. Shell breccia is hard to firm, much quite firm, in tcugh. coherent 
blocks. Calcite-cemented sandstone and siltstone are hard fresh, sand- 
stone weathers firm. Lithic tuff probably firm. Concretions hard. 

Bedding: Interbedding largely at two different scales: (1) major compo- 
sitional changes at very thick (commonly 6 ft  to a few tens of feet, less 
commonly as much as 100 ft or more); and (2)  somewhat repetitive 
interbedding at thin to very thick (6 ft), in packets similar in thickness 
to the major compositional changes. One band of conglomerate as thick 
as 120 St or more. Brown lithic tuff 4-20 ft thick, possibly other tuff to 
thick. Pebbly shell breccia near Shell Ridge as thick as 150 ft or more, 
within which sandstone grades in and out of shells and conglomerate. 
Hard calcite-cemented sandstone and shell breccia medium to 40 ft in 
thickness. Lenticular form of conglomerate beds, as well as crossbedding 
(without parting) within sandstone and pebbly sandstone, are character- 
istic. Concretions medium to large. 

Parting: Present at distinct bedding contacts, absent within beds. Thus, 
present largely at very wide spacing (more than 6 ft), but at close to 4- 
ft spacing in 10-25 percent of unit. Near shell breccia, may lack parting 
over 250-ft interval. 

Fracture: Clean sandstone has moderate to wide original spacing, some 
close to moderate spacing of weathering fracture: clayey and (or) tuf- 
faceous sandstone has moderate to 5-ft, mostly moderate to wide, ongi- 
nal spacing, and most has very close to moderate spacing of weathering 
fracture, some spheroidal. Cla>ey fine-grained rock has close to very 
close spacing of weathering fracture, as does porcelaneous mudstone. Un- 
known. possibly absent, in conglomerate. Shell breccia ranges from mod- 
erate to 8-ft spacing, mostly wide to 4 ft, some showing firm spheroidal 
weathering rind on moderate to wide hard cores. Other hard sandstone 
has spacing to moderate, concretions to wide. 

Permeability: Intergranular permeability in clean sandstone is low to 
moderate; clayey and (or) tuffaceous sandstone largely low. some very 
low, and some may be moderate below weathering zone: clayey fine- 
grained rock largely very low, some low: porcelaneous mudstone has 
very low intergranular permeability, probably low fracture permeability 
in shallow rock: conglomerate and pebbly sandstone low to lesser mod- 
erate: shell breccia low to very low. depending on degree of cementa- 
tion; other compositions low to very low. except probably moderate in 
weathered calcite-cemented sandstone. Thus. most bedrock has low and 
very low permeability; minor to locally some moderate, especially be- 
low weathering zone. Most mantle very low. some moderate. 

Weathering: Relatively clean sandstone, including sandstone of low per- 
meability, weathered to depths greater than 25 St. Clayev and (or) tuf- 
faceous sandstone weathered to depths of 6-15 ft or more; some shows 
spheroidal weathering and much has weathering fracture. Shell breccia 
fresh to near surface in places. elsewhere develops spheroidal weather- 
ing. Some calcite-cemented beds weather firm. some are fresh to out- 
crop or near outcrop. Thus, much weathering fracture in unit: possibility 
of clay clogging of clean sandstone in weathered zone. 

Surficial mantle: Largely clayey, some granular, different soils at differ- 
ent localities. On traverse at sample localities D4-D6, much dark sandy 
clay, such as sample D4. and much light sandy clay. such as sample D6. 
On traverse at sample locality TJ2. most is dark sandy clay soil, such as 
sample TJ2C, but some is dark clayey sand soil on sandstone. such as 
sample TJ2B. Also, sticky clay subsoil on tuffaceous fine sandstone, such 
as sample WC46, and sandy clay soil that is typical near shell breccia, 
such as sample WC60. 

Expansivity: Much to most bedrock significantly expansive, some se~ere ly  
expansive, some unexpansive. Most mantle severely expansive. Bedrock 
samples: D5A, n~ildl> to moderately cracked weathered mudstone, typi- 
cal of mudsione, free swell 83 percent; D5B. mildly cracked weathered 
clayey sandstone, typical, free swell 71 percent; TJ2A, mildly cracked 
weathered clayey sandstone or sandy claystone, typical. free swell 91 
percent. Surficial mantle samples: D4, mildly cracked dark sandy clay 
soil, free swell 88 percent; D6, uncracked light sandy clay soil, free swell 
84 percent; WC60, sandy clay soil, typical near shell breccia, free swell 
69 percent: TJ2C. moderately cracked dark sandy clay soil, free swell 
121 percent: TJ2B, mildly cracked dark clayey sand soil on sandstone, 
free swell 90 percent (exaggerated); WC46, sticky clay subsoil on tuf- 
faceous fine sandstone, free swell 100 percent. 

Stratigraphic thickness: Maximum thickness 2.500 ft (Brabb and others, 
1971); about 3,000 ft (Weaver, 1944); 1,000-2,500 ft estimated from 
map 

Sources: Brabb and others, 1971; Weaver, 1944; Webb and Wooilhume, 
1964; seven stations. 

MAP ENIT 402 

Geologic unit, (age), and location: Neroly Sandstone (T), only near San 
Ramon Creek, west of Mount Diahlo 

Summary: About half firm sandstone of low to moderate permeability and 
moderate to wide fracture spacing, about half interbedded firm high- 
matrix fine-grained sandstone to mudstone. Both compositions occur in 
both very thick (6- to 60-lt) beds and in medium to thick interbedded 
sequences. Minor conglomerate. In places, cemented shell beds thick to 
4 ft. mostly wide fracture, rip with difficulty. Probably minor to some 
bedrock and some mantle are severely expansive. 

Expression in aerial photographs: Includes much of both prominent. 
resistant intermediate topography and valley bottom. 

Composition: (1) Sandstone, largely medium grained, some coarse grained. 
rare very coarse grained, well to moderately well sorted, largely clean, 
some tuffaceous producing low permeability. much has typical blue coat- 
ings on grains (see unit 400). In places contains calcite-cemented shell 
beds that form resistant ridges. Includes minor concretions to large. (2) 
High-matrix fine-grained sandstone, tuffaceous. some grading to sandy 
mudstone. (3) Mudstone to siltstone. (4) Shale. (5) Conglomerate. prob- 
ably large11 of pebbles, well rounded, in probably \anably clayey sand- 
stone matrix. and conglomeratic sandstone 

Sandstone (composition 1 )  is equally abundant to somewhat more 
abundant than the combination of high-matrix sandstone (composition 
2) and mudstone (composition 3). Shale is rare. Conglomerate and con- 
glomeratic sandstone are minor overall, locally some. Some cemented 
beds in places, absent in others. 

Hardness: Firm where weathered and probably where fresh. except hard 
in cemented shell beds. Clasts in conglomerate are hard. 
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Bedding: Sandstone occurs largely in distinct very thick (6- to 60-ft) beds. Permeability: Sandstone has mostly moderate intergranular permeability, 
but also some distinct medium to thick beds. ranging from thin to 4 ft. some high; tuffaceous siltstone low to very low intergranular permeabil- 
between similar thicknesses of high-matrix sandstone, in intervals as 
thick as 50 ft or more. High-matrix sandstone and mudstone occur in 
mostly very thick (10- to 40-ft, some as much as 200-ft) intervals, some 
or more of which are indistinctly interbedded at medium to thick. Ce- 
mented shell beds thick to 4 ft Conglomerate beds mostly medium to erate 

iiy. but probably low fracture permeability in shallow rock. Thus, prob- 
ably much to most bedrock ha;, low to  very low intergranular  
permeability. some moderate, minor high; much low fracture permeabil- 
ity in shallow rock. Much to most mantle very low, some to much mod- 

thick, locally to very thick. indistinct (no parting). 
Parting: Present in about half of sandstone at moderate to 4-ft spacing. 

much crude but creating slabs. Present at many bedding contacts of sand- 
stone against high-matnx sandstone or mudstone. but largely absent 
within mudstone and high-matrix sandstone intervals. Absent on con- 

Weathering: To depths greater than 6 ft. 
Surficial mantie: Much to most clayey, some to much granular. Clay soil, 

such as sample AS, over tuffaceous siltstone. Soil is relatively deep ( 2  
ft or more). 

Expansivity: Much to most bedrock may be significantly expansive where 
glomerate-sandstone contacts. Thus. parting at moderate to 4-ft spacing weathered. Much to most mantle severely expansive, some unexpiinsive. 
in about one-third of unit. very wide in two-thirds of unit. 

Fracture: Clean fracture in sandstone at moderate to wide spacing, some 
to 4 ft. In mudstone and high-matrix sandstone. very close to moderate. 
mostly close, spacing of weathering fracture on moderate to wide origi- 
nal spacing. Hard cemented shell beds have mostly wide fracture, but 
some oversize blocks as large as 8 ft by 4 ft. Hard cemented beds are 
ripped, probably with difficulty (numerous ripper marks). 

Permeability: Sandstone has iargel) low intergranular permeability. about 
one-third moderate. rare high in coarse-grained and very coarse grained 
beds; high-matrix sandstone and mudstone low to very low. Thus, most 
bedrock low, some very low. some moderate, minor high. Probabl) much 
mantle very low to low. much moderate. 

Weathering: Weathering fracture extends to depths greater than 15 ft: 
sandstone uniform to depths greater than 30 ft. 

Surficial mantle: Probably much clayey, much granular. 
Expansivity: Much to most bedrock unexpansive, probably some to much 

significantly expansive, probably minor to some severely expansive. 
Probably some mantle severely expansive, some significantly expansive, 
some unexpansive. Sample: LTR25, clayey sand soil on sandstone. free 
swell 41 percent. See samples for unit 401. 

Stratigraphic thickness: See unit 401. 
Sources: Three stations. See sources for unit 401. 

MAP UNIT 403 

Geologic unit, (age), and location: Neroly Sandstone iT). only near south- 
ern end of Yolo Range. 

Summary: Interbedded sandstone and tuffaceous siltstone, mostly firm but 
contain some hard beds. Severely expansive soil over tuffaceous siltstone. 

Composition: Sandstone interbedded with tuffaceous siltstone or fine ash 
tuff. Sandstone is well sorted, clean, well rounded. and contains as much 
as 10 percent silt: it varies in grain size from fine to very coarse, com- 
monly medium grained, but contains rare fine gravel. Minor sandstone 
is calcite cemented. Interbeds are of silt-size material, largely tuffaceous. 
some containing fine sand. Proportions unknown; sections suggest that 
most is clayey rock, some sandstone. 

Hardness: Mostly firm sandstone and tuffaceous siltstone. Some sandstone 
is calcite cemented and hard. and some sandstone beds are in part hard 
without detectable calcite cement. Some hard zones and concretions 

Sample A5, clay soil, free swell 123 percent. 
Stratigraphic thickness: 300 ft near Vacaville (Weaver, 1949). 
Sources: Olmsted and Davis, 1961; Sims and others. 1973: Thomasson 

and others, 1960: Weaver, 1949; three stations, 

MAP UNIT 404 

Geologic unit, (age), and location: Briones Sandstone (T). only in the 
East Bay Hills between Pleasant Hill and Las Trampas Ridge. 

Summary: Not seen in field. Occurs in two areas: (I) Strip on west side 
of Franklin fault. west of Walnut Creek. Here stratigraphic relations make 
this unit of uncertain character-from one direction seems to coincide 
with unit 432, from other direction with unit 405. In this vicinity sili- 
ceous shales are mapped out, so this unit is probably best approximated 
as a mixture of units 405 and 432 in about equal proportions; thus, much 
sandstone, much clayey rock. (2) Body on and around Las Trampas Ridge 
includes extensions of units 330, 331, and 502 (Monterey Group as 
mapped by Ham, 1952). Thus, this body is probablv largely sandstone. 

Expression in aerial photographs: Body west of Walnut Creek includes 
much of both hard resistant topography and intermediate topography. 
Body on Las Trampas Ridge has rounded intermediate crests and broad 
irregular ribs. 

Composition and physical properties: Infer from units mentioned above. 
Permeability: Probably like unit 405. 
Surficial mantle: Probably much granular, much clayey. 
Expansivity: Probably much bedrock and mantle unexpansive, much ex- 

pansive including some severely expansive. 
Sources: Ham, 1952; Trask, 1922. 

MAP UNIT 405 

Geologic unit, (age), and location: Briones Sandstone, upper part (T) ,  in 
the East Bay Hills. 

Summary: Consists of resistant intervals of very fine grained to medium- 
grained sandstone and some finer grained rock between nonresistant in- 
tervals of interbedded siltstone. mudstone, very fine grained clayey 
sandstone, shale, and minor clean or silty sandstone beds. Some moder- 
ate permeability. Blasting required for trenching(?) in very thick. firm. 
wide-fractured sandstone. Some to much bedrock and much mantle is 

occur within tuffaceous siltstone. significantly expansive, some mantle is severely expansive, 
Bedding: Many contacts are gradational and indistinct; some are sharp and tructure is simple and reveal- 

distinct, especially from a distance where bedded character is clear. Sand- -toned resistant bands 20-250 
stone beds are thick to very thick (15 ft), in intervals as thick as 40 ft;  t bands as wide as a fev. hun- 
tuffaceous siltstone beds are thin to more than 20 ft. in intervals as thick 
as 60  ft or  more. See sections by Olmsted and Davis (1961) and nonresistant intervals, much 
Thomasson and other-. (1960). of each. Resistant intervals are of two t jpes:  ( 1 )  well sorted and clean 

Parting: Not common, because many bedding contacts are gradational. ium-grained quartzose sand- 
Some parting in sandstone at moderate to v.ide(?) spacing. stone, mostly fine grained to very fine grained, interbedded with clayey 

Fracture: Sandstone has moderate to wide spacing of original fracture and , and silty sandstone having a similar range of grain size; (2) fine-grained 
close to moderate spacing of weathering fracture. Tuffaceous siltstone to very fine grained sandstone that varies from well sorted and clean to 
has moderate original spacing and close to very close spacing of weath- silty and clayey. interbedded with siltstone and silty mudstone. Nonre- 
ering fracture. sistant intervals consist of interbedded siltstone. mudstone, very fine 
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grained clayey sandstone. and shale, some of each. and occasional clean 
or silt} sandstone beds. Unit includes hard calcite-cemented beds and 
concretions mostly to thick, rarely as thick as 8 ft, and minor lenses of 
grit and fine conglomerate. Near San Pablo Dam, contains a 20-ft bed 
of chi-rt and two beds of cobble conglomeraie. 

Hardness: Mostly firm pieces where fresh and weathered. but some rcck 
s soft where weathered. Some s-indstcne is quite firm 2nd is blasted in 
pbces,  probably to facilitate trenching: rock cuts have been shaped by 
blades. Includes scattered hiird calcite-cemenied beds and concretions. 

Bedding: Resistant intervals of composition 1 are indistinctly bedded in 
very thick (I(>-ft to more than 50-ft; beds. Resistant interval'; of com- 
position 2 are distinctly to ir-cistinctly bedded in medium to \cry thick 
(I(;-ft) bed:;. much in medium tc 4-ft beds. Nonrei is t~nt  intervals , r e  
generally indistinctiy bedJed ir. either thin i c  thick beds or in \cry thick 
I much as. 3G-fi cr  :~iore; beds, but cSean sar.6stenc interbeds arc dis- 
tinct. Both resistan: and nonresi-,tant intervals ;-xe tens tc hundreds of 
feet thick. Hard calcire-.;emented beds ar.d concretions are mostly me- 
dium to thick, some as much JS .S ft. 

Parting-: In compcsidon 1, absent i G  ncc."i:;ion.i'i on beddm;; planes. In 
composition 2. on many bed~hng planes at moderate to 10-1't spacing ar.d 
locally within 20 percent or more of  beds at very close to moderate apac- 
in,;. In ncnresistant intervals partin'; occurs on bedding planes (much 
at closi- to wide spacing), within ;-ome beds, and within shale at very 
close spacinz. 

Fracture: Clear and silty sandstone h.is mostly moderate to wide spac- 
ing. ranri2.i; frcm clcse to very wide ( 5  ft). Ckyey sandstone has mostl> 
close spacmg cf weathering fracture on moderate ;o nide iron-staincd 
:ripiria! spacing. Much qhcroidal weathering and scaling in dirry sedi- 
mentary rock. Hard calcite-cemented beds and concretions mostly have 
'wide spacing, some moderate. 

Permeability: Sandstone has mostly low ictergranular permeability, bu! 
some moderate where clean; siltstone low; mudstone and shale very low, 
but possibly low fracture permeability in shallow rock. Thus, niosi bed- 
rock has low intergranular permeability. soiile moderate, and some very 
lcw. Spring:, present. Much mantle low ti; ver? low, much moderate. 

Weather ing:  Clear. and ~iilty sandstone weathered to dr-pth of 30 ft. Dirty 
aandsror.e, s;ltstone, mudstone, and shiile are weathered to depths greater 
than S ft, probably 10-20 ft .  Much wealhering fracture and scaling in 
these materials. 

Surficiai mantle:  Much granular, much clayey soil or subsoil. 
Expans iv i t y  Probably most bedrock unexpansive. some to much signifi- 

cantly expansive. Much m.intle significantly expansive, m unexpan- 
sive, some severely expansive. Bedrock samples: MI21B, mildiy cracked 
cleyey fine sandstone, free swell 70 percent: BNi9 ,  shale, free swell 73 
percent. Surl'icial mantie samples: BN24, moderately crocked sandy clay 
soil, f r x  swell 90 percent: MI30, soil, free swell 78 percent; M i l l .  
mildly crncked fine siiiidy clay subsoil, free swell 82 percent; MI12, 
:~iodernte!y cracked hilty clay subsoil, free swell 109 percent. 

hie thickness: 90C ft ( J .R .  Wagner, written commun., 1973). 
Sources; Ham, 1952: Radbruch, 1969: R'idbruch and Case. 1967; Sheehan, 

1956; Trask, 1922; J.R. Wagner, wriltcn commun , 1974; Wagner, 1978: 
Weaver. 194-1: 1.1 statiens, 

MAP L N I I  406 

Geologic unit, (age) ,  and location: Monterey Group, sandstone ini t  (T). 
only in the East Bay Hills north of Alano ,  

Summary:  Equaily abundant tuffaceous &andstone and sandy rnudstcne. 
Minor hard cemented shell beds, miner sandstone of moderate perr~ie- 
ability. Probably much bedrock and most mantle i-> significantly expan- 
sive. 

Expression i n  aeriai photographs: Intermediate and h a d  rc'pcgraphy. 
sn-iali area. 

Composition: Sandstone and sandy mudstone, both tuffaceous. Sandstone 
is medium to fine pained and has various proportions of matrix, prcb- 

ably tuftaceous mud, producing largely a dirty sandstone of low perme- 
ability; also contains less abundant clean well-sorted sandstone. some 
of which reaches moderate permeability. Minor calcite-cemented shell 
beds. Sandy mudstone vanes from mudstone to high-matrix fine-arained 
sandstone and includes mlncr shale. !ill of '~e r?  !c\v peri~ieabiiity. About 
equally abundant sandstone and sandy mudstcne. Clean scn.Jsione (no 
weathering fracture) constitut'ei a: much as 30 percent of unit. 

Hardness: Largely firm where weathered and probably where fresh: mi- 
nor hard cemented shell beds, 

Bedding: Largely indistinct and ~ a d a i i o n a l .  Seme distinct interbedded 
very thick i 10- to lGC-fi;'beds of sandstone and inudstcne; some or mere 
interbedded sa:.dstcne. medstone. and slide in distinct medium to thick 
t'cds. Cemented she!! beds to thick. 

Parting: Largel!: absent: spacir.2 ~t n ~ ~ d e r a t e  to wide ci'i disti-"ii:t bedding 
planer in some c r  mcre of unit. 

Fracture: In dirty handstone, close to moJerate spacing cfweaihering fr.'i;- 
ture OR moderate to wide originc.1 spacing; cleua sandstone (as much Â£ 

30 percent of unit; retains rr.o:,tiy moderate to l.vLie s p a c i n c a n d )  mud- 
stone has clo;.e to very clcse spa,;ing:. 

Permeability: Sandsrc~e  has largely low inter:'rt.nulai pcrmeabilit;', mi- 
nor moderate: sandy milestone very !ow, some possibly low, much prob- 
ably has low fracture permeability in shallo'-v reek. Thus, much bedrock 
has, low intergranuliir permeability. minor moderate: much very low, but 
much of this probably has lev. fracture permeability in shallow rock. 
Most mantle low to w y  low. some moderate. 

Weathering:  Sandstone weathered to depths grcater t h a ~  8 ft. 
Surficial mantie: Largely cia;ey, some grarLulii. Most is x a d y  and kilt2 

cky soil. such as sample LTR20; some clay soil and weathered bedrock, 
such as sampic LTR19. 

E x p a n i h i t y :  Much bedrock ~inexpansh c prob:ibly much ir:igiifican:l: 
expansive where weathered. M o ~ t  mantle si-,iiiiii;ant1y expansive. prob- 
ably some severely expansive, some unexpansive. Samples: LTR19, clay 
soil .md weathered bedrock, free swell 75 percent; LTR20, typical dark 
sandy and siity cla? soil, free swell 78 percent. 

Sources: d a r k .  1918; three stations, 

MAP LWIT 407 

Geologic unit, (age-), an location: U n n a m ~ d  xnit (T). in the East BzV 
Hills near Pinole. 

Summary:  Sandstone interbedded with shale, siltstone. and c!ayey very 
fine sandstone. Some bedrock znij probably sor;;e i -~i~nt le  12 severely 
expansive. 

Composition: Sandstone. well ~ o r t e d ,  fine yrained. about 10 percent silt, 
interbedded with clay shale, silty ^lay shale, siitstorte, and claye! fine- 
grained ssnditone. Approximately 60 percent sandstone, 40 p.;rcen! 
ciaye; rock of vihich shale is predominant. Contains hard calcite-ce- 
mented sanditone. 

Hardness: Sandstone soft to fir'ri where weathered, probably firm where 
fresh. Shale has firm pieces, fir.11 to mft rock ma-is. 

eddings Distinct. Sand;icnc in thick to \cry thick : 10-fi or mcre) beds 
between medium to very thick (&it) beds ot\ ' layeyock: cemenred s a d -  
stone beds and concr~ t ions t ' ?~  mediurr. to thick. 

Parting: At bedding planes (wide to 1 C  ft or more), srsd within shale iit 
very clcse spacing. 

Fracture: Sandstone has moderate spacing. clayey rock .clese spacing. 
Hard calcite-cemented sandstone fractured at very wide (4-ft; spacing. 

Permeability: Sandstone has moderate to low intergranular permeability. 
shale very low. c l ; i v e ~  fine-grained sandstone and siltstcne low. Thus. 
much bedrock low, some 10 much mcderate. some very low. Frobably 
much iiiantle moderate. much \cry I c w  tc lcw. 

Weathering:  Sandstone weathered to depths greater than 30 ft. Shale gray 
at about 10 ft,  

Surficial mantie: Prcbably much granular, much clayey. No soil observed. 
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Expansivity: Most bedrock is unexpansive; much may be expansive, some I Summary:  Widely ~ a r y i n g  reporrs of composition: Â¥* estimate about hulf 
cr  more is severely expansive (shale). Probably much mantle unexpan- 1 sandstone, half clayey rock. Minor to some sandstone is cemented, prob- 

sr 'e, much expansive, some severely expansive. Sample R7, well-cracked i abl j  including much of the prominent ridge noted below. Much mantle 

shale, free smell 131 percent, is most expansive material seen in unit. is severely expansive. 

possibly from unit 1 1 is I Expression in aerial photographs: Largely not very resistant, but includes 

Sources: Two stations. ' one prominent, hard to intermediate ridge that lacks ribbing. This ridge 
is underlain by clean sandstone, prcbably much cemented. 

MAP UNIT 408 Composition: (1)  Sandstone, tuffiiceous in part, fine to coarse grained. 
I largeb fine to medium grained (Clark (1918) described sandstone as tin,; 

Geologic unit,  fage), and location: Sobrante!?) Sandstone (T]  of the 
' grained, Ham < 1952,' as medium grained); liirgely moderately ~ o r t e d  (^el! 
I 

sorted according tc Ham, l q ) ,  but some rock is clean and well sorted Monterey Group, only in the Ea'it Bay Hills near Oakland. 
Summary:  Largely firm, dirty, fine-grained sandstone, sil'stone, and siity 

mudstone. Nonresistant unit. Some bedrock and mantle i? severely ex- 
pansive. 

Composition: Largely dirty fine-grained to very fine grained sandstone. 
siltstone, and silty mudstone. prctbably scme to much of each. Also in- 
cludes minor medium-grained hard glauconiti; sandstone: inedium- 
;'rained sandstone, moderately well horted, in part cemented; brittle 
siliceous shale; concretionary limestone; and altered diabase dikes. Lo- 
cally includes hard sandstone similar tc unit 643 in blocks as large as 
10 ft in diameter (probably faulted in). 

Hardness: L,arge!y firm pieces where fresh and weathered, firm to soft 
weathered rock mass. Minor sandstone is hard where weathered and 
fresh. Sandstone similar to unit 643 is present iocally and is hard. Sili- 
ceous shale has h a d  to firm pieces. Limestone hard. 

edding: Mostly absent to indistinct. Glauconitic sandstone has distinct 
medium to thick beds. Page's (1950) portal sandstone (moderately well 
sorted, locally cemented) forms a distinct bed 50-400 ft  in thickness. 

Parting: Largely absent, possibly rarely present at distinct contacts. Present 
i t  very close spacing in siliceous shale (minor constituent,!. 

Fracture:  Close to very close spacing of weathering fracture on moder- 
ate to wide original iron-stained fracture; some rock flakes where weath- 
ered. Hard glauconitic sandstone fractured at close to moderate spacing. 
Hard sandstone similar to unit 643 occurs in blocks as large as 10 ft in 
diameter that have internal incipient fracture at very close to very wide 
(A-it) spacing, mostly moderate to wide. 

Permeability: Largely low intergranular permeability in bedrock; mud- 
stone (some of unit) very low, but some mudstone probably has low frac- 
ture permeability in shallow rock. Some bedrock is very wet underground 
in Caldecott tunnel (Radbruch, 1964). which suggests moderate fracture 
permeability Possible minor moderate intergranular permeability in bed- 
rock. Mo'at mantle low to very low. 

Weathering; Color change at depths of 20-30 ft, some rock fresh at depth 
of 20 ft. Weathers from fractures inward. 

Surficiai mantle: Largely clayey. 
Expansivity: Probably much bedrock unexpansive, some may be signifi- 

cantly expansive, some is severely expansive. Sonie mantle severely 
expansive, probably most is significantly expansive. Soils range from 
uncracked to generally mildly cracked to moderately or well cracked: 
moderately cracked and well-cracked soils, occupy about 20 percent of 
unit. Three samples from the most expans i~e  soils: OE20A, moderately 
cracked clayey soil, free swell 110 percent; OE20B. clayey weathered 
bedrock or subsoil, moderately cracked, free swell 100 percent; OElS, 
clay soil and weathered bedrock, well cracked, free swell 120 percent. 

Strat igraphic thickness: As much as about 1,200 ft (J.R. Wagner, writ- 
ten commun., 1973). 

Sources: Case, 1963: Page, 1950: Radbruch, 1964, 1969; Radbruch and 
Case, 1967; J.R. Wagner, written commun., 1973; Wagner, 1978; five 
stations. 

MAP ENIT 409 

Geologic unit, (age), a n d  location: San Ramon Sandstone (T), only be- 
tween Alamo and Walnut Creek. southwest of Concord 

and makes up resistant ridge. i.2) Calciie-cemented zones and concre- 
tions in sandstone. (3 )  Clayej rock consisting of shale, mudstone. and 
claystone (4; Siliceous, shale. gray. 

Various impressions of proportions. Clark (191 E l .  in measured section, 
shewed sandstone making up all but 20 ft of 523-ft section. Observa- 
ticns at sample locality WC42 suggest one-third sandstone, two-thirds 
zlay'tone and covered zones. At sample locality WC44, half of unit con- 
sists cf SO percent shale and mudstone. Thus, unit is probably about half 
sandstone (con~positions 1, 2) and half clayey rock and siliceous shule 
(compositions 3, 4). Minor to some sandstone is cemented. Siliceous 
shale constitutes about 10 percent of clayey halt of unit. 

Hardness: Sandstone firm to soft where weathered, probably firm where 
fresh, some possibly quite firm where fresh Cemented sandstone hard. 
Clayey rock firm where fresh and (veathered. Siliceous shale quite firm 
to hard. 

Bedding: Sandstone occurs as very thick (as much as 30-ft or more) dis- 
tinct beds between thin to 5-ft shale beds in about half of unit; as dis- 
tinct thick to 6-ft beds between very thick clayey roik in about half of 
unit: and some is thinly parted or thinly interbedded with shale. Cemented 
zones and concretions thin to thick. Siliceous shale occu", in a 20-ft 
interval, in which lamination is not distinct (Clark, 1918). 

Parting: At very wide spacing (as much as 30 ft or more) in most of one- 
half of unit; at very close spacing (shale) to moderate or wide spacing 
(mudstone, claystone) in most of other half. 

Fracture: Much sandstone has moderate to wide spacing of original ce- 
mented fracture. close to moderate spacing of superirnpo'ied weathering 
fracture. and very close scaling on exposed surfaces, Much sandstone 
in beds less than 6 ft in thickness, has wide to 4-ft spacing, which sug- 
gests spacing similar to bed thickness. Cemented zones probably have 
spacing as great as wide Siliceous shale prcbably has very close to 
moderate spacing. 

Permeability: Sandstone has largely low intergranular permeability, mi- 
nor to some moderate; clayey rock, including siliceous shale, has very 
lcw intergranular permeability, but siliceous shale has low to moderate 
fracture permeability in shallow rock. Thus. about half of bedrock has 
low permeability, half very low, minor to some moderate. Must mantle 
very low to low. 

Weathering: Sandstone weathered to depths greater than 15 ft. 
Surficial mantle: Largely clayey. Two samples of soils on clayey rock 

(about half of unit): WC41, a dark sticky clay soil, and WC42, a dark 
sticky soil on claystone. Sandy clay soil oveilies, sandstone in about half 
of unit. 

Expansivity: Much bedrock unexpansive, much expansive of which some 
may be severely expansive. Much mantle severely expansive, much sig- 
nificantly expansive. Samples: WC41, dark clay soil. free swell 79 per- 
cent; WC42. dark c1a.y soil on claystone, typical Of half of unit. free swell 
102 percent; soil expansivity suggests similar expansivity for claystone 
bedrock. Sample LTR26, dark clay soil. free swell 68 percent. is typical 
for the station. which is on strike with the resistant ridge; sandy clay 
soil on sandstone is probably less expansive. 

Strat igraphic thickness; 523 ft near Castle Hill ( d a r k ,  1918); 400 i t  at 
Castle Hill (Ham, 1952). 

Sources: Clark, 1918; Ham, 1952; five stations. 
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MAP UNIT 410 1 

Geologic unit, (age), and location: Markley Formation (T) ,  only in area 
between Valiejc. Montezuma Hills. and Yolo Range. excluding Potrero 
Hills 

Summary: Sandstone interbedded with thinly interbedded very fine sand- 
stone, siltstone, mudstone, and shale. Materials are firm to soft. but m- 
d u d e  tnormcus hard concretions in sandstone. Near Vacaville, unit is 
about half massive sandstone and half thinly interbedded materials; here 
unit has mcstly sandy. unexpansive or only mildly expansive mantle and 
bedrock, but 10-20 percent of mantle is expansive and some shaly bed- 
rock intervals are expansive. Farther south near Jiimeson Canyon, prob- 
ably more than half of unit consists of clayey rock, well over half of 
mantle is signif'icantl: expansive, and one-fourth or more of mantle is 
severely expansive. 

Composition: Sandstone interbedded with thinly interbedded very fine 
grained clayey sandstone, siltstone, mudstone. and shale. Sandstone is 
medium to coarse grained, poorly sorted, and poorly rounded: most is 
quite silt) (more than 10 percent silt). but some has less than 10 percent 
silt. Sandstone contains scattered enormous calcite-cemented concretions. 
Thinly interbedded clayey rock varies from very fine grained sandstone 
and siltstone to clay shale and mudstone, but all of these materials con- 
tain some clay; some chalky siliceous shale reported in middle part of 
section near Jameson Canyon (Jdmeson Shale Member of Markley Sand- 
stone of Weaver, 1949, plate 12). Near Vacaville, unit is about half 
massive sandstone and half thinly interbedded materials,. Near Jameson 
Canyon. probably more than half of unit is thinly interbedded materials. 

Hardness: Sandstone is firm to soft where weathered, probably firm where 
fresh. Fine-grained rock has firm pieces and firm to soft rock mass, both 
where fresh and weathered: chalky siliceous shale near Jameson Can- 
yon probably quite firm. Concretions in sandstone are hard. 

Bedding: Distinctly beddea. Sandstone occurs in massive very thick ( 10- 
to 40-ft or more) beds that crop out (rimrock), but also occurs commonly 
in medium to 10-ft beds between medium to 4-ft thinly bedded inter- 
vals. Some very thick sandstone beds have silty partings at very wide 
spacing and some are indistinctly internally bedded. but typically the very 
thick sandstone beds are massive and structureless. Concretions are elon- 
gate parallel to bedding and as much as 30 ft in length; they are gener- 
ally thick and as much as 6 ft in width, but some are spherical and as 
large as 6 ft in diameter. Fine-grained materials between sandstone beds 
are interbedded in very thin to thin, some medium, beds. 

Parting: Present at bedding planes. Mostly absent within very thick sand- 
stone, but some has silty partings at very wide spacing. At very close to 
close spacing in thinly interbedded intervals of clayey rock. 

Fracture; Sandstone shows very wide spacing in most places. moderate 
to 4-ft spacing in some places, and within 10 ft of the ground surface it 
may develop fractures at moderate to wide spacing where only very wide 
spacing exists at depth. Some sandstone develops close spacing of weath- 
ering fracture within a foot or two of the ground surface. Interbedded 
sequences of clayey rock have very close to moderate fracture spacing 
across bedding. Concretions are mostly unfractured, but some have cross 
fracture at about 4-ft spacing. 

Permeability: Sandstone has low to moderate intergranular permeability, 
clayey rock low to very low. Thus, intergranular permeability of bed- 
rock is largely low, some moderate, some very low Most mantle mod- 
erate. some very low to low. 

Weathering: Sandstone is weathered even in freshly cut stream exposures 
at depth of about 50 ft. Shale and rnudstone may remain gray within 10 
ft of ground surface. 

Surficial mantle: Largely granular, some clayey. In area near Vacaville. 
scil is largely silty sand. some (10-20 percent) clayey. Near Jameson 
Canyon. largely granular but 25 percent or more is clayey. 

Expansivity: Probably most bedrock is unexpansive, but much may be 
expansive and some is severely expansive. Some mantle is severely ex- 

pansive, the remainder varies from largely unexpansive to largely sig- 
nificantly expansive. in area near Vacaville, most soil is unexpansive. 
but some shale and 10-20 percent of soil is expansive. These expansive 
materials are represented by the following samples: E5, mildly cracked 
shale, free swell 88 percent; A?, mildly cracked sandy cia! soil on siit- 
stone, free swell 72 percent; MV22, well-cracked clayey soil. free swell 
131 percent. Neai Jameson Canyon, well over half of scil appears sig- 
nificantly expansive iexpansivit; similar to or greater than sample CLlB, 
clayey sand soil, mildly cracked, free swell 68 percent) and one-fourth 
or more of soil is severely expansive like samples CL2, clay soil. well 
cracked, free swell 95 percent- and CL1.4, popcorn sandy clay soil, tree 
swell 11 2 percent. 

Stratigraphic thickness: 85C ft or more at Pleasant Creek ( d a r k .  1933). 
Sources: Bailey, 1930; Bartow. 1925: Clark, 1938; Olmsted and DaGs" 

1961; Sims and others, 1973; Weaver, 1949: 10 stations. 

MAP UNIT 411 

Geologic unit, (age), and location: Markley(?) Formation IT) .  only on 
east side of the East Bay Hills near Walnut Creek. 

Summary: Not seen in field, most information from Hair, (1952). Largely 
fine sandstone, shaly sandstone, and shale: minor hard sandstone. I'nit 
is sheared, adjacent to Franklin fault, poor exposure. 

Composition: Described as "badly sheared. thinly laminated fine sands 
with calcite stringers" and Eocene fossils (Ham, 1952). d a r k  (1918), 
quoted by Ham, reported fine-grained yellow-brown sandstone over hard, 
massive, calcareous, gray sandstone, over shaly sandstone and soft 
argillaceous shale. Proportions unknown; assume unit is largely fine- 
grained sandstone, shaly sandstone, and argillaceous shale, and that hard 
sandstone is minor. 

Hardness: Probably largely firm, weathering firm to soft. Includes hard 
calcite-cemented sandstone. 

Bedding: Unknown. Much thin-bedded to very thin bedded fine-grained 
sandstone. Calcite-cemented sandstone probably occurs both as thin to 
very thin beds and as a very thick bed. 

Fracture: Sheared. Most of unit probably has very close to moderate spac- 
ing. but hard sandstone probably moderate to wide. 

Permeability: Bedrock probably has largely low intergranular permeabil- 
ity, some very low. minor moderate. Probably much mantle moderate, 
much low to very low. 

Weathering: Unknown. Hard sandstone probably fresh to surface or near 
surface. 

Surficial mantle: Unknown, probably much granular, much clayey. 
Expansivity: Unknown, probably much to most bedrock unexpansive, 

some to much expansive. Probably much mantle unexpansive to signifi- 
cantly expansive, some to much severely expansive. 

Stratigraphic thickness: About 400 ft (Ham, 1952). 
Sources: Bartow, 1985; Clark, 1918; Ham, 1952. 

MAP UNIT 412 

Geologic unit. (age), and location: Markley Formation, upper sandstone 
member (T), in the monocline north of Mount Diablo 

Summary: Not much confidently known about this unit probably includes 
much sandstone and much claley rock Some to much bedrock and prob- 
ably much mantle are severely expansive 

Expression in aerial photographs: Largely light photographic tone. On 
scarp slopes of hogbacks, which much of this unit occupies, much is 
ribbed, much smooth. Near Nortonville Road. includes a swale, then a 
nose having s e ~ e r a l  light-toned bands as wide as, 50 ft between dark- 
toned bands approximately 70 ft in width. then uniform texture of finely 
and subtly banded intermediate topography that has coarse ribbing. West 
of Nortonville Road, shows intermediate topography. much landsiiding; 
here much is banded distinctly, largely showing light-toned bands 5-20 
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ft in width, some as wide 100 It cr  more, betv.een dark-toned bands ' Bedding: Vcry thick i 10- 'LO 20-f'.'; distinct bscs cf ~ands toae  8.nd shiilc. 
as wide -is 50 ft;  most is dark in tone, some to equally abundant light. ' repetitive. 

Composition: (I} Sandstone, medium to coarse grained, fairly clean, mi- 1 Parting: At ver> close to c'.osc spacing in shale where both weathered anc 
.:;iceous. containing cai:ifc-cemented concretions. (2 )  Clayey rock. con- fresh (to depth of 35 f t) :  at vex:, wide spacin;; ( iC-2U ft) aSong contacts 
 isti tin]: of Â¥;h~ie  mudstone, and siiistcne. ( 3 )  Dirty sandstone thai has ~ l t y  between sandstone and shake. 
and clayey in.itnx, fine tc me-Jium grained: seme has h a l e  la i~inae.  '-lome Fracture:  Shale fractured at c1cc.e spiicirg, pos~ibly to moderate. Sand- 
~ ~ . ~ l c ! t e  cemented. (4 Tuff beds (Primmer, 1964). ^.toile has mostly mc3e:iite to wide ~pacin--:. ranging froiii close to verj 

Propo-ticns uncertiir.. From expression in acrial photographs. obi' I v,idc ( 4  fi). 
observations. and the iiicrature, b ~ s t  estimate is thst unit consists of iome ; PermcabiSity; Inter~ranuiiir pe r~~eab i i i ty  verj  low in ihai i .  Sow t~~ izcd- 
to much of both (a;  dear .  sandsime icernposiiticn 1) with lesser cliycy errte t r ~ u c h  of e x h )  in san2itone. Thus, seme bcdrcck xcdeime,  soir.e 
interbeds. and (b; cljyey reck (comp~siticri 2; with lesser dirt} sand- 1 lo%. x u c h  \cry ?cw.  Much to most rn~nr ie  %ei'i, low. LoiiIe ti:. much 

interbe& icompcsiiioa 3). We infer iight-icneil bands 0:1 phcto- ; mcderate. 
graphs 10 be sandstone coniaL'iing lesser ,$aye! rock, dark-tcned bands \ W e s i t h e r i n g d o m e  sa~d '~?or .e  fresh at depth ci 25 ft. Shale is fissile tc  
to bs- .;l;;te' rock cccta'ning lesser s,indstone. Minor tuff and ceiiientnl ! depths of 35 i'i or more. 
reck. I Sarficial xiiintie: Much t,:. mcst clayey, some to w ~ c i l  g-aniilar. 

Hardness: Cle.;r. ;;tindsione w e a t h e r ~ ~ ~ f t .  prcbahly some "irm. CUyey n c k  ' Expansivity; Much bedrock (Â¥.iiiaie and much to r.o;,t iriafitk .ire prob- 
a d  diift sandstone are firm where ~ ~ e ~ t h e r e d  ar.d probably where frebh. ; ably jeverolj expansive. much bedrock i:sndston$ 2nd sorr-e :nari?ie are 
cr, iiit,ntcd :.zr,dstone hard I unexpansive. probtibly some man:!e is s ignir icat l :~ expaniive. Inferred 

Bc-6ding: L'nceflaiti, 1ni;liid:'s 5cmc c r  more v.:ry thick ssi-idstone contan- Tom anit 465. 
inF d^.lir:ct cl;qey interbeds to thick(?), and some or mere very tluck ! Sources: Bartow, 1985; Vvf;ave:. 195?: tv c stations. 
(..I.; much is 15 ft  or mure) shale containmg mediam tu 5-f; distinct beds , 
of clayey sandstone. Cemented sandstone ?c thick. concretions as much MAP IINIT 414 
as 4 ft  i : ~  diameter. 

Parting: On distinct bedding planes a i d  within clayey rock at very close - Geologic uint, Otge),, and location: Domerigine Sandstone iT). cr.11 ir. 
to moderate spacing. Thus, '.erne ,>I more of unit has VCT} close to mcd- , area north and east of Mount Diablc. exi:!udkc Paeheca~ syncline. 
erate spacing. some c r  mere very wide. 1 Summary: One-ho.lf to two-thirds is very thick bedded quartzcse sand- 

Fracture; Close to moderate spacing in clean sandstone, moderate in dirty ' stone, firm to soft, moderate pcrmeabiiity; remainder is inierbedded 
sandstone Close to very close ::pacing o! weathering fracture in clayey ' mudstone, shale, and clayey sandstone, much thinly bedded. Sand dsed 
rock. Hard cemented sandstone has' wide spacing (in thick beds). ' widely as s l i i ~ ~  sand, foundry .,and, blend sand. ~ a s o n r y ,  and ~ i b b a s e .  

Pcrsneabiltty: IntergranuLir peimcability of clean sandstone moderate ti) 1 Coai mined from several seam> corth cf  Mouni. Diablo. Local!j traver- 
!ow, siltstone and dirty siindsiorLe Sow. shale and mudstone very lew. tine over calcareous sandstone i~ used tor cement. About one-hJif of  
Thus, bedrock includes some moderate interpranuLir permeability, mmc bedrock has moderate ir:te;';ranular permeability, one-eighth high. Some 
low, and some very low. Probably much mantle moderate, much very low. severely expansive bedrock ii i i i j  mantie. 

Surficiai mantle: Probab1) much granular, much clayey. xpression in aerial photographs: Intermediae tcpepraph:. some or more 
Expansivity: Much bedrock unexpansive, some to much severely expan- of both reissli.m and subdued intermediate topography. =ueh v e q  sub- 

sive i.cla\ej rock;. Probably much ii-iantie severeb expansive, much dued Little d i a i n ~ g e  development in  most of ur!t. In  pieces subtly 
unexpacsive tc aignificantl3 cxpa~s ivc .  Samples: AS12A typical wer.th- b,>ndeii by zones 1 0 - i C G  ft  in t:;id:h. both light and dark in tcr-c. eqrsily 
ered shulc and clavey rock, free s\n-l1 100 percent: CL34B, typ ic~ i  wcath- ..ibundant. Scmt- distinct rcsir.tant ridges as v ide  3:. 100 fl >'-.nd seme vai- 
ered shaie, rncderately cracked, free :,well 2 4  percent: AS12B, dark ! e y ~  ;;ion;; iirike, but  most lacks drafi-::.ti..: topog:.-?.phi; contrasts. & e x  
s.,c,~.r p J a y  st::], inodera~ei! cracked, typical foi area. S'-ee $'dell 110 per- NortonviISe, unit develop:. hard topog?apby ihat i x k s  much ribbirg: 1': 

cent; FIB;!, sandy c k y  :-oil, moderar'~,Iy cr~tcked, :~;ay be contaminated favorable places, shews r-^iilar bands 10-50 1'; IE width, imasily whne, 
from another ur.i!. free swcii lC.1 percent: CL34A. ciaycy sc;', tree swell no notiresistant intervals. Area near Lime Ki6;e I:, mildly r,;sisl;int in- 
13C percent. -. i~rmeuiate  topography. '.one qproa~liin>; hard. acpears h o m q e n e o ~ i s .  

Strat igraphic thickness: Abcut 400 f t  (Brabb and others, 1971): 440 ft ; D-st inc~ve vegetation and iight photographic tone uver this unit is all 
i F u h e r ,  1964); about 700 it iJrhnscn, 106.1); 700 t't <Coibiirn, 19611: 

' 
areas. 

5.X ft ( d a r k .  19 18;. 
Sources: Brabb and ethers, 1971: Bartow, 1985:  Clark. i 918; Colburn. 

Uct'1: F~:lmer, 1964; Johnson, 1964: Primmer, 19̂ ; Taff, 1935: t h r x  
siaiirn',. 

MAP L'MT 412 

Geologic unit. (age), a n d  location; Ncrtq~cviIie Sbuk. sandrtone mem- 
ber (T). In Pacheco syncline. west .;f Concord. 

Summary: Interbedded sandstone and shale. b ~ t h  ir. 10- to 212-fi bed-., 
equally abi!.ndant. Some moderate peri~i~iabilicy in sandstone. Much bed- 
rock and much tc most mantle ;-re probably se~.erely expansive. 

Expression in aerial photographs: Forms prominent t u x p s  and ridges; 
shows bards. light and dark in tone, 10-2C ft in width. 

Composition: Sandscone inteibcdded a i th  shale, about equal1;g ~bu.ida;t. 
S s n d s ~ ~ ~ n e  i,; r ~ e d ~ u r .  ttc cause grained, .mode:ately to p ~ e r i y  wrted, 
much dear. except for minor sik, some dirty and scaly Probably con- 
crstions :n sandstone. 

Hardness: Where fresh and weathered. shr-le has firm pieces and firm to 
soft rock mass ov.ing, to fissilily, :;an(L;tone soft to firm. Cciicreticn!;(?) 
h'urd. 

very coarse grained, moderately to %ell siorted. somewhat s i l ~ )  i'quaitz 

flakes). minor gi:iuconitic: ir.u;h is white. In piaces cernenied b\ calcite 
in con1cre:ior.s and bed:,, in ether places cemented by lin-onlie in i - o ~ -  
cretionh a d  along fractuies Aisc. lesser fir.e-grained buff-colored sand- 
stone that ii~cuily I ~ ; i ' ~ d e s  hard cemented layers ccnuining x a m c  
!\,:>sili. i2> Less resistant icferbeds 2onsisting o i '  interbedded: :c.: :;.'i?- 
stone. some i k f l ' a c c ? ~ ~ .  seme fsssile, varying fr;m punky to ri.ird: i b )  
clayey and siity ~ui-.ditcne, largeiy fine grained: (c)  madstone: and >d)  
shuie. :lay to silty ( 3 ;  Con&icmernte, c f t w c  types and ccrurrences: ;a ;  
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Prominent 1iiholo;;y is sandstone  composition I) ,  and in most sections . is reduced near ground surface by clay coatings. Much clayey rock i-ie- 
this ccn:'.itutes about half to two-third5 of unit. the remainder being 1 velops parting and most develops weathering fracture where weathered. 
largely clayey interbeds (coixposition 2). Interbeds include thin to thickly I Surficial mantle: Largely granular. some cla\ey. L;irgely uncracked sand 
i~rerbedded material:, as well as homogeneous sequences, such as very 
thick ;hale. and include s x n e  of each of the materials listed under cor.1- 
position 2.  Conglomerate is a miner constitucnt overall and is not ev- 
e:->where present, but occurs in some areas and is continuous fcr more 
:bar 4 mikh in one place. Lignite is a minor constituei~t (twc or three 

to clayey sand soil, such as samples CL7B .ind WC54. Most is bsrel) 
coherent and of moderate perrne.ibilii.y; scme hii;, sand:) clay subscil. such 
as sample BHS22, 

Expansivitv: Most bedrock and mantle is unexpcnsil!e. but much of each 
may be ckpi;nsi\e, and scme o l  each is seveiely expansive ,shale. mud-  

beds;: concretions and cemented rock are minor. 1 stone. and overlying mantle). Bedrock ,;amp^e WC57 shale or mudstone, 
The Lime Ridge area is distinguished from the rest of the unit by the , moderately cracked. typica!, free swell 82 pacen t .  Surficial xaiitle 

fcll:>%ing: i 1; It lacks the upper claye}. nonresistant part of the typical s'imples: CL7B. typical brown sand sc11. free swell 88 percent (greatly 
section iTsff, 1935) and, thusi, has a higher prcporticn of sandstone; (2j  , exaggerated): WC54, typical clayey sand scii. free swell  45 percent; 
includes diabase conglomerate near top of section; (3 ;  includes scme 

' 

BHS22, typical mildly cracketl sandy clay subsoil free swell 85 percer.r 
travcnine, calcareous sandstone, and generally more ~alcite-cemented (exaggerated). 

P * pi ,, 1 l u i t i - i  thiin in most of unit; and 14)  includes some breccia, probably ; Stratigraphic thickness: 525-850 ft (Clark and Woodford. ! '- '2 ';};  "0- 
tectonic. on west side of Lime Ridge. , - , 3  

, i . ~ O b  ft (Johnson, 1964;: i.5OC ft north of Mount Diablc, including 500 
Hardness: Sazdstone is firm to soft where fresh and weathered, probably ! it of Nortonvillc Shale i T ~ f f ,  i935;: about 1,450 ft near hortcnvii're 

sofrer where fresh than where weathered, mostly friable or nearly so: in ' (Cclburn. 1961, from stratigraphic sectioaj. 
places, rock i;, firm owing tc case hardeningoor partial cementation Sources: d a r k ,  S Q21: Clark and Wocdf-ird, 1927; Coiburn. NC;: Davis 
iron oxide along fractures. Concretions, cemented sandstone, 2nd trav and Goldman. 1958; Dickerson, 191 1; Johnson, 1964; Psmpeyan, 1963. 
c l i n e  sre hard. Most intcrbed materials .ire firm where fresh ,inn weat Taff, 1935; 13 stations. 
ered, but minor tuffaceous :.;iltstcne is hard, and some siltstcne and Â¥;hal 
may be soft or punk;;  johns son, 1964). Clasts in conglomerate hard to MAP ILMT 415 
Cirrn, matrix probably firm to soft. Lignite firm. 

Bedding: Sandstone occurs in very thick (4-ft to more than 100-ft) beds, 
although t'c5.v beds are thicker than 30 ft; 'ntervals cf almost entirely 
sandstone as thick as 500 ft. Intervals of mudstone. shale, siltstone, and 
;laye) sandstone are interbedded Sargely at thin to 4 ft but as much as 
20 ft or more; dominantly nonresistant mierbcdded sequences are as thick 
as, i5fJ ft or more Conglomerate beds are largely less than 20 ft, but as 
thick as 50 ft. Lignite beds are lenticular and as thick as 4.5 ft; zones of 
lignite 6-L'i fi in thickness are interbedded with clay and shale. Traver- 
tine on Lime Ridge terms crust 01' unknown thickness near ground sur- 
face. Ccncretioni are as xuch  as l O  St or more in diarnetei. See t.ections 
by Colburn 11961) and d a r k  and Woodford (1927). 

Parting; Absent within sandstone; present on distinct bedding planes 
so.ndstone against clayel interbeds): and present within clayey interbeds 
largely at close to ver} close spacing, some of these materials fissile. 

Fracture: in sandstone. spacing is variable and ranges from close 10 7 ft, 
r.icst moderate to 4 it; variable to extent that in places spacing is. laigely 
clcse to moderate. in other places largely 3-6 fi i n  places orientation of 
fractures in sandstone is regular, in other places irregular. Within 10 ft 
u f  gr .~und surface. some sandstone develops sheeting at close to moder- 
i t e  spacing parallel to ground surface. Fractures in sandstone generally 
do not constitute significant plaaes of weakness, and generally are 
not fci'fectve for  excavation' in one place, recent trenching in apparently 
wide tn 4 - i ~  spacing produced medium to large blocks. Many fractures 
in t-cndstone are stained and iiightly cemented so that the) no longer 
form planes of weakness; where stained, fractures form thin to medium 
firm zones thrcugh firm to soft rock. In interbedded clayey ruck, spac- 
ing is largely veiy close to moderate, much as weathering fracture. In 
ccng!crnerate probably absent to very wide. In breccia on Lime Ridge, 
hard blocks as large as 6 t'l in diameter are fractured at moderate to wide 
sp,:cing 

Permeability: Sandstone has largely moderate intergranular permeability. 
some high (where coarse grained), some low where sufficient silt ano 
cia) content, Interbedded clayey rock (composition 2) low to very low, 
much of each. Conglomerate "<here observed ha> rnatrtx of low inter- 
granular permeability, probably overall low to moderate. Thus. about half 
of bedrock has moderate permeability, one-fourth to three-eighths low. 
cne-eighth or less veryilew. less than one-eighth high. Most mantle 
moderate. scme low to very low. 

Weathering:  Sandstone weathered to deprh cf 30 ft or more: iron stain- 
ing exiends to greater depth. Some .sandsiene scales from cut slopes, 
some develops sheetin,? near ground surface. Permeability in sandstone 

Geologic uni t ,  (age), and location: Domengine Sandstone (T), only in 
area north and cast of Vallejo, excluding Potrcro Hills and area of ex- 
posure ne.ir Iiapa. 

Summary:  Sandstone interbedded with much shale and rn$.idstoni;: hand- 
stone and clayey reck probably about equally abundant in most places. 
Probably some severely expansive bedrock and mantle See unit 414 for 
detail. 

Expression in  aerial photographs: Distinctive resistant intermediate tu- 
pography, having light tone and trees in an otherwise treeless area, quar- 
par a ,  white in photographs, are common. Resistant light-toned bunds are 

0-160 ft wide, dark-tcned bands .is wide as 100 ft including light bands 
as wide ;r, 10 ft; in most. half cr  more of light-toned bsnds are about 
100 ft wide. Varies from largely light-toned to one-third light end two- 
third5 dark. about equally abundant in most places. 

Composition: Sandstone interbedded with >hale and mudstone. Sand'itone 
is medium to coarse grained and generaliy clean to silty but clay free. 
Some handstone is, cemented b j  silica, iron oxide. and calcite. Where 
calcite cemented, sandstone contains shell fragments. Exposures shew 
laigely sandstone, but expression in aerial photogxaphs suggests 'hat 
some to most, generally about half, is shale and mudstone. 

Hardness: Sandstone is friable and firm tc $oft where weathered, but hard 
where cemented. Interbedded clayey rock probably firm. 

Bedding: Inferred from unit 414. Mcsriy very thick distinct sandstone beds 
a s  much as 50-100 ft; between thin to very thick ip rob~t -h  as inu.;h as 
!OG f t  including some sandstone less than 10 ft) muJstcne and shale. 
Some sandstcne has ver) thin to very thick s 10-i't' indibtinci inrerna! ie'i- 
ding. Hard cemented reck in thick to very thick (ili-tr; zones. 

Parting: Mosily absent within s~indstone, e x c ~ z ~ t  possibly present i/i some 
near ground surface, as in unit 414. Present at distinct bedding planes 
and possibly within much interbedded clayey rock. 

t rac ture :  In sandstone, close to wide spacing. but minor sandstorit has 
close to moderate spacing of weathering fracture. Hard cemented s.'i.nd- 
stcne has moderate to very wide (more than 5-ft) spacing. 

Permeability: Sandstone has low and moderate intergranular permeat::!. 
i t y  in best exposure. haif or more of sandstone moderate. Muditcne an..l 
shale have very low intergranular permeability. @robably some low fr:;c- 
ture permeability in shallow rock. Thus, some bedrock has, moderate 
intergranular permeability, some low: probably much very low. but some 
of this probably has low fracturi permeability in shailcw ro':k. Probably 
most mantle moderate, s o x e  to mh~ch low to very low. 

Weathering:  Sandstone weathered to depths greater than 30 ft. 
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Surficial mantle: Probably largely granular, some to much clayey. 
Expansivity: Much ;o most of both bedrock and mantle is nnexpansive, 

probably much expansive. and probably some or more is severely ex- 
pansive See samples for unit 414. 

Sources: Sims and others, 1973; Wea\er. 1949: two stations. 

unit, free swell 74 percent; N10, typical clayey sand soil, free swell 55 
percent. Clayey soil of expansivity greater than N10 but less than N9 is 
probably developed on mudstone. 

Sources: Fox and others, 1973; Osmont. 1905; Weaver. 1949; three sta- 
tions. 

MAP UNIT 416 ~ MAP UNIT 418 
I 

Geologic unit,  (age), a n d  location: Domengine Sand-stone (T), only in i Geologic units, (age), and  location: Meganos Formation. Divisions D and 
Poirero Hills, northwest of Montezuma Hills. a E of Clark and Woodford (1927) (T), east of Mount Diablo. 

Summary:  No; seen in field. Different inipressions of proportions. from Summary:  Not seen in field. Combination of units 377 and 444: see de- 

largely sandstone but some clayey rock (Tolman, 1943) to largely silty ' scriptions of these units for composition and physical properties, Prob- 
i 

shale but some sandstone (Bailey, 1930). Varies from lower silty very ! ably includes much of both sandstone and clayey rock. 

fine grained sandstone to upper fine- to coarse-grained sandstone hav- 1 Permeability: Probably much bedrock has very lcw intergranular perme- 
ing abundant pebbly layers and silty sand (Cooper-dark and Associates. : ability, some low, some moderate, minor to some high. Probably much 

1973). Much sandstone is case hardened: all is rippabie (Cooper-Clark i 
and Associates, 1973). Like unit 415: see descriptions of units 414 and ~ 
415 for compositicn and physical properties. 

Expression in aerial photographs: Light tone. semiresistant. containing 
numerous pits and some outcrop. Largely light gray tone, some white. 
One outcropping bed is 20 ft wide. 

Permeability: Probably like unit 415. Measured permeability is 1x10"~  to 
Ixl0'^ cmjsec, locally quite permeable (Cooper-Clark and Associates, 
1973). 

Surficial mantle: Probably like unit 415. Soils dominantly granular and 
permeable, but some clayey horizons that are expansive. 

Expansivity: Probably like unit 415. 
Sources: Bailey, 1930; Cooper-Clark and Associates, 1973: Sims and oth- 

ers, 1973: Tolman, 1W3; Weaver, 1949. 

M A P  UNIT 417 

Geologic unit, (age), a n d  location: Domengine Sandstone (T), only near 
Napa. 

Summary:  Approximately equally abundant sandstone interbedded with 
mudstone. Much bedrock and mantle is significantly expansive. See unit 
414 for detail. 

Composition: Sandstone interbedded with mudstone. Estimated to be 50- 
60 percent sandstone, 40-50 percent mudstone. Sandstone is fine grained 
and well to moderately well sorted. Some sandstone is cemented by cal- 
cite, and concretions are present. 

Hardness: Sandstone is hard where fresh: ranges from hard to soft, mostly 
hard to firm, where weathered; possibly case hardened. Mudstone is firm. 
Concretions hard. 

Bedding: Includes some very thick beds (as much as 10 ft and more), oth- 
erwise unknown and unobservable. Infer bedding character from unit 414. 

Parting: Present at contacts between sandstone and mudstone; largely 
absent within sandstone and mudstone. 

Fracture:  Sandstone fractured mostly at moderate spacins, ranging from 
d o s e  to wide, more commonly moderate to wide, but in places domi- 
nantly wide to very wide (as much as 8 ft). Mudstone has close to very 
close spacing of spheroidal weathering fracture superimposed on mod- 
erate original spacing. 

Permeability: Intergranular permeability in sandstone largely low, prob- 
ably minor to some moderate; in mudstone very low, but much shallow 
mudstone may have low fracture permeability. Thus, much bedrock has 
low intergranular permeability, much very low, probably minor to some 
moderate; some(?) low fracture permeability in shallow rock. Probably 
much mantle moderate, much low to very low. 

Weathering: Sandstone and inudstone weathered to depths of more than 
1s  ft. 

Surficial mantle: Probably much granular, much clayey. 
Expansivity: Much bedrock and mantle are unexpansive, much signifi- 

cantly expansive. possibly some severely expansive Samples: N9, 
mildlj cracked weathered mudstone, most expansive material seen in 

mantle moderate, much very low io low 
SurficiaS mantle: Probdbly much granular, much clayey 
Expansivity: Probably much bedrock unexpansile, much expansive, some 

severely expansive Probably some mantle unexpansile. some signifi- 
cantly expansive, some severely expansive 

M A P  LNIT 419 

Geologic unit, (age), a n d  location: Meganos Formation, sandstone unit 
in Division C of Clark and Woodford (1927) (T), only in and near 
Pacheco syncline, west of Concord. 

Summary:  Unit includes unbedded high-matrix sandstone, flysch, very 
thick bedded clean sandstone, and silty shale interbedded with silty sand- 
stone. All can be ripped. Probably much bedrock and most mantle are 
significantly expansive, some of each severely expansive. 

Expression in aerial photographs: Includes resistant rib of intermediate 
to hard topography, flanked on either side by nonresistant swaie topog- 
raphy 

Composition: (1) Fine-grained to very fine grained high-matrix sandstone, 
probably tuffaceous, some flakes whtre weathered Grades to fine sandy 
mudstone Generally weathers spheroidally (2)  Flysch of clean, well- 
sorted to moderately well sorted, fine-grained to very fine grained sand- 
stone repetitively interbedded with silty mudstone and shale that grade 
to clay- and silt-saturated fine-grained to very fine grained sandstone. 
(3 )  Very thick bedded. well-sorted, medium-grained tuffaceous sandstone 
(white sandstone of Weaver, 1953), most clean, some silty; many to most 
grains are glass and break down when rubbed. Contains numerous con- 
cretions. Minor interbedded sandy mudstone shows a parting but no fis- 
sility; some approaches porcelaneous shale. (4) Silty shale or mudstone 
interbedded with silty sandstone (from Weaver, 1953). Unit consists of 
about one-third composition 1, one-third composition 3, one-third com- 
position 4, and one-eighth composition 2 

Hardness: Largely firm where fresh and weathered. Clean, very thick 
bedded sandstone is firm to soft where weathered. Concretions are hard. 

Bedding: Absent to indistinct in composition 1. In composition 2, distinct 
and repetitive thin to medium sandstone beds between mostly thin to 
medium, but as much as 10-ft. beds of clayey rock. Composition 3 has 
distinct very thick (40- to 80-ft) sandstone beds between very thick (10- 
ft) sandy mudstone interbeds; occurs near middle of unit as resistant 
ridge. Composition 4 described as thinly bedded silty shale that contains 
medium to thick interbeds of sandstone; beds are probably distinct. 

Parting: Absent in composition 1: in composition 2. present at close to 
moderate spacing on bedding planes and some at very close spacing in 
shaly interbeds; in composition 3. present at very wide spacing (40-80 
ft) on bedding planes and at close to very close spacing in parted but 
not fissile mudstone interbeds; and in composition 4, probably at mod- 
erate to very wide spacing. 

Fracture:  Composition 1 has to moderate spacirig on which sphe- 
roids are generally developed where weathered. Composition 2 has sand- 
stone beds fractured at spacing similar to bed thickness (close to 
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moderate) between clayey interbeds that have close, some moderate. 
spacing. In composition 3, sandstone has moderate to wide spacing; 
sandy mudstone interbeds have close to verj  close spacing and parting 
on close io  moderate original spacing. Composition 4 unknown, prob- 
ibly close to very close spacing in silty shiile and moderate to wide in 
sandstone Concretions in composition 3  are as large as 4 ft in dianl- 
eter. 

Permeability: Intergranular permeability of high-matrix sandistone low; 
mudstone very low: and clean, well-sorted. tuffaceous sandstone mod- 
erate to low. Thus, much to most bedrock has low intergranular perme- 
ability, some moderate, some very low. Probably most mantle low to very 
low. seme moderate. 

Weathering: Sandstone in compositions 2 and 3 is weathered to depth of 
30 ft. Mudstone and high-matrix sandstone are weathered more shal- 
lowly. probably to depths of 5-20 ft. 

Surficiai mantle: Probably largely clayey, some granular. 
Expansivity: Probably much bedrock significantly expansive, some se- 

verely expansive, much unexpansive. Probably most mantle significantly 
expansive. some severely expansive, some unexpansive. Samples: 
PC1 1A, sandy clay soil, A-horizon, free swell 62  percent; PC1 1B. 
slightly sandy clay soil, B-horizon, free swell 70 percent. See samples 
for unit 46S. 

Sources: d a r k  and Vvoodford. 192-  %-eaver, 1G53; one station. 

MAP UNIT 420 I 
Geologic units, (age), and location: Meganos Formation, Divisions A, 

B. and C of Clark and Woodford (1927) (T), east of Mount Diablo. 
Summary: Not seen in field. Combination of units 345 and 445; see de- 

scriptions of these units for composition and physical properties. Prob- 
ably much sandstone much clayey rock I 

Permeability: Probably most bedrock haa low to very lcw intergrdnular 
permeability, some moderate to high Probably much mantle moderate, 
much very low 

Surficiai mantle: Probably much granular, much tlayey 
Expansivity: Much bedrock expansive. probably severely expansive, much 

unexpansive.  Probably much mantle  severely e x p a n s h e ,  much 
unexpansive. 

MAP UNIT 421 I 

Geologic unit, (age), and location: Butano(7) Sandstone (T). in San hfateo 1 

County foothills of Santa Cruz Mountains 
Summary: Sandstone and variably abundant interbeds of mudstone, silt- 

stone, and shale. Much clayey bedrock and most clayey mantle is se- 
veieiy expansive. 

Composition: Sandstone and variably abundant interbeds of mudstone, 
siltstone and shale; sandstone is commonlj  medium to very coarse 
grained and poorly sorted, but lacks clay matrix: in places. carbonate 
cement :n thicker sandstone beds: clayey rock locally abundant. Much 
to most of unit is bandstone. some to much clayey rock. 

Hardness; Sandstone firm where fresh. hard where cemented, firm to soft 
and friable where weathered; clayey interbeds firm to soft. 

Bedding: Distinct: sandstone beds thin to very thick (30 ft), commonly 
more than 10 ft thick, clayey interbe& thin to very thick. 

Parting: Close to very wide spacing, on distinct bedding planes and within 
clayey interbeds. 

Fracture: Commonly moderate tc wide spacing in sandstone, close to very 
close spacing in weathered clayey interbeds. 

Permeability: Intergranular permeability in sandstone (much to most of 
unit) low, very Ion where cemented, very low in clayey rock (some to 
much of unit) Some shallow clayey rock has, low fracture permeability 
Much to most mantle moderate, some to much verj low to low 

Surflcial mantle: Much to most gianular, some to much cla>e) Clayey 
subsoil in places 

Expansivity: Much to most bedrock unexpansive (sandstone), some se- 
verely expansive (much of clayey rock). Some to possibly rnuch mantle 
severely expansive, much unexpansive. Bedrock samples: PAlA, shale, 
free swell 89 percent: PA20.  gypsiferous claystone, free swell 47 per- 
cent; PA16. sandstone, free swell 52 percent; PA17, sandstone, free swell 
59 percent: PA22, siltstone. free swell 61 percent; PAS, claystone, free 
swell 65 percent; PA24, weathered claystone. free swell 80 percent; 
PA2A. claystone, free swell 91 percent; PA4A, claystcne. free swell 96 
percent: PA19, gypsiferous claystone, free swell 100 percent; PA23, 
clayey siltstone, free swell 110 percent; PA21, gypsiferous claystone, free 
swell 14U percent; PA27, claystone, free swell 113 percent; PA32, clay- 
stone, free swell 116 percent; PA43, silty sandstone, free swell 43 per- 
cent. Surlicial mantle samples: PA2B, soil on claystone, free swell 118 
percent: PA4B. soil, free swell 90 percent; PA1B. soil on shale, free swell 
82 percent; PA28, adobe soil, free swell 122 percent: P.442, dark clayey 
soil, free swell 158 percent; P.441, soil, free swell 53 percent. Expan- 
sive materials (clayey rock and mantle) are abundant in about half of 
unit. 

Stratigraphic thickness: 2,500 ft. 
Source: Ellen and others. 1972. 

MAP UNIT 422 

Geologic unit, (age), and location: Tesla Formation (TI, east of Livermore 
Valley 

Summary: About 40 percent shale and mudstone. 40 percent clean sand- 
stone, 10 percent clayey sandstone, and 10 percent thinly bedded rock. 
Clean sandstone has moderate permeability. Some to much mantle and 
some or more bedrock is severely expansive. 

Expression in aerial photographs: Intermediate topography; white spots 
in areas of mining. 

Composition: (1)  Sandstone, clean, some silty, fine to coarse grained, 
mostly medium grained; much contains abundant mica; mostly moder- 
ately well sorted to well sorted. some moderately sorted; moderate to 
low permeability. Huey (1948) distinguished white sand (75-95 percent 
angular quartz) from buff-colored sand ( 3 5  percent quartz, 60  percent 
feldspar). (2) Shale and mudstone, some silty to very fine sandy; simi- 
lar except for fissility and bitumen content of some shale. (3) Thinly 
interbedded sandstone, clayey sandstone, and shale; sandstone is fine to 
medium grained. (4) Clayey sandstone, low permeability, clay saturated 
to nearly saturated, otherwise similar to clean sandstone. ( 5 )  Coal. low 
grade (lignite). firm, some fissile, minor constituent (6) Concretions. 
both calcite cemented and iron oxide cemented. 

Unit contains much clean sandstone. much shale and mudstone, mi- 
nor to some clayey sandstone, and minor to some thinly bedded rock. 
Crude estimate is about 40 percent shale and mudstone, 40 percent clean 
sandstone, 10 percent clayey sandstone. and 10 percent thinly bedded 
rock See section by Huej  (1948) 

Hardness: Clean sandstone is firm to soft (borderline) where weathered, 
clayey sandstone firm where weathered, fresh and weathered mudstone 
and shale have firm pieces when dry, soft when wet, but bituminous shale 
firm. Calcite-cemented concretions hard; iron oxide concretions and 
stained zones (Anderson and Pack, 1915) firm to hard. 

Bedding: Distinctly interbedded intervals of the four major compositions, 
each ranging from thick to very thick (as much as about 100 ft), most 
6-50 ft, much 10-40 ft.  Within these intervals: clean sandstone is 
unbedded but indistinctly laminated and cross laminated b> iron oxide 
staining and minor variations in grain size; clayey sandstone is unbedded; 
mudstone and shale are unbedded but parted and commonly contain car- 
bonaceous flakes parallel to bedding: thinly interbedded sandstone and 
shale shows distinct beds that are very thin to thick. Calcite-cemented 
beds and concretions to thick, locally as thick as 10 ft. Iron oxide con- 
cretions small to medium. Lignite beds are lenticular and as much as 66 
in. thick (Huey, 1948). 
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Parting: Present on contacts between sandstone and mudstone or shale 
(very wide spacing), within shale and mudstone at very close to nioder- 
ate spacing, in thinly bedded rock at very close to moderate spacing, 
absent within clayey sandstone. Thus. present at very close to moderate 
spacing in about half of unit Shale and thinly bedded rock have excel- 
lent fissility and parting, 

Fracture: In clean sandstone, generally indistinct and irregular fracture 
at noderate to wide spacing, some to very wide !.6 ft), irregularly dis- 
tributed. Shale and mudstone have mostly close, ranging from very' close 
to moderate. spacing of weathering fracture on moderate to wide origi- 
nal spacing: clayey sandstone has close, some to moderate, spacing of 
weathering fracture; thinly bedded rock close to moderate. Spacing in 
concretions is mostly moderate to wide, some as much as 4 ft. 

Permeability: Intergranular permeability of clean sandstone largely mod- 
erate, clayey sandstone low, thinly bedded rock low, mudstone and shale 
very low. Thus, about 40 percent moderate, 20 percent low, and 40 per- 
cent very low intergranular permeability in bedrock. Much mantle mod- 
erate, much very low. 

Weathering: Clean sandstone is weathered to depths greater than 25 ft. 
Other compositions have weathering fracture to depths greater than 25 
ft on surface of cuts, but pieces probably fresh at shallower depth. Some 
shale fresh (blue color) at depth of 3 ft. 

Surficial mantle: Much granular, much clayey. About half of unit or less 
has uncracked to very mildly cracked clayey sand soil, no sample. Half 
or more of unit has mildly to moderately cracked sandy clay soil and 
subsoil, such as samples MDW7B. MDW13B, AA9A, and AA9C. Pop- 
corn clay soil, such as samples MDW13A and A.410, covers less than 
20 percent of unit. 

Expansivity: Much bedrock is unexpansive, some to much is expansive, 
some or more is severely expansive. Much mantle unexpansive, most 
expansive, some to much severely expansive. Samples: MDWYA, typi- 
cal weathered clayey rock, mildly cracked on surface of cut, free swell 
82 percent: MDWYB, moderatel? cracked brown sandy clay soil, free 
swell 99 percent; MDW13B, mildly to moderately cracked sandy clay 
subsoil, typical of much of unit, free swell 71 percent; AA9A, mildly 
cracked sandy clay subsoil, free swell 81 percent: AA9C, moderately 
cracked sandy clay soil, free swell 82 percent; MDW13A. dark pop<-orn 
clay soil, free swell 119 percent; AA10, well-cracked plastic sand) clay 
subsoil, free swell 130 percent. 

Stratigraphic thickness: 2,000 ft maximum (Huey, 1948); 1,400 ft near 
Tesla (Anderson and Pack, 1915). 

Sources: Anderson and Pack, 1915; Huey, 1948; seven stations. 

MAP UNIT 423 

Geologic unit, (age), and location: Sandstone iT) only in Santa Cru7 
Mountains between Lexington Reservoir and Pajaro River 

Summary: Sandstone and interbedded clale) rock, about equal11 abun- 
dant to c la le j  rock being somewhat dominant Sandstone is largely firm 
to quite firm, some hard, where weathered Some zones of wde to 10-tt 
fracture spacing in sandstone produce huge blocks Much mantle is big- 
nificantly expansive, minor severely expansive subsoil. 

Expression in aerial photographs: Intermediate topography that mostly 
lacks ribbing: broadly rounded crests strongly suggest old upland sur- 
face. 

Composition: (I) Sandstone. fine to coarse grained, moderately to mod- 
erately well sorted, no calcite cement detected. (2) Mudstone grading to 
siltstone and very fine grained clayey sandstone. L'nit has about equally 
abundant sandstone and clayey rock to somewhat dominant clayey rock, 
Includes some zones of dominant very thick sandstone. some zones of 
dominant clayey rock. and some zones of thin to thick interbedding 
(flysch). 

Hardness: Much weathered sandstone is firm, much quite firm, some hard, 
some soft where well weathered. Quite firm sandstone is difficult to r ~ p  
or break. Clayey rock is firm where fresh and weathered. 

Bedding: Sandstone distinctly interbedded with clayey rock. Sandstone 
occurs in both very thick beds !as much as 15 ft or more) and in me- 
dium to thick beds interbedded with clay?> rock. Unit includes some 
zones of dominantly very thick sandstone, some dominant flysch (thin 
to thick repetitively interbedded rocks). and some zones of dominant 
clayey rock. Much of clayey rock is probably distinctly to indistinctly 
interbedded. 

Parting: On distinct bedding planes and within most clayey rock at very 
close to moderate spacing. Thus. spacing is very wide in some of unit, 
very close to moderate or wide in most of unit. 

Fracture: Sanditone has largel) moderate to wide fracture spacing. but 
some very wide spacing (as much as 10 ft, many blocks greater than 4 
It) occurs in zones of wide to very wide spacing, probably in zones cf 
very thick bedding. Clayey rock has miderate, probably to wide. origi- 
nal fracture spacing and close to very close spacing of weathering frac- 

I ture. 
1 Permeability: Sandstone has largely lcw intergranular permeability, some 

I moderate; clayey rock very lob to low. Thus, a b w t  one-third of bed- 
rock has very low intergranular permeability, one-half low, one-sixth 1 moderate, Most shallow clayey rock probably has low fracture perrne- 

1 ability Probably much mantle moderate, much low to very low, but most 
of upland area very low to low. 

Weathering: Sandstone weathered to greater than depth of cuts. 
Surficial mantle: Probably much granular, much clayey. Surficial soil on 

upland surface is clayey sand to loam: sample MMD8, soil on mudstone 
and siltstone, is more claley than most. Most of the gently sloping 
ridgecrest in unit has a clayey subsoil, of which sample MMD9 repre- 
sents the most expansive typical variety. 

Expansivity: Much bedrock unexpansive, much may be significantly ex- 
pansive. Much mantle unexpansive. much significantly expansive, mi- 
nor severely expansive. Most of surficial soil i? uncracked like sample 
MMD8, uncracked loam. free swell 64 percent. Sample MMD9. m i l d l ~  
cracked subsoil, free swell 83 percent, underlies some or more of the 
upland surface and is probably more expansive than most subsoil in this 
unit. 

Sources: Allen, 1946; McLaughlin and others, 1971; six stations. 

I MAP UNIT 424 
1 

Geologic unit, (age), and location: Miirtinez Formation iT;, only in aren 
east of Clayton, north of Mount Diablo 

Summary: Unit consist-i of both an upper siltstore and shale member and 
a lower glauconitic sandstone member These members are described 
separately below. For unit as a whole, probably much bedrock is expan- 
sive, much unexpansive; probably most mantle is severely expansive. 
some to much unexpansive to significantly expansive. Intergranular per- 
meability of much bedrock low. much veiy low; probably most mantle 
very low, some to much moderate. Piobably most mantle 1s clayey, some 
to much granular. Thickness of entire unit: 0-1.000 ft (Johnson, 1964); - O L  -, , ft (Taff, 1935); 0-1,150 ft (Colburn 1961,i. 

Upper siltstone and shale member 

Expression in aerial photographs: N ~ n r e ~ i s t a n t .  s ~ f t  area that lacks tonal 
banding Mui-h landaliding where held up by adjacent resistdpt unil 345 

Composition: (1)  Silty and very fine sand: m u d s t ~ n e  and silistone 12) 
Clayey mudstone and shale. ( 3 )  Sandstone, largely fine grained and lami- 
nated, some calcite cemented. (4; Medium-grained sanJscone znd pebble 
conglomerate, probably anomalous and faulted in. ( 5 ;  Minor limestone 
lenses in shale. This member is largely silty mudstone and siltstone. some 
clayey mudstone and shale, and some sandstone. 

Hardness: Firm except cemented sandstone is hard. Anomalous sandstone 
soft to firm where fieathered 

, Bedding: All is interbedded, distin;tly to indistinctly, in medium to 6-t't 
I 

beds, largely medium sandstone between thick to 4-ft intervals of silt- 
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stone, mudstone. and shale. Most sandstone laminated. Calcite-cemented 
sandstone mostly to medium, some thick. 

Parting: On most bedding planes, mostly at moderate to wide spacing, 
but intervals as thick as 4 St lack parting. Within most sandstone on lami- 
nation at very close to close spacini. 

racture: Original fracture in mudstone, siltstone, and shale at moderate 
spacing, about parallel to bedding: spacing of weathering fracture very 
close to moderate. Firm sandstone fractured at close to moderate spac- 
ing, cemented sandstone at moderate to wide. 

'ermeability: Intergranular perrneabilit) of silty mudstone and siltstone 
very low. some 10% sandstone low; clayey mudstone and shale very low. 
Thus, intergranular permeability of bedrock largely very low, some low. 
minor moderate in anomalous sandstone. Most to almost all mantle very 
low. 

Surficiai mantle: Most to almost all clayey, 
Expansivity: Probably most bedrock expansive, some probably severely 

expansive. Most mantle severely expansive. Sample CL32, typical brown 
sandy clay soil, mildly cracked, free swell 100 percent. 

Stratigraphic thickness: 700 ft (Brabb and others, 1971); 300 ft (Clark, 
1921); about 500 ft (Johnson. 1964). 

Sources: Brabb and others, 1971; d a r k ,  1921; Colburn, 1961: Dickerson, 
1911; Johnson. 1964; Taff, 1935; one station. 

Lower alauconitic sandstone member 

Stratigraphic thickness: 400 ft ( d a r k ,  1921); 300 ft (Brabb 'ind others, 
1971). 

Sources; Brabb and others. 1971; d a r k .  !921; Colburn, 1961; Dickc-son, 
191 1; Johnson. 1964; Taff, 1935; one station. 

MAP UNIT 425 

Geologic unit, (age), and location: Martinez Formation, lower glauco- 
nitic sandstone member (T) only near Carquinez Strait, southeast of 
\ a l l e~0  

Summary: Includes prominent, rugged outcrop of hard 10 firm (where 
weathered) sandstone that p iodu~es  large to very large blocks Upper part 
of section grades toward unit 474 and consists of siltstone, mudstone, 
and clayey fine sandstone interbedded with the %andstone Probubly much 
bedrock and mantle significantly expansive. 

Composition: Lower 100-150 ft of section is sandstone, mostly medium 
grained, but includes fine- to coarse-grained and very coarse grained 
sandstone, some glauconitic; crops out prominently south of Carquinez 
Strait. Upper 100 it and more of section is largely siltstone, mudstone, 
and clayey very fine grained sandstone, and contains lesser amounts of 
sandstone similar to that in lower part of section. Calcite-cemented con- 
cretions as large as 3 ft in diameter. 

Hardness: Sandstone is hard to firm where weathered, probably hard where 
fresh. Siltstone, mudstone, and clayey fine sandstone firm where weath- - 

1 ered, probably firm where fresh. Concretions hard. 
Expression in aerial photographs: Resistant, forms series of knobs along , Prominent sandstone lacks internal bedding, upper part of 

strike, largely intermediate topography but some sharp crests. Tone 15 ! 
mudstone, and fine sandstone occur in distinct 

light but not prominently so. In places, unit includes one outcropping or ! very thick to 50- f t  inter,,als betwm sandstone in very thick (b. to 
nearly outcropping, light-toned, resistant band 20-50 ft in width that 1 3mt  M, in l a c e s  these sandstone beds are absent, some 
forms knob or ridge, the remainder of unit being soft; in other places, indistinct bedding in places at medium to very thick (4  ft). Some silt- 
most of unit is light-toned, somewhat resistant, probably sandstone. 1 stone and very fine sandstone is laminated, 

Composition: (1) Sandstone, fine grained but rare coarser intervals i pding: present dy mm ktwmn sandstone and clayey rock at 
(Johnson, 1964), moderately well sorted: glauconitic in part, silty in part; very wide (6- to 50-ft) spacing in upper part of section. 
most scaly and has weathering fracture. Some glauconitic sandstone ce- ~ Fracture: sandstone has moderate to  spacing^ mostly moderate to 
mented by Iin~onite. Some beds of abundant fossils (coquina). (2) Basal , ft ,  Clayey rock has close spacing of weathering fracture, probabl) on 
pebble conglomerate (Johnson, 1964) that contains shells, absent in i moderate or,gillal spacing, 
places., and conglomeratic sandstone. (3)  Calcite-cemented concretions Permeability: Intergranular permeability of sandstone low to moderate 
in sandstone, and lenses and concretions of blue limestone in shale. (4)  (straddles boundary); siltstone and clayey sandstone low; mudstone very 
Fine sandy mudstone. low, but possibly has low fracture permeability in shallow rock. Thus, 

B\ our observations, this member is about two-thirds sandstone and some bedrock has moderate intergranular permeability, much low; some 
one-third mudstone. Colburn's (1961) sections suggest dominant silty very low, but this possibly has low fracture in shallow rock. 
mudstone in places, Clark's I 1921) section shows less than one-fourth Probably much mantle moderate, much low to very low, 
clayey rock, remainder sandstone, some conglomeratic. Weathering: To depths greater than 50 ft in sandstone, probably to depths 

Hardness: Firm except for hard concretions, limestone nodules, and hard greater than 20 ft in clayey rock. 
clasts in conglomerate. Surficial mantle: Probably much granular, much clayey. No observations. 

Bedding: Largely very thick (more than 10 ft). Our observations mention Expansivity: Much bedrock unexpansive, much probably significantly 
gradational contact between sandstone and sandy mudstone and no in- expansive (clayey rock). Much mantle unexpansive, probably much sig- 
ternal bedding. Basal conglomerate is 2-5 'it thick (Johnson, 1964); One nificantly probably some severe h expansive (subsoil). sample 
sandstone bed is 50 ft thick (Clark, 1921). Concretions are mostly large, BN14. clayey fine sandstone. mildly cracked, free swell 60 percent. See 
some as much as 4 ft in diameter. samples for unit 474. 

Parting: Largely absent; probably present in mudstone but at unknown Stratigraphic thickness: 300 ft. 
spacing, probably wide or greater. Sources: Davis and Vernon, 1951; Lawson, 1914; Merriam, 1897: three 

Fracture: Sandstone has wide original spacing and moderate to close spac- ; stations, 
ing of weathering fracture; much scales at very close spacing where 
weathered. Mudstone has close to very close spacing of weathering frac- 8 

MAP UNIT 426 
ture. 

Permeability: Intergranrlar permeability of sandstone low, mudstone very 
low; thus, about two-thirds of bedrock low, one-thi~d very low. Prob- 
ably much to most mantle moderate. some to much very low. 

Surficial mantle: Probably much to most granular. some to much clayey. 
Expansivity: Probably most bedrock unexpansive, some expansive (clayey 

rock) Probably some to much mantle severely expansive, much to most 
unexpansive to significantly expansive. Samples: CL31A, typical sandy 
clay soil. free swell 52 percent (exaggerated;; CL31B. typical dark sandy 
clay soil. moderately cracked. free swell 126 percent. 

Geologic unit, (age), and location: Martinez Formation, lower giauco- 
nitic sandstone member (T), only in area west of Concord. 

Summary: About half sandstone and conglomerate, half clayey rock. Some 
sandstone and conglomerate is calcite cemented and hard. Much bedrock 
and mantle is severely expansive. 

Expression in aerial photographs: Mostly ribbed and resistant, interme- 
diate to locally hard crests. In places see light-dark splotchy banding at 
about 50-ft intervals, very subdued. Some clear evidence for contrast in 
resistance of beds. 
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Composition: ( 1  j Sandstone, medium grained, most moderately to poorly Summary: Most is siltstone and mudstone, some sandstone and claystone. 
sorted (of low permeability), some well sorted and clean (of moderate ~ Some severely expansive bedrock and surficial mantle. 
permeability) About one-fifth of sandstone is calcite cemented. Minor \ Composition: Largely siltstone and mudstone, both containing minor fine 
glauconitic medium-grained sandstone of 50 percent glauconite. (2) ' sand; some silty and sandy claystone; and some fine-grained to very fine 
Conglomerate of pebbles and cobbles in low permeability sandstone grained sandstone that has a silt-day matrix, especially near contact with 
matrix, about one-fifth calcite cemented. (3) Mudstone, grading to silt- '. unit 340. Minor cabonate-cemented concretions. 
stone, sandy claystone isome probably tuffaceous), and fine-grained silt- '. Hardness: Mudstone and siltstone are generally firm both where fresh and 
and clay-saturated sandstone. (4)  Sh'ile, clay to silty. weathered, but are soft in places; siltstone is hard where it occurs as 

No complete section observed. so proportions are uncertain. Unit ap- \ medium beds. Sandstone and cUystcne are mostly soft where weathered, 
pears to consist of about equally abundant sandy rock icompositions 1, \ Concretions are hard. 
2) and clayey rock (compositions 3 .4 ) .  Of sandy rock. sandstone is more 
abundant than conglomerate. Some (one-fifth) of sandstone and conglom- 
erate is calcite cemented. Of clayey rock, mudstone (composition 3j  is 
dominant, some shale. Parting: Mostly absent. Present in some siltstone and mudstone at very 

Hardness: Sandstone is largely firm where weathered and probably where 
fresh, some (clean sandstone) is soft where weathered; hard where cal- 
cite cemented, some case hardens. Conglomerate is largel) firm with hard 
clasts, hard where cemented. Clayey rock (compositions 3, 4) is firm 
where fresh, firm to soft where weathered (soft when damp). nearly brecciated. These original fractures are commonly iron stained and 

Bedding: Sandstone occurs in very thick (6- to 100-ft, largely 6- to 30-ft) 
distinct beds, in thin to thick beds interbedded with similar thicknesses , additional very close to close spacing in mudstone and siltstone. 
of clayey rock, and less commonly in very thick (tens of feet) intervals 
of laminated sandstone. Conglomerate occurs in very thick (5- to 20-ft) 
beds. Cemented zones in sandstone and conglomerate are thick to 5 ft. 
Clayey rock is largely indistinctly bedded in very thin to very thick beds, 
but some is distinctly laminated to thin bedded; intervals of clayey rock, 
or of clayey rock interbedded with sandstone, as thick as 50 ft or more. 

Parting: Present at distinct bedding contacts, largely at very wide (10 ft 
or more), but some at close to wide; within some mudstone (composi- 
tion 3) at close to very close, although largely absent: and in shale at 
very close. Thus, very wide spacing in most of unit, some at very close, 
some at close to wide. 

Frhcture: Very thick bedded sandstone has moderate to wide spacing, 
some as much as 6 ft; in beds to thick, fracture is probably similar to 
bed thickness. Conglomerate is very widely fractured. Cemented rock 
fractured at wide to 5-ft spacing. Clayey rock of composition 3 has 
moderate to 5-ft spacing of stained original fracture and very close to 
moderate spacing of weathering fracture; some weathering fracture is on 
close to moderate. spheroids. Shale probably similar to clayey rock of 
composition 3. 

Permeability: Intergranular permeability of sandstone is largely low, mi- 
nor to some moderate; conglomerate low; mudstone and shale largely 
very low, some low. Thus, much bedrock has low intergranular perme- 
ability, much very low, minor to some moderate. Much mantle moder- 
ate. much very low. 

Weathering: Some clayey rock is fresh at depths of 10-15 ft. Some sand- 
stone weathered to depths greater than 70 ft. Some spheroidal weather- 
ing in composition 3. 

Surficial mantle: Much granular, much clayey. 
Expansivity: Much bedrock is severely expansive, much unexpansive. 

Much mantle severely expansive, much unexpansive to possibly signifi- 
cantly expansive. Two samples of bedrock: WC33, mildly cracked gray 
mudstone, typical, free swell 90 percent; WC39, clay shale. constitutes 
some of unit. free swell 100 percent. Surficial mantle sample WC40, 
clayey sand soil on sandstone, free swell 49 percent. For entire unit, we 
estimate much of both clayey sand soil. such as sample WC40, and sandy 

Permeability: Most to almost all bedrock has low to very lew intergranu- 
lar permeability; little permeability contrast. Low fracture perrrieabilify 
in most shallow siltstone and mudstone Probably most mantle low to 
very low. some to much moderaie. 

Weathering: To depths greater th.~n 5 ft. On cut slopes, clayey rock wtitth- 
ers rapidly producing close to very close fracture spacing. which results 
in rock chips that cover and obscure the true depth of weathering. 

Surficial mantle: Probably largely clayey. some to much granubir. 
Expansivity; Probably most bedrock and mantle is unexpansive or  sig- 

nificantly expansive, but some of each is stvereiy expansive. Samples: 
DBISA, weathered and cracked silt) claystone, free swell 92 percent; 
DB34A, bedrock, free swell 91 percent; DB34B, soil. free swell 50 per- 
cent. Mantle that appears expansive covers i-n estimated 15 percent 
of unit. 

Stratigraphic thickness: More than 400 ft and probably more than 1,100 
ft. 

Sources: J.A. Bartow, written cornmun., 1972; B'ake and others, 1974.: 
Galloway. 1977; six stations. 

MAP UNIT 431 

Geologic unit, (age), and location: Neroly Sandstone, siltstone member 
(TI, in the monocline north of Mount Diablo. 

Summary: Probably largely tuffaceous siltstone. some dirty to clayey 
sandstone, and some sandy tuff. Bedding character unknown. Most 
mantle probably severely expansive. 

Expression in aerial photographs: Nonresistant swale-former, but many 
swales are not very pronounced. Moderate photographic tone. 

Composition: (1) Siltstone, as described for unit 352: most is probably 
tuffaceous, much sandy, approaches mudstone in character. (2) Dirty to 
clayey fine-grained sandstone. ( 3 )  Sandy tuff. (4) Clean sandstone. Unit 
is probably largely siltstone. and probably includes scme of cornpcsi- 
tions 2 and 3 and minor ccmposition 4. 

Hardness: Firm where fresh and weathered. 
Parting: Probably largely absent, judging from similar materials in unit 352. 

clay soil of expansivity similar to samples WC33 and WC39. Fracture: Probably close to moderate original spacing and superimposed 

\ close to very close spacing of weathering fracture, seme sphe-oidai. Stratigraphic thickness: 300 ft. 
Permeability: Bedrock probably has largely low intergranular permeubil- Sources: Davis and Vernon, 1951: Lawson, 1914: Merriam. 1897; six sta- 1 

tinnc ity, some very low, minor moderate. Most mantle very low. 
L ' " i . 2 .  

1 Weathering: Weathering frees clay of tuffaceous component. 

MAP UNIT 430 

Geologic unit, (age) ,  and location: Sedimentary rocks near Drakes Bay. 
siltstone and mudstone unit (Tj, on Point Reyes peninsula. 

Surficial mantle: Largely clayey, 
Expansivity: Bedrock may be expensive where weathered. Most mantle 

probably severely expansive. No samples; assume scii similar tc most 
expansive soils in unit 352 (severely expansive). 
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Stratigraphic thickness: 200 ft (Brabb and others. 1971). 
Sources: Brabb and others, 1971; Clark, 1912: Condit, 1938: Vitt, 1935: 

Weaver, 1909; one station. 

MAP UNIT 432 

Geologic unit, (age), and location: Briones Sandstone. lower part CD, 
only in the East Ba:y Hills. 

Summary: Sandy claystone. mudstone, and siltstone, interbedded with 
fine-grained to very fine grained sandstone. Some hard calcite-cemented 
beds in sandstone. Much to most bedrock and most mantle are severely 
expansive. 

Expression in aerial photographs: In places prominently banded by light- 
tcned resistant zones 50-100 ft in width and dark-toned nonresistant 
zones and swales 200-500 ft in width. Light-toned bands are sandstone, 
dark-toned bands are clayey rock 

Composition: Fine-grained to very fine grained, moderatel) well sorted, 
quartzose sandstone interbedded with very tine sandy claystone. mud- 
stone, and siltstone Sandstone includes some highly fossiliferous beds. 
some hard calcite-cemented beds, and minor grit and tine conglomer- 
ate. Expression in aerial photographs suggests that most of unit is clayey 
rock, some sandstone. 

Hardness: Some sandstone is firm; some quite firm: some hard and cal- 
cite cemented in fossiliferous horizons, in thick zones adjacent to fos- 
siliferous horizons, and in isolated very thick beds within mudstone. 
Clayey rock is firm where weathered, probably firm where fresh. 

Bedding: Distinct in aeriai photographs and probably in outcrop where 
sandstone beds are present; indistinct to absent in clayey interbeds. Sand- 
stone occurs in very thick (20- to 100-ft) continuous beds and as inegu- 
lar and discontinuous very thick (as much as 5-ft) beds within mudstone. 
Banding on aerial photographs suggests 50- to 100-ft intervals of sand- 
stone between 200- to 500-ft intervals of dominantly clayey rock. 

Parting: Largely absent (entirely absent or covered in exposures exam- 
ined). Present at contacts between sandstone and clayey interbeds. 

Fracture: Sandstone has mostly moderate to wide spacing, but close to 
very close spacing of weathering fracture at least in places where well 
weathered. Mudstone has iron-stained moderate original spacing and 
close to very close spacing of weathering fracture. Sandy claystone and 
siltstone have close to very close spacing of weathering fracture. 

Permeability: Sandstone has low intergranular permeability, mudstone and 
sandy claystone very low, siltstone low Thus. much to most bedrock has 
very low intergranular permeability and some low fracture permeability 
in shallow rock, some to much bedrock has low intergranular permeabil- 
ity. Springs issue from base of unit at contact with unit 529 (Ham, 1952). 
Most mantle very low, some moderate. 

Weathering: Mudstone is weathered completely to a depth of 5 ft; weath- 
ering fracture extends to depths greater than 15 ft. Sandstone more deeply 
weathered, probably to depths greater than 20 ft. 

Surficial mantle: Largely clayey, some granular. Light granular soil on 
sandstone and ridges. dark clay soil on low-lying zones and in swales. 

Expansivity: Much to most bedrock and most mantle are severely expan- 
sive, some of each unexpansive. Samples: MI6B, sandy claystone bed- 
rock. free swell 93 percent; h416A. well-cracked dark clay soil on sandy 
claystone, free swell 112 percent: BV10, moderately cracked dark silty 
clay soil. free swell 95 percent; BN22, moderately cracked silty clay soil, 
free swell 130 percent, appears similar in expansivity to weathered mud- 
stone beneath, 

Stratigraphic thickness: 1,200 ft ( J  R Wagner, written commun , 1973) 
Sources: Ham. 1952. Radbruch, 1969. Radbruch and Case, 1967, Sheehan, 

1956; Trask, 1922; J.R. Wagner. written commun.. 1973: Wagner. 1976: 
Weaver, 1944: six stations. 

MAP FNIT 433 

Geologic unit, (age),  and location: Monterey Group, clay shale unit (T), 
in Diablo Range east of San Jose. 

Summary: Largely firm clayey rock. some hard rock. Most mantle is sig- 
nificantly expansive. Poor exposures 

Expression in aerial photographs: Nonresistant; exposure too narrow to 
develop a topographic expression. 

Composition: Largely compositions gradational between mudstone, silt- 
stone, and very fine grained to fine-grained CIS)-saturated sandstone. 
Lesser well-sorted medium-grained sandstone, silica cemented at least 
in places, clayey in other places. porcelaneous shale and mudstone. and 
concretions. 

Hardness: Mudstone, siltstone, and clayey fine sandstone firm where fresh 
and weathered: cemented medium-grained sandstone hard. claye> me- 
dium-grained sandstone quite firm where weathered: porcelaneoui shale 
and mudstone hard to firm in weathered zone; concretions hard. 

Bedding: None observed owing to pocr exposures. Probably largely in- 
distinct between gradational compo sitions. ' ' 

Parting: None observed, probably little present. 
Fracture: Mudstone to clayey fine sandstone has close to very close spac- 

ing of weathering fracture on probably moderate to wide original spac- 
ing; hard cemented sandstone has close to moderate spacing; quite firm 
sandstone has moderate spacing of weathering fracture: porcelaneous 
shale and mudstone have close spacing; concretions to moderate spac- 
ing. 

Permeability: Bedrock has very low to low intergranular permeability, 
probably some low fracture permeability in shallow rock. Almost all 
mantle very low to low. 

Weathering: All weathered to depths greater than 6 ft; weathered zone 
includes hard cemented rock 

Surficial mantle: Almost all clayey. 
Expansivity: Most bedrock may be significantly expansive, some may be 

severely expansive. Most mantle is significantly expansive, some may 
be severely expansive. Sample L01, very mildly cracked silty clay soil, 
typical, free swell 75 percent. Unit locally includes more clayey soil. 

Source: One station 

MAP UNIT 435 

Geologic unit, (age), and location: Markley Formation (T), only between 
Briones Reservoir and Pinole Creek in the East Bay Hills. 

Summary: Largely mudstone, some shale; some interbedded sandstone, 
especially near top of unit (Radbruch and Case, 1967h Near Pinole Val- 
ley, largely mudstone; near Briones Reservoir, largely sandstone. Most 
mantle and some or more bedrock is severely expansive. 

Expression in aerial photographs: Mostly smooth soft topography, some 
intermediate topography; looks like Franciscan sheared rock (unit 801) 
and contains many small landslides. A few light-toned resistant bands 
10-20 ft in width. 

Composition: Largely mudstone, some shale, but especially near top of 
unit includes some sandstone interbedded with shale and mudstone. Sand- 
stone is mostly medium to fine grained, micaceous, poorly to moderately 
sorted: most has some silt and clay matrix. much is glauconitic. Includes 
some beds of coarse-grained to very coarse grained glauconitic iilty sand- 
stone that commonly grade to medium-grained sandstone. Interbedded 
with sandstone are shale and silty to clayey mudstone, largely shale in 
distinctly bedded rock. Sandstone contains scattered elongate calcite- 
cemented concretions as large as medium, a; well as  bands and nodules 
cemented by iron oxide 

Hardness: Shale and mudstone have firm pieces Sandstone mostly firm 
where weathered, some quite firm, minor hard Concretions are hard 

Bedding: Probably largely indistinctly interbedded thin to medium beds 
of mudstone, dirty sandstone, and shale, but contains beds of mudstone 
and shale as thick as 5 ft or more. On aerial photographs, a few resis- 
tant beds on the order of 10-20 ft thick. Bedding is distinct and strik- 
ingly regular and repetitive in places near top of section (near Briones 
Reservoir), where thin to medium sandstone beds separate very thin to 
thin. some medium, beds of shale and mudstone; some sandstone beds 
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as thick as 4 ft; most thin to medium sandstone beds are internally lami- '\ Parting; In weathered shale at very close spacing: in partially weathered 
nated and ir.any are graded', coxse  and very coarse sandstone mostly in ' shale at very close to moderate spacing, slabby; absent in fresh shale 
thick to vcry thick beds. i which behaves as mudstone. Present also at s-andstcne contacts. 

Parting: Largely absent. Near top of section, generally present at bedding l Fracture: In shale and mudstone, weathering fracture has very close to 

planes [much at close to moderate spacing); in shale at very close spac- , modcrate spacing, original fresh-rcck fracture moderate to wide. Sand- 

ing: in much sandstone at close to moderate spacing. producing slabs; ; stone has close to moderate spacing of weathering fracture, moderate 
much mudstone has crude parting at very close spacing. 

' 
spacing of original fracture. Moderate tc wide spacing in hard cemented 

Fracture; Shale and mudstoce have cicse to very close spacing of weath- 1 sandstone and concretions. 
;ring fracture, as dees some dirty sandstone. In thin to medium beds of : Permeability: Intergranular permeability of almost all bedrock very low. 
sai1d5tcne. rcoderate to wide spacinz produces slabs: in thick and very minor low ( in sandstone). Almost all mantle very low. 
thick beds of sandstcne, moderate to 4-ft spacing. Weathering: Some shale is fresh at depth of 5 ft, ali is fresh at 20 ft: 

Permeability: lntergranular p ~ r n ~ e a b i i i t j  of shale and mudstone (most of between these depths. development of parting and fracture is gradational. 
unit) very low. Intergranular permeability cf sandstone (some of unit) Surficial mantle: Almost all clayey. Clay soils are typical, some sandy 
lcw, but possibly minor nicderate in coarse-grained to very coarse ; clay soil. 
grained sandstone. Possibly low fracture permeability in some shallow Expansivity: Most to almost all bedrock is severely expansive. Most 
clayel rock. Most mantle very low, some moderate. mantle severely expansive, minor to some significantly expansive. Bed- 

Weathering: To depths greater than 15 ft in sandstone (not seen fresh). : rock samples: WC10, mudstone showing secondary fissility, free swell 
Probably to depth of about 10 ft in mudstone and shale. 1 91 percent; PC6B. weathered clay-saturated sandstone. moderately 

Surficial mantle: Largely clayey, some granular. Near Pinole Valley, , cracked, free swell 88 percent (exaggerated): WC17B, typical shale, free 
mostly dark clay soil: sample BV3 represents the most severely cracked ' swell 93 percent. Surficial mantle samples: WC17A, typical clay scil. 
typical soil.  Near Briones Reservoir, about 75 percent of soils are I free swell 97 percent; PC6C. sandy clay soil. free swell "3 percent (,ex- 
uncracked to very mildly cracked, like sample BV26A, and 25 percent aggerated). 
are clayey. similar to sample BV26B. Soils near Pinole Valley are prob- Sources: Bartow, 1985; Fulmer, 1964: four stations. 
ably t>pical of most of unit. Much soil is thick, as much as 6 ft or more 
in the valley area. I 

I 
Expansivity: Most bedrock is probably expansive, some or more is se- 1 

MAP UNIT 438 
. . 

verely expansive. Most mantle severely expansive. some significantly I Geologic unit, (age), and location: Nortonville Shale (T), only in and near 
expansive. Samples: BV1, moderately cracked weathered silty mudstone, 8 the monocline north of Mount Diablo. 
free swell 100 percent; BV3. well-cracked dark clay soil, free swell 94  ' Summary: Largely shale and mudstone, some or more of each; some in- 
percent; BV26A, uncracked to very mildly cracked sandy and clayey soil, ; terbedded sandstone both in medium to thick and in very thick beds, 
free swell 63 percent; BV26B. moderately cracked sandy clay soil in much of moderate permeability: minor hard cemented rock. Most bed- 
landslide, tree swell 115 percent 

Stratigraphic thickness,: More than 2 000 ft (bottom not exposed), as 
reported b j  Pease (1954). quoted by Radbruch and Case (I9b7) 

Sources: Bartow, 1985, Radbruch. 1969 Radbruch and Case, 1967. 
Sheehan, 1456 five stations 

MAP UNIT 436 

Geologic unit, (age), and location: Sidney siltstone unit (T). probably 
Sidney Flat Shale Member of Fulmer (1964) of the Markley Formation, 
only in Pacheco syncline, west of Concord. 

Summary: Most to almost all is shale and mudstone; minor to some clay- 
saturated sandstone interbeds. Some very difficult trenching; rock has 
to be carved out. Most bedrock and mantle is severely expansive. 

Expression in aerial photographs: Smooth, rounded, homogeneous dark- 
toned band. Mostly forms swales or nonresistant part of hogbacks. 

Composition: Most to almost ail is shale and mudstone: minor to some 
largely clay-saturated, fine- to medium-grained, moderately to poorly 
sorted. tuffaceous (pumiceous) sandstone that includes minor rounded, 
hard pebbles as much as 3 in, in diameter, mostly less than 1 in., scat- 
tered in clayey sandstone matrix Shale and mudstone sequences include 
minor medium-grained sandstone. most clay saturated, some dirty. of low 
permeability. Abundant clay-saturated sandstone at sample locality PC6 
is anomalous, probably misinapped. Rare hard cemented sandstone and 
concretions. 

Hardness: Where weathered and fissility is developed. shale and mud- 
stone have firm pieces and firm to soft rock mass. Sandstone is firm to 
soft where weathered, probably firm where fresh. Minor hard cemented 
sandstone and concretions, 

Bedding: Largely absent, except as suggested by parting in shale. DIS- 
tinct sandstone interbeds or bedded intervals are mediuni to very thick 
(as much as 8 ft). Hard sandstone beds and concretions medium to ver) 

rock expansive, most mantle severely expansive. 
Expression in aerial photographs: Subdued intermediate to soft topog- 

raphy that is nonresistant and forms valleys; probably much landsliding. 
In many places forms dark-toned, smooth swale. Uniform except for two 
white bands 10 ft in width, which are probably cemented sandstone, and 
one local light-gray band 50 ft in width. Some very irregular. dark-toned 
landslide topography. 

Composition: (1) Shale to mudstone, depending on fissility, much silty 
or sandy (Taff, 1935), includes concretionary layers (cemented both by 
iron oxide and calcite). ( 2 )  Siltstone. (3) Clean sandstone. moderately 
to well sorted, varying from fine to coarse grained; some or more is tuf-. 
faceous and consists of glass clasts, some beds consist entirely of glass 
clasts; some is calcite cemented in concretions and beds: much is of 
moderate intergranular permeability and produces gas at Los Medanos 
and Willow Pass fields. ( 4 )  Clayey sandstone, fine to medium grained, 
some grading to sandy clad stone. ( 5 )  Laminated sandstone, fine grained. 
low permeability. (6) Limestone, fine grained, as beds and nodules. (7) 
Limestone breccia of hard limestone blocks in variably abundant, po- 
rous, crunchy calcite matrix of caliche or similar deposit: occurs locally 
on Lime Ridge. (8) Glauconitic sandstone. hard. included at base by 
Fulmer i1964). (9) Siliceous shale. hard (Fuliner, 1964). 

Unit is largely shale and mudstone. some interbedded sandstone, xi- 

nor to some siliceous shale, minor to locally (,at Lime Ridge) some lime- 
stone, but estimates vary. Most sources imply largely mudstone and shale 
with lesser but significant sandstone. Details are: four shale and five 
sandstone members (Weaver, 1944): two shales and one sandstone len- 
til (Fulmer. 1964): shale and two lenticular sandstones (Taff. 1935): near 
Horse Valley. siltstone (Colburn. 1961): near Byron, 25 ft of clay shale 
and 8 ft of sandstone (Clark and Campbell, 1942). Of clayey rock. much 
of both shale (fissile) and mudstone. Of sandstone, some of each clean. 
clayey, cemented, and laminated, 

thick (4  ft). Entire unit is shale and mudstone that have occasional sand- , Hardness: Mudstone and shale are firm where fresh and weathered, clean 
stone interbeds. sandstone soft to firm where weathered, clayey and dirty sandstone firm 
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where fresh and weathered; cemented sandstone, concretions, and lime- 
stone hard to outcrop or near outcrop: siliceous shale hard. 

Bedding; Most of composition 1 (mudstone and shale) is indistinctly to 
distinctiy bedded in medium to 4-ft beds by thin to medium concretion- 
ary layers and sandstone beds or by differences in weathering fracture 
of shale. Sandstone occurs in thin to thick interbeds and as very thick 
(as much as 15-f; or more) beds: in places it occurs in intervals as thick 
as 50 ft or more of 6- to 15-ft beds separated by laminated to thinly 

as fiiirly hard, calcareous cemented, medium to fine grained (Bailey, 
1930); and as moderately hard to locally hard and rippable in most cases 
(Cooper-dark and Associates, 1973!, in beds as thick as several feet. 
Shale bedrock rippable (Cooper-Clark and Associates, 1973). See de- 
scription of unit 439 and sections by Tolman 1,1943) and Bailey (1930). 

Expression in aerial photographs: Includes resistant ridges and nonre- 
sistant bands, both 200-400 ft in width. 

Permeability, surficial mantle, expansivity: Like unit 439. 
Stratigraphic thickness: 690 f t  (Tolman. 1943): 750 ft (Bailey, 1930). bedded sandstone. Sandstone beds are repofled to be as thick as 35 f t  

i^Clark. 1964) and 85 It (Fulmer, 1964;. Hard cemented sandstone. lime- , Sources: Bailey, 1930; Bartow. 1985: Cooper-dark and Associates, 1973: 
stone. and concretions largely in beds to thick. some as much as A ft : Sims and others. 1973; Tolman, 1923: Weaver. 1940. 
Limestone breccia is more than 30 ft in thickness. Siliceous shale de- 
scribed as "thinly bedded" (Fulmer. 196-1). See section by Fulmer (1964). , MAP UNIT 441 

Parting: In shale and mudstone at very close to close spacing, probably 
some moderate spacing: much is fissile. Also present at contacts with Geologic unit, (age), and Socation; Domengine Sandstone, lower part (T) 
sandstone and &t very w ~ d e  (6- to 15-ft) spab:ing within some very th,ck 1 (equivalent to Muir Sandstone of Weaver, ,953;. only in Pacheco syn- 
sandstone intervals. d ine ,  west of Concord. 

Fracture: In shale and mudstone, close tc very close spacing of weather- ! Summary: Largely mudstone, containing miner thin to very thick (6-ft) 
ing fracture, superimposed on unknow". original spacing, produces blan- , clean to silty sandstone beds except in upper one-third of section where 
ket of very small chips, moderate to wide spacing in very thick sandstone sandstone dominates. Some sandstone is calcite cemented, as beds and 
and in most hard cemented sandstone and limestone, but some hard ce- - concretions. Most bedrock and mantle is expansive. 
mented rock occurs in blocks as large as 6 ft in diameter. 1 Expression in aerial photographs: Largely intermediate topography, some 

Permeability: Intergranular permeability of mudstone and shale very low: 1 approaches hard topography. Underlies some ridges, but much is inter- 
siltstone low; clean sandstone moderate to low. clayey sandstone low to mediate in resistance. 
very low; limestone breccia moderate; limestone and siliceous shale v e r y  Composition: Mudstone (including some sandy claystone and shale) in- 
low, but have low to moderate fracture permeability in shallow rock. 
Thus, bedrock has largely very low intergranular permeability, some 
moderate to low. Most mantle very low, some moderate. 

Weathering: Color change in shale and mudstone at depth of about 20 ft, 
but pieces are fresh at lesser depth. 

Surficial mantle: Largely clayey. some granular. Typically clay soils. 
Expansivity: Most bedrock expansive, most mantle severely expansive, 

some of each unexpansive. Bedrock samples: CL4B, well-cracked 
weathered shale, more expansive than most, free swell 170 percent: 
CL3B, typical weathered mudstone, free swell 100 percent (exaggerated). 
See samples for unit 465. Surficial mantle samples, all typical: AS14, 
dark well-cracked clay soil, free swell 148 percent; BHS21A, moderately 
cracked clay soil, free swell 137 percent; CL33, moderately cracked black 
sandy clay soil. free swell IS0 percent; CL3D, brown popcorn clay soil, 
free swell 102 percent; CL4A, well-cracked clay soil, free swell 119 
percent. In places clay soils are largely mildly cracked, probably signifi- 
cantly expansive. 

Stratigraphic thickness: 725 ft near Nortonville (Fulmer, 1964); about 
400 ft (Brabb and others, 1971): 500 ft (Clark and Woodford, 1927; 
Colburn 1961; Taff. 1935); 300-500 ft near Nortonville (Johnson, 1964); 
500 ft (Clark, 1921); thins toward the east to about 100 ft near Horse 
Valley iColburn, 1961); 33 ft near Byron (Clark and Campbell, 1942); 
200 ft at Brcntwood field (Clark, 1964). 

Sources: Bartow, 1985; Brabb and others. 1971; Clark, 1921: Clark and 
Campbell, 1942; Clark and Woodford, 1927; Clark, 1964; Colburn, 1961; 
Fulmer, 1964; Johnson, 1964; Taff, 1935; Weaver, 1944: six stations. 

MAP UMT 439 

terbedded with sandstone. Upper one-third is largely sandstone; remain- 
der is largely mudstone, minor sandstone. Sandstone is very fine to 
medium grained, mostly fine grained, includes tuffaceous grains, and 
ranges from clean, well-sorted, moderately permeable sandstone to silty 
and somewhat clayey sandstone of low permeability. Some sandstone 
beds are calcite cemented (about 25 percent at sample locality WC4). 

Hardness: Sandstone is firm to soft and friable where weathered, prob- 
ably firm where fresh; Weaver (1953) reported a tough silty sandstone 
33 ft thick. Mudstone is firm where fresh, soft to firm where weathered. 
Calcite-cemented sandstone hard. 

Bedding: Distinct. Largely thin to thick, some very thick, interbedded 
materials; mudstone is as thick as 20 ft or more, sandstone as thick as 
33 ft but dominantly thin to 6-ft beds. Some sandstone is laminated. Hard 
sandstone beds medium to thick. Concretions as large as 5 ft in diam- 
eter. See section by Weaver (1953). 

Parting: Present at bedding planes, and within most mudstone at close to 
very close spacing. Some fissile shale. 

Fracture: Sandstone has close to wide spacing, in places moderate to wide, 
in other places close to moderate. Cemented sandstone fractured at spac- 
ing similar to bed thickness. Mudstone has close to very close spacing 
where weathered. 

Permeability: Intergranular permeability of mudstone very low, silty sand- 
stone low, clean sandstone low to moderate. Thus. lower two-thirds of 
bedrock section has almost all very low intergranular permeability. but 
upper one-third has largely low. some moderate, and some very low; 
intergranular permeability of unit as a whole largely very low. some low, 
minor to some moderate. Some low fracture permeability in shallow rock. 
Most mantle Ion to very low, probably some moderate. 

Geologic unit, (age), and location: Nortonville Shale (T) ,  only in area 
Weathering: Sandstone weathered in places to depths greater than 40 ft, 

between Vallejo and Yolo Range. excluding Potrero Hills, some to depths greater than 30 ft Mudstone fresh at depth of 5 ft in 

Summary: See description for unit 3 14 , places 
SurficiaS mantle: Largely clayey, probably some granular toward top of 

MAP UNIT 440 

Geologic unit. (age), and location: Nortonville Shale (T). only in Potrero 
Hills, northwest of Montezuma Hills. 

Summary: Not seen in field. Largely silty shale and siltstone as described 
for unit 439, but includes some to nearly equally abundant sandstone as 
described for unit 314, largely in middle of unit. Sandstone is described 

unit 
Expansivity: Most bedrock expansive. some severely expansive. Most 

mantle significantly expansive, probably some severely expansive. prob- 
ably some unexpansive. Samples: WC3A, fresh (blue-gray) sandy clay- 
stone, mildly cracked, free swell 82 percent: WC3B. typical dark clay 
soil, free swell 70 percent ((exaggerated). Most mudstone at locality WC3 
is mildly cracked like sample WC3A See samples for unit 442. 
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Strat igraphic thickness: 679 ft (Weaver, 1953) 
Sources: Weaver. 1953. two stations 

M A P  UNIT 442 

Geologic unit, (age), a n d  location: Domengine Sandstone. lower siltstone 
and claystone member (T). only along southwest flank of Mount Diablo. 

Summary:  Largely clayey rock, minor to some (as much as one-third) 
sandstone and cemented sandstone. Minor conglomerate at base. Much 
to most bedrock and most mantle are significantly expansive. 

Expression in aer iai  photographs:  Most is grass covered, regularly 
ribbed. on ridge held up by sandstone in unit 443. No tonal bands or 
outcrops. Generally more subdued than unit 343. 

Composition: (1 )  Interbedded fine-grained clayey rock, largely ranging 
from mudstone through sandy mudstone to muddy very fine grained 
sandstone, but includes some shale and siltstone. ( 2 )  Sandstone, h g  to 
medium grained. well sorted, moderate permeability. (3) Calcite-ce- 
mented sandstone, similar to uncemented sandstone in grain size and 
sorting. occurs as beds, (4) Limonite concretions, minor. (5) Conglom- 
erate, probably of pebbles and cobbles in sandstone matrix. 

Unit is largely clayey rock (composition 11; minor (less than 5 per- 
cent) tc one-third (Dickerson, 1916) sandstone and cemented sandstone, 
each about equally abundant Minor limonite concietions, minor con- 
glomerate at base. 

Hardness: Clayey rock is firm to quite firm where fresh and weathered. 
Sandstone firm where uncemented, hard where cemented. Conglomer- 
ate probably firm containing hard to lesser firm clasts. Limonite con- 
cretions firm to hard. 

Bedding: About two-thirds of the clayey rock occurs in very thick beds, 
one-third in distinct thin to medium beds. Sandstone. both cemented and 
uncemented, occurs largely in distinct medium to thick beds between very 
thick (as much as tens of feet) intervals of clayey rock, but Dickerson 
(1916) showed one 20-ft sandstone bed. Conglomerate at base is 5 ft 
thick near Cave Point (Dickerson. 1916). Limonite concretions to me- 
dium. See sections b> Dickerson (1916) and Colburn (1961). 

Parting: Present in two-thirds of clayey rock largely at very widely spaced 
bedding contacts and to some extent at moderate to wide spacing within 
beds. In one-third of clayey rock, close to moderate spacing on bedding 
planes. Absent within sandstone and conglomerate. 

Fracture:  Clayey rock has close to very close spacing of weathering frac- 
ture on moderate to wide original spacing. Sandstone is fractured at spac- 
ing similar to bed thickness, largely moderate to wide, but contains rare 

Summary:  Largely clayey rock like unit 442, but near contact with unit 
675 includes an interval of white sandstone 50-200 ft in thickness. Pro- 
portions of materials are similar to proportions in unit 442. Most to al- 
most all bedrock has low to very low intergranular permeability. much 
has low fracture permeability in shallow rock; minor to some moderate 
intergranular permeability. Permeability of most mantle low to very low, 
minor to some moderate. Surficial mantle is largely clayey. n' . inor to 
some granular. Expansivity is as described for unit 442. 

Only the interval of white sandstone is described below: see descrip- 
tion of unit 442 for composition and physical properties of most materi- 
als of this unit. Interval of white sandstone is almost entirely sandstone 
that apparently varies from largely uncernented to largely or  entirely 
cemented. We did net observe the sandstone where largely cemented. 

Expression in aerial photographs: Sandstone in places forms a sharp 
ridge, in other places a nonresistant light-toned band that is similar in 
resistance to remainder of unit 443. 

Composition: (1) Sandstone. largely fine grained but contains some coarse 
and very coarse grained zones. well sorted. quartz rich, white weather- 
ing. (2) Calcite-cemented zones and concretions. ( 3 )  Clayey rock, con- 
sisting of mudstone to muddy fine sandstone. 

Interval of sandstone consists largely of uncemented sandstone on 
Mount Diablo Road, but near Cave Point described as hard gray sand- 
stone by Dickerson (1916); thus. probably variably cemented, from 
largely uncemented rock to largely cemented in places. Minor clayey 
rock within interval of sandstone. 

Hardness: Uncemented sandstone is firm, some soft, where weathered, 
probably firm where fresh. Cemented rock hard. Interbedded clayey rock 
firm to quite firm. 

Bedding: Sandstone in very thick (tens of feet) bed or beds. Near Mount 
Diablo State Park, cemented sandstone occurs in zones to thick, and 
concretions are as much as 4 ft in diameter. See sections by Dickerson 
(1916) and Colburn (1961). 

Parting: Largely absent in sandstone. 
Fracture:  In sandstone, largely moderate to wide spacing, some as much 

as 4 f t ,  but could be very wide in very thick cemented sandstone. Much 
sandstone scales at very close spacing. Spacing in thick cemented sand- 
stone is moderate. interbedded clayey rock has close to very close spac- 
ing of weathering fracture on moderate to wide original spacing, 

Permeability: Intergranular permeability of uncemented sandstone mod- 
erate to low, probably much of each, local high; cemented sandstone very 
low to low. Thus, intergranular permeability of sandstone varies from 

, about half moderate, half low, to largely very low where cemented, bus hard blocks as large as 4 ft by 8 ft. 
Permeability: Almost all bedrock has low to low intergranular per- shallow cemented rock probably has low fracture ~ e r m e a b i l i t ~ .  ~ l m c s t  

meability, much of each: much has low fracture permeability in shallow i On sandstone 

rock. Minor to some (as much as one-sixth) moderate intergranular per- ; Weathering' Sandstone white. 

meability (in uncemented sandstcne;, M~~~ mantle low to very low, Surficial mantle: On sandstone, granular mantle similar to sample D12B 

Weathering: Clayey rock fresh at depths of 2-8 ft. of unit 343. 

Surficial mantle: Largely clayey. 1 Expansivity: Almost a11 bedrock and mantle of sandstone interval is 

Expansivity: Much to most bedrock is significantly expansive, probably 
some severely expansive, M~~~ mantle significantly expansive, probably hicknsss: Sandstone interval 50-200 ft  (Brabb and others, 

some severely expansive, samples: D15A, typical rnudstcne, Dickerson, 1916); 60-140 ft (Colburn. 19611. 

mildly cracked, free 66 percent; D I ~ B ,  typical light brown and others. W l :  Colburn, 1961: Dickerson. 1916; one 

and sandy cla: soil, mildly cracked, free swell 72 percent. See samples 
for units 343 and 441 

Strat igraphic thickness: 300-600 ft (Brabb and others, 1971); 185 ft (in- M A P  UNIT 444 
ferred from Dickerson, 1916); 970 ft near Mount Diablo State Park and 
about 2,000 ft near Pine Canyon (inferred from Colburn, 1961). on: Meganos Formation, Division E of 

Sources: Brabb and others, 1971: Colburn, 1961; Dickerson, 1916: two 
stations Summary:  Probably largely mudstone and shale, some to equally abun- 

dant siltstone, some high-matrix sandstone, minor clean sandstone. Pour 
M A P  UNIT 443 exposures make proportions uncertain. Most mantle and much or more 

Geologic units, (age), a n d  location: Domengine Sandstone, lower silt- 
stone and claystone member and white sandstone unit (T), along south- hs: Largely nonresistant, underlies val- 
west flank of Mount Diablo. leys or swales as in Horse Valley. Includes some areas of ribless inter- 
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mediate semiresistant topography that show some white shoulders and 
ridgetops. Largely Licks band;-ng, but some very subdued handing of 
light-toned zones as wide as 100 ft. In places includes smooth, rounded 
hills t h ~ t  lack incised drainages. Largely dark-gray photographic tone. 
In Horse Valley, includes some barily resistant beds that show no tonal 
contrast but form lines of subdued bumps. 

Composition: Different impressions from different workers. Includes: ( 1) 
Mudstone and shale. probably silty (Brabb and others. 1971;. some fis- 
sile where weathered. 12; Siltstone, much fissile where weathered, some 
fine sandy. (3;- Sandstone. fine grained, %ell sorted, largely clean, some 
grains look tuffaceous. (4)  High-matrix sandstone, largely fine grained, 
ranging from very fine to medium grained. ( 5 )  Calcite-cemented con- 
cretions and beds. 

Very different impressions of proportions from different workers: 
Brabb and others (1971) reported silty mudstone; Clark and Woodford 
(1927) and Clark (1921) reported clay shale and sandstone at top, grad- 
ing downward to fine, massive, poorly indurated sandstone, poor expo- 
sures: Johnson (1964) reported chiefly siltstone, very ininor sandstone. 
Our observations (from one traverse, sample locality BW5. and expres- 
sion in aerial photographs) suggest largely mudstone and shale (much 
mudstone weathers fissile near surface), some siltstone and high-matrix 
sandstone, minor clean fine sandstone, rare cemented rock. Siltstone 
couid be as abundant as mudstone in some sections, particularly toward 
east. 

Hardness: Mudstcne. shale, and siltstone are firm where fresh and weath- 
ered; clean sandstone weathers soft; dirty sandstone firm where fresh and 
weathered. Concretions and cemented beds hard. 

edding: Probably largely absent or indistinct (in mudstone), but unit 
includes zones as thick as 100 ft that consist of thin to thick, some very 
thick (10  ft or  more), distinctly bedded siltstone and high-matrix 
sandstone. Clean sandstone to thick; concretions and cemented beds me- 
dium. 

Parting: Probably present in most weathered rock at very close to moder- 
ate spacing; much of mudstone. shale, and siltstone is fissile where 
weathered. Observed to be present at very close to moderate spacing in 
interbedded siltstone and sandstone. 

Fracture: Probably close to very close spacing of weathering fracture on 
moderate to wide original spacing in mudstone and shale; observed close 
spacing, ranging from very close to moderatc, of weathering fracture in 
siltstone on moderate original spacing. No fracture noted in clean sand- 
stone isoft;, probably close to moderate or wide spacing where present. 
High-matrix sandstone has very close to moderate spacing of weather- 
ing fracture, most scales where weathered. Concretions and cemented 
beds moderate to wide. 

Permeability: Intergranular permeability of bedrock largely very low, 
some to equally abundant low, minor moderate (in sandstone). Most 
mantle very low. minor to some moderate. 

Weathering: Weathering fracture in almost all of unit; fissility where 
weathered in much. Clean sandstone weathers soft. 

Surficial mantle: Largely clayey, minor to some granular, Silty to sandy 
clay soils, like samples AS23 and AS25, are typical of unit. Silty clay 
soil, like sample AS24. and loam soil, like sample BW5B, are typical 
over resistant hills in unit. 

Expansivity: Most bedrock is expansive, much or more is severely ex-. 
pansive. Most mantle severely expansive. minor to some unexpansive 
to significantly expansive. Samples: BW5A, weathered mudstone. typi- 
cal of much of unit, free swell 110 percent; AS23. mildly to moderately 
cracked silty clay soil, plastic, free swell 120 percent; AS25. typical silty 
l a y  soil, free L-v.ell 140 percent: AS24, silty clay scil on sandstone and 
siltstone on hill, free swell 113 percent: BW5B, loam soil, substantial 
constituent, free swell 47 percent. BW5C, dark sandy clay soil. typical 
of low areas, free swell 90 percent. 

Stratigraphic thickness: 50-1,300 ft (Brabb and others, 1971 ); 0- 1,500 
ft ( d a r k ,  1921; d a r k  and Woodford, 1927); 0-700 ft (Johnson, 1964). 

Sources: Brabb and others, 1971, Clark, 1921. d a r k  and Woodford. 1927, 
Johnson. 1964. four stations 

MAP UNIT 445 

Geologic unit, (age), and location: Meganos Formation, Division C of 
d a r k  and Woodford (1927) (T\ only north and east of Mount Diahlo. 

Summary: Largely shale. some sandstone interbeds. Most mantle and 
probably much bedrock are severely expansive. 

Expression in aerial photographs; Nonresistant. valley-forming unit. In 
Deer Valley, about one-third is smooth-textured scarp slope of hogback. 
lacks nbbing; one-third is valley bottom: and one-third is very subdued. 
soft tc intermediate topography held up by a few sandstone beds. In upper 
Deer Valley, unit forms ver) subdued, grass-covered, low-lying tcpog- 
raphy that has smooth texture and uniform photographic tone. Unit in- 
cludes minor light-toned. resistant (sandstone; bands, some sharp crested, 
most 10-30 ft  in width, some as wide as 100 ft: two or three bands at 
most in a given section. Some evidence of outcrop on some of these 
bands suggests cementation. Much landsliding evident in unit. 

Composition: (1) Sandy and silty shale, some carbonaceous. some bitu- 
minous, some cherty, some containing limestone nodules and lenses 
(Davis and Vernon, 1951). Closely resembles Knoxville Formation 
(Clark and Woodford. 1927). Johnson (1964) called this siltstone. (2) 
Sandstone, fine to coarse grained and gritty, much clayey; seme or more 
is hard and calcite cemented. Cemented beds are clean, well washed 
( d a r k  and Woodford, 1927). In places, includes minute lignite lenses 
(Clark and Woodford, 1927). Rusty concretions to medium. Locally fos- 
siliferous. 

Unit is largely sh'ile, some sandstone interbeds. Of shale, probably 
minor to some is siliceous. Of sandstone, much is clayey, some or more 
is hard and cemented. Brabb and others (1971) described this unit as 
predominantly shale, man) sandstone interbeds. 

ardness: Shale is firm where fresh and weathered: siliceous shale prob- 
ably firm to hard; uncemented sandstone firm to soft where weathered. 
cemented sandstone hard where weathered. 

Bedding: Sandstone in distinct medium to 5-ft and thicker beds between 
dominant shale. Cemented beds to medium or  more. Shale is largely 
indistinctly bedded, some distinct (Clark, 1921). See column by Clark 
and Woodford (1927). 

Parting: Present in shale at very close to close spacing; present on dis- 
tinct bedding contacts. 

Fracture: In shale. probably close to very close spacing of weathering 
fracture on probably moderate to wide original spacing. Fracture spacing 
in sandstone uncertain: where cemented, spacing is similar to bed thick- 
ness; where uncemented, prohabl) indistinct fracture at wide to 10 ft. 

Permeability: Intergranular permeability of shale very low; of sandstone 
low, to very low where cemented, probably moderate in weathered c e -  
mented sandstone. Thus, intergranular permeability of bedrock largely 
very low, some low. probably minor moderatc in shallow rock. Prob- 
ably some low to moderate fracture permeability in shallow rock. Most 
mantle very low, minor to some moderate. 

Surficial mantle: Largely clayey, minor to some granular. 
Expansivity: Most bedrock expansive. probably much severely expansive, 

some unexpansive. Most mantle severely expansive. Samples: BW4, 
mildly cracked silty clay soil, typical, free swell 90 percent; AS29.4, 
well-cracked clay soil, free swell 100 percent (exaggerated): AS29B, 
moderately cracked sandy clay soil, probably typical of most of unit, free 
swell 120 percent. Weathered shale at sample locality BW4 has apparent 
expansivity similar to sample BW3 of unit 345, free swell 90  percent. 

Stratigraphic thickness: 50-1,300 ft (Brabb and others. 1971;: 325.555 
ft (Clark and Woodford, 1927); 900 ft near Oil Creek to 1,800 ft near 
Deer Valley (Johnson. 1964). 

Sources: Brabb and others, 1971: d a r k  1921; Clark and Woodford, 1927; 
Davis and Vernon, 1951: Johnson, 1964; two stations. 
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MAP UNIT 446 

Geologic unit, (age), and location: Meganos Formation. sandstone unit in 
Division C of Clark and Woodford (1927) (,TI. only north of Mount 
Diablo. 

Summary: Not seen in field. Occurs in one area only, where unit clearly 
(from photographs) consists of about one-third ridge-forming bandstone, 
two-thirds swale-forming material similar to unit 445. Assume that sand- 
stone is similar to units 345 and 377. remainder of unit identical to unit 
445. 

Expression in aerial photographs: Intermediate topography. more resis- 
tant thiin unit 445, but much less resistant than resistant units such as 
345 and 377. Unit appears to define area of abundant sandstone within 
this division of Meganos Formation. W-here pattern is clear, unit is 
banded as follows: sandstone ridge about 100 ft in width, 200-ft dark- 
toned swale, 100-ft zone of sandstone, 200-ft dark-toned band, 100-ft 
zone of sandstone: these zones of sandstone include bands 30-100 ft in 
width. Some sandstone crops out or nearly crops out. 

Permeability: Intergranular permeability of bedrock probably largely very 
low, some to much low, minor to some moderate. Probably low to mod- 
erate fracture permeability in some shallow rock. Probably most mantle 
very low to low, some to much moderate. 

Surficial mantle: Probably largely clayey, some to much granular. 
Expansivity: Probably most bedrock is expansive like unit 445, much 

unexpansive. Most mantle expansive, probably much severely expansive, 
some to much unexpansive. 

MAP L'NIT 448 

Geologic unit, (age), and location: Unnamed formation (T), only in 
Potrero Hills. northwest of Montezuma Hills. 

Summary: Not seen in field. Largely silty and sandy shale, called mica- 
ceous carbonate shale by Tolman (1943); some arkosic sandstone, fine 
to medium grained. largely friable, locally concretionary, in beds prob- 
ably to thick. See unit 473 and section of "Lower Meganos" by Tolman 
(1943). 

Expression in aerial photographs: Subdued soft topography, some shows 
subtle banding. 

Permeability: Intergranular permeability of bedrock is largely very low, 
some low to possibly moderate; measured permeability is 1 x 1 0 ' ~  to 
1 x 1 0 ' ~  c m s e c  (Cooper-Clark and Associates, 1973). Mantle very low. 

Surficial mantle: Clayey. 
Expansivity: Probably most bedrock is expansive and much is severely 

expansive. Almost all mantle severely expansive. Highly expansive silty 
to fat clay soil reported by Cooper-Clark and Associates (1973). 

Sources: Cooper-Clark and Associates, 1973; Sims and others. 1973: 
Tolman, 1943. 

MAP UNIT 449 

Geologic unit, (age), and location: Martinez Formation, undivided (T), 
only in area west of Concord. 

Summary: Not seen in field. Sedimentary rocks like those of units 451 
and 474 {upper member) and units 425 and 426 (lower member). Prob- 
ably largely mudstone and siltstone. some sandstone. 

Permeability: Intergranular permeability of most bedrock probably very 
low to low, probably minor moderate Probably most mantle very low 
to low, some moderate. 

Surficial mantle: Probably largely clayey. some granular. 
Expansivity: Probably most bedrock is expansive, some unexpansive. 

Probably most mantle is expansive, some or more is severely expansive. 
some unexpansive. 

MAP CNIT 450 

Geologic unit, (age), and location: Martinez Formation (T), only near 
Potrero Hills. northwest of Montezuma Hills 

Summary: Probably largely clayey rock, some sandstone Probably most 
bedrock is expansive. most mantle severely expansive. 

Expression in aerial photographs: Largely intermediate topography that 
lacks ribs. some soft topography in upper part. 

Composition: Sandstone and clayey rock in uncertain proportions. Field 
observations show sandstone. fine grained and some medium grained. 
variably silty, and interbeds of sandy claystone, clay-saturated sandstone. 
and minor mudstone and siltstone: some silty mudstone weathers white. 
Also contains fossil-reef sandstone and minor pebble conglomerate that 
are argillaceous to well cemented. 

Sandstone and claystone are about equally abundant in exposures we 
' examined, and so unit probably consists largely of clayey rock \ a n -  

able impressions from literature largely sandstone, medium to coarse 
grained (Tclman, 1943), lower part sandstone, upper part largely silty 
mudstone and shale (Cooper-dark and i~ssociiites, 19-;3), 75 percent or 
more silty to sandy clay shale, the remainder hard, fine- to medium- 
grained calcareous sandstone and concretionary sandstone in 1- to 20-ft 
beds (Bailey. 1930): largely shale containing 10 percent sandstone in 2- 
to 6-ft beds (Weaber, 1949). Thus, unit is probably largely clayey rock: 
some sandstone. largely in lower part of unit, some to much of which is 

1 cemented, minor conglomerate 
Hardness: Most sandstone firm where weathered, probably firm where 

fresh; calcite-cemented rock hard. Claystone and mudstone have firm 
pieces; mudstone has soft rock mass. 

Bedding: Largely very thick (as much as 100 ft). Much of rock in very 
thick sandstone intervals has indistinct medium bedding, probably ow- 

! ing to variation in clay or silt content. Mudstone (minor) thick to 4 ft. 
Cemented rock to thick or more 

, Parting: Present in mudstone (minor constituent) at \cry close spacing 
1 and at contacts between sandstone and claystone Absent within sandy 
I claystone If unit consists largely of shale, may be present in much to 

most of unit at close to very close spacing. 
1 Fracture: Where weathered, spacing is close to moderate in fine-grained 
1 sandstone, moderate to wide in medium-grained sandstone, close to very 
I close in claystone and probably in shale, very close in mudstone, Frac- 

tures are open near ground surface 
Permeability: Intergranular permeability of sandstone mostly low, mod- 

erate where clean (20 percent of sandstone); sandy claystone, clayey 
sandstone, and mudstone very low. Thus, bedrock largely very low, some 
low, minor moderate. Measured permeability is 1x10'' to 1 x 1 0 " ~  c d s e c .  
this probably in upper mudstone and shale (Cooper-Clark and Associ- 
ates, 1973). Probably most mantle very low. 

Weathering: To depths of more than 6 ft (height of cuts). Some mudstone 
remains gray where weathered. 

Surficial mantle: Probably largely clayey. At one location, granular sur- 
face soil overlies expansive c l a ~ e y  subsoil, sample FSlB.  Expansive fine 
bandy and silty clay soil reported, at least on upper mudstone and shale 
part of unit 

Expansivity: Probably most bedrock expansne, some unexpansive Prob- 
ably most mantle severely expansibe Bedrock sample FSlA,  moderately 
cracked clay-saturated fine sandstone, free swell 74 percent Bedrock has 
expansive zones (claystone) and unexpansive zones (sandstone). Surficial 
mantle samples: FSIB,  sandy clay subsoil. well cracked, free swell 90 
percent; FS2. dark clay soil, free swell 103 percent. 

Stratigraphic thickness: 2.000 ft iWeaver, 1949): 1,000 ft (Tolman, 1943). 
Sources: Bailey, 1930; Cooper-Clark and Associates, 1973; Sims and oth- 

ers, 1973; Tolman, 1943: Weaver. 1949: two stations. 

I MAP UNIT 451 

Geologic unit, (age), and location: Marnnez Formation, upper siltstone 
and shale member (T) ,  only in area west of Concord. 

Summary: Largely mudstone grading to clay-saturated sandstone, some 
interbedded low permeability firm sandstone. Prominent, resistant, 75- 
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ft sandstone bed at top of ~ ln i t  includes calcite-cemented zones as thick 
as 4 f t ,  Most n-antle and probably most bedrock are e.xpansive. 

Expression in aerial photographs: Unit is large!) nonresistant; much 
consists of soft hillslopes below some hght-toned resistant bands that 
hold up ridges. some of which have sharp crests. Some to half of unit is 
moderately resistant intermediate topography. Good sections in aerial 
phc tcgr~phs  show 70-ft 11ght-toned resistant ban2 at top of unit. 300- to 
500-ft nonresistant band in middle part of unit, and semiresistant zone 
I iI(2-30C ft in width near basc of unit. 

Composition: (1) h1uJstone. sandy mudstone, and sandy claystone grad- 
iag to clay- or mud-saturated fine- to mediunl-grained sandstone, includ- 
ing some siltstcnc. Minor ~ o n c r e t i c n s ,  ( 2 )  Shale. (3)  Sandstone, 
undersaturated by clay, low permeab~li ty ,  p r c b ~ b l y  fine to n~ed ium 
g r a n d  (4) Sandstone. f!ne grtxined. moderately to vie11 sorted, some 
giauconitic. some possibly tuffaceeus (brittle), (5) Calcite-cemented 
zones in composition 4. 

Unit is largely clayey rock <ccrr.position I )  of which mudstone is dorn- 
nant, shaie less abuxdant (probably n~inor) .  Some sai~dstone overall, but 
much of unlt has minor sandstone. Reblstant bed at top of unit is sand- 
$.tone (compos~tion 4)  that contains cemented zones; semiresistant lower 
part of unit 1s sandstone (composition 3 j  interbeddcd with clayey sand- 
stone of con~positicn 1; nonresistant part is composition I containing 
minor sandstone beds. 

Hardness: Clayey rock is largel) firm &-here weathered, some soft, prcb- 
~ b l y  firm where fresh; many orlginul fractures are cementcd and dis- 
tinctly firmer than adjacent rock. Sandstone largely firm. some brittle; 
n~ inor  hard except in resistant bed at top of unit where some is calcite 
cemented and hard. Concretions hard. 

Bedding: Largely unbedded to indistinctly bedded clayey rock (composi- 
tion 1). .Minor to some distinct to ~ndistinct (gradational) sandstone beds, 
mas[ medium to 5 ft but ranging from thin to 15 ft, some isolated in 
clayej rock, some interbedded with about equally abundant clayey rock. 
Resistant sandsione bed at top of unit is internally laminated, about 7 5  

ft thick containing thick to 4-ft calcite-cemented zones, a n i  toward top 
and bottom grades to distinct medium to thick sandstone interbedded with 
thin to medium shale. h4inor concretions to medium. 

Parting: Frubably widely spaced (not apparent) in nmst of clayey rock, 
prcsent in some at bery close to moderate spacing. Minor to some part- 
!ng on distinct sandstone bedding contacts. >fo!jt of resistant bed at top 
of unit has wide spacing. 

Fracture: Clayey rcck has largely close to very close. some moderate, 
spacing of weather~ng fracture on moderate to 4-ft $tamed original spac- 
ing: some spheroidal weathering. Sandsione is fractured largely at close 
to  noder rate spacing. some wide; calcite-cemented sandstoue hxs mod- 
crate to wide spacing, scme as mich  as 4 ft. 

Permeability: Clayey rock of coinposition l (most of unit) has very low 
to low intergranular permeability; sandstone (some of unit) largely !ON. 

minor possibly moderate. Most mantle very  lo^; to low, some moderate. 
Weathering: Weathering fracture in most of unit; scme spheroidal weath- 

ering. Some sandstone (composition 4) is weathered t(1 depths greater 
than 25 ft. 

Surficia! mantle: Largely clayey, sane granular. 
Expansivity: Most bedrock prol>ably expansive. Most mantle expansive, 

mach sevuely expansive. probably some unexpansive. Twc samples of 
typ~cal  soil on mudstone: iVC31, brown clay scil, free swell 83 per- 
cent; WC36. light-br9~vn sandy and silty ~ 1 ; i )  soil. free swell 75 percent, 
See samples for unit 426. 

Stratigraphic thickness: 700 ft. 
Sources: Lawson, 1914; sfernam, 1857: four stations. 

Geoiogic unit9 (age]+ and location: Martinez Formation, lower glauco- 
nitic sandstone member I~T) ,  only at north end of the East Bay Hills near 
Crockett, 

Summary: Like unit 425, but lacks most of lower sandston? part of sec- 
tion. Largely siltstone. n~udstone, a.nd clayey very fins: grained sandstone. 
as descr~bed for units 425 and 474. 

Permeability: Most bedrock h8.s low to very lcw intcrgranular permeabil- 
ity; pos~ibly much shallow bedrock has low fracture permeability. Prob- 
zbly most mantle low to very IOU,  

SurEcial mantle: Probably largely clayey. 
Expansivity: Probably most bedrock significantly expansive, Probably 

most mantle significantly expansive, prob~bly scr ie  severely expansive. 
Sources: Four stations. 

Ge0hgk unit, (age), and location: Unx~ined  unit (TK). In Santa Cikz 
htcdntains near \fount \fadonna and S~er ra  Azul 

Summary: ErleCy seen In field Probably u ig t t )  mud5tb11e and ,nale 
minor to soine sandstone and cenglo~neiate .  Probably r n ~ s h  to most 
mantle IS severely expansive. 

Expression in aerial photograpi~s: Where exprexsion is clear, lnternlc- 
diate topcgraphy that has rounded crests, ~ r ~ o ~ t  l:i(:ks ribs. 

Composition: Described by htcLaughlin and others ( 197 1 j :is including: 
( 1) silty shale that contains scattered carbetiate concretions. (2) inudstone. 
( 3 )  minor interbedded wacke sandstone. Field observation is of abun- 
dant blocks of sandstone and some conglon~erate In largely clayey sand 
mantle, Thus, probably largely mudstone and shals. minor to some sand- 
stone and t:ongiomerate. 

Hardness: Largely firm, some sandstone hard. 
Bedding: L-nknown, Dist~nct where interbedded sandstone. 

arting: Probably present in mdch cf unit (shale and scrne mudstone> at 
very close to moderate spacing. Presenf at distinct bedding contacts. 

Frastnre: Probably most has close to very close spacing of weathering 
fracture on close co wide original spacing. Sandstone has close to 4-ft 
spacing, 

Permeability: Intergranular permeahiii~y cf bedrock largely very low, 
minor to some low [sandstone). Probably some to much low frticture 
permeability in sha!low bedrock, Probably most mantle very low to lo-, 
minor to some moderate. 

Surficial mantle: Probably most c l a y ~ y ~  minor to some granular. Where 
observed, mantle is clayey sand to sandy clay. 

Expansivity: Probably most bedrock expansive. Probably much to most 
severely expansive. Sample LMP3. clayey colluvium, free swel! 

93 percent, more expansive than most soils at t h ~ s  station. 
Sources: IvIcLaughl~n and others t 1971), one station 

MAP EXIT 46@ 

Geologic units, (age)? and location: F'urisi:ma Formation, Lobitos Mud- 
stone Member (Tj; Lambert Shale and San Lorenzo Fo i~na t~on .   ind divided 
(TI;  in San h4ateo County-, San Lercnzo Form;ition, undiv~ded (T)  and 
Rices  mudst tone Member (T), in San h1a:eo and Santa Clarz Counties. 

Summary: Largely mudstme and siltstone, some shale, mlnor sandslone; 
rcck is firm to soft. Some expansive bedrock and surficial mantle, 

Composition: Largely mudstone and siltstme. s ~ m e  shale, mlnor sand- 
stone. 

Hardnesb: Firm to ~ o f i .  
Bedding: Mosrly zbsent, locally very thin. 
Parting: Close to very close spacing lfi some cr  mere. 
Fracture: Moderate to wide spacing where fresh; \cry close to close s p x -  

ing, locally moderate, where weathered. 
Permeability: Intergranular permeability of bedrock largely very low. 

some low (in some interbedded sandstone and siltstcne). Low fracture 
permeability in most shallow rock. .Mantle largely low, minor moder- 
ate( ? j ,  

Surficial mantle: Largely clayey. 



Expansivity: Bedrock and surfic~al mantle are largely unexpansive, some 
sigfiificmtly rxpznsive, rninor se\erely expansive, Bedrock samples: 
SGG4B, mudstone, free swell 64  percent; MH4B, siltstone, free swell 
80 percent; M H 4 A  clay shale, free swell 88 percent, Surficial mantle 
samples: HMBI. loam soil. free swell 52 percent: SGGdA, soil, free 
swell 68 percent: LH8, moderately cracked soil, free 3well 70  percent; 
LH9, organic soil. free swell 102 percent. 

Stratigraphic ti~ickness: 500-1.800 ft 
Source: Ellen and others. 1972. 

Geojogic units, (age), and location: San Lorenzo Formation, Twobar 
Shale Member (T); Butano Sandstone, shale member (TI; shalr near Palo 
Alto (K);  in San Mateo County. 

Summztry: Shale and soine mudstone, minor interbedded sandstone, Some 
significantly expansive bedrock and mantle. 

Composition: Shale and some mudstone. minor interbedded sandstone 
Hardness: Soft to firm. 
Bedding: Shale is laminated. 
Parting: Close to ve r j  close spacing in mest. 
Fracture: Close spacing in weathered rock. 
Perxneability: Largelj very low intergranular permeability in bedrock, low 

in interhedded sandstone (minor). Low fracture permeability in most 
shallow bedrock. Mantle low. 

Surficiai mantle: Largely clayey. 
Expansivity: Bedrock and surficial mantle are largely unexpansive, some 

significantly expansive, Samples: LMH15A, bedrcck, free swell 67 per- 
cent, ivlHi5l3, stony s011, moderately to well cracked, free swell 56 per- 
cent Compare samples LVH3A and MH3B in unzt 370 

Stratigraphic thickness: 600(9)-800 ft 
Source: Ellen dnd others 1972 

Geologic unit, (age), and location: Nononville Shale (TI, only in Pacheco 
syncline, west of Concord. 

Summary: Shale and mudstone, minor interbedded sandstone, Some dif- 
ficult trenching in fresh, nonfissile rock. ,4lmost all bedrock and mantle 
is expansive. See unit 438. 

Expression in aerial photographs: Mostly nonresistant, forms swales. 
Composition: Almost all is silty shale and mudstone; minor interbedded 

sandstone and rare porcelaneous shale. Rock shows good fissility in large 
part where weathered, but fresh rock has mudstone structure. Sandstone 
intcrbeds n n g e  from fine to coarse grained and from clean to silty to 
clay saturated; they are mostly moderately sorted, and some are calcite 
cemented and hard. 

Hardness: Shale and mudstone are firm where fresh and weathered, Sand- 
stone is soft to firm where %eathered, firm where fresh. Cemented sand- 
stone is hard. 

Bedding: ,Much of shale and mudstone is laminated. Sandstone interbeds 
are distinct, f r o n  thin to very thick (8 ft), mostly thin to 4 ft. between 
bery thick shde .  Weaver (1953) described sandstone beds as thick as 
25 ft. 

Parting: Present in most weathered rock at c l ~ s e  to very close spacing. 
absent in some; absent in fresh rock except at distinct bedding planes, 
which are uncommon and very widely spaced. Parting develops upon 
b r ~ e f  weathering of fresh rock, 

Fracture: Very close to close spacing of weathering fracture in shale and 
inudstone, developed on moderate to wide original spacing. Sandstone 
has mostly moderate to wide spacing, some close: cemented sandstone 
wide. 

Permeability: Shale and mudstone have very lo%, total permeability. .Most 
sandstone has lox, intergranular permeability, rarely moderate. Thus, 
almost all bedrock has very low total permeability, minor low to locally 
moderate intergranular permeability. Alnlost all mantle very lo\v. 

Weathering: Shale and mudstone are fresh at depth of 50 ft. probably 
weathered to depth of about 10 ft. Sorne sandstone is fresh at depth of 8 
ft, other sandstone is weathered to depths greater than 30 ft. Fissility de- 
velops rapidly (a few weeks) on exposed surfaces of fresh shale and 
mudstone. 

Surficia! mantle: AImost all clayey. Typically dark clay soils. 
Expansi~ity: Almost d l  bedrock and mantle is expansive, probably most 

is severely expansibe. Bedrock samples: WC6A. typical mud5tone., free 
w e l l  110 percent; W G A ,  typical weathered mudstone. free swell 99 
percent (exaggerated), Surficidl mantle samples: WC6B. mildly cracked 
soil on mudstone, typical, free swell 100 percent; wC7B, moderately 
cracked dark clay soil on mudstone, typical, free swell 1 i 1 percent; PC7. 
typical clay soil. free swell 811 percent (exaggerated). 

Sources: Bartow, 19SS: Weaver, 1953: five stations. 

Geoiogic unit, (age), and location: Nortcnville Shale, upper shale unit 
(T). in area at southern end of Yo10 Range near Vacaville. 

Summary: See description for unit 3 14. 

MAP UNIT 467 

Geologic unit3 (age), and location: Nortonv~lle Shale. lower shale unzt 
(T), In area at southern end of Yo10 Range near V acav~ile  

Summary: See desc r~p t~on  for unit 3 I d  

Geologic unit, (age), and location: LMeganos Formation, Division C of 
Clark and Woodford ( 1927) (T), only in and near Pacheco syncline, west 
of Concord. 

Summary: Alnlost all is mudstcne and shale? shale slightly dom~nant:  
minor interbedded sandstone, Almost all bedrock and mantle is expan-. 
sive, much to most of each severely expansive. 

Expression in aerial photographs: Nonresistant, smooth, forms swales 
and low-lying areas. Many landslides where held up by more resistant 
units. 

Composition: Almost all is shale and mudstone; minor interbedded sand- 
stone; rare limestone. b1udstone and shale have gradational proportions 
of silt, clay, and sand. but nearly all of these materials are clay satu- 
rated; much is silty. some sandy. Interbedded sandstone includes very 
fine grained sandstone, some tuffaceous, some silty; fine-grained well 
sorted clean sandstone; and clay-saturated fine- to medium-grained sand- 
stone. One bed of aphanitic limestone. More than 95 percent of unit is 
mudstone and shale, shale slightly dominant. Shale is not very fissile and 
much of unit could be called either mudstone or shale. 

Hardness: Mudstone and shale are firm where fresh and where moder- 
ately v~eathered; rock mass 1s soft where weathering fracture is well 
developed or when wet. Sandstone is firm except where extremely weath- 
ered, and some tuffaceous sandstone is firm and brittle, L,imestone hard. 

Bedding: Largely absent except for local distinct thin to very thick (as 
much as 6-ft or more) beds of sandstone, mostly medium to thick, be- 
tween medium to very thick (tens of feet) mudstone and shale. S0r.e very 
thick (about 30-ft) intervals of uncommonly expansive clayey rock, 
Limestone bed medium. Thin to medium indistinct interbedding in some 
sandstone. 

Parting: Present in shale (about half of unit) at very close to close spac- 
ing, absent in mudstone (about half of unit). Also present at sandstone 
contacts. 

Fracture: i~ mudstone and shale. moderate to w~de, spacing of original 
fracture: spacing cf weathering fracture varies with grain size of rock 
and ranges from very close to close and some moderate. Mudstone weath- 
ers spheroidally on weathering fracture. Sandstone is fractured at close 
to moderate spacing, and some has moderate to y~& original spacing. 
Limestone has moderate spacing. 



DETAILED DESCRIPTIONS 155 

Permeability: Almost all bedrock has very 10% intergranular permeabil- 
ity. minor low (in some sandstone); probably w m e  low fracture perme- 
ability in shallow rock. Most mantle very low, possibly some low. 

1Veathering: Abundant free clay. Mudstone and shale are weathered to 
depths of 5-7 ft: pieces fresh at 8 ft, weathered along fractures. Depth 
of m-eathering in sandstone v-anable, depending on pcrmeability. 

Surficial mantle: Clayey. Cniform dark clay 5011. 
Expansivity: .4lmost all bedrock and mantle is expansive, much to most 

of each severely expansive, Bedrock samplcs: W-C13B3 typical shale, 
mildly c r ~ c k e d  surface. free swell 81 percent; PC9. typical weathered 
shale, free swell 89 percent (ex~ggeratcd):  PC15, unweathered clayey 
siltstone, free swell 80 percent: WC5, sperhoidall) weathered mudstone, 
free swell 65 percent; WCl3A, 30-ft bed of clayey rock, more expan- 
sive than most, free sweil 95 percent: WC37, weathered shale, free swell 
98 percent, Surf ic~al  mantle sample PCl0.  typical clay soil, free sae l i  -- 

I percent. 
Stratigraphic thickness: About 1,000 ft. 
Sources: Clark and Woodford, 1927; Weaver, 1953; eight stations, 

Geologic unit, (age)? and location: Meganos Formation, Division C of 
Clark and tvoodford (1927) IT) ,  only at north end of the East Bay Hills 
near Crockett. 

Summary: Largcly mudstone, some shale, and occasional thin to rarely 
thick very fine grained sandstone and siltstone, much of which is ce- 
mented, Almost a11 bcdrock and mantle is severely expansive. 

Composition: Cniform mudstone and some (about 20 percent) shale. Con- 
tains scattered thin to medium beds and concretions of very fine grained 
sandstone and siltstone cemented by calcite and iron oxide: also rare me- 
dium to  thick beds of clayey fine-grained sandstone. Minor fine-grained 
to very fine grained silty and clayey sandstone along State Route 4. 

Hardness: Firm pieces where fresh, firm to soft where weathered. Scat- 
tered beds of calcite-cemented sandstone and siltstone hard. Rare beds 
uf claley fine sandstone quite firm. 

Bedding: Absent except for scattered distinct sandstone and siltstone beds, 
many of which are discontinuous. 

Parting; Good parting at very close spacing in about 20 percent of rock. 
About 60  percent of rock is anisotropic but lacks continuous planes of 
parting: this rock weathers spheroidally, then spheroids part parallel to 
bedding. 

Fracture: Largely spheroidal weathering on very close to moderate, mostly 
close, spacing in mudstone and shale. Sandstone and siltstone beds have 
close to moderate spacing. 

Permeability: Almost all bedrock has very low intergranular permeabil- 
ity. minor low. Almost all mantle very low. 

Weathering: Weathers to depths less than 30  ft: we estimate about 10 ft. 
Fresh (bluish-gxiy) at 50 ft. 

Surficiai mantle: Almost all clayey. No soil observed. 
Expansivity: Almost all bedrock and mantle is severely expansive. One 

sardple, BN20, mildly cracked mudstone, typical, free swell 100 percent. 
Sources: Two stations. 

Geologic unit, (age), and location: Vacav~lle Shale of hfemam and Turner 
(1937) (T), west of Napa. 

Summary: Not seen in field. Reported to be largely shale, some sandy 
mudstone. Probably most to almost all bedrock and mantle is severely 
expansive. 

Expression in aerial photographs: Low-lying, forms valley. 
Composition: Reported to be largely shale, some sandy mudstone. 
Hardness: Firm, some soft where weathered. 
Bedding: Weaver (1949) described unit as thick bedded. 
Parting: Probably present in most of unit at close to very close spacing. 

Fracture: Probably close to very close spacing of weathering fracture 
st~perimposec! on close to moderate origin21 spacing. 

Permeability: Probably very low Intergranular permeability in bedrock. 
Mantle probably very low. 

Weathering; Unknown, probably to depths of 5-10 ft. 
Surficial mantle: Probably clayey, similar to mantle on units 47 1 and 472. 
Expansivity: Probably rnost t~ almost all bedrock and mantle is severcly 

expansive See samples for u n ~ t  471 
Stratigraphic thickness: 500- I .000 ft (Weaver. I'M9 1 

Snurceh: FGX z.nd othtrs, 1973, Wedver, 1949 

Geologic unit, (age), and location: Capay Formation (T), only north of 
Yacaville along east side of Yo10 Range. 

Summary: Almost all firm clayey mudstone. Much to almost all bedrock 
and mantle is severely expansive, 

Composition: Almost all is clayey mudstone, poorly fissile if at ail, At 
top of sectlon. about 3 ft of sandy and glauconitic mudstone is under- 
lain by more than 3 ft of very fine grained sandstone. Possibly some 
siliceous rock (cornpare unit 472). 

Hardness: Firm where weathered. probably firm where fresh. 
Bedding: Glauconitic mudstone is a distinct bed; remainder of unit is in- 

distinctly bedded to unbedded. 
Parting: Largely absent; may be developed locally in clayey XII~dstGne. 
Fracture: Very close spacing of weathering fracture in clayey mudstone 

(almost all of unit); close to moderate spacing in weathered glauconitic 
mudstone and very fine sandstone. 

Permeability: Clayey mudstone (almost a11 of unit) has very low inter- 
granular permeability; glauconitic mudstone and very fine sandstone low, 
Very low in mantle. 

Weathering: Clayey mudstone weathered to depths greater than 3 ft. Glau- 
conitic mudstone and very fine sandstone weathered to depths greater 
than 8 ft, 

Surficial mantle: Clayey. 
Expansivity: LMost to almost all bedrock and mantle is severely expan- 

sive. Samples: MV2lA,  weathered clayey mudstone. free swell 128 
percent; MV2lB,  well-cracked clayey soil. free swell I29 percent. 

Sources: Sims and others, 1973; Weaver, 1949; two stations. 

MAP UNIT 472 

GeoIogic unit? (age), and location: Capay Formation (T), only in Potrero 
Hills, northwest cf Montezuma Hills, 

Summary: Kot seen In field. Shale, interbedded wzth lesser sandy mud- 
stone and cherty shale (,Cooper-Clark and Associates, 1973); contains 
numerous co~~cret ions (Weaver, 1949). Minor cemented fossil reef sand- 
stone, bentonite, and abundant limonitic phosphatic(?) interbeds (see 
section by Tolman, 1943). Fresh bedrock is rippable to marginally 
rippable (Cooper-Clark and .Associates, 1973). See unit 471. 

Expression in aerial photographs: Largely nonresistant soft topography, 
valley bottom: some subdued intermediate topography. 

Permeability: Probably almost all bedrock has very low intergranular 
permeability: measured permeability is l x 1 0 - ~  to l x 1 0 - ~ ~ ~  cmlsec (Coo- 
per-Clark and Associates, 1973). Probably low to moderate fracture per- 
meability in minor to some shallow bedrock. Mantle probably very low. 

Surficial mantle: Clayey. 
Expansivity: Probably most to almost 311 bedrock is severely expansive. 

Almost all mantle is severely expansive. Highly expansive silty to fat 
clay soils reported by Cooper-Clark and Associates (1973). See samples 
for unit 471. 

Stratigraphic thickness: 300 ft (Weaver, 1949): 400 ft (Tolman, 1943). 
Sources: Cooper-Clark and Associates, 1973; Sims and othcrs, 1973: 

Tolman, 1943: Weaver, 1949. 
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Geologic unit? (age), and location: Vnn,imed fornlation (T), ~ n l y  along Geojogic units, (age), and locat io~:  Purisima F ! ~ r z a t i o ~ ,  Pompsonis hfud- 
east a d e  of Yolo Range north of VacdvilJe. 1 stone Member (T) ;  Monterey Group (T )  (called hlonterej Shale on 

Summary: Probably d ~ n o s t  all firin sandy mudstone, fi?s& ic part. Pcorly ' source map); Santa Cmz hfudstone (T); Lambert Shale (7); in S:in hlatec 
expobed. Severely expansil~e mantle on half or more of unit. County part of Santa Cruz .Mount;~ins. 

Composition: Sandy niuds;one, f~ssi ic  in part: minor to possibly cicnie ~ Summary: Largely porce!aneou:; rcck. Bcdrcck and suriicial mmtle are 
\bell-soiled, friable sandstme near con tx t  w t h  unit large[? unexpx~sive, some of each significantly expansi!,~ (where bed- 

Hardness: Firm where wcaFhered. probably iirm where frcsh. 
Bedding: Fro5ably largely absent: not observed in pocr exposure. Scme 

distinct interbedding ~ ~ t h  sandstone nrar c c n t x t  with unit 315. v;herc 
medium to very thin beds of sandstone occur beween very thin ?G thin 
beds of flssile mudstone. 

Parting: Presc~:: in part at very clcse tc close spacinc (fissile), absent in 
part. 

Fracture: Close to very c l o ~ e  spacing of &,eathering fi-:ctuic. 
Permeability: Large]) x i y  low intes~rmu1ar peiineabi!ity in bedrock. 

r ~ i n c r  to ptxsibly SOZK 1 9 ~  to modcrate. hfost mantle very low, possi- 
bly much moderate. 

W~eathcring; Sirhall pieces partially we~t!~cred a t  depth of 6 ft; color changc 
at depths gsester t h n  6 ft. 

Surficial mantie: Most to almost all is clayey; much surficial soil is sranu- 
lar, Clayey soil, like sample LMV20, is rcpresentatlve of suri2cial soil ln 
about half of unit. Other half has uncracked granular surficial soii, which 

rock is nct s~1iceov.s;. 
Composit io~~: Largely ~cri:eianet.,us shale and zudstonc; $ o n e  chert, SO IF.^ 

nonsiiiceous mxis!one, minor sandstone. 
Hardness: T)pically hard to firm and brittle: chcrt hard. n c n s i l ~ c e o ~ ~ s  

mudstcne firm to soft. sandstone firin to hard, 
Bedding: Ranges from absent to distinct medium to , m y  thick beds,: chec  

and some porceianeous rock are l amin~ted .  
Parting: Some has ifcry close to locally ~nodcr~i te  spacing. 
Fracture: Very d o s e  t~?  close spacing. locally cmderaie. 
Permeability: Bedicck li2s largely very low in?er;;ranular peim~ability. 

minor low (in interbedded sandstone). Ido\v to locally moderate fracture 
permeab~hty i n  shalic~w reck, ,V:in?le moderate to lev/, some p ~ ~ ~ i b l j  
very low, 

Surficial mantie: Granular to clayey. 
Expansivity: Bedrock and susficid mantle are largely unexpanslve, saxe 

cf each sign~ficantlj expansive (where bedrock is not s ~ i i c e ~ u s ) .  Bed- 
is probably tran$,ported from upslope but may be derived from sandstone 1 rock samples: FPlB,  l~edroc:k, free swell 56 percent: LH5, ~ ~ d s t o i ~ e ,  
within unit, : free swell 78 perccnt; HMB4, bedrock(?), free swell 72 prrcent; MHz, 

Expansivity: Probi~bly most to almost all bedrock is exp:insive. Most to ~ black claystone, free sv~el l  59 percent. Surficizl znantlc samples: MH! 1 ,  
almost ail tnaat!e i,j severely expanhive. Sample 34k-20, typica! moder- 1 dark gray soil, free swell 37 percent: MH8, s ~ i l ,  free swell 48 percent; 
ately cr:icked ciayey soil or weathered bedrock, free swell 120 percent. [ LH6. soil, free swell 74 pelcent: FPlA,  uncracked soil, free swell g 2  

Sources: Sims and others, 1973; Tolman, 1943; two stations. 8 percent. 
! Stratigraphic thickness: 4I0-5,QOO ft,  

MAP UYIT 474 Source: Ellen and others, 1972 

Geologic unit? (age), and location: Matinez Formation, upper siltstone 
and shale member iT), only near C:>.rquinez Strait, southeast of Vallejq. 

Summary: Vniform composition of fine-grained clayey rock, Almcst all 
bedrock is significantly expansive, much mantle includes severely ex- 
pansive subscil. Poor IX:-slope stability, 

Composition: !\lmost all is ciayey rock consisting of siltstone. very fine 
sandy siltstone, silty and c!ztye> very f ~ n e  grained sand\tone, and silty 
mudstone: these ~naterials are similar in properties. Includes rare f i ~ e -  
to medium-grained sandstcne that is cemented, and calcite-ceaien~ed 

hills of Santu Cruz Mo~~nta ins  n e a  Lo5 Gd!m 
Summary: Largely closely parted f!rm porcelancous shale ~ n d  siitstone, 

mincx to some soft clean sandstofie interbeds of mcderate permeability. 
hfinor clay and ash bcds, shale partings, h&rd porcelanite, pebble con- 
glomerate, and limey beds, and riiinor to some r:i:nsiliceous 5 r n  sil?stcne, 

ccncret~ons te  lxge. 1 Miner expansi~"e bedrock. s,ome severely expans~ve lnzntle 
Hardness: Firm pieces. some approaching hard, in siltst~xie and other 

chyey rock. Concretions and r x e  sandstone bed are hard. 
edding: A4ostly absent, some indistinct at medium to thick. Rare sand- 

stone as a cistinct medium bed. 
Parting: Absent. 

Expressioi~ in aerial l~l~otographs: Resistant intermediate i (>~ography,  
much a p p r o x h ~ n g  hard topography, Some banding in p lxes .  not obvi- 
o w  gcneraily. 

Composition: (1)  Porcelaneous shale and siltstone, white weathering, 
abundant microfossils, containing cccasional !,and grains dnd bery srriall 

Fracture: hfoit!y ciose spacing of i~,eathering fracture; boxe m?der.atc in 1 pebbles. 12)  Shale partings be?ween porcelane~ous beds, 13) Sandstope. 
very fine grained ~ a n d ~ t o n e .  ' medium grained. some tc ccasse graned,  me11 to moderattly well sorted. 

Permeability: Low to very low intergranular perm3ability in bedrock. ' clean. m i n x  calcite cemented ( 4 )  P~rce i~mi te .  !5) Clay or ash beds, hew 

Possibly lcw fracture permeability i z  much shallovi bedrock. Mcst to 1 toni t~c (Bailey and Everhart, 1964). ( 6 )  Limy beds. ( 7 )  Nonsi l i~eous 
almcxt ail mantle very low to low. 1 foraminifera1 siltstone. (8) Cong!omerate (Bailey and Everhart, 1964; of 

1Veathering: To depths greater than 20 ft except in med~um bltxks of very 
fine grained sandstcne. \%'*athers from fractures inwxd.  hfuch blun~p- 
ing of cuts. 

Surficial mantle: Most to almost all is clayey About hrX!f of unit has siity 
thy subsoil similar to sample BXl5 .  

Expansivity: .4lmosi all bedrock is significantly expansive, Much mantle 
s e ~ e i e l y  expansive ~ ~ u b s o i l ) .  much significantly expansive. Samples: 
3 x 1 5 ,  moderately cracked silty clay subsoi!. free swell 90 perLent: 
B N 1 6  typical silty mudstone. miidly cracked, free swell 63 percent. .4ll 
bedrock exposed in cuts shows mild cracking that suggests expansivity 
similar tc sample BN16. 

pebbles and some cobbles as inucli as 4 in. in dianeter. (9; Eo lom~te  
concretions (%fcLaughl~n and others, 197 I ). 

Lnit is largely por:e!aneous wck (co:npositioa 1;; n?iu~:h contains rhalc 
partings. Minor to some mterbedded sandztone of which minor 1s cal- 
cite cemented; porcelanite, clay or ash beds. l m y  beds. and con- 
glomerate. M i n x  to some nons~l~cecus  si!t!;tone. 

Hardness: P(>rcelaneous rock is firm where fresh and weathered. 
porceiafiite hard; ssndstone soft &here westhere2 anu probably where 
fresh, hard q*vl~ere cemented: clay di~d ash beds scft to firm; nt>nsi!i~eous 
siltstone firm. 

Bedding: Porcelaneous rock is laminated. and much has distinct very thin 
Sources: Ld\%s~3n. 1914. hftrriarn. 1897, two statlonq to thm shale parting. b e t ~ e e n  t h ~ n  to medldrn beds of pcrcelaneous rock 
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Sandstone occurs in medium to \er \  thick (20-ft) distinct beds, in con- MAP UNIT 504 
cenir.iBons ranging t'ron: one medium bed in 10-30 ft of porcelaneous 
rock to as much as some of section. Clay and ash occur in medium. some 
thick, beds about every 15 ft of section in places. Norisiliccous siltstone 
in very thin to medium beds between shale partings. Calcite-cemented 
sandstone a-i thick as 4 ft. 

Parting: In pcrcelaneous rock, largely close spacing, ranping from very 
close io icoderate, absent within sandstone. Present at ver} close to 
moderate spacing in some to most nonsiliceous siltstone. Thus, present 
at close spacing in most of unit. 

Fracture: Clo<e to moderate spacingof cross-t'racture in porcelaneous rock 
and porcelanite: close to moderate or absent In sandstone; close to mod- 
crate in nonsiliccous siltstone. Thus, largely close to moderate spacing. 

Permeability: Pcrcelaneous rock and porcelanite have yerv low to low 
intergranular permeability, and low to possibly moderate fracture per- 
meability in shallow rock: not an aauifer (California State Water Re- 
source:; Board, 1955;. Intergranular permeability of sandstone moderate, 
of shale and clay beds (compositions 2. 5 )  very low. of nonsiliceous silt- 
stone lcw to vep' low. Thus, interfranulai- permeability ofmcst  bedrock 
i c r j  low to low. k n o r  kc. scme moderate: most shallow rock has low to 
possibly moderate fracture permeability. Much mantle moderate, much 
10.6 to very low. 

W e a t h e r i n g :  Sandstone weathered to depths greater than 20 f t .  
Porcelaneous rock shows little effect of weathering except white color 
and opening 01" fractures. 

Surficial mantle: Much granular, much clayey. Largely uncracked silty 
to clayey mil. some stony, but includes some dark. cracked silty clay 
soil, such as sample LOG1A. 

Expansivity; Most bedrock unexpansive, minor expansive (bentonitic clay 
or ash intcrbeds). Most mantle unexpansive to significantly expansive, 
some severely expansive. Bedrock sample LOGIB, white waxy clay 
interbed. free swell 61 percent. Bailey and Everhart (1964) reported 
bentonitic interbed-v Surficial mantle samples: LOGIA. typical mildly 
cracked black silty clay soil, free swell 110 percent; LOG9, moderately 
cr.icked sslty clay soil, typical, free swell 52 percent; LOG10. sandy silty 
clay soil. free swell 51 percent. 

Stratigraphic thickness: 1,300 ft (Bailey and Everhart, 1964). 
Sources: Bailey and Everhart, 1964; California State Water Resources 

Board. 1955; McLaughlin and others, 1971 ; six stations. 

Geologic unit,  (age) .  and location: Montei-ey Group, shale unit (T ; ,  only 
near eastern margin of the East Ba? Hills north c i  Alamo. 

Summary: Largely firm. brittle. subporcelaneous to porcelaneous mud- 
stone: some sandstone. Probably most mantle severely expansive. 

Expression in aerial photographs: Intermediate topography, small area. 
Composition: Largely firm. brittle, subporcelaneous to porcelaneous rnud- 

stone; probably some mudstone is nonsiliceous. Some fine- to rnedsuin- 
grained sandstone that contains matrix sufficient for low permeability. 

Hardness; Where weathered and probably where fresh, mudstone is largely 
firm and brittle, mostly quite firm. and contains about 30 percent Surd 
pieces. Sandstone largcb firm where weathered. some soft. 

Bedding: Siliceous nudstone occurs large!) in very thick beds !hat ~ r c  
internally indistinctly bedded. Occasional thin to very thick ( 2 5  much as 
6-ft or more) sandstone interbeds. Near interbedded sandstone. siliceous 
mudstone becomes more thinly bedded, down to thin. 

Parting; Largely absent. Present at contacts between sandstone and niud- 
stone, and rarely on indistinct bedding within mudstofie. 

Fracture: Mudstone h2.s close to moderate original spacing and very close 
to close spacing of weathering fracture, some to moderate i l  sandier beds. 
Weathers to spheroidal pieces. 

Permeability; Intergranular permeability of most bedrock very low, some 
Icw (sandstone). Most shallow bedrock has low to possibly moderate 
fracture permeability. Probably most mantle very low to low. 

Weathering; Weathering fracture to depths greater than i 5  f t .  
Surf'idal mantle: Probably largely clayey. Dark sticky clay :;oil appeared 

typical at the one station observed. 
Expansivity: Probably most bedrock unexpansive. some probably expan- 

sive. Probably much to most mantle severely expansive. 
Sources: Ham. 1952: one station. 

Geologic unit, (age), and location: Monterey Group. Claremcnt Shale (T), 
only near Oakland in the East Bay Hills. 

Summary: Largely hard siliceous shale repetitively interbedded with firm 
shale. Hard sandstone beds, thick to very thick (4  ft), especialh near base 
of unit. may require blasting (Radbruch. 19691. Most mantle significantly 
expansive. 

Expression in aerial photographs: Resistant unit, forms nard crest of 
Berkeley Hills above Caldecott tunnel. To south. intermediate to hard 

MAP UNIT 503 
' crests and very regular ribbing: some zones cf soft topography, about 

300 ft in width. near top of ridge. 
Geologic unit, (age) ,  and location: Monterev Group, shale unit (T), only Composition: Largely hard. bituminous siliceous shale, mostly porcelanite 

in  area north of Castro \alley in the East Bay Hills. and some chert, repetitively interbedded with firm. silt\, slightly siliceous 
Summary: Not seen in field. con~position and proportions uncertain. i shale. In places, unit consists largely of fissile porcelaneous shale that 
Expression in aerial photographs: Intermediate topography that shows : includes some firm shale but lacks repetitive interbedding. Includes very 

some sharp ribs of resistant rock crossing crests. About half is fairly ' 
thick beds cf shale that lack interbedded chert and porcelanite, mudstone 

resistant and forms knobs; about half is darker in tone acd underlies 1 (Page. 1950). and fine- to medium- to less commonly coarse-grained 
broad trough in crest. sandstone, much of which contains abundant tuffaceous matrix (to satu- 

Composition: L'nit includes both resistant siliceous rock and less reiis- ration) and some of which (10 percent) is silicified or carbonate cemented 
tant, less siliceous rock. Probably consists cf some porcelaneous shale and hard. in places, as much as 40 percent of unit may be firm shale or 
or mudstone. much subpcrceliineous shale or mudstone, some to much sandstone. Include;. dikes of altered diabase that contain 10-35 percent 
noniiliceous shale or mudstone, and minor to some sandstone. ' clay, as well as scattered concretions and beds of siliceous, ferruginous 

Physical properties: Probably like similar materials in units 504 and 5C7. : limestone and dolomite. Lawson (1914) distinguished cherty bituminous 
Permeability: Most to almest ell bedrock has very low intergranular per- : shale cf this unit frcm soft. chalky bituminous shale rehembling diato- 

meability. Much to most shallow bedrock has low to possibly moderate ' maceous earth that is present along with chert:; rock in Scbiantt; anti- 
fracture permeability. Much(?) mantle moderate, much??) low to very ! d i n e  area (unit 534;. Some gas (methane) and oil encountered in 
c w .  

I 

tunnelling fresh reek. Radbruch and Case (1967) reported chen domi- 
Surficiai mantle: Granular tc clayey, much(?i of each. nard in Berkeley Hills, siliceous shale and tuffaceous sandstone domi- 
Expansivity: Probably most bedrcck is unexpansive, much may be expan- nant elsewhere. Sl~eehan ( 5956) noted that thinning of unit is at expense 

sive. Probably iome to much mantle unexpansive. much to most expan- , of sandstone; that is, where unit is thin it is largely siliceous shale. 
sive I Hardness: Porcelanite, chert, and porceianeous shale have hard pieces. 

Sources,; Newtcn, 1948; Robinscn. 1956. both where fresh and weathered. Weathering opens very close fractures, 
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producing firm rock mass in places. Shale interbeds and very thick in- 
tervals are firm. possibly hard where fresh (Page, 1950). Some sandstone 
is hard where fresh and weathered; most is firm where fresh, soft to firm 
u here weathered Limestone and dolomite beds and concretions are hard; 
diabase dikes soft to hard: mudstone encountered in Broadway tunnel 
quite firm. 

Bedding: Consists largely of distinctive, repetitive, thin to medium dis- 
tinct beds of siliceous shale between thin. some medium. beds of firm 
shale: bedding in this rock is folded in places. Less common thick to 
very thick (4-ft) beds of siliceous shale. Much siliceous shale is lami- 
nated. In places consists of laminated porcelaneous shale without repeti- 
tive firm shale interbeds. Some intervals of firm shale or mudstone as 
thick as 15 ft, and aerial photographs suggest shale or firm sandstone in 
zones as thick as 300 ft in one place. Hard sandstone occurs as medium 
to very thick (4-ft) distinct beds. firm sandstone as dikes and beds as 
thick as 80 ft or more without internal bedding. Limestone and dolomite 
occur as isolated lenticular beds and elongate spheroidal masses to thick. 
Diabase dikes are mostly 1-10 ft, but as thick as 20 ft. and irregular in 
form. 

Parting: On bedding planes, largely at close to moderate spacing, and 
within very thick shale intervals at very close. Within porcelaneous shale 
at very close to close spacing. Absent within sandstone. Unit is promi- 
nently anisotropic owing to plentiful parting. 

Fracture: Siliceous shale has very close to close fracture spacing perpen- 
dicular to beds, but breaks in pieces as large as medium. Thick to very 
thick beds of siliceous shale are fractured at moderate to 4-ft spacing, 
shattered internally. In places, parallel cross fractures penetrate both sili- 
ceous shale and repetitive interbeds. Mudstone and shale have close to 
very close spacing of weathering fracture on close to wide major cross 
fractures. Hard sandstone has mostly moderate to wide spacing. some 
as much as 4 ft; firm sandstone has close to moderate spacing where fresh 
and close spacing of weathering fracture. Some concretions are internally 
fractured at close to wide spacing. 

Permeability: Siliceous shale (most of unit) has very low intergranular 
permeability and low to moderate fracture permeability parallel to bed- 
ding in shallow bedrock; where highly fractured, provides moderate to 
possibly high fracture permeabil i ty  (Page,  1950).  Intergranular 
permeabililty of firm shale very low, of sandstone (minor to some of unit) 
low to very low. Most mantle moderate. 

Weathering: In prominently bedded rock, weathering softens firm shale 
and opens fractures in siliceous shale, in places producing firm rock mass 
to depths of 15-30 ft or more; Radbruch (1969) reported weathering depth 
greater than 20 ft. Firm sandstone is weathered soft to firm to depth of 
about 25 ft. Weathering opens parting in porcelaneous shale. 

Surficial mantle: Largely granular (silty). Noncohesive dark silty soil, 
containing abundant small and very small fragments of hard, siliceous 
rock, is typical. Radbruch (1969) reported that soil ranges from 2 in. to 
3 ft in thickness. 

Expansivity: Almost all bedrock is unexpansive, minor to some possibly 
expansive (shale, mudstone, and altered diabase dikes). Most to almost 
all mantle significantly expansive to unexpansive. Samples: OE14, typi- 
cal uncracked noncohesive dark silty soil, free swell 61 percent; OE28, 
typical very mildly cracked dark silty soil, free swell 69 percent. 

Stratigraphic thickness: West of Moraga fault, 1,160 ft or more (Page, 
1950) to 2,000 ft (J.R. Wagner, written commun.. 1973); thinner else- 
where. 

Sources: Case, 1963: Lawson, 1914; Lawson and Palache, 1902: Page, 
1950; Radbruch, 1969; Radbruch and Case, 1967; Sheehan, 1956; J.R. 
Wagner, written commun., 1973: Wagner, 1978; five stations, 

MAP UNIT 507 

Summary: Largely porcelaneous shale, thinly interbedded with shale or 
parted. hard to firm pieces. Lesser chert. diatomaceous shale, and sand- 
stone, but in places largely firm sandstone. Most to almost all bedrock 
unexpansive, most mantle unexpansive to significantly expansive. 

Expression in aerial photographs; Where discernible, unit consists of 
light-toned band of resistant intermediate topography 100-200 ft in width, 
accompanied by dark-toned band as wide as 100 ft. Underlies knobs. 

Composition: ( I )  Porcelaneous shale, (2) Chert. (3) Shale, nonsiliceous 
to subporcelaneous. (4) Sandstone, fine to medium grained, moderately 
to poorly sorted, largely dirty, low permeability. ( 5 )  Diatomaceous shale 
(Robinson, 1956), 

Unit is largely porcelaneous shale. but contains minor to some chert 
beds, some shale interbeds, and at least in places some to most is sand- 
stone (where mapped thickness is much greater than siliceous rock). 
Minor diatomaceous shale (Robinson, 1956). 

Hardness: Where fresh and weathered, porcelaneous shale is hard to firm, 
chert is hard, and shale, sandstone, and diatomaceous shale are firm. 

Bedding: Much of both (a)  thin to medium beds of porcelaneous shale 
and chert distinctly interbedded with shale, and (b; laminated and parted 
porcelaneous shale that lacks abundant shale interbeds, but contains some 
chert beds. Chert is laminated internally. Sandstone mostly in very thick 
(as much as 15-ft or more) beds, Diatomaceous shale probably to thick. 

Parting: Present in porcelaneous rock at very close to moderate spacing, 
largely very close to close, but may be more widely spaced in much 
where fresh. Largely absent in sandstone. Thus, largely present at very 
close to moderate spacing, but largely absent in some areas. 

Fracture: Porcelaneous shale and chert have very close to moderate spac- 
ing, largely close, of fracture that crosses bedding; shale has close to 
very close spacing; sandstone varies from rock that has very close to 
moderate spacing of weathering fracture to moderate. some wide, origi- 
nal spacing that lacks weathering fracture. 

Permeability: Intergranular permeability of porcelaneous shale very low 
to low, chert and shale very low, sandstone low; thus bedrock has en- 
tirely very low to low intergranular permeability. Most shallow bedrock 
has low to moderate fracture permeability. Most mantle moderate. 

Weathering: Parting, which may develop only where weathered, is present 
in porcelaneous rock to depths greater than 15 ft. 

Surficial mantle: Largely granular. 
Expansivity: Probably most to almost all bedrock is unexpansive. Most 

mantle unexpansive to significantly expansive. See samples for unit 506. 
Stratigraphic thickness: 350 ft (Hall, 1958): 225 ft, including fine sand- 

stone (Newton, 1948); 150-300 ft (Robinson, 1956). 
Sources: Hall, 1958; Newton, 1948; Robinson, 1956; four stations. 

MAP LNIT 508 

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T), 
only between Niles Canyon and Calaveras Reservoir, east of Fremont. 

Summary: Largely hard chert and porcelaneous shale repetitively inter- 
bedded with firm shale and mudstone: includes some firm and hard sand- 
stone, shale, and mudstone. Some bedrock and most mantle is severely 
expansive. 

Expression in aerial photographs: Largely intermediate topography, 
ribbed in places, banded by resistant light-toned zones (siliceous shale). 
some of which form sharp crests, most of which form rounded crests on 
prominent hogbacks. These light-toned bands range from 100 to 400 ft 
in width and constitute as much as two-thirds of unit; bands 10 ft or more 
in width are distinguishable in places. In places, includes swale-form- 
ing nonresistant zones as wide as 200 ft or more. Minor outcrop. 

Composition: 0) Thinly interbedded rock, largely chert and porcelaneous 
shale interbedded with shale and mudstone: most interbedded shale and 
mudstone is subporcelaneous, pink, and quite firm. Some thinly inter- 

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T), , bedded rock is hard cemented sandstone interbedded with firm shale and 
only in area northeast of Castro Valley in the East Bay Hills mudstone (2) Silty carbonate (dolomiteq). hard, in irregular beds and 
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nodules. (3) Mudstone, subporcelaneous. pink. (4) Fissile shale. ( 5 )  Sand- 
s tcne.  large!)' fine to  medium grained;  some is cemented.  some 
unccmented, some contains concretions. 

Unit is largely the typical thinly interbedded siliceous rock of compo- 
sition 1, but includes some each of compositions 3. 4, and 5. Composi- 
tion 2 i s  minor  and is comnion near base of unit (Hall .  1958).  
Composition 4 is more c o n m c n  in southern parts of outcrop area. 
Lnmappable thickness of friable sandstone (composition 5 )  is present 
at base of unit. 

Hardness: Chert and porcelaneous shale have hard pieces. both where fresh 
and weathered: interbedded mudstone and shale firm to quite firm. Mud- 
stone is quite firm where fresh and weathered: shale firm where fresh, 
firm to soft where weathered; dolomite ringing hard, crops out: sand- 
stone variable from hard cemented rock and concretions to firm 
uncemented rock, probably mostly firm. 

Bedding: Most of unit (composition 1) is distinctly and repetitively bed- 
(led by thin tc medium beds of chert, porcelaneous shale, and some sand- 
stone between very thin to medium beds of firm mudstone and shale. 
Dolomite beds and nodules to thick, some as much as 4 ft. Mudstone. 
unbedded, occurs in very thick (as much as 20-ft) intervals and as 
interbeds to thick. Shale laminated. Sandstone in thin to 4-ft beds, 

Parting: Present in most of unit (composition 1) at very close to moder- 
ate spacing; in shale at very close (paper thin); absent in mudstone; 
mostly absent within sandstone, but present on contacts between sand- 
stone and shale at close to \cry wide. Thus, good parting at close spac- 
ing in great majority of unit. 

Fracture: Chert and porcelaneous shale have very close to moderate spac- 
ing, mostly close; interbedded mudstone and shale close to very close; 
dolomite largely wide to 4 ft; mudstone has close to wide spacing of 
original fracture and close to very close spacing of weathering fracture; 
shale probably close to very close spacing of weathering fracture; sand- 
stone has close to moderate spacing, but concretions are medium to large, 
and some sandstone weathers spheroidally. 

Permeability: All compositions have very low intergranular permeability 
except firm sandstone (some of unit), which has low intergranular per- 
meability. Chert and porcelaneous shale, which make up most of unit, 
have low to moderate fracture permeability in shallow bedrock. Some 
to most mantle low, much to most very low. 

Weathering: Thinly bedded rock is little affected by weathering except 
for opening of fractures, probably to depth of 20 ft (see unit 506). Do- 
lomite crops out. Mudstone has weathering fracture to depths greater than 
15 ft. 

Surficial mantle: Largely clayey. Most exposures have a mildly cracked 
silty clay soil, such as sample NLS, over chert and porcelanite. Moder- 
ately cracked weathered clayey rock. such as sample NL13A, occurs in 
about half of clayey rock (compositions 3, 4), but most surficial mantle 
over clayey rock is less expansive. Minor well-cracked weathered clayey 
rock, such as sample NL13B. 

Expansivity: Most bedrock unexpansive, some severely expansive (clayey 
rock). Much to most mantle severely expansive. Samples: NL&. mildly 
cracked silty clay soil, typical. free swell 111 percent; NL13A, weath- 
ered clayey rock. free swell 140 percent; NL13B, well-cracked weath- 
ered clayey rock, minor, free swell 100 percent (exaggerated). 

Stratigraphic thickness: About 700 ft (Hall, 1958). 
Sources: Hall. 1958: two stations. 

' Expression in aerial photographs: Large11 intermediate topography. some 
I 1 e n  regularly ribbed some irregular Minor hard topography includes 
I 

gravel pits and steep white upper slopes near Atherton Peak Tonal band- 
ing in some places 

Composition: ( I )  Subporcelaneoui, to porcelaneous shale and mudstone 
largely effectively a shale although much is not truly fissile Includes 
gradations between hard rock and firm, carbonaceous (McLaughlin and 

1 others. I?"!), barely siliceous rock Some is prominently toraminifera1 ' (2) Porcelaneous siltstone (hard) (3) Chert and porcelanite rhythmically ' interbedded ~ i t h  somewhat siliceous firm shale (4) Sandstone medium 
grained, some coarse grained moderately well to moderately poorly 
sorted, mui-h silica cemented, some un~emented (5) Flysch of firm sand- 
stone, as in i-omposition 4, thinlv mterbedded with firm shale ( 6 )  Cal- 

MAP UNIT 509 

Geologic unit, (age), and location: Shale and sandstone (TI, in Santa Cruz 
Mountains between Chittenden and Mount Madonna. 

Summary: Largely subporcelaneous to porcelaneous shale and mudstone: 
lesser interbedded sandstone, most of which is silica cemented. and sili- 
ceous siltstone. Some zones of rhythmically bedded chert and porcelanite, 
and rhythmic sandstone flysch. Good parting in entire unit. Some sig- 
nificantly expansive clayey subsoil. 

careous beds, minor, form prominent outcrops (Jones, 191 1). 
Unit is largely composition 1. of which most is hard to quite firm where 

fresh; some interbeds of siltstone (composition 2). Includes some zones 
of rhythmically bedded chert and porcelanite (composition 3) that are 
tens of feet to as thick as 100 ft or more. Sandstone (composition 4) is a 
widespread constituent in minor to some amounts; much is silica ce- 
mented and hard, some firm. and firm in flysch (composition 5)  that con- 
stitutes some of unit. Minor calcareous beds. 

Hardness: Composition 1 is largely hard to quite firm where fresh, some 
firm where fresh. much hard to quite firm where weathered, the remain- 
der firm where weathered. Siltstone is hard and brittle; chert and 
porcelanite hard where fresh and weathered; sandstone hard where ce- 
mented, firm where not cemented; calcareous beds hard. 

Bedding: Composition 1 occurs largely as thick and very thick beds. pos- 
sibly laminated, between lesser distinct thin to medium beds of laminated 
siltstone (con~position 2) and distinct beds and blebs of sandstone that 
are largely medium to thick or 4 ft, but as thick as 15 ft. Chert and 
porcelanite, much laminated, occur as distinct thin to medium beds be- 
tween very thin to medium shale; this rhythmically interbedded rock 
occurs in intervals tens of feet to more than 100 St in thickness. Flysch 
consists of sandstone in thin to medium beds repetitively interbedded 
with thin to medium firm shale. Outcropping calcareous beds are thick 
(Jones, 191 1). 

Parting: Present in composition 1 at very close to moderate spacing, the 
shale fissile, mudstone not fissile. Present on distinct bedding contacts 
and in rhythmically bedded chert and porcelanite at close to moderate 
spacing. Thus, present in almost entire unit at very close to moderate 
spacing, exceptions being thick to very thick sandstone and minor chert 
blebs. 

Fracture: Composition 1 has close to very close spacing of weathering 
fracture on moderate to wide original spacing. Chert and porcelanite have 
very close to moderate spacing; siltstone close to moderate; cemented 
sandstone close to 4 St. most moderate to wide; firm sandstone moder- 
ate, some wide; calcareous beds probably wide to 5 ft. 

Permeability: Intergranular permeability verv low to low in compositions 
1 and 2, very low in chert and porcelanite, low in firm sandstone. very 
low in cemented sandstone; thus, entirely very low to low intergranular 
permeability in bedrock. Most shallow bedrock has low fracture 
permeability. some moderate. Most mantle moderate, some low to very 
low. 

Weathering: Hard to quite firm rock of composition 1 retains hardness to 
within 5 St of ground surface. 

Surficial mantle: Largely granular (silty), some clayey subsoil. Surficial ~. 

soil is uncracked and silty, some stony. over entire unit. Some clayey 
subsoil accompanies cut-slope failures. 

Expansivity: Almost all bedrock unexpansive. Mantle largely unexpansive, 
some significantly expansive (clayey subsoil). Sample WE10, moderately 
cracked clay subsoil, free swell 79 percent, is local constituent that may 
be anomalously expansive (near San Andreas fault). 

Sources: Allen, 1946: Jones, 191 1; McLaughlin and others, 1971; 10 sta- 
tions. 
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MAP UNIT 510 

Geologic unit, (age), and location: Pmehurst Shale IT). in the East Ba) 
Hills west of Upper San Le.indro Reserv air 

Summary: Not seen in field Reported to be interbedded siliceous shale 
and hard sandstone, pieces hard where fresh and weathered Locally 
moderate fracture permeability. Bedrock and mantle probably largely 
unexpansive 

Composition: Reported to be largely siliceous shale, regularly interbed- 
ded with some hard, fine-grained sandstone. Some sandstone dike^. 

Hardness: Pieces hard where fresh and weathered. 
Bedding: Distinct and regular. Each composition is reported to occur in 

sequences that are mostly medium to thick, but as much as 10 ft: beds 
in each are largely thin to medium. Sandstone dikes to thick. 

Parting: Present on bedding planes at close to moderate spacing, and 

cent; SM12, red soil on chert. free swell 70 percent; SG14, soil on chert 
block in melange, free swell 59 percent. 

Stratigraphic thickness: Lenticular bodies as much as 250 ft thick. 
Sources: Bailey and others, 1964; Ellen and others, 1972: many stations. 

MAP UNIT 519 

Geologic unit, (age), and location: Diatomite with interbedded sand, 
gravel, and tuff (T). near Napa. 

Summary: Clastic sedimentary materials in unknoxn proportions. includ- 
ing tuffaceous sandstone, diatomite. and diatomacecus fine-grained ma- 
terials. Descriptions of composition and physical properties below apply 
largely to the several materials present in the exposures observed; de- 
scriptions of permeability, surficial mantle, and expansisity incorporate 
estimates for other materials, described elsewhere. that p robah l~  consti- 

within siliceous shale t.t very clohe spccing Abundant, prominent (as  1 

judged from photograph in Case, 1968; 
Fracture: Probably close to moderate spacing in sandstone, close to very 

close spacing in siliceous shale. Possibly local wide spacing in sandstone 
dikes. 

Permeability: Bedrock probably has very low intergranular permeability, 
low to moderate fracture permeability in shallow rock. Mantle probably 
moderate to low 

Weathering: To depths of more than 20 ft (Radbruch, 1969) Little effect 
other than opening of fractures and parting 

Surficial mantle: Probabl) granular to cla>ey Sparse, stony, according 
to Radbruch ( 1969) 

Expansivity: Bedrock probably largely unexpansive. Mantle probably 
unexpansive to significantly expansive. No mention of expansivity by 
Radbruch (1969). 

Stratigraphic thickness: 500-700 ft maximum (Radbruch, 1969). 
Sources: Case, 1968; Radbruch, 1969. 

MAP UNIT 511 Franciscan chert 

Geologic units, (age), and location: Chert of the Franciscan assemblage 
(KJ), throughout region; metachert of the Franciscan assemblage (KJ). 
in Marin highlands. 

tute part of unit. 
Composition: Proportions uncertain. Contains water-laid tuffaceous sand- 

stone: tuff and tuff breccia: diatoniiie and diatomaceous materials: and 
probably sandstone, conglomerate, m d  clayey rock, derived largely from 
volcanic terrain. that are similar to materials described for unit 14 1. Sec 
units 141 and 237 for description of composition and physical proper- 
ties of probable components that we did not observe in this unit. 

In the major exposure examined, rock is large11 tuffaceous sandstone, 
about 10-20 percent diatomite and diatomaceous materials, and minor 
tuff breccia: con~position and physical properties of these materials are 
described below. Tuffaceous sandstone occurs both as poorly :-orted, 
prcdominatly fine-grained sandstone containing pumice pebbles and as 
well-sorted, fine- to coarse-grained sandstone, much of which has mi- 
nor clay coatings on grains. Tuff breccia consists of hard and firm vol- 
canic blocks as  much as 2 ft in diameter in fine-grained matrix. 
Diatomite, diatomaceous siltstone, and diatomaceous ash are silt size or 
finer. 

Hardness: Tuffaceous sandstone is. firm approaching soft; tuff breccia 
consists of hard and firm blocks in firm approaching soft matrix; diato- 
mite and diatomaceous materials are firm and brittle. 

Bedding: Tuffaceous sandstone occurs in very thick (20-ft and more) 
imbedded intervals between thin to medium beds of coarse-grained pum- 
ice-rich material or fine-grained diatomaceous material. Tuff breccia is 
unbedded. Diatomite and diatomaceous materials occur in distinct ,md 
strikingly regular thin to medium beds, some laminated. between me- 

Summary: Rhythmically interbedded chert and lesser shale, locally hy- ', dium to thick beds of tuffaceous sandstone. Diatomite beds thicker (to 
drothermally altered to clay. Chert is hard and brittle, shale largely firm. very thick'?) in areas where quarried. Layering is distinct on aerial pho- 
Ver) low intergranular permeability, low to moderate fracture perme- 

' 
tographs. 

ability in shallow rock Bedrock and surficial mantlc largely unexpansive. ~ Parting: At bedding planes in diatomite and dian'macecus materials (a 
Composition: Chert and subordinate ferruginous shale, in places contain- close to wide spacing), and at some bedding planes between very thick 

ing blueschist minerals. Locally hydrothermally altered to clay. beds of tuffaceous sandstone. 
Hardness: Chert is hard and brittle, shale largely firm, where fresh and \ Fracture: Indistinct in tuffaceous sandstone, probably moderate spacing; 

weathered; clay is soft. close spacing in diatomite and diatomaceous materials. 
Bedding: Chert beds are distinct and commonly thin to medium (less than : Permeability: Intergranular permeability low to moderate, some high, in 

4 in.), but range from very thin to very thick, especially near contacts tuffaceous sandstone: low to very low in tuff breccia; low to \cry low 
with other rocks. Shale beds are very thin to thin, locally medium, and ; in diatomaceous materials. Probably most bedrock of unit as a whole has 
are rhythmically interbedded with chert. I low to ver] low intergranular permeability, but some moderate and high 

Parting; Prominent along bedding planes, commonly close to -1-m. spac- horizons: probably some low fracture permeability in shallow bedrock. 
ing: within shale at very close spacing. Probably most mantle low to very low. 

Fracture: Largely close spacing, ranging from very close to moderate: Weathering: Similar to unit 141. 
spacing as wide as 6 ft in thick to very thick beds. Surficial mantle: Probably largely clayey 

Permeability: Bedrock has very low intergranular permeability, low to Expansivity: Probably much to most bedrock and rr.antle of unit as a whole 
moderate fracture permeability in shallow rock. Almost all mantle mod- ' are significantly expansive, probabl] some bedrock and mantle are se- 
crate. rarely low to very lew. verely expansive. Bedrock samples: MG14A. bedrock, free sv.ell 54 

Surficial mantle: Almost all granular, much stony; rare!) clayey. 
I 

percent: MG15B, bedrock. free she l l  61 percent. Surficia! mantle 
Expansivity: Bedrock largely unexpansive. rare hldrothermal clay expan- samples: MG13, organic so!], slightly cracked, free swell 57 percent. 

sive. Surficial mantle largely unexpansive. some significantly expansive, , MG14B. soil. free swell 60 percent; MG15A, soii. free swell 63 percent. 
rare clayej mantle expansive. Bedrock samples: PB2B. altered chert, See also samples for unit 237. 
free swell 49 percent; SM11, altered chert. free swell 108 percent. , Sources: K.F Fox, oral commun.. 1972-73; Fox and others. 1973. two 
Surficial mantle samples: PB I, colluviun~ from chert, free swell 71 per- stations. 
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MAP KNIT 520 

Geologic unit. (age), and location: Briones Sandstone, limestone in E 
member of Wagner (1978) (T!, near Sunol Valley, east of Fremont. 

Summary: Not seen in field. Only information is brief description by Hall 
(1958) of "calcite" deposits, "white caliche commonly containing sili- 
ceous inclusions." About 200 ft thick (Hall, 1958). Unknown perme- 
ability. surficial mantle texture. and expansivity, 

Expression in aerial photographs: Very soft, swalc-forming topography: 
dark-toned surficial mantle appears thick, gullied in places. Topography 
contains numerous bowls that are smooth and apparently filled with 
surficial mantle. Probably little bedrock exposure 

Source: Hall, 1958. 

MAP L'NIT 521 

Geologic unit, (age), and location: Briones Sandstone, Hercules Shale 
Member IT),  in northern part of the Eabt Bay Hills. 

Summary: Mostly mudstone and firm subporcelaneous mudstone, some 
siltstone and very fine grained clayey sandstone in places. but 
porcelaneous shale reported in other places. Some or more bedrock and 
much to most mantle are severely expansive. 

Expression in aerial photographs: Nonresistant unit, intermediate to 
generally soft topography. Contains a few distinct resistant light-toned 
bands in places. mostly as wide as 20 ft. but one band, probably clayey 
sandstone or porcelaneous rock, is as wide as 100 ft,  

Composition: In exposures observed, unit is largely rnudstone and firm 
subporcelaneous mudstone of pinkish cast, some sandy, and some silt- 
stone and very fine grained clayey sandstone. In other places, reported 
to be porcelaneous shale (Sheehan. 1956) or bituminous shale (Trask, 
1922; Lawson, 1914). Radbruch and Case (1967) reported that unit is 
dominantly siliceous, as did Weaver and others (1944) and J.R. Wagner 
(written commun., 1973). 

Hardness: Mudstone and subporcelaneous mudstone have firm pieces 
where weathered, probably firm where fresh. Porcelaneous shale prob- 
ably has hard pieces. 

Bedding: Absent to indistinct in outcrop. Light-toned resistant bands on 
photographs are probably very thick beds of clayey very fine grained 
sandstone or porcelaneous rock within dominant mudstone. Some indis- 
tinct thick bedding in mudstone (Sheehan, 1956). J.R. Wagner (written 
commun., 1973) reported many sandy interbeds. 

Parting: Crude parallel parting at close spacing in mudstone, probably 
ranging from very close to moderate. Some pieces break along parting, 
some as small spheroids. Absent in siltstone and very fine grained clayey 
sandstone. Probably close to very close spacing in siliceous shale. 

Fracture: Close to moderate original spacing, iron stained; close to very 
close spacing of weathering fracture produces chips. Unknown in sili- 
ceous shale, probably very close to moderate. 

Permeability: Intergranular permeability of bedrock largely very low, 
minor to some low (in sandstone). Much shallow bedrock has low frac- 
ture permeability. Probably most mantle very low, some to much low to 
moderate, 

Weathering: To depths greater than 10 ft. Weathering fracture produces 
small to very small chips. Much of unit has abundant free clay and poor 
cut-slope stability. 

Surficial mantle: Probably most clayey, some to much granular (silty). 
Includes both cracked silty clay soil. such as sample MI21A. and 
noncohesive uncracked soil. such as sample MIS. 

Expansivity: Much bedrock unexpansive; much is expansive, including 
some or more that is severely expansive. Much to most mantle severely 
expansive. some to much significantly expansive. Samples: MI21A, 
moderately cracked silty clay soil. free swell 120 percent: MIS, uncracked 
to very mildly cracked silty(?) soil, free swell 70 percent. 

Stratigraphic thickness: 550 ft (Weaver, 1944). 

Sources: Lawson, 1914: Radbruch, 1969: Radbruch and Case, 1967: 
Sheehan, 1956: Trask, 1922: J . R .  Wagner, written commun.. 1973; 
Wagner, 1978: Weaver, 1944: four stations. 

MAP UNIT 522 

Geologic unit, (age), and location: Monterey Group (T) (called Monterey 
Shale on source map), only on Point Reyes peninsula. 

Summary: Almost all is variable siliceous fine-grained rock, ranging from 
rock that lacks noticeable hardening to hard chert. Most bedrock and 
mantle are unexpansive. 

Composition: Almost all is var iabl~ siliceous fine-grained rock. largely 
mudstone, silt) mudstone, and diatomaceous rock. Variable siliceousness 
of these materials has resulted in a range of propertie!, from rock that 
lacks noticeable hardening through porcelaneous rock to chert. Near 
Bolinas. consists of nonsiliceous mudstone, largely unbedded, that in- 
cludes hard calcareous concretions as much as 3 ft in length. Between 
Bear Valley and Sir Francis Drake Highway, exposures show hard 
porcelanite and chert layers regularly and distinctly interbedded with 
firm to soft nonsiliceous interlayers. North of Sir Francis Drake High- 
way. exposures show some of the typical interbedded siliceous and 
nonsiliceous rock, but also firm mudstone in very thick beds between 
hard, medium to thick siltstone interbeds. Unit includes minor to some 
low-density diatomaceous rock. 

Hardness: Variable, from mostly firm containing less abundant hard lay- 
ers to, more commonly, predominantly hard. brittle siliceous layers be- 
tween firm to soft interlayers. Calcareous concretions in unbedded firm 
mudstone are hard. 

Bedding: Variable, from absent to distinct. regular, and prominent. Near 
Bolinas, bedding is absent in intervals hundreds of feet thick, except 

I where very thick (3- to 20-ft) beds of harder rock form reefs on the wave- 
cut bench; here fracture is generally the only observable structural fea- 
ture. From Bear Valley to Sir Francis Drake Highway, bedding is distinct 
and prominent, consisting of mostly thin to medium. some thick, beds 
of hard siliceous rock between thin to very thin interbeds of soft to firm 
silty shale. Siliceous beds are in many places laminated. North of Sir 
Francis Drake Highway, the prominently bedded siliceous rock occurs, 
but also present are thick to very thick (5-ft or more) beds of firm mud- 
stone interbedded with distinct medium to  thick (as much as 2-ft) beds 
of hard siltstone. 

Parting: Absent in unbedded rock near Bolinas, present in bedded rock 
as follows: At ver) close spacing within silty shale interbeds; at con- 
tacts of siliceous beds with interbeds (close to moderate spacing); in 
places at close spacing within siliceous beds; and at close to very close 
spacing within very thick mudstone beds north of Sir Francis Drake 
Highway. In summary. good parting at moderate or closer spacing ex- 
cept near Bolinas. 

Fracture: In rock that is unbedded or very thickly bedded, original spac- 
ing is mostly moderate, in places wide, becoming close to very close 
where weathered. In prominently bedded rock. hard siliceous layers have 
mostly close spacing, ranging from very close to moderate, about per- 
pendicular to bedding; interbeds have very close to moderate spacing. 
Fractures across hard beds generally do not penetrate adjacent interbeds. 
in many places, siliceous rock is brecciated. 

Permeability: Almost all bedrock has very low to possibly low intergranu- 
iar permeability. Most shallow bedrock has low fracture permeability. 
probably some moderate. Much to most mantle moderate, some to much 
low 

Weathering: Hard siliceous rock remains hard to the ground surface. Most 
firm rock weathers from fractures inward. 

Surficial mantle: Much to most granular, some to much clayey. Over sili- 
ceous rock, soil is silty and contains rock fragments. thin on hilltops, 
such as sample DB 1B. 

Expansivity: Most bedrock unexpansive. possibly some significantly ex- 
pansive. rarely severely expansive, Most mantle unexpansive, probably 
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some significantly expansive. Samples: DB1A. claystone, rare constitu- 
ent. free swell 116 percent; DB IB, typical silty soil. free swell 46 per- 
cent; DB30, soil, free swell 70 percent: DB33, soil, free swell 42 percent. 

Strat igraphic thickness: About 5,200 ft. 
Sources: Anderson, 1899: J.A. Bartow. written commun., 1972; Blake and 

others ,  1974;  Galloway.  1977; G l u s k o t e r  1962: Osmont ,  1905: 
Wahrhaftig. 1970; Weaver, 1949: seien stations. 

M A P  UNIT 523 

Permeability: Chert and interbedded shale have very low intergranular 
permeability, low to moderate fracture permeability in shallow rock; 
called "permeable middle member of Monterey Formation." but of little 
importance as aquifer, although hosts thermal and mineral springs in 
Alum Rock Park (Crittenden, 1951). Intergranular permeability of sand- 
stone mostly low, very low where cemented; mudstone. siltstone. and 
clay-saturated fine sandstone \cry low to low. Thus. much to most bcd- 
rock has \cry low intergranular permeability and lox to moderate frac- 
ture permeability in shallow bedrock. Some to much bedrock has low 
intergranular permeability. Most mantle very loir, some to much mod- 

Geologic unit, (age), and  location: Montere) Group (T),  only in Diablo erate 

Range between Calaveras Reservoir and Anderson Reservoir Weathering: Some claley sandstone fresh at depth of 6 ft Chert hard to 

Summary:  From 30 to 80 percent rhythmically bedded chert and shale, ground surface 

remainder consists largelj of firm sandstone and mudstone, but in places Surficial mantle: Largely cla\ey, some to much granular Stony sand, silt, 
consists largely of hard calcite-cemented sandstone that produces very and clay soils, such as samples CVR7, CVR2dA, and CVR24B (local 

large blocks Much mantle is severely expansee 
' subsoil), overlie bedded chert and shale Granular soil. such as sampk 

Expression in aer ial  photographs:  Largely intermediate topography ' CVR22, overlies inindstone Sandy and silty clay soils, such as samples 
About half of mapped extent of unit includes an intermediate to hard, 
prominent, narrow. light-toned ndgecrest. Some to most of unit in other 
places is subdued intermediate tc  locally soft topography that includes 
occasional resistant knobs. Thus. resistant siliceous rock seems to come 
and go. but is present as a resistant crest in about half of mapped unit. 

Composition: (1) Chert grading to porcelanite, largely chert, rhythmically 
interbedded with firm shale; includes minor hard nodules and irregular 
beds of limestone and (or) dolomite. (2) Sandstone, very fine to medium 
grained, lesser coarse grained. undersaturated to saturated by clay; con- 
tains calcite-cemented concretions and minor mudstone and shale. (3) 
Silty and sandy mudstone, some porcelaneous, grading to siltstone and 
to clay-saturated very fine grained sandstone; includes occasional beds 
of punky weathered limestone(?). (4) Sandstone, medium grained, much 
calcite cemented, and sheared sandstone and lesser shale. 

Proportions are variable, from 30  to 80 percent composition 1, the 
remainder largely compositions 2 and 3; unit probably averages about 
half composition 1. Composition 4 locally constitutes two-thirds of unit 
(one-third cemented sandstone, one-third sheared rock). Composition 2 
is generally present at base in minor amount (a  few feet according to 
Crittenden, 195 1). 

Hardness: Chert and porcelanite are hard where fresh and weathered; in- 
terbedded shale firm where fresh and weathered. Limestone nodules re- 
main very hard into weathered zone and many crop out. Clayey sandstone 
firm where weathered, firm to possibly quite firm where fresh. Mudstone 
firm where fresh and weathered, but porcelaneous mudstone quite firm 
where weathered. Cemented sandstone hard, as are concretions. 

Bedding: Chert and interbedded shale are distinctly and repetitively bed- 
ded. the chert laminated within very thin to medium, mostly thin, beds 
between firm shale in thin to mostly very thin beds. In places (Alum Rock 
Park), zones of chert as thick as 100 ft are laminated but unparted in 
thick to 5-ft beds. Limestone nodules and beds to thick (3 ft). Sandstone 
and mudstone are very thick bedded. some probably internally indis- 
tinctly bedded, but sandstone called massive (Crittenden, 1951). Ce- 
mented sandstone in very thick (as much as 10-ft or more) beds. 

Parting: Present in bedded chert at very close to moderate spacing along 
bedding contacts and within interbedded firm shale. Local zones of chert 
have spacing at wide to very wide (5 ft). Parting absent in sandstone and 
mudstone. 

Fracture:  Chert and interbedded shale are fractured at very close to mod- 
erate spacing, mostly close, but very thick chert is fractured at wide to 
10 ft or more. Clayey sandstone has close to very close spacing of weath- 
ering fracture. Mudstone, siltstone, and clayey fine sandstone (compo- 
sition 3) have very close to moderate spacing of weathering fracture on 
moderate to wide original spacing. Cemented sandstone has moderate to 
very wide (5-ft) fracture spacing, but produces blocks as large as 10 ft 
in diameter; much has moderate spacing of weathering fracture super- 
imposed. Limestone nodules have wide to 6-ft spacing. 

CVR23 and L04%,  and local clay subsoil, such as sample L04A,  over- 
lie mudstcne. Two traverses of good soil observations. At sample locali- 
ties L02-L04 ,  three-eighths is uncracked to very mildly cracked granular 
soil; one-half mildly cracked, fluffy clay soil, such as sample L04B: and 
one-eighth moderately cracked clay subsoil. such as sample L04A.  At 
sample localities CVR22-CVR24, one-third is similar to sample CVR22. 
one-third similar to sample CVR23, and one-third similar to sample 
CVR24A; also local subsoil like sample CVR24B. 

Expansivity: Probably most bedrock unexpansive, probably some expan- 
sive (mudstone). Much mantle severely expansive. much significantly 
expansive, possibly some unexpansive. All samples are of surficial 
mantle. Samples over bedded chert and shale: CVR7, light-brown sandy 
silty soil, typical, free swell 54 percent; CVR24A, uncracked stony clay 
soil, typical. free swell 9 3  percent (exaggerated); CVR24B. mildly 
cracked stony clay subsoil, free swell 120 percent. Over sandstone, 
sample CVR22, sandy silty soil, free swell 65 percent. Samples over 
mudstone: CVR23, typical sandy and silty cia? soil, free swell 125 per- 
cent; L04B,  mildly cracked clay soil, free swell 91 percent: L04.4. mod- 
erately cracked clay subsoil, free swell 110 percent. Also sample CVR15, 
mildly cracked clayey soil, free swell 120 percent. 

Stratigraphic thickness: From a thin skin to more than 900 ft (Crittenden, 
1951). 

Sources: Crittenden, 1951; Davis and Jennings, 1954: Templeton. 1912; 
12 stations. 

M A P  UNIT 524 

Geologic unit, (age), a n d  location: Monterey Group (T). only in Diablc 
Range east of Anderson Reservoir 

Summary:  About one-third clay-saturated firm sandstone, one-third hard 
rhythmically bedded porcelaneous shale, and one-third firm to quite firm 
tnudstone and porcelaneous mudstone. Largely uncracked stony silty 
mantle, unexpansive to significantly expansive. 

Expression in aerial photographs: Mostly hard ribbed topography that 
has slightly rounded crests. Banded by 10- to 30-ft zones in a few places. 
Resistance similar to units 641 and 321. 

Composition: (1) Sandstone, medium to fine grained, clay saturated, hav- 
ing weathering fracture. (2)  Porcelaneous shale. laminated. repetitively 
bedded between firm fissile shale. (3) Firm mudstone and lesser quite 
firm porcelaneous midstone, much sand). Also present in lesser amounts 
are grit, clay saturated to cemented; firm shale that shows mild expan- 
sivity cracks where weathered; hard calcite-cemented sandstone and con- 
cretions; and calcareous shale and abundant lenses of impure limestone 
reported by Gilbert (1943). Going up section from base, unit is about 
one-third clayey sandstone, one-third porcelaneous shale, and one-third 
mudstone and porcelaneous mudstone. Other compositions minor. 

Hardness: Sandstone is firm where fresh, firm and some soft where weath- 
ered; calcite-cemented sandstone. concretions, and some grit hard where 
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fresh and in weathered zone: porcelaneous shale hard where fresh and 
weathered, interbedded fissile shale firm; most mudstone firm where 
fresh and weathered, but some to much is porcelaneous mudstone that 
is quite firm to hard where fresh and weathered. Shale firm where fresh, 
firm to soft where weathered. 

Bedding: Sandstone is unbedded except for calcite-cemented beds as thick 
as 4 ft: porcelaneous shale is distinctly and repetitively bedded in thin 
to thick beds of laminated hard porcelaneous shale between very thin to 
thin firm fissile shale: mudstone is imbedded to possibly indistinctly 
bedded. but includes some distinct interbedding of sandstone in very 
thick (tens of feet) beds. Hard grit in thick bed: concretions to large: firm 
shale thick. 

Parting: Absent in sandstone. Present in porcelaneous shale at very close 
to wide spacing along bedding contacts, in some medium and thick beds 
at very close spacing. and within firm interbeds at very close spacing. 
Absent in mudstone 

racture: Sandstone has close to very close spacing of weathering frac- 
ture on close to wide original spacing; calcite-cemented sandstone has 
moderate to wide spacing; porcelaneous shale has close to moderate 
spacing; mudstone has close to very close spacing of weathering frac- 
ture on moderate;?) original spacing. Hard grit has wide spacing: con- 
cretions to wide 

'ermeahility: Intergranular permeability of sandstone low, mudstone very 
low, porcelaneous shale very low: thus, most bedrock very low. some 
low. Low to possibly moderate fracture permeability in most shallow 
bedrock. Most mantle moderate, probably some to much low to very low. 

Weathering: All weathered to depths greater than 10 ft. 
Surficial mantle: Largely granular, probably some to much clayey. Largely 

uncracked stony silty soils. 
Expansivity: Probably most bedrock unexpansive, probably some signifi- 

cantly expansive (mudstone). Most mantle unexpansive to significantly 
expansive. See samples for unit 523. 

Stratigraphic thickness: Less than 1,000 ft; this unit plus unit 321 total 
about 1.000 ft (Gilbert, 1943). 

Sources: Gilbert, 1943; one station. 

MAP UNIT 525 

Geologic unit, (age), and location: Monterey Group (T), only in Gilroy- 
Sveadal area of Santa Clara Valley and Santa Cruz Mountains. 

Summary: Probably about half mudstone, some firm sandstone, some hard 
to quite firm tuffaceous sandstone and siltstone, some porcelaneous shale, 
and minor dolomite and conglomerate. Some subsoil is severely expan- 
sive, some to possibly half of mantle is significantly expansive. 

Expression in aerial photographs: Largely resistant intermediate topog- 
raphy. coarsely ribbed, local hard crests, fairly light tone overall. Much 
is banded: bands are mostly 10-50 ft in width, but some dark-toned zones 
approach 100 ft in width and one white crest is about 100 ft in width. 
Near Sveadal, forms prominent hard ridge. 

Composition: ( 1 )  Mudstone. some subporcelaneous, possibly much diato- 
maceous (E.E. Brabb, written commun., 1972). (2) Tuffaceous sandstone, 
fine grained. grading to siltstone. (3) Porcelaneous shale and siltstone 
containing minor sand grains, (4) Sandstone, fine to medium grained, 
moderately to moderately well sorted, low permeabililty; some has 
weathering fracture, minor is calcite cemented. (5) Dolomite. (6) Ben- 
tonitic shale and pebble conglomerate (E.E. Brabb, written commun., 
1972). 

Unit is probably about half mudstone (composition I ) ,  some to much 
of which is subporcelaneous Remainder of unit consists of some tuf- 
faceous sandstone and siltstone (composition 21, some sandstone (com- 
position 4), and some porcelaneous rock (composition 3). Compositions 
5 and 6 are minor, not observed. 

Hardness: Mudstone is firm where fresh and weathered. Tuffaceous sand- 
stone and siltstone are hard to quite firm where fresh, firm to hard where 

weathered. Sandstone (composition 4)  is firm, some soft, where weath- 
ered. Porcelaneous shale quite firm. as is subporcelaneous mudstone. 
Dolomite and cemented rock hard. 

Bedding: Not observed but certainly present, probably largely as distinct 
thick to very thick (tens of feet) beds of compositions 2. 3. and 4 in 
mudstone. Some mudstone and tuffaceous siltstone is laminated; dolo- 
mite in beds to thick, internally laminated: calcite-cemented sandstone 
to thick. 

Parting: Spacing in rnudstone is largely very close to moderate, some wide. 
Much to most tuffaceous sandstone has spacing at close to moderate, but 
some is poor and irregular. Tuffaceous siltstone has prominent platy 
parting at close to very close spacing. Sandstone unparted. Porcelaneous 
shale has close to moderate spacing. dolomite moderate. Thus. spacing 
largely at very close to moderate, some to very wide, and most of the 
resistant materials are parted. 

Fracture: Mudstone has very close to moderate spacing of weathering 
fracture. Tuffaceous sandstone has original moderate to wide spacing. 
and some to most develops very close to moderate spacing of weather- 
ing fracture; tuffaceous siltstone close to moderate. Porcelaneous shale 
has moderate fracture across bedding. Sandstone (composition 4)  has 
close to moderate spacing and some has additional weathering fracture. 
Dolomite and cemented rock moderate to wide. 

Permeability: Intergranular permeability of mudstone very low, tuffaceous 
sandstone and siltstone low, sandstone low, porcelaneous shale low to 
very low, dolomite very low. Thus, about half of bedrock has very low 
intergranular permeability, the remainder largely low. Much shallow 
bedrock has low to possibly moderate fracture permeability. Much mantle 
moderate, much low to very low. 

Surficial mantle: Much granular. much clayey. Surficial soil is largely 
sandy or silty and uncracked to very mildly cracked. Includes some sandy 
clay subsoil, such as sample GLS, and some to possibly half silty clay 
surficial soil over mudstone, such as sample CTT16. 

Expansivity: Most bedrock probably unexpansive. but much may be sig- 
nificantly expansive and minor (reported bentonitic shale) is probably 
severely expansive. Much mantle unexpansive to possibly significantly 
expansive, some to much significantly expansive, some severely expan- 
sive (subsoil). Samples: GL5, moderately cracked sandy clay subsoil, 
free swell 101 percent; CTT16, brown silty clay soil, free swell 69 per- 
cent. 

Stratigraphic thickness: 1.300 ft (Bailey and Everhart, 1964). 
Sources: Bailey and Everhart, 1964; E.E. Brabb. written commun., 1972; 

McLaughlin and others, 1971; five stations. 

MAP UNIT 526 

Geologic unit, (age), and location: Monterey Group (T), only in Santa 
Clara County near Los Altos. 

Summary: Includes compositions like those in units 501 and 523-525: see 
descriptions of these units for likely composition and physical proper- 
ties. Proportions uncertain, but some to most is porcelaneous shale and 
mudstone that is firm to hard and brittle. Some or more mantle is se- 
verely expansive. 

Permeability: Probably most bedrock has very low to low intergranular 
permeability and much to most shallow bedrock has low to possibly 
moderate fracture permeability. Probably much mantle moderate, much 
low to very low. 

Surficial mantle: Probably much granular (silty). much clayey. 
Expansivity: Probably most bedrock unexpansive, minor to much expan- 

sive. Probably much mantle is unexpansive to significantly expansive, 
some or more is severely expansive. Samples: PA13, clay bedrock, free 
swell 61 percent: PA52. very mildly cracked silty clay soil, typical, free 
swell 68 percent; PAS4. well-cracked dark clay soil on hilltop, free swell 
88 percent; MH18, black silty clay soil, free swell 85 percent. 

Sources: Dibblee, 1966; three stations. 
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MAP UMT 527 weathered) Porcelanecus shale hard to firm. much brittle Cemented 

Geologic unit, (age), and location: Monterev Group, undivided (T),  only 
in areas near Las Trampas Ridge and San Pablo Reservoir in the East 
Bay Hills. 

Summary: Briefly seen in field. Probably much to most is dirty sandstone. 
some to much of both siliceous shale and nonsiliceous shale. Probabl: 
much mantle severely expansive. 

Composition: Includes sandstone, siliceous shale, and nonsiliceou:. :,hale, 
as described for Monterey Group units 333. 334. 364. 392, 506. 529. 530, 
and 554. Proportions are uncertain: probabl) much to most is dirty sand- 
stone, seme to much of both siliceous shale and nonsiliceous shale and 
mudstone. Possibly includes some diatomaceous rock as described for 
unit 535. especially near San Pablo Reservoir. Near Las Trampus Ridge, 
Ham i 1952) reported largely silicecus shale and interbedded massive 
fine-grained graywacke. much of the silicecus shale brecciated. and lesser 
thinly bedded, friable, slightly tuffaceous and slightly glauccnitic sand- 
stone that contains lentils of sandy limestone. 

Hardness: Sandstone mostly firm, some probably approaching soft, some 
hard and cemented. Siliceous shale pieces are hard to firm, nonsiliceous 
shale pieces firm to soft. Most limestone hard. 

Bedding: Variable, from reported massive sandstone to siliceous shale that 
has thin to medium distinct beds. 

Parting: Variable spacing; very close to moderate in shale, very wide or 
occasional in most sandstone. Hum's (1952) description suggests that 
much of siliceous shale near Las Trampas Ridge is brecciated, in v> hich 
case much may lack parting. 

Fracture: In sandstone, weathering fracture probably mostly present at 
very close to moderate spacing; probably original spacing close to wide. 
Shale fractured at very close to moderate spacing. 

Permeability: Intergranular permeability probably low in sandstone, very 
low in shale; thus, probably much bedrock low, much very low, Low to 
moderate fracture permeability in some to much shallow rock (siliceous 
shale). Probably much mantle ver) low, some low, much moderate. 

Weathering: Unknown. Probably most sandstone weathered to depths of 
more than 20 ft, siliceous shale to depths greater than 25 ft. 

Surficial mantle: Probiibly much to most clayey, much granular. 
Expansivity: Probably most bedrock unexpansive, much may be expan- 

sive. Probably much mantle severely expansive, much significantly ex- 
pansive, some unexpansive. Some moderately cracked mantle noted near 
San Pablo Reservoir. 

Stratigraphic thickness: About 1,600 ft near Las Trampas Ridge (Ham, 
1952). 

Sources: Ham, 1952; one station. 

MAP LNIT 528 

Geologic unit, (age), and location: Monterey Group, undivided IT) ,  only 
in the East Bay Hills between Dublin and Upper San Leandro Resenair .  

Summary: Includes about equally abundant firm sandstone and 
nonsiliceous to subporcelaneous shale; some chert and porcelaneous 
shale. Much to most mantle significantly expansive. 

Expression in aerial photographs: Intermediate topography that lacks 
ribs. Distinct to subtle light-toned resistant bands 5-50 ft in width occur 
in zones 100-300 ft in width between dark-toned zones as wide as about 
200 ft. Light and dark tones are about equally abundant 

Composition: (1) Shale, nonsiliceous to subporcelaneous. (2) Sandstone, 
fine to medium grained; most contains silt and clay matrix sufficient for 
weathering fracture and low permeability, but some moderately sorted 
sandstone lacks weathering fracture (3) Siltstone (4) Porcelaneous shale 
and chert (5) Cemented sandstone Unit includes much of both shale and 
sandstone, about equalh abundant some chert and porcelaneous shde  
minor siltstone and ~emented  sandistcne 

Hardness: Shale and silt-itone are firm where fresh and weathered Sand- 
stone firm to quite firm where fresh and weathered (some soft where well 

sandstone hard. 
Bedding: Sandstone both in distinct to indistinct thin to thick beds be- 

tween siltstone and shale, and in very thick beds (as much as. 15 ft or 
more). Shale largely very thick. Porcelaneous shale has much of both 
distinct thin to medium beds and very thick beds that are internally 
parted. Cemented sandstone to thick, some p0Sbibly very thick. 

Parting: Present in shale and porcelaneous shale at ver) close to moder- 
ate spacing: in much sandstone at close to moderate. much very wide. 
Thus. spacing largely very close to moderate. some very nide.  

Fracture: Shale, porcelaneous shale, and siltstone have very close tc  
moderate spacing of weathering fracture. Sandstone has moderate. scme 
wide, original spacing, and most has very close to moderate spacing of 
weathering fracture superimposed some spheroidal Cemented sandstone 
has moderate to wide spacing 

Permeability: Intergranular pernxabilny of shale, poicelaneous shale. and 
cemented sandstone very low, siltstone and most sandstone low. possi- 
biy some sandstone moderate. Thus, much bedrock has very low inter- 
granular permeability, much low, possibly some moderate. Low to 
moderate fracture permeability in some to much shallow bedrock. Much 
to most mantle low to very low, some to much moderate. 

Surficial mantle: Much to most clayey. some to much granular. Some or 
more of both dark granular soil. such as sample DU6A, and dark clayey 
soil, such as sample DU6B. 

Expansivity: Most bedrock unexpansive. much may be expansive (shale). 
Much to most mantle significantly expansive, some unexpansive. prob- 
ably some severely expansive. Samples: DL'bA, dark clayey silt soil. 
free swell 39 percent: DU65, dark clay soil, free swell 60  percent. 

Sources: Newton. 1948; Robinson, 1956; three stations. 

MAP KNIT 529 

Geologic unit, (age), and location: Monterey Group, Rodeo Shale (T). 
in the East Bay Hills. 

Summary: Much of both siliceous rock and nonsiliceous shale and mud- 
stone, lesser fine-grained sandstone. Probably much bedrock expansive, 
much mantle severely expansive. 

Expression in aerial photographs: Largely soft topography that is uni- 
form and smooth, but in places includes some more resistant material 
of light tone. 

Composition: Much is siliceous rock, mainly porcelaneous shale and 
subporcelaneous mudstone, and much is nonsiliceous, argillaceous, silty, 
sandy, and tuffaceous shale and mudstone; less abundant fine-grained 
sandstone. both tuffaceous and clayey, and siltstone. Ham (1952) called 
shale ferruginous; shale includes scattered concretions. Exposures are 
largely siliceous rock. At Las Trampas Ridge, middle part of unit is sili- 
ceous shale (Ham, 1952). Unit includes rare limestone that is impure, 
ferruginous. in places chalky; on Las Trampas Ridge, unit includes three 
persistent horizons of lenticular chalky limestone (Ham, 1952). See sec- 
tion on Sobrante Ridge by Sheehan (1956). Minor hard outcropping rock, 
including silicified diatomite and porcelanite (Robinson. 1956). 

Hardness: Pieces of siliceous rock are brittle and range from firm to hard. 
much quite firm, both where fresh and weathered. Nonsiliceous shale 
pieces are firm to soft where weathered. Sandstone firm to soft. Con- 
cretions mostly hard, some firm. Limestone hard where fresh, some firm 
and chalky where weathered. 

Bedding: Largely absent to indistinct in thin to very thick (20-ft or more) 
beds: called massive by Ham (1952). Most exposures are apparently 
unbedded. obscured by blanket of rock chips. Much thin to medium bed- 
ding reported by Sheehan (1956) near Scbrante Ridge; some medium 
beds (Ham. 1952). Limestone is mostly thin to medium. but near Las 
Trampas Ridge occurs in persistent horizons of lenticular bodies as thick 
as 7 f t .  Concretions are most11 thick and elongate parallel to bedding. 

Parting: Present at close to very close spacing in most of unit fporcela- 
neous shale and nonsiliceous shale), crude parting at close to moderate 
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s p a c i ~ g  in mudstone and porcelaneous mudstone. Parting is less pro- 
nounced than i n  unit 531 Rzdbruch and Case (1967) described unit as 
fissile, Hiim ( 1952) described some bed:, at Las Trampas Ridge as part13 
fissilc. In places, parting occurs only to depth of se\eral feet in weath- 
ered clayey rock: below that, mudstone fracture, 

Fracture: In this unit. fracture is more prominent than bedding. Abun- 
dant pieces on cut slopes result from weathering fracture at close to \cry 

closi. seme moderate (as much as 3-4 in.), spacing. Also present are two 
or more sets of parallel criginal fractures that are nicstly at moderate to 
clcse spacing, some as much as 5 ft in places: these produce slabs that 
fall from cuts. Concretions have mostly moderate spacing:, some wide. 
Sandstone probably has close to moderate spacing of both original and 
weathering fracture. 

Permeability: Intergranular permeability of bedrock mostly very low, some 
low (siltstone and sandstone). Much shallow bedrock has low to moder- 
ate fracture permeability. Probably much mantle very low. some low. 
some to much moderate. 

Weathering: In siliceous rock, some is fresh (dark) at depth of 20 ft, most 
appears weathered to depths greater than 25-30 ft (depth of cut); weath- 
ering fracture definitely extends to depths greater than 30 ft. freshness 
of pieces is more difficult to judge. Sandstone unknown, probably weath- 
ered to depths more than 15 ft. In places, parting only to depth of sev- 
eral feet, iron staining on fractures to depths greater than 30 ft. 

Surficial mantle: Probably largely clayey. some to much granular. Two 
types, mildly cracked light-colored silt-clay soil, like sample MI2.4, and 
dark cracked clay soil. Radbruch and Case ( 1967) reported that soil gen- 
erally is less than 1 ft thick and bare slopes are common. 

Expansivity: Much bedrock unexpansive, probably much expansive. Much 
mantle severely expansive, much significantly expansive. Samples: 
MI2.4, very mildly cracked silt-clay soil, typical, free swell 72 percent: 
MI2B, well-cracked dark clay soil, free swell 132 percent; BV14, mod- 
erately cracked clay soil, free swell 113 percent: BN21. typical silty clay 
soil, free swell 133 percent. 

Stratigraphic thickness: Maximum thickness is 700 ft (Radbruch and 
Case. 1967). Thickness is highly variable: 350 ft on Las Trampas Ridge 
(Ham, 1952): in places. too thin to map. 

Sources: Ham. 1952: Lawson, 1914; Newton, 1948; Radbruch, 1969; 
Radbruch and Case. 1967; Robinson, 1956; Sheehan, 1956; five stations. 

MAP LNIT 530 

Geologic unit, (age), and location: Monterey Group, Tice Shale (T), only 
in the East Bay Hills. 

Summary: Poorly exposed;  probably much siliceous rock, much 
nonsiliceous clayey rock, minor to some siltstone and sandstone. Much 
to most mantle is severely expansive. 

Expression in aerial photographs: At Oursan Ridge, forms swale but 
includes several light-toned resistant bands 30-75 ft in width between 
nonresistant zones 100-200 ft in width. In Dublin-Cull Canyon area, unit 
is largely swale-former, \cry subtly and finely banded. but includes some 
resistant intermediate topography of light tone. 

Composition: Includes siliceous shale, largely porcelaneous shale, some 
chert in places (as on Pinole Ridge): and nonsiliceous argillaceous and 
sandy shale grading to subporcelaneous shale and mudstone. Some 
weathers white, some has pinkish cast. Lesser siltstcne and fine- to me- 
dium-grained sandstone, some cemented, most clayey or tuffaceous. 
Minor chalky limestone or diatomaceous rock, sandy limestone, and hard 
siliceous carbonate rock i.'Sheehan, 1956). Similar to Rodeo Shale (unit 
529). 

expression in aerial photographs suggests that most of unit is nonsiliceous 
or only slightly siliceous. 

Hardness: Porcelaneous shale and chert have largely hard pieces where 
fresh and weathered.  subporcelaneous rock f i rm to qui te  f i rm.  
Nonsilicecus shale has firm pieces and firm to soft rock mass. Some 
sandstone hard. most firm to soft &here weathered. Siliceous carbonate 
rock hard. Limestone probably firm &here chalky. otherwise hard where 
fresh and weathered. 

Bedding: Siliceous shale generally is distinctly laminated. and occurs in 
thin to very thick distinct beds between nonsiliceous shale or sandstone. 
Radbruch and Case 11967) reported that beds are mostly less than 1 in. 
thick. Sheeh'in (1956) reported largely "thin-bedded" siliceous rock on 
Oursan Ridge. For Dublin-Cull Can\on area, Hall ( 1958) reported much 
thin to medium siliceous shale mterbedded with nonsiliceous shale, but 
also much verj thick or indistinct bedding. Occasional sandstone forms 
distinct interbeds or dikes. Nonsiliceous shale is present as thin to me- 
dium interbeds and as thick to very thick(?) beds, no good exposures. 
Limestone in medium to thick distinct beds and lenses: siliceous carbon- 
ate thick 

Parting: Where weathered, present throughout siliceous shale and prob- 
ably most nonsiliceous clayey rock at very clcse to moderate spacing; 
much is very fissile. At depth. parting along internal lamination may not 
be an effective planar weakness. 

Fracture: In porcelaneous shale, very close to moderate spacing, largely 
close, across fissility. In nonsiliceous shale, close to very close spacing 
where weathered. In sandstone. probably close to wide spacing. In lime- 
stone, probably moderate to wide spacing, siliceous carbonate wide. 

Permeability: Most bedrock has very low intergranular permeability, 
minor to some low (in sandstone and siltstone). Low to moderate frac- 
ture permeability in much shallow bedrock (siliceous rock). Most mantle 
very low to low 

Weathering: Porcelaneous shale is fissile (parting opened) to depths 
greater than 7 ft 

Surficial mantle: Largely clayey Radbruch and Case (19671 reported 
generally clayey soil 1-3 tt thick In some areas soil is sparse and s t o w ,  
little vegetation 

Expansivity: Much bedrock unexpansive, much may be expansive. Much 
to most mantle severely expansive, much may be significantly expan- 
sive. Samples: BV7, mildly cracked stony silty clay soil, free swell 85 
percent; BV35, moderately cracked clay soil, free swell 85 percent. 

Stratigraphic thickness: Lawson (1914) reported 460 ft in Tice Valley. 
Maximum thickness of 1.100 ft (Sheehan, 1956). may include Oursan 
Sandstone and Claremont Shale. About 200 ft on Pinole Ridge (Sheehan. 
1956); 400 ft in Crow Canyon (Newton, 1948); 250 ft in Dublin-Cull 
Canyon area (Hall, 1958). 

Sources: Case, 1963; Hall. 1958: Lawson, 1914; Newton, 1948; Radbruch, 
1969; Radbruch and Case, 1967; Robinson. 1956; Sheehan, 1956; three 
stations. 

MAP LXIT 532 

Geologic unit, (age), and location: Monterey Group. Tice Shale (T). only 
between Niles Canyon and Calaveras Reservoir, east of Fremont. 

Summary: Consists of both hard siliceous shale. largely porcelanite and 
porcelaneous shale, and firm mudstone grading to clayey very fine 
grained sandstone; proportions vary from 90  percent siliceous shale to 
more than two-thirds firm mudstone and claye) sandstone. Minor hard 
beds, to thick have fracture spacing to wide. Differs from Claremont Shale 
(unit 506)  in that less chert, brown rather than white weathered surfaces. 
and less is thin bedded (Hall. 1958). Some to much mantle is severely 
expansive. Proportions uncertain, probabll variable Sheehan t 1956; suggested 

that at San Pablo Dam unit consists of much siliceous shale and much Expression in aerial photographs: Intermediate topography, variable from 
nonsiliceous shale, whereas on Pinole Ridge it consists largely of poorly resistant to nonresistant Includes light-toned resistant bands (largely 
exposed s i l i c e o u ~  rock Much o f  both pbrceliineous shale and 1 siliceous shale) 20-100 tt in width, vanabl) abundant most sections show 
nonsiliceous shale reported in Dublin-Cull Canyon area Sviale-iorming some or more, generally less than one-third of unit In some places, as 
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near Morrison Canyon, unit is uniformly banded in 20- to 40-ft. predomi- 
nantly light-toned, hands. In most places. unit is largely dark in tone and 
nonresistant but contains prominent light-toned bands that are very re- 
sistant and form hogbacks. Dark-toned bands are as wide as 400 ft. 

Composition: (1) Porcelaneous shale, porcelanite, and lesser chert. These 
rocks are laminated: some or more are thinly interbedded with mudstone 
and shale. some or more simply parted. Includes lesser hard clay-satu- 
rated sandstone thinly interbedded with mudstone. (2)  Limestone<?), sili- 
ceous, as beds, lenses. and nodules, largely within siliceous rock. (3) 
Diatomite, firm. brittle, low density; accompanies some porcelaneous 
shiile. (4) Mudslone grading through sandy mudstone to very fine grained 
clayey sandstone. all similar in properties: and lesser shale, siltstone, 
f ine -gr~ ined  sandstone of low permeability, and slightly siliceous 
(subporcelaneous) pink foraminifera1 mudstone. ( 5 )  Clay-saturated fine- 
grained sandstone. weathers spheroidally. 

Proportions var) from 90  percent siliceous shale (composition 1) and 
0 percent clayey rock (composition 4). to less than one-third siliceous 
shale. one-third clayey rock (composition 41, and more than one-third 
clayey sandstone (composition 5). Limestone and diatomite (composi- 
tions 2 and 3) are minor constituents that accompany siliceous shale. 

Hardness: Siliceous shale is hard and brittle where fresh and weathered; 
interbedded mudstone and shale firm. Diatomite firm, brittle, and low 
density: limestone hard. Clayey rock (composition 4) firm where weath- 
ered, probably firm where fresh. Clayey sandstone hard where fresh 
c o r e s  of spheroids), firm where weathered. 

Bedding: In siliceous shale, varies from (a)  very thin to medium beds of 
laminated siliceous rock interbedded with nonsiliceous mudstone and 
shale, to (b) unbedded but laminated porcelaneous shale. Clayey rock 
and clayey sandstone (compositions 4 and 5) are unbedded to indistinctly 
bedded in medium to very thick beds, the beds distinguished by differ- 
ences in grain size and spacing of weathering fracture. Hard siliceous 
limestone bodies medium to thick. 

Parting: In siliceous shale (composition l ) ,  good parting at very close to 
moderate spacing, mostly close. In clayey rock (composition 4), much 
at close to moderate spacing, some unparted. Compositions 2, 3, and 5 
lack parting. 

Fracture: Unbedded siliceous shale has mostly close, ranging from very 
close to moderate, spacing of weathering fracture on moderate to wide 
original fracture spacing. Spacing in bedded siliceous shale largely close 
to very close, rarely moderate. Spacing in diatomite close to moderate, 
in limestone moderate to wide. Clayey rock (composition 4) has close 
to very close spacing of weathering fracture on moderate to wide origi- 
nal spacing. Clayey sandstone (composition 5)  has moderate to wide 
original fracture that defines spheroids, and close to very close spacing 
of weathering fracture. 

Permeability: Very low intergranular permeability in all of unit except 
some clayey sandstone, which has very low to low permeability. Sili- 
ceous shale has low to moderate fracture permeability in shallow bed- 
rock. Thus, most to almost all bedrock has very low intergranular 
permeability, minor to some low. Some to almost all shallow bedrock 
has low to moderate fracture permeability. Probably most mantle very 
low to low. some to much moderate. 

Weathering: Siliceous rock is largely unaffected by weathering except for 
opening of fractures and partings. Clayey rock weathered to depths 
greater than 6 ft. Much limestone fresh to surface (crops out). 

Surficial mantle: Probably largely clayey, some to much granular (silty). 
Soils vary with rock type and follow proportions described above. Both 

mildly cracked, free swell 74 percent: NL3A. uncracked dark silty soil, 
typical on siliceous shale, free swell 60 percent; NL6, mildly cracked 
sandy clay soil on siliceous shale that has many nonsiliceous clayey 
interbeds, free swell 90 percent. 

Stratigraphic thickness: Generally 200-900 ft (Hall. 1958). 
Sources: Hall. 1958, six stations 

MAP LNIT 533 

1 Geologic units, (age), and location: Oursan Sandstone Claremont Shale 
I and Sobrante Sindstone unditided <TI, of the Monterey Group, near 

Briones Reservoir in the East B.1) Hills 
I Summary: Unit is combination of units 333, 534, and 392, which are dis- 

tinguishcd in the source maps. where these aie too thin to distinguish 
on the maps of this report Largel) d i m  to tuffaceous sandstone, minor 
to some clean sandstone, minor to some siliceous shale and siltstone. 
minor to some clayey mudstone and shale, minor cemented rock. Mate- 
rials like unit 534, about 130 ft  in stratigraphic thickness, occupy a band 
parallel to strike near middle of unit, separating sandstone like unit 333 
(adjacent to unit 530) from sandstone like unit 392. 

Permeability: Intergranular permeability of bedrock largely low, some 
very low. minor to some moderate. Some shallow bedrock has low frac- 
ture permeability. Probably much mantle moderate. much very low to 
low. 

Surficial mantle: Probably much granular, much clayey. 
Expansivity: Probably most bedrock unexpansive, some expansive (clayey 

rock). Much mantle severely expansive, much significantly expansive to 
possibly unexpansive. 

MAP UNIT 534 

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T), 
only in area near Pinole Creek at northern end of the East Bay Hills. 

Summary: Materials are similar to those described for unit 506, but pro- 
portions are different; see unit 506 for description of physical proper- 
ties. 

Composition: Section by Lutz (1951) shows much sandstone, which is 
probably tuffaceous (Radbruch and Case, 1967), some hard to quite firm 
siliceous shale and siltstone, and probably some clayey shale (covered 
zone). Lawson (1914) reported that soft, chalky bituminous shale resem- 
bling diatomaceous earth accompanies cherty rock in Sobrante anticline 
area. Sheehan (1956) gave section representative of Pinole Creek anti- 
d ine  that shows much imbedded tuffaceous sandstone; he noted that thin- 
ning of unit is commonly at expense of sandstone; that is, where unit is 
thin it is largely siliceous rock. 

Permeability: Much bedrock probably has low intergranular permeabil- 
ity (sandstone); some very low (shale); and some very low that has low 
to possibly moderate fracture permeability in shallow bedrock (siliceous 
rock). Much to most mantle very low. 

Surficial mantle: Much to most clayey. 
Expansivity: Most bedrock unexpansive. probably some expansive (shale). 

Much to most mantle severely expansive. Sample BV21, moderatel; 
cracked dark stony clay soil, typical, free swell 90 percent, is clearly 
derived from this unit. 

Stratigraphic thickness: 133 ft (Lutz, 1951). 
Sources: Lawson, 1914; Lutz. 1951: Radbruch, 1969; Radbruch and Case, 

1967: Sheehan, 1956; one station. 

dark siltj soil, such as sample YL3A, and candy cla) soil, such as sample 
hL6 ,  overlie siliceous rock Weathered mudstone, such as sample NL3B, MAP LMT 535 

1s typical ot weathered clayey rock but clay soils o\erlyin& cla)e) rock Geologic unit, (age), and location: Monterey Group diatomite unit (T), 
are locally more expansive I at northern end of the East Ba) Hills near Pinole 

Expansivity: Bedrock ranges from l ~ g e l y  unexpansive to probably largeh Summary: Much is diatomite and diatomaceous shale that have ash con- 
significantly expansive Most mantle significantly expansive, some to tent. much is sandstone similar to unit 332 Less abundant tuffaceous 
much severely expansive Samples NL3B9 typical weathered mudstone, fine-grained sedimentary rock Lnderlies area known as ' White Hills ' 
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near El Sobrante. More resistant than unit 332 
'?*.,-..- ybi+ly expan:,i*,c, 

Composition: ( I )  Diatonl~te and diatomaceous 

. Some or more mantle is 

shale that have ash con- 

tent. some of which is silicified as chert :n places. (2)  Fine-grained, well- 
sorted. var~ably tuffaceous and clayey smdstcme sirnilas to that described 
for unit 332. (5) Tuffaceous rock, some silicified, including siltstone, 
mudstcne, and Lery fine grained sandstone. (41 Hard, thick concretions 
as much as 4 f i  in length. Lin:t includes much diatomaceous rock and 
much saudstcne sin~ilar to unlt 232, each dominant in different expo- 
sures: lesser tuffaceous rock. 

Hardness: Diatomite and diatomaceous shale have firm to h ~ r d  pieces. 
brittle. mtch of low density; sandstone firm, some soft. friable (Skeehan, 
19561: tuffa~ceous rock firm to hard. much brittle, Silicified beds (chert) 
h x d ,  brittle Concretion:< hard. 

Bedding: Must be distinctly bedded in part. indistinctly bedded in part. 
but exposures poor. Diatoinite occurs in beds as thick as 20  fi or more 
that contain medium internal. silicified beds. Sheehan ( 1956) reported unit 
to be unbedded to ver) indistinctly bedded and lacking rhythmic band- 
ing, and showed maser co~npositicns as intervals more than I00 ft In 
thickness, Bailey ( 1930) reported diatomite more than 100 ft in thick- 
ness cverlying alternating medium to thick beds of diatomite and sand- 
stone. Some sandslone beds laminated internally. 

Parting: In some places, diatoinite and diatomaceous shale show good 
pzrting at close to very close spacing; in other places, diatomite shows 
crude parting at c l a e  to wide, So:ne parting in diatomaceous shale is 
pronounced where weathered, less pronounced where fresher. Absent in 
smdstone. Probably present at some bedding planes, absent at others. 
Sheehan (1956; reported that unit is very indistinctiy bedded and not fis- 
sile. 

Fracture: Poorly parted diatomite and diatomaceous shale have moderate 
to wide spactng of major fractures, on which is superimposed very close 
to moderate spacing of weathering fracture: some to most of this rock 
weathers spheroidally on weathering fracture, producing small to very 
small pieces that are typical. Fissile diatomacecus shale has close to 
moderate spacing of cross fracture. Spacing in sandstone is close tc  wide, 
mostly moderate to wide. Tuffaceous rock has close to moderate spac- 
ing. 

Permeability: Intergranular permeability of diatomite and diatomaceous 
shalt low to \cry low. sandstone low. tuffacecus rock low to \cry lorn, 
siiicified beds very iow; thus, entirely low to very low intergranul~r per- 
me&ility in bedrock, Much shallow bedrock has low to poss~bly mod- 
erate fracture perme>.bil~ty. Probably most mantle low to bery low, some 
moderate. 

Weathering: Uniform to depths greater than 10 ft, but parallel p a r ~ n g  in 
diatoinaceous shale is decidedly less pronounced at depth cf  8 ft than 
near the ground surface. 

Surficial mantle: Probably largely clayey, some granular. 
Expansivity: hlost bedrock unexpansive, probably some expansive (tuf- 

faceous mudstone), Most mantle is expansive, some or more is severely 
expansive. Sample R3, mildly cracked dark silty clay soil. typical, free 
swell 92 pcrcent. See sample for u n i ~  332. 

Stratigraphic thickness: See section of Tice S h d e  en Sobrante R ~ d g c  by 
Sheehan (1956). 

Sources: Bailey, 1930; Sheehan, 1956; six stations. 

Geologic unit, (zge)? and iocation: L ~ m b e f l  Si-ale (T), G R ! ~  In Santa Cl UJ 

Ccunty par? of Santc Cruz bfounta~ns 
Summary: Larzely partly si1i;eous clayey rock. some sdndstone. minor 

chert and dolcmite Bedrock and mantle are probably large]? unexpan- 
slve, scme of each s ign~f~cant iy expansive. 

Composition: Largely muds~one. s~ltstone, and claystonc, in ml>st expo- 
Lures partiall! cemented by siliczi or oarbtonate minerals: induration var- 
ies, and chex? occurs ~n ?laces. Accordirig to Dibblee (1966), siliceous 

rock is mere abundant in upper p u t  of section. Cnit also includes mi- 
' nor to some sandstone, mostly medium grained, in bodies as th~ck  as 100 

[ ft. and minor glauconitic sandstone and fine-grained dolon~ite in places. 
; Hardness: Claycy rock is f m n  to hard and brittle. chert ha]-d. Sandstone 

is com~nonly f i rm hard in places: dclornite hard. 
Bedding: Clayey rock is unbedded or indist~nctly bedded; chert is distinctly 

I laminated. Glauconitic sandstone and dolomite cccur in medium to thick 
; distinct beds. Sandstone bodies as t h ~ c k  as 100 ft lack internal bedding. 

Parting: Present in s o ~ n e  at very close spacing* absent in much. Present 
in chert at very close to n10de:ate spacing. 

! Fracture: Largely close spacing. some moder'tte, ~vhere weathered. Sand- 
# stonc has moderate to wide sp:lcing, dolomite probabiy cloze to ~ i d e ,  

Permeability: Bedrock has largely very !ow intergranular permeability, 
m i n x  to some low (in sandstone). Mcst shallon bedrock has low frac- 
ture pernieab~lity, probably some ]noderate. bfantle probably largely low. 
some moderate. possibly slonle very low. 

Weathering: Spheroidal ne :~ t i i e r i~~g  in s o ~ n e .  
Surficial mantie: Probably largely clayey, some granular. 
Expansivity: Bedrock and ~nantle  probably h r g e l j  uncxpansike. some of 

each ::ignificantlj expansive. See samples in unit 5GG. 
Stratigraphic thickness: 4,800 ft. 
Sources: Dibblee, 1966; Ellen and others, 1972. 

hIAP UNIT 537 

Geologic unit? (age)? and tocation: Markley Formatii>n, upper pal? of 
Sidney Flat S h d e  Me~nber  of Fulmer (1964; (T). in the nionocline north 
of Moiint Diablo. 

Summary: Largely fissile shale to siitstone; some partially siliceous or- 
ganic shale: minor sandbtone, calcite-cemented coneret:ons. and lime- 
stone nodules Most bedrock and mantle ts severely expansive 

Expression in aeriaE photographs: Occupies more resistant intermediate 
topogt~phy than does unit 538; ~ncludes large13 ridges and hillslopes 
rather than swales, but most of unit is fairly nonresistant. Subdued hog- 
back pattern. Consistently subtly banded. especially in more resistant 
areas: most bands are 5-30 ft wide, generally largely dark in tone, and 
thinner light-toned bands are largely 5-10 ft wide* but as much as 30  ft. 

Composition: ( 1 )  Interbedded shale, mudstone, siltstone. and lesser very 
fine grained sandstone. differing chiefly by silt content, fissility, and 
expansivity. (2) Organic shale grading to siltstone, dialcmaceous, par- 
tially siliceous, weathers light gray. (3)  Sandstone, f ~ n e  to medium 
gra~ned, some tuffaceous (4) C~lc~te-celnented concretions and l~mestone 
nodules 

Proport~ons uncertain Our f:eld o b s e r \ a t ~ c ~ s  suggest almost all (about 
90 percent, ccmpositlon i ,  some ( I 0  percent) compos:tlon 2, and m:nor 
sandstone (composition 3; Ciark and Cc~mpbell (1942) and colun~n by 
Fulmer (1964) showed almost entirely siliceous shale. Expression in 
ae r~a l  photographs suggests more than 50  percent compo$ition 1, but 
probablj more than 20 percent composition 2. Concretions and nodules 
minor, but reported to be considerable in s o n e  places (Clark, 1912). 

Hardness: Largely firm where fresh and n'eathered; sonle siliceous or- 
g a x c  shale, is probabl> quite firm to hard (Fulmer, 1964), and scmc or- 
ganic shale and siltstone 1s brittle. Calcite-cenlented concretion5 and 
ncdule? are hard. 

Bedding: Fulmer (1964) called unit thin bedded. Gur observations show 
largely distinct very thin to thin beds or parting, as well zs distinct to 
i2d i s? i~c t  compositicnal changes at thin to very thick (8  ft cr  more;. 
Expression in aerial photographs suggests zones of clayey rock about 
5-30 ft thick between light-tcned zones. w h ~ c h  x e  prdnbly orgmlc shale 
and siltstone. 5-10 ft thick, some as thick as 3(2 ft. Concretions or nod- 
ules as large as medium by 3 ft in length. 

Parting: Present throughout &eathered rock at close to hery clase s p a -  
mg, some moderate Yearly all rndtena1 observed 15 f iss~le  where weath- 
ered, much highiy fissile or platy Probably much has parting at close 
to wide spacing where fresh, but many compositional changes are subtle 
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(ind~stinct;. and so parting in fresh mck prcb~bly  1-:1nges frcm close to 
\,cry 1,\1de (,more than 8 ft).  

Fracture:  Close tc nioderate spacing of' v,eathering fracturc en original 
slase ic  \vide. m(?stly ~ncderate. spacing. Hard concretions and nodules 
have nioderate spacing. Where (~bXrVed, block) fracti~rc at depth be- 
comes o \e r sbx i ,~ \ \ ed  by fiss~lity \vhe~e weathered. \Veather?d rcjck prc- 
duces blanket of c h p s  and s1Iidi plate:;. 

Permeabi!ity: Intergranular perrncabilitj of shale and r ~ ~ i ~ d s t c n e  ~ e s y  low. 
of siltstone and s a n d s t o ~ e  lo\%. Thus, bedrock has large!) very low in- 
tergranulx perl~eabiiity. som: l o ~ v .  Probabl:~ mnle inodrratc to hi$ 
f rx tu rc  perri~eah~iity in shaliow bedrock, 8,s in unit 539. Most mantle 
very lo\\. rnincr to some mcderzte. 

$'+'eathering: To c depth:, greater than 5 ft.  P rcn l ine~~t  fissility dev-elops 
w here wea:hered. 

Surficiai mantle: Largely clayey. ininor to some granular. In traverse at 
sample I~cal i ty  AS20, half is popcorn clay soil, such as sampie AS2GA, 
and half is fluffy clay soil. such as sample AS205, Cncracked thin silty 
so11 ever siltstone at sample locality AS19. 

Expansivity: Most bedrock severely expansive. hlost mantle severely 
expansive, minor to some significantly expanslve to unexpansive. Bed- 
rock samples: AS17B. well-cracked weathered shale, typical, free swell 
13C percent; AS2CC, w,eatl~ered organic siitstone. free swell 97 percent. 
Surficial n ~ a ~ i t l e  san~ples: AS2OA. popcorn clay soil, typical. free swell 
149 percent: AS20B, well-cracked fluffy clay soil, typical. free swell 100 
percent (exaggerated); ASl7A, wcll-cracked to moderiitely cracked clay 
soil, typicai. free swell 133 percent; AS18, dark popcorn clay soil, typi- 
cal, free  well 150 percent. 

Strat igraphic thickness: About 800 ft (Brabb and others, 1971). 
Sources: Bartow, 1985; Brabb and others. 1971 : Clark, 1912, 1918; Clark 

and Can~pbeli,  1942; Colburn, 1961; F u l ~ ~ e r ,  1964: Johnson, 1964: five 
stations. 

GeoIogic unit9 (age), a n d  location: Markley Formation, lower part of 
Sidney Flat Shale blemhcr of Fulmer (1964) (T), in the monocline north 
of Mount Diablo. 

tc 11e mudstone and shale interbedded with sandstone ~ ,comp~s i t ions  1, 
6). the other half  bout e ~ u a l l y  di"~rided areally between nonbxliceocs 
mudstone and shale (co1lipo~itlo1ls 2, 3) and organic shale t,coinpcsitions 
4. 5 ) .  the nonsiliceous rock largely to the east. grading westward to or- 
ganic shale. 

Hardness: Mudstone and shale are firm where fresh and weathered: niost 
sandstcne is weathered to >oft. s o n e  quite firm; silicecus shale hard 
to firni where fresh and weathered: diato~xite firm 10 soft. punky. lcw 
density. 

Bedding; Composition 1 (mudstone and shale interbedded with sandstone) 
shows distinct thin to thick sandstcne beds b e t ~ e e n  mediun~ to 4-ft or 
n x r e  beds cf inudi,tone and shale, Bedding u n k n ~ ~ n  in nonsilicecus 
ixudstcne and s h ~ l e  (co~nposiiicns 2. 3). Some urgmic shale is distinctly 
and rhythn~ically bcdded in thin to medium beds of siliceous shale be- 
tween sin~ilzir thicknesses of nonsiliceous shale, some (diatomite) is prob- 
ably in thick to very thick beds. 

Parting: Probably present in most of unit (inudstone, shale. and siliceous 
siiaie) at very close to moderate spacing. Present in some sand=t A one at 
close spacing, producing platy slabs. ProbakIy wide to very wide spac- 
ing in diatomite, 

Fracture: Prcbably ciose to very close spacing of weathering fracture in 
!nudstone and shale, prcbably on moderate to wide origlnai spacing, At 
spacing similar to bed thickness in sdndstone (largely close to moder- 
ate, probably beme widc), but in quite firm sandstone at moderate spac- 
ing. Probably close to moderate spacing in siliceous shale. unknown in 
diatomite. 

ermeability: Intergranular permeability in mudstone. shale. and siliceous 
shale very low, in sandstone and diatomite low,. Thus% intergranular per- 
meability of bedrock is largely very low, some lo\\', Probably moderate 
fracture permeability in some shallow bedrock, Most mantle very low. 

Weathering: Xo o b s e ~ ~ a t i o n s .  Called deeply weathered. In bedded sili- 
ceous shale. harder beds weather out against interbeds. 

Surficial mantle: Largely clayey. Sample AS2lA is typical soil on cvm- 
position 1 {about me-half of unit): sample AS2lB is typical on compo- 
sitions 2 and 3 (about one-fourth of unit). 

Expansivity: Probably most bedrock severely expansive. some to much 
unexpansive. Most mantle severely expansive. See bedrock samples for 
unit 537. Surficial mantle samples: AS2lA. sandy clay soil, moderately 

Summary:  About half n~udstone and shalt interbedded with lesser sand- cracked, typical, free swell 90 percent; .4S215. silty clay soil. moder- 
stone and half organic siliceous shale and nonsiliceous shale. Most ately cracked. typical. free swell 122 percent. 
niantle and probabl] most bedrock are severely expansi%e. 1 Stratigraphic thickness: tibout 500 ft (Brabb and others, 1?71), 

Expression in aerial photographs: Soft intermediate topography that lacks Sources: Bartow, 1985; Brabb and others, 197 1; Clark, 1912, 191 8; Clark 
ribbing, some landsliding: largely occupies swales and nonresistant a- , and Campbell, 1942; Colbun,  1961: Fulmer. 1964: Johnson, 1964: So- 
eas. In several places includes minor reslstant bands as wide as 20 ft, ~ ciety of Economic Pa leon to log i~ t~  2nd h f i n e r ~ l o g i ~ t s ,  1950: Weaver. 
and in a few other places shows subtle banding 5-20 ft in ~ i d t h .  I 1944; two stations, 

C~rnpos i t ion :  \-arious materials are described in the literature. These are 
different enough from each other and. from our obser\,ations to suggest i 

considerable baridtion along strike, Enit includes: ( I )  !dudstone and ~ hfAP UNIT 539 
&hale ~nierbedded with some io more than half sandstone. Sandstone is , 
medium to coarse grained. poorly sorted, wturated to nearly saturated 
by clay and tuffaceous inaterial. contains pumiceous clasts. Some sand- 
stone is notably clayey, ( 2 )  Mudstone and shale without interbedded 
sandstone. (3 )  Shale, carbonacecus, sandy or argillaceous, ( 4 )  Organic 
shale, light gray, varying from slightly cherty thin beds repetitively in- 
terbedded with clay shale to soft diatoai te  ihdt is somewhat punky 
(Clark. 1912; Clark and Campbell, 1942; Weaver. 1944; Society of Ecc- 
noniic Paleontologists and YIinerdlogists, 1950: Colburn. 1961; Johnson. 
19641, ( 5 )  Fine-grained micaceaus sandstone interbedded ~ ~ t h  thinly 
bedded h a d  sijiceous shale iFu1nler. 1964). (6) Silty sandstone, siltstone. 
and shale (Fulmer. 1964). 

Proportions uncertain. In cur one gcod trdverse (5a1rlple localitj AS21), 
half ih composition 1, half con~positian :; some or more of both mud- 
stone ?.nd shale are present. In Markley Canyon, section by Fulmer 
(1964) shofirs &bout half composition 5. halScompos~tian 6. Also reported 
are some of both compositions 3 and 4. Thus, n8e infer about half of unit 

Geologic unit3 (age), and  location: hldrkley Formation (T),  only In ar ta  
east of Mount D~ablo  Called Kellogg Shale by Clark. and Campbell 
(1942) 

Summary: About equdily abundant clay \hale and organ~c shale m n o r  
sandstone. All rock very fissile. moderate to high f r a c t ~ r e  permeabil~ty 
in much ~vcathered rock. Sekerely expanslve bedrock and mantle, 

Expression in aerial photographs: Low. gently rounded hills. some subtle 
banding 40-100 ft in width. 

Composition: About equally abundant inierbedded clay shale and white- 
weathering, somehhat siliceous, organic silty shale: bath are lan~inated 
and highly fissile. Gypsum crystals abundant in open p:irting m d  frac- 
ture In shale. Clark and Campbell (1942) reported that the appa~ently 
silty rock concans abundant organic remans (radiolarians'?), M ~ n c r  sand- 
stone reported at bdse of unit, 

Hardness: Where weathered, organic silty shale is firm and br~ttle. clay 
shale firin when (dry to soft %hen damp. Fresh rock probably s ~ ~ i l a r .  



Beddmg: Indistinct to distinct 2nterbeddin.g In very thiack ( 4 -  to 25-ft) beds. 
all of which brt: internally Ia~ninated. Sandstone at base of unit reported 
to be 8 ft thick. 

Parting: Pronounced fissility 1i1 both majcl- co~npositions at very close 
spacing: the most prominently fissile uniL observed during :his study 
Clark and Campbell (!942) reported both paper shzle and thinly parted 
shde.  kmjnated &tween partings, 

Fracfure: Srgani: silt) shale ha,; r:>.>deratc to clo?,e ;pacing of \%eather- 
 in^ fracture on nxx3erate f a ]  wide ci-igi~ial spacing. but f is i l i iy  forms 
d(-,~xinmt piares of xeakne:s and breakage. C l ~ y  shale probably 112s 
~r.oderate original spacing, prok,ably close spacing of ~veattxring fr iw 
ture. 

Permeability: I:~tergr~n:~l?.r ?c r~ l~eab~I i ty  of bedrtjck \cry low, minor lo& 
(in sands~cne) .  In we.~:hered organic zh.11e (much cf  unit), moderate tc 
high f r ~ c i u r e  per!neability has c ~ u s e d  rapid drainage of :settling p r i d  at 
.?a!xiple localit:, BHS21; t h i ~  permeability probabl) dcvelops where pai7- 

Geologic unit$9 (age)? and location: Markley Formation and NortonviIIe 
Shale. undivided (T), east of Mount Diablc. 

Summary: Largely shale and organic shale likc unit 539. A band of shdle 
m d  n~udstcne l i k  unit 438. about 30 ft  in stratigraphic thickness, is 
present along southwest boundary ( C l x k  ~ n d  Campbell, 19d2). Minor 
sandstone. 

Permeability: Interrranular permeability of bedrock veq  Ion). ninor  low. 
Moderate t9 high fracture permeability in much shallow rock. Mantle 
very 1o.Jf. 

Surficiai mantle: Clayey. 
Expansivity: Almcst 31l bedrock and !xanfle is severely expansive 
Sources: C l x k  and Canipbell. 1942: one station in unit 539. 

Geologic unity (age)3 and location: Mudst~jne T), in Santa C r u ~  Moun- 
tams n e ~ r  Loma F r ~ e t ~  2nd hfcunt M ~ d q n n 2  

Sun~mary: Largely n~udstone. much L!' which ~ n ~ y  be slightly siiiccous. 
%!in:cr to scme sandstone, of uth~ch some to mo5t is calcite cemented. 
?Aost =antIe is sign~ficantly expans!ve. Appears tt: be mism~pped near 
Sveaci~l, 

Exptession in a ~ r i a i  photographs: Too narron to develop expression. 
Composition: ( 1 )  Mudstone, n i ~ ~ h  of ~.vh!ch may be subporcelaneous (in- 

ferrza frcm hardnez3 and l x k  of free clay in weathered zone). ( 2 )  Shale. 
( 3 )  Sandstone. mcdiun to l:er> coarse gr<:!ned, moderately  ell sorted, 
much g lau~~?ni t i z ,  calcire cemented I L  part. Vaii is largely mudstone, 
mlricr to some shak :  mir!*>r fc soms sandstone. espec~zlly near coc taa  
~51th untt 223.  Of sanci~tcme. s ~ n e  ?'I most is caicite cemented. 

Efardness: 3Iudstcne is Cirm, inwh quite f!riil, whcre weathered and fresh. 
Shale is f11n-i. S~ncisrone i z  f~lifi to soft where we?thered and net ce- 
mented. h ~ d  to quite firm mi~erc cemented. 

edding: L ~ r g e l y  ~ b s e n t  ix ~nudstone, s a x e  ind~stinct 2t \:er) thi,zk. Sand- 
stone beds distinct, med~um :o very thick <iO ft lor mcre), between very 
thick mu6stone. 

Parting: Absent in mudstonc. Fresent in <hale (minor to sonic of unit) at 
very close spacing and on sandstcnc bedding ccn tac t~ .  Thus. IargeIy 
absent. 

Fracture: Mudstone has clcse tc very close spacing of weathering frac- 
t u x  on clcsc to \vide stzined orig~ilal :,pL3cing, Shale probably s ~ f n ~ l a r .  
Sands io~e  ha5 wide. soine very wide (5-ftj. spacing where cemented I;? 

mented beds to !kick. 
Pern~eabiiity: -vfudstone hs verb lm+ intergrdnxlar pcrrneab~~it) and pro& 

zbij m ~ h  lev fractux pern;eab!li~y in shalbv; sock, Sha!e h ~ s  Lery IGIA 
inrcrgranular per~~leabilliy. sai~dstonc 1cv i~ m~xIer:a;e wher: not ~ e -  
rnented. low to low where c e ~ e n t e d .  Thus. intergranulai per~neabii- 

Geologic unit, (age)9 and location: Great 'v alley sequewze. :onglon;erate 
unit (K) ,  only in the East B2.y Hills riear D~ibl in,  

Summary: Briefly seen in field, Conglomerz,tt, aiid minor s&nci:tcne. Most 
ro al~nost  all 111mt1e 1s uncxpms~ve to significa~tiy expansive. 

Expression in aerial photographs: Fornx wc11-ribbed slopes s~iilllar to 
adjacent unit 624. 

Composition: Poorly sorted conzlo~nerate sf well-roundcd to subangular 
pebbIes, cobbles, and lesser boclders in matrix cf poorly sorted silty and 
clayey medium- tc coarse-j~rained sandstone. bluch may ix d c i t e  ce- 
mented where fresh (see unit 601). includes beds and Icnsei, of loosely 
cc~nselidated arkosic sandstone aad s11Ly rnicace~us fine-grained sand- 
stone. Unit is probably almost entirely conglomerate, minor sandztoce. 

Hardness: Some or more conglomerate ~natrix is hard in nea thued  zone, 
inost firm to soft; probzb1y f ~ r m  to hard nhere fre$,h, Most clasts are 
tc firm, some soft. where w~cathered. 

edding: Lxgely very thick; !nonotofious sequence hundreds of feet  hick 
Parting: Largely absent, 
Fracture: Probably largely very wide spacing. 
Perraeability: Lxge l )  low intergranular permeability in bedrcclc, some 

very lcw (where cemented), some moderatc poss~ble especially in ~veatli- 
ered so& (see unit 601). Most mantle moderate. 

1Veathering: Most is weatherd f i r n ~  to sofi to dephs  greatrr than 15 ft, 
probably greaier than 36 f ~ ,  

Snrficial mantle: Largel) granulzr, pcssibly soliic clayey (see unit G I ; .  
Pebbly >and> silty s(>il. such as mnple  Dud. is typical. 

Expansivity: At~nost all bedrock is unexpansivc. X,fc.:t to ainiost a!! rnantle 
is uncxpansive to significantly expansive. Sample DL4. typ~cal  light- 
urown m~ldly cracked soil, free swell 5f5 percent ie:cagger~tcd?). 

Stratigraphic thickness: A\;erage A06 ft. 
Soarces: Hall. 1958: one btatiog. 



Several mapped bodies at least are largely sandstone and some probabl cracked black clay soil, typical at this station. free stvell 102 percent. 
~nclude flysch. Much mantle severely expansive Unit includes minor to some clayey wcathered bedrock like sample SjE2 

of unit 660. free swell 8G percent. 
Sources: California State Water Resources Board. 1955; Crittcnden. 1951: 

Davis and Jenn~ngs. 1954: Templeton. 1912; eight stations. 
termedi~te tcpography that has rounded crests and no ribblng. but shows 
sc:lttered areas of outcrop and resistant rock. p r~bab ly  n l ~ e r e  cemen~ed.  MAP UXIT' 602 

Geologic unit, (age), a n d  location: Great Valley sequence, predominantly 
conglomerate unit (K j ,  only in Santa Cruz hfountains near Sierra Azul. 

S ~ ~ m r n a r y :  Largely conglon~erate. some to locally dominant sandstone and 
mudstone. Conglomerate beds are very thick [tens of feet). A11nost all 
bedrock and mantle is unexpansive. 

Expression in aerial photographs: Hard to ~ntermediate topography, much 
of each, varying onl j  in sharpness of crests. Slopes are largely ribbed 
but spacing is irregular. and many ribs extend only part way up slope. 
Regular pattern of ribbing is interrupted by some outcrop in bands 10- 
20 ft in width (some as much as 50 ft in width) and bare, light-toned 

tive t h ~ n  to inediun~ beds of sandstone between dominant mudstone, areas. 
 omp position: (1) Conglomerate c f  well-rounded clasts, largely pebbles 

and cobbles that average 2-3 in. in diameter (Bailey and Everhart. 1964) 
fou~-th of unit, the remainder being largely sandstone and probably and typically are as much as 4 in. in diameter, but includes minor to some 
flysch. 1 zones of boulders as large as 1 ft in diameter. In most conglomerate, 

Hardness: Conglomerate clasts hard. Conglomerate matrix varies from ~ clasts are tightly packed. C l a m  consist largely of aphanitic to porphy- 
hard where calcite cemented, to firm where uncemented, to soft and 1 ritic mafic and felsic volcanic r w k ,  lesser granitic clasts. Mztrix is me- 
clayey. all present in both fresh and weathered zones. k f a t ~ i x  is prob- dium- to very coarse-grained graylvacke of low permeability similar to i ably largely quite firm to hard where fresh, firm where moderately weath- ; neXbj  unit 647. Include5 minor conglomeratic sandstone. clayey grit. 
ered. firm to soft  where well weathered. Sandstone is hard where ; and sandstone similar to matrix. In many places (Bailey znd Everhafl, 
cemented (fresh) and quite firm to firm weathered, but in many places 19641, especially near faults (,Cummings, 196X), matrix of conglomer- 
remains hard and cemented in the wa thered  zone. ate is cemented by quartz and potassium feldspar. ( 2 )  Safidstone of com- 

Bedding: Mostly absent to very obscure [Crittenden, 1951). In p l x e s ,  1 position similar to conglomerate matrix. interbedded with about equal 
distinct medium to 5-ft sandstone beds are irregularly interbedded with ; 
conglomerate. 

Parting: Mostly absent. No parting on contacts between conglomerate and 
sandstone, Present in flysch at close to x,ide spacing. 

Fracture:  Conglomerate has wide to very ~ , i d e  (1 0-ft) spacing, mostly 3- 
8 f t .  This spacing is effective in fresh and moderately weathered rock, 
but well-weathered rock has effective fracture spacing equal to clast size, 
close to moderate. Sandstone has close to 4-ft spacing, mostly moderate 
to wide. 

Permeability: Very low intergranular permeability in conglomerate where 
cemented, largely low where weathered, but references suggest some 
moderate permeability. probably intergranular, in weathered zone over 
calcite-cemented rock. Sandstone has very low intergranular permeabil- 
ity where cemented, low to moderate where weathered; tlysch low to very 
low. Thus. intergranular permeability of shallow weathered bedrock 
largely low, much moderate; of fresh bedrock. much very low. much low. 
Unit was considered an aquifer by Davis and Jennings (19541 and yields 
some water to domest~c wells (California State Water Resources Board, 
1955): contains numereus small springs (Crittenden, 1951). Probably 
much mantle moderate. much very low to low. 

Weathering: Color change at deprh of about 30 ft. Some hard cemented 
rock extends to within 10-15 ft of ground surface. some crops out, 

Surficial mantle: Granular to clayey. probably much of each. Most soils 
stony. In traverse at sample locality SJE5. about half is uncracked granu- 
lar soil, half is mildly cracked granular to clayey soil like sample SjE.5. 
In traverse between sample localities CVR35 and CVR36. some 
uncracked granulw soil, some clay subsoil (sample CVR35), and some 
clzy soil (sample CVR36;. 

Expansivity: Bedrock is largely unexpansive. Much mantle unexpansive 
to possibly significantly expansive, much severely exp~ns ive .  Samples: 
SJES, mildly cracked sandy clayey soil, typical of much of unit. free 
swell 87 percent (exaggerated?): CVR35, dark pebbly and sandy clay 
subsoil, moderately cracked. free swell 105 percent; CVR36. mildly 

amounts of mudstone. sandy mudstone, and dirty f~ne-grained sandstone 
that has poorly developed weathering fracture. Lnit is largely conglom- 
erate; some sandstone and mudstone, dominant locally, 

Hardness: Congloinerate is largely firm where weathered, some hard to 
quite firm where weathered. Clasts are hrgely hard, some firm. Conglcm- 
erate and sandstone are hard where cemented. Interbedded sandstone and 
conglomeratic sandstone range from soft to hard, but most sandstone is 
firm to hard where weathered, Mudstone and dirty sandstone firm. 

Bedding: Conglomerate occurs in lenticular beds generally more than 10 
ft thick and in many p l a ~ e s  appears unbedded owing to beds many tens 
of feet thick. Conglomeratic sandstone occurs in pods and interbeds to 
thick or more; sandstone and grit interbeds and pods are as thick as 2@ 
ft or more. Where conglomerate is absent or minor, much sandstone and 
mudstone occurs in distinct beds 20 ft or more in thickness, but some 
occurs as medium to thick sandstone between medium to very t h ~ o k  
mudstone.  Beds of cemented conglomerate  are  as  thick as  ? ft 
(Cumnings, 1968). 

parting: Largely absent. Present in mudstone at very close to moderate 
spacing; at contacts between sandstone and mudstone (moderate to 20- 
ft spacing); absent on contacts between sandstone and conglo~nerate. 

Fracture:  In conglomerate. original wide to 5-ft spacing, but in many to 
most places conglomerate is shattered at close to moderate spacing, so 
that effective fracture spacing in weathered rock is close to moderate. 
Blocks of cemented sandstone are as large as 8 ft in diameter (Cummings, 
1968). Sandstone has close io moderate spacing in beds to thick, mod- 
erate to 4-ft spacing in very thick beds. Mudstone has close to very close 
spacing of weathering fracturc on moderate to wide original spacing, and 
dirty sandstone has poorly developed weathering fracture. Cemented 
conglomerate breaks across clasts, uncen~ented  conglomerate breaks 
around clasts: scme is cemented, most uncemented. 

Permeability: Intergranular permeabilitj is low in most of unit (conglom- 
erate. sandstone, and dirty sandstone); very low in somc cf unit (mud- 
stone and cemented rock), but this has low to moderate fracture 
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probably greater than 15 ft. Some areas of bare rock. 
Surficial mantle: Largely granular. 31antle is uncommonly thick in places. 

fncludes some clayey mantle like sample LMP4. 
Expansivity: Alniost all bedrock and mantle is unexpansive. Most soil is 

uncracked. Sample LMP4, red sand-clay slopewash on mudstcne, most 
cia)-ey constituent, c ~ \ ~ e r s  some of unit, free swell 41 percent. 

Sources: Bailey and Everhart. 1964: Cummings. 1968: McLaughlin and 
others. 197 I : three stations. 

permeability in shallow rock. Shallow shattered bedrock (much of unit) (15 percent?) pebbly sandstone. and some (15 percent?) medium bed- 
~ . a y  ha\-e moderate fracture permeability, M o ~ t  mantle moderate. i 

ded sandstone and siltstone. In Duncans %fills 7.5' quadrangle, in addi- 

Weathering: Conglomerate matrlx weathered to depths greater than 5 ft, : tion to conglomerate and 5andstone lithologies. unlt includes flysch 
i sequences 300 ft or more in thickness that consist of intcrbedded me- 

dium-grained sandstone. fine-grained clayey sandstone, siltstone, mud- 
stone. and minor shale. Here f1)sch n~akes  up approxi~natel) 40 percent 
of unit. 

Hardness: Where fresh" conglomerate matrix and sandstone interbeds are 
firm to hard; where weathered they are firm except some soft near ground 
surface Clasts in cong lo~ne~a te  are fractured but hard. and conglomer- 
ate breaks around clasts, All othcr rock is firm both where fresh and 

Geologic unit7 (age), and iocation: Xovato Conglomerate ( K ? ) ,  east of 
Marin highlands near San Pablo Bay. 

Summary: Conglomerate of hard rounded pebbles, cobbles, and some 
boulders in clay- and silt-saturated sandstone matrix, bedded only by 
scattered lenticular sandstone interbeds. Mantle is unexpansive to sig- 
nificantly expansive. 

Composition: Almost all is conglomerate of well-rounded, hard pebbles 
and cobbles that are generally less than 6 in. in diameter, most less than 
3 in., but some boulders as large as 3 ft in diameter; clasts are rhyolite. 
quartz. chert. schist, quartzite, and quartz porphyry. Matrix of conglom- 
erate is medium- to coarse-grained sandstone in ~ j h i c h  interstices are 
saturated by silt and clay. Unit contains minor scattered lenticular 
~nterbeds of sandstone similar to conglomerate matrix. 

Hardness: Where fresh, conglomerate matrix is firm to hard and sand- 
stone is hard. Where weathered, conglomerate matrix and sandstone are 
mostly firm, but soft within about 5 ft of ground surface. Clasts in con- 
glomerate are hard; conglomerate breaks around clasts. 

Bedding: Indistinct, shown only by medium to thick sandstone lenses that 
may be absent in intervals as thick as hundreds of feet. 

Parting: '4bsent. 
Fracture: In conglomerate, indistinct at wide to very wide (6-ft) spacing. 

In sandstone, at moderate to close spacing. 
Permeability: Largely low intergranular permeability in bedrock. some 

very low where fresh, some possibly moderate below shallow rock. Most 
mantle moderate to low. 

Weathering: Gradual color change from buff to gray at 15-30 ft, some 
buff color as deep as 50 ft. 

Surficial mantle: Largely granular. Much free clay near ground surface; 
mantle is reddish stony clayey sand, 

Expansivity: Bedrock unexpansive. Mantle unexpansive to significantly 
expansive, Sample NV5. soil, free swell 58 percent (exaggerated?). 
Mantle is uncracked. 

Stratigraphic thickness: 1,300 ft (Weaver, 1949): 3,000 ft (M.C. Blake, 
Jr, ,  oral commun., 1971). 

Sources: M.C. Blake, Jr.,  oral commun., 1971; Blake and others, 1974; 
Weaver, 1949; two stations. 

MAP UNIT 604 

Geologic unit, (age), and location: Great Valley sequence. conglomerate 
unit (KJ). only in Mendocino highlands. 

Summary: Near Healdsburg. largely conglomerate. some dirty sandstone 
and flysch of sandstone and siltstone. Near Duncans .Mills. much flysch 
in addition to conglomerate and sandstone. Some mantle is significantly 
expansive. 

Composition: In Healdsburg 15' quadrangle, unit includes: Conglomer- 
ate of well-rounded, hard pebbles afid cobbles in clay- and silt-saturated 
sandstone matrix interbedded with scattered lenticular arkosic sandstone: 
very thick (100-ft or more) sequences of pebbly dirty arkosic sandstone; 
and very thick (100-ft) flysch sequences of fine-grained sandstone and 
siltstone. Here unit is largely (70 percent) massive conglomerate, home 

weathered. except shale, ~ n u d ~ t o n e .  and w m e  sandstone b e ~ o ~ n c  scft to 
flrm near gro~md surface 

Bedding: In Inassive conglomerate and pcbbl> sandstone beddmg :s In- 
dlst~nct and reve~led  on15 by medium to t h ~ c k  ~nterbeds that may be 
absent over intervals of hundreds of feet. Near Healdsburg. flysch se- 
quences of sandstone and siltstone are repetitively interbedded at 2-& in. 
Kear Duncans Mills. flysch sequences are bedded mostly at 0.5-8 in., 
sonle beds as thick as 3 ft. 

Parting: Absent in conglomerate and associated sandstone. In flysch se- 
quences near Healdsburg. siltstc~ne develops parting at very close spac- 
ing, sandstone at clcse spacing. Flysch sequences near Duncans Mills 
show parting at moderate ~ p x i n g  along beddmg planes and at close to 
very clcse spacing within fine sandstone. Where weathered. fine sand- 
stone and siltstone develop parallel parting, mudstone weathers spheroi- 
dally. 

Fracture: In conglomerate, indistinct wide to very wide spacing; in asso- 
ciated sandstone. moderate to close spacing, some wide in more mas- 
sive rock. In flysch sequences near Duncans Mills, close to very close 
spacing 

Permeability: Intergranular pe rmeab~l~ ty  of conglomerate and sandstone 
(most of un~t )  to v e o  low where fresh, largel) low and possibly some 
moderate where weathered, of flysch (some of unlt), low to very low, 
but most shallow flysch has low fracture permeab~llty Mo\t mantle 
moderate, some low to very low. 

Weathering: Massive sandstone and conglomerate are weathered to depths 
greater than 40 ft, In flysch sequences, sandstone is weathered to depths 
greater than 10 ft, adjacent finer grained rock to lesser depths. 

Surficial mantle: Largely granular, some clayey. Soil on conglomerate is 
stony, sandy, and silty, little clay. Soil on tlysch near Duncans Mills is 
sandy clay. 

Expansivity: Most to almost all bedrock is unexpansive, sorne may be 
significantly expansive. Most mantle unexpansive, some significantly 
expansive. Samples: HL4. typical sand and silt soil on conglomerate, 
uncracked. free swell 45 percent; GY 17, mildly cracked pebbly clay soil, 
free swell 57 percent; DMl ,  mildly cracked stony sandy slopewash, typi- 
cal, free swell 44 percent: DM3, moderately cracked soil on mudstone, 
most expansive material seen, free swell 59 percent. 

Sources: Blake and others, 1971 ; Gealey, 195 I ;  10 stations. 

Geologic unit, (age), and location: Conglomerate in unnamed unit (TK). 
in Diablo Range east of Santa Clara Valley. 

Summary: Not seen In field. Most is conplomerate and sandstone. See 
description of unit 641 for composition and physical properties. 

Permeability: Intergranular permeability of most bedrock low, minor to 
some moderate; some to much is probably very low, but has low to lo- 
cally moderate fracture permeability in shallow rock. %lost mantle mod- 
erate. 

Surficial mantle: Largely granulzr. 
slve, some Expansivity: Most bedrock unexpansi\e. Most mantle unexpan ' 

may be significantly expansive. 
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MAP I M T  611 

Geoiogic unit, (age), and location: Great ValIey sequence. conglomerate 
unit iK'i. onl) in the East Bay Hills near Hayward. 

Summary; Not seen in field. Dominant composition nuy  be sandsioni;. 
but certainly much conglomerate. In places. conglomerate is well ce- 
mented and crop; out. See un i t  615. 

Expression in aerial photographs; Intermediate topograph; that lacks 
nhbin:;. resi-'itant relative to unzt 6"-!A. In Castro Valley, forms bedrock 
knobs (cemented zcnes !). 

Composition: Reported to consiit of con;;lotrerate. sandstone. and seme 
"arenaceous shale" i Robinson, 1956). Conglomerate consists of pebbles. 
cobbks. and bculders largely pebbles and cobbles, that are subroucded 
ami poorly sorted. most {about 70 percent; hard (Case. 1568). in cla:iey 
sandstone nutrix of which the sand is " f~ i r ly  well rounded and sorted. 
with ccnsiderable clay and biotite" (Robinson. 1955;. Some conslon~er- 
ate is well cemented and crops out. most 1;. not well cemented. Inter- 
bedded ; ; , i r~~s tone  is as (k:;cribed for ccnplomer&ie matrix: ilppaientiy 
l o t  much is cemented. Lnii is probably largeiy sanestone, much CGG- 
glomerate, ,ome " . l i e i l ~ ~ e ~ > u ~  :hale" !nuy be flysch;. 

Hardness: Ccr~glomerate and sand-itoru- ar t  probably firm lo h x d ,  both 
where fresh and neathered. Shale firm. Clasts in conglomerate largely 
hard. 

Bedding: Very thick 14-12 cr  more) beds, distinct. 
Parting; Largely iihs,:nt. Coniacis between ;.and:itone and ccr.!.,lomerate 

prob.ibly are not parting surfaces. Present in shale. 
Permeabiiity: Intergranular permeability in most cf unit isandstone and 

conglomerate) prcbably low to very low where fresh, largely Sow x c  
possibly some moderate where weathered; in soniet?) of unit (shale ~ n d  
c..'mented rock) very lm, but this has low fracture permeability in shal- 
iov; rock. Mantle probably largely moderate. 

Weathtring: Cemented reek hard to outcrop; mcst of unit weathered to 
unknol~n  depth. 

Surficial mantle: Frobably largely granular. Robinson (1956, reported 
sandy soil over a x a ;  thus, probably sand or clayey sand soil similar io 
that on Cretaceous sandstone. 

Expansivity: Probably mo::! bedrock unexpansive. some mzy be sigmfi- 
cantly expansive I shale). Much('?} mantle unexpansive. much('?) signifi- 
cantly expansive. probably minor severcl:~ expansive. See :,ampies for 
units 600-604 and b 15. 

Stratigraphic thickness; As much as i.CCC ft  ,Robinson, i55C);. 
Sources: Case, 196s; Robinson. 1956. 

MAP KNIT 612 

Geologic unit, (age), and location: Great Valley sequence, ccn~lomerate  
unit ( K ) ,  part of Del Valle Formation of Hiill (ISSS),  orly en Sunol Ridge 
in the Eas; Bay Hills and near Del Valle Reservcir south of Livermcre 
Valley. 

3 7  Summary: :\st seen in field. Interbedded sandstone and con&lomeratc. 
unexpa~sivc sandy mantle. 

Expression in aerial photographs: Near Dei Valie Reservoir, k rge l l  
unexpressed in topography. but forms protruding sharp r i d s  in one place. 
On Sunol Ridge, expression is similar to adjacent unit 64-i. 

Composition: Conglomerate and sandstone. Conglomerate consists of well- 
rounded to subrounded highly polished pebbles i-nd cobbles that aver- 
age 1-7 in. in diameter (Hall. 1558;, 2-5 in. (Huey, 1^48;, in plentiful 
sandstone matrix 8 Kuev. 1943). ~.~'hich is liirgeb dirt) and poor!? sorted 
iriall, 1958). Sandstone likewise is large?, dirt) and poorly sorted (Hal!. 
l ^5S ) .  Probably mincr tc sc'rnc reek is calciie cemented. 

Lnit probably ccnsi:ta of much sandstorm: and much con<loiiierate, 
K u q  11948) reported 10.50 ft  of ccnglomer.ite between sandstcne ic our 
mapped unit near Del Valie R e s e i ~ o i r  that is about 200 it thick. 

Hardness: Sandstone matrix soft to hard (Hall, 1958). 

edding: On Sunol Ridge, 50- :o 100-i't beds of alternating sandstone and 
conglomerate (Hall. 1958). Near Del Valle Reservoir, 10- to 5C-t't bed 
of conglomerate between sandstone (Hney. 1948). 

Parting; Larrely absent. 
Permeability: Intergranular permeability of bedrock lcw to moderate. 

probably much of each: minor to some'?; very low. but this hiis law fra-c- 
u r e  permeability in shallow rock. Mantle moderate. 

Surficiai mantle: Granular. Pebbl) sandy silty soil is typical. 
Expansivity: Aimo-.t all bedrock and mantle is unexpans i \~ .  
Stratigraphic thickness: On Suncl Ridge. 630-700 f t  (Hull, 1953'; near 

Dei Valk Reservoir. conglomerate is 10-50 ft thick (Huey. 194'3; within 
thicker m:ip unit. 

Sources: Hall. 195&: Huey (1948) described only the area near Del Valie 
Reservoir. 

MAP L-MT 613 

Geologic unit, (age), and location; Strata of S(cv-arts Point 'K) .  near 
Sonoma County coast. 

Summary: Sandsrcne. ccf~iomr.riiti;, and iesiicr mudircne. Most So ainics? 
511 bedrock and mantle is unexpansive 

Composition: Sandstone. ccnglciricrate. ind lcs:,er mudstone. Sandstone 
is typically medium to coarse grinned and moderately sorted. Coi?g;cm- 
erate i:i Lirgely of cobbles and some bcclders in i.andstcne matrix: c!~;ts 
are siliceous porphyritic volcanic rcck and s i l i c~oc :~  fke-griyned granitic 
rcck. Muditone senerail:* occurs as minor inierbcds. Unit probably ccn- 
sists of much s;'.nc;sl.:ne, much congior~er.ite. miner to some minJs!one. 

Hardness; Fresh rock hard. moderately weathered rock firm tc hard. 
Bedding: Distinct. sandstone largely thick tc very thick {iO-15 ft'?}, lo- 

cally thinner; conglomerate beds thick to very thick ( ^ G  f t ? ) ;  mudstone 
interbeds probably mostly very thin to thin. acme medium, but local 12- 

tervah. as thick 2s 200 ft. 
Parting: Mudstcne is not fissile. 
Fracture: In rift l.,alk"), shattered at close to moderite spacing: elsewhere 

uncert;iin, probabi} wide to very wide spacing. lccally moderate, in sand- 
stone and conglomerate. 

Permeability; Sandstone and consJoir-crate (most of unn) have vc iy  lev,' 
to lew intergranu'iar permeability where fresh, probubly low ( to nfcder- 
ate?) where weathered. in rift ~ ~ i l l e y ,  much shallow reek may have mod- 
erate friicture permeabilit:,. Mudi t ' x~e  . minor to seme of unit) hus very 
low intergranular permeability. 1c.w fracture permeabiluy in shallcv, rock. 
Most to a l ~ i i ~ s i  J l  mantle moderate. 

Weathering: N o  observations of severely v'eahered rock. but probably 
firm to scft. 

Surficial mantle: Most to almost all is granuhr. 
Expansivity: Mcst to almost .ill bedrock and mantle unexpansive, minor 

to some probably bignificantl! expansive. See sample for unit 666. 
Stratigraphic thickness: 4.4CC f! 
Sources: Blake and others. 1971; Wentworth. 1966: three stations. 

MAP FNIT 614 

C-eoiogie unit, (age?. and location: Redvicod Canyon Fcrmaticn. cc11- 
gicmerate member iK). in the East B:y Hills nezr L'pper San Lezndro 
Reservoir 

Summary: Not seen in field Conglomerate 2nd prcbably more abundant 
sandstone. Mantle large!> gi\-inuli:r. Ha:n (1952, reported that conglom- 
erate forms t o p g r a ~ h i c  hi& 

Composition: Coneiomeratc an2 iii~erbedded sandstone: -in-it as napped 
is prcbabi;g lur:;el', sandstone. Fossibl> mincr silistone and rni:dstone. 
General character probably similar tc unit 615. Congi,>meraii; .consists 
of well-rounded cobbses and boulders. commonly as large as 2 i't in di- 
ameter. in matrix of  coarse-grained, p^cri> '.cried s-i.-id 2.r.d s ~ l i .  Ccn- 
glomerate is firmi! cemented by iron oxide and less comrncnly bl' 
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carbonate Interbedded sandstone is probably medium to coarse grained MAP ENIT 616 

and similar to sandstone in unit 630 
Hardness: Conglomerate clasts hard. Conglomerate is described as firmly 

cemented and requires blasting for quarrying; thus, probably most hard, 
some firm. Sandstone probably largely hard where fresh and weathered 
(see unit 630). 

Bedding: Conglomerate occurs in lenticular beds that are prob'ibly thick 
to very thick (as  much as 20 ft or more). Sandstone beds probably me- 
dium to very thick (as much ds 5 0  ft or more). Mudstone and siltstone. 
if present. largely thin to thick. 

Parting: Probablj largely absent. 
Fracture: In conglomerate, spacing probably wide to very wide (as much 

as 5 ft or more); in sandstone. probably some close to moderate, larc,ely 
wide to 6 ft. 

Permeability; 1ritergrar.ular permeabilily of bedrock largely low to very 
lew,  possibly some moderate to high; most bedrock probably has low 
total permeabiliky in shallow rock. Most mantle moderate. 

Surficiai mantle: Largely granular. 
Expansivity; Almost all bedrock unexpansivc. Almost all mantle 

unexpansive to significantly expansive. See samples for unit 630. 
Stratigraphic thickness: Ham (1952) reported maximum thickness of 50 

ft; our unit shews outcrop width of as much as 600 ft 
Source: Ham. 1932.. 

MAP UNIT 615 

Geologic unit. (w), and location: Oakland Conglomerate (K) ,  in the East 
B,)) Hills near Oakland 

Summary: Conglomerate, interbedded with sandstone and minor shale. 
No blasting anticipated by Radbruch (1969). Bedrock and most mantle 
unexpansive. 

Composition: Conglomerate. interbedded with sandstone and minor shale 
especially near top of section. Conglomerate consists of hard, well- 
rounded and polished pebbles, cobbles, and less commonly boulders as 
much as 18 in. long, most 1-8 in. Matrix is largely medium- to coarse- 
grained sandstone that is poorly sorted and ranges from clay- and silt- 
saturated to undersaturated; some matrix is fairly clean. Rock breaks 
around cobbles. Interbedded sandstone is like conglomerate matrix and 
consists of fine- to coarse-grained sand in silt and clay matrix. L'nit prob- 
ably includes much of both conglomerate and sandstone. 

Hardness: Weathered conglomerate has hard clasts. firm matrix. Sand- 
stone probably firm to hard where fresh and weathered. 

Bedding: Con~lonierate occurs as lenticular. distinct medium to very thick 
(as much as 25-ft or more) beds. most very thick (as much as 10 ft), 
interbedded with sandstone in medium to very thick (as much a$ 50-ft 
cr  more) beds. Shale thin to thick. See section by Case (1963). 

Parting: Largely absent, locally present at shale cr  fine-grained sandstone 
interbeds. 

Fracture: None observed. Probably wide to very wide in conglomerate, 
similar to unit 603. Rock breaks around cobbles: many cobbles fractured 
internally. Sandstone probably fractured largely at close to %ide spac- 
ing, similar to other Cretaceous sandstone. 

Permeability: Interganuliir permeability of bedrock largely low, some 
moderate, some very low (cemented rock). Most to almost all mantle 
moderare. 

Weathering: To depths greater than 30 ft: Radbruch i 1969) reported that 
%eathering extends as deep as 20 ft. 

Surficial mantle: Most to almost all is granular. Radbruch (1969; reported 
thai soil is generally sparse or absent. Mostly uncracked sandy and silty 
soil. 

Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive, 
some probabb significantly expansive. Sample OE40. typical uncracked 
pebbly granular soil, free swell 43 percent. 

Stratigraphic thickness: 200-2.000 it,  average about 900 fl (Case, 1968), 
Sources: Case, 1963, 1968; Lawson. 1914; Radbruch, 1969; two stations. 

Geoiogic unit, (age), and location: Conglomerate (KJ), in the East Ba:- 
Hills near Hayward. 

Summary: Probably much conglomerate, much sandstone, minor shale. 
Most mantle unexpansive to significantly expansive. 

Expression in aerial photographs: Narrow band of resistant intermedi- 
ate topography that lacks ribbing. Largely light tone. Some handing evi- 
dent. may be trace*: of Hayward fault. Includes boldly outcropping bluffs 
in places. 

Composition: ( 1 )  Conglomerate. much poorly sorted, of subrounded 
pebbles and cobbles in largely poorly sorted matrix of either shale or 
dirty, low permeability sandstone. Some crops out. (2; Sandstone as 
described for unit 635,  much cf which may be pebbly. i 3 i  Shale. Pro- 
portions unknown: probably much conglomerate, much sandstone. mi- 
nor shale. 

Hardness: Clasts in conglomerate lareel) hard. Sand) conglomerate ina- 
trix is to fir111 where fresh, weathers firm; shale miitrix probably 
similar. Sandstone hard where fresh, hard to firm where weathered. 

Bedding: Distinct thick to very thick (as much as nearly 50-ft) beds of 
conglomerate and sandstone. Robinson (195fc; reported thick to very 
thick (4-ft) pebbly sandstone interbedded with conglomerate and shale, 

Parting: Largely absent, including at distinct contacts between sandstone 
and conglomerate. 

Fracture: Spacing in conglomerate is moderate to very wide (4 ft or more), 
largely wide. Sandstone has close to n ~ o d e r ~ t e  spacing. 

Permeability: Intergranular permeability of bedrock low to very low where 
fresh. Where weathered, largely low: minor to some is very low, but has 
low fracture permeability in shallow rock. Most mantle moderate. 

Weathering: Conglomerate matrix weathered firm to depth of about 20 ft. 
Surficial mantle: Largely granular. Typical soil consits of sand, silt, and 

pebbles: some is clayey sand or sandy clay. 
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive 

to significantly expansive. Samples: NWK2, very mildly cracked granu- 
lar soil and ~ lopewa '~h .  typical, free swell 51 percent; NL21. verv mildly 
cracked granular soil, typical at this station. free swell 66 percent (ex- 
aggerated?). 

Sources: Rubinson, 1956; three stations. 

MAP UNIT 620 

Geologic unit. (age), and location: Mapped sandstone in unnamed unit 
(TK). in Diablo Range east of Santa Clara Valley. 

Summary: Largely sandstone, some mndstone. See description of unit 641 
for composition and physical properties. 

Permeability: intergranular permeability of bedrock largely low, minor 
to possibly some moderate; some to much is very low. but has low to 
locally moderate fracture permeabilit) in shallow rock. Most mantle mod- 
erate. probably some low. 

Surficial mantle: Largely granular. 
Expansivity: Most bedrock and mantle are unexpansive, some of each may 

be significantly expansive. 

MAP UNIT 621 

Geologic unit, (age), and location: Great Valley sequence, predominantly 
sandstone unit in unnamed sandstone and shale (K j .  near Mount Diablo. 

Summary: Sandstone makes up 50.30 percent or more of unit. the remain- 
der being mudstone intervals. Much sandstone approaches moderate in- 
tergranular permeability. Sandstone beds largely medium to 6 ft Mantle 
is clayey sand; most is unexpansive tc significantly expansive. 

Expression in aerial photographs: Mostly forms sharp. dramatic hog- 
back that shows some ribbing; hard topography. Sandstone bands are as 
wide as 50 ft. most as wide as 30 ft, one as wide as 200 ft at edge of 
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hogback, between dark-toned bands of similar or lesser width. Includes 
some lumpy intermediate topography, largely light in tone, on crest. 

Composition: ( 1 )  Sandstone, wacke to arenite (Colburn, 1964), largely 
medium grained, moderately well sorted, (Takes somewhat where ex- 
tremely weathered. Includes calcite-cemented concretions. ( 2 )  Mudstone 
intervals, consisting of interbedded mudstone and siltstone, lesser shale 
1,vie~thers fissile). Lnit is 50-80 percent or more sandstone. Mudstone 
intervals consist of much of both mudstone and siltstone, lesser shale. 

Hardness: Sandstone is largely quite firm to hard where weathered, prob- 
ably similar where fresh: ringing hard where calcite cemented. Most 
mudstone is firm and siltstone hard, where fresh and weathered. 

Bedding: Distinct. Varies from (a )  largely medium to 8-ft sandstone beds 
between medium to 4-ft mudstone intervals to (b)  very thick bedded (10- 
to 30-ft or more) sandstone broken by very thin partings into medium 
to thick beds. On photographs, zones of dominant sandstone as thick as 
30 ft. one as thick as 200 ft, between rnudstone intervals of similar thick- 
ness. Mudstone intervals 50 ft or more in thickness observed in field. 
Mudstone intervals are very thin to medium bedded, indistinctly to dis- 
tinctly. Much sandstone in beds to thick is laminated and shows part- 
ing. 

Parting: Present at distinct bedding planes (largely moderate to 4 ft. but 
as much as 6 ft); within medium to thick laminated sandstone beds at 
close spacing; and within rnudstone intervals mostly at close to very close 
spacing, some moderate. Some rock in mudstone intervals is fissile where 
weathered, most is not. 

Fracture: In sandstone, spacing ranges from moderate to 6 ft, most mod- 
erate or - to 4 ft; spacing ranges from similar to bed thickness to 
greater than bed thickness by one-half. Concretions as large as 6 ft in 
diameter. Close to very close spacing of weathering fracture in mudstone 
intervals. 

Permeability: Intergranular permeability of sandstone (most of unit) 
largely low, much approaching moderate. possibly some very low where 
fresh: of mudstone intervals (some to much of unit) very low to low, 
but most have low fracture permeability in shallow rock. Some springs 
reported. Mantle largely moderate, some to much low to very low. 

Weathering: Sandstone weathered to depths greater than 25 ft, probably 
25-35 ft. In mudstone intervals, some rock weathers fissile. most does 
not. 

Surficial mantle: Largely granular. Clayey sand soil and subsoil. 
Expansivity: Most bedrock unexpansive, some to much expansive. Much 

mantle significantly expansive, much unexpansive, probably minor to 
some severely expansive. Soil and subsoil very mildly cracked. Sample 
BHS10, reddish clayey sand subsoil, typical, free swell 58 percent (ex- 
aggerated). Mantle is similar to sample AS40, clayey sand soil on unit 
652, very mildly cracked, typical, free swell 70 percent (exaggerated). 

Sources: Briggs, 1953b; Colburn, 1962, 1964; two stations. 

MAP UNIT 622 

Geologic unit, (age), and location: Great Valley sequence. predominantly 
sandstone unit (K),  only in the East Bay Hills near Martinez and east of 
Livermore Valley near Tesla. 

Summary: Largely sandstone, probably some to much mudstone. Expo- 
sure near Tesla not seen in field. described as "principally massive and 
concretionary sandstone with minor amounts of shale" (Huey, 1948). 
Specifics of description below apply only to area near Martinez. Mate- 
rials near Tesia are similar to those described below and to unit 621. 

Expression in aerial photographs: Near Martinez. resistant unit that is 
not thick enough to form distinctive topography. 

Composition: (1) Relatively clean sandstone that is medium to some coarse 
grained, moderately to poorly sorted, interstices filled to nearly filled 
by silt and clay. (2) Fine- to medium-grained, high-matrix sandstone, 
some approaching poorly sorted sandy siltstone, interbedded with less 
abundant, fine-grained, well-sorted to moderately well sorted sandstone 

that is micaceous (3) Mudstone, siltstone, and shale. much containing 
thin sandstone interbeds (4) Concretions 

In exposed 100 ft out of about 300-ft section near Martinez. 70 per- 
cent is composition 1, 30 percent composition 2.  Lnexposed 200 ft of 
section underlies less resistant hillside approaching a drainage and is 
probably made up of compositions 2 and 3. Near both Martinez and 
Tesla. unit is probably largely sandstone (compositions 1 and 2), some 
to much mudstone (composition 3), probably minor concretions, 

Hardness: Very thick beds of relatively clean sandstone are firm approach- 
ing hard where weathered. interbedded high-matrix sandstone sequences 
are firm where fresh and weathered Mudstone has firm pieces 

Bedding: Exposure near Martinez has very thick (20- to 40-ft) beds of 
relatively clean sandstone (composition 1) between intervals of thick to 
very thick (6-i't) interbedded high-matrix sandstone (composition 2). All 
beds distinct. 

Parting: Observed only on bedding planes. In mudstone, probably close 
to very close spacing, some moderate. 

Fracture: Moderate to wide spacing, some as much as 5 ft, in very thick 
bedded relatively clean sandstone. Interbedded high-matrix sandstone has 
moderate to wide original spacing and much has close to very close spac- 
ing of weathering fracture. Mudstone intervals are probably similar to 
high-matrix sandstone except all has weathering fracture. 

Permeability: Intergranular permeability largely low in sandstone, some 
approaching moderate, probably some very low where fresh; very low 
in mudstone, but much shallow mudstone has low fracture permeabil- 
ity; very low in cemented rock. Thus, intergranular permeability of bed- 
rock largely low, probably some moderate, some to much very low; some 
low fracture permeability in shallow bedrock. Most mantle moderate, 
some to much low to very low. 

Weathering: Very thick sandstone weathered to depths greater than 30- 
40 ft. High-matrix sandstone in interbedded intervals is partly fresh (away 
from fractures) at depths of about 25-30 ft. 

Surficial mantle: Largely granular. Clayey and silty sand soils. 
Expansivity: Probably most bedrock is unexpansive, some to much ex- 

pansive. Probably most mantle unexpansive to significantly expansive, 
some may be severely expansive. See samples for units 621 and 683. 

Sources: Briggs, 1953b; Huey, 1948; Lawson, 1914; one station. 

MAP UNIT 623 

Geologic unit, (age), and location: Great Valley sequence. sandstone unit 
(K), only in Diablo Range south of Sunol Valley. 

Summary: Briefly seen in field. Unit is a northward extension of unit 660, 
but is distinguished from unit 664, which also is a northward extension 
of unit 660. Assume unit to be largely sandstone, as in unit 626, but some 
to much shale, mudstone, and siltstone interbeds. Bedrock and mantle 
are probably largely unexpansive. 

Expression in aerial photographs: Mostly intermediate topography, some 
hard; most is ribbed, but crests vary in rounding. 

Composition: Fine- to coarse-grained sandstone that contains more than 
10 percent clay, about 5 percent biotite, and some carbonaceous mate- 
rial; well-indurated, calcite cement not as common as silica and clay 
cement (Hall, 1958). Lesser mudstone, shale, and siltstone interbeds. Unit 
is probably largely sandstone. some calcite cemented; some to much 
mudstone, shale, and siltstone. 

Hardness: Sandstone is hard to firm where fresh and weathered. Inter- 
bedded clayey rock has hard to firm pieces. 

Bedding: Distinct, medium to very thick (25-ft) sandstone beds between 
clayey interbeds of similar thickness. 

Parting: At distinct bedding planes (moderate to very wide spacing). Also - .  

within some to much very thick sandstone. but some to most very thick 
sandstone retains spacing greater than 10 ft. 

Fracture: Most sandstone beds less than 6 ft in thickness have close to 
wide spacing, but beds thicker than 6 ft have much very wide spacing 
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(as wide as 5 ft. some as wide as 10 ft). Interbedded clayey rock has 
weathering fracture at close to very close spacing. 

Permeability: Intergranular permeability of most sandstone low, cemented 
sandstone and mudstone very low; thus. much bedrock low, much very 
low. Low fracture permeability in most shallow mudstone, low to locally 
moderate in shallow cemented sandstone. Probably most mantle moder- 
ate, some to much low to very low 

Weathering: Sandstone is generally weathered to depth of about 30 ft, 
some to only 10 ft, some crops out fresh or nearly fresh. 

Surficial mantle: Probably largely granular. some to much clayey, Typi- 
cally sandy soil similar to that on Cretaceous sandstone. 

Expansivity: Probably most bedrock unexpansive, some may be expan- 
sive. Probably most mantle unexpansive, some to much significantly 
expansive, minor to some severely expansive. 

Sources: Hall, 1958; one station. 

MAP UNIT 624 

Geologic unit, (age), and location: Great Valley sequence, sandstone and 
shale unit (K), only near Crockett at north end of the East Bay Hills. 

Summary: Sandstone in very thick (25- to 60-ft) beds between very thick 
(30- to 50-ft) intervals of thin to thickly interbedded mudstone and sand- 
stone; occurs as fault-bounded slice along Franklin fault. Surprisingly 
soft fresh sandstone. Most bedrock and mantle is unexpansive. 

Composition: Sandstone is poorly sorted, fine to coarse grained, mostly 
fine to medium grained, much clean, some silty; looks different in dif- 
ferent exposures. Contains calcite- and limonite-cemented concretions 
as large as 4 ft spheroids or elongate thick concretions as much as 10 ft 
in length. Interbedded material is mudstone. Thin to thick beds of sand- 
stone interbedded with mudstone are silty and fine grained. Unit is 
largely sandstone, some to much mudstone. 

Hardness: Sandstone soft where fresh in deep freeway cut. firm where 
weathered. Mudstone has firm pieces, nearly soft. Concretions in sand- 
stone are hard. 

Bedding: Distinct very thick (25- to 60-ft) beds of sandstone between very 
thick (30- to 50-ft) intervals of thin to thickly interbedded sandstone and 
mudstone. 

Parting: At contacts between sandstone and mudstone. 
Fracture: In sandstone, wide spacing where weathered, absent where fresh. 

Mudstone fractured at close to very close spacing. Some large concre- 
tions fractured at moderate to wide spacing. 

Permeability: Intergranular permeability of sandstone (most of unit) low 
to high, low where weathered, moderate to high where fresh; of mud- 
stone (some to much of unit) largely very low. Probably most mudstone 
has low fracture permeability in shallow rock. Most mantle moderate. 

Weathering: Sandstone weathered to depths greater than 50 ft. 
Surficial mantle: Largely granular. 
Expansivity: Most bedrock unexpansive, some to much (mudstone) may 

be expansive. Most mantle unexpansive. No samples, no evidence of 
expansivity. 

Sources: Two stations. 

MAP UNIT 625 

Geologic unit, (age), and location: Great Valley sequence, predominantly 
sandstone unit (K), only in the Santa Teresa Hills south of San Jose, 

Summary: Largely sandstone, most in very thick beds; case hardens from 
firm internally to quite firm on surface, thus difficult to excavate. L'sed 
for building stone (dimension stone) at Stanford University and else- 
where. Much has moderate intergranular permeability. Most bedrock and 
mantle unexpansive. 

Expression in aerial photographs: Resistant intermediate topography, 
largely smooth and lacking ribbing; steep brush-covered slopes and some 
large areas of bold outcrop. 

Composition: ( 1 )  Sandstone, largely medium to coarse grained, ranging 
from fine to coarse grained, much including scattered very coarse grains, 
somewhat silty (less than 5 percent), moderately to moderately well 
sorted According to Bailey and Everhart (1964). rock is arkosic sand- 
stone of 50-75 percent quartz and as much as 30 percent feldspar, uni- 
form. homogeneous. most grains subangular, containing iron oxide and 
clay cement in small amounts. Sandstone case hardens because of con- 
centration of iron oxide in surficial 1 in. of rock (Bailey and Everhart, 
1964). Sandstone is calcite cemented in some places and pebbly in places. 
(2) Interbeds of shale, mudstone. siltstone, and high-matrix very fine 
grained sandstone. Unit is probably largely sandstone, some clayey 
interbeds; locally dominant clayey rock. 

Hardness: Where weathered. sandstone is firm approaching hard on case 
hardened surface. firm and nearly friable inside; all of sandstone prob- 
ably firm fresh. Calcite-cemented sandstone is hard. Clayey rock firm 
where fresh and weathered. 

Bedding: Distinct, broadly lenticular sandstone beds range from medium 
to more than 20 ft in thickness, most beds probably less than 8 ft thick, 
between very thin to medium or thicker clayey interbeds, zones of shale 
chips. or pebbly layers. Some intervals as thick as 50 ft or more consist 
of almost entirely sandstone in 20-ft beds; some zones of medium to thick 
sandstone are interbedded with some clayey rock. 

Parting: Present on distinct bedding planes and within some clayey 
interbeds. No parting on pebbly layers. 

Fracture: In very thick sandstone, major fractures or joints have spacing 
of 4-12 ft, 8 ft or more according to Bailey and Everhart (1964); these 
are about perpendicular to bedding and regular in orientation (rectilin- 
ear). Spacing of fractures between major joints ranges from moderate to 
12 ft, most wide to 4 ft. Sandstone in beds to thick have moderate to 
wide spacing. Clayey interbeds have close to very close spacing of weath- 
ering fracture. Some joint-defined blocks as large as 40 ft in diameter. 
Large and very large blocks occupy ground surface in many parts of unit. 

Permeability: Sandstone has low to moderate intergranular permeability, 
clayey rock low to very low: thus, probably much bedrock moderate, 
much low, minor to some very low. Much shallow clayey rock has low 
fracture permeability. Bedrock of unit was noted as permeable by Cali- 
fornia State Water Resources Board (1955); some wells yield 15-40 gall 
min from fresh sandstone. Most mantle moderate. 

Weathering: Sandstone is weathered to depths greater than 50 ft, greater 
than 30 ft according to Bailey and Everhart (1964). Case hardens, many 
outcrops. 

Surficial mantle: Largely granular. Uncracked sand soil observed over 
most of unit. 

Expansivity: Most bedrock and mantle unexpansive, some of each may 
be expansive. See unit 661. 

Stratigraphic thickness: Thickness of Great Valley sequence (including 
unit 661) 1,200 ft or more (Bailey and Everhart, 1964). 

Sources: Bailey and Everhart, 1964; California State Water Resources 
Board, 1955; Davis and Jennings, 1954; four stations. 

MAP UNIT 626 

Geologic unit, (age), and location: Great Valley sequence, predominantly 
sandstone unit (K), only in Diablo Range south from Calaveras Reser- 
voir. 

Summary: Bodies of dominant sandstone within and adjacent to unit 660. 
Most is sandstone; some interbeds of mudstone, shale, flysch, and clayey 
sandstone. Most bedrock and mantle unexpansive. 

Expression in aerial photographs: No continuous expression in most 
places. In places, forms resistant intermediate topography of prominent 
massive bumps that largely lack ribbing. 

Composition: Sandstone, arkosic. fine to coarse grained, mostly medium 
grained, some or more is poorly sorted and has angular grains (Crit- 
tenden, 1951); some to much is cemented by calcite or brown carbon- 
ate. Sandstone may have abundant biotite and may include conglomerate, 
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pebble to boulder. in places (Gilbert, 1943). Brown wrinkled biotite is 
conspicuous and typical (Crittenden, 1951). Sandstone is interbedded 
with lesser clayey rock that includes mudstone. shale, and flysch simi- 
lar to unit 660 and clayey sandstone. Unit is largely sandstone, in places 
almost all sandstone. but in places includes as much as 50 percent inter- 
bedded clajey rock. 

Hardness: Sandstone is hard where fresh, especially hard where cemented: 
hard to firm, much quite firm. where weathered. Interbedded clayey rock 
has firm to hard pieces 

Bedding: Distinct sandstone beds, \ ariable in thickness from mc?stly me- 
dium and thick in some areas t.; thick and very thick (as much as 50 ft) 
in ether areas, even within single mapped body. Intervals of clayey rock 
are mostly thin to thick. scme Â¥ver thick, 

Parting: Present at bedding plaries. moderate to very wide (as much as 
50-ft) spacing, and within scme sandstone at close spacing. Mostly 
present at close to moderate spacing in interbedded clayey rock. 

Fracture: Variable in sandstone, ranging from close to very wide (10-ft) 
spacing; related to bed thickness in that beds thicker than 6 ft h<ive much 
very wide spacing. Most sandstone has close to wide spacing except 
where beds are thicker than 6 ft. Clayej interbedded rock generally has 
weathering fracture at close to bery close spacing 

Permeability: Sandstone (most of unit) has largely low intergranular per- 
meability. very low where calcite cemented, much very low where, fresh; 
fracture permeability low to possibly moderate in shallow cemented rock. 
Mudstone (some of unit) has very low intergranular permeability, much 
has low fracture permeability in shallow rock. Most mantle moderate, 
some low to very low. 

Weathering: Some sandstone crops out fresh or nearly fresh, other sand- 
stone is weathered to depths greater than 8 ft and is firm. Weathering 
makes little difference in hardness of most sandstone in this unit. 

Surficial mantle: Largely granular, some clayey (sandy clay). 
Expansivity: Most bedrock unexpansive, some significantly expansive. 

Most mantle unexpansive, some significantly expansive, possibly minor 
severely expansive. Soil is generally less expansive than that of adja- 
cent unit 660 and unit 641. No samples. 

Sources: Crittenden. 1951; Gilbert, 1943; four stations. 

MAP UNIT 627 

Geologic unit, (age), and location: Great Valley sequence, sandstone unit 
(K). only east of Martinez in vicinity of Concord. Includes lower pan 
of Vine Hill Sandstone of Weaver I 1953). 

Summary: Includes much of both very firm. low permeability sandstone, 
much in very thick beds, and firm silty sandstone to sandy siltstone; 
minor to some shale and mudstone. Most mantle unexpansive to signifi- 
cant11 expansive 

Expression in aerial photographs: Contrasting expression. in places sharp 
hard ridge, in other places swale topography 

Composition: (1) Sandstone, fine to medium grained, moderately to mod- 
erately well sorted. at least in part probably tuffaceous. containing scat- 
tered to abundant concretions, ( 2 )  High-matrix, silty. very fine grained 
sandstone that grades to sand) siltstone. scales where weathered. (3) 
Shale and mudstone. Exposures are largely sandstone (composition 1): 
covered areas are less resistant rock, probably largely siltj sandstone 
(composition 2 )  and minor to some mudstone and shale (,as in unit 665) 
\c mudstone or shale noted in field: minor shale in section b j  Weaver 
i\l953j. 

Hardness: Where weathered and probably where fresh. sandstone is good 
and firm or quite firm, scme looks really tough: no evidence of blast- 
ing, but looks difficult to rip. Silty sandstone is firm where fresh and 
weathered. Concretions are hard 

Bedding: Distinct. Sandstone (composition 1) occurs both as very thick 
beds (as much as 40 ft or more) and as thick to \cry thick (10-ft) beds. 
mostly about 6 ft. between thin to medium interbeds. Silty sandstone 
composition 2 )  occurs in unbedded intervals tens of feet thick; Weaver 

shows some bedding at 10- to 150-ft intervals. Concretions large 10 4 ft 
in diameter. 

Parting: Present only at distinct bedding planes, except a couple of part- 
ings within one \cry thick (40-ft) sandstone bed. 

Fracture: In sandstone (compositioii 1). largely to moderate spac- 
ing. some \ery wide (5 i t ) .  Siltj  sandstone (conlposition 2)  has close to 
moderate spacing. Many fractures in sandstone are tight. 

Permeability: Intergranular permeability of sandstone (composition 1) low 
to possibly some moderate, silty sandstone (composition 2)  low to very 
low. mudstone and shale very low. Thus, intergranular permeability of 
most bedrock low, possibly some moderate. some very low. Most mantle 
moderate. 

Weathering: Sandstone is weathered to buff color to depths of more than 
25 ft. mostly to depths of more than 30 ft. In silty sandstone, color change 
from buff to dark gray occurs as deep as 15-25 ft. 

Surficial mantle: Largelj granular. 
Expansivity: Bedrock probably largely unexpansive. minor to some may 

be expansive. Most mantle unexpansive to significantly expansive. 
Sample PC14. sandy silt soil, probably typical. free swell 50 percent 
(exaggerated). 

Sources: Weaver, 1953; three stations. 

MAP LMT 628 

Geologic unit, (age), and location: Deer Valley Formation of Colburn 
(1964, (K),  east of Mount Diablo 

Summary: Most is clean to silty sandstone. some clayey sandstone Much 
is bery thick bedded (10 ft or more). much thin to thickly bedded and 
(01,) parted. In places, hard concretions as large as 10 ft in diameter and 
cemented beds to thick or more. Clean sandstone has moderate inter- 
granular permeability. Some mantle severely expansi\e. 

Expression in aerial photographs: Near Byron. fairly resistant interme- 
diate topography that lacks good ribbing; some faint crude banding. con- 
sisting of 300-ft light tone, 200-ft dark tone, 200-ft light tone: no fine 
bands. Near Briones Valley. forms ridge having one to two crests. Where 
one crest. forms hard, ribbed topography. Where two crests, becomes 
more subdued and has intermediate approaching hard crest and flanks 
that lack ribs or are subtly ribbed; banded by light-toned zones as wide 
as 50 ft, dark-toned zones as wide as 30 ft. little contrast in resistance, 
largely (70  percent) light in tone. W-here two crests, unit includes val- 
ley between crests, which is a nonresistant interval about 200 ft in width. 

Composition: i.1) Medium- to coarse-grained clean quartz arenite; reported 
to constitute most of unit (Colburn, 1964). (2) Clean &- to mediuni- 
grained sandstone of moderate permeability ( 3 )  Silty fine- to medium 
grained sandstone of low permeability. (4; Clayey and tuffaceous fine- 
to medium-grained sandstone: tuffaceous component is matrix. (5: 
Interbeds of siltstone, mudstone. and clayey very fine grained sandstone. 
\6)  Calcite-cemented beds and concretions in sandstone. (7)  Pebble and 
cobble conglomerate of well-rounded hard clasts, near middle of section 
(Colburn, 1964). (8)  Scattered beds containing pebbles and molluscs 
(Cclburn. 1964). 

Proportions are uncertain, because of report by Colbun~  i 1964) that 
most of unit is massive clean sandstone. Probably exposures are largely 
clean sandstone, but exposures are poor in this unit From field obser- 
vations, soils, and expression in aerial photographs, we infer that unit 
consists of about 70 percent clean and silty sandstone of compositions 
1-3  (probabl) 20-30 percent clean sandstone of compcsitions 1 and 2. 
4 - 5 0  percent silt:) sandstone cf composition 3); remaining 3C percent 
of unit is probably largely clayey sandstone of composition 4 ,  Minor 
siltstone interbeds m composition 5). minor conglomerate and mollusc beds 
(compositions 7, 81, and minor to locally some concretions and cemented 
beds iconposition 6; 

Hardness: Clean sandstone is firm. some soft. where weathered. probably 
firm where fresh, but contains hard to quite firm calcite-cemented zones 
and concretions. Silty and clayey sandstone firm \\here weathered and 
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probably where fresh. Siltstone intervals (composition 5) firm. Conglom- 
erate has hard clasts (Colburn, 1964) in probably firm matrix. 

Bedding: Distinct to indistinct beds. Clean and silty sandstone probably 
occur largely in very thick (10- to more than 20-ft) beds between prob- 
ably largely very thick clayey sandstone and lesser siltstone intervals to 
thick. Some to most clean and silty sandstone occurs in medium to thick 
distinct beds between minor siltstone interbeds or is fractured parallel 
to bedding (along indistinct bedding or crossbedding'?) at close spacing. 
Some intervals of dominant clayey sandstone, possibly including siltstone 
intervals, are as thick as 200 ft. Most concretions are less than 4 ft in 
diameter, some as large as 10 ft: cemented sandstone beds to thick or 
more. Conglomerate occurs as 30-ft bed of 500-ft lateral extent near 
middle of section; pebble and mollusc beds to medium. 

Parting: Absent or at very wide (more than 10-ft) spacing in most of unit 
w h e r e  very thick clean and silty sandstone is distinctly to indistinctly 
interbedded with very thick clayey sandstone), but some to most clean 
and silty sandstone has close to wide spacing (where beds are medium 
to thick and where fracture is close spaced parallel to bedding). 

Fracture: Most sandstone in weathered zone has close to moderate spac- 
ing, but very thick beds have indistinct fracture at spacing as great as 4 
ft Much sandstone near the ground surface develops sheeting parallel 
to the ground surface at close to moderate spacing Most concretions and 
cemented sandstone have moderate to wide spacing, probably some very 
wide 

Permeability: Intergranular permeability of clean sandstone moderate, silty 
sandstone low. clayey sandstone low to very low, siltstone interbeds low 
to very low, cemented rock very low. Thus some bedrock has moderate 
intergranular permeability, most low, some very low. Probably low frac- 
ture permeability in shallow clayey sandstone, siltstone interbeds, and 
cemented rock. Much to most mantle moderate, some to much very low 
to low. 

Weathering: Cemented beds, concretions, and some firm rock on ridges 
crop out; uncemented clean sandstone weathers deeply (probably more 
than 20 ft): clayey sandstone probably develops weathering fracture; 
much silty sandstone develops sheeting parallel to ground surface. 

Surficial mantle: Much to most granular, some to much clayey. At one 
location in northern part of unit, about equally abundant sandy silt soil 
(sample AS31A) and brown sandy clay soil (sample AS31B), the silty 
soil occurring in high ground. the clayey soil in low ground. Farther 
south, most mantle is clayey sand and less than 20 percent is similar to 
sample BHS24, a silty and sandy clay soil. 

Expansivity: Almost all bedrock unexpansive. Much to most mantle 
unexpansive, some to much significantly expansive. some severely ex- 
pansive. Samples: AS31A, sandy silt soil, free swell 49 percent (exag- 
gerated); AS31B, well-cracked sandy clay soil, free swell 103 percent: 
farther south most soil is uncracked to \cry mildly cracked, and less than 
20 percent is similar to sample BHS24. mildly cracked silty and sandy 
clay soil, more expansive than most, free swell 65 percent. 

Stratigraphic thickness: 50-500 ft (Brabb and others, 1971); 50-800 ft 
(Colburn. 1964), 

Sources: Brabb and others, 1971; Briggs. 1953h: Colburn, 1961, 1964: 
three stations 

MAP UNIT 629 

Geologic unit, (age), and location: Moreno Formation, mappable sand- 
stone in lower member (K), east of Mount Diablo, 

Summary: Not seen in field. Consists of resistant sandstone interbeds in 
unit 673 that stand up out of subdued topography; include some to much 
mudstone. shale, and siltstone. Character of rock is inferred from sand- 
stone bodies observed in unit 673 and from aerial photographs. Most 
bedrock and mantle unexpansive, some to much of each expansive. 

Expression in aerial photographs: Resistant intermediate bands through 
less resistant topography. Width of apparent sandstone bodies in many 

cases is about half that shown on map. Includes cemented beds (white 
photographic tone) as wide as 10-20 ft. 

Composition: (1)  Sandstone. probablj medium- to coarse-grained arenite, 
moderately to moderately well sorted. as described for units 672 and 673; 
some is calcite cemented as beds and concretions. (2) Mudstone. shale. 
and siltstone. as in unit 673, some of which may be somewhat siliceous 
(Anderson and Pack, 19 l5 ) ,  Unit probably is largely sandstone, some to 
much clayey rock. 

Hardness: Sandstone probably largely firm where fresh and weathered, 
some hard where calcite cemented. Clayey rock firm where fresh and 
weathered. 

Bedding: Range in thickness probably is similar to unit 673. which in- 
cludes both very thick (as much as 30-ft or more) sandstone beds and 
medium to thick sandstone interbedded with clayey rock. In this unit 
(629). most sandstone probably is very thick bedded. Distinct bedding 
contacts. Cemented beds as thick as 10-20 ft. 

Parting: Spacing probably at \er \  wide and wide in sandstone, very close 
to moderate in clayey rock. 

Fracture: In sandstone, probably largely moderate to wide spacing. rang- 
ing from close to 4 ft or more. Clayey rock has close to very close spac- 
ing of weathering fracture on moderate to wide original spacing. 

Permeability: Intergranular permeability of much sandstone probably 
moderate, much low, some very low (where cemented): very low in 
clayey rock. Thus, intergranular permeability of probably much bedrock 
low. some to much moderate, some to much very low. Shallow cemented 
rock and probably sonie shallow clayey reek have low fracture perme- 
ability. Probably most mantle moderate, some to much very low to low. 

Surficial mantle: Probably largely granular, sonie to much clayey. Prob- 
ably most soils consist of sand and silt, but some to much dark clayey 
subsoil and soil, such as samples AS33B and AS34 of unit 6'73, are 
present near contacts with adjacent units. 

Expansivity: Most bedrock unexpansive. probably some to much expan- 
sive. Most mantle unexpansive to possibly significantly expansive. prob- 
ably some to much severely expansive. See samples for units 672 and 
673. 

Sources: Anderson and Pack, 19 15: Briggs, 1953b: Colburn, 1961, 1964; 
Payne, 1951. 1960; Snow, 1957. 

MAP UNIT 630 

Geologic unit, (age), and location: Redwood Canyon Formation (Kj. in 
the East Bay Hills east of Oakland. 

Summary: Largely hard sandstone in thick to very thick beds; less abun- 
dant interbeds of laminated sandstone, siltstone, and mudstone. Radbruch 
(1969) reported that blasting may be required in places. Minor to some 
severely expansive bedrock and mantle. 

Expression in aerial photographs: Largely hard, regularly ribbed topog- 
raphy: some intermediate crests suggest clayey rock or old erosional 
surfaces. 

Composition: Largely sandstone; some interbedded laminated sandstone. 
siltstone, mudstone, and lesser shale. Sandstone is fine to coarse grained, 
largely fine to medium grained, moderately well sorted, contains abun- 
dant biotite. and contains sufficient fines to have low intergranular per- 
meability. Ham (1952) reported that matrix of sandstone is mixture of 
clayey material and carbonate. Sandstone contains hard spherical calcar- 
eous concretions to large. Mudstone in places contains limestone nod- 
ules and zones of argillaceous limestone. 

Hardness: In most thick beds and all very thick beds. sandstone is hard 
where fresh and weathered (much is dented slightly by geologic ham- 
mer and is borderline between hard and firm); in thin to medium and 
some thick beds, sandstone is firm where fresh and weathered. Concre- 
tions are ringing hard. Laminated sandstone. siltstone, and mudstone have 
firm pieces where fresh and weathered, firm to soft rock mass. Radbruch 
(1969) reported that weathered rock is firm to soft. 
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Bedding: Distinct and regular. Sandstone beds are medium to very thick Parting: At distinct bedding planes and within mudstone at close to very 
(as much as 40 ft or more), mostly thick to very thick (10 ft), between ' close spacing. Sandstone beds as thick as 10 ft or more lack parting. 
thin to very thick (generally as much as 5-ft, but as much as 10-ft or , Thus, spacing in flysch largely close to very close, in sandstone wide to 
more) intervals of laminated sandstone, siltstone, and mudstone. Many 10 ft or more. 
sandstone beds are thinly crosshedded. Lenses of shale and mudstone , Fracture: Thin to thick sandstone beds have spacing similar to bed thick- 
as thick as 200 ft were mapped by Case (1968). I ness; very thick sandstone has wide to 8-ft spacing. Sandstone occurs in 

Parting: Good parting at bedding contacts and within laminated sandstone. ; blocks as wide as 6 ft, calcite-cemented sandstone in blocks as wide as 
siltstone, and mudstone at very close to moderate spacing: close to very 4 ft. and concretions as large as 6 ft in diameter. Mudstone has close 
close spacing within shale. Absent within sandstone. spacing of weathering fracture. 

Fracture: Medium to thick sandstone beds are fractured generally at spac- Permeability: Intergranular permeability of sandstone (composition 1) 
ing closer than bed thickness, rarely at spacing wider than bed thickness. , ranges from moderate to low approaching moderate, interbedded silty 
Very thick sandstone is fractured mostly at wide to very wide (as  much ; sandstone low, calcite-cemented rock very low, flysch very low to low. 
as 6-ft) spacing, but some very thick sandstone has close to moderate Thus, intergranular permeability of much to most bedrock low, some to 
spacing. Fractures continue through laminated sandstone, siltstone, and \ much moderate, some very low (mudstone). Much flysch probably has 
mudstone from adjacent sandstone, but these interbed materials also have low fracture permeability in shallow rock. Much mantle moderate, much 
close to very close spacing of weathering fracture. I low to very low. 

Permeability: Intergranular permeability of sandstone, laminated sand- 1 Weathering: Calcite-cemented sandstone is fresh to outcrop or near out- 
stone, and siltstone largely low, much very low where fresh; mudstone ; crop. Uncemented sandstone weathered probably to depths greater than 
and shale very low. Thus, intergranular permeability of fresh bedrock , 20 ft. 
low to very low; of almost all weathered bedrock low, minor to some Surficial mantle: Much granular, much clayey. Sandy clay soil, like 
very low. Fracture permeability locally moderate in shallow sandstone. 1 sample AA18, is typical of most, but less expansive silty sand soil oc- 
Most mantle moderate, some low to very low. 

Weathering: Sandstone is weathered to depth of about 30 ft. from frac- 
tures inward. Interbed materials probably weathered to depths of 10-30 
ft. 

Surficial mantle: Most to almost all granular. Typical soil is sandy and 
silty, such as sample OE31. Soil is sparse and generally less than 1 ft 
thick (Radbruch, 1969). 

Expansivity: Most bedrock is unexpansive. minor to some severely ex- 
pansive (mudstone). Most mantle unexpansive to significantly expansive, 

curs over sandstone beds. 
Expansivity: Most bedrock unexpansive, much expansive. Probably most 

mantle significantly expansive, somef?) severely expansive. some 
unexpansive. Sample AA18, mildly cracked sandy clay soil, typical, free 
swell 90  percent (exaggerated). 

Stratigraphic thickness: More than 1,000 ft, as inferred from Huey (1948). 
Sources: Briggs, 1953b: Colburn, 1964; Huey, 1948; Snow, 1957; two 

stations. 

minor to some severely expansive. Samples: OE30, mildly cracked 
weathered mudstone, free swell 89 percent: OE31, uncracked to very 
mildly cracked sandy silty soil, typical, free swell 62 percent. 

Stratigraphic thickness: Probably 1,700-2,000 ft (Radbruch, 1969 ). 
Sources: Case, 1968; Ham, 1952: Radbruch, 1969; three stations. 

MAP UNIT 631 

Geologic unit, (age), and location: Great Valley sequence, predominantly 
sandstone unit (K) correlative with F-2 zone of Goudkoff (1942), only 
north and east of Livermore Valley. 

Summary: Probably most is sandstone intervals, much flysch. Most mantle 
expansive. 

Expression in aerial photographs: Bold intermediate topography that 
shows rounded crests and local ribbing. Minor resistant outcrops locally 
near Altamont. More resistant than unit 668. Some tonal banding. 

Composition: (1) Sandstone, medium to coarse grained. moderately sorted, 
fairly clean, containing some calcite-cemented beds, zones, and concre- 
tions; (2) silty fine-grained sandstone; (3) flysch of fine-grained. lami- 
nated sandstone interbedded with mudstone: (4) conglomerate of pebbles 
and cobbles. and pebbly sandstone, near Dyer Road. Much to probably 
most of unit is sandstone (composition 1 and some interbedded compo- 
sition 2), much flysch, minor conglomerate. 

Hardness: Sandstone is largely firm where weathered and probably where 
fresh, but hard where calcite cemented. In flysch, sandstone and mud- 
stone are firm both where fresh and weathered. Conglomerate is firm with 
hard clasts 

Bedding: Both sandstone and flysch occur in very thick (30-ft or more) 
intervals. Sandstone beds are distinct and thick to very thick (as much 
as 10 ft or more) between silty sandstone interbeds to thick. Flysch con- 
sists of distinct thin to medium beds of laminated sandstone repetitively 
interbedded with similar thicknesses of mudstone. Cannonball concre- 
tions in sandstone as large as 6 ft in diameter. Conglomerate and peb- 
bly sandstone near Dyer Road as thick as 100 ft. 

MAP L'MT 632 

Geologic unit, (age), and location: Guinda Formation of Kirby (1942) 
(K). in and near Yolo Range. 

Summary: Largely sandstone, some mudstone intervals. Much sandstone 
crops out in firm to hard resistant beds, much is poorly exposed. Most 
mantle significantly expansive, some severely expansive. 

Composition: Sandstone and less abundant intervals of very thinly to thinly 
interbedded mudstone, shale, laminated sandstone, and siltstone, which 
are herein called mudstone intervals. Sandstone is arkosic wacke to 
arenite (borderline at 10-15 percent silt and clay matrix), mostly fine 
grained, some medium grained, medium to coarse grained in basal beds 
(see discussion of bedding cycles below), moderately well sorted to 
poorly sorted, angular to subangular grains. Silt and clay matrix does 
not fill pores: it is more abundant than in sandstone of unit 670 and less 
abundant than in sandstone of units 633 and 634. Much sandstone is well 
indurated and crops out. much is poorly indurated and poorly exposed. 
Well-indurated horizons contain calcite-cemented concretions as large 
as 12 ft in diameter, but commonly concretions are thick or less and as 
much as 8 ft in length. 

Proportions are difficult to estimate because unexposed parts may be 
either soft sandstone or mudstone. Unit was described by Boyd (1956) 
to consist of cycles of basal sandstone that are well indurated and con- 
cretionary, followed by massive friable sandstone that grades upward into 
siltstone and mudstone, According to his description, only the well-in- 
durated basal beds crop out, and nonresistant intervals contain much fri- 
able sandstone. In places, outcropping sandstone makes up over 50  
percent of unit, in most places 25-50 percent. Thus, unit is probably 
largely sandstone, some mudstone. Toward top of unit, mudstone inter- 
vals increase in thickness and proportion, grading into unit 669. 

Hardness: Where weathered, sandstone is mostly soft to firm. some hard 
(we estimate 30 percent of non-concretionary outcropping sandstone); 
where fresh, probably firm to hard. Concretions hard. Mudstone inter- 
vals have soft to hard pieces and firm to soft rock mass, both where fresh 
and weathered. 
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Bedding: Outcropping sandstone occurs in thick to very thick (as much 
as 30-ft or n o r e )  distin'ct beds: many intervals of outcropping sandstone 
(as thick as 50 ft or more) are composed of thick to 10-ft distinct beds 
between thin partings, Non-outcropping sandstone probably occurs in 
very thick to thin beds. Mudstone intervals are as thick as 40 ft or more 
and consist of very thinly to thinly bedded rock In distinct to indistinct 
beds. 

Parting: At close to very close spacing within mudstone intervals; at con- 
tacts between sandstone and mudstone: and within many very thick out- 
cropping sandstone interyak at wide to 10-ft spacing 

Fracture: In outcroppi~ig sandstone, fracture is irregular and mostly at 
wide to 6-ii spacing, but spacing ranges from moderate to 15 ft or more. 
Thin to thick sandstone beds have regular fracture perpendicular to bed- 
ding at spacing similar to bed thickness, In weathered mudstone inter- 
vals, close to very close spacing. 

Permeability: Intergranular permeab~lity of mudstone intervals (some of 
unit) very low to low: of sandstone (most of unit) mostly low, probably 
some moderate, much(?) very low where fresh, very lcw where cemented. 
Probably some shallow clayey rock has low fracture permeability. Much 
mantle moderate, much low, some very low. 

Weathering: Mudstone intervals weathered to depths of 5-30 ft; sandstone 
weathered to similar or greater depths. 

Surficial mantle: Largely granular, some to much clayey. Mantle is largely 
clayey sand, but some siIty clay soil on mudstone intervals. Much bare 
rock. 

Expansivity: Most bedrock unexpansive, some expansive. Most mantle 
significantly expansive, some severely expansive, some unexpansive. 
Samples: MV3, weathered silty shale, free swell 79 percent: MV25, 
sandy silty clay soil on mudstone, free swell 83 percent: MV26, typical 
clayey silty sand colluvium, mildly cracked, free swell 77 percent (ex- 
aggerated?); MD2A, typical sandy silty clay soil, mildly cracked, free 
swell 73 percent; MD2B, mottled sandy clay.$ most expansive material 
seen. free swell 89 percent. See sample FN2 of unit 669. 

Stratigraphic thickness: 4,450 ft on Putah Creek (Boyd, 1956). 
Sources: Boyd,  1956;  Chuber ,  1961; Kirby,  1943;  Lawton, 1956;  

Ojakangas, 1968; Sims and others, 1973; seven stations. 

MAP UNIT 633 

Geologic unit, (age), and Iocation: Sites Formation of Kirby (1942) (K), 
in and near Yo10 Range. 

Summary: Largely sandstone, some to much interbedded clayey rock. 
Most bedrock and mantle unexpansive. 

Composition: Sandstone between intervals of interbedded mudstone, silt- 
stone, laminated shaly sandstone, and shale, which are herein called 
mudstone intervals. Sandstone is typically arkosic wacke that consists 
of poorly sorted angular to subangular grains that are tightly packed; 
pores are filled or largely filled by either silt and clay matrix or calcite 
that largely replaces matrix. Thick and thinner beds of sandstone are 
mostly medium to fine grained; very thick beds are mostly medium to 
coarse grained. some gritty (significant percentage of granules). Some 
sandstone beds are described as poorly indurated and characterized by 
cavernous weathering. Sandstone includes minor scattered carbonate- 
cemented and limonitic spheroidal concretions as large as 3 ft in diam- 
eter. 

Sandstone probably constitutes more than half of unit, In places, mud- 
stone intervals make up 70 percent of the rock through a few hundred 
feet of section, 

Hardness: Sandstone is hard where fresh and in calcite-cemented concre- 
tions, except laminated sandstone is probably firm where fresh: weath- 
ers hard to soft. LMudstone intervals have hard pieces where fresh, hard 
to firm pieces where weathered, and firm to soft rock mass owing to 
parting and fracture. 

Bedding: Distinct thin to very thick sandstone beds between distinct to 
indistinct laminated to thin-bedded mudstone intervals. Sandstone occurs 

in intervals of different bedding character. h h c h  of unit conslsts of sand- 
stone in medium to thick or very thick (4-ft) beds between about equally 
abundant mudstone in thin to 6-ft intervals. The most striking parts of 
the section, however. are intervals as thick as 100 ft or even a few hun- 
dred feet of very thick bedded (as much as 20-ft or more) sandstone. Most 
sandstone is medium to thickly interbedded with mudstone intervals of 
about similar thickness, some is in prominent 10- to 20-ft beds. 

Parting: At contacts between sandstone and ~nudstone, at close to ver) 
close spacing in rnudstone intervals, and in some sandstone beds as fol- 
lows: at wide to 4-ft spacing in some 10-ft sandstone beds, at moderate 
spacing in some t h ~ c k  sandstone beds, at moderate to wide spacing in 
some beds less than 4 ft in thickness. 

Fracture: Thin to thick sandstone beds have regular fracture perpendicu- 
lar to bedding at spacing generally similar to bed thickness. but in piaces 
closer than bed thickness. In very thick sandstone beds, fracture is ir- 
regular in orientation and spacing and in many instances seems related 
to concretions rather than bedding; spacing is close to 4 ft, rarely as wide 
as 15 ft..Much(?) sandstone exfoliates at close to moderate spacing. In 
mudstone intervals, close to very closc spacing. 

Permeability: Intergranular permeability of sandstone (most of unit) gener- 
ally low, reported beds of poorly indurated sandstone (minor to some of 
unit) probabl). to moderate, much(?) sandstone very low where fresh; 
mudstone and shale (some of unit) very low. Probably most shallow 
mudstone and shale has low fracture perrneabillty, and probably some 
shallow sandstone has moderate fracture permeability. Most mantle 
moderate, some to much low to very low. 

Weathering: Variable. Thick and very thick sandstone beds may be hard 
to soft where weathered; weathering may extend to depths greater than 
20 ft, but in places a color change from gray to buff occurs in sandstone 
as shallow as 8 ft, Weathering works inward from fractures and is re- 
tarded in concretions, which may stay fresh to the ground surface. Mud- 
stone intervals that contain thin to medium sandstone beds are weathered 
in places to depth of only 3 ft. but mostly to depths of 5-15 ft. 

Surficial mantle: Largely granular, some to much clayey. Granular mantie 
is largely sandy, some clayey sand. 

Expansivity: Most bedrock and mantle unexpansive; some to much bed- 
rock and mantle expansive, probably largely significantly expansive. 
Samples: MD4, uncracked sandy colluvium, probably typical of most 
mantle, free swell 65  percent (exaggerated?); MV5, mildly cracked 
clayey sand colluvium, probably typical of the most expansive mantle, 
free swell 80 percent, 

Stratigraphic thickness: 4,000 ft at Putah Creek, probably thickening to 
south, 

Sources: Boyd, 1956; Kirby, 1943: Lawton, 1956; Ojakangas, 1968; Sims 
and others, 1973; seven stations. 

MAP UNIT 634 

Geologic unit, (age), and Iocation: Venado Formation of Kirby (1943) 
( K ) ,  in Yo10 Range. 

Summary: Much of unit is thick to very thick (as much as 100-ft) beds 
of sandstone between minor partings and intervals of ilysch. This sand- 
stone is hard and tough, has wide to 20-ft fracture spacing, and forms 
backbone of the Vaca LVountains: much blasting required at Monticello 
Dam. Remainder of unit is sandstone in beds as thick as 20 ft interbed- 
ded with flysch. Minor to some severely expansive bedrock and mantle. 

Composition: Largely sandstone, but some to much of unit consists of 
interv-als of thinly interbedded mudstone, siltstone, laminated shaly sand- 
stone, and shale, which herein are called mudstone intervals. Sandstone 
is mostly medium grained; most has argillaceous cement that fills to 
nearly fills pores, but about half contains some calcite cement that ap- 
parently replaces argillaceous cement. Sandstone includes scattered cal- 
cite-cemented concretions. Near base, unit includes minor conglomerate 
of hard pebbles and cobbles that are mohtly less than 6 ln, In diameter 
but as large as 1 ft in diameter, 
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Half of unit or less. generally the basal half or less, is thick to very 
thick (as  much AS 100-ft) bedded sandstone between minor partings and 
mudstone intervals, which are mostly thin to 6 ft. but as thick as 50 f t .  
This part of unit thins to the south, to 150 ft thick at Gates Canyon. In 
remainder of unit. sandstone beds are mostly less than 20 ft thick and 
proportions vary from dominant sandstone to dominant mudstone inter- 
vals. 

Hardness: Where fresh, sandstone is hard. especially concretions: where 
weathered, sandstone is firm, some hard. and concretions are hard, Con- 
glomerate has hard clasts and matrix where fresh, hard <lasts and f m n  
to hard matrix  here weathered, Mudstone inter\als have firm to hard 
pieces where fresh. firm pleces where weathered. Shaly sandstone is soft 
where weathered 

Bedding: Distinct. In very thick bedded part of unit, sandstone beds range 
from thick to I00 ft, many thick to 10 ft, between mostly thin to 6-ft 
but as much as 50-ft mudstone intervals that are internally laminated to 
iliedium bedded, mostly laminated to thin bedded. Conglomerate beds 
are 6-35 ft in thickness. Other part of unit consists of variably abundant 
sandstone beds as thick as 20 ft between mudstone intervals that are in- 
ternally thinly bedded. 

Parting: At bedding planes. which vary in spacing from very close to close 
in some mudstone intervals to wide to very wide (as much as I00 ft, 
mostly less than 10 ft) in thick-bedded and very thick bedded sandstone. 
Minor fissile rock, 

Fracture: In medium to thick sandstone beds, spacing is similar to bed 
thickness. In very thick sandstone beds. spacing ranges from wide to 20 
ft and much is wider than 10 ft. In mudstone intervals, close to very close 
spacing where weathered 

Permeability: Intergranular permeability of sandstone low except much 
very low where fresh; mudstone intervals low to very low. Thus, inter- 
granular permeability of bedrock is low to very low where fresh: largely 
low, some very low, where weathered. Some shallow sandstone has 
moderate fracture permeability; probably much shallow clayey rock has 
low fracture permeability. Most mantle moderate, some to much low to 
very low. 

Weathering: Sandstone commonly(?) crops out hard; thin-bedded inter- 
vals weather to depths greater than 30 ft. Very thick sandstone remains 
fresh next to weathered thin-bedded rock. 

Surficial mantle: Largely granular, some to much clayey, Sandy soil cov- 
ers most large areas of sandstone; silty and clayey soils overlie thinly 
bedded rock. 

Expansivity: Most bedrock unexpansive; some to much expansive, some 
or more of this severely expansive. .Most mantle unexpansiv-e to signifi- 
cant13 expansive, minor to some severely expansive. Cracked material 
is confined mainly to certain zones over thinly bedded rock. Samples: 
hfD8B, weathered silty claystone, free swell 80 percent: ,MD8A red clay 
mantle[?): well cracked, minor(?), free swell 94 percent: MV14, w'ell- 
cracked red clay soil, more cracked than typical, free swell 78 percent: 
hgD8C. typical colluviuni on thinly interlayered rock, slightly cracked, 
free swell 59 percent. 

Stratigraphic thickness: About I ,900 ft. 
Sources: Boyd. 1956;  Chuber ,  1961; Kirby, 1943; Lawton, 1956; 

Ojakangas, 1968: Sims and others> 1973; Weaver. 1949; three stations. 

Geologic units, (age), and location: Lower part of Knoxville Formation 
(Robinson, 1956) (J): part of shale unit (KJ). only near Yiles District of 
Fremont: in the East Bay Hills between Hayward and Fremont. 

Summary: Largely sandstone similar to Franciscan sandstone (units 700 
and 701), some to much mudstone and shale, minor conglomerate. Most 
mantle significantly expansive. 

Expression in aerial photographs: Unnbbed ~ntermediate topography. 
some or more of w h ~ c h  is nonres~stant 

Composition: [ I )  Sandstone that has matrix of silt and clay: fine to coarse 
grained. largely fine to medium grained, some pebbly: much contains 
iron- and manganese-rich cement; similar to Franciscan sandstone 
(Robinson. 1956). (2) Ivludstone and lesser shale. much sheared, (3 )  
Conglomerate like unit 616, cons~s t ing  of subrounded pebbles and 
cobbles in matrix grading from shale to low permeability smdstone. Vnit 
is largely sandstone$ some to much mudstone, minor to possibly some 
conglomerate. 

Hardness: Sandstone largely hard where fresh. firm to hard where w e ~ t h -  
ered Mudstone and shale firm to hard v, here fresh and weathered, prob- 
ah11 largely flrm where weathered ~ n d  hard where fresh Conglomerate 
of hard clasts In matrix that 1s to firm \%here fresh, flrm where 
weathered 

Bedding: Much intershearing of sandstone and mudstone, Coherent bed- 
ded sequences show medium to very thick (4-ft) distinct saridstone beds 
between mudstone that is thin to 10 ft or more; sandstoile beds prob- 
ably as thick as 10 ft, Interbedding of sandstone and conglomerate re- 
ported by Robinson (1956). 

Parting: Present on distinct bedding planes, at close to very close spac- 
ing in sheared mudstone (some of unit), and at close to very close spac- 
ing in shale. 

Fracture: In sandstone, spacing ranges from close to wide, largely close 
and some moderate. Some sandstone has close to very close spacing of 
incipient fracture that develops where weathered, similar to weathering 
fmcture in mudstone. Tectonic activity in area of exposure has produced 
variable and generally somewhat closer fracture spacing than typical for 
these materials. Where fresh, probably much mudstone is sheared at close 
to very close spacing: where weathered, mudstone has additional close 
to very close spacing of weathering fracture. Conglomerate has moder- 
ate to wide spacing. 

Permeability: Intergranular permeability low to v e q  low in sandstone and 
conglomerate, very low in mudstone; thus, entirely low to very low in 
bedrock. Much s h ~ l l o w  mudstone m d  sandstone has low to locally mod- 
crate fracture permeability. Probably much mantle moderate, much low 
to very low. 

Weathering: Sandstone weathered to depths greater than I 0  ft, at least in 
places. Conglomerate weathered to depth of about 20 ft, 

Surficial mantle: Granular to clayey, probably much of each. LMildly to 
very n~ildly cracked sandy clay, loam. and probably sandy soils, 

Expansivity: Most bedrock unexpansive: some to much may be expan- 
sive, probably some of this severely expansive (sheared rock). Most 
mantle significantly expansive, probably some severely expansive, prob- 
ably some unexpansive. Sample HAY9, mildly cracked clay soil. typi- 
cal(?). free swell 74 percent, 

Stratigraphic thickness: 500-1,000 ft (Robinson, 1956). 
Sources: Hall, 1958: Robinson. 1956; three stations. 

Geologic unit, (age), and location: Vnnamed sandstone, shale, and con- 
glomerate (T), near Point San Pedro on San Mateo County coast, 

Summary: Rhythmically interbedded sandstone and shale. minor conglom- 
erate of cobbles and boulders near middle of section; calcite cement 
common in fresh rock. Almost all bedrock and mantle unexpansive to 
significantly expansive. 

Composition: .4lmost all is flysch of rhythmically interbedded sandstone 
and shale, probably much of each; mmor conglomerate of cobbles and 
boulders (some as large as 5 ft in diameter) near middle of section. Sand- 
stone is fine to coarse grained and arkosic. Calcite cement common in 
fresh rock. 

Hardness: Sandstone hard where fresh, firm where weathered; shale firm 
to hard where fresh. firm to soft where weathered. Conglomerate matrix 
h ~ r d  where fresh. firm w here weathered: fresh conglon~erate clasts hard: 
weathered boulders and some cobbles firm to soft, other cobbles hard. 
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Bedding: Distinct. r h y t h ~ n ~ c  beds of sandstone and shale. most thin to ~ stone intervals. Little bedding noticed in mudstone intervals. but reported 
n~edium. locdly thick:: (conglonxrate largely very thick to be thinly bedded (Gilbert. 1943). Mudstone intervals and intervals of 

Parting: At distinct bedding planes. largely close to moderate spacing: , dominant sandstone, each as thick as 20 ft or more. are interbedded with 

imperfect parting in shale at ver) close spacing. i flysch; mithin intervals of dominant sandstone. most sandstone beds are 

Fracture:  Sandstone has close to moderate spacing, locally wide; meath- , thick to 6 ft. some as much as 10 ft. Within unit 620, most sandstone 

ered shale close to very close: cong10111erate has wide to 5-ft original ; beds are thick or less. but some are very thick, most of these less than 6 
spacing and moderate to close spacing of weathering fracture. 

Permeability: Bedrock has largely v e ~  low. some low, intcrgranular per- 
meability where fresh. much of both low and very low where meathered; 
fracture permeability low in shallo\v shale. possibly some moderate in 
shallow sandstone. Mantle largely low. minor to some moderate. 

Surficial mantle: Most to almost all clayey. minor to some granular. 
Expansivity: Much bedrock unexpansivc, much may be significantly ex- 

pansive (shale). Almost all mantle unexpansive to significantly expan- 
sive. Samples: Msf18A. black shale. free swell 62 percent; >lh'Il8B, 
moderately cracked soil, free swell 79 percent (exaggerated?): MM19. 
moderately cracked soil, free swell 76 percent. 

Strat igraphic thickness: Approxi~nately 3,800 ft: conglomerate 160 ft 
maximum. 

Source: Ellen and others, 1972 

LMAP KNITS 641, 610, 620 

Geologic units, (age), a n d  location: Unnamed unit (TK): shale and sand- 
stone (unit 641j, mapped sandstone (unit 620), conglomerate (unit 610); 
only in Diablo Range east of Santa Clara Valley. 

Summary:  L'nit 641 is flysch of sandstone and mudstone that includes 
some very thick sandstone beds, intervals of dominant sandstone, and 
minor conglomerate. Many zones of dominant sandstone are distin- 
guished on map as unit 620; much conglomerate is distinguished on map 
as unit 610. not seen in field. Some sandstone is calcite cemented and 
much is hard although not calcite cemented. Most mantle in unit 641 is 
significantly expansive. 

Expression in aer ial  photographs: Crests are largely intermediate, some 
hard; most slopes are ribbed. Ribbing is best developed in those places 
where photographs show light-toned bands and map shows sandstone 
beds. Regular pattern of ribbing and ridges shows minor variations prob- 
ably related to local rock and surficial mantle. In places much hard to- 
pography. Some large gently sloping areas of lumpy intermediate 
topography occur high in profile and probably are related to clayey rock 
in folded terrain. 

Composition: Flysch of mudstone intervals, including mudstone (much 
very fine sandy), shale, and some siltstone, interbeddcd with arkosic 
sandstone. Sandstone is fine to coarse grained, largely fine to medium 
grained. Most sandstone is moderately to moderately well sorted and of 
low intergranular permeability; minor sandstone is well sorted, medium 
grained, and of moderate permeability; and minor sandstone is fine 
grained and clayey, as evidenced by weathcring fracture. Some sandstone 
(,as much as one-third) is calcite cemented. at least in part, and occa- 
sional calcite-cemented concretions occur in uncemented sandstone. 
Some sandstone and mudstone is pebbly. Conglomerate consists of 
pebbles and cobbles as large as 8 in. in diameter: breaks around clasts. 
Limestone nodules occur in parts of flysch (Gilbert, 1943). 

L'nit 641 is largely flysch, but includes some very thick sandstone and 
minor conglomerate: in places, exposures in this unit show as much as 
one-third thick and very thick bedded sandstone. probably one-fifth over- 

ft. some as much as 15 ft. 
Parting: Present at contacts between sandstone and n~udstone, n~ostly at 

close to midc spacing. Poor parting within mudstcnc at close to very close 
spacing, variable in quality: average throughgoing parting has close to 
moderate spacing. Some thick and w r y  thick sandstone beds are parted 
~nternall),  but such parting 15 not prom~nent In t h ~ b  unit unparted por- 
tlons of \er)  thick sandstone beds Jre commonl} as w d e  as 4 ft 

Fracture:  In sandstone, spaclng is s1m11ar to bed th~ckness In flysch, but 
~ e r y  t h ~ c k  sandstone beds haxe ~rregular spacing that ranges from close 
to \cry w ~ d e  (4 ft), largely moderate to w ~ d e ,  dnd some coheient blocks 
are as large as 8 ft. In unit 620, fracture in sandstone has largcly n~oder-  
ate to x ide  spacing, some to very wide. Mudstone shows close to very 
close spacing of weathering fracture on close to wide, largelj moderate, 
original spacing. Conglomerate has wide to 4-ft spacing. Concretions to 
large. Limestone nodules probably to moderate spacing. 

Permeability: Intergranular permeability of mudstone mostly very low; 
sandstone and conglomerate largely low, minor n~oderate, but n~uchi?)  
very low where fresh. and very low where calcite cemented (as much as 
one-third of rock). Thus, intergranular permeability of unit 641 largely 
very low. some low, probably minor moderate. Fracture pern~eability low 
In shallow mudstone (most of unlt 6-41)? low to moderate in shallow 
calcite-cemented sandstone, Mantle largely moderate in units 610 and 
620; in unit 641 largely low, some moderate, probably some very low. 

Weathering: Some is weathered irregularly, ranging from hard rock near 
ground surface to all weathered firm to depths greater than I 0  ft. Some 
of this irregularity is because of calcite cement. Much hard rock in weath- 
ered zone. -Much mudstone remains dark at depths of 3-5 ft, much does 
not. 

Surficial mantle: Largely granular in units 610 and 620. Unit 641 has most 
to much clayey, some to much granular. Unit 641 shows largely 
uncracked to very mildly cracked light-brown loam soil, like sample 
MSZIO; some clayey soil and subsoil, such as samples SFI, MSZI I ,  and 
GHS6. 

Expansivity: Most bedrock unexpansive, much may be significantly ex- 
pansive (mudstone). Most mantle in units 610 and 620 unexpansive, some 
may be significantly expansive. hfost mantle in unit 641 significantly 
expansive, minor to some unexpansive, probably minor severely expan- 
sive, Samples: MSZIO, very mildly cracked loam soil, typical, free swell 
70 percent; SFI, mildly cracked sandy clay soil, free swell 79 percent; 
MSZI I, mildly cracked clay subsoil, free swell 70  percent. L'nit includes 
some red clay subsoil like sample GHS6 of unit 660. free snjell 83 
percent 

Strat igraphic thickness: Unit 641 is more than 2.300 ft t h ~ c k  (Gilbert, 
1943) 

Sources: G~lbert.  1943, eight stations 

Geologic unit, (age), a n d  location: Shale and sandstone (TK), only in 
all. Unit 620 is largely sandstone. some mudstone. sfost of unit 6 Santa Cruz hfountains near hlount hfadonna and hlount Umunhum, In- 
conglomerate and sandstone. eludes units TKu, Tms, and Kgs of McLaughlin and others (1971). 

Hardness: Most sandstone is hard where fresh. both where calcite ce Summary:  Briefly seen in field. McLaughlin and others (1971) shomred 
is present and where it is absent. h.eathered sandstone is firm to several units included within this unit, including their unit TKu (shale 
much of each, Mudstone intervals are hard to firm where fresh. fi and minor interbedded wacke, elsewhere our unit 453), unit Kgs (wacke 
where weathered. Concretions and limestone nodules hard. Conglom and interbedded shale. elsewhere our unit 6471, and unit Tms (mudstone, 
ate where fresh and weathered has hard clasts in hard to firm matrix, elsewhere our unit 541). Our obsenations show largely flysch, some very 

Bedding: Distinct. Flysch is composed of thin to thick. largely thin thick zones of don~inant sandstone- and some very thick zones of mud- 
medium. sandstone beds repetitively interbedded with thin to thick mu stone. Our observations did not detect materials like unit 541, but 
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mudstone and subporcelaneous mudstone as thlck as a few hundred feet 
may occur, Probably most mantle significantly expansive. 

Composition: Flysch of sandstone, fine to coarse grained, much medium 
to coarse grained, moderately sorted, some glauconitic. interbedded with 
mudstone and shale, much of which is silty and w r y  fine sandy. Much 
sandstone is calcite cemented. Includes mudstone and subporcelaneous 
mudstone like unit 541, Also includes scattered concretions and local 
conglomerate (McLaughIin and others, 1971). 

Unit probably consists largely of flysch of about equally abundant 
sandstone and clayey rock, some very thick sandstone, some very thick 
mudstone, minor to some subporcelaneous mudstone. and rare conglom- 
erate. 

Hardness: Sandstone is hard to firm where fresh and weathered, ~ n u c h  
calcite cemented. Mudstone and shale have firm to hard pieces where 
weathered. 

Bedding: Distinct. Largely tlysch of thin to thick sandstone beds repeti- 
tively interbedded with thin to thick mudstone and shale beds. Very thick 
sandstone beds commonly as thick as 6 ft without parting. some as much 
as 15 ft. Intervals of dominant sandstone as thick as 100 ft and more, 
and intervals of entirely mudstone as thick as a few hundred feet. Con- 
glomerate lenses probably to thick 

Parting: Present on bedding planes and to a minor degree within sand- 
stone beds. Poor parting within mudstone and shale. ranging from good 
parting at very close spacing (but not fissile) to hackly mudstone frac- 
ture; average spacing of throughgoing parting in clayey rock is close to 
moderate 

Fracture: In sandstone beds to thick, spacing is similar to bed thickness 
or less; in very thick sandstone, close to 4-ft spacing, most wide. Mud- 
stone and shale have close to very close spacing of weathering fracture 
on moderate to wide original spacing. 

Permeability: Intergranular petmeabilit) of much sandstone low. much 
very low (where calcite cemented); mudstone and shale very low. Thus, 
intergranular permeability of most bedrock very low, some to much low. 
Much to most shallow rock (cemented sandstone and much clayey rock) 
has low fracture permeability. Probably most mantle low to very low, 
some moderate. 

Surficial mantle: Probably most clayey, some to much granular. 
Expansivity: Probably most bedrock unexpansive, much may be signifi- 

cantly expansive, some may be severely expansive. Probably some or 
more mantle severely expansive (see unit 453). most significantly ex- 
pansive, some unexpansive. No cracking observed. 

Sources: Allen, 1946: McLaughIin and others, 1971; one station. 

MAP UNIT 643 

Geologic unit, (age), and location: Great \'alley sequence, unnamed unit 
(K), only in the East Bay Hills near Oakland. 

Summary: Interbedded hard sandstone and firm mudstone in variable pro- 
portions, from flysch of largely mudstone to largely sandstone in beds 
as thick as 25 ft. Much mantle is significantly expansive. 

Expression in aerial photographs: Intermediate topography of smooth, 
largely ribless flanks that have intermediate to hard crests. 

Composition: Interbedded sandstone and mudstope, some siltstone and , 
shale. Sandstone is mostly medium grained, ranging from fine to coarse i 
grained, poorly sorted. rich in biotite; generally contains argillaceous i 
cement that nearly fills pores, but some is c a i c ~ t e  cemented. Most ~ 
interbeds are mudstone, but some dirty fine- to medium-grained sand- ~ 
stone. siltstone, and shale occur in interbeds, Includes local conglomer- ~ 
ate similar to unit 615. 

Case (1968) reported that sandstone is dominant in unit; our observa- 
tions suggest dominant flysch. Thus, probably some to much is domi- : 

nant sandstone, much to most flysch. i 
Hardness: Most sandstone is hard where fresh and weathered, but sand- ~ 

stone in thin to medium beds is mostly firm where weathered and some i sandstone in thick and very thick beds is firm where weathered. Calcite- ; 

cemented sandstone hard. Mudstone. siltstone, interbed sandstone, and 
shale have firm pieces where fresh and weathered, 

Bedding: Distinct and regular. Much is flysch of medium to thin sand- 
stone regularly interbedded with thin to thick, mostly medium, beds of 
mudstonc. Ranges from mudstone in very thick intervals, through flysch, 
through dominant sandstone in thick to very thick (5-ft) beds between 
thin to medium mudstone, to very thick (10- to 25-ft) sandstone beds. 
Siltstone, sandstone, and shale interbeds are mostly thin to medium. 
Some sandstone is laminated and cross laminated. Observations suggest 
that unit is largely flysch, 20-30 percent dominant sandstone. 

Parting: At bedding planes (in much at close to moderate spacing). Crude 
parting within mudstone at close to %cry close spacing. Some parting 
within sandstone beds on lamination. 

Fracture: In thick and very thick sandstone beds, spacing is generally close 
to wide, most close to moderate, but in places unit includes excavated 
blocks as large as 10 ft in diameter that contain internal incipient close 
to very wide (4-ft) spacing. In thin to medium sandstone beds. spacing 
is similar to bed thickness. Mudstone, siltstone, and shale have close to 
very close spacing xahere weathered. 

Permeability: Intergranular permeability of sandstone largely low where 
weathered, low to very low where fresh; mudstone interbeds and calcite- 
cemented sandstone very low. Thus, intergranular permeability of fresh 
bedrock largely very low; of weathered bedrock much low, much very 
low. Fracture permeability low in most shallow mudstone, locally mod- 
erate in shallow sandstone. Probably some to much mantle moderate, 
much to most low. 

 eather he ring: Color change at depth of 20-30 ft, mudstone pieces gray at 
depth of 20 ft. Radbruch (1969) reported that weathering may go as deep 
as 60 ft or more. 

Surficial mantle: Probably some to much granular, much to most clayey, 
Much mantle is silty clay to clayey silt. 

Expansivity: Much bedrock unexpansive, much may be significantly ex- 
pansive. Much mantle unexpansive, much significantly expansive, 
Sample OE19, very mildly cracked silty clay soil, typical of more highly 
cracked soil on unit, free swell 60  percent, 

Sources: Case, 1968; Radbruch, 1969; five stations, 

MA? ENIT 644 

Geologic unit, (age), and location: Great Valley sequence, sandstone and 
shale unit (K) ,  only in the East Bay Hills near Hayward. Includes Hall's 
(1958) Niles Canyon and Del Valle Formations. 

Summary: About two-thirds flysch, one-third dominant sandstone in beds 
as thick as 25 ft and intervals as thick as 200 ft or more. Most m ~ n t l e  is 
unexpansive to significantly expansive. 

Composition: Sandstone interbedded with mudstone. shale, siltstone, and 
clayey fine-grained sandstone. Sandstone is largely fine to medium 
grained, some coarse grained, poorly to ~nodera te ly  well sor ted,  
subrounded, arkosic in composition and contains biotite; most contains 
enough clay and silt matrix to produce low permeability: Hall (1958) 
reported more than 10 percent clay, about 5 percent biotite and carbon- 
aceous material. Some sandstone is clean (Del \-alle Formation) in con- 
trast to dirty sandstone of most of unit (Niles Canyon Formation). 
Sandstone includes calcite-cemented beds and concretions that produce 
blocks as large as 6 ft in diameter, but most rock is not calcite cemented. 
Interbeds are largely rnudstone and shale but include less abundant silt- 
stone and clayey fine-grained sandstone. Unit includes minor unmapped 
conglomerate of hard rounded pebbles and cobbles as large as 10 in. or 
more in diameter, most less than 6 in., in low permeability sandstone 
matrix. 

Hardness: Most sandstone is hard to firm where fresh and weathered. but 
some (Del Valle Formation) is firm to soft where weathered. Mudstone 
and shale have hard to firm brittle pieces. Hard clasts in conglomerate. 
Concretions hard, 
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Bedding: Distinct. About two-thirds of unit is flysch composed of thin to 
medium. I-xely thick. sandstone bcds repetitively interbedded with mostly 
medium to very thick (4-ft) n~udstone or shale beds. About one-third of 
unit consists of 20- to 200-ft or more zones of doininant sandstone, which 
occurs largely in medium to very thick (4-ft) beds. but includes some 
beds as thick as 25 ft or more, Conglomerate occurs in lenticular beds 
as thick as 20 ft cr  more. Some sandstone (Del Valle Formation) has 
crossbedding and flow structure. 

Parting: At bedding planes and within many very thick sandstone beds, 
but spacing is greater than 10 ft in some sandstone beds. Good to poor 
parting at very close to close spacing within much of shale and mud- 
stone. 

Fracture: Thin to medium sandstone beds have spacmg equal to or less 
than bed thickness, Thick to very thick  ands stone beds have mostly 
moderate to wide spacing, some as much as 5 ft, Mudstone, shale, s11t- 
stone, and clayey fine sandstone have close to very close spacing where 
neathered. Much sandstone flakes where weathered. 

Permeability: Intergranulx permeability of sandstone and conglomerate 
largely low, much(?) very low where fresh, some sandstone probably 
moderate; mudstone and shale very low. Thus, intergranular permeabil- 
ity of most bedrock very low where fresh; where weathered, much low, 
much very low, some('?) moderate. Low fracture permeability in much 
shallow bedrock. Probably most mantle low to very low, some moder- 
ate. 

Weathering: Sandstone weathered generally to depth of about 30 ft, some 
to only 10 ft. Mudstone and shale are fresh to within 10 ft of ground 
surface. 

Surficial mantle: Probably most clayey, some to much granular. 
Expansivity: Probably most bedrock unexpansive, much may be signifi- 

cantly expansive, some may be severely expansive. Some to much mantle 
unexpansive, most(?) significantly expansive, some(?) severely expan- 
sibe. See samples for units 660 and 646 and other units of the Great 
Valley sequence. Very mildly cracked mantle materials. 

Stratigraphic thickness: 2,000-6,000 ft (Robinson, 19561, 5,500 ft (Hall, 
19581. 

Sources: Xall, 1958; Newton, 1948; Robinson, 1956; four stations. 

MAP LSIT 645 

Geologic unit, (age), and location: Great Valley sequence, sandstone and 
shale unit (K) (equivalent to part of Del Va11e Forn~ation of Hall, 19581, 
onl> south of Li%ermore \alley near Del Valle Reservoir 

Summary: Much of both fly$ch and very t h ~ c k  (as  much as 15-ft) sand- 
stone beds Sandstone is generally better sorted and more permeable than 
other Cretaceous 5andstone, some cemented hard, much weathers f ~ r n ~  
to soft. Probably some moderate intergranular permeability in sandstone. 
Much to most mantle is significantly expansive. some severely expan- 
*...- 
2 , " G .  

Expression in aerial photographs: Largely intermediate topography, well 
ribbed, showing rounded crests; some hard topography, Much of unit is 
light-toned. unbanded to subtly banded, showing both light-toned resis- 

sandstone; 011 the whole, possibly as much as 50 percent of unit is sand- 
stone. Section by Huey (1948) shows largely sandstone. 

Hardness: Sandstone variably hard to soft in weathered zone, ranging from 
hard where cemented (some hard where no calcite cement) to mostly 
firm. some soft. where weathered: probably firm to hard where fresh. 
Clayey rock firm where weathered. 

Bedding: Two styles, both distinct: (1) very thick (as  much as 15-ft) sand- 
stone beds and (2) flysch of medium to thick sandstone beds between 
thin to very thick (8-ft), nlostly medium to thick. intervals of siltstone, 
n~udstone, and clayey sandstone that are interbedded at very thin to 
mediun~.  Flysch occurs in intervals as thick as 70  ft or more: sandstone 
is dominant in intervals as thick as 100 ft or more. Calcite-cemented 
sandstone beds and zones are as thick as 4 ft, concretions as large as 6 
ft in diameter. Crossbedding and flow structures are common in sand- 
stone. 

Parting: At distinct bedding planes, moderate to  very wide spacing, 
Largely absent within sandstone beds: present in inudstone intervals at 
very C ~ D S ~  to moderate spacing, mostly very close to close. 

Fracture: Sandstone, h,here medium to thick bedded. has spacing s in~i lar  
to bed thickness or greater; where very thick bedded. spacing is close to 
8 ft, some largely moderate to wide, some largely wide to 4 ft, and in 
places contains many oversize blocks more than 4 ft in width. Calcite- 
cemented sandstone has moderate to 4-ft spacing. Mudstone intervals 
have close to very close, some poss~bly moderate, spacing of weather- 
ing fracture. 

Permeability: Sandstone in exposures has largely low intergranuiar per- 
meability, but size analysis reported by Hall (1958) suggests some mod- 
erate; very low where calcite cemented and in some(?) fresh rock, 
Siltstone, mudstone, and clayey sandstone have low to very low inter- 
granular permeability, probably Ion, fracture permeability in shallow 
rock. Thus, intergranular permeability of weathered bedrock is largely 
low. some moderate; some very low, but this has low fracture perme- 
ability in shallow rock, Much(?) fresh bedrock has very low intergranu- 
lar permeability. Probably much mantle moderate. much low to very low. 

Weathering: Sandstone is generally weathered to depths greater than 25 
ft, except calcite-cemented sandstone remains hard to ground surface or 
near ground surface. Weathering depth of mudstone intervals is unknown. 

Surficial mantle: Granular to clayey, probably much of each. Soils range 
from uncracked sand to sandy clay, local clayey subsoil. Generally thick 
colluvium near base of slopes. 

Expansivity: Most bedrock unexpansive, probably some expansive. Some 
mantle is severely expansive, much to most is significantly expansive, 
some to much unexpansive. Sample MDS 13, uncracked sandy clay soil, 
free swell 80 percent (probably exaggerated), is typical, Some moder- 
ately cracked clayey subsoil, such as sample MDS3, free swell 132 per- 
cent, at base of slopes. 

Stratigraphic thickness: As much as 9,000 ft (Hall, 1958); more than 
9,000 ft (Huey. 1948). 

Sources: Hall, 1958; Huey, 1948; six stations. 

MAP LNIT 646 

tant and dark-toned nonresistant bands 30-300 ft and more in width. Geologic unit, (age), and location: Great Valley sequence, sandstone, 
Light-toned mater~al  does not produce sharp ridges and looks unusualIy shale, and minor conglomerate unit (K);  only on east side of Santa Clara 
nonresistant for Cretaceous sandstone. Valley near San Jose, 

Composition: (1) Sandstone, fine to coarse grained, moderately sorted. Summary: Probably largely flysch, but includes some sandstone beds to 
Called wacke by Hall (1958). but analyses of some samples show no clay thick or more and minor to some conglomerate. On strike with conglom- 
or silt; thus, some or more is clean. Littoral or shallow neritic deposi- erate (unit 601). Some to much rnantle severely expansive. 
tional environment. Some sandstone is calcite cemented in beds, zones, Expression in aerial photographs: Intermediate topography that is 
and concretions. (2) Flysch of siltstone, mudstone, and clayey fine- rounded and lacks ribbing, most is subdued. 
grained to very fine grained sandstone. Flysch in this unit contains more Composition: Flysch of mudstone and siltstone interbedded with sand- 
siltstone and silty rock and correspondingiy less mudstone than other stone and lesser conglomerate. Sandstone is medium to fine grained and 
Cretaceous flysch. moderately to moderately well sorted. Conglomerate consists of pebbles 

Unit contains much of both very thick sandstone and flysch. the flysch to boulders, subrounded to well rounded; generally some to most clasts 
including sandstone beds to thick. In places, as much as 70 percent is are larger than 3 in. in d~ameter ,  minor to some larger than 6 in.: matrix 
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is medium- to coarse-grained sandstone, some calcite cemented. Unit is 
largelj flysch. but includes some thick to possibly very thick sandstone 
beds 'lnd probabl) minor to sonic conglomerate (none observed). 

Hardness: Sandstorie is quite firm to firin where weathered and probably 
where fresh: mudstone and siltstone firm where weathered, probabl) firm 
where fresh, Congloinerate  ha^ hard clasts in firm to hard matrix that 
may be soft and clayey \+here weathered. 

Bedding: Distinct sandstone and congion~erate interbedded with mudstone 
and siltstone, .Most sandstone beds are thin to medium. but some are thick 
and \ e r l  thick. between mudstone and siltstone in thin to thick beds. 
Conglo~nerate probably thick to vcry thick. 

Parting: Present at distinct bedding contacts and within mudstone at very 
close to modcrate spacing. 

Fracture: Sandstone has close to wide spaclng, Iargelj moderate. Mud- 
stone and siltstone have close to very close spacing of weathering frac- 
ture, Conglonlerate fractured at wide to very wide, mostly 3-8 ft. 

Permeability: Intergranular permeability of mudstone very low, siltstone 
iew: sandstone and conglomerate largely low. but weathered cemented 
conglomerate apparently moderate. Thus. intergranular permeability of 
much bedrock very low, much low. possibly minor moderate, Some shal- 
low, bedrock (mudstone) has low fracture permeability. Most mantle very 
low. some to much low. 

Weathering: Similar to other Cretaceous flysch, such as unit 660. 
Surficial mantle: Most to almost all is claye]. 
Expansivity: Most bedrock unexpansive to significantly expansil-e, some 

may be sevcrely expansive, Some to much mantle is severely expansive, 
much to most is significantly expansive. Samples: SJEI, fluffy silty and 
sandy clay soil, free swell 7 6  percent, is typical; SJE4, clay soil, free 
swell I00 percent, is common to typical. Consistent mildly cracked soil. 

Sources: Crittenden, 195 I ; Templeton. 19 12: two stations. 

MAP UNIT 647 

Geologic unit, (age), and Iocation: Great Valley sequence* sandstone and 
shale unit (K), only in Santa Cruz Mountains between Sierra Azul and 
Mount Madonna. Includes unit Kgs of McLaughlin and others (1971). 

Summary: Includes both flysch of one-third to one-half sandstone and 
intervals of unbedded dirty sandstone and siltstone that have weather- 
ing fracture. Probably most mantle significantly expansive. 

Expression in aerial photographs: Hard, ribbed topography, some inter- 
mediate crests. Tree cover, no tonal banding. 

Composition: Two main types: (1) Flysch of sandstone interbcdded with 
mudstone and siltstone. According to Bailey and Everhart (19641, the 
sandstone is graywacke, largely of subangular to subrounded medium 
grains that are moderately well sorted. contains clayey material in ma- 
trix, is slightly calcareous, and locally contains pebbles or clay balls. ( 2 )  
Indistinctly interbedded high-matrix, very fine grained to fine-grained 
sandstone, siltstone. and cleaner fine- to medium-grained sandstone, all 
containing matrix sufficient to produce weathering fracture or incipient 
weathering fracture. Subordinate compositions are: (3) Hard sandstone, 
not clearly calcite cemented, and (4) minor lenses of conglomerate as 
described for unit 602. 

Lnit is probably largely flysch consisting of one-third to one-half sand- 
stone, but sonic to equally abundant composition 2. Minor to possibly 
locally some composition 3. h4inor conglomerate. 

Hardness: Sandstone in flysch is hard where fresh, largely hard and some 
firm where weathered; fresh and weathered mudstone and siltstone in 
flysch are firm to quite firm. Dirty sandstone and siltstone (composition 
2) are largely firm where weathered. but some of this sandstone is hard 
fresh. Sandstone of composition 3 is hard to outcrop. 

Bedding: In flysch, sandstone beds are distinct and repetitive, largely thin 
to medium. minor to some thick, rarely thicker than 4 ft, one bed as thick 
as 20 ft observed: mudstone and siltstone interbeds are thin to thick, 
mostly thin to medium. Lithologies of composition 2 occur as indistinct, 
gradational, very thick (10- to 20-it or more) beds that form interbed- 

ded sequences 100-200 ft or more in thickness. Hard outcropping sand- 
stone (ccmposition 3) forms intervals as thick as 100 ft that are la?@;# 
unbedded or indistinctly bedded internally. 

Parting: Along distinct bedding contacts in flysch; absent in dirty sand- 
stone and siltstone: absent to very wide spacing in very thick outcrop- 
ping sandhtone, 

Fracture: In flysch, sandstone is fractured at spacing closer than bed thick- 
ness. largely close to moderate: beds as thick as 4 ft have largely mod- 
erate spacing. wide in places, and a 20-ft sandstone bed has moderate to 
s i d e  spacing, Hard outcropping sandstone (composition 3) has largely 
moderate to wide spacing, ranging from close to  4 ft,  hludstone and silt- 
stone in flysch have close to very- close spacing of weathering fracture 
and moderate to wide oririnal spacing. Dirty sandstone and siltstone 
(coinposition 2)  have close to wide spacing of original stained fracture, 
upon which is superimposed weathering fracture that has close to very 
close spacing at the ground surface, close to moderate spacing immedi- 
ately below the ground surface. 

Permeability: Intergranuia permeab~lity of sandstone and siltstone largely 
low, much(?) very low where fresh; mudstone very low, Thus, intergranu- 
lar permeability of much to most weathered bedrock low, some to much 
very low: most(?) fresh bedrock very l o w  Probably low fracture per- 
meability in most  shallow^ mudstone. Probably most mantle low, some 
to much moderate. 

Weathering: Sandstone in places is fresh (dark colored) at depth of 3 ft. 
in most places weathered to depths greater than 5 ft. Dark-gray color in 
mudstone extends to the ground surface, 

Surficiai mantle: Probably much granular, much clayey, 
Expansivity: Most bedrock unexpansive. some to much may be signifi- 

cantly expansive (mudstone). Probably most mantle significantly expan- 
sive. All soils uncracked. 

Stratigraphic thickness: More than 1,000 ft, inferred from Bailey and 
Everhart (1964). 

Sources: Bailey and Everhart, 1964; McLaughIin and others, 1971; four 
stations. 

Geologic unit, (age), and location: Great Valley sequence. unnamed for- 
mation, undivided (K): only in and near Yo10 Range. 

Summary: Sandstone interbedded with mudstone and shale. Proportions 
uncertain, probably largely mudstonc and shale. Probably some to much 
bedrock and much to most mantle is severely expansi>e. 

Composition: ( 1 )  Sandstone, fine to coarse grained, mostly medium 
grained, moderately to moderately well sorted, much contains intersti- 
tial fines; includes about 20 pcrcent hard calcite-cemented concretions 
and beds. (2) Mudstone (crude to absent parallel parting). (3) Shale (fis- 
sile). (4) hiinor(?) hard siIiceous rock (shale or siltstone) interbedded 
with shale. 

Unit is probably largely mudstone and shale, some sandstone. but pro- 
portions are uncertain. Reported to contain an upper sandstone member 
and a lower mudstone or shale member (Sims and others, 1973). Our 
observations suggest that unit consists largely of mudstone and shale, 
but includes an estimated IG-40 percent sandstone in ver? thick (as much 
as 10-ft) beds. 

Hardness: Mudstone and shale have firm pieces. Laminated sandstone 1s 
soft to firm where weathered; massive sandstone is mostly firm where 
weathered, probably firm where fresh. but includes about 20 percent hard 
concretions and beds. Siliceous rock hard. 

Bedding: Our observations show one very thick (as much as 10-ft) bed of 
sandstone overlain by as much as 10 ft of laminated sandstone. follo\\ed 
by a 20-to 50-ft interval of shale and mudstone, Sandbtone beds are dib- 
tinct: some shale is laininated. Siliceous rock In thin to medium beds 
betn een shale. 

Parting: In shale at very close spacing. but absent to crude in mudstone: 
proportion of mudstone to shale is uncertain. At very close spacing in 
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laminated sandstone and siliceous shale; and at contacts between sand- 
stone and mudstone (very wide?. 

Fracture: Mudstone and shale have close to ver) close spacing where 
weathered. Spacing in sandstone ranges from close to very wide (,as much 
as 10 f t ) ,  mostly moderate to 4 ft. Concretions (as large as 8 ft in diam- 
eter, ovoid) have moderate to wide fracture spacing; siliceous shale close 
to moderate. 

Permeability: Intergranular permeability of mudstone. shale, and siliceous 
shale very low; of sandstone largely low. some very low. moderate in 
places. Thus, intergranular permeability of most bedrock vcry low, some 
low to moderate. Minor to possibly some shallow rock has low fracture 
permeability. Much to most mantle very low. some to much moderate. 

Weathering: Shale is weathered to depth of about 10 ft, sandstone to 
depths of more than 30 ft. 

Surficial mantle: Much to most clayey, some to much granular. About 
half of surlicial soil is clayey sand, such as sample E6C, and half is sandy 
clay. such as sample E6A. 

Expansivity: Most bedrock expansive, probably some to much severely 
expansive: some unexpansive. Most mantle expansive, much to most 
severely expansive, some to much significantly expansive. Bedrock 
sample: E6B. moderately cracked mudstone, free swell 103 percent; 
compaie sample MV15B for unit 669. Surficial mantle samples: E6A, 
moderately cracked sandy clay soil, free swell 95 percent: E6C, mildly 
cracked clayey sand soil, tree swell 93 percent (exaggerated?): MV19, 
brown clay soil, free swell 128 percent. Much road damage from expan- 
sivity. 

Sources: Sims and others. 1973; two stations. 

MAP UNIT 649 

Geologic unit, (age), and location: Great Valley sequence, predominantly 
sandstone unit (K)  correlative with F zone of Goudkoff (1942), only east 
of Livermore Valley. 

Summary: About equally abundant sandstone and mudstone intervals; 
sandstone occurs both as medium to 4-ft beds between mudstone inter- 
vals of similar thickness and as very thick (tens of feet) beds. Unit is 
apparent southern extension of unit 650, similar in properties. Some hard 
calcite-cemented sandstone and concretions. Much mantle severely ex- 
pansive. 

Expression in aerial photographs: Subdued intermediate topography that 
forms flatirons. Topography is low lying and fine textured compared to 
units 668 and 400. Unit is finely and regularly banded by light-toned 
resistant and dark-toned nonresistant zones, about equally abundant, that 
range from 5 to 100 ft in width, mostly 5-20 fi in width. 

Composition: ( 1 )  Sandstone, medium to fine grained. moderately sorted, 
angular grains: about 30 percent quartz, 65 percent feldspar, 5 percent 
biotite (Huey, 1948'1. Some is calcite cemented as beds, parts of beds, 
and dark red-brown concretions. ( 2 )  Mudstone intervals that consist of 
flysch of interbedded mudstone. shale, siltstone, and some sandstone. ( 3 )  
Minor conglomerate of pebbles and cobbles as much as 4 in. in diam- 
eter in hard cemented sandstone matrix. Unit consists of about equally 
abundant sandstone and mudstone intervals: scme sandstone is calcite 
cemented and concretions are abundant in some beds. 

Hardness: Cemented sandstone and concretions are hard. Uncemented 
sandstone probably hard where fresh (see drill log from Huey. 1948); 
largely firm, some soft, where weathered. Mudstone intervals firm to hard 
where fresh. firm where weathered. Conglomerate hard where fresh, 
probably firm matrix and hard clasts where weathered. 

Bedding: Distinctly interbedded sandstone and mudstone intervals. Mud- 
stone intervals are flv-ich of very thin to medium indistinctly to distinctl) 
interbedded mudstone, shale, siltstone. and some sandstone. Sandstone 
is interbedded with mudstone interxals in two styles: (1) as medium to 
4-ft beds between mudstone intervals of similar thickness, and (2) as very 
thick (as much as 25-ft or more) sandstone bodies. Some very thick sand- 
stone beds are internally indistinctly bedded at medium to 6 ft. Zones 

of dominant sandstone as thick as 30 ft or more. Cemented sandstone 
occurs as beds and zones to thick and as concretions as large as 6-ft 
spheroids. Expression in aerial photographs suggests alternating zones 
of dominant sandstone and dominant mudstone mostly 10-20 ft thick, 
as much as 100 ft. 

Parting: Present at distinct bedding planes, within some very thick sand- 
stone bodies at moderate to 6-ft spacing. and within mudstone intervals 
largely at close to very close spacing. 

Fracture: Spacing in sandstone is moderate to 4 ft. largely wide. both 
where cemented and not cemented. Colic'-etions are as large as 6-ft sphe- 
roids, but most are fractured at wide to 4-ft spacing. Mudstone intervals 
have largely close to \cry close spacing of weathering fracture. 

Permeability: Intergranular permeability of weathered sandstone largely 
low approaching moderate. some to much moderate: much(?) fresh sand- 
stone \cry low: clayey interbedded rock very low to low; ceniented sand- 
stone vcry low: thus, much bedrock low. much very low. some moderate 
Low fracture permeability in much shallow rock (cemented sandstone 
and much of mudstone intervals;. Much mantle moderate. much very lew. 

Weathering: Cemented sandstcne remains hard to the ground surface or 
near the ground surface: uncemented sandstone and mudstone intervals 
are weathered to greater than depth of cuts (about 10 ft). 

Surficial mantle: Much granular. much clayey. Silt} sand soil overlies 
sandstone, covers about half cf unit; sandy clay soil. such as sample 
MDW27, overlies mudstone, covers about half of unit. 

Expansivity: Most bedrock unexpansive; much may be expansive. largely 
significantly expansive. Much mantle unexpansive to possibly signifi- 
cantly expansive: much expansive. largely severely expansive. Samples: 
MDW27, mildly cracked sandy clay soil. typical of much, free swell 106 
percent; MDW23, moderately cracked sandy clay soil, free swell 93 
percent. See samples for unit 650. 

Stratigraphic thickness: About 3,500 ft. inferred from Huey (1948;. 
Sources: Briggs, 1953b; Colburn, 1964; Huey, 1948; Snow. 1957: five 

stations 

MAP UNIT 650 

Geologic unit, (age), and location: Panoche Formation, Joaquin Ridge 
Sandstone Member of Goudkoff (1945) (K), east of Mount Diablo. 

Summary; Sandstone and about equally abundant flysch of largely mud- 
stone and siltstone. Sandstone beds commonly as thick as 10 ft, rarely 
100 ft. Some to half of sandstone is cemented; blasting required in ce- 
mented beds more than 10 ft thick. Much mantle severely expansive. 

Expression in aerial photographs: Variabie. from low-lying, unribbed 
intermediate hogback topography to prominent intermediate to hard hog- 
backs: much of both topographic styles. Unit in both styles shows r e p  
lar light- and dark-toned bands, prominent to subdued. that range from 
less than 10 ft to 100 ft or more in width. Includes some strikingly hard, 
ribbed topography west of Canada de Los Poblancs; here bands are re- 
petitive, most 10 ft or less in width but as wide as 20 ft, \arying from 
more than half light-toned to less than half light-toned, some dark-toned 
bands as wide as 100 ft. On east side of Canada de Los Poblanos, low- 
lying intermediate topography is> largely light-toned and resistant but 
contains some dark-toned bands. 

Composition: 1.1) Sandstone, largely arenitc ~Colburn ,  1964); largely 
moderately sorted. ranging from poorly to moderately well sorted; largely 
medium grained. ranging from fine or very fine to coarse grained, the 
fine-grained rock in thinner beds. the ccarse-grained rock largely in v e q  
thick beds. Much sandstone. locally most. is silty and clayey and scales 
where weathered. Some tc half of sandstcne is calcitc cemented. in beds 
and concretions, some only paniall} cemented (firm;, ( 2 )  Platy sandstone, 
fine to medium grained, grading to siltstone: very thin to medium bed- 
ded. (3)  Mudstone intervals (flysch;. consisting of mudstone. lesser silt- 
stone and shale, and interbedded \cry fine grained to medium-grained 
sandstone in beds to medium. (4) Medium to thick interbedded siltstone, 
very fine grained sandstone, some mudstone, and about one-fourth 
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sandstone of which most is cemented, some scaly. (5) Conglomerate con- 1 Expansivity: Most bedrock unexpansive; much may be expansive, largely 
sisting of rounded to angular pebbles to small boulders (average 4-6 in. , significantly expansive. Much mantle unexpansive to possibly signifi- 
in diameter, some as large as 12 in.) in sandstone matrix; typically about ' cantly expansive; much expansive, largely severely expansive. Bedrock 

sample AS38C, typical weathered mudstone. mildly cracked, free swell 
70 percent (exaggerated). Surficial mantle samples: AS38B, clayey sand 
subsoil, mildly cracked; more expansive than most, free swell 79 per- 
cent (exaggerated). Samples of typical mantle: BHSIA, dark sandy and 
silty clay soil on mudstone, mildly cracked, free swell 90  percent; AS35, 
uncracked granular soil. free swell 50 percent (exaggerated); AS38A. 
very mildly cracked clayey sand soil. free swell 5 1 percent (exaggerated). 
Samples of mantle over resistant zones: BHSlB,  mildly cracked sandy 
clay soil on scaly sandstone, free swell 70  percent: and BHSlC,  moder- 
ately cracked brown sandy clay soil, free swell 100 percent. BHS 18, dark 
plastic clay soil, mildly to moderately cracke,d, free swell 115 percent, 
covers about 10 percent of unit, probably typical on unit 674. See samples 
for unit 649. 

Stratigraphic thickness: 6,000 ft maximum (Brabb and others, 1971). 
Sources: Brabb and others, 1971; Briggs. 1953b; Colburn. 1961. 1964: 

Goudkoff, 1945; Snow. 1957: nine stations. 

MAP LNIT 651 

40 percent clasts, 60 percent matrix; most is calcite cemented, hard. 
breaks across clasts. Associated are gritty zones in sandstone. (6) 
Porcelaneous shale; occurs in one body, as thick as 30 ft, that is used as 
a marker bed on both sides of Mount Diablo. 

Expression in aerial photographs suggests about equally abundant sand- 
stone (composition I t  and mudstone intervals (composition 3). Roadcuts 
in resistant zones generally show about equal amounts of sandstone and 
mudstone to somewhat more sandstone, suggesting that unit as a whole 
is less than half sandstone. Less resistant zones are largely mudstone in- 
tervals (composition 3), but include some platy sandstone (composition 
2). b'nit includes some rock of intermediate resistance (composition 4). 
Porcelaneous shale is rare, Some to half of sandstone, in many places 
about half, is calcite cemented: some to much sandstone is scaly. 

Hardness: Mudstone, siltstone, and shale are firm where fresh and weath- 
ered. Sandstone is firm to hard where fresh; generally it weathers firm, 
some quite firm, some approaching soft, except cemented sandstone is 
hard where fresh and weathered and scaly sandstone weathers firm to 
soft. Conglomerate is cemented and hard. Porcelaneous shale probably 
hard where fresh and weathered. 

Bedding: Most mudstone intervals are flysch that consists largely of very 
thin to medium indistinctly interbedded mudstone. siltstone, and very fine 
grained sandstone, but contains repetitive thin to medium distinct sand- 
stone beds between medium to thick beds of clayey rock; some or more 
mudstone intervals consist of very thick (as much as 5-ft) beds of mud- 
stone or siltstone. Composition 4 has uniform medium to thick sandstone, 
siltstone. and mudstone beds. Sandstone (composition 1) occurs in dis- 
tinct beds that are thin to medium within mudstone intervals (flysch); 
otherwise beds are largely thick to 10 ft, some (locally most) 10-50 ft, 
in places as thick as 100 ft, between similar thicknesses of mudstone 
intervals or platy sandstone. Mudstone intervals that contain minor sand- 
stone to thick are as much as 300 ft in thickness; zones of more than 90  
percent sandstone are as thick as 100 ft or more. Calcite-cemented beds 
and concretions generally are thick or less, but as much as 6 ft. Con- 
glomerate  is general ly as  thick as  5 ft,  rarely more than 2 0  f t .  
Porcelaneous shale occurs in zone as thick as 30 ft. 

Parting: Present at distinct bedding planes and within many sandstone 
beds; within mudstone intervals at very close to moderate spacing, much 
at very close to close; within platy sandstone largely at close to very close 
spacing. Thus, within about half of unit at very close to moderate spac- 
ing; within other half (sandstone) at distinct bedding planes and closer, 
largely wide to 10 ft, probably largely wide to 5 ft. 

'Fracture: Mudstone intervals have largely close to very close spacing of 
weathering fracture, some moderate; platy sandstone close to moderate; 
spacing in sandstone, cemented sandstone, and conglomerate ranges from 
close to 5 ft, largely moderate to wide in places, wide to 4 ft in other 
places. Porcelaneous shale probably close to very close, some moderate. 

Permeability: Intergranular permeability of weathered sandstone largely 
low, much approaching moderate, but minor to locally some moderate; 
very low in much(?) fresh sandstone and where calcite cemented; mud- 
stone intervals very low to low. Thus, intergranular permeability of much 
bedrock low, some moderate, much very low. Fracture permeability low 
in much shallow mudstone. low to moderate in shallow cemented sand- 
stone. Much mantle moderate, much very low. 

Weathering: Sandstone weathered to depths greater than 15 ft. Some sand- 
stone scales where weathered, and some develops close to wide fracture 
parallel to ground surface to depth of about 10 ft. Some mudstone is fis- 
sile at ground surface, but weathers spheroidally or in mudstone fash- 
ion at depths of a few inches. 

Surficial mantle: Much granular, much clayey. Texture varies with un- 
derlying bedrock. Typical soil on mudstone is sandy and silty clay, such 
as sample BHS1.4; on sandstone. sandy silty soil, such as sample AS35. 
and clayey sand soil, such as sample AS38A, are typical. 

Geologic unit, (age), and location: Marlife Shale of Payne (1962), map- 
pable sandstone interbeds in upper shale and siltstone member (K), near 
Mount Diablo. 

Summary: Not seen in field. Proportions may lie anywhere from about 
equally abundant sandstone and mudstone intervals (as in unit 650) to 
dominant mudstone (as suggested by expression in aerial photographs). 
Sandstone beds to very thick. 

Expression in aerial photographs: Bold intermediate topography that has 
rounded crests and local ribbing. Topography is banded like unit 650, 
but here topography is bolder in general. Light-toned bands are 10-20 ft 
in width; intervening dark-toned bands are as wide as 150 ft, probably 
some more than 150 ft, mostly about 100 ft; unit includes some gray 
bands in contrast to light and dark tones. 

Composition: Sandstone and mudstone intervals, probably similar to ma- 
terials in units 650 and 675. 

Physical properties: Like sandstone and mudstone intervals in units 650 
and 675. 

Permeability: Intergranular permeability of much bedrock low, much to 
most very low, minor to some moderate. Probably some to much low 
fracture permeability in shallow rock. Probably most mantle very low 
to low, some to much moderate. 

Surficial mantle: Probably largely clayey, some to much granular. 
Expansivity: Bedrock probably unexpansive to significantly expansive. 

Probably most mantle expansive, probably much severely expansive. 
Sources: Bnggs, 1953b; Colburn, 1961, 1964: Payne, 1960; Snow, 1957. 

MAP UNIT 652 

Geologic unit, (age), and location: Marlife Shale of Payne (1962). middle 
sandstone member (K) ,  near Mount Diablo. 

Summary: Approximately equal amounts of sandstone and mudstone in- 
tervals. Sandstone is quite firm to hard in beds commonly as thick as 6 
ft; some requires blasting. Unit forms rugged topography and hogbacks. 
Probably most mantle significantly expansive. 

Expression in aerial photographs: Resistant topography. To north near 
Marsh Creek Road, forms good hard hogback, regularly ribbed, capped 
by light-toned resistant band 100 ft or more in width. Here includes light- 
toned resistant zone as wide as 250 ft. Farther south, forms rugged in- 
termediate topography showing some hard crests. Here unit is banded, 
much subtly, generally showing light-toned zones 10-20 ft in width, dark- 
toned zones 10-100 ft, but locally includes light-toned zones as wide as 



DETAILED UNIT DESCRIPTIONS 187 

50 ft and dark-toned zones as wide as 200 ft. In vicinity of Brushy Peak 
and especially cast cf Brushy Peak, rugged intermediate topography has 
local banding and abundant bold outcrops as wide as 150 ft. 

Composition: Sandstone interbedded with Inud~tolle intervals that con- 
sist largely of mudstone and siltstone. Sandstone is mostly medium 
grained, ranges from fine to coarse grained, is moderately sorted, of low 
permeability, and varies from scaly dirty sandstone to relatively clean 
nonscaly sandstone; consists of both wacke and arenite (Colburn. 1964): 
includes calcite-cemented concretions. Near Brushy Peak, includes unit 
Kpd of Snow (1957), which consists largely of poorly sorted, pebbi}, 
medium- to coarse-grained sandstone that has clay matrix, but contains 
much conglomerate of well-rounded pebbles, cobbles, and some boul- 
ders as large as 4 ft in diameter, in which clast occurrence ranges from 
scattered to concentrated at base of beds. 

Unit is generally about half sandstone, half mudstcne intervals. Near 
Brushy Peak, largely pebbly sandstone and in places mostly conglomer- 
ate (as much as two-thirds of 800-ft section). 

Hardness: Sandstone is largely quite firm to hard where weathered and 
probable where fresh (pick point dents rock slightly, but solid sound); 
some is flaky and weathers firm. Concretions hard. Where weathered, 
mudstone has firm pieces, siltstone firm to hard pieces; probably same 
where fresh. Sandstone has been blasted in several beds thicker than 6 
ft. Near Brushy Peak, sandstone is firm, case hardens; conglomerate has 
firm matrix and hard clasts. 

Bedding: Distinct sandstone beds. generally thick to 10 ft, most less than 
6 ft, ranging from medium to 20 ft, between mudstone intervals that are 
thin to very thick (as much as 150 ft if medium sandstone beds included). 
Unit contains some very thick intervals of sandstone, some very thick 
mudstone intervals. and some thick to 4-ft interbedded rock. Intervals 
of dominant sandstone are as thick as 250 ft or more; intervals of domi- 
nant mudstone and siltstone probably are of similar thickness. Mudstone 
intervals are laminated to medium bedded, generally indistinctly. Near 
Brushy Peak, sandstone beds are as thick as 75 ft and average about 15 
ft between partings or thin siltstone; conglon~erate beds are lenticular 
and as thick as 100 ft. 

Parting: At distinct bedding contacts and within mudstone intervals at 
close to very close spacing. possibly moderate in some mudstone. Some 
mudstone weathers fissile, but most does not. Most sandstone beds 
are not parted. Near Brushy Peak, sandstone parted at about 15-ft spac- 
ing. 

Fracture: In sandstone, largely wide to 4-ft spacing, ranging from mod- 
erate to 8 ft. Unit contains enormous unfractured blocks as large as 6 
by 10 ft, quite firm to hard, definitely require blasting. Mudstone and 
siltstone have close to very close spacing of weathering fracture. Hard 
concretions in sandstone generally are as large as 4 ft in diameter, but 
near Brushy Peak as large as 9-ft spheres, averaging 5 ft in diameter in 
some horizons. 

Permeability: Intergranular permeability of most sandstone low except 
very low where cemented and in much!'?) fresh bedrock: near Brushy 
Peak probably much sandstone moderate; madstone and siltstone very 
Sow to low. Thus. intergranular permeability of most(?) fresh bedrock 
very low; most weathered bedrock low. much very low, minor to some 
moderate. Some shallow bedrock has low fracture permeability. Much 
mantle moderate, much low to very low. 

Weathering: Sandstone is weathered to depths of more than about 25 ft; 
mudstone intervals have weathering fracture to similar depths. Near 
Brushy Peak, sandstone and conglomerate crop out boldly 

Surficial mantle: Much granular, much claye? Clayey sand soil is typi- 
cal in much 

Expansivity: Most bedrock unexpansive m u ~ h  may be signifi~antly ex 
pansive Probably most mantle significantly expansi\e, some severely 
expansne, some unexpansive Sample AS40, very mildly cracked clayey 
sand soil, typical, free swell 70 percent (exaggerated) 

Stratigraphic thickness: As much as about 2,000 ft (Brabb and other;,, 
1971) 

Sources: Brabb and others, 1971, Briggs, 1953b; Colburn, 1961. 1964: 
Payne, 1960: Snow, 1957: two stations. 

MAP LMT 653 

Geologic unit, (age), and location: Great Valley sequence. predominantly 
sandstone unit (K) correlative with G-I zone of Goudkoff (19421, only 
north and east of Livermore Valley. 

Summary: No bedrock exposures examined. Aerial photographs suggest 
uniform, subdued resistant lithology. such as clayey sandstone. Mantle 
largely sandy clay, largely expansive. 

Expression in aerial photographs: Intermediate topography that lacks 
ribs, subdued resistant; dark photographic tone contains subdued lighter 
patches on shoulders. Homogeneous, lacks banding; suggests uniform 
clayey sandstone or similar faiily nonresistant lithology. 

Composition: Unknown; probably largely uniform clayey sandstone, or 
clayey sandstone indistinctly interbedded with sandy mudstone. 

Hardness: Probably firm where weathered, firm to hard where fresh. 
Bedding: Unknown. Probably either thin to thick interbedding or very thick 

(tens of feet) indistinct beds of little contrast. 
Fracture: Unknown. probably moderate to wide original spacing and very 

close to moderate spacing of weathering fracture. 
Permeability: Intergranular permeability of bedrock probably largely low 

where weathered, much(?\ very low where fresh. Most mantle very low 
to low. 

Surficial mantle: Largely clayey. Two main types: moderately cracked 
to well-cracked dark sandy clay soil, such as sample AA20B. that prob- 
ably covers 60-90 percent of unit, and mildly cracked brown fluffy sandy 
clay soil. such as sample AA20A. that probably covers 10-40 percent of 
unit. Proportions estimated from field observation (10-90) and photo- 
graphic tone (40-60). 

Expansivity: Most bedrock unexpansive to possibly significantly expan- 
sive; most mantle expansive. Samples: AA20A, mildly cracked sandy 
clay soil, free swell 78 percent; AA20B, moderately cracked to well- 
cracked dark sandy clay soil, free swell 105 percent (exaggerated). 

Sources: Huey. 1948; Snow, 1957; one station. 

MAP UNIT 654 

Geologic unit, (age), and location: Joaquin Miller Formation (K), in the 
East Bay Hills near Oakland. 

Summary: Hard sandstone and siltstone interbedded with shale in about 
equal proportions. Minor conglomerate and limestone lenses. Almost all 
mantle unexpansive to significantly expansive. 

Expression in aerial photographs: Strongly ribbed slopes and interme- 
diate crest. 

Composition: Resistant beds uf sandstone and siltstone interbedded with 
about equally abundant less resistant shale. Sandstone is fine- to medium- 
grained arkosic and feldspathic biotitic wacke that contains interstitial 
silt and clay sufficient to produce low intergranular permeability. Car- 
bonate concretions are common and some sandstone is carbonate ce- 
mented. Sandstone beds increase in frequency and thickness toward top 
of unit. Minor conglomerate (probably similar to unit 615); rare lime- 
stone. 

Hardness: Sandstone, siltstone, and shale generally have hard pieces both 
were fresh and weathered, but some sandstone and shale may be firm 
where weathered. Conglomerate probably has hard clasts in firm matrix 
where weathered. Radbruch (1969) reported that weathered rock is firm 
to soft. 

Bedding: Distinct sandstone and siltstone in medium to very thick (most 
less than 10-ft, but as much as 30-ft) beds, mostly medium to thick, 
between shale beds that are mostly very thin to thick but as much as 20 
ft. Minor conglomerate in lenses 5-20 ft thick. See section by Case 
1 9 6 3 ) .  
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Parting: In almost all of unit at close :o moderate spacing.. rarely wide 
and vn'y wide. Parting occurs a l ~ n g t ~ e d d i n ' ;  planes .ind within much 
sandstone. and shale has fair tc p d  parting at close to iery close s p -  
mg 

Fracture:  In sandstone .ind siltstone at :lobe to IA ide sp~c ing .  except very 
wide {about Ã‘ f t  in uncommon very (hick beds. Weathered sh.ile has 
Jose to \cry close :,pacing. 

Permeability; imergranular permeability i?f 1,veathered sandstvne. siltstoiie. 
2nd congiomerale l e w .  A:,Ie and mucW?; fresh sxidstcne and s i l ts tox 
\ e r>  low. Thus, intergranular penneabiii!j o f  most fres-h bedruck '$'en 

expansive maieriii! seen in unit Minor io some mantle has expansivity 
similar to this sample. but most mantle is mildly cracked to uncracked. 

Sources: Briggs. 1953b: Colburn. 1962. 1964; Turner, 1891; one station. 

MAP UNIT 656 

Geoiogie units. (age), and location: Pigcon Point Formarion K$; unnamed 
sandstone at San Bruno Mountain (K)}: in SA:I Mateo Couniv 

Summary:  Not seen in  field at San B r u i : ~  Mountain. Much ;,andsiow. 
much interbtdcVd rn~d-~rcne and shale: includes s o ~ e  ccnglonierate b;cu!h 

leva.; mrch weathered be'Jrock ICYA.  much very Si'w. Shailcv., shale has cf Pcscadero Point. Much mantle significar.tly expa;isi'~e. 
I,>-.<, f ' r j ~ t u r e  >crmeability. p-cbabb n o s t  riiintle low, possibly some Composition: Much sandstone. much imerbedded clayey reck consisting 
rriodcraii;. of mudstone, Â¥iiititone and shale. Sandstone is fine k cc,,.rsc grained, 

Weathering: To depths greater rhm 10 ft. Radfcruch {19W) repcrtc-:j that k q e l y  dirty, South of Fex,adero Pcit;~. *.init includss tome .;onglomer- 
weathering may extcn.J tc de1:th cf 50 f t  in  places. ate cf p,;bb;;s, ccbbli-s. and b.:ulders ii: sand~tone  m:-tinx. 

Surficiai mantie: PrAably largely c l ~ y e y .  Â¥icirr;>'.' ;;r;i!';u!:r. Sandy clay Hardness: S,:ndstone mi j  cocgloiiiei'ate :natrix are hard where fresh, f i r n  

soil. tc l+:,"iiiy .Â¥,of where weathere?: clayej reek firin 'to h.rid vvhere fie::!:. 
Expansivity: ?vI!..eii hcilrock ' ~ n e x p a ~ s i v c ,  m ~ c h  may be sigr^fic.intly ex- firm tc soft fthere weathered; conglciner2te clasts h.ird where fresh, 

pan:.ive. Almost ,-ill mantle :inexpansive tc significantly expansive. man;, firm where weathered. 
L'irgeiy uncracked sandy clay soil: some is mildly crdcked. similar tu Bedding: O.'sth;t sanJstcne and congicmeraie beds are veiq thin to very 
sample OE32 c f  unit 667. free s7.velI 70 percent. thick 120 ft or more). commonly thin to 4 2; ~ e ~ i s e n c e s  of cla.vey rock 

Strat igraphic thickness: A;; much as 2,500 ft i C u ~ e .  1968;. thin to v e q  thick (20 ft) .  
Sources: Case. 1963, WiS:  Radbruch. 1969; two station:;. Parting: On distinct bedding piane!., at very close tc v.;r) wide (2C-ft or 

more) spacing, large!:; close to 4-ft spacing; ftithin most clayey rock at 

MAP L'NIT 655 

Geologic unit, (age), and location: Great Vallq sequence. unnamed sand- 
stone and shale. undivided (eqii~valent to unit Kc? of source map) ( K ) ,  
only northwest of Mount Di.ib1o. 

Summary:  Mudstane. claystcne, and shale, and about equally abundant 
firm (weathered) sancktcne: bands of dominant clayey rock and dcmi- 
nant sandstone a? thick a i  about 10 ft .  Much to most bedrock and mxitle 
is expiinsive, some or more is severely expansive. 

Expression in aerial photogra s: Intermediate topcgraphy rhat lacks 
ribbing. Some subtle control of ridges b;-i bedding. which is expressed 
as equally abundant light- and dark-toned bands as wide as SO f t .  

Composition; Sandstone interbedded v,ith clayey rock Sandstone 15 tine 
tc medium grained ;uid includes some clayey tapioca-type s.indston.::. 

rock is mostly miid~iorx.  sonic clayat-':nt., and minor tc  some 
fissile shale. Unit consists of about equally abundant i,andstcne and 
clayey ruck, AS judged from aerial phoiographs and one e:iposiire. 

Hardness: Mudstene, claystone, and shale probably are firm where fresh 
and weathered. Sandstone firm where weathered, fir111 to hard s h e r e  
fresh. 

Bedding: Sandstone beds are dr-tinct and to thick ur rr-ore. and occur ir. 
zones of dominant sandstone as thick as 10 ft (on aerial photcgraphs). 
Zones of dominant mudstone are as thick as 10 ft or more (on  photo- 
graph.,), beds as thick ai 6 ft or more 

Parting: Probably present at bedding contacts, moderate ic very wide 1 10- 
it; spacing. 

Fracture:  L'nknowii. In clayey rock. prctabiy moderate original spacing 
and close to very close spacing of w'ea'ihering fracture: in sandstone, 
probably close io w,i& spacing iind much weathering fracture at ciose 
c very close spacing. 

Permeability: intergranular p e r ~ ~ a b i l i t y  of clayey rock acd much{'?; fresh 
sandstone very low: most sandstone low. Thw,  intergranuiar permeability 
in much weaihered bedrock low, much ver! ;ow: most fresh bedrock very 
io5.v. Scree sfcaliov. bedrcck has low fracrire pern'iesbi'll'iy. Most mantle 
lcw to very low, some to much moderate 

Surficiai mantle: Largeij c i q e y .  Most is probabiy sand:' ciiiy or silty clay. 
Expansivity: Much to most bedrock is expansive, scme cr  i:;ore is sevcieh 

expansive; much ucexp~nsive.  Most mantle is expansive, some or more 
is severely expansive: some to much i~ilexpansive. Sample CL;A, mod- 
erately cracked weathered clay.-.i'one, free swell 105 percent. is most 

close to very close spacing. 
I Fracture: Sandstone ~ n d  cG>n;?loirierate have close t r  very wide (5 - f t  cr 

more) spacing. ccnglcmerate clasis geneial!) fraciured; close fc very 
close spacing in weathired clajey rock. 

Permeability: latergranular perrneabihty of most bedrock very low, some 
to much low (much of sandstone;. Mo-'t shallow bedrock has low (10- 
cally mcder.;!e) iracture permeability. Mantle moderate to low, ri;uch(?) 

Surf idal  mantle: Granular to clayey, much\'?,' of each. 
Expansivity: Most bedrock unexpmsive, much may be significantly ex- 

pansive (clayey rock;. M i c h  mantle unexpansive, much :.ignifii:amly 
expansive Bedrcck samples: SFS10A. shale, free swell 65 percent. 
SFSlOB, typical s h a k  in unit KJs of scurce ir.ap, free swell $5 percent: 
SFS10C. m,ii.;ive grai.wi.cke, free swell 6-1 percerit. Surt"i.;i<il raantln: 
samples: SFS1 1 ,  sandy :;a!, soil. free swell 60 percent; SFS12. 
uncracked thin siony clay scil, free swei; 68 percent. SFS13, organic 
stcny clay !.oil en rillgetup (possibly on oid alluvium;. free swell 9C 
percent; SFS14, uncrackei-'! sandy clay soil. free ziwel! 51 percent. 

Stratigraphic thickness: Thousands of feet. 
Source: Eller. and ethers. 1972. 

MAP ENIT 657 

Geologic unit, (age) ,  and  location: Great Valley sequent':, u;in~.?~.;d for 
mation (KJ;, in Yo!o Range. 

Summary:  Sindqtone in inteivdis as thick as 35 ft 'ir mere. pui'il!, calcite 
cemented. interbedded with siltstorie. laminared sandstone. muastone, and 
s a l e .  Most nuntie expansive. See unit 633. 

Composition: Sandstone, mostly fine grained. pccrly sorted. in pan cal- 
cite cerneried. interbedded ~ l i t h  silk-tcne, mudstone. shale. .ind la;xina;ed 
f ' n e - p i n e d  sandsizne. Sandstore is probably part~y calcite cemen~ed in 
fresh as wel! as weathered rock. Probably much of ui;i: is sandstone. 
mi:& mterbedded clayey reek 

Hardness: In weathered zone. sandstone is hare where calcite Â¥;er::e;;ted 
firm "ibc're net i.ihese Jre about equal11 abur.dan'i in weathered zonci. 
and soft where larr.inaied: probably hard fresh Weathered siStstcne. 

Bedding: D ~ s t i ~ c t .  Sandh~one occurs in ver! thick intervals :as much zs  
35 ft or more;, v+iihin :\hich beds are as thick as 1 C  f;. Sandstone also 
occurs in medium to thick beds and in \cry thin to thin beds interbed- 



MAP l;NIT 658 

ver" thick be6ded saiid.;ione pans 31 ,;lo:-t to Â¥&id ..;3. :;:~s. . . . ,  . .  
Fr;3c$xarK:: c:ig.vcy r6jck , J ; - s ~  f: $:;:h h?.*d? ~~lce<::a[c r:; ~>,i!:c cl-*<:a~>;i{ "rs-,-- 

. ~ 
t> t. - ' 

i~q;: ,~~eatk6rin;~ f'r~,z:iire in c!:;:<ey rcc!; at ~;:,,?se :<I ~,~er;t ;lc>;:: : ~ ; ~ , j ~ ? .  

in ?ly:.,:h sandslone a ;.pacir,,i, shr-iiar to be,; tCTck.is.-;s , -lore to -iie&$;"- 
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minor to some ui~expmsive. B e i x o ~ k  samples: SJE2. r.-icderately cracked Expression in aerial photograph's: Nonrcsistanl zone throvgh ribbed hill- 
v.eathered clayey bedrock, :or.stiiute:, icme of unit. free swell SO per- . side. 
ce:it: CVRI  2. i'..ir; wtfli-o'a~kea weathered bedrock, free swell 77 per- Composition; Hall ( iQJ8) reported silisione. containing abundant carbon- 
:+:n; Â¥>e?.d;;'-;era'.eiJ; S~ir f ic : '~!  mantle samples. CVR11. typicil! n~iidiy ' acecus materi;'.! and limonite cor.cretio;~>., and shale s imiar  to ihai in unit 
crii:i..e!: !can! soil. ."ec al.ve?l fc2 peiCeBl: CVR3-1. n'nderately cracked ' 644. At :.>;zple loc.i!i:; DL'5, unit co~~sists, cf  siic;,ione. shiile. and nwd- 
>a;id> el?.? soil, free snell A5 pe~",cr t ;  GHS?', Iccai moderately cr>.:ked : stune (hilt are poorly exposed. L n i l  probabi) consists of s o ~ : e  each of 

.ai:ib ci:i-, su'c-,,:j'i, i'i';e s-well 8 3  perccn;; some nuntie appears ;.;rrJ,iar , siltstone, &hale and mucsione: probilbly iliiiicr interbedded sandstone, 
i~ .~ ::X~';,J):~X:~I) {e h,:drsj,:k 5ar::pIe SJE2 a, in u2it W 

StraiigrspMc thickness: l .O~J(;- 2,000 3 at ASum Rock Park Hardness: Described as sc-f? !I> h a d  (Hid!. 195%). Where fresh. prcb.ib;y 
So:~?:$.ez: C'ri:le!~.k!:. 195 i ,  Tzn-ipl:ton" It%!2,: 15 % Z ? I C ~ S .  hard i c  firm: \%here wealhersid. 'Â¥ar'i;Â£ f i r sx  ai:J so;-i\e x f t ,  

Bedding: Siltstone ilescribed as wc'.'i bedded, p-'ob~b$ in-Ji;:ni;tiy. .Ski.& 
a 17 described as !\;is fteii bedded, but  has very thin crossbedding ;i?id 

MAP I'MT 661 prtidcd bedding, Prebably include< disiiiict intcrbcdded chin ;c i~ed i i i r~ t  
sandstone 

Leoiugic isnit, (age), and location; Great Valk: sequence. preacminantl? Parting; Pr-~babl; preseiil ir. no,;: of uni t  at very close tc moderate spac- 
.;!iiiic u r - ~ i  (K;.  c l i i y  z u t h  of S.1.n Jose in Sarita Teresa Hii1.i and Saiita , ir.g, i~iostl;; very close ic c i ~ s e .  
<:~uL \,Io~in!aii~s. ; Fracture: Largely close to ',cry close spacing where 3.veatht-red, probably 

Smiin'iai'y: Large11 ms.ids>orn., >one interoedded sandsione. Seme to much moderale to v-ide where fresh 
ma nil^; sevcrei? expansive Permeability: Iniergrinulai' permeability of bedrock very low. except some 

! to much Sow where weathered (siltstone and siincisione',; low fracture Expression in ai-rial photographs: Near Sieira Azul, interme,3iate tu hard 
~ p c g i a p h y ,  ribbed. in Santa Teresa Hills. :.ubdued inieriiiediate to soft 
* IL - j, +cn,- *,.il+ rh;, '; 

Composition; ( I  > Mudstone and chdie. !ur):ely mudstone met fissilei: 1 2 )  
O r  .timdtn,.i, ,;. ,.np. i 3 ;  siitstene ~ r a d i n g  to very fine graiced sandstone; and (4; 

carhoniite-?emented c':.ncreiior;s, Unit i s  largely muchtone 2nd shale, 
:,onie inieibedded sandsione, itino'i' to seine siltstune and \cry fine sand- 
itoiic, rniiior concretions. 

Hardness: Muditone and shale are firm. sandstone firm to hard. where 
fresh and weathered. 

l i n g :  Di:rinct <andstone interbeds are largely ihin to medium, but as 
thick as (; ft. Siits,iorc mtei'beds indistinct, very thin to thin. Conir- ptions ' 

c medium. Most of unit (mudstc-ne and shale) is unbedded except for 
sandstcne or siltstcne interbed; which occur both repetitively interbed- 
c d  a;, flysch and very wideb sp~i -ed  within dominant mudstone. Some 
intciva'is of mudstone. con ta in i~~g  only several thin sandstone interbeds, 
an; more t i i n  100 ft thick (Bailey and Everhiin, 1964). 

Parting; Probably present in most of unit (mudstone and shale) at close 
to moderate spacing; also on distinct bedding contacts. 

Fracsure: Mudstone 2nd shale have close to very close spacing of weath- 
erirsgfri-aciure, piobabiy cn moderate to wide original spacing; fracture 
described as generally ccnchoiiiai (Bailey and Everhart, 1964) Sandstone 
hits varia'oli- spacing depending on bed thickness; most is close to wide, 
but in very thick beds largely moderate to wide, some as much as -1 ft. 
Spacing in concie:icns to moderate. 

Permeability: In te~r i inu la r  pemit,ability cf mudstone and shale very low; 
of sandstone and siltstone iargeiy low. some(?) very low where fresh. 
Thu;,, niteigranuiai pernieability of bedrock largely very low, some low. 
Probably much low fracture peraeabiiity in shallow rock Most mantle 
\cry low to low. 

Surficial mantle: L2rs;ely clayey. Clayey soils noted by Bailey and 
Everhart 11964) in Santa Teresa Hills. 

Expansivity: Mosi bedrock probcibiy uiexpansive, much may be expun- 
hive. Some to much mantle is severely expansive, probably most is iig- 

. - 
ms'i;ari?ly expansive. Sample STH6. mildly c rxked  sandy clay soil, free 
;>%ell ?3 percent. .No evidence of cracking at other stations. 

Sources: Bailey and Everhart. 1964; four stations 

MAP UNIT 662 

Geologic unit, (age), and location: Great Valley sequence, shale unit (K). 
cnly in the East Bay HiLs near Dublin. 

Summary Enefl? seen in fisid. Largely siltstcne, mudstcne. and ihaie. 
,. .. mobably .is fi;i3ch i i ~ e  that described for unit 6 d d .  Most mantle iignifi- 
ctinuy expacsii'e. 

perii-ieabiiiiy in much !c. r.iost shallow rock. Mantie l;;rgely low 
Surficial mantle: Largely clayey. Typcal iy silt and cUy soil. such aii 

sample DL5. 
Expansivity: Probably m c ~ t  bedrock unexpaiisive, some may be expan- 

sive. Most mantle .;ii?iiit'icant!y expansive. Sample DL5, lighi-gray silt 
and clay scil. typical, moderately cracked. free swell 52 percent. 

Sources: Hail, 195i:S; one station. 

MAP FYIT 663 

Geologic unit, (age), and location: Grtat Valley sequence, :.hale unit (K), 
only in the E a n  Bay Hiiis near Martinez and east of Livermore Viilley 
near Tesla. 

Summary: Not seen in field. Probably alrncst all 1': ftyi.ch t h ~ t  has physsi- 
CAI properties, propcrtior.!,, pe rn~~abi l i ty  and expansivity like unit 679. 
Near Tesla, described by Huey (1948) as largely sh.ilc, in places cai- 
bonaceous, containing sparse limestone concretions; rniiioi sandstone, 
~oinrncnly as thin beds. 

Surficial mantie: Probably almost all clayey. 
Sources: Huey, 1948: Toiman, 193 1. 

MAP UNIT 664 

Geologic unit, (age), and location: Great Val?ey sequence, sandstone, 
shale, and minor cenglon-.crate unit (K!; only in Diablo Range near Sunol 
Valley. 

Summary: Briefly seen in field. Largely flysch siriiibr t(; isn't 660, prob- 
ably containing some thi;k to very thick s'andstcric beds as described for 
units 623 and 060. Permeabiliry, expansivity, and surficial manile tcx- 
ture are probiibly like unit 660. Mantle is similar to typical soil.; on unit 
b60, including some moderately cracked soil simil.ir to sample CVK14. 

Expression in aerial photographs: Mostly intermediate topography. some 
hard, depending on crests, Truncaied spur: along Calaveras fault are 
ribbed in laree part. Similar in appearance to unit Â£23 

Sources: Hall. 1958: one ski ion.  

MAP LNIT 665 

Geologic unit, (age), and location: Great Valley sequence, sandstone i.nit 
:K;. only west of Martinez in the East Ba) Hiiis. 

Summary: Most is ixud~tone and fine-graired 10 ven, fine grc-ined sand- 
stone. minor firm to hard gllauconitio sandstone. Most bedrock 'ind mantle 
expansive, some or more of each severely expansive. 

Composition; Largely sandy mudstone. some fine-grained to very fine 
grained sandstone, and miner to possiblj some fine- tc cotrse-f laked 
glauconitic sandstone. Fine-grained to very fine gramed sandstone 7, ar- 
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ie., from clay saturii:ed tc clay free, but most has some clay, glauconitic 
handstcne ic largely ~aturated by clay and silt. 

Hardness: Generallj firm pieces in sandstone and mudstone where wcath- 
ered, probably same fresh. Glauconitic sandstone hard to firm 

Bedding: Largely absent; beds of majoi composition:, very thick (50-200 
ft). Glauconitic sandstone in l e ry  thick f.3- to 10-ft cr  more! distinct beds. 
Sandstone ucciirs at base cl section, inuastcne at top. 

Part ing:  Absent except on glauconitic sandstone bedding contacts. in 
m u d ~ t o n e .  crude p!.irar fabric  produces very pucr  fissility. no 
thrcug'ngoicg parang 

Fracture:  Boch inudstone and fine-g'rained to very fine gr:uned sandstone 
have close to iery close spacing of weathering fracture on moderate to 
wide iron-stained original fracture. Most glauconitic sandstone hos mod- 
erate 1c wide spacing. sornc as wide as 6 ft. 

Permeability: Intergranular permeability cf sandstone low except some(?) 
very low where fresh: mudstcne very low. Thus. intergranular perme- 
ability of bedrock largely very low, some low. Probably much low frac- 
ture permeability in shallow rock. Most mantle low to very lcw. 

Weathering: Weathtred tc buff color to depths greater than 30 ft. 
Siurficial mantle; Largely clayey. 
Expansivity: Most bedrock and mantle expansive, some cr  more of each 

severely expansive. Samples: BNS, moderately cracked mudstone, free 
swell 102 percent; BN10. loam soil, mildly crocked, free swell 78 per- 
cent (exaggerated?). 

Sources: Three stations. 

M A P  UNIT 666 

Geologic unit,  (age), a n d  location: Strata of A n ~ h o r  Bay (KI, near 
Sonorpa County codst 

Summary:  Mudstone and lesser sandstone and conglomerate Most bed- 
rock and mantle is significantly expansive 

Composition: Mudstonc and leaser sandstone and conglomerate Most of 
unit is flysch of rhythmical!} mterbedded mudstone and very fine grained 
to fine-grained sandstone. fhsch is largtly mudstone, but proportion of 
mudittone ranges from 25 to 95 percent Flysch is intfcrrupted by se- 
quences cf  fine- 10 mediumgrained sandstone that contain less than 25 
percent mudstone and by beds of coarser sandstone and cobble conglom- 
erate. Sandstone is moderately to poorly sorted and contains slightly 
chlor~tict'?) matrix. Most conglomerate clasts are mafic volcanic rock and 
gabbrc, some are siliceous porphyritic volcanic rock. Unit is largely 
flysch, some sandstone, piohably minor to some conglomerate 

Hardness: Fresh sandstone and conglomerate are hard, moderately weath- 
ered rock firm to hard, se\erely weathered rock soft to firm Mudstone 
is firm where fresh ard moderately weathered, soft w h e n  severely weath- 
ered 

Bedding: Distinct. Sandstone beds in dominant mudstone sections are thin 
to very thin; fine- to medium-grained sandstone beds chin to medium, 
locally thick; coarser sandstone and conglomerate medium to very thick 
(40 ft?). 

Parting: Mudstone is no: fissile: some laminated sandstone beds part along 
laminae. 

Fracture:  Spacing probably close to moderate in flysoh sandstone. mcd- 
eraie to very wide in thick to \cry thick sandstone. very wide in con- 
glomerate. In mudstone, spacing is close tc moderate where fresh, close 
to very close where weathered. 

Permeability: Intergranular permeability very low in mudstone, Sew to 
very lo* in fresh sandstone and conglomerate, low to moderate in weath- 
ered sandstone ~ n d  conglomerate. Thus. intergranular permeability 
lareel) very lob, in fresh bedrock; low to locally moderate in much 
weathered bedrock. Most shallow rock (mudstone) has low fracture per- 
xeability. Most mantle low to very low, some rncderate. 

Weathering: Ro;k becomes sbft &here severely weathered, as on ciest 
cf major ndge occupied by unit 

Surficial mantle; Largely clayey. some granular 

Expansivity: Most bedrock and mantle significantly expansive, some of 
each unexpansive. Sample GUS. tvpical weathered mudstone. free swell 
57 percent, 

Strat igraphic thickness: 2.500-3.300 ft. 
Sources: Blake and others. 1971; Wentwonh. 1966; four stations. 

M A P  UNIT 667 

Geologic unit,  (age), a n d  location: Shephaid Cieek I-orn.~tica $,. in the 
E'ist Bay Hills near Oakiand 

Summary: Almost all flysch. but occasional thick and vep, thick (as much 
a5 15-ft or more; hard to firm sandstone beds. Uncornmcnly abundant 
parting in sandstone beds; almost all rock parted at moderate and closer 
spacing. Nonresistant unit. forms valleys in places. Almost all mantle 
significantly expansive. 

Composition: Flysch of fine-grained to very fine grained sandstone and 
siltstone regularly interbedded with mudstone, shale, and lesser laminated 
very fine grained sandstone. Less abundant medium-grained, micaceous 
sandstone in thick to very thick (as much as 15-ft) beds between inter- 
vals of flys'ch. Radbruch and Case (1967) described unit as massive shale. 
Probably almost all is flysch: minor to some thick to very thick sand- 
stone. 

Hardness: Sandstone hard to firm where weathered, probably similar 
where fresh; niudstone and shale pieces hard to firm; siltstone is hard 
and resistant in some rock, firm and nonresistant in other. laminated fine 
sandstone firm. 

Bedding: Distinct. FIysch is composed of thin to medium sandstone beds 
ripetitively interbedded with medium to thick, in places very thick (as 
much as 20-ft or more), intervals of mudstone and shale. Some sand- 
stone beds thick to very thick (as much as 15 ft or more). but many of 
these consist of internal very thin to medium beds separated by very thin 
partings. 

Parting: At bedding planes, mostly close to wide spacing, within most 
mudstone and shale at close to very close spacing; incipient parting in 
much of sandstone and hard siltstone at close to very close spacing; 
throughout most thick and very thick sandstone beds at close to moderate 
spacing. This unit has abnormally abundant parting within sandstone beds. 

Fracture: In thin and medium resistant sandstone and siltstone beds. frac- 
ture spacing is closer than bed thickness; in thick and very thick sana- 
stone. close to wide spacing. Mudstone, shale, firm siltstone, and 
laminated fine sandstone have close to very close spacing where weath- 
ered. 

Permeability: Intergranular permeability of sandstone and siltstone low 
where weathered, much!?) very low where fresh; mudstone and shale 
very low. Thus, intergranular permeability of most bedrock very low, 
some low. Almost all shallow bedrock has low fracture permeability. 
Almost all mantle low. 

Weathering: Sandstone weathered to depths greater than 20 ft. Mudstone 
fresh within 10 ft of ground surface. 

Surficiai mantle: Almost all clayey. Soil and colluvium are generally more 
than 5 ft thick (Radbruch, 1969). Soil is uncracked to mildly cracked, 
largely uncracked, 

Expansivity: Most bedrock unexpansive to significantly expansive. Al- 
most all mantle significantly expansive. Samples: OE39. weathered 
mudstone, mildly cracked on face of  cut. free swell 70 percent: OE32. 
mildly cracked sandy clay colluvium, free swell 70 percent, more ex- 
pansive than most, covers about 20 percent of unit. 

Strat igraphic thickness: As much as 1,500 ft (Case, 1968). 
Sources: Case, 1968; Radbruch and Case. 1967: Radbruch, 1969: three 

stations. 

M A P  UNIT 668 

Geologic units, (age), and  location: Great Vallej sequence, predominantly 
shale units (K) probably correlative with E and F-2 zones of Goudkoff 
(1942). only north and east of Livermore Valley 
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Summary:  Flysch of mud:.tone and shale, containing minor to some thin 
to medium sandstone interbeds. Most mantle severely expansive, 

Expression in aerial photographs: Smooth intermediate topcgraphy that 
ia'zks pattern; topography is coarser and n u c h  bolder than unit 649 

Composition: Fl;:<;ch that consists of mudstone. shale. and lesser inier- 
bedded sandslone. Mnst tn :~lniost all of unit is shalc and ~iuditt-in~". much 
of e,ich; :?.inor to bOIi7C reguliirly inlerbcdded sandstcni; 

Hardness: Shale and i~.ud"tone <ire hard to firin where fresh (hard in drill 
hcle (Huey. 19- iS i .  rirm in exposures): firm where weathered. Sandstone 

Bedding: Disunci thin io rnzdium sandstone beds between medium to thick 
ar.d very thick irudstcne and shale. 

Parting: In shale at '.cry ;lore spacing. in mudstone at c\G^S to very clcse 
spacing, and at sandstone .;cntacts T ~ L s ,  throughout unit spacin? i: clo:e 
to very close. Sh,i!e shews fissility only at ground surface, but breaks 
on parting lo depths greater thar 15 fi. 

Fracture: Ver: close to mcderse  :.pacing in weathered rr.udstone and 
!hale, close to moderate spacing in sandstone !similar to bed thickness). 

Psrms-ability: Izte-granular permeability of shale and m'-idstone very Ion;  
c'f sxds'n'ine low except much(?) v e r ~  low where fresh; thus. mc-st to 
almost ;;I1 bedrock \cry low, minor to soi'e low. Much shallow bedrock 
hiis low fracture permeability. Almost ail mantle ver) low. 

Weathering: Fissilit) is opened in shale to depths of only several inches, 
but weathering fracture and potential parting are present in shale and 
mudstone tu  depths greater than 15 ft  :n cuts. 

Surficiai mantle: Almost all clayey. Fairly unifoini clay soil:,, mostly 
fluffy, 

Expansivity: Bedreck unexpansive to iignificantly expensive, possibly 
some severely expansive. Almost all mantle expansive, largely severely 
expansive. Samples: AA15, brown clay soil, moderately cracked. typi- 
cal. free swell 105 percent: AA17, soil, mildly cracked. typical, free swell 
100 percent iexacgerated): A A i S ,  mildly cracked clay soil. typical, free 
w e l l  100 percent. 

Stratigraphic thickness: About 3,000 ft, as inferred from Huey (1948). 
Sources: Colbuin, 1964: Huey, 1948: Snow, 1957; three stiitionsi. 

MAP UNIT 669 

Geologic unit,  (age). and location: Forbes Formaticn ,.if Kirby ( 1942; (K), 
ia  and near YCIO Range 

Summary:  Almost all is mud!.tone, silistciie, clayey fine sandstone, and 
shale. Minor beds of sandstone, much of which is calcite cemented. Most 
mantle severely expansive. 

Composition: Almost all is mudstone, sihstane, clay-saturated very fine 
grained sandstone, and shale. Includes minor sandstone, especially near 
base; rare hard siliceous shale: and rare beds of bentonite. Sandstone is 
fine to medium grained, arkosic wacke to aienite (on boundary), wel! to 
moderately well sorted, and ranges from clean rock to somewhat dirty 
rock that has partially fiiied interstices In cne 01 two exposures observed. 
sandstone is calcite cemented 

Hardness; Mudstone, ~ i l ~ s t o n e ,  clayey fine  sand^-tone, and shale have fin:> 
to soft pieces where -fathered, prcbably firm to hard where fresh. Sand- 
stone mostly hard to firni, some soft, bui hard wht~re caicite cemented. 
Siliceous shale hard. 

edding: Most clayey rock is inihstinctly very tlnnly to thinly interbed- 
ded. Sandstone beds distirn.t, thin to very thick ( k s s  than 20 ftj Sili- 
ceous sliaie in m d i u m  beds: benronue in medium to thick beds. 

Parting: At moJerate i.3 vtry close spacing ir most of unit. but wide to 
very wide spacing ir; sandsicne beds. 

Fracture: Close to viry close spacing of \veat;ier;ng fracture in most clayey 
rock. 2nd much madstone shows spheroids!  eathe he ring on cic-se to n-.od- 
ersle o:iainzI spacing. In sandstone. mostly mcdera?e to 4 ft, but as wide 
3s 6 ft. 

Permeability: Intergrar.klar permeability very lev, to locally lcw in niud- 
stone, siltstone. clayey fine sandstone, shale, and cemented sandstone: 

most uncemcnted sandstone low. probably some moderate. some(?; v-$ry 
low where fresh. Thus. intergranular permeabili:;? of most bedrock very 
low some low, minor moderate. Probably some !ov, to locally moder- 
die fracture permeability in shallow rock. Most mantle very lo%, possi- 
bly some low. 

Weathering: To depths greater than 8 ft. 
Surficial mantle: Almost all clayel . 
Expansivity: Most bedrock expansive, probably largely si.'nific:,intly ex- 

pansive. et least rarely s,e\erely expansive (brir.!oniiej. Ainioit a!! mantle 
expansive, most severely expansive. Bedrock samples,: EEB. bentcnite. 
free i,\ve!l 162 percent: MVl5B. typiciil weathered shale and mudstone. 
mildly cra;ked on face of cut. free swell 73 pmcent. Surficial mantle 
samples. E 8 A  typical sand" eiay subsoil. \<ell cracked, free sv.ell I13 
percent; VSV 15A. typical c i .~yry scil. well cracked. free swell ! 0 1 per- 
e n t ;  E7, typical silty clay soil, i~cderately cracked, free swell l l 4  per- 
cent: FN2. silty c h y  soil on lithology typical of this uni; but mapped 
within unit 632, free swell ',.& p e r c ~ n t .  

Stratigraphic thickness: 2.2CO ft maximum (Bcyd, 1956,. 
Sources: Boyd, 1956: Chubcr. i961: Kirby. i943. Sims ; i f id others, 19:3: 

three stations. 

M A P  UNIT 67@ 

Geologic unit, (age), and location: Funks Foimation of Kirby ( 1922) (K),  
in Yolo Range. 

Summary: Largeb interbedded claystone, mudjtone, siitstcae and lesser 
fine-grained sandstone, but minrr to some thick to 20-ft sandstone beds 
in intervals as thick as hundreds of feet. Most weathered material i: rizh 
in clay Most bedrock and mantle probablj significantly expansive. 

Composition: Largely thinly to : e n  thinly interbedded claystone, sh:~!e, 
miidstone. siltstone, and some tine-grained sandstone, herein calk'd 
mudstone intervals. Mudstcne intervals are largely claystone or. where 
fi..-'l e, shale, so unit is very clay nch.  L'nit includes interval? o f  thick- 

bedded and *;cry thick bedded sandstone as much as 450 ft thick !mapped 
a5 Canterbury sandstone unit in Lake Berryessa 15' quadrangle- by Boyd, 
1956) that are generally absent ur  less prominent south of Gates Can- 
yon. Sandstone is moderately well sorted, fine grained to silty, composed 
of angular to subangular pa ins ,  and intergranular matrix is not abur:- 
dant (undersaturated by cia! and silt;: sandstone is described by Bcyd 
(1956) as barely a wacke, nearly an arcnite. largely weakly indurated. 
Some sandstone horizons are .:alcite cemented and form hard, boldly out- 
cropping rock: hpheroidal calcite-cemented ~ o x r e t i o n s  i.h;it are iiio: tiy 
about 3 ft in diameter, but range fron; 1 to 10 ft in di~meter .  occur xvithii'i 
sandstone in zones parallel to beddin'; or as isolated occurrences. Unit 
consists largely of mudstone intcrv.ils: generaily unit include.; mire: to 
some sandstone, but locally (near Putah Creek) much sandstone 

Hardness: Mudstone intervals have hard to firin y.;ces v t ~ e r e  fresh and 
firm to soft rock mass both where fresh and weathered. Sandstone is hard 
where calcite cemented, otherwise firm to soft where weathered. Bcyd 
I 1956) reported that sandstone is wcak'iy indurated and wearners readily 
am.' lhat expcsurcs are friable. 

Bedding: Mudstone inkrvais are very thin to thin be<kied, indii,tinct;y TG 

distinctly. Sandstone occurs largely in intervals of dominani sandstone 
t h ~ t  ccn'iist of thick ;c 20-ft beds between thin p ~ n m g s .  Sand:rone in- 
tervals are as thick as 45C f! at Putah Creek, b i t  farther south are r;-.cstb 
15-50 ft  thick, and scwh of Gates Canycfi may be Lirgeiy absent Sar.3- 
stone also c-;curs 2s isciated medium to 4 ft beds 

Parting: In  mudsione i ~ ~ e n a l s  at cicse 10 \cry close: sori-.c tc muei: cia>,i:y 
ro:k is fiisiie. some to much :s no'. In .iniidstone. mostly r t  ir.caera.te tc- 

%ide spacing, but some as much as 10-20 f t .  
Fracture;  Mudstone mtei'\a!$ have close to very ciose ipa;ing where 

, x . a  ..^athered. Thin 10 m d i u m  sandstone beds have spacincs;r.ii!nr '<I bed 
t h - k  "Â¥ >. a ~ > > ,  bui n-.o:,t sandstone bed;. Â¥:ihic ~ r e  !hick to \ , e q  thick, :ve 

fractured at -vide to 6-ft. some piioderete. spacine 
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Permeability; Intergranu1,ir permeabil'ty of mudstone inrervals very low: 
of sdndssone low to moderate except very low i r  somel"} fresh sand- 
stone ind where calcite cemented. Thus. intei'grani;lar permeability of 
most bedrock V L T ~  low, minor to scme low to moderate. Some to much 
 hallow bedrock prohzbly has lcw fracture permeability. Most inantie 
. ; r >  low to low. 

Weathering: Mudstone interviils i ~ r e  weathered to depth of about 2') ft in 
one  exposure; sandstcne probably wcitthered to depths greater than 20 
ft. Much free clay in .vcathered m-iterial. 

Surficial mantle: Largely .;lay-ey. Much clay in colluvium and soil. 
Expansivity-; Most bedrock is expansive. iai-gel;/ significantly expansive: 

rc:nor io scme une'qjansive. Most mantle is expansive probably largely 
significantly expansive. some or more is severely expansive. Samples: 
MV-iA, clay colluvium, mildly cracked, typical. free swell 72 percent: 
MV4B. clayev eolluvium in slump, typicsl, free swell 80 percent. 

Strat igraphic thickness: At Putah Creek, 1,150 ft (Bold,  19561. 2.5S9 ft 
(Kirby. 1943). 

Sources: Btjyd, 1956; Chuber. 1961: Kirby. 1943; Lawton, 1956; S i n s  
ar.2 others, 1973: two stations. 

MAP L'MT 671 

Geologic unit, (age), a n d  location: Yolo Formation of  Kirby (IW IK! 
in Yolo Range 

Summary: Most is mudstone, siltstone, and shule, but zontains some sand- 
stone beds that are as thick as 8 ft or more, mostly thin to thick. Unit is 
1ionres:stant and underlies relatively low topography devoid of outcrop. 
Most bedrock and mantle expansive. 

Composition; Most is mudstone, siltstone, and shale. but contains some 
sandstone beds that vary in abundance from scattered to Iccally as much 
as 40 percent or more of exposure; identical to Hisch of unit 683. Sand- 
itone is mostly medium grained, ranging from fine to coarse grained, 
pcorl) sorted, and largely saturated by clay and silt. Scattered zones of 
small to medium ( 3  in.; limestone concretions. 

Hardness; Mudstone, siltstone, and shale have hard to firm pieces where 
frehh, firm pieces where weathered, and a firm to soft rock mass owing 
to parting and fracture. Sandstone is hard where fresh, firm to hard where 
weathered. 

Bedding: Distinct. Flysch consists of thin beds of sandstone repetitively 
interbedded with medium to 4-ft intervals of dayey rock within fthich 
mudstone, siltstone, anti shale are very thinly to thinly interbedded. Sand- 
stone also occurs as medium to 8-ft beds, mostly medium to thick, be- 
tween medium to very thick 1,30-ft or more) intervals of clayey rock or 
flysch. 

Parting: At close to very close spacing in clayey rock. R e a l i ~  fissile rock 
(shale:- is not abundant. but parting is pronounced. Also at sandstone 
contacts 

Fracture:  Weathered clayev rock has close to very close spacingaeross 
bedding: scme mudstone has moderate original spacing on which sphe- 
roidal weathering has developed. Sandstone in thin to thick beds is frac- 
tured perpend i~u l~ i r  to beds at spacing similar to or closer than bed 
thickness. Very thick sandstone beds have irregular spacing at moder- 
ate to wide, less ccmmonly as much as 8 ft. 

Permeability: Intergranular permeability of mudstone, siltstcne. and -.hale 
largely very low, of sandstone low except rnuchi?) very low where fresh, 
Thui. inter~rranular permeability of bedrock largely very low. s e n e  to 
much low. Some shallow rock probably has low fracture permeability. 
Most to almost all mantle very low to low 

Weathering: Buff color generally extends to depths of 10-15 ft, but rnud- 
stone is gray at 4-8 ft and in places to within a few feet of the ground 
surface. Some sand'tone is hard at depth of 6 ft. 

Surficial mantle: Most to almost all is clayey. Clayey soil and colluvium 
is cracked to varying degrees. 

Expansivity; Most bedrock expansive. probably much severely expansive. 
Most to almost all mantle expansive, probably much severely expansive. 

Bedrock samples: MV1 1. weathered mudstone. mildly cracked. free 
swell 62 percent: M V i 2 A ,  v~eli-cracked reii clay (v>eL1thcrcd bedrock'?. 
free .swell LC0 percent: VjV l2B. t;,picai weiithered behock.  free swell 
90 perceat. Surficial mantle :-amples: MD5. slightly cracked ~ ~ H i i ~ i u m ,  
typical, free swell 72 percent: MV29. sandy clay ccliuvium in l~nd i l ido ,  
free swell 87 percent. 

Stratigraphic thickness: 700 ft :,Boyd, 1956). SSO f t  'Kirb:,. 194?,; 
Sources: Boyd. 1956; Chuber. I%!; Kirbl. 1943: Lawton, 1556; Simz 

and others, 1973. five station;,. 

MAP LNIT 672 

Geologic unit,  (age), and  location: Mcrcnc Formation. upper siltstone 
member (K), east of Mount Diablo. 

Summary: Probably largely mudstone and silt-.tone, some sandstone, aiid 
some da)stone c r  >hale Much sandstone has moderate intergranular 
permeability, some is calcite cemented. Moit mantle severely expansive. 

Expression in aerial photographs: Much is vr-lie? bottom, much is sdb- 
dued intermedute topography in which ndges follow resistant sand- 
stones. Ridge.. are compo!.eJ largely of smooth, unribbed ' iopes 
suggesting clayey materials and are held up by resistant !!.;ht-toned bands 
(sandstone) that are 1 0  to almost 1GC ft in width, mdst less than 50 ft. 
Most creits are intermediate; iesc abundant hard crests have unribbed 
Hanks 

Composition: Mudstone and siltstone, lesser sandstone and claystone or 
shale, and minor limestone as nodules and beds. Mudstone and siitstone 
are similar in physical properties and probably show gradational differ- 
ence;> in silt content. much may be somewhat siliceous !.Anderson and 
Pack, 1915). Sandstone varies from very fine grained and fine-grained 
rock. which is generally interbedded with mudstone and sikstone, to me- 
dium- and coarse-grained arenite that is moderately!?) to moderately well 
sorted and in which some beds are caicite cemented or concretionary. 
although most are not cemented. 

Unit is probably largely mudstone of varying silt content that grades 
to lesser fine-grained and very fine grained sandstone. Blocks and out- 
crops suggest minor to locally some cemented sandstone interbeds scat- 
tered through section. Strong ridges are underlain by very thick 
concretionary sandstone beds; some weak ridges are underiain b j  inter- 
bedded sandstone, siltstone, and mudstone. 

Unit is called predominately siltstone with minor shale. claystone, and 
sandstone (Brabb and others, 1971), but our field observations are not 
detailed enough to detect significant differences with unit 6 3 ,  which is 
called predominantly shale and claystone with minor siltstone and sand- 
stone (Brabb and others, 1971). Expression in aerial photographs sug- 
gests largely relatively resistant silty and clayey rock, probably largely 
siltstone or somewhat siliceous rock. but poor exposures conceal pro- 
portions.. Thus, we consider the unit large!:/ siltstone and mudstone, some 
interbedded sandstone. some claystune or shale, and minor limestone. 
Some sandstone is calcite cemented. 

Hardness: Mudstone, siltstone, and fine-grained sandstone are firm where 
fresh and weathered. Medium- to coarse-grained sandstone is largely firm 
where weathered and probably where fresh, but scme hard xmented reek 
extends to the ground surface. Limestone hard. 

Bedding: Probably indistinct bedding of gradational lithologies in clayey 
r o k :  lesser fine- and fine grained sandstone has indistinct to dis- 
tinct beds, thin to thick were observed. Blocks and outcrops suggest 
minor to locally some cemented sandstone interbeds. medium to thick, 
scattered through section. Strong ridges are under'ain by very thick (as 
much as 30-ft or more) sandstone beds that contain concretions as large 
as 10 ft in diameter; some weak ridges are underlain by thin to thickly 
interbedded sandstone. siltstone, and mudstone. 

Parting: No good observation in most of unit. Probably present at close 
to moderate spacing in clayey rock Parting is good on distinct bedding 
planes, less certain within clayey rock. Largely absent within ^cry thick 
sandstone. 
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Fracture; In mudstone and siltstone, close to ver) close spacing ot neath- along dibtinct bcddirg planes at both close tc  wide and very wide spat- 

ering fracture, probably on moderate to wide orieinal spacing. Spacing 
in sandstone largely moderate to wide. ranging from close to 4 ft. Lime- 
stone nodules and blocks to medium. 

Permeability: Intergranular permeability of mudstone and siltstone very 
ov .  to low. probably scme or more is low: much sandstone low approa~h- 
ing moderate, much moderate, some \ e r j  IOM to low (where cemented): 
limestone very low. Thus. intergranular perineabiliiy of most bedrock 
very Sow to lew, minor to f , i i m c  moderate. Probably some shallow bed- 
rock has low frscture permeabilny. Most mantle very iow. some mc-&r- 
ate. 

Weathering: Sandstone crops out or produces blocks where cemented. 
otherwise weathered tu depths greater than 15 it. 

Surficial mantle: Largely clayey. some granular. Most of unit is covered 
by alluvium. Mantle is granular on ridges. clayey on lowlying ground. 

Expansivity: Most bedrock expansive. probably much severely expansive: 
scme unexpansive. Most mantle severely expansive: some unexpansive 
to significantly expansive. Samples: AS33A, sand) ciay soil, typical, 
free swell 120 percent: AS32, well-cracked clay soil. free swell 110 
percent. Sandy soil on ridges is unexpansive to significantly expansive. 

Stratigraphic thickness: 300-1.500 ft (Brabb and others. 1971). 
Sources: Anderson and Pafzk, 1915; Brabb and others, 1971: Briggs, 1953b; 

Colburn. 1961, 1964: Payne, 1951. 196C: Snow, 1957: three stations. 

MAP UNIT 673 

Geologic unit, (age), and location: Moreno Formation, lower shale and 
claystone member 1 K), east of Mount Diablc 

Summary: Largely mudstone and shale, some sandstone underlie' re-sis- 
tant ridges Some of bandstone is calcite cemented and hard much sand- 
stone has moderate intergranular permeability Most mantle and pr( bably 
much bedroik s ~ \ e r c l y  expansive 

Expression in aerial photographs: In most places, largely underlies al- 
luvirm in valley bottom (more so than unit 6 7 2 '  but as much as half of 
unit underlies intermediate ridges. Ridges have smooth slopes that l ~ c k  
ribbing and are held up by resistant light-toned bands 10 to almost 100 
ft  in width, most less than 50 ft; most have intermediate crests, some 
have hard crests and unribbed flanks. In other places, almost entirely sub- 
dued intermediate topography that lacks ribbing, interrupted by resistant 
ridges. 

Composition: Most is mudstone, shale. and siltstone: lesser fine-grained 
and very fine grained sandstone. Much mudstone and shale may be some- 
what siliceous (Anderson and Pack, 1915). Includes some medium- to 
coarse-grained sandstone, arenite, moderatelyC?) well sorted, some of 
which is calcite cemented or concretionary. Minor limestone nodules and 
beds. 

Lnit is called predominantly shale and claystone with minor siltstone 
and sandstone (Brabb and others, 1971). Our field observations are not 
sufficient to distinguish this unit from supposedly siltier unit 672, but 
combined data suggest that unit is largely mudstone and shale. some silt- 
stone and fine-grained sandstone. some very thick bedded sandstone 
(mostly medium to coarse grained), minor scattered limestone. Strong 
ridges are underiain by very thick sandstone {some of unit), weak ridges 
b) thin tc thickly interbedded sequences of sandstone. siltstone. 2nd 
mudstone ( tome of unit). Some sandstone i? calcite cemenred. 

Hardness: Mudstone, shale, siltstone. and most sandstone are firm where 
fresh and weathered. Some sandstore is hard and cilicite cer/iented. Lime- 
stone is hard. 

Bedding; Unknown in most of unit 'millstone and shale). Scrne sandstone 
beds are very thick (as much as 30 ft or more), some (largely fine-grained 
sandstone) are medium to thick interbedded with thin to rnelium mud- 
stone and siltstone. all distinct. 

Parting: Probably present at close spacing, ranging from very close to 
moderate, in mudstone and shale I'most of unit). In sandstone intervals. 

ing. 
Fracture: In mudstone, shale. and siltstone. probably close to very close 

spacing of weathering fracture on moderate to wide original spacinr. 
Spacing in siindstc'ne largely moderate tc  wide, ranging from close to -l 
ft; cemented sandstone modcrate to wide. Lirrestone blocks and nodules 
tc medium. 

Permeability: Intergranuiar permeability \cry Sow in mudstone, shale. and 
muchi\?) fresh s i l t~tcne,  lcw in most siltstone. Sandstone has much of 
both low and rnuderate in?e:granular permeabilities, but low to very lcw 
where cemented. Thus, intergranular permt'abiiity of bedrock largely v e ~ v  

low. some low, some moderate. Probably some shaliow rock (much of 
mudstone and shale) has low fracture permeability. Most mantle very 
So-. some moderate. 

Surficiai mantle: Largei'y clayey. scme granuLir. Granular soil over sand- 
stone on ridges. 

Expansivity; Most bedrock expanshe, probabb much severel', expansive: 
some ic  much ~nexpana ive .  Most mantle seXlerely expansive. seme 
unexpanshe to significantly expansive. Samples: AS33B dark d a y  soii, 
moderately to well cracked. typical at this station, free swell 130 per- 
cent: AS34. fluify sandy clay soil, typical cf clayey soil. free swe!i l 10 
percent: AS44. silty clay soil on mucistone, topical at this station, tree 
swell 84 percent. Sandy soil on ridges is less expansive. 

Stratigraphic thickness: 300-2.000 ft (Brabb and ethers, 1931). 
Sources: Anderson anJ Pack. 1915; Brabb and others, 1971; Briggs. 19531); 

Colburn 1%1, 1964: Payne, 1951, 1960: Snow. SÂ¡57 three stations. 

AP UNIT 674 

Geologic unit, (age), and location: Panrche Formation, shale interbeds 
in J ~ a q u i n  R i d s  Sandstone Member of Gcudkofi (1945 (K),  east of 
Mount Di iHo  

Summary: Poorly e x ~ o s e d  swale-forming unit. Most to almost all is mud- 
stone intervals, hut includes minor 10 locally some sandstone. much of 
which may be cemented, in beds to very thick. Blasting likely in some 
very thick sandstone interbeds. Some sandstone has moderate permeabil- 
ity. Probably most mantle severely expansive. 

Expression in aerial photogriiphs: Largely smooth, unribbed intermedi- 
ate topography, uniformly dark-toned except for minor to locally some 
light-toned resistant bands that me mostly less than 10 f t  in width. one 
70 ft in width. On west side of Cant.da de Ios Poblunos, unit fcnns promi- 
nently smooth, unribbed band through fibbed hard un i t  650, but includes 
a few light-toned resistant bands about 10 It in width and one (p~:.sil?iy 
within unit 650) aln ' i~?l  100 ft in width. 

Composition: Mudstone containing some inicrbedded siltstone and lami- 
nated fine- to me.dium-grained sandstone, herein called mudstone inter- 
vals. Minor shale. Includes minor tr, locally saxe interbedded sandstone 
that is medium to coarse grained, largely clean. well scned,  iargcly 
arenite (Cclburn. 19641, about half calcite cemented, coni~ining concre- 
tions. 

Most to almost all of unit is mudstone interviils. Interbedded s.l~:dstcne 
generally constitutes Icsh than 10 percent of umi, but increases near con- 
tacts with unit 650 to constitute some of unit. 

Hardness: Mudstone intervals are firm w'-iere fresh and weathered. Inter- 
bedded sandstone is firm (much friable wirh difficulty) where nor ce- 
mented. hard where cemented (about half"). Concretion'; hard. 

Bedding: No observations of typical rock of unit, which is probably mud- 
stone scritaimng indistinctly interbe~ded siltstone sad distinctly inter- 
bedded laminated sandstone that probably n n g c s  from very thin to 
medium between \cry thin to very thick mudstone. S-inAtone interbeds 
are distinct and as thick as 10 ft or more, and minor intervals of domi- 
nant sandstone are as thick as 70 ft or mere. Near contacts with unit 6.50, 
intervals of sandstone and mudstone interval:-, e.re very thick ( 5  to 12 ft 
or more;'. Con.:reticns a e  mostly large, but as much as 5 ft in diameter. 
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Expansivity: Probably most bedrock rxpans+'e. largcl'; sr:nifi.;antiy ex- 
psnsive. Most fo :ilmos; .ill mantle expansive. probably L'.igeIy severely 
expansive. See samples BHS 1 S and BHS i A cf unit 650. 

Sources: Co'ham, 1961 1964; Gcudkoff. 194.5; Snow, 1957; two ssaticns. 

Geologic unit, (age). and iocatlon: Marlife Shale of Payne (m upoer 
shale ,";ad siStstoi~e member (K) .  near Mount Diafcio. 

Summary Largeiy -;ij?sionc, rnud.;tonc. and shale; minor to son-ie inter- 
beddcd S ~ ~ S T O E C ~  much of which is ualc:te cemented. Mcst mantle L,C- 

x,~re iy  expansive. 
Expression in aerial photographs: To north, mcsi of unit is fairly non- 

resistant and torn-.: swales, but much is light toned and much is ribhcd 
on s ~ e p  s'opcs; top 300 ft  cr so ii dark iciied and laiiks ribbing. To. 
w&rd south, unit  r. uniform. unhanded. ribless intermediate tcpngraphy 
th:;.? -Aow? ligi'lt-tcned spots on shoulders. IE moat placi-i, unit  includes 
ininor light-rcned resistant bands {sandstone), I H G S E  less than 10 ft in 
width. sorr.c AS wide as 50 St 6 1  lucally i O O  ft, S^IW of which form hcg- 
EX-.cks: in places. these light-tend bands aVe jnferbedded with dark-toned 
zsnes 200-300 ft in width Inre: m c h  siltstone .'li;;ht torie, iwiiresistant). 
lesser shale (dark tom,  no~resistant). minor :;andstme. 

Cea'iposition: Largely iiltsrone, mudstone, and shale: k'ss abund;int ciaye';' 
- ~ e p  line grained ;,andstcne and interbeds of sandstone. Interbids of sand- 
stone are iarsfc!y fine to medium grained, moder.iteiy tc well sorted. of 
low to moderate in?erg-r.i.i:~l~ir perxieabrity; grains are angular to 
subanguia; and consist of more feldspar than qur.nz: !r.uch iiendstone is 
cemrnrud or p'.iniaily ..-enisriicd by caki te ,  and much contains concrc- 
tions cemented by cal,:i;e 

Unit is probably iargcl! ~i!-st(:ne (inferred from aerial photog-c.phs), 

Weathering: Sandsione weathere'i :o depih-; srfc'.iter ti-ir.:i 10 i"1 
Sarfkiiil mantle: L a y - 1 ~  clajt;'.,. Sr i l  i s  t'G> rn ' f? r ; r i .  

E x ~ ~ o s ~ T ~ $ Y :  hfos? hef<rt>~:< ~ ~ i ~ ~ X ~ ? . 1 i ' ~ i V C  ?C >:gi>i~sC?!3t!>f t2'F?,I?~;i\?:. 

~83t>t;,?! .- sevcri:lv c:xc:ri:i-.,e. \>:;yt !x~a!:rle s;<\,,?:~::> c>:p::5i-;(:. 5:a:i~;:L-z. 
Dl;, typic;: cie.:c" sub-io:l r:- v.ciither;.d S'sedi~ck, free swi"!! ."Â¥ p(v;:s;r,t: 

CL27, cr';.cked ?.irdy clay sciS. typical, t'i-i\; sweil l l f  ;:excru, 
BHS iyp~,;i~.! j>io&r<~rely fcrat:kcd :;!3,7e;, K:;, fret- s.,-x:ll i25 p;c:~:3t, 
EHS17B. inodt:rarciy cracked ciaye;' soil. trx ewd! 100 percent (ciL,~z-  
re rxed) ;  AS?'?, silty ami sandy cl.iy soil, moy be , x ~ t a m i n a t e d  by sand 

Summary: Almost all is Â¥;'aye icck ccncis<!np ot sh~li: ,  rr~udsiune. 
siltstone: minor to some sandstone, some cemented. Most to ~ l i n ~ i f  all 
mantle severel) expansive 

Expression in aerial photographs: Mris;!y subdued intermedii~te topog- 

flake:. Some cle-sn s;.nds~cne is cen-,csited b) eajcit?. 

Shale. :!itstonc, and mufl'itci'ir ~ons t i t a ie  KO-90 pe-:ei< i,.f w:it the?e 
probably being about eauai!y :,.bund-inr :aMri:ii/h cwiy ~ h a i ~  am.: i i i r t i ,xc  
seen in field): 10-20 percent is .ssnij;:!une. imsi as thin bi.<l;,. L e k s  thi;.ii 

10 percent of un i t  is sandsrcm: in medium tc very thif:k beds. 

tinct bed>: s a ~ ~ d s i ~ n e  d is t in ;~  rn(;s:iy thl I. 5or:lc jze,ji:l::~. l;::,~, :OI- :~;T.~> 

to thick or ',Â£ t h ~ ~ k  ( 3 C - i O C  ft) .  C e m e r ~ d  surnistfirse t i  i-p<djam cr 
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ibc..' ti2if cf >andsior.e has mo$ente iriicr-ranular permcabi!ity. Prcb- 
,?.'Jij much mantle seveseiy expa;.sive. 

Expression in aerial phoiogritphs: Forms; hogback having hard TO inicr- 
' i s v d k  crest between units :-76 and 679. 

Coiiipositioc: Mud~ituix ar.d siltstorx int-~bedded with sandstone. Sand- 

mud'i:iir.e, soin< siltstone. Rare lime.-tone nodules in mud:-tone. 
Ccriiii.rent impre'-.i-icn that unit is abuut une-third sandstcne. two-thirds 

: . ' s u ~ , ~ i , ~ n e  uiid siltstcnc" sandstone ccrstitutes as much as half of reek :n 
c.;i!i;/ zones. 

Iii;rd!!ess; Sandstone. i.-'.udstone, and siitstciie arc firm where weathered, 
p r o b a l l )  firm where fresh, except cemented sandstone is hart!. Limestone 
nodsit-. hiird. 

itcddiag; S2nd;tcnri beds aie distinct, medium to very thick ;;is rpuch us 
S5 t1\. betwee:: thick to very thick (,SO-ft; irsicrvais of ciaycy rcck that 
certain saw niedium sanditone beds. Exposure in re:-istani nose shows 
6- :o &?t sand:.tcnc beds h e t w e e ~  15- to 25-it inudstonr .ind siltstone 
interval:!. Some indistinct interbed-iing cf mere and less silty mudstone 
ai :iitdiam to thick. Much ,iandstone laminated near tops of beds 

Parring: Present at distinct beddin;, contacts, within inany sandstone beds, 
ai;d ax close to moderate spacing in most of rnudstcne and siltstone. - i'ractui'e: In Arm sandstone, close to wide spacing. mostl? moderate. In 
,~ .31 , -  -L.. .~.;led 3v  +.andstone, spacing riinges from modera~e to very wide ( 6  ft', 
J~per.ain,-; on thickness of cemented beds: spacing is moderate to wide 
in much cemented rock. bur in places abundant very large blocks. Mud- 
. i tcnc and siltstone hiive close to very close scacing of weathering frac- 

I rock. Thus, bcdrcz'r. has about 0r.e-sixth moderate intergranular 
pe-meabiiity. one-sixth nr 1.-.ere lev,, i'.\o-ihirds Â¥!cr low. Much low fi-ac- 
l ~ r ;  pe~"~rieiibility ir: i h a l l c ~ ~  btdicck. Mcht miintie tery i c b ~  tc low, some 
,.,"+ ..';6.,'2?a.te. 

'Wesatherin" >Most rock is wecihered tc depths greater than 15 ft. bcL ce- 
menten :,&ni.lstc-x fresh ;o neiir gn;und s~rl 'ace 

some coarse ga ined ;  muderateiy to moderately well so-K'J: grains an- 
gu!ar ;c subangular; largely wa::kc (Coiburn, 1964; Â¥ which clay pius 
slit ran)? from 6-52 percent. much 1G-20 percent (Briggs, 1953b), ma- 
trix plus lithics abcut 60 percent (Colburn, i96L); more ifcidspar than 
q ~ a r t z ;  biotite genei-clly 3 -5 percent. Some imdsione is calcite cemeiited 
2nd hard, both as beds and concretions. but most I :  ;lay cemented. {2\ 
Flysch censi~t ing of rni.iih.tone and shule, ~enera l ly  intermipted by thin 
ir'tcrbeds of siindsione. (3) Ccngicmerate of pebbles 10 small boulders 
(average 4-6 in, in didmete;, some as l a r g ~  as 12 in.; in sand;',tonc- ma- 
irix. typically 40 perceni i:lasts, 60 percent matrix: clasis break free of 
matrix 2nd consist cf well-rounded ignecus and metamorphi; ciast, and 
.iiigular sedimentary clasts. Seme ccnglome~ite  is porous. most is hard 
and has tossilil'er~-ius matrix (Snow, 1957:. ( 4 )  Unit probably include!. 
white vitric tuff bed reported by Coiburn (191~2,  1964). 

On the whc.1~. unit is probably jargel) flysch i,conipos!tion 2). 25-35 
percent or less sandstone: however, unit includes intervals of dominant 
sandstone that are as thick as 100 ft, as well as intervals of doiisiiiant 
1~i~dstc>11e. Zones of hard topography may have more than 35 percent 
bandstone. Flysch includes much of both mudsicrie and shale. minor to 
some sandstoie. Minor conglomerate. Some sandstone is calcite cc- 
mentcd. Probably cue bed of vitric tuff 

Hardness: Sandstone ranges from firm to hard, much quite firm. &re 
weathered; probably largely quite firm to hard where fresh: ringing hard 
where cemented, Mudstone and shale are firm to hard where fresh and 
weathered; pieces probably are net durable. Ccnglomerate ha5 hard clast; 
in matrix that is largely hard where fresh and weathered. Vitric tuff prob- 
ably firm. 

Bedding: Distinct sandstone interbedded with claye, rock Thickness of 
sandstone beds variable, generally less than 4 ft, most medium ;c thick. 
but some, locally dominant, ver] thick (mostly 10- to 20-ft ,  but as much 
as 50-2; beds. In fiy:.ch, repetitive sandstone interbeds are thin tc me- 
dium between dominant irsudsione and shale. Colbum (L95-S) reported 
sandstone beds ranging from 0.5 in.  to 10 i t  thick, averaging 4 In. Bed; 
of clayey rock hake a range cf thickness similar to i.acd,,tcne Cemented 
sandstone beds and concretions mostly less than 4 ft, many thick. but 
hard beds as thick as 20 ft in places. Conglomerate beds mcstly less than 
5 it. rarely mcie than 20 ft, 'lenticular, ccc,.i: in grcups. A!i bedding is 
l e n t i x i x  at x a p  scale V i m c  tuff in  one 3C-fi bed 

Parting: Present on distinct bedding planes, most at  moderate tc w:de 
spacing; within mu.jstone at veq  close to modeiare scaeing: v;ithin shale 
at \er;( clcse :.pacing: and ' ~ i t h i n  many sandstone beds. one or so per 
bed. 

Fracture; in uncemer-ted sands:one. spac ing  is similar to bed thickness 
in t h n  to med;i;m beds. i n  very thick beds, :,pac;n"; 's  a^. grear as 6 ft, 
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10 ver,:ent of f i p i h .  V);;-,' t?ii.;k x n e s  cf doz!i?aiit :asids'cne n-i-ke u p  
ab,):;: ; > pt2r:i:ni of i~r:;t .  0t'rmj:i~ttjne 2 ~ 2  i k a i ~ ,  h l f  c r  x c r e  i s  s h i e  

Hardn~sfi :  Sanrtsto:ic hard where .,i-iethe:ed 'i.nLj fresk: ~;'d'-;$r1-e arsd ski<, '"  
h s e  i'^r(i to i ir iz pece-; where ~,xe.itheie<-; and I'rc:h. 

Bcddizg: l-i>,bch ccnwii;; of  distinct thin EC i n e i j ~ r n .  :a-eiy thick. beds nl 
:-pxistofic rt;{:eti:3ve1;; ir.tt:rbc:i{krj v :<h i k , ~  to 6-ft t n t e r ~  a!< of n-,:udstc~:c 

bedrock has lev fracture permeabihty. Probably T .~s?  :rn".ntle lob .  
Weatheriiig: Mud>?cne and shde fresh i,d::.rk,i at Jepth of 4 ft. 
Surilciai maiitle: Probabiy lai'feht clayey. possibly i~!!ich granziai. No' 

nei.'riy as clayey as adjiicen! Nortoiiviile Shaie (r,nit 43&). 
Espansivit: : Mu^h to most bedrock siznific~ntly expansive. Probabiy most 

mantle significar.!ly expansive, s ~ m e  may be severely expanrivc. 
Samples: CL?A. typic&! mudsione, free swell '/C perceat; CL3C. clayey 
soil, i'rc,-e swell 613 peiceni. ,'.exaj,[.erat'..d). See 'niir.ple ."cr unit bS l 

Stratigraphic thickness: At least -'.,000 ft (Brabb and ctliers, 1971;. 
Sources: Brcbb and others, Wi: &iburn, KC], ;9W Taff, IÂ¥--35 Turner, 

89 1 :  one siaiicn. 

MAP UNIT 681 

Geologic cnit. (age), and iccaticn: Great Valley sequence, u n n a n ~ d  shaii- 
iK i ,  oil:  in Marsh Creek arc;: ce;J Mount Dinbio. 

San-.mary: L z i y s l y  ? y c h  of mudstose, skxie, ir.3 miner interbedded sand- 
s ' - ? ~ ,  some zone; G?' abuc<i.int to ' i ~ r i i n a n t  sa~d:.tcne in  beds large!? 13 
*: ~ ! : i ~ c ~ < .  !wme JS thick. 33 I(> f t  cr r x r e .  S c ~ i ~ e  :ai,:!te.cer~:enwi > a n d s i ~ ~ n e  

Expreisioc in aerial photographs:  Iniermediti:e i op -~v r~p! ; ? :  mucn 
bt'n'py. s.;rx regular t h ~ t  ha;, o e c i ~ i o n a l  :.ha?, h?rd cre'ti. S c x e  li$?t- 
:,:~y? I??.r& 2.5 v!~~j,: 70 f[, d ~ ~ & ~ - : c z e d  b:r:.,j* 2s ~,xjide 25 :{>g fi c r  3."~;: 

Coir~posit ion; . ' I ,  Mudstone sha'e, .ibc-u; eqf:ally :iL-qn.dazt; rmit hi-: 

,, t91-x. ( 3 )  S::nJs:-:~t. iarpely z~e!?:um ?c 5:1e ga ined ,  ~xzci<c, $>>>, a:er- 
n r~~?>* i ! fy .  (4) CaIcite-,zq?r~:eri:e? ccnc;x:ion! a d  ked: if: ';2n,5:,:~!-.e, : 5 ;  
Csicxeou; beds i n  'hale "Turner, i 89 1;. 

" - un i t  i z  ! . ;~'eiy f l jsch of rr.udstor-e i;nd ;k.!e tha* contains scn'e s;il- 

of ub i :n ( i~n~  to d c ~ i   an, s ~ r a . ? c ~ e .  5cx.e cf m i ;  i:; cenxnted qand:t8:r:c: 
miner .:r.icc.recir. beds in .h.-le. 

Hzird~.~!;~: l~,X:-r!~~:~rse, :>hzi:. >~q,j :;:?sT,:ne &re ::rzc!;. :irm l,%~!:e:e -~:czLh- 
. - 

ere,-" :::r~ tc h~rdg  ?) .,~.f!e.-e f<esh. z:r.dhtopc; .s  a g : ? ~  SrEi ~,x,lyre 
,.. y e *  .. r,ere, -. J .  ,. - - or .Tiore ;s i'srrr. ~!;prca;l:i!';g s'.'.'t wher;; fresh, pr~b:~':;j 

ba rd ,  weethers spheroiiaiiy to firm. 
Bedding; .VEudiror.e. shale, cr.d ilit.if~n.e ;'re ;ndi:.:ir.;;;y -nierbsdded 11; verj 

+!-.P i...ni to medium beds. Sti~dsrone occurs ,:s thin tc med;~ii"idi':1:;ict beds 

Geciogic unit, (age), and location: Great \.".lie> bequeiicf. ~:~is : ' r .ec  >init -. 
i K). only east of Livermcre Val!i:y neci 1 esh .  Incii 'dc Rcrse'cvn Fcr- 
n:at;on of Hue, 'Â¥18)4S) 

Sui'iimary: Not see.', IT. Ceid. Domi;:a:"it!:y herJ :-hale, si17iilz.r to ~ c ~ . , ~ c ' . s c . ~ ~ I  
~ h z k  furnt 7G2), c o r ; m n i v  ianih'cne a-d lii~,esto;";e concrcnons: se;; 
description; of on i t s  702 x d  C'.-^i-bS7 fc:' ii:<c5y phy;ic; l i  p r o p e ~ ~ i e i ' .  

Geologic units, (see), and location: Crrnl  ' I J ; ; ~ ' ,  s?,>uent;;, i,inns:r-i;~ - " 

,. ~,;ri:~:i!i~;r:s -,KJ) afid ~?~~gi\;ided rocks ;IxL>3 {;~?i-q L?t~..+:z-i Iq2p6% R~II;!:: 2nd 

Yc!c  R a g s  2fid ?.I nc1:h e r a  cf th: EZSI. 32: i3iljs ;4L:r$i:1.,:z. 
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Summary: Almost ail i s  fly,scj,~. but inciudes minor to scme ;catte;"ed SN4. v-eathered mudsrone. slk.ht'iy cracked. free swell 49 percent: SN7. 
\ free si~{:li 5 C  'percent: PC3, :,hale, med?um very thiclc (as much 2s 5";-ft r r  mere) sandstone beds that 1 v;e:ithered cIays?o~~e.  miidly c-ackeu 

ccc!!r ~n ;'ones: ifi:er:~is of  :1,;iy.ji;3nt sandstone a':, $hick as 10C ft cr  1 mildly cracked, rypiciii a t  t h i s  stition. free swell i O O  percent: BX2. pop- 

. " .  
1 :  percer.t. Rr5. cracked clay ';oi! on unit KJgvm c i  L C U X C  map. no: 
t>c:ca!, free :\*ei! 96 perce-.t: WSi i .  cracked cisy soii, typ'c.;; cii ~i:lit  

KJg-:m ;',f scarce map free s,r\eil M percent: BN&A,  :>ardy clay soil. 
;;:incr. moderaiely cracked, free sweii 91  perc~cni: BN6B. typi,.;ai clay 
s-:il on unit  Ku of source map. z'iildSy i:r;".ckeii. free swell 7 3  pcrcer~t  
Scil ; ty~ ica~ i ; !  ! r i IcI )  :;r,?,ckeci. b:~t m~r'-:r 10 soinf, bedc 2nd i ~ r , e s  art: 

, . ipcre mz-ul} c ~ . c k e d .  
StraSii<raphic Sh;c'itne.i~: ?.iorrh of C;ir?irnez S:ra:,t, 33 irueh as 7,000 ft: 

5 COO ft rear 'vli-'rti.~ez 
Sources: L?s'A".;~, is''.:; S t ~ r s  oihprs. ! 9"3; '';,2lr,r.;), 1; 'fia.b~c[. . ., , 1vaq9 195.3. 3.2 5:ztica:. 

Geologic unit, (age), and location: Great V a 5 i q  secjiience, siltstone iind 

Hanteess: Where fresh, 5ar.i'-tcne i, b.ird acd mi;ds:os>e !nte'i'-v'!;s hi:ve 
h,;xi tc firm rock mas-; c f  herd piece:.. Vv'bere ,,ve:i:hercij, s:.!~~istcne k 
fcsrd to f.rm, but c~~ci:e-ce^ien?ed s,ands*.cni: x d  cconcretic.is are h".rd, 
xd inud:.iofi~ intervals hzve f r m  tc soft rock nass  cf  firm tc hx12 pieces. 

Si'ddinp: F!~si;h i s  ~'epstiti-.zt'b bedded b;' distirr;t ihir to less ccmnon ly  
-'-.e^im ia~idsrcne bed: b-.rweer- medium tc very thick m'.Atone i r e r -  
.,* c o ~ s i s i i c g  JI" in:-iistincfly ianiinated to th~ii-bc-:jd<d c l .~ye> rock. 
S~n-ls:one ,:ire occurs 1:1 dis t~nef ,  medir'n t: very thick bcd: t^ i  much 
a!, 50 >'I cr more). but ;;c;-icrsl!y san,iiitcne beiis c.re less thar' 1 C f; thick; 

a?<. < ,  ih. &,. ~ . n d s i o ~ e  beds -o.;;iy occur in zcecs rather !I-tan as is;lated beck. 
within frjsch. These z,;fi:s ~ x m r n c n l y  consist of medium 10 thi.;k saiid- 
stone beds between thin tc- !hick f l y x h ;  : ' ~ ! e r ~ c l s  cf d ~ m i ~ a i ~ t  saadstcne 
arc as 'hick as ;OG ft -x more. C ~ i i g i ~ i ~ . t r . i t e  'rises ver) :hiel; (5 -25  ftj. 

Parting: Ir! fsysch it cicx 10 vet: cirse ~ c c i n g .  rare!" mc'dei'~?c. Where 
:.bundan'. s'a.ii.'lstoric, r.i- contacts ~ L ' ~ W C ~ C  s~nds?one  .:Â¥.~> rriud~forie, which 
are mcslly at mcoerate 10 wid: s ~ a c i n g .  r..irc'iy very wide. 

Fr:. ctnri: M ~ ~ d s t z c t  i n ~ r v ~ i s  wher<? <rcsh ha>,? nodexate :o .:ik.A: ipzci::y 
i?.a; i s  gtfneriily perpendicular to bedding. b ~ t  weaiheriqg proluces ad- 
" .  

c.i:~on*~i ~ 1 , ~ s :  r.; \,er> cicsc sps,;in;; th,;t is ;:bet:t -,erpe:?dici;;:lr ,- ' t,: bf;~?. 
din- and  t'; paKir.g '.hz2i develop;' px?.:ic1 tc bend??; where we;ither.:ij. 
Th,;', tc :'rick 5an;Lstcne beds have f-z.c:ure 2-zw perper-dicu!s-.r IÂ¥- bed- 

at s ~ c i n , :  similar to bed thickness or eic.ser. V c r j  thick :: in~stor.e 
bi;A shew fracturmf :ir:-.~i!Ix oriir'tafion ai" spacing I-hz.t is mc,::iy x c d -  
'fraic ?C 3, : r  k ;~ t  gl.e:-t :is be: th;,-k;'e;s,. 

thick b c d ~  o l  pocriy sorted, well-cemented. medium so cc.arse-grzi~ed 
uikcsic sand:,tcne 'h.it ecntains m ~ c h  rriatsix arid forms prominent ridges. 
Minor con~icirerat.- like uriit 604 and a few bsds of limestone are also 
present. Geaiey ! i951,i described this unit (his Knoxville Forn-~ticn) ii 
1-k-aldsburg 15' qu:idrar-zle a: cci-isi~.:irig rnostb of shale and siltstcnc. 

Enit is largely mudstone, shale, and s;ltstone: some sandstone: minor 
ccnp'icmerate and iirnestcne. 

Hardness: M u d s t c ~ e ,  shaie. :.iltitone, and fine sar-dstone finrs. Ver] t k c k  
~ . ~ n d s t o . ~ e  beds lxgeiy hard, :,on"e fii'r.2. C,iicitu-cemeritei ssndflone hard. 

Bedding: Clayey :cck i s  rficit$ laminated, hut includes ;oxÂ bsocky 
r~udc.ti;ne in her's as wick a:, 3 1 ' 5 .  Fine s.in.istcne a'ld s.i!rstor.e beds in 

fix ;.a.ndstone ~ x d u c e :  a v.eathenng fracture .11 vei: .:i'~se spac,ng, Ver',' 
Â¥i'li? 3eds of rr.;cii'i~- 10 ccarse-;;ri;ii'ied s.aadsfone huve moderate t"; '.cry 

3 -  >?,,,- i ,.,,, 
,<, IILb , --Lid -. 

Perwcs.bi2Ity; Ver; !O'A ;rrer,.iran~-:a-' ~ermeabiLty in  K ~ d s t o ~ i ; .  .,;irstone, 
5;" ;ie, and rwch ."iejh ~ ~ n d s ~ o n e :  l.~rge!y !cvj ::I \veafherfcd si-ridsrone. 
^ ' - ~ s .  A .. iiitei-or~fia~Sar ~e: 'r~cabi!ii) cf !"..:;st hedrc-k ve-7 lew. some Sow. 
Moi! :.h.:.ilcv/ rock hc-s !cl,.' fra,:'i'~"e permeabiliiy. Most xar.ile low, somi: 
I T : o ~ , c ~ ~ ~ c  

Wciithering: F-ce sandstone k wesihere6 to depths of mci',; :ha2 5 5 f t .  
! l e y  rock vc.rii-i.bk, bu; v.eath:rcd to depths of more i h r .  5 - ig  ft 
Weathering softer;:. rock a;'a d,:ve!c'ps par:i!lel paning .ir.-l weathtri:ig 



G e o i o ~ i c  units, i,agej, :;ad i.c.c&tion: 'U:,xr . . part c!' Kncxviile Fg:riri.-.ric~ 
:,5.ei>inssn, 1i;Sk; (J;; p;~: %;f shL>~~: a ~ ; i t  .I<,i;, grLL> :i<ar IViie:, E!i~t?ii;i , , f  

5:yel-,-l~tl:, 3 x 3  rhc; East Ba:! t!:i:2 i3ce%\!ec,3 HG]>cv;Grd z:!d F::{T.;;~,~. 
s c n ~ y ~ ~ ~ r y :  ; V I ~ S ~  ,is ~:1z:e, ~~.ud:tcq~:. :zd s ~ ! k t m e :  mc;r  5c,r:3e s i ~ d -  

sicr;;; r'.iiiorLimcitone Some tc mu.:f! bedreek Â¥ .;oft ic fin3 ckyey 
,jhejred ir.,i[er:ai. remainder hard. FJ-ob~oli; soire bedrock and m u c h  

Expression in aerial phctcgrs;pht: Semiresiatuni intermediate top(:crf.- 
phy, linnblied. 

Composition; ; ;; Shale f ; -adi i?~ to r--r-;ds>-one iir.6 :.iititor.e: nor.* is  : a - ~ ? y .  
bon:e xi.;~!:;~ceo',is, s o i x  co;tain<. isclitcd pebbles, locally .ti!:cified. 
?>li.'cii is ?,h:ile, v,:h~:h weathers to pi.'sty very sma!! sieces: mi-'ck is rsud- 
S S C R ;  isno 5fE:sicr.e, which 'xeafecrs spheroidal1y. 12; Sandstone :-im:Iar . . 
to thai dercpbcd for unit 6 3 5 .  ( 3 ;  Liraestcr-e. fine gramsc, in Icdf-shaped 
s L  . i . ~ i n s .  ;/Â¥ Clayej shcarei.' rock. 

N,!osr :o aliiicst all ';'f unit .s con;;c:ition 1; mir.cr to sori:c sandstone. 
Limestone p res~n t  iG minor s:r.cu.'its thro'ughoiit seciicc; Rob~n~.on (1956) 
r e p ~ m d  limestone to be ;~.hundant. Sonx tc much clayey sheared reek. 

liardness: Shale. madstorc, siltstone, and limestone are hard where f.-esh 
3nd wcuthercd. Sandstone hard where fresh, firm to hard w h e x  wezth- 
ered. Clayey sheared rock firm to soit, depending on wetncss. Shale I;.. 

locally sihcified und used fcr f i l l  ~ n i J  rc2d meid  (Robinson, 3556;. 
Bedding: ShzSc, rr,uGstcx, a?;} si'itslcne arc- n'.csiIy in thick TO "cry thick 

:,is much as I?-ft or more) beds, ir .dir t i~i; i  to distinct; limi-'i.t~i:e thin to  

ir.e:ii'.im; mosi sandstone beds thin to nicdisiir., ~cme to very !hick. See 
unit C87. 

Parting: V:>+ble. In ;,hale, very c icse  spacing v.here w:a:kered: i n  mud- 
stone a n d  silr'itcne, wide tc  very wide, probably Urgciy very wide, 

S t o E C .  iirnef,t$:fie, &ld ~f; '>bic c~!?;;i.>)T?;i'3:5; 11.i710i !?' ?,;id + u f < a ~ X a S  
: Z : ; ~ S L ~ ; X  !;) places :I,:?.: 93se. 

Hardness: Mu&,iofi~; nnii shale ciecis are hard whci-t: t':'e!:h, hard tc firii 
. .. 

vyithi!l it3 f t  of ground  surf,'.:^; v.eathr:rec' !'I,CK ::ii-a!. i; ;!-rr- cv.hÂ¥;; 1,) 

hi.r& wilere fresh jnc; w c ~ [ ! ~ ~ ~ e d ,  b'p rare ;i;ff. 1 ;  beds weather ;c sc;'t. 
;lay 

Bedding: .\'ltid,;tciie 2nd ihaie ere mdi;;ir.c:iy very thin to thin bedded. 
S:!ndstune, ccri@omcr:.re. :uff. ar.d hrr-estone kc'& iii'e d'stiect a.id prcm;- 
nent ag.iiii~t uniform clayel rock. S~.n~sto!ic, conglcmera:e. dnci tuff beds 

M A P  ("\7T 687 

Geologic unit, {s.&c), and Iccation: Mii , is tcx a d  sii:.s;ore ciiit KJ;, necr 
Gsk'.z!~,:.  I n c l ~ d e s  r o c k  preT, ica;;', :r.qped ah Kr;oxv;i;e Forrla:.cn by 
<,on?< crkc5.  
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Geologic unit, (age), and location: Haro fepigraphy in ir;e!ar.gc cf  111s 
Fran.;isi;~:i asse '~biagc i X J ;  an ! i n  ...-n&iont and shaie of the Fra~!ci:~;an 
3ssembi::ge ( K J ;  as dcterrnined by ~r;ierpre:aiien CJ;' aenal photcgrqhs;  
in M a r k  highland.;. 

Sumn-iary: Largely ~nsheared sarr~stcne inteibeddec' wi:h shale: r:-~a} in- 
clude some :,hdttt'red sandstone :.nd nmcr clc.yey sheared reci;. Minor 

Compositicn; Mosi T O  almost al! is sanJstoiie (graywacke) inteibedded 
with shale (including siltstone); miner ~ b b S e  ar.d ccbbSe ccngioinfci'aie 
:;:it has ssridstcne mdtrix. Unit may inciudc, scme shattered or brecci- 
ated s.indi.tcnc (like ur.i; 803; and !nicer sheared roc!,. chen, a!iJ grcen- 
stene (like equii'a1ep.i ma-,e.-ials in units &CO, 5 1 1 ,  and 253, respcctiveSy;. 

Hardness: Where fresh, sandslcne is hard and shale hcs i'irr.'. rockm;is of 
herd piece':. Where weathered. asnd$tone is firm to soft in thinner beds 
and firm to hard in 'kicker beds, shale is- firm to SOIL Conpiomerate ciasts 
are hard to  fir^ matrix firm to soft where weathered. 

Bedding: Sand~tone beds are diitinct, largely continuous, of varying thick- 
ness and proportion of interbedded zhalc, and occur in two n-mjor hat-  
i t s :  (1 ;  fiysch of repetitive thin to ~ i e d i u m  beds in abundant to 
predominant mterbedded shale :as ir. unit 702;: and ( 2 )  thick 10 very thi;k 
:comrr.oniy 10- i c  30-ft, but as much as ICO-f t  or more; beds between 
thin to very thick (50- to I C O - f t )  scquecces of flysch. Congiomerate se- 
quences mcitly a:; thick as tens c f  feet, locally as thick as hundreds of 
feet. 

arring: At ctxtacts between s~ndbtor.e z2d shaie, and at very cicse spac- 
'.% rtithin shaie. 

Fracture: in sandstone, mostiy close to moderate spacing. but as much as 
very wide i6 fi) ir. some thick sandstone beds; common close to 
very close "pacing ct incipient fracture that becomes effective ir: wezth- 
ered rock. In weathered shale. very close to c l c x ,  lociilQ moderate, frx- 
lure .ipacinz. Conglcmeraifc h .1~ wide to very wide (4-ft) spacing- in very 
thick beds. 

Permeability: IntergranuLir permeability of bedrock largely very low. 
pcssibly some low (:n some sandstone). Lov~ to icca!!? racderate fr.a.;- 
tisre pen-ceabihty in almost all shallow rcck. Most mantle mode;ak, s.;n'ie 
low. minor very low.  

Surf'icial mantle: Largeb granular. miner to scme clayey. 
Expansivity: Bedrock and surficiul mantle ;,re largely tinexpansive. mi- 

nor expansive materials ;r. each (ciajey sheared reck mi2 overlyin;; 
mantie). Sse samples for unit X!. 

Stratigraphic thickness: Hundreds to thoi-sad; of feet. 
Sources: EL;.ke up.? others. 1971, EX: Eilcn and others, 1972: many sta- 

assemblage, (KJ;. throu"h.;i region. Includes: unit gw;: of ecurce map 
only fo..~;~ of Sausahtc arid Mag.'- Headland: S!a;e Park ir. Marin Counts: 
unit KJfss of source ;-caps ir. Marin and Mendocino highiacds: unit; f's 
ar.d fcg of icurc.; naps  in most of Santii Cruz Mcur.?ains; u n i t  KJi'nxof 
~ 0 i i r . x  map;, in  Diabio R a g e ;  and units is, is,, and fs, c i  scui'ce 111.1~ 

in northern \Iayacnius Mountains. 

Summary:  Largely sardstcae and shaie. much unsheared. much varably 
sheared, including some clayq, fuuge ,xnl severely sheared rock that ~ n % y  
;>-.tan hard blocks. Bedrock a;;d s~!.rfic:;~i niiinA: are "largb yliexpar- 
sive. but soim of each (s.'-er.red reck &nd cliyey sciii is e:;pan:,i\e. 

Composition; LxgeIy sandstone i g r s y ~ a c k e )  ankshale  (inciusin,; ;!it- 
itone;: inir,i;r pebble a d  ccbble congic~.crate thai ha; sandstone mu- 
tiix. Much of unit is largely un:hi:ared ihhc unit 7 ' X ) .  much is \,iriebly 
sheared liike u"it Â¥VJ3; i-onie i; ciaye" g o a ~ c  rind severely sheared rock 
thai ilia) c o n i a i ~  hard blocks *,"ike unii SO$; Lxgei;d ~iiis.he:rel' in Marin 
County "outh c i  Sau:.a:i.~. 

Hardness: Where fresh, inos! rock 1s hard. but gouge 'c-nd severely shc;as'>;d 
' 

reck are firm i;; >oft .  W!?cre wea~heieid, sandstone is Urn-, to Surd i n  
I thicker beds. firm to soft in fhinr.cr beds: ~ h a i e  is S'irrr, io soft: gciige 

and severely ~ k e ~ i ~ d  ri.,ck is sci'i., bloaks hard: cozigloraerate cSasts are 
I h:ird IJ Cirri. 

Beddiiig: Sandstone beds are d'stini't, of i rar:ying thicknei; and propor- 
tior. >f interbedded shale. anu cccur in two ir.ajor tiabit~: ( 1 )  flyach of 

! rcpetitlve thin to ~i tdiurr .  beds in abunoiini to predoir-inant interheddcii 
sh;it (a;, in rn.i. 7 C 2 ) ;  ~r!d ̂ .) :hi.~k to ver;! thick (com;~?oniy 10- t': 30- 

I it but as z u c h  as 10:-ft or more;, beds between ihsn to very thick (50- 
M 10!>-ft> sequences of fyuch .  Coiiglomerc-te sequences mostly as thick 

1 2:. teiis of feet. local!:; as thick as hundreds of feet. Shears imeii-apt cc-re 
8 .  

I fnuous bedding? ii? much rock. 

I Parting: At c c ~ t a c t s  beiwcen ~.aiidttciic and shale. and at very close spac- 
ing with;?. shzle and severeij~ sheared shale. 

Fracture: In sandstone, niesily close to ;'".ociers.te spacing, o u t  wide to very 1 wide (6 ft)  111 some thick tc veery thick s,arbd$tocc beds; c o m i x n  d o s e  to 
ver) close spacin;; of incipient fracture tnat become; efft'ctive in  weath- 

' erc'd rock. In  weathered :;haSe. close to very sicsc. ioc.iKy moderate, frac- 
I ture iipacing. Ccnglomeriite has 'hide to v e r j  wide ( 4  fl)  spacing in very 

thick bed:;. Vanably spaced shear sliri'cces present it, many places. in- 1 cluding vei:~ a l ~ s e  in severeiy sheared rock: hard biocks gencraiiy 1-56 
1 f t  in diameter. 

Permeability: Intergi'iinular permeabiiit} of b e d r ~ ~ k  iargeiy very low, 
possibly some low (in sandstone): fracture permeability in most shal11:w 

' rock low, scrr.e moderate, very low in clayey gouge. MOST nuntie mod- 
erate, scme low, some very low. 

1 Surficiai mantie:  Largeiy grariular, some clayeylargeIy en clayey gcuge 
and severely sheared shale';. 

I Expansivity: Bedrock largely ucexpansive, some expansive I'sheared rock;. 
Surficial martle largely unexpacsive, some expiinsive (where clayey over 

1 sheared rock). 
Bedrock samples cf Franciscan sandstone and shale: MM6, coarse- 

grained sandstone, free :well 54 percent; W 0 8 ,  ~andsioce,  free swell S3 

i percent; SEW, weathered fc'raywacke, free swell 59 perceni; PB2A, al- 
tered gri.-.yw.ii.'ke, free swell 52 percent; B011 ,  weathered shsle about 1 
i t  from ground surface in iinzt u x t  S03, free '.well 4 2  percent: 5033,  
sa'-Atone breccia in -.mi( 803, free s,v.ell 44 percent: 5 0 2 ; .  sheared shaie 
in unit 7'33. free a'.veU 42 percent: B 0 2 2 .  sa!!d-clay matrix Lrc;n shsared 
rcck in unit 303, free swell 40 percent: W09. sheared shalt, free s-i~eli 
68 percent. See samples for unit SOL 

Samples of : , ~ ~ f i c i d i  iiiaritle en. F . - a ~ i c k c a ~ .  sandstone and shale: 
PRN!A. clayey lo silty grassland soil en ur.sheared flysch of ur.it 7120. 
free sweSi 30 p c e n t :  PRNiE .  silty woodland ~uriicia! sciS en un;:he:red 
flysch of :nil 700, free swell 38 percent: PRNiC,  silty wocdland sub-  
scii en unshe~red llysch cf mit 70C, free :'.weiI 35 percezf: SG 15.4, coi- 
iuvium on uniL 803, beicv,' s-cil free swell 54 percent: SG15B. soil on 
~ ~ i , u ~ ~ i u r F ,  on ur.:t 803, free ':we!! 56 pcTCer,t: W016,  "Â¥iii:ii ,:r.icked cj3j 
';oil. free swell 6C percer.1: SFS8, gravelly clay soil c!'i shale. :i:cderacfciy 
::r~eLed. free; sweL 60 percsr.;: SFS9, i i n c r ~ c k e ~  'ys.xreUy cia;, scil on 
ndgt ,  free swell 69 percent: MM10 plctted en samcic iocuticn n:~pi.  

! sci! on zandstcne and shcle, free w e ; ;  68 pr;rceiir: SM7, scii on 
~raywacke.  free swell 'Â¥ percent. See samples for dnit 2G! 

! Stratigraphic thickness: Hdi';dred: tc  thousands cf feet. 
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abiy sheared (like uait 8C3), ; . o m  i~ ci:iye;' gouge ar.t i  severely sheared 
:'o;k that 1ria!/ contain haid blocks .'like unit 800). 

ti;irdnes:,: Where fresh, i ~ ~ ; s i  ~ o c k  is hard. but ;ouge ar-o :-everely sheared 
n e k  is f i r x  lo sct'r. Where weathered. r/.etagrayw,icke k largel? fi":n. 

L?,.:-f 7 E  I'@.ich-iikfc Franciscan shale and sanfe~one . t -~"' - , - .  .;i..i.Ãˆ.;,n firm tc scfi, iretagreenstcne fin:; tc hard, meiachert firm rock 

,J~.,e."lyirlg ::i:yq ~ ~ ~ a ~ ~ : i < )  
, . V . q c . s w c .  z: aerial photographs: D : a ' u  R:iiig;, iarfe!y hard tcpcg- 

:--2.r;kl,, t>',,: ,,> y%iel[ -;I?'- .,-.,?a. ' ' t o t  s c ~ c  intcrr:e.lx:i; t o p c g a ~ h y  of broad 
Gc'oes - A ,  t h ~ t  Ezck ribs. 

Coniposiii'ris: lrtterbedd~d ..,?an; i j n ~ i u d i ~ g  s ; l l ' s t~i~e;  ?:.id sancstoKe. the 
, . .  k ~ 2 ~ .  a n t  -,... to .Â¥i'cr.erall preGornirian'.: !o;al ~on&ioinc'~af.e. Much reek 1 spacinz. i n  places at wide spacing, both whe-e fresh and wexhered. 
;s ";:..:;s!'Sy sheared, inciudiny si-r~ic clayey g ~ u ~ e  and \zvere!;; sheared 
?I. ? 1.- .b ..idi., g.a13 K J ~  . : i ~ n ~ ~ k  tic.rd bhcks  (Lit: -- '*  i - i ~ ~ .  "",' PW;. 

Hnrduess; Fic-iii sa?c'stcpe "; hard fresh shak has firm reck m a s  of hard 
plep,?. Most weathered rock is 5nr; to sc'fi. Coq;lcmera?e chsts  aie hard 
lo filr.:; ;,>age and sevr ieh  sheared shale are firm to soft, blccks hard. 

Bedding; Dist:r-,:I, comr-io'lh ?h:n to mtdiiirn sank.ioi-.i: bed;, reguJ..i.i'l) 
~ ~ t ~ ~ ~ c : L ~ ~ ~ ~ ~ ~  -+",it;? ~*:i-; tkiin to t!hick. ra:eiy vex;, rhi:k < !O-ft). krer#als  
cf sna'ie, ;:;i;i.;r $3 sor.ie :,eqi;erces *;f thick to very thick (}'2- to 30-ft cr 
;.'ic<e> sva s ' anc  bcdi. Sheax  obliterate continuous beddin:; in much 
~. . . 
1 Obk. 

Farting: k. ~ C S ?  h a l e  r.1 very close s p a c i n ~  i1r.d at distinct bedding planes. -- $rac ta re ;  In veathei':;? ; h d e  at very close to ciose, iocaliy rrn:derate. 
: ~ x i q .  In s?:.nktcne, mos;iy cicse tc ~ ~ o d e r a t v  spacing, but wide i'> very 
wide (6 it,' ill Iccai 'hi.;k-bedded tu very ?hick bedded sandstone, and 
common ciose tc very cicse spacir.? of i~c ip ien i  tractore that becox-is 
efi'~.c:;ve in weathc:ed r.;ck. Variably spaced shear surface: are preser-t 
is main' places, inclucing very c i o x  ic s . evexb  sheared rock; hard 
blocks generally 1-50 f t  iii diameter. 

Permeability: Bedrock has very low i~tergranuiai  permeriilily; low frac- 
ture perrLiee.5ility in most shallow rock bui very low in clayey gouge. 
Most mafitic lew. scme r.ioderate, borne v e q  low. 

Sart'icia! mantie: Largely granular, sorre tc much clavey. 
Expaasiviiy: Lediock is largely uncxpansive, some expansive sheared 

iock;. Suificia! maiitSi; is iargciy unexpansive, seme expansive 'where 
ciayey over sheared reek;. See :ampies for unit 7C1. 

Strat igraphic tSiickritss: Hundreds EC thousands ef fect. 
Sources: Cortcn. 1972' simiiur materials observed at severs; stations xithi:! 

ar!i:s 791; . l ~ d  Tb>i 

- - - 

v p r a - b  me. s-iaic. . and meiachert have iargeiy cicse to very close spacing: 
nietagi'ricnsione c k s c  ic modernre. Variably spaced shear surfaces are 
present in many place:, including very close in ,.ev~:'e!y sheared reek; 
hard blocks gineraiiy i-5'2 f t  in diameter. 

Permeability: Intergrariuiar permeabiht'. of be'jrock very lcw; fracture 
permeability in shallow rock largely low, some moderate, scme very Sow 
(in clayey gou:;e). Most mantk moderate, some lev/, s:me very 'iow. 

SurficsaS mantle: L a ~ e l y  granular, some c1;iyey (Urg,eiy en g o u s  and 
s e ~ c ' r e k  s h e r e d  rock). 

Expansivity; Bedrock is largely uncxpansive, some cxciiiisive (sheared 
rock). Surficial mantle i a r ~ e l y  unexpansive, :.erne expansive (where 
(.I.-\, .a,<, L v  ). Bedrock samples: SQ2,  veaihered bedrock ir; l:ir.dslide, free 
swel' 95 percent: 5Q4, pougi;, free swell 7S percent: SQ3, i '_ 'o~ge,  free 
swel! 95 percent. Surficiai mantie samples: SQ7. sandy scil $2 unsheared 
mc'agraywacfce, free svi'eli LO prcen t :  SQ5, scil near severely sheared 
rock, free swell .35 percent. See samples for unit ?1. 

Strat igraphic thickness; Hundreds to thoiisar-ds cf feet 
Sources: E!.:,l;e and others. 1967. 197i, 1974: McLaughlin, ! 9 7 b :  several 

stations. 

MAP UNIT 704 Undivided Franciscan rocks 

Geologic unit, (age), and location: Fr~neii-can as:-ernblage, undivided 
i KJ), in southern half cf region. 

Summary: in ni3s.t places,, largely handstcne and shale (like unit 701), 
probably containin: mu& of other rock typcs, such a; sheared rock. 
greensicne. chert, 2nd serpcntmite ilike units SUC, 253, 511. and 805. 
respectively). On Mount Diablo. unit is large:> greenstone (like unit 253) 
and chert (like unit 511). c u t  includes some sandbtcne (like ~ n i ;  701; 
>md minor orher rock types. See descnp iccs  cf uniti hsted a!mve f s r  

MAP UNIT ?63 Franciscan metamorphic rocks, largely unshearta physical properties 

Geologic <ii:its, { a g t j ,  and location: Metamorphi,; rock; of the Fr;inciscan 
s .~se rnb iqc  KJ,' ci;xfly ze:~'.graywacke, in nosherr. half of rcgio's. 
Consut:.. of much cf uni: KJfm cf source mu;':. thro'~.gho,;! northern ru"; 
cf rc:;Gn, a? tfelerir-inei.! b', sriterprelatior cf d e r i ~ i  photcgraphs; s.^.d ::?.it 
.:.k . , f c r r c e  "idp i~ r.or;hern Mayacmz.;. M o ~ n r a i n s ,  

Summitry: Larzs!y me~y;ray,~t;c!-:e interbed*!td w;"n iesser m:dÂ¥:as>-.ale 
Xi:;c!? sf U:I:L :s ~:~s ' :ekred.  r . x k  i:, variabi;, shemzd, scm; i: clayey 
<2,"-.v- ?,.,4 ," ,=,-> , ,,i2_t .- st ,,~.,,!, shesrid rod: that ~ a y  cc7tzi? hard biocki. S e n e  ex- 
- " - .  u<ba:b.\e t2ecrt3oi ,i!llj ~urf iciai  x,zrtlc, 

Composi t ic~:  L ~ - : : e l v  . * mefa::rayv,a,:ki- inte?bedde,.: wiih lesser "r.eta:,hal~:. 

Permeabiiity: Intersranuiur perrr.cabiiity of bedrock very icvd: p r c b a ~ l y  
most ha: low to moderate fracture perrrieabilky if? shallow rock. Prcb- 
ably ITO.,? irar.t!e moderate, some 10 much low tc ve.31 low. 

Surficial m;inÂ£!e Prc'O~bly largeb fc-anuia:, sor-ic to ;r.acS'. clayey. 
Expansivity: Most bedrock unexpansivc. heme to mucti!?'i expa;si.qc 

(sheared rock). Prcbably most mantle anexpansive. some 1:: ~ x u c h  ex- 
oansive  here ciayey). Sar.-.pie SFN2, ;i:~i!u\ium mere than 20 :'? thick 
frcm chert, gresr.store. and gray\v.icke. free sv-e'i 79 percenl. Sec 
~ ~ m ~ l i ; : ,  for units 7C1. it ; ! ,  253, 51 1, ~ n d  $05. 

Sources: P ~ x p e y - i n ,  i953; mx;, s:.itions. 

m~xoi- :nab3es of ri:e:z$reeEstci;e 2 ~ 2  ~i f i~acher i .  %feta;<:aywc,:kc is SIEII- 
MAP CNIT 800 Franciscan gouge and severely sheared shale with 

i.".;' ic  Â£-' w-ay '~acke  ci mi? 701 Â ¥ : 7 x c e  ::?ui most is fob.ire6, geileraliy 
blocks 

e m i s c h i ~ t  of -ili?"!t tc rf,cderite metarr.orpi~ic fabric (textural z c x  2 of ' 
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M A P  UNIT 862 E ranciscan melange of metamorphic rocss 

~ ~ ~ l ~ ~ i ~  ..), ,age). and location: Melance of -iietamcrphic ~.c.:ks >f  

'.he Fraficisi.an as:jemb^e (Kj;, ir. nor'ih-irn k,:,!f of region. Coi lS i~ i~ ,  of 
pirii 'if unit KJf;?-; ci' ,icii:ce 'zaps. as. determined b!, intcrpre!?.iicn of 

. .  . 
Â£2::~ ;:;:otcgrapbs, ant unit fnisr cf iotircs map in nc~her:. Ma;#ac~nas 
Mcun!f.!ns. 

Sun-,ixiary: Lxe unit S C l .  Mu;;? to mast is matrix cf clayey gci4';e and 
bG\;:rclj :.hear& rock c~r t ;~ ip , i rg  ab\j:>da119 i?aE :>!o;k:, c?d SI? - .~ !  ~ h a f -  

,!. ~. : ,~ses  of ~ ; r : ~ u s  rozk t l , ~ ~ ; :  n:ii:or t: m:%t is !ar:;er m?.sses of 
-~e :~morn .~~ i , c  reek. Much beirk-ck is expansive , beared recki: much 
surficial mar-tie is expt-nsi-,,e i.v,kt:w c h y c y , .  

Cor.iposition; Much t; i1.c~: of u.'iit :s c!ay;y souse ir .6 severe$ dhearcd 
. , reek :ha: cc<i:;-l.is \ar ,acly  abvnda:-.t hard blcck';! a:?d ;z."ia'!! ̂ hat:ereJ 

l~~~..;:,cs .jC 7v,2rl,ous reek t ~ > e s   i tie unit  3~:~);; r?:nor t ~ :  most i!; i2rzer 
.--< i , . c ~ , s  ---  of r:ci-amcipliic rock n ike  u n i t  7^3; .  largely sern:-;chistc;,e 

r.ieiagrayr-.acke snd  xeia:ha!e. Sleeks idizmeter Ie.,;, thar 1'30 f i )  ,ifid 
s m ~ U  shattered masses ,a; ;r;uch as C.1-0.2 miie ir length! constitui; as 

7 ,!+...tion .a+, of iieriai photographs; and unit  gwy ci' source map only north 
c i  S a . i ~ ~ h i ~  2nd Mann Headlands State Park. 

. . 
Siimniary; V ~ n a t i !  sheared ui" brecciaied Sundstone and :hale. inciuding 

so,;ic gouge and s n e r e l y  sheared shale that ma'; centair hs-rd blocks. 
.Prcpoi':ioil~ :,ary greyly.  Bedrock is largely unexpi-insive. but some is 
e.xp~n:.ive (sheared reek) Much surfic;al :r.ant'.e I S  unexpansive. much 
. .:. - s;enifican;!y expansive. and icn-,e is sey.erely expansive, 

Composition: Vcriabiv sheared or 'cre.'ciaied ssnilitoiie (graywackc) and 
shale i i~e ' l ud iny  siitst'inc; i nc i~d l~ i i . :  some g o u g i x a d  severejy s h e ~ r e J  
shale fiat rcay contain hard blocks llike uni; 800) 2nd much wisheared 
reck ( l ike  unit  700) "at cceurs ii; di:,conrinuoi;s masses Pi-cponion; 

. . 
ra-.i;:'; fr.:m large!) shattered sund- i t~- .e  ccnraii-.ing much  gorge znJ 
sh..ared shale to largely ^-.:sheared ;'~i-'k containin;'-' nsuch shaitered cr 
a ciit.-i.:a?ed . . ;-.r.i:ds~oi?e Includes minor tc some greenstorx. chert. and 
serpenii;~ite ( l ike  t i r i i iS  253, 51 1 ,  and 805, respectively; 2nd minor con- 
g101;~eizte. 

Hardness; M o ~ t  fresh rock is hard to firm; wczthered rock is mostly firm 
tc so;";; blocks are hard. 

ing: Discontinucus. distirct sandstone beds. t t r n  tc very thick ( 1 G -  
31; f t  cr more) where reccgnizable: ereenstone. chert ,  and serpentinite 

1,ter.s of feet) irregular beds: much is interrupted by shearing. 

MAP UNIT 803 Variably sheared or brecciated Parting: Large absent. 

Franciscan sandstone and ?halt  Fracture: Largely close to \ < i y  close sp-lcing; fabric of roughly parallel 
shear surfaces in places 

Geologic units, (age), and location: Vazabiy sheared 5.andsrone =d shale Permeability: Bedrock has very low h texranu la r  permeability: most has 
of the Frsnci ican assemblage (KJ;,  ir- M a r i ~  highlands. Consists of low. some moderate, fracture permeability largely in shallow rock, but 
intermediate topegraph: in melange ' u n i t  KJfs  of scarce map; and in  some has very ;ow total permeability ise-.e?ely she;iJ-ed rock.), Probably 
sandstone and shale ( u n i t  KJfsr. of scarce map). as determined by inter- most mantle Sow to very low, much moderate, 

are bedded as iii uniis  253, 5 !  1. and :305. respectively. 
Hardness: Gouge and severely sheared rock are firm to soft, :oft where Parting: At contacts between sandstone and shale; in shale &:id sheared 

wexhcred:  blocks are hard. Metamcrphic rock is largely hard where shale at very close spacing. 
fresh: where weathered, metagraywacke is largciy firm, metagreenstone ' Fracture: Largely very close to moderate spacing, locaiiy wide to very 
r; in ..m ic hard, and vi iet~~hcle firm to  sct't. 1 wide (6 f t ) .  Shear surfaces are very close i n  severely sheared shale and 

Bedding: Absent r i  severely sheared rock, niterriipted . ~ r  obliterated in ~ , close tc wiide i n  mcst other rock: most breccia fragments very small to 
much variably sheared reck. Masses ;Â¥ metagraywacke are dist inctly medium, separated by very thin gouge seams; blocks generally 1-50 ft  
bedded, largely in thin ?G thick beds of meta;;ra>wacke betwien lerser 1 . . 

in diameter, but many hzve effective moderate to very wide fracture 
metashali.. bu t  some very thick (10- LC 30-ft or more) beds of meta- spacing 
~ r a \ \ \ a c k e .  M'etagreenstcne is imbedded to indistinctly bedded ilike un i t  Permeability: Intergranular permeability of almost ail bedrock is very low; 
253); mesachert distinct!) bedded, commonly in thin bed:,, fracture permeability in shallow rock largely low. some to much(?'  

Parting: Shears define very clcse, crudely parallel parting in severely moderate. :..c"'ne very low (in gouge and severely s h e x e d  rock}. Much 
sheared rock. Metagraywacke generally has slabby perting along foils- mantle moderate, much low to very low. 
tior. at [ery ciose to close, ir- places moderate, spacing. Surficial mantle: Much t.1 moat granular, some to much clayey. 

Fracture: Very close shear surfaces in ieverely sheared matrix; blocks Expansivity: Bedrock is largely onexpansive, but  some is expansive 
are generally 1-5C ft in diameter, and some are fractzred at moderate to ,sheared rock;', Much ^urficial is u n  expa nsive. much significantly 
very wide spacing. M~sse ' ;  of metamorphic rock have mostly close to 1 expansive, some severely expansive. See samples for units 701 and 801. 
moderate. Iccaliy wide, fracture spacing, and much has shear surfaces 1 Stratigraphic thickness: Hundreds to thousands of feet, 
at close to wide spacing. 1 Sources: Many stations. 

Permeability: Intergranular permeability of bedrock is very lcw. Fracture 
permeability in shallow rock is very low in severely sheared rock: largely 
low. some moderate, in masses of metamorphic rock and other rock types 
(Frcba?);y ,2ac h to n;,3st of  hfucl7 le 1 ,>&, t,3 low,  Ii3uc 1; 
n;cderatfc. 

Siirficiai Much cl avey i l  arge i y  on severe ly  ,A care rock), 
granular. 

' m p  UNIT 804 ~~~~~i~~~~ metagreenstone, variably sheared 

Geol%2ic unit7 (age17 and h3catbJn: bfet*wecnstofie of the Franciscan 
assemblage (KJ) ,  variably sheared, in Marin highlands. Consists of pans 
~ f h n c i s c a n  metweenstone that have intermediate topography. as de- 
termined b y  interpretation of aerial photcgraphs. 

Expansivity: Much bedrccL i: expansive (sheared rock;. much unexpan- Summary: Slighfly metamorphosed greenstone. Most is variably sheared 

s ibc ,  Much surfi  mantle ,,*, clayey), much unexpan- ; and M e r e d -  m severely sheared. some unsheared. Some to much 

sive. Bedrock samples: P2, weathered shedred ~:iel.~sl'iaSe, free swell 72 bedrock is expansive; much iurficial mantle k. iiignificantly expansive 

pe:cent: P3A. we~thcred sheared ir.etashale, free sweii 50 percent; SGi7,  ' scrfle severely expansive' 

:eared bedrock, free 70 pcrcen ? ,  SurH le P3B, Composition: Most of unit is slightly metamorphosed. largely nonfoliate 

soil on sheared me,-.lS hale, free sweli -$ NV6A, clayey subsc;I ; greenstone like unit  254% iimllar in  cc~rpcsi t ion to unit  253 except for 

on  rLI,5tagrayT&sc ke, free swel i  6$ t: Nl,(,B, ucciacked soil cn  ~ metam(xpk.ism: mosf is v r ~ r u b l y  shexed a : ~ d  shattered, ~ n u c h  ucsheared 

metigraywacke, free swell 45 cei'ceni. See samples for unit  703 (like unit 25-1) Includes some severely sheared rock - l ike unit 800). 

Stratigraphic thickness: Hundreds tc Thousands of fee;. Hardness: Largely hiird where fresh: largely firm to soft where .veath- 

Sources; Biake and others. 1971. 1974: McLaughIin, 1978: n a y  stations, eyed, but some is firm to hard. 
Bedding: Largely unbedded to indistinctly beaded in thick to ver-,' thick 
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Expansivity: Most bedrock unexpacsive, some('?) expansive (sheared 
rock;. Most mar-tie is expansive, some or more is severely expansive. 
Sair-cles: GY3, stony .;lay soil. nicderately to weil cracked, typical at 
this station, free swell 75 percent. GY4. sticky clay soil. not typical, free 
smell 102 percent: GY10, black clay soil. deeply cracked. typical at this 
station. free swell 121 percent. 

Sources: B'.rJce and ethers. 197 1 : Gealcj. 1951 : three stations. 

MAP EXIT 902 

Geologic unit, (age), a n d  location: Diabase and zabbro (1;. cnly in 
Mendocino highlands and Mayacmaf- Mountains. 

Surnmarv; Massive diabase and .'!abbrG. Fresh rock hard. weathers to grus 
rhjt is i d t  io firm but contains hard to firm corestones. Most to almost 
all mantle signifi;an:iy expansive. 

Composkion: VLissive holocrystalline diabase and gabbrc ccntxaing 
p a i n s  a.2 much as 2 rnm in length: some of unit is ccmpositionally lay- 
ered and has c y m ~ ~ l a t i  texture. Hydrothermal and late n~agmati; alter- 
a t i o i ~  are extensive. Mcst  gabbro originally averaged 50  percent 
labradorite, 50 percent pyroxene; in some localities (not observed), oli- 
vine may constitute one-third of the rock, which may significantly alter 
the physical properties noted. Unit includes minor to some(?) sheared 
rock like unit SCO. 

Hardness: Fresh rock hard; moderately weathered rock firm: rock weath- 
+.- .~:d % to grus is soft to firm. Most rcck near ground surface is weathered 
firm. Corestones are hard near center, hard to firm toward edges. 

Bedding: Absent. Some is layered and has cumulate texture, but these 
Liyers do not provide parting,. 

Fracture:  Close EC moderate spacing, some wide. In weathered zone, some 
corestones that have tight internal fractures behave as large blocks. 

Permeabiiity: Intergranular permeability of fresh rock very low, of granu- 
lar weathered rock (grus,! moderate to low; probably gradational with 
degree of weathering. Fracture permeability low 'o possibly moderate 
in shallow hard rock. Most mantle low to very low. 

Weathering: 'Weathered to depths probably much greater than 10 ft. Some 
to most areas have spheroidal weathering that produces matrix of grus 
containing residual corestones cf firm and hard rock as large as 5 ft  or 
~'nori. in diameter. Where fracture spacing is moderate, rock is totally 
weathered to grus to depth of 10 ft .  

Silrficiai mantle: Large11 clayey. 
Expansivity: Almost all bedrock unexpansive, minor!'?,' expansive (sheared 

rock;. Most tc almcst all mantle significantly expansive. Samples: GY1 
mildly cracked sandy silt soil, typical, free swell 73 percent; GY11, 
moderately cracked sandy clay soil. typical. free swell 67 percent; GRN2. 
moderately cracked dark sandy clay soil, typical at this station, free swell - - , , percent; GY5, topical silty clay soil, free swell 57 percent; GRN5. 
i on sheared rock, free swell 74 percent. 

Sources: B!ake and others. 1971: Gealey, 1951; McLaughlin. 197&; seven 
stations. 

Geoicgic unit. (age), and location: Diabase, cnly near Vallejo, 
Summary:  No; seen in field. Largelk diabase, probably some sheared. like 

units 9C4 ar.d 905. 
Composition; Holccrystalline inrrcsive diabase that contains grains as 

much as 12 mm in length; consists of 60-70 percent hornblende. 10-20 
percent ausite. b-15 percent plagioelase. Called hornblendite b) Weaver 
(IS-!?';, \i.hc reported that rock is cc'i-ipletely crystalline and usually 
rather fresh. Probably seme reek is  shewed, as in unit 905. 

Hardntss:  Hard where fresh. 
Bedding; Absent. 
Parting: Possibly sheeted like unit 924. 
Fracture:  Weaver (1949) reponed that bculders and cobbles are derived 

. . 
from this unit, sc spacing is ijs great as moderate (more than 10 in.). 
probably as great as wide. 

Permeability: Intergranular permeability of bedrock very low. except low 
to moderate in possible granular weathered rock (srus); fracture perme- 
ability low to moderate in shallow rcck. possibly low to depth. Weaver 
(1949) reported numerous small springs emanating frcm this unit at con- 
tact with unit 563. Mantle ranges from moderate to very low. propcr- 
tions unknown. 

Weathering: Ma) include soft granular weathering phase fgrus'. like unit 
00". 

Surficial mantle: Granular to clayey, proportions unknown. 
Expansivity: Bedrock large'.) unexpansive. sume be expansi-ie 

(sheared rock). Most mantle unexpansive to significantly expansive: 
where cla>ey, mantle is probabl~ largely significantly expansive. See 
samples for units 904 and 9C5. 

Strat igraphic thickness: Tc  depth 
Source: Weaver. 19-1-9 

M A P  UNIT 904 

Geologic unit, (age), and  location: Diabase. only near Mount Diablo. 
Summary:  Largely diabase. probably mostly in verj thick sheets between 

thin shear zones; some pillow basalt. Diabase is hard where fresh, largely 
firm where weathered, shattered at very close to moderate spacing. Some 
mantle severel) expansive. 

Expression in aerial photographs: Sharp crests; much has ribbing at about 
100-ft spacing, but some lacks ribbing. 

Composition: Largely diabase, some (as much as one-third) pillow basalt 
like unit 253 ( K . M .  Williams. oral commun. ,  1981). Diabase is 
unsheared, hoiocrystalline, contains grain:, 0.5-2 mm in length, and is 
uniform in composition except for replacement of augite by fibrous horn- 
blende in considerable p~irts of the area (Turner, 1891); minor vesicular 
diabase. Rock is altered to chlorite-rich material along some joints. Very 
thin to thin shear zones between very thick sheets of diabase consist of 
clay- to sand-sized sheared diabase. "Spheroidal basalt" (probably pil- 
low basalt) reported to be prominent on north and east slopes of Mount 
Zion (Tuff. 1935). No problem with sulfide content according to employ- 
ees at one quarry, but Pampeyan (1963,' reported layers of iron sulfide 
3-4 in. thick. Includes bdrothermally altered zones. Sheared rock (like 
unit 800;' is probably mincr, 

Hardness: Diabase is hard where freih, including where staining on frac- 
ture surfaces makes rock look weathered (to depths of 35-50 ft). Where 
weathered Ctc deeper than 15 ft), diabase is largely firm, some approach- 
ing soft. some hard; weathered rock nia:>s is firm where fracture spac- 
ing is close to very close. Sheared zones between sheets of diabase are 
firm. 

Bedding: Diabase occurs in sheets or layers that range from thick to 20 
ft, mostlj 5-15 ft, between very thin to thin shear zones. This feature 
was not mentioned by Pampeian (1964). so it may not be true every- 
where, but called typical by K.M. Williams (oral commun.. 1981). Hy- 
drothermaliy altered zones as thick as 10 ft; sulfide layers as thick as 
3-4 in. 

Parting: Good continuous particg in diabase at very wide spacing (5-15 
ft) is not a weathering feature, present tc depth. 

Fracture:  Variable, irregular (Pampeynn, 1964;. Diabase has largely bery 
close to moderate spacing, but mincr blocks as wide as 3-4 ft. Rock loos- 
ened by blasting consists large11 of small to 6-in. pieces, but 20-30 per- 
cent is larger than 6 in.: large'it product at quarr? is riprap. 4-12 in. wide. 
Much of diabase appears to have had an original moderate to wide irac- 
ture spacing before being shattered at very close to moderate spacing. 

Permeability: Bedrock hiis very low intergranuidr permeability: low to 
probably moderate fracture permeabilit~ in shallow rock. possibb low 
to depth. Clayey partings between sheets of diabase nlaj be continuous 
surfaces of very low total permeability. Much mantle low to very low, 
probably much moderate. 

Weathering: Brown color (staining of fracture surfaces; extends to depths 
of 35-50 ft. Rock pieces are fresh in te rn~ l ly  at depths of more than 



10.25 ft; most rock is weathered firm to depths greater than 15 ft. No 
soft granular phase (grus) or spheroidal heathering noted. 

Surficiai mantle: Much clayey, probably much granular. Mantle is largely 
clalcy where observed in l o ~ e r  parts of terrain, but expression in aerial 
photographs (ribbing) suggests much granular mantle in higher parts. 

Expansiv-ity: Alrnost all bedrock ilnexpanslxce. Much mantle  expansive^ 
some or mo1-e of t h ~ s  severely expansive; probably much unexpansive, 
Samplcs: CL94 .  veil mildly cracked stony clay soil. typical, free swell 
80 percent: CLYB. moderately cracked stGny clay soil, covers about I0  
percent <>f unit, free swelt ?0 percent: CLl0,  moderalely cracked clay 
soil. typical at t h ~ s  station, free swell 102 percent; CL38.4, red-brown 
silt: clayel subsoil on flats. free s~vel l  63 percent: CL38B. tbpical silty 
clayey surficial soil, free swell 47 percent. Surficial soil is large11 
uncracked to mildly cracked. s o n x  moderately cracked. 

near Coyote: subsoil is stony clay. of which sample MGH3 is typical. 
In body near Coyote that is surrounded by serpentinite, mantle is thin 
as on serpentinite; much IS uncracked, much mildly to moderately 
cracked clay. Exposures examined in this b ~ d y  axe near its sheareJ 
margin 

Expansivity: Aln~ost all bedrock is unexpansive, some may be expansi\e 
(sheared rock). hfost mantle expansive, largely significantly expansive. 
but probably- some severely expansive;  some to possibly much  
unexpansive. Sampie MGH3. niildly to moderately cracked clay x b s o ~ l ,  
typical. free s~ve11 77 percent. 

Stratigraphic thickness: To depth. 
Sources: Four stations. 

Stratigraphic thickness: To depth Geologic unit, (age)? and location: G r ~ n ~ t ~ c  rock5 (K) ,  only on P a n t  
Sources: F ~ m p e y a n  1967, 1964. Taff, 1935. Turner. 1891. K 'vI Vv'ill- . . 

isms. oral commun., 1981; four s tat~ons 

Geologic unit, (age), and location: Dlabase, only east of Santa Clara 
Valley near Coyote and near Lexington Reservoir in Santa Cruz Moun- 
tains. 

Summary: Diabase, some to much of which is sheared, especially near 
margins, Soft granular weathered rock in much of unit. Mcst mantle sig- 
nificantly expansive. Not seen in field in Santa Cruz Mountains. 

Expression in aerial photographs: Near Coyote, intermediate topogra- 
phy showing rounded crests and some ribbing; topographically resistant 
with respect to adjacent units I22 and 805; dark photographic tone com- 
pared to unit 805. 

Composition: Diabase, varying in grain size from 0.5-10 mm. much ha\,- 
ing 1- to 2-mm grains. Some is banded b) concentrations of minerals. 
Body enclosed within unit 805 (serpentinite) near Coyote is sheared and 
serpentinized near margins, where it re5embles unit 805 except that many 
tectonic blocks are diabase. 

Rock character varies mostly in degree of shearing. Exposures observed 
near Coyote give impression of about half sheared rock having close to 
very close fracture. half coherent diabase having close to moderate frac- 
ture. but these exposures are near margins of body. where shearing is 
probably concentrated. Thus, near Coyote probably some to much is 
sheared. In Santa Cruz hlountains, probably much to most is sheared. 

Hardness: Matrix of sheared rock consists of firm to hard pieces that 
constitute a firm to soft rock mass; enclosed tectonic blocks are hard. 
Unsheared rock is hard where fresh, but near Coyote, and possibly in 
Santa Cruz Mountains, weathers to soft granular material (grus) as de- 
scribed for granitic rock (unit 907). 

Bedding: Absent. Some rock is banded in thin to ~nedium layers by seg- 
regation of mineral constituents. 

Parting: Absent in unsheared parts of unit. 111 sheared parts of unit, present 
at very close to wide spacing; much is close to very close, much moder- 
ate to wide. 

Fracture: Sheared rock has close to bery close spacmg of roughly paral- 
lel fractures: blocks mostly medium to large. some as l u g e  as 4 ft in 
diameter. Unsheared rock is mostly fractured at close to n~oderate spac- 
ing, some wide. 

Permeability: Bedrock has very low intergranular permeability except lo% 
to moderate in granular weathered rock (grus); low to moderate fracture 
permeability in shallow rock, possibIy low to depth. Most mantle low 
to w r y  low, some to possibly much moderate. 

Weathering: Diabase weathers dramatically from hard fresh rock to soft 
granular weathered rock (grus) at depth of about 10 ft. Blocks of dm- 
base in sheared zones weather less regularly: some u e  firm at depth of 
20 ft. 

Surficial mantie: Probably largely clayey, some to much granular. Uni- 
form red-brown soil and subsoil overlie exposures on San Fe l~pe  Road 

Reyes peninsula and Bodega Head. 
Summary: Largely granitic rock, minor aplite and pegmatite dikes. schist. 

marble, and quartzite. Hard where fresh. firm to soft and frizble where 
weathered; in some areas weathering extends to depth of 70 ft, largely 
to 30 ft. Most %,eathered rock has moderate intergranular permeability. 
Aln~ost  all bedrock and most mantle are unexpansive. 

Composition: Largely dionte, ranging in composition from biotite-horn- 
blende diorite containing little or no quartz to qumz-biotite-hornblende 
diorite containing 10-30 percent mafic minerals. In many places, the rock 
has a more or less pronounced gneissoid appearance and variably strong 
foliation owing to parallel alignment of biotite. This rock is intruded in 
many places by dikes of aplite and of pegmatite as wide as 7 ft. mostly 
less than 1 ft in ~ ' i d t h .  It contains variably abundant basic inclusions 
(rock containing little quartz and feldspar); minor unniapped bodies of 
schist, marble, and quartzite, like unit 903; and rare fault gouge. The 
granitic rock is generally weathered to granular disintegrated granite 
(grus) that ranges from clay free to nearly clay saturated. 

Hardness: Hard where fresh, firm to soft and friable where weathered. 
Bedding: Absent, but rock displays gneissoid appearance or meak folia- 

tion owing to alignment of biotite grains. 
Parting: Largely absent. Prescnt to various degrees of development in 

foliated, biotite-rich rock. 
Fracture: Mostly close to moderate spacing, in places wide to rarely very 

wide ( 6  ft). Rock between fractures is generally shattered to varying 
degrees, and where weathered most of rock disintegrates on close to very 
close spacing to form grus, which is effectively a homogeneous, soft, 
friable coarse sand. Many fractures are lined with crushed granitic rock 
of fine sand and silt size, many are iron stained, and many faults are lined 
with plastic clay gouge that is mostl) thinner than 1 in. but as thick as a 
few feet, In places. regular fracture patterns extend beyond outcrop scale. 

Permeability: Fresh rock has very low intergranular permeability; frac- 
ture permeabdity in shallow fresh rock is mostly low, some h ~ g h  in brec- 
cia  zones, but many fractures are  lined with gouge of very low 
permeability. Disintegrated weathered rock (grus) ranges from clay free 
to nearly clay saturated, and intergranular permeability consequently 
ranges from low to high. mostly moderate. Most mantle moderate. some 
high, some to much(') low 

\$eathering: Most rock d~smtegrates dramatically where weathered, f o m -  
mg soft to f ~ r m  disintegrated granlte (grus) 'd'eathermg depth 1s lrregu- 
131 In most exposures, rock is largely f ~ r m  to soft and friable. but 
contalnlng some hard pieces, to depth of about 30 ft In some exposures. 
m u ~ h  1s firm to >oft at depth of about 70 ft Color change occurs at depths 
as great a> 40 ft and hoftness extends deeper than color ~ h a n g e  On Po~nt  
Reye? penin>ula. much of unit underlies old eros~onal surfaces where 
seathenng is probabl> p ~ r t ~ c u l x l y  deep and thorough 

Surficial mantle: Large11 granular. probabl) some to much( ) I  clayel sub- 
soil. Most is clayey and silty coarse granitx sand, In man] places. bed- 
rock is covered by very thick colluvial granitic sand that is ind~stinctly 
bedded. 
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Expansivity: Almost all bedrock is unexpansive, rarely expansive (fault 
gouge and altered rock). Most mantle unexpansive~ some to much('?> 
significantly expansive  subsoil^. Samples: TO1 1 ,  altered granitic rock, 
free swell 94 percent; DB38, soil lacking B-horizon, free sm~ell 49 per- 
cent (exaggerated'?). See samples for unit 907. 

Stratigraphic thickness: To depth. 
Sources: Anderson, 1899: J ,  A. Bartow, written commun,, 1972: Blake 

and others, 1974; Galloway. 1977: Johnson, 1934; Koenig. 1963: 
Osmont, 1905: Schlocker and Bonilla. 1963; Schlocker and others, 1963: 
10 stations. 

Geologic unit, (age), and location: Granitic rocks (K) ,  only near klontara 
Mountain in northern Santa Cruz Mountains. 

Summary: Almost all is granitic rock, largely quartz dionte; some apllte 
and pegmatite. Fresh rock is hard: disintegrated weathered rock is soft 
and extends to depths of 10-100 ft. Some mantle is significantly expan- 
sive. 

Composition: Almost all is granitic rock, largely quartz diorite. Includes 
some aplite and pegmatite: minor marble, hornfels, and schist, like unit 
908; and rare clay fault gouge. In many places, granitic rock is weath- 
ered to granular disintegrated rock [grus) to depths of 10-100 ft. 

Hardness: Hard where fresh; disintegrated rock soft except for hard sphe- 
roidal weathering cores of medium to large size. 

Bedding: Absent; weakly foliated by preferred orientation of mica. Aplite 
and pegmatite bodies are tabular and medium to thick. 

Parting: Absent. 
Fracture: Spacing ranges from close to wide or very wide, commonly close 

to moderate. 
Permeability: Intergranular permeability very low in fresh bedrock; ranges 

from low to high, largely moderate, in disintegrated weathered bedrock 
(grusj, Low to moderate fracture permeability in shallow fresh rock. Most 
mantle moderate, some high, some low. 

Weathering: Most rock disintegrates dramatically where weathered, form- 
ing soft to firm disintegrated granite (grus). Weathering depth variable, 
10-100 ft. 

Surficial mantle: Largely granular, some clayey subsoil. Most is clayey 
and silty coarse granitic sand, 

Expansivity: Almost all bedrock is unexpansive; rare fault gouge may be 
significantly expansive. Most mantle unexpansive, some significantly 
expansive (subsoil). Samples: MlMl3, loam soil, free swell 62 percent 
(exaggerated?): MM14, uncracked loam soil, free swell 60 percent (ex- 
aggerated?): MLM17.4, slightly cracked surficial soil, free swell 70 per- 
cent (exaggerated?); MMl7B, moderately cracked subsoil, free swell 88 
percent (exaggerated?). 

Stratigraphic thickness: To depth. 
Source: Ellen and others. 1972, 

MAP UNIT 908 

Geologic unit, (age'), and location: Metamorphic rocks (pre-Cretaceous), 
only on Point Reyes peninsula. 

Summary: Briefly seen in field ,Marble, quartzite, and schist that occur 
as isolated patches within granitic rock (unit 906). Bedrock and mantle 
are largely unexpansive. 

Composition: Marble, quartzite. and schist. occurring in isolated patches 
ivithin granitic rock of unit 906 as pendants and (or) inclusions. Only 

Hardness: Marble is hard (harder than adjacent granitic rock): quartzite 
hard; mafic schist firm to hard where fresh (softer than adjacent granitic 
rock), soft where weathered; siliceous schist 1s dominantly hard quartz- 
ite that has firm to soft interlayers. 

Bedding: Absent in quartzite: indistlnct in places in marble: unknown in 
schist, but one body of s~liceous schist appears to be a bed about 30 ft 
t h ~ c k  composed of very thin to medium beds of q u a l ~ z l t ~  and wollasto- 
nite, Cnit generally occurs as patches rather than beds. 

Parting: Absent except in schists, where parting is present at close to very 
close spacing. Parting in inafic schist is along foliation, in siliceous schist 
along bedding. 

Fracture: .Marble is fractured largely at moderate to wide spacing (wider 
than granitic rock): quartzite and mafic schist at close to moderate spac- 
ing (similar to granitic rock); siliceous schist unknown. 

Permeability: Intergranular permeability of bedrock very low. Fracture 
permeability in shallow bedrock low to moderate, the moderate likely 
in quartzite and possibly in marble. Most mantle moderate. 

Weathering: Quartzite is &eathered to depth of only a few feet: marble 
mostly fresh and hard; mafic schists deeply weathered and softened: sili- 
ceous schists shallowly weathered. 

Surficial mantle: Largely granular. 
Expausivity: Bedrock and mantle are largely unexpansive. 
Stratigraphic thickness: Occurs in band as wide as 1,000 ft. 
Sources: Anderson, 1899: J.A. Bartow, written commun,, 1972; Galloway, 

1977; Weaver, 1949: two stations. 

MAP UNIT 909 

Geologic unit, (age), and location: Limestone of the Franciscan assem- 
blage (KJ), in Santa Cruz Mountains. Includes Calera Limestone of 
Lawson (1902). 

Summary: Hard crystalline limestone, commonly containing nodules or 
interbeds of chert. Some surficial mantle is expansive. 

Composition: Crystalline limestone, commonly containing nodules or  
interbeds of chert that in places may constitute 30 percent of unit. 

Hardness: Hard. 
Bedding: Limestone is unbedded to distinctly bedded in medium to thick 

beds between thin to medium beds of chert. 
Parting: Largely absent; present in some of unit along bedding planes at 

close to wide spacing. 
Fracture: Spacing variable, close to very wide, 
Permeability: Bedrock has very low intergranular permeability, low to 

locally moderate or high fracture permeability in shallow rock and in 
some deeper rock. Mantle moderate to very low, 

Surficial mantle: Granular to clayey, proportions unknown, 
Expansivity: Bedrock is ~ ~ n e x p a n s i v e .  Surficial mantle is largely 

unexpansive, some expansive. Sample M M l l ,  stony soil, free swell 83 
percent, 

Stratigraphic thickness: Lenticular bodies as thick as 400 ft. 
Sources: Bailey and others, 1964: Ellen and others, 1972: one station. 

MAP CKIT 910 

Geologic unit9 (age), and location: Silica-carbonate rock, throughout re- 
gion. 

Summary: Fine-grained carbonate and silica in varying proportions. Gen- 
erally hard and tough, fracture spacing as wide as I0  ft  or more. Some 
expansive bedrock and surficial mantle, 

! Composition: Fine-grained magnesite [or other carbonate) and silica 
the largest bod]- of these n ~ a t e r ~ a l s  is shown on map. Marble IS pure (quartz, chalcedony, opal) in varying proportions as hydrothermal re- 
white. coarsely crystalline, and contains disseminated patches of graph- placement of sheared serpentinite (of unit 805); forms lenses and tabu- 
ite and local scheelite. Quartzite is thoroughly recrystallized and some i lar bodies as wide as a few hundred feet, generally along borders of 
is schistose. Schists are of two types: (1) mafic sch im rich in biotite serpentinite bodies; host rock for mercury ore. Very probably includes 
and (2) siliceous schists\ which are fine-grained quartzite interlayered ; some zones of sheared serpentinite (,like unit 805) and clayey gouge (Iike 
with wollastonite or with quartz-mica schist, i unit 800). 



EIardncss: hfcstly hard and tcugh. 
Bcdding: Absent. 
Parting: Relict shear surfaces may be retained from serpentinite, but do 

nct forni parting sur f~ccs .  
Fracture:  Close to very u ide  spacing 1, l0  ft or niorc). 
Permeability: lnter,!ranular permeability of bedrock very low, except 

ln~dcra te  to high in 111uch weathered rock where solution of carbonate 
l e ~ v e s  por5s in siliceous r ~ c k .  Lo% fr'xcture prrmeabil~ty in mcst sha!- 
low bedmck. %iantlc very !C\Y to high. 

S ~ ~ r f i c i a !  mantle: Rocky. granular tc clayey; iiiuch absent iwhere rcck 
ci-ops out;. 

Expansivity: Bedrock and surficiaj 11iantIe are largely unexpmsive. SCIIIC 

cf each expanave (where cla>e> \hexed rock). Samples. SGt6. alter- 
ation pi.oduct in bedrcck, free swell 48 percent: SFS7. hell-cracked g r a v  
ell? clay so11 on siiica-carbcnate rock and serpentinite. free swell 8 5  
percent. See sxnp!es fcr umt 865. 

Strat igraphic thickness: Tens to hundreds of feet 
Sources: Balky and ~ t h e r s ,  1964; one staticn. 

Geologic units, (age)? a n d  location: High-grade metan~orphic rocks of 
fhe F:anciscan assemblage (KJ), in northern May;icmas Mountains. Con- 
sists cf ~iiuch of metzsandstone (unit fsrn) and high-grade rocks (unit fm) 
of hfcLwgh1in (1973;. 

Summary:  Xot seen in field where mapped Largely hard nlasses of meta- 
morphic rock; some to possibly much clayey sheared rock. Scnie to pos- 
sibly much bedrock and probably niuch mantic is e ~ p ~ i n s i v e .  

Con~posi t ion:  Most is foliated high-grade metamorphic rock, including 
~ laucophane  sch~st ,  amph~bol~ te .  eclogite, and glaucophane-muscov~te- 
quartz schist. Includes some to possiblj much severely sheared rock l ~ k e  
unit 806, 

Hardness: Hard where fresh, hard tc firm where weathered. Sheared rock 
is firm to sof'?. 

Bedding: Abscn?. 
Parting: Present along fcliaticn in much weathered rcck. variable spac- 

ing. 
Fracture: Moderate to vesy wide spacing in metamorphic rock; very close 

to nioderate in sheared rock. 
Permeability: Intergranul;~~ pern~eabiiity of bedrock very l o w  Most shai- 

bedrock has low fracture perme;.bil~ty. M ~ n t l e ,  where present, largely 
low to \ ery lcw. 

%Teathering: Hard rock crops out in much of unit, but some weathers to 
depth cf 10 ft or more ~ n d  produces so11. 

Surficiai mantle: Absent to granular in much, clayey in much. 
Expansivity: Bedrock is largely unexpansive. scme to much(?) expansive 

(clayey s i ~ e x e d  sock). Much surficial mantle is unexpansi~~e, nuch  prob- 

ably expanslbe (uhere claye)) Sample J3, subso.1 on metasandstone. free 
smell 51 percent (ex~ggerated) .  See samples of gcuge and sheared rock 
for unit So l .  

Stratigraphic thickness: Variable, 
Sources: Ellen and others, 1972; McLaughlin. !97&; several stations within 

units 800 and 8C! 

Geologic units, (age), a n d  location: hlappcd f::ult: and large lanusiidc 
deposits, thrct~ghcut r e g i ~ n .  Large landslides are shown in Sojlie paris 
of region, but are ~nco~npletely  how^ or not shown at all in other parts: 
see map showing portrayal of Iandsllde deposits (pl 1 

Summary:  Bedrock modified by movement of faults or landslides: com- 
monly includes gouge and sheared rock. Much h ~ s  increased fracture 
permeab~lity, but gouge, severely sheared rock, and landslide siip sur- 
faces are generally impermeable, Bedrock and mantle tend to be more 
clale) and expanslbe In fault zones 

Composition: Bedrock landslides and zones along faults consist of mate- 
rials of adjacent or underly-ing units that have been modified by fault or 
landslide movement. C o ~ ~ m o n l y  includes sheared rock and (or)  gouge 
'11ong surface5 of movement, espec~ally in clajey rock. in izndsl~des, 
major slip surface is commonly at base of deposit. 

Hardness: Similar to adjacent or underlying units" except g c ~ ~ z e  and most 
sheared rock are firm to soft, and weathered rock may extend deeper than 
elsewhere. 

Bedding: Rough!> pianar s h e x  fabric present in places. 
Parting: Fault surfaces, shear planes, and slip surfaces in landslides are 

surface5 gf weakness. spacing variable. 
Fracture:  Generaliy more closely spaced than eiselvherc; more open and 

open to greater depth than elsewhere. 
Permeability: Along faults, low to moderate fracture permeabillty in h a d  

sock at all depths. but severely sheared rock and gouge kave very low 
tctal permeability, In landslides, openlng of fractures gives l c ~ v  to mod- 
erate, locally high, fracture permeability to depths ~f niany trns cf feet; 
slip surfaces probably have very low total permeability. 

Surficial mantie: Like that of adjacent or underlying units. except largely 
~ I a l e y  m e t  severely sheared rock along faults 

E x p a n s i ~ ~ t y :  Llke that of adjacent or underly~ng u r ~ t s .  except gougc and 
se\crcly sheared rock. as me11 as ~ ~ i f i c l a l  mantle on thes? mater~als, :re 
probably expansive 

Stratigraphic thicknesb: Bedrock landsl1de5 may extend from a few ten5 
of feet tc more than 100 feet dcep. Zones of sheared and shattered rock 
along faults are commonly as thick as tens or hzndseds of fcet, in places 
as nmch as 1.00G ff or more, as measured norma! to the fault: where faults 
are vertical, these materials extend to depth. 
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